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SIMBIOTISKI SAISTITAIS SLAPEKLIS LATVIJAS AUGSNES:
IESPEJAS UN PROBLEMAS
Symbiotically Fixed Nitrogen in the Soils of Latvia: Possibilities and Problems

A. Adamovics, V. Klasens
Latvijas Lauksaimniecibas universitate, Liela iela 2, Jelgava, Latvija, LV-3001,
E-mail:alexadam(@cs.llu.lv, tel./fax.: +371 30 05629

Abstract

For the first time in the states of the Baltic region the symbiotically fixed nitrogen has been quantified under
field conditions according to total — N difference method using various legume — grass swards. Long — term field
trials (1997 to 2002) were established on Stagnic Luvisol. Binary legume — grass swards were composed of
Medicago varia, Galega orientalis, Trifolium repens, Alopecurus pratensis, Dactylis glomerata, Festuca
pratensis, Festuca rubra, Lolium perenne, Poa pratensis and Phleum pratense. Legume and legume—grass
swards were developed on similar P and K fertilizer backgrounds. Swards were cut three times during the
growing season. It is concluded that fodder galega in soils developed symbiotic system with effective nodule
bacteria and provided the productivity of swards 8.9 to 10.5 t ha ™ DM

Additional input of 90 kg N ha™ resulted in changes in legume development and decreased agrophytocenosis
productivity. In mixed agrophytocenosis a part of symbiotically fixed nitrogen was utilised by grasses. It was
indicated by the increase of nitrogen content in the roots and above — ground parts of grasses in treatments
receiving no fertilizer N. Fourfold cutting of swards also negatively influenced the activity of symbiotic system
and in corresponding variants the yield and the amount of nitrogen in the aboverground parts of plants was
minor in comparison with threefold cutting.

Keywords: legumes, grasses, nitrogen, symbiosis

Ievads

ligtspgjigas lauksaimnieciskas razosanas nodrosinasana nozimiga loma ir biologiskas
slapekla saistiSanas procesiem un taja skaita arT simbiotiskajam sistémam taurinziezu saknés.
Vienmer gaisa ir loti daudz atmosferas molekulara slapekla, bet tas diemzgl parasti augiem un ar1
dzivniekiem to organismos tiesi nav izmantojams. Tomer augsnés daudzo mikroorganismu vida
ir ari tautsaimnieciski loti nozimigas baktérijas - guminbakterijas (Rhizobium), kuras veido
guminus taurinziezu sakn€s, saista gaisa slapekli un nodod to augu riciba. Simbiotiski saistita
slapekla izmantoSana augkopibas produkcijas ieguvei lauj samazinat slapekla mineralméeslu
pielietoSanu un samazinat vides piesarnojuma draudus un tam ir seviska loma ilgtsp&jiga
lauksaimnieciba [1, 2, 3]. Vegetacijas sezona viens hektars taurinziezu saista lidz 680 kg gaisa
slapekla. Daudzos pétijumos ir konstatéta simbiotiskas sisteémas atmosferas slapekla
saistiSanas spgjas, bet tas produktivitate konkr&tos taurinziezu s€jumos ir atkariga no loti
daudziem apkartgjas vides faktoriem [4, 5, 6].

Lopbaribas razoSanai Latvijas agroklimatiskajos apstaklos plasi lieto abolina, lucernas
un pe&dgjos gados nedaudz arT austrumu galegas firsgjas un ar stiebrzalem jauktos zelmenus
ieglstot augstas razas [7, 8]. Taurinziezi ar efekfivam guminbaktérijam guminos ir sp&jigi
izmantot atmosféeras slapekli un tape&c merktiecigi ir noskaidrot simbiotiski saistita slapekla
lomu dazada tipa zelmenos Latvijas agroklimatiskajos apstaklos.

Péetijumu objekts un metodes

Lauka izmé&ginajumi ierikoti LLU Lauksaimniecibas fakultates macibu un pétijumu
saimnieciba “Péterlauki” lesivétas brinaugsnés (pHka 6.7, P — 52 mg kg  un
K — 128 mg kg”, humusa saturs 21 — 25 g kg'. 1997. gada. Tirsgjas un divkomponentu
zelmeni izveidoti izmantojot taurinziezus - hibrido lucernu (Medicago varia Hartynt), balto
abolinu (7rifolium repens L.), austrumu galegu (Galega orientalis Lam.) un stiebrzales -
plavas lapsasti (Alopecurus pratensis L.), kamolzali (Dactylis glomerata L.), ganibu aireni
(Lolium perenne L.), plavas auzeni (Festuca pratensis Huds.), sarkano auzeni (Festuca rubra
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L)), plavas skareni (Poa pratensis L.) un timotinu (Phleum pratense L.). Zalaugu kopg&ja
izsgjas norma bija 1000 digtsp&jigu se€klu uz vienu kvadratmetru, bet jauktos divkomponentu
zelmenos taurinziezu un stiebrzalu seklu daudzuma attieciba bija 400 : 600. Zelmenu
izmanto$ana — trisreiz&ja un Setrreizgja plauana. Méslojums N — 0, P — 40, K — 150 kg ha™.
Izméginajumu ierikoja 1997.gada, bet simbiotiski saistita atmosferas slapekla produktivitati
noteica 2001.un 2002. gados.

Izméginajumu platibas Rhizobium trifolii >10°, Rh. meliloti - >10° g' augsnes, bet
austrumu galegas guminbakt@rijas nebija sastopamas [9]. Lucernas un austrumu galegas
s€klas inokulgja ar attiecigajam guminbaktérijam. Slapekla saturu augu sausna noteica péc
Kjeldala metodes. Rezultatu ticamibas novértéSana izdarita izméginajumu tieSajiem razas
skaitliem.

Simbiotiski saistita atmosferas slapekla produktivitati taurinziezu zelmenos noteica p&c
kopgja slapekla starpibas metodes, kura ir vispiemérotaka lauka apstaklos [10, 11]. Metode
pamatojas uz aprékinato starpibu kopgja slapekla daudzumos raza, kadus uzkraj taurinziezi ar
saknu guminu palidzibu un blakus, vienados apstaklos izvietotaja s€§juma bez saknu guminu
[idzdalibas. Pienem, ka arT taurinziezu riciba ir tadi pasi citu slapekla formu avoti, ka lidzigos
apstaklos augoSajam netaurinziezu kultiram un to izmanto$ana abam izméginajumu kultiram
ir vienada.

Izveértgjot izmeginajuma iegitos rezultatus par taurinziezu simbiotiski saistita slapekla
daudzumu, jaatzZime, ka aprekini izdariti 4. un 5. zelmena izmanto$anas gada, kad vairs nav
izteikti saknu masas pieaugumi un augsnes dazado slapekla formu saturs augsnes aramkarta ir
stabilizgjies.

Rezultati un to izverteéjums

Izméginajumu augsnes bija nodroSinatas ar abolina un lucernas grupas
guminbaktérijam. Lucernas un balta abolina sakn&s jau s€jas gada izveidojas daudz efektivu
guminu. Austrumu galegai ir loti specifiskas prasibas attieciba pret simbiontu [12] un augsnés
sastopamas guminbakt@rijas guminus nespg] izveidot, tapec reiz€ ar séklam augsné ar1
jaievada attiecigas guinbaktérijas. Izméginajumos austrumu galegas séklu inokulacija bija
nesekmiga un tikai atkartota s€§jumu apstrade ar attiecigo guminbakteriju uzdulkojumu tdent
nodro§inaja guminu izveidoSanos saimniekauga sakn&s un atmosferas slapekla saistiSanu.
Nakosajos izméginajumu gados arT austrumu galegas sakn€s izveidojas efektivi gumini un
saistTja atmosferas slapekli.

Augsnés ar pietiekoSu kalija un fosfora nodrosinajumu Latvijas agroklimatiskajos
apstaklos lauka izm&ginajumos hibrida lucerna, austrumu galega un baltais @abolins simbioze
ar attiecigajam guminbakterijam sp&ja nodroSinat efektivu atmosferas slapekla saistiSanu un
zelmenu augstu produktivitati [13] un art labu ilggadibu.

Izméginajumu gados razigakie bija lucernas un lucernas-stiebrzalu jauktie zelmeni.
Visos izméginajumu variantos, taja skaita ari salidzino$i sausaja 2002. gada, sausnas raza
parsniedza 11 tha .

Austrumu galegas un tas jaukto zelmenu raZiba ir nedaudz zemaka (5,7-10,3 t ha ™)
salidzinot ar lucernas zelmeniem, un izteiktaks ir razas kritums 2002. gada. Austrumu galegas
saknu sistema galvenokart izvietojas augsnes virskarta un tapec lielaks ir razas samazinajums
mitruma deficita apstaklos. Toméer iegtitas razas ir vairak ka 2 reizes augstaka ka Somijas
apstaklos [14].

Balta abolina tirsgjas un jaukto zelmenu produktivitate izméginajuma bija zemaka starp
taurinziezu sugam — 4.3-7.1 t ha '. Balta abolina variantos arT salidzino§i starp taurinziezu
sugam ir vislielakais razas samazinajums sausaja 2002. gada.

Divkomponentu taurinziezu-stiebrzalu (plavas lapsaste, kamolzale, ganibu airene,
plavas auzene, sarkana auzene, plavas skarene un timoting) zelmenu produktivitate variantos
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bez minerala slapekla bija lidzigas vai pat nedaudz augstakas ka taurinzieziem firsgja. Tas
liecina, ka taurinziezi vegetacijas laika dalu simbiotiski saisfita slapekla izdala augsnes vide
un tas nonak stiebrzalu riciba. To apstiprina arl citu autoru pétfjumi pielietojot izotopa °N
metodi [15] un secinajusi, ka baltais abolins vegetacijas sezona nodod stiebrzaléem lidz 103 kg
ha'. Lucernas un austrumu galegas zelmenos pie kop&ja raza uzkrata simbiotiski saistita
slapekla daudzuma ari stiebrzalu riciba nonakusais slapekla apjoms ir lielaks.

Stiebrzalu variantos, bez papildus slapekla méslojuma, razas viszemakas (1.3 - 5.6 t
ha™') un it seviski 2002. gada, jo minétas grupas augiem saknu sistémas izvietojas galvenokart
augsnes virskarta un tapec to zelmeni vairak cieta no mitruma trokuma.

Lauksaimnieciskaja razoSana svarigi ir zinat slapekla bilanci katra lauksaimnieciba
izmantotaja plafibas vieniba, lai varétu paredz&t audzgjamo kultiraugu razas un noverstu
iesp&jamas apkartgjas vides piesarnojuma situacijas. Kopga augiem izmantojamo slapekla
savienojumu bilancg ieverojamu vietu ienem ari taurinziezu simbiotiski saistitai atmosféras
slapeklis [2, 16]. Par atsevisku taurinziezu zelmenu atmosferas slapekla saistiSanas
produktivitati ir daudzu autoru pétijumi [2, 11, 17], bet iegiitie rezultati ir loti atSkirigi (O -
682 kg ha ') jo atkarigi no sugas, dazadajiem apkarté&jas vides atmosferas slapekla saistifanu
ietekm@joSiem vides faktoriem un arT pielietotajam noteikSanas metodem.

Apréekinot péc kopgja slapekla starpibas metodes ir noteikta izméginajuma ieklauto
lopbaribas taurinziezu atmosferas slapekla saistiSanas produktivitate lesivetas briinaugsnés
Latvijas agroklimatiskajos apstaklos (Tabula 1).

Tabula 1.
TaurinzieZu un taurinziezu-stiebrzalu zelmenu saistitais atmosferas slapekla daudzums
2001.un 2002.gados

Saistitais atmosferas slapeklis, kg N ha™
Zelmeni 3 reiz&ja plausana 4 reizgja plausana
2001 2002 2001 2002
Medicago varia 330 383 313 433
Medicago varia + stiebrzales/grasses 333 317 275 390
Galega orientalis 229 238 196 156
Galega orientalis + stiebrzales/grasses 203 222 119 145
Trifolium repens 132 99 74 111
Trifolium repens + stiebrzales/grasses 82 119 67 121

Salidzinosi visproduktivakie atmosferas slapekla saistiSana ir hibridas lucernas zelment,
sasniedzot pat 433 kg ha ' pat ekstremalaja, sausaja 2002. gadd. Ari pargjos variantos
atmosferas slapekla saistiSanas produktivitate ir virs 300 kg ha™’ un tas ir ievérojams
papildinajums kop&ja slapekla bilanceé. legitie rezultati ieklaujas citu autoru darbos
konstatetas atmosferas slapekla saistiSanas produktivitates raditaju izkliedes intervala [11].

Péc simbiotiskaja darbiba uzkrata slapekla daudzuma guminos, starp izméginajumos
ieklautajiem kultiraugiem vid&u stavokli ienem austrumu galegas zelmeni, kuru
produktivitate ir robezas no 156 — 238 kg ha '. Literatiira nav izdevies atrast citu autoru datus
par austrumu galegas zelmenu atmosferas slapekla saistiSanas produktivitati, jo
lauksaimnieciskaja razo$ana ta vel salidzinosi jauns kultoraugs.

Lesivétas brinaugsnés salidzino$i viszemaka atmosferas slapekla saistiSanas
produktivitate konstatsta balta abolina zelmenos, attiecigi 74 — 132 kg ha ', atkariba no
izméginajumu varianta. Salidzinot ar literatiras datiem, izmé&ginajumos iegitie balta abolina
atmosferas slapekla saistiSanas produktivitates raditaji uzskatami ka vidgji, bet janem véra, ka
novertéti 4. un 5. izmantosSanas gada zelmeni.

Ka liecina izméginajumu dati, Latvijas agroklimatiskajos apstaklos, daudzgadigie
taurinziezu kultiraugi simbiozeé ar guminbaktérijam spg saistit ieverojamu atmosferas
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slapekla daudzumu. Bet atmosferas slapekla saistiSana var notikt tikai pie nosacijuma, ja
augsngés ir attiecigas guminbaktérijas un tas izveido efektivus guminus taurinziezu saknés.

LLU zinatnieku p&ffjumi liecina, ka Latvija visas augsnés ir sastopamas guminbakt&rijas,
kuras veido guminus zirpu, viku, pupu un abolinu sakn&s, bet tomér to simbiotiskas spgjas ir
visai atSkirigas. Mazak iekultivétas augsnes parasti gumini izveidojas daudz, bet to slapekla
saistiSanas spgjas ir zemas [5, 9]. Lucernas, un it seviski lupinas, guminbakterijas ne vienmer ir
sastopamas un biezi vien $o kultliru s€§jumos augu saknés gumini neveidojas. Austrumu galegai,
kura ir salidzinoSi nesen ieviesta razosana miisu republika, attiecigas guminbaktérijas augsnes
vispar nav.

Lai veicinatu kultiraugu produktivitati un palielinatu izmantojama slapekla daudzumu
augsné, reizé ar s@ju jaievada attiecigds guminbaktérijas. Saja nolika pielieto seklu
inokulaciju (nitraginizaciju) ar guminbakteriju preparatu — nitraginu. Bakt&rijas nonak uz
s€klapvalka, to saglabasanos ietekmé& apvalku baktericidie izdalijumi un augsnes mitruma
rezims. Tap&c inokulétas s€klas nekavejoties ir jaizsg] augsne.

Nakosa probléma nitraginizacijas efektivitates nodroS§inasana ir panakt inokulanta
guminbaktériju izplafiSanos augsné no s€klas virsmas uz saimniekaugu jauno saknu
izvietoSanas zonas. Taja pasa laika tidens plusmas ir virziena uz s€klu, un taurinziezu saknes
aug saltidzinos$i atri un guminu veidoSanas zonas strauji attalinas no séklas, kur parasti
izvietojas inokulanta guminbaktérijas. Guminbakteriju izplatiSanos loti labi veicina lietus
tdens pliismas augsnes aramkarta [9].

RazoSanas sgumos nitraginizacijas efektivitate mazak atkariga no guminbakteriju
celmu biologiskajam kvalitates ipasibam, taja skaita ari konkurences sp&am un atbilstibas
saimniekauga prasibam, bet loti biezi noteicoSie ir konkrétas augsnes apstakli, kuri batiski
ietekm& inokulanta guminbaktériju izplafiSanos augsnes aramkarta. Tapec, izvertgjot
taurinziezu nitraginizaciju, ir atseviSki janodala: potenciala efektivitate — razas pieaugumi,
kadus sp&j nodrosinat nitragina baktériju biologiskas spé€jas, ja tas nokltst guminu veidoSanas
zona, un nitraginizacijas faktiska efektivitate. Diemzgl razoSanas s€umos nitraginizacijas
faktiska (reala) efektivitate parasti ir zemaka par attiecigo celmu potencialajam spgjam, jo
augsnes aramkartas apstaklos tikai dalgji izdodas nodrosinat inokulanta guminbakteriju
savlaicigu izplatiSanos augsnes aramkarta. SeviSki problematiski tas ir viengadigajiem
taurinzieziem, jo efekfivo guminu veidoSanas laiks ir salidzino$i 1ss (zirpiem tikai 4 — 7
dienas). Tapec, lai iegiitu inokulacijas iespgjamos razas pieaugumus:

e precizi jaievero inokulacijas tehnologijas prasibas;
e iespgjami agrak pavasarl javeic s€jas darbi, lai mitra augsn€ labak var€tu izplafities
inokulanta guminbakt&rijas.

Kas nerisk€ - tas nevinné! saka sena tautas paruna un tas miisdienu lauksaimnieciskas
razoSanas tehnologijas Tpasi attiecinams uz nitragina pielietoSanu taurinziezu razu kapinasana
un kvalitates uzlaboSana. Tada gadijuma, kas izvélas variantu bez iepriek§ minéto taurinziezu
s€klu nitraginizacijas, jau ir zaudgjis iesp&u efektivakai atmosferas slapekla izmantoSanai,
ieglit razas pieaugumus un paaugstinat razoSanas rentabilitati.

Secinajumi

Lesivétas brunaugsnés Latvijas agroklimatiskajos apstaklos bez minerala slapekla
méslojuma efektivi un pietiecko§a daudzuma izveidoti gumini taurinziezu sakn@s spgj
nodroSinat zalaugus ar simbiotiski saistito slapekli produkcijas veidoSanai. Jauktajos
zelmenos taurinziezi ar guminos saistito atmosferas slapekli apgada arT stiebrzales.

Lauka izméginajumos visaugstakas razas ieguvi nodro§inaja lucernas un lucernas
stiebrzalu zelmeni, un taja skaita arT ekstremalaja, sausaja 2002. gada. Salidzinot ar lucernu,
austrumu galegas zelmenos razas vidgji bija par 25 % un balta abolina zelmenos vid&ji par
50 % zemakas.
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Visaugstaka atmosferas slapekla saistiSanas produktivitate izmé&ginajumu gados bijusi

lucernas un lucernas - stiebrzalu zelmenos sasniedzot 433 kg ha ', salidzinosi viszemaka balta
abolina zelmenos — 1idz 132 kg ha ', bet vidgju produktivitati uzradija austrumu galegas
zelmeni — Iidz 238 kg ha'. legiitie rezultati liecina, ka taurinzieru simbiotiski saistitais
atmosferas slapeklis.
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Abstract

Lithuania has to solve a lot of problems when closing Ignalina nuclear power plant (INPP). One of them is
predicting, monitoring and managing of radiation situation and its impact to environment during this period.
Calculated data files for nuclides in nuclear fuel could be used for this aim.

This work presents our calculations of concentrations and activities of actinides and fission products in RBMK-
1500 reactor fuel in dependence on fuel burn up and cooling time.

Calculations were made using French computer code Apollol [1].

Keywords: Nuclear Power Plant, environment, radiation protection

Introduction

All the combustion of fossil fuel (coal, oil, natural gas) results in emissions harmful to
the environment and to health.

The greatest environmental problem is emission of lot of carbon dioxide, dinitrogen
oxide and methane into the atmosphere. These gases add to what is known as the greenhouse
effect, they slow down the radiation of heat from the earth and raise the average temperature.

Under the Kyoto Protocol, the EU countries have agreed to reduce CO, emissions to 8
% below 1990 levels in the period from 2008 to 2012. The protocol calls for the promotion of
CO;, avoidance technology and of advanced, innovative and environmentally sound
technologies. There is some agreement today concerning the fact that nuclear power offers a
valuable contribution to the fight against global environment problems.

The environmental effects from well operating nuclear power plants are minor, and
mainly connected to warm water releases. Nuclear power plants do not produce flue gases,
carbon dioxide or nitric and sulphur oxides. Releases of radioactive substances are very small,
closely measured and controlled.

Nuclear energy is one of technologies, which avoid each year the release of some 1,8
billion tones of CO, worldwide. In Europe alone, climate-friendly nuclear electricity saves the
emission of about 800 million tonnes of CO; a year.

At the end of year 2000, 438 nuclear power plant units were in use in 30 countries
worldwide, 31 new units were under construction and about the same number were under
design. 16 % of the overall demands for electricity worldwide, 35 % the European Union, is
supplied by nuclear power. The highest nuclear power contribution of the electricity generated
is in Lithuania, France, Belgium, the Ukraine, Sweden and Bulgaria.

The Ignalina NPP produces about 85 % of electricity used in Lithuania. It supplies with
some amount of electricity Latvia, Estonia, Belarus and Kaliningrad region.

The Ignalina nuclear power plant contains two RBMK-1500 water-cooled graphite-
moderated channel-type power reactors. The first Unit of INPP went into service at the end of
1983, the second Unit - in August 1987. Their design lifetime is projected out to 2010 — 2015.

No industry is completely harmless to the environment. Ignalina NPP has implemented
a lot of measures to improve the radiation safety of operating plant:

The barriers of radioactive emissions. Radioactive emissions from a nuclear power plant
into surrounding area are prevented by means of a number of barriers.
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The nuclear fuel has a form of ceramic pellets that retain most of the radioactive
substances generated during the nuclear fission.

The fuel pellets are packed into gas-tight tubes made of a zirconium. The fuel element
remains undamaged at high temperatures.

Piping of the reactor main coolant circuit

Reactor biological shielding

Particular containment system

The resulting solid and liquid activation products initially remain in the coolant. They
are continuously removed from coolant by the reactor cleanup system.

The nuclear power plants with the RBMK-1500 reactor use a closed-circuit water
supply system. Liquid radioactive effluents undergo special treatment. The liquid wastes are
processed by filtration to remove suspended solids, by ion exchange in mixed-bed
demineralises or by evaporation. To reduce the emissions of radioactive gases from the plant
a two-stage purification process is used. The first stage consists of a holding chamber. There
activity of the gases reduces by natural radioactive decay. The second stage is based on
separation of radioactive substances by filtering and absorbing to an as low as possible level.
The gaseous effluents are released in to the atmosphere via the 150 m height ventilation stack.

Radwaste systems. A nuclear power plant produces low- and medium- level radioactive
waste. They are packed into drums. Wet waste is solidified prior to packing. The spent
nuclear fuel represents about 95 % of all activity sources in the nuclear power plant and it is
defined as high-level radioactive waste. Solid wastes are not released into environment. They
are fragmented, compacted and prepared for storage.

Ignalina NPP has decided for long-term dry storage of spent nuclear fuel in CASTOR
and CONSTOR type casks. One cask obtains 102 fuel assemblies.

Radiation monitoring system. Radiation Monitoring system includes a system for
monitoring the state of protective barriers, a process radiation monitoring system, a radiation
dosimetry monitoring system, an environmental monitoring system, a system for monitoring
the spread of radioactive contamination. The releases into the atmosphere are continuously
monitored into order to prevent endangering public health and the environment. The
monitoring is carried out in compliance with international standards, in particularly aerosols,
iodine isotopes, noble gases, tritium and carbon 14 are monitored.

The Radiation Monitoring System at Ignalina NPP is designed for continuous
monitoring of the main radiation parameters, which characterize plant performance. It
reflected actual radiation levels in the main plant areas, on site and off site under all operating
conditions.

However under EU political pressure well-operating and safe INPP must be closed:
Unit 1 —until 2004 and Unit 2 — until 2010.

The same type younger generation reactors RBMK-1000 at present time are operated in
Russia: Sosnovy Bor (4 Units), Smolensk (3 Units) and Kursk (5 Units).

Calculations of concentration and activities of nuclides in nuclear fuel

The operation of a nuclear reactor creates a large amount of radioactive material,
produced through the fission process, accumulation process and neutron activation process.

The actinides. The RBMK fuel is low enrichment uranium oxide UO;. Initial
enrichment was 2 %; since 1997 reload fuel is (2,4%-2,6%) enriched with **°U and contains
burnable poison erbium. The uranium isotope U is fissile and is only the source of thermal
energy at the first stages of reactor operation. **°U is a fertile isotope.

The Fuel content changes during operation of reactor. The new nuclei occur, which
were not observed in initial fuel: 239Np, 2%y, *"Am and ***Cm. The actinides are formed
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through successive neutron capture. They emit alpha particles and low energy gamma
radiation.

Formation diagram of actinides is presented in Fig. 1. Uranium chain includes new
created fissile nuclides during neutron capture and o and 3 decay.
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Fig. 1. Actinides formation diagram

Fissile nuclei are presented in bold-lined boxes, short-lived nuclei — in dash-lined boxes.
Nuclei, which do not split after interaction with slow neutrons, are drawn normal.

Long-lived actinides can contribute to long- term environmental effects, associated with
the final disposal of spent nuclear fuel.

Concentrations of nuclides produced in nuclear fuel depend on neutron flux ® (7, E,1),

initial concentration and on radiation time (fuel burn up). Time dependent changes in
concentration of j+1 isotope could be calculated using equation
: _ v J
%n’“(?,t) :n’(?,t)_[oa (EYDPF,E,0)dE —
v
) , (1)
/! (7,t)“o I (EYD(F,Et)dE + A7 ]

where G; (E) is reaction (n, y) cross-section; /! (£) - neutron absorption cross-section;

A 71 decay constant of j+1 isotope.

Results of actinide accumulation in nuclear fuel for the different burn up calculated by
means of French computer code Apollol are presented in Tablel. The fuel is 2,4 %
enrichment of *°U with burnable absorber erbium. The sequence of nuclides is set in
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accordance with their evolution chain. #*Pu and **Pu isotopes are presented twice - they can

occur during (n,y) reaction or as a result of o decay of Cm isotope. Natural decay of actinides
becomes very important after removing of nuclear fuel from reactor.

Table 1.
Actinides concentration n for different fuel burn up, MWd/kg
Nuclides n, 10"/cm’
0 2 4 8 12 16 20

U-235 5,560-04 |5,021-04 |4,539-04 | 3,704-04 |3,001-04 | 2,401-04 | 1,891-04
U-238 2.262-02 |2,261-02 | 2,256-02 |2,251-02 | 2,243-02 | 2,236-02 | 2,229-02
Np-237 |0 3,435-07 | 7,631-07 | 1,783-06 | 2,981-06 | 4,285-06 [ 5,636-06
Pu-236 0 1,018-13 [ 4,380-13 | 1,679-10 [3,711-12 | 6,513-12 | 1,001-11
Pu-238 0 9,197-09 |3,897-08 | 1,719-07 | 4,173-07 | 7.861-07 [ 1,281-06
Pu-239 0 2.459-05 |4,219-05 | 6,456-05 | 7,655-05 | 8,247-05 | 8.471-05
Pu-240 0 1,551-06 |[4,939-06 | 1,362-05 [2.266-05 | 3,116-05 | 3,875-05
Pu-241 0 1,668-07 [9,927-07 | 4,566-06 |9,384-06 | 1,421-05 | 1,839-05
Am?241 |0 5,468-10 | 6,612-09 | 6,172-08 | 1,882-07 | 3,677-07 | 5,653-07
Pu-242 0 4,062-09 |5,012-08 | 5,043-07 | 1,707-06 | 3,781-06 | 6,701-06
Am-242 |0 1,941-12 [2,903-11 | 5,420-10 [ 1,951-09 | 4,136-09 | 6,637-09
Cm242 |0 1,744-11 [ 4,042-10 | 7,098-09 [ 3,105-08 | 7,830-08 | 1,473-07
Pu-238 0 1,286-12 [ 6,177-11 | 2,309-09 [ 1,595-08 | 5,595-08 | 1,361-07
Am-243 |0 3,576-11 | 9,254-10 | 2.014-08 | 1,083-07 | 3,333-07 | 7,607-07
Cm-243 |0 5,845-14 | 2,739-12 | 9,893-11 | 6,676-10 | 2,298-09 [ 5,501-09
Cm-244 |0 4,693-13 [2,527-11 | 1,182-09 [ 1,016-08 | 4,415-08 | 1,328-07
Pu-240 0 6,900-16 | 7,304-14 | 6,645-12 | 8,367-11 | 4,732-10 [ 1,731-09

The largest variations of actinide concentration during long time cooling period could
be observed for **'Pu, **Cm, **Cm and ***Cm isotopes. Calculated variations of actinides
during cooling time period of 500 years are presented in Table 2.

Table 2.
Relative concentration n’ changes of actinides for different cooling periods
Nuclides n’
0a 40 a 80 a 120 a 160 a 200 a 500 a

Pu-241 1 1,46-01  223-02  6,20+01 6,22+01 7,94-05  6,04-11
Am-241 |1 533+01 6,08+01 620+01 622+01 6,22+01  1,20+02
Cm-242 |1 9,76-02  4,50-02  2,07-02  9,56-03  4,41-03 1.33-05
Pu-238 |1 3,11400  3,24+00 3,29+00 3,32+00 3,33+00  6,07+00
Cm-243 |1 3,64-01 1,36-01  5,05-02  1,8802 7,02-03  4,28-06
Pu-239 |1 1,65+00 1,88+00 1,97+00 2.00+00 2,01+00  3,17+00
Cm-244 |1 2,04-01  432-02  9,16-03 1,94-03  4,11-04  3,64-09
Pu-240 |1 820+01 9,84+01  1,02+02 1,03+02 1,03+02 2.21+02

Calculations were performed using programme CEFROI for fuel burn up 20 GWd/t.

Fission products. During fission the nucleus split into two separate nuclei. Fission

fragments have redundant number of neutrons and are 3 unstable. Nuclides are presented in
genetic decay chains. Build up and accumulation of them depends on the irradiation and

cooling time.
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Variations of concentration of i-th fission product in decay chain during irradiation
period could be described with radiation equation:
dn,
7 - _(ﬂ“i + Gz‘)Nz' +ijﬁi(ﬂ“iNi) + ngei(ak ¢k Nk) +yiF’ (2)

i k

where N; - is the number of nuclei of i-th product at the time t; F — fission rate; y — fission
yield of nuclide i; fj_,;i — build up of nuclide 1 by the unit density of nuclide j; gx—;— build up of
nuclide 1 by the unit neutron reaction of nuclide k; oy — average microscopic neutron reaction
cross section of nuclide k; ¢ - neutron flux, Ax — decay constant.

During cooling time the mother nuclei are split and daughter products in the mixture
with mother nuclei is equal:

N,(t)=N A €' -e™), 3)

YA, - A
where Nj(t) — is the number of daughter nuclei at the time t; N; — the number of mother nuclei
at the time t = 0; A; and A, — are the decay constants for mother and daughter nuclei
respectively. Transformations in the chain with n members follow the scheme:

1—A 522 53 & 5 (n—2)—2=2s(n—1)—Lr sp—2
Time dependent variations of concentration and activity for different nuclides could be

calculated using equation of Bateman:
B —At

e
(-2~ A)(A—A)
ot
A, =224,..2,N,(0) + RN R RN N +... (4)
ot
A A) (A - 4)

Using these equations and renewed data files of nuclides new programme were created.
We have used PEPIN code [2] for the evaluation of time dependent variations of activity of
nuclides. Significant number of short-lived fission products decay during cooling time. This
leads to decreasing of the number of nuclides with a high activity. Only a small number of
decay chains contribute to the total activity of spent nuclear fuel.

The most important radionuclides, created in the course of nuclear power plant
%geration are noble gases (41Ar, YKt and 133Xe), iodine isotopes B and ™17Sr, B*Cs and

Cs.

Table 3 shows activity changes of most environmentally important fission products
during long-term storage of spent nuclear fuel. The fission products, which can be released
into the environment, are of particularly interest. For a release to occur, the fuel cladding, the
primary system boundary must be penetrated.

Table 3.
Fission products activity for different cooling periods
Nuclides Activity, [ Bq
Sa 10 a 20 a 30a 40 a 50 a
Kr-85 1,591+11 [ 1,131+11 | 6,031+10 | 3,159+10 [ 1,655+10 | 8,669+09
Sr-90 1,474+12 [1,308+12 [1,031+12 [8,128+11 |6.,406+11 [5,049+11
Cs-134 3.434+11 |6,394+10 |2,218+09 |7,691+07 |2,481+07 | 8,281+04
Cs-137 2,026+12 [1,806+12 [1,436+12 [ 1,141+12 [9,068+11 [7,206+11
22
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Activation products. The nuclear fission probability depends on bombarding neutron
energy. For moderation of neutrons in RBMK type reactor core the graphite is used.
The neutron radiation activates the graphite, the structure materials, the corrosion and erosion
products of the primary circuit and coolant impurities and chemical additives. The activation

can occur after neutron capture by nuclide ;_" X:
4 4+
FX+n—> "X %)
In many cases the new nuclide A";X might be not stable (radioactive) and might emit 3

particles and y rays. As a result of neutron absorption, the following processes take place:
atoms of atomic mass number A; are destroyed and atoms with atomic mass number A;; are
produced. They decay or can be destroyed by absorbing a neutron.

The production of the A;;; is expressed by

N, D
N, (Z) = 2 7. l(;)—p,- © {exp(_gi q)l)_exp[_(ﬂ“iﬂ t0,, (D) Z]}’ (6)

o,, 0,,, - neutron absorption cross section of isotope A; and Aj:; accordingly; A;+; — decay

i+1 +Gi+1

constant of isotope with atomic mass number A;.;; N,,- number of atoms of nuclide with

atomic mass number A; at time t=0; ® - neutron flux.

Activation level depends on the neutron flux, the irradiation time, the material
composition, on cooling time. If half-life of radionuclide produced is long compared to the
irradiation time, the activity increases linearly with time (13C, 3°¢1, Y1Ca, PNi, 94Nb). For half-
lives many times shorter than irradiation time, the activity reaches a saturation value (*’Ca,
*Mn, *Fe, **Co). The activation products are fixed in concrete, graphite and steel.

The most important activation products after shut down of reactor are »Fe, Co, *Ni, ®Ni,
¥ Ar, “'Nb in steel, *H, "C, “'Ca, *Fe, “Co, "?Eu, **Eu in concrete and *H, *C, °?Eu, **Eu
in graphite.

In the time period from 10 years to 20 years most important radionuclides are *H, **Co,

*Fe and "*’Cs. In the time period from 20 years to 30 years — ®Ni, *’Cs, ®®Co and *Sr.
Corrosion products can be released into the reactor coolant in dissolved or suspended form
and are activated when the coolant passes trough the reactor core. The steam generated in
reactor contains activation products, particularly those originated from the water itself. The
most important of these is nitrogen '°N. It has a short half-life and its activity decreases
rapidly when the reactor is shut down. The environmental effects of '°N is negligible.
The part of activated coolant products (*H and '*C) releases to the environment and
contributes to the global collective dose. Activated corrosion products (SlCr, Fe, >"Mn, *Ni,
%Co, ®Zn) are removed from the coolant and radioactive wastes within nuclear power plant
are formed.

Conclusions

Calculation results describe the time-dependent behaviour of radionuclides in nuclear
fuel and variations of environmentally important their characteristics.

Calculation results allow us to predict the radiation situation arround Ignalina NPP for
the long time period. They could be used for limitation of public exposure in the environment.
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Abstract

Different methods to control flax diseases are admissible in the modern plant protection. It is advised to treat
seeds and growing plants byfungicides to kill the pathogens offungal diseases. Fertilisation by microelements
and using ofright means ofagrotechnology (optimal sowing time, resistant varieties etc.) are preventing plants
from physiological injures. However, one of the most effective means against diseases is development and
growing ofresistantvarieties.

Fibreflax breeding has been carried out in Lithuania since 1922 in Dotnuva Plant Breeding Station. Since 1965
this work is being done in Upyte Research Station.

In this paper we analyse a fibre flax collection in Upyte Research Station and show that some varieties are
resistant to mostwidespreadflaxfungal diseases.

Keywords: Linum ussitatissimum, fibreflax, fungal diseases, resistance, variety.

Introduction

Fibre flax breeding has been carried out in Lithuania since 1922. The first flax breeder
was the professor Dionizas Rudzinskas in Dotnuva Plant Breeding Station. Later in Savitiskis
and Upyte worked flax breeders Z. Mackevicius, A. Vycas, N. Gaiziunene. Since 1966 in
Upyte Research Station breeder K. Bacelis, has developed 8 flax varieties, employing
conventional plant breeding methods and experimental mutagenesis.

Initial material for fiber flax breeding must be not only diverse and abundant but also
must meet the key requirements under local conditions. The flax collection is continuously
replenished by local breeding lines and the samples of the latest varieties obtained from other
research institutions. The tested varieties, which most closely meet the requirements set for
the direction of the breeding work, are used for intervarietal crossings with a view to
developing new initial material. Since 1971 physical and chemical mutagenes have been used
for the development of such material.

The parasitic fungus Colletotrichum lini causes the most widespread disease of fibre
flax in Lithuania, known as seedling blight or anthracnose, M. Et B. Many authors’ data
suggest that anthracnose is a very harmful and widespread flax disease. In Lithuania, like in
many other countries involved in flax production, the spread of anthracnose is controlled by
chemical plant protection measures such as seed treatment, fungicide spray applications
during the vegetative growth period. However, one of the most effective means against this
disease is development of resistant varieties. Plant breeders and immunologists use various
methods to attain this purpose such as crossing of resistant varieties, physical, chemical
mutagenesis and others.

Flax wilt occurs at different growth and development stages of flax. The causal agents
of fusarium are fungi of the Fusarium spp. genus: F.oxysporum, F. avenaceum, F. solani, et
al. The fibre flax varieties grown in Lithuania are not resistant to fusarium. Therefore this
disease incurs losses to growers by deteriorating the quality of straw and linseed, reducing
fibre output and vyield. Fusarium spreads through seed, contaminated soil and during the
vegetative growth period through the air with spores. The most favourable conditions for
fusarium infection are created in wet and warm environment (22-25°C). When the air
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temperature drops below 13°C, the development of fusarium fungi is retarded, therefore early-
sown flax does not catch infection. Many authors believe that the most reliable and efficient
way of plant protection is development and cultivation of fusarium-resistant flax varieties.
Selection of such varieties is relevant not only from the viewpoint of economy but also
ecology.

The harmful flax disease pasmo is caused by Sepforia linicola (Speg.) Gar. It was a
quarantine flax disease in Lithuania till 2000. The most favourable conditions for pasmo
spreading are created in wet and warm air conditions in summer (+25°C). The earliest
symptoms appear as small brown lesions on the cotyledons and leaves of young plants but in
the field, the disease is usually not noticed until shortly before harvest when patches of the
crop suddenly become brown and defoliation of the plants occurs. This fungus may be seed-
borne but spores acumulate on the stems and on the stubble, which remains after the crop has
been cut. Crop debris carrying the infection may, therefore, be a means of carrying the
parasite over from year to year. The fibre flax varieties grown in Lithuania are not resistant to
Septoria linicola.

Rust is a disease, caused by the fungus Melampsora lini Desm. The phase of disease to
which the term “rust” is commonly applied is characterised by the appearance in early
summer of small yellow or orange pustules on the leaves. Later in the growing season
elongated, slightly raised, black incrustations appear on the main stem and seed bolls. The
winter spores (teleutospores) are thick walled and resistant, they may survive at least two
winters. There are five stages of the rust development — basidiospores, spermogonia, aecidia,
uredospores and teleutospores. The fungus is normally carried with the seed rather than on the
seed. In seed processing, small fragments of stem, leaves and bolls bearing fragments of the
winter spore stage may be left in the seed sample after it has been finally cleaned and this is
the principal method by which the disease is spread by winter spores from season to season.

The aim of our work was to assess the incidence of mean flax fungal diseases in the flax
varieties sown in the fibre flax collection of Upyteé Experimental Station.

Experiments and methods

For the investigation of flax varieties' susceptibility to the causal agents of fusarium,
fungi of Fusarium spp. genus, infectious background is formed. Infectious-provocative
background done in the following way: fusarium-affected flax stems cut into 1-1,5 cm length
pieces are arranges at 30-40 g/m” on the soil in wooden boxes (85 x 50 x 20 cm) and are
covered by 3-4 cm earth layer. The earth in the boxes is kept moist. After 5-6 days flax is
sown in the boxes at a depth of 1,5 cm, and 2,5 x 2,5 cm intervals. The flax is sown at a rate
of 10-20 seeds, with 2-3 replications in the 3" ten - day period of May so that flax grows and
develops at higher temperatures. Two standard varieties were sown — resistant to fusarium ‘I-
7’ and the other — ‘Sveto¢’ — susceptible to fusarium. During the vegetative growth period the
flax was watered when the weather was dry.

Fusarium - affected plants were assessed having pulled flax at the early yellow maturity
stage. The disease incidence on plants was estimated according to 4-point scale: 0 — healthy
plants, 1 — weakly, 2 — moderately, 3 — strongly affected.

For the assessment of susceptibility to Melampsora lini Desm, flax varieties and
numbers sown in the experimental field in a 1 m wide band, with 20 cm inter-row spacing at a
rate of 100 seeds per row, with 1-3 replications late — in the 2™ or 3™ ten-day period of June.
At the "fir-tree" growth stage the gaps between flax are placed with (40 g/m?) stems (cut at 4-
6 cm long segments) infected by Melampsora lini Desm. spores of winter stage. In dry
weather the flax segments are watered. Until flowering flax is 2-3 times fertilised by nitrogen
fertilisers (15 g/m?).
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Assessment of infection by teleutospores and varietal susceptibility to this disease was
done having pulled flax at the stage of yellow maturity.

To establish the incidence of anthracnose (Colletotrichum lini M. Et B.) infection
background was created in wooden boxes (85 cm x 50 cm x 20 c¢m), filling them with sifted
soil from the experimental field. Until sowing normal soil moisture was maintained in the
boxes. Varieties and breeding lines were sown one seed ball per hole in the third ten-day
period of May at the 1,5cm depth, with 2,5 x 2,5 c¢m intervals. In total 20 seeds were sown
with 2 — 3 replications. Anthracnose causal agents were washed off the disease-affected
stems, and at the seedling stage of flax cotyledons were sprayed by the suspension of spores.
During plant vegetative growth period flax was abundantly watered. Severity of anthracnose
was assessed having pulled flax at early yellow maturity stage.

We estimated plant damage by anthracnose according to 5 score scale: healthy plants —
0, weakly affected — 1, moderately affected — 2, strongly affected — 3, and very strongly
affected or dead plants — 4 scores. We also estimated disease development intensity %.

To establish infection of pasmo disease (Septoria linicola (Speg.) Gar.) flax varieties
were growing in the field in natural conditions. Assessment of infection and varietal
susceptibility to this disease was done having pulled flax at the stage of yellow maturity.

Meteorological conditions in Upyte

Meteorological conditions during the experimental period were diverse, therefore the
incidence of diseases in individual varieties was different. Although in 1999 there was little
precipitation, the air temperature, which was normal, contributed to favourable conditions for
the spread of anthracnose and pasmo disease. In 2000 and 2001 the summer was very rainy,
the flax stands were heavily lodged, and high percent of plants were affected by diseases.

Unfavourable and droughty were 1999, the flax grew short and the stem and linseed
yield was low. 2000 were favourable for the growth and development of flax: a high fibre and
linseed yield was produced. In July 2001 heavy rainfall and hail lodged maturing flax, which
had a negative effect on the yield and fibre quality.

Results and discussion

In the anthracnose-resistance trials on provocative backgrounds involving 100 fibre flax
varieties and breeding lines no completely resistant varieties were found. Table 1 presents the
data of several tested varieties. The following varieties and breeding lines were slightly less
disease-affected: ‘Fibra’, ‘I-16°, 678-5; 777 where affected plants accounted for 15,3 — 23,6
%, and the disease severity was 4,8 — 9,3 %. The standard (susceptible) variety ‘Svetoch’ was
affected during the experimental years on average 90,4 %, and the disease severity was 42,5
% (Table 1).

Table 1.

Resistance of fibre flax varieties, breeding lines and mutants to anthracnose
(Colletotrichum lini M. Et B.). Upyte, (three years’ averaged data)

Ne of the VIR | Variety, breeding Country of | Infected plants, The disease

Catalogue line, mutant origin % severity %
1 2 3 4 5
5333 ‘Svetoch’ - standard RUS 90,4+ 3,8 42,5+6,7
(susceptible)

7215 ‘Banga’ LTU 32.0£6,0 144+ 57

7612 777 LTU 22.0+6,0 13,4+63

5740 ‘VAIZHGANTAS’ LTU 340+63 12,9+47

6186 ‘VNIIL-1’ RUS 289+62 13,7+5,0

6787 ‘VNIIL-11° RUS 28,1 +6,1 13,0£5,0
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1 2 3 4 5
6820 ‘VNIIL-19° RUS 253+5,2 11,4+5,5
6585 ‘SPARTAK’ RUS 76,1 £59 30,2+6,5
6531 ‘T-10° RUS 61,4+62 25.0+6,7
6200 ‘T-7° RUS 60,0 £ 5.6 29,7+6,2
6200 ‘T-4° RUS 58,8 +5.0 26,8+ 6,1
6194 ‘SMOLENSKIJ 451° RUS 208 +4,7 13,3+5,2
5327 ‘STACHANOVEC’ RUS 52,6 £5.7 21.4+6,1
6187 ‘SEVERIANIN’ RUS 72,4+5.8 29.8+6,5
6189 ‘1-16° RUS 236+5,5 93+4,0
7217 ‘Saliut’ RUS 452+ 5,7 239+4.8
6599 ‘P-359° RUS 46,6 + 6,1 25.8+5,2
6597 ‘Pskovich’ RUS 56,6 £4.9 30,0+ 6,4
6596 ‘STREMUTKA’ RUS 344+50 149+47
6813 ‘Luch’ RUS 494 +52 17,4+5,0
6147 R-1 RUS 66,1 £ 6.0 293+6,1
6148 R-9 RUS 66,4+ 4.9 257+5,2
5983 ‘1-9° RUS 52,051 13,0+ 4,8
6764 ‘SHOKINSKIJ’ RUS 38,2+6.9 20,4+ 5,6
5739 ‘L-1120° RUS 432+738 18,4+3.9
5982 ‘1-7 RUS 79,8 £5.6 27,7+6,6
4166 ‘806/3° RUS 36,4 +6,7 13,0+ 4,8
6201 ‘T-9° RUS 76,6 6.2 33,2+ 6,6
6051 ‘1288/12° RUS 456+5,8 18,4+ 5,1
6584 ‘Beriozka’ RUS 594 +51 31,7+ 6,8
6818 ‘Uspech’ RUS 468+ 5,1 31,1 £6,0
6655 ‘Jade’ FRA 38,7+6.,0 18,9+5.7
6653 ‘REINA’ FRA 60,9 + 6,1 26,7+ 6,3
6654 ‘EMMERAUDE’ FRA 35,0+6,5 17,3+5,7
6731 C-391 GBR 254452 12,8+ 6,0
4043 ‘DEEP-PINK”’ GBR 52,5+4,7 19,7+3.6
6028 ‘SOLIDO’ NLD 51,2+6,0 253+6,3
6230 ‘Diana’ NLD 35,4+6,7 159+52
6027 ‘VIERA’ NLD 58,3+59 18,6 +5,5
6626 ‘FIBRA’ NLD 153+4,9 48+3,1
6031 ‘Tekstilak’ CZE 414 +5,4 15,4+5,0
6135 ‘Modran’ CZE 36,2+ 64 159+54
7469 ‘MIRA’ BEL 262 +49 51+53
6233 ‘Arsen’ BEL 389+49 16,9+ 6,1
6674 ‘Karnobat’ HUN 55,2+6,0 30,3+5,7
6203 ‘LCSD-207 POL 51,4+62 21,4+5,7
6606 ‘Banner’ AUS 403 +49 212+£53
6657 ‘SVALOF 0228’ SWE 39,5+6,8 18,5+3.9
6824 ‘LD-147 UKR 46,1 £6,2 241+53
6810 ‘KOKET’ EST 60,8 = 5.7 39,1+6,7
221-A-119 RUS 69,7 +6.,5 40,7+ 6,8
927-1 LTU 398 +6.7 12,7+47
856-12 LTU 35,4+6.6 149+5.0
27
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1 2 3 4 5
842-14 LTU 28.1+5.7 12.4+52
678-5 LTU 204 +62 11.9+6.1
782-5 LTU 29.7+6.1 163 £5.8
919-4 LTU 27.4+69 122+4.7
2427 LTU 351+59 16.0£5.5
921-2 LTU 35.1+65 15,7+ 5.4
791-8 LTU 287+7.1 132+62

Experimental findings showed that in the conditions of artificial background resistance
of individual varieties and specimen to fusarium was revealed. Two standard varieties were
sown — resistant to fusarium ‘I-7° and susceptible to fusarium — ‘Svetoch’. Results of
resistance some varieties of our collection are presented in Table 2. The plants of susceptible
varieties were fusarium-affected (up to 35%) already before flax flowering. The varieties
‘Kristina’, ‘Banga 2’ were very severely disease-affected (disease severity was 50,3 - 87,7 %)).
Varieties ‘L-1120°, “’Mirnyj’, ‘Shayene’, ‘Redwood’, ‘Cree’ et al. and mutants D-5-374-3; C-
3-242-6; G-3-113-1; A-4-39-3; A-2-41-1 were resistant to fusarium (disease severity was 0,6
- 2,7 %) (Table 2). All fusarium resistant flax collection samples are a valuable initial material
for the development of new fibre flax varieties.

Table 2.
Resistance of fibre flax varieties, breeding lines and mutants to Fusarium spp. (2 -3
years’ averaged data)

Ne of the VIR | Variety, breeding | Country of | Infected plants, The disease
Catalogue line, mutant origin % severity %
1 2 3 4 5
5333 ‘Svetoch’ - standard RUS 91,4+ 34 459+ 70

(susceptible)
5982 J— 7’ -standard RUS 28+23 0,9+08
(resistant)
7235 ‘Banga 2’ LTU 87, 7+3,4 459+31
5739 ‘L-1120° RUS 95+42 2,7+1,9
7479 ‘T-13° RUS 18,2+5,6 9.1+44
7671 ‘Mimyj’ RUS 72+3.5 2.8+23
7225 ‘Torzhokskij’ RUS 6,8 +3,7 2,8+272
7242 ‘Vympel’ RUS 17,6 £53 8,9+3.8
6515 ‘Kubanskij 1’ RUS 147+£5.,0 7,1+3.5
6194 ‘Smolenskij 1051° RUS 20,5+5.6 13,6 +49
7234 ‘Viatich’ RUS 204+57 103 +41
7780 R-1037 RUS 11,645 53+3,2
7216 ‘Linotta’ USA 15,6 +8,1 7.2+3,6
6942 ‘Lord’ USA 69+46 24+22
6943 ‘Wonder’ USA 8,739 3,9+27
6305 ‘Shayenne’ USA 4,1+28 1,2+ 1,5
6128 ‘Redwood’ USA 35+2,6 0,5+0,5
7248 ‘Dvina’ BLR 104+42 39+27
7696 ‘Rodnik’ BLR 13,5+4,7 72+3.6
7697 ‘Dashkovskij’ BLR 11,4+44 6,0+ 3,5
6861 ‘Cascad’ DEU 8,7£40 24+21
28
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1 2 3 4 5
6890 ‘Daros 1’ DEU 94+41 3,5£2,6
6908 4-980 ARG 10,2+ 4.0 4,1+£3.0
6899 407-6 ARG 89+39 33+25
6103 ‘Flanders’ ARG 12,7+ 4.6 52+31
6871 ‘Kerandi’ ARG 19,0+ 58 9,640
6906 4-911-4-14 ARG 18,2+ 5,6 83+3.,8
6901 3-159 ARG 10,3+ 4,1 42+33
6959 ‘Mapun L-8’ ARG 92+43 3.7+2.4
7010 363-4 ARG 17,4+5.4 8,2+3,7
4043 ‘Deep pink’ GBR 10,9+4.4 51+3,1
6732 C—-332 GBR 18,7+5,5 8,4+39
5484 nameless EST 14,0+ 5,2 6,6 +£3,7
6824 ‘LD-147 UKR 6,7+3,5 3.0+£26
6582 ‘Cree’ CAN 43+1,9 1,3+14
6746 ‘Aoyagi’ JPN 9.9+40 3.8+24
6608 ‘Currong’ AUS 125+47 2,1£20
6178 ‘Kristina’ SWE 89,2+ 44 50,3+7,1

103 LTU 95+43 48+3.0
997-2 LTU 57+32 22+21
1085-13 LTU 13,5+4,7 7,0+3.4
1617-3 LTU 15,8+5,0 7,0+3,5
A-2-41-1 LTU 12,6 £ 6.4 2,1+£538
A-4-39-3 LTU 15,1+5.4 2,5+57
C-3-242-6 LTU 7.1+40 0,7+7,1
D-5-374-3 LTU 63+74 0,6+72
E-2-246-1 LTU 16,7+ 6,3 7.9+6,7
E-4-205-1 LTU 15,8+5,9 2,1+£50
F-6-274-1 LTU 19,0+5,5 11,0+45
G-3-113-1 LTU 99+56 1,0+ 4,1

All the tested varieties, growing in the rust infected background were compared with
the varieties — standards (‘T-10" susceptible to Melampsora lini Desm. and ‘Belinka’ —
resistant). Resistant to rust flax varieties, breeding lines and mutants are valuable as a
breeding material for creating new fibre flax varieties. Less affected were varieties and
mutants 777; B-20, ‘VNIIL-2’, ‘L-1120°, ‘Saskia’, ¢ F-5-80-1, F-5-431-1 et al. (Table 3)

Table 3.
Resistance of fibre flax varieties and breeding lines to flax rust (Melampsora lini Desm)
(three years’ averaged data)

Ne of the VIR | Variety, breeding | Country of | Infected plants, The disease
Catalogue line, mutant origin % severity %
1 2 3 4 5
6531 ‘1-10° - standard RUS 95,2=+1,7 80,7 = 3,3
susceptible
7456 ‘Belinka - standard NLD 147+ 26 2,1+12
resistant
7612 777 LTU 99+5,6 1,0+4,1
7624 B-20 LTU 71+22 1,0+£0,9
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1 2 3 4 5
5739 ‘L-1120° RUS 84+23 1.9+1,2
6192 ‘Pskovskij 1’ RUS 14,1+2,8 49+1.8
7669 ‘Pskovskij 83° RUS 82+23 1,6+ 1,2
6196 ‘VNIIL-2’ RUS 6,2+20 1,6+ 1,1
6787 ‘VNIIL-11° RUS 24.1+3.4 82+26
6765 ‘VNIIL-172 RUS 38,7+3.9 146+29
6194 ‘Smolenskij 1051° RUS 20,2 +3,1 59+20
6598 ‘P-255° RUS 19,7+3.3 89+25
7479 ‘T-13° RUS 84+24 3,0£1.,5
6880 ‘Kosmos’ RUS 242 +£35 124+27
6815 ‘K-6 RUS 19,4+27 6,1£2.0
6763 ‘Nadiozhnyj’ RUS 172+ 3,1 4,0+1,7
7156 ‘Akkord’ RUS 19,4+33 7,7+23
7369 ‘Kalininskij 5 RUS 13,9+27 2,1+£13
5333 ‘Svetoch’ RUS 87,3+27 452+42
6762 ‘Kometa’ RUS 21,7+£32 52+18
6806 ‘Orshanskij 1’ BLR 17,8 +3.0 87+2,6
6807 ‘Orshanskij 2’ BLR 17,1 +3.0 92+25
7696 ‘Rodnik’ BLR 10,2+23 43+1,9
7697 ‘Dashkovskij’ BLR 87+22 3,1+1,5
6811 ‘Vperiod’ BLR 134+238 3.7+1,6
6601 ‘Belorusskij 1’ BLR 147+29 34+1,5
6808 ‘Belorusskij 2’ BLR 11,3+£2.6 29+14
5330 T-1340 BLR 299+3.7 143+2.38
6956 7064-38 ARG 143+28 3,7+ 1,7
6103 ‘Flanders’ ARG 13.8+27 54+21
6871 ‘Kerandi’ ARG 132+238 29+13
6099 ‘Macovi’ ARG 28 8+3.7 7,9+£22
6959 ‘Marip’ ARG 18,9+272 92+24
6124 ‘Lusatia’ DEU 209+ 3,1 89+25
6890 ‘Daros 1’ DEU 17.4+31 7,9+23
7425 ‘Bertelin’ DEU 19.3+3,1 11,2+2,6
7436 ‘Kten-C-25’ CZE 10,7+22 39+1,7
6172 ‘Belan’ CZE 21,7+33 10,1 £33
7421 ‘Hilda’ CZE 129+2.6 2,1+1,2
7730 ‘Saskia’ CZE 124+2.8 1,1+0,9
6203 ‘LCSD-207’ POL 9.1+24 23+1,3
6204 ‘Svadzimski’ POL 20,0+ 3,2 6,3+2,1
7423 ‘Minerva’ POL 13,9+27 87+25
7699 ‘Bryta’ POL 299+3.6 72+272
5616 ‘Formosa’ NLD 123+28 56+18
6936 ‘Hera’ NLD 299+3.,6 129+27
6655 ‘Jade’ FRA 14,7+27 79+23
7587 ‘Astella’ FRA 241+34 39+1.38
6627 ‘Tekirdag Nolkara’ TUR 182+21 7,8+20
5818 ‘Beta 201° HUN 214+33 8,4+25
6361 ‘Primost’ USA 87+22 2,1+1,3
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1 2 3 4 5
6878 ‘Polesskij 2’ UKR 19.9+32 2,1+13
6745 ‘Nansyo’ JPN 22.1+34 82+£25
6279 ‘Marta’ SWE 64,3 +3.8 31,1 £3.7
6659 ‘Aino’ FIN 37,1+3.9 122+2,6
6085 44215 PRT 31,0+3.9 122+25

7741-1 LTU 10,0+2.4 29+ 1,4
F-5-431-1 LTU 59+20 1,5+ 0,4
F-5-80-1 LTU 39+1,7 1.8+1,3
M-5-154-1 LTU 37,0+4,0 94+27

Favourable conditions for the spread of pasmo disease were in 2000-2001 year — it was

wet and hot in July, and spores of fungus (Septoria linicola (Speg.) Gar.) widespread by wind
and rain. The pasmo disease infection on fibre flax varieties and breeding lines of the variety
competition trials of Upyte Research Station was established in 2001. Less injury of pasmo

disease was established on the breeding lines 1827-5; 1790-10; 01032-5; 0877-5 (Table 4).

Table 4.

Resistance of fibre flax varieties and breeding lines to pasmo disease (Septoria linicola

Speg. Gar.) (Upyte, 2001)

Variety, breeding line Country of |Infected plants,| The disease severity

origin % %
‘Baltuchiar’ LTU 19,2 9.6
‘Banga 2’ LTU 21,4 8,7
‘Belinka’ NLD 31,3 11,4
‘Ariane’ FRA 27,2 9,9
‘Laura’ BEL 26,7 10,1
Alfa-B LTU 21,0 11,2
0964-12 LTU 18,4 8,7
0877-5 LTU 173 6,4
01032-5 LTU 12,4 5,7
01186-6 LTU 16,3 10,0
01186-8 LTU 19,9 7,6
1463-43 LTU 214 92
1790-10 LTU 18,8 5,4
1826-26 LTU 17,4 6,0
1827-5 LTU 19,7 4.7
1827-30 LTU 31,0 14,8
1910-5 LTU 294 13,2
1951-5 LTU 245 12,4
Conclusions

1. In the anthracnose-resistance trials on provocative backgrounds no completely

resistant varieties were found. The following varieties and breeding lines were slightly less
disease-affected: ‘Fibra’, ‘I-16°, 678-5; 777 (affected plants accounted for 15,3 — 23,6 %, and
the disease severity was 4,8 — 9,3 %).

2. In the conditions of artificial fusarium infected background the varieties ‘Kristina’,
‘Banga 2’ were very severely disease-affected (disease severity was 50,3 - 87,7 %).

31
ISBN 9984 — 585 -68 -9



Environment.Technology.Resources. 2003

3. Fusarium resistant flax collection samples were established: varieties ‘L-1120°,
“Mirnyj’, ‘Shayene’, ‘Redwood’, ‘Cree’ et al. and mutants D-5-374-3; C-3-242-6; G-3-113-
1; A-4-39-3; A-2-41-1.

4. In the rust affected background were sown 100 samples of flax varieties and mutants.
Less affected were varieties and mutants 777; B-20, ‘VNIIL-2’, ‘L-1120°, ‘Saskia’, * F-5-80-
1, F-5-431-1 et al.

5. The pasmo disease was established on the variety competition trials of Upyte
Research Station in 2001. Less injury of pasmo disease was on the breeding lines 1827-5;
1790-10; 01032-5; 0877-5

6. All disease resistant varieties, breeding lines and mutants are a valuable initial
material for the development of new fibre flax varieties in Lithuanian conditions.
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FIBRE FLAX BREEDING FOR HIGH FIBRE QUALITY
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Abstract

The objective offlax breeding at the Upyte Research Station of LIA is to develop new varieties with a high
yielding capacity, satisfactory resistance to lodging and diseases, as well of adequate quality to meet the
demands ofthe textile industry. Two high yielding varieties with a goodfibre quality ‘Vega 2 ’and Ne 1547-11-7
have been developed at the Upyte Research Station ofLIA recently.

In the present paper we have provided a description of the origin of those 2 varieties, main yielding
characteristics andfibre quality parameters.

The variety “Vega 2 produced 20 % higher stemyield, 18.3 % higher seed and 47 % higher longfibre yield than
the standard variety ‘Orshanskij 2. Longfibre quality ofthe variety “Vega 2 ’is good: fibre isfirm, flexible, fine
and meets the demands o fthe textile industry.

Stem yield ofthe variety No 1547-11-7 was similar to that of ‘Orshanskij 2’and Belinka . Seedyield was 0.13
t/ha higher than that of the variety ‘Orshanskij 2 *and equal to the seedyield of Belinka . Longfibre quality of
Ne 1547-11-7 isgood and also meets the demands ofthe textile industry.

The variety ‘Vega 2 "has been registered in Lithuania since 1997, in Latvia since 2001. The seed samples ofthe
variety No 1547-11-7 have been transferred to the Genebank.

Keywords: breeding, flax, fibre, quality, flexibility, firmness, fineness, yield.

Introduction

The main characteristics of a flax variety are fibre content and quality. Only high
quality fibre can secure high quality of the final product. Flexibility, firmness, fineness,
softness are among the key quality parameters of flax fibre, firstly depending on the variety
genetic code. Flax cultivation techniques, weather and soil conditions have a great effect on
fibre quality as well as on the primary flax straw processing (scutching, hackling) [6,11].

Many authors have reported that improvement of fibre quality could primarily be
achieved by creating new flax varieties, using different breeding methods [1, 2, 5, 10]. Before
creating a new variety it is necessary to investigate the inheritance of fibre quality parameters
[4, 7].

Crossbreeding and selection of individual plants - as methods of breeding - lead to the
development of varieties possessing a high fibre quality. This group includes the following
fibre flax varieties: ‘Svetoch’, ‘1288/12’, ‘Orshanskij 2°, ‘Saldo’, ‘Belinka’, ‘Batist’. The
varieties ‘Belochka’, ‘T-9°, “P-359°, ‘Kijevskij’, ‘Dashkovskij’, ‘Baltuchiai’, ‘Rodnik’,
‘Pskovskij 85’, ‘Regina’, ‘Laura’, ‘M-5, ‘K-65" could be attributed to the group of varieties
characterised by a slightly lower fiber quality [3, 8, 14, 15]. Fibre quality of ‘T-10’, *Slavnyj
82’, ‘K-6’, “Torzhokskij 4’ etc. is low (less flexible and fine, more course) [16].

The Variety ‘Zoria 87’ which is notable for a good fibre quality was developed in the
Ukraine using the method of chemical mutagenesis [3, 12].

The main task of flax breeders is to create new productive fibre flax varieties with high
quality fibre. Also those varieties should be resistant to lodging and disease [2, 5, 9, 10].
‘Vega 2’ and Ne 1547-11-7 are the latest fibre flax varieties distinctive for high fibre quality
created at the Upyte Research Station of LIA.

Materials and methods
Flax varieties “‘Vega 2’ and Ne 1547-11-7 were created by crossing geographically
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distant varieties.

Fibre flax breeding was carried out according to the following scheme: 1) nursery of
initial material (collection, hybrids, mutants); 2) breeding nursery; 3) check nursery; 4) initial
variety trials; 5) competitive variety trials; 6) multiplication of promising varieties and farm
scale trials. In the nursery of initial material varieties and samples were sown in the plots of
0,2-1,0 m?, in the breeding nursery — in the plots of 0,2-4,0 m? in 4 replications. Initial and
competitive variety trials involved 4 replications, the size of a record plot was 11,2 and 16,0
m? respectively. In the competitive trials and initial variety trials plots were sown by a sowing
machine SNL-16 at a seed rate of 25 million seed per hectare, with 10 cm interrow spacings.
In the breeding nursery the plots were sown by hand at a seed rate of 22 million germinable
seeds per ha. Insecticides were sprayed against flax flea beetles, herbicides were used to
control weeds (except some nurseries). During flax vegetative growth period, phenological
observations were conducted and resistance to lodging and fungal diseases on the natural
background was assessed. [14]. Flax was pulled at the stage of early yellow ripeness, threshed
by a MS thresher. Stems were retted in warm water (33-37 °C), then scutched by a machine
tool SMT-200. Fibre was hackled by combs Nb 9 and 13. The number of fibre was
determined in the laboratory organoleptically, flexibility was measured by a device G-2, fibre
firmness (strength) by a device DK-60, fineness by counting separate fibres in the described
fibre sample. Long fibre quality (in km) was calculated using the formula: Q (in km) = 0.1 x
Flexibility (in mm) + 0.2 x Firmness (in kg F) + 0.013 x Fineness (in units) + 2.1; where: 0.1;
0.2; 0.013 and 2.1 are constants [13]. Varieties ‘Orshanskij 2’ and ‘Belinka’ were standard
varieties for fibre quality evaluation in the competitive variety trials. Morphological plant
analysis was carried out also, stem and seed yield was calculated using ANOVA method
(Tarakanovas P., 1996; Jlocnexos b.A., 1985).

Meteorological conditions during 1998-2000 were diverse and gave the opportunity to
evaluate flax varieties’ characteristics in different conditions. The 1990, 1991, 1993, 1996
1997 and 2000 were favourable for flax and stem and seed yield was obtained high. Medium
favourable weather conditions for flax were in 1988, 1989 and 1998. Dry and warm weather
in 1992 and 1999 significantly reduced flax yield and quality.

Results and discussion
Fibre flax variety ‘Vega 2’

In 1973 a female variety ‘Reina’ (Ne K-6653 in the catalogue of N.I. Vavilov Research
Institute of Plant Industry (VIR)) of Dutch origin was crossed with a fibre flax variety
‘Shokinskij” (K-6784, VIR), developed in the Smolensk Research Station (Russia). ‘Reina’s
fibre output is medium, fibre is firm, but the flexibility is lower, less fine. Plants are resistant
to lodging. The variety ‘Shokinskij’ is late, high yielding, medium resistant to lodging. Fibre
quality is good. In 1978 elite plants were selected. ‘Vega 2’ was tested in the competitive
trials over the period 1988-1992.

Averaged data of 5 years' competitive trials showed that the new variety ‘Vega 2°,
compared with standard ‘Orshanskij 2°, produced 20 % higher stem yield, 18.3 % higher
linseed yield and 47 % higher long fibre yield (Table 1). Fibre content was 3.3 % higher than
that of the standard ‘Orshanskij 2°. The quality of long fibre is good: it is flexible (43.4-60.4
mm), firm (19.4-29.1 kg F) and fine (193-236 units). The calculated fibre quality is 14.9-15.4
km, so it meets the demands of the textile industry. Good fibre quality (flexibility and
fineness) was inherited from the variety ‘Shokinskij’.

Flax plants of the variety ‘Vega 2’ were on average 6.8 % taller than those of the variety
‘Orshanskij 2°. 1 000 seed weight was 0.88 g, or 19.1 %, higher than that of the standard
variety.

‘Vega 2’ is a white flowering fibre flax variety, the stems are less affected by fungal
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diseases.

Table 1.
Biological characteristics and qualitative fibre indicators of the fibre flax varieties ‘Vega
2’ and ‘Orshanskij 2°. Upyte, 1988-1992 average data

Parameters Standard ‘Vega 2’ Compared with the
‘Orshanskij 2’ standard ‘Orshanskij 2’

Yield, t/ha:

stem (LSDgs —0.52) 5.34 6.41 120

seed (LSDys — 0.07) 0.82 0.97 1183

long fibre (LSDgys — 0.17) 0.66 0.97 147.0
Long fibre content, % 11.8+038 15.1+0.5 128.0
Quality of long fibre:

number 11.3+£0.5 11.6+£0.5 102.7

flexibility, mm 60.6+47 53.8+37 88.8

firmness, kg F 238+20 23.6+26 99.2

fineness, units 206 £ 16 202+ 10 98.1

quality, km 156+03 148+02 94.9
Plant height, cm 663+3.0 708+ 1.9 106.8
Technical stem length, cm 56.2+3.1 61.7+23 109.8
Vegetation period, days 82+5 83+3 101.2
Resistance to lodging, points 7.1+04 76+02 1122
1 000 seed weight, g 4.62+0.13 550+0.14 119.1
Stem infection by diseases, %o:

Fusarium spp. 9.0£26 32+1.0 35.6
Colletotrichum lini M. et B. 110+16 84+£21 76.4

Fibre flax variety Ne 1547-11-7

In 1971 a female variety ‘Diana’ (K-6230, VIR) of Dutch origin was crossed with a flax
breeding line B-96 (‘L-1120’x‘Severianin’x‘Viera’), bred at the Upyte Research Station of
LIA. Plants of the variety ‘Diana’ are white flowering, resistant to lodging. Vegetative growth
period is long. The breeding line B-96 is high yielding, medium late, with a good fibre
quality.

In 1976 elite plants were selected. The flax variety Ne 1547-11-7 was tested in the
competitive variety trials in 1990-1993 and 1999-2000. Averaged data of 6 years showed that
the stem yield of the new variety was similar to that of ‘Orshanskij 2’ and ‘Belinka’. The seed
yield of the variety Ne 1547-11-7 was 13.5 % higher than that of the standard ‘Orshanskij 2’.
The seed yield was equal with the yield of ‘Belinka’ (Table 2). Fibre content was on average
1.5 % higher than that of ‘Orshanskij 2’. Long fibre quality is good: fibre is firm (29.5-32.3
kg F), flexible (38.2-52.6 mm), fine (164-236 units), quality index (in km) — 12.8-15.9. The
long fibre quality also meets the demands of the textile industry.

Plants of the variety Ne 1547-11-7 are resistant to lodging, less susceptible to fungal
diseases — Fusarium spp. and Coletotrichum lini B. et M. The flax variety Nb. 1547-11-7
belongs to the group of medium early flax varieties, plants are blue flowerig. 1000 seed
weight is by 0.70 g, or 14.4 %, higher than that of the standard variety ‘Orshanskij 2’
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Table 2.
Biological characteristics and qualitative fibre indicators of the fibre flax varieties
‘Orshanskij 2’°, ‘Belinka’ and Ne 1547-11-7. Upyte, 1990-1993 and 1999-2000 average

data

Parameters Standard Standard  Ne 1547-  Compared with the
standard
‘Orshanskij 2°  ‘Belinka’ 11-7  ‘Orshanskij 2” ‘Belinka’

Yield, t/ha:

stem (LSDgs — 0.62) 5.82 5.97 6.05 104.0 101.3

seed (LSDys — 0.08) 0.96 1.18 1.09 113.5 92.4

long fibre (LSDys —0.11) 0.79 0.95 0.90 113.9 94.7
Long fibre content, % 13014 154+10 145+15 111.5 942
Quality of long fibre:

number 11.5+0.7 11.5+£07 11.5+0.7 100 100

flexibility, mm 504+34 506+32 463+29 91.9 91.5

firmness, kg F 258+18 271=+35 279+3.1 108.1 103.0

fineness, units 195+ 10 187+17 201 +£18 103.1 107.5

quality, km 148+04 15009 15.0+0.7 101.4 100
Plant height, cm 67.1+43 676+£56 646+5.1 96.3 95.6
Technical stem length, cm 57851 578+£57 565+£52 97.8 97.8
Vegetation period, days 89+9 92+ 10 89+ 10 100 96.7
Resistance to lodging, points 72+04 79+02 90+0.0 119.1 102.0
1000 seed weight, g 478+020 S5.11+£0.17 5.57+£0.23 114.4 109.0
Stem infection by diseases, %: 123+24 165+66 93+4.1 75.6 56.4

Conclusions

1. Conventional breeding methods (crossing and individual selection) enable to create
varieties with high fibre quality inherited from parental forms.

2. The variety ‘Vega 2’ produced 20 % higher stem yield, 18.3 % higher seed and 47 %
higher long fibre yield than the standard variety ‘Orshanskij 2’

3. Long fibre quality of the variety ‘Vega 2’ is good: fibre is firm (19.4-29.1 kg F), flexible
(43-60 mm), fine and meets the demands of the textile industry.

4. Stem yield of the variety Ne 1547-11-7 was similar to that of ‘Orshanskij 2’ and ‘Belinka’.
Seed yield was 0.13 t/ha higher than that of the variety ‘Orshanskij 2’ and equal to the seed
yield of ‘Belinka’.

5. Long fibre quality of Ne 1547-11-7 is good and also meets the demands of the textile
industry.

6. The variety ‘Vega 2’ has been registered in Lithuania since 1997, in Latvia since 2001. The
seed samples of the variety No 1547-11-7 have been transferred to the Genebank. Variety No
1547-11-7 is included in the intervarietal crossings.
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KVIESU LAPU SLIMIBAS UN DATORPROGRAMMU
IZMANTOSANAS IESPEJAS TO IEROBEZOSANA
Wheat Leaf Diseases and Possibilities of Computer Program Application for
Disease Control

B. Bankina, 1. Priekule’
Augu biologijas un aizsardzibas katedra, Latvijas Lauksaimniecibas universitate, Liela -2,
Jelgava, LV 3001, 3021985, e-mail efaiz@cs.llu.lv
'Valsts augu aizsardzibas centrs
Lielvardes 34/38, LV 755

Abstract

The main task of integrated plant protection is to reduce usage of pesticides and to address a request of farmers
to cut down variable costs for winter wheat growing (including costs of fingicides). A new tool providing these
requirements is a Decision support system based on PC program. Validation trials of PC-P Diseases were
carried out in collaboration with Danish Institute of Agricultural Sciences in 1999-2002 in different regions in
Latvia. Comparisons were made among standard treatments with full dose of Tango Super (epoxiconazole 84 ¢
I, fenpropimorf 250 g I'') in GS 51-55, split doses in GS 37-39 and GS 51-55 and treatment according to PC-P
recommendation. Tan spot (Drechslera tritici-repentis), leaf blotch (Septoria tritici) and mildew (Blumeria
graminis) were the most important diseases in this period. The results of trials showed that average doses of
Jfungicide were decreased according to PC-P Diseases recommendations, treatment frequency index fluctuated
from 0.2-1.02. Reduced doses of fungicides showed the same efficiency of diseases control as standard doses.
Level of additional yield was similar in comparison with variants where standard doses were used.

Keywords: wheat, diseases, computer programme

Ievads

KvieSu audzeSana partikas graudu razoSanai ir viena no ekonomiski nozimigakajam
augkopibas nozarém. Mainoties audzéSanas tehnologijam, ievieSot intensiva tipa Skirnes un
augstas slapekla meslojumu devas, palielinas slimibu izplatiba un postigums [1]. Tadel loti
butiska probléma ir fungicidu ekonomiski un biologiski pamatota lietoSanas stratégija.
Veiksmigas fungicidu lietoSanas galvenais prieksSnoteikums ir preciza slimibas ierosinataja
diagnostika un pareiza apstrades laika izvéle, jo paragra smidzinasana palielina izmaksas
(nepiecieSamas atkartotas apstrades), bet novélota nav pietiekami efektiva. Vacija, Niderlandg
u. c. strada pie prognozéSanas un bridindjumu sist€mu izveides, kas lautu ieviest videi
draudzigakas un ari ekonomiski efektivakas tehnologijas. Viena no $adam
kompjuterprogrammam "PC-P Diseases" ir izveidota, sadarbojoties Danijas Lauksaimniecibas
zinatnu instititam un Danijas Lauksaimniecibas konsultaciju centram. 1999.gada Latvijas -
Danijas kopprojekta ietvaros tika sdkta §is programmas parbaude Latvijas apstaklos. Saja
projekta p&c vienotas metodikas strada Latvija, Lietuva, Igaunija, Polija un Danija [2-5].

Metodes un materiali

Latvija "PC-P Diseases" programmas adaptacijas izméginajumi uzsakti 1999. gada.
Projekta piedalas Latvijas lauksaimniecibas universitates Augu biologijas un aizsardzibas
katedra un macibu pétjjumu saimnieciba "Vecauce", Latvijas Valsts augu aizsardzibas centrs,
Valsts augu aizsardzibas dienests un Latvijas Lauksaimniecibas konsultaciju un izglifibas
centrs (turpmak ABAK, LVAAC, VAAD, LLKC).

Programmas "PC-P Diseases" darbiba balstas uz 3 pamatsastavdalam:
1. Pastva pamatinformacija - programmas darba nodrosSina$anai izveidota datu baze, kura
apkopota informacija par valsti registrétajiem graudaugu fungicidiem un dazadu Skirnu
izturibu pret slimibam.
2. Akfiva informacija - vegetacijas perioda laika lietotajs ievada programma datus par:
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kultlirauga attistibas fazi un etapu (AE);,

slimibu izplatibu uz lauka %;

lietaino dienu skaitu noteikta perioda (ar nokrisnou daudzumu >1 mm).

Rekomendacijas — programmas ieteikumi par fungicidu lietoSanas nepiecieSamibu
konkreta lauka situacija; ieteicamas fungicidu devas (parasti zemakas par registrétajam);
nakosas lauka apsekosanas laiks. Aprékinot apstrades laiku un devu, programma nem véra ari
ieprieks€jo smidzinajumu. Ja datu baze ir ievadita informacija par fungicidu cenam, tad
atbilstosi rekomendetajam devam tiek izrekinatas ar fungicidu izmaksas uz 1 ha.

Izméginajumi, lai parbauditu $is programmas efektivitati ir iekartoti visa Latvijas
teritorija, Cetros gados pavisam ir bijusi 32 izméginajumi ziemas kviesu s€jumos.
Izméginajumi iekartoti p&c sekojosas shemas:

1. Kontrole - ar fungicidiem neapstradats laucins;

2. Standarts 1 (Tango Super (epoxiconazole 84 g 1™, fenpropimorf 250 g I"') pilna deva AE
51-55,1.251ha™),

3. Standarts 2 (Tango Super dalita deva AE 37-39 un AE 51-55 , 0.65, 0.65 | ha™)*;

4. PC - P - saskana ar datorprogrammas rekomendacijam.

* Ja izmanto Skirni 'Donskaja polukarlikovaja', §is variants nav nepiecieSams, jo Skirnei ir 1ss

vegetacijas periods.

Izméginajumi iekartoti 4 atkartojumos, laucinu platibas nedaudz atskiras, bet nav
mazakas par 25 m?.

Sgjumos, saskana ar agronomiskajam prasibam, lietoti citi augu aizsardzibas Iidzekli,
vienadi visos izméginajuma variantos - herbicidi, augSanas regulatori un, ja nepieciesams, ari
insekticidi.

Slimibas uzskaifitas reizi nedéla visu vegetacijas periodu. Lidz stiebroSanas fazes
sakumam (AE 31) vertets viss augs, I1dz ziedeSanas beigam (AE 69) - tr1s augsgjas lapas, I1dz
dzeltengatavibai (AE 80-82) - divas augs§&jas lapas. Izméginajumos noteikta slimibu izplatiba
un attistibas pakape jeb intensitate [6,7]. lerosinataji identificéti pec vizualajam pazimé&m,
nepiecieSamibas gadijuma izmantota lupa un mikroskops.

Fungicidu lietoSanas samazinajumu raksturo ta saucamais "apstrades indekss" (Al), So
raditaju aprékina, summgjot lietotas fungicida devas un iegiito skaitli attiecinot pret registréto
(standarta) devu.

Datormodela ekonomiskas efektivitates ilustréSanai rékinata "tira raza". Tira raza tiek
rékinata, no iegiitajiem ienakumiem par papildus ieglito razu (salidzinot ar kontroli), atnemot
smidzinasanas izdevumus un atlikuSos naudas ien€mumus parrékinot raza. Pelna apréekinata,
pienemot, ka graudi realizéti par 65 Ls t un smidzinasanas izmaksas ir 7 Ls ha ™', fungicida
cena 16 Ls/l..

“e o e

Rezultati un to izverteéjums

Lai objekfivi novertétu programmas efektivitati un piemérotibu Latvijas apstakliem,
nepiecieSams izvertet situaciju, t.i., slimibu izplatibu un atfistibas pakapi, attistibas dinamiku
izméginajumu gados. Parskata perioda meteorologiskie apstakli bija loti dazadi, tapéc slimibu
izplatiba un ari postigums loti atskiras.

Izméginajumu laika nozimigaka kvieSu slimiba Zemgales regiona bija kviesu lapu
dzeltenplankumainiba, ier. Drechslera tritici-repentis (Died.) Shoem., telemorfa Pyrenophora
tritici-repentis (Died.) Drechs. Dzeltenplankumainiba Latvija pirmo reizi diagnosticéta 1995.
gada, bet jau 1998. gada atzimé&ta Sis slimibas epidémija. 1999. gada vasara bija sausa un
dzeltenplankumainiba paradijas stipri vélu - ziedéSanas laika un pat pec zied€Sanas (AE 61—
69). Piengatavibas fazes laika slimibas izplatiba sasniedza 100 %, bet atfistibas pakape
neparsniedza 5 %. 2000. gada vegetacijas perioda sakuma dzeltenplankumainiba, tapat ka
citas slimibas, nebija sastopama, jo nokri$ni biezu lietusgazu veida sakas tikai maija pedgja

39
ISBN 9984 — 585 -68 -9



Environment.Technology.Resources.2003

dekadé. Pirmas pazimes novérotas karoglapas paradisanas laika (AE 37-39). Tacu kaut cik
nozimiga slimibas attistiba novérota agrinajam Skirném péc ziedéSanas (‘Donskaja
polukarlikovaja’) un vélinajam Skirném varposanas laikd (‘Stava’). 2001. gada bija labveéligi
apstakli slimibu attistibai. Dzeltenplankumainiba tika novérota visos izméginajumos, tacu
pirmas pazimes paradijas laika no maija beigam lidz janija vidum. Dzeltengatavibas fazé
slimibas intensitate svarstijas no daziem procentiem Iidz 70 %. 2002. gada pirmas pazimes
dazadas Latvijas vietas paradijas laika no stiebroSanas lidz varpo$anai, tacu visa vegetacijas
sezona slimibas intensitate neparsniedza daZzus procentus. Dzeltenplankumainibas attistibas
tendences raksturotas 1 att.

.

R

X

X0

=3

)

=

Qoo

1 att. Dzeltenplankumainibas attistibas dinamika atkartba no Skirnes un audzesanas gada
Jelgavas rajona, "Péterlaukos"

KvieSu pelékplankumainiba (ier. Septoria tritici Rob. in Desm, telemorfa
Mycosphaerella graminicola (Fuckel) Schroeter) un kvieSu plékSnu plankumainiba (ier.
Stagonospora nodorum (Berk.), sin. Septoria nodorum, telemorfa Phaeosphaeria nodorum,
sin. Leptosphaeria nodorum (E. Muller) ir Latvija saméra plasSi izplatitas kvieSu slimibas.
Katru gadu ceroSanas fazes beigas - stiebroSanas fazes sakuma (AS 29-31) ziemas kvieSu visu
Skirnu augiem uz apak3éjam lapam konstatétas kvieSu lapu pelékplankumainibas pazimes
(attistibas pakape 1-5 %). Sis pazimes novérojamas katru pavasari, jo inficésanas parasti
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notiek jau rudeni. Tomér ilggadéji novérojumi liecina, ka ierosinataja esamiba uz apakséjam
lapam tieSi neietekmé slimibas postigumu un nerada razas zudumus. Savukart izplatiba uz
augSéjam lapam loti variéja pa gadiem un izméginajumu vietam, tomér neparsniedza dazus
procentus.

Miltrasa (Blumeria [syn. Erysiphe] graminis (DC.) f.sp. tritici Em. Marchal) ir viena no
nozimigakajam ziemas kvieSu slimibam. 1998.g. un 1999. g. miltrasas infekcijas pakape
neparsniedza 1-5 %. 2000. gada pavasari ceroSanas fazé - stiebroSanas sakuma miltrasa bija
sastopama uz visam Skirném uz augu apak$&jam lapam un stiebra apakséjas dalas. lpaSi
ienémiga bija 'Donskaja polukarlikovaja'. TaCu vélak vegetacijas perioda, iestajoties sausam
un karstam laikam, (maija pirmd puse), miltrasas attistiba praktiski apstajas Atkartoti
miltrasas attistiba novérota tikai péc ziedéSanas (slimibas izplatiba 20 %, turklat intensitate
neparsniedza 1 %). Turpretl Stendé Skirnes 'Krista' séjumos miltrasas izplatiba (piengatavibas
faze) sasniedza 80 % un intensitate 4 %. 2002. gada miltrasas izplatiba bija aptuveni 50 %,
bet attistibas pakape svarstijas ap 2 %. Tomér iznémums atkal bija Stende, kur 3is slimibas
pakape bija daudz augstaka (10 %). Miltrasas izplatiba un intensitate bija loti atSkiriga
dazadas izméginajumu vietas, tapéc var secinat, ka slimibas attistibu ietekmé ne tikai Skirnes
patnibas, bet arT agrotehniskie apstakli un infekcijas avotu daudzums.

Risas - dzeltena rhsa (Puccinia striformiis) un brand rasa (Puccinia tritici) bija
sastopamas reti un ievérojamus razas zudumus nenodarija.

Galvenais izméginajumu rezultats ir Al samazinaSana (2. att.). 1zméginajumu laika Sis
raditajs bija loti dazads, tas varieja no O (Sséjumus nebija nepiecieSams apstradat ar
fungicidiem) Iidz 1.02. Sis krasas atdkiribas ir izskaidrojamas ar dazadajiem
meteorologiskajiem apstakliem izméginajumu perioda, 1999. un 2002. gadi bija nelabvéligi
slimibu attistibai, bet 2000. un 2001. labvélgi. Tadél art izméginajumos tika rekomendéts 1-3
apstrades ar fungicidiem, atseviskos gadijumos ari fungicidu lietoSanu nerekomendéja vispar.
Vidgji izméginajumu perioda tika lietots 55 % no registrétas fungicidu devas, tatad fungicidu
slodze daba tika ievérojami samazinata. var uzskatit, ka kompjutermodelu izmantoSana ir
videi draudziga tehnologija.

Loti nozimigs ir arf apstrazu skaits - cik reizes sezona nepiecieSams veikt smidzinasanu.
Péc izméginajumu rezultatiem slimibu attistibai piemérotos apstaklos 2000.g. un 2001.g.
apstrades bija nepiecieSams veikt vidéji 1.6 un 2.2 reizes, bet 1999.g. un 2002.g. - 1un 11
reizi (vidgji visa izméginajumu perioda 1.5 reizes).

2002. gads
2001. gads
2000. gads

1999. gads

Apstrades indekss  ApstraZu skaits

2. att. Apstrades indekss un fungicidu smidzinaSanas reiZu skaits vidéji izméginajumos
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Izméginajumos fungicidu tehniska efektivitate (slimibu ierobezoSanas pakape,
saltdzinot ar kontroli) bija loti ITdziga visos variantos, tadel arf raZzas pieaugumi ir l1dzigi gan
standarta, gan kompjdterprogrammas izmantoSanas gadijumos. Vairuma gadijumu fungicidu
lietoSanas rezultata pieauga raZiba, tai skaitd arT variantd, kur apstrades veica péc “PC-P
Diseases” ieteikumiem (2000., 2001.g. atseviSskos izméginajumos pieaugums pret kontroli
sasniedza pat 1.03-1.58 t ha-1).

Lai raksturotu programmas lietoSanas ekonomisko efektivitati, péc izméginajumu
rezultatiem aprékinaja "tiro" razu. Aprékinos tika nemtas vérd fungicida un apstrazu
izmaksas. K& redzams 3. attéla, fungicidu lietoSana devusi neto jeb "tiras" razas pieaugumu,
kas varié pa gadiem no 0.02 lidz 0.5 t ha-1 (iznemot 2002.g variantu, kur deva 1.5 | ha-1 lietota
viena apstrades reizé). Visos variantos neto razas pieaugums bija augstaks 2000.-2001.g., kad
slimibu attistibas pakape kvieSu séjumos bija augstaka un fungicidu lietoSana deva lielaku
kopéjo razas pieaugumu.

Vidéji 4 gados neto raZzas pieaugums, veicot apstradi ar pilnu devu viena reizé, bija
0.16, 2 reizes ar  devas - 0.15, péc programmas rekomendacijas - 0.28 t ha-1 K& redzams
péc izméginajumu rezultatiem, neto razas pieaugumi nav batiski atSkirigi starp variantiem.

Datorprogrammas "PC-P Diseases” lietoSana lauj samazinat fungicidu lietoSanu, tai
pasa laika saglabajot tadu pasu razu limeni, ka lietojot fungicidus péc standartieteikumiem.

Tomeér jauzsver, ka Sis programmas izmantoSanai ir vairaki priekSnoteikumi:
¢ nepiecieSamas regularas lauka apskates un preciza slimibu diagnostika, kas lielas platibas
ne vienmer ir iespéjama;
¢ samazinatas fungicidu devas drikst lietot tikai ar Valsts Augu aizsardzibas dienesta
atlauju, jo paSlaik samazinatas devas nav registrétas;
¢ nepiecieSama laba tehnika un iespéjas precizi veikt smidzinasanu;
¢ programmas ieteikumi neder tam saimniecibam, kur netiek ievérota augu maina un ir liels
graudaugu Tpatsvars séjumu struktara.

Jaatzimé, ka més vél aizvien nepietiekami zindm patogénu attistibas Tpatnibas Latvijas
apstaklos, un, ja més vélamies Latvija ieviest integréto augu aizsardzibu vai vismaz tas
elementus, ir nepiecieS$ami patogénu biologijas pétijumi. IpaSi bltu japievérs uzmaniba
populaciju inventarizéSanai, lai noskaidrotu rasu sastavu un attistibas cikla (ziemoSana,
izplatiSanas un ekologiskie apstakli, kas to nosaka) Tpatnibas.
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PROJEKTEJAMAS CELULOZES RUPNICAS IESPAIDS UZ
JEKABPILS REGIONA INFRASTRUKTURU
Projecting Pulp Mill Impact on the Infrastructure of Jekabpils Region

S. Beérzin$
LLU Kokapstrades katedra
Liela iela 2, Jelgava, LV-3002
e-mail: spodris.berzins@vdaugava.vzd.gov.lv

Abstract

This paper deals with possible impact of potential pulp mill in Jekabpils on adjacent regions infrastructure,
which includes inhabitant’s comfort level, and business infrastructure during construction and processing
stages. The analysis is made up on the basis of several publications, which are connected with environmental
impact assessment, regional development and pulp mill project materials. There are analysis of several kinds of
impact: on geology, water and air pollution and their limitation, noise pollution, demography, cultural
resources. For better understanding of business perspectives a comparison is made with similar pulp mill in
Rauma (Finland) and its impact. On this basis SWOT analysis and matrix is made. The main conclusions are:
there is big possibility of positive changes in region development through so large investment, main problems in
pollution are connected with possible thermal pollution, serious attention needs to be paid for future for small
sawmill and private forest management.

Keywords: infrastructure, pulp mill, SWOT analysis.

Ievads
Par vienu no biitiskakajiem investiciju projektiem p&c Latvijas neatkaribas atjaunoSanas
ir kluvusi iespg&ama lieljaudas celulozes rupnica Jekabpils apkaim&. Aptuveni 960 miljoni
eiro tiktu iegulditi razotng, kas kliitu par nozZimigu celulozes razosanas centru Austrumeiropa,
patérgjot ieverojamu dalu Latvija sagatavotas papirmalkas un parstradajot gandriz visu
sarazoto Skeldu. Diemzel celulozes razoSana tiek uzskatita par visnetirako etapu visa cela no
meza audzeSanas Iidz poligrafiskajai riipniecibai. Konferences norises laika bis zinami
ietekmes uz vidi novert§uma procesa iegutie sl&€dzieni, iesp&ams, biis pienemts galigais
lémums par riipnicas celtniecibas uzsaksanu. Seit ir piedavata analize par iesp&jamo situacijas
atfistibu, pamatojoties uz 2002. gada nogales datiem.
Dota petijuma meérkis: analizét iespgjamo projektgjamas celulozes rupnicas ietekmi uz
Jekabpils regiona infrastrukttru.
Dota pétijuma uzdevumi:
1. celulozes riipnicas celtniecibas fazes ietekmes noteiksana;
2. celulozes rupnicas darbibas iespgjama iespaida uz regiona iedzivotaju komfortu
noteikSana;
3. sagaidamais celulozes rupnicas iespaids uz regiona biznesa infrastruktiru.

Metodika

Dota péfijuma ietvaros analizéta iespgjama regiona infrastruktiira celulozes rGpnicas
projekta realizacijas gaita, iespgami atturoties no dazadu biotopu vitalitates iesp&u
vertgjuma, tiesas finansu pliismas no celulozes rlipnicas analizes un iespaida uz meza nozari
regiona ietvaros izpétes, kas ir atseviska pétijuma verts.

Par pamatu iespgamas ietekmes analizei izmantota M. Vaivara gramata “letekmes uz
vidi novertg§jums” piedavata paredzamas darbibas vietas raksturojums ar iespgamam tas
izmainam objekta darbibas rezultata. Sagaidamas iedarbibas konkretiz€Sanai un paredze&Sanai
izmantotas a/s “Baltic Pulp” pieteikums par ietekmes uz vidi novertg§juma procesa uzsakSanu
un Latvijas Republikas Vides aizsardzibas un regionalas attistibas ministrijas letekmes uz vidi
noveértgjuma biroja “Programma sulfatcelulozes riipnicas biivniecibas Krustpils pagasta
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Ozolsala ietekmes uz vidi novértg§jumam”. Uz iegito datu pamata veikta SVID analize, kas
kalpotu par pamatu SVID matricas izveidei ieteicamo darbibu noteik$anai.
Veicot analizi izmantotas induktiva, dedukfiva, apraksto§a un logiskas analizes metodes.

Rezultati
Literatuiras apskats

Viena no petama jautajuma Tpatnibam ir pieredzes trikums Latvija tik liela apjoma
projektu realizacija sagaidamo invesficiju joma un projekt€§jamo razoSanas apjomu zina. Pec
neatkaribas atjaunoSanas aptuveni tadu paSu mérogu razotnu izvietoSana Latvijas lauku
apvidos ir planota tikai bioetanola riipnica Jaunpagasta. Neskatoties uz zinamam [1idzibam
atseviSku problému izgaismojuma (izejvielu piegades, invesficiju avoti) pastav vairaki
apstakli, kas padara Sos projektus un to realizaciju atskirigas:

e Projektgjama celulozes rupnica tiks celta no jauna, kamer bioetanola rupnica tiktu

celta [1idzas esoSajai spirta ripnicai;

e Partikas razoSanas tehnologijas, tai skaita spirta razoSana Latvija ir izveidojusas
zinamas tradicijas, pastav izglitibas sist€ma, ir augsti kvalificéti specialisti;

o Atskiriga investoru struktiira abos projektos;

e Latvijas merogos Kurzeme (kur atrastos bioetanola ripnica) ir mazak depresivs
regions ka projektéjamas celulozes rapnicas atrasanas vieta Latgales un Zemgales
saskarg.

Pamatojoties uz to var secinat, ka Latvija p&c neatkaribas atgiiSanas lidziga veida
petijumi nav veikti. Par kadam iestradém dotaja virziena var runat vienigi ka reakciju uz
notiekoSo: mazak fundamentali p&tijumi un monografijas, vairak dazadas publikacijas masu
sazinas lidzeklos, ka arT attiecigo nozaru zinatnieku un specialistu, ka arT valsts ierédnu
intervijas. Pie arzemju pieredzes $aja gadijuma japieiet loti rezervéti: ja tehnologiski projekti
un to realizacijas gaita butiski neatSkirtos, tad pargjie faktori var atSkirties visai baitiski: sakot
ar dazadibu dabas apstaklos: grunts apstakli, Gidens un mezu resursi un beidzot iedzivotaju
socialo sastavu un to attieksmes motivaciju.

IVN procediiras norise ietver sevi ari projekta sabiedrisko apsprieSanu, ka gaita
sabiedribai lauts iepazities ar projektjamo objektu, izteikt savus viedoklus un priekslikumus.
Pretgji Latvijas valdibas un potencialo investoru apgalvojumiem par celulozes rlpnicas
sagaidamo nekaitigumu uz esosa piesarnojuma fona, nakas sastapties ar apgalvojumiem par
iespgjamo kait§umu videi. I Kaimin§ vairakas publikacijas bridina par iespgjamajam
nelabvéligajam sekam, ko raditu vairaku savienojumu emisija apkartgja vide. Seviski tiek
uzsverta dioksinu savienojumu iesp&ama nelabveéliga ietekme, akcent&ot Rigas
nodrosinajumu ar dzeramo tideni [1-3].

Nedaudz samiernieciskaku viedokli pauz E. Cilinskis, uzskatot, ka celulozes riipnica
atmosferu piesarnos mazak ka lieljaudas termoelektrocentrale, tau izsakot bazas par
iesp&jamo Daugavas piesarnojumu [4].

Opongjot augstakmin&tajam viedoklim japiemin R. Lofblada raksts ,,Dienas biznesa”,
kur tiek uzsverts tas, ka neviens investors Sodien Eiropa nevar atlauties vieglprafigi izturéties
pret vides prasibam. Hlororganisko savienojumu izmeSana gaisa sadedzinot mizas,
parpalikuso koksni un notekiidenu attiriSanas danas pie Sodienas tehnologiju attistibas ir
uzskatama par neiespgjamu. lespgjami sliktakais avarijas scenarijs — melna atsarma nonaksana
automatiski tiek fiks€ta un rada trauksmi, apturot visas razotnes darbibu un novadot atsarmu
tam speciali sagatavotos baseinos. Tada Itmena avarija Skandinavijas valstis p&dgjos 100
gados nav notikusi. Papildus tam R. Lofblads atzZimg, ka izmantojot hlora dioksidu balinasana
(kas ir attiriSanas zina visproblematiskaka stadija) dioksini, hloru saturosie fenoli un citi hlora
savienojumi vienkar§i nepastav, tatad hlororganisko savienojumu emisija lielakas avarijas
rezultata uzskatama par neiesp&amu [5].
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A. Treimanis dodot visaptverosu sagaidamas celulozes riipnicas raksturojumu atzZime to,
ka 99% no notekiideniem sajauksies ar upes tUdeniem 1-2 kilometru posma, kopuma tas
nozimé tikai 1-2% piesarnojumu no patreizgja Iimena. Tiesa, netiek noliegts, ka notekiidenu
ievadiSana ir projekta diskutablakais un viens no vajakajiem punktiem izvéloties iesp&amo
razotnes atrasanas vietu [6].

Zimigs ir salidzinajums ar somu pieredzi: pie Saimas ezera Somijas dienvidaustrumos
atrodas 3 Iidziga mé&roga celulozes riipnicas, kas iepludina savus notekiidenus ezera. P&c somu
vides pétnieku E.L.Hallamaro un H.Pylvanainen datiem dotais ezers ir arT noskirtas saldiidens
ronu populacijas (Phoca pispida saimensis) majvieta Sobrid populacijas lielums tiek vértsts
ap 200-300 1patniem, kas nozimé, ka jebkura, pat neliela avarija noZimé neatgriezenisku
bojaeju. Tas tikai apliecina musdienu atfiriSanas tehnologiju kvalitati un celulozes industrija
iesaistito specialistu sp&ju stradat ar atbilstoSu atbildibu. Kops 70. gadiem situacija ezera ir
uzlabojusies, kas sakrit ar biitiskiem uzlabojumiem celulozes rupnicu attiriSanas tehnologijas

[7].

Socialas sferas jautajumu atspogulojums

Sociala sfera celulozes ripnicas projekta realizacijas aspekta atspogulo plasu jautajumu
spektru, sakot ar iedzivotaju gaidam un uzskatiem vides joma, tad iesp&jamais ekonomiskais
ieguvums, lai spriestu par iesp&amo efektu dotaja joma, ir lietderigi salidzinat ar Iidzigiem
objektiem arvalstts, kur apstakli daudzmaz Iidzinas Latvijai un konkrétajai vietai — Jekabpils
apkaimei.

Gandriz Iidziga apjoma rupnica Rauma (Somija) piesaistija 183 darbiniekus, no kuriem
67% bija Turku — Pori apgabala (attieciga regiona) iedzivotaji. Pargjie darbinieki tika
pieaicinati no arpuses, kuru lielaka dala kluva par attieciga apgabala iedzivotajiem. Bez tam
celtniecibas laika tika raditas papildu darba vietas, dala (aptuveni 25% no raditajam) no
kuram saglabajas arT pec darbu pabeigSanas. Tapat var runat par aptuveni 1500 papildu darba
vietu izveidi citos uzn@mumos pec Raumas riipnicas darba uzsakSanas. Var pienemt, ka
aptuveni Iidzigu efektu vat atstat arm Ozolsalas projekta realizacija [8, 9].

Lidziga projekta realizacija Rauma saskana ar Somijas Maza un vidgja biznesa institiita
Uznémgjdarbibas centra péfijumu deva batisku uzlabojumu attieciga regiona (Turku — Pori
apgabals) biivfirmu finansialajos raditajos. Aptuveni viena treSdala Metsd-Rauma (Raumas
celulozes ripnica) budzeta attiecas uz doto regionu.

Projekta realizacija pozitivi ietekméja: mezizstradi, transportu, logistiku, komunalos
pakalpojumus. Sis nozares un apvidus kopuma piedzivo saimniecisko uzplaukumu (neilgi
pirms dotd projekta uzsakSanas Somija valdija recesija sakara ar Padomju Savienibas ka
galvena tirdzniecibas partnera sabrukumu).

Celulozes riipnicas (Metsda-Rauma) viena gada izmaksas tiek 1&stas ap 90 miljoniem
latu, kur 65 miljonus sastaditu kokmaterialu piegades (Latvija tas var&tu biit aptuveni 40
miljoni latu, tas ir apmé&ram 60% no Somijas [Tmena), kimikalijas un pakalpojumi sastada 20
miljonus latu, kur 40% nodrosina Turku — Pori apgabals (apSaubami, vai Jekabpils regiona
Tpatsvars biis tik augsts). 4 — 5 miljonus latu sastada darbaspéka algas (Latvija tas var&tu but
2,0 — 2,5 miljoni latu, tas ir 50% no Somijas [Tmena).

Ja pienem, ka ienakumi uz 1 iedzivotaju Latgalé un Zemgal€ ir aptuveni 25% no
Eiropas Savienibas vidgja, tas ir ievérojami zemak ka Somija [10]. Tapec, ja pat nem véra, ka
salidzinajuma ar Raumu ir salidzinams mazaks ieguvums absoliitos skaitlos, relativi tas
nozimé lielaku ieguldijumu regiona attistiba ka analogas riipnicas darbibas uzsaksana Somija.
Tatad kopgja sagaidama situacija var biit analoga Raumai — nodarbinatibas un labklajibas
[imenis pieaugs straujak ka valstt kopuma.

Kopuma ap Jekabpili varétu veidoties kaut kas lidzigs Vacijas ,,Zentrale Orte”, kas ir
centrs gan finansu sanemsanai, sabiedriskas infrastrukttras un socialo dienestu attistibai, radot
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sevi dazadu labumu tiklu, veicinot regiona ekonomisko atfistibu un noveérSot iedzivotaju
aizpltsanu [11].

Celulozes rupnicas ietekmes veidu raksturojums

1.

Geologiska uzbtive un gruntsiideni. Dokumentos Sie faktori aplukoti atseviski, bet
balstoties uz dota petijuma mérki tie ir apvienojami. Projekt&amas ripnicas teritorija
atrodas uz dolomtta slana. Pastav risks, ka piesarnojums no ripnicas teritorijas var
caur Gidenscaurlaidigo dolomita slani var iekliit gruntsiidenos, kas var nelabvéligi
ietekm@t to stavokli un iekltt Gdens nemsanas vietas. Ka iespgamais risinajums $ajos
tehnologiski neierastajos apstaklos (Skandinavija rapnicas parsvara tiek bivétas uz
bazalta cilmieza) tiek piedavats veikt drenazu visa riipnicas teritorija atmosferas
nokri§nu uztversanai un ievadei attiriSanas iekartas. Savukart zem atkritumu poligona,
kas arT atradisies riipnicas teritorija, tiks iertkots idensnecaurlaidiga mala slanis.
Topografija. Projekt&jamas riipnicas teritorija atrodas 82 — 87 m virs juras [Tmena, ar
gruntsiidens Itmeni 1.5 — 1.7 m, kamé&r Daugavas un Aiviekstes normalais tidens
[imena augstums ir 71.6 m virs juras ITmena. Maksimalais pladu [Tmenis ir sasniedzis
9.0 m virs normala Daugavas [Tmena. Tap&c riipnicas teritorija nav uzskatama par
plidu apdraudétu.
Augsne. Nav sagaidams, ka celulozes riipnicas celtnieciba un darbiba varetu izraistt
kadu vera nemamu iespaidu uz regiona augsnes kvalitati.
Virszemes tdens resursi, kas dota petijuma ietvaros tiek analizéts kopa ar iespgjamo
ietekmi uz tdens sugu kopumu. Saskana ar a/s “Baltic Pulp” iesniegumu IVN
procediras uzsaksanai, riipnicas notekiideni p&c attirisanas tiks novaditi Daugava.
Paredzets, ka to kvalitate atbildis FEiropas Savienibas normativo dokumentu,
HELCOM konvencijas prasibam, neparsniedzot 1 — 2% no patreizgja piesarnojuma
[imena. Iespgjami sliktaka avarijas scenarija gadijuma, melnajam atsarmam iepliistot
attiriSanas iekartas, automatiski tiek apturéta riipnicas darbiba un bistamais
piesarnojums tiek novadits uz speciali sagatavotiem rezervuariem. Ka iesp&amie riski
jamin atputas iesp&ju ierobezojums un ar upes vidi saistito sugu lieto§ana uztura (zivis,
vézi, Gdensputni, ari arstniecibas augi), ka batisku elementu uzsverot psihologiska
faktora nozimi.
Jufigas vides plafibas. Nav informacijas par iesp&amas celulozes riipnicas teritorijas
tuvuma eso$am retam vai izniksto$am sugam. Var runat par objekta tuvuma eso$am
aizsargajamam teritorijam: Tei¢u un Krustkalnu rezervati, Liela Peléfares purva,
Vesetas palienes purva, Abelu, Eiduku purva dabas liegumi, kur nav informacijas par
iespgjamo iedarbibu.
Zemes lietoSana. No valsts akciju sabiedribas “Latvijas valsts mezi” aprites iznemti
aptuveni 1000 ha meza, kas nodoti a/s “Baltic Pulp” parzina, ka arT aptuveni 15
ipasniekiem par materialu kompensaciju atsavinati mezi vai apmainiti pret citu
platibu. Sagaidams, ka infrastruktiiras objektu izblivei biis nepiecieSams papildus
atsavinat vai iznomat zemes platibas. Pedgja transakcija Tpasniekiem var nozimét
nelielu, bet stabilu ienakumu. Nav sagaidama biitiska ietekme uz lauksaimniecibu, kas
butu saistita ar vides stavokla izmainam. Biologiska lauksaimnieciba un biskopiba, ko
teorétiski razotne varétu apdraudét nav plasi izplatitas. Jaunas darba vietas celulozes
ripnica vai papildus uzn€mumos var piesaistit darbaspeéku no laukiem, atmetot
neproduktivas lauksaimniecibas metodes. Tas var izpausties ka:

a. lauksaimniecisko zemju palikSana atmata;

b. zemes iznomaSana vai pardoSana lielakiem zemniekiem, kuriem ieguldito

[idzeklu d&l nodarbosanas maina var biit neiespgjama.
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7. Gaisa kvalitate. Saskana ar a/s “Baltic Pulp” iesniegumu IVN procediiras uzsaksanai
sagaidamais piesarnojuma Itmenis neparsniegs ES un HELCOM prasibas. Kopuma
piesarnojuma ITmenis nesasniegs TEC Iimeni, tap&c par jitamu kaitgjumu nevar runat.
Zinamu diskomfortu var radit smakas, ka izdaliSanos plasaka apkaimé& var veicinat
tehnologiski vai klimatiski apstakli. Ka riska kategorija biitu jaizdala pret tada veida
piesarnojumu jutigas iedzivotaju kategorijas: astmas un alergiju slimnieki. Papildus
tam janem véra psihologiski apstakli: zinamas iedzivotaju kategorijas razotni var
uztvert ka sveskermeni, kas kopa ar tendenciozu propagandu var radit ekologiski
nelabvéliga regiona iespaidu.

8. Demografija, kas dotaja gadijuma veért§jama kopa ar sociali ekonomiskajiem
faktoriem. Kops 1990. gada iedzivotaju skaits ir mazinajies sekojosu apstaklu dél:

1) Krievijas (bijusas PSRS) armijas dalu (virsnieku un to gimenu) izveSana
(galvenokart no Jekabpils),
2) ftas cittautieSu dalas, kas nespgja saistit savu nakotni ar Latviju, izbraukSana;
3) negativais dabigais pieaugums;
4) iedzivotaju, seviski jaunatnes izbrauksana uz vairak atfistitajiem regioniem (Riga
un tas apkaime, arT Daugavpils).
Tadas razotnes ka celulozes rlipnica rada pieprasijjumu pec augsti kvalificEtiem
specialistiem. To nodro§inajums kopa ar nodokliem rada pastiprinatu finansu plismu
regiona ietvaros. Butisks nodarbinafibas palielindgjums sagaidams celtniecibas fazes
laika — ap 2000 darbavietu. P&c biivniecibas pabeigsSanas darbavietu skaits mazinasies,
taCu, var pienemt, ka iepriek§gjais nodarbinatibas Iimenis celtniecibas organizacijas
netiks sasniegts, saglabajot dalu jaunradito darbavietu. Ripnicas darbibas
nodroSinasanai nepiecieSama papildus uzn@mumu darbiba: nevar izsleégt plasa
autoparka veidoSanos papirmalkas un Skeldas piegadei. Dazadu funkciju
nodrosinasanai radisies pieprasijums pec juristiem, bankam, datoru apkalpes,
specializ&tu pakalpojumu sniedzgjiem. Izraisot papildus nodarbinaftibu, tiktu mazinats
bezdarbs viet§a ltmeni, attistita tirdzniecibas un pakalpojumu sfera. Svarigs faktors
atfisttbai — neliela attaluma no razotnes ir pieejamas brivas platibas industrialo un
pakalpojumu uzn€mumu izvietoSanai — bijust cukurfabrikas teritorija un militarais
lidlauks.

9. Transports un trokSnu piesarnojums. Nemot véra to, ka riipnica atradisies meza
masiva, sagaidams, ka troksnu ITmenis gan celtniecibas, gan darbibas laika tiks
ieveérojami mazinats, sasniedzot nemanamu Itmeni. Par zinamu trok$pu ITmena
celSanos var runat attiecinot uz transportu, tacu art §is veids var izradities nenozimigs.
Dzelzcela mezgla kapacitate pat pec riupnicas darbibas uzsakSanas netiks pilnigi
izmantota. Sakara ar autotransporta satiksmes intensificéSanos gan celtniecibas, gan
darbibas faz€ pastav risks pastiprinatai sastrégumu veidoSanai.

10. Kulturas resursi. Nav specigi attistits tiirisms. Pastav nopietns risks projekta
realizacijas rezultata ta sekmigai atfistibai tendenciozas propagandas iespaida.
Projektgjamas riipnicas tiesa tuvuma nekadi nozimigi dabas un kultiirvesturiski objekti
neatrodas, var pienemt, ka estetiskais veidols netiks bojats sakara ar razotnes atrasanos
meza masiva.

SVID analize
Stipras puses.
1. Finansu plisma un nodarbinatie celulozes ripnica nodroSina patérina
pieaugumu.
2. Pilns vides monitorings.
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Vajas puses.

4.
5.

6

Tuvaka apkaimé nav vérojama plasa méroga biologiska lauksaimnieciba un

biskopiba.

Piesaista augsti kvalific@tus specialistus.

Piegazu nepiecieSamiba.

Pieaug pieprasijums péc juristiem, banku, tirdzniecibas un pakalpojumiem.

1. Termiskais piesarnojums.
Dala 1paSnieku zaud&s TpaSumus vai iznomas tos zem infrastruktiiras
objektiem.
Iespgjas.
1. Dala lauksaimnieku var atrast darbu celulozes riipnica vai papildus
infrastruktiras objektos.
2. Bijust cukurfabrikas teritorija un militarais lidlauks var kalpot ka
infrastruktiras objektu atrasanas vieta.
Draudi.
1. Psihologiska rakstura draudi, kas saistami ar piesarnojumu.
2. Atpitas un tirisma iesp&ju ierobezojums.
3. Mezu apsaimnieko$ana, seviski privato, iespgami parkapumi lielakas pelnas
gliSanai.
4. Celulozes ripnicas iepirkuma cenu politikas dél var apdraudéta siko
kokzaggtavu darbiba.
5. Ar udens vidi saistito sugu nelietoSana uztura.
6. Var biit apdraudétas jutigas iedzivotaju kategorijas.
7. Transporta sastrégumi.

SVID matrica

Tabula 1.

Stipras puses

Vajas puses

lespgjas 1.Strauja  regiona  ekonomiska | 1. Sapratigi izstradata kompensacija vai
attistiba nomas maksa var atsveért apgrutinajumus
2. Regiona intelektuala potenciala | vai zaud&umus.
pieaugums 2. Dalu infrastruktiras objektu un
pakalpojumu iestazu var izvietot bijusajas
militarajas teritorijas un pamestajas
riipniecibas zonas.
Draudi 1.Vides monitorings un pardomata | 1. Ar termisko un smaku piesarnojumu

iedzivotaju informe&Sana mazinatu
nepatiesos pienémumus.

2. Regiona pievilcibas, ta ipatnibu
izcelSana un reklama

3. Finansu piesaiste var uzlabot
regiona infrastruktiiru.

4. Pardomats maza un vidga
biznesa atbalsts var veicinat stko

saistito Tpatnibu apzinasana un sabiedribas
informé&Sanas nodro§inasana.

2. Pardomata un regulara informacija par
realiz§jamo projektu plaSiem sabiedribas
slaniem viegli uztverama forma, lai

nodrosinatu atsevisku grupu
nesankciongtas ricibas izsl€gsanu.
3. llgtspgigas un  nenoplicinoSas

kokzagétavu TpaSnieku | mezsaimniecibas nodrosinasanai var klat
parorienteSanos celulozes rupnicas | aktuals papildu finansu un materialais
servisam un pakalpojumu | atbalsts Valsts meza dienestam, ka ar1
sniegSanai. mezu sertifikacija.
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Secinajumi

1.

2.

—

10.
11.
12.
13.

Lielu invesficiju piesaiste un jaunas nozares attistiba rada labveligus nosacijumus
straujai regiona atfistibai.

Kaut ari projektgjama celulozes rupnica uzskatama par piesarnojuma avotu ka
lielapjoma razotne, galvenajos piesarnojuma veidos: Udens un gaisa piesarnojuma
izmainas atzistamas par maznozimigam salidzinot ar patreizgjo piesarnojuma fonu.
Var prognozet ka jutamus termalo piesarnojumu Daugava un pie zinamas apstaklu
sakritibas smaku piesarnojumu ierobezota apvidi. Paredzot to, ka ari iesp&amo
nelabvéligo psihologisko noskanojumu projekta oponentu kritikas iespaida, par loti
batisku uzskatama sabiedribas un it seviSki regiona iedzivotaju informé&Sana
popularzinatnisku un popularu izdevumu veida.

Biznesa apjoma sagaidami apgritinajumi sikajam kokzagetavam, taja pat laika butu
apsverama ieguldita kapitala konvert€Sana pakalpojumu biznesa atfistiba, izmantojot
arT dazadus finans€juma avotus.

Privato mezu apsaimniekosana pieveérSama uzmaniba pareizu kopSanas modelu
pielietojumam, veicinot armt mezu sertifikaciju.
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AKOHOMHAA TEXHO10T A
SALE/TbIBAHNA B NMOYBY CUNAEPAJIBHBLIX KYJIbTYP
Efficient Technologyfor Introduction Catch-Crops Into Soil

A. LlecHuekc, A. Bunge, C. LlecHuekc, FO. JlvenunHbLl, M. AycmaHe,
. MenHraneuc, A. AgamoBny
J1aTBUIACKMIA C.X. YHUBEPCUTET, MIHCTUTYT C.X. TEXHUKMN,
YNOPOKCKNIA HayUHbI LEHTP, NHCTUTYTa 1, Ynbpoka, LV-2130, JlatBus
Ten.: +371-7910879, +371-7910987; thakc: +371-7910873; E-mail: uzc@delfi.lv

Abstract

A sharp decrease in the number of cattle in Latvia has essentially affected the possibilities to introduce organic
fertilizers into soil. A solution ofthisproblem may be growing catch-crop plants. The purpose ofthis study is to
clarify the factors, technologies and machinery ensuring good and widespread introduction of catch-crops
(winter rape, spring rape, red clover, fallow) without their previous shredding. It isfound that unthreaded catch-
crop plants may be qualitatively introduced into soil using a combined aggregate by orienting them in the
direction ofthe movement ofthe aggregate and inclining them towards the surface of thefield (rolling with the
roller) and simultaneously plugging in with a plough which has a disk knife infront of each body to cut the
inclinedplants and a greater width (50 cm), and adjustable mouldboard curvature having improved skimmers to
avoid clogging and to turn over the arable strips in a better way and to ensure more complete plugging ofplants
into soil. The technology ofintroducing catch-crops into soil without previous disintegration has been tested in
practice and it is an environment-saving means of preserving and raising soil fertility. It is economically
efficient in comparison with the introduction ofpreviously shredded plants presently used onfarms. It ispossible
to raise the introduction quality of unthreaded plants (also long-stalked ones) to 96-98%. Optimization the
technology and the plough completion allow save labor - 1.4-1.8 men h ha'l fuel 6-8 kg ha'l and financial
means 5,60-7,20 Ls ha'l

Keywords: introduction ofgreen manure, soil tillage systems, soilfertility, catch crops.

BeegeHune

BaxHbIM nokasaTefnieM NNOAOPOAMSA  MOYBbLI  SABMSETCA  COLEpXKaHue rymyca.
MwHepanbHble MoYyBbl S1aTBUM cofepxkaT ToNbKO 0Kono 1,7% rymyca. CofepxxaHue rymyca
B/IMSIET Ha BMOOrnyeckme, arpogmanyeckme CBOMCTBA MOYBbLI, & TAKXKE HA PEXMM MUTaHMA
pacTeHUiA. C TOYKM 3peHUs 3alMTbl OKPYXKatoLLein cpefbl, OAHUM U3 BaXKHEWLLIMX CBOWMCTB
noys sBNAETCA WX OydepHas CNOCO6HOCTb. Ha nousBax C MOBbIWEHHOW OydepHON
CMOCOBHOCTbID BO3MOXHO 60/1ee  LUMPOKOE MPUMEHEHWE MUHEPaSTbHbIX YA0OpeHUA
NecTUUMaoB 6e3 3arpsasHeHUs OKpyXkaroLLen cpeapl [1].

Hanbonbluee KOMNMYECTBO OPraHMYeCcKOro BeLecTBa B MOYBY MOCTYMnaeT C
pacTuUTeNbHbIMW OCTaTKaMyM W OpraHMyeckKUMm ypoopeHneM. B cBA3W C peopraHusaument
CeNbCKOro X03diMcTBa B J1aTBMM Pe3KO CHM3UIOCh KO/MMYecTBa CKOTa, COOTBETCTBEHHO
MOHM3NINCb BO3MOXHOCTU BHECEHUS OPraHUYecKoro yAo6peHWs Ha MaxOTHbIX 3eMASX.
O[ZHOBPEMEHHO NMPOMCXOAMT U NMOHWKEHWe YAeNlbHOro Beca TpaB B CeBOO6OpOTE. PeLleHnem
Bonpoca CcTabuimsaumMm cofepXXaHus rymyca B MO4YBE MOXET CTaTb WCNO/b30BaHMe
Ky/IbTYPHbIX PacTeHWid, TaK Ha3blBaEMbIX CUAEPaToB, Ha 3e/eHHOe YyaobpeHue. [Mpu
MCNONb30BaHWUN 3€/IEHHOr0 YA06peHNs B MOYBY 3afe/blBaeTcad 0O0/bLUOe  KOMMYECTBO
OpPraHM4ecKoro BeLLEeCTBa, YNydllaloTcsa OMOMOrMYeckre M arpousnyeckue  CBOMCTBA
MOYBbl, & TAKXKe CHMXaeTcs pacnpocTpaHeHne pUTonaToreHHbIX opraH13MoB.

3analiKy CcuAepaToB B MNOYBY XXenaTeNbHO MPOM3BECTU A0 Hayana ugeteHus. [pu
NCMOMb30BaHMM B KA4yecTBe 3e/IeHOr0 YA00peHUs BbICOKOPOC/bIX, HE W3Me/IbYeHHbIX
pacTeHuWid, KayeCTBeHHas BCMallKa BecbMa 3aTpyfHeHa. He 3afienaHHble pacTeHus MeLuatoT
MPOM3BECTU KAYeCTBEHHYHO MpPeAnoceBHY0 00pabOoTKy MouYBbl MO O3MMble, YXYALLAeTCs
KayeCTBO paboTbl CEANOK W MO0MeBas BCXOXKECTb KY/NbTYPHbIX PacTeHuin. V3menbyeHue
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CU/IepPaTOB Tepe]] BCIAIIKON MOBBIIIAET CE0SCTOMMOCTD MPOU3BOAUMON MPOIYKINH, TaK KaK
CTOMMOCTb U3MEJIbYEHUS] COCTABJISIIOT OKOJIO 12 moyapos Ha rekrap [2].

B uemsix cOepeskeHUsT SHEPrOpeCcypCcoB UM HUMesl BBHIY OKOJOTHUYECKH (PakTop,
HU3y4ar0TCsd BO3MOXHOCTHU 3aACJbIBAHUA B IMOYBY HC U3MCJIBUYCHHBIX KYJBTYPHBIX paCTeHI/Iﬁ
Ha 3eJIeHOe yAoOpeHue.

MeToabl ONIBLITOB

Jnst cpaBHEHHSI Pa3HBIX METOAOB 3aEbIBAHUS B TMOYBY HEU3MEIbUCHHOW 3€JICHOMN
MacChl KYJbTYPHBIX PACTEHUN Ha 3eJieHOe yaoOpeHue ObUtH 3aJ0KeHbl ABYX(paKTOPHBIE
noyieBble OmbIThL. [loWBa — JeCCHUBHpPOBaHBbIM Oypo3eM, TsDKENOCYrnUHUCTas. B Bume
CHUEPATOB UCIIOJIb30BAIIUCH — KJIEBEP KPACHBIN, O3UMBIN Parc, sipOBOM parc U mepesor.
Hccnenyembie pakToOpsbI:

®Daxtop A — cniocob 3anesnku 3eaeHon Macchl (Dy):
- Aj — nyr + KaTok + TUCKOBBIM HOX,
- Az — uyr + IUCKOBBIN HOK,
- Az — myr.
®akrop b — cunepars! (Dg):
- b; — sAposoii parc,
- by — o3umBeIii parc,
- b3 — kneBep KpacHbIH,
- b4 — mepenor.

Jns 3anmaiiky CUAEPATOB HCIONB30BAICS IUIYT 111 KaMeHHCThIX nous IIITI-3-35 ¢
BuHTOOOpasHbMH Kopriycamu KBVY-4000PJI (KAUR-40 AGC), y KOTOpPhIX BO3MOXKHA
peryjsiiyisi HAaKJIOHHOCTH OTBajla W YCOBEPIIEHCTBOBAH YTIJIOCHUM  (CKHUMKOJIBTED).
VYBeNIU4eHO pacCcTOsTHUE MeXKAy Koprycamu 1 Ha 20% yBenudeH pabounii 3aXBaT KOpITyca
( mo 50 cm). KaTtok ycTaHOBIIEH BIiepeaH TPAKTOpa.

VYposkail 3eJ€HON MacChl CHUAEPATOB OMNPENETIeH IMyTEeM CKAalIWBAHWUS KOHTPOJBbHBIX
JIeJISTHOK TUTOLIA/IBI0 4 M° B TISITH MOBTOPHOCTSAX ¥ B3BEIIHBAHHEM MACChI OTIEIIBHO C KaKIOil
JeNsiHKY. Pe3ysbTaThl NepeuncaeHbl Ha TOHHBI C TEeKTapa.

Cyxoe BelecTBO pacTeHUI ONpeneeHo MyTeM BhICYIINBAaHUs IPU TeMIepaType 105°C
710 HEU3MEHHOI'O Beca.

Jinuna pacrenmii onpenenena usMmepeHueM 200 pacTeHUNH OT KOPHEBOH IIEHKH [0
BEPXYIIKH.

KadecTBO BCHAlIKK OLICHEHO BHU3YaJbHO MO 3aJ€JKe CHUAEPATOB B IOYBY, BbIpaxas
Ka4eCTBO 3aJeJIKU B %b.

CTpoeHne nmaxoTHOIO CJIOSl NOYBBI onzpeneneHo B cjoe nousbl 10-20 cM, uCnonb3ys
MeTaJUTN4eCKre IITUHAPBI 00béMOM 500 cm”.

Crpykrypa Bepxaero ciiost (0—10 cM) MOYBBI OnpeesieHa PH MOMOIIH KOJIOHKH CHT.

Pe3yabTaTsl onbITOB

B nouBy ObutH 3amaxaHbl paCTEHUs Pa3HOW JTMHBI U HAXOIUBIIHECS HA Pa3HOU CTaauu
pasBuTHsa. BusyanpHas OleHKa KadecTBa 3al€lKH CHAEPATOB B IIOYBY HE I[OKa3aia
CYUIECTBEHHBIX PAa3IMUUN MEKIY UCCIeAYEeMbIMU BapUAHTAMH U B CPEIHEM CUAEPaThl ObLIH
3a/enaHbl B TOUBy Ha 92- 98% ( tabm. 1).
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Tabmuma 1.

XapaKkTepuCTHKA PACTEHHUIT 3€JIEHHOI0 Y100peHus U OLEHKA COCO00B HX 3a1eJIKH
ITokaszarenp Knesep . O3umblid Sposoii Ilepenor

KpacCHBIN parc

paric

3eneHas macca, T ra’ 15,5 21,1 18,2 11,6
JnuHa pactenuii, cm 35 43 109 113
KONM4ecTBO PACTEHNIA, T, M~ 1050 190 230 -
Conepskanne cyxoro Bemectsa, %o | 12 8 18 20
Macca CyXoro BeIecTsa, Tra 1,86 1,69 3,28 2,32
Conepskanue ChIpoil 304161 B CyxoM | 32,64 16,11 8,05 472
BelnecTre, %
Coneprkanne OpraHMYeCKUX 67 93,89 91,95 95,28
BELIECTB B CYXOM BellecTse, %o
H3 maccel pactenuit 0,30 0,34 0,72 0,53
0GpasyHOLLHIACS TyMyC, T I’
KauecTBO maxoThl A-96 A;-95 Aq-95 Aq-98
(3amenka pacteHul B IOYBY, %) Aj- 98 Ay- 95 As- 95 Ar-94

Az- 94 Az- 94 Az- 93 Az-92

Hawnnyumnas 3agenka cugepatos HaOMONAJIOCh B BAPHAHTE: IUIYT + KATOK + AMCKOBBIN
HOX. J{JIMHa cuepaToB Mallo BiIHsAJIA Ha KaUeCTBO MX 3aJEJIKH.

bonee noaxopmsaummu crocodamu oOpaboTKH monel ¢ 3amaxaHHbIMU CHAEpaTaMy MpU
UX MOJATOTOBKE MJI MOCEBAa O3MMbIX OKAa3ajuCh CEAYIOLINe: BbIpaBHUBAHHE C MEJIKUM
PBIXJIEHNEM MTOBEPXHOCTH IIJIEH(-PBIXIUTENIEM U MeJIKask MPEaNoceBHast 00paboTka HOKEBOH
Bpaaromeiicss OOpOHOH WM KOMOMHHUPOBAaHHBIM KYJBTHBATOPOM C  S-00pa3HbIMU
NPYKUHHBIMH  3yObsiMu. OHH oOecrieuynBaeT KadeCTBEHHYIO IOJATOTOBKY IIOUBHI 0e3
BBIBOpPAUMBaHMs Ha IOBEPXHOCTH 3allaXaHHbIX PACTEHUN.

B ycnoBusix onbiToB Ooublnie Bcero rymyca odpasyercst u3 sipoBoro pamnca — 0,72 T ra’,
MeHblIe oOpasyer nepesor - 0,53 T ra”, O3UMBIii pamnc- 0,34 T ra’, KpacHbIil kiesep- 0,30 T
ra” (lamere U, 1991).

B ombiTe m3yueHa CTpykTypa MOYBBI U TUIOTHOCTH CTPOEHUs maxoTHoro cjios (10-20
CM), TZie HaXOIUTCS OCHOBHAsI Macca 3araxaHHbIX cuzepatos. [1o BceM BapuaHTaM CTPyKTypa
MOYBLI XOpOIIasi, KOJU4ecTBO b0 kojebnercss ot 8,3- 20,8% (tabn. 2), dpaxuus mbuu
NPAKTUYECKU He HAOIIF0JaeTcsl.

Tabnuua 2.
CtpykTypa nousbl Ha rayouHe 0-10 cm ( komuecTBo rabid > 10 mm, %)
Crnioco® 3a/1eNKH CUaepaToB Cuneparet (Py)
(Da) Knesep . O3umblii Sposoii parc | [epenor
KPaCHBII
panc
IInyr + karox + npuckossli | 19,7 17,0 20,8 19,7
HOXX
IInyr + nuCKOBBIN HOX 15,8 14,3 14,5 15,0
IInyr 11,5 12,5 8,3 10,0
B cpennem 14,5 14,6 143 14,9

[I1OTHOCTE CTPOEHUS MAXOTHOTO CJIOS IO BapuaHTam konedanacek ot 1,34- 1,51 r cM™
(tabn. 3). Ha ocHOBaHHMe 3THX NAaHHBIX MOXHO CHEJIaTh BBIBOJ, YTO METEOPOJOTHUECKUE
YCIIOBUSI M MPOMEKYTOK BPEMEHH MEXKIY MaxOTOH IO ceBa CIOCOOCTBOBAIH OOpPa30BAHUIO
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JOCTaTOYHO IJIOTHOHM MO4YBBI. Paszmnuuns mo BapuaHTaM CHOCOOOB 3amallki CUAEPATOB ObLIH
HecymecTBeHHsI (1,43~ 1,45 v ev™).

Tabnuua 3.
ILnoTHOCTH CTPOEHMSI MAXOTHOIO CJI0s HA ray0uHe 10- 20 cm, T cm?
Criocob 3afeNKk1 CHIEpPaToB CHHvepaTbI (D5) -
(@y) Knesep i} O3zumbiit Aposoii Ilepenor
KPaCHBII paric paric
IInyr + kaToOK + IUCKOBBIN HOXK 1,49 1,47 1,43 1,35
IInyr + nuCKOBBIN HOX 1,51 1,46 1,34 1,46
Ilnyr 1,44 1,51 1,45 1,41
B cpennem 1,48 1,48 1,44 1,41

HauOonbiuasi mIO0THOCTb MOYBBI HAOMIOAAJIOCH B BAPUAHTE, I7I€ OTCYTCTBOBAIM KaTOK M
IMCKOBBIN HOK. Bua 3eeHHOro ynoOpeHust U yposkaitHOCTb OKa3bIBajl OoJiee CyLIECTBEHHOE

BJIMSTHUE Ha MJIOTHOCTH CTPOEHUs MaxoTHOro cjios (tadn. 3). bosee prixiast mousa Obuia
1ocje Tepesiora W sipoBOro parica (HaumOOJbIIMH yposkall 3eNeHHOH Macchl), a Hambosee
IUIOTHAs - TOCJIe O3MMOTO parca 1 KJeBepa KpaCHOTO, YPOKAHOCTh KOTOPBIX ObLiIa HIIKE.

TexHonoruss ¥ BUI CHUAEPATOB HE OKA3aJd CYLIECTBEHHOIO BJIMSIHUS HA BCXOXKECTb
o3umMoi muieHuibl. CpeaHee KONMUYECTBO BCXOAOB B 3aBUCHMOCTH OT CIIOCOOOB 3a€JIKH
CUAEPATOB COCTAaBJISIO 322- 344 1. M~ a oT BHAA cuaeparos- 234- 344 wr. e (Tabu. 4).

Tabauua 4.
Yucj10 BCX0A0B 03UMOM MIIEHHIbI, IIT, M
Criocob 3afeNKk1 CHIEpPaToB - CI/mepaTva (P5)
(@y) Kanesep } Oszumsbiit | Sposoit | Ilepenor | B cpennem
KpPacHbIN | parc parnc
IInyr + kaTok + IUCKOBBIN HOXK | 326 342 328 291 322
IInyr + nuCKOBBIN HOX 334 325 351 266 344
[lnyr 319 331 325 316 322
B cpennem 326 332 334 324

CpenHuii k03pPUIMEHT BapHaLMK KOJMYECTBA BCXOAOB O3UMOH MIIEHHLBI KOebacs
no Bapuanram ot 15.1 — 19 %.

TexHonorus 3amenku HW BUA CHAEPATOB OKa3ajW CYLIECTBEHHOE BJIMSHUS Ha
yPOKaHHOCTh 03UMOH mineHuIsl (Tadmn.5). Hanbonee BBICOKHI yposkail 3epHa MONydeH NpU
3a€JIKe CUAECPATOB, B KOMIUIEKTALIMU: TUIYT + KATOK + JUCKOBBIA HOX.

Tabmuma 5.

Bunsinus cnocoa 3aNaKH CHAEPATOB HA YPOKAMHOCTH 03HMOii MUIEHHIbI, T ra”
Criocob 3anenku cuaepaToB Cunepatsl ( Dp)
(Dr) O3UMBII parc SIPOBOM paric B CpEJHEM
IInyr + kaTOK + TUCKOBBIN HOXK 3,67 3,77 3,72
IInyr + nuCKOBBINA HOX 2,87 3,03 2,95
ITnyr 2,85 2,96 2,90
B cpennem 3,13 3,25
HCP 05 =1,05Tra ' HCP 5= 0,74 Tra ' HCP 5= 0,61 Tra '
JList 9aCTHBIX pa3Inauii BAPUAHTHI 3aTIaXUBAHHUS BaPHUAHTHI CHIIEPATOB
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B 2001-2002 romax B xo3siictBe «Ma3kaqHbIHMY MNPOBENEHA NPOU3BOACTBEHHAS
oueHKa 3P (EeKTUBHOCTH MPUMEHEHHUST CUAEPAIBbHBIX YAOOPEHUH B MPOMAIIHOM CEBOOOOPOTE.
Jletom u ocenpro 2001 roga mpoBOAUICS TPEXKPATHBIN MTOCEB € 3a€JIKON B IOUBY CHAEPATOB
(penbka Maciu4Has B CMECH C SIPOBBIM PAaricoM). JTO MOBBICHJIO IUIOJOPOJHE IOYBHI U
CHU3WJIO €€ 3aCOPeHHOCTb copHskamu. bnaromaps stomy B 2002 romy yposkaiiHOCTB
kaprodens ysemuumiach Ha 35...40 % , a umcno omepanuii mo yxoay (YHHYTOXKEHHIO
COPHSIKOB) COKPATHUJIIOCh B TPH pasa.

3amaxuBaHue CUAEPATBHBIX KyJbTYp 0€3 MpeaBapUTEIbHOTrO U3MENbYSHHsT PACTEHUH,
BKJIFOYAsl JJIMHHOCTEOENbHBIX, IO CPABHEHHIO C HMX MPEIBAPUTEIBHBIM H3MENbYCHHUEM
SKOHOMHYECKU BBITOHO. DTO MO3BOJISIET CIKOHOMUTD TpyA 1,4-1,8 ven.q./ra, Tommuso — 6-8
kr/ra u cpeacts — 5,60- 7,20 Jlarsi/ra (9,50-12,30 Homn. CIIIA/ra) [2].

2

BuIBOABI

1. PaunonanbHO YKOMIUIEKTOBAHHBIN TUTYT (TIONYBHHTOBBIE KOPITyca pacmiupeHHOro ao S0
CM 3axBaTa C pEryJHpPyeMbIM OTBAJIOM, YyCOBEPIICHCTBOBAHHBIM YIJIOCHUMOM H
YBEJIMUEHHBIM PACCTOSHHEM MEXKAY KOpIycaMu) HOaéT BO3MOXKHOCTh KaueCTBEHHO
3a/€NbIBaTh B TIOYBY HEU3MENbUEHHBIC CHAepaTbl. HaumydinmuM BapuaHTOM 3amalliku
CUJIEPATOB SIBJIIETCS KOMIUIEKTALMS. TUTYT + AUCKOBOW HOXK + kaTok. OH obecredmn
OoJiee BBICOKYIO YPOXKANHOCTD O3UMOM MIITEHHIIBI.

2. CTpyKTypa MOYBBI B MAXOTHOM CJIO€ XOPOIIasi, OCTATKU PACTEHUN HE BJMSIM Ha KAYECTBO
npeanoceBHONH 0OpabOTKH U roceBa.

3. TexHosorus 3aejKu CHAEPATOB CYLIECTBEHHO HE BIUSJIA HA YMCJIO BCXOAOB O3MMOM
TIIEHULIBI.

4. Hcnonbp3oBaHUE CHACPANBbHBIX YIOOpPEHHII B MPOMAITHOM CEBOOOOPOTE TMOBBIIIAIO
MJIOIOPOANE TMOYBLI U YJIYUIIAJO €€ OYHUCTKY OT COPHSKOB, YBEJIHMYHMBAJIO YPOIKAMHOCTD
kapTodens u cokpamano odbeM padoT Mo yXoay 3a HUMU

5. OnTuMuzanusi TEXHOJOTUU U YCOBEPIIEHCTBOBAHHME IMAXOTHOTO arperara sl 3aieNKu
CUJIEPATOB B MOYBY 0€3 MX MPEIBAPUTEIILHOTO U3METbUEHUS TO3BOJISIET COKOHOMUTD TPYA
1,4-1,8 uwenu./ra, Torumeo — 6-8 kr/ra u cpencts — 5,60- 7,20 Jlarer/ra (9,50-12,30
Honn. CIIIA/ra).
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Abstract

This study presents the role ofthe geothermal waters mainlyfor the municipal heating, greenhouses, swimming
pools, etc. Presently, two types ofgeothermal waters are used in the world. Waters of the temperatures higher
than 1300C (steam) used mostly to drive turbines in geothermal power plants. Waters oflow temperatures (20cC
to 100°C) are used as a direct energy carrierfor the municipal heating systems.

The geothermal waters in Poland are presented in thispaper.

Keywords: geothermal water, geothermal energy.

Introduction

The industrial development of the geothermal resources began only in the 20th century
and controlled technologies of development of geothermal deposits appeared only in the
second half of the 20th century. The following basic stages of the development of the
utilization of the geothermal resources can be discerned:
a) market popularisation of the new resource - heating of the interiors,
b) estimation, division into districts and geological maps of geothermal resources,
c) development of technology and definition of the technical and economic parameters of
mining and utilization of the geothermal energy,
d) development of scientific bases needed to design and operate a plant pumping the
geothermal waters to the surface.

Advantages of the energy of geothermal waters

By comparison with traditional sources of energy the following advantages of
geothermal water are obvious:
a) The geothermal resources are inexhaustible and widely accessible. The geothermal
resources for a heat supply extend over the most of the territory of Poland.
b) Proximity of the consumers.
The geothermal waters are located in a close proximity to its potential consumers. That
greatly reduces the expenses related to the transport and raises the reliability of the operation

1-3].

([:) C]:omprehensive power supply for local consumers. A plant processing the geothermal
waters can provide the heat and electric power [1-3]. It solves the problem with the supply of
the electric power to the remote and difficult to access areas.
d) Automation, safety and absence of miners.
e) Environmental safety.
A closed circulation technology provides the operation without creation of wastes or emission
into the atmosphere.
f) Competitiveness.
According to the data of the foreign and domestic firms the utilisation of the geothermal
waters for the production of heat and electric power is competitive as compared to other
sources of energy.

56
ISBN 9984 - 585 - 68 - 9


mailto:T.Chrzan@iis.uz.zgora.pl

Environment.Technology.Resources. 2003

The specification of geothermal resources also includes the following disadvantages:

a) Low temperature. The temperature of the heat carrier at an output from the water raising
depends on the geothermal conditions of the area. The cost of extraction of heat depends on
the temperature of the water. An increase in the temperature is possible due to supplementary
heating in the fuel boilers and thermal transformation.

b) Non-transportable. The extracted heat should be used or transformed into electric power
near the developed deposit, since the cost of construction of the pipelines increases rapidly
with the growth of the distance to the final consumers.

c) Distance between the structures. The distances between pairs and lines of bores of
geothermal circulating system (GCS) with natural collectors are from 0.5 km to 1.5 km. The
rigs and heating lines if the industrial geothermal plants can be dispersed on the long
distances.

In Poland, works one GCS installation in Pyrzyce. It is used to popularise that
technology among people and government administration.

The geothermal waters were discovered in various parts of Poland. Mot often they are
brines of the mineral content of 2% to 30%. With the growth of depth increases the
temperature of rocks and the temperature of the water located their reaches the same
temperature.

The resources of heat contained inside the Earth are huge. The geothermal waters are
located within the areas of large seismic activity, as the final product of the volcanic activity,
for example in Island and inside the continental plates. In Poland, they are located in the south
within the Silesian Coal Basin and in Russia on the Russian Plateau.

Geothermal energy
The geothermal energy is divided, depending of the temperature of the water, into two
types:
- Energy contained in the overheated water steam of the temperature above 130°. That
steam serves to drive the geothermal turbines producing the electric power.
- Energy contained in the geothermal waters:
a) low temperature: 20 -30°C
b) medium temperature: 35 — 80°C
¢) high temperature: 80— 100°C.
The geothermal waters of that kind are used as the direct carriers of energy in the
heating systems.
Presently, in about 40 countries, the geothermal energy is used directly for the
municipal heating, in greenhouses, fish plants, bathing places in the cities, balneology, etc.
In 1999, the world production of the electric power form the geothermal steam and the energy
of the geothermal waters used directly was [Sokotowski J. 2001]

Continent Production of the electric Direct application
power [GWh/year] (GWh/year]

Africa 397 492

America 23 342 7 266
Asia 17 509 22 532
Europe 5745 19 090
Oceania 2 269 2 049
Total 49 262 51429

The cost of the production of the electric power does not exceed $0.05 for 1 KWh, and
in a direct use, the cost of 1 KWh is $0.02. Some 47% of the world electric power form the
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geothermal waters is produced in America and only 12% in Europe. The directly used
geothermal energy constitutes for Europe 37% of the world’s usage, and for America, only
14%. That also shows the temperature of the geothermal waters within those continents.

The geothermal waters in Poland

In Poland, exist the hydro-geological conditions needed for the development of the
power industry based on the geothermal waters.

Within the Carpathian province, of the area of 13 000 km? there are the geothermal
waters of the total capacity of 100 km®.

In the Pre-Carpathian province, of the area of 16 000 km®, there are the geothermal
waters of the total capacity of 362 km’.

In the north-eastern Poland and in the mid part of the Polish Lowland, of the area of 250
000 km?, there are the geothermal waters of the total capacity of 6 224 km”.

But there is a lack of government programmes concerning the development of the
production of energy from the geothermal waters (at least till 2020).

The area of 5 500 km* of the Upper Silesia Coal Basin (LSCB) is one of the best
explored areas of Poland (as regards the geothermal conditions). While searching for the coal
the drilling in that area reached the depths of 1000 m to 2000 m. The Sosnowiec drilling, in
Cambrian deposits with the temperature of 111°C, reached the depth of 3443 m. The
geothermal gradient in the boreholes within LSCB varies within broad limits from 2.0°C/100
m to over 4.5°C/100 m. The geometry of the surface distribution of the vertical geothermal
gradient shows a zoning pattern of isolines. The positive anomalies characterised by a
gradient value > 3.5°C/100 m are observed south of Zory — Jawiszowice fault zone and in the
northern part of that area. However, there is the possibility of heat extraction from water
stored in post-mining excavations. The water in the post-mining excavations quickly gains the
temperature of surrounding rocks because of relatively high value of the flow of the terrestrial
heat. The heat installations used to deice the roads are costly but beneficial in terms of safety.
If plants utilising the mine waters are close to the road, the thermal energy for the de-icing can
be obtained at a very low cost.

Geothermal installations

The geothermal waters can be utilised in district heating networks as a sole heat source
or in combination with other sources of energy. The first solution is justified in the event
when a sufficient amount of geothermal waters is available with their temperature exceeding
100°C. When the geothermal waters have lower temperatures, the geothermal power station
should usually be enhanced by an additional heat source. In such case used can be various
combinations of systems, selection of which depends on several factors.

Practical possibilities of utilisation of geothermal resources in Polish conditions,
constrained by temperatures of extracted water, are brought down to the construction of
installations enhanced by conventional heat sources. The effectiveness of the operation of
such heat plant depends on the rational utilisation of the geothermal resources. On of the
conditions of rationalisation of the geothermal waters is to enable the most efficient transfer
of heat between the geothermal water and municipal water. In district heating networks, in
utilising the geothermal heat, it is important to bring the return water temperature from the
heat installations of recipients to the lowest level, so that it could determine the temperature of
the pumped geothermal waters. In order to fulfil that condition it is advised to use
predominantly low-temperature heat receivers.

In extraction of geothermal energy most often used are two basic systems: a single-
and two-borehole. The two-borehole systems are used primarily in exploitation of highly
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mineralised waters. On the other hand, one-borehole systems can be used in the case of the
waters of high and low mineral content.

With respect to the temperature of extracted geothermal water and value of the return
temperature of municipal water, independently from the system of geothermal energy
extraction, there are two designs of installations on the geothermal waterside used in the
geothermal power stations, namely:

- heat exchangers working with peak-load boilers,
- heat exchangers with absorption heat pump and peak-load boilers
The first solution is used for higher temperatures of geothermal waters and the second
one is used in the case of lower temperatures of extracted waters.

The principal element of the geothermal power station is a counter-current heat
exchanger, where the heat contained in geothermal water is transferred to the municipal water.
Supplementary to that, in the installation, is a peak-load boiler that is activated in the case
when the heat carried away by the municipal water in a geothermal heat exchanger does not
cover the amount of heat required by the recipients and when the temperature of the municipal
water, beyond the exchanger, is lower than the required temperature of the municipal water
delivered to the recipients.

Conclusions

1) The geothermal waters in Poland have a low temperature and that’s why they can be used
directly as a source of heat (heating of buildings, hot tap water, swimming pools and
greenhouses).

2) The Polish universities do not graduate yet the specialists who would be able to develop
and supervise the geothermal installations despite the fact that the EU assumes the increase of
the energy from the renewable energy sources in 2010 up to 12% of the total production of
the electric power.
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Abstract

The energy potential ofdomestic waste in Lithuania is 1411 GWh annually. In the case ofthe introduction ofan
extensive material recycling ofthe domestic waste, this amount would be reduced to 727 GWh per annual.

Two variants ofthermal waste treatmentprocesses were taken into consideration: incineration by greatfurnaces
and gasificationfollowed by the incineration in gas power plants. The calculation ofthe necessary capacitiesfor
the thermal treatment ofthe domestic waste of every district is based on the annual availability ofthe plants of
75 %. Finally 4 scenarios arise, considering both the incineration on grate furnaces and the gasification in
combination with the current energy potential of domestic waste and the potential after the introduction of
extensive material recycling possible in thefuture.

Keywords: domestic waste, energy supply.

Introduction

With a territory of 65.301 km and a population of 3.5 million, Lithuania is divided into
10 districts, which differ widely in their population density (Table 1). The main topic
concerning European integration of Lithuania is its economical development. However
environmental protection including waste management, which is related to the economical
development, is also of importance.

Due to the rapidly economical development of the EU candidate nations in Middle- and
East-Europe, it is likely that they will be confronted with similar problems of waste
management as West-Europe. So the adoption of modern waste treatment technologies in
Lithuania including thermal waste treatment is possible. Along with the safer waste disposal,
thermal waste treatment usually also recovers and uses the energy content of the incinerated
waste. Due to the future closing of the Ignalina Nuclear Power Plant, which now produces
approximately 80% of the electricity in Lithuania, a restructuring of the energy economy is
necessary. Since Lithuania has very small resources of fossil fuel, the energy recovering from
waste could be of interest.
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Table 1
Number of inhabitants (thousands) in the Lithuanian districts [1]

District In large cities In small cities  In rural areas Total
Vilnius 542 123 184 850
Kaunas 379 132 190 702
Klaipeda 193 90 103 386
Siauliai 134 93 143 370
Panevezys 120 59 121 300
Telsiai - 106 73 180
Utena - 101 85 186
Marijampole 49 45 95 189
Alytus 71 39 77 188
Taurage - 55 80 134
In Lithuania total 1488 844 1152 3484

Waste in Lithuania

The amount of domestic waste, production waste and dangerous waste produced in
Lithuania is registered from 1992 on. More of problem is data about the waste content. Only
some researches have been made in the past. The two in Fig 1 presented compositions of
domestic and similar waste were used as base data for the following considerations: the waste
composition of Kaunas as model for large Lithuanian cities (> 50.000 inhabitants) and the
waste composition of Visaginas as model for small Lithuanian cities [2].

Kaunas Visaginas

Minerals
Minerals Paper Metal Paper

4%
’ % Cardboard

Glass 5%

13% )
Plastic

8%

Wood,
rubber
9%

Organic
waste
51%

Fig. 1L Waste composition of Kaunas as model for Lithuanian large cities and waste
composition of Visaginas as model for Lithuanian small cities

For calculation of waste energy potential two initial scenarios have been considered. For
the first scenario, we assume that at the moment the recovering of material from waste has not
countrywide reached a level that it has an significant impact on the composition of the
disposed waste. This scenario will be marked as ,,current situation®. For the second scenario
we assume that in the future a recycling of materials will countrywide reach a similar level to
that in Germany, with the exception of the adoption of a system for the collection and

composting of organic waste. The proposed recycling quotas for this scenario are presented in
the table 2 [3].
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Table 2.
Proposed future recycling quotas in Lithuania
Waste fraction Glass Paper Organic Metal Plastic Light Other
waste waste
Recycling quota, % 64 64 75 50 40 0 20

Energetic potential of domestic waste

The annual energetic potential of waste is calculated from the annual amount and the
calorific value of the waste.

The data of the Lithuanian Environmental Ministry show that the produced annual
amounts of domestic waste per capita are as follow: 300 kg in large cities, 220 kg in small
cities, 70 kg in rural areas [4]. The high difference between the waste amounts in cities and in
rural areas is explained by the use of organic waste as feedstuff for animals and of the
burnable waste (paper, wood, plastics etc.) as fuel for the households in the rural areas.
Therefore it can be concluded that the waste from the rural areas contain practically no
burnable waste and because of that it is not considered in the sequent calculations.

The calorific values of separate waste fractions that were used for the calculation of the
calorific value of the Lithuanian waste are presented in the table 3. The origins of these data
are partly from Lithuanian investigations [5-7], and since calorific values of Lithuanian waste
fractions are not significant different from German waste fractions and only the whole
composition is different, also calorific values established in Germany both experimental and
from literature [8] were used for the calculation of the energetic potential of the waste.

Table 3.
Calorific values of different waste fractions
Fraction Calorific value, Burnable,
klJ/kg Water content % | Ash content % %
Paper, cardboard 11.600 10 5 84
Plastic 24900 2 10 88
Other burnable (wood,
rubber, textile) 18.000 5 8 87
Organic waste 4.300 72 4 24

From the presented calorific values, waste content and the amount of produced waste
presented above, the energetic potential of the domestic waste was established. The calculated
values for every Lithuanian district regarding the current situation and regarding possible
recycling quotas are presented in table 4.

Table 4.
Energetic potential of domestic waste in Lithuanian districts, GWh
Large cities Small cities Total
District Current After Current After Current After
situation recycling situation recycling situation recycling
Vilnius district 379,00 202,14 54,35 26,74 433,35 228.88
[Kaunas district 264,84 141,25 58,22 18,16 323,06 159,41
Klaipéda district 134,85 71,92 39.48 19.42 174,33 91,35
Siauliai district 93,57 49,91 41,11 20,22 134,68 70,13
Pancvezys district 83,69 44,64 26,11 12,85 109,80 57.48
TelSiai district 0,00 0,00 46,87 23,06 46,87 23,06
Utena district 0,00 0,00 44.40 21,84 44,40 21,84
Marijampolé district 34,02 18,14 19,59 9,64 53,61 27,78
Alytus district 49,96 26,65 17.35 8.54 67,32 35,18
Tauragé district 0,00 0,00 24,08 11,85 24,08 11,85
Lithuania total: 1039,94 554,66 371,55 172,30 1411,49 726,96
62
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Scenarios for the energetic use of domestic waste in Lithuania

Two main criteria influenced the selection of potential sites for the plants. Because the
production of heat is favorable to the production of electricity, it was looked after sites where
a potential heat demand could be expected. The second criterion was the infrastructure. It was
particularly looked after sites connected to the railway routes.

Two technologies for waste-to-energy conversion have been proposed. At first
incineration on the fire-grate is worldwide prevalent technology. However municipal and
industrial power plants in Lithuania have mostly gas/oil boilers and this will mostly also be
used in the future. Therefore the alternative possibility would be to use a waste gasification
connected to gas/oil boiler where the produced gas can be co-incinerated of together with
natural gas/oil. For this second technology an additional criteria for the selection of a plant
site was the existence of a power plant.

It 1s necessary to point out that the Lithuanian network of power plants is not evenly
distributed. The 3000 MW capacities of the Ignalina Nuclear power plant located in Northeast
Lithuania, Utena district and producing 80 % of all electricity in Lithuania will be fully
replaced in the future by capacities of the other Lithuanian power plant. The largest thermal
power plant of 1800 MW capacity is located in Elektrénai between the Lithuanian capital
Vilnius and the second largest city Kaunas. Both of these cities also have their thermal power
plants of 384 and 178 MW capacities. So the largest thermal power plants capacities are
situated in the Middle-South part of Lithuania. Only Mazeikiai CHP of 194 MW capacity is
situated in the North-West Lithuania beside an oil processing enterprise. Its capacities are the
highest in North and West Lithuania. The small industrial CHP are situated mostly near
Vilnius and Kaunas. All Lithuanian thermal power plants have been adapted for gas/oil
burning but no for burning of solid fuel on the fire grate or fluidized-bed furnace.

The sizes of necessary incinerators for every district have been established by
recalculation of waste energetic potential to incineration capacities by assuming that all not-
recovered waste will receive thermal treatment and that the plant operation availability would
be 75%. If the necessary treatment capacities would be to small for a single plant in some
districts, these districts waste would be transported to treatment plants in neighbouring
districts.

Finally we received 4 scenarios:

- incineration on the fire grate based on the current situation of waste production (Fig.2);

- incineration on the fire grate based on the future waste recycling quotas (Fig.3);,

- application of gasification technology based on the current situation of waste production

(Fig.4);

- application of gasification technology based on the future waste recycling quotas

(Fig.5).

During the selection of the plant sites both for fire grate and for gasification we
considered that fire grate should only be used in modernized or new built thermal power
plants. To these belong the current Vilnius and Kaunas CHP, future Klaipeda, Siauliai and
Panevézys CHP and industrial CHP in Jonava and Kedainiai cities near Kaunas.
Unfortunately no fire grate incineration will be implemented in the Lithuanian PP because the
current incineration capacities are already to large.

The installation of waste gasification technologies is a less difficult case because
gasification products can be co-incinerated together with natural gas or heavy fuel oil. So the
in the farther future to be modernized Mazeikiai CHP can also be equipped with a waste
gasification.
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proposed fire grate capacities (MW) based on the current domestic waste production

' »Mazeiki

Naujoji
Akinene
Siauliai
TelSiai
Klaipeda® 0
isaginas
Utena
Taurage
Kaunas
Vilnius
Marijampolé
Alytus

Fig 3. Scenario b - potential domestic waste thermal treatment capacities for all districts and
proposed fire grate capacities (MW) based on the possible domestic waste recycling quotas

64
ISBN 9984 - 585 - 68 - 9



Environment.Technology.Resources.2003

“esJUlaZeikial o
Naujoji
Akmeneé
Siauliai
TelSiai
Klaipéda1 :
aipédaig 5 Panevezys isagmas
Utena
Taurageé
Kaunas
Elekttnai S
Vilnius
Marijampolé
Alytus

Fig 4. Scenario c - potential domestic waste thermal treatment capacities for all districts and
proposed gasification capacities (MW) based on the current domestic waste production

'Naujoji
Akmené
Siauliai
TelSiai
Klaipeda Paneveézys Tsagmas
Utena
Taurage
Kaunas
Vilnius
Marijampole

Fig. 5. Scenario d - potential domestic waste thermal treatment capacities for all districts and
proposed gasification capacities (MW) based on the possible domestic waste recycling quotas
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Conclusions

The energy potential of domestic waste in Lithuania is 1411 GWh annually. In the case
of the introduction of an extensive material recycling of the domestic waste, this amount
would be reduced to 727 GWh per anno.

For the selection of potential locations for the thermal waste treatment plants, 2 criteria
have been used. Because the heat production from thermal waste treatment is much more
favorable to the generation of electricity by thermal waste treatment, the plants should be
located near to areas of high demand of heat. At second it was looked after the situation of the
infrastructure. In particular, a good connection by railway was seen as important.

Two variants of thermal waste treatment processes were taken into consideration:
incineration by great furnaces and gasification followed by the incineration in gas power
plants. The calculation of the necessary capacities for the thermal treatment of the domestic
waste of every district is based on the annual availability of the plants of 75 %. Finally 4
scenarios arise, considering both the incineration on grate furnaces and the gasification in
combination with the current energy potential of domestic waste and the potential after the
introduction of extensive material recycling possible in the future.
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Abstract

A part of Latviakforest resources, namely, branches, stumps, small stump top ends, firewood, slabs, sawdust,
etc. remains unutilised both in thefelling sites and woodworking plants. All this can be successfully utilisedfor
production ofheat energy, thereby replacing apart ofthe imported natural gas, coal and liquidfuel. To assess
the utilisation of a definite type ofprimary energy, not only its accessibility and costs, but also calorific value
should be known. The rational utilisation ofenergy resources in Latvia is urgent, since less than 30%from the
consumption is obtained in this country. Thus, in 2000, the Latvias energy balance showed the total
consumption of different types ofprimary energy resources to be 159 145 TJ (T = 10D1). Utilising firewood,
woodworking waste and chips, 34 250 TJ of energy was produced, or 21.5 %from the total primary energy
consumed in Latvia. In the present study, fuel wood is compared with other types offuel. I f the equivalent value
ofone ton ofcoal (t@ is 29.308 MJ/kg, then the calorific value ofnatural gas and dry wood is 1.507 and 0.644,
respectively. 1f 18.883 MJ ofheat is obtainedfrom 1 kg ofoven dry wood, then 1.3 kg ofwood with the relative
moisture (W) content 20% and about 2.0 kg offreshly cut wood are necessary. To replace 1 ton of sawdust
pellets or granules, 2.44 steres ofbirchfirewood with the moisture content Wr = 20% or 2.63 steres with Wr =
40% are necessary. The above-mentioned amount ofpellets or granules can be replaced by 3.47 steres ofspruce
firewood with Wr =20% or 3.76 stereswith Wr = 40%. The production of 1 kWh ofheatfrom natural gasyields
0.224 kg ofcarbon dioxide, but in the case offully combusted wood, from 0.35 to 0.4 kg ofcarbon dioxide.

Keywords: fuelwood; chips, heat value ofwood species.

Lai izvértétu konkrétd primaras energijas veida izmantoSanu, jazin ne tikai ta
pieejamibu un izmaksas, bet art siltumspéju. Energoresursu racionala izmantoSana Latvija ir
loti aktuala, jo mazak ka 30 % no paterétiem ir ieguti paSd valsti. Ta, 2000. gada
energobilance parada, ka Latvija kopéjais dazada veida primaro energoresursu patérins bija
159 145 TJ (T = 1012. Izmantojot malku, kokapstrades atliekas un Skeldas, ieguva 34 250 TJ
energijas, vai 21,5 % no visas Latvija patérétas primaras energijas.

Energoresursu raciondla izmantoSana Latvija ir loti aktuala, jo mazdk ka 30 % no
patérétiem ir ieguti pasa valsti. Ta, 2000. gada energobilance parada, ka Latvija kopéjais
daZzada veida primaro energoresursu patérins bija 159 145 TJ (T = 1012 [1]. lzmantojot
malku, kokapstrades atliekas un Skeldas, ieguva 34 250 TJ energijas, vai 21,5 % no visas
Latvija patérétas primaras energijas. 1zmantota kidra, kldras briketes, kokss nodroSinaja tikai
1,8 % no kopéja energopatérina. Bet Latvija sarazotas hidroelektrostaciju energijas daudzums
bija 6,4 % no patérétas primaras energijas.

Lai valsts buatu pilnigi neatkariga no citu valstu politikas ietekmes, tad viss
energopatérins butu janodroSina bez importéto primaro energoresursu izmantoSanas. Jaatzime,
ka 2000. gada Latvija bija patéréta importéta dabas gaze 31,9 % un naftas produkti - 31,7 %
apmeéra no kopéjas izmantotas energijas daudzuma. Ka redzams, tad koksne Latvija ir viens
no galvenajiem vietéjiem atjaunojamiem energoresursiem. Ta, 2000. gada Latvija no
kurinamas koksnes ieguva 34,25 PJ energijas (P = 1015. No tas 24,3 % bija iegita sadedzinot
koksni daZada tipa katlumajas, 38,93 % - majsaimnieciba, 19,91 % - rapnieciba un 16,82 %
- dazadi paréjie patérétaji.

Lai objektivi risinatu jautajumu par konkréta primaras energijas veida izmantoSanu vai
aizstaSanu ar citu siltuma, elektribas, mehaniskas piedzinas u.c. procesu nodroSinsanu, jazina

67
ISBN 9984 - 585 - 68 - 9


mailto:dolacis@edi.lv

Environment.Technology.Resources. 2003

ne tikai energijas veida pieejamiba un izmaksasm bet ari to siltumspgja. Tapéc $aja darba
saltidzinati dazada veida energoresursu siltumsp&ja un nepiecieSamais kurinama daudzums 1
M]J vai 1 kWh energijas ieguvei — 1. tabula [2-5]. Energoresursa kurinama vértiba aprékinata
izdalot kurinama zemako sadegSanas siltumu ar oglu ekvivalentu t, = 29,308 MJ/kg (tee —
oglu tonnas ekvivalents). Ja Gdepradim kurinama veértiba ir 4,098 un dabas gazei (kuru
piegada Latvijas paterétajiem saskana ar LR Ministru Kabineta noteikumiem Nr. 23,
01.20.1998) ir 1,507, tad sausai koksnei (mitrums W = 0 %) ta ir 0,644. Ja koksnes relafivais
mitrums ir 10 %, kads parasti ir kokskaidu granulam un briketé€m, to kurinama vértiba ir
0,572, vai divas reizes mazaks neka akmenoglém. Bet kurinamam Skeldam un nezavétai
kurinamai koksnei relativais mitrums var bat no 30 % Iidz 50 %. Pie relativa mitruma 40%,
koksnes kurinama vértiba ir 0,349 un 1 kWh siltuma energijas ieguvei nepiecieSams 0,376 kg
koksnes — skat. 1. tabulu.

1. tabula
Dazada veida kurinama salidzinajums péc iegiita sadegSanas siltuma
Nr. Zemakais sadegSanas | Kurinama NepiecieSamais
p’k Kurinamais siltums vertiba* kurinama daudzums
Ml/kg | kWhikg | Q,/29,308 o/MJ o/kWh
1 | Udenradis** 120,1 33,36 4,098 8,33 29,98
Saskidrinata gaze | 45,9 12,75 1,566 21,79 78,43
3 | Dabas gaze 44,17 12,27 1,507 22,64 81,5
(Latvija)***
4 | Benzins 43,96 12,21 1,5 22,75 81,9
5 | Petroleja 43,12 11,98 1,471 23,19 83,47
6 | Dizeldegviela, 42,6 11,83 1,454 23,47 84,53
krasnu
kurinamais
Mazuts:
7 | T40-mazserains | 40,61 11,28 1,385 24,63 88,65
T100-sérains 40,40 11,22 1,379 24,75 89,13
8 | Ogleklis 33,91 9,41 1,157 29,49 106,27
Antracits 2721 7,56 0,928 36,75 132,28
10 | Ogles 24.86 6,9 0,848 40,23 144,93
Koksne:
W,=0% |18,88 524 0,644 52,97 190,84
W, =10% | 16,75 4,65 0,572 59,7 215,05
W;:=20% | 14,57 4,05 0,497 68,63 246,91
11 W:=30% | 12,36 3,43 0,422 80,91 291,55
W:=40% | 10,24 2,89 0,349 97,66 346,02
W:=50% [3g 11 2.25 0,277 123,31 444,44
W:=60% (g9 1,67 0,205 166,67 598.8
W:=70% 385 1,07 0,131 259.74 934,58
12 | Salmi, W,=10% | 15,05 418 0,514 66,45 23923
13 | Kadra, W,=40% | 10,72 2,98 0,366 93,28 335,57
14 | Dabiskais urans | 485x10° | 134830 | 16 547 0,00206 0,00742
15 | 2°U 68,3x10° | 19x10° |23x10° 14x10° 52x10°
16 | “’Pu 57,7x10° | 16x10° | 1,9x10° 17x10° 62x10°

Piezime: *t,. — p&c oglu tonnas ekvivalenta = 29,308 MJ/kg;
** fidepradim Q, = 10,83 MJ/m’ un 3,01 kWh/m?,
**% dabas gazei Q,=31,8 MJ/m’ un 8,83 kWh/m”.

ISBN 9984 — 585 -68 -9

68




Environment.Technology.Resources. 2003

Interesanti salidzinat klasisko kurinamo veidu vértibas ar kodoldaliSanas materialu
siltuma vértibam. Uranam (*°U) 4 ir 2,33x10° reizes lielaka par oglu ekvivalentu un 1 kWh
siltuma energijas iegtiSanai nepiecieSams 0,000 052 g kodoldalisanas materiala.

Dazadu sugu koksne atSkiras sava starpa ar blivumu pie vienada mitruma. Lidz ar to
sadedzinot 1 m® koksnes, ieglistam atskirigu siltuma daudzumu — 2. tabula.

2. tabula
Absoliiti sausas koksnes siltumspéjas salidzinajums
Nr. Blivums, 1 m’ koksnes siltumspgja, 1m’
p/k Suga kg/m’ GJ/m® pie W =0 %, siltumspgja
augstaka zemaka pret ozolu
1 | Ozols 670 13,605 12,652 1,000
2 | Klava 660 13,402 12,463 0,985
3 | Osis 640 12,996 12,085 0,955
4 | Bérzs 620 12,590 11,708 0,925
5 | Lapegle 600 12,184 11,330 0,986
6 | Dizskabardis 580 11,778 10,921 0,866
7 | Melnalksnis 540 10,965 10,197 0,806
8 | Alksnis 495 10,051 9,347 0,739
9 | Priede 480 9,747 9,064 0,716
10 | Apse 465 9,442 8,781 0,694
11 | Liepa 460 9,341 8,686 0,687
12 | Papele 440 8,935 8,309 0,657
13 | Egle 420 8,529 7,931 0,627

Ja absoliti sausas ozola koksnes 1 m® siltumsp&ju pienem par 1,0, tad salidzinot ar
beérza koksni ta ir par 7,5 % mazaka, bet ar egles koksni — par 37,3 % mazaka. Tas attiecas ar1
uz tilpuma (stera) siltumsp&ju.

Ja siltumenergijas ieguvei izmanto svaigi cirstu koksni kurinasanas sezona — no oktobra
ménesa l1dz marta meénesim, tada gadijuma izmantojamas koksnes relativais mitrums svarstas
no 44 % Iidz 54 %. Tas nozZim&, ka 1 tonna svaigi cirstas koksnes satur no 440 Iidz 540 kg
tdens. Svaigi cirstas koksnes mitrums atkarigs ka no sugas, ta ari no cirSanas laika (ménesa),
kas ietekm& zemako sadegSanas siltumu — 3. tabula.

3. tabula
Svaigi cirstas koksnes blivums (py) un zemakais sadegSanas siltums (de) atkariba no
koka sugas un cir§anas méne$a

Suga Rakstur- Gada ménesis
lielums X XI XIT I 11 11
Priede | pw, t/m> 0,83 0,85 0,85 0,85 0,85 0,84
Q% Ml/kg 8,17 7,04 7,04 7,04 7.94 8,05
Egle | pw, t/m> 0,72 0,75 0,78 0,73 0,79 0,79
Q% Ml/kg 8,31 7,88 747 8.16 734 734
Bérzs | pw, t/m> 0,93 0,94 0,94 0,94 0,93 0,94
Q% Ml/kg 933 921 921 921 933 921
Apse | pw, /M 0,83 0,85 0,82 0,81 0,83 0,83
Q% Ml/kg 7,05 7,67 8,04 8,18 7.95 7.95

Ja absoliiti sausas koksnes zemakais sadegSanas siltums ir 18,883 MJ/kg, tad no svaigi
cirstas bérza koksnes var ieglit apméram divas reizes mazak (apméram 49 % no maksimali
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ieglistama daudzuma) siltumu. Bet no apses, egles un priedes — tikai no 39 % lidz 44 % no
maksimali iesp&ama siltuma daudzuma, skat. 3. tabulu.

Lai malku efektivi izmantotu, lietderigi to ieprieks zavét 1 — 2 gadus, kaméer relafivais
mitrums nebtu lielaks par 20 %. Pie §ada mitruma no maklas var iegtt 14,49 MJ/kg siltuma,
vai 77 % no absoltti sausas koksnes siltuma.

Jano 1 kg absoliiti sausas koksnes iegtistam 18,883 MJ siltuma, tad koksnei ar relativo
mitrumu 20 % tada pasa siltuma daudzuma iegiiSanai nepiecieSams 1,3 kg, ja ta ir svaigi
cirsta.- tad apméram 2 kg. Tapéc, kurinasanai paredzetai koksnei p&c iespgjas jabut ar zemaku
mitruma saturu, kas ieveérojami samazinas paterétas koksnes daudzumu.

Ta ka malku piegadd un izmanto steros, kas apméram atbilst 0,7 m’ koksnes
daudzumam, tad lietderigi zinat stera blivumu (kg/sters) un izmantojamas malkas stera
zemako sadegSanas siltumu (GJ/sters) — 4. un 5. tabula.

4 tabula
Dazadu koku sugu koksnes stera blivums atkariba no tas relativa mitruma (W,, %)
Suga Blivums (kg/sters) pie dazadiem mitrumiem (W,, %)
0 20 30 40 50
Bérzs 434 466 519 605 724
Egle 294 326 365 426 511
Priede 336 372 416 486 583
Alksnis 346 385 431 503 604
Apse 325 364 407 475 570
5.tabula

Dazadu koku sugu malkas stera zemakas siltumspéjas (de, GJ/sters) atkariba no tas
relativa mitruma (W,, %)

Zemaka stera siltumspgja (GJ/sters) pie dazadiem
Suga mitrumiem (W, %)
0 20 30 40 50

Bérzs 8,20 6,76 6,42 6,20 5.87
Egle 5,55 473 451 436 4,14
Priede 6,35 5,39 5,14 4,98 4,73
Alksnis 6,53 5,58 533 5.15 4,90
Apse 6,14 5,28 5,03 4,86 4,62

Pedgja laika Latvija veérojama tendence no zagskaidam razot kurinamas briketes un
granulas. BrikeSu un granulu razoSanai izmanto zavétas zagskaidas, kuras péc tam sapresé bez
saistvielu izmantoSanas, tam pieskirot noteiktu formu (cilindrisku, kiegelveida, seSkantigu, ar
dobumu vai bez ta un tml.). Izmantojamo zagskaidu brikesu vai granulu relafivais mitrums ir
6 — 11 %, kura uzturéSanai, uzglabajot, tas nepiecieSams turét plévju iesainojuma, kas pasarga
no mitruma uzsiik§anas un sadaliSanas zagskaidas. Tapéc §adu brikeSu un granulu siltumspégja
ir augstaka neka malkai, kuras relativais mitrums pie tas uzglabasanas 1 — 2 gadus ir apmé&ram
20 %. Bet sakara ar patéréto siltumu zagskaidu zavéSanai un elektroenergiju, ka ari
energopatérinu, 1 tonnas izmaksa ir no LVL 40, — Iidz 55, — Izmaksas atkarigas no
pielietojamas tehnologijas, zagskaidu izejas mitruma, to biologiskas sadaliSanas pakapes un
frakcionala sastava.

Patreiz dazadu sugu koksnes malkas stera izmaksas ar piegadi svarstas no LVL 6, — l1dz
8, — Lai izvert€tu un atrisinatu jautagjumu par pienemamaka kurinama veida izvéli,
nepiecieSams salidzinat kokskaidu briketes un granulas ar dazadu koku sugu malku atkariba
no mitruma [6] — 6. tabula.
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Redzams, ka 1 tonna kokskaidu brikeSu un granulu pie relativa mitruma 9 % aizstasanai
nepiecieSami 2,44 steri bérza malkas pie relativa mitruma 20 % vai 2,63 steri pie relativa
mitruma 40 %. Ta ka egles malkai stera blivums ir zemaks, neka bérza malkai, tad 1 t brikesu
vai granulu pie relativa mitruma 9 % nepiecieSams 3,47 steri egles malkas ar mitrumu 20 %
un 3,76 steri ar mitrumu 40 %.

6. tabula
Zagskaidu brikeSu un granulu 1 t sadegSanas siltuma ekvivalentais daudzums, kas
atbilst dazadu koku sugu malkas aistasanai steros

Brikesu un | Dazadu koku sugu malkas degSanas siltuma ekvivalentais steru daudzums pie
granulu dazadiem relativajiem koksnes mitrumiem, kas atbilst 1 t brikesu vai granulu
relafivais sadedzinasanas siltumam
] 0
MItums, % e T Wi=30% | Wi=40% | Wi=50%
Berzs
6 2.53 2.64 2.72 2.89
9 2.44 2.55 2.63 2.80
12 2.34 2.45 2.52 2.68
Egle
6 3,59 3,77 3.89 4.15
9 3,47 364 3,76 4,01
12 333 3,50 3,61 3.85
Priede
6 3.19 331 3.41 3,66
9 3,08 3.20 3,29 3,54
12 2,96 3,07 3,16 3,40
Alksnis
6 3,13 322 3,34 3,55
9 3,02 311 3.23 3.43
12 2,90 2,99 3,10 3,20
Apse
6 325 3.39 3,46 3.72
9 3,14 328 3,34 3,59
12 3,01 3.15 321 3.45

Visu veidu energijas razosana zinama veida ietekmé apkart€jo vidi. Kurinama degSanas
procesa rodas skabo vielu izmesi, siltumnicas efektu izraisoSas gazes, putekli un pelni. Viena
no lielakam problemam ir siltumnicas efektu izraisoSas gazes, galvenokart oglekla dioksids
(COy), kas rodas sadegot organiskas izcelsmes kurinamajam. Zinot oglekla saturu konkr&ta
kurinama veidam, un to, ka ta 1 kg sadegot, rodas 3,667 kg vai 1,855 m® oglskabas gazes
(COy) [7], m&s varam aprekinat, cik oglskabas gazes radisies no 1 kg konkréta kurinama
sadedzinasanas. Liela dala no oglskabas gazes, kas rodas sadegot biokurinamajam (koksne,
salmi, lauksaimniecibas produktu atliekas, kiidra u.c.) ieklaujas dabiskaja aprite — tiek
izmantota talakaja fotosintézes procesa, augu veidoSanas procesa. Dazada veida
biokurinamajos ir tUdenradis, kas sadegot rada tideni. Lai sadedzinatu 1 kg tdenraza,
nepieciesami 8 kg skabekla, ka rezultata rodas 9 kg vai 11,116 m> tidens tvaiku. Kurinamaja
eso8aja 1 kg sera sadegSanai nepiecieSams 1 kg skabekla, ka rezultata rodas 2 kg séra dioksida
(SO»).
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Parasti kurinama sadedzinasanai izmanto nevis tiru skabekli, bet gaisu. Gaiss satur
skabekli 23,2 % (masas procenti) un 76,8 % slapekla. Slapeklis, kas atrodas izmantojamaja
kurinamaja, ka art gaisa rada slapekla oksidus, tikai pie iev@rojami augstas temperatiiras.

Lai iegttu 1 kWh siltuma energijas nepiecieSams patérét noteiktu kurinama daudzumu,
kuru sadedzinot, rodas dazada veida izmesi. Ta, 1 kWhy, siltuma iegii§anai no dabas gazes
veidojas 0,224 kg CO, gazes, bet izmantojot krasnu kurinamo degvielu, rodas 0,27 kg
oglskabas gazes, ogles — 0,332 kg CO, gazes. Zinams, ka 1 kg CO; gaze ir 0,2727 kg oglekla.
Pie koksnes pilnigas sadegSanas rodas samera daudz oglskabas gazes, t.i. — no 0,35 kg/kWh
[idz 0,4 kg/kWh. Minéta oglskaba gaze ir neiztrikstosa fotosintézes izejviela. Izmantojot
kodoldegvielu, oglskaba gaze, séra dioksids vai slapekla oksidi neizdalas.

Interesanti atzimét, ka lai apsilditu vienas gimenes dzivojamo telpu 100 m? lieluma,
vid€ji sezona nepiecieSams 25 MWhy, siltuma energijas. Ja izmantotu dabas gazi ar 100 %
lietderibas koeficientu, tad 25 MWhy, siltuma energijas ieguvei jasadedzina 2,04 t (2,8 tukst.
m?) dabas gazes, radot 5600 kg oglskabas gazes vai 1530 kg oglekla.

Secinajumi

1. Ja oglu vienas tonnas ekvivalenta vertiba (t..) ir 29,308 MJ/kg, tad kurinama vértiba dabas
gazei ir 1,507, bet sausai koksnei — 0,644.

2. Jal m® sausas ozola koksnes zemaka siltumspgja ir 12,652 GJ, tad bérza koksnei ta ir par
7,5 % mazaka, alksnim — par 26,1%, priedei — par 28,4 %, bet eglei — par 37,3 % mazaka.

3. Jano 1 kg absoluti sausas koksnes iegiist 18,883 MJ siltuma, tad nepiecieSams 1,3 kg
koksnes ar relativo mitrumu 20 % un apmé&ram 2,0 kg, ja koksne ir svaigi cirsta.

4. 1 tonnas zagskaidu brikesu vai granulu (W,= 9 %) aizstasanai nepiecieSami 2,44 steri bérza
malkas ar W= 20 %, vai 2,63 steri ar W, =40 %. Min&to daudzumu brikesu vai granulu
var aizstat ar 3,47 steriem egles malkas ar W, =20 %, vai 3,76 steriem ar W,= 40 %.

5.1 kWh siltuma iegiiSana no dabas gazes rada 0,224 kg oglskabas gazes, bet no pilnigi
sadedzinatas koksnes — no 0,35 kg lidz 0,4 kg oglskabas gazes.
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INFO SYSTEM FOR ANALYSIS OF TECHNICAL AND ECONOMIC
DEVELOPMENT OF THE USE OF WOOD FUEL
Kokgazes izmantoSanas tehniski ekonomiskas attistibas analizes info sistema

E.F. Dzenajaviciene, V. Sidlauskas
Lithuanian Energy Institute, Breslaujos 3, LT-3035 Kaunas, ph.370-37-401935

Abstract

EU Integration raises new requirements to energy sector, including municipal energy sector and improvement of
local planning. Important role is assigned to development of energy infrastructure, use of renewable energy
sources and energy efficiency. In order to use financial support from EU Structural fiunds for regional energy
development, qualified applications will have to be developed in adequacy with the requirements for the use and
control of EU Structural funds. The latter should be developed in the context of regional development programs
(including energy sector development), which should be based on info systems.

The Laboratory of Regional Energy Development at LEI is developing integrated info system “TAUSA” for this
purpose. This info system is formed as server of data bases with respective bases and additional analysis
modules. Information for the consumers of info systems could be available at Internet website. Besides
indicators on district heating, “TAUSA” will accumulate data on distribution and end use of renewable energy
sources at regional level, which permits fo assess main macroeconomic indicators in the development of this
economic activity. Matrix model for economic activity of preparing local fuel will enable to evaluate inter-
branch links for district heating sector and the role of local fuel production in Gross Domestic Product (GDP)
creating process.

The macroeconomic model under development will help to assess economic benefit from the use of renewable
energy sources in the region, including the facts that it improves employment, increases the flow of taxes fto
municipal budget, paid by the companies employed in this sector, give new business development opportunities.

Keywords: information systems, renewable energy sources, wood fuel, local planning.

Introduction

EU Integration raise new requirements for energy sector, including development of
municipal energy sector and improvement of local planning. Important role is assigned to
development of energy infrastructure, use of renewable energy sources and energy efficiency.

With regard to use financial support from EU Structural funds for regional energy
development, qualified applications will have to be developed in adequacy with the
requirements for the use and control of EU Structural funds. The latter should be developed in
the context of regional development programs (including energy sector development), which
should be based on info systems.

The use of Information system IS “TAUSA”

The Laboratory of Regional Energy Development at LEI is developing integrated info
system “TAUSA” for this purpose [1]. It is foreseen that this system will be used and
developed for a long time by supplementing is with new opportunities, including such ones,
which can’t be forecasted today. The purpose of IS TAUSA is:

Monitoring and analysis of modernization and efficiency of district heating sector,

Formation of analytical basis for development of state energy development policy in
district heating sector.

While the use of renewable fuel is growing in district heating sector, the need for
establishment of data basis (DB) on the use of wood fuel and including this data into
information system of district heating development appeared. As the amount of accumulated
data in IS TAUSA and the number of its’ consumers are growing, management system for the
IS will be improved with the aim of better use of Internet opportunities for data introduction
as well as its delivery to potential customers. This is integrated IS, consisting of already
created and now being created modules (NETWORK, CONSUMER, DH SECTOR,
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MACROECONOMICS, MUNICIPAL) and respective Data Bases. For the needs of regional
planning data on resources, production and consumption of wood fuel are accumulated in
module MUNICIPAL.

Application areas for IIS include:

» Activity management and planning for companies,
» Information transfer for higher authorities.

After full implementing of this system it could become one of the main tools for
municipal info center for energy sector.

IIS TAUSA is open text program, which can be easily integrated with other Info
Systems or Data Bases with respective interface. This IS is formed as server for data bases,
including respective Data Bases and additional Analytical modules. It could be available for
consumers on Internet Website.

The info unit in DB is DATA, which can be characterised by it’s Code, area or any other
Dependence code, Measure unit and Date:

DATA =f (Data code, Dependence code, Measure unit, Date)

Every DATA is linked to Data, Area dependence and Measures Units VVocabularies
(Figure 1)

Fig.1. Data (indicators) coding system

On the basis of separate data info lines (vectors), matrixes of lines (matrix) and meta-
tables are formed.

Regional distribution of Wood Fuel Sources

Besides indicators on district heating, data was accumulated on distribution and end use
of renewable energy sources at regional level, which permits to assess main macroeconomic
indicators in the development of the use of wood fuel. According to administrational
constitution, Lithuania is divided into 60 municipalities, of which 6 are big cities, several
smaller towns of state importance and 44 regions. The following data on wood energy sources
is contained in 1S “TAUSA” on Municipal basis:

» The area of the municipality;
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o The forests area of the municipality;

o Total felling.

Actually total felling can be characterised by felling structure and wood use structure
(Figure 2). In first case main and intermediate felling could be selected. The latter consist of:

o Current felling,

o Sanitary felling,

o Thinning,

o Cleaning.
Final Fuel consumption
Saw-dust

. and .
Final wood F1re§vood, cuttings Wooci1 chips, Residuals, ds
2 4
consumption, for sales,
C1= d1 d3

Raw material for production of wood fuel

Saw-dust, | Cuttings, | Firewood, | Stems, | Branches,
C2 C3 Cq Cs Ce
Liquidated wood

Industrial wood, b;

Firewood, b,

Unliquidated wood, bs

Intermediate felling

Main felling ) . Current | & %‘3
(a1) Sanitary felling felling g a2 s
a2 a2 |3
= @)
Not used
Relative annual rate of felling SMKN (t) MMTP - SMKN
®

Annual growth of wood volume (MMTP)

Fig.2. The use structure for wood volume growth, m”/ha

Following the structure of end use, total felling can be divided into liquidated and
unliquidated or firewood. Liquidated wood can be divided into industrial and firewood. Only
part of Liquidated wood is used by end-user. The rest parts are: saw-dust, cuttings. All this
together with unliquidated wood (stems and branches from main and intermediate felling) is
main raw material for wood fuel. The following scheme does not evaluate wood export-
import. Using guidelines from Lithuanian forestry Institute Annual Growth of Wood Volume
(MMTP) is assumed as the main indicator for planning of felling volumes [2]. In this case

depending upon the goals of forests management policy Relative Annual Rate of Felling
(SMKN) could be expressed as follows:

Here:
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NMP - Growth of not used wood, m3ha. In certain cases NMP can be negative (in
case of the need to reduce accumulated growth rate, need for sanitary
felling, etc.).

However, SMKN is one of the main indicators to define the volume of raw material for
production of wood fuel, For formation of balance we assume that MMTP is constant of 6,1
m3ha, and SMKT(t) is known time function per past period.

Then structural scheme, shown in Figure 2 can be expressed in the following equation:

N,, N N,, N,i
)=t » )=1> ()=1X (fm by
i=1 i=1 i=1 i=1
Here:
a -  Structural shares of felling (Na=5),
b -  Structural shares of wood use (Nb= 3),
c - Distribution of end-use by raw material (Nc= 6),
d - Distribution of end-use by purpose (Nd=5),
t - Year.

There are no full statistical data on the dynamics of mentioned indicators, thus for
modelling of wood fuel preparing process we need to use existing data, though not full one.

Rather detailed data structure of wood felling and use by forestry for the period of 1990-
1995 was widely used for assessment of wood fuel potential [4]. These data were regrouped
for present administrational distribution in Lithuania, and were introduced into DB and used
for analysis of wood fuel preparing structure in 52 municipalities. The results of simulation
for coefficients at and b are given in Table 1 Other coefficients were assessed by expert
methodology.

There are no more detailed investigations on the use of industrial wood. Data from
MEC shows, that timber makes only 30% of total industrial wood volume. Nearly 10% of
industrial wood is used for production of panels and other industrial needs. It is assumed that
nearly 12% of industrial wood is transformed into sawdust, and 48% of it are various types of
cuttings, which could become potential raw material for firewood or chips. It is assumed that
40% of unliquidated wood are stems, and the rest are branches.

Table 1
Assessment of structural coefficients for the end-use of wood, based on the data from
1990-1995

Indicator Coeffi-

cient 1 2 3 4 5 6
Felling
structure
Wood
purveyance
distribution
structure
Wood
End Use Ci 0,4 bi 0,12 b1l 0,48 b1 0,258 0,4 b3 0,6 *b3
Structure
End Use of
Wood Fuel
Consumption
Structure

0,569 0,232 0,111 0,080 0,008 -

bi 0,495 0,247 0,258 - - -

di 0,4 bi 0,12 «b1+0,5 b3 0,258+0,48 *b1+0,5 +bh3 0,5-b3 - -

It was notified that relative wood purveyance volumes or metric felling rate is separate
municipalities, based on mentioned data, were changing in rather wide range. Statistical
analysis showed that SMKN was distributed following Normal distribution law in most
municipalities.
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Sy

=N P oy exp(- U)2 3)
Z Sr
r=1
Here:
a= 1,5883
Sr Number of municipalities with deviation U from average relative felling rate.

U = (SMKNmr - SMKNm)/a,
SMKNmr  Average relative felling rate during year m in municipality r.
SMKN Average relative felling rate during year m all over the country.

Without more precise available information mathematical wood fuel production model
assumes that relative annual felling rate for municipality r during year m is as follows:

SMKNrm = SMKNm *(2 S - 1), (4)

Here:
0<=5<=1 - random number.

The Centre of Forests Economics (MEC) under Ministry of Environment gives
systematic information on Lithuanian wood market, volumes of felling and production [3]. On
the basis of this data it is possible to elaborate assessment of wood end-use structure in
Counties level (Figure 3).

12000
Vilnius county

10000 Utena county

Telsiai county

8000 Taurage county

Siauliai county

9 6000
Panevezys county

4000 Marijampole county

Klaipeda county
2000

Kaunas county

0 Alytus county
1990 1991 1992 1993 1994 1995 1996 1997 1998

Years
Fig.3. Distribution of annual felling volumes by counties

Development analysis of wood fuel production and use

Bearing in mind rather significant indeterminacies concerning initial information, it is
difficult to expect that such model would be adequate to actual wood fuel consumption
volumes. On the other hand we should assume also the fact that data of fuel-energy balance
during period of 1990-1999 are not very precise, and only this data could enable comparison
of simulation results.

Comparison of data from fuel-energy balance with volumes of raw material for wood
fuel shows, that at the beginning of investigated period only minor share of possible resources
was consumed (Figure 4).
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Fig.4. Comparison of raw material volumes for wood fuel vs. the end-use of wood fuel

Clear jump in wood fuel consumption can be partly related to the fact, that fuel-energy

balance was revised during this year. While comparing fuel purveyance and raw material
structural indicators, one can see that for production of wood chips stems and branches from
felling will be used, as the resources of cuttings and firewood are reducing.

Suggested comparison of the results of mathematical simulation with actual wood fuel

end-use structure could currently be evaluated as preliminary results. Suggested model is
rather flexible and can be adapted for real situation after revising data in fuel-energy balance,
as well as data on wood felling and other indicators concerning wood consumption.

1
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GEOTECHNICAL PROCESSES AND SOIL-WATER MOVEMENT
WITH TRANSPORT OF POLLUTANTS IN THE ESTONIAN OIL
SHALE MINING AREA
Igaunijas degslaneklu ieguves regiona geotehnisko procesu ietekme uz grunts
tdenu piesarnotibu un tas izplatisanos

K. Erg, E. Reinsalu, I. Valgma
Tallinn Technical University, Department of Mining
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http:Avww.ttu.ee/maeinst/
Phone: +372 620 38 50, Fax: + 372 620 36 96,
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Abstract

One of the most important industries of Northeast Estonia is oil shale mining. Ground movements caused by
mining reach the ground surface easily due to shallow location of workings. A new, artificial topography is
formed on undermined areas, where the ground surface depressions are alternating with rising grounds. When
the Quaternary cover contains loamy sediments, the surface water will accumulate in the depressions. The
response ofusable lands on undermined areas depends on the degree ofchanges in the reliefand water regime.
The accumulation ofsolid residues by oil shale mines and processing plants has resulted in numerous ash hills,
which are polluting the environment. The streams are polluted by phenols, oil products and sulphates. The main
source ofwater supply is groundwater in the oil shale basin. The hydrostratigraphic section is represented by
three aquifers. Two (Quaternary and Ordovician) ofthese aquifers are affected by the human activity. Intensive
water consumption has caused a fall in the water level in these aquifers. Due to oil shale production the
concentration of Ca2; Mg2+ SO4& and CI' contained in the groundwater from the Ordovician deposits is
noticeably higher than in the water with a natural background level. The natural water chemical regime is
restored at the cessation ofmining.

Keywords: Northeast Estonia, oil shale mining, underground oil shale mine, opencast, mines drainage,
infiltration of contaminants, chemical composition of water, geotechnical processes, subsided land, ground
movements.

Introduction
Estonia is situated on the shore of the Gulf of Finland (Fig. 1) and is characterised by
flat topography with only slight differences in elevation.

Gulf of Finland
Kohtla-Jarve
Kohtla - Jarve SHI"ae
ash dumps
oli ash dumps Kukruse
‘ammiku
Mined out area
Claims of oil shale mines
Ol Shale outcrop ESton I a 7
Ash dumps
0 10
kilometers

Fig. 1 Location map of Estonian oil shale deposit
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Oil shale reserves are concentrated in North-East Estonia (Fig. 1) and make up about
3,8 billion tons, half of which can be mined according to existing technology, economical and
ecological criteria. The annually exploitable layers have an average thickness of 2,6 m and the
bedding depth increasing in the southern direction. Oil shale consists of 30-40% organic
(kerogen) and 60-70% mineral matter (mainly carbonates and sandy-clayey minerals). The
sulphur content averages 1,6 %, the net calorific value varies from 6-10 MJ/kg. Oil shale
output increased from 2 million tons in 1940 to 31 million t in 1980, and has since decreased
to 12 million tons (Fig. 2).

Fig. 2. Estonian oil shale annual production (mining output) and forecast by Enno Reinsalu
(Reinsalu, 1998)

The study object was of 290 km2underground and 130 km2 strip mined area (Valgma,
2002). Oil shale is presently excavated in two surface and two underground mines. For
excavation oil shale the mines must be dewatering. The mine water pumped up the oil shale
underground and surface mines and discharged into rivers forms on the average 86%
(quantitatively 159-226 millions m3yr). In the region of oil shale mining on an average
15 million m of water is being pumped out of mines monthly (Fig. 3).

January
February
March
April
May

June
August
September
October
November

0 1999 0 2000 m 2001 0 2002

Fig. 3. Water, which pumped out of surface and underground mines monthly
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Mines drainage causes the depletion of ground- water, resulting in drawdown of 20 m
in the northern and 70 m in the southern part of mining area.The infiltration of contaminants
grows and the main aquifers are chemically polluted over a large area. The formation of the
chemical composition of water is influenced by considerable variation of hydraulic
conductivity, numerous faults in the strata, karst and, in addition, depressions forming during
mining. Evidently each singular case represents a plurality of underlying causes and hence a
considerable variety of analytical results depending on the location and season of sampling.

Methods

During years 1998...2001 geotechnical processes of closed underground oil shale mines
and opencasts were investigated. A digital map of Estonian oil shale mining was created for
joining data of technological, environmental, and social limitations in the deposit. The main
objective was the stability of underground mined area. The stability was studied with help of
aerial photographs, mine drawings, maps of quaternary sediments and mathematical
modelling of rock failure.

Water sampling took place during the spring and summer from 1988 to 1990. This
period samples were from tectonic faults and karst fissures in mines, and also from pumped
public supply or private boreholes. Springs and rivers were also sampled to obtain a
reasonably complete hydrochemical understanding of the hydrogeological cycle in this area.
The chemical analysis from more than 20 constituents was carried out on water samples from
each of the 31 sampling sites.

From Eesti PSlevkivi Ltd. and Estonian Geological Survey were received the official
data for the period 1991-2002 and these are following: annual amounts of mine waters,
chemical content of water, annual influxes of sulphates with mine waters, data of water
regime, the chemical content of ash dumps water.

Results

The main influences of underground mining on the surface are spontaneous collapses
and subsidences. Subsided land is located above hand-mined, advancing-and-retreating
mining and longwall mining with double-unit-face areas. The relief of subsided land depends
on the quantity of the filling material and filling quality, and on roof structure. Information
was collected mainly about random spontaneous collapses of drifts and spontaneous collapses
of room-and-pillar mining. Some information is collected about induced caving of longwall
mining in Kohtla mine. Considering that longwall mining was stopped in the Estonian deposit
in the year 2001, the information about induced caving should be collected and analysed as
well. The area of subsidence moulds is in average 55600 m* ranging from 2500 to 152500 m*
in total. There are 3.1 km?” subsidence areas. Some of the spontaneous collapses mentioned by
mining surveyors cannot be recognized on the surface and some seen on the surface have not
been reported. In these cases the fieldwork was done with GPS device and caving possibilities
considered with the help of digital maps. Cavings have been found in the areas where mines
operated within the period of 1963...1989.

Surface mining mapping included digitising haulage and mining trenches, loading
points, dewatering constructions like ditches, basins and tunnels. Besides, yearly mining
ranges were digitised. Created database includes geological characteristics and data of the
used technology. Map of yearly mining ranges offers a good overview of the mining period,
speed and extent. The present open-cast landscapes can be divided into four classes. The first
one is the afforested (mainly with pines) area. The second one is the area with poor
vegetation, small trees and bushes, fifty per cent of it being a rocky surface. The third one is a
graded area, mainly without vegetation but ready for planting. The fourth area has spoils that
are not graded and have no vegetation; their surface angles are reaching the angle of the
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repose, maximum 45°. One year stripping equals 1-3 trenches. As an example, the former
Narva open-cast has been modelled. Digital elevation model (DEM) was created from
geological, topological and mining data.

There are two principal types of spoils in open cast mined areas. First is formed by
beginning mining technology in 1925 to 1950. Oil shale layers were mined by handwork and
overburden was stripped by 3 m’ steam excavator in cooperation with spreader. The width of
the mining pit was 20 m, forming spoils with maximum slopes 20°. The thickness of the oil
shale layer was 2.6 m and the overburden thickness varied from 5 to 12 m. Average stripping
factor was 1.9 m® t. Due to this, average height of the ground in the mined out area is from
0 to 2 m below original ground surface, forming deeper and higher peaks. Depending on that,
the moisture content of spoil might be higher than that of the soil in the same area before
mining. Since spreader and mechanical shovel were used for stripping, the estimated swell
factor of the material was 1.3. Maximum size of the material could be 1.4 m due to bucket
size and average size was 150 mm. Because of low mobility of the spreader and missing
reclamation requirements, the unevenness of the spoil varies between 0.5 and 2 m. The
content of organic matter in the spoil, originating from kukersite oil shale, is on average 4%—
6%. That material is evenly spaced in the spoils due to stripping method. The second type is
mined with newer technology beginning from 1950ties. The area was mainly covered with
swampy forests and bogs. Oil shale layers were mined by blasting and overburden was
blasted and stripped by 15 m® and 90 m long boom draglines. The width of the mining pit was
50 m, forming spoils with maximum slopes 3°. The thickness of the oil shale layer was 2.0 m
and the overburden thickness varied from 11 to 17 m. Average stripping factor was 4.1 m® t.
Due to this, average height of the ground in the mined out area is about 2 to 4 m above the
original ground surface. Depending on higher surface than natural and water pumping due to
operating open cast, the moisture content and seepage of the spoil might be lower than in the
first area. Organic part of the left oil shale layers is mostly in bottom. Dragline and in some
cases mechanical shovel were used for stripping of blasted overburden rock, therefore the
swell factor of the material was 1.4. Maximum size of the material is 3.1 m due to bucket size
and average size was 300 mm. Unevenness of the spoil ranges from 0.5 to 1.5 m on average,
but it can be up to 6 m in test sections. The content of organic matter in the structure of spoils,
originating from kukersite oil shale, is on average 2% being 4% in bottom and 1% in surface
of the spoil. Due to stripping method the material is unevenly spaced in the spoils, the
estimated swell factor is up to 1.5 in the bottom. This is another reason for water runoff from
the spoils.

Because of several mines are being closed during next few years the problems of
drowned waste are going to be more actual than before: increase of underground water level,
underground water pollution, technogenic water sources and over flooding of reclaimed areas.

The chemical analyses of groundwater divide into two principal groups (Fig. 4):

- avery large group of CaHCO; waters;
- alarge group of Mg(Ca)SO4(HCOs) waters.
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Fig. 4. Chemical compositions of groundwater and mining water

The influence of groundwater consumption, dewatering of surface and underground
mines on the groundwater regime was evident. In the course of oil shale mining at the
Estonian oil shale deposit three stages of Ordovician aquifer system have been partially or
totally drained. The observation data show that all the aquifers are interconnected and oil
shale mining exerts a remarkable influence on all of them.

Contamination in this region is mostly due to pollution caused by power and chemical
industries. Studies of ash hills demonstrate that the ash may be highly enriched in certain
potentially toxic elements, typically semi-volatiles, such as boron, arsenic, antimony etc. The
ash dumps water (Table 1) is typically rich in oxides and may have an extremely high
(alkaline) pH, which may render some metallic or semi-metallic species highly mobile.

The composition of the ash dumps water

Pollutants

Chemical oxygen demand (COD)
Biochemical oxygen demand (BOD)

Phenols

Volatile phenols
Qil products
Benzo(a)pyrene, g kg-1

Sulphides
Dry matter

Suspended solids
Total hardness, eqv m-3

pH

Table 1

Content, g/m3
Interval Maximum
4000-8000 18000
2500-4000 6400
200-580 1400
80-110 150
30-70 100
0.05-0.15 0.22
100-230 270
3500-6000 7300
300-600 1300
30-47 53
11.4-12.2 125

There is increasing evidence that portions of the water infiltrating through the soil
surface may move rapidly through the aeration zone along preferred flow paths such as

macropores and fractures.
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This rapid,

concentrated flow may also have significant
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implications for the transport of pollutants to the groundwater body. Discharge into the
macropores and the concentrated groundwater recharge in the vicinity of the macropores
occurred in relation to the development of the groundwater mound. Incorporation of the soil-
water movement would bring better prediction of the time, location and magnitude of
groundwater pollution due to the transport of pollutants by the infiltrating water.

Discussion
The basic processes that determine the chemical composition of water in the samples
can be classified as follows:
- chemical composition of water in the structurally undamaged aquifers;
- chemical processes taking place in the sites of tectonic damage and erosion,;
- infiltration of groundwater (atmospheric precipitations and extracted water) through
loading layers;
- man-made changes in the environment.

As a result of the combined influence of these processes the natural bicarbonate-type
water, characteristic of the Ordovician aquifer of the given region, has changed into sulphate-
bicarbonate water, having increased from 0,2...0,3 gto 1,0 g/l.

Essential role in the formation of the chemical composition of water, especially in
shaping local singularities, is played by tectonic damages and karst; in that case the value of
the hydraulic conductivity increases. In the regions where tectonic faults are widespread
general mineralization may be twice as high as that usually characteristic of water aquifer.
Concentrations of Na”, Ca®” and Cl are also much higher. Very significant part in the
formation of the chemical composition of waters is played by depressions that have sprung up
in the course of mining. Their impact is two-hold: infiltration and water exchange increase
significantly and with the alteration of aeration conditions a geochemical environment with
new physical-chemical properties is formed.

Conclusions

Natural hydrogeological conditions in Northeast Estonia were simple, but they have
been disturbed by the mining industry and consumption of the groundwater. Deeply fractured
carbonates, together with effects of mining, have facilitated the rapid spread of aquatic
pollution. Mineralised mine water extraction is useless, and the reduction of its mineralization
level by technological means or natural filter systems is a problem which needs tackling in the
near future. Today this water is guided to natural water bodies. As the content of sulphates in
mining waters is high, the concentration of sulphates in the bottom sediments of many water
bodies has risen sharply. Due to strong eutrophication there is an oxygen deficiency in some
places and the reduction of sulphates to toxic H,S already occurs.

The study was supported by EstSF GRANTs G3403 and G4870.

References
1. Reinsalu, E. Is Estonian oil shale beneficial in future? Oil Shale, 15/2, 1998, 97-101.
2. Valgma, 1. Estonian oil shale resources calculated by GIS-method. Symposium on Oil Shale., Tallinn,
Estonia, 18-21 November 2002

84
ISBN 9984 — 585 -68 -9



Environment.Technology.Resources. 2003

SLUDGE EFFECT ON GROUNDWATER QUALITY
Notekiadenu dulku iedarbiba uz pazemes iidenu kvalitati

A. Gontaszewska, A. Krainski
Instytut Budownictwa, Uniwersytet Zielonogorski, ul. Z. Szafrana 2, 65-516 Zielona Goéra,
Poland

Abstract

The influence of sludge on the groundwater’s quality has been shown on the bases of the agricultural
exploitation of the sludge from a sewage-treatment plant. Little thickness of unsaturated zone (8.8 m) is not
effective protection against the infiltration of the pollution from the surface. Unsaturated zone consist of sand of
permeability coefficient k=0,68 m/h. The time of the vertical infiltration into the aquifer has been estimated at
t=14,4 days. The investigations carried out during fertilization with the sludge have revealed an undoubted
increase in the concentration of some ions as well as the increase in pH of the groundwater. The increase in the
amount of some ions (e.g. N-NO;, SO, Zn) as well as detergents indicates the possibility (as fiunction of time) of
reaching higher values than the ones permissible for drinking water. The phenomenon of the increase in the
concentration of the particular ions will be accelerated after depletion of sorption of the soil in the unsaturated
zone. The time can be estimated for not more than several years, taking into account a small area of the
Jertilized fields and high contents of “pollution” in the sludge (the total of the heavy metals reaches up to 1,5

gkg)
Keywords: sewage sludge, groundwater quality, pollution, sludge exploitation.

The sludge of the Gubin-Guben sewage-treatment plant is used in field fertilizing in the
area of Brzozéw, West Poland (fig.1). To evaluate the influence of the agricultural application
of the sludge some geological research has been carried out and a local monitoring network
has been made in two stages [7]. The compositions of the underground water and the sludge
are analysed within the monitoring of the environment, which includes mainly the influence
of the sludge on the underground water quality, each three months. The paper presents the
analysis of the relation between the underground water quality and the composition of the
sludge.

The geological structure of the region of the sludge application has been recognised in
details to the depth of 15m under the ground level. There are sand deposits in the subsoil. It
should be connected with the glacial outwash of Weichsel glaciation [4]. The thickness of the
outwash series exceeds 15m. It consists mainly of medium and coarse sands and locally fine
sand and sand gravel mix. In the southern part of the region there are loamy sands of the
thickness up to 3m. down from the surface of the area.

In the bottom of the fluvioglacial deposits occur glacial drift, which can be connected
with Saale glaciation [5,6,8]. The top surface of the glacial drift is irregularly distributed in
the geological space (fig.2 and fig.3). This is probably partly the result of the glacitectonical
distortions connected with the presence of the glacier front of Brandenburger glaciphase in
the northern part of the region.

A single water bearing layer of the Quaternary level occurs in the subsoil of the
described area. The water level stabilises at the depth 0.91 — 12.81m. under the ground level.
The falls of the water level vary (fig.1), which results from the elevation of the loamy subsoil
(and the water level) in the line of the holes VI — IV. The thickness of the aeration zone south
from the holes VI-IV increases from about 6—7m to nearly 11-13m. (fig.3) with the mean
value (from the piezometers in the fertilized area) m. = 8.81m. The values of the filtration
coefficient oscillate in the range from k=0.075m/h up to k=1.98m/h, with the mean value
k=0.63m/h (forn=24). It is also characteristic (in the majority of the holes) that the values of
the filtration coefficient increase with depth.
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Fig. 1 Situation map of the region of sludge application. Explanation: 1- region’s
boundary; 2 - point of water uptake; 3 - groundwater flow; 4 - hydroisohypse; 5 - river

I I ’
NW = SE

Explanations: 1 - infiltration of pollution in the aeration zone; 2 - water flow in the water
bearing layer; 3 - underground water level; 4 - filtration coefficient (m/h)

The thickness of the aeration zone in the recognised (northern) part of the area amounts
from about 1Im. (holes Il and VI) up to several meters (3 and IV). The values of the filtration
coefficient amount from k=0.14m/h to k=1.87m/h. The mean value k=0.68m/h (for n=11) is
congruent with the calculated value of the filtration coefficient for the aeration zone.
Periodical variations of the water level depend exclusively on the meteorological conditions
(rainfalls) and amount from 0.49m (hole I11) to 1.88m. (I).

Assuming the above mean values of the parameters of the aeration zone, the time of
vertical infiltration through the zone can be calculated [10] (time of the shift of compounds
from the sludge to the underground water level) which means that chemical compounds can
be shifted from sludge to water bearing layer within two weeks.
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The results of the 2001-2002 research of the sludge of the Gubin-Guben sewage-
treatment plant are presented in tab.1
i-1r

masl 5 3 1] \% \

Fig.3. Geological Section Il - Il. Explanations - see fig.2.

The values of the particular physicochemical parameters vary considerably, e.g. the
content of zinc ranges from 3801170mg Zn/kg s.m. High pH of the sludge: from 10.5 to 12.1,
which may limit considerably the mobility of metal ions [18]. The typical range given in the
table comes from [11] and comprises the results derived from 156 sewage-treatment plants
during the years 1993-2000.

Table 1
The results of the examination of the sludge of the Gubin-Guben sewage-treatment plant

indicator  umit 140201 290501 150001 111201 26.0302 310502 100702 Mean typical
values  range

humidity % 72,6 69,2 734 68,8 69,9 48,3 69,4 67,40

ol % 482 470 474 360 434 750 499 4956 50,62
reaction pH 121 121 10,6 119 11,9 105 11,3 1149 6,5-75
nitrogen % 2,39 2,65 2,75 3,00 3,40 4,20 4,7 3,30 3,53
phodphorus % P20, 1,10 13 111 1,28 1,50 2,05 2,45 154 3,01
calcium % CaO 6,3 6J 111 6,3 6,20 79 8,4 7,47 331
potassium %K20 - 005 1,20 1,20 0,82 04
magnesium ~ %MgO. 0,54 0,6 0,9 0,78 0,9 1,10 0,80 0,72
zinc mgZn/kg 167 208 1170 688 414 38 187 410 1350
copper mgCu/kg 9% 97 3 250 290 197 8l 149 147
lead MgPb/kg 22 45 200 8 83 60 14 73 475
chromium  MgCr/kg 8.2 6,7 13 15 42 23 13 17 175
nickel mgNi/kg 93 n 24 21 22 22 7 17 30
cadmium mgCd/kg 10 0,8 4 8 2 1 1 25 33

The sorption features of the glacial outwash deposits have been described in [1], as has
been the influence of anthropo-pression on the underground water in [9, 13-15, 17] as well as
problems connected with heavy metals in sewage, their migration and forms of occurrence [2,
3, 17, 19]. Data derived from piezometers PI, PII, Plll and a test well (1K), which is localized
in the north of the area, have been used for the analysis of variation in the chemical
composition of underground water resulting from the sludge fertilization.

The features of the underground water derived from the piezometer PVI have been
assumed to be the hydro-geo-chemical background (so, the composition of the underground
water corresponding to the composition before the sludge fertilization). It is should be
mentioned, however, that the piezometer was produced in 2002.
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It results from the comparison of the values that:
pH of the underground water has increased from 6.7 to 6.8;

oxidizing abilities of water has decreased from 6.5 - 3.5 mgO2/dm3;

the content of ammonia nitrogen has increased from 0.19 - 0.60 mgNH4/dm3;
the content of sulphate has increased from 40 - 90 mgSO4/dm3;

the content detergents has increased from 0.0015 - 0.0320 mg/dm3;

the content of zinc has increased from 0.07 - 0.30 mgZn/dm3;
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0,011
0,002

mgC~dm3
7.0

6.0
5.0
4.0
3.0
20
1,0

0,0
Pl

mg N-NCi/dm
0,40

0,05

0,00
Pl

mean values
6,8
3,7
2,1
86,9
13,8
2,12
0,49
0,57
0,08
14,73
0,21
32,2
97,1
14,5
0,028
0,343
0,012
0,012
0,007
0,011
0,002

Pl Pl

Pl Pl

P VI
6,7
6,5
4.8
80,1
18,2
0,61
0,15
0,19
0,35
1,13
0,13
38
40
9,8
0,001
0,071
0,028
0,026
0,008
0,020
0,002

studnia

studnia

Table 2.

increase (%)
1,2
-78,1
-126,3
78
-32,0
71,2
69,4
66,4
-358,1
92,3
38,2
-18,0
58,8
32,6
96,4
79,3
-138,1
-112,7
-23,1
-76,9
-21,5

srednia PVI

srednia PVI

Fig.4. Comparison of mean value of some parameters in piezometers and well with
hydrogeochemical background
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But there is a slight decrease in the number of ions Cu, Pb, Cd and Ni. It has been
probably caused by the improvement in sorption features of the ground because of the
increase in pH reaction [18]. The received mean results have been compared to the values
derived from the piezometer PVI. The credibility of the comparison is considerably lowered
(among others) because of there’s only one measurement for piezometer PVI situated at the
edge of the fertilized area and a forest and it may not illustrate well the hydro-geo-chemical
background. It’s remarkable that the contents of: iron, manganese, ammonia, nitrates,
phosphates, sulphates and detergents increase in water, with the simultaneous decrease in its
alkalinity and the number of magnesium ions, nitrites, sodium and all the heavy metals,
except for zinc.The decrease in the content of heavy metals ions may be attributed to the
deterioration of their mobility caused by increase in pH. Also compositions between values of
the particular physicochemical parameters of the sludge and underground water within
fertilized area (fig.5).

Fig.5. Comparison of contents the selected parameters in the underground water and the
sludge

A close relationship between the composition of the sludge and the composition of the
underground water is visible in piezometer Pl. The highest correlation (r) has been found
between the content of the nitrogen in the sludge and the content of the nitrogen nitrate in the
underground water (0.95) and between the contents of zinc (0.73) and potassium (0.90) in the
sludge and the underground water. Relationships between the contents of the particular ions in
underground water from piezometers and the test well, situated in the close neighbourhood of
the area fertilized with the sludge, have also been found. The relationships, best visible for
piezometer PI, indicate a common source for a considerable part of ions Cl, SO4, NH4, Cu,
Ni, Cr, Zn and detergents. The values of correlations between the contents of the particular
ions in piezometers PI, PII, PIl and the test well are presented in tab.3.

It results from the carried out analysis that the examined sludge applied to agriculture
has a negative influence on quality of underground water. A recurring several times increase
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in content of zinc ions, ammonium nitrate and nitrogen nitrate as well as the content of
detergents has been recorded for a number of cases. The increased content of ammonium
nitrate exceeds even the standards for drinking water. The pollution with heavy metals has not
been found to be hazardous, which may be initially attributed to the high value of the sludge
pH. Although, it can be just time delay, until the soil’s sorptive capacity is depleted.

Table 3.
Values of the correlation coefficient (r) between the selected ions in the local monitoring
network

PI + PII + PIII + test

Tons PI |PI+ PIII well IK

Cl-S04 0.92 0.70 |0.60
NH4-NO; | 0.87 0.69 ]0.58
NH-det 0.45 027 10.39
NH4-Ni 0.74 0.68 |0.51
NHy-Cu 0.94 084 |0.71
NO,-Cu 0.91 084 |0.62

Cu-Ni 0.65 0.60 |0.49
Cr-Ni 0.77 0.66 |0.59
Zn-Cl - 0.65 (045

The paper presents only a part of the results of the examinations, which has been carried
out for two years now. The short time of the observations does not allow a full evaluation of
the influence of the sludge agricultural application on the underground water quality.
However, a considerable influence of high pH of the sludge on the content of ions of heavy
metals in the underground water is recorded, since the high pH results in a decrease in the
number of heavy metals. The variations in the water quality within the mean values of
parameters are considerable and may exceed 100%. It may also be concluded that after the
depletion of the sorptive capacity of the soil in the unsaturated zone the composition of water
does not deteriorate. The essential limitation of the presented analysis is the lack of the
reliable data on the hydro-geo-chemical background and the values of the natural variations of
the parameters within a year and a couple of years.
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DABAI DFVQAleDZTGAS BIODIZELDEGVIELAS
RAZOSANAS IESPEJAS LATVIJA
Environment Friendly Biodiesel Fuel in Latvia

E. Gudriniece, M. Stréle, V. Skujinsl
Rigas Tehniska universitate, Riga; e-mail: gudr@ktf.rtu.lv
1SIA “Delta Riga”, Naukséni

Abstract

Biodiesel fuel (RME and REE) are altermative, environment friendly fuels for diesel engines, obtained from
rapeseed oil and methanol or ethanol. RME are produced with capacity 2500 t/year at SIA “Delta Riga"
experimental factory Naukseni in Latvia. The laboratory method of production biodiesel fuel (REE) from
rapeseed" oil and ethanol has been worked out at RTU. Blends RME and REE withfossil dieselfuel are applied,
aswell.

Keywords: rapeseed ail, methanol, ethanol, biodieselfuel, RVE, REE, fossil dieselfuel.

Motoru degvielu ieglSanas avoti - nafta un akmenoglu krajumi - strauji samazinas.
Cik ilgam laikam pietiks So izejvielu motoru degvielu iegiSanai, skaidri nav zinams. Uzskata,
ka naftas pietiks vél 40-50 gadiem, ja netiks atrasti jauni krajumi. Arvien vairak tiek domats
par alternativajiem energijas avotiem (saules, Vvéja, Gdens), jaunam izejvielam degvielu
ieguvei (augu ellas, tauki, atstradatas taukvielas u.c.).

Jaunakie pétijumi (pédéjie ~10-15 gadi) liecina, ka augu ellas ir neaizstajams
alternativas dizeldegvielas ieguves avots. Pie $ada secinajuma nonadkusi seviski to valstu
zinatnieki un tautsaimnieki, kuras nav naftas. Plasi attistas alternativas dizeldegvielas
razoana Vacija, Francija, Austrija, Cehija, arT ASV, Kanada u.c.

Prognozéts, ka 2003. gada biodizeldegvielas apjoms pasaulé sasniegs ~2,8 milj.t [1].
ArT Latvija Nauksenos SIA “Delta Riga” 2001. gada biodizeldegvielas (RME) raZzoSanu no
rapSu ellas un metanola natrija hidroksida klatbutné sadka pirma Baltija eksperimentala
rapnica.

Pasaulé i tehnologija ir pamata biodizeldegvielas razoSanai no taukvielam.

Latvija acimredzot izdevigak batu metanola vieta lietot etanolu, jo tas ir mazak
toksisks un ir vietéja izejviela. Tapéc RTU Materialzinatnes un lietiSkas Kkimijas fakultaté
izstradata laboratorijas metode rap3u ellas augstako taukskabju etilésteru (biodizeldegvielas
REE) iegusanai no rapSu ellas un absollta etanola kalija hidroksida klatbatné [2-5]. RME un
REE raSanos var attélot ar Sadu reakcijas shému:

CH20COR RCO2Me(Et) CH20H
CHOCOR + 3MeOH(EtOH) KOIV RCO2Me(Et) + CHOH
CH20COR?2 R2CO2Me(Et)  CH20H

Reakcija norit sarmu klatbatné. Literatara [6, 7] paradas darbi par enzimu - lipazu ka
katalizatoru lietoSanu RME, REE u.c. biodizeldegvielu raZoSanai.
RME (REE) raZzoSana notiek péc bezatkritumu tehnologijas, 1 attéla paradits, cik
daudz derigu produktu var iegt no 1ha rapSu séjumiem.
Latvija razoto biodizeldegvielu RME un REE kvalitates raditaji visuma atbilst citu
valstu standartu prasibam (skat. 1 tab.).
Biodizeldegvielas prieksrocibas, salidzinot ar fosilo dizeldegvielu, ir: ta nepiesarno
augsni un adeni, jo biologiski sadalas 21 diena; ta ir netoksiska, letala deva LD 50 ir 17,4 g/kg
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(natrija hlorids 10 reizes toksiskaks). Sadegot motoros, biodizeldegviela saglaba oglekla
dioksida (CO;) lidzsvaru atmosfera — nepalielinas siltumnicas efekts. Izpliides gazes nesatur
s€ra oksidus, fosfora savienojumus un aromatiskos ogliidenrazus. Kv&pu daudzums, salidzinot
ar fosilo degvielu, samazinas no 10 m™ Iidz 0, 4 m™, slapekla oksidu daudzums no 570
mg/m’ uz 494 mg/m’.

1ha_ .| — medus
rapdu sgiumi
St
regpdu scklas
y l Y
TT 2t lopbaribas
jcleiia spraukumi_ [ raud
Y | y
rapniecibge— 0,02t 098t [—spatika
lopbariba<—| fosfatidi rapdu €iia |— margarinaieg.
+KOH 14 kg
+etanols 223 k g
(metanols 145 kQ)
12t
RME (REE)
+ jeldlicerins
Y | Y
0,22t 0,98t
j¢lglicerins RME (REE)
| +H,PO,
RME(REE) iegtid<e—| 0,0061 00221 0,732t |—> !&u, krasurdpn.
ZiepCm <e——|  taukskabes, kdlija tehniskais [— tiraglicerinaieg,
ziepeiiam .«——|  gliceridi fosf & glicerins |— polimgruieg.

minerdmgslojums
1. att. Produkti, ko var iegiit no 1 ha rapSu s€jumiem

Ka trikumu biodizeldegvielai (RME, REE) var atzimét tas nedaudz mazako
siltumspeju, salidzinot ar fosilo dizeldegvielu (skat. 1. tab.). Tadel pieaug tas patérins,
aptuveni par 10 %.

Pasaulé arvien plasak lieto biodizeldegvielas maisijumu ar fosilo dizeldegvielu.
Biodizeldegviela uzlabo fosilas dizeldegvielas kvalitati. Tas molekulu struktira ir skabeklis,
[idz ar to degviela motoros pilnigak sadeg. Biodizeldegviela labi sajaucas ar fosilo
dizeldegvielu jebkuras tilpuma un masas attiecibas. Parasti lieto maisijumus ar
biodizeldegvielas saturu 5-50 % (masas %) [8].
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1. tabula
Dazadu biodizeldegvielas sastavu kvalitates raditaji
RME : | RME:
‘ ) Mérvie- REE | RME | RME fosila fosila RME
Kvalitates raditaji b 5 degv., degv., pr. EN
nba ®TU) | Nauk- | CSN | 37% 69 |31:69 14214
séni) 656507 (Naukseni) CSN
656508
Blivums, 15 °C g/em’ 0,866- | 0,880 | 0,870- | 0,849 | 0,820- | 0,860-
0,885 0,890 0,860 | 0,900
Viskozitate mm?/s 4555 | 49 | 3550 | 33 | 2,045 | 3,550
kinemat., 40 °C
Uzliesmosanas °C 198 150 >110 85 >55 >101
temp. sl€gta figeli
Séra saturs masas % | 0,027 | 0,026 | <0,02 0,022 <0,04 mg/kg
<0,001
Cetanskaitlis 56 60 | >48 55 >46 >51
Udens saturs mg/kg 238 | 310 | <500 200 <500 | <500
Skabes skaitlis mgKOH/g | 0,5 04 |<05 0,4 <025 | <05
Jodskaitlis g L/100g | 1162 | 1158 34,8 <120
Peroksiskaitlis % 1, 0,10 0,07 0,22
Siltumspéja MI/1 333 | 33,9 |37.1 33.1 40,5
Rapsu ellas masas % 89,4 98,8 41,9 >96,5
taukskabju esteru
saturs
Esteru skaitlis mgKOH/g | 181,6 | 187,0 | 185-190 | 793
Sarmu metalu saturs | mgkg 0 0 <10 <5
Dulko$anas sakuma °C -10 4 |5 0 +5
temperatura
Sacieté$anas sakuma °C -23 22 25 -20
temperatura

RME (REE) razoSana Latvija veicinas tautsaimniecibas un atpalikuSo regionu attistibu,
ka arm darba vietu un iedzivotaju ienakuma palielinaSanu. Samazinasies naftas produktu
imports, izejvielas ieglistot no ataudzgamiem viet&jiem resursiem. Tiks izpilditas ES normas
biodegvielu lietosana un vides kvalitates raditaju ievérosana. Samazinasies gaisa, augsnes un

tdenu piesarnojums, uzlabosies iedzivotaju veseliba.
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KOKGAZES IEGUVE UN RACIONALA IZMANTOSANA
KOMBINETAI ELEKTRIBAS UN SILTUMA RAZOSANAI
LAUKU UZNEMUMOS
Generation of Woodgas and its Rational Use for Combined Power and Heat
Production at Rural Enterprises

V. Gulbis
Latvijas Lauksaimniecibas universitate, Spekratu institits
J.Cakstes bulv. 5, Jelgava, LV-3001, Latvija
talr. 3080703, e-mail: biodegv(@cs.llu.lv, fax: 3027238

Abstract

During the last few years combined production of electricity and heat based on biomass gasification technology
and on gas utilization in gas-fired engines has been widely reconsidered. This method is more sustainable and
environmentally friendly provision of energy in the future. Latvia is rich in forests and the wood processing
industry is developing very fast, giving about 4.5 mill. m> of woods residue per year. The use of wood residue
does not follow the increase of wood production. In Latvia we have abundant biomass resources such as wood
harvesting and wood processing residues, waste wood and sawdust. As a first attempt to introduce biomass
gasification technology in Latvia some researchers at the faculty of engineering of LUA are developing an
integral small scale combined heat and power (CHP) system based on a used Russian-made diesel-alternator set
with electrical output 100 kWe. The diesel is converted to dual firel gas engine, using producer gas as the main
fuel and gas oil as pilot fuel. To get sufficiently clean (tar content <250 mg/m>) woodgas for using in IC engine
a downdraft type of gasifier was chosen designed and constructed on the “IMBERT” gasifier principles. The test
runs of the first experimental model showed that the engine does not develop expected power because of high
resistance of gasifier and gas cleaning system does not work sufficiently enough. There was rather high level of
tar content in woodgas because the temperature in the reduction zone was to low. Calculations were carried out
and a new technological scheme of gasification system was worked out, introducing innovative ideas aimed on
improving the working parameters. The experiments and calculations showed that such a type of CHP plant
could be a technologically and economically interesting option for small sawmills and farms in rural areas.

Key words: biomass gasification, woodgas, gas producer, cogeneration

Ievads

Latvija pedgjos gados strauji attistas mezizstrade un kokriipnieciba. Izcert 8 — 10
milj.m® koku gada. No & daudzuma apméram puse ir energetiska koksne — zagskaidas,
nomali u.c. atgriezumi, kuri lielos daudzumos paliek neizmantoti. Kaut art Skeldas un
zagskaidu izmanto$ana kurtuveés, ka ar brikeSu un granulu razoSanai gadu no gada pieaug,
tomé&r koksnes atlikumi kokapstrades uzn€mumos vel arvien pilniba netiek izmantoti. Turklat,
mezizstrades procesa daudz nekvalitativu koku, galotnu un zaru paliek meza sapiiSanai.

Pargazejot koksnes atlikumus, ipasSi izveidota stacionara gazgeneratora, iegustam
kokgazi, kuru izmanto iekSdedzes motora darbinasanai mazas jaudas (0.1 — 1.0 MW)
kogeneracijas stacija, vienlaicigi razojot ka elektribu, ta ari siltumu. Kokapstrades
uznémumam ir iespgams pilniba izmantot koksnes atlikumus un iegiit papildus pelnu,
samazinot savus izdevumus elektribas un siltuma iegadei, ka ari pardodot dalu energijas
tiklam. Sim risindgjumam ir ari ekologiska nozime, jo samazinasies dabas piesarnosana ar
pustosiem koksnes atlikumiem un CO; izpliide atmosfera.

Si darba mérkis ir zinatniski pamatot tehnologisko procesu koksnes atlikumu
pargazésanai gazgeneratora un iegitas kokgazes izmantoSanai kogeneracijas motorstacija.
Galvenais uzdevums mérka sasniegSanai ir tadas koksnes pargazéSanas sisteémas izveide, kas
spetu nodroSinat pietiekami kvalitativu gazi motora efekfivai darbinaSanai. Gazei jabut
pietiekosi atdzes€tai < 60 °C, ar iespgjami augstaku siltumsp&u > 4.5 MJ/kg, atfiritai no
darvas < 250 mg/m’ un putekliem < 100 mg/m”’.
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Lai tehniski risinatu sadas sistémas izveidi, LLU Spe&kratu institita ir uzbiivéta un
izméginata eksperimentala kogeneracijas motorstacija ar elektrisko jaudu 100 kW un siltuma
jaudu 150 kW. Izvéléts fikséta slana atmosferas spiediena, lejupdedzes tipa gazgenerators,
kura konstrukcija izveidota péc klasiska “IMBERT” gazgeneratora principa, ievieSot vairakus
jauninajumus, kas praktiski nodrosina pilnigu darvas u.c. pirolitisko vielu krekingu. Gazes
atdzes€Sanas un atfirisanas sist€ma ietilpst ciklons, gazes dzesetajs, skrubers, gazes susinataji,
filtrs un gazjaucis.

Kogeneracijas motorstacija izveidota uz lietotas, Krievija razotas, parvietojamas 100kW
dizelelektrostacijas bazes. Standarta dizelmotors JAMZ-238IM parveidots par gazdizeli,
maisTjuma aizdedzinasanai izmantojot dizeldegvielas padeves daudzumu 15% no nominala.
Gazdizelis aprikots ar siltummainiem siltuma nonems$anai no motora atgazém, dzeses
sistémas un ellosanas sistémas. Kogenerators raksturojas ar augstu lietderibas koeficientu 0.85
- 0.9, elektroenergija parvers 29 - 32% no siltuma daudzuma, ko pieveda ar kokgazi, bet 55 -
58% - siltuma energija, pargjie 10 - 13% ir zudumi.

Motorstacijas konstrukcija

Spekratu institita 1999.g. uzblvétas pirmas eksperimentalas kogeneracijas
motorstacijas konstrukcija tika izmantots sticgazes princips t.i. sistémas darbibu nodrosinaja
motora ieplides retinagjums [1]. Gazgeneratora un gazes pievadsistémas palielinatas
pretestibas dél, cilindru pildijums bija samazinats un stabila darba rezZima motors spgja attistit
efekfivo jaudu tikai 70 kW, resp. jauda samazinajas par 30% salidzinajuma ar dizeldegvielu.
Bija arf citi butiski trikumi: samazinata gazifice$anas intensitate (217 kg/m’h), pazeminata
gazes temperatiira redukcijas zona ( < 920°C), palielinats pilotdegvielas patérins (par 10 -
15%), nepietiekosa gazes attiriSana no darvas u.c. piemaisijumiem [1, 2].

Lai lejupdedzes gazgeneratora notiktu pilnigs gazes krekinga process, resp. darvas un
pirolitisko vielu sadaliSana elementaras gazes, degSanas un redukcijas zonas temperatiirai
jabuit ne zemakai ka 950°C [3], [4] un gazei jaatrodas $aja temperatira ne mazak ka 2 s [5].
Lai to panaktu degSanas un redukcijas zonas augstumam jabait 1 - 1.2 no pirolizes telpas
diametra [8].

Dazadu autoru p&fijumu analize rada, ka, lai nodro§inatu ilgtspejigu iek§dedzes motora
darbu, gazes kvalitatei jaatbilst sekojosam prasibam:

— gazes temperatlra ieplustot cilindros 40° - 60° C
— pielaujamais darvas saturs gaze <250 mg/m’
— pielaujamais tidens saturs gaze <400 g/m’
— cieto dalinu (oglu un pelnu puteklu) daudzums <100 mg/m’

Praktiski liela dala no min&tajam prasibam pirmaja modeli konstrukcijas nepilnibu dél
nebija izpildita un planotie darba parametri netika iegtti. Tome&r eksperimentu rezultati
paradija, ka principa gazgeneratora kogeneracijas motorstacija ir darba spéjiga, deva iespgjas
analizeét trikumus, pé&tit un meklét celus So trokumu noveérSanai un konstrukcijas
pilnveidoSanai.

Rezultata uz pirma modela bazes ir izveidots jauns eksperimentalais modelis, kura
ieprieksgjas kltidas ir méginats novérst. Salidzinot jauna modela principialo shému (1.att.) ar
pirma modela shému [1], varam atzZimét sekojoso. Gazgeneratora augSgala pierikots gliemeza
tipa Skeldas padevejs, kas apgadats ar gaisa-gazes slizam GS (l.att.) un nodroSina
nepartrauktu gazgeneratora darbu. Lai nodrosinatu gazes krekingu, temperatiira degkamera un
redukcijas zona paaugstinata Iidz 1200 - 1300 °C. Tas panakts ierikojot gaisa papildus
uzsildiSanu arpus gazgeneratora, ieblivjot garaku, cilindriskas formas redukcijas kameru un
piemetinot tas arpusé metala plak$nu ribas, kas uzlabo siltuma akumul&Sanu. Stacionara
konusa vieta ierikoti mainami gredzeni. Gaisa padevi gazgeneratora ar nelielu virsspiedienu
nodroSina gaisa put&js GP;. Piecas gaisa ievadsprauslas (furmas), kuras pirmaja modeli
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degkamera bija iemontétas radiali, tagad iemontétas tangenciali. Tas dod divkarSu efektu.
Pirmkart, gaisa plasma pilnigi noklaj visu degkameras Skérsgriezuma laukumu, radot
vienmérigu degSanas temperatdru visa Skérsgriezuma un sekméjot pilnigaku gazes krekingu
un, otrkart, rada virpulveda gazes kustibu, ka rezultatd pelni tiek atsviesti uz reaktora
cilindriskas telpas iekséjam sienam un parklaj sienas ar kostosu Slagas slaniti, kas pasarga
metala korpusu no izdegSanas un lauj reaktora uzturét augstaku darba temperatdru.

Ciklons

Gazgenerators Gazes

XGaze dzesétajs Gazes

susinataji
Gaiss Atgazes

Gaze
380V

Elektro

Gazdizelis
S\‘ generators
Pelni
=4* Notekad
Puteklu Darvas otekddens tvertne _
’ Udens JSM3
maiss tvertne i ddens 90

odens 40
1 att. Eksperimentalas gazgeneratora kogeneracijas motorstacijas principiala
shéma
Kg- krani; Si ... S3—sakni; SMi, SM2, SM3 - siltummaini;F], F2- filtri;
GS - gaisa - gazes sluzas; GP - gazes patéjs; GJ - gazjaucis
PA - pilienu atdalitajs

Gazes atdzeséSanas un attiriSanas sistéma veiktas sekojoSas izmainas. Papildus iebavéets
ciklons karstas gazes attirisanai no cietam dalinam (pelnu putekliem). Puteklus, periodiski
atgrieZot kranu K1, savac hermétiska maisa. Skrubera augSgala pierikots pilienu atdalitajs PA,
kas papildus samazina gazes mitrumu. Gazes padeves sistéma ieblvéts gazes putéjs GP2 kas
nodroSina gazes virsspiediena iepladi motora cilindros. Lidz ar to izmainita gazjauca
konstrukcija, izmantojot Venturi principu, lai nodrosinatu gaisa piejaukSanu gazei noteikta
proporcija (skat. shému Ll.att.).

Metodes un materiali

Lai nodroSinatu izvirzita mérka izpildi, veikts projektéjama gazgeneratora tehnologiska
procesa aprekins. Aprékins pamatojas uz pirma eksperimentala modela [1] testéSanas
rezultatu un novéroto trikumu analizi par doto tému. lzejas parametri skaitlisko pieméru
risindSanai nemti no iepriek3éjo eksperimentu rezultatiem, tehniskas literatdras datiem un dota
gazdizela tehniska raksturojuma. lzveidota gazgeneratora un kogenerécijas motorstacijas
konstruktivi tehnologiska shéma satur jaunus risinajumus, kuri vél japarbauda eksperimentali.

Rezultati

NepiecieSamo gazes daudzumu dizelmotora darbinaSanai aprékinam izejot no dota
motora raksturojuma: nominala jauda 117 kW, grieSanas frekvence n=1500 min-1, cilindru
diametrs D=13 cm, virzulu gajiens S=14 cm, degvielas Tpatpatérind ge=226 g/kwh, cilindru
skaits i=8.

Darba maisijuma (gaze + gaiss) daudzumu Vm m /h, kadu motors patéré stundas laika,
aprékinam péc formulas:
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_ 60naD*Sin,
" 4-10°

kur: my - pildijuma koeficients, dizelmotoram ar virsspiediena ieplidi 1, =0.95. levietojot
formula dotos motora datus, ieglistam V=635 m’/h.

Pateretais pilotdegvielas daudzums Gd,, kg/h, (15% no nominala dizeldegvielas
patérina): Gd, =0.15 Gdpom=0.15x0.001gcNe; Gdo=0.15x0.001x226x117=3.96 kg/h.

Dizeldegvielas zemaka siltumspga Q,=42.3 MJ/kg un 1MJ=0.278 kWh, gazdizela
lietderibas koeficients n.=0.325. Tad jauda, ko motors attista darbojoties tikai ar pilotdegvielu

Neo=0.278Nn:Q,Gdo; Neo=0.278x0.325x42.3x3.96=15 kW.
Pilotdegvielas Gd, sadedzinasanai motora cilindros jaievada gaisa daudzums

Vo= GdoLop, m*/h, kur L=14.5 kg gaisa/kg dizeldegvielas; p=1.293 kg/m’ - gaisa
blivums. leglistam: Vo=74 m’/h.

Pilotdizeldegvielas sadedzinasanai cilindros ievadamais gaisa daudzums Vg.=74 m’/h
samazina kop&o darba maisijumam iespgjamo gaisa daudzumu, tadel faktiskais cilindros
ievadttais kokgazes - gaisa maistjuma daudzums biis mazaks. Samazinajumu ieverté ar gazes
- gaisa maistjuma dalas koeficientu kg un aprékina p&c sakaribas:

v, -V,

= 0.883
Ve 635

Stehiometriska gaisa/kokgazes attieciba y=1.17 (1 m’ gazes sadedzinasanai motora
cilindros jaievada 1.17 m® gaisa), bet gaisa paruma koeficients gazdizela motoram darba ar
kokgazi o=1.1 [7]. Pie Siem nosacljumiem motora darbam nepiecieSamais kokgazes
daudzums, Vig, m>/h:

v,k 635 - 0.883
Vig =2 Vg =—————=245m’ /h
1+ay 1+1.11-1.17

un kokgazes sadedzindSanai nepiecieSamais gaisa daudzums Vg, m'/h ir Ve=Ggay;
V=245x1.17=287 m*/h.
Kopgjais cilindros ievadamais gaisa un gazes maisijuma daudzums, Vg, m’/h, ir
Vi=ViatVat Voo, Vk=245+287+74=606 m’/h. K& redzams Vg<Vp, tatad paliek rezerve
635-606=29 m>/h, ko var izmantot motora jaudas korigesanai.

Ieprieksgjie eksperimenti paradija, ka no 1 kg gaissausas (mitrums 20%) koksnes iegtist
2.3 m’ gazes. Tad 245 m3/h gazes iegi§anai japargaze 245:2.3=106 kg koksnes stunda. Zinot,
ka sausas Skeldas siltumspgja ir 14.5 MlJ/kg [6], pargazgjot skeldas daudzumu 106 kg/h
iegistam siltumu 106 kg/hx14.5 MJ/kgx0.278 kWh/MJ=427 kWh. Nemot veéra ka
gazgeneratora un gazes pievadsistéma apméram 20% no §1 siltuma daudzuma zid, gazdizelim
ar sarazoto kokgazi pievada 427x0.8=342 kWh. Pienemot $o gazdizelim pievadito siltuma
energiju par 100%, varam aprékinat visas gazgeneratora kogeneracijas motorstacijas vienas
darba stundas bilanci (2.att.).
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Siltums 58%
198 kWh

Elektriba 31%
106 kWh

:H]: Elektrogenerators

Skelda W<20% Kokgaze 100%
106 kg/h 342 kWh
427 kWh
Gazes Y
dzesétajs un
Gazgene- tiritajs Gazdizelis
rators 7

Zudumi 20%
85 kWh

Zudumi 11%
38 kWh

2.att. Gazgeneratora kogeneracijas motorstacijas vienas darba stundas energijas bilance

1.tabula

Gazgeneratora kogeneracijas motorstacijas eksperimentalie un aprékinu dati

Parametra nosaukums

Skeldas masas patérins

Skeldas relativais mitrums

Skeldas zemaka siltumspéja
Gazgeneratora termiska j auda
SaraZotas kokgazes termiska jauda
Gazgeneratora lietderibas koeficients
Kokgazes zemaka siltumspéja
Motoram pievaditais gazes daudzums
Gaisa daudzums gazes sadedzinaSanai
Gaisa daudzums dizeldegv. sadedzinasanai
Kopéjais degmaisijums (gaiss + gaze)
Pilotdegvielas patérins

Pilotdegviela % no nominala DD
Jauda, ko iegust ar pilotdegvielu
PargazéSanas intensitate
Kogeneratora elektriska jauda
Kogeneratora termiska jauda

Jaudu attieciba

Skeldas patérins uz kilovatstundu

Mérvientba

ka/h
%
MJ/kg
kW
kW
MJ/m3
m/h
m/h
m/h
m/h
kag/h
%
kW
kg/mh
kW
kW

kg/KWh

1 modela
eksperimentalie
dati
85
20
145
332
274
0.825
5.25
172
239
109
520
7.35
29
28
217
70
126
18
12

2. modela
aprékinatie
dati
106
20
145
427
342
0.801
5.02
245
287
74
606
3.96
15
15
540
106
197
1.87
10

Ka redzams, teorétiski kogenerators dod augstu siltuma un elektriskas energijas
attiectbu (198:106=1.86). Lai to nodroSinatu, protams, jabat pareizi aprékinatiem un precizi
konstruétiem siltummainiem. Ja gazgeneratoram tiek
Skérsgriezuma laukums 0.196 m , tad pargazesanas intensitate bas 106 kg/h:0.196 m =540

kg/mah.

saglabats iepriekSéja modela

Aprékins rada, ka kokgazes daudzums 245 m3/h atbilst energijai 342 kWh jeb
342:0.278=1230 MJh. Tatad iegutas kokgazes siltumspéja ir 1230:245=5.02 MJ/m3, kas
praktiski atbilst citu autoru pétijumiem [5, 6, 8].
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Nemot veéra, ka motora efekfivais lietderibas koeficients 1e=0.325, motora efektiva
jauda no ievadita siltuma ir 342x0.325=111 kW, kas ir nedaudz (5%) mazaka neka motora
tehniskaja raksturojuma uzradita nominala jauda (117 kW), bet ka jau ieprieks tika noradits ir
vél neliela jaudas rezerve. Dotais aprékins rada, ka gazgenerators jaunaja varianta spgj
nodro§inat kogeneracijas motorstacijas efektivu darbibu. Par to japarliecinas talak veicot
eksperimentalus pefijumus.

Aprekinu rezultatu kopsavilkums, salidzinajuma ar pirma modela eksperimentalas
parbaudes datiem, dots 1. tabula.

Secinajumi

Aprékini un iepriek§ veiktie eksperimenti rada, ka aplikota tipa gazgeneratora
kogeneracijas motorstacija var but efektivi pielietojama nelielos kokapstrades uznémumos
un fermas lauku rajonos.

Ja uzn@muma riciba ir agraka izlaiduma dizelelektrostacija ar elektrisko jaudu 50-300 kW,
to var saméra vienkar§i parbiuveét darbam ar kokgazi, izmantojot doto metodiku un
tehnologiska procesa shému.

Konkrétaja piemera, pargazgjot 106 kg/h gaissausu Skeldu (relativais mitrums <20%)
ieglistam 245 m’/h kokgazes un kogeneracijas motorstacija vienlaicigi sarazojam 106 kWh
elektroenergijas un 197 kWh siltumenergijas. Vienas kilovatstundas elektribas ieguvei
nepiecieSams 1-1.2 kg skeldas.
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NAHRSTOFFE IM OBERFLACHENWASSER AUF DEM GEBIET
MIT EXTENSIVEM ACKERBAU

Nutrient Substances in Surface Water of Extensive Agriculture Areas

W. Halicki, A. Szymanczyk
Universitat Zielona Gora, Polen
W.Halicki@iis.uz.zgora.pl A.Szymanczyk@iis.uz.zgora.pl

Abstract

This paper is based on investigation of nutrient substance balance in three lake-basin in West Poland. This
investigation are managed since one year and meke possible to estimate amount of nutrient substance in each lake.
Thisproject can answer how extensive agriculture influences on surfaces weter quality.

Keywords: nutrient substances, extensive agriculture, lake-basin, balance.

Einfihrung

Néahrstoffe stellen eine groRRe Gefahr fiir das Oberflachenwasser dar, denn in grdsseren
Mengen fiihren sie zu ihrer Eutrophisation. Das gefahrdet die Wasserekosysteme und in
grossem begrenzt die Wassernutzung fur die Menschen und fur Industriezwecke. Es gibt
viele biogenische Nahrstoffquellen, die zu dem Oberflachenwasser zuflussen. Das sind
sowohl naturelle als auch antropogenische Quellen. Zu den naturellen Quellen gehdren
Boden, Gestein und Niederschlage. Zu den antropogenischen gehéren dagegen: Kommunal-
und Industrieabwasser, Gas- und Staubemission sowie Ackerbau. Wegen verschiedener
Methoden des Zuflusses zum Oberflachen- und Untergrundwasser wird zwischen den Punkt-
und Gebietsverschmutzungen unterschieden. Punktverschutzungen gelingen ins Wasser an
bestimmten Stellen, wahrend Gebietsverschmutzungen dringen ins Wasser aus dem ganzen
Einzugsgebiet durch oder werden mit dem Untergrundwasser transportiert. Zu den
Gebietsverschmutzungen gehoren alle Oberflachenabfltisse und Wasser, die in den Boden aus
den Acker- und Baugebieten, aus den nicht kanalissierten Gebieten und aus dem unbebauten
Boden durchdringen. Ein Teil davon gelingt direkt zu den Flissen und Wasserbecken durch
Niederschldge.  Aulerdem werden auch Weg- und  Erdkorperabflisse  als
Linienverschmutzungen unterschieden. [Chelmicki W.]

Die Exportwerte aus bestimmten Gebieten sind unterschiedlich, am niedrigsten fur die
Waldgebiete, am hdchsten fur Gebiete mit intensivem Ackerbau und fur Stadtabfltsse. [Allan
J D.] Je hoher ist der Anteil des Ackerbaus im Einzugsgebiet, desto grofier sind die ins
Wasser gelingenden Stoffe und ihre Trophie. Sind keine Pflanzen vorhanden, herrscht es
Dirre oder starker Wind, dann ist der Export viel grosser und es kommt zur Winderosion.
Nackte Erde erleichtert, z.B. beim Treiben der Hackfrtchte, Wirkung der Wassererosion. Der
Phosphor ist schwach IGsbar aber leicht absorbierbar auf organischen Teilen und chemisch
verbindbar. Der wichtigste Prozeld des Exports des Phosphors aus der Erde ist Erosion -
Wegnahme durch Wasser und Wind kleiner Teilchen (reichen an Phosphor). Die Menge des
weggenommenen Stickstoff hangt dagegen mehr von den hydrologischen Bedingungen ab,
denn dar Stickstoffist im Wasser sehr gut auflosbar. [Roman M.]

Die Bestimmung der Exportmengen der Substanzen, die ins Oberflachen- und
Untergrundwasser auf bestimmtem Gebiet gelingen, ist sehr schwierig und hangt von vielen
Faktoren ab, z.B.: - Nutzung des Bodens und Verteilung der Ackergebiete,

- Intensivitatsgrad der Nutzung der Dingemittel und Pflanzenschutzmittel sowie ihre
Qualitat,

- Saatfolge und Nachernte,

- Baumethoden,
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- Grole und Methoden der Tierzucht,

- Gebietsstruktur und System der Wasserabfélle,

- Bodenseigenschaften,

- Zustand der Wasser- und Abfallwirtschaft im Einzugsgebiet.

Alle oben genannten Faktoren bilden eine komplizierte Gesamtheit, die uns die grofite
Gefahrdung fiir Oberflachen- und Untergrundwasser, ndmlich Gebietsquellen, darstellt. Die
Orientierungsbestimmung der Menge der Ackerbauverschmutzungen und ihrer Anteil an
samtlichen Verschmutzungen , die ins Wasser gelingen, ist eine sehr schwierige Aufgabe. Das
ergibt sich daraus, dass dieses Vorkommen durch viele Faktoren beeinfluBt wird. Die unten
dargestellten Untersuchungsergebnisse des Einzugsgebiets mit extensivem Ackerbau
ermoglichen uns, den Einflull dieses Ackerbaus auf die Wasserbecken auf bestimmten
Gebieten zu zeigen.

Gebiet der Untersuchungen

Die Untersuchungen werden auf dem Gebiet der Gemeinde Pszczew in der
Woiewodschaft Lubuskie in Westpolen durchgefuhrt. Das ist der Naturschutzgebiet. Der
genaue Untersuchungsgebiet umfalit Einzugsgebiete von drei Seen: Pszczewskie, Chlop und
Szarcz. Die Seen wurden im Hinblick auf die Wassersauberkeit in die zweite Klasse
qualifiziert. Der Pszczewskie - See hat die Flache von 68,7 ha, sein gesamte Einzugsgebiet
betragt 33,6 km2. Der Chlop - See hat entsprechend 227,8 ha und 77,2 km2und der Szarcz -
See 169,8 ha und 3,9 km2 [Woiewodschaftsamt fir Umweltschutz, 2000,2001]. An dem
Chlop- und Szarcz- See befinden sich touristische Zentren. Zu den Seen gelingen viele
Abflulgraben, die Wasser aus dem ganzen Gebiet sammeln und das gesamte Einzugsgebiet
der drei Seen in der Flache von 114,7 km2bilden [Abb. 1].

Swiechocin
Pszczew
O
7
8 6
5 Silna
|. Radare ©

5 Untersuchungs-punkt IMafyGyiyn %
JDoyGin

mm Grenze Flusgebiet

sz/ Hrie
O Boro  Mtyn

Abb. 1 Situationsplan des untersuchten Einzugsgebiets
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Alle drei Seen sind Durchflu3seen und gehéren zu dem FluBBgebiet des Obra - Flusses. Der
Pszczewskie - See hat einen AbfluB3, der diesen See mit dem Chlop - See verbindet. Auf dem
untersuchten Einzugsgebiet gibt es in 75% Ackerfelder und Wiesen und in 25% Waldgebiete.
Das ist typischer Ackergebiet, auf dem die Landwirtschaft dominiert. Es gibt dort kein
Industrie. Es sind vor allem Katroffeln- und Getreidebau zu sehen. Wiesen sind regelmalig
gemaht (Heu fur Tiere).

Am Ende jedes AbfluBlgrabens sind zehn Untersuchungspunkte situiert und drei bei
den Abflusseen [Abb. 1]. Die Untersuchungen sind ab Dezember 2001 jeden Monat gefiihrt.
Gemessen wurden -zweck der DurchfluBBberechnung- die AbfluB3schnellheit, die Breite des
Grabens und der Wasserzustand. In den genommenen Proben untersucht werden:
Ammoniumazot, Stickstoffverbindungen, Nitrit, Phosphate, Leitfahigkeit und Bodenreaktion.

In der Tabelle 1 wurden Beispielwerte der technischen Parameter des Grabens vom
Mirz dargestellt. Das sind Graben mit ziemlich unterschiedlichen Durchfliissen und in
groBem Umfang von den atmospherischen Bedingungen und Jahreszeiten abhiangig. Wéahrend
der Untersuchungen wurden Schwankungen in der Zahl der zuflieBenden Graben notiert.
Manche Graben verschwanden in der Sommerzeit (bei trockenem Zeitraum) und in der
Winterzeit (bei groem Frost).

Tabelle 1.
Werte der technischen parameter einzelner Abflufigraben in den MefSpunkten
vom 23.04.2002 r.
Datum der ﬁg:gﬁ;ﬁg Tiefe des | Breite des ?;Zg}elﬂ}l::ls{ Durcl31ﬂuss Durcl31ﬂuss
Untersuchung S Grabens [m]|{Grabens [m] [m/s] [m”/s] [m~°/d]
1 0,10 0,50 0,150 0,008 648.0
2 025 0,70 0,100 0,018 1512,0
3 0,23 1,20 0,450 0,124 10730,9
g 4 0,26 1,70 0,330 0,146 126023
S 5 0,19 1,50 0,260 0,074 6402,2
3 6 0,13 0,50 0,143 0,009 802,3
Q 7 0,44 1,00 0,360 0,158 136858
8 0,29 0,50 0,260 0,038 32573
9 0,10 035 0,130 0,005 393.1
10 0,11 0,60 0,130 0,009 7413

Untersuchungsergebnisse

Die Ergebnisse der ganzjéhrigen Untersuchungen erméglichten uns, die Mengen von
Stickstoft und Phosphor, die zu den einzelnen Seen und zum ganzen FluB3bett zuflieBen, zu
bestimmen. In der Tabelle 2 sind Mittel- und Maximalwerte der Konzentration aus allen
Proben im ganzen Jahr zusammengestellt. Das Wasser gehort meistens zu der 1.
Sauberkeitsklasse, manchmal zu der 2. Infolge des verschiedenen Durchflusses ist die Rinne
und ihre Ufer jedes Abflufligrabens anders gebaut. Es gibt Graben mit Sandboden und ohne
Pflanzen - diese sind einem Gebirgsbach &dhnlich. Es gibt aber auch Graben mit dem
langsamen Durchfluf3, mit vielen Pflanzen und Schlammboden.

Tabelle 2.
Mittel- und maximalkonzentrtion aus dem Zeitraum X11.2001-X11-2002
H Leitfahi gkeit NH4-N NOs3-N NO>-N PO,-P
P [OS] [mg/dm3] [mg/dm3] [mg/dm3] [mg/dm3]
Mittelwert 7,59 703 0,04 1,4 0,02 0,04
Maximalwert | 8,58 1185 0,7 6,7 0,12 0,5
104
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[monat] X-°1 1 1 il \Y \% \Y! Vi Mil X X A X11-02
[monat] Xil-01 | I [ \% \% Vi A\ Mil X X A X11-02

[monat] XII-01 | I l \% \% Vi M Mil X X A X11-02
[monat] XII-01 | I M \% \% Vi \Y| Mil X X X XlI-02

Abb. 3. Monatsmengen NH4-N, NO3-N, NO2N, PO4-P, die im Zeitraum der Untersuchungen
zu den einzelnen Seen zufliel3en
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Auf der Abb. 3 wird die Monatsmenge von Stickstoffverbindungen und Phosphate, im
untersuchten Zeitraum zu den einzelnen Seen zuflieBend, dargestellt. Hohere Werte sind im
Zeitraum Winter - Frithjahr und Herbst zu sehen. In allen Fallen fliefit die grofite Menge zu
dem Chiop - See zu. Das wird u.a. durch das grof3te Einzugsgebiet dieses See verursacht.
Ursachen fiir die hoheren Mengen von Stickstoff und Phosphor in den Monaten Februar,
Marz und April sind folgende:

- Hauptquellen sind Diingemittel sowie Pflanzen- und Tierreste,
- Schmelzwasser,
- AbflieBen ist erleichtert, wenn es noch keine Pflanzen gibt und der Boden teilweise noch
zugefroren ist,
- Pflanzen hemmen die Wirkung der Wind- und Wassererosion.
Tabelle 3.
Mengen der zu den Seen zuflielenden Niihrstoffe (kg/Jahr)

Seename NH: | Nngg e h';loz PO,
Pszczewskie-See| 95 12437 101 167
Chiop-See 271 14103 174 216
Szarcz-See 31 559 8 25
Insgesamt 397 27099 283 408

Zwecks der Bestimmung, welchen Einflul3 die zuflieBende Menge auf einzelne Seen hat,
wurden in der Tabelle 3 die Mengen der zu den Seen zuflieBenden WNahrstofte
zusammengestellt. Zu sehen ist vor allem eine grofle Menge von Stickstoffverbindungen.
Stickstoftverbindungen sind vom Boden durch das Wasser leicht auuspiilbar, insbesondere
aus den Ackerbaugebieten.

Tabelle 4.
Seebelastung durch Nihrstoffe in kg/ha (Jahr)
Seename Seefldche NH,4 NOs NO, PO,
[ha] kg/ha Jahr

Pszczewskie-See 68,7 1,4 181 1,5 2,4

Chiop-See 227,8 1,2 62 0,8 1
Szarcz-See 169,8 0,2 3,3 0,1 0,15
Insgesamt 466,3 0,9 58,1 0,6 0,9

Die groBBte Menge der Néhrstoffe flieit zu dem Chtop - See. Dieser See hat jedoch
auch die grofite Flache und das groflte Einzugsgebiet. Durch die Berechnung der Zahl der
zuflieBenden Mengen auf die Seeflache zeigt es sich, da3 der Pszczewskie - See am starksten
belastet ist [Tab. 5], denn 90% seines Einzugsgebiets sind Ackerbaugebiete.

Aufgrund vieljdhriger auf ganzer Welt gefiihrten Untersuchungen [nach Kajak Z.]
wurden folgende Ergebnisse erreicht: Bei mittlerer Seetiefe bis 10 Meter, zuldssige und
gefahrliche Mengen von Stickstoff und Phosphor (die eine verschnellte Eutrophisation
hervorrufen) sind folgende:

- Zulassiger Wert: Stickstoft 1,5 g/m2 Jahr; Phosphor 0,1 g/m2 Jahr,

- Gefshrlicher Wert: Azot 3,0 g/m? Jahr; Phosphor 0,2 g/m* Jahr.
Pszczewskie-See: Mitteltiefe - 9.5 m

- Stickstoffbelastung - 18,3 g/m” Jahr, gefihrlicher Wert vielmal iiberschritten;
- Phosphorbelastung - 0,24 g/m” Jahr, gefhrlicher Wert.

Chlop-See: Mitteltiefe - 9,0 m

- Stickstoffbelastung - 0,64 g/m* Jahr, Wert 2-mal niedriger als zulassig;

- Phosphorbelastung - 0,1 g/m? Jahr, zuléssiger Wert.
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Szarcz-See: Mitteltiefe 7,9 m
- Stickstoffbelastung - 0,36 g/m? Jahr, Wert 5-mal niedriger als zulassig;
- Phosphorbelastung - 0,02 g/m Jahr, Wert 10-mal niedriger als zul&ssig.

Im Ergebnis, am starksten durch die Eutrophisation ist der Pszczewskie-See gefahrdet,
also der See mit dem Ackerbaufluf3gebiet. Andere Seen sind sogar unter zulassigen Werten
belastet, ausgenommen Phosphor im Chlop-See (zuldssiger Wert). Bei Berechnung dieser
Werte blieb der Durchflul3charakter dieser Seen auf3er Betracht, was in groRem Umfang ihre
Trophie verbessern kdnnte. Auf3er Betracht war auch der Gesamtazot und -phosphor.

Tabelle 5.
Belastung durch Biogene im Hinblick auf das Einzugsgebiet kg/ha (Jahr)
Seename Seeflache N4 1 N no2 PO4
[km2] kg/ha Jahr
Pszczewskie-See 33,6 0,03 3,7 0,03 0,05
Chlop-See 77,2 0,04 18 0,02 0,03
Szarcz-See 3,9 0,08 1,4 0,02 0,06
Insgesamt 114,7 0,03 2,4 0,03 0,04

Wie oben erwdhnt, sind die Einzugsgebiete der Seen Pszczewskie und Szarcz
extensive Ackergebiete. Nur der Chlop-See hat in seinem Einzugsgebiet ca. 30% Walder. In
der Tab. 5 wurde Belastung durch die Biogene im Hinblick auf das Flul3gebiet
zusammengestellt. Zu sehen ist in jedem Fall eine grof3e Belastung der Seen Pszczewskie und
Szarcz. Der Chlop-See hat trotz des grofdten FluRgebiets die niedrigsten Werte. Daraus ergibt
sich, dal3 die Ackerbaugebiete einen viel grolieren Einflul3 auf das Oberflachenwasser haben
als die Walder.

Diskussion

Die Wassergefahrdung wegen des Ackerbaus ist sehr grofld und wird immer grofer.
Die Liquidation kleiner Walder, Gebuische und Wasserbecken, die den Wasserabfluss deutlich
hemmten, hat dazu ausgricklich beigetragen. Beweis daflr sind oben dargestellte Werte des
FluRgebiets mit dem Ackerbau. Eine niedrigere Belastung gibt es auf dem Gebiet des
FluRgebiets des Chlop-See, denn dieses Gebiet stark bewaldet ist. Sogar ganz kleiner Anteil
der Waldgebiete mindert néamlich die Belastung durch Biogene, die von diesem Gebiet
abflieen. Aus der durchgefiihrten Analyse folgt, da3 die Seen Szarcz und Pszczewskie am
starksten gefahrdet sind. Und auf den FluRgebieten dieser Seen dominiert der Ackerbau. Der
Anteil der Verschmutzungen, die aus dem Ackerbau kommen, ist sehr deutlich. Man kénnte
auch sagen, daraus kommt der Hauptanteil an Verschmutzungen. Deswegen sollen
entsprechende Mal3nahmen ergriffen werden, die diesen Einflul? mindern kénnten.
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REINIGUNGSLEISTUNG VON NATURNAHEN ZWEISTUFIGEN
PFLANZEN-TEICHKLARANLAGEN
Purification Performance ofBiological Two-staged Plant Sewage Systems

W. Halicki, A. Szymanczyk
Universitat Zielona Gora, Polen
W.Halicki@iis.uz.zgora.pl A.Szymanczyk@iis.uz.zgora.pl

Abstract

In the following article, results regarding purification performance of one of several biological two-staged
sewage systems constructed in Poland are presented. The system selected was builtfor purification of sewage
from an environmental center in Pszczew in West Poland. The performance evaluation refers to the elimination
of nutrients as well as organic compounds. The results are furthermore compared to legal purification
requirementsfor sewage systems in Poland. Since the purification achieved was so high, the purified sewage
water can be usedfor irrigation purposes of the green area in the grounds of the environmental center all year
long. By closing this circle, the ecological effects of the method used for sewage purification are much
increased.

Keywords: sewage purification, biological wastewater treatment, purification performance.

Einfihrung

Naturnahe Klaranlagen gewinnen in den letzten Jahren immer mehr an Bedeutung.
Unter diesen Verfahren sind vor allem Pflanzenklaranlagen und im geringeren Malie
Teichanlagen sehr positiv zu bewerten. Pflanzenklaranlagen finden immer neue
Einsatzmdglichkeiten z.B. Schlammentwasserung, Stral3enabwasserbehandlung,
Schwermetallelimination, Behandlung der Industrieabwéassern [1,2]. Wie die Literatur
mitteilt, haben sich verschiedene Verfahrensvarianten von Pflanzenklaranlagen entwickelt,
die immer bessere Reinigungsleistungen erreichen [3,4]. Es hat sich gezeigt, da® manche
Pflanzenklaranlagen  nicht nur dem  Leistungsvergleich  mit  konventionellen
Reinigungsverfahren standhalten, sondern dal3 Abwasser in diesen Anlagen wahrend des
Reinigungsprozesses vielseitig und fast vollstandig behandelt werden kann. Aus dem
Abwasser werden nicht nur leicht abbaubare organische Stoffe, sondern auch die im
wesentlichen schwerabbaubare und eutrophierende Stoffe sowie Keime entfernt.

Seit Mitte der achziger Jahre haben Teichklaranlagen im Gegensatz zu den
Pflanzenklaranlagen an Bedeutung verloren. Vorher waren Teichklaranlagen durch einfache
Betriebsfunktion, grofie Betriebssicherheit und hohe Reinigungsleistung, welche in
zahlreichen Untersuchungen festgestellt wurde, bekannt geworden. Deshalb haben sie sehr
frih eine breite Anwendungsmaoglichkeit mit folgenden Elementen im Klarprozel3 gefunden:
Absetzteiche (erste mechanische Stufe), unbellfte- und beltfte Teiche (zweite biologische
Stufe) und als Schonungsteiche (dritte Stufe). Diese Teiche, die als nachgeschaltete dritte
Stufe dienen, kénnen einen wertvollen Beitrag zur Gewasserentlastung leisten. Insbesondere
wenn sie durch ihre entsprechende Gestaltung (flache und tiefe Wasserzone, Bepflanzung
oder Einsatz von Fischen) ein naturnahen Okosystem  darstellen.  Die
Selbstreinigungsprozesse, die in solchen Teichen durchlaufen, fiihren schlie3lich zu einer
bedeutenden Schonung des gereinigten Abwassers. Alle Nahrstoffe, die im Sediment des
Teiches oder in Pflanzen akumuliert werden, kdnnen den Vorfluter somit nicht belasten. Da
diese Vorteile der Teichanlagen von groRen Bedeutung sind, haben sie wie die
Pflanzenklaranlagen ihren Platz in den neu entwickelten Verfahren, das den Namen Pflanzen-
Teichklaranlagen tragt.

Wie die Erfahrungen aus der Praxis zeigen, sind nach diesem Prinzip gebaute Anlagen
sowohl unter 6kologischen als auch der 6konomischen Aspekten fur viele Gemeiden in Polen
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von grolder Bedeutung, da die gebauten Anlagen positive Aspekte im kostenglinstigen Bau
und  Pflegeaufwand  zeigen.  Aulerdem  stellen  diese  Anlagen  wertvolle
Landschaftsbestandteile dar und z. B. als Feuchtbiotope Pflanzen und kleinen Tieren
Lebensraum bieten. Dartber hinaus ist die erreichbare Restkonzentration im Ablauf
vergleichbar mit Ablaufanforderungen fiir zentrale grosse konventionelle Anlagen.

Bau und Prinzip der Pflanzen-Teichklaranlagen

Schema der Anlage wurde auf der Abbildung 1 gezeigt. Das in einer Absetzgrube
vorgeklarte Abwasser wird durch das Verteilungssystem (1) auf die Oberflache des
Pflanzenfilters verteilt. Nach dieser Passage gelangt das Abwasser in die Ablaufebene aus
Kies (5) und weiter durch das Dranagerohr (7) zum Denitrifikationsteich. Die eingebauten
Rohre (6) ermdglichen eine zusatzliche Bellftung der Sandschicht aus der darunter liegender
Steinkiesschicht. Im Pflanzenfilter findet vor allem Abbau der organischen Substanz,
Nitrifikation und erste Stufe der Phosphorelimination statt.

In der zweiten Klarstufe (Denitrifikationsteich) werden die biologischen, chemischen
und physikalischen Eigenschaften des Sediments ausgenutzt. Die mikrobiellen
Abbauprozesse fuhren dort zur Sauerstoffzehrung, wodurch die Bedingungen fir eine
erfogreiche Denitrifikation geschaffen werden.

Hohere Pflanzen und Algen spielen eine entscheidende Rolle im Denitrifikationsteich.
Sowohl die Pflanzen als auch die Algen gewahrleisten eine relativ kontinuierliche Menge an
organischer Substanz, die im Sediment des Teiches abgelagert und dort weiter durch
heterotrophe Bakterien abgebaut wird. Fur eine optimale Denitrifikationsleistung muss jedoch
gewahrleistet sein, dass im Teichkdrper nur aerobe und im Sediment anoxische Bedingungen
herrschen. Dies wird durch die Photosyntheseleistung im Wasserkorper sowie durch die
Einstellung einer hinreichend starken Sedimentschicht erreicht.

Abb.1. Schema der Pflanzen-Teichklaranlage LVerteilungssystem, 2. Sumpfpflanzen, 3.
Sandschicht mit Kompost, 4. Steinschicht, 5. Kiesschicht, 6. BelUftungsrohre, 7. Dranage, 8.
Wasserkorperzone, 9. Pflanzenteile (Sediment)

Der Pflanzenfilter besitz eine Flache von 20 m und der Denitrifikationsteich nur 9 m .
Die Anlagegrosse wurde fur 10 Einwohner geplant. In wirklichkeit fliest der Anlage das
Abwasser von 0,6 bis 2 m3Tag (durchschnittlich von 6 bis 20 Einwohner) aus dem
Umweltzentrum zu. Die vollstandige Besetzung des Zentrums kommt nur in der Ferien- und
Freizeit zu. Das gereinigte Abwasser wird zur Bewessarung der Gelande verwendet, wodurch
sowohl Wasser als auch Duinger gespart wird.

Erreichte Reinigungsleistung
Da die Anlage bei einem Umweltzentrum gebaut wurde, ist sie nach Inbetriebnahme
wegen Umweltbildung und Demonstration regelméssig ein mal im Monat untersucht. Zu

109
ISBN 9984 - 585 - 68 - 9



Environment.Technology.Resources.2003

diesem zweck wird das rohe Abwasser nach der Absetztgrube und gereinigte Abwasser nach
dem Teich entnommen und im Labor der Uniwersitat in Zielona Gora analisiert.

Elimination der organischen Substanz

Die erreichte Reinigungsleistung wurde auf den Abbildungen 2 und 3 gezeigt. Dagegen
stellt die Tabelle 1 durchschnittliche Zu- und Ablaufwerte und erreichte Reduktion der
Konzentration. Wie den Abbildungen zu entnehmen ist, gewehrleistet diese Anlage trotz
unregelmésigen Belastung sehr stabille Reinigungsleistung. Die in diesem Zeitraum
festgestellte durchschnittliche Ablaufkonzentration liegt fiur BSB5um 17 mg/l und fir CSB
um 93 mg/I.

Konzentration [mg\l] Elimination der organischen Substanz als BSB5
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Abb.2. BSB5- Abbau in der untersuchten Anlage
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Die Reduktion der Konzentration betragt entsprechend fur BSB5um 95,1 % und fur
CSB um 82,6 %. An dieser Stelle muss darauf hingewissen werden, dass im Rohabwasser
wéhrend der Behandlung in der Absetzgrube schon die BSB5zu ca. 50 % und CSB zu ca. 40
% eliminiert wurde und, dass ein Teil des Abwasser durch die Verdunstung und
Pflanzentranspiration verloren wurde. Werden diese Faktoren berlcksicht, so erhdcht sich die
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gesamte Elimination der organischen Substanz in der ganzen Anlage. Wichtig ist, was die
Ergebnisse darauf hinweisen, dass den stabillen Abbau der organischen Substan auch
unabhdngig von der Jahreszeit ist. Dies wird sehr oft als Nachteil den naturnahen Verfahren
angenommen.

Stickstoffelimination

Um den Stickstoff aus dem Abwasser weitgehend entfernen zu kénnen, muss er von der
Ammoniumform dber Nitrat zum gasformigen Stickstoff umgewandelt werden. In dieser
Form entweicht er in die Atmosphéare. Die Umwandlung findet auf dem biologischen Weg der
Nitrifikation und der Denitrifikation statt. Die beiden Teilprozesse verlangen aber ganz
unterschidliche Bedingungen. In den naturnahen Verfahren wie Pflanzen- und
Teichkldranlagen laufen diese Prozesse nebenainander in einem Boden- oder Wasserkorper
ab. Aus diesem Grund verlagen die naturnahe Verfahren grol3e Flache pro Einwohner um den
Stickstoff weitgehend zu eliminieren. In der untersuchten Pflanzen-Teichklaranlage wurden
die beiden Teilprozesse getrennt. Im Pflanzenfilter findet vor allem Nitrifikation statt, die
Denitrifikation dagegen verlauft im Denitrifikationsteich. Die Trenung sollte zur
Intensivierung der Stickstoffumwandlung flihren. Wie die Untersuchungen gezeigt haben,
wurde in der untersuchten Anlage weitergehende Stickstoffelimination erreicht. Aus der
Abbildung 4 geht hervor, dass die Nitrifikation (Umwandlung des Ammoniums zum Nitrat)
mit einer durchschnitlichen Jahresleistung von ca. 95 % abl&uft. Nur im Januar und Februar
2002 fand eine leichte Abnahme der Nitrifikation statt, sie wurde aber durch erhdchte
Belastung der Anlage in dieser Zeit verursacht (vollstandige Besatzung des
Umweltzentrums). Jedoch trotz der Uberlastung (statt 10 - 20 Einwohner) und des Winters
wurde die Nitrifikation nicht unterbrochen.

Konzentration NH4-N

[mg\] NH4-N - Abbauleistung

2e
22

Datum %v'

Abb.4. NH4N - Abbau in der untersuchten Anlage
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i Nges-Abbauleistung
Konzentration Nges [mg\l]

Datum - (@) (@) o o (@] (@] (@] (@] = - - (@]

Abb. 5. Eliminations des gesamten Stickstoff

Bei den konventionelen Anlagen wird weitergehende Stickstoffelimination in den
Wintermonaten, wenn die Abwassertemperatur unter 12 ° sinkt, nicht verlangt. Dagegen zeigt
die untersuchte Anlage, dass der Ammoniumstickstoff auch in den Wintermonaten bei
Uberlastung der Anlage zu 70 % eliminiert werden kann. Wie der Abbildung 5 zu entnehmen
ist, wird das Amoniumstickstoff nicht nur gut nitrifiziert, aber der Nitratstickstoff wird auch
weitgehend denitrifiziert. Dies tragt direkt zur Elimination des gesamten Stickstoff bei. Die
durchnitliche Jahresleistung betragt um 78,5 % und die mittlere Jahreskonzentration liegt um
17,7 mg/l. Zwar wurde im Februar und Dezember 2002 eine Abnahme der Abbauleistung
festgestellt, sie ist aber wie bei der Nitrifikation auch auf die Uberlastung der Anlage (statt 10
20 Einwohner) zuriickzufuhren.

Phosphorelimination

Da der Phosphor eine entscheidene Rolle beim Schutz der Gewasser spielt, wurde der
Phosphorelimination in diesen Anlagen eine besondere Bedeutung zugeschrieben. Die
Elimination findet sowohl im Pflanzenfilter als auch im Denitrifikationsteich statt. Die
Phosphate werden auf dem chemischen Weg im Bodenkdrper und in  Sedimenten
festgebunden. Das wurde erreicht, indem man entsprechende Bedingungen und
Bodenzusammensetzung geschaffen hat. Wie sich das auf die Phosphorelimination auswirkt,
zeigt Abbildung 6 und Tabelle 1 Die erreichte Reinigungsleistung ist auserordentlich hoch
und sehr stabil. Nur im Dezember 2002 sank die Abbauleistung von tber 90 % auf 65 % was
aber auch durch die Uberbelastung der Anlage verursacht wurde.
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Abb.6. Phosphorelimination in der untersuchten Anlage

Disskusion

Lange Zeit herrschte die Meinung, dass nur zentrale und grof3e Klaranlagen in der Lage
sind, Abwasser weitgehen zu reinigen. Seit einigen Jahren wird immer deutlicher, dass auch
kleine dezentrale Klaranlagen hohe Reinigungsleistung gewahrleisten konnen. Die gezeigten
Ergebnisse beweisen, dass Abwasser problemlos auch am Anfallort erfolgreich gereinigt
werden kann. Dies wurde in der Tabelle 1 verdeutlichen. Aus dieser Tabelle geht hervor, dass
die untersuchte Anlage solche Leistung bring, wie von den grofdten Anlagen in Polen verlangt
wird. Vergleich man aber die Jahresmittelwerte mit den Anforderungen fur Klaranlagen bis
2000 Einwohner, ist deutlich zu erkennen, dass die Planzen-Teichklaranlagen wesentlich
hochere Leistung bringen, als es verlangt wird. Niedrige Restkonzentrationen im Ablauf
ermoglichen Wiederverwertung des gereinigtes Abwasser zur Bewesserung. Diese Vorteile
wurden ausgenutzt und in vielen Gemeinden in Westpolen werden solche Anlagen als Haus-
oder komunallen Kléaranlagen gebaut.

Tabelle 1
Ablaufanforderungen in Polen und Reinigungsleistung der untersuchten Anlage
Jahresmittelwerte
Parameter F%aéanl I%r S 100,000 Einwohner Reduktion
(Reduktion) Zulauf Ablauf ©9
40 mg 021 15mg O2I 357 mg O2I 174mg o21 %1
- (90 %)
CB 150 mg 021 125 mg 021 536 mg 021 Bmg 021 86
- (75 %)
N-gesamt 301mg N/I 10 mg N/I 82,4 mg N/I 17,7 mg N/I 785
- (85 %)
P-gesamt 51mg P/I 1mg P/l 11,2mg P/l Img P/ a1
- (90 %)
D) beimAblaufamSen
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CUKU KUTS MIKROKLIMATA NODROSINASANAS
ENERGOIETILPIBA
Energy Capacity Required to Ensure Optimal Microclimate in a Pigsty

A. llsters, I. Ziemelis
Latvijas Lauksaimniecibas universitates Ulbrokas zinatnes centrs
Institata iela 1, Ulbroka, Rigas raj., LV-2130
talr. 7910917, e-pasts: uzc@delfi.lv , fakss 7910873

Abstract

Ensuring and maintaining of optimum microclimate in pigsties is an energy intensive process. The paper
presents an analysis of the possibilities how to cut the consumption of energy and save the fossil fuel by
improving thermal endurance of building structures, returning a part of heat emitted together with the
exchanged air during ventilation and by burning biogas produced as a result of the anaerobic processing of
manure. It has been clarified that at positive outdoor air temperatures heat recuparators can ensure 75-100 W
heat supply per pig ofan average live mass of (70kg), whichfully covers the heat deficiency requiredfor normal
microclimate. Burning biogas produced as a result of anaerobic processing the manure from pigs of average
live mass can ensure average heat energy 0f20-30 Wfor heating the pigsty, which covers only apart ofthe heat
requirements in the cold weather periods. Draft proposals have been elaboratedfor the anaerobic processing of
the production wastes in apigstyfor 4000 sows. The generated energy covers about 60 % ofthe annual energy
consumption in a pigsty. The significance of implementing the draft is emphasized by the effect in an
environmental and ecological aspect.

Key words: microclimate inpigsties, energy, heat recuparator, ventilation, manure.

levads

Mikroklimata nodroSinasanas energoietilpiba majlopu mitnés, arf ctku katis, ir atkariga
no liela skaita faktoru, ko var iedalit sekojosas grupas:

1- attiecigas dzivnieku grupas vajadziba péc noteiktiem kats mikroklimata parametriem;
2- dzivnieku izdalijumu intensitate, kas pasliktina gaisa kvalitati katr;

3- meteorologiskie apstakli konkréta vieta un laika;

4- kats bavkonstrukciju siltumnoturiba.

Divas pirmas faktoru grupas nosaka galvenokart nepiecieSamo gaisa apmainas
intensitati. Divas nakosas faktoru grupas nosaka galvenokart siltuma vajadzibu optiméalas
gaisa temperatlras uzturéSanai Katr.

Jaatzimeé, ka attiecigai dzivnieku sugai vai vecuma grupai noteiktie optimala
mikroklimata parametri dazadas valstis ir atSkirigi. Ta, pieméram, kats gaisa relativo mitrumu
rekomendé nepielaut: Latvija virs 70-75%, Vacija virs 80%; oglskabas gazes saturu kdts
gaisa: Latvija - 0,2%; Vacija - 0,35%. Lidzigi atskiribas ir lietoSand pienemtos cliku izdalita
siltuma, tdens tvaika un oglskabas gazes daudzumos. To izsaka piemérs, kas dots 1 tabula [1,
2, 3]. Analize parada, ka atSkiribas izejas datos var butiski ietekmét kats ventilacijas rezima
aprékinu rezultatus un mikroklimata nodroSinasanas energoietilpibu.

Latvija 80-o0s gados un agrak bivétas ciku katis ar kiegelu vai keramzitbetona sienam,
vienstikla logiem un lielam divviru durvim nenodroSina labu siltumnoturibu. Aprékini rada,
ka Sadas katis siltuma zudumi uz vienu vidéjas dzivmasas cuku (70 kg) ir 7-10 kJ/h OC.
Musdienigu celtniecibas un siltumizolacijas materialu un tehnisko risindgjumu pielietoSana lauj
siltuma zudumus samazinat lidz 2,5-4 kJ/h OC.
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1. tabula
Normativie lielumi par ciuku izdalita siltuma, H,O tvaiku un CO, daudzumu
Nobarojamo ciiku Valsts Siltums, Udens tvaiks, | Oglskaba gaze,

masa, kg kJ/h g/h 1/h

60 Latvija 675 107 33

Vacija 500 59 22

100 Latvija 863 138 43

Vacija 710 83 33

Pasaule energoresursu racionalu izlietoSanu saista arT ar fosila kurinama aizvieto§anu ar
atjaunojamiem energoresursiem. Vid&as dzivmasas ciika vielu mainas procesu rezultata
izdala siltumu ar jaudu 200 W. Dala §1 siltuma zod caur kiits buvkonstrukcijam. Liels
siltuma daudzums no ciiku kuts kopa ar piesarnoto gaisu tiek izvadits ventilacijas laika.
Pielietojot siltuma apmainitajus vidgji 50 % no izplustosa siltuma var tikt izmantots kit
ievadama gaisa sasildiSanai [4]. Izstradato siltuma apmainttaju biitiskakais trakums ir darbigo
virsmu apledoSana, tos lietojot pie negafivam argja gaisa temperatiram.

Arvien lielaka uzmaniba tiek pieversta kiitsmeslu biotermiskai apstradei anaerobos
apstaklos. Izdalijusies biogaze ar metana saturu vid&ji 60% nosedz ne tikai vajadzibas péc
siltuma procesa norisei, bet dalu ir iesp&jas izmantot ka energijas avotu razoSanas
tehnologiskiem procesiem ferma, tai skaita mikroklimata nodro§inasanai kufi. Ar Latvija ir
veikti peffjumi un uzkrata pieredze Saja virziena. 1983. gada ciku ferma Jumpravas pagasta
saka darboties iekarta kitsm&slu biotermiskai apstradei anaerobos apstaklos. Darbibas
rezultati paradija, ka 40-60% no iegltas energijas ir iesp&jams izlietot razoSanai [5].

Pétijumu meérkis ir analizét iesp&jas energijas vajadzibas samazinaSanai un fosila
kurinama ietaupiSanai, paaugstinot kiits biivkonstrukciju siltumnoturibu, atgriezot dalu no
siltuma, ko izvada ar apmainamo gaisu pie ventilacijas un sadedzinot biogazi, kas iegiita
kiitsmeslu anaerobas apstrades rezultata.

Metodika

Izejas dati analizei par energijas izlietojumu mikroklimata nodro§inasanai ciku katis
iegiti aprékinu cela, nemot véra ilggadigos vidéjos meteorologiskos apstaklus Latvija,
dazadas konstrukcijas ciku mitpu siltumnoturibu un Latvija rekomend&tos mikroklimata
parametrus ciilku tur@Sanai. P&c visparzinamam sakaribam noteikts apmainama gaisa
daudzums, siltuma zudumi caur kiits blivkonstrukcijam, nepiecieSamais siltuma daudzums
kiifi ievadama gaisa sasildi$anai un siltuma bilance kaifi [6]. Sie lielumi noteikti katrai ciku
vecuma un razos$anas grupai. Apjomigie aprékini un to grafiskais att€lojums veikts pielietojot
datorprogrammu Microsoft Excel 2000. Siltuma deficits salidzinats ar energijas daudzumu, ko
konkretos apstaklos var iegiit caur siltuma rekuperatoriem un sadedzinot biogazi. legitie
rezultati raksta ilustréti ar piemé&ru par siltuma bilanci, kas attiecinata uz vid&ji smagu cioku ar
dztvmasu 70 kg.

Rezultati

Klimatiskie apstakli Latvija raksturojas ar augstu gaisa relativo mitrumu (vid&i 9
ménesus gada tas ir virs 80 %) un diennakts vidé&jo temperatiru zemaku par 15 °C. 1. attela
doti aprekinu rezultati par nepiecieSamo gaisa apmainas intensitati, lai izvaditu no kats lieko
mitrumu un uzkrajusos oglskabo gazi. Liknu raksturs parada, ka pie pozifivam argja gaisa
temperatiram strauji palielinas nepiecieSama gaisa apmainas intensitate, lai no kiits izvaditu
lieko mitrumu. To var samazinat, ja v&so kiiff ievadamo gaisu nedaudz uzsilda. Tad tas spg]
uznemt lielaku mitruma daudzumu. Ja pielaujamais oglskabas gazes daudzums kiits gaisa ir
0,2 %, tad pie aréja gaisa temperatiiras sakot no 0 °C vai -5 °C apmainama gaisa intensitati
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1.att NepiecieSama gaisa apmainas intensitate, lai izvaditu no kats lieko mitrumu pie gaisa
relativa mitruma W no 70 lidz 100% un uzkrajusos oglskabo gazi pie daudzuma 2 un 3,5
I/m3gaisa

vairs nedrikst samazinat. Pretéja gadijuma palielinasies oglskabas gazes koncentracija kuts
gaisa. Pielaujot oglskéabas gazes koncentraciju 0,3 - 0,35 %, gaisa apmainas intensitati nosaka
galvenokart izvadama lieka mitruma daudzums.

2. Attéla paradits, k& mainas siltuma bilance kati pie dazadas siltuma atdeves caur kits
bavkonstrukcijam. Liknu dala virs horizontales Qalda norada uz siltuma deficitu kati. Pie
gaisa relativa mitruma 95 % un nosaciti liela kopéja ipatnéja siltuma vadamibas koeficienta 8
kJ/h OC siltuma deficits ir atseviskas pozitivu un negativu temperatlru zonas; pie nosaciti
maza - 3 kJ/h OC, siltuma deficits saglabajas neliela pozitivas temperatlras intervala.
Samazinoties gaisa relativam mitrumam Iidz 80 %, siltuma deficits sakas pie temperatiras
zem -13 OC. Temperataras intervald no 0 lidz -5 OC parieSana uz gaisa apmainas reguléSanu
péc oglskabas gazes pielaujama limena (0,2%) siltuma deficitu palielina. No siltuma zudumu
atteélojoso liknu izmainas rakstura labi redzams, ka siltuma bilanci auksta laika uzlabo kats
siltinasana.

Noskaidrots siltuma daudzums, ko atgust ar siltuma rekuperatoriem pie lietderibas
koeficienta 50 %. Rezultati rada, ka iegutais siltuma daudzums dod iespéju likvidét siltuma
deficitu pie pozitivas un nelielas negativas aréja gaisa temperatdras. Siltuma deficits
saglabajas pie temperatiras zemakas par -15 OC. levérojot siltuma rekuperatoru konstruktivos
trukumus, to praktiska izmantoSana lietderiga tikai pozitivu temperatiru zona.

Aprékinot siltuma daudzumu, ko iegust no kdtsmésliem anaerobas apstrades rezultata,
pienemts, ka procesa uzturéSanai pie aréja gaisa temperattras +10 OC izlieto 40% no iegutas
energijas, tam pakapeniski palielinoties 11dz 60% pie -20 OC. Lidz ar to siltuma daudzums, ko
var izmantot siltuma bilances uzlaboSanai kati vidéjas dzivmasas (70 kg) cuku grupa pie
aréja gaisa temperataras +10 OC ir 120 kJ/h, tam samazinoties lidz 70 kJ/h pie -20 OC.
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3
2. att. Siltuma bilance kati pie gaisa relativa mitruma W 95% un 80%, CO2- 2 I/m gaisa,
siltuma atdeves caur kuats bavkonstrukcijam 8 kJ/h 0C (1) un 3 kJ/h OC (m)

legdtie rezultati redzami 3a. attéla pie nosaciti lieliem attiecinatiem uz vienu cliku
siltuma zudumiem caur kats bavelementiem 8 kJ/h OC un 3b. attéla pie nosaciti maziem - 3
kJ/h OC.

3. att. Siltuma bilances uzlaboSanas kati pie gaisa relativa mitruma W- 95%, 80% un CO2 2
I/m gaisa , pielietojot siltuma rekuperatorus (-r) un no biogazes ieguto siltumu (-bg) pie
diviem attiecinatiem siltuma zudumu Iimeniem caur kats bavkonstrukcijam: a - 8 kJ/h 0C un
b-3kJhQC
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Siltuma bilances uzlaboSanas, izmantojot no biogazes ieglto siltumu arT butiski
samazina siltuma deficitu pie pozitivas un nelielas negafivas arga gaisa temperatiras,
daudzos gadijumos siltuma deficitu likvidgjot vispar. Pie zemakas temperatiras no biogazes
iegitais siltums ir butiski nepietieckams siltuma deficita novérSanai, it Tpasi, ja netiek
parsniegts rekomendé&tais CO; Iimenis kuti. Tad optimala mikroklimata nodroSinasanai
energija ir japievada no arpuses.

Analizes rezultati izmantoti projekta priekSlikumiem par konkrétas ciku fermas
atkritumu anaerobo apstradi ar mérki iegit energiju fermas vajadzibam un uzlabot vides
aizsardzibu fermai piegulosa apkartn€. Ferma notiek rekonstrukcija, lai taja izvietotu 4000
sivénmates. Ciiku nobaroana paredzéta citur. Sada stratégija palielina attiecinato (vienai ciiku
vietai) energijas vajadzibu, galvenokart siltuma nodros§inajumam ctku atnesanas un atskirto
sivénu nodalfjumos. Ne mazak bitiska nozime ir razoSanas atkritumu slodzes kait&uma
samazinasanai bltvi apdzivota teritorija.

2. tabula dots perspektivais elektroenergijas un siltuma patérin§, sarazota energija pie
katsméslu anaerobas apstrades un energijas bilance ferma.

2. tabula
Perspektivais elektroenergijas un siltuma paterins, sarazota energija pie kiitsméslu
anaerobas apstrades un energijas bilance ferma ar 4000 sivéenmatém

Gada periods Ener‘gij as | Patérin$ ferrné, legtist ar biogézi, Ei/l:fz t?'gﬁ;l;nmss (Sr)

veids kWh/diena kWh/diena .

kWh/diena
Siltais Elektriba 2700 8000 +3800
(minim. paterin$ | Siltums 6200 5400 - 800
junijs - augusts) | Kopa 8900 13000 +3000
Aukstais Elektriba 5000 8000 +3000
(maks. paterin$ | Siltums 25000 940 -24060
dec. - februaris) | Kopa 30000 8600 -21060
Vesais Elektriba 3850 8000 +4150
(vidéjais patérin§ | Siltums 15600 3170 - 12430
pargjos ménesos) | Kopa 19450 11170 - 8280
MWh MWh MWh
Gada, pavisam E‘lektﬁba 1386 2917 +1531
’ Siltums 5616 1160 - 4456
Kopa 7002 4077 - 2925

legita energija nosedz ap 60% no gada kopgjas energijas vajadzibas ferma. Vasaras
meénesos ir paredzams energijas parpalikums. Tadel priekslikumi paredz kogeneracijas iekartu
uzstadiSanu.

Orientgjosi aprekini rada, ka projekta realizacija nepiecieSams ieguldit 1idz vienam
miljonam latu un tie atmaksasies 12-15 gados.

Secinajumi

1. Auksta laika periodos oglskabas gazes rekomendgama pielaujama Itmena palielinaSana
[idz 0,3% dod iespgjas samazinat gaisa apmainas intensitati kiift un tas apsildiSanai
nepiecieSamas energijas izlietojumu.

2. Siltuma rekuperatoru izmantoSana vésa laika pie gaisa temperatiras virs 0 °C likvide
iespgjamo siltuma deficttu kuti.

3. Vidgjas dzivmasas ciikas (70kg) kiitsm&slu anaerobas apstrades rezultata iegiitas razoSanas
vajadzibam izmantojamas energijas jauda ir 20-30 W, ar ko var nosegt vidgji tikai pusi no
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gada energijas vajadzibas. Vasaras ménesos ir energijas parpalikums attieciba pret ciiku ferma
nepiecieSamo.

4. leveérojot kitsmeslu anaerobas apstrades nozimigumu ar vides aizsardziba, dalu Iidzeklu
attiecigo iekartu izbuivei pie fermam lietderigi paredzet ka valsts subsidijas.
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ASPECTS AND PROBLEMS OF NATURAL SELF-CLEANING
POTENTIAL EVALUATION FOR URBANIZED ENVIRONMENT
Urbanizétas vides dabiskas pasattirisanaspotenciala novértéjuma aspekti un
problémas

M. Jankauskaité
Institute of Geology and Geografy
T. Sev&enkos str. 13, Vilnius, LT-2600, tel. 370-5-2-104-692
e-mail rita@geologin.It

Abstract

The article deals with the concept of natural self-cleaning potential. It contains a description of available
urbanized environment natural self-cleaning potential evaluation methodics and specific methods employed.
Groups of criteria, producing different influence on self-cleaning geopotential were distinguished. Each
criterion was evaluated by grades - related with parameters of impactfactors - taking into consideration its
rank in the general system ofevaluation.

Keywords: urban ecosystem, self-cleaning geopotential, chemicalpollutio.

Introduction

Seeking to optimize the ecological state of urban ecosystems under the conditions of
uncontrolably increasing scale of technogenization, concentration of the population, pollution
and other undesired related phenomena, it is very important to obtain a proper notion of
dynamic links existing in the natural and technogenic complexes as well as of their
autoregulation potential and resistance capacity against different anthropogenic loads.

This work is designed as a presentation of methodological aspects arising in
evaluation of natural self-cleaning capacity of urbanized environment subject to chemical
pollution. It is based on a preliminary study of many literary sources, devoted to analysis of
the functioning of urbanized ecosystems and their components, and on available individual
experience.

Methodological aspects of evaluation

In order to evaluate the natural self-cleaning potential of urbanized environment it is
necessary, first of all, to reveal the integrated landscape response to pollution. The integrated
landscape response depends on the self-cleaning potential of landscape components and on
the mechanism of links between landscape components and elementary landscape territorial
units. The migration links and conditions predetermining the natural self-cleaning capacity in
relatively natural territories are more or less clear and have been many times discussed in
research works [1-4]. Whereas, an integrated evaluation of natural self-cleaning potential of
urbanized environment in terms of chemical pollution have not been done due to a specific
character of the research object and due to a complexity of evaluation itself (an insufficient
knowledge of discrete landscape components: no date about aerodynamics - i.e.
microclimatic self-cleaning potential - of built up areas; lack of data about physical-chemical
properties of urban soils predetermining their buffer capacity against pollution, about
biochemical activity and about functioning mechanism of exposed soils; urban territories have
been inadequately hydrogeologically investigated).

Nevertheless, on the existing database and after an evaluation of parameters responsible
for genetic resistance of urbanized landscape (or ecological potential) it is possible to make on
integrated evaluation of the natural self-cleaning potential of urbanized landscape in terms of
chemical pollution.
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This kind of evaluation may be carried out on two planes:

I. Evaluation of urban natural potential depending on the position of cities on a general
sensitivity background of geosystems, which is predetermined by certain properties of a
landscape and its components.

Principal of evaluation: distinguishing of cities situated in low sensitivity, sensitive and
very sensitive geosystems. The evaluation mechanism of geosystem sensitivity is discussed in
detail in ‘Assessment of geosystem’s sensitivity...” [4]. The map ‘Geosystem sensitivity to
chemical impacts’ (SC 1:300000) included in this work has been compiled on the basis of
mentioned methodic.

II. Evaluation of natural potential in terms of sensitivity to anthropogenic pollution in
the cities taking into consideration a number of natural and technogenic urbanistic indices.

The first principle is rather clear and related with an evaluation of natural territories
geopotential (an area of a certain soil type is the point of departure and emphasis is placed on
buffer capacity of soils, which predetermines the self-cleaning potential of the whole system).

Following the second principle the main point of the departure is a territory existent in a
certain relief, having a similar spatial character of technogenic cover (the height and density
of buildings, the area of built up surface) and functioning as a whole affected by natural and
technogenic-urbanistic factors.

As has been pointed out the urban the urban environment is an especially complex
system. Its natural self-cleaning potential is disrupted, destroyed, changed or simply
artificially sustained. For this reason an integrated evaluation of urban environment sensitivity
to pollution (following the first principle of evaluation) is impossible, because an entire
natural complex — soil-ground — is buried under a technogenic cover (asphalt-concrete cover,
dwelling-houses, industrial buildings) and, virtually, is excluded from the matter and energy
circulation. It no longer plays the role of natural biogeochemical barrier because the surface
and atmospheric water flows travel to the nearest water bodies through leakage pipes. This
kind of environment (built up, screened) is unable to sustain the function of regeneration —
i.e., all ecological functions, including the self-cleaning potential, are disrupted. In evaluation
of the natural potential of such territories in terms of sensitivity to anthropogenic pollution the
following main criteria were distinguished:

e area of technogenic cover (height and density of buildings also are important
indices);

e buffer capacity against pollution (granulometric composition, content of humus,
capacity to act as a barrier to flows of toxic substances, microorganism activity in
decomposing the organic matter) of open territories (without the technogenic cover);

e areas of greeneries. It is a comon knowledge that the contribution of various plants
to environment regeneration is different. Therefore, the species composition and the area
occupied by vegetation must be taken into consideration;

o relief — directing migration flows of toxic substances or concentrating them — plays
an important role in natural and built up territories (important indices: hypsometry, degree of
dissectedness of a territory, slope inclinations, river valleys);

e water bedding depth, which may serve as an indicator of possible pollution or
flooding of a city. Not infrequently the ground water table rises as a result of engeneering-
economic activity. In sections with impermeable rocks covered with a technogenic cover the
territory gets flooded. As a result, the chemical composition of the surface and ground waters
changes and their aggressiveness increases.

e aerodynamic characteristics of a territory are very important in evaluation of
atmospheric self-cleaning potential (predetermining the city air quality) of open and built-up
territories;
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e actual pollution of deposition surfaces (at high levels of pollution the soil is unable
to sorb, the greeneries to purify the air by absorption of dust and heavy metals and by
reproduction of of oxygen);

e character of technogenic cover (building materials and distribution) in terms of
water and air permeability.

The urbanized environment evaluation methodics was worked up following two groups
of criteria:

- criteria whose importance may be graded (within a system of 100 grades) depending on
the significance of indices. This group includes criteria, which can be measured by different
methods (area of technogenic cover, area of greeneries, actual pollution of a territory with
heavy metals, oil products and other toxic substances). The area of technogenic cover is
regarded as the most important criteria (taking into consideration the height and density of
buildings) because it predetermines the ecological potential of the whole urbanixed ecosystem
(the greater the area of technogenic cover the lower the natural potential of a territory;
concomitantly, the grade of chemical pollution is higher;

- criteria which, depending on their importance and character of impact, bring corrections
to the sum of grades. They may increase the geopotential of a system by 100 %. This group
includes criteria (soil buffer capacity to pollution, aerodynamic characteristics of a city
territory, relief, ground water bedding depth, character of technogenic cover) whose
importance was determined through examination (the greatest importance was ascribed to
soil-ground buffer capacity against pollution and to aerodynamic characteristics of a city
territory).

Results of methodology application

The following way of usage of the presented methodology is suggested. Firstly, the self-
cleaning potential in respect of chemical pollution is estimated (in grades) for each quarter,
microregion, etc. Next, according to every correction criterion the sum of lost grades is
calculated. The result of subtraction of “losted grades” sum (theoretically it can reach 100)
from the former self-cleaning potential estimation (up to 100 grades, as well) will indicate the
final self-cleaning potential grade. Small grade meaning will designate the high geopotential
of the territory towards the chemical pollution, large meaning — the low geopotential, i.e.,
high sensitivity of the territory to chemical pollution.

The methodology presented above was applied for creation of the map of Vilnius city
landscape natural self-cleaning potential. Evaluation was conducted in the most detailed level
(level of an urban quarter), on the grounds of 4000 technomorphological cells, distinguished
by G. Godiene [5] in Vilnius city. As a result, a very patchy structure of Vilnius city
landscape in respect of natural self-cleaning potential was defined (Fig. 1): areas of very high
self-cleaning potential cover even 54.89%, high — 21.94%, medium — 20.57, and low & very
low — 2.61% of city territory.
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Fig. 1 Vilnius urbo-landscape self-cleaning potential in terms of chemical pollution.

Conclusions

Knowledge of potential genetic resistance of a landscape and reckoning with its natural
ecological potential are the main premises of rational use of landscape.

The evaluation of natural self-cleaning potential of urbanized environment in terms of
chemical pollution was an attempt to reveal an integrated response of landscape to chemical
pollution (without confining to evaluation of self-cleaning potential of landscape components
alone).

It was concluded that the mechanism of matter migration links and conditions
predetermining the self-cleaning potential of relatively natural territories are rather clear and
many times discussed in research works. Yet, an integrated evaluation of self-cleaning
potential of urbanized landscape is rather problematic due to a specific character of the
studied object and due to complicatedness of evaluation itself (an insufficient database on
different landscape components).

In evaluating the self-cleaning potential of urbanized landscape the main point of
departure is a territory which exists in a certain relief, has similar character of technogenic
cover spacial distribution (height and density of buildings, area of technogenic cover) and is
functioning as awhole affected by natural and technogenic urbanistic factors.

The worked up methodics of evaluation of urbanized landscape self-cleaning potential
was based on two groups of criteria distinguished according to possibility of being measured,
importance and character of contribution to self-cleaning potential. Each of distinguished
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criteria was examined for the importance to self-cleaning potential depending on the
parameters of active factors and ‘weight’ of criteria in the general evaluation system.

Presented methodology was applied for creation of the map of Vilnius city landscape
natural self-cleaning potential.
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CONCENTRATIONS OF THE MAIN NUTRIENTS (N, P, K, B, ZN) IN
FLAX SEED, STEMS AND CHAFF
Galvéno baribas elementu (N, P, K, B, Zn) koncentracija seklas, stiebros un
pelavas

Z. Jankauskiene, A. Endriukaitis, E. Gruzdeviene
Upyte Research Station of LIA
Upyte, Panevezys district, LT-5335 LITHUANIA
tel.: +370 45 555 413, fax: +370 45 555 573
E-mail: s.iankauskiene@post.omnitel.net

Abstract

During 1996-1998 experiments were carried out at the Lithuanian Institute ofAgricultures Upyte Research
Station to measure the contents of the main nutrients (N, P, K, B, Zn) accumulated inflax plants (seeds, stems
and chaff) at harvesting on thefollowing backgrounds: notfertilized, fertilized with P20 and N1 2K &0, applied
with ZnSO4at the ratesfrom 0,35 to 4,0 kg ha'l

It was determined thatfibre flax seeds accumulated 3.30-4.06 % ofN, 0.55-0.78 % ofP, 0.69-1.15 % ofK
39.5-68.5 mg kg-LofZn, 10.00-27.00 mg kg-1ofB, the stems - 0.32-0.88 % ofN, 0.04-0.15 % ofP, 0.38-1.45
% ofK, 5.0-18.0 mg kg-1ofZn, 5.16-30.84 mg kg-LofB, the chaff-0.94-2.34 % ofN, 0.20-0.38 % ofP, 0.18-
1.40 % ofK, 14.5-57.0 mg kg-LofZn, 8.55-38.19 mg kg-LofB.

The obtained data could be usedfor calculating the amount ofmain nutrients removedfrom the soil with flax
yield as well asforfixingfertilizer rates more precisely.

Keywords: concentration, fibreflax, fertilizers, nutrients, seed, stem, chaff.

Introduction

In order to calculate fertiliser rates, it is necessary to know the contents of main
nutrients accumulated in plants. For cereals amount of nitrogen, accumulated in the
reproductive parts of plants (seeds) is 2.5-5.0 times higher than that in the vegetative parts
(stems). Accumulation of phosphorus in plant seeds is 3-6 times higher than in the vegetative
parts. Concentration of potassium in the vegetative parts of plants is higher than that in the
reproductive parts /1/. So what is the situation with flax?

According to the investigation of Tichomirova V.J. (Russia), the amount of potassium
accumulated in flax seed is in average 1.4 times lower than that of phosphorus and 2.8 times
lower than that of nitrogen. At the stage of early yellow ripeness, 3.66 % of N, 1.76 % of P,
1.30 % of K were accumulated in flax seeds, 0.84 % of N, 0.32 % of P, 1.61 % of K in flax
stem, 1.07 % of N, 0.46 % of P, 2.21 % of K in the chaff/2/.

According to Belarussian researchers the amount of nitrogen in flax stems at early
yellow ripeness stage is 0.50-0.65 %, but could vary from 0.30 to 0.95 %. Their experimental
evidence suggests that the concentration of nitrogen in the stems when growing flax without
nitrogen was 0.25-0.29 % and 0.32 % when adding N 15 nitrogen fertilizers, 0.39 % - when
adding N3 nitrogen fertilizers. When applying PK fertilizers, N concentration in the stems
was lower /3/.

Canadian flax researchersin flax seeds found following contents of minerals: 622 mg
100 g-1 (0.622 %) of phosphorus, 831 mg 100 g-1 (0.831 %) of potassium, 5 mg 100 g-1 (50
mg kg-1) of zinc /4/.

In Lithuania some investigations were done with linseed. Linseed (cv. ‘Lu 57)
accumulated in the seeds 3.06-3.93 % of total nitrogen, 0.50-0.84 % of phosphorus, 0.75-0.95
% of potassium; in the stems: 0.39-0.84 % of N, 0.04-0.13 % of P, 0.66-1.41 % of K; in the
chaff: 1.34-2.15 % of N, 0.30-0.36 % of P, 0.42-2.26 % of K /5, 6/.
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References about the concentrations of micronutrients in flax are very scarce. Some
researchers identified high contents of zinc (44.5-54.7 mg kg-1) in flaxseeds /7, 8/, French
researchers found 50 mg kg-1 of zinc in flaxseeds /9/. No evidence is available on the content
of zinc in flax stems and chaff.

The content of boron (at flax yellow maturity stage) in flax seeds was found to be 5.1-
18.7 mg kg-1, when growing flax without boron application and 6.5-31.0 mg kg-1 when
applying boron fertilisers, the amount in the stems was 8.2-20.6 and 10.0-30.0 kg kg-1,
respectively /7/. Again we did not any evidence about boron content in flax stem and chaff.

Thus the aim of our investigation was to estimate the contents of the main flax nutrients
(N, P, K, Zn, B) accumulated in flax plants, and to determine whether these contents are
affected by different fertilisation.

Methods

The trial was carried out during 1996-1998 at the Upyte Research Station. In the field
rotation, flax followed winter wheat. The trial was conducted on a sod gleyic sandy loam soil.
Granulated superphosphate on phosphorus background and ammonium nitrate, granulated
superphosphate, potassium chloride on NPK background were applied before sowing. The
size of a record plot was 20 m2. The experiment included 4 replications. Randomised plot
design was used. Flax cv. Baltuciai was sown by a sowing machine SNL-16 at a seed rate of
22 million viable seed per hectare with 10 cm interrow spacings. Zinc sulphate was applied
when flax was 2-4 cm tall.

Flax was pulled at the stage of early yellow ripeness /10/. The concentration of total
nitrogen, phosphorus, potassium, zinc and boron was determined in flax seed, stems and
chaff: total nitrogen amount - by Kjeldahl method, phosphorus - by the method of vanadate-
molybdate, potassium - flame photometry, zinc - by atomic adsorption spectrophotometer,
boron - calorimetrically with azometin H.

The numbers 1-21 in the figures 2-6 denote treatments: 1 Without zinc; 2. Spraying at
flax seedlings stage 0,35 kg ha-1 of ZnSO4; 3. - 0,35 kg ha-1 of ZnSO4tcitowett 0,04 %; 4.-
10; 5 -20; 6. - 3,0 and 7. - 4,0 kg/ha of ZnSO4 - all treatments without NPK fertilising; 8.-
14. - the same Zn treatments on P2 background; 15.-21. - the same Zn treatments on
N 1P 2K & background.

Meteorological conditions during the experimental years were diverse. The largest
amount of precipitation was in 1998 (especially in July), and the least in 1997 (Fig. 1).

Figure 1L Amount of precipitation in Upyte, 1996-1998.

Results and discussion

Nitrogen. Data analysis suggests that a slightly higher nitrogen concentration in the flax
seeds was identified in a very dry year of 1999, but the data were very similar each
experimental. Nitrogen content, accumulated in seeds, was lower in the plots without zinc and
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without any fertilisation (3.57 %, Treatment 1.) and was higher when adding phosphorus P2
(3.69 %, Treatment 8.) or nitrogen, phosphorus and potassium (NIP2KE) (3.74 %,
Treatment 15.). This trend persisted all three years. According to three years' averaged data,
an insignificantly higher accumulation of nitrogen in the seeds was found when applying
NPK fertilisers, but the effect of increased zinc rates was not determined (Figure 2). Nitrogen
concentration in flax stems was 6-7 times lower than that in flax seed. A slightly lower
content of nitrogen in flax stems was found in 1997, the amount of nitrogen in the soil in that
year was lower also, besides, the weather conditions were dry. However, neither the influence
of fertilisation backgrounds nor increased zinc sulphate rates on the concentration of nitrogen
in flax stems were established in the trial. Nitrogen concentration in the chaff was twice lower
than that in flaxseed and two-three times higher than that in flax stem. The amount of nitrogen
in the chaff varied from 0.94 % to 2.34 % and was similar in all three years.

4
35
G 3
L 25 O Flaxseed
& 2 O Stems
Q 15 O Chaff
1
0,5
0

12 34567 8 910N112131415161718192021
Traetment

Figure 2. Nitrogen concentration (%) in flax seeds, stems and chaff, 1996-1998 average.

Phosphorus. The lowest content of phosphorus (0.55 %) in seeds was found in 1998.
According to averaged data of 3 years, the amount of phosphorus in the seeds was within the
limits of 0.61-0.67 % (Figure 3). Neither the influence of fertilisation backgrounds nor
increased zinc sulphate rates on the concentration of phosphorus in flax seed were established.
Content of phosphorus in the stems was 5-10 times lower than that in the seeds. The amount
of phosphorus in the chaff was 2-3 times lower than that in the seeds, but 2-4 times higher
than that in the stems. Variation of phosphorus content in chaff was very low - from 0.24 to
0.30 %.

Potassium. Potassium concentration of in flax seeds was very similar each
experimental year, the influence of fertilisation was not established (Figure 4). The amount of
potassium in the stems was similar to that in the seeds. Higher concentration (up to 1.30 %)
was in 1996, lower (up to 1.0 %) in 1997. It was noticed that lower concentration of
potassium in the stems was on the not fertilised background (0.54-0.78 %), it was higher
(0.63-0.76 %) when adding phosphorus P2) or nitrogen, phosphorus and potassium
(N13P2K ) (0.68-0.95 %). Averaged three years' data revealed a similar trend.

The amount of potassium in the chaff was by one third higher than that in the seeds
and stems (but not in all cases). The amount of potassium in the chaff differed within
experimental years: the highest concentration (0.94-1.40 %) was in 1996 and the lowest (0.18-
0.38 %) in 1997.
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Figure 3. Phosphorus concentration (%0) in flax seeds, stems and chaff, 1996-1998 average.
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Figure 4. Potassium concentration (%o) in flax seeds, stems and chaff, 1996-1998 average.

Zinc. The amount of zinc, identified in the seeds, was close to that (50 mg kg-1)
described in the literature sources presented above. In some cases concentration of zinc in the
seeds was even higher than 68 mg kg-1 A slightly higher concentration of zinc (0.46-0.88 %)
was found in the wet year of 1998 and lower (0.32-0.64 %) in the dry year of 1997.
furthermore, in 1997 the ratio between the amount of available phosphorus and available zinc
was low in the soil (only within the range of 3-4). Neither the influence of fertilisation
backgrounds nor increased zinc sulphate rates on the concentration of zinc in flax seed was
established.

Concentration of zinc in the stems was much lower than that in flax seeds (Figure 5).
A slightly higher concentration of zinc in the stems was found in the wet year of 1998. The
influence of increased zinc sulphate rates or fertilisation backgrounds was established. The
amount of zinc in the chaff was by one third lower that that in the seeds, but approximately 3-
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5 times higher than in the stems. A lower concentration of zinc was found in the dry year
1997.

Figure 5. Zinc concentration (%0) in flax seeds, stems and chaff, 1996-1998 average.

Boron. Boron concentration in seeds was also lower (10.00-17.58 mg kg-1) in the dry
year of 1997 and higher (16.15-27.00 mg kg-1) in the wet year of 1998. The influence of
fertilisation was not established, but besides meteorological conditions, concentration of
boron in the seeds could be influenced by the level of available boron in the soil, which was
lower (1.20-1.88 mg kg-1) in 1997 and higher (2.02-2.58 mg kg-1) in 1998. The amount of
boron concentrated in stems was approximately the same as that in the seeds (Figure 6). Much
lower concentration of boron in the stems (4.22-13.19 mg kg-1) was found in 1997, higher
(15.14-30.84 mg kg-1) - in 1998.

Figure 6. Boron concentration (%0) in flax seeds, stems and chaff, 1996-1998 average.

The amount of boron found in the chaff was higher than that accumulated in the seeds
and twice as high as that in the stems. Concentration of boron in the chaff varied during the
years of trials. The lowest of boron concentration in the chaff (8.55-18.41 mg kg-1) was
identified in 1997 as in seeds and stems also.
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Conclusions

1. Accumulation of the main nutrients in flax was as follows: 3,30—4,06 % of N, 0,55—
0,78 % of P, 0,69-1,15 % of K, 39,5-68,5 mg kg'1 of Zn, 10,00-27,00 mg kg'1 of B - in the
seeds, 0,32-0,88 % of N, 0,04-0,15 % of P, 0,38—1,45 % of K, 5,0-18,0 mg kg of Zn, 5,16~
30,84 mg kg'1 of B — in the stems, 0,94-2,34 % of N, 0,20-0,38 % of P, 0,18-1,40 % of K,
14,5-57,0 mg kg™ of Zn, 8,55-38,19 mg kg™ of B — in the chaff.

2. Nitrogen content, accumulated in seeds, was lower in the plots without zinc and
without any fertilisation (3.57 %) and was higher when adding phosphorus Py (3.69 %) or
nitrogen, phosphorus and potassium (N;5P20Keo) (3.74 %).

3. Lower potassium concentration in the stems was identified on not fertilised
background (0.54-0.78 %), the concentration was higher (0.63-0.76 %) when adding
phosphorus Py or nitrogen, phosphorus and potassium (N15P20Ke) (0.68-0.95 %).

4. Concentration of boron in flax (seeds, stem, chaff) was lower in the dry year of 1997
when the content of available boron was lower, and higher in the wet year of 1998 when the
soil was rich in available boron.

5. Concentration of zinc in the seed and chaff was lower in 1997, concentration of zinc
in the seeds and stems was higher in 1998.

6. No effect of increased rates of zinc sulphate was established on the concentration of
the main nutrients (N, P, K, Zn, B) in flax seed, stems and chaff.
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IEDZTVOTAJU SARAZOTIE ATKRITUMI
UN TO SASTAVS RIGAS PILSETA
Waste Generation in the Riga City and Their Composition

S. Jevsejeva, J. Prols, V. Cudeckis
K.Ulmana gatve 3, Riga, LV - 1004; talr. 7627504; e-mail: gc@parks.lv; fakss 7623512

Abstract

Items on waste generation in the Riga city are analysed. Short presentation of the study methods is provided,
and achieved results are presented. Three different dwelling areas have been investigated: multi-apartment
houses with and without of weste shoots and private houses. Comparison of obtained results with similar ones
have been got abroad is included. It is stated that average solid household waste generation in the Riga city is
199.2 kg / capita/ year or 1.52 m3 capita / year. Morphological composition of waste is analysed, and it is
stated that following types of waste are dominating: putrescible weste, paper-cardboard, glass and plastics.
Conclusion is done that generated waste amount strongly depends on value of the gross domestic product is
dore, i.e. increase ofwaste amount generatedper capita maybe expected in the Riga city.

Keywords: weste, putrescible weste, paper-carboard, glass, plastic.

levads

Rigas pilséta iedzivotaju sarazoto sadzives atkritumu daudzuma un sastava noteikSana
tika veikta laika perioda no 2002. gada 28. oktobra lidz 2002. gada 27. decembrim. Pé&tijumu
pasutija Rigas domes Vides departaments, un izpildija - SIA “Geo Consultanats”, SIA
“Hoetika ATU” un SIA “Nehlsen”.

Atkritumu sverSana un Skirosana tika veikta 2 ciklos, katrs 2 nedélu garuma. 1 cikls ilga
no 28. oktobra lidz 10. novembrim, un 2. cikls - no 1 decembra lidz 15. decembrim.

Izpétes gaita tika noteikts sadzives atkritumu daudzums (m un kg) uz 1 iedzivotaju un
atkritumu morfologiskais sastavs, nodalot 17 dazadas frakcijas. Pétijums veikts, nemot véra
tris dazadus apbuves tipus:

- daudzdzivoklu maju apbave, lidz 5 staviem ieskaitot, bez atkritumu vadiem;
- daudzdzivoklu maju apblve ar atkritumu vadiem;
- privatmaju apbuive.
Pétijuma rezultatus paredzets izmantot, lai:
- noteiktu vidéjo atkritumu daudzumu, ko Rigas pilséta sarazo 1 iedzivotajs (m3un kg);
- parskatitu tarifu par sadzives atkritumu apsaimniekoSanu;
- aptuveni izvertétu atkritumu dalitds vakSanas sistémas ievieSanas ekonomisko
izdevigumu Rigas pilséta.

Izvéléto teritoriju vispareéjais raksturojums

Sadzives atkritumu daudzuma un sastava noteikSanai tika izvélétas dazadas vietas Rigas
pilsétas mikrorajonos un sadalitas principiali at3kirigos iecirknos nemot véra iepriekSminétos
tris dazadus apbadves tipus. Atkritumu savakSanas un svérSanas vietu novietojums skat. 1
attela.

Daudzdzivoklu majas, kur ir atkritumu vadi, izmanto 0,9 m konteinerus. Atkritumu
izveSanas biezums ir atkarigs no liguma nosacijumiem, ko noslédz atkritumu
apsaimniekoSanas uznémumi ar namu parvaldi. Konkrétaja gadijuma atkritumu izveSanas
biezums ir viena reize divas diends. Apkalpoto iedzivotaju skaits iecirknt - 620 cilveki.
Atkritumu savakSana un nosvérsana tika veikta Ziepniekkalna un Plavniekos.

Daudzdzivoklu méajas, kur nav atkritumu vadu, izmanto 0,9 m3un 1,1 m3 konteinerus.
Atkritumu izveSanas biezums ir atkarigs no liguma nosacijumiem, ko noslédz atkritumu
apsaimnieko$anas uznémumi ar namu parvaldi. Konkrétaja gadijuma atkritumus izved katru
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dienu vai katru otro dienu. Izpétes 1 un 2. ciklos Saja iecirkni apkalpoto iedzivotaju skaits
bija attiecigi 1771 un 4989 cilvéki. Izpétes darba L cikla atkritumu savak$ana un nosvérsana
tika veikta Sarkandaugava, Imantd un Dzirciema. Papildus izpétes 2. cikla atkritumu
savakSana un nosvérsana tika veikta Kengaraga un Purvciema.

Privatmajas izmanto 0,24 m konteinerus. lzvélétaja teritorija atkritumus izved vienu
reizi nedéla, atseviskos gadijumos - vienu reizi 2 nedélas vai vienu reizi ménesi. Ligumus par
atkritumu izvie$anu atkritumu apsaimniekoSanas firmas noslédz tiesi ar klientu. Saja iecirkni
tiek apkalpoti 55 iedzivotaji. Pétijums tika veikts Teika.

Apziméjumi
- Daudzdzivok]u majas, kur ir atkritumu vads

- Daudzdzivoklu majas, Iidz 5 staviem ieskaitot,
kur nav atkritumu vada

o

0 - Privatmajas
1 attéls. Atkritumu savakSanas un svérsanas vietas

Izpétes darbu metodika
Darbu veikSanai izmantota sekojoSa metodika:

1) atkritumu savakSanas un SkiroSanas vietu izvéle ta, lai nedélas laika savakto
atkritumu svars butu ne mazaks par 1t (iznemot privatmaju apbaves iecirkni, kur
savakto un saskiroto atkritumu daudzums 1 un 2. cikla bija attiecigi 355 kg un
294 kg);
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2) izveleéto vietu, atkritumu savakSanas un izveSanas no tam saskano$ana ar
atkritumu savacgjiem uznp@mumiem — A/s “Hoetika” un SIA “Nehlsen”, lai
netrauc€tu So uznémumu darbu;

3) informacijas ievakSana no konkr&tajam namu parvaldém par izvélétaja iecirkni
apkalpojamo iedzivotaju skaitu;

4) konteineru aizpildijuma (% no kopg&ja apjoma) noteikSana uz vietas un atkritumu
apjoma (m’) aprékins;

5) atkritumu nosvérSana pirms to SkiroSanas uzsakSanas. Atkritumu nosversanai tika
izmantoti A/s “Hoetikas” elektroniskie svari EX-600 (Nr. 31225) un A/s
“Agroapgade” tiltu svari YIIK1-500/1000 (Nr. 10397);

6) atkritumu transport€Sana (konteineros) uz izgaztuvi “Getlini”, kur veica to
skirosanu. Konkrétas skiroSanas vietas tika saskanotas ar BO SIA “Getlini Eko”
direkciju;

7) atkritumu $kiroSana un svérSana, nosakot sekojosas frakcijas:

- papirs/kartons,

- partikas atkritumi,

- stikls,

- plastmasas, atseviski PET pudeles,

- melnie metali,

- krasainie metali,

- kokmateriali,

- celtniecibas atkritumi (iznemot koksni un bistamos atkritumus, piem. krasu
bundzas u. tml.),

- darzu atkritumi,

- gumija,

- tekstilijas,

- keramika,

- Dbistamie sadzives atkritumi,

- smalksne (frakcija, kas diametra mazaka par 1,5 cm).

Atkritumu frakciju nosveérsana tika veikta, izmantojot platformas elektroniskos svarus,

sérija LADOGA, SVP-150;

8) atkritumu blivuma noteiksana (kopgjais atkritumu daudzums (kg) dalits ar kopgjo
atkritumu apjomu (m?), kg/m?);

9) 1 iedzivotaja sarazoto atkritumu daudzuma noteikSana (atkritumu daudzums dalits
ar savakSanas ilgumu (dienas, gads) un apkalpoto iedzivotaju skaitu,
kg/diena/iedzivotaju un kg/gada/iedzivotaju),

10) atkritumu morfologiska sastava noteikSana (% no kopéja daudzuma).

Atkritumu apjoma izmainas gada griezuma

Saskana ar BO SIA “Getlini” sniegto informaciju (skat. 1. tab.), izgaztuvé “Getlini”
apglabato atkritumu daudzums laika posma no 1998. gada Iidz 2002. gadam ieskaitot ir
izmanijies no 1020527 m® Iidz 1182138 m’ attiecigi 1998. un 2002. gada. Apglabato
atkritumu apjoma dinamika sniegta 2. attéla.

Apglabato atkritumu daudzums pa méneSiem ir atSkirigs katru gadu. Minimalais
atkritumu daudzums parasti noverots februari (4 gados no 5), vienreiz — janvart (2000. gada).
Savukart, maksimalais atkritumu daudzums visbiezak konstatéts oktobri (1998., 2000 un
2001. gadi). Divos gadijumos maksimalais atkritumu daudzums konstatts pavasari: aprili
(1999. gads) un maija (2002. gads).

Nemot veéra minéto faktu, ka arT to, ka atkritumu SkiroSana tika uzsakta 2002. gada
novembrT un atkartoti tika veikta 2002. gada decembri, p&tijumu gaita iegutie dati nevar tikt
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attiecinati uz visu gadu, ti. nepiecieSams korekcijas koeficients, kas nem véra atkritumu
apjoma sezonalas svarstibas.

2. attels. 1zgaztuve “Getlini” apglabato atkritumu apjoma dinamika pa ménesiem (m3)

Koeficienta aprékins veikts izmantojot datus par izgaztuvé “Getlini” apglabajamo
atkritumu apjomu, kas raksturots pa méneSiem. Koeficients tika noteikts sekojosa veida:
1) tika pienemts, ka koeficients ménesim, kura laika apglabats vismazakais
atkritumu daudzums, ir 1,
2) vadoties no Si pienémuma tika aprékinats konkréta méneSa koeficients (Kki),
izmantojot sekojosu vienadojumu:

_Q/Q "

kur:  Qi- atkritumu apjoms (m ) konkrétaja ménesi,

Qmin- atkritumu apjoms (M3 gada ménesi, kad noglabats vismazakais
atkritumu apjoms,
3) 3adu koeficientu aprékins veikts katram ménesim par laika posmu no 1998.
lidz 2002. gadam ieskaitot, t.i. katram konkrétajam ménesim ieguti 5 atSkirigi
(vai vienadi) koeficienti. Talak aprékinats vidéjais koeficients, nosakot
aritmétisko vidéjo (kvdait). legltie méneSu koeficienti visos gadijumos ir
lielaki par 1 Tapéc galéjie koeficienta lielumi (kvd) noteikti, izdalot k(danit)i
ar kvdaitymm kas konstatéts februara menesim.
legltie rezultati atspoguloti 1 tabula. Tie lauj secinat, ka kopuma nemot, maksimalais
atkritumu apjoms konstatéts rudeni, minimalais ziema.
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1. tabula
Atkritumu apjoma korekcijas koeficienti
1998 1999 2000 2001 2002

oc=2gl88|le=2E|88|ls==|88|lc==|828|s=|82
Periods | 2 2 Z’ SE|E5 Z’ SE|ES Z’ SE|E5 Z’ g 8|% 3 Z’ B | o

RZo|E0|R22|5|B2g50|B2g(ET|REe s

TEEINIICEEME|TREMETREN TR EME
Janvaris 72679(1,172) 88795|1,283] 71114(1,000{ 82679|1,174| 87717]|1,122] 1,150| 1,149
Februaris 62 037 1,000| 69228]|1,000] 71471(1,005( 70409|1,000] 78197]|1,000] 1,001| 1,000
Marts 69383 (1,118 83 509|1,206| 80933(1,138| 83 753|1,190] 93660|1,198| 1,170| 1,169
IAprilis 83642 1,348 97313|1,406( 89382]|1,257| 93 555(1,329(100869|1,290| 1,326| 1,325
Maijs 91725|1 1,479 950711373 95413|1,342| 96 824[1,375(113199|1,448| 1403| 1,402
Jiinijs 89038] 1,435] 88031[1,272( 83228]1,170] 88951[1,263[ 96958|1,240| 1,276| 1,275
Jilijs 90 5341 1,459| 88262|1,275( 78925|1,110| 99 784(1,417(102880|1,316| 1,315| 17314
IAugusts 92 551 1,492 88528|1,279( 85288|1,199| 107 114{1,521( 106 120|1,357| 1,370| 1,368
Septembris 934891 1,507 82922|1,198( 92196|1,296| 98 142{1,394(104 255|1,333| 1,346| 1,344
Oktobris 100 1421 1,614| 81274|1,174| 96 823]1,362| 107 528(1,527| 108 969(1,394( 1.414| 1,413
INovembris 90493] 1,459 81552|1,178| 89424|1,257| 94 603[1,344( 99262|1,269| 1,301| 1,300
Decembris 84 814 1,367 73250|1,058( 83866|1,179| 87076(1,237( 90052|1,152| 1,199| 1,197
Kopa: 1020527 1017735 1018063 1110418 1182138

Vidégjais sarazoto atkritumu daudzums gada

Nemot vera iegitos rezultatus par atkritumu daudzumu uz vienu iedzivotaju dazadas
izveletajas vietas izpetes 1. un 2. ciklos, t.i. novembr un decembri, un atkritumu daudzuma
korekcijas koeficientu, aprekinats 1 iedzivotdja sarazotais vidgais atkritumu daudzums
diennaktt un gada katram izvélétajam iecirknim (skat. 2. tabulu). Aprekini tika veikti sekojosa

veida:

- atkritumu daudzums konkr&tam meénesim aprékinats divreiz, nemot vera
izpétes laika iegiitus rezultatus (novembrT un decembr1) un salidzinot tos ar
atkritumu korekcijas koeficientiem;

- pamatojoties uz iegitiem lielumiem, noteikts vid&jais, kas pienemts par
atkritumu daudzumu konkrétaja menest,

- zinot atkritumu daudzumu katra meénesi, aprékinats iedzivotaju sarazotais

vidgjais atkritumu daudzums gada un diennakftt;

- aprékini veikti gan m®, gan kg.

Videjais atkritumu daudzums uz 1 iedzivotaju gada

2. tabula

Atkritumu daudzums uz Atkritumu daudzums uz
Apbiives tips iedzivotaju diennakti iedzivotaju gada
m3 kg m3 kg
Daudzdzivoklu ma3jas, Iidz 5 staviem
ieskaitot, kur nav atkritumu vadu 0.003999 0.55126 1.460 201.211
Daudzdzivoklu majas, kur ir atkritumu
vadi 0.005157 0.52398 1.883 191.254
Privatmajas 0.002971 0.45022 1.084 164328

Atkritumu morfologiskais sastavs

Atkritumu sastavs raksturots procentos p&c to svara. Analizgjot darba gaitd iegitus
rezultatus, jasecina, ka atkritumos domin& partikas atkritumi — 10-12% (iznemot rudens
periodu, kad atkritumos ievérojami pieaug darza atkritumu Tpatsvars — vidgji [idz 20%).

Nakosa nozimigaka frakcija ir papirs/kartons, kuras Tpatsvars mainas no
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Stikla Tpatsvars svarstas no 5% lidz 8%. Plastmasas Tpatsvars ir ap 6%. PET pudeles veido
apméram 2%, kokmateriali - ~2%, metali — ~3%, tekstilijas — ~3%, ada — ~1%.

Atkritumu SkiroSanas rezultati lauj secinat, ka atkritumu morfologiskais sastavs
daudzdzivoklu maju iecirknos un privatmaju iecirknos atskiras, galvenokart, ar darza
atkritumu daudzumu ka rudens, ta arT ziemas periodos. Pargjo frakciju Tpatsvars ir I1dzigs, un
mainas nenozimigi - 3-4% robezas.

Iegiito rezultatu salidzinajums ar arvalstis sarazotajiem atkritumu daudzumiem

Nemot véra iegitos rezultatus par vidgjo atkritumu daudzumu uz vienu iedzivotaju
dazadas izpétes vietas, var tikt aprékinats Rigas pilsétas vidgjais atkritumu daudzums uz vienu
iedzivotaju gada. Aprekinatais vidgjais atkritumu daudzums uz vienu iedzivotaju Rigas pilséta
gadair 199,2 kg vai 1,52 m”.

Rigas pilseta sarazota atkritumu daudzuma salidzinajums ar citu valstu pilsétam (90
gadu dati) sniegts 3. tabula [1.,2.].

3. tabula
Atkritumu daudzums uz 1 iedzivotaju gada pasaules valstu galvaspilsétas
Galvaspilsétas nosaukums Atkritumu daudzums uz 1
iedzivotaju gada, kg
Riga 199,2
Gvatemala (Gvatemala) 109,5-219
Lima (Peru) 109.5 - 292
Riodezaneiro (Brazilija) 197.10
Dzakarta (Indongzija) 219
Buenosairesa (Argentina) 219 - 365
Mehiko (Meksika) 248,20
Santjago (Cile) 328.5-438
Karakasa (Venecugla) 332,15
Vine (Austrija) 430,70
Londona (Lielbritanija) 484
Parize (Francija) 521,95
Kanbera (Australija) 610

Var secinat, ka atkritumu daudzums uz vienu iedzivotaju Rigas pilséta, salidzinot ar
citam pasaules valstu pilsétam, ir relativi neliels. Tas gandriz trisreiz mazaks neka Kanber3,
un apméram divarpus reizes mazak neka Parizé un Londona. NeapSaubami, ka tas ir
izskaidrojams ar atSkirigajiem dzives (ienakuma) limeniem Riga un minétajas pilsétas.
Savukart, pilsetas, kur dzives limenis samé&rojams ar Latviju, noverots Iidzigs atkritumu
daudzums (piemé&ram, Riodezaneiro un Dzakarta).

Analiz&jot datus par sadzives atkritumu morfologisko sastavu dazadu pasaules valstu
pilsetas, var secinat, ka valstts ar zemiem ienakumiem doming partikas atkritumi (Iidz 80%),
bet valstis ar vidgjiem un augstiem ienakumiem domin€ papira (20-40%), plastmasas (5—
10%), metala (I1dz 13%) un stikla (Itdz 10%) atkritumi [3].

Secinajumi
Nemot véra izpétes gaita iegiitos rezultatus par atkritumu daudzumiem (m® un kg) uz
vienu iedzivotaju un atkritumu daudzuma korekcijas koeficientus, tika aprékinats vidgjais
sarazotais atkritumu daudzums uz vienu iedzivotaju gada, un tas ir:
- 1,46 m® vai 201,21 kg uz 1 iedzivotdju gada daudzdzivoklu maju iecirkni, kur nav
atkritumu vadu,
- 1,88 m’ vai 191,25 kg uz 1 iedzivotdju gada daudzdzivoklu maju iecirkni, kur ir
atkritumu vadi,
- 1,08 m® vai 164,33 kg uz 1 iedzivotaju gada privatmaju iecirkni.
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Vidgjais sarazotais atkritumu daudzums uz vienu iedzivotaju gada Rigas pilseta sastada
199,2 kg vai 1,52 m”.

Salidzinot Riga sarazoto atkritumu daudzumu ar Rietumeiropu, ir skaidrs, ka Riga
sarazotais atkritumu daudzums uz vienu iedZivotaju ir 2-3 reizes mazaks. Var secinat, ka
paaugstinoties Latvijas iek§zemes kopproduktam sagaidams art bitisks sadzives atkritumu
daudzuma pieaugums.

Péfijumu rezultati noradija, ka atkritumos doming& partikas atkritumi, iznemot rudens
periodu, kad lielakais Tpatsvars ir darzu atkritumiem. Nozimigas atkritumu frakcijas ir papirs,
kartons, stikls un plastmasa. PET pudelu, kokmaterialu, metala, tekstiliju un adas Tpatsvars
kopgja atkritumu daudzuma ir nenozimigs.
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BIOMASU BRIKESU NOTURIBA
Durability ofBiomass Briquettes

5 A. Kakitis, 1. Nulle
J. Cakstes bulv. 5, Jelgava, talr.: 3080674, fakss: 3005685,
e-pasts: aka@cs.llu.lv

Abstract

The main resources for biomass agro-ecotechnologies are cereal straw residues, energy crops and emergent
vegetation from wetlands. The herbaceous biomass is a material of low density (20 - 60kg/m3 therefore new
mobile equipment and technologies for biomass comminution and densification have to be worked out. To
guarantee the quality of biomass briquettes in the handling and usage process, sufficient durability of briquettes
should be provided. National Standards of biomass briguettes should be worked out in accordance with the
requirements of International Standards.

Dependence of Ultimate shear stress on wheat stalk material particle size in biomass briquettes was
investigated. It was stated that ultimate shear stress increases for particle size in briquettes less than 0.5mm
Peat additive improves the density and ultimate shear strength of briquettes, but peat in combustion process
increases the ash content. Therefore it is not necessary to addpeat more than 50% in briquetting composition.
Durability of reed stalk briquettes ~1.7 times exceeds durability of wheat stalk briquettes. Maximal values of
ultimate shear stress (1,5MPa) and density (1,2 g/cm3 for pure peat (100%) briquettes was obtained.

Keywords: biomass conditioning, biomass briquettes, durability.

levads

Nakotné paredzams atjaunojamo energijas veidu, it seviski biomasu, izmantoSanas
pieaugums. Eiropas Baltaja gramata tiek prognozéts, ka uz 2010. gadu galvenais ilgtspéjigas
energijas avots bls biomasas (74%). Lai nakotné nodroSinatu $adu biomasas energijas avotu
pieaugumu, lauku apvidos japievérs uzmaniba jaunu biomasu avotu apguvei - energétisko
augu audzéSanai un lauksaimnieciskas razoSanas atlikumu utilizacijai energijas ieguves
vajadzibam. JapaplaSina un jaoptimizé arl tradicionalo biomasu (koksne un tas atlikumi)
izmantosana.

Ka galvenie biomasu energijas avoti minami koksnes atlikumi, graudaugu salmu
parpalikums, energétiskie augi, mitraju un ezeru apaugums (niedres), sapropelis un kudra.
Dabiska veida minétas biomasas ir ar mazu blivumu (20-40kg/m ). Tas samazina $o0 biomasu
transportéSanas ekonomisko efektivitati un apgratina to izmantoSanu. Biomasu energijas
avotu efektivai izmantoSanai nepiecieSams kompaktét Sis biomasas, parstradajot tas briketés
vai granulas. Pasaulé, un ar Latvija sekmigi atrisinata kokskaidu brikeSu un granulu razosana.
legita produkcija ir ar labiem siltumtehniskajiem parametriem un pietiekoSu izturibu.
Sapresétas stiebraugu briketes vai granulas nav ar pietiekoSu izturibu un nenodroSina
nemainigu produkcijas kvalitati transportéSanas un uzglabasanas laika.

Attistoties stiebraugu brikeSu razoSanai un eksportam, janodroSina produkcijas
atbilstiba starptautiskajiem standartiem. Patlaban Eiropad nav izstradati vienoti standarti
biomasas brikettm un granulam. Cieto biologiskas izcelsmes kurinamo TpaSibu
standartizeéSanai, tiek pielagota dala fosilo kurinamo standartu.

Cieto biokurindmo TpaSibu normu skaidra definéSana radis labu vidi ta tirgus
paplasinaSanai un piemérotu biomasas kurtuvju optimizacijai.

Fizikali-mehanisko un Kimiski-vielisko TpaSibu noteikSana (piem., izturiba, mitrums,
lielums un forma) un norméSana dos iespéju biokurinamo sadalit klasés ar skaidri noteiktam
TpasSibu robezam. AtbilstoSu standartu izstradaSana palidzés saprasties razotajam un
patérétajam arm arpus vietéja tirgus, kur Iidz Sim sarunas ierobezoja vienotu normu trokums.
Potencialiem mazo un vidéjo kurtuvju ipasniekiem, zinaSanas par standartizétu un sertificétu
biokurinamo, palidzés kurtuves un kurindma izvéle.
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NepiecieSams izstradat biokurinama terminologiju, ka arl definét praksé pienemtas
kurinama 1paSibas, kas nodroSina ta uzglabaSanu, transportéSanu un izmantoSanu bez
mehaniskiem bojajumiem. Kurinama brikeSu vai granulu izmériem jabut noteiktas robezas, lai
automatiskas un pusautomatiskas kurtuvés nenotiktu kurinama iespriSana. SadegSanas
produkti nedrikst bat kaitigi apkartéjai videi.

Zviedrija, Austrija, Vacija un Italija eksisté atSkirigas normas biokurinamajam, turpreti
Somija, Niderlandé un Sveicé Iidz $im eksisté tikai direktivas vai rokasgramatas, kas dométas
atseviSka kurinamaipasibu aprakstisanai.

Minhenes Tehnologiskas universitates izstradatd projekta “Cieto biodegvielu
standartizacija Vacija” atskaites zinojuma Kkonstatéta jaunu standartu izstrades
nepiecieSamiba. Zinojuma konstatéts, ka japilnveido kompaktéto biokurinamo blivuma,
noturibas, spiediena izturibas u.c. TpaSitbu noteikSanas metodikas [1,2].

Vienlaikus ar biokurindma standartu izstradasanu javeic jaunu kurindma sastavu
izveidoSana, lai ieghtu jaunus sastavus ar labam degSanas TpaStbam un pietiekoSu izturibu
transportéjot un uzglabajot. Lai varétu salidzinat dazada sastava biomasas brikeSu noturibu,
jaizstrada metodes un ierices brikeSu izturtbas noteikSanai. Materiala izturtbu objektivi
raksturo ta izturibas robezspriegumi. Nemot véra to, ka briketes ir anizotropisks materials,
javeic izturibas parbaude gan preséSanas virziena, gan perpendikulari tam.

LLU Lauksaimniecibas maSinu mehanikas zinatniskaja laboratorija tiek veikti teorétiski
un eksperimentali biomasu brikeSu sastava un to noturibas pétijumi. Tiek izstradatas un
pilnveidotas metodes un iekartas brikeSu izturibas noteikSanai. legatie rezultati varétu tikt
izmantoti biomasu cieta kurinama standartu izstradaSanai Latvija.

Materiali un metodes

Salmu, niedru un citu stiebru materialu brikeSu noturiba liela méra atkariga no materiala
sasmalcinaSanas pakapes. Lai iegltu pietiekoSu brikeSu blivumu un mehanisko izturibu,
salmu dalinu izméram jabat mazakam par 1mm. Augsta smalcindSanas pakape palielina
energijas patérinu brikeSu razoSana un samazina to ekonomisko efektivitati. BrikeSu blivumu
un noturibu var ievérojami palielinat pievienojot
saistvielas (kadru, sapropeli u.c.). DaZada sastava
brikeSu noturibas salidzinasanai nepiecieSams noteikt
normalos un tangencialos robezspriegumus [3].

Testéjamas briketes tika izgatavotas sapreséjot ar
saistvielam sajauktus dazada smalcinajuma pakapes
stiebru materialus. Stiebru materiali tika sasmalcinati un,
izsijajot caur sietiem, sadaliti smalkuma grupas ar dalinu
izmériem 2 3, 1 2, 05 1 un <0.5mm. Pétijumi tika
veikti ar salmiem, niedrém wun rapSa stiebriem
pievienojot kidru. Eksperimenta rezultatu precizitate tika
nodroSinata izmantojot datorizétu mériekartu un
nodroSinot pietiekoSu mérfjumu atkartojumu skaitu (ne
mazak par 11 atkartojumiem).

Normalie robezspriegumi tika noteikti slogojot
briketi stiepé perpendikulari briketéSanas virzienam
izmantojot Kilu ierici (1. att.). Materiala parbaude ar kilu metodi lietojama gadijumos, kad
parbaudama objekta izméri un konfiguracija nedod iespéju izgatavot stiepes paraugu.
Materialu saspiez starp diviem térauda Kiliem, kuru virsotnes lenkis 90°. Parbaudé nosaka
maksimalo slodzi Fmx kas sagrauj paraugu.

Stiepes izturibas robezu aprékina péc formulas:

latt. Kilu ierice
1-kustigais Kilis, 2-vadotne,
3-brikete,4-distances gredzens
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F F
op = HFMexe(l- 0,02 Fmax)
A A

kur <b - stiepes izturibas robeza, MPa; Fnax - parauga sagrausanas slodze, N; A -
Skéersgriezuma laukums, mm  [4].

Tangencialie robezspriegumi tika noteikti divas plaknés - preséSanas virziena un
perpendikulari preséSanas virzienam. Abos gadijumos tangencialie spriegumi tika noteikti,
slogojot paraugu cirpé (bide) ar specialas iericés palidzibu (skat, 2. un 3. att.).

2. att. lerice bides spriegumu
noteikSanai presésanas plakné:
1-bidnis, 2-vadotne, 3-telpa

3. att. lerice bides spriegumu noteikSanai
paraugam, 4-korpuss.

preséSanas virzienam perpendikulara plakné:
Parauga sagrauSanas spéks un 1-bidnis, 2-korpuss, 3-distances plaksnes,

slidna parvietojums tika parveidoti 4-savilcéjskruves.

proporcionala elektriska signala un

ievaditi firmas Pico technology virtualdas mérsistémas interfeisd. Meérijjumu dati tika

automatiski ierakstiti datora atmina un veikta to matematiska apstrade. Rezultata tika iegutas

paraugu sagrausanas Itknes (4. att.).

MeérTjumu rezultati

Patreizéja situacija, viena no pieejamakam biomasam ir salmi. Parbaudot salmu briketi
ar cirpna palidzibu, iegastam likni,
kas raksturo tas robezizturibu bide
starp plakném  perpendikulari
briketésanas virzienam (4. att.).
SagriSanas  Ikné  neparadas
materiala tecéSanas posms, kas
norada, ka parauga 1paSibas atbilst
trausliem materialiem.

Tika  noteikta  salmu

briketes  bides robezizturibas
atkariba no salmu smalkuma
pakapes (5.att.). Katram brikeSu
veidam tika veikti 11 mérijumi un
apréekinata vidéja vértiba.
Eksperimenti paradija, ka salmu 4. att. Salmu briketes bides robezizturiba perpendikulari
brikeSu robeZizturiba praktiski briketéSanas virzienam
nemainas paraugiem, kuru dalinu
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izmérs irno 05 - 3 mm, ta ir ~
0.2Mpa. Paraugi, kuri izgatavoti
no salmiem ar smalcingjuma
pakapi <0.5mm, robeZizturiba
pieaug lidz 0,4MPa (5. att.).
Palielinot smalcinasanas
pakapi ieverojami pieaug
energijas patérins, tapéc jameklé
iespéja palielinat izturibu

briketém ar mazaku
smalcinasanas pakapi.
Pievienojot materialam
saistvielas iespéjams palielinat Salmu smalkuma pakape, mm
brikesu noturibu. Kddras

5. att. Salmu briketes robezizturibas atkariba no

pievienosana palielina  salmu _
smalcinajuma pakapes

brikeSu robezizturtbu (6. att.) no
0,2MPa  (100% salmi) Ilidz
1,55Mpa (100% kodra). Ta ka Latvija ir pietiekoSi kadras krajumi, tas varétu bdt viens no
risinajumiem salmu-kddras kurinama gatavosana.
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6.att. Dazada smalkuma salmu brikeSu robeZizturiba bidé atkariba no kidras dalas
(deformacija perpendikulari presésanas virzienam)

Pievienojot salmiem 50% kddras, iegtto brikeSu robezizturiba bidé pieaug 2.2 reizes.
Tas dod iespéju samazinat briketéjamd materiala smalcinaSanas pakapi. Salmu-kidras
brikettm smalcingjuma pakapes palielingjums no 3mm uz 0.5mm palielina briketes
robezizturibu bidé par ~35%, ja kddras saturs ir 40 - 60%. Ja kodras dala ir ~40%, tad
briketes stipriba sasniedz smalko salmu (Itdz 0,5mm) brikeSu stipribu (6. att.).

Niedru brikesu robezizturiba ir augstaka neka salmiem. Pie kam starp salmu un niedru
brikeSu RobeZizturibas izmaina atkariba no kadras dalas ir Iidziga salmu briketem (7.att.).
Tiru niedru brikesu (ar dalinu garumu 1 - 2mm) robezizturiba ir tik pat augsta, ka salmu
briketém ar dalinu garumu lidz 0,5mm, tas nozimé, ka niedru briketém nepiecieSams mazaks
energijas patérin§ smalcinaSanai.

Niedru brikeSu stiepes izturibas robezspriegums tika noteikts izmantojot kilu metodi.
Stiepes robezspriegumi ~3.5 reizes parsniedz bides robezspriegumus (100% niedres).
Palielinot kidras dalu brikeSu sastava, palielinas ari stiepes robezspriegumu vértiba (8. att.).
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8. att. Niedru brikeSu bides un stiepes robezspriegumu atkariba no kidras dalas

Robeziztunba, MPa

Rapsa spraukumu dala, %

9.att. Tehniska rapSa brikeSu robeziztunba bidé (perpendikulari briketéSanas virzienam)
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P&dgjos gados Latvijas laukos atfistas rapSa audz€Sana ellas ieguvei. P&c ellas

izspieSanas pari paliek rapsa spraukumi, kuri labi izmantojami energijas ieguvei. Arl rapsa
salmi var tikt izmantoti siltumenergijas ieguvei.

Rapsa salmu brikesu bides robezspriegumi (perpendikulari briket€Sanas virzienam) ir

[idZigi salmu brikeSu izturibai (9. att.). Pievienojot rapsu salmiem spraukumus Iidz 40%,
brikesu izturiba praktiski nemainas, bet parsniedzot So vertibu izturiba pakapeniski samazinas
[idz 0.12MPa. Tas norada, ka veidojot briketes no rap$a salmiem un spraukumiem, brikesu
izturibas palielinasanai jalieto saistvielas.

Secinajumi

1.

Jaunu biomasu energijas avotu ievieSanai razoSana, nepiecieSams izstradat atbilstoSus
naciondlos standartus, kuri batu saskanoti ar starptautiskajiem standartiem. Sim
nolukam janosaka biokurinama parametri, kuri biitu ieklaujami standartos.

AtbilstoSa biomasu brikeSu noturiba nodrosina kurinama kvalitati uzglabasanas un
transportéSanas procesa. Izstradajot biokurinama standartus, noturiba jaieklauj
normé&jamo parametru saraksta.

Jaizstrada metodika un iekartas, kuras nodroSinatu biomasu noturibas noteikSanu
atbilstosi standartu prasibam. Noturibas noteikSanas metod€m jabut pietiekosi
vienkars§am, lai nepaaugstinatu kurinama pasizmaksu.

Salmu brikesu izturibas robezspriegums bide (perpendikulari briket€Sanas virzienam)
ir ieverojami mazaks par stiepes robezspriegumu un bides robezspriegumu
briketeéSanas virziena. Bides robezspriegums (100% salmi) pieaug palielinoties
materiala smalcinajuma pakapei. Ja dalinu izmérs ir robezas no 0.5 Iidz 3mm, bides
robezspriegums ir ~0.18MPa. Dalinu izméru samazinot zem O0.5mm, bides
robezspriegums sasniedz 0.4 MPa.

Salmu un niedru brikeSu izturibu var palielinat pievienojot masai kiidru. Izturibas
robezspriegums bideé salmu-kiidras briketeém ar kudras saturu 50% palielinas 2.2
reizes.

Niedru brikeSu izturiba ir ~1.7 reizes lielaka par salmu brikeSu izturibu. Ta pieaug
pievienojot briketgjamajam sastavam kaidru.

Pievienojot rapsa salmiem rapSa spraukumus vairak par 40%, brikeSu izturiba
samazinas. Lai palielinatu rapSa brikeSu izturibu, nepiecieSams pievienot saistvielas,
pieméram, kadru.
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BIOMASU PETTJUMI KONDICIONESANAS PROCESU
MEHANIZACIJAI
Biomass Propertiesfor Mechanization of Conditioning Processes

E. Kronbergs, M. Smits
Latvijas Lauksaimniecibas universitate, TF Mehanikas instituts,
J. Cakstes bulv. 5, Jelgava, Latvija, L\V3001,
tel.: 30 80674, fakss; 30 27238, E - pasts: eriks@cs.llu.lv

Abstract

Substitution offossilfeedstockfor energy and raw materials by biomass is important measurefor GHG emission
mitigation. Development of energy crop production and agricultural residue utilisationfor energy are important
goals ofthe rural policy. As chemicalfertiliser production and usage corresponds to the consumption ofoilfuel,
biomass usage directlyfor energy production or asfertiliser are activities with equal importance. The main
rural resources for biomass eco-technologies in Latvia are cereal straw residues, energy crops, emergent
vegetation and peatfrom wetlands and sedimentsfrom lakes. Wide range of biomass properties cause necessity
of appropriate mechanization equipmentfor biomass conditioning accordingly collection, conversion and usage
technologies. The ecosystem approach means taking into account the interrelationships among land, air water
and all living organisms including humans for mechanization equipment design of biomass technologies.
Complex mechanisation of biomass technologies is based on implementation of ecosystem approach and
investigation of properties of biomass in conditioning processes. For solid biofuel production densification
properties of chopped stalk materials with different additives (peat, rapeseed cake) had been determined.

Keywords: biomass conditioning, complex mechanization.

levads

Energija ir viens no stirakmeniem dzives kvalitates nodroSinasanai lielakajai dalai no
industrializétas pasaules. Akmenoglu, naftas un dabasgazes izmantoSana tiks sasniegts
maksimums tuvakajos gados, jo to resursi nepartraukti samazinas, bet patérétaju skaits pieaug.
Aizvietojot fosilos kurinamos ar biomasu energijas ieguvé samazina oglekla dioksida
uzkraSanos atmosféra, tadejadi novéersot planétas klimata kaitigas izmainas. Tautsaimnieciba
nozimiga ir ne tikai biomasas izmantoSana energijas ieguvei, bet nakotné paredzama art augu
biomasas izmantoSana par izejvielu avotu biodegradablu poliméru un konstrukciju materialu
razoSana. Biomasas pielietojums organiskd méslojuma razoSana layj attistit vidi saudzejoSas
tehnologijas tautsaimnieciba un palielina humusa saturu augsné.

Biomasu razosana, konversija un izmantoSana jarealizé lauku ekosistémas skatijuma, jo
ekosistemas kvalitates paaugstindsana ir prieksnosacijums tas ilgtspéjigai pastavésanai.
Ekosistémas pieeja atskiras tiesi ar to, ka tiek nemta véra mijiedarbiba starp augsni, tdeniem,
gaisu un visiem dzivajiem organismiem, ieskaitot cilvékus. Seviska nozime ir augsnes
auglibas saglabasanai un valéjo tdens baseinu eitrofikacijas novérsanai.

Jaunu biomasu resursu identifikaciju veic attistot jaunus mehanizacijas lidzeklus to
ieguvé un kondicionésana, apgustot lidz Sim neizmantotos organisko vielu atlikumus un
energétisko augu razoSanu. Ekosistémas pieeja gan biomasu ieguves, kondicionéSanas un
izmantoSanas tehnologiju izvélé, gan paSu mehanizacijas Iidzeklu projektéSana nodroSina
kompleksu pieeju So jautajumu risinaSana, jo tiek apskatita lauku ekosistema kopuma, kura
visi procesi ir saistiti. Mehanizacijas iekartu projektéSanai nepiecieSami ir arm specifisku
biomasas 1pasibu pétijumi, kas nodrosina konkréto pielietojumu.

Materials un pétijjumu metodika

Galvenie biomasu resursi Latvija, kuri var tikt izmantoti energijas, rapniecibas
izejmaterialu un organiska meéslojuma ieguvei ir kidra, sapropelis, koksne, energétiskie augi,
salmi un dazadi maz izmantoti stiebraugi (piem. niedres), attirito notekddenu ddnas,
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organiskas izcelsmes cietie atkritumi un dzivnieku ekskrementi. Fizikalie agregatstavokli
Siem uzskaifitajiem materialiem pamata ir divi:

1. dalgji skidrs - mitra kiidra, sapropelis, notekiidenu diinas un dzivnieku ekskrementi;

2. cieta irdena masa - stiebraugi, sausa kiidra, koksne un citi cietie atkritumi.

Saja apskata neietversim biomasu izmantoSanu specifisku $kidro degvielu (etanols,
biodizelis) razoSanai, bet aprobezosimies ar mehanizaciju cieta kurinama iegtSanai. Arl
koksnes lietoSana siltuma energijas ieguvei un par izejmaterialu ripnieciba ir jau gadsimtos
uzkrata pieredze, kura nodroSina So izmantoSanas veidu ekonomisko izdevigumu. Tapat
kiidras ieguve, zavesana, briket€Sana un izmantoSana ir labi atfistita, tap&c talak apskatisim
citu pargjo min€to biomasu izmantoSanu, jo So procesu mehanizacija ir aktuala.

Skidras biomasas prasa lielu energijas patéripu to mitruma samazinaanai. To
pielietojumu racionalak izmantot tuvak ieguves vietam, lai neraditu liekus transporta
izdevumus 0dens parvadaSanai. LidzSinga pieredze rada, ka sapropelis, dzivnieku
ekskrementi un notekiidenu dunas ir labi pieméroti komposté$anai un organiska mé&slojuma
razoSanai. Galvena nepiecieSama kondicion€Sanas operacija ir mitruma samazinasana.
Kompostu mitrums >60% ir nepiecieSams mikrobiologisko procesu norisei, tacu sakotngjais
Skidro biomasu mitrums parasti ir > 90% sapropela un dzivnieku ekskrementu masai un >85%
notekiidenu diinam p&c primaras atidenoSanas. Masas optimala mitruma un arT sastava
nodrosinasanai ir lietderigi STm §kidrajam biomasam pievienot sausas biomasas ar augstu
oglekla saturu (salmus, kiidru u.c.). Sads sausu $kiedru materials ne tikai tie§i samazina
mitrumu masa, bet arT netiesi — uzlabojot masas filtracijas 1pasibas. Organiska mé&slojuma
blakus galvenajiem augu baribas vielu elementiem (N, P, K) ir liela nozZime ogleklim (C),
kur§ pariet augsnes humusa, bet veélak CO, gaze augu fotosintézei. Kudra, salmi un citu
stiebraugu biomasa, kuru pievieno $kidrajam biomasam kalpo gan mitruma regul&Sanai, gan
arT ka oglekla avots. Galvenie kompostéSanas procesa un organiska mé&slojuma sadaliSanas
procesa izpilditaji ir mikroorganismi, kuru darbibai nepiecieSams noteikts gaisa padeves
daudzums biomasa. NepiecieSama tehnika organiska méslojuma iekrauSanai, parkrau$anai
iestradei sekmigi strada jau daudzus gadu desmitus. Nopietnas problémas izraisa dazadu
stiebru materialu (salmu, niedru) transports, jo prakse skidro biomasu ieguves vietas, salmu
un kudras razotnes un kompostu razotnes izvietotas atskirigds vietds. Nepres€tu salmu,
sasmalcinatu niedru un citu energétisko augu biomasu blivums (0,02-0,06 g/cm’) ir parak
mazs, lai tas transportetu lielos apjomos un attalumos. Ari sadu biomasu uzglabaSanai
nepiecieSamas lielas, no lietus aizsargatas platibas. Tapec Skidro biomasu izmantoSana
organiska méslojuma razosSanai biitiska no kondicion&Sanas mehanizacijas viedokla ir sausu
biomasu smalcinataju (v€lams mobilu) un armf kompakteSanas iekartu radiSana un
izmantoSana.

Energetisko augu, salmu un citu stiebraugu izmanto$ana energijas ieguve ir seviski
perspektiva, jo tos iespgjams miisu klimatiskajos apstaklos ieglt ar mitruma saturu, kas ir
mazaks par 15%. Audz&ot energétiskos augus (Phalaris Arundinacea) praktizé novéloto
plauju pavasari [1], jo tad baribas vielu (P, K) daudzums auga ir samazinajies uz pusi,
salidzinajuma ar plauju rudeni. ArT augu sausa masa pavasari sasniedz 85%. Smalcinasana un
kompakteSana ir nepiecieSama ar1 §adai stiebru biomasai, ko paredz&ts izmantot par cieto
kurinamo. Tadejadi, analizgot gan organiska meéslojuma razoSanai, gan cieta kurinama
razoSanai nepiecieSamos biomasas kondicionéSanas veidus, domin€ smalcinaSana un
kompakteSana. Lai noteiktu, kadi ir nepiecieSamie galvenie parametri $adam iekartam
mehanizgtai  stiebraugu smalcinaSanai  un kompakt€Sanai, veikti eksperimentali
kompakteSanas peffjumi. Sasmalcinatu kvieSu salmu biomasa ar mitrumu ~10% tika saspiesta
slégta preséSanas forma kopa ar piedevam ar maksimalo spiedienu 2330 bar. Lai izvertétu
smalcinasanas ietekmi, salmi tika frakcion&ti sijajot caur dazada izméra sietu bloku.
Kompakt&Sanai izmantoja miniatiru speciali izgatavotu hidraulisko presi, kuras piedzinu
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veica no hidrauliska stenda KI 4815 - 03. Eksperimentos iegutas briketes mérija ar
mikrometru un to masas noteikSanai izmantoja Sartorius elektroniskos svarus GM 312 ar
nolasiSanas precizitati 0,01 g. BrikeSu blivumu noteica ar aprékina palidzibu. Mainot
sasmalcinato salmu un piedevu frakcijas, kompaktéSanas eksperimentos ieguva daZzada
blivuma briketes. Par piedevam izmantoja kidru un spraukumus, ko iegast rapsa partikas ellas
un tehniskas ellas spiestuvés. So piedevu mitrums neparsniedza 10% Partikas rapsa
spraukumos bija vizuali vérojams augstaks ellas 1patsvars neka tehniska rapsa spraukumos.

Rezultati un to iztirzajums

Eksperimentos ar kvieSu salmu daZada smalkuma frakciju kompaktéSanu iegato brikesu
blivums ir 0,85 - 1.15 g/lcm pie spiediena 2330 bar bez karsésanas.

Salmu frakcijai, kura ieguta izsijajot caur sietu ar acs izméru 05 mm péc
kompaktésanas iegutais blivums ir lielaks par 1g/cm , turpreti lielaka izméra dalinu
kompaktéSana bltivums $o vértibu nesashiedz.

Lai noteiktu to vai kudras piedeva (< 3 mm) rupjakai salmu frakcijai veicina blivuma
pieaugSanu kompaktéSana, realizéja kompaktéSanas eksperimentu sériju maistjumiem ar
kvieSu salmu frakciju (2 - 3 mm) un kadras frakciju (< 3 mm). Mainot So frakciju proporcijas
pakapeniski palielingja kidras frakcijas ipatsvaru. Eksperimentu rezultati ir redzami 1 att.

1 att. KvieSu salmu un kadras maisijuma kompaktéSana

Kudras piedeva maisijuma vairak par 30% nodroSina auksta presésana briketes blivumu,
kurs ir lielaks par 1g/cm3. Péc preséSanas speka un parvietojuma datiem aprékinata presésanas
energija samazinas, palielinoties kidras Tpatsvaram no 39,5 kJ/kg (0% kidras maistjuma) lidz
34 kJ/kg (100% kudra).
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KompaktéSanas eksperimentu sérija maisijumiem ar rapSa salmu frakciju (2 - 3 mm) un
rap3a spraukumiem no partikas ellas (< 3 mm) mainija spraukumu frakcijas 1patsvaru. Lidzigi,
ka ieprieks, noteica patéréto energiju. Eksperimentu rezultati ir redzami 2. att.

2. att. RapSa salmu un partikas ellas spraukumu kompaktéSana

Kaut ar1 eksperimentos novéroja nepiecieSamas preséSanas energijas samazinasanos,
pieaugot spraukumu proporcijai samazinajas ari iegato brikesu blivums un izturiba.

KompaktéSanas eksperimentu sérija maistjumiem ar rapa salmu frakciju (2 - 3 mm) un
rapsa spraukumiem no tehniskas ellas (< 3 mm) pakapeniski palielingja spraukumu frakcijas
Tpatsvaru. PreséSana patéréto energiju noteica péc preséSanas spéka un parvietojuma datiem.
Eksperimentu rezultati ir redzami 3. att..
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3. att. Rapsa salmu un tehniskas ellas spraukumu kompaktéSana
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Eksperimentos novéroja nepiecieSamas presésanas energijas samazinasanos no 30 kJ/kg
(0% spraukumu maistjuma) Iidz 7 kJ/kg (100% spraukumu), pieaugot spraukumu proporcijai
palielinajas ar1 iegtito brikesu blivums. Ir zinams, ka Eiropas valstu standartu [2] prasiba ir
tada, ka kokskaidu granulu un brikesu materiala blivumam ir jabat >1,0 kg/dm’. Ta bitu
rekomendgjama arT augu biomasu kompakt&sana.

Eksperimenti ar spraukumu piedevam pierada to, ka spraukumi no tehniskas ellas
spiestuvém ir labak pieméroti cietd kurinama briket€m. To Tpatsvaru briketé€Sanas maisijuma
ieteicams izvel&eties atkariba no ekonomiskiem apsveérumiem, jo paSu rapsa salmu briket€Sana
iegiitais blivums jau ir > 1 g/cm’ . Rap§a spraukumu piedeva palielina blivumu ne vairak par
0,1% (100% spraukumu). Tacu, atfistoties dizeldegvielas razoSanai no rapsa pieaugs gan
rapsa tehnisko spraukumu, gan salmu resursi, kas var tikt izmantoti cieta kurinama razoSanai.
Rapsa spraukumus no partikas ellas razotn€m nav lietderigi izmantot par briket€Sanas piedevu
salmiem, jo tie samazina gan bltvumu, gan brikesu izturibu.

Eksperimentos iegiitas sakaribas un atzinas ir izmantojamas biomasas kondiciongSanas
mehanizacijas iekartu — mobilo smalcinataju, briketetaju projektesana un kondiciong€sanas
tehnologiju izstrade.

Secinajumi

1. Sasmalcinatu kvieSu salmu stiebru materialu kompaktéSana iegiitais brikeSu blivums ir
atkarigs no sasmalcinasanas pakapes. Frakcijai ar dalinu izmé&ru < 0,5 mm péc
kompakt&sanas iegiitais blivums ir lielaks par lg/cm’, turprefi lielaka izméra dalinu
kompaktesana blivums So vertibu nesasniedz.

2. Kudras piedeva vairak par 30% briket€Sanas maisijuma ar kvieSu salmu dalinam (2-3 mm)
nodrodina aukstd prese$ana briketes blivumu, kur§ ir lielaks par lg/cm’. PreséSanas
energija samazinas, palielinoties kiidras Tpatsvaram no 39,5 kJ/kg (0% kiidras maisijuma)
Iidz 34 kJ/kg (100% kiuidra).

3. Rapsa tehniskas ellas razotnu atlikumu - spraukumu piedeva briket€§anas maisijumam ar
rapSa salmu dalinam (2-3 mm) palielina brikeSu blivumu ne vairak par 0,1% (100%
spraukumu). Patéréto preséSanas energiju piedeva samazina no 30 kJ/kg (0% spraukumu
maistjuma) [1idz 7 kJ/kg (100% spraukumu).

4. RapSa spraukumus no partikas ellas razotn@m nav lietderigi izmantot par briket€Sanas
piedevu salmiem, jo tie samazina gan blivumu, gan brikesSu izturibu.
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VIDI SAUDZEJOSU OGU AUDZESANAS TEHNOLOGIJU
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Development of Ecological Berries Growing Technologies
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Abstract

We consider it a primary precondition to abandon the use of centrifugal spreaders. Since agricultural
technology requires multiple application of low fertiliser rations, we investigated the use of the ATD-2 batcher .
It turned out that these batchers could not ensure spreading of small rations. In search of an alternative solution
we chose reel-type seed distributors. Experiments showed that such a design ensures uniform distribution with
the use of upper sowing at the required rate of 20 g/m”. By sowing in this way, the granules are exposed to
minimum damage. The spreader of this type is mounted upon the strawberry inter-row cultivation unit KIZ-3. It
is a multipurpose unit that allows cultivating row-spacings, cutting off tendrils and loosening the cultivated soil.
Research was carried out in the placement of mineral fertilisers in the soil. A rate was recognised as an optimum
when the fertilisers were applied at the depth of 2-3 cm and 7 cm apart from the centre of the strawberry plant
on both its sides. An important condition is that the composition of mineral fertilisers should meet the
requirements of agricultural technology, they should be dry and not cloggy.

The technology applied gives a great economic effect as well. The economy of fertilising means alone adds up to
20-45 Ls/ha.

Keywords: strawberries, technology, growing, fertilizing, cultivation.

Ievads

Lauksaimniecibas parstrukturéSanas, kura iezimgjas p&dgjos gados, paver jaunu
skatfjumu arT uz auglkopibas nozari. Darzu platibas 1996.g. bija 16,2 tukst. ha. Bet tie bija
galvena karta vecie ekstensivie darzi, kuri daudzviet pec kolektivo saimniecibu sabrukSanas
vispar netiek apsaimniekoti un tiem arT nakotné nav nekadas perspektivas. No jauna ierikoti
intensivie darzi ir m&rami dazos desmitos ha. Tacu tas galigi nesedz valsts pieprasijumu péc
augliem. Tas noZimg, ka mums ir jaieriko jauni auglu darzi , pie tam tie javeido ar perspektivu
lai to produkcija biitu konkuretspgjiga ar importa augliem. P&d&os gados, meklgjot ejosu
preci, plasak atfistas ogulaju, seviski zemenu platibas.

Lai tiktu pie jauniem intensiviem darziem jaapmaca tie zemnieki, kuri vélas tos ierikot,
ka to dartt un ar ko to darit. Kritiski pavertgjot, vecas zinasanas ir pagruti pilnvertigi izmantot.
Ir nakus$i klat jauni méslosanas, augu aizsardzibas un tehniskie Iidzekli. Paslaik vienigais
izzinas avots ir Dobeles DSIS darbinieku izdotais buklets “Intensivi auglu un ogu darzi” un
“Intenstvas auglkopibas rokas gramata”. Ta ka darbi auglu darzos ir loti darbietilpigi, tad no
svara ir maksimali tos mehanizgt, ta atvieglojot roku darbu un pazeminot izdevumus.

JaatzZim€ interesants moments, ka p&d&os gados, kad misu wvalsti ir parpludingjis
ievesto masinu klasts, ko izplata neskaitamas izplatitaju organizacijas salidzino$i maz tiek
piedavata tehnika auglu - ogu darzu mehanizacijai. To var izskaidrot ar to, ka pieprasijums Sai
tehnikai pasaules tirgd ir neliels un tapéc lielam firmam nav izdevigi $o tehniku razot. Sim
nolukam tehniku neliela skaita razo mazas darbnicinas, kadu daudz ir piem&ram Polija. Agrak
darzu tehniku misu regionam razoja Moldavija, Rumanija, Bulgarija. Diemzel Sie kontakti
paslaik ir partraukti, tapec jarod risinajums uz vietas Latvija.

Risinot zemenu audz€Sanas mehanizacijas jautajumus, misu merkis ir izveleties tadu
tehnologiju, kura ir videi draudziga. Miisu gadijuma, par tadu esam izvél&jusies tehnologiju,
kur ar agregatu, kur§ veic zemenu rindstarpu kopSanu tiek izstradati mineralmesli lokala veida
ti. tiei taja zona, kur atrodas stadijumu saknu sistéma . So tehnologiju més uzskatam par
videt draudzigu, jo esam atteikuSies no centrb&dzes klied&taju izmantoSanas.
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Laboratorijas eksperimentu metodika un iegitie rezultati

Darba uzdevums - izstradat agregatu, kurS varétu iestradat mineralméslus augsné
noteiktd dziluma, noteikta atstatuma no saknu sistémas un nelielas devas, jo agrotehniskas
prasibas paredz vairakkart€ju méslojuma doSanu vegetacijas perioda. Svarigi bija panakt
vienm&rigu meslojuma padevi nelielas devas.

Lai aizsargatu vidi atteicamies no centrbeédzes sgjaparatu izmantoSanas. Lai panaktu
méslojuma iestradi saknu sist€émas zona izmantojam kaltveida lemesiti ar piemetinatu piltuvi.
Vienmerigai me&slojuma padevei uz piltuvi izvel&amies spolisu tipa sgjaparatu.

Tika izgatavots makets ar vienu izs€jas aparatu un rokas piedzinu.

Eksperimentam izmantoti mineralme&sli NPK 10-10-20 ar granulu lielumu, mm -mazak
pal1l,0- 3,9 %; 1,0-2,57,4%; 2,5-3,0 - 9,9%; 3,0-4,5 - 73,0%; virs 4,5 - 5,8%; kopa
100%. Sveérsanai izmantoti svari VLKT-500. Katra méginajuma laika spolite tika griezta ar
frekvenci 60 apgr./min., apgriezienu skaits 10.

Tika izdarTti ar1 salidzinosi laboratorijas eksperimenti ar lokalo mineralméslu dozatoru
ATD-2. Abos gadijumos s€japarati tika griezti ar roku ar 60 apgr./min. Ta ka m&s meklgam
konstrukciju, kura nodrofina vismazako izs&jas normu 20 g/m® vispirms parbaudijam
s€japaratu ATD-2, kuri ir s@rijveida razoSana. Parbaudes laika noteicam iesp&ju no abiem
izvadiem sanemt vienadu dozu. Tas izdevas tikai pie padeves 18 g/apgr. Ta ir minimala
padeve, jo vé&l pazeminot padevi ta partrukst vispar. Noteicam ari granulu deformaciju
(sairsanu). Ta bija 30%. Tos pasus raditajus noteicam ari spolites tipa izs€jas aparatiem.
Salidzinajumam eksperiments tika veikts ar aug$go un apaksgjo izs€ju, granulu sairSana ar
apaksgjo izs€ju — 20%, ar augsejo — 5%. Novirze starp atkartojumiem vismazaka augsejai
izsgjai 5%.

No iegiitiem rezultatiem var secinat, ka:
1. Stabilako izs€jas normu iesp&jams iegit padodot granulétos mineralméslus ar
t.s. augsas 1zs€ju.
2. Atkartojumos vismazakas novirzes sasniedzamas, ja darba varpsta griezas ar
atrumu tuvu 1 apgr./min.
3. Lai izvairitos no loti intenstvas detalu karozijas spolite un bidmufta jaizgatavo
no plastmasas.
4. Vislielaka granulu sair§ana notiek pie apaks$gjas izs¢€jas.
Padeves vienmériba atkariga no spolites grieSanas atruma.
6. ATD-2 tipa izs€jas aparati pastiprinati boja granulas (Iidz 30%) un nav
iespgjams ieregulét nelielas izs&jas normas — 20 g/m*.

wn

Darbojosa maketa uzbiive

Péc eksperimenta  nobeigSanas tika izstradata lokalas mineralméslu iestrades
paligierices makets uz zemenu starprindu kultivatora KIZ-2 bazes. KIZ-2 sastav no
kvadratcaurules ramja ar (trijam) divam Sk&rssijam, pie kuram ar kronsteinu palidzibu
stiprinas bultveida nogriezgj pleznas, stigu nogriezg diski un adatu irdinatajveltni. Pie ramja
stiprinas arT divu balstritenu kronSteini.

Mineralmeslu izs€jas paligierice ar 4 balsteniem nostiprinata uz kultivatora ramja.
Izs€jas aparatus piedzen ar k&di no monorata ar pieSiem. Uz ramja nostiprinati 4 kalti ar
uztvergjpiltuveém, kuras ar gofrétam caurulém savienotas ar sgjaparatiem. Izs€jas normas
iestaditajs piestiprinats pie mineralmeslu tvertnes.
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Att.1. Darbigo dalu izvietojums. 1- bultveida lemesisi; 2 - kalts mineralméslu
iestradei; 3 - diska nazis; 4 - rotéjosie irdinatdji; 5- méslojuma tvertne.

Mineralmeéslu izvietojums augsné attieciba pret zemenu stadijumiem

Viens no svarigakajiem pamatfaktoriem, kas nosaka mineralmeéslu lokalas iestrades
efektivitati zemenu stadijumos, ir to atrasanas augsné attieciba pret stadu izvietojumu. Masu
tehnologija balstas uz pienémumu, ka mineralmésli janober abpus zemenu stadijumu rindas,
bet tie netiek izséti rindstarpas kur aug tikai nezales.

Atskirigs risingjums ir gadijumos, kad zemenes staditas divas tuvrindas, kuras otraja
augSanas gada saplust kopa. Dazi zemenu audzétaji vienu izséjas aparatu iztukSo paplasinata
stadijuma vidusdala, daZi laizZ izséjas zabacinam lauzties caur stadijumu.

Svarigs nosacijums mineralméslu novietojuma ir, lai tie tiktu ievaditi augu saknu
sistémai labi pieejama zona. Tapéc lietderigi ir mineralméslus ievadit 2-3 cm dziluma 7 cm
atstatuma no stada centra.

Si ir arf galvena lokalas iestrades priek3rociba salidzinot ar virszemes izkliedi no
centrbédzes masinam.

DaZi nosacijumi mineralméslu lokalai iestradei reizé ar rindstarpu irdinasanu
Stradajot ar rindstarpu irdinatajiem, kuriem ir pierice mineralméslu lokalai iestradei,
lietderigi ievérot dazus nosacrjumus.
1 Mineralméslu lokalai iestradei izmantojami tikai granulétie mineralmeésli , kuru
kvalitati un augu baribas vielu elementu saturu garanté piegadataja firma.
2. Granulétajiem mineralmesliem jabat sausiem, nedripoSiem, bez pikam, sakepumiem
un piemaisijumiem.
3. Mineralméslu  tvertnei jabat ar vaku un attieciga rupjuma sietu, iespéjamo
piemaisijumu atdalisanai.
Nobeidzot darbu masina janotira no mineralméslu atliekam.
Darba ar mineralmeésliem jaievéro sanitarijas un higiénas noteikumi.

o1~

Mineralméslu lokalas iestrades paligiericu ekologiskais un ekonomiskais novértéjums
Vadoties no ieprieks teikta, méginasim dot kopéjo ekologisko novértéjumu, pielietojot
zemenu stadijumu kopSanai lokalas mineralméslu iestrades ierices.
1 Mineralmésli tiek pievaditi tieSi auga saknu sistémai, optimalas izmantoSanas zona.
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Mineralmesli tiek nosegti ar augsnes kartinu, kas novers baribas vielu zudumu tiesas
iztvaices cela.

Ar mineralm@sliem netiek piesarnotas lauka malas un tai piegulosa teritorija, kura
nereti atrodas gravji un citas tidens kratuves.

Mineralméesls esosas baribas vielas netiek pievaditas zonai, kur var augt tikai nezales,
tadgjadi bremzgot lauka piesarnoSanos ar nezalém, kuru apkaroSana atkal prasa
Kimisko augu aizsardzibas lidzeklu pielietoSanu, un papildus piesarnojuma
veido$anos.

Lidz ar to arT novacama produkcija — ogas nonak minimals mineralmeslu daudzums,
un més ieglistam ekologiski tiru produkciju.

Sis tehnologijas vislielako taustamo efektu dod izlietoto mineralméslu ekonomija.
Péc agrokimiku pétijjumiem lokalas iestrades metode dod iesp&u iestradajamo
mineralméslu dozu samazinat par 30 — 50%, nezaudgjot uz iegitas razas rékina.

Paslaik zemenu audzétaji plasi pielieto kompleksos mineralméslus ar NPK saturu

10:10:20. So méslosanas Iidzeklu cena Latvija ir ap 225 Ls/t. Pieméram tresaja audz&Sanas
gada virsme&slojuma deva ir divas reizes par 150...200 kg/ha. Kopgja deva gada 300-400 kg.

Samazinot devu par 30% lidzeklu ekonomija ir Ls 20,25 un samazinot devu par 50 % -
Ls 45.

Tatad pielietojot So metodi, prakse iespgjams ekonomét 20-45 Ls/ha.

Sadas paligierices izmaksa ir aptuveni Ls 200. Tas nozimg, ka tikai uz ietaupito

mineralmeslu rékina vien, pielietota paligierice pie stadijumu platibas 2,5 ha, atmaksajas 2

gados.
Secinajumi
1. Lokala mineralm&slu iestrade zemenu stadijumos nodro§ina optimalos mé&slojuma
devas un dod Iidzeklu ekonomiju 20-45 Ls/ha.
2. Lokala iestrade Iidz minimumam samazina iesp&u mineralmésliem ieklut tdens
kratuves, ta piesarnojot apkartgjo vidi.
3. Lidz Sim plasi pazistamie lokalas iestrades dozatori ATD-2 nevar nodrosinat nelielu
dozu 20-30 g/m* ievadisanu augsné.
4. Ekonomiskak ir izveidot universalu agregatu, kurs sp&j veikt visas kopSanas operacijas
un mineralm&slu doSanu kopa ar rindstarpu irdinasanu.
5. Mineralméslu ieveSanai piemé&rotakie ir spoliSu tipa aparati ar augs$gjo izsgju. Tie
nodrosina nepiecieSamo precizitati un nelielas devas.
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SABIEDRIBAS EKOLOGISKA IZGLITOSANA
Ecological Education of Society

I. Laizane
Rézeknes Augstskolas Dabas zinatnu katedra,
AtbrivoSanas al. 76, Rézekne, Latvija, LV-4600

Abstract

Education has invaluable role in the promotion of sustainable development. Its important task is to promote the
Jormation of understanding the environmental and development issues of every person. It is a necessity to
achieve the change of orientation of personal values and to develop their abilities to solve the issues concerning
sustainable development.

One of the subjects that can help to perform the task is ecology. Fcology is a subject that could promote the
understanding between human being and environment and to create the positive attitude towards the nature.
Tendencies of ecological education in Latvia are recovered in the report. For recovering the tendencies research
was done which involved summarizing the results about pupils real knowledge, skills in the sphere of ecology
and motivation to study ecology.

Keywords: sustainable development, ecological education, ecological awarenes.

Ievads

Par to, ka cilveéks vel joprojam skaidri neapzinas savu vietu dabas videé apliecinaja
Johanesburga notiekoSais samits, kura piedaltjas 189 valstu parstavji. Pasaules valstu parstavji
sanaca Johanesburga, lai izsvertu, kas pedgjos 10 gados — kops Iidziga saieta Riodezaneiro —
padarits pasaules méroga ekologiskas katastrofas atvairiSanai [1]. Parsteidzosi ir tas, ka
samita rezultats 1zradijas apstiprindjums bedigai atzinai, ka visi $adu pasakumu dalibnieki
nevienosies par labu tirai videi kamér vien ekologiska katastrofa nebas sakusies [1], tas
apliecina globalo ekologisko procesu ignoranci, izpratnes, attieksmes trikumu pret
notieko$am izmainam dabas vid€ un par to, ka no ta atkarigs ne vien dabas stavoklis, bet ari
cilvéces pastavesana un attistiba.

Rio konference, “Agenda 217, Johanesburga notiekosSais samits un citas konferences,
seminari vides aizsardZibas joma nemaz nenorada uz cilvéces velmi mainities, cik norada uz
cilvEces nesp&ju mainities.

Lai nodrosinatu ilgtsp&igu un Iidzsvarotu attistibu, nepiecieSamas radikalas izmainas
sabiedribas izglitoSana. Svarigi panakt, lai mainttos cilvéku vertibu orientacija un atfistitos
vinu sp&jas risinat ar ilgtsp@jigu attistibu saistitos jautajumus. Tapéc ir svarigi domat par to,
lai skolas biitu tads macibu priekSmets, kas veicinatu cilvéka un dabas vides vienotibas
izpratni, veidotu pozitivu attieksmi pret dabu, veicinatu dinamisku un lidzsvarotu sabiedribas
socialo un ekonomisko attistibu. STs izmainas var sasniegt tikai tad, ja praktiska darbiba
apvienojas un iesaistas visi sabiedribas locekli, tap&c ir svariga visas sabiedribas, bet jo Tpasi
jaunatnes ekologiska izglitosana.

Vides izglitiba, tai skaita ari ekologiskas izglifibas joma, musdienas aktivi un
profesionali strada daudzas nevalstiskas organizacijas - Bérnu vides skola, Pasaules dabas
fonds, Latvijas Universitates Ekologiskais centrs, Vides izglitotaju asociacija, Daugavpils
Universitates Dabas izp&tes un vides izglitibas centrs u.c. Neskatoties uz to, izvertgjot
padarito un sasniegto, jaatzimé, ka sasniegumi ir pieticigi. Ekologiskas izglifibas
nepiecieSamiba pamatota jau sen, bet tas aktiva ievieSana krietni kavgjas.

Lidz ar to ir aktuali Latvija izstradat ekologiskas izglitibas koncepciju, kas tiks realizéta
skolas dzivé. So ekologisko problému risinaSanas iesp&ju formulgja 1977. gada Tibilisi [2].
Agenda-21 ricibas programma 21.gadsimtam, ko 1992.gada Riodezaneiro parakstijusas 179
valstis, ari ir akcentéta sabiedribas ekologiskas izglitoSanas nepiecieSamiba [3], bet redli tas
nenotiek.
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Aktuali ir noteikt izglitibas prioritates — izlemt, kas ir pietiekami svarigi, lai to butu verts
macit, tas attiecas ari uz ekologisko izglitibu.

Tapéc veicot pétijumu tika noskaidroti sekojosi jautajumi: kadai jabat ekologiskas
izglifibas programmai, pamatojoties uz sabiedribas vajadzibam, un kadas ir ekologiskas
izglifibas tendences Latvija paslaik.

Pétniecibas process virzijas ta, ka sakuma tika noskaidroti ekologiskas izglitibas
patérétaju un ieintereséto puSu viedokli par ekologisko izglitibu. Péfiti jautajumi, kas
atspoguloja, kadai ekologiskai izglitibai (kvalitativi, saturiski) ir jabat, ti., tika veikta
vajadzibu apzinasana. Ieklauti ar1 tika tadi jautajumi, kas deva pamatojumu vai noliegumu
ekologiskas izglitibas nepiecieSamibai, tatad, tas 1ava noskaidrot, vai pastav pieprasijums Sai
izglifibai. Kopuma tika aptaujati 612 respondenti. Aptauja bija brivpratiga un anonima.

Ka otrs pé&tijuma solis bija esoSo izglifibas standartu, programmu izveértg§jums no
ekologiskas izglitibas aspekta.

TreSais p&fijuma solis bija versts uz to, lai diagnosticétu, kadas zinaSanas, prasmes,
kadu attiecksmju (vértibu) kvalitati ekologijas joma reali ir ieguvusi skoléni. Pétita reala
ekologiskas izglitibas kvalitate 375 visparizglitojosas skolas skoléniem, kas salidzinata ar
idealo optimumu, ko pieprasa musdienu situacija .

Pétniecibas procesa beigas, salidzinot esoSo ar v&lamo, bija apzinats tas, kas biitu
darams ekologiskas izglitibas joma nakotné.

Petijuma iegiuiti rezultati, to analize un interpretacija

Izglitiba, tai skaita ekologiska izglitiba, ka sabiedrisku pakalpojumu veids var iegit
augstu novertg§jumu tad, ja tas dazadi lietotaji vai patérétaji ar to ir apmierinati (paterdtaji —
vecaki, skoléni, studenti, darba devgji utt.). Protams izglitiba, tai skaita ekologiska izglifiba,
ir sarezgiti definét, ko uzskafit par patérétaju. Potencialie patérétaji var but tadas grupas, ka
viet&as un augstaka [Tmena pasvaldibas, to institlicijas, sabiedriskas organizacijas, uzneméeji
un turpmakas izglitibas pakapes parstavji (augstskola, profesionalas un vidgjas izglitibas
iestades) [5].

Lai sniegtu ieteikumus un izstradatu ekologiskas izglifibas koncepciju, pieja bija
sekojoSa-vispirms tika iesaistita sabiedriba un nemts vera tas viedoklis, jautajuma par to -
kas cilvekam butu jazina ekologijas joma, lai dzivotu §i gadsimta sabiedriba.

Pirms sakt izstradat ekologiskas izglifibas koncepciju, pirms sakt veidot ekologijas
ka macibu priek§meta programmu, pieverSanas veérfibam un prioritatém var dot verfigas
atklasmes. Ir svarigi nemt véra cilvéku veértibas, vajadzibas ekologijas joma, jo tiem kurus
lemums ietekmg, ir ka tiesibas, ta arT iespgas tikt uzklausitiem pirms $adu lémumu
pienemsanas. Lidz ar to tika veikts empirisks vajadzibu novert€§ums, kas pamatoja
ekologiskas izglitibas nepiecieSamibu un deva vértigas atklasmes jautajuma — kadai
ekologiskai izglitibai (kvalitativi, saturiski) vajadzétu bat.

Vajadzibas $aja petjuma ir defin€tas ka nesaskana, pretrunas starp pasreizgjo
stavokli un labaku stavokli. Ta ir nesaskana starp to, kur izglitojamais ir tagad, un to, kur
mes vai izglitojamais, vai cita persona gribam, lai bitu [4].

Vajadzibu noverteSana bija informacijas vaksanas un analizes process, kura rezultats ir
individu, grupu, organizaciju, sabiedribas vajadzibu noteikSana.

Pirmkart, tika uzzinats specialistu viedoklis ekologiskas izglitibas joma. Notika
parrunas, konsultacijas ar praktizgoSiem ekologiem (kuri strada pasvaldiba, biznesa
struktiras, rupnieciba u.c.). Praktizg§oSu ekologu viedoklis ir loti svarigs, jo viniem ir
priekS§stats par nozares nakotni.

Izzinot iespgjamo atbilzu daudzveidibu un apkopojot iegiitos datus (piedavatos
principus, komentarus) tika izvert€tas un noskaidrotas pieejas, principi, vajadzibas kuras vini
piedava ekologiskas izglifibas realizacija.
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Apkopojot iegiitos datus, var secinat, ka ekologiskas izglitibas joma tiek izvirzitas
tadas prasibas ka izglifiba muza garuma, attieksmes veidoSana pret dabas vidi, ekologiskas
apzinas veidoSana. Tiek uzsverts, ka ir svariga sabiedribas attiecksme pret apkart§jo wvidi, jo
iedarbiba uz dabas vidi balstas uz cilvéka apzinu.

Tradicionali tiek uzskatits, ka vides kvalitates problému risinasana ietilpst dabas,
tehnisko un socialo zinatnu darbibas sféra. Humanitaro zinatnpu un it ipasi psihologijas
piesaistes iesp&jas un nepiecieSamiba tiek apzinatas galvenokart tikai nesen, tap&c petijuma
tika ieklauti tadu =zinatnu specialisti ka psihologi. Centamies uzzinat vinu viedokli par
vajadzibam ekologiskas izglitibas joma, par pastavosam ekologiskam problémam to
risindjuma celiem. P&fljuma rezultatus apkopojot tika glitas svarigas atzinas. Sarunas,
konsultacijas ar pefijuma ieklautiem psihologiem izkristalizgjas atzinas par pastavoso
ekologisko problemu psihologiskiem aspektiem. Pétijuma ieklautie psihologi uzsver, ka
joprojam  pietiekosi tiek nenovértéta psihologisko faktoru butiska loma dabas vides
problému radiSana, ka ar1 So faktoru izmantoSanas potences min&to probl€ému atrisinasana.

Psihologi akcenté to, ka , ta ka ekologiska krize ir moralas dabas, tad ekologiskas
izglifibas realizacija svarigs morales aspekts. Tiek uzskatits, ka musdienu pasaulé pastav
vertibu krize, tapéc ir nepiecieSama principiali jauna wuz vertitbam, apzinu versta
izglitosana ekologijas joma. Tiek uzvérts, ka uz cilvéka ekologiskas apzinas veidoSanu un
atfistibas Iimena paaugstinasanu jabalstas ekologiskai izglifibai. Tadgjadi, ka uzsver,
pieme&ram, pazistamais amerikanu antropologs K. Kastaneda, situacijas arga pasaulé
optimizeSanai jasakas ar cilveéka apzinas transformaciju.

Pétijuma tika uzzinats ar1 klientu (skolotaju, pasreizgjo izglitojamo, bijuso izglitojamo,
vecaku, darba dev@ju, u.c.) viedoklis. Skolotajiem ir tiesibas izteikt savas domas par tam
parmainam izglitibas procesa, kuras var ietekmét vinu darbu. Jautajuma par izglitibas saturu,
ko mactt un ka — noteicosais ir praktiku vert§jums, tapec petijuma tika apkopots skolotaju,
kuri ir iedzilinajuSies dabas zinatniska rakstura macibu priekSmetu j€ga un nolikos,
viedoklis par ekologisko izglitibu. Skolotaji péc bufibas ietilpst visas trijas respondentu
kategorijas — vini ir klienti, specialisti un 1&€mé&ji, tap&c skolotaju viedoklis ir loti butisks.
Aptauja tika ieklauti 56 skolotaji. Ka viedoklu noskaidro§anas metode tika izvéléta anketa,
kura tika ieklauti jautagjumi par ekologiskas izglitibas nepiecieSamibu, vajadzibam ka ari
cita rakstura jautajumi, parrunas.

Skolotaji  tika aicinati arT atbildét uz jautajumu, kas saistas ar ekologiskas izglitibas
realizacijas iespgjam skola. Atbildot uz jautajumu, kadas ir ekologiskas izglitibas realizacijas
iespgjas skola , no aptaujatajiem 56 skolotajiem 29, t.i., 52 % norada, ka ir nepiecieSams
patstavigs macibu priekSmets- ekologija, 14 skolotdji, t.i.,25 % - atbalsta integrativo modeli,
ti., vini uzskata, ka ar ekologiju saistitiem jautajumiem organiski jaieklaujas visos macibu
priek§metos, 12 % - ieklaujams ka obligats intereSu izglitiba, 11 %- realiz§ams caur
projektiem (skat. 1. attelu).
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1. att. Skolotaju uzskati par ekologiskas izglitibas
realizacijas iespgjam skola

ST pétijuma rezultata ir redzami celi, ka ekologisko izglitibu reali var ieviest skolas
dzive. Ka arT tika noskaidrotas, kadas vajadzibas ekologiskas izglitibas joma ka svarigas
uzskata skolotaji. Tiek uzsverts tas, ka ir vajadzigas gan zinaSanas, gan prasmes, atticksme,
riciba. Akcenté arito, ka tos ir svarigi sabalansét, realiz&jot ekologisko izglitibu.

Tika noskaidrots, ko ekologiskas izglitibas joma gaida skoléni, studenti? Tatad, tika
skaidrotas  izglttojamo vajadzibas, pe@tijuma ieklaujot 237 respondentus. Ka viedoklu
noskaidrosanas metode tika izveleta anketa, parrunas.

Péfijums par konkrétu mérkauditoriju- skoléniem un studentiem sniedza informaciju,
ko vini uzskata par prioritatém (vajadzibam) ekologiskas izglifibas joma. Apkopojot izteiktos
viedoklus var akcentét, ka respondenti atzist par svarigu palidz&t saredz&t un izprast
ekologiskas problémas visos ITmenos, gan sava tuvakaja apkartné, gan globali pasaulé.
Skoléni, studenti atzist, ka katram ir jaizprot sava un citu cilvéku saistiba ar §im ekologiskam
problémam un ricibas ietekme uz tam. Ir javeido prasmes risinat un noveérst ekologiskas
problémas, lai katrs sp&tu pienemt lietpratigus 1@mumus un tos Tstenot, jasekmé& apkartgjai
videi draudzigu attieksmju veidoSana. Ka svarigu uzskata ikviena skoléna, studenta iespgju
darboties vides stavokla uzlaboSana, tadgjadi teoretiskas zinasanas izmantojot prakse.
Parrunas respondenti atzist, ka tikai tad, beidzot skolu, katrs tas absolvents sp&tu savu dzivi
vadit videi draudzigi, saglabajot to nakamajam paaudzem.

Tika noskaidrots, ko ekologiskas izglitoSanas joma gaida vecaki? Ka uzsver Prets,
vecakus ir svarigi akfivi ieklaut izglitibas veidoSana, lai nebutu ta, ka vecaki doma, ka
skola ir atbildiga vinu priek§a. Vecaki medz parak zemu vertét skolotaju piles, kuras ir
velffjusi vinu b&rniem, savukart skolotaji biezi nepietickami novérte vecaku ieguldijumu
bérnu audzinasana [4]. Tapec pétijuma tika noskaidrots, ko vecaki sagaida no izglifibas
iestadeém, lai sekmé&tu bérna pozitivu attiecksmi pret dabu, lai berns tiktu sagatavots kvalitativai
dzivei un labai karjerai.

Ka viedoklu noskaidroSanas metode tika izv€l&ta anketa, kura tika ieklauti jautajumi,
par ekologiskas izglitibas nepiecieSamibu, prioritatém. Apkopojot pétijuma rezultatus un
izmantojot, kvalitativo datu apstrades metodi, izdalfjam viedoklu grupas. Izdarot
kopsavilkumu par vecaku izteiktam prioritatém ekologiska izglitiba, jaatzimé, ka ekologiskas
izglifibas realizacija ka svarigas tiek atzitas zinasanas, prasmes, attieksmes, riciba, kas ir
nepiecieSama, lai aizsargatu un uzlabotu dabu. Vecaki uzsver, ka ekologiskai izglitibai ka
procesam jaaptver visa sabiedriba, bet galvena uzmaniba pievérSama skolai. Atzist, ka visu
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pakapju izglitibas sisttma vélams ietvert bérnu un vinu vecaku ekologisko izglitoSanu.
Uzskata, ka ekologiskas situacijas uzlaboSanas darba jabut paaudzu sadarbibai. Vide ir ta
sfera, kura saskaras dazadu paaudzu intereses. Kopigi darbojoties vidé un vides laba,
parrunajot ar to saistitds t€mas, bérni viegli un nemanami apgist zinasanas, noteiktas
uzvedibas normas daba, vinos veidojas atbildibas izjuta. Tad€jadi ar ekologisko izglitibu un
darboSanos dabas aizsardziba iesp&jams sasniegt ari citus loti vélamus mérkus- gimenu
stiprina$anu, paaudzu sadarbibu dazadas dzives jomas. Paaudzu sadarbiba, dialoga veidosanas
starp paaudzém- tas ir cel§ uz Iidzdalibu ekologisko problému risinasana. Tatad ir svarigi
izstradat paaudzu sadarbibas modeli ekologiskas izglifibas joma. Ekologiska izglitiba ir
versta uz dazadu sabiedribas mérkgrupu izglitosanu un savstarpgjas sadarbibas veicinasanu,
izmantojot dazadas sadarbibas formas. Sadarbiba, atbalsts un izpratne ir tas, kas ir
visnepiecieSamakais, lai sekmigi realizétu ekologisko izglitibu.

Pé&tijuma tika noskaidrots, ko ekologiskas izglifibas joma gaida darba deveji?

Ka atzimé Dzelme, izglitibas sistémai loti svariga ir saistiba ar darba tirgu . Vins
uzsver, ka profesionalas izglitibas sisttmas uzdevums ir ne tikai apmacit izglitojamo
noteiktu funkciju veikSanai, dot noteiktai profesijai vajadzigds zinasanas, prasmes un
iemanas, bet arl sagatavot dzivei sabiedriba, dodot nepiecieSamo motivaciju. Dazadam
profesijam ir diezgan bitiskas atskiribas vajadzigo attieksmju, vertibu sistemu zina, tadel
tiek veidoti &tikas kodeksi atseviskam profesijam.

Petijuma tika apstiprinats tas, ka darba dev@ji ir atkarigi no izglitibas iestadem, jo tas
nosaka, cik zino8i cilveki ienak darba tirgt. Ir jaatzist, ka misdienas darba tirgus lokojas
péc specialistiem, kuri parzina jautajumus, kas saistas ar ekologiju. Pé&fijuma atklajas, ka
uznémeji kopuma izteikus§i visnotal kritisku viedokli un vért§umu par ekologiskas
izglitibas kvalitati.

Ka viedoklu noskaidrosanas metode tika izveleta aptauja un parrunas. Apkopojot darba
deveju izteiktas atzinas, var atZimét to, ka galvenais uznémé&ju parmetums ir par ekologiskas
izglifibas neatbilstibu darba tirgus prasibam. P&tijuma apsekotie darba devgji atzina, ka
iegltai izglitibai biezi vien nav seguma, jo daudz kas neliecina par izglitibas atbilstibu darba
tirgus prasibam, Iidz ar to jaiegulda daudz Iidzeklu, lai talakizglitotu absolventus Saja joma.
Darba tirgus analize liecina, ka Latvija ir parak maz specialistu, kas ir zinosi ekologijas joma
un vel ir mazak tadu, kam ir prasmes, piem&ram, lémumu pienemsana, kas saistiti ar dabas
vides problémam. Bet jo 1pasi zems attieksmju (vértibu) [imenis, kas sekmé&tu cilveka /
dabas koevoliiciju. Tatad ir svarigi izglifibu saskanot ar darba tirgus prasibam. Ir skaidrs, ka
augstas klases profesionalu pamata ir darba tirgus prasibam atbilstosa izglitiba.

Ka atzina darba devgji, kopuma izglifibas kvalitate un atbilstiba darba tirgum veicina
katra Latvijas iedzivotaja un visas valsts konkur@tspg&ju pasaules tirgti. Tiek atzits, ka
uznémums, kur§ nesp&j nodrosinat videi draudzigu saimniekoSanu, nesp& konkuret tirgd, jo
uzn@mumam janodroSina ekomenedzments, ekoaudi€Sanas sist€éma, kas ir ne tikai
uznémgejdarbibas pienakums, bet arT izdZivosanas jautajums. Tatad, tas klust par eksistences
jautajumu, tas Tpasi attiecas uz uzn€mumiem, kuri eksporte, un tadiem, kuri jau strada un
razo ar rietumu tehnologijam. Tie Tpasi asi izjit savu darbinieku kvalifikacijas
nepietickamibu ekologijas joma un nereti zaudé konkurences cina.

Darba devgji ekologiskaja izglitiba akcenté zinasanu, kritiskas domasanas, akfivas
[idzdalibas pieeju.

Pétijums parada, ka reali pastav pieprasijums Sai izglitibai, jo doming& uzskats, ka
ekologiska izglitiba ir nepiecieSama. Skaidrojot to, kada ekologiska izglitiba kvalitativi tiek
pieprasita, paradijas sekojoSa tendence — ka zinama meéra ir atSkirigs viedoklis par to,
kadai jabut kompetencei ekologijas joma. Ta ka zinama méra nav vienotas ekologiskas
izglifibas kvalitates izpratnes, tad nav citas izvéles, ka pienemt atSkirigu kvalitates viedoklu
[idzaspastavesanu. Tadgjadi varam secinat — un iesp&jams, ka tas ir viens no svarigakajiem
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apgalvojumiem, - jo vairak ekologiskas izglitibas sistéma sp& apmierinat dazadu socialo
grupu izglitibas vajadzibas ekologijas joma, jo vairak ta sp&j sasniegt kvalitati.

Veicot So péfijumu dazreiz gadijas arT ta, ka patérétajs neprot precizi definét savas
vélmes, bet bija diezgan viegli konstatét vai vin§ ir apmierinats ar esoSo ekologiskas
izglitibas [imeni.

Tadgjadi dodot skoléniem, vecakiem un pargjiem izglitiba ieinteres€tajiem iespeju
formulét un izteikt savas vélmes, m€s atraisam varenu instrumentu ekologiskas izglitibas
kvalitates me&rku sasniegSanai.

Veicot §ada veida petijjumu faktiski uzzinajam to, ko paterétaji gaida saistiba ar
individa ekologisko izglitosanu.

Vajadzibu novértéSana lauj ekologiskas izglitibas koncepciju veidot pardomatak,
saturigak, profesionalak. Tika iegnti svarigi argumenti, kas pamato §1 macibu priekSmeta
ieklausanu skolas izglttibas programma.

Lai sekmigi izstradatu ekologiskas izglifibas koncepciju, ka otrs solis bija esoSo
izglitibas standartu, programmu izvértéjums no ekologiskas izglitibas aspekta. Tas ir
svarigi, jo ka uzskata Belickis, atfisttba vispirms ir produktivs papildinajums eso$ajam
(labi zinamajam, labi apgutajam) un ta parstrukturéSana [6].

Novertgjot vajadzibas ekologiskas izglitibas joma (tas ir iepriek§ veiktais péfijuma
solis) un izvertgjot esosos izglifibas standartus un programmas no tada viedokla, vai tas spgj
apmierinat  pieprasitas vajadzibas ekologijas joma (otrais solis), tika apzinats vai to
apmierinasanai ir nepiecieSama jauna pieeja ekologiskai izglifibai, jauna ekologiskas
izglitibas programma. Pamata jadoma parto, ka kompensét trikumu ekologiskas izglitibas
joma, nezaudgjot neka no I1dzSingjas pozifivas pieredzes. lzveértjot esoso, tika iegiitu
informacija, kas lauj izdarit secinajumus turpmakai darbibai, konstatet, kados virzienos
nepiecieSams aktivizét talako darbibu ekologiskas izglitibas joma .

Noskaidrojot to, ka ir veicies Iidz §im — kas ir sasniegts ekologiskaja izglitiba, ka
informacijas avots kalpoja dabaszinibu macibu gramatas ieklautais saturs, publicetas
dabaszinibu macibu priekSmetu programmas, ka arT macibu priekSmeta saturu
reglamentgjosie dokumentt, t.i., standarti. Informacija tika giita arT iestadés, kas nodarbojas
ar macibu priekSmetu programmu, standartu veidoSanu, apstiprinasanu ( macibu priekSmetu
asociacijas, [ZM ISEC u.c.).

Rezultata tika skatits tas, kadu ekologiskas izglitibas kvalitati (teorétiski) skoléni var
glit esoSo izglitibas standartu  realizacijas galarezultata. Veikta novert€Sanas petijuma
rezultata ir pamanamas sekojoSas tendences:

o ckologiskai izglitibai nav atvéléta pietiekama vieta izglitibas satura;
e ckologijas atzinas fragmentari ieklautas dabaszinibu cikla macibu priek§metos;
e ckologiskas izglitibas darbs skolas ir epizodisks, nav sistematisks, lidz ar to tiek

sniegtas epizodiskas zinasanas ekologijas joma .

Lidz ar to nevar biit runa par to, ka $§ada situacija, kada paslaik ir ekologiskas izglitibas
joma, varétu apmierinat  pieprasitas vajadzibas ekologiskas izglifibas joma, ka pieméram,
pietieckams zinasanu limenis, prasmes, attiecksmes, ekologiskas apzinas veidoSana un citas.
Piemeram, pozitivas attiecksmes veidoSana pret dabu, kas pec ieprieks veikta p&tijuma ir
viena no aktualakam vajadzibam misdienas, ir javaido ilgstosa procesa un tas jadara
sistematiski.

Lai noteiktu, ekologiskas izglitibas kvalitati (praktiski), t.i., ko reali skoléni ir
guvuSi esoSo izglitibas standartu, programmu realizacijas galarezultata, lielu
uzmanibu pievérsam macibu sasniegumu (rezultatu) ekologijas joma noveért€Sanai un
analizei.
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Tika vertéta un analiz&ta skolénu kompetence, t.i., nepiecieSamas zinasanas, pieredze,
izpratne ekologijas joma un prasme zinasanas un pieredzi izmantot konkréta darbiba, jo but
kompetentam nozim& zinat, prast, but sp&jigam, gatavam darbibai.

Skolénu ekologiskas izglitibas kvalitate ir svarigs personibas attistibas raditajs, kas sevi
ietver apgiitas zinasanas, prasmes un iemanas ekologijas joma, ka ar noteiktu attieksmi pret
dabas vidi. Zinot, ka skolénu ekologiskas izglifibas kvalitate balstas uz zinasanam, prasmém
un iemanam ekologijas joma, ka ari uz noteiktu attieksmi pret dabu, més varam runat par §o
zinasanu, prasmju, iemanu un attiecksmes noteikSanas iesp&jam.

Lidz ar to, lai noskaidrotu individa kvalitati (kompetenci) ekologijas joma tika pétitas:

e individa zinaSanas ekologijas jautdgjumu kopuma, t.i., kada limeni skoléniem ir
akad@miskas zinasanas par mijattiecibam sistema “cilveks —daba” un pasa daba. Tada
zinasanu sistéma dot iesp&ju individam zinat, kas un ka notiek daba ka arT kas un ka
notiek starp cilvéku un dabu un lidz ar to ir skaidrs, ka bitu jarikojas no ekologiska
aspekta;

e prasmes un iemanas ekologijas joma, t.i., prasmju un iemanu sist€éma (tehnologijas)
mijiedarbibai ar dabu, lai varétu ekologiski mérktiecigi rikoties. Apgustot atbilstosas
tehnologijas tas lauj individam iespéjas rikoties no ekologiska viedokla mérktiecigi;

e moralais aspekts (atticksmes). Formétas attieksmes pret dabu, jo zinasanas ekologija
pasas par sevi negaranté individa ekologiski orientétu uzvedibu. Priek§ tam ir
nepiecieSama atbilstosa attiecksme pret dabu. Attieksme tieSi nosaka mijattiecibu
raksturu ar dabu, motivus, gatavibu izvéléties to vai citu uzvedibas stratégiju, ar vardu
sakot stimulé rikoties ekologiski mérktiecigi.

Noskaidrojot ekologiskas izglitibas reali iegito kvalitati, pétijuma tika ieklauti 375
visparizglitojoso skolu 9. klasu skoléni.

Lai diagnosticétu zinaSanas, prasmes, iemanas ekologija, tika izstradats tests, kura
ieklauta jautajumu, uzdevumu virkne ekologija. Testa tika ieklauti dazi rado$i un ar iztéli
saistiti uzdevumi. Testa 1-8 jautajumi, uzdevumi tika veidoti ta, lai diagnosticetu skolénu
zinasanas ekologija, savukart 9-13 jautajumi, uzdevumi orientéti uz prasmju diagnosticésanu,
bet testa 14-18 jautajumi, uzdevumi tika orient€ti uz iemanu diagnosticéSanu .

Tests sastav@ja no jautajumiem, uzdevumiem, dazadam aktivitatem, kuros atklajas
izvirZita komponenta (zinasanu, prasmju, iemanu) bitiba, ka arT no skol&niem i1zvirzita ideala
optimuma, kuru butu v€lams sasniegt, atbildot uz jautajumiem, uzdevumiem utt. Idealais
optimums tika izstradats nemot vera iepriek§§a péfijuma soli apzinatds vajadzibas
ekologiskas izglitibas joma.

Balstoties uz to tika izstradati testa vert€Sanas kriteriji. Atkariba no ta, cik liela méra
skolenu atbildes uz testa jautajumiem- uzdevumiem sasniedz izvirzito idealo optimumu, tas
tika iedalitas 5 [imenos.

Skoléniem bija nepiecieSams izteikt domas par 18 testa ieklautiem jautajumiem,
uzdevumiem, aktivitatém. Vert§jot skolénu atbildes, tika nemts véra cik liela mera tas
sasniedza izvirzito idealo optimumu. Ja idealais optimums tiek sasniegts 100% apjoma, tad
skolena atbilde uz attiecigo jautajumu, uzdevumu tiek pielidzinata “A” Iimenim, ja idealais
optimums tiek sasniegts apméram 75% apjoma — “B” Itmenim, ja 50% apjoma - “C”
[imenim, ja 25% apjoma —“D” Iimenim, ja 0% apjoma —E” limenim. Tika apkopoti katra
respondenta atbilzu rezultati uz testa jautajumiem, uzdevumiem. Tad izpildes rezultati tika
apkopoti attiecigi pec ieglitajiem ITmeniem. Vert&ums tika izteikts procentos, kas paradija
cik liela méra idealo optimumu sasniegusas skolénu sniegtas atbildes uz testa jautajumiem,
uzdevumiem. Rezultatus par katru no testa jautajumiem atspogulojam grafiski, kas atklaj
cik liela méra (procentuali) skolénu realas zinasanas, prasmes un iemanas ekologijas joma
sasniedza izvirZito idealo optimumu (skat 2 .att).
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
testa jautajumi, uzdevumi

2.att. Realas skolénu zinaSanas, prasmes un iemanas ekologijas joma procentuali
pret izvirzito idealo optimumu

Aprékinot vidéjo aritmétisko rezultdtu par katru testa jautajumu, uzdevumu, kuri
diagnosticéja skolénu zinaSanas, prasmes un iemanas ekologija, tika paradita kopaina
ekologisko zindSanu, prasmju un iemanu kvalitates joma. ZinaSanas ekologija, kas ir
sistematizéts objektivo atzinu kopums ekologija, tika diagnosticétas péc testa 1, 2, 3, 4, 5, 6,
7, 8 jautajumiem, uzdevumiem. Aprékinot vidéjo aritmétisko rezultatu par jautajumiem,
uzdevumiem (9, 10, 11, 12, 13), kas noteica prasmes ekologija, t.i., tada zinaSanu, darbibas
panémienu apguves pakape, kas lauj apglto izmantot mérktieciga darbiba [7], més ieguvam
kopainu par prasmém ekologija. Atrodot vidéjo aretmétisko rezultatu jautajumiem,
uzdevumiem (14, 15, 16, 17, 18) ar kuru palidzibu tika diagnoscitétas iemanas, t.i.,
automatizéta darbiba, kas nostiprindjusies, to daudzkart atkartojot mes ieguvam kopainu par
ekologisko iemanu kvalitati .

Ka redzam péc 3.attéla, tad zinaSanu kvalitate ekologijas joma salidzinot ar to, kadam
tam ir jabat masdienas, tiek apmierinata tikai par 43%. ZinaSanas ekologijas joma ir
svarigas, to uzskata daudzi ekologiskas izglitibas lietotaji vai patérétaji. Ka uzsver daudzi, ka
zinaSanas protams ir pilnigi nepiecieSams pamats, uz Si pamata daudz kas ir bavéjams.
Daudzi aptaujatie akcenté, ka ar zinaSanam vien nepietiek, taCu ar iztikt bez tam nav
iespéjams.

Testa atbilZzu analize atklaja sekojo3u tendenci, lielai dalai respondentu ir teorétiskas
zinaSanas ekologija, kas nav balstitas praksé, pieredzé. Ka uzskata daudzi zinatnieki,
zinaSanas cilvékam nav vajadzigas paSas par sevi, bet gan tapéc, lai veiktu tos uzdevumus,
kas rodas cilvéka praktiskaja vai teorétiskaja darbiba. S pétfjuma rezultati ar Kartgjo reizi
apliecina to, ka Latvijas izglitibas sisttma nepiecieSams vairak attistit skolénu spéjas
izmantot skola iegUtas zinasSanas realas dzives situacijas. To ari apliecina skolénu vidéjie
sasniegumi starpvalstu salidzindgjuma OECD Starptautiskaja skolénu novértéSanas programma
(OECD SSNP), kas liecina, ka Latvija izglitibas sisttma nepiecieSams vairak attistit skolénu
spéjas izmantot skola iegutas zinaSanas realas dzives situacijas [8].
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Realas prasmes ekologijas joma, salidzinot ar vélamo tiek apmierinatas tikai par 15 %
Daudzi aptaujatie uzsver, ka prasmes ekologijas joma ir svarigas un ekologiskai izgltitibai ir
javirzas ta, lai prasmes ekologijas joma tiktu sasniegtas augsta Iiment, to 1pasi akcenté darba
deveéji. Vini uzskata, ka prasmes, tas ir, maka veikt kadu darbibu atbilstosi nepiecieS5amajai
kvalitatei un apjomam darba tirg ir aktuala. Tada zinaSanu, darbibas panémienu apguves
pakape, kas lauj apgdto izmantot mérktieciga darbiba realitaté ir zema Iimenti salidzinot ar to,
kas butu vélama. Ir saprotams, ka atSkiriba no zinaSanam prasmes nevar iemacit tikai ar
mutiska vai rakstiska izklasta metodém, jo prasmes var nodroSinat tikai praktiskas metodes.
K& uzsver Deivids Prets, prasmju radisanu var uzskatit par iespéju pieskirSanu skoléniem.
Prets akcenté to, ka kad més esam ieguvusi jaunu prasmi, mums paveras jaunas iespéjas un
tieSi 81 cilveka iespéju paplaSinaSana ir izglitibas galamérkis [4]. Ekologiskaja izglitiba ir
svarigi orientéties ne tikai uz noteiktu zinaSanu kopumu, bet arf uz daZzadu spéju un
prasmju attistisanu.

Nemazak svarigas ir iemanas ekologijas joma. Protams tas nav panakams pie
nesistematiskas ekologiskas izglitoSanas, jo iemanas ir maka, kas iegOta ilgstosa laika
vingrinoties un lidz ar to darbibai klUstot automatizétai. Zindma méra péc veikta pétijuma ir
redzams, ka uz Sodienu, péc iemanam ekologijasjoma pieprasijums navipaSi augsts. Bet
neskatoties uz to, tas pie paSreizéjas izglitibas situacijas tiek apmierinatas par 32 %
salidzinot ar pieprasijumul.

Veiktie pétijumi rada, ka musdienas pastdv nopietnas pretrunas starp objektivam
prasibdam péc noteikta zindSanu, prasmju, iemanu limena ekologija un reali vajajam
zinaSanam, nepietiekamam prasmém un iemanam ekologija (skat 3.att.).

ekologijas joma ekologijas joma ekologijas joma
salidzinot ar salidzinot ar pieprasitcsalidzinot ar pieprasito
pieprasito

3.att. Ekologiskas izglitibas kvalitates pamatkriteriju - zinaSanu,
prasmju, iemanu attieciba pret pieprasito kvalitati

Loti svarigs ekologiskas izglitibas kvalitati raksturojoSs nosacijums ir skolénu
attiecksme pret dabu. Attieksme ir cilvéka saskarsmes raksturs, izturéSanas veids (pret ko),
cilvéka ricibas, uzvedibas aktiva saistiba, iekSéja sakariba ar apkartéjam lietam. Cilvéka
attieksmes raksturu nosaka vina subjektiva vertiborientacija, no kuras vins atvasina savas
uzvedibas normas [7].

Attieksmes nevar iemactt (grati ar izmérit) ka zinaSanas un prasmes. Saméra sarezgiti
ir noteikt skolénu attieksmi pret dabas vidi. Lai varétu runat par patieso skolu jaunatnes
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attieksmi pret dabu, tad nepiecieSams ilgsto§i péfit, uzzinot, kada ir vinu attiecksme pret
dabu dazadas dzives situacijas. Attieksme attistas un pilnveidojas visa cilvéka dzives gaita.

Veicot p&tijumu par attiecksmi pret dabas vidi, izvirzZijam galvenos raditajus, kuru
bufibu tuvak atsedz tiem pakartoti kriteriji, p&c kuriem var spriest par skolénu attieksmi pret
dabas vidi:

e sabiedriski nozimiga aktivitate dabas vides joma;
atbildibas jutas pret dabu;
taupigums pret dabas bagatibam;
uzvediba daba;
pozitiva attieksme pret macibam, kas sniedz zinaSanas par dabu;

o paskritiska attieksme pret uzvedibu daba, atzist savus un citu parkapumus daba.
Pamatojoties parsvara uz Siem attiecksmes pret dabu raditajiem un tiem pakartotiem
kriterijiem, tika izstradata skolotajiem un skoléniem domata anketa. Ar anketas palidzibu
tika noskaidrots klasu audzinataju viedoklis par savu audzeknu attieksmi pret dabu, veicot
sistematisku novéroSanu. Ka ari izmantojot izstradato anketu skoléni pasSi novert§ja savu
attieksmi pret dabu. Apkopojot petijuma rezultatus, iespgjams veidot attélu, kura uzskatami
tiek ilustréta 375 skolenu attiecksme pret dabas vidi savu skolotaju veért§juma un
pasvertgjuma (skat.4 att.)

80%

70%

60%

A
/" \ ,

skoleni (procentos )

/ 49.60%
/ )( —8— skolotaju
40% vértéjumé

/ /ﬂ \\ \ =—&— pasvért&jums
30%

& 5.33% / \ \\
20% /

10% 9,33% \ 567% \
\\\ 5,07%

0%

spilgti izteikta izteikta pozitiva neizteikta attieksme raksturiga
pozitiva attieksme attieksme pret dabu pret dabu kaitnieciska

pret dabu orientacija attieciba
pret dabu

4. att. Skolenu attieksme pret dabu skolotaju vert€§juma un pasvertg§juma

Pétijuma rezultati atspogulo to, ka skolotaju noverojumi un vértgjums par skoleénu
attieksmi pret dabu ir sekojoss, 9,33% veértésana iesaistitiem skol€niem ir spilgti izteikta
pozitiva attieksme pret dabu, jo skolénu empatijas ( I1dzi juSanas ) Iimenis pret dabu ir loti
augsts, vini prot ieklaustties, iejusties dabas dzive, prot saskatit dabas skaistumu,
daudzveidibu. 36% skolénu p&c audzinataju uzskatiem ir pozifiva attieksme pret dabu,
49,5% skoleniem ir griti nosakama attieksme pret dabu, 5,07% skol€niem ir v€rojama
kaitnieciska attieksme pret dabu, Siem skoléniem bija noverota kaitnieciska, vandaliska
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noskana pret dabu. 4. attela tiek ilustréta kopaina par skolénu attieksmi pret dabas vidi vinu
pasu vertgjuma .

Salidzinot to, ka skol&nu attieksmi pret dabu vérte skolotaji (ilgstosi novérojot skolenus)
un skolénu paSvert§uma ir pamanamas atskiribas . Vai skoléni paskritiski veérte savu
attieksmi pret dabu? Veérojama tendence, ka skolenu pasvértg§jums par attieksmi pret dabu ir
augstaks ka skolotaju dotais vértgjums. Piem&ram, par kaitniecisku attieksmi pret dabu
neviens neatzistas. Sie un citi fakti apstiprina atzinu, ka attieksmes pétiSana ir sarezgits
process.

Attiecksmes pétijumi, kas balstas uz pasu skolénu aptaujam (ari Saja gadijuma)
neatspogulo realo patiesibu, jo aptaujatie sniedz zinas par to ka vajadz&tu bit, nevis par vinu
“ patieso ” attieksmi pret dabu.

Lidz ar to tiek apstradatas aptaujato vélamas atbildes, nevis to patiesa — attieksme
daba. Sados pétijumos vérojama orientacija uz “laba béma” idedlu (vérojama pielagosanas
steriotipiem un vairakuma viedoklim).Acimredzot pastav noteikts socials spiediens, kas
mudina visos gadijumos izteikties videi draudzigi, par labu pozitivam risinagjumam.

Zimigi, ka audzinataji par skolénu attieksmju veidoSanas pamatu uzskata gimeni,
protams tiek atzits, ka velak skoléna attieksmi pret dabu var ietekmét skola, sabiedriba.
Skolotaji uzskata, ka tie§i gimené sak veidoties bérna attieksme pret dabu — noteikts uzskats
un vertgjums par to, par cilvéku un dabas mijsakariem, ieZimgjas atbilstosa iztur&Sanas un
nostaja pret dabu un cilveku darbibu taja.

Daudzu paaudzu pieredze parliecinosi pierada, ka attieksmi nevar veidot ar
iebaidiSanu un moraliz€sanu[4]. Péc skolotaju domam, bé&rnu pozifivu attiecksmi pret dabu
var panakt, macot bérnam ieklausities un iejusties dabas dzive, atklajot dabas skaistumu un
daudzveidibu, kuru cilveks ar savu nepardomato ricibu var izpostit. Skolotaji uzskata, ka
skola viena pati bez gimenes un sabiedribas atbalsta $o grito uzdevumu pilniba nespgj
veikt.

Daudzi pedagogi, psihologi uzver, ka atticksmes veidoSana ir ilgstoSs un sarezgits
process. Pieméram, Puskarevs runa par atticksmes un uzvedibas ietekmé&Sanas
psihologiskiem aspektiem [9]. Vin§ akcent€ to, ka attieksme ir individa viedoklis par lietu,
paradibu un cilveéka ricibu, ta var izpausties saskarsm&€ un izturéSanas veida. Cilveka
attieksmes raksturu nosaka vertiborientacija, no kuras atvasina savas uzvedibas normas[9].

Ka uzsver Puskarevs, attieksme un uzvediba ieklaujas personibas struktira. Attieksmes
mainas un nostabiliz&jas personibas atfistibas gaita, [idz ar to viena no izglitibas funkcijam
reiz€ ar zinaSanu un prasmju apguvi ir audzinaSanas funkcija, proti vertiborientacijas,
attieksmju un uzvedibas ietekm&Sana pozitiva virziena.

Tiek uzsverts, ka attiecksmju apguve ir pakapenisks process, kas sakas ar uztveri
(pozifivi vai negativi stimuli). P&c tam individs pienem jeb veido savu attieksmi. Un tikai
talak seko attieksmes praktiska TstenoSana darbiba , t.i., uzvediba. Puskarevs uzsver, ka
attieksmju apguves mehanisms ietver tris komponentus :

e emocionalais elements,
e kognifivais elements,
e uzvediba ka praktiska reakcija uz attiecksmju objektu [9].

Aptauja ieklautie skolotaji atzist, ka saudzigu attieksmi pret dabas vidi nevar panakt
ar kognitivi centrétu pieeju, bet ir nepiecieSama §is attieksmes veidoSana. Parasti attieksmi
veido nevis informacija ko cilveki sanem, bet vinu pardzivota nozimiga pieredze [4], tapec
realizgjot ekoizglifibu svarigi pajautat “Kadas jiutas tiek veicinatas skolénos?”, ”Vai skolénos
veidosies velme darboties vides aizsardzibas joma?” utt.

Protams, vertgjot ekologiskas izglitibas kvalitati, svarigi novertét ne tikai rezultativos
raditajus attiecigaja bridi, bet svarigi ari veértét tos dinamiskaja saistiba ar sakotn&jiem
raditajiem (svariga ir ta saucama “pievienota vertiba”) Saja reiz€ ta nav pétita.
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Secinajumi

Apkopojot iepriek§ izklastito, varam secinat, ka misdienas nav tads ekologijas
zinasanu, prasmju un attiecksmju apguves ITmenis, kas atbilstu cilveka dzZivesdarbibas
vajadzibam. P&tfjuma konstatets, kados virzienos nepiecieSams aktivizet talako darbibu
ekologiskas izglitibas joma. Svarigi domat par to, kada veida macit ekologiju, lai skoléniem
tas buitu nepiecieSams (rast parliecinosu atbildi uz jautajumu - kapéc tas ir jamacas?), lai
interesants un apgusanas verts biitu ekologijas kurss (rast atbildi uz jautajumu - ko es ar §Sim
zinaanam, prasmém, attieksmém iegtisu?).

Ekologijas apguvé jarespekté viens no butiskakajiem didaktikas principiem- macibu
saistfjums ar dzivi.

Pétijums tika veikts arT ar tadu noltku, lai ekologiska izglitiba, tas veidota programma
bitu vérsta uz nakotni, kas ir loti svarigi. Domajot par ekologisko izglitibu, protams, ir
jarekinas ar problémam, kas savilno skolénus Sodien, tafu pasaule, kura skoléni dzivos un
kura viniem ir jaizprot, nav Sodienas pasaule. V&l jo vairak — ta nav vakardienas pasaule, uz
kuru diemzel centrgjas daudzas izglitibas programmas. Drizak ta ir pasaule, kas Sobrid vél
neeksisté, bet kuru mums ir jacenSas paredzét, ja m€s gribam, lai ekologiskas izglitibas
programma biitu piemérota dzivei [4].

Lai ekologiska izglifiba batu kvalitativa, atbilstu misdienu vajadzibam, tad
nepiecieSams uzskaiftt visus tos sistémas elementus, kuri veido vai ietekme kvalitati, ka art
definét visu to cilvéku velamo darbibu, kas var paaugstinat kvalitati. Tas ir ilgstoSs darbs,
kas versts uz ekologiskas izglitibas kvalitates noveértéSanu un pilnveidosanu.
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OUTFLOW OF THE BIOGENIC SUBSTANCES IN THE DRAINAGE
AREA OF SLAWSKIE LAKE
Biogéno vielu nopliide Slawskie ezera drenaZas rajond

A. Malecki
University of Zielona Gora, Department of the Environmental Protection

Abstract

The intent of the author is to familiarize the readers with the results of the research on the anthropogenic
eutrophication of the Stawskie Lake where it is impossible or difficult to apply technical measures preventing the
pollution. It is a shallow, eutrophic lake where, the structure and functioning — especially the accessibility of
easily assimilated biogenic compounds, especially the phosphorus — depends significantly of the fate and speed
of decay of the organic matter brought to that ecosystem from the drainage area. For the last several years
observed was (in that researched lake) strong blossoming of algae and cyanosis constituting the proof of its
periodically sudden eutrophication. A proper description of the volume of the area pollution and determination
of the outflow indicators for the water transferring lakes is difficult because the volume of the outflow of the
wastes is influenced not only by their diversified contents — being the result of the combination of individual
components in varying proportions — but also their influence as a result of certain local conditions. Thus, the
results obtained by different authors show big differences and even discrepancies. On the basis of the conducted
research it was determined that the most adequate relation (with a similar character of the area) is for the
researched drainage area the one between the load of the biogenes and the volume of the indicators of their unit
outflow.

Key words: anthropopressure, area and spot pollution, trophic, biogenes

Introduction

The area pollution constitute an ever more serious peril for the surface waters. The loads
caused by them often significantly exceed the norm in force for individual areas. Especially,
the peril results from the fact that they are much more difficult to eliminate than the spot or
line pollutions. Thus, the knowledge of the indicators of the outflow of the area pollution
from the drainage area and factors that influence its volume is indispensable in the processes
of a balanced development in which, just like in all projects related to the environmental
protection, the starting point should be a list of pollutants in the water and, what’s most
important, a list of biogenic substances within the drainage area. The impact of the man on the
natural environment is related to the development of agriculture as well as urban and
industrial development. The human interference in the natural systems is not limited to the
actions that directly modify the contents and structure of ecosystems but includes also indirect
actions related to, for example, upsetting the biogeochemical cycles and induction of the
changes in the scale of the whole biosphere. Those changes are generated by a complicated
system of feedbacks strengthening the effects of the initial factor that upsets the biological
balance.

Materials and methodology

The drainage area of Stawskie Lake (208 km?) is located within the drainage area of
Obrzyca River (1808 km?) whose waters are used for the needs of the city of Zielona Goéra.
That system provides approximately 30,000 m® of treated water daily and covers 70% of the
needs of Zielona Gora.

The rest of the drainage area of the Stawskie Lake is located within the communities of:
Nowa Sdl, Kolsko and Wijewo. Within that drainage area located are typically agricultural
and tourism oriented villages. The town of Stawa functions as an administrative and service
centre.
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Within the researched drainage area one can notice a strong anthropopressure. Within it
located are 46 vacation centres and approximately 600 cottages and a dense system of
settlements (a town and six villages) with an undeveloped water and sewage management. In
a direct vicinity of the Stawskie Lake live 4300 persons. During the time of vacations
approximately 40,000 people spend their free time there. That means 1.5 persons for 1 meter
of the shore, and 1 person for 2 m” of the area of the direct vicinity of the lake.

The arable land constitutes 41.7% and forests 48.3% of the drainage area. Also an
improper management of the arable land and animal wastes is visible in a low quality of the
surface waters of many lakes (7 lakes of a total area of 989 ha, Table 2) and six water-courses
of the total length of 41.2 km (Table 1). The research was conducted within partial drainage
areas of the main drainage area of the Stawskie Lake (Dr. 1) within two hydrologic periods:
1999 and 2000.

Table 1.
Water-courses located within the drainage area of the Slaksie Lake [the Author]
No. Usage
of the Name of the I;efI}[%teh Drainage )
partial . area Agri- P/L Exit to
X water-course river 2
drainage [km“] | cultural | Forest
[km]
area land
1b, Sarnka - 19 6,8 P Czermica
1b; | Czernica - 20 s | OV P Stawskie
Lake
1o |Radzynska 3,3 16,5 L | Stawskie Lake
Struga - 22
1d; Cienica - 21 12,2 65,0 L | Stawskie Lake
A ditch from .
la Myszkow -23 0,7 2,1 L | Stawskie Lake
1a |/ ditch from 3.0 42 L | Stawskie Lake
Jeziorno - 24
le Debogora - 25 7,2 20,5 P Stawskie Lake
Direct drainage | 27,34* .
1b; ared $17.3ha 37,8 - Stawskie Lake
- |TOTAL 742 | 207,8 41,7]  483] - -
113B - Obrzyca 49.6 | 1808.4 193] 356 P Odra

Explanations: numbers of the drainage areas after Podzial Hydrograficzny Polski (Stachy,
1983); *, length of the shore line, Janczak, 1996; P/L, right or left part of the drainage area.

Table 2.
Number and areas of the lakes within the drainage area of the Slawskie Lake [The
Author]

cpr e Areain ha
Specification 1 520 2050 | 50-100 | >1ooo | et
Number of lakes - 4 1 1 1 7
% of the total area - 57,14 14,28 14,28 14,28 100
Total area - 45.0 35,7 91,6 8173 989.6
% of the total area - 4,54 3,60 0,92 82,58 100

The conducted research had the goal to determine, for the partial drainage areas, the
indicators of the outflow/runoff of the biogenic substances (nitrogen and phosphorus). The
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loads of the total nitrogen and total phosphorus outflowing from the areas of the said drainage
areas were determined on the basis of the results of the markings of the contents of those
compounds in the waters flowing through the frames closing the said partial drainage areas
carried out once a month. During the sampling of the water measured was the volume of the
flow (Matacki, 2001). The characteristics of the researched partial drainage areas were
determined on the basis of existing materials and own research. The quality of the researched
waters and level of their load of biogenes were determined on the basis of the relations
between their concentration and volume of flow. The annual load constituting the basis for
determination of a unit indicator of the biogenes’ outflow/runoff was determined on the basis
of an average daily flows through the said frames. The unit indicator of the biogenes’ outflow
was determined dividing the annual load by the area of the drainage area.

Results

The highest level of agricultural usage is in the partial drainage areas of the rivers of
Czernica and Debogora. Within the other partial drainage areas the percentage share of the
arable land is from 16% to 47%. The location of forest areas is also diverse. The largest forest
areas are within the direct drainage area: ROw Myszkowski and Row Jeziornej.

The load of biogenes in the lake coming from the residential areas, arable land, animal
breading and tourists is: phosphorus, approximately 6.1 t in 1999 and 6.9 t in 2000; nitrogen,
approximately 67.4 t in 1999 and 76.2 in 2000. From the whole amount of nitrogen 36.5%
constitutes the load inflowing via surface waters; 18% via underground waters and 45.5% via
precipitations in 1999. The waters of Czernica river inputted approximately 79% of the
nitrogen load. In 2000, 52% constituted the nitrogen inflowing with the surface waters, 19%
with the underground waters and 31% with precipitations. The Czernica river brought in
approximately 77% of the surface waters’ load. When deducting the volumes of loads
outflowing in the first year of research what was left in the lake was 42.5 t and in the next
year, 45.7 t of the total nitrogen.

The total load of the nitrogen in 85% comes from the surface waters, 6% from the
underground waters and approximately 9% from precipitations. In 1999, 93% of the nitrogen
came from the Czernica river. In the next year the total load of that biogens in 82% was
coming from the surface waters (including approximately 90% from the Czernica river), 7%
was from the underground waters and approximately 11% from precipitations. When
deducting the volume of the loads outflowing in the first year of research what was left in the
lake was 5.0 t and in the next year, 5.5 t of the total nitrogen.

The level of threat for the lake by the nitrogen — basing on the Vollenweider research
(1968, 1974) — was approximately 8 g/m™*/year in the first year of research and 9.2 g/m*/year
in the second year of the research. Those values exceed 4 times and 4.5 times the value
considered as critical one.

The load of nitrogen constitutes a load for the lake of the value of 0.75 g/m/year in the
first year and 0.84 g/m™ in the second year of research and both exceed 5.7 and 6.5 times the
value considered by this Author as a critical one.

The agriculture and residential areas are responsible for most of the total load of the
drainage area with biogenes. In that case, one has to take into account also the impact of
tourism both for the lake and drainage area.

In the case of nitrogen the biggest load comes from the animal breading and residential
areas. But the researched area is impacted by the precipitations as well ‘thanks’ to the vicinity
of the Glogéw and Legnica Coper Mining Complex and mostly south-western winds. The
similar conclusions are drawn by Florczyk 1987 and Schmidt 1974.
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Summary

A proper determination of the volume of area pollution and determination of the
outflow indicators for the water transferring lakes is difficult because the volume of the
outflow of pollutants is influenced not only by their complex contents but also by their impact
as a result of certain local conditions. Thus the results achieved differ a lot or are even
contrary to one another. In Table 4 included are the unit outflows of the biogenes from the
drainage areas of differing characteristics (after Florczyk, 1978).

Table 4.
Unit runoff/outflow of biogenic substances from drainage areas with different
characteristic

Author Characteristic of the drainage area Unit runoff
(kg/ha/year)
N P
Florczyk 1997 after | 51% arable land, 28% forest; 14,5-29.2 10,5-0,85
Bernhard,  Sasen, | 31% forest 4,1-7,0 |0,03-0,06
Husch (1975)
Florczyk 1978 after | Agricultural drainage areas, silt soils +300kg |over 20 |average
Kolenbrander NPK/ha up to 50 |0,065
(1971) Agricultural drainage area, sand soils +300kg
NPK/ha
Florczyk 1978 after | Agricultural drainage areas 16-21 0,35-0,69
Gachter,Furrer
(1972)
Juhrma, (1966) Forests 8,4 0,04
Not fertilised pastures 16,5 0,74
Fertilised meadows 19.4 1,02
Florczyk 1978 after | Forests on volcanic rocks 0,026-1,07
Dillon, Kirchner | Forests on sedimentary rocks 0,067-0,145
(1975) Forests + pastures on volcanic rocks 0,081-0,160
Forests + pastures on sedimentary rocks 0,205-0,370
Agricultural and forest areas on volcanic rocks 0,059-0,50
Agricultural land on sedimentary rocks 0,11-1,13
Kowalczak at all [ From the point sources 1,19% 3,06%
(1997) From the roads 0,10 0,52%
From the areas without sewage systems 13,4% 46,55%
From the space sources 51,49% |[38,11%
Inputted as a result of bath 0,05% 0,03%
From precipitations 33,78% | 11,73%
Florczyk(1978) 60kg/ha  superphosphate and  annual 0,24-0,47
after (Ohle, 1955) precipitation of 650mm
Florczyk (1978) The losses are 10-25% | 1-5%
after Vollenweider
(1968)
Florczyk (1978) 1,02- 0,19-3,36%
38,95%

On the basis of the conducted research it was determined that the most adequate relation
at similar character of the surfaces is, for a given drainage area, the relation between the load
of the biogenes and volume of the indicators of their unit runoff/outflow.
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The research showed that both the volume of the outflowing annual load as well as
momentary load of biogenes is for the purposes of the research a function of the flow and it
increases with its increase. No correlations given in the literature (Gachter, Firrer 1972
Bernhardt 1973; Omernik, after Kowalczak 1997) were determined between the percentage
share of the arable land and concentration of the researched biogenes, nor between the
percentage share of the arable land and indicators of the outflow/runoff of those compounds
from the drainage area.

If the grains take from the soil approximately 160 kg of NPK at the harvest of 30dt
(average one for Poland) and usage of fertilisers in 2000 — as per the Main Statistics Office —
was approximately 87.4 kg/ha, then the load of nitrogen in the surface waters for sure comes
to a large degree from the precipitations. The most of the load of nitrogen entering the surface
waters comes from the natural contents of the soils and not from the loads introduced in the
form of fertilisers. On the other hand it is worth to consider whether it does not mean stilling
for the soils and harvesting on credit.
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ELEKTROLINIJU BALSTU STIPRIBAS APREKINU OPTIMIZACIJAS
IESPEJAS ELEKTROLINIJU PROJEKTESANA
The Lasting Calculation Optimization for Wood Poles
in Power Lines Designing

Z. MiklaSevics
Tukums, Cirulu ielal.
T.9118720. E-mail. Ziedonis Miklasevics@energo.lv/ Fax. 3057925

Abstract
Power lines in company ,, Latvenergo” are designed by program STAAD-111.
Information involved in program contains data about the length of wood poles, wood poles strength rate, space
between wood poles, the region of wind where the designed power line is intended to be exploited, the division of
wood poles in the investigation stages where the data about strength parametrs are needed, the type of wires,
the wood pole density, the wood pole module of flexibility .
Following parameters are calculated: the support connection reactions, shear resistance, twist moment, bending
tension and combined tension. After the analyses of results the assumptive load is applied on wood poles in
three- dimension plane is determined.
For power lines design optimization there are offered:
o the calculation data based on experimentally obtained wood strength parametrs;
e the statistical appreciation and strength parameters estimation model which is based on
technological process distribution into control points;
o the calculation algorithm jfor the project programm STAAD-111 based on experimentally obtained
wood strength parametrs.

Keywords: wood poles, strength parameters, designing.

Ievads
Elektroliniju projektéSana VAS “Latvenergo” izmanto projektéSanas datorprogrammu
STAAD-111. Programma ievadama informacija, kas raksturo koksnes strukturalas un
stipribas TpaSibas, pamatojas uz normativos noteiktiem un ir sekojosa: stabu koksnes bltvums
qo=480 kg/m’ un stabu koksnes elastibas modulis EM=11000 N/mm?.
Normativie koksnes stipribas parametri atSkiras no eksperimentos iegttiem.
Eksperimentali iegtti sekojo$i koksnes blivuma, stabu koksnes wun balstu stipribas
robezlieluma un elasfibas modula raditaji, kas ir augstaki neka normativos pienemtie [1, 2].
e Priedes aplievas koksnei ar vid. gadskartu skaitu uz lcm 8.0-8.4 un vélinas koksnes
daudzumu % 38-42, blivums qgs, =530-575 kg/m’
e Priedes kodolkoksnei ar vid. gadskartu skaitu uz lem 6.0-6.8 un velinas koksnes
daudzumu % 35-37, blivums qgs, =500-605 kg/m’
o Koksnes paraugiem, kuru aplievas dala ( Wapl. 2712 %) bojata ar koksnes séni,
stipribas parametri uz liect ir sekojosi:
stipribas robezlielums BB =72.01 —92.93 N/mm?
elastibas modulis EM =9700.21 — 12190.90 N/mm®
o Koksnes paraugiem, kuru ziiSanas process ir noritgjis kvalitativi ( Wapl. 27£2 %),
stipribas parametri uz lieci ir sekojost :
stipribas robezlielums BB = 100.14 —128.04 N/mm®
elastibas modulis EM = 13150.48 — 20143.76 N/mm?*
o Koksnes paraugiem, kuru zSanas process ir noritgjis kvalitativi ( Wapl. 272 %), péc
impregnesanas stipribas parametri uz lieci ir sekojosi:
stipribas robezlielums BB = 66.30-96.83 N/mm?
elastibas modulis EM =13558.18-19450.37 N/mm*
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Lai objektivi novertetu elektroliniju balstu stipribas parametrus un pielaujamo slodzi,
kas darbojas uz balstu ta ekspluatacijas laika, tika izvirziti uzdevumi:

1. noteikt balstu stipribas robezlielumus veicot eksperimentalu testéSanu uz lieci ,
noteikt staba koksnes blivuma parametrus, veikt ieglito rezultatu statistisko novertg§jumu;
2. tipveida elektroliniju balstam veikt stipribas aprékinus projekteSanas datorprogramma

Staad-111 pie normaftivos noteiktiem un pie eksperimentali noteiktiem stabu koksnes
blivuma un stipribas parametriem;

3. izstradat balstu stipribas aprékinu pilnveidotu modeli balstoties uz razoSanas
tehnologiska procesa kompleksu novert&jumu.

Metodika

1. Balstu testeSana veikta perioda 01.11-09.11.2000. Somijas elektroliniju balstu razoSanas
uzn@muma “Vierumaki Oy” parbaudot uz lieci 53.gb. elektroliniju balstus garuma 8.0-
10.1m. Metodika izstradata stadartos [3,4].

Balsts tika nostiprinats stenda un liekts. Slodze tika uzlikta 60 cm attaluma no balsta
tievgala izmantojot vin¢as mehanismu. Vin€as darbibas atrums test€8anas procesa noteikts
nemainigs. Slodze tika lietota nepartraukti I1dz bridim, kad balsts tika salauzts. Maksmalais
slodzes lielums tika aprékinats nemot véra balsta iestrades dzilumu augsne.

Eksperimentali noteiktie stabu koksnes stipribas robezlielumi tika salidzinati ar
standarta [3] noteiktiem:

o elektroliniju balsta stipribas robezlielums uz lieci BB = 53.8 N/mm?

o elektroliniju balsta elastibas modulis EM = 10480 N/mm?

2. Elektrolinijas balstu projekt€Sana veikta atbilstosi “Metodiskie noradijumi darbam ar
projektéSanas datorprogrammu STAAD-111. [5]

Tika noteikti balstu stipribas raditaji projekt&amai elektrolinijai pie normativos
noteiktiem stabu koksnes stipribas parametriem : stabu koksnes blivums qgo, =480 kg/m’;
stabu koksnes elastibas modulis EM=11000 N/mm? un pie eksperimentali noteiktiem vid.
stabu koksnes stipribas parametriem : stabu koksnes blivums qge, =530 kg/m’; stabu koksnes
elastibas modulis EM=15000 N/mm?[2].

Rezultati
1. Balstu test€Sana uz lieci noteikti elektroliniju balstu stipribas robezlielumi.
2. Elektroliniju balsta stipribas robezlieluma uz lieci normativais raditajs B=53.8

N/mm? ir zemaks neka uz lieci eksperimentali noteiktiem impregnétiem elektroliniju
balstiem BB = 66.30-96.83 N/mm*[2]

3. Tika noteikts neimpregnétas stabu koksnes aplievas blivums qoe=530-575 kg/m’ péc
sakaribu diagrammas starp blivumu un koksnes mitrumu (1.att.). Eksperimenta norises
laika (Wapl = 27+£2%);,

4. Tika veikta hipotézu par koksnes fizikalo pasibu un impregnéSanas tehnologiska
procesa raditaju ietekmes uz impregnésanas kvalitati parbaude daudzfaktoru regresijas
analize [6], kur ka faktorialas pazimes tika noteiktas: X1- koksnes aplievas mitrums
pirms impregnéSanas, %; X2- balsta vid. koksnes aplievas platums, mm; X3-
impregnésanas dzilums, mm; X4- koksnes s aplievas blivums, kg/m’. Rezultafiva pazime
— balsta stipribas robezlielums uz lieci, N/mm?.

5. Vislabak balsta stipribas robezlielumu uz lieci raksturo: X1- koksnes aplievas
mitrums pirms impregnésanas, %; X4- koksnes aplievas blivums, kg/m’( 2.att.).
Determinacijas koeficients (R%) ir 0.2322 : 23.22 % no balsta stipribas robezlicluma uz
lieci 1zskaidro linearas regresijas modelis Y= -67.04 + 1.7660X; + 0.1448X4
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1.att Sakaribu diagramma starp koksnes blivumu un koksnes mitrumu

2. att. Koksnes blivuma un stipribas robezlieluma uz lieci korelacijas diagramma

6. Noteikti pielaujamas balstu slodzes raditaji projektéjamai elektrolinijai:
6.1. pielietojot datorprogramma STAAD-111 balstu stipribas raditajus projektéjamai
elektrolinijai  (balstu garums -10m; 2 balsta stipribas klase; attalums starp balstiem
79 m; 5.véja regions; 29 savienotajposmi) pie normativos noteiktiem stabu koksnes
stipribas parametriem [5] : stabu koksnes blivums q% =480 kg/m ; stabu koksnes
elastibas modulis EM=11000 N/mm , tika noteikti pielaujamas slodzes raditaji uz
balstu : Xmax. 400 kg ; Ymax. 1000 kg ; Zmax. 258kg;
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6.2. eksperimentali noteiktiem stabu koksnes stipribas parametriem : stabu koksnes

blivums

qoes =530 kg/m’; stabu koksnes elastibas modulis EM=15000 N/mm?

noteiktie pielaujamas  slodzes uz balstu raditaji X; Y; Z koordinatu sist€éma ir
sekojosi: Xmax. 430 kg ;Ymax. 1090 kg ; Zmax . 265 kg .

7. Lai objekfivi novertetu elektroliniju balsta ka biivkonstrukcijas stipribu , izstradata balstu

kvalitates noverteéSanas p&c to stipribas parametriem metodikas modela shéma, kas balstas

uz tehnologiska procesa sadalfjumu kontrolpunktos.

KP 1.Stabu koksnes pienem$ana — brakésana

-01 Izstrades periods stabu koksnei
-02 Meza tips
-03 Daudzums
-04 Garums
-05 Tievgala diametrs
v
KP 2.Stabu krautnu formeSana atbilstoSi pienemtajam stabu koksnes kravam no konkretizétiem meza
tipiem
-01 Daudzums
-02 Garums
-03 Tievgala diametrs
-04 Mitrums
-05 Zusanas ilgums
v
KP 3.0smose K —33 maisijuma sagatavoSana
-01 Daudzums
-02 Blivums

Impregnésanas procesa
sakums
1. 2.
Wapl <29%

Pi=-0.85bari t.,4.=15" min | 3

A

) Ne
Vai process vadits
atbilstosi
prasibam?
Pi =-0.85"" bari
Ti=15"" min
Pi=12""barit,=2.0h | 4 1
l Ja Ne
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Pi=-0.85"° bari t,,.=25" min

Vai process vadits
atbilstosi
prasibam?
To=35+5°C
po = 1027 kg/m’
Pi=12+1bari
tp. = 2.0h

Procesa

v

nobeigums

KP 4 .Impregnétas stabu koksnes fikséSana

-01 Daudzums
-02 Garums
-03 Tievgala diametrs
-04 PiesticinaSanas dzilums
-05 Koksnes kimiska aizsardzibas lidzekla koncentracija koksnes
aplieva Idc — 5cm Ido — 3.5 cmKod, — 9.6 kg/m’ Kod, — 9.0 kg/m’
-06 Fiks€Sanas pakape
v
KP 5.Gala produkta parbaude
-01 [zméeri
-02 Argjais izskats
v
KP 6. Elektroliiju balstu faktiskiem izmériem atbilstosu standartizéto stipribas robezlieclumu noteikSana
-01 Faktiskais garums
-02 Diametrs 1.5 m no balsta pamatnes
-03 Diametrs balsta tievgali
-04 Balsta stipribas robezliclums uz lieci
-05 Maksimala horizontala slodze 60 cm no balsta virsotnes
v
KP 7. Maksimalo slodzes raditaju noteikSana balstiem , atbilstosi to stipribas klasei-
01 Minimali pielaujamais diametrs 1.5 m attaluma no
balsta pamatnes
02 Maksimali pielaujama slodze 0.6 m attaluma no balsta
virsotnes-
03 Piclictojama slodze Imm balsta izlieckumam slodzes
pielikSanas punkta
04 Normativi pielaujamas slodzes robezlieluma atkariba no
balsta diametra
v
KP 8. Ekspluatacijas apstaklu noteik§ana projektétajam elektrolinijam-
01 Balstu garums
02 Attalums starp balstiem
03 Vgju rajons
04 Kabelu tips
05 Stabu koksnes blivums
06 Stabu koksnes elastibas modulis
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!

01
02
03
04
05
06

KP 9. Aprekinu pakete projektétajam elektrolinijam-
Savienojumu atbalstreakcijas
Bides pretestiba
Verpes momenti
Lieces moments zemes ITment
Spriegums koksn¢ zemes ltment
Kombinétie spriegumi

Balstu vizualas kvalitates novértéSana un
kontrolpunktu identifikacija

Rezultatu novertjums.
Balstu izvele elektroliniju

uzstadiSanai .

Riciba ar Eksperimentalo koksnes paraugu Parbaude stipribai
neatbilstosiem sagatavoSana no balsta koksnes uz lieci.
balstiem Va.i b_alstu aplievas test€Sanas procesa uz lieci P BB min =
N stipribas veikganai 53.8 N/mm’
parametri atbilst EM min =
normativajam 11000 N/mm*
prasibam?
Ne Ne T

Vai atklata
stipribas raditaju

neatbilstiba? l Balstu analitisko aprekina
rezultatu salidzinajums ar
eksperimentali iegiitiem
rezultatiem

Vai rezultati

atbilst Ja
—_ . a
nor u\_/ajam P Balstu uzstadigana konkréta
prasibam?

elektrolinija

3.att. Balstu stipribas aprékinu metodikas modelis, kur
Pi —spiediens; Wapl -koksnes aplievas mitrums; To -darba §kiduma temperatiira;
Ti -koksnes impregnéSanas ilgums; qo- koksnes aizsardzibas Iidzekla $kiduma blivums;
t. vak -vakumesanas cikla ilgums; t.,, -virsspiediena izturéSanas laiks.

Secinajumi

1. Eksperimentali iegttie dati pamato rezultatu ticamibu.

2. Peffjumos iegutie rezultati norada, ka elektroliniju balstu stipribas parametri uz lieci ir
atkarigi no koksnes bltvuma, koksnes aplievas mitruma, stabu koksnes izstrades perioda,
meza tipa, mizoSanas kvalitates, zavesanas kvalitates un impregné€Sanas procesa norises
[2].

3. Elektroliniju balstu razosanas tehnologiska procesa sadale kontrolpunktos lauj optimizét
ta vadibu, elektroliniju projektesana pamatot konkretu balstu izvéli.

4. Sistematiz&jot balstu mehaniskas testeSanas raditdjus ir iespgjams veidot datu bazi

elektroliniju projektéSanai.
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5. Elektroliniju balsti, kuriem ir lielaks elastibas modulis un koksnes bltvums, spg uznemt
lielaku slodzi. Pamatojoties uz min&to datu analizi var tikt noteikti optimalie elektroliniju
balstu izméru parametri.

6. lzstradata metodika lauj konkretiz€t koksnes wvainu ietekmi uz balstu stipribas
parametriem, lauj izveleties konkré&tu elektroliniju izbiivé konkrétus balstus. Metodi var
izmantot ka analttisko balstu stipribas aprékinu pamatojumu balstoties uz testeSanas
rezultatiem.
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THE ASSESSMENT OF HEAVY METALS POLLUTION OF WATER
BODIES AND SOIL IN THE ZONE OF ECOLOGICAL DISASTER
(CITY KARABASH)

Smago metalu piesarnotaju ietekmes novertejums uz ddens tilpneém un augsni
ekologisko katastrofu zonds (Karabahas pilseta)

V. Morozov, L.Labuntsova, A.Ponomarev, V.Tatarinov
Geophysical Center of Russian Academy of Sciences

Abstract

The report gives intermediate results of research carried out as the start of the INTAS Project “Strategy
development for long term pollution control in regions of extreme environmental risk (ENVRISK)” The work on
the project is a logical continuation of the research by project INCO-Copernicus TOXICAL (Contract No ICA2-
CT2001-0016) [Ref. to preceding Conference] [14]. The major goal of the work is to elaborate a strategy and
methods of pollution assessment and monitoring of Argazinskoye water storage basin, which is a reserve of
drinking water supply for he city of Chelyabinsk in order to take steps for mitigating the health risk of the
population of the region.

The Russian project participants of the United Institute of Physics of the Earth, Russian Academy of Sciences,
were presented with the following tasks.

— Grading and summing up the available data on the geological and tectonic structure and heavy
metal pollution of the region;

— To substantiate field observation stations network and points of sampling of soil, biomass and
surface water for laboratory analysis of heavy metal content;

— Rating stations of monitoring surface water pollution by neutron logging in relation to ecological
conditions of the region;

— To obtain data on areal distribution of heavy metals pollution of soils, underground water and
biomass;

— To elaborate a model of major pollutants spreading with surface runoff and hydrology system of the
region on the basis of GIS technologies;

— To work out recommendations for local authorities to minimize health risk of the population.
Currently a map of sampling has been made, sampling techniques have been elaborated in compliance with
effective norms (GOST), samples processing and partial chemical analysis have been carried out. Some results
of the research are given below.

Keywords: heavy metals, pollution control.

The analysis and summarization of existing data on the work area and environmental
pollution

At the first stage of work, the available initial data were analyzed and summarized on
the pollution of the region and natural environmental features which determine ecologically
dangerous elements distribution. The data available at present are structured in the following
way (fig.1).

Eight blocks of initial data are presented in various formats. Those are digital data,
mapping material, reports, tables and papers. At present, work is being conducted to
formalize the collected data on the basis of GIS-technology. A part of the data has already
been digitized, transformed into format ArcView 3.2 and put in the server of GC RAS. The
server can be accessed in Internet and the right of using those data is supposed to be given to
the authorities and enterprises of the city.

The profiles on which samples were taken had been selected to the task of determining
the dynamics of pollution distribution of the area in relation to prevailing direction of smoke
emissions of the pipes of Karabash Copper Smelting Plant (Fig. 2). On the basis of the
geological structure features, the overlap of the structure with loose sediments, and the
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windrose, three profiles were chosen (Fig. 2). It should be noted that in those profiles a great
thickness of loose sediments for a major part was composed of technogenic deposits.

City authorities Industrial enterprises

Fig. 1 The structure of data base on the city Karabash area

Selecting a site for sampling
Taking soil and biomass samples for laboratory analysis

For sampling a site is chosen that bounds Serebry lake and the Atkus river in the north,
the central area of the city in the west, Bogorodsky pond and the Sal Yelga river in the east
and the river Miass and the bank of Argazinskoye water storage basin in the east.

Sampling of soils and biomass (leaves of growing birch trees for biochemical analysis)
is planned to be carried out on profiles 1, 2, 3 (See Fig. 2) crossing the investigated area from
west to east in the northern, central and southern areas.

Profile 1 starts from Serebry lake dam and runs across the river Atkus up to its flow into
Argazinskoye water storage basin. Height differences on the profile are up to 100 m. The
length of the profile is ~6.5 km.

Profile 2 starts at the piedmont of the city of Karabash in the KCP pipes area and runs
eastwards across the mountain and the abandoned gold mining area to the Argazinskoye water
storage basin dam. The height differences of the profile reach 200 m. The length of the profile
is ~4.5 km. Along the profile, dunite and peridotite serpentinous to a lesser or greater degree
and serpentines with chlorite sericitic carbonaceos schist interlayers of a thickness up to 150 -
200 m are exposed. The area is drained with a series of ravines of latitudinal orientation that
were formed by temporary water flows in which bedrocks and rupture tectonics units can be
observed. Itis afeature of this profile that along the prevailing direction of the smoke of KCP
pipes, the profile is located in the head part of the cone of KCP pipes smoke dispersion, that is
marked on the ground with a kind of a black crust of a thickness of 0.5 - 0.7 mm overlapping
natural outcrops of bedrocks. This crust is apparently a result of the transformation of the
initial sulfate carbonaceous aerosol, which is the major component of industrial emissions.
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Sulfur dioxide SO2makes up from 47 to 93 % of the total KCP emissions and carbonaceous
component content varies from 6 to 42%o, thus in pipes emissions, the sulfate component is
presented only by sulfuric acid and carbonaceous component is presented by a mixture of
graphite and polyatomic compounds of hydrocarbon.

Fig 2.The scheme of procedure of field work and sampling

A copper gold placer Zolotaya gora is located in the east of the profile. This fact should
be taken into consideration because recently specialists draw their attention to the
contamination of the area with mercury, which from the 20s to 40s of the last century was
applied to extract gold by amalgamation.

Profile 3 starts at Bogorodskiy pond and runs along the Sak-Yelga river across the dam
of sludge settling pit where solutions from it can be drained to the Sak Yelga river and then
by the Miass river to Argazinskoye water storage basin. The profile crosses a man-made
pyrite deposit formed as a result of resedimentation of mining production waste.

Samples are taken with a step of 2 - 25 km. At the same time, geological and
geomorphological observations and measurements of rocks fissuring directions will be
conducted on the profiles.

Sampling surface water for laboratory analysis

On the whole, 12 points are planned for taking surface water samples. Samples are
proposed to be taken from Serebry lake (1 sample), the river Atkus (1 sample), Argazinskoye
water storage basin (1 sample), Bogorodskyi pond (1 sample), the river Sak Yelga (4
samples), acid water bodies (2 samples), springs situated in the Karabash city area.

Neutron logging for the determination of heavy metals content in the water

To determine heavy metals content with the use of neutron logging method four points
are planned: Serebry lake, the mine «Tsentral'naya» area, the sludge settling pit, and
Argazinskoye water storage basin.
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Soil and water sampling

Soil is most complicated substance in ecological analysis, containing a lot of chemical
compounds of various nature and especially organic matter. The amount of compounds in
soils for which quantitative norms have been worked out in Russia is small as compared to the
atmospheric air, the work zone air and water. For a major part those are heavy metals. Eight
most dangerous toxic metals, such as cadmium, lead, arsenic, copper, tin and iron are among
food components which are subject to control in international trade. The adverse effects of
heavy metals on people health are well-known [1-4].

Lead affects blood formation and nervous system, gastrointestinal tract and kidneys. In
acute mercury poisoning kidneys and mucous coat are affected. Strong methyl mercury
poisoning affects central nervous system, which may result in ataxia, convulsions, speech
disorders, blindness, loss of hearing and even death. Cadmium is one of the strongest
carcinogens causing lung cancer. Typical diseases caused by cadmium are hypertonia, renal
failure, pulmonary emphysema. In difficult cases, mineral composition of bones is affected.
Nickel combinations cause diseases of nasopharynx, lungs, malignant tumors, dermatitis and
eczema. Chromium and its compounds cause allergic eczema and dermatitis, chronic ulcus,
cancer of respiratory tract and lungs. Copper excess may lead to toxicosis, gastroenteric
disturbances and kidneys damage. Arsenic causes both sharp and chronic poisonings. Arsenic
chronic poisoning causes weight loss, gastrointestinal disturbances, periphery neurosis,
conjunctivitis and skin melanoma, which can grow into cancer. Besides metals can interact
strengthening or weakening the influence of one another on living organisms.

Data of researchers of Urals showed, that in Karabash, children with increased metal
content (lead, arsenic, cadmium) in their hair make 60.26% and 20.6% children show
increased content of all the above-mentioned elements.

Table 1.
Metal content in the hair of children of 4 - § living at different distance from Karabash
Copper Smelting Plant (KCSP) [S]

Element Distance from the metallurgy workshop of KCSP
mkg/gm

0,5 1km 1,5km Control Allowable | Background

km city level level

Chebarkul
Lead 56,6 44 8 28,4 7,16 9 2-4
Cadmium 3.4 2.86 2,12 0,44 1 1-2
Arsenic 2.7 1.4 1,62 1.4 5 0,5-1
Nickel 102.8 | 1042 H/o 2,47 10 2
Zinc 58 47 47.4 388,5
Copper Not Not Not found 11,64
found | found

Water quality for household and drinking needs is also a key problem in Karabash,
because research carried out by scientists from Urals showed that consuming water from local
wells is one of the major factors of oncology risk and the cause of a wide spectrum of other
diseases, the level of which is the highest in Karabash. These data were taken as a starting
point to set up this research aimed at determining heavy metals content in the water and soils
of Karabash.

Soil is one of the most important objects of the environment, giving more than 90% of
foodstuffs and raw material for manufacturing various products. As distinct from other
objects of the environment like water and air where processes of self-purification go on, the
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soil shows insignificant ability of self-purification. The soil is a large-capacity acceptor for
heavy metals. They are solidly sorbed and they interact with the soil humus, forming
combinations that are difficultly soluble. Thus toxic metals are accumulated in the soil.
Besides, in the soil, substances getting into it permanently migrate and are transported at large
distances under various effects. Heavy metals polluting the soil may come into the water,
plants and organisms of animals.

From literature, maximal metal content is observed at a distance of 1 - 5 km from the
source of pollution (near zone). Metal content there may exceed background levels by 1 or 2
orders. As we move father from the pollution source, metal content decreases and at a
distance of 15 - 20 km it approaches background level. The depth to which heavy metals
penetrate in the contaminated soils commonly does not exceed 20 cm, if pollution is great the
depth is up to 160 cm. Hg and Zn show the greatest ability of migration, commonly they are
distributed evenly in the soil layer at a depth of 0 - 20 cm. Lead is accumulated in the surface
layer (0-2.5 cm); cadmium fills the intermediate place between them [2].

In the research on the soils, an important stage is sampling that the methods recommend
to carry out in compliance with GOST 17.4.4.02.84 [6]. The standard is intended for
monitoring the general and local pollution of soils in the areas of various pollution sources.
Point samples are taken with the use of envelop method diagonally or in another way on the
basis that each sample is a part of soil typical of genetic horizons. The integrated sample is
prepared of point samples. To determine matter distributed on surface (heavy metals) point
samples are taken in layers at a depth of O - 5 cm and 15 - 20 cm and of a weight up to 1.0 kg
(0.5 kg is allowable).

Chemical analysis of samples and the discussion of results

Samples were taken on the profiles given above, and partial chemical analysis was
carried out to determine the content of hazardous elements in them. At present several
methods defined by GOSTs Russia are applied in Russia to determine heavy metals.

The major method is atomic absorption. It is based on extracting metals and their
compounds from the soil and measuring atomic absorption with spectrophotometer with the
use of lamps with hollow cathode. Metals content was determined with the use of atomic
absorption spectrometer Z-8000 produced by Hitachi Company with graphite thermal
atomizer in accordance with "The methods of making measurement of metal mass content
with the use of atomic absorption spectrometry technique with flameless atomization and
Zeeman effect" [10].

To make preliminary chemical analysis 6 samples of soils corresponding to numbers 1,
2,3, 4, 18 and 16 of profile 2 were selected and chemical analysis of water samples was made
as well. The content of copper, zinc, lead, cadmium and arsenic was determined in water and
soil samples.

The results of chemical analysis of soil and water samples obtained from atomic
absorption spectrometry are given in Tables 2 and 3.

Since maximum permissible cadmium content in soil has not been defined yet, rough
permissible concentrations are given in the Table.

Background values of elements content in rocks and soils of Karabash are taken average
from data of the Ministry of Ecology (1993) and data by Granovsky (1994). They are related
to the peculiarities of rocks composition in Urals. Chemical analysis data on soils taken at a
distance of 3 km from KCSP showed that all the samples contain heavy metals in amounts
many times exceeding acceptable.

Profile no. 2 starts immediately near the Copper Smelting Plant and soil samples no. 4,
3, 2 and 1 were taken at a distance of 1 km from it. The nearest is sample no. 4, next are
samples nos. 3, 2 and 1. Samples nos. 18 and 16 are taken at a distance of up to 2 km from the
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Plant. Of all the samples, sample 4 is the dirtiest with all the above-mentioned metals.
Chemical analysis data on soils taken at a distance of up to 3 km from the KCSP showed that
all the samples contain heavy metals in amounts many times exceeding maximum permissible
norms. Immediately near KCSP (Sample 4), soils overloaded with heavy metals (cadmium
content exceeds background level 72 times, lead content is 24 times as much, arsenic 140
times, copper 600 times and zinc 90 times exceeds background content) may be considered as
industrial raw material of those metals.

Table 2.
Heavy metals content in soil samples of profile 2
Place  of  water | Copper,Cu | Zink, Zn, Lead, Pb, Cadmium, | Arsenic,
sampling mkg/g mkg/g mkg/g Cd mkg/g As mkg/g
*Background 60 80 20 0,2 0,15
content in soil
Maximum 3,0 23,0 6,0 ] 2.0
permissible
concentrations
Rough permissible 30-132 110-220 65-130 1-2
concentrations
Soil 1 1611,4 666,9 78.7 5,54 4,95
Soil 2 1100,8 985.6 61,78 6,22 121
Soil 3 572,6 1403 38,55 5,16 2.13
Soil 4 3711,8 1778,0 480.6 36,78 207.6
Soil 16 1551,7 6048 393,9 2271 90,77
Soil18 1870,0 612,8 406,2 20,29 101,63
Table 3.
Heavy metal content in water samples
Place of water [ Copper, Cu| Zinc, Zn Lead, Pb Cadmium, Arsenic,
sampling mg/l mg/l mg/l Cd mg/l As mg/l
Maximum 1,0 1,0 0.03 0,001 0,05
permissible
concentrations
1 Serebry Lake 0,009 0,292 0,004 0,005 0
2 Mine Central 0 0,178 0, 0,009 0,001
3 Zolotaya Gora 0, 03 0,605 0, 0,007 0,015
4 Ryzhyi Brook 58,68 2,446 0 0,136 0,018
I'x-5, Bridge 0,03 2,47 0,0004 0,058 0,005
T'x-7, water well 0,02 0,79 0,0012 0,034 0,001
no. 3
*water pipe <0,01 <0,02 <0,01 <0, 01

On the average (of 6 samples), those metals content exceeds maximum permissible
concentrations (MPC) at a distance of 3 km from KCSP as follows: copper makes 579 MPC,
zinc 1s 35 MPC, cadmium makes 16 rough permissible concentrations, arsenic is 34 MPC.

Peak excess of lead content is 80 MPC and of arsenic it is 104 MPC.
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At present there is no standard value of maximum permissible concentration for
cadmium. However even rough permissible values are 37 times exceeded at most (37 rough
permissible concentrations).

High content of toxic metals in soils results in their migration into groundwater and
water bodies in spring floods, rainfall and snow melt.

Water is a mobile structure. The processes of exchange and self-purification go on
much faster in water than in soils. Nevertheless chemical analysis data showed anomalous
content of toxic metals in the water bodies of the region.

Previously (*) we carried out chemical analysis of water of the water pipe of city
Karabash. The result of the analysis showed iron content of 0.78 mg/l. Physicians made the
conclusion that the water is not fit for drinking because iron content is 2.6 times as much as
maximum permissible concentration. Cadmium content was not determined in the research.

We consider it significant that in all sampling places cadmium content was in excess
ranging from 5 to 136 times. Serebry lake is a water intake of drinking water. However
cadmium content there 5 times exceeds MPC.

As it was mentioned above, cadmium is most dangerous of all metal pollutants of food,;
it 1s transported with blood and is accumulated in liver and kidneys. The half-cycle of
biological life is long, approximately 40 years.

Heavy metals concentrations many times exceeding MPC in soils and water bodies
caused a considerable degrading of the population of the region.

Taking into consideration the fact that soils and water bodies of city Karabash are
overloaded with metals hazardous for population health, local authorities must start work of
cleaning out and reclamation and assign the metallurgists of KCSP with the task of detailed
studies of technological processes and introducing new safe technologies.
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BY THE MONTE CARLO METHOD
Izraktenu bloku stabilitatesprognozéSana ar Monte Carlo metodi

O. Nikitin
Tallinn Technical University, Department of Mining
82 Kopli St.,, 10412, Tallinn, Estonia
oleg@staff.ttu.ee , web page: http://mww.ene.ttu.ee/maeinst/rock

Abstract

This paper analyses the stability of the mining blocks by the Monte Carlo method in Estonian oil shale mines,

where the room-and-pillar mining system is used. The pillars are arranged in a singular grid. The oil shale bed
is embedded at the depth 0f40-75 m The processes in overburden rocks andpillars have caused the subsidence
ofthe ground surface. Visual Basicfor Application was usedfor the modeling. Through Monte Carlo simulation,

roomrand-pillar stable parameters can be calculated. Model allows determination of the probability of
spontaneous collapse of the pillars and surface subsidence by the parameters of registered collapsed mining
blocks. Proposed method suits as an express-methodfor stability analysis andfailure prognosis. It is applicable
in different geological conditions, where the room-and-pillar mining system is used.

Keywords: mining block, collapse, environment, pillar, underground excavation, stability prediction method,

subsidence, Monte Carlo method, failure prognosis.

Introduction

The most important mineral resource in Estonia is a peculiar kind of oil shale. It is
located in a densely populated and intensely farmed district. The structure of the productive
oil-shale bed makes the rocks more difficult to break from the total massive. It is estimated
that about 80-90% of the total underground oil shale production is obtained by room-and-
pillar method. The method is cheap, highly productive, easily mechanized, and relatively
simple to apply. The area mined by this method reaches 100 km2. It has become apparent that
the processes in overburdened rocks and pillars have caused unfavorable environmental side
effects accompanied by significant subsidence of the ground surface. The horizontal bedding
and small depth of oil shale seam enables the roof deformations to reach the land surface
without essential reduction.

The first spontaneous collapse of the pillars and the surface subsidence in an Estonian
oil shale mine took place on 1964. Up to present, 73 collapses have been recorded on the area
of 100 km?2 [1].

Geology and mining

The commercially important oil shale bed is situated in the north-eastern part of
Estonia. The oil shale bed lays in the form of a flat bed having a small inclination in southern
direction. Its depth varies from 5 to 150 m. The commercial oil shale bed and immediate roof
consist of oil shale and limestone seams. The main roof consists of carbonate rocks of various
thicknesses. The characteristics of the certain oil shale and limestone seams are quite
different.

In Estonian oil shale mines the room-and-pillar mining system is used. The field of an
oil shale mine is divided into panels, which are subdivided into mining blocks, approximately
300-350 m in width and from 600-800 m in length each. A mining block usually consists of
two semi-blocks. The oil shale bed is embedded at the depth of 40-70 m. The room is very
stable when it is 6-10 m wide. The pillars in a mining block are arranged in a singular grid.
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Prediction method

There are lots of stability calculation methods, which demand supplementary
investigations [2]. Elaborated stability estimation method is suitable for practical application.
Visual Basic for Application in Excel was used for numerical modelling. The mining block
stability estimation through Monte Carlo simulation model is applicable in different
geological conditions, where the room-and-pillar mining system is used.

Monte Carlo Simulation
A useful application of probability and statistics involves sampling by the Monte Carlo
method. What is a Monte Carlo Simulation (MCS)? MCS is a computation process that
utilizes random numbers to derive an outcome(s). So, instead of having fixed inputs,
probability distributions are assigned to some or all of the inputs. This will generate a
probability distribution for the output after the simulation is ran. To find the area under a
curve, one can use integral calculus. If the curve has no closed form, such as the normal
curve, then the area cannot be derived analytically. However, with today's computer
technology, one can use Monte Carlo Integration to achieve such task. The area under a
distribution is also known as probability [3].
The Monte Carlo Integration procedure is as follow:
» ldentify the range of X and Y coordinates where the random number will be placed.
» Compute the area of the rectangle in question, using the X and Y range.
* Run the random process. All the random numbers (X;Y) will land within the
rectangle. Count how many points land below the curve.
* Divide the sum of points below the curve by the number of iterations to get the
proportion of points below the curve to the total number of points.
»  Multiply this proportion by the area to get the probability.
The results of generation can be presented by histogram, like on figure 1

Fig. 1 Pillar cross-sectional areas histogram

If the Monte Carlo sampling procedures were carried to a greater number of samples,
then the average of the samples will approach the theoretical average.

On afigure 2. present algorithm, that shows how to create random numbers Rnd from a
normal distribution given the standard deviation a and the mean j , and then computes the

confidence interval xnaxand xmn given the level of significance, alpha a (%0). Upon the

completion of this program, the user can type in the alpha level, number of iterations n, mean
and standard deviation, and then execute the Macro command to obtain the output.
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It is fairly easy to write computer programs
| START | to generate random numbers that are distributed
according to some distributions.

5. 1 % Yoo, Yonp 11 ‘ The program also can generate a 30-class

TP TATER i histogram as shown on figure 1. Classes of

[ frequency will be generated on cells. Users who

[ coun=0 | are familiar with chart generation on Excel can

use the data provided on these cells to generate a
histogram chart also.

1

R Data preparation

During present study were analyzed 16
spontaneous collapses in 13 blocks plus 26 in 18
7= Rud [x— 4] ¥ = Rud XY, blocks received from Talve report [4].

& ' Data analysis showed that the range of the

k2 1 z? pillars age in the collapsed areas distributed from

.[ flz)= E P T B 4 up to the 57 months. As you can see, the data

i . range is quite great and required correction. In
the most of cases, the pillar destruction happens
when it is 4-24 months old. So, we have 30 real
parameters from total 42 cases. These data you
can see on a figure 3.

NO By our data the average rooms sizes in the
collapsed areas A&B = 7.5 x 7.5 m, pillars safety
factor n = 12 for their life time 24 moths
(calculated by the trend line on a Fig. 3). These

YES parameters were calculated by the accepted in

Estonian oil shale mines methods [5], based on

count=count+1 the tributary area theory using the Sheviakov’s
(x— ) and Turners’ calculation scheme [6]. Also, by the

Area = 1, —— same formulas [S] we can calculate maximum
—— 7 rooms sizes and receive for our data boundary

Fray = - » Area line II. (see Fig. 4 and table-1 ). Differently, line

IT plotted on a figure 4. shows the maximum
pillar cross-sectional areas and room sizes
EMND (S=f(A&B; H); A&B = 8.5 x 8.5 m) on different
depths, which are presented on the collapsed
Fig, 2. Algorithm for Monte Carlo mining blocks.

Integration Method Nowadays, all parameters for room-and-
pillar mining are calculated for a long time, t=c0
(see lines III and IV on a Fig. 4). Line III is
plotted for the pillars with safety factor n=1.2 and n=1.3 for the line IV accordingly, when

t=c0 and A&B =8.5 x 8.5 m.

It is well known, that the pillar stability depends from his cross-sectional area, scale
factor, room sizes and exploitation depth. Therefore, during Monte Carlo Simulation we will
generate random numbers for exploitation depth —H, pillar cross-sectional areas —S, which are
computing for calculated maximum room sizes.
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45

L

20-1. kL k2 kL 1 kL kE
35 40 45 50 55 60 65 70
Exploitation depth H, m

Fig, 3. The pillar cross-sectional areas (30 data points) dependence from the exploitation
depth for the pillars (4-24 months old) in collapsed rooms

Monte Carlo sampling

Investigation is based on the following assumption: by normal distribution of the pillars
cross-sectional area a potential collapse of a mining block can be expected [2].

Required data for computation:

» standard deviation for pillars square ¢ S= 4,5 and the mean uS= 32,1 confidence

interval xpge 55 m2and %gF 20 m2
o standard deviation for exploitation depth cH= 4,5 and the mean Uh= 32,1
confidence interval xHx= 70 m and xR = 35 m (for significance increasing)

» given the level of significance, alpha=1 %
Data for plotting of random numbers of H and S received from normally distributed
random values:

* sN =RrSCS+(05622H +3,2621)
where H and S = normally distributed variable with mean (see Fig. 3 for S plotting:
jus=f(H)= 0,5622H + 3,2621) and deviation; Rff and R = generated numbers of normalized
random deviations.

The application of the Monte Carlo technique to distributions frequently used in mine
simulation studies is summarized in table 2. and figure 4. For the practical application were
elaborated the special classification of the pillar cross-sectional areas and exploitation depths
(see table 2).

From the Monte Carlo Simulation output (fig. 4) and table 2 we can see, that there
weren’t points above the line indexed -1V. Also, simulation gives probability about 0.6-1%0
for the line I11. It means that our calculated pillar sizes must be between two lines: 1l & IV,
only by this requirement our pillar is calculated for a long time. But there are some limits:

* room sizes A&B< 85 x 85 m;

» oil-shale bed thickness h< 2.8 m;

» exploitation depth H=35-65 m;

» pillar safety factor n=1.3;

» absence of nearest karsts zones.
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Table 1
Room-and-pillars parameters for
Monte Carlo sampling (see Fig. 3)

Line number
Parameter [ | P | 1 M AVA
Room sizes
(A&B), m 75 85 85 85
Pillar age (t), o4 U @ e
month
Plllarsafety 5 15 15 13
factor (n)
35 40 45 50 55 (G o]
Exploitation depth H, m
Fig. 4.The Monte Carlo Simulation output
Table 2.
Summarized data table“for significance a=1%
IID_IGprtT:] Line nr. Probabilities of pillar destruction, %
SIV. sl Pillar cross-sectional areas S, m
' " §$=20-25 S=25-30 S=30-35 S=35-40 S=40-45 S=45-50 Sum
30-35 - - — - - - - - 0%
35-40 - 00% 0,6% 0,5% 0,1% - - - 1%
40-45 - 02% 31% 5,6% 3,0% 0,6% - - 12%
45-50 - 03% 42% 138% 133% 4,7% 0,5% - 36%
50-55 - 01% 81% 20,7% 157%  8,4% 1,9% 0,1% 36%
55-60 - - 95% 281% 329% 141% 15% 0,2% 11%
60-65 - - — 294% 36,8% 175% 4,0% 0,0% 1%
65-70 - - - - 371% 179% 43% 0,3% 0%
MAX 0,0% 06% 10% 29% 37% 18% 4% 0% 99%

Mining block stability analysis

From the data, presented on table 2, we can find probability (%) of pillar destructions
for different H and S data ranges. The main idea of table 2 is based on the following
assumption: pillars are stable for a long time when the probability of destruction P < 5% and
room sizes doesn’t exceeds 85 m (A&B = 8 5 x 85 m) in width. But, we can’t estimate
mining block stability by one pillar only. We must calculate the average pillars S inside of
rectangle with critical width. The critical width (CW) is the greatest width that the rock above
the mine can span before its failure. For Estonian oil shale mines it is presented by the
following formula CW=L > 1.2H +10, m [7]. Inthe three-dimensional case, the critical width
transforms into the critical area. It determines the center of mining block collapse. For
computation sliding rectangle method was used. The results are presented on the map of a
mining block by probability contours (Fig.5). The probabilities are indicated corresponding to
the above mentioned classification system. The method allows determining the centers of
potential collapse of a mining block.
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Fig. 5. Probability contours P, %
where A.=collapse center; B.= real
collapse area

Results

The collapse prognosis (mine Viru, mining
block No.141) is demonstrated below (Fig.5).

The commercial oil shale bed of the
thickness of 2.8 m is embedded on the depth of 43
m. Mining block is bordered by barrier pillars.

The spontaneous collapse in the right semi-
block took place 13 months after the beginning of
the mining block exploitation. The lifetime of the
pillars in the center of potential collapse was 12
months. The area of destruction was about 16500
m2. The collapses of the mining blocks reach the
surface. Likely enough, the collapses begin in
center (A.) with P=6-9% and then extend to the
barrier pillars (B.= real collapse area). Analysis
showed that the calculation results are close to real
parameters of the mining block collapse (Fig.5).

Conclusion and recommendations
As a result of this study, the following
conclusions and recommendations can be made:

1 Through Monte Carlo simulation, room-and-
pillar stable parameters can be calculated.

2. Model allows determining the probability of
spontaneous collapse of the pillars and surface
subsidence by the parameters of registered
collapsed mining blocks.

3. Proposed method suits as an express-method
for stability analysis and failure prognosis. It is
applicable in different geological conditions,
where the room-and-pillar mining system is
used.

4. The method allows determining the centers of
potential collapse of a mining block.

Estonian Science Foundation (Grant No.5164, 2002-2005) supported the research.

References

1 Reinsalu, E. Post technological processes in mined out areas. Estonian Science Foundation, Grant No. 3403.

Tallinn, 2001

2 Pastarus, J.-R., Nikitin, O. Environmental issues prediction methods for Estonian oil shale mines. Proc. of
the International Conference "Environment and Society”' Rezekne, Latvia, February 28 - March 2, 2002,

p.95-101.

Monte Carlo Simulation examples by Anthony Sun, web page address:

hittp:/Awv.geocities.cony\WallStreet/9245/

Talve L 1983, Investigation of the convergence characteristics for room-and-pillar mining method on
Estonian oil shale mines "«ESTONSLANEC", TPI, Tallinn, p.53, (in russian).

p.185-205.,

Parker, 1.. Mine pillar design in 1993: Comput

ers have become the opiate of the mining engineers. London.,

Mining Engineering, July and August: 714-717 and 1047-1050. 1993,
Stetsenko, V. & Ivanov G Prognosis of the time depending roof displacements for different span lengths.
Oil Shale 11: 13-18. 1981, (EStNIINTI) (in Russian).

ISBN 9984 - 585 - 68 - 9

3
4
5 Mining-law and legal regulation acts. Ministry of Environment, Ministry of Economy. Part 11, Tallinn, 1998,
6
7

190


http://www.geocities.com/WallStreet/9245/

Environment.Technology.Resources.2003
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Abstract

The paper deals with the environmentally safe waste processing problem. The pyrolysis is one of the most
prospective among different utilization methods of residuals. For hearing organic mass in the pyrolysis process
up to 5500C author recommends to apply high frequency and high intensity electromagnetic fields. It is
necessary to analyze relationships between waste electrical parameters andfrequency of electromagneticfield
to achieve optimal parameter of electromagnetic heating. For this purpose was worked out a device for
measuring dielectric permittivity and dielectric losses in the range of electromagneticfrequencies between 0.05
- 50MHz.  The measurements were accomplished on the samplers composed of different quantity of organic and
inorganic (dielectrics and conductors) materials.

The methodology of calculation optimal physical and technical squares for implementation of suggested
technology was applied and experimental data were analyzed. The best parameters of electromagneticfieldfor
pyrolysis ofsolid wastes isfrequencyf=1,5 - 4106Hz and electric intensity E=180 - 220KkV/m andE=390- 40
Kv/mfor waste of different composition.

Keywords: ecotechnology, weste processing, pyrolysis of residuals.

levads

Ekotehnologija ir vidi saudzéjoSa mazatkritumu resursus un energiju taupo$a
tehnologija ekologiski droSas produkcijas ieguvei.

Tas nozimé, ka ta ir saistita ar vidi draudzigu atkritumu parstradasanas veidu un metozu
izstradi.

Atkritumu parstrades tehnologiju izvéle savukart sakas ar fizikalo un kimisko lauku un
atkritumu komponentu savstarpéjas iedarbibas procesu izpéti [1], kuras rezultata tiek
pamatotas iespéjamas un vairak atbilstosas ekologiski tehnologiskajam prasibam alternativas
tehnologijas. lzvélétas tehnologijas tiek izvertétas péc ekonomiskajiem parametriem un
rezultata tiek pienemta istenoSanai atbilstosi tagadéjam ekonomiskajam iespéjam un
lietderiguma limenim tehnologija.

Ekologiskais aspekts $ajos aprékinos ir noteicosais.

Cieto atkritumu parstrades realizéto metozu un tehnologiju analize rada, ka lielako tiesu
tas ir saistitas ar atkritumu organiskas dalas utilizaciju vai neitralizaciju. Viena no
perspektivajam metodém ir atkritumu pirolize, kuras rezultata var iegtt augstvértigus
produktus - gazveida un skidro kurinamo, svekus, puskoksu [2].

Pirolizes produktu kvalitate ir atkariga no parstradajamo atkritumvielu karséSanas
rezimiem un pirmam kartam no masas sakarsésanas vienmeériguma un dziluma.

Tradicionalas tieSas kontakta shémas tada reZima nodroSindSana ir apgratinata un
ilglaiciga, jo procesu limité atkritumvielu zema siltumvadamiba Xun temperattrvadamiba a.
Toties zinams, ka materiala atrai un vienmérigai visas masas dziluma sakarséSanai efektivi
izmanto augstfrekvences elektromagnétiskos laukus. [3]

Saja gadijuma noteicosie faktori ir vielu elektriskas ipasibas - dielektriska caurlaidiba s
un dielektrisko zudumu lenkis tgd, ka ari elektriska lauka parametri - frekvence f un
intensitate E. Musu pétijumi par augstfrekvences un augstsprieguma elektromagnétiska lauka

191
ISBN 9984 - 585 - 68 - 9


mailto:novik@ru.lv

Environment.Technology.Resources. 2003

izmantosanu cieto atkritumu parstradé [4], pieradija tadas tehnologijas principialu
iesp&lamibu un prieksrocibas salidzinajuma ar tradicionalam karsé€Sanas metod&m.
Lai tehniski realizétu So tehnologiju, nepiecieSams atrast procesa optimalos rezimus un
parametrus.
Sim nolakam var biit izmantota misu izstradatd kompleksd ekotehnologiju analizes
metodologija [5].
Tehnologiju ekologizacijas uzdevums teorétiski var bat aprakstits ka triju komponentu
kompleksais risinajums:
a) tehnologiska procesa teorétiski tehniskas iesp&jamibas lauka St noteiksana;
b) sociali ekonomiska lietderiguma lauka Sg noteikSana;
c) ekologiski drosa lauka Sg noteikSana.
Sos laukus var attélot grafiski ka noslégtas linijas koordinatés “efektivitate E — stabilitate t”
(efektivitate + stabilitate = ilgtsp&jiga attistiba) un analitiski ka So liniju vienadojumus.
Ekologizacijas uzdevuma risingjums sastav no ta laukuma izmé&ru un parametru
noteik§anas, kas tiek parklats vienlaikus ar visiem pargjiem laukiem.
Ja teorétiski tehniskas iespgamibas vienadojumi, kas norobezo tas lauku, ir

E-=0l) (M

)

tad ar STm ITnijam (7, — max; #; — min) norobezotais lauks S7 :

Lo Lo,
~ [ )dr - o't )ai @
L
vai
Yl v dE . dE
M B ]
Attiecigi sociali ekonomiska hetderlguma lauks un ekologiski drosais lauks:

S.5f Es‘fﬁ Es‘gf ] G)
S.=3 Efgj - ] @)

Efektivitates raditajs teor&tiski tehniskas iesp&amibas lauka var bit pienemts ka
teorétiskais procesa lietderibas koeficients, sociali ekonomiskaja lauka— ekonomiskais efekts,
ekologiskaja lauka- vides kvalitates indikators.

Stabilitates raditajs — laika posms, kura tiek nodroSinata attieciga efektivitate.

Risinot kompleksa visus tris vienadojumus, var noteikt lauku So un ta AE,,; un At
robezas.

Analiz&jamo problému izskatisim tikai ekologiski drosa lauka robezas, kuras attiecigi ir
limit&tas iesp&amo tehnisko risindjumu ietvaros.

Tad

st -Wreda 1 e da U edan -1 a7 - £ )] ©

Materiali un metodes
Vielu elektromagnétiska lauka iedarbibas rezultata izdalitais siltuma daudzums var bit
aprekinats péc formulas
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0=55,6-s-tgS-E2-10-12)/m3-sek (6)

Vienlaikus dielektriska caurlaidiba s, ta dielektriskie zudumi tgS mainas atkariba no
lauka frekvences. Tapéc, lai nodrosinatu optimalos karséSanas rezimus elektromagnétiskaja
lauka, nepiecieSams noteikt ST procesa teorétiski tehniskas iespéjamibas lauku ST, kas
norobezo optimalo un tehniski realizéjamo elektromagnétiska lauka zonu.

Realas vielas sakara ar struktdras un sastava daudzveidibu teorétiskas s un tgS liknes
atkaribano f (att.1) diezgan reti atbilst faktiskajam.

1.attéls a) teorétiska likumsakariba starp dielektrisko caurlaidibu s un elektriska lauka

frekvenci ra (t - materialu dalinu relaksacijas laiks) s = sx + 91797 s
I+w T
b) teorétiska likumsakariba starp dielektrisko zudumu lenka tangensu un elektriska lauka

frekvenci i (p - materiala elektrovaditspéja) tgs = gl_g-EQT + 4p 1
gi+tg-P T w(gl+gr T)

Cietie atkritumi sastav no daudzu vielu maisijuma, kura ir ka vielas ar augstiem s un
tgS raditajiem, ta arm ar zemiem. Lidz ar to ari sakarséSanas laiks elektromagnétiskaja lauka
katrai komponentei bis savs. Tani pat laika apstradasanas procesam tiek paklauta visa
atkritumu masa.

Péedgjais faktors norada uz to, ka pétijumiem ir lietderigi izvéléties speciali sagatavotas
maksligas kompozicijas, kuras var kalpot ka atkritumvielu modeli elektromagnétiska lauka
iedarbibas pétisanai.

Atkritumvielu neorganiska sastavdala tika modeléta ar mineralvielam, kuru elektriskas
ipasSibas aptver visu tipisko cieto atkritumu ipaSibu diapazonu - marmors, kvarca smiltis - ka
tipiski dielektriki, mala slaneklis - pusvaditajs un magnetits - vaditajs.

Organiska sastavdala tika modeléta ar kudras un branoglu maisijumiem. lIzejvielas tika
sasmalcinatas I1dz dalinu izmériem 1-2 mm un izveidoti Sada sastava paraugi (1.tabula).

1.tabula
Kompozicijas sastavs
Parauga Nr. Sastavs
Organiskais ~ Mala slaneklis Marmors Kvarcs Magnetits
maisjuns

1 100 - - - -

2. - 100 - - -

3 20 20 40 - 10

4. 40 20 20 10 20

5 40 30 - 30 -
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Paraugi tika izgatavoti no sausa izejvielu maisijuma tos sablivéjot ta, lai to blivums
batu apméram 700 kg/m3 jo ka to paradija masu pétijumi (att.2) [6], materialu elektriskas
pasibas ir stipri atkarigas no to porainibas.

2.attéls. Materialu s un tgoS atkariba no porainibas P [6 ] punkti - eksperimentalie dati;
Iiknes - teorétiskie aprékini: s =§;° ° tg8 =S 1-P
’thO P(l-so0)+ so
Paraugu skaits katram merfjumam tika izvéléts atbilstoSi iepriek$ aprékinatam So
ipaSibu varidcijas koeficientam - kw=25%, kas nosaka atbilstosi varbdtibas teorijai
nepiecieSamo paraugu skaitu 5.

No sablivétd materiala tika izveidoti diski ar diametru 42 mm un biezumu 6-8 mm.
Paraugu izméri tika izvéléti izejot no nepiecieSamibas izvairities mérfjumos no malas efekta,
kas dod nevienmérigu elektriska lauka sadalijjumu parauga un lidz ar to pazemina mérjjumu
rezultatu precizitati. Merfjumi tika veikti, ievietojot paraugu speciala turétaja - kondensatora
starp diviem mikstiem elektrodiem izgatavotiem no svina folijas uzlimétas uz gumijas
pamatnes 5 mm biezuma.

Ta k& paraugi neskatoties uz sablivéjumu ir diezgan irdeni, tad Sis kondensators tika
levietots speciadla cilindra (3.att.), izgatavota no sitala, kam piemit loti maza dielektriska
caurlaidiba un dielektriskie zudumi.

3.attéls. Elektrisko 1paSibu (s, tgS, p) mérisanas iekarta temperaturas diapazona lidz 3000C.
1- paraugs; 2 - sitala paplaksne; 3 - sitala stienis; 4 - elektrodi; 5- piespiedéjskruve; 6 -
ieksejais cilindrs; 7 - aréjais cilindrs; 8- sildelements; 9 - kauséta kvarca stieni; 10 - kauséta
kvarca caurulites; 11 - dielektriska pamatne; 12 - 14 - kronsteins, 13 - termoparis.

Dielektriskas caurlaidibas s un tgd izmérisanai tika izmantota standarta aparatira -
kumetri E-9-4 un BM-211, kuri strdadad uz divu elektrisko konturu (iek$eja un aréja)
rezonanses pamata (att.4). Kondensators ar paraugu tiek ieslégts aréja kontdra. Pie attiecigas
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izvelétas elektriskas lauka frekvences ar kumetru nosaka, pirmam kartam, aréja elektriska
kontdra rezonanses kapacitati Ci un elektrisko labumu Q-faktoru Qi, kad kondensators tukss
- starp elektrodiem nav parauga.

Péc tam kondensatora tiek ievietots paraugs un izmérita rezonanses kapacitate C2un Q-
faktors Q2kontiram ar paraugul.

4.attéls. Q -metra principiala shéma, o - frekvences elektriska lauka generators; Cx-
materiala paraugs

Dielektriska caurlaidiba -e tiek aprekinata pec formulas

g=C -C 7
. U

kur so=8,885-10-2 F/m - vakuuma elektriska konstante.
Dielektrisko zudumu lenkis tgS:

(ci-cdoi*Q2 8)

Mérifjumu rezultatu sistematiskas klidas galvenais avots ir parauga kontakta ar
elektrodiem apstakli, jo loti grati ir nodroSinat pilnigu elektrodu piegulSanu virsmai.

Lidz ar to izméritie s un tgS vienmér ir péc musu aprékiniem par 10-17% zemaki par
realajiem.

Ta kd& mosu pétijumu uzdevums bija izanalizét parametru atkartbu no lauka
frekvences, St kluda ir pilnigi pielaujama. Elektriskie parametri tika mériti elektromagnétiska
lauka frekvences izmainu diapazona no 0,05 lidz 50 MHz.

Rezultati un to analize

Dielektriskas caurlaidibas s un tgS mérijumu rezultati paraditi 2.tabula. Ka redzams,
(5.att) izpétita frekvencu diapazona kompozicijam Nr.3, 4, 5 dielektriska caurlaidiba
nemainas, pie tam vismazaka ta ir paraugiem Nr.3 un Nr.5 (3,5-3,8) un vislielaka paraugam
Nr.4 (9,0).

2.tabula
Kompozitu dielektriska caurlaidiba un dielektrisko zudumu lenkis
Paraugu Parametrs Elektriska auka frekvence, MHz
Nr. 0.005 05 1 2 5 10 50
1 £ 6 55 5.2 49 4 3.7 2
tgS 0.1 0.15 0.12 0.09 0.08 0.08 0.085
2. £ 17 15 13 115 10 9 8
S 04 0.45 0.45 04 0.38 0.36 0.3
3 t% 0.02 0.018 0.016 0.026 0.001 0.001 0.001
tgS 3.8 38 3.8 3.8 3.8 38 38
4, £ 9 9 9 9 9 9 9
S 0.04 0.018 0.020 0.025 0.008 -
5. £ 35 35 35 35 35 - -
S 0.012 0.0116 11 105 0.8 - -
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5.attels. Dielektriskas caurlaidibas s atkariba no lauka frekvences

Toties mala slaneklim (Nr.2) un organisko vielu maisijumam (Nr.1) dielektriska
caurlaidiba pazeminas palielinoties elektriska lauka frekvencei.
Daudz sarezgitakas ir sakaribas starp tgS un lauka frekvenci (6.att.).

6.attels. Dielektrisko zudumu tgo atkariba no frekvences

Visos gadijumos ir vérojami tgS maksimumi, pie tam katram paraugam sava
frekvenCu diapazona. Vismazak izteikts maksimums ir paraugam Nr.5 Pie tam vislielakie
dielektriskie zudumi ir noteikti mala slaneklim ( 0,4 - 0,3) un organisko vielu maisijumam
(0,1 - 0,08), desmitkart mazaki tie ir paraugam Nr.5 (0,012 - 0,008).

Mérfjumu rezultati rada, ka kompozicijam piemit liela elektrisko TpaSibu
daudzveidiba, kas nosaka elektriska lauka parametru un darbibas rezimu optimizacijas
nepiecieSamibu katram konkrétajam uznémumam.

Vienadojums (6) norada uz to, ka siltuma izdale materiala ir tieSi proporcionala abu
elektrisko parametru reizindjumam s «tgS. Salidzinot Sos reizindgjumus pie dazadam lauka
frekvencém (tab.3) var secinat, ka tie lielakai kompozitmaterialu dalai samazinas, palielinoties
frekvencei. Maksimumi uz ltkném ir vérojami tikai paraugiem Nr.3 un Nr.4 frekvencu
diapazona 106- 2-106Hz.
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3.tabula
Reizindjuma s *tg5 izmainu atkariba no frekvences
f,Hz

Paraugs 5104 5105 106 2-106 5106 107 5107

1 0.6 0.825 0.624 0.392 0.32 0.296 0.17

2. 6.8 6.75 5.85 4.6 3.8 3.24 2.4

3 0.076 0.068 0.061 0.099 0.0038 0.0038 0.0038

4 0.36 0.162 0.18 0.225 0.072 - -

5 0.042 0.0406 0.0385 0.0368 0.028 - -

Tomér uz So datu pamata secinat par lielaku siltuma izdaliSanas efektivitati
elektromagnétiska lauka zemakas frekvences diapazona nebls pareizi, jo siltuma izdale ir
atkariga ne tikai no materialaipaSibam, bet ari no lauku parametriem f un E. Tapéc bija veikta
reizingjuma s -tgS-f analize atkariba no lauka frekvences. Saja gadijuma ir veérojama (4.tabula,
7.attéls) kompleksa parametra b=s*tgS*f strauja izaugsme palielinoties frekvencei. Pie tam
paraugos Nr. 1, 2 un 5 3T izaugsme ir nepartraukta, paraugos Nr.3 un 4 - ar maksimumiem
frekvenCu diapazona 15M06 - 4-106 Hz. lzejot no Siem datiem ierobezosim teorétiski
tehniskas iespéjamibas lauku cieto atkritumvielu elektromagnétiskajai pirolizei k& péc
frekvences, ta ari péc elektriska lauka intensitates E.

4.tabula
Reizinajuma s xtgS*f izmainu atkariba no frekvences
f,Hz

Paraugs 5104 5105 106 2-106 5006 107 5107

1 314 4125104 624104 784104  1604U04  296U04 850004

2. mo4 3375 585 920 1900 3240 12000-104

3. 0.38-104 34 6.1 198 19 38 19

4. 1814 81 18 45 KS - -

5. 0.21-104 203 38 7.36 14 - -

7.attéls. Reizingjuma e xtgS*f atkariba no lauka frekvences

Masu ieprieks€jie pétijumi pieradija, ka nepiecieSamais siltuma daudzums, lai
sakarsétu atkritumvielas lidz temperatrai 5500C, sastada 1,7 MJ/kg [4]. Sakarsésanas laiks,
nepiecieSamais, lai pilntba norisétu visas materiala pirolizes reakcijas, nedrikst bat mazaks
par 20 minatém.
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Pienemsim aprékinos siltuma izdales laika robezas 20 un 30 minates.

No Sejienes aprékinam nepiecieSamo siltuma daudzumu, kam jaizdalas katra materiala
kg vienas stundas laika: ja t=20 min - q=1,42 kJ/sek-kg, ja t=30 min - q= 0,94 kJ/sek-kg.

Piedavata pirolizes iekarta [4] tiek projektéts pirolizéjama materiala slana biezums uz
konveijera lentes 15 - 20 cm.

Aprékinasim siltuma daudzumus, kuri izdalas pie f  =1,5-106 Hz un f ¢*ax=4-106 Hz.

Paraugam Nr.4 pie f s -tgS-f=4-105 pie fo'ax- 3,8-105 paraugam Nr.3 attiecigi 1,4405un
0,8-105.

materialos pie attiecigajam frekvencém un elektriska lauka intensitati E dota 8.attéla.

8.attéls. Fizikali tehniskie elektromagnétiskas atkritumu pirolizes optimalie lauki S1lun S2

Ta ka nepiecieSamais siltuma daudzums atrodas robezas 1,42 un 0,94 kJ/sek-kg, tad
novelkot uz grafika attiecigas horizontalas linijas var norobezot uz Iltkném maksimalos un
minimalos  elektriska lauka intensitates lielumus, kuri nodroSina siltuma izdaliSanas
optimalos rezimus karséjama intervala.

Lidz ar to vienadojumi:

%2,224-10"5E2 J/m3-sek un 2=2,1128-10"5E2 J/m3-sek norobezo paraugu Nr.3 fizikala
lietderiguma lauku, bet vienddojums @3=0,7784-10"5E2 J/m3-sek un 4=0,4488-10"5E2
J/m3-sek norobezo paraugu Nr.4 fizikala lietderiguma lauku.

Otra vienadojumu grupa, kas norobezo tehniska lietderiguma lauku, ir horizontalas
linijas q'=0,94kJ/kg-sek un q''=0,94kJ/kg-sek.

Lidz ar to vienkarSojas $o vienadojumu sistémas risinajums. Racionalais no
ekologiska viedokla elektriskas intensitates minimalais diapazons, kas spéj nodroSinat
tehnologiska procesa normalu norisi paraugam Nr.3 (8.att.) ir 1,8 - 2,2 kV/cm un paraugam
Nr.4- 39 - 4.6 kv/icm.

Redzams, ka $aja gadijuma nav nepiecieSamibas noteikt pilnu, norobeZotas ar linijam
virsmas laukumu. Atkariba no ievadita uz konteinera materiala elektriskajam TpaSibam
elektriskas intensitates izmainas un to izturéSanu optimalaja diapazona var automatizét pat bez
izmainam augstfrekvences generatora darba - tikai mehaniski reguléjot karséjama materiala
slana biezumu uz konveijera lentes.

Secinajumi

Ekotehnologijas attistibas nosacijums ir optimali atrisinat atkritumvielu, kas veidojas
tehnologiskaja procesa, parstradi un utilizaciju. Progresivas atkritumu termiskas utilizacijas -
pirolizes metode paSlaik nav attistita, nedod augstas kvalitates gala produktus un, ja tiek
izmantotas materiala karséSanai parastas siltumiekartas, ta veido papildus antropogéno slodzi
uz vidi.
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Mausu pefifjumos pieradits, ka materiala kars€Sanai izmantojot augstfrekvences
elektromagnétiskos laukus var noverst uzskaititos trikumus.

Tan1 pat laika optimalie iekartas parametri ir atkarigi no materiala elektriskajam
Tpasibam, un to izmainam dazadas frekvences laukos. Lai izanaliz&tu un noteiktu optimalos
elektromagnétiska lauka rezimus bija veikti pétijumi, izmantojot komplekso ekotehnologiju
analizes metodologiju.

Uz eksperimentali noteikto materialu kompoziciju elektrisko Tpa§ibu un to izmainu
atkariba no elektriska lauka frekvences pamata aprékinati optimalas lauka frekvences un
elektriskas intensitates robezlielumi.

Visam atkritumvielam ar diezgan plaSu T1pasibu svarstibam ka optimalo var
rekomendat frekvenéu diapazonu no 1,5-10° lidz 4-10° Hz.

Atkritumvielam, kuras ir parsvara organiskas komponentes (>40%) un zemas
elektropretestibas mineralkomponenti elektriskas intensitates E diapazons ir 180 — 220 kV/m.

Atkritumvielas, kur organiska dala sastada 20% un mazak un ir tikai 10% labi vadoSo
elektribu sastavdalu tiek rekomend&ts pirolizei izmantot elektrisko lauku ar intensitati 390 —
460 kV/m .
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SOSNOVSKA LATVANA (Heracleum sosnowvskyviM anden.) IZPLATIBA
MADONAS RAJONA UN TA IEROBEZOSANAS IESPEJAS

Spread ofHeracleum Sosnowsky Manden in Madona District (Latvia) and Its
Control Possibilities

A. Olukalns
Praulienas pagasta “Gravisu” maju zemnieku saimnieciba, “Gravisi”’, Praulienas pag.,
Madonas raj., LV-4825, +371-9427599, olukalns@madona.lv

Abstract

Heracleum sosnowsky Manden was introduced into Latvia in 1950-1960. That infancy ofcultivation happened in
Madona district, Barkava parish where it wes cultivatedfrom 1965 andgradually infected about 10 300 ha area
ofdistrict (85%form H.sosnowsky total area in Latvia). In late eighties and early ofnineties its spread in Latvia
had been going out of control. H.sosnowsky Manden quickly pollutes not only open areas but also those along
water reservoirs, roadsides andforest. Basic methods which were usedfor control ofH.sosnowsky in trials were
cutting, chemicals (gl e, dicamba, MCPA, nicosulfuron), growing of green manure plants (ltalian
reygrass, oil radish, ) and soil mulch with polythene.

Keywords: Heracleum sosnowsky Manden, herbicide, mulching, soil tillage.

levads

Sosnovska latvanis (Heracleum sosnowskyi Manden.) Latvija ievests ka kultOraugs
20.gs. 50.gados. Uz S0 augu lika lielas ceribas ka uz lopbaribas kultGraugu un nektaraugu.
20.gs. 80.gadu vidl H. sosnowskyi saka strauji izplatities savvala, seviski strauji Sis process
notika 20.gs. 90.gados, kad zemes reformas un lauksaimnieciskas razoSanas strauja krituma
dél, daudzas lauksaimnieciski apstradajamas zemes tika atstatas atmata. PaSlaik H.
sosnowskyi izplatiba ir izgajusi no cilvéka kontroles un tas ir savairojies lielakoties nekoptas
zemes platibas, celmalas un gravjos.

H. sosnowskyi ir loti bistami cilvékiem, jo izraisa adas un glotadas apdegumus, 1pasi
apdraudot bérnus. [2,3,4] Iznidét ielaistus H. sosnowskyi ir gandriz neiespéjami, tapéc ari lidz
Patreiz iegltie rezultati liecina, ka H. sosnowskyi iznicinaSanai jalieto viss iespéjamais
agrotehnisko un biologisko panémienu komplekss.

Latvija 2001.gada H. sosnowskyi bija izplatijies 12182 ha, visvairdk Madonas, Césu,
Talsu un Rigas rajonos.

Sosnovska latvana izplatiba Madonas rajona

H. sosnowskyi izméginajumi Madonas rajona Barkavas pagasta sakti 1965.gada un
lielrazoSana tas ieviesas 1968. gada. Seékla tika sanemta no PSRS Lauksaimniecibas
akadémijas Karélijas filiales padomju saimniecibas “Barkava” direktors Péteris Eglons
sanéma puskilogramu latvana séklas. Pirmais lauks tika apséts 0,2 ha platiba, preti Barkavas-
Lubanas celam “Jaunzemniekos”. Pagajusa gadsimta 70-gadu beigas H. sosnowskyi séta
platiba Barkava sasniedza 40 ha platibu, tas izvietojas pagasta centra, “Cérziniekos”,
“Silauniekos” un “Stalidzanos”. Kopa apséti 6 lauki, lielakais no tiem bija 15 ha platiba.[1]

Ta audzéSana Madonas rajona beigta 20.gs. astondesmito gadu sakuma. H. sosnowskyi
laika gaita ir parvérties par nezali, kas agresivi izpleSas ta augSanai piemérotos biotopos. Ta
izplatibu Madonas rajona veicina liels neapstradato lauksaimniecibas zemju ipatsvars un
atklato melioracijas sisttmu nekopsana.

Madonas rajona 2001. gada ar H. sosnowskyi bija piesarnoti 10310 ha zemju, parsvara
lauksaimnieciba izmantojamas zemes un kraméaji. Madonas rajona atrodas aptuveni 85% no
visam Latvijas H. sosnowskyi audzem.
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1.att. Ar sosnovska latvani (H. sosnowskyi) piesarnotas platibas Madonas rajona
pasvaldibas 2001.gada

Pateicoties pagajusa gadsimta saimnieciskajam aktivitatem, vislielakas H. sosnowskyi
audzes Madonas rajona ir Barkavas pagasta teritorija (9450 ha jeb 91% no kopgjas H.
sosnowskyi platfibas rajona), kur ir ta vésturiskais audz&Sanas centrs. H. sosnowskyi
gredzenveidigi izplatijuSies apkart§jos pagastos (Osupe 399 ha, Murmastiene 330 ha,
Prauliena 41 ha), galvenokart atmatas, gar celmalam un @idens notekam. Pateicoties Teicu
rezervata hidrologiskajam reZimam, H. sosnowskyi nav spé&jis inficét ta teritoriju, bet plasi
izplatits ta pierobezas zona. AtseviSkie H. sosnowskyi perekli, kas izvietojusies izklaidus
pareja rajona teritorija, veidojusies: bijusajos skolu kolekcijas laucinos (Sausngjas pagasta pie
Liepkalnes skolas), izgaztuves (Varaklanu pagasta), lietojot H. sosnowskyi s€klu ¢emurus
dekorativiem mérkiem. Raksta autors, apmeklgjot izméginajuma lauku 2002.gada aprili pie
Sosejas Madona- Varaklani, konstat&ja nedélas laika divus gadijumus, kad tika ievakti H.
sosnowskyi stublaji un ¢emuri dekorativam vajadzibam.

Galvenais iemesls, kapec H. sosmowskyi strauji izplatas, ir lielais neapstradato
lauksaimniecibas zemju Tpatsvars Madonas rajona teritorija.

Sosnovska latvana ierobezoSanas iespéjas

Pasreizgjas H. sosnowskyi ierobezoSanas metodes pamatojas uz izplatibas vidi, kur augs
tiek kontrol&ts, auga lieluma un attistibas stadijas. Ir pieejamas vairakas metodes, ietverot
herbicidu, grauzgj dzivnieku un mehanisko pasakumu lietoSanu un to kombinacijas.

Projekta “Latvana izplafibas ierobezosana Latvija” Madonas rajona Barkavas pagasta
pie Aiviekstes upes Svana tilta, cela Madona- Varaklani labaja pusé ir ierikots izm&ginajuma
lauks velenu glejota podzoleta lidz velenu glejota tridaina augsné€ ar granulometrisko sastavu
malsmilts lidz akmenpainam smil§malam. Saja laukd péc vietgjo iedzivotaju zinam XX
gadsimta 70.gadu beigas tika iertkots H. sosnowskyi lopbaribas sgums.
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2.att. Ar sosnovska latvani (H. sosnowskyi) piesarnoto platibu raksturojums Madonas rajona

Pirms darbu uzsakSanas tika izvértéts teritorija esoSo nezalu segums % - H. sosnowskyi
tas bija no 65- 90 %, paréjam valdoSam nezaléem sekojoSs segums: Urtica dioica 5- 15%,
Taraxacum officinale 5- 10%, Aegopodium podagraria 2,5- 10%, Anthriscus sylvestris 2,5-
5,0%, Ranunculus acer 2,5- 5,0%, Poapratensis lidz 2,5 %, Arctium tomentosum lidz 2,5%.

Brivas vietas, starp augstdk minétam nezalém, aiznéma pavasari sadiguSie H.
sosnowskyi digsti. Uzskaitot tos pie vidéjas biezibas konstatéti 720 jaunie augi uz m- ; pie
maksimalas biezibas - 1260 jaunie augi uz m-2 Turpmak apskatisim katru metodi atseviski.

Applausana

Uzsakot H. sosnowskyi applausanu maija pirmaja dekadg, ta ir visdrosaka no darba
droSibas viedokla, bet Sie noplautie H. sosnowskyi vasaras otrd pusé ir jau ataugusi un
praktiski maz atSkiras no kontroles. Plausanas laika pieliektie, bet nenogieztie H. sosnowskyi,
gulus vai pusgulus stavokli, veido normalus ziedu ¢emurus un ta centralaja dala attistas
pilnvértigas séklas. No séklam sadiguso H. sosnowskyi digstu segums aiznem 25 -30% no
platibas.

Applaujot H. sosnowskyi divas reizes, to masa ir 40-50 % un garums 50 - 65 % no
kontrolé augoSiem. Sada applausana veicindja sanu zaru veidoSanos pie noplauta H.
sosnowskyi pamatnes, dazi no tiem veido pat kroplus un samazinatus ziedneSus ka tas ir
kontrolée. Noplauto latvanu H. sosnowskyi atmirSanu nevaréja novérot. No séklam digstoSo
latvanu H. sosnowskyi digsti sastdda lidz 40% no platibas un kopa ar iepriekséjos gados
ataugosSiem tie nosedz 90 - 100% platibas.

Applaujot H. sosnowskyi tris reizes, to masa ir 20 - 25 % un garums 20 - 30% no
kontrolé augoSiem, ziedneSu praktiski nav. Noplautie H. sosnowskyi veido spécigas rozetes.
Labi digst un attistas arf H. sosnowskyi no seklam un tie aiznem 40 - 50 % no platibas. Sada
regulara H. sosnowskyi applausana aptur tekosa gada séklu invaziju, bet neiznicina eso$os H.
sosnowskyi augus. Sadu paSu rezultatu varétu iegat applaujot H. sosnowskyi vienreiz Tsi pirms
ziedu Cemura atvérSanas, bet So darbu veikt daudz gratak un veselibai bistamak. Applausanu
vélams kombinét ar glifosatu tipa herbicidu lietoSanu.

Kimiskas metodes
Smidzinats raundaps bio (glifosats) 5 L ha-1

Smidzinajuma laika apstradatie augi praktiski visi aizgajusi boja un sakaltusi. Lapas
veido tie H. sosnowskyi, kuri smidzinaSanas laika vél nebija izveidojusi lapu virsmu. Spécigi
sadigusi H. sosnowskyi no iepriek$eja gada izbirusam séklam un tie aiznem lidz 80 % no
platibas. To masa ir apm. 10 -15 % no kontroles. Virs H. sosnowskyi digstiem izaugusas
baltas balandas, kas sastada lidz 50% no platibas. Vienreizéja raundapa 5 L ha'7 lietoSana
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nodrosina pavasari sadiguso H. sosnowskyi iznicinaSanu, bet neaiztur no séklam digstoSo H.
sosnowskyi) digSanu p&c apm.1.5-2 méneSiem. Tapat netiek aizturta citu nezalu digSana
iznicinato H. sosnowskyi vieta. Lai radikali ierobezotu H. sosnowskyi un lai samazinatu tiem
iespgju augt arT turpmakos gados, péc raundapa smidzinaSanas pavasari un to atkartotas
sadigSanas rudent, javeic otra smidzinaSana rudent vai augsnes apstrade ar apveérSanu, pec tam
vislabak platibu apsg€jot ar augsnes virsmu sedzosu kultiru.

Smidzinats ar raundaps bio (glifosats) S1 ha™' + banvels 4S (dikamba) 0.8 1 ha™

Lidzigi ka ieprieksgja variantd, smidzinajuma laika apstradatie augi praktiski visi
aizgajusi boja un sakaltusi un veido nelielu mulu. Uzskaites bridi novérojama preparatu
antogoniska pe&cdarbiba. Saimnieciska darbiba [idziga ka ieprieksgja varianta.

Smidzinats ar MCPA (metaksons) 3 1 ha™'+ banvels 4S (dikamba) 0.8 1 ha™

SmidzinaSanas laika sadiguSie H. sosnmowskyi bojatt un kropli, it seviski kuri
apsmidzinati lieli, 90 100%, to masa ap 60 — 65 % no kontroles, to segums 75-90% no
kontroles. Izdzivojusiem H. sosnowskyi ziedi (30-40%), ziedu ¢emuri mazaki ka kontrolg,
nedaudz aizkav@jusies s€klu nogatavosSanas, lapas kroplas, H. sosnowskyi digsti cietusi,
sagriezuSies, bet lielaka dala nav atmirusi. Sekundari citu divdigllapju nezalu digsti varianta
maz. Smidzinato herbicidu lietoSana pa jau attistitu H. sosnowskyi audze€m neattaisnojas.
Papildus javeic smidzinaSana ar raundapu, jaapplauj vai javeic augsnes apstrade.

Smidzinits ar MCPA 3 1 ha™ + banvels 4S 0.8 1 ha™ + applauts 1 reizi (16.07)

H. sosnowskyi butiski mazaki ka iepriek§gja varianta, reti augi veido ziedneSus, pa
lielakai dalai tie kropli un mazaki ka iepriek§gja varianta, s€klas neattistitas. V&rojama
izdzivojuso H. sosnowskyi rozeSu veidoSanas un tas varétu turpinat augt nakosa gada. H.
sosnowskyi digsti nedaudz bojati (ap 60%)un izretojusies, jo ieprieks noplauta masa kalpo ka
mul¢a. MCPA, Banvela lietoSanu, kombingjot to ar vienu applausanu - neattaisnojas.

Smidzinats ar MCPA 3 1 ha™'+ banvels 4S 0.8 1 ha™ + applauts 2 reizes (16.07 un 03.08)

Tapat ka ieprieks€jos 5a tipa variantos smidzinaSanas laika sadigusie H. sosnowskyi
bojati un kropli. Ziednesu nav, veérojama H. sosnowskyi rozesu veidosanas tiem augiem, kas
izdzivojusi un tas varetu turpinat augt nakosa gada. H. sosnowskyi digsti, nedaudz bojati (ap
60%)un izretojusies, jo iepriek§ noplautd masa kalpo ka mulca. Applausanam- neattaisnojas,
vienigi tiek ierobezota jauno H. sosnowskyi s€klu izplafiSanas.

Milagro (Nikosulfrons) 1.51 ha™ (izsmidzinats 08.06.02)

Preparats apturgjis H. sosnmowskyi augSanu un izraisa lapu un ziedneSu sakal$anu.
Aizkavéta H. sosnowskyi digstu veidoSanas un atfistiba. Tie ir neliela skaitd tur, kur
smidzinaSanas laika bija lielakie augi un preparats nenonaca Iidz augsnei. Milagro
priekSrociba salidzinot ar raundapu ir ta, ka tas uz H. sosnowskyi iedarbojas ar1 caur sakném.
Milagro smidzinaSana, kad H. sosnowskyi ir 60-90 cm augsts, nedod pilnigu un atru efektu -
ta iedarbiba ir léna

Aplikacijas metode ar Raundapu
Aplikacija koncentracija 1:2

Nokaltu$i visi augi, kurus nosméerja ar aplikatoru un tie uz kuriem uzpilgja darba
Skidrums. ST metode izmantojama tur, kur ar smidzina$anu nav iesp&ams stradat. H.
sosnowskyi digsti specigi sazélusi. Tie digsti, kuriem bija uzpilgjis raundaps ir aizgajusi boja,
bet palikus$i tie digsti un aizn@musi tukSo vietu un specigi augusi tie, kurus raundaps nav
skaris. To garums 35-50 cm. Lai panaktu butisku H. sosnowskyi ierobezoSanu stradajot ar
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aplikatoru, jarékinas ar nepiecieSanu atkartot raundapa aplikaciju vegetacijas perioda otraja
puse.

Aplikacija koncentracija 1:3
Variants vizuali izskatas, Iidzigi ka aplikacijas varianta 1:2, tikai §is variants ir
ekonomiskaks.

Aplikacija koncentracija 1:5

Vizuali pie §is aplikacijas koncentracijas jutams neliels iedarbibas kritums, tapec ar
lielaku raundapa atSkaidijumu H. sosnowskyi jaatturas aplicét. Arl H. sosnowskyi digsti
izskatas dzivigaki — to garums sasniedzas ltidz 50 cm. Praktiski nav starpibas starp raundapa
un Gdens 1:2, 1:3 un 1:5 aplikacijam.

Segums ar melno plevi

Sis variants ir viens no veiksmigakajiem H. sosnowskyi apkaro§ana. Zem pléves nebija
H. sosnowskyi, to digstu un citu nezalu. Augsne sikdrupataina un viegli izmantojama sekojoso
kultiru audzéSanai. So panémienu var izmantot atsevisku nelielu audu iznicinaSanai
aizsargatas vietas, bet tas ir dargs un darba ietilpigs.

Augsnes apstrade
Artstkultivéts+seta viengadiga airene

Airene ir 70 —80 cm gara ,vietam spécigs piesarnojums ar balto balandu, ir arT dazadas
sirenes, ganu plikstini, firuma nauduli, panatres u.c. S§uma esoSo H. sosnowskyi attieciba
pret pargjo masu vert€jama 1:5 (20%:80%). H. sosnowskyi $eit ir nedaudz 1saki - 1.6-2.0 m
gari, apm.30% no tiem ar ziedneSim. 2002.g. apstaklos viengadiga airene ka starpkultiira sevi
neattaisnoja zemas razibas un salidzinosi liela piesarnojuma ar platlapju nezalém.

Arts+kultivets+sets ellas rutks

Ellas rutka masa pa variantu izlidzinataka ka airenes varianta. Ellas rutka augums
ziedeSanas laika 80- 90 cm. Masa lielaka un biezaka ka airenes un griku varianta (vidgji 6
atkartojumos 26.1 t ha™). Ellas rutka digsti dalgji cie§ no spradu bojajumiem. Nezalu mazak
ka airenes varianta, ari Poa pratensis ir mazaki ka p&c seguma, ta masas (apm. 15% no
kopg&jas masas). Atlikusie H. sosnowskyi 1.5 — 1.7m gari, ziedneSus no tiem veido ne vairak
ka 20%, tie ieverojami mazaki ka kontrolg, ar vajak izveidotam seklam. H. sosnowskyi kopgja
s€juma masa izcelas ievérojami mazak, ka airenes varianta. 2002.g. apstaklos ellas rutks
uzradija labu H. sosnowskyi nomakS$anas speju.

Arts+kultivets+seti griki

Griku augums ziedeSanas laika 80-100 cm. Griku masa lielaka ka airenes varianta.
(vidgji 6 atkartojumos 18.94 t ha™). Nezales izcelas mazak ka airenes un ellas rutka varianta.
Arl H. sosnowskyi ir mazak ka p&c seguma ta masas, ka tas ir airen€ un ellas rutka varianta
(apm.10%), tie mazak izcelas ka ellas rutka varianta. Atlikusie H. sosnowskyi 1.5— 1.8 m gari,
no tiem ziednesSus veido Iidz 10-20%. Tie mazaki un s€klas ir stkakas. 2002.g. apstaklos griki
sevi attaisnoja ka starpkulttira lopbaribai vai zalm&slojumam un var tikt izmantota pirma gada
péc augsnes uzarsanas.

Secinajumi
1. Madonas rajona H. sosnowskyi visvairak izplafits Barkavas, OSupes, Murmastienes un
Praulienas pagastos.
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2.

B W N e

Vienreizéja H. sosnowskyi applausana maija ménesi praktiski nedod rezultatus. Ta obligati
jakombiné ar herbicida raundapa lietoSanu rudeni. 2 un 3 reizéja (H. sosnowskyi)
applausana aptur jaunu tekosa gada séklu invaziju, bet neiznicina esosos un tie saglabajas
nakoSiem gadiem.

Vienreizéja raundapa 5 | ha-l lietoSana nodroSina pavasari sadiguso H. sosnowskyi
iznicinaSanu, bet neaiztur no séklam digstoSo sadigSanu. Lai radikali ierobezotu H.
sosnowskyi, péc raundapa smidzinaSanas pavasari un to atkartotas sadigSanas ruden,
javeic otra smidzinaSana rudeni vai augsnes apstrade ar apvérsanu.

Lietojot herbicidus raundapu un banvelu 4S maisijuma, novérojam preparatu
antagonismu.

Herbicidu MCPA + banvels 4S lietoSana pa jau attistitu H. sosnowskyi audzém
neattaisnojas. Tapat neattaisnojas So herbicidu lietoSana kombinéacijas ar applausanu
Herbicids milagro iedarbiba uz H. sosnowskyi jaturpina pétit.

Segumu ar melno plévi var izmantot atsevisku nelielu H. sosnowskyi audZu iznicinaSanai
aizsargatas vietas, bet tas ir dargs un darbietilpigs panémiens.

H. sosnowskyi aplikacijai var ieteikt raundapa atSkaidijumu Iidz 1:5, bet, lai panaktu
batisku H. sosnowskyi ierobezoSanu stradajot ar aplikatoru, jarékinas ar nepiecieSamibu
atkartot raundapa aplikaciju rudeni pirms vegetacijas beigam.

2002.9. apstaklos viengadiga airene ka starpkultdra sevi neattaisnoja zemas razibas un
saltdzinosi liela piesarnojuma dél ar dazadam platlapju nezalem. Ellas rutks un griki sevi
attaisnoja ka starpkultdra un var tikt izmantota pirma gada péc augsnes uzarsanas.
Augsnes apstrade un starpkultiru audzéSana samazinaja H. sosnowskyi segumu Séjumos
par 80 -90 %
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LONG-TERM STABILITY MONITORING OF THE MINING BLOCKS
IN ESTONIAN OIL SHALE MINES
Izraktenu bloku ilglaictgas stabilitates monitorings Igaunijas degslanekiu
raktuves
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82 Kopli St, Tallinn, 10412, Estonia
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Abstract

This paper deals with long-term stability prediction and monitoring methods by room-and-pillar mining system.
Roof-to-floor convergence and conditional thickness methods suit for calculations. They allow determination of
the location, area and time of the collapse in a mining block. The uncertainty in time is less than 10 % at the 95
% confidence level. Roof-to-floor convergence method is preferred; it takes into consideration all the geological
and mining feature in the critical area. Conditional thickness method demands supplementary investigations,
determination of the influence factors on the process. The applicability of these methods is clearly demonstrated.

Keywords: larg-term stability, monitoring methods mining blocks.

Introduction

The mineral wealth of Estonia is located in a densely populated and rich farming
district. It is known that the results of mining may suddenly appear on the environment many
years later after the end of excavation. The post technological processes of the underground
mining caused and will cause in the future a large number of technical, economical,
ecological and juridical problems.

The first spontaneous collapse of the pillars and the surface subsidence in an Estonian
oil shale mine took place on 1964. Up to present, 73 collapses have been recorded on the area
of 100 km?. Consequently, the post technological processes continue up to present.

Elaboration of the long-term stability monitoring and prediction methods in the mined
out area is the main aim of the present work.

The stability prediction methods by life-time of the pillars (1), statistical methods (2)
and rate of the current rock strength (3) are relatively simple and they are not applicable for
long-term calculations. For practical application the prediction and monitoring methods by
roof-to-floor convergence and conditional thickness are. The uncertainty in time does not
exceed 10% at the 95 % confidence level.

Elaborated calculation methods by roof-to-floor convergence and conditional thickness
are applicable in different geological conditions. The surface subsidence parameters will be
determined by conventional calculation schemes.

The applicability of the roof-to-floor convergence and conditional thickness methods
are clearly demonstrated in theory and in situ conditions.

Geology and mining

The commercially important oil shale bed is situated in the north-eastern part of
Estonia. The oil shale bed lays in the form of a flat bed having a small inclination in southern
direction. Its depth varies from 5 to 150 m. The oil shale reserves in Estonia are estimated
approximately at 4 thousand million tons.

The commercial oil shale bed and immediate roof consist of oil shale and limestone
seams. The main roof consists of carbonate rocks of various thickness. The characteristics of
the certain oil shale and limestone seams are quite different. The strength of the rock increases
in the southward direction.
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In Estonian oil shale mines the room-and-pillar mining system is used. The field of an
oil shale mine is divided into panels, which are subdivided into mining blocks, approximately
300-350 m in width and from 600-800 m in length each. A mining block usually consists of
two semi-blocks. The oil shale bed is embedded at the depth of 40-70 m. The room is very
stable when it is 6-10 m wide. The pillars in a mining block are arranged in a singular grid.

Mining block stability prediction and monitoring by roof-to-floor convergence

For the analysis, there are two basic approaches to the study the rheological behavior of
the materials (4):

1 Macrorheology, which describes the processes and properties of materials
phenomenologically.

2. Microrheology, where the attention is focused on the processes and properties of
materials at the atomic level, and on how these affect the phenomenological behavior.

For the practical applications, the phenomenological approach for stability calculations
is preferred. The analysis is based on the roof-to-floor convergence process of in-situ
conditions in a mining block. Roof-to-floor convergence curve takes into consideration all the
geological and mining features in the location of the measurement station. Typical roof-to-
floor convergence curve (creep) is represented in Figure 1

s - deformation; t- time; su- ultimate deformation at fracture; s - deformation rate;
I - elastic deformation se; Il - transient creep s<O; Il - steady-state creep s=const;
IV - transient creep before fracture s>0; tt- transient creep limit; ts- steady-state creep limit;
tu- time at fracture.

The phenomenological behavior of rocks can be studied using conventional calculation
schemes (5, 6). They are cumbersome and time consuming. For practical applications the
deformation criterion is suited. If the current deformation s(t) reaches the value of ultimate
deformation at fracture sc for rock (s(t) > so), the fracture of the rocks takes place. The
applicability of the deformation failure criterion for rocks is demonstrated in the
microrheology (7). The deformation criterion is valuable for steady-state creep (5, 6):

ds
t = const (2)
dt p
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where de/dt - deformation rate; 7, - time at the fracture.

Analysis showed that presented method is only applicable for linear rheological
model. Investigations of in-situ conditions and laboratory tests have shown that most of rock
has linear rheological behavior (5). In the practical application the regions of elastic
deformation (I), transient creep (II) and transient creep before fracture (IV) are negligible
(Fig.1).

The pillar load and consequently the value of the roof-to-floor convergence depend of
the width of the mining block, leading to the concept of the critical width (8). The critical
width is the greatest width that the rock above the mine can span before its failure, or, if there
are pillars, the width we must mine before the pillars accept the full weight of the overlying
materials. For Estonian oil shale mines it is presented by the following empirical formula (3):

L>12H +10 (3)

where L — critical width, m; H — thickness of the overburden rock, m.

In the three-dimensional case, the critical width transforms into critical area. It means
that the influence of the overburden rock on the value of the roof-to-floor convergence is
connected with the critical area.

Investigation showed that the life-time prediction of the pillars is possible to perform
by two methods:

1. Deformation rate method. It bases on the deformation rate of steady-state creep and it is

preferred for the calculations. The uncertainty in time is less than 10 % at the 95 %

confidence level. Pillar life-time prediction equation is derived from formula (3):

g, —&

Zp — U 8 0 (4)

where ¢ = de/dt — deformation rate; €, — ultimate deformation at stabilized strength.

2. Deformation method at fixed time. Method uses the absolute value of the roof-to-floor
convergence at fixed time. Uncertainty in time in this case is larger than by deformation
rate method.

The roof-to-floor convergence can measured of in-situ conditions by means of
extensometers in the mining blocks. If a mining block is abandoned, the access in one is
closed. In shallow mines (depth less than 100-150 m) it is possible to perform the
measurements on the surface, using the conventional or modern (GPS) equipments.

On the other hand the dimensions of the mining block determine the quantity of the
measured points (40...50) for determination the roof-to-floor convergence. Only in this case it
is possible to catch the collapse center inside a mining block.

Analysis by roof-to-floor convergence deformation rate method was made for 5 mining
blocks (the mines Ahtme and Viru). The investigation results for mining block No. 62, mine
Viru are presented below. The commercial oil shale bed of the thickness of 2.8 m is
embedded at the depth of 45 m. Mining block is bordered by barrier pillars. A spontaneous
collapse of the pillars in the left mining semi-block took place 3.8 years after the beginning of
exploitation. It reached the surface. The area of destruction was about 3000 m? The
deformation rate of the roof-to-floor convergence was 17.1 mm per year. The prediction time
of the mining block collapse is 4.1 years. The relative uncertainty in time is 7.9 % at the 95 %
confidence level.

Mining block stability prediction and monitoring by conditional thickness method

For the analysis the concept of critical area, methods of conditional thickness and
sliding rectangle were used (1, 3). They suit for modeling on PC. Conditional thickness
represents the height of a prism whose cross-section equals the pillar cross-section area. It is
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related to the load on a pillar. If the load is too much for the pillars, a sudden failure is likely.
The concept of the critical area is presented in the chapter 3. By the sliding rectangle method,
the average conditional thickness of the critical area must be determined for all positions
inside a mining block. The results are presented by conditional thickness contours. The
uncertainty in conditional thickness does not exceed 5 % at the 95 % confidence level.

The analysis by conditional thickness method was performed for 14 mining blocks (the
mines Ahtme, Viru and Estonia). The investigation results of the mining block No. 101 of the
mine Estonia are given below (Fig.2). The commercial oil shale bed of the thickness of 2.8 m
is embedded at the depth of 61 m. Mining block is bordered by barrier pillars. Analysis shows
that there are three centers of a potential collapse in the case of the conditional thickness
C>340 m. Unfortunately, the conditional thickness takes into consideration only the
geometrical parameters of the room and pillar.

It is visible that presented stability prediction method is cheaper and simpler for
practical application than roof-to-floor convergence one. The method bases on the analysis of
the conditional thickness contours on the map of a mining block. By the calculations, it must
take into consideration the influence of the geological conditions and rock properties on the
stability of a mining block (superposition principle). Elaboration of this method is
cumbersome, time consuming and demands exact knowledge about the processes in the rock
massive and constructions. For the practical application it is necessary to perform the
classification of the influence factors on the conditional thickness parameter.

1. Influence of the barrier pillars and rock massive on the stability of the pillars.
2. Load distribution between the pillars by different cross-sectional area.

3. The layers thickness and strength influence on the stability of the pillars.

4. Influence of the faults on the process.

The results of the investigations are presented below. Theoretical investigations and
modeling on PC (FLAC-program) show that the influence zone of the barrier pillars and rock
massive is equal to half of the critical width. In this zone the load on the pillars is less than in
the center of a mining block. Consequently, the collapse does not begin in this zone.

It is known that the strength of the rock increases in the southward direction. Analysis
showed that the strength of the pillars increases 1.4 times by the depth of excavation from 40
to 70 m. For calculation the real value of the conditional thickness, using the pillar strength
influence on the process, we can get the following formula:

C,=— (5)

where C, — real conditional thickness, m; C — calculated conditional thickness, m; K — ratio of
the strength of a pillar, depending on the excavation depth.

Presented calculation method allows taking into consideration all the influence factors
on the conditional thickness parameters. It gives the real situation of a mining block and suits
for monitoring. Method is applicable for practical purposes.

In the future it must determine all the influence factors on the stability of the pillars and
take they into consideration by calculation the conditional thickness parameters. Method
demands supplementary investigations.
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Fig. 2. Conditional thickness contours of the Estonia mine, block No. 101
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Conclusions and recommendations

1.

2.

~No

The problem of the post technological processes on the environment is very actual in a
densely populated and intensely farmed district, like NE Estonia.

The applicability of the roof-to-floor convergence and conditional thickness methods for
long-term mining block stability prediction is demonstrated in theory. The practical
application of these methods is demonstrated of in-situ conditions. The uncertainty in time
is less than 10 % at the 95% confidence level. These methods are of particular interest for
practical purposes.

Methods allow determining the mining block collapse time, location, and area. The
surface subsidence parameters can be calculated by conventional calculation schemes.
Prediction methods by roof-to-floor convergence and conditional thickness are applicable
in different geological condition, where the room-and-pillar mining system is used. Roof-
to-floor convergence method is suited for underground constructions monitoring.

Further investigations are aimed at the roof-to-floor convergence deformation method at
fixed time and modification of the conditional thickness method.

Estonian Science Foundation (Grant No. 5164, 2002-2005) supported the research.
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KOMBINETO MASINU AUGSNES APSTRADEI, MESLOSANAI UN
GRAUDAUGU SEJATI EKONOMISKAIS UN EKOLOGISKAIS
NOVERTEJUMS
Technical, Economical and Ecological Estimation of Up-To-Date Combined
Soil Tillage, Fertilising and Sowing Machines

U. Pinnis, A. Rucins, A. Vilde, S. Césnieks
Latvijas Lauksaimniecibas universitate, Ulbrokas Zinatnes centrs,
Instithta iela 1,Ulbroka, Rigas rajons, LV-2130, Latvija
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Abstract

Comparative studies have been carried out to estimate the possibilities, purposefulness and efficiency of
combine soil tollage, fertilising and sowing machines and units for field crops used on peasant farms under the
Baltic conditions. It is found out that most widely used machines and units are aggregates combining pre-sowing
tillage of soil (combined cultivators, or revolving power harrow), mineral fertiliser application (pneumatic
distributors) and grain sowing (pneumatic, or mechanical sowing machines). As to the agrotechnical terms, the
ploughing-sowing aggregates may have limited application. The most suitable are tractor-mounted machines.
For combined aggregates preference should be given to more powerfil tractors having frontally mounted
equipment as well. In contrast to single-operational machines, the use of combined aggregates removes the
weather risk, improves the quality of work, raises their efficiency, reduces the consumption of energy and fuel
(accordingly, the amount of harmful exhaust gases) and cuts the total costs by 10-18 %.

For agrotechnical, energetic, economical and ecological considerations the up-to-date combined aggregates of
soil tillage; fertiliser application and sowing are efficient and should be widely introduced on the farms of
Latvia.

Keywords: soil tillage, fertiliser application, grain sowing, combined machines, classification of machines.

Ievads

Analiz&jot tradicionalas graudaugu audzeéSanas tehnologijas vairuma zemnieku
saimniecibu nakas konstatet, ka augsnes sagatavosana, kas ietver nezalu iznicinasanu, augu
atlieku un mé&slojuma iestradi, augsnes irdinasanu ar vai bez apvérSanas, augsnes virskartas
izlidzinaSanu un pievelSanu tiek veikta pakapeniski ar vienkar§am lauksaimniecibas masinam.
Lidz ar to agregatu braucienu skaits, lai sagatavotu augsni sgjai un ies€tu, parasti ir ne mazaks
ka 5 reizes, bet atseviskos gadijumos (pieméram, nelabvéligu metrologisko apstaklu ietekmg)
tas ir pat lielaks.

Tas nelabveligi ietekm& graudaugu razibu, jo palielinas augsnes sablivéSana pakape,
1pasi lauka galos uz pagriezienu joslam, un sablivetas platibas dala no kopgjas platibas, kuru
izraisa ar traktora riteniem. Ir p&tijumi, kuri pierada, ka ritenu sablivéjuma vietas aiznem lidz
40 % no kopgjas lauka plafibas, bet graudaugu raza sablivéjuma vietas ir 15-20 % mazaka [1].

Otrkart, pielietojot graudaugu audzéSana vienkarSas lauksaimniecibas masinas
ieveérojami palielinas degvielas paterin§, kuru izraisa augsnes papildus pretesfiba sablivetas
lauka vietas, lai to apstradatu. Degvielas patérinu palielina katra lieka traktora parvietosanas,
1pasi, apstradajot irdenu augsni. Bez tam, agregatgjot traktoru ar nelielas vilces pretestibas
lauksaimniecibas masinam (piem&ram, lobitajiem, ecesam, izkliedétajiem utt.), parasti,
dazadu faktoru dél, to darba platums vai tilpums ir mazaki par optimalajiem un lidz ar to
nepietiekoSa dzingja noslodze palielina degvielas pat&rinu

Treskart, pielietojot vienkar§as augsnes sagatavosanas un sgjas masinas, ja ir ierobezots
traktoru skaits, ne vienmé&r ir iesp&ams veikt augsnes sagatavoSanu laba kvalitateé un
ieklauties s€jas optimalos agrotehniskos terminos. Petijumu rezultati ir apliecinajusi, ka katra
nokaveta sgjas diena samazina graudaugu razu par 0.05 t/ha [2].
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Ta ka augsnes sagatavoSana un labibas s&ja aiznem lidz 43% no kopgjas darbietilpibas
labibas audzeésana tehnikas un tehnologijas atfistiba Sini virziena ir vérsta uz darba raZiguma
paaugstinasanu, energoietilpibas un degvielas paterina samazinasanu. Darba razigumu
paaugstina, pielietojot lielakas jaudas traktorus un komplicetakas lauksaimniecibas masinas,
kuras viena vai paris agregatu braucienos veic pilnigu augsnes sagatavosanu un sgju.

Péc tehnologiskam operacijam un agrotehniskas savietojamibas visas zinamas
kombin&tas masinas var iedalit piecas grupas (sk. 1. att.). Kombin&to masinu varianti viena
grupa ir vairaki, bet tie atSkiras ar tehnologiskam operacijam. Piem&ram, pirmaja grupa ir
kombin&tas masinas, kas veic arSanu un pievelSanu, S$likSanu ar irdinaSanu, kultivéSanu ar
irdinasanu, bet visas tas veic tikai augsnes apstradi.

Efekfivakas ir tresas grupas kombin&tas masinas, kuras veic augsnes apstradi,
méslodanu un s&ju. Sis grupas kombingto masinu ekspluatacijas izmaksas, darbietilpiba un
degvielas izlietojums atkariba no sgjplatibas lieluma ir aplukotas p&tijumu turpmakaja dala.

Metode
Ekspluatacijas izmaksu noteikSanai pielieto formulu, kura ir parveidota ta, lai
lauksaimniecibas masinu un traktora gada noslodzg ievertétu sgjplatibas lielumu.
Biay y Butw 1 (g o N kgC,), (Lsiha), (1)
™ ek L Wek
kura, Wek —darba razigums ekspluatacijas laika, ha/h,
Bt , Bm — traktora, masinas cena, Ls,
at , am — Atskaiffjuma % traktora, masinas atjaunoSanai,
T — Traktora kopg@jais izmanto$anas laiks gada, h,
L — sgjplatibas lielums, ha
St — traktorista darba samaksa, Ls/h,
Ne — traktora dzingja efektiva jauda, KW,
k — traktora dzingja jaudas izmantoSanas koeficients,
q — traktora dzingja Tpatn&jais degvielas paterins, kg/kw h,
Cq — degvielas kompleksa cena, Ls/kg (ieverojot ellas patérinu 7,5 % no degvielas paterina.).
Traktora kopg€jo izmantoSanas laiku var aprekinat summejot ta izmantoSanas laiku atseviskos
darba veidos:

=370, @ T -
=1

Iek

Qi
7 (. G3)

i.ek

kura, Q -i-ta darba apjoms,

Wi« — agregata ekspluatacijas darba raZigums i-ta darba veikSana.

Traktora kopg€ja izmantoSanas laika T ieskaita arT laiku kura ar traktoru veic darbus, kuri
nav saistiti ar augkopibu, piem&ram, transporta darbus, celu tirfiSana vai remontu, mezu
izstradi utt. Ja tas nav zinams, tad to aprékina (formula 3).
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Kombinéto masinu
tehnologiskie varianti

A 4

Augsnes apstrade

1. ArSana + pievelSana
2. SlikSana + irdinaSana
3. Kultivésana + irdinasana

\ 4

Augsnes apstrade + mé&sloSana

Kultivesana + méslosana
(ar 8kidro organisko vai mineralméeslojumu)

A 4

Augsnes apstrade + méslosana + sgja

ArSana + mineralm&sloSana + s€ja
Frézgsana + mineralme&slosana + s€ja
Kultivésana + mineralmésloSana + sgja
Tiesa s€ja

halh e

A 4

Augsnes apstrade + sgja

ArSana + s€ja
Frézesana + s¢ja
Kultivésana + sgja
Tiesa s€ja

B =

» Méslosana + sgja

Mineralmeslosana + s€ja

1.att. Kombinéto masinu tehnologiskie varianti augsnes sagatavos$anai un sé€jai

Par bazes variantu pienemta augsnes sagatavoSanas un s&jas tehnologija, kad visus
darbus veic ar vienoperaciju masinam: Par salidzinaSanas objektiem izveletas sekojoSas
augsnes apstrades un s€Sanas tehnika:

1. Augsnes arSana - mainversgjarkls ES-80-5k ar “Packomat”, pamatmé&sloSana -
mineralmeslu izkliedetajs DS-M, augsnes irdinaSana - kultivators TLA ar 6m darba
platumu un s€Sana — pneimatiska s€§jmasina DA ar 4m darba platumu. Visas masinas
agregate ar CASE traktoru, kura dzingja jauda ir 135 ZS.
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Par izpétes variantiem izvélétas tadas augsnes sagatavosanas un s€jas tehnologijas, kuram
nepiecieSams minimals kombin&to masinu pielietojums.
2. Augsnes arSana reiz€ ar augsnes virskartas bITvetaju un sesanu pielietojot arklu/s€masinu
“Packomat Seeder” ar cCetrkorpusu mainversgjarklu ES-80-4k. To agregate ar CASE
traktoru ar dzingja jaudu 150 ZS
3. Augsnes arSana ar mainversgarklu ES-80-5k ar “Packomat” un s€Sana reiz€ ar augsnes
pirmss&jas apstradi un pamatmé&slojuma iestradi pielietojot kultivatoru/sgjmasinu KLA ar
darba platumu 4m. Agregate ar CASE traktoru ar dzingja jaudu 135 ZS
Tehnikas cenas ir nemtas no tehnikas kataloga [3].
Visi agregatu varianti paraditi tabula 1.

Tabula 1.
Agregati
Bazes agregati Perspektivie agregati
Arkls
Izkliedetajs Arkls/s€jmasina Arkls
Kultivators Kultivators/s€jmasina
Sg¢ymasina
Varianta Nr. 1 2 3
Traktors Case Case Case
Jauda,ZS 135 150 150
Lauksaimniecibas Kverneland Kverneland Kverneland
masinas Arkls ES-80-5k Arkls ES-80-5k Arkls ES-80-5k
Izkliedetajs DS-M Packomat/Seeder | Kultiv/sg§masina KLA
Kultiv. TLA-6
SgjmasinaDA-4

Sgjmasinas darba
platums, m 4 1.6 4
Sgjmasinas darba
razigums, ha/h 2.8 0.96 2.6
Pamatlidzeklu
vertiba, Ls 64900 63500 63600

Rezultati iegtiti izmantojot datortehniku ar atbilstoSu programmu.
So pétijumu metodika nav ietvertas miisdienu sé€Sanas kvalitates ietekme uz razu un
izmaksam.

Rezultati

Ja arklu/sgjmasinu agregaté ar tadas pat jaudas traktoru ka pargjas masinas, tad
ekspluatacijas izmaksas ir par 18 % zemakas salidzinajuma ar vienoperaciju masinu
pielietoSanu, bet no tehniska viedokla piem&rotaks ir traktors ar dzingja jaudu 150 ZS. Ta ka
§T traktora cena ir par 7300 Ls lielaka, tad arT ekspluatacijas izmaksas ir lielakas, tapec vidgji
tas ir par 10 % zemakas salidzinajuma ar vienoperaciju masinu pielietosanu (sk. tab. 2, un 2 a.
att.).

Pielietojot arklu un kultivatoru/sgjmasinu ekspluatacijas izmaksas ir par 3-4% zemakas
salidzindgjuma ar vienoperdciju masinu pielietofanu. ST agregata ekspluatacijas izmaksas ir
sam@ra augstas sakara ar kombin&to masinu augsto cenu attieciba pret vienoperaciju masinam.
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b

2.att. Ekspluatacijas izmaksu izmaina

Agregatu darba rezultati

Sejplatiba
ha
50
100
200
300
400

Ls/ha
207.2
108.1
58.6
421
33.9

h/ha
1.58

kg/ha

27.9

Vienoperaciju masinas

%
100
100
100
100
100

%
100

%
100

Arkls/sejmasina
Ekspluataci as izmaksas

Ls/ha %
188.9 91.2
98.1 90.7
52.7 90.0
37.6 89.3
30.0 88.7
Darbietilpiba
h/ha %
111 70.2
Degvielas izlietojums
kg/ha %
23.1 82.9

atkariba no séjplatibas lieluma; a - relativa, b - absolita

Tabula 2.

Arkls+ kultiv/sejm

Ls/ha
204.3
106.3
57.3
40.9
32.7

h/ha
1.29

kg/ha
25.7

%
98.6
98.3
97.7
97.1
96.7

%
81.8

%
92.3

Batiska kombinéto agregatu pielietoSanas prieksrociba ir ta, ka ievérojami samazinas

darbietilpiba.
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kultivatoru/sgjmasinu par 18 % salidzinajuma ja pielieto vienoperaciju masinas. Tas ir loti
butisks faktors pavasara sgjas laika, lai to paveiktu labakos agrotehniskos terminos.

Analizgjot ekspluatacijas izmaksu izmainu atkariba no s€jplatibas lieluma, konstat&am,
ka palielinoties sgjplafibai tas samazinas. Sgjplatibas lielumu ierobezo s€jas agrotehniskie
termini, kura ar vienoperaciju vai kombin&o masinu komplektu var ieklaut augsnes
sagatavoSanu un s€ju. Optimalas sgjplatibas lielums s&jai ar kultivatoru/sgymasinu ir 300-400
ha, arklu/sgymasinu — 250-300 ha pavasart.

Ja s€jplatiba ir mazaka par 200 ha, tad ievérojami pieaug ekspluatacijas izmaksas un $o
agregatu pielietosana var klut neekonomiska.

Kombingto augsnes sagatavoSanas un s&as agregatu pielietoSana samazina
dizeldegvielas paterinu. Salidzinot ming&tos kombing&tos agregatus ar vienoperaciju agregatu
pielietoSanu dizeldegvielas izlietojums ir par 18-23 % mazaks (sk. tab. 2.). Lidz ar to
ievérojami samazinas ekologiskais piesarnojums.

Secinajumi

1. Kombinéto agregatu tehnologisko variantu klasifikacija pielietojama optimalo augsnes
sagatavoSanas un graudaugu s€jas tehnologiju un tehnikas izvélei.

2. Kombin&to masinu pielietoSana samazina ekspluatacijas izmaksas 11dz 18 %, darbietilpibu
augsnes sagatavo§ana un sgja I1dz 30 % un degvielas izlietojumu par 18-23%.

3. Ja sgjplafiba ir mazaka par 200 ha arkla/s€§masinas vai kultivatora/ s€masinas
ekspluatacijas izmaksas ieverojami pieaug.

Literatira
1. Mexanc I'B., Kypunn A.A. YIuoTHeHHE TOUYB M BONPOCH! Memopanun.- CO.H.T. Bompocs! Menmopamuu
H30UTOUHOTO YBIaXHCHH 3eMenb B Jlatuiickoit CCCP. Exrasa: 1982, ¢. 107-115.
2. Graudkopja rokasgramata / Sast. O. Sivins. R./Avots, 1984.-307 Ipp.
3. Katalogs. Lauksaimniecibas tehnika Latvija 1997/1998. Ozolnieki. 1998. 80 Ipp.
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KOMPOSTESANAS TEHNOLOGIJU ENERGETISKAIS
NOVERTEJUMS
Energy Effectiveness Assessment of Composting Technologies

. Plime
Latvjas Lauksaimniecibas universitate,
Tehniska Fakultate, Cakstes bulv. 5, Jelgava, Latvija, LV-3001
Tel: 30-80674, fax: 30-27238, E-mail: imants@cs.llu.lv

Abstract

The incorrect biomass composting improperly results in considerable emission of greenhouse gases, loss of
effluent and composting heat into environment. The composting heat andgases utilisation is especially suitable
for plant enrichment and heating of greenhouses. The mathematical model is worked out for assessment of
energy effectiveness and sustainability of biomass compoasting process. Coefficient of energy effectiveness for
traditional litter manure composting technologies is 0.45 and can be increased up to 1.50 if the effluert,

composting heat, carbon dioxide and ammonia were utilised during the compasting cycle.

Keywords: composting, energy utilisation, efectiveness assessment.

levads

Cilveka dzives kvalitates nodroSinaSanai no ekosistémas nepiecieSams iegt noteiktu
partikas, izejvielu, energijas un citu resursu daudzumu. Pieejamo fosilas energijas avotu
straujais izsTkums potenciali samazina nakamo paaudzu energétisko nodroSinajumu. Péc ANO
Vides Programmas novértéjuma zemes nevérigas apsaimniekoSanas un Gdens trukuma
rezultata pasaulé katru gadu 10 miljoni hektaru augligas augsnes parvérsas tuksnesi un augsnu
degradacija pasaulé ietekmé 2.3 miljardus cilvéku. Augsnes degradacijas problémas ir
aktualas ar Latvija, jo vidéjais humusa saturs augsnés ir tikai 1.2-1.8 % Nemainigas augsnes
auglibas uzturésanai augsné gada batu jaiestrada ne mazak ka 10 tonnas svaigu katsmeéslu vai
7 tonnas daleji sadalfjusas organiskas vielas [1]. Pédéjo gadsimtu laika raZzoSanas
koncentracijas un urbanizacijas procesu rezultata arvien lielakas biogéno elementu plasmas ar
notekddeniem noplast zemak esoSajas udenstilpés un tiek koncentrétas atkritumu izgaztuves.
Ekosistémas ilgstspéjibas palielindSanai nepiecieSams ieviest kompostéSanas tehnologijas
biomasu konversijai un iestradei augsné ar vismazako energijas patérinu. Daudzas valstis ir
izvirzijusas par tuvako gadu uzdevumu atgriezt aprites cikla 25-50 % no kompostéjamas
biomasas pltsmas, kas patreiz nonak izgaztuves.

Kompostésana ir videi draudziga un resursus saglabajosa organisko vielu konversija
un stabilizacija biologisko procesu rezultatd. Baktérijas, sénes un augsnes dzivnieki sadala
organisko vielu izmantojot biomasa esoSo slapekli, oglekli un citus elementus.
KompostéSanas procesa izdalas zemas temperatQras siltums un augu baribas vielas saturo$as
gazes. Aerobas kompostéSanas process efektivi norisinds pie maisijuma temperatdras
35-60 °C, mitruma 40-60 % blivuma 300-700 kg/m3 oglekla:slapekla (C:N) attiecibas
20-30:1 un skabekla koncentracijas lielakas par 5 % Skabekla piegadei pielieto komposta
aktivo, pasivo aeraciju vai ari to regulari parjauc péc katram 2-6 nedélam. Komposta C:N
attiecibu, mitrumu un blivumu regulé sajaucot atskiriga kimiska sastava, mitruma un blivuma
izejmaterialus. Komposta kimisko TpaSibu (C:N attieciba, mineralvielu sastavs, vides reakcija
u.c.) uzlaboSanai izmanto mineralméslu, mikroelementu un kalkoSanas materialu piedevas.
Komposta biologisko TpaSibu (mikroorganismu sastavs, skaits) uzlaboSanai pielieto
mikroorganismu preparatu piedevas augu aizsardzibai, auksinu, vitaminu razosanai un gaisa
slapekla piesaistisanai. Komposta un mineralméslos ietverto augu baribas vielu (slapekla,
fosfora un kalija) cenu salidzinajums nedod pilnigu prieksstatu par kompostésanas tehnologiju
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prieksrocibam, jo ekosistémas maksimalu ilgtsp&jibu visvairak ietekmé& kompostésanas cikla
kopgja energoefektivitate.

Energoefektivitates novertésanas metodes

Komposteésanas  energoefektivitate = izmantojama  tehnologiju  savstarp&jai
salidzinasanai un to ietekmes uz vidi novérteéSanai. lesp&ami objektivam kompostéSanas
tehnologiju raksturojumam nepiecieSams sastadit energétisko bilanci visam komposta
razoSanas un izmantoSanas ciklam. KomposteSanas process no ekosistemas ilgtspgjas
viedokla ir izvert§jams ilgstosa perioda no komposta izejvielu ieguves Iidz komposta
izmantoSanas beigam, t.i. I[idz augi ir izmantojusi komposta ietvertas augu baribas vielas un
beigusies komposta stimulgjosa ietekme uz augu attistibu. Pilna kompost€Sanas cikla
energétiskas efektivitates koeficients R ir kompostéSanas procesa un komposta izmantoSana
ieglitas energijas attieciba pret kompostéSanas cikla patéréto energiju:

_0,+0.40,
E+E +E +E,

M

kur, Qq - kompostéSanas procesa izdalitais siltuma daudzums, MJ, Q. — komposta,
izmantotajas notecés un gazés ietverto augu baribas elementu ekvivalenta energija, MJ;
Q. — komposta pielietoSanas rezultata neiestradato augu aizsardzibas un augu augSanu
veicino$o lidzeklu ekvivalenta energija, MJ; E,, E; E., Eq - energijas patérin§ kompostéSanas
cikla attiecigi izejvielam, tehniskajiem Iidzekliem, energoresursiem un darbaspgkam, MJ.

Kompostesanas cikla pateréta energija
Komposta izejvielu energiju var izteikt ka izejmaterialos ietverto augu baribas vielu
un biologiski aktivo komposta piedevu rupnieciskai razo$anai patéréto energiju summu:

Ez :leemiMmi_'_Zl:eijpj (2)
i= Jj=

kur,i=1,2,..,n unj =1,2 .., m - attiecigi i-tas augu baribas vielas un j-tas biologiski
aktivas piedevas kartas numuri; em, €, — attiecigi augu baribas vielas un biologiski aktivas
piedevas riipnieciskai razoSanai patéréta ekvivalenta energija, MJ/kg; My, - augu baribas
vielas masa komposta izejmaterialos, kg, M, - biologiski aktivas piedevas masa komposta
izejvielas, kg.

Energijas patérinu tehniskajiem Ilidzekliem (buvém, iekartam, inventaram)
kompostesanas procesa nodrosinasanai aprekina:

E, = Zetthi@ti 3

i=1

kur, 1=1,2, ..., n — tehniska lidzekla kartas numurs; ey, - tehniska [idzekla izmantoSanas
energétiskais ekvivalents, MJ/h-kg; M - tehniska lidzekla masa, kg; ©; — tehniska lidzekla
izmantoSanas laiks, h;

Energoresursu paterins biomasas kompostesanas cikla:

E,=> e,M,+> E, 4
i=1 J=1
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kur,i=1,2,..,nunj=1,2, .., m - attiecigi degvielas un elektroenergijas patérétaja kartas
numurs; er — degvielas energétiskais ekvivalents, MJ/kg; M¢— patérétas degvielas masa, kg;
E| — j-ta patérétaja elektroenergijas patérins, MJ.

Darbaspéka ekvivalenta energija:

E, = Z €4iCai (3
i1

kur,1=1, 2, ..., n— darbaspéka kartas numurs; eq - darbaspéka energetiskais ekvivalents,
MIJ/h; ¢q — cilvekstundu skaits, h.

Kompostesanas cikla iegiita energija

Tehnologiju energoefektivitates paaugstinasanai dalu no kompostéSanas procesa raditas
siltuma energijas ieteicams lietderigi izmantot gridu apsildiSanai, razas zavésanai, siltumnicu
apsildei un citam vajadzibam. KompostéSanas procesa izdalitais siltums Qq:

Q,= k,mk,q, (6)

kur, k;, — komposta sausnas samazinasanas koeficients; m, - komposta sausna kompostesanas
perioda sakuma, kg, kq - komposta siltuma energijas lietderigas izmantoSanas koeficients;
qc— komposteSanas procesa izdalitais siltuma daudzums uz vienu kilogramu sadalitas sausnas,
MlJ/kg.

Komposta sausnas samazinasanas koeficients komposté$anas perioda:

ko = Tor (7)

kur, mgw - biologiski sadalitas organiskas vielas daudzums kompostéSanas perioda, kg.
Kompostesanas perioda sadalito sausnu var aprékinat, ja zinams maisijuma pelnu saturs
kompostesanas perioda sakuma un beigas:

100
My, =M= M, | (8)
i %p(e)

kur, mp) - komposta pelnu masa komposteSanas perioda sakuma, kg; % pe) - pelnu saturs
procentos péc kompostésanas laika 0.
Komposta siltuma energijas izmantoSanas koeficients:

k, 4 )
ql +qg +qz

kur, q — lietderigi izmantota kompost&Sanas siltuma energija, J; q, - gaisa uzsildiSanai un
tdens iztvaikoSanai patéréta siltuma energija, J; q,— siltuma energijas zudumi caur komposta
tilpnes sienam, J.

Siltuma zudumi gaisa uzsildiSanai un @idens iztvaikosanai kompost€Sanas procesa:
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qe =m(C, +C, x)(I,=1) +r(x,—x)] (10)

kur, m, — patéréta gaisa masa kompostéSanas perioda, kg; Cpe, Cpv — Tpatngja siltuma energija
attiecigi gaisam un 0dens tvaikiem patstaviga spiediena, J/kgK, (Cp= 1005 J/kgK,
Cpv = 1968 J/kgK); Ti, To, — gaisa temperatiira attiecigi komposteSanas tilpnes ieplidé un
izplude, K; x;, x - Gdens tvaiku masa gaisa attiecigi kompostesanas tilpnes ieplidé un
izplude, kg/m3 r — udens iztvaikoSanas Tpatngjais siltums, J/kg, (r = 2491000 J/kg).
Kompostesanas siltuma izmantoS$anas koeficienta paaugstinasanai dalu no iztvaikota mitruma
kondens€ un radusos skidrumu kopa ar komposta sulu izmanto ka vértigu me&slojumu.

Siltuma zudumi q, caur tvertnes sienam pie vienadas siltuma plismas caur katru tilpnes
sienas laukuma vienibu:

| ATD'S, : an

51 51'2 5a
—+ + + +
o, A A A o

1 1 1z (2] a

kur, AT — temperatiiru starpiba starp komposteSanas tilpnes iekSpusi un arpusi, K; S; — tilpnes
sienas iek§gjas virsmas laukums, m?; 9;, 0i,, 0, — biezums attiecigi ieksgjam, siltuma izolacijas
un argam tilpnes sienas slanim, m; Ai, Ay, Aa — siltuma vadiSanas koeficients attiecigi
iek$gjam, siltuma izolacijas un argjam tilpnes sienas slanim, W/m-K; oy o, — siltuma parvades
koeficients attiecigi no komposta uz tilpnes iek§gjo virsmu un no tvertnes argjas virsmas uz
apkartgjo vidi, W/mzK.

Siltuma zudumu samazinasanai piem&rotaka ir biomasu kompostéSana siltumizol&tas
tilpnés, pieméram, konteineros vai ari siltumnicas. Augu baribas elementu energiju komposta,
lietderigi izmantotajas notecés un gazes var aprékinat ka energijas patérinu augu baribas vielu
ripnieciskai razoSanai:

Qc - Zemi(mki +mni -+ mgi (12)
i=1

kur, m¢, m, m,—i-tas augu baribas vielas masa attiecigi komposta, lietderigi izmantotajas
notec@s un gazes, kg.

Augu baribas vielu daudzums komposta vienmer ir mazaks par So vielu daudzumu
komposta izejmaterialos, jo dala augu baribas elementu iztvaiko vai noplist ar noteci
biomasas pirmapstrades, uzglabasanas un kompostesanas laika. Augu baribas vielu zudumus
var butiski samazinat, ja noteces no biomasas uzkr3j tilpn€s un vélak tas izmanto komposta
mitrindsanai vai augu mésloSanai. KompostéSanas procesa izdalitas gazes, pieme&ram,
oglskabo gazi, iespg&jams izmantot siltumnicu augu barosanai.

Komposta pielietoSanas rezultata samazinas pesticidu lietoSana vai arl tie nav
nepiecieSami. Ta, piemé&ram, kompostetu municipalo atkritumu pielietoSana 1idz 20 % no
augsnes tilpuma samazinaja mikroorganisma Phytophthora nicotianae izraisitas citrusaugu
saknu puves izplatibu no 95 % Iidz 5 % [2]. Savukart komposta pielietoSana ik pec tris
nedélam samazindja zalaju lapu plankumainibas izraisitaja Sclerotinia homoeocarpa
bojajumus Itmeni, kas p&c iedarbibas bija ekvivalents zales apsmidzinasanai ar razotaja
noteikto minimalo fungicida devu vienu reizi divas nedélas [3]. Kompostu labvéligo ietekmi
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augu aizsardzibai no slimibam un to stimulg§oSo ietekmi uz augu attistibu aprékina ka
lidzvertigas iedarbibas neiestradato ripnieciski razoto preparatu ekvivalento energiju:

Qa :i esi msi + ievimvi (13)
i=n j=1

kur, e e.j — attiecigi i-ta augu slimibas ierobezojosa un j-ta augu augSanu veicinosa preparata
energétiskais ekvivalents, MJ/kg, ms my, — komposta pielietoSanas rezultata neiestradata
ripnieciski razota i-ta augu slimibas ierobezojosa un attiecigi j-ta augu augSanu veicinosa
preparata masa, kg.

Ja nav pieejami dati par ripnieciski razotiem preparatiem ar kompostam ekvivalentu
iedarbibu, kompostu stimulgjoso ietekmi uz augu atfistibu var noveértét ar papildus razas
ekvivalento energiju:

0, = Zn:en'mn' (14)

kur, i = 1, 2, .., n — razas novakSanas gads p&c komposta iestrades, e; — papildus razas
energétiskais ekvivalents, MJ/kg; m, - papildus iegiitas razas masa, kg;

Pieméram, saskana ar M.Vinkalnes petijumiem bakterizéta komposta pielietoSanas
rezultata pirmaja gada kapostu raza palielingjas par 2640 kg/ha, otraja gada kartupelu raza
palielinajas par 1320 kg/ha un treSaja gada miezu raza par 360 kg/ha salidzinajuma ar
nebakterizéta komposta pielietosanu [4]. Bakterizéta komposta ietekmes ekvivalenta energija
ir aprékinama ka trijos gados iegito papildus razu summara energija. Saja gadijuma komposta
izmantoSanas pilna cikla ilgums ir tris gadi un energoefektivitates novert§uma netiesi (caur
razu) tiek ieklauta ari meteorologisko apstaklu ietekme, konkrétas augsnes un kultGraugu
ipasibas, méslosanas un augsnes apstrades tehnologiju ietekme.

Neievertéjot kompostéSanas pielietoSanas rezultata ieglto energiju, praksé nereti
aprekina komposta razotaja energijas patérinu vienas komposta masas vienibas razoSanai:

B +E +E +E,

m;

as)

€,

kur, ex — energijas patérins vienas tonnas komposta razosanai, MJ/t; my — komposta masa, t.

Iekartas kompostéSanas procesa energétikas pétijjumiem

Kompostésanas tehnologiju energoefektivitati ietekmégjosie faktori (biomasu Tpasibas,
biomasu sadaliSana energija, kompostéSanas siltums u.c.) ilgstosa laika perioda péftiti LLU
Mehanikas zinatniskaja laboratorija un Lauksaimniecibas energétikas institiita. Biomasu
energétikas pétijumiem laboratorijas un lauka apstaklos izmantoti svarsta tipa stends [5],
iekarta ezera apauguma grieSanai [6], komposteSanas kameras un apsildamas gridas panelis
[7], [8], lauka iekarta noteCu no kompostiem p&tijumiem [9] un citas iekartas.

Rezultati

Petijumos noteikti augu baribas vielu zudumi ar notec€m no kompost&amas biomasas
un aprékinata to ekvivalenta energija, kas vienada ar energijas paté€rinu konkréta
mineralmé&slu veida riipnieciskai razoSanai (Tabula 1).
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Tabula
Augu baribas vielu zudumi notecés no kompostiem
Kompostgjamais | Komposte- | Organiskas | Noteces Augu baribas vielu Augu baribas vielu
materials Sanas vielas no saturs notecgs, % zudumu ekvivalenta
periods, samazina- sakuma energija, MJ/t
diennaktis jums % masas N P K N P K
%
Pakaisu kotsmesli 150 56 35 0.167 0.020 0.137 50.62 0.15 0.04
Virtuves atlikumi 92 56 43 0.019 0005 0.134 714 027 4381
Virtuves atlikumi 102 43 14 0.020 0.007 0290 242 0.12 3.37
+ salmi (5 %) +
zagu skaidas (5%)

Noteikts, ka 5 ménesu laika notecés no pakaiSu kiitsmesliem aizplast 13% slapekla,
8.5% fosfora un 10.2% Kkalija, kuru ekvivalenta energija ir 0.98 % no kopgjas izejvielu
energijas. KompostéSanas procesa sadaloties kiitsméslu organiskajai vielai ar gazém apkartéja
videé aizplist 55 % oglekla un 25 % slapekla (amonjaka forma), kuru kop€&ja energija ir 41.4%
no kopgjas izejvielu energijas. Mineralméslu riipnieciskas razoSanas energétiskais ekvivalents
ir 86.6 MJ/kg, slapeklim 12.6 MJ/kg fosforam un 8.3 MJ/kg kalijam [10]. No katras tonnas ar
sakotn€jo augu baribas vielu ekvivalento energiju 5199 MJ gatavaja komposta tiek parnests
2389 M1J jeb 57.6% no sakotngjas izejvielu augu baribas vielu ekvivalentas energijas. Noteces
iesp&jams samazinat vai noverst pievienojot kompostam mitrumietilpigus materialus. Izpétits,
ka pievienojot virtuves atlikumiem (mitrums 88 %) 25 % gaissausu (mitrums 12%) ezera
apaugumu, noteces netiek noverotas visa 21 dienu ilgaja komposteSanas perioda.

Biomasu kompostésanas laika izdalita siltuma energija pieaug uzlabojoties komposta
aeracijai, pieméram, glikozei aeroba procesa izdalita teorétiska energija ir 6.8 reizes lielaka
par anaeroba procesa izdalito siltuma daudzumu. KompostéSanas kamera noteiktais Tpatngjais
izdalitais siltuma daudzums (energétiskais ekvivalents) niedrém aerobos kompostéSanas
apstaklos ir 15.91 MJ/kg, bet dalgji aerobos kompostéSanas apstaklos sienam 14.47 MJ/kg un
svaigal zalei 13.97 MJ/kg sadalitas organiskas vielas, kas ir attiecigi 83.7 %, 76.2 % un
73.5 % no vidga organiskas vielas sadegSanas siltuma - 19 MJ/kg [10]. Var pienemt, ka
nodrosinot kompostu aeraciju, aptuveni 90 % no sadalitas organiskas vielas parversas tdent
un oglskabaja gazeé. RadusSos oglskabo gazi iespgjams sekmigi izmantot siltumnicas augu
piebaroSanai un tadgjadi palielinat kompostésanas tehnologiju energoefektivitati. Pieméram,
izmantojot siltumnicas kiitsmé&slu kompost€Sanas procesa izdalito oglskabo gazi 50 kg uz
tonnu izejmateriala, var ietaupit dabas gazi ar ekvivalento energiju 4266 MJ, ja dabas gazi
sadedzina tikai lai razotu oglskabo gazi un neizmanto tas degSanas procesa radusos siltumu.

Izdaltto amonjaka gazi iesp&ams dal&ji saistit siltumnicas augsn€ vai to uztvert ar
biofiltra (pieméram, komposta un zagu skaidu maisijums) aktivi darbojoSos mikroorganismu
palidzibu. P&c amonjaka koncentracijas samazinasanas komposta gazes augu piebaroSanai
caur lapam bez var ievadit tiesi siltumnica. Izmantojot lietderigi 90 % no pakaisu kiitsméslu
komposteSanas procesa izdalita amonjaka, iespgams ietaupit 1 kg slapekla uz tonnu
izejmateriala, kura riipnieciskas razoSanas ekvivalenta energija ir 87 MJ.

Ar komposteSanas konteinera ievietota siltummaina un siltumnesgja kontiira palidzibu
gridas panela apsildiSanai iesp&ams lietderigi izmantot 43-69 % no komposteéSanas procesa
izdalitas siltuma energijas [6]. Pienemot, ka lietderigi tiek izmantots 60 % no kitsméslu
kompostéSanas siltuma, ietaupita energija ir 1716 MJ uz tonnu izejmateriala.

Energijas patérinu kompostu razoSanai iesp&jams buitiski samazinat pilnveidojot esosas
iekartas biomasu pirmapstradei un komposteSanai. Ta, piemé&ram, izveidojot kombingtu
agregatu stiebru biomasu smalcinaSanai, iekrauSanai un transportam ar uzlabotiem
smalcinataja parametriem un pilnveidojot komposta stirpu veidoSanas tehnologiju iesp&ams
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samazinat kompostu gatavosanas tehnologiju energoietilpibu no 229 MJ/t uz 181 MJ/t
komposta jeb par 21 % [11].

Pienemot, ka materialiem, tehniskajiem lidzekliem un darbaspékam patérétas energijas
tradicionalai un uzlabotai kiitsméslu kompostéSanas tehnologijam ir vienadas - 5638 MJ,
ieglta energija tradicionalai kompostéSanas tehnologijai ir vienada ar komposta ietverto augu
baribas elementu ekvivalento energiju — 2667 MJ, bet uzlabotai tehnologijai (izmantojot
komposteSanas siltumu, noteces un gazes) — 8792 MJ. Energoefektivitates koeficienti
tradicionalai tehnologijai ir 0.45, bet uzlabotai potenciali iesp&ams ir 1.5 (ja nenem véra
papildus aprikojuma izmaksas uzlabotai tehnologijai). Energoefektivitates koeficienta
pieaugums parada potencialas iespgjas ietaupit energiju, mineralméslus un samazinat
siltumnicas gazu izmeSus kompleksi izmantojot noteces no biomasam, kompost€Sanas
siltumu, gazes un augu baribas elementus. KompostéSanas pilna cikla (ievert§jot arT razu
pieaugumu) energoefektivitates precizai novert€Sanai nepiecieSami papildus agronomiski
petijumi, kas veicami katrai lauksaimniecibas kultliru augu sekai atseviski. Aprékinot pilna
kompostéSanas cikla energoefektivitati pie patérétas energijas japieskaita ari komposta
iestrades ekvivalenta energija.

Energijas patérin$ papildus kompostéSanas aprikojumam var butiski atSkirties atkariba
no biomasu resursiem, to piegades attaluma, komposta, noteu, gazu un siltuma energijas
izmantoSanas iespg&jam. Energijas pat€rinu var samazinat optimiz&ot kompostéSanas
tehnologijas, pieméram, ierikojot kompostésanas laukumus (tilpnes, konteinerus) jau eso$o
potencialo komposta un to blakusproduktu izmantotaju tiesa tuvuma, tilpn€m izmantojot
lietotus konteinerus, neizmantotas &kas, siltumnicas un izmantojot no otrreiz&jiem
materialiem gatavotus izstradajumus.

Secinajumi

1. Izveidotais matematiskais modelis lauj novertét pilna kompost&sanas cikla vai tas atsevisku
posmu energoefektivitati.

2. Kompleksi izmantojot kompostéSanas procesa radusas noteces, gazes un siltuma energiju
pakaiSu katsméslu komposta razoSanas tehnologijas energétiskas efektivitates koeficientu
iesp&jams palielinat no 0.45 Iidz 1.5.
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ACIEKTbI OLIEHKW 3KOJTOMMYECKOI O PUCKA MNMPU
SKCINNYATALNN MONEBbBIX OMPbICKNBATEJNIEN
Evaluation Aspectsfor Ecological Risk in Operation of Field Sprayers

M. MyHuynnc, W. 3aknc
OO0 «LIgHTp cepTUMKaLmM N TECTUPOBAHMSA Ce/TbCKOX03AMCTBEHHON TEXHUKIA,
yn.[apsa 12, MNMpreKynbckas BosocTb, Liecucckuin paioH, Slateus, LV-4126.
TenedoH - 371 4130730, e-mail: andris@vbmis.apollo.lv

Abstract

Intensive agricultural production is closely linked with the application ofplant protection means, as well as use
offield sprayers. \When intensive technologies are used, crops as are treated with pesticides several times during
the vegetation period. All chemicals appliedfor plant protection are more or less dangerous to human health
and environment. Particularly dangerous is the use ofunchecked and defectivefield sprayers, non-observance of
the stated rates ofpesticides, agrotechnical treatment terms, as well as wrong adjustment ofthe sprayers.
Standard 1SO 14001 states the basic measuresfor establishment and maintenance ofenvironmental management
system In the article is presented the model of environmental management systemfor field sprayers based on
given standard. The evaluation system includes technical and organizational measures having an influence on
the pollution of environment and human health. This system includes the analysis of the factors, planning,
regular inspection offield sprayers, training ofserving staffand the corrective measures.

During the operation offield sprayers the local atmospheric, ground, and water pollution is to be olbserved that
in its tumn is conductive to the choking up ofagriculturalfield crop and animal products. The levels ofecological
risk include the accumulation of pesticides Into environment, as well as ecological risk connected with the
increased human morbidity and disappearance of individual species ofplants and animals.

Proposed environmental management systemfor field sprayers can serve as a basis to develop and introduce the
system ofperiodical inspectionsforfield sprayers. The environmental management systemfor field sprayers will
promote more effective protection ofpeople and environment.

Keywords: field sprayer, intensive technologies, environmental management system, levels ofecological risk

BBegeHune

HeoTaensiemoit YacTbto COBPEMEHHbIX TEXHO/IOr N BblpaLLyBaHVA
CE/IbCKOX03ANCTBEHHbIX Ky/bTyp SB/SETCH 00paboTKa MOCEBOB W HaCaKAEHWIA CpeacTBaMu
3aWmThbl pacTeHniA. OBbIMHO ANS AaHHOW Le UCTONb3YHTCS NoseBble onpbIcKuBaTenn. Mpu
NCMO/Ib30BaHUM  UHTEHCUBHBLIX TEXHO/IOMMIA 4719 MOMYy4YeHUs 60/1ee  BbICOKUX YPOXKaeB
Ky/IbTYPHbIX PacTeHWIA, MOCEBbl HECKOMIbKO pa3 B Mepuof WX Beretaumn obpabaTtbiBatoT
cpeacTBaMy 3alMTbl pacTeHuin. OAHOBPEMEHHO UMHTEHCUMKALMA CeNbCKOXO03ANCTBEHHOIO
NPOM3BOACTBA CNOCOBCTBYET MPUMEHEHMIO CPEACTB 3alLMTbI PACTEHWIA U ONPbICKMBATENEN A/151
NX BHeCEHUS. B €BSA3M C 3TMM B J1aTBUM YBENNUMBAETCA KaK MPeSJ/IoKeHVe OMnpbICKMBaTe eN
pasHbIX MapoK Tak M MPUMeHeHVe SAA0XMMUKATOB. HaMu npoBefeHa cpaBHUTENbHAs OLEHKA
nosieBbIX orpbickuBatesien [1]. TMpenapartbl MCNoNb3yeMble A1 XMMUYECKOW 06paboTKu
pacTeHWii 60/1ee UM MeHee OMacHbl Kak YesioBeKy, TaK U OKpyxKatoLlein cpefe. OCobeHHO
6OMbLLIOK Bpen, Ccpefe W YeNoBEKY MOXET MPUUMHUTL HECO6/0AeHE HOPM  BHECEHUSI
ANOXMMMKATOB, a Takke WCMOo/b30BaHMe HEUCTPaBHbIX W HEOTPerynMpoBaHHbIX MOMEBbIX
OMNpbICKUBATESEN.

Bo BMHOrmx crpaHax EBponbl BBeeHa CUCTEMA MEPUOANYECKUX MPOBEPOK MOMEBbIX
onpbIckmBaTeneid. Mpn BCTynneHnn B EBPOCOKO3 060CTPUTCS BONPOC 06 BBEAEHMM B J1aTBun
NepUOANYECKMX MPOBEPOK MO/MEBLIX OMNPbICKMBaTeNe. B HacTosilee Bpemsi B pecny6/imke
OTCYTCTBYKOT METOAMKM W CTaH4apTbl [ON1S pelleHus JaHHOro Borpoca. B crartbe
paccMaTpbIBatOTCA BOMPOCbI HanpaB/ieHble Ha 06CYXXAeHTe AaHHON NPobeMbl.
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MeTtonsl

JIns OLEHKH KauecTBa pPabOThI MOJIEBBIX ONPBICKUBATENEH NPUMEHSETCS CTaHIApT
ISO 5682-1 “MaiuHel 178 3alIUTHl PacTeHUH M ONpbICKUBaHMS, 4YacTh 1. Meroabl
UCTIBITAHUSI PACIBUIATENICH , HCIMOJIb30BAHHBIM HaMU [IJIs1 OLEHKU oOmpbickuBarened [1].
OpnHako And CO3AaHMsl U MOAAEP KAHUS CUCTEMBbl YIIPaBJIEHMsI CPelbl CIyXaT CTaHAapThI
cepuu ISO 14001 [2], pa3paboTka koTopeix Hayanack ¢ 1993 rona. CraHgapThl JaHHOH cepuu
pa3paboTassl ¢ Henblo 00pazoBaHus Y3PPEKTUBHBIX CUCTEM YIPABICHUS Cpenbl a Takoke auis
nocTiokeHnst 3¢ QexTuBHON 3amuTel cpenapl. Ha OCHOBe HMaHHBIX CTaHIAPTOB B CTAaTbe
MIPOBOAUTCS AHAJIMU3 SKOJOTHYECKOrO PUCKA MOJIEBBIX ONpPbICKUBATENEH.

Pe3yabTatnl

ITon »>KONOTMYECKMM PHUCKOM IIOJIEBBIX OINPBICKUBATENEH MOAPAa3yMEBAeTCs Kak
BEPOSITHOCTb BO3HHUKHOBEHHSI 3arps3HEHUS MPOAYKTOB PACTEHUBOACTBA M OKPY KAKOLIEH
Cpeabl TaK U MOTEHIHAJIBHBIN 00bEM BBI3BAHHBIX UM HEXKEJATENbHBIX ITOCIEACTBUH.

DKOJOrM4eCKOMYy pPHCKY TOABEPTHYTbl HE TOJBKO HHIMBHUIBI HEMOCPEICTBEHHO
paboTaroiiye ¢ MOJEeBBIMH ONMPBICKUBATEISIMK, HO U JAPYTHE, KOTOPbIE YIOTPEOISIOT MUILY,
MOJIYYE€HHYIO M3 MPONYKIMH 00pabOTaHHOH CpeacTBaMu 3aIuThl pacTeHuil. Takum oOpasom
MOYXHO YTBEP)KAATb, YTO OKOJIOTMYECKUH PHUCK MOSBISIOLIMECS NPH padoTe IMOJIEBbIX
OTIPBICKMBATENIEH HE OTPaHUYEBAETCSA TOJBKO €r0 WHAMBHAYAIbHBIM XapaKTEPOM, HO y HEro
€CTh U Mpu3Haku 0000ImeHHoro pucka [3, 4].

[TonuTHKa 3amMTHI Cpeabl AOUKHA OOecrednBaTh COOJIOICHHE 3aKOHONATENbCTBA H
HETIpEPhIBHOE CHIDKEHHE 3arpsi3HEHHs OKpy)karomeil cpenbl. Hamm mpensaraemasi Mopeib
CHCTEMBl YIIPABIEHHS 3aLIUTBl CPENbl IMPH HCIIONb30BAHUHN IIOJIEBBIX OMNPBICKUBATEICH
npuBenena Ha puc.l. Cucrema paspaboTaHa B COTBETCBHHM C TPeOOBAaHUSIMH CTaHIAPTOB
cepun ISO 14001.

ﬁ. stan - [loJIMTHKA 3T cpenbx / 4.>tan - Tiposepka u \

BRJIFOHACT. KOPEeKTHBHbIE AeHCTBHS

v' AHanm3 BO3IEHCTBYOIIHX BKITIOUACT"

(baxTOpOB (CPENCTB 3aLUTEI PACTEHUIT) v V3MepeHus IapamMeTpoB
v' llenb — CHUKEHHE 3arpsI3HEHUSI v 3amucH mapameTpos

cpenel v' KopekTuBHbIE NEHCTBHS
v' 3ana4m — yCOBEPIIEHCTBOBAHUE

KOHCTPYKLMI OMPBICKUBATENEH, \

ONTHMH3ALKST HOPM OTIPBICKUBAH

COOTBETCBUE 3arPsA3HEHUS! CPEADI /
3. 3tan - BHeapenue u

JAeHCTBHA BKIIFOYAET!
v CTpyKTypa u pasneaeHue

2. 3t1an — IlnanupoBaHne BKIIOYAET:

v\ AHanm3 acleKTOB CPEMbl OTBETCTBEHHOCTH

v' PernamMeHTHPOBaHHBIE U APYTHE ¥ OByuenue nepconana
TpeGoBaHus 6E30MaCHOCTH v Tlpumensiemas

v BbIIBHHYTHIE LETH U OKUIAEMbIE AOKyMCHTaLIA

DE3VIIbTATHI \ /

Puc. 1. Mogenb cucTeMbl yIpaBiaeHUs 3aLUThI CPEIbl IPU HUCMOJb30BAHUH MOJIEBBIX
ONPBICKUBATENEH.
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OCHOBHOM LIeNbIO SIBJISIETCS CHMDKEHUE 3arpsi3HEHUs OKPYIKarolleil cpebl, 4TO B Kako

TO CTENEeHU JOCTUraeTCs YCOBEPIICHCTBOBAHWEM KOHCTPYKIMH OMNpPBICKUBATENEH H
ontuMmuzanuei HopMm onpeickuBanus (1. atam) [1].

wn

Cucrema yrpaBieHHEM CPEbl BKIFOYACT:
[IpuHATHE MONUTUKYU 3aLIUTHI CPENbl — 3AKOHOOAMENLCMBO HANPABIEHHOE HA CHUJICEHUE
3aepsazHenst cpeosl.
Omnpenenenne OXpaHsIeMbIX aCIIEKTOB cpenbl — OKpyoicaiowas cpeoa u HaceaeHue.
Ircnayamayus none6vix ONpuiCKUeameleil co30aém HeCKOIbKO CYUjeCmeeHHbIX ACNeKmOs
C HE2AMUBHBIM B030€HCMEUEM HA CPeOy U YeT06eKA.
UCNONB306AHUE PECYPCO8 NPUPOOL U CPEOd,
3aeps3HeHUe NpOOYKYUU NONEGOOCMEA U CKOMOBOOCMEA,
3aepsI3HeHUe 600bl,
3aepsa3nenue noyewl,
JIOKATbHOE 3aePA3HeHUe 8030YXd.
Omnpenenenue Leneil U 3amay 3alUThI Cpeabl — Boldenenue obwux u JOKATbHBIX yeel,
YVUUMBIBASL MEXHON02UYECKUE U PUHAHCOBIE BOZMOICHOCU CIMPAHbI 6 OAHHbIH NEPUOO.
Pa3zpaboTky nmporpaMm 3aiuThl Cpebl.
[IpussATHE TPABOBBIX AaKTOB M Jpyrux TpeOOBaHMH M WX BBINOJHEHHE —
3axkonooamenscmeo  pe2ramenmupylowee — NePUOOUYecKylo  HpoGepKy  NONeebix
ONPBICKUBAMENEH.
Cospmanne opraHU3alMOHHBIX CTPYKTYP U ONpeAeNieHne OTBETCTBEHHOCTH MPU HAHECEHUH
Bpena cpene.
OOy4eHre nmepcoHalia Ha Pa3HbIX YPOBHsIX BKIOUas oOydeHue npenoaosareneii B BY3ax
u IITY, nHCIEKTOPOB a TakXKe KpecThsiH — B npedenax Jlameuiicko-/[amcko2o npoexma 6
2000 200y 6 /lanuu npoedena obyuenue cneyuanucmos.
JIOKyMEHTALMIO CUCTEMBI YIIPABICHUS CPEAbI M YIPABJICHNE TOKYMEHTALUEH.
PerynsapHyro mnpoOBepKy TIOJEBBIX ONPBICKUBATENEH M BBIMOJIHEHHE KOPEKTHBHBIX
TNEHCTBH.

Omnpenensist  acnekT (TMPUYUHY) BO3NEHCTBUS Cpenbl, OJHOBPEMEHHO HEOOXOIUMO

ANANENENAN

aHAJM3UPOBATh MTOCIENCTBUS (BO3ACHCTBHS) JAHHOTO aCIEeKTa.

OKOJIOrHYeCKUH pucCK BBI3BaHHBII BOSI[GP'ICTBPIGM AAOXUMHUKATOB Ha pPaCTCHUA U

OKPY KoLy CpeAy pas3aensercs Ha aKKyMYJHPOBAHHBIM PHUCK U DKOJIOTMYECKHHM PHUCK.
Crenenu u chepa nosiBIICHUS] JAHHOTO PUCKA MPHUBENEHBI B Tabiume 1.

Tabmuma 1.
CreneHn 3K0JI0rHYE€CKOro pucKa BbI3BAHHbIE BO31eHCTBHEM CPeACTBAMH 3aIHTHI
pacTeHui
B ITotepu B ciyuae
ua Cdepa nposiBieHuUs pucKa Bupg nposiBienus pucka vp ¥

pHcKa BO3ACHCTBHS PUCKA
Axkymy- | Okpyxaromas cpeaa Bonesnn u nerpagarma | Bpea cpene, HeBo3BpaTuMOe
JHpoOBaH-| 3arpa3HCHUE IPYHTOBBIX U ¢roprl U GayHsl H3MCHECHHUE CPEapI

HbIH MOBCPXHOCTHBIX BOJ U IMOYBHI. yXy,Z[H.ICHI/Ie COCTOAHUA

pHCK 3arpsisaeHue armochepst Bonesnu nroaci 3M0POBBSI YSIOBCKA.

BosaeiictBue Ha Jroaeii [NoBeiIeHUE CMEPTHOCTH
3arps3HeHHE MPOAOBOIBCTBHUS
IK0J10- Bonesnu duopsr u Bpea cpene. HeBozsparumoe
ruJe- avHbl. BeiMupanue HNU3MCHCHHUC CPCADbI.
- JlokansHas cpeaa ay 1P pea
CKHii OTACTbHBIX BUIOB. YXyAIICHUE COCTOSHUS
PHCK bonesnn moaci 310pOBbS TIOACH.
Knumarwaeckue [NoBeiieHHAS CMEPTHOCTH
I'mobGanpHas cpena
HNU3MCHCHU
227

ISBN 9984 — 585 -68 -9



Environment.Technology.Resources. 2003

B3aumoneicTBue ONAacHbIX AaCMEKTOB M BO3ACUCTBUH HA CpeAy MOXKHO OIHCATh

CIeIYIOIUM 00pa3oM:

HeiicTBHe

BKCHJIyaTaHI/IH MmoJI€BbIX OﬂprCKI/IBaTeJIeﬁ

l

AcnekTbl
1. Texnuyeckue (pemiaemMmblie H3MEHEHHEM
KOHCTPYKLHH ONPBICKUBATEIEH H APYTHMH
TeXHHYeCKHMH CPeICTBAMH)
1. obecrieuenne HOPM OIPBICKUBAHHS HOPMATHBAM

>
2. u3HOC (POPCYHOK,

3. HEUCHpPaBHOCTb MAHOMETPA,
4. BIUAHHE BETPA,

5. BnusiHEE penbeda mos.

2.

OpranuzaunoHHble (HanpasJeHHbIE HA

CHH’KEHHUs] YPOBHS 3arpPsi3HEHHUs)

v HEeOCTaTOYHOE OOy4eHHe IepcoHana,
v SKCIUTyaTalusl HEUCTIPABHOTO OMPBICKUBATENS,
v HETPaBUJIbHAs SKCIUTyaTalMs U PeryJIupoOBKa

OTIPBICKUBATEIS, HETTPABHIIbHBINA BBIOOP HOPM
BHECEHUs] XUMHUKATOB,
v BO3MOXKHOCTb ITIOMEX B IIpoLiecce padoThl,

v Halure (PUHAHCOBBIX PECYPCOB.

Y

Bo3aeiicTtBue
nonagaHne XuMHUYCCKUX

BCIICCTB B HO‘{By 1 BOOOEMBI.
3an$I3HeHI/Ie ITOYBLI;
3arpsi3HEHUE

IPYHTOBBIX BOZ;

MoTagaHue

XUMHUYCCKHUX BCIICCTB

B CEILCKOXO3SIMCTBEHHbBIE

HPOAYKTHI,
370POBBE U KU3Hb

JIIOelt;

IIpouenypy OLEHKH pHCKa MOJIEBBIX OMNPBICKUBATENEH MOXKHO OMHUCATH CIAEAYHOLIUMHA

STalaMHy, MPUBEIECHHBIMU Ha PUC. 2
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Omnucanue o0beKTa

pHucKa

A 4
UnentuduupoBanue
MOTEHINATBbHBIX
ONAacCHOCTEN

\ 4

CocrasieHue
CLIEHapUEB PHICKa

P AW

Ouenka
Onpenenenue
BEPOSATHOCTH )
00BéMa
MIPOUCX OXKITCHUS
MOTEHIHAJIbHBIX
HEXKeJIaTeIbHOTO .
MOCJICACTBHIMA
ciydast
Ouenka
v v 3ddextuBHOCTH
Ouenka
Ouenka
s¢pexTuBHOCTH
. s dexTuBHOCTH
MEPOTPUSITHIA .
MEPONPUATHI Ynpasnenue
IUTSL CHYDKEHUST
CHUKCHHUS pHucKa
BEPOSTHOCTH )
00BéMa
MIPOUCX OXKTCHHUST .
. MOCJICACTBHIMA
coOBITHH
Pacuér pucka
Y coBepiieHCTBOBA-

HUE PYKOBOJCTBA

Henosponenno PUCKOM

BBICOKHI PUCK

Onuenka pucka

Hsmenenus

CHCTEMBI

Puc. 2. Ilpouenypa OLeHKH pPUCKA MOJIEBBIX ONPBICKUBATENEH.
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@DakTOpbl OMACHOCTH IKCITyaTaLH MOJIEBbIX OMPBICKUBATENEH pa3aeisaeTcs Ha:

v/ CTeneHb OMACHOCTH CPEACTB 3allUThl PACTEHMH, UCMOJb30BAHHBIX MPU 0OpabOTKe
pacTeHuit — MX TOKCUYHOCTb, BO3/ICHCTBHE HA OKPYIKAIOIIYIO CPEAY U UeioBeKa U.T.1.,

v/ COBEpPLIEHCTBO UCIOJIb30BAHHOTO TEXHOJIOTHYECKOTO mporecca 00paboTku pacTeHuil
— ofecrieyeHue TMOMAZaHUsl HAa PACTEHUs] MAKCHUMAaJbHOTO KOJIMYECTBA CPENCTB
3aLIUTBI PACTEHUH,

v/ COBEPLIEHCTBO HCIOJIb30BAHHOIO TEXHOJOTHMYECKOTO 000PYIOBaHUS — COOIONEHIE
NPaBIJI XPaHEHHUS] CPECTB 3aIUUThI PACTEHUH, TPOMBIBKH 000PYIOBaHHS U.1p.,

v’ Hanz30p (PyKOBOZICTBO) TEXHOJIOMMYECKOTO MPOLIECCa,

v 00yueHue 00CITyKMBAIOLIErO MEPCOHANIA.

Bce HEUCIIPABHOCTH ITOJICBBIX OHprCKHBaTeJIefI MOBBIIIAKIIHUE PUCK HX SKCILTyaTallun
MOXHO pa3ac/INTh Ha.

v cly4aiiHble  MOBpekAeHus:  (M3rud  INTAaHr  OMNPBICKUBATENS,  Pas3phiB
TPyOONPOBONIOB, T€Ub, U.T.1.),
v MPOTHO3MPYEMbIE IOBPEXKACHHS (M3HOC (POPCYHOK).

Puck mnpu skcrulyaTalud HOBBIX OINPBICKMBATENIEH MOXHO OLICHHBATh METOAAMH
KQUEeCTBEHHOW M KOJIMYECTBEHHOW OLICHKH WM METOIOM pacuera. MeTon KayeCTBEHHOM
OLIEHKU OCHOBBIBAETCS HA OMPOCE M CTATUCTHMYECKOM aHaju3e. MeTon KOJIM4eCTBEHHOU
OLIEHKU PUCKA OCHOBBIBAETCSI HA OLICHKE BEPOSITHOCTHU MPOUCXOXKACHHUS aBapUU U YUCIICHHOU
OLIEHKE BO3MOXKHOCTH ITOCJIECTBUM.

Jns  ompeneneHus Cpoka CIy>kObl (OPCYHOK TIOJIEBBIX ONPBICKUBATENCH HaMH
pa3paboTaHa METOIMKA TPOBEPKU U TPOBOMATCS PECypCHBbIC UCHbITaHUsA. llenpro Harmmmx
UCCJIEIOBAHUMN SIBJIIETCS BISIBIEHNE O€30MaCHOTO Meproia padoThl ONPBICKUBATEIEH.

Crenenp n3HoCa (POPCYHOK B 3aBHCUMOCTH OT CPOKA CITY KOBI ONMUCHIBAET (PYHKLIUS:

F(t)=q(t), Tt <7p, rOe

q(t) — cpenHee KBaAPATHUECKOE OTKJIOHEHHE HEPABHOMEPHOCTH pacibLia
(OpCYHOK MO LIHUPHHE 3aXBaTa OMPBICKHBATEIS,

T - BEJIMUMHA, XapaKTePU3YIOIasi CPOK CIIy>KObI POPCYHOK (T < Tp);

F(t) — pynkuuns 6ezonacHoro neproaa padoThl ONPBICKUBATENS, KOTOPAst
XapaKTepU3yeT MEePUOL SKOJOTHYECKN O€30MacHOH 3KCILTyaTaIiH
OIPBICKHBATEJISL.

Ha puc. 3 mpuBeneHsl kpuBble M3MEHeHHs Kod3((dulleHTa Bapuany W MPOMYCKHOM
cniocoOHocTH popcyHok F-03-110 npu pecypCHBIX HCITBITAHUSX .
IIpoBenénnple ucnbITaHuss noaroBedHocTH QopcyHok F-03-110 ¢upmer “Hardi”
MOKa3bIBAIOT, YTO C KOMIUIEKTOM (DOPCYHOK (IIMpPHHA 3aXBaTa OMpPBICKUBATENS 12 METpoB)
MOXHO B cpenHeM obpabdorars 800 — 1 200 ra moceBos.
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Puc. 3. W3meHeHve koedhpmueHTa Baprauymn (CV) 1 NporycKHOM crnocobHoCTM )
thopcyHOK F-03-I10 npwn pecypcHbIX UCMbITaHNSX.

BbiBOAbI:

1

MpenioXkeHHast  cucTeMa  ynpaB/eHUss  cpedbl  MPU  3KCrlyatauum — MosieBbIX
ONpPbICKMBATENE MOXET CMYXXUTb OCHOBOI [/11 Pa3paboTKM W BHEAPEHUS] CUCTEMbI
NepUoAMYECKNX MPOBEPOK MOJIEBLIX OMpPbICKMBATESEN, UTO OyAeT crnocobcTBoBaTb 60s1ee
3hheKTMBHOI 3aLLMTE YeSIOBEKA M OKPY>KAOLLIEI Cpeabl.

lNpoBedeHHbIE UCMbITAHWUA [0/TOBEYHOCTM (PopcyHOK F-03-I0 rnokasbiBaloT, 4TO C
KOMM/IEKTOM (POPCYHOK, MNpU paboyeit LUMPUHE OnpbIcKMBaTens 12 MeTpoB, MOXHO
obpaboTatb 800 - 1200 ra nocesoB.

JuTteparypa
P.Punculis, D.Viesturs “Ecological and Economl}z:al Aspects of Agricultural Sprayers Operational” VI
International sympasium “Ecological Aspects of Mechanization of Plant Production”, Warszawa, 2001,
205-210 pp.
ISO 14001:1996 Environmental management systenrs - Specification with guidance use.
B.LLEx0oB. 3xonorviA. TepMyHb! 1 noHATvs. CraHagpThl, CepTdmKaLye. HOpMETVBLI U MOKasaTenn. V3g,
“@uHaHCBI 1 cTatUcTVKa”, 2001 ., 208 cTp.
Aloranos. Sxonorv. 13, “Bbicluad Wkora”, 446 cTp.
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SLAPEKLA MESLOJUMA EFEKTIVITATE ZIEMAS KVIESU
IZMEGINAJUMOS
Nitrogen Fertilizer Use Efficiency in Winter Wheat Trials

A. Ruza, Dz. Kreital, M. Krotovs2, S. Malecka?, V. Stramkale3
Lielaiela 2, Jelgava tel. 3005629, fakss 3005629, aruza@cs.llu.lv, 1dzintrak@cs.llu.lv
2P/n Dizstende, Talsu rajons, tel. 3292289, fakss 3281288, stende.selekciia@apollo.lv
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Anotacija

Thefield experiments with ten diverse varieties of winter wheat were laid down according to uniform scheme
during 2001 - 2002 at three locations having different soils and agroclimatic conditions: study and research
farm ‘Péterlauki” of the Latvia University of Agriculture on sod - calcareous medium loam soils, humus
content 19 - 21 g kg'lofsoil; at the Stende Plant Breeding Station on sod - podzolio soils, humus content 18 -
199 kg'lofsoil and at Latgale Science Centre in Vilani on humus - podzolic gley soils, humus content 65 - 95¢
kg'l of soil. There was observed sharp variation in meteorological conditions during experimental years and
quite variable weather conditions between the trial sites.

The average results obtained in the experiments suggest that stable increase of winter wheat grain yield was
reached increasingfertilizer N ratesfrom N9to N1 (split application) thus ensuring grain yield increase 1 to
20 kg per 1 kg N applied. The crude proteinyield 2,8 - 3,47 kg per 1 kg N applied was obtainedfrom trial plots
at the study and researchfarm “Péterlauki’”and at the Stende Plant Breeding Station.

The mineral N use efficiency was considerably lower in humus - rich soils in Vilani. The increase offertilizer N
rate up to N8 (split application) resulted in gradual decrease of nitrogen use efficiency, and utilization
coefficient was to a great extent depended on meteorological conditions during vegetation period.
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levads

Pédéjos gados Latvija péc strauja ziemas kvieSu platibu samazinajuma 1994. gada (72.9
tikst. ha) vérojams pakapenisks platibu pieaugums - 1999.g. 95.0 tokst. ha, 2000. gada 117.4
tikst. ha un 2001. gada 131.3 tdkst. ha Lai gan razibas raditaji nav ipaSi izmainijusies
(attiecigi 2.77; 2.01; 2.86; 2.79 t ha-1), kvieSu graudu kopievakums ievérojami palielindjas
(attiecigi  151.1, 247.9, 336.0 un 366.2 tukst. t). To, galvenokart, ietekméjusi Latvijas
apstakliem piemeérotu intensivu ziemas kvieSu Skirnu izvéle un tam atbilstoSu audzéSanas
tehnologiju izmantoSana. Loti batiski graudu raZibas un kvalitates raditaju paaugstinaSanos
ietekmé atbilstoSa méslojuma un augu aizsardzibas lidzeklu pielietojums. Pie tam visu baribas
elementu nodrosingjumam jabat sabalansétam t.i., pareizas attiecibas, pietiekosa daudzuma
planotas razas un kvalitates ieguvei, ka ari ziemas kvieSiem izmantojama veida visos
intensivas uznemsSanas periodos. Baribas elementu trikumu nekadi citi agrotehniskie
pasakumi nespgj kompensét. Graudu raZibas palielindSanas un vajadzigas kvalitates
nodroSinaSanas batisks faktors ir slapekla méslojums, it ipasi papildméslojums pavasari laika
no ziemas kvieSu vegetacijas atjaunoSanas lidz varpoSanas fazei. Tapéc daudzu valstu
zinatnieki péta slapekla ietekmi uz ziemas kvieSu razas un tas kvalitates izmainam, it Tpasi
nokriSniem bagatos regionos [1-7]. Jaatzimé, ka slapeklis ir viens no dinamiskakajiem baribas
elementiem, tadél iespéjami ari ta zudumi no augu saknu zonas.

Daudzos pétijumos pieradits, ka slapekla méslojuma lietoSana batiski palielina ziemas
kvieSu razu, iestradajot méslojuma normu dalitd veida, dazadas, it TpaSi agrinds augu
attistibas fazés. Savukart meéslojums varpoSanas fazes sakuma, raZas lielumu ietekmeé
salidzinosi mazak, bet palielina galvenokart graudu kvalitati. [1, 2, 5, 8, 9]

Protelna saturs kvieSu graudos var svarstities robezas no 7 - 20 % To nosaka gan
Skirnes genétiskas 1pasibas, gan audzéSanas tehnologija, ka ari meteorologiskie apstakli, 1pasi
graudu veidoSanas un nogatavoSanas laika. Proteina saturs ir raditajs, kuru izmanto, lai
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noteiktu graudu pieméroftibu atbilstoSam izmanto$anas veidam [3]. Maizes cepSanai piem&roti
graudi, kuros proteina saturs ir ap 12 — 13 %, graudus ar augstaku proteina saturu izmanto ka
uzlabotajus zemakas kvalitates graudiem. Konditorijas izstradajumiem vé&lamais proteina
saturs graudos ir 8 — 10 % robezas, bet lopbaribai izmantojami dazada proteina satura kvieSu
graudi, tau veérfigaki ir ar augstakiem raditajiem. Daudzos izmé&ginajumos konstatéts, ka
proteina saturs kviesu graudos ievérojami palielinas, pieaugot slapekla meslojuma normai [3,
10, 11, 12]. Proteina uzkrasanos graudos sekmé& arT augstakas temperatiras un mitruma
deficits vegetacijas perioda otraja pusé [1, 13]. levérojams proteina satura pieaugums graudos
noverots, ja mé&slojums dots velakas attistibas faz€s (stiebrosanas beigas — varposana), kad
augl visintensivak uzpem baribas vielas [1, 10, 14]. P&ffjumi liecina, ka augstrazigam
Skirn€m, atbilstosi to prasibam zemaka meslojuma apstaklos ir zemaks arT proteina saturs,
saltidzinot ar vid&ji razigam Skirném. Talu pie augstakam slapekla normam un optimalos
augSanas apstaklos proteina saturs graudos ir mazak atskirigs [3, 4, 15].

Slapekla me&slojuma efektivitati, ka atzim&ts daudzu pétnieku publikacijas, ietekme ne
tikai agroklimatiskie apstakli, m&slojuma doSanas normas un laiks, bet arT augsnes
iekultiveéSanas pakape. Labi iekultivetas augsnes ir ar labakam agrokimiskam un agrofiziskam
Tpasibam, kas sekm& méslojuma efektivaku izmantosanu. V. Kidins konstatgjis, ka slapekla
méslojuma efektivitate pieaug, ja slapekla me&slojuma iestrades laiks sakrit ar periodu, kad
augos norisinas intensiva slapekla uznemsana. Parak agrina vai novélota méslojuma lietosana
mazina auga iespgjas to izmantot. Slapekla m&slojuma izmantoSanas koeficientu ietekmé& art
méslojuma normas lielums, iestrades laiks un méslojuma forma. Augstaku izmantoSanas
koeficientu var panakt, méslojot ziemas kvieSus daliti — pavasari no vegetacijas atjaunosanas
[idz stiebroSanas fazei. Palielinot slapekla m&slojuma normu virs optimalas, parasti samazinas
augsnes slapekla izmantoSana ziemas kviesu graudu razas un kvalitates form&sana. Optimalos
augSanas apstaklos mé&slojuma izmantoSanas koeficients ir salidzinosi augsts, tacu samazinas
paaugstinatas gaisa temperatiiras un mitruma deficita (apgrutinata uznemsana) vai bagatigu
nokri$nu (notiek N izskaloSanas) ietekmé. Slapekla izmantoSanas koeficients ir tiesi atkarigs
no slapekla kopgjas iznesas ar razu.

Daudzu iepriek$gjo gadu p&tijumos Latvija ar vidgji intensivam $kirném noskaidrots, ka
ziemas kvie§iem nepiecie$amais slapekla m&slojums ir vismaz Nog kg ha™', taéu pedgjos gados
Latvija arvien vairak ienak Rietumeiropas intensiva vai loti intensiva tipa Skirnes ar augstam
vai pat loti augstam rekomend&tam slapekla m&slojuma normam.

Tapéc misu izméginajumos viens no uzdevumiem bija skaidrot palielinatu slapekla
méslojuma normu un devu efektivitati, dazados augsnes un agroklimatiskos apstaklos audzetu
ziemas kvieSu s€jumos.

Metodika

Lauka izmé&ginajumi ar ziemas kvieSiem péc vienotas shémas tika iekartoti
agroklimatiski un augSnu zina trijas atSkirigas vietas - LLU macibu pé&ffjumu saimnieciba
“Péterlauki” Jelgavas rajona (LLU), Stendes selekcijas izm&ginajumu saimnieciba Talsu
rajona (Stende) un Latgales lauksaimniecibas zinatnes centra R€zeknes rajona (Vilani).

LLU augsnes ir vidgi smags smilSmals raksturigs ziemas kvieSu galvenajam
audzesanas regionam — Zemgales zonai. Trudvielu saturs — 19 — 21 mg kg augsnes, vidgjs
[idz augsts fosfora un kalija nodrosinajums, pHkc — 6,9 — 7,1. Stendé izm&ginajums iekartots
velenu podzoléta un velénu gleja smilimala augsnés, tridvielu saturs — 18 — 19 mg kg™
augsnes, pHxc — 6,6 — 6,9, vidgjs 11dz augsts fosfora un vidgjs kalija nodros§inajums. Vilanos
izméginajumu lauka ir tridaina podzoléta glejaugsne ar Latvijas apstakliem neraksturigi
augstu tridvielu saturu — 65 — 95 mg kg™, augsnes pHgcr — 7,2 un vidéju lidz augstu fosfora
un kalija nodro§inajumu.
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Visas vietas abos gados ziemaju sgja veikta septembra pirmaja pus€ ar izsgjas normu
500 digtsp&jigas kodinatas séklas uz 1 m? &etros atkartojumos. Pirms sgjas iestradats
kompleksais mineralméslojums NPK 6:20:30 2,5 — 3,0 ¢ ha”, papildméslojuma iestradats
amonija nitrats (N34) atbilstosi shémai:

1. reizi — vegetacijai atjaunojoties visam Skirném reizé Noo;
2. reizi — ceroSanas fazes beigas — stiebrosanas sakuma (29.- 31.etapi), Nogi30 (N120);
3. reizi — stiebroSanas beigas — varpoSanas sakuma (49. — 51. etapi).

Slapekla mé&slojuma kop&ja norma Njso un Nigo pa gadiem bija nedaudz atSkiriga, tacu
visas izméginajumu vietas vienada kombinacija.

Izméginajuma lietoti retardanti cikocels — 26. — 29.etapa un terpals 45. — 49.etapa,
herbicidi un divas reizes fungicidi, attiecigi alegro un tango super.

Aprékinos ieklauti visas izméginajumu vietas vienadu desmit ziemas kviesuSkirnu
vidgjie raditaji.

Meteorologiskie apstakli ziemaju vegetacijas perioda bija krasi atSkirigi ne tikai pa
gadiem, bet ar dazadas audze€Sanas vietas. Galvenokart tas izpaudas nevienada nokriSnu
sadalijuma pa geografiskam zonam attiecigas augu atfistibas fazes. Tacu, pateicoties
salidzinosi agrajam vegetacijas atjaunoSanas laikam pavasari, it ipasi 2002.gada, augi vargja
labi izmantot pavasara augsnes produktivo mitrumu un gala rezultata nodrosinat salidzinosi
augstas graudu razas.

Rezultati

Labi iekultivétas augsnés, kadas tas ir veikto izméginajumu vietas, abos gados iegitas
ziemas kviesu dazadu skirnu vidéjas graudu raZas bija no 6,35 [idz 10,31 t ha™.
2001.gada LLU MPS “Péterlaukos” slapekla m&slojuma normas palielinaSana no Ngy uz Niyg
graudu razu palielingja par 0,47 t ha™' jeb 15,7 kg graudu uz 1 kg izlietota slapekla (1.tab.)

1.tabula
Slapekla meslojuma efektivitate MPS “Peterlauki”
. 2001 g, 2002.¢,
Raditaji

; Nog Nizgo | Niso | Nisgo Nog Nizo | Niso | Nigo
Graudu raza, tha' 6.35 6.82 6.80 7.03 8.55 9.15 9.35 9.74
leglts graudu, kguz 1 706 | 568 | 453 | 391 | 950 | 763 | 623 | 541
kg izlietota N
leglts graudu , kg uz 1 ] 157 | 07 | 77 ] 200 | 67 | 13.0
kg N palielinajumu
Proteina saturs, % 1337 | 1368 | 13.75 | 1395 | 1250 | 12,70 | 13.30 | 13.60

Proteina ieguve, kg ha' | 849 933 935 981 1069 | 1162 | 1244 | 1323

leguts proteins, kguz 1 | ¢ ;3 | 778 | 623 | 545 | 1188 | 968 | 820 | 737

kg izlietota N

leguts proteins, kguz 1 - 280 | 007 | 153 - 3.10 | 273 | 2.71
kg N palielinajuma

N pieauguma - 049 | 001 | 027 - 054 | 048 | 047

izmantoSanas koeficients

Tacu talaks slapekla mé&slojuma normas pieaugums jutami razas lielumu neietekmégja.
Zinama mera tas skaidrojams ar neraksturigi bagatigo nokriSnu daudzumu maija, jlinija un
julija, kad atseviskas vietas uz lauka bija verojama s€umu appliSana, ka rezultata,
acimredzot, notika arT slapekla izskaloSanas no augsnes. Lidziga sakariba graudu raziba
verojama arT Stend€. Slapekla m&slojuma normas palielinajums no Noy uz Nz paaugstinaja
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graudu razu par 0,46 t ha™' jeb 15,3 kg graudu uz 1 kg slapekla, tadu turpmakais slapekla
normas pieaugums, ari Stendg, razas lielumu vairs biitiski neietekméja (2.tab.).

2.tabula
Slapekla meslojuma efektivitate Stendes SIS
. 2001 g, 2002.¢,
Raditaji
! Nog Nizgo | Niso | Nisgo Nog Nizo | Niso | Nisgo
Graudu raza, tha™ 6.94 7.40 7.56 7.58 717 7.66 8.10 8.08

leglits graudu, kguz 1 771 | 61.7 | 504 | 421 | 79.7 | 738 | 54.0 | 449

kg izlietota N

legiits graudu , kg uz 1 - 153 | 53 0.7 - 163 | 147 | -0.7
kg N palielinajumu

Proteina saturs, % 113 | 120 | 127 | 134 | 11.8 | 123 | 129 | 136

Proteina ieguve, kg ha”' | 784 888 960 1016 | 846 942 1045 | 1099

legiits proteins, kguz 1| ¢ 7 | 740 | 640 | 564 | 940 | 785 | 697 | 611

kg izlietota N

leguts pf0t§111§a kguz 1 - 347 | 240 | 187 - 320 | 3.43 1.80
kg N palielinajuma

N picauguma - 061 | 042 | 033 - 0.56 | 0.60 | 032

izmantoSanas koeficients

Nedaudz atskiriga situacija veidojas Vilanos, kur s€jums vairak izjuta mitruma deficttu,
nevis ta parbagatibu. Slapekla mé&slojuma normas pieaugums no Ngy uz katriem nakoSajiem
Nao palielingja graudu razu par 0,34 — 0,43 t ha”'. Lidz ar to uz katru papildus izlietota
slapekla kilogramu tika iegtti 11,3 — 14,3 kg graudu (3.tab.).

2002.gada vegetacijas periods raksturojas ar salidzinosi mazaku nokris$nu daudzumu it
Tpasi vegetacijas sakuma un beigas un augstam gaisa temperatiram, ka rezultata augi dazkart
izjuta mitruma deficitu. Tacu kopuma vegetacijas periods bija labvéligs ziemas kviesSu augstu
razu ieguvei. LLU, atkariba no m&slojuma, vidgjas razas bija robezas no 8,55 (Ngy) lidz 9,74
(N1go) t ha'. Augstakais razas palielinajums iegiits paaugstinot slapekla méslojuma normu no
Noo uz Niz — 0,60 t ha™ jeb 20 kg graudu uz 1 izlietota slapekla kg. Talaks slapekla normas
palielinajums ta efektivitati samazinaja. Stendé slapekla meslojuma pieaugums no Ny lidz
Niso, palielingja razu uz katriem nakosajiem N, par 0,49 un 0,44 t ha™' graudu vai attiecigi
16,3 un 14,7 kg graudu uz 1 kg N. Talaka slapekla normas palielinaSana 1idz Nigy pozifivu
rezultatu nedeva. Vilanos, triidvielam loti bagatas augsn@s, jau slapekla mé&slojuma Ny
nodro§inaja loti augstu graudu razu — 9,86 t ha”'. Talaka slapekla mé&slojuma normas
palielinasana, graudu razu palielinaja vidgji vairs tikai par 0,15 t ha™ uz katriem nakoSajiem
30 kg slapekla mé&slojuma vai 5 kg graudu uz 1 izlietoto slapekla kg.
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3.tabula
Slapekla meslojuma efektivitate Latgales lauksaimniecibas zinatnes centrs (Vilani)
o 2001.g. 2002.g.
Raditaji

! Noo | Nizo | Niso | Nigo | Noo | Nizo | Nisop | Nigo
Graudu raza, tha™ 8.51 8.85 9.20 9.63 986 | 10.03 | 10.14 | 10.31
leguts graudu, kg uz 1 946 | 737 | 613 | 535 | 10906 | 836 | 676 | 573
kg izlietota N
leguts graudu , kg uz 1 - | 1130|1170 | 1430 | - 567 | 3.67 | 5.67
kg N palielinajumu
Proteina saturs, % - - - - 14 .4 14.5 15.0 15.0
Proteina ieguve, kg ha'| - - - - 1420 [1454 [1521 [1546
leguts proteins, kg uz 1
ke izlictota N - - - - 1578 | 12.12 | 10.14 | 8.59
leguts proteins, kguz 1| _ . . . - | 113 | 223 | 083
kg N palielinajuma
N pieauguma

izmanto$anas koeficients ) ) ) ) ) 020 1 039 | 015

Slapekla meslojuma efektivitati liela méra var raksturot ar iegtita proteéina daudzumu no
platibas vienibas. Ka liecina 1 tabula apkopota informacija LLU ieguta raza 2001.gada bija ar
salidzino$i labu proteina saturu 13,37% (Ngg) lidz 13,95 % (Nig). 2002.gada proteina saturs
graudos bija nedaudz zemaks (12,5 — 13,6%), tau, tapat ka ieprieksgja gada, verojama lidziga
sakariba, pieaugot slapekla m&slojuma normai, palielinas proteina saturs graudos. Proteina
saturs un razas lielums nosaka kopgjo proteina ieguvi no plafibas vienibas. Lai gan proteina
saturs 2002.gada bija nedaudz zemaks salidzinot ar iepriekSgjo gadu, tadu pateicoties
augstakam razam ari proteina ieguve bija augstaka un abos gados pieaugosa lidz ar slapekla
normas palielinasanu. Taja pat laika proteina ieguve uz 1 kg izlietota slapekla samazinas lidz
ar slapekla nomas palielinasanu: 2001.gada no 9,43 (Noo) I1dz 5,45 (Niso), bet 2002.gada no
11,88 (Ngp) ITdz 7,37 (N130) kg proteina uz 1 kg izlietota slapekla.

Gandriz pilnigi identiskas sakaribas konstatétas arT Stend@ iegiitajos rezultatos, tikai ar
nedaudz atskirigam skaitliskam veérttbam (2.tab.). Vilanos proteina saturs graudos noteikts
tikai 2002.gada un vidgjie raditaji ir loti augsti — 14,4 — 15,0 % (3.tab.).Lidz ar to arT proteina
ieguve no 1 ha parsniedz pat 1,5 t. Tacu slapekla meslojuma izmantoSanas kopg&jas sakaribas
ir lidzigas ieglitajam LLU un Stendes izm&ginajumos.

Secinajumi

1. Lielaks ziemas kviesu graudu razas pieaugums ir slapekla me&slojuma normu palielinot
[idz Niz0. Ar katru nakoso palielinajuma pakapi slapekla meslojuma atdeve samazinas.

2. Proteina saturs un ta ieguve uz platibas vienibu pieaug lidz ar slapekla m&slojuma
normas palielinasanos, tatu pakapeniski samazinas iegitd proteina daudzuma uz
patéréta minerala slapekla vienibu.

3. Minerala slapekla izmantoSanas koeficients liela méra atkarigs no meteorologiskas
situacijas vegetacijas perioda, taCu pieaugot slapekla méslojuma normai slapekla
izmantoSanas koeficients samazinas.

4. lekoptas augsnés, atkariba no vegetacijas perioda rakstura, slapekla méslojuma normu
virs Ny - 150 (LLU, Stende), bet augsnés ar loti augstu tridvielu saturu (Vilani) virs
Nogo lietosana praktiski neattaisnojas — strauji samazinas ieglito graudu un proteina
daudzums uz patéréta minerala slapekla vienibu un samazinas slapekla izmantoSanas
koeficients.
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LIGNOSILVTCIJA PRODUKTU UN AZOTOBAKTERINA
PIELIETOSANA BIOLOGISKAJA LAUKSAIMNIECIBA
Application of Lignosilicon and Azobacterine for Biological Agriculture

L. Serge, G. Biteniecel, G. Teli§evaz, G. Lebedevaz, A, Lielpétere3
Gulbenes Lauksaimniecibas Konsultaciju birojs
'SIA "Brivzemnieki"
Latvijas Valsts Koksnes kimijas institiits
3SIA "Bioefekts"

Abstract

Influence of Lignosilicon — plant growth and development activator, synthesized by IWC on the basis of wood
chemical processing waste, and "Azotobakterin” bacterial products commercially produced by Bioefekts Ltd,
on oats quality and harwest were tested in field conditions.

Products were added to oat seeds into the box of seeding — machine before sowing. Three variants (each field
of 1 ha) with different dosages of products applied were used: 10 and 40 kg/ha of lignosilicon and 400 g/ha of
azotobacterin.

It was shown that on the background of all products tested the harvest of oat increased significantly,
vegetation time shortened, plant resistance to diseases increased, grain quality improved, most of all this
indices changed positively on the background of lignosilicon (dosage of 40 kg/ha).

The results obtained have demonstrated that lignosilicon and azotobacterin has good prospects for biological
agriculture.

Keywords: oat, presowing treatment, lignosilicon, azobacterine, harwest, plant and grain quality.

Ievads

Latvija neatlaidigi pieaug biologiski apsaimniekoto zemju platibas. P&dgjos tris gados
tas palielinajusas no 0.17 uz 0.68 % lauksaimnieciba izmantojamo zemju. Saimniecibu skaits
maingjies no 78 saimniecibam 2000. gada [idz 353 saimniecibam 2002. gada ar aptuvenu
sertificgto platibu 17000 ha. Salidzinot ar pargjam Eiropas valstim, Sie vél ir mazi skaitli, tacu
turpinoties valsts atbalstam subsidiju veida, ka ar pieaugot paterétaju informétibai un
interesei par veseligu uzturu, pieaug pieprasijums péc biologiski razotas partikas.

Lai pétitu problemas, kuras konvencionala lauksaimnieciba atrisina ar kimijas palidzibu,
2002. gada pavasari Gulbenes rajona Lizuma pagasta SIA “Brivzemnieki” tika veikts
razoSanas izméginajums, divu originalu, Latvija razotu, videi draudzigu produktu ietekmes uz
auzu razu parbaudiSanai. Izméginati — lignosilicijs (LSP, 5% silicija sausn€) - augu augSanu
un attistibu stimul&oS§s preparats. Tas sintezets KKI uz koksnes parstrades atlikumu bazes.
Otrs — SIA “Bioefekts” razots bakterials preparats -azotobakterins.

Lignosilicija preparati, saturosi 5 — 12 % siliciju ir daudzpusigas iedarbibas produkti
ekologiski tirai augkopibai, darzkopibai, lauksaimniecibai un mezsaimniecibai, izstradati uz
miisdienigu zinasanu bazes par lignina [1] un silicija [2] lomu biocenoze.

Sie preparati sevi labi parada gan ka méslojums, gan ka augu augSanas un attistibas

stimulators. Labvéliga LSP ietekme sistema augsne — augs saistita ar ta izcelsmi no koksnes,
kas genétiski radnieciska augsnes humusam un organiski saisfita ar siliciju [3,4].
Preparati satur augsnes Skiduma SkistoSu, augiem viegli uznemamu kustigo siliciju. Viegli
SkistoSu silicija formu deficits augsn€ var izraisit izmainas augu atfistiba un veicinat augu
slimibas. Uz silicija nepietickamibu augsné jutigas tiesi graudaugu kultiiras: riss, kukuriiza,
auzas, miezi, kviesi [2].

Azotobakterins ir m&sloSanas I1dzeklis, kas satur dzivas slapekla saistitajas Azotobacter
celmu bakterijas Azotobakterina ievadiSana augsn€ veicina vairaku citu augiem labveligu
mikroorganismu grupu attistibu; tas veicina guminbakt€riju, nitrifikatoru un celulozes
noarditaju bakteriju atfistibu, papildinot to baribu ar slapekli un vitaminiem. Ta rezultata
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palielinas slapekla saturs augsn€ un palielinas augu raziba. Azotobaktérijas iedzivojas augsné
un turpina to atveselot.

Izmeéginajumu metodika

Razosanas izméginajumi iekartoti platiba, kuru tris gadus apsaimnieko biologiski.
Augsnes tips - velénu podzoléta augsne, granulometriskais sastavs - viegls smilsmals Sm’,
humuss 2%, augsnes hidrolitiskais skabums pHgkc1 6.8, augiem uznemamais fosfors — 295
mg/kg, kalijs — 281 mg/kg augsnes, augiem apmainas magnijs — 57 mg/kg , kalcijs — 691
mg/kg augsnes. PriekSaugs — zirnu/auzu mistrs. Kitsmésli nav doti ne priekSaugam, ne ari
2002. gada razai. Augsne p&dgjo reizi kalkota 1985. gada.

Lignosiliciju (5% silicija sausng, mitrums - 30%) augsné iestradaja sajaucot ar auzu
séklu tiesi s€jmasinas seklu kasté. [zméginajumus veica ar divam devam lignosilicija 10 un 40
kg/ha un 400g/ha azotobakterina. Augsnes mitrums 60% no pilnas mitruma kapacitates.
Iekartoti 4 izméginajumu varianti, katrs 1 ha plafiba.

Paraugi testé§anai nemti 5 vietds, no kontroles laucina 1m? robeZas.

Graudu paraugs izveidots, veidojot vidgjo paraugu 1.5 kg no katra varianta kulSanas 7-
iem kilogramiem . Katram variantam tika sagatavots viens paraugs. S€klu kvalitates analizi
(mitrums, firibas pakape, digtspga, 1000 graudu masa,) veica Gulbenes Valsts se€klu
laboratorija; graudu kimisko sastavu, kokskiedru saturosie (NDF %, ADF %), neto energiju
(NEL, MJ), noteica Zinatnes centra "Sigra" biokimijas laboratorija.

Izmeéginajumu rezultati

Vegetacijas perioda klimatiskie apstakli no aprila Iidz septembrim bija nelabvéligi
graudaugu audzeSanai. Aprilt nokrisnu daudzums bija 27 % zem normas, maija — 76 % zem
normas, junija I dekadé nolija 147% no meéneSa normas, bet no julija II I1dz septembra II
dekadei sekoja ilgstods sausums ar vidgjo gaisa temperatiiru, kura parsniedza par + 3.4 ° C
ilggad@o normu. No 27 jinijam Iidz 13. septembrim lietus vispar nebija. Tas radija augsnes
saciet€Sanu un traucgjumus augu apgadeé ar mitrumu. Auzas, atSkiriba no citiem graudaugiem,
ir ievérojami jutigakas pret mitruma deficitu augsne. Ir zinams, ka sausuma periodos auzu
raza strauji samazinas,- pie augsnes mitruma, kas zemaks par 30% no pilnas
mitrumkapacitates, raza samazinas par 56 — 64 % [5, lpp.410]. Musu izméginajuma kontroles
varianta graudu raza (1.83 t/ha) bija par 20% mazaka, ka vidgjie piecu gadu raditaji (2.2
t/ha) saimnieciba. Lignosilicija un, nedaudz mazaka meéra, arT azotobakterina iestrade augsné
atstaja labveligu ietekmi uz augu atfistibu un razu $aja sausaja vasara. Uz preparatu fona
redzams, ka augu atfistiba paatringjas par 5 — 7 dienam, sakot ar auzu ceroSanas fazi (1.
tabula). AtSkiribas augu atfistiba sakas no 2. lapas fazes; uz LSP fona, lapam, salidzinot ar
kontroli, ir lielaka lapu platne, tas ir spilgti zala krasa. Par cik auzu un citu zalaugu razas ir
tiesi saistitas ar lapu platnes un saknu masas palielinaSanos, ka arT ar sp&cigas saknu sisteémas
veidoSanos un fiziologisko noriSu paaugstinasanos taja, tika uzskaifiti augu biometriskie augu
izméri (2., 3. tabula ) un noteikta saknu adsorbg&josa virsma (4. tabula).

Lignosilicijs lielaka mera neka azotobakterins aktivizé auzu virszemes dalas un saknu
sistému, paatrinot augu atfistibu. Paraugu nems$anas testeéSanai bridi — 08.07.02. (1. attels),
lignosilicija varianta augi jau bija sasniegus$i piengatavibas fazi, bet kontrole — graudu
veidoSanas stadiju. Virszemes un saknu masa lignosilicija fona parsniedz kontroli, atbilstosi
2.9 un 1.9 reizes (2. tabula). Augu atfistibas biometriskie raditaji - auzu stiebru garums un
diametrs, 10 un 40 kg/ha lignosilicija fona ir praktiski vienadi (kludas robezas) (2., 3.
tabula). Atskiribas augu virszemes dalu un saknu adsorb&oSo virsmu piengatavibas faze ar
divam apsekojamam LSP devam, ir statistiski ticamas (2., 4. tabula). Saknu kopgja
adsorbgjosa virsma auzam ar devu 40 kg/ha LSP, ir 1.9 reizes lielaka neka ar devu 10 kg/ha
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LSP un 4.3 reizes lielaka neka kontrole. Ar lignosiliciju apstradatam seklam variantos 10
un 40 kg/ha , auzu vegetacijas periods saisinajas par 7 dienam (1. tabula).

1. tabula
Vegetacijas laika izmainas auzam lignosilicija un azotobakterina ietekmé (Skirne
“Mé_ll'a”)
Fenologiskas fazes péc Izmé&ginajumu varianti
Cadoksa skalas Kontrole LSP LSP Azotobakterins
(10kg/ha) (40kg/ha) (400g/ha)
Sgja 00 14.04. 02, 14.04.02. 14.04. 02. 14.04. 02.
Pirma lapa 10 02.05. 02. 02.05. 02. 02.05. 02. 02.05. 02.
Cerosanas sakums 21 17.05. 02. 17.05. 02. 17.05. 02 17.05. 02
CeroSanas beiges 29 21.05. 02, 20.05. 02, 19.05. 02. 20.05. 02,
Zied&Sanas beiges 69 02.07.02. 30.06.02. 28.06.02. 30.06.02.
Graudu veidoSanas 71 05.07.02. 03.07.02. 01.07.02.. 03.07.02.
Piengataviba 75 17.07.02. 11.07.02. 09.07.02. 11.07.02.
Vaska dzeltengataviba 85 | 26.07.02. 17.07.02. 15.07.02. 17.07.02
Dzeltengataviba 87 05.08.08 26.07.02. 26.07.02. 28.08.02.
Pilngataviba 89 12.08.02. 05.08.02. 05.08.02. 07.08.02.
Razosanas izméginajumi, Latvija, Gulbene, 2002. g
2. tabula

Lignosilicija un azotobakterina biometrisko raditaju salidzinajums auzam (Skirne
“Mara”) Séja 14.04.2002.

Biometriskie raditaji, 08.07.02.

Varianti Stiebru garums, Stiebru diametrs, Masa, g
cm cm
Virszemes dala | Saknes
Kontrole 53.5 1.9 1.78 0.27
LSP (10 kg/ha) 68.1 3.4 3.64 0.51
LSP (40 kg/ha) 70.4 3.7 5.19 0.52
Azotobakterins 73.9 2.8 2.75 0.37
(400g/ha)
VBSgs 5.8 0.4 0.78 0.08

* VBS - vismazaka butiska starpiba

3. tabula
Lignosilicija un azotobakterina biometrisko raditaju salidzinajums auzam (Skirne
“Mara”) Séja 14.04.2002.

Biometriskie raditaji, 14.08.02.

Varianti Stiebru garums, cm | Stiebru diametrs, cm | Salmu masa bez varpam, g

Kontrole 75.5 2.5 0.9
LSP (10 kg/ha) 91.8 3.7 13
LSP (40 kg/ha) 89.4 3.9 1.4
Azotobakterins 83.4 3.4 1.15

(400g/ha)
VBSys 7.00 0.20 0.10
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4. tabula

Lignosilicija (LSP) un azotobakterina ietekme uz kopéjo adsorbéjoso un aktivo
adsorbéjoso auzu saknu virsmu
Séja 14.04.02., augu atlase testéSanai 08.07.02.

Preparata Augu attistibas Kopéja Aktiva
Varianti deva, fenologiska  faze adsorbéjosa adsorbéjosa
kg/ha péc Cadoksa skalas virsma m 2 virsma m 2
10 augi 10 augi
Kontrole 0.0 71 0.73 0.37
LSP 10.0 75 1.66 1.04
LSP 40.0 75 3.14 181
Azotobakteiins 0.4 73 1.38 0.71
VBS(® 0.07 0.05

1 att. Lignosilicija ietekme uz auzu attistibu, Skirne “Mara”
Séja 14.04.2002.; foto 08.07.2002.°
Control - kontrole, fenologiska faze - 71;
Lignosilicon - lignosilicijs (40 kg/ha), fenologiska faze - 75

Auzu razas analize rada, ka maksimalais razas pieaugums sasniegts lignosilicija devas
40 kg/ha varianta. Produktivo stiebru skaits uz 1 m 3$aja varianta palielinajas no 220 uz 280
gab., graudu skaits varpa no 32 uz 68 gab., 1000 graudu masa palielinajas no 30.3 lidz 33.0 g
(5. tabula). Auzu razas pieaugums, salidzinot ar kontroli, variantos ar 10 un 40 LSP devu
kg/ha, sastadija atbilstoSi 35.5% un 69.0%, bet varianta ar azotobakteiinu - 47 %

Auzu stiebru griezuma mikroskopiska apskate liecinaja par augstas pakapes stiebra
aréja slana parkoksnésanos auzam LSP lietoSanas variantos. Stiebra diametra pieaugums un ta
argjo slanu parkoksnéSanas nodroSina izturibu pret veldréSanos, ko var novértét ar 10 ballu
sisttmu : LSP fona 10 balles, kontrolé un azotobakterina varianta 7 balles.
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5. tabula
Lignosilicija (LSP) un azotobakterina ietekme uz auzu razibu (Skirne “Mara”)
Varianti Produktivo | Graudu Graudu | 1000 graudu | Graudu | Raza,
stiebru skaits masa masa, mitrums, t/ha
skaits, varpa, varpa, g %
gab./m* gab. g
Kontrole 220 32 1.06 30.3 14.7 1.83
LSP (10 kg/ha) 280 49 1.68 33.0 15.0 2.48
LSP (40 kg/ha) 280 68 1.75 333 14.1 3.11
Azotobakterins 250 43 1.21 323 14.1 2.69
(400g/ha)
VBSys 25 10.8 0.41 1.8 0.5 0.15

Lignosilicijs paaugstina augu izturibu pret slimibam: auzu lapu sarkanplankumainiba
(Helminthoporeum avena) novéerota tikai kontrole; tas pats noverots pie kaiteklu
bojajumiem: ar laputim invad&ti kontrol€ 100% augi, varianta ar azotobakterinu — 65 %, bet
varianta ar LSP tikai 50%.

Uz LSP fona izaudzetai razai uzlabojas graudu kvalitate: palielinas kalcija un dzelzs
saturs, ir tendence palielinaties  koptauku saturam, pieaug neto energija (NEL), bet
samazinas kokskiedra saturosie (NDF un ADF), kas veicina graudu labaku sagremojamibu un
lielaku energétisko vértibu (6. tabula).

6.tabula

Lignosilicija un azotobakterina ietekme uz auzas graudu baribas vertibu sausné
Varianti Sausne, NEL, | Kopproteins, | Tauki, NDF, ADF,

% MlJ/kg % % % %
Kontrole 85.0 7.1 12.1 4.8 36.1 19.2
LSP (10 kg/ha) 85.0 8.0 13.1 5.1 29.1 9.1
LSP (40 kg/ha) 85.9 8.1 13.2 5.4 23.1 6.3
Azotobakterins 85.9 8.1 13.4 5.1 20.2 53
(400g/ha)
VBSos 0.5 0.2 0.2 1.0 1.5

Sausne — ISO 6496 — 1999; ME — neto energija; kopproteins — ISO 5983 — 1997; tauki —
GOST 13496. 15 — 85, kokskiedru saturoSie : NDF (celuloze, hemicelulozes, lignins), ADF
(celuloze, lignins).

Secinajumi

Lauka izméginajumu rezultati rada, ka lignosilicija un azotobakterina pielietoSana
biologiskaja lauksaimnieciba Latvijas apstaklos ir perspektiva.

Pieradita auzu izturibas palielinasanas pret augu kait€kliem un slimibam, ka ari augu
produktivitates pieaugums, pielietojot lignosiliciju un azotobakterinu.

Lignosilicijs paaugstina augu izturibu pret sausumu, stimul&ot adoptogenas Tpasibas.
Pieradits, ka LSP mazas devas - 10 un 40 kg/ha parada ilgstosu aktivizgjosu iedarbibu uz
auzu attistibu, pie tam novérota vegetacijas perioda samazinasanas par 7 dienam, bet razas
pieaugums parsniedz kontroli, atbilstosi, par 35.5 un 69.0 %.

LSP ne tikai veicina razas pieaugumu, bet arT uzlabo tas kvalitativos raditajus. Labakie
rezultati sasniegti pie 40 kg/ha lignosilicija iestrades augsn€ kopa ar s€klas materialu.

Brutto I pelna — Ls/ha sastada : kontrolg - 85 Ls, lignosilicija variantos 107 Ls un 97
Ls, atbilstos§i 10 un 40 kg/ha LSP, bet azotobakterina varianta — 129 Ls. Palielinoties
lignosilicija razoSanas apjomiem, ta pasizmaksa bis zemaka, attiecigi rentabilitate pieaugs.
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Abstract

Prognosis of environmental quality in Baltic states related with the closure of Ignalina Nuclear Power Plant
according to two electricity production scenarios was mede.  (Scenario 1 - closure date of Block 1 is 2005,
closure date of Block 2 is 2011; Scenario 2 - closure date of Block 1 is 2005, exploitation of Block 2 wall be
extended at least until 2020.) W& can see that in accordance with both scenarios CO2 an SO2 emission will
increase every year. Although the influence of the largest air pollution sources such as EstoniarvBaltic PP,
Lithuanian PP Riga CHP and athers remains very significant to the situation in Baltic States, new power plants
willforward the rise oftotal emission.

Keywords: environmental quality, Baltic States, energy infrastructure.

Introduction

The change of cities and districts’ infrastructure is an ordinary occurrence to be
investigated by historical, technical and ecological aspects. In course of time the economical
activities characteristic of a separate region, grow more or less intensive, become numb, fail
or transform to another activity. Every change of infrastructure is attended by changes
characterized from the point of view of environmental quality evaluation. We can find a lot of
unique examples both in the past and at present.

These occurrences in the post communist countries including the countries of the
Eastern Shores of the Baltic Sea are taking place rather intensively and, we suppose, it will
still take place for a long time. Therefore the prognosis of environmental quality related with
these occurrences become very important. Since the closing time of Ignalina Nuclear Power
Plant (INPP) approaches the question is: what ecological consequences of this step will be?

When the service time of nuclear fuel channels expires the exploitation of reactors will
have to be ceased. There is two possible scenarios for INPP future:

1 Scenario 1- closure date of Block 1is 2005, closure date of Block 2 is 2011
2. Scenario 2 - closure date of Block 1 is 2005, exploitation of Block 2 will be
extended at least until 2020 [1,2].

However, the closing of INPP will cause a lot of negative social, environmental and
other consequences. Other ecological consequences of closing INPP could also be expected.

So it is of the huge importance to evaluate the impact of Ignalina NPP closure on the
possibilities of Lithuania and other Baltic states as well to comply with obligation of
international conventions on air pollution. For this reason it is necessary to determine the
increased atmospheric pollution levels when the both units of Ignalina NPP will be closed and
new generating capacities will be installed according the least cost power sector development
plan.
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Analysis data

The Balmorel model was applied for three countries Lithuania, Latvia and Estonia.
Electricity market was assumed to be common for all three countries.

The model reflects the interdependency between heat and power production. CHP plants
in certain areas can be forced to produce because of the heat demand, even though there is no
need for electricity production. In these situations, it may be necessary to reduce the
electricity production at other plants in the *“system” or increase the export. Electricity
production in Lithuania, Latvia and Estonia according to the Scenario 1 presented in Picture 1

[1, 2].

Electricity generation LT, LV, EE Scenario 1

Ignalina NPP H Lithuanian PP O Vilnius CHP-3 0O Kaunas CHP
Mazeikiai CHP m New CCGT CHP, LT O Hydro PP, LV m Riga CHP
New CCGT CHP, LV m Estonian/Baltic PP 0O New CCGT CHP, EE

Fig.1. Electricity generation in Lithuania, Latvia and Estonia according to Scenario 1

Electricity production in Lithuania, Latvia and Estonia according to the Scenario 1
presented in Picture 2 [1, 2].
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Electricity generation LT, LV, EE Scenario 2

25000
20000
15000
10000

Ignalina NPP M Lithuanian PP Vilnius CHP-3
Kaunas CHP m Mazeikiai CHP B New CCGT CHP, LT
Hydro PP, LV B Riga CHP O New CCGT CHP, LV
Estonian/Baltic PP O New CCGT CHP, EE

Fig.2. Electricity generation in Lithuania, Latvia and Estonia according to Scenario 2

For pollutants formation forecast we used a formation (emission) factors taken mainly
from literature source [4]. Only for shale combustion in Estonian power plants we calculated
necessary emission factors according to official information about annual emissions [5].

Formation factors of CO2 and SO2 are different and depends on to fuel type. The used
formation factors of CO2and SO2 are presented in the table 1

Table 1
Pollutants formation (emission) factors, kt/PJ, for different fuel types
Fuel type G CO2 G SO2
Natural gas 53,655 0
Heavy fuel oil 78,8 1,463
Heavy fuel oil 40%, natural gas 60% 63,713 0,5852
Orimulsion 40%, natural gas 60% 64,077 0,77
Shale 82,18 0,607

For all power stations will be used combination of heavy fuel oil 40% and natural gas
60% fuel, but Mazeikiai CHP will be used only heavy fuel oil, Lithuanian PP - combination
of orimulsion 40% and natural gas 60%o, Estonian PP - shale.
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Pollutants formation forecast in the baltic region after inpp closure according to
the scenario 1

Lithuanian PP «Vilnius CHP-3 O Kaunas CHP m Mazeikiai CHP
New CCGT CHP, LT O Riga CHP B Small PP, LV BNew CCGT CHP, LV
O Estonian/Baltic PP O Iru CHP BNew CCGT CHP, EE

Fig.3. CO2formation forecast in Lithuanian, Latvian and Estonian power sector according to
Scenario 1
CO2 formation forecast in the power sector of all three Baltic countries show that
emitted CO2 amount and its distribution between power plants almost correspond the possible
fuel consumption. After INPP closure the main input in Lithuania will belong to Lithuanian
PP, in Estonia to Estonian/Baltic PP, in Latvia CO2 formation will practically equally dividual
between Riga CHP and new CHP.
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Fig. 4. SO2formation forecast in Lithuanian, Latvian and Estonian power sector according to
Scenario 1

SO2 formation forecast in the power sector of all three Baltic countries show that after
INPP closure the main in Lithuanian power sector formed SO2 amount will belong to
Lithuanian PP, in Latvia - to Riga CHP, in Estonia - to Estonian/Baltic PP.

After closure of first INPP-unit, the formed SO2 amount in Lithuania will increase
twice, after closure of second INPP-unit this increased amount will increase twice again. So in
2011 the formed SO2 amount in Lithuania will increase six time. Further the SO2 formation
will geminate only after 10 years.

At the same time in Estonia between 2005 and 2010 formed SO2 amount will increase
twice but graduate. From 2010 this amount will be almost steady.

After closure of first INPP unit the SO2 formation in Latvian power sector will
decreased by use of fuel of less sulphurity and further will not intensive fluctuate.

Pollutants formation forecast in the Baltic region after INPP closure according to
the scenario 2
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Fig. 5. CO2formation forecast in Lithuanian, Latvian and Estonian power sector according to
Scenario 2

After the closure of INPP block 1 the main input in Baltic states will belong to
Estonian/Baltic PP and Lithuanian PP, besides, the influence of Riga CHP will increase after
2005.
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Lithuanian PP Vilnius CHP-3
Kaunas CHP Mazeikiai CHP
New CCGT CHP, LT Riga CHP
Small PP, LV Esionian/Baltic PP

Fig.6. SO2formation forecast in Lithuanian, Latvian and Estonian power sector according to
Scenario 2

SO2 formation forecast in the power sector of all three Baltic countries show that after
INPP closure the main in Lithuanian power sector formed SO2 amount will belong to
Lithuanian PP, in Latvia - to Riga CHP, in Estonia - to Estonian/Baltic PP.

After closure of first INPP-unit, the formed SO2 amount in Lithuania will increase
twice, after closure of second INPP-unit this increased amount will increase twice again. So in
2011 the formed SO2 amount in Lithuania will increase six time. Further the SO2 formation
will geminate only after 10 years.

At the same time in Estonia between 2005 and 2010 formed SO2 amount will increase
twice but graduate. From 2010 this amount will be almost steady.

After closure of first INPP unit the SO2 formation in Latvian power sector will
decreased by use of fuel of less sulphurity and further will not intensive fluctuate.

Conclusions

a) According to both energy development strategy scenarios CO2 emission will increase.
According to Scenario 1 CO2 emission will change from 7500 kt/a in 2002 to 21000 kt/a in
2020 (it will reach 20000 kt/a up till 2016). According to Scenario 2 CO2 emission will
change from 7000 kt/a in 2002 to 18000 kt/a in 2020 (it will reach 15000 kt/a up till 2013).

b) According to both energy development strategy scenarios SO2 emission will grow
every year. According to Scenario 1 SO2 emission will change from 60 kt/a in 2002 to 175
kt/a in 2020. According to Scenario 2 CO2 emission will change from 65 kt/a in 2002 to 205
kt/a in 2020.
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Abstract

Hax has been ofgreat importance in Latviafor a long tirre. It is a sources ofraw materials ofvaluable products
- fibre and oil for national economy. The total content of oil andfatty acids in the 42 sorts of linseed was
determined. The use ofpre-seeding biostimulators (microorganism metabolite - Germin, microelements copper,
zinc and boron) resulted inpositive changes in total contents of an oil and unsaturatedfatty acids (linoleic and
linolenic) in the linseed offollowing generation was determined. Under the influence of biostimulators an
augmentation oftheyield offlax strawfor 8-21% in comparison with control was oboserved. Theyield of linseed
increasedfor 6-28%, correspondingly.

Keywords: flax, pre-seeding biostimulators, fatty acicks.

levads

Lini Latvijas lauksaimnieciba jau no seniem laikiem ienémusi nozimigu vietu. Linus
audzéja gan pasSu vajadzibam, gan eksportéja 20-30 tikstoSu tonnu gada par 45 miljoniem latu
[1]. 2002. g. linu sejumu platibas Latvija sasniedza 1935,1 ha, salidzinot ar 2001. g. tas
palielindjas par 596,8 ha. Tautsaimniecibai lini dod divus vértigus produktus: Skiedru un ellu.
Linu Skiedra tekstilripniecibas bilancé péc kokvilnas ienem otro vietu un ir viena no
visstiprakajam un izturigakajam augu Skiedram. Linu seklas satur 35-42% ellas un Iidz 23%
olbaltumvielas [1].

Linu audzéSana ir perspektiva, jo no tiem iegtstamie produkti ir pilnigi izmantojami.
Linu Skiedra 85-90 % apméra tiek eksportéta un ir konkurétspéjiga ES tirgh. 2002. gada
Latvija pardoti linu stiebrini 6116 t, salidzinot ar 2001. gadu par 2137 t jeb 35% vairak.
Vidéja raziba 3,15 tha-1 Ar katru gadu uzlabojas ari iegutas razas kvalitate. Pardota linu
stiebrinu produkcija 92,7% apjoma novértéta ar 1,25 un 1,50 numuriem. Valsts par izaudzéto
linu produkciju izmaksaja subsidijas 405707 Ls, kas sastada 66,3 Ls par linu stiebrinu tonnu.

Linu pirmapstradi veic SIA “Latgales lini”, SIA “Linex”, SIA “LaKralini”’, SIA
“Rajiena”. Linu pirmapstrades uznémumos iespéjams parstradat 24000 t linu stiebrinu.
Sekmigi strada SIA “Latgales lini”, jo tika uzstaditas jaunas iekartas katonizétas linskiedras
razoSanai un pilnveidotas linu pirmapstrades ceha iekartas, lai uzlabotu iegutas produkcijas
kvalitati un palielinatu razigumu.

Latvija izaudzétais linu stiebrinu daudzums tomér nenodroSina ar nepiecieSamo
produkciju linu pirmapstrades uznémumus, tapéc nepiecieSams iepirkt linskiedru no citam
valstim.

Latvija audzé galvenokart garskiedras un nelielas platibas ar ellas linus. Linu audzétaji
iegust ari linséklas, no kuram iegast linellu, kurai ir plass pielietoSanas spektrs. Linu ellu
izmanto farmakologisko, medicinisko un kosmétisko preparatu izgatavoSana. Augstaka
labuma linellu lieto kulinarija, konditorijas rdpnieciba, lauksaimniecibas produktu
konservéSana u.c. [1]. Linu ellu un no tas iegtto pernicu plasi lieto krasu, laku, ka art koksnes
izstradajumu rapnieciba. Sie produkti izcelas ar “videi draudzigam” TpaSibam, tapéc to
razoSanas palielinaSana Kllst arvien nozimigaka. Linseéklu parstrades procesd rodas
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spraukumi, kurus izlieto veértigas lopbaribas — rausu ieguvei. No linellas razoto produktu
eksports ir nozares potenciala ievérojama rezerve, kas pagaidam tiek izmantota nenozimigi,
bet var klut loti svariga, pieaugot linu audz€Sanas apjomiem.

Talakai linkopibas attistibai nepiecieSams palielinat linu razibu, ka arm paaugstinat
kvalitati, vienlaicigi samazinot paSizmaksu. Linu audz&Sanas tehnologija viena no
perspektivakajam augu imunitates palielinasanas metodém, augSanas stimulatoru (Germinu,
cinka un vara boratus) izmantosana, kas saudz€ vidi un neatstaj kaitigu ietekmi.

Materiali un metodes

Sikdispersi cinka (ZnO-B,05-H,0, 3Zn0-5B,03-14H,0, 2Zn0-3B,03- 7TH,0)* un vara
(3Cu0-2B,03 - 7H,0) borati (turpmak saisinati ZnB, CuB), kuri sintezéti RTU Neorganiskas
kimijas institata profesores J. Svarces vadiba, ir pielietojami linu séklu pirmsséjas apstradei,
appudergjot tas ar preparatu mazas devas vienlaicigi ar kodinaSanu. Mazas devas un apstrades
metodg cinka borats (ZnB) un vara borats (CuB) nepiesarno apkartgjo vidi un linu produkciju
ar Kimiskajam vielam un tos var uzskafit par dabai draudzigiem.

Art fitohormons-citokinins Germins, ko producg baktérijas Pseudomonas stutzeri 136 ir
dabai draudzigs, nekaitigs cilvekiem un dzivniekiem. Fitohormons Germins sintez&ts Dr. biol.
I. Miskes vadiba [2].

Fitohormona Germina, CuB un ZnB, ka ar1 $o vielu kombinaciju regulativas funkcijas
pétitas linu Skirnei “Laura” (2000./2001.gada izmé&ginajumi). Ellas satura un sastava
noteikSanai linséklas izmantotas ari Skirnes, kuras audzétas linu genétisko resursu kolekcija.

Lauka izmé&ginajumos (2000., 2001.g.) linseéklu apstradi veica sekojosi:

1 litra Gidens izskidina 5 ml fitohormona Germina un $o §kidumu izsmidzina uz 100 kg
s€klu, vienlaicigi ripigi tas maisot. P&c tam 100 g cinka vai vara boratu sajauc ar vajadzigo
devu kodnes un apptiderg ar Germina skidumu samitrinatas seklas, atkal tas ripigi maisot.

Irméginajumus iertkoja péc rendomizéto bloku metodes 6 atkartojumos. Laucina
kopgja platiba 6 - 3,5m = 21m”, izm&ginajuma kopgja platiba 1428 m” Laucina uzskaites
platiba 6 - 3.2m = 19,2m* Augsne — tridaini podzoléta glejaugsne. Augsnes agrokimiskais
raksturojums: organisko vielu saturs — 6,5%, pH — 7,0, fosfora nodro§indjums — 145 mg-kg™
augsnes, KO — 118 mgkg” augsnes. Mikroelementu saturs: var§, bors, mangans, cinks (péc
augsnes kartogrammas rezultatiem) — vidgs Iidz zems. PriekSaugs — ziemaji.
Pamatméslojuma pielietots kompleksais m&slojums 6 : 26 : 30.

Meteorologiskie apstakli 2000. un 2001. gada vegetacijas periodos bija atSkirigi un
dazadi ietekmgja linu augSanu un attistibu. 2000. gada maija pavasara salnas un mitruma
deficits aizkavgja linu digSanu. Jiinija laika apstakli bija labveligi augu augSanai un atfistibai.
Jalija nokriSnu daudzums 1,8 reizes parsniedza normu. Augusta pirmaja puse laika apstakli
uzlabojas un labveligi ietekmégja linu nogatavosanos. 2001. gada maija aukstais un sausais
laiks aizkavgja linu augSanu un attistibu. Jiinija nokrisnu daudzums palielinajas, kas sekméja
augu augSanu. Julijs bija loti karsts. Augstas temperatiiras negaftivi ietekmgja linu zied&Sanu.
Augusta gaisa temperatira nedaudz pazeminajas, bet nokrisnu daudzums bija tikai 30% no
normas. Sadi meteorologiskie apstakli paatrinaja un negativi ietekmé&ja linu nogatavosanos.

Izméginajuma gados meteorologiskie apstakli bija saméra nelabvéligi linu augSanai un
atfistibai.

Lauka izmégindjumos noteica linu salminu un séklu razu. Lini vakti agra
dzeltengatavibas faze, noplicot ar linu pliicamo masinu TLN-1.5, sasieti kuliSos zavésanai uz
lauka. P&c tam tie nokulti ar kulmasinu “Eddi”.

Linséklas noteica kopgjo ellas daudzumu [3] un taukskabju saturu ella RTU
Materialzinatnes un lietiSkas kimijas fakultat€ profesores E. Gudrinieces vadiba. Ellas saturu
linseklas noteica, ekstrah&jot Soksleta aparata. Taukskabju saturu linseklas noteica sekojosi:
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lins€klu ellas gliceridus paresterificeé par taukskabju metil€steriem, izSkidina heptana un
analizg ar gazes-Skidruma hromatografiju [4].

Datu matematiska apstrade (vidgjo aritm&tisko un reprezentacijas kludas, ka ari
robezstarpibas aprékini) un att€lu izveide veikta ar datorprogrammam AMS Fxcel.

Rezultati un diskusija
Linu salminu un linséklu raza

Lauka izmé&ginajumos, kur séklu pirmss€jas apstradei izmantots tikai fitohormons
Germins (0,05ml-kg™), linu salminu razas pieaugums ir 13%, bet linséklu raza palielinajusies
par 8%, salidzinot ar kontroli (1. tab.).

Seklu pirmsséjas apstrade ar vara boratu (1g-kg” linseklu) sekmégjusi linu salminu razas
pieaugumu par 19%, salidzinot ar kontroli, bet, pielietojot vara borata un Germina
kombinaciju (CuB 1g'kg”, Germins — 0,05ml-kg™ linseklu), linu salminu razas pieaugums ir
27%. Lins€klu razas pieaugumi $ajos variantos ir 22% un 34%, salidzinot ar kontroli (1. tab).

Izmantojot séklu pirmsséjas apstradei cinka boratu (1g-kg™ linséklu), linu salminu raZas
pieaugums ir 14%, bet pielietojot cinka borata un Germina kombinaciju (ZnB lgkg™,
Germins 0,05ml-kg™” linsgklu), linu salminu razas pieaugums ir 16%, salidzinot ar kontroli.
Linseklu razas pieaugums $ajos variantos ir attiecigi 6% un 19% (1. tab).

1. tabula
Stimulatoru ietekme uz linu salminu un linséklu razu
Stimulatori Salminu raza Seklu raza

t-ha” % t-ha” %
Kontrole 5,59 100 0,65 100
Germins (0,05ml-kg™) 6,22 113 0,7 108
CuB (1g'kg™) 6,67 119 0,79 122
ZnB (1g'kg?) 6,36 114 0,69 106
CuB (1g-kg") + Germins (0,05ml-kg™) 7,08 127 0,87 134
ZnB (1g-kg™") + Germins (0,05ml -kg) 6,49 116 0,77 119

¥0,05=0,40 Y0,05=0,03

Izmé&ginajumu rezultatu novirZu ticamibas aprékini rada, ka iegltie razas pieaugumi ir
batiski gan linu salminiem, gan linseklam.

Linu salminu un lins€klu razas palielinasanas mikroelementu ietekmég, iesp&ams,
skaidrojama ar to, ka var§, bors un cinks gan bidami daudzu fermentu sastava, gan ka
kofaktori augos notiekoSajas reducéSanas—oksidésanas reakcijas [5, 6] ietekm& metabolisma
procesu norisi un l1dz ar to art razu.

Salidzinosi lielaka mikroelementu ietekme uz linu razu ir vara borata, cinka borata un
Germina kombinacijam. Acimredzot, dabas fitohormona regulativa ietekme uz gé€nu
ekspresiju [7, 8] intensivak realiz€as auga notiekoSajos metabolisma procesos, tajos
iesaistoties mikroelementiem.

Linseklu ellas sastavs

RTU Materialzinatnes un lietiSkas kimijas fakultates augu ellas p&tijumu grupa noteica
s€klu ellas saturu un tauskabju sastavu. Péfitas ellas, iegiitas no 42 linu skirném, audz&tam
linu genétisko resursu kolekcija un ellas, ieghtas no linséklam, kas audzétas no séklam
apstradatam ar mikroelementiem un Germinu.
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Linella atSkiras no citam ellam ar to, ka ta satur daudz polinepiesatinato taukskabju (I1dz
73%): linolskabe (©0-6) 11-18%, linolénskabe (©-3) 47-60%. Linolénskabes saturs ir atkarigs
no linu Skirnes, genotipa un svarstas no 3-9% Iidz 63-69% [9]. Linolénskabe, linolskabe u.c.
nepiesatinatas taukskabes ir neaizstajamas taukskabes, kas nerodas cilvéka organisma un
cilvekam ir jauznem ar uzturu. Rekomend&ama koncentracija linolénskabei un linolskabei
partikas produktos ir 1 un 2 % attiecigi. Ir ieteikta arT linolskabes un linolénskabes attieciba
70 : 30, ko var iegut, ellas sajaucot atbilstosas proporcijas. Augstais linolénskabes saturs linu
ella veicina tas atro oksidésanos. Augu ellas linolskabes trigliceridi oksidgjas 10 reizes atrak,
linolenskabes 25 reizes atrak ka oleinskabes trigliceridi. Tapéc pedgja laika mekle iespgjas
samazinat linolénskabes gliceridu saturu linella. Kanada ir raditas linu skirnes, kas satur
mazak ka 3% linolénskabes. 1994 g. sakts iegit ellu no linu skirnes “Solin” seklam (2. tab.).

2. tabula
Linu Skirnes “Solin” séklu gliceridu taukskabju saturs, %
Palmitinskabe Stearinskabe Oleinskabe Linolskabe Linolénskabe
Cie:0 Cig.0 Cig.1 Cig:2 Cig3
59-6,6 33-43 12,7-25.1 62-75.8 2-32

Ir noteikts ellas saturs linu seklas un taukskabju sastavs ella. Augstakais ellas saturs —
40,71% ir skirnei “B-873”, bet zemakais Skirnei “Aurore” — 29,19% no seéklu masas (skat. 3.
tab.). Ellas daudzums ellas linu seklas ir 39-45% (skat. 3. tab., paraugs 1-8), bet garSkiedras
linu seklas 35-39% [10]. Péetitie lini pamata ir garSkiedras lini (skat. 3. tab., paraugs 9-42). Péc
taukskabju satura ellas linu ella maz atSkiras no garskiedras linu ellas, atSkiribas taukskabju
satura, domajams, vairak atkarigas no linu skirnes.

Skirngm ar mazaku linolénskabes saturu (<50%), ka piem. “Kastji¢iai”, “T-127,
“Sojuz”, “Belinda”, “Engelum II” oleinskabes saturs ir >30%. Samazinoties linol&nskabes
saturam un pieaugot oleinskabes, palmitinskabes un stearinskabes saturam ella, samazinas
ellas oksidgjamiba un palielinas stabilitate. Var prognozét, ka ella, iegiita no lins€klu skirnes
“Kastji¢iai”, varetu biit stabilaka par pargjam, jo tas sastava ir viszemakais polinepiesatinato
skabju saturs (10,71% piesatinato, 33,66% mononepiesatinato, 55,63% polinepiesatinato
skabju).

Biitu velams izveidot linu $kirnes, kuru s€klas linolénskabes (©-3) un linolskabes (-6)
attieciba butu 30 : 70, kas ir ieteikta ka velama partika [9]. Pétitas linu Skirn@s $adu skabju
attiecibu iegiit neizdevas, bet dazam Skirn€m linolénskabes un linolskabes attieciba ir tuvu
velamai, piem&ram, “Argos” (26 : 74), “Engelum II” (25 : 75), “Electra” (25 : 75).

Analizgjot lauka izméginajumos izaudz&tos linus, kur séklu pirmsséjas apstradei bija
izmantoti biostimulatori, pec ellas satura seklas (1., 2. att.), konstat&jam, ka tas sekmgjis ellas
satura pieaugumu par 0,19% (ZnB piedeva) lidz 1,22% (CuB + Germins piedeva). Izmainijies
art ellas kvalitativais sastavs: palielindjies nepiesatinato taukskabju oleinskabes (par 0,3—
1,4%) un linolskabes (par 0,2-0,8%) daudzums.
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Linu $kirnu séklu analizes rezultati

2. tabula

ISBN 9984 — 585 -68 -9

Nr. Linu Mitruma | Ellas Gliceridu taukskabju saturs, %
Skirne saturs saturs | palmitin- | stearin- | olein- | linol- | linolén-

scklas, | seklas, skabe skabe | skabe | skabe | skabe

% % C16:0 C18:0 C18:1 C18:2 C18:3

1. B-873 8.68 40,71 6,40 0,66 20,56 | 13,02 | 59,36
2, B-291 13,40 40,23 6,64 0,64 20,74 | 12,80 | 59,19
3. B-141 8.26 40,13 6,79 0,66 21,00 | 13,14 | 58,41
4. Torzovskij 4 7,77 39,49 5,48 0,61 2438 | 1443 | 55,10
3. B-784 7,93 39,37 6,20 0,70 20,70 | 12,90 | 59,60
6. Kastjiciai 7,70 39.29 9,81 0,90 33,66 | 12,22 | 43,41
7. B-645 .19 39,25 6,59 0,55 20,88 | 12,83 | 59,60
3. Currong 7,68 39,02 5,50 < 29,00 | 14,60 | 50,90
9. Emilin 8.84 38,89 4,97 0,50 2284 | 13,97 | 57,73
10. | Adoininskij 7,38 38,85 5,52 0,61 2936 | 14,00 | 50,52
11. |Barbara 8,63 38,24 5,57 0,54 26,30 | 12,47 | 55,00
12. [B-467 8.77 38,13 5,95 0,61 21,49 | 13,09 | 58,86
13. | Domaninskij 8,74 38,10 5,17 0,55 26,62 | 13,21 | 51,23
14. | Te-500/1 8.41 37,39 5,58 0,60 26,53 | 13,15 | 54,15
15. |T-12 8.47 37,39 5,00 0,66 35,30 | 11,40 | 49,60
16. |Sojuz 8,09 37.08 4,98 0,47 31,36 | 14,65 | 48,54
17. |W-196 8.43 37,04 4,52 0,55 2544 | 1452 | 54,97
18. | Stepnoj 7,84 36,79 6,22 0,62 2494 | 1427 | 53,93
19. | Argos 8,69 36,72 4,93 0,51 26,52 | 1747 | 50,56
20. | Polesskij-3 8.02 36,64 5,30 0,55 2971 | 13,85 | 50,59
21. |Belocka 8,39 36,57 4,95 0,54 2532 | 1529 | 53,90
22. | Bekovskij krjz. 4,19 36,25 5,22 0,50 27,80 | 1430 | 52,19
23. | Pskovskij krjz. 8,17 36,11 7.41 0,70 28,03 | 1445 | 4941
24. |Natasja 8,14 36,06 5,59 0,62 23,61 | 1534 | 54,84
25. |Nr.211 8.37 36,02 5,40 0,70 2950 | 1540 | 49,10
26. |Ariadna 8,68 35,98 4,75 0,45 25,07 | 15,96 | 53,77
27. |Beiitelsdorfer 8,63 35,84 5,52 0,62 2726 | 1452 | 52,08
28. |Sv-8240513 8.08 35,48 5,05 0,61 2724 | 15,10 | 52,00
29. |Diane 8,23 35,18 4,63 0,49 26,36 | 14,03 | 54,49
30. (19 8.64 35,10 5,07 0,49 29,02 | 13,31 | 52,11
31. | Glukovskij 7,82 34,80 6,30 < 2290 | 1430 | 56,50
32. |Belinda 8,47 34,79 4,20 0,73 32,10 | 15,00 | 48,20
33. |Omega 8,83 34,66 4,76 0,48 29077 | 11,81 | 53,18
34. |Engelum I 8,21 34,36 3,00 0,69 32,20 | 16,10 | 47,90
35. |W-768 8.89 34,28 4,77 0,55 25,82 | 1428 | 54,60
36. | Porhovskij krjz 8,24 34,23 5,12 0,51 28,26 | 14,10 | 52,01
37. |W-357 8.38 33,72 5,11 0,59 26,64 | 1428 | 5338
38. |Elektra 8,18 33,23 6,09 0,66 2544 | 17,17 | 50,64
39. [D-1372-70 8.03 33,22 5,40 0,58 2698 | 14,52 | 52,51
40. |Nynke 8,54 32,50 4.41 0,46 2486 | 1546 | 54,80
41. |Vera 8,26 32.38 4,99 0,42 2635 | 1545 | 52,79
42. | Aurore 8,00 29,19 6,06 0,52 23,01 | 1437 | 56,10
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O Oleinskabe O Linolskabe
1 att. Ellas saturs linséklas 2. att. Olein- un linolskabes saturs linséklu
ella
Secinajumi

Linu Skirnes “Laura” seklu pirmsséjas apstrades ar biostimulatoriem - mikroorganismu

metabolitu Germinu, vara un cinka boratiem, k& arf So savienojumu kombinacijam ietekme ir
sekojosa:

linu salminu raza biostimulatoru ietekmé palielinas par 13-27%, salidzinot ar kontroli, bet
linséklu raza attiecigi par 6-22%;
linu séklas biostimulatoru ietekmé palielinds kopéjais ellas daudzums, ka art olein- un
linolskabes saturs ella.

Ta ka linséklu ella ir nozimigs partikas, tehnisko resursu un arstniecibas avots, varam

turpmak ieteikt linu audzétajiem izmantot séklu pirmsséjas apstradei mikroorganismu
metabolitu Germinu, vara un cinka boratus, lai palielinatu ellas un nepiesatinato taukskabju
saturu linséklas.

Linu genétisko resursu kolekcija séklam noteikts ellas saturs un taukskabju saturs.

Analizéjot ieguatos rezultatus secinajam:

augstakais ellas saturs - 40,71% ir Skirnei “B-873”, bet zemakais Skirnei “Aurore” -
29,19% no séklu masas,
péc taukskabju satura ellas linu ella maz atskiras no garskiedru linu ellas, atskiribas vairak
atkarigas no linu Skirnes,
linolénskabes (w-3) un linolskéabes (ww-6) attiecibu 30 : 70, kas ir ieteikta ka velama partika,
iegut neizdevas, bet dazam skirném (“Argos”, “Engelum 11", “Electra”) Si attieciba ir tuvu
vélamai,
ir viszemakais polinepiesatinato skabju saturs.

legltie ellas satura un sastava rezultati ir loti noderigi selekciongjot jaunas linu skirnes.
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BIOTOPU AIZSARDZIBAS PROBLEMAS TERVETES DABAS PARKA
Biotope Protection Problems in Tervete Nature Park

I. Straupe, A. Adamovics
Latvijas Lauksaimniecibas universitate, Liela iela 2, Jelgava, Latvija, LV-3001,
e-mail:alexadam@cs.llu.lv, tel /fax.: +371 30 05629

Abstract

Tervete Nature Park is a particular cultural, historical and geographical object. To overcome problems with
regard fo the existing biotope protection, the inventory of woodland key habitats and natural meadows has been
carried out using aprrobated research methods.

Great biological diversity including great amount of medical and rare plants found in the Park has been
described. Spridisu and Auzinu meadows are typical dry meadows. Silalibiesu, Illenu and Plavnieku meadows
are moderately moistured meadows. Meadows' flora of Tervete Nature Park is formed by two vegetation classes:
Molinio-Arrhenatheretea and Festuco-Brometea.

A complex of measures has been offered to maintain biological diversity as will as for woodland biotopes and
utilization of natural meadows.

Keywords: Tervete Nature Park, woodland key habitats, meadows, flora, biodiversity.

Ievads

Pedgjos gados arvien lielaka nozime tiek pievérsta biologiskas daudzveidibas
saglabasanai ekosistemas. Dabisko mezu biotopu un plavu nozime uzsveérta gan starptautiska -
ES direktiva , Par dabisko biotopu, savvalas augu un dzivnieku sugu aizsardzibu” (Eiropas
Padomes 1992.g. 21 maija direkftiva), gan nacionala konteksta [1, 2].

Sobrid dabiskas plavas Latvija atrodas upju paliends un aiznem 1% no valsts teritorijas.
Pusdabisko plavu plafiba strauji samazinas, jo patreiz&jas ekonomiskas situacijas del laukos
arvien mazak tiek tur@ti lopi; plavas paliek neplautas un nenoganitas un tas aizaug ar
krimiem. Biologiskai daudzveidibai nozimigakas ir tas plavas, kas ilgsto§i nav méslotas vai
ielabotas. No vairak ka 1650 Latvijas ziedaugu un paparzaugu sugam ceturta dala atrasta
plavas. Plavas aug apmé&ram 100 Latvijas Sarkanas gramatas sugas, piemeram, orhidejas,
jumstinu gladiolas, Sibirijas skalbes, drudzenes u.c. [3].

Teérvetes dabas parka vegetacija ir loti bagata un daudzveidiga. Lielaka parka dala
apklata ar meziem, salidzinosi nelielas plafibas aiznem Te&rvetes upes palienu plavas un
sausienu plavas, ka arT lauces mezu ielokos. Galveno parka dalu aiznem platlapju- priezu
mezi. L1dzigi mezi Latvija nelielas platibas sastopami tikai upju ielejas. Tadi mezi veidojusies
sekundari bijuso lauksaimniecibas zemju vietas [4].

Pédgjo gadu butiskakais progress biologiskas daudzveidibas apzinasanai Latvija ir
dabisko meza biotopu un plavu inventarizacija.

Pétijuma mérkis - noskaidrot un analiz&t Tervetes dabas parka dabisko meza biotopu un
plavu daudzveidibu un prognozet to optimalo apsaimniekosanas pasakumu kompleksu.

Materiali un metodes

Térvetes dabas parka dabiskie meza biotopi(mezaudzu atslégas biotopi) vai potencialie
dabiskie meza biotopi (potencialie mezaudzu atslégas biotopi) inventariz&ti pec Valsts meza
dienesta un Zviedrijas Ostra Gotaland Meza parvaldes kopprojekta “Mezaudzu atslégas
biotopu inventarizacija” noteiktas metodikas [5].

Par katru konstateto dabisko meza biotopu vai potencialo dabisko meza biotopu
aizpildita inventarizacijas kartina, kura noradits DMB/PDMB nosaukums, konstatetas
specialas biotopu sugas un indikatorsugas, ka ar1 sastopamie struktiiras elementi.
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Tervetes dabas parka plavu augu sabiedribas aprakstitas p&€c Brauna-Blanke metodes [6-
8] 1999. un 2001.g. vasara. P&ffjumi veikti seSos zalaju masivos (Silalibiesi, Auzinas, Illeni,
Plavnieki, Spridisi, Tervetes upes palienes plavas), kas atskiras pe&c augu sabiedribu
kompleksa un apsaimniekoSanas. Vegetacijas analize veikta 10 parauglaukumos (1m?) katra
masiva, lai ietvertu visu parstavéto augu sabiedribu daudzveidibu. Parauglaukumos vizuali
noteikts katras sugas segums procentos. RaZibas noveértesanai katra masiva ievakta 1m? zales
raza desmit atkartojumos. Zale nosveérta svaiga un sausa veida.

Plavu augu sabiedribu apraksti klasificeti péc to sugu sastava ar daudzdimensiju
analizes metodi TWINSPAN (9), bet nomenklatira vaskularajiem augiem noteikta péc
Gavrilovas un Sulcs [10].

Augsnes paraugi ievakti ar zondi katra plavu masiva, to analize veikta LLU Augsnes
zinatnes katedra, izmantojot aug$nu analizu standarta metodes [11].

Rezultati un diskusija

Tervetes dabas parks (platiba 1350 ha, t.sk. zalaji 88.7 ha, kas ir valsts aizsardziba no
1957. gada, atrodas Dobeles rajona) ietilpst Viduslatvijas geobotanisko rajonu grupa. Dabas
parka konstatéti 77,7 ha (5,8% no teritorijas kopplafibas) dabiskie un potencialie dabiskie
meza biotopi (DMB/PDMB), t.sk. dabiskie meza biotopi - 49,5 ha (25 meza nogabali) un
potencialie dabiskie meza biotopi- 28,2 ha (4 meza nogabali).

Dabiskais meza biotops (DMB) ir biotops, kur ir atrodamas specialas biotopu sugas,
kas 1zzid koksnes razas iegliSanai apsaimniekojamos mezos. Indikatorsugas un struktiras
elementi meza biotopa liecina par specialo biotopu sugu klatblitni, un tas ir pamats, lai
mezaudzi novertetu ka dabisko meza biotopu. Speciala biotopu suga ir apdraudéta suga, kuras
pastavesana atkariga no loti specifiskiem biotopiem (meza biotopiem) un, kura izzudis, ja Sie
biotopi tiks apsaimniekoti sugu pastavéSanai nepiemérota veida. Indikatorsuga ir suga, kurai
ir samera augstas prasibas pret dzives vidi, bet ne tik augstas ka specialajai biotopu sugai.
Indikatorsuga nav Latvija apdraud@ta suga un to iespgjams izmantot tapec, ka ta nav tik reta
vai tik gruti konstatgjama ka speciala biotopu suga. Lielaka dala sugu parstav primitivakas
augu un dzivnieku grupas: kérpjus, siinas, piepes, kukainus(vaboles), gliemjus. STm grupam
nozimigi ir dazadi struktiiras elementi, kas sastopami dabiskajiem meziem Iidzigos meza
nogabalos un ipasi ekologiskie apstakli saimnieciski neskarta meza. Struktiiras elementi ir
struktiiras meza, kas ir svarigas specialajam biotopu sugam, piem&ram, dazada veida kritalas,
sausokni, dazadu sugu veci koki. [5]

Izdaltti arT potencialie dabiskie meza biotopi (PDMB) - biotopi, kuri, apsaimniekoti
biologiskas daudzveidibas saglabasanai - priezu, eglu audz&s 20 gadu, ozolu, osu, liepu, gobu
un viksnu audzes 30 gadu, apsu, bérzu un melnalksnu audzés 10 gadu laika vargtu kltt par
dabiskajiem meza biotopiem.

Térvetes dabas parka dabisko/ potencialo dabisko mezu biotopus var iedalit Cetras

grupas.
1. Avotains meZs (geologiskds uzbiives nosacits meZa biotops)- 8,8 ha; "Avotains mezs" ir
mezaudze vai tas fragments, ko ilgstosi ietekm@jis avots vai speciga gruntsiidens izplude.
Sads biotops veidojas vairakas atseviskas vietas, kur izplast gruntsiidens un ietekmé plagaku
teritoriju. ST DMB nozimibu biologiskds daudzveidibas veicinaSanai palielina ipatngjie
hidrologiskie apstakli. Pastaviga gruntsiidens izpliide nodro§ina avotu neaizsalSanu ziema un
visu gadu saglaba nemainigu zemu temperatiiru, kas ir Tpasi svarigi specialajam biotopu
sugam.

Sadiem meza biotopiem apsaimniekofana nav nepiecielama. Lai saglabatu
mikroklimatu DMB, veicot mezZsaimniecisku darbibu apkartgjas platibas, ap to vajadzétu
atstat 20-40 m platu aizsargjoslu. No audzes nedrikst izvakt nevienu kalstosu koku vai jebkura
veida koksnes atliekas. Nosusinasana iznicina §1 DMB biologisko daudzveidibu.

260
ISBN 9984 — 585 -68 -9



Environment.Technology.Resources. 2003

2 .Skujkoku meZs- 40,3ha/27,5ha; "Skujkoku mezs" ir dabiski atjaunojusies audze, kura
vismaz 80% koksnes krajas veido skujkoki. Tas ir borealo skujkoku mezu veids, kura
parstavetas degSanai paklautas priezu audzes. Butiskakie struktiiras elementi Sajos biotopos ir
ir vecas, liela izméra priedes, sausokni un kritalas, kas atrodas saulaina vietad. Vairuma
gadijumu priezu mezos sausoknu, stumbenu un kritalu trikums ir sanitaro cirSu rezultats.
Tados gadijumos butisks raditajs priedem ir raupja, bieza miza (“krokodiladas miza”) un lieli
sausi zari. Ka butiska speciala biotopu suga $aja gadijuma ir priezu svekotajkoksngrauzis
Nothorina punctata, kur§ apdzivo “krokodiladas mizu”. Lai stimulétu biologisko
daudzveidibu, saistitu ar priedi, labaka apsaimniekoSana butu dalga egles izcirSana. No
audzes nedrikst izvakt nevienu nokaltuSu koku vai jebkura veida kritalu un koksnes atliekas.
3. Melnalk$nu meZs- 0,4ha; "Melnalksnu mezs" parstav Eirosibirijas melnalkSnu staignajus.
Ta ir dabiski atjaunojusies, augliga, dal&ji pastavigi applustosa, sugam méreni bagata lapu
koku audze uz parmitram kidras augsném, kas neparpurvojas. Koku stava doming
melnalksnis, bet piemistrojumu veido bérzs un baltalksnis. Raksturiga iezZime ir izteikts
mikroreljefs, ko veido neapplustosi cini ap koku pamatn&m un atkariba no gada laika dalgji
pastavigi appliistosi laukumi starp ciniem. Cinainais mikroreljefs nosaka mozatkveida augaja
pastavésanu. Mitruma un gaismas mikrogradients lauj vienlaicigi lidzas pastavét ekologiski
dazadam sugam. Kokaudzei raksturigs nelidzens vainagu klajs un dazadvecuma struktiira.
AtjaunoSanas lielakoties notiek atv@rumos, kas radusSies p&c v€gazém. Melnalksni parasti
atjaunojas no dzinumiem uz ciniem.

Bitiski struktiiras elementi ir dazadu veidu biologiski veci koki, cini, veci sausokni,

dabiski izveidojusies stumbeni un kritalas. Melnalksnu kritalas parasti ir tievakas neka citu
koku sugu kritalas. ArT uz relativi tievam melnalkSnu kritalam var atrasties specialas biotopu
sugas. Par ilglaicibu liecina dazadu vecumu un izmé&ru kritalas un kritusie koki dazadas
sadaliSanas un mitruma pakap€s. Koku kontinuitati uzrada rakstu kerpja Graphis scripta
sastopamiba. Par ilgstosu ekologisko kontinuitati liecina arT stumbenu parklajums ar epifitisko
siinu segu. Sada meZaudze jaatstdj dabiskai attistibai. Lai saglabatu mitru mikroklimatu DMB,
veicot mezsaimniecisko darbibu apkartgjas platibas, ap DMB jaatstaj 30m platu aizsargjoslu.
No audzes nedrikst izvakt nevienu nokaltusu koku vai jebkura veida koksnes atliekas.
Nosusinasanas rezultata §is DMB/PDMB iet boja.
4. Cits lapu koku mezs- 0/0,7ha. "Cits lapu koku mezs" ir dabiski atjaunojusies audze, kura
vismaz 50% audzes krajas veido lapu koki( baltalksnis, berzs). To skaris nozimigs dabisks
(vejgaze, ugunsgreks) vai antropogéns (kailcirte) trauc€ums, kam ir sekojusi dabiska
sukcesija ar lapu koku pioniersugam. Sis biotops bieZi vien dabiski atjaunojas agrak izcilu
platlapju vai mistrotu skujkoku- lapu koku mezavieta. Biotopam raksturiga ir
pasizretinasanas. Butiski struktiiras elementi ir dazadu veidu biologiski veci koki, veci
sausokni, dabiski izveidojusies stumbeni un kritalas. To daudzums ir biitiski atkarigs no meza
ieprieksgjas apsaimniekoSanas.

ApsaimniekoSana Seit nav nepiecieSama, mezaudzes atstajot dabiskai atfistibai. Ja
kada iemesla dél ievieSas egle un tas apdraud ar lapu kokiem saistito biologisko daudzveidibu,
egli var dalgji izcirst, lai stimul&tu lapu kokus. No audzes nedrikst izvakt nevienu nokaltusu
koku vai jebkura veida koksnes atliekas.

Dabisko mezu apjomiem pasaul& pasreiz ir tendence samazinaties, to skaita arT Latvija
pastav draudi izzust attiecigajam regionam raksturigajiem dabisko mezu paraugiem, ka ari
samazinas augu un dzivnieku sugu skaits, kuras atkarigas no dabiskajiem meziem.

Konstatetie dabiskie/potenciali dabiskie meza biotopi liecina par retu un aizsargajamu
mezu sastopamibu T&rvetes dabas parka. NepiecieSams veidot biotopu tiklu, ieklaujot taja
vecuma un sugu sastava zina atbilstoSus meza nogabalus bez saimnieciskas darbibas, lai
nodrosinatu specialo biotopu un indikatorsugu eksistenci nakotné.
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Plavu ka pusdabiskas vegetacijas pastavésana un tajas esosas biologiskas daudzveidibas
saglabasana ir atkariga no apsaimniekoSanas. Zales plausana un noganiSana rada Tpasus
augSanas apstaklus, kas dod iesp&ju vienkopus augt lielam skaitam augu sugu. Tacu galvenie
faktori, kas nodrosina lielu biologisko daudzveidibu, ir ekstensivu apsaimniekoSanas metozu
ilgstoSa lietoSana. Taja pat laika apsaimnieko$anas veidu nomainas rezultata (plausana,
ganiSana—dedzinasana) vegetacija klist mainiga, sugu sastavs nestabils, un veidojas
nepastavigas augu sugu kombinacijas; biezi vien robezsabiedribas starp dazadiem plavu
tipiem, vai ari notiek augu sabiedribu nomaina [12]. Sadas augu sabiedribas ir griiti
klasificgjamas, ka to parada ari Térvetes dabas parka klasteru analiz iegitais aprakstu
neviendabigums.

Pétijumos konstatéts, ka Tervetes dabas parka plavas ir salidzinosi produktivas, to
floristiskais sastavs ir loti daudzveidigs un dinamisks (1.tab.). Produktivitates un botaniska
sastava izmainu pamata ir konkréta gada meteorologiskie apstakli un antropogéno faktoru
ietekme. Produktivitates svarstibas pa gadiem ir izskaidrojamas galvenokart ar biitiskam
atSkiritbam nokrisnu daudzuma attiecigajos gados — 1999. gada vegetacijas periods bija loti
sauss, bet 2001. gada — loti slapj$.

1. tabula
Tervetes dabas parka plavu raziba un floristiskais sastavs, %
Siena Plavu floristiskais sastavs, %

Plavu mastvi :f;i stiebrzales taurinziezi platlapji  kosveidigie grislveidigie

1999 2001 1999 2001 1999 2001 1999 2001 1999 2001 1999 2001
Silalibiesi 192 282 35 28 20 14 40 40 5 6 - 12
Auzinas 191 481 40 56 10 18 50 26 - - - -
Illéni 210 516 70 51 1 - 29 58 - - - 1
Plavnieki 223 350 50 60 25 15 25 25 - - - -
Spridisi 241 133 50 30 10 2 40 68 - - - -
Térvetes upes plavas 292 3.14 50 63 - 5 30 27 - 1 20 4

Silaltbiesu plavu augsne ir vid€ja smilSmala (sMy) velénglejota (GLg): pHxkci 7.0, P20s
— 48 mg kg ' (zems nodrosinajums) un K,0 — 106 mg kg™ (videjs nodrosinajums). Silalibiesu
plavas (21.1 ha, siena raza 2.37 t ha ) ir méreni mitras plavas, kur augu kopas veido
stiebrzales - 32 %, taurinziezi - 17 %, platlapji - 40 % , kosveidigie - 6 % vidgji pa diviem
gadiem, bet grislveidigie — 12 % paradas mitrakos gados. Sajas plavas sastopamas septinas
neielabotu plavu indikatorsugas: dzirkstelite - Dianthus deltoides L., lielziedu vigrieze -
Filipendula vulgaris Moench, 1sta madara - Galium verum L., spradzene - Fragaria viridis
Duch., stepes timotin$ - Phleum phleoides (L.)H Karst., vidgja celmalite - Plantago media L.,
kalnu abolins - 7rifolium montanum L..

Auzinu plavu augsne ir vidgja smilSmala (sM) velénglejota augsne (GLg): pHxcr 8.1,
P,05 — 25 mg kg™ (loti zems nodrosingjums) un K,0 — 83 mg kg (vid&js nodro§ingjums).
Auzinu plavas (4.6 ha, siena raza 3.36 t ha ') arT ir sausleju plavas, kur augu kopas veido
stiebrzales - 48 %, taurinziezi - 14 %, platlapji - 38 %, tai skaita 5 % sastada meza
sunuburkskis - Anthriscus sylvestris (L.)Hoffm. Sastopamas piecas neielaboto plavu
indikatorsugas: dzirkstelite — Dianthus deltoides, spradzene - Fragaria viridis Duch., vidgja
celmalite - Plantago media, klin§u noraga - Pimpinella saxufraga L., kalnu abolins -
Trifolium montanum.

Silalibiesu un Auzinu plavas (25,7 ha) ir izmantojamas ka Tervetes dabas parka
biologiskas daudzveidibas saglabaSanas objekti. Zelmena botaniskais sastavs liecina, ka
plavas veidojusas no meza, nav méslotas un kalkotas. SilalibieSu un Auzinu plavas nav
plautas vairakus gadus, tapec §is plavas ekstensivi jaapsaimnieko- janoplauj vismaz vienu
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reizi divos gados, vélams jalija, lai sekmétu ziedaugu séklu izplatiSanos vai janogana. So
plavu labakai saglabasanai ir nepieciesams likvidét krimu un koku apaugumu. Sis plavas ir
saglabajamas ka Te&rvetes parka neatnemama sastavdala ar estétisko nozimi- “ziedu plavas”,
jo zelmenu produktivitate ir zema.

Illénu plavas (3.7 ha, siena raza 3.63 t ha Y ir méreni mitras plavas, kur augu kopas
veido stiebrzales — 61 %, taurinziezi — 1 %, platlapji — 44 % vidgji pa diviem gadiem.
Botaniskais sastavs liecina par to, ka plava ir uzlabota, jo ir pies€tas stiebrzales, tadel
neielabotu plavu indikatorsugas praktiski nav, iznemot vidgo celmaliti - Plantago media.
Plava paslaik praktiski nav taurinziezi. lllénu plavas regulari saimnieciski izmanto- plauj un
ielabo ar mineralmé&sliem. Ari turpmak vélams izmantot plausanai, ka ari, lai uzlabotu
agronomisko verfibu, blitu v€lams piesét taurinziezus.

Spridisu plavas veidojusas uz viegla smilSmala (sM3) nepiesatinatas briinaugsnes
(BRn): pHicr 7.1, P2Os — 60 mg kg™ (zems nodroinajums) un K,O — 88 mg kg (vidgjs
nodro$inajums). Spridisu plavas ir sausleju plavas. Tas (7.7 ha, siena raza 1.87 t ha ) vietam
ielabotas ar taurinzieziem. Stiebrzalu sugu sastavs liecina par plavas dabisku izcelsmi. Masiva
konstatétas neielabotu plavu indikatorsugas: dzirkstelite- Dianthus deltoides, lielziedu
vigrieze - Filipendula vulgaris, spradzene Fragaria viridis Duch., 1sta madara - Galium
verum, purva geranija - Geranium palustre L., asinssarta geranija — Geranium sanguineum L.,
vidgja celmalite- Plantago media, purva geranija - Geranium palustre L., klinSu noraga -
Pimpinella saxifraga. Zelmena sastava vidgji ir 40 % stiebrzales, 6 % taurinziezi un 54 %
platlapji. Spridisu plavas vietam sak aizaugt ar lapu kokiem. Plavas (7,7 ha ) atrodas pilskalna
teritorija, kas ir Tervetes dabas parka kultlirv@sturiskais centrs, tadel to apsaimniekoSana butu
nepiecieSams ieveérot vesturiskas tradicijas- ziedosas plavas l1dz pat Janiem, ar siena gubam,
saglabajot ainavisko un estetisko vertibu. Plavas ir izmantojamas ekstensivi.

Plavnieku plavas atrodas uz malsmilts (mS) nepiesatinatas briinaugsnes (BRn), kas
paslaik raksturojas ar sekojosiem agrokimiskajiem raditajiem: pHgcr 5.8, P,Os — 70 mg kg™
(zems nodro§inajums) un K,0 — 89 mg kg™ (videjs nodrosinajums). Plavnieku plavas (39 ha,
siena raza 2.86 t ha ) ir vidgji mitras plavas, no tam dala ir ielabotas un saimnieciski loti
augstvertigas. Neielabotu plavu indikatorsugas konstatétas plavas nomal@s: dzirkstelite -
Dianthus deltoides, , 1sta madara- Galium verum, kalnu abolins- Trifolium montanum.
Zelmena sastava vidgji ir 55 % stiebrzales, 20 % taurinziezi, no tiem 15 % s&as lucerna -
Medicago sativa L. un 25 % platlapji. Dal&ji uzlabota ar hibrido lucernu ir centrala Iidzena
reljefa dala. Plavnieku plavas tiek regulari apsaimniekotas — plautas un ganitas. Art turpmak
§is plavas ve€lams izmantot gan plauSanai, gan ganiSanai, jo nelidzena reljefa dél vietam
plausana ir apgritinata.

Térvetes upes palienes augsne ir viegla smilSmala (sM3) graudaina aluviala (ALt):
pHier 6.6, POs — 13 mg kg™ (loti zems nodroinajums) un K,0 — 31 mg kg’ (zems
nodro§indjums). Térvetes upes palienu plavas (2.6 ha, siena raza 3.03 t ha ™) ir applistosas
plavas, kas sezonali bagatinas ar palu Gidenu atnestam organiskam un neorganiskam vielam.
Tajas veidojas savdabigs mikroreljefs ar raksturigu higrofitu vegetaciju. No neielabotu plavu
indikatorsugam vietam tika konstateta vidgja celmalite- Plantago media. Augu kopas veido
stiebrzales — 57 %, platlapji — 29 %, tai skaitad meza sunuburkski — Anthriscus sylvestris 15 %,
plavas latvanis - Heracleum sibiricum L. 5 %, gri§laugi — 12 %, no kuriem domin& meza
meldrs — Scirpus sylvaticus L.. Grislaugi ir dabiski §ada biotopa veidotaji. Tervetes upes
palienu plavas sausas vasaras var izmantot plausanai. Grislaugu dél plausana ir javeic maija
beigas, junija sakuma, kad baribas vertibas tajos ir visvairak. Mitros laika apstaklos, kad zali
ir iespgjams noplaut tikai velak- julija, to var izmantot pakaiSiem, jo baribas vertiba ir zema.
Biologiskas daudzveidibas saglabaSanai zales plauSanas augstumam palienu plavas jabut
vismaz 10 cm virs zemes. Tas pasarga no saplausanas daudzas dzivnieku sugas. Izmantojot
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§is plavas ir jaatstdj atseviSkas nenoplautas 1 - 2 m platas joslas vai 1 - 2 m* laukumi, kas
jamaina katru gadu.

Sausam plavam kalkainas augsnés (Auzinu un SpridiSu plavu masivi) raksturiga liela
kalcifilo divdigllapju sugu daudzveidiba, §is plavas ir arT nozimigas orhideju atradnes. Tajas
[idz Ssim nav konstatétas orhideju sugas, tacu nepiecieSami detalaki petijumi. Tradicionala un
ieteicama apsaimniekoSana sadam plavam ir gani$ana.

Mereni mitras plavas (SilalibieSu plavu masivs) ar lielu divdigllapju, augsto un vidgjo
augsto stiebrzalu sugu daudzveidibu ir siena plavas, kas tiek plautas vairak vai mazak
regulari. Dazkart tajas ari gana, bet tradicionali tas ir darits tikai attala.

Seviski nozimigi ir dabisko meza biotopu un plavu aizsardzibu un apsaimniekoSanu
uzsakt tiesi Tpasi aizsargajamas dabas teritorijas, reto un aizsargdjamo biotopu atradngs. Sadas
vietas ir nepiecieSams veikt monitoringu — ka neatnemamu ikviena aizsardzibas un
apsaimniekoSanas pasakuma sastavdalu [13].

Dabas parkiem jakl@ist par paraugu tadai teritorijas organizacijai, kas lauj saglabat
izcilus dabas veidojumus, organizét atpiitu dabas vidé un nodrosinat normalus apstaklus
lauksaimniecibas un mezsaimniecibas attistibai.
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BIOFILTRACIJAS SISTEMAS PIELIETOJUMS KS)MPOSTEgANAS PROCESA
ATKRITUMGAZU ATTIRISANAI

Biofiltration System for Purification of Composting Waste Gases

S. Strikauska', Dz. Zaril,la2 » Al Bérzi1,1§2 , U. Viesturs®
1Latvijas Lauksaimniecibas universitate, Liela iela, 2, Jelgava, Latvija,
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Abstract

The biofiltration technique for the purification of polluted air from composting facility volatile compounds was
studied. Two different biowaste composting techniques were compared with regard to emission of NH 3 and H,S.
The ammonia removal was observed in aerobic phase of active composting period, respectively H,S in
anaerobic phase. Biofiltration process was realized in modified solid- state fermentation system (SSF). The
biodegradation of volatile compounds was investigated in one and two stage systems with inert packing material
and hemoautotrofic microorganisms designed DN-1 (Pseudomonas sp.), DN-2 (Nitrisomonas sp.), DN-3
(Nitrobacter sp.) and DN-13 (Sarcina sp.) and Thiopharus-3. The observed concentration of volatile H,S in
composting reactor not exceeded 120 mg/m” and the biofilter can be used to control this gas emission. Since NH ;
is a toxic compaund for biofilter at a concentrations 400 mg/m>, multi- stage biofilter system is recommended to
control the pollution in aerobic compost reactor.

Keywords: biowaste, composting, waste gases, biofiltration.

Ievads

Tradicionalas tehnologijas gaisa atfiriSanai no piesarnojuma ietver fizikalas vai
kimiskas metodes, kuru realiz€Sana ir saistita ar augstam temperatiram un nepiecieSamibu
neitralizét raduSos blakus produktus. Biezi §is metodes pavada jauna piesarnojuma rasanos.

Biofiltracija ka metode gaisa atfiriSanai no piesarnojuma pamatojas uz dabigo vai

modificéto biologisko sistému ipaSibam tranformét Sos savienojumus apkartéjai videi
pienemamos [1, 2]. Biofiltracija var tikt izmantota dazadas razoSanas sféras gan organisku,
gan neorganisku gaistoSu savienojumu degradeSanai galvenokart pie zemam gazu
koncentracijam [3]. Tas prieksrociba ir tehniski vienkarSa procesa realizacija un
biotransformacijas rezultata netoksisku savienojumu veidosanas.

Darba meérkis bija izstradat biofiltracijas sist€ému gaisa atfiriSanai no kompost€Sanas
procesa izdalitajam atkritumgazem, procesu realiz&jot modificeta cietfazes sistema.

Materiali un metodes

Biofiltracijas sistéma tika parbaudita organisko savienojumu kompostéSanas procesa
izdalito gazu biodegradacija. Kompostésanai tika izmantotas zagu skaidas- 500 g, akfivas
diinas —1,0 1 no Rigas pils. BAI “Daugavgriva”, dolomita skembas- 50 g, un alus riipniecibas
atkritumprodukts- raugi. KompostéSanu realizgja 5 | reaktora anaerobos (3 nedélas) un
aerobos ( 2 nedélas) apstaklos. Organiskas masas KSP bija robezas no 32000 lidz 19450 mg
O2/1. KompostéSanas procesa tika kontrolets kvalitativais un kvantitativais izdalito gazu
sastavs. KompostéSanas reaktors tika savienots ar 2 biofiltriem amonjaka un seriidenraza
biodegradacijai (1.att.). Biofiltri tika izveidoti uz cietfazes fermentatoru bazes [4, 5]. Atkariba
no kompostg€sanas procesa reZzima, intensitates un izdalito gazu koncentracijas, tika izveidota
vienpakapju vai divpakapju biofiltracijas sisteéma. Biofiltru darba tilpums bija 200 ml.
Amonjaka degradacijai ka nes€ju izmantojam akmens Skembas, seridenraza degradacijai —
stikla Skembas. Biofiltri periodiski tika mitrinati ar mineralo barotni.
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1. att. Daudzpakapju biofiltracijas sistéma kompostéSanas procesa
izdalito atkritumgazu degradésanai
1- kompostesanas tvertne, 2- biofiltrs s€rlidenraza degradesanai, 3,5,6- cirkulacijas sukni,
4,7- biofiltri amonjaka degradesanai, 8- gaisa pievads, 9- ventili.

NH3 un H2S koncentracijas izejosaja un ieejoSaja gazé mérfjam ar Gastec, Grager
detektoriem: NH3 (3 La: 2,5-200 ppm, 5/A: 5-700 ppm un H2S (4L; 1-240 ppm) .

Procesa realizacijai izmantojam no notekiidenu dunam izol€tu mikroorganismu
asociacijas: DN-1 (Pseudomonas sp.), DN-2 (Nitrisomonas sp.), kuru kultivgjam sekojoSa
sastava barotn€: (NH4),SO4 - 1,0 g, K;HPO, - 1,0 g, NaCl - 2.0 g, MgSO47H,0 -0,5 g,
FeSO47H,0 - 0,001 g, CaCOs - 10 g, H,0 - 1000 ml, (pH 7.0-7.8).

DN-3 (Nitrobacter sp.) DN-13 (Sarcina sp.) kultivgjam §ada barotn&: NaNO2- 1 g,
K;HPO4 - 0,5 g, MgS047H20 —1,0 g, Na Cl- 0,5g, d. tidens — 1000 ml, pH-8,3-8,8.

Sérudenraza biodegradacijai izmantojam 7hiobacillus thioparus, ko kultivg§jam §ada
barotng: Na2S03.5H20g, NH4Cl1-0,1 g, Na2HPO4.2H20- 0,2 g, MgCI2.6H20- 0,1 g, krana
tidens 1000 ml, pH 8,0-8,5.

Biofiltra mitrinaSanu veicam ik pec 5 dienam ar mineralo barotni (plismas artums 1
I/st). Biodegradacijas procesa efektivitates izvert€Sanai izmantojam tadus raditajus, ka
amonija un sérudenraza aizvadiSanas efektivitate (DE).

Rezultati

Atkariba no komposteéSanas procesa reZima noverojam mainigu izpliistosas gazes
daudzumu un méramo gazu koncentraciju. Gazes plismas atrums no komposta reaktora
svarstfjas robezas no 0,2 ml/min Iidz 5,5 ml/min. Izdalito gazu kvalitativo sastavu noteica
galvenokart komposta sastavs, kompostéSanas reZims un temperatira.

Anaerobais process raksturojas ar Hz2S izdali§anos un maksimalo gazes koncentraciju
120 mg/m?, amonjaka koncentracija gazé $aja procesa neparsniedza 10 mg/m3. Kopgjais
izdalitas gazes daudzums anaerobaja procesa 3 nedelu laika sasniedza 13,0 1.

Aerobaja procesa kop@jais izdalitas gazes tilpums 2 nede€lu laika sasniedz 1,9 1.
Parsvara tika noverota amonjaka izdalisanas ar maksimalo ta koncentraciju gaze 171 mg/m?.
Sis gazes izdalisanas liela méra bija atkariga no komposta materiala temperatiiras.
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Veicot secigu anaerobo (3nedelas) un aerobo (2nedelas) komposte€Sanu un, amonjaka
degradacijai izmantojot daudzpakapju biofiltracijas sistemu, tika panakta 87 % s€riidenraza un
75 % amonjaka biodegradacija (1. tab).

1. tabula
Komposte§anas procesa izdalito atkritumgazu biodegradeSanas efektivitate
Anaerobais process Aerobais process DE, % DE, %
H,S, mg/m’ NH;, mg/m’ (H,S) (NH3)
Biofiltra ieejosa | No biofiltra | Biofiltra ieejosa | No biofiltra
gaze izejosa gaze gaze izejosa gaze
10 0 3 0 100 100
25 0 15 0 100 100
30 0 47 0 100 100
41 0 70 5 100 83
72 5 91 10 93 76
120 15 171 20 87 75

Nemot véra, ka aerobas kompostéSanas gadijuma izdalita amonjaka koncentracija
sasniedza 171 mg/m* un netika noverota s€riidenraza izdali§anas, biodegradacijai izmantojam
divpakapju amonjaka biofiltracijas sistemu (2. tab.).

Pie amonjaka koncentracijas sakot no 47 mg/m’ biofiltracijas sistémas biodegradacijas
efektivitate samazinajas .Divpakapju sistema pie $adas gazes koncentracijas deva iesp&ju
palielinat amonjaka degradé€Sanu lidz 100 %. Palielinoties ieejos§a amonjaka koncentracijai
lidz 171 mg/m’, biodegradacijas sistémas efektivitate sasniedza tikai 75 %.

Stradajot ar modelsistémam (ar firam gazém) un palielinatu biofiltru virsmu lidz 1,7 m?
(filtra daba tilpums 3 1) ar min&tajam gazu koncentracijam var sasniegt ievérojami augstaku
biodegradacijas efektivitati [6].

2. tabula
Ieejosa un izejosa amonjaka koncentracija divpakapju filtracijas sistéema
1. biofiltrs 2. biofiltrs DE, %
Ieejosa gaze, Izejosa gaze, | leejosSa gaze, | Izejosa gaze, (kopeja)
mg/m3 mg/m3 mg/m3 mg/m3
3 0 0 0 100
15 0 0 0 100
47 20 15 0 100
70 45 30 5 83
91 52 48 10 76
171 85 77 20 75
Secinajumi

1) darba izmantotas biofiltracijas sistémas gazu degradacijas efektivitate bija atkariga no
komposteSanas reZima (anaerobs, aerobs process) un gazu plismas atruma t. i. no
kompost&Sanas procesa intensitates,

2) biofiltracijas sistema efektivak var tikt pielietota anaerobaja kompostéSanas procesa
izdalito gazu attiriSanai; s€riidenraza koncentracija izdalitaja gaze sasniedza 120
mg/m’, biofiltracijas kolonas degradacijas efektivitate bija 87 %,

3) biofiltracijas sistémas pielietojumu gaisa atfiriS8anai aeroba kompostéSana nosaka
kompostesanas procesa intensitate. Aktivaja procesa (50° C ) pie gazu plismas atruma
5,5 ml/ min un ieejoSas gazu koncentracijas 171 mg/ m?® amonjaka degradacijas
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divpakapju biofiltracijas sistemas 1. pakape sasniedza 77 %. Atlikuma gazes
biodegradacija otraja sisteémas pakape sasniedza 75 % .

4) kontrolgjot kompostéSanas procesu : pazeminot temperatiiru, gazu pllismas un
amonjaka koncentraciju (temperatira 40-25° C, gazu plusmas atrums-2,5 ml/min un
amonjaka koncentracija- 15 mg/m®) vai palielinot biofiltra virsmu, amonjaka
degradacijai var tikt izmantota vienpakapju biofiltracijas sistéma sasniedzot 100 %
biodegradacijas efektivitati.
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Transient Process Modelling in Waste Water Aeration Unit
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Abstract

To minimize the expenditure of electrical energyfor communal waste water biological treatment the simulation
and investigation of oxygen transfer efficiency in aeration tank have been made. Soluted oxygen transfer
efficiency NO(Hg.1) is one ofthe main importantfactor directly estimating the expenditure of electrical power
for waste water aeration. The research object is an aeration tank (Fig.2) with one input impact —the air
blower’ capacity Lg (nm3h), one output controlled parameter - dissoved oxygen concentration C (g/n and
several perturbances such as waste water tenperature T (°0), weste water afflux Q (nh) and biological
oxygen need La (g/m3 for complete purification. Oxygen’ transfer efficiency depends on the weste water
temperature, the depth ofaerator immersion h (m), airflow intensity Ad (n3disc.h) and the air diffusor’ density

For simulation andpractical design ofthe air blower control system the equations ofstatics C=f(Lg Q La T, h
Xd, af and dynamics C=f(t) have been compiled. That mede possible to estimeate the static gains for control
channel Kaandfor perturbances Kq KT as well as the time constant ofthe aeration tank Ta The analysis prove
that the aeration tank is a non-stationary control object with the variable static and dynamic parameters and
needs adaptive controller with predication of oxygen consumption. The block diagram for transient process
simulation of the axygen concentration control system have been compiled using model of the actual PID
controller and the “Matlab’ subprogram “Simulink”.

Keywords: Waste weter, agration, oxygen, concentration, control, transferfunction, modelling.

levads

Notekldenu biologiskas attiriSanas ietaisés lielakais elektroenergijas patérétajs ir
aeracijas kompresori, kas nodrosina attirisanas procesa nepartrauktibu. Tadel aeracijas iekartu
elektriskas piedzinas izvéle un tas raZiguma optimala reguléSana ir aktuals tehnisks un
ekonomisks jautajums [1, 2].

Lai noteiktu aeracijas iekartas nepiecieSamo razigumu un jaudu, ka ari lai realizétu tas
optimalu reguléSanu atbilstoSi procesa norisei, nepiecieSams veikt notektdenu aeracijas
tvertnes ka automatiskas vadibas objekta statisko un dinamisko raksturojumu analizi un
parejas procesu modeléSanu mainigas slodzes apstaklos [3].

Ekologisko objektu modeléSana pielieto matematisko analizi, aprakstot parejas
procesus tajos ar parastajiem vai parcialajiem diferencialvienadojumiem [4]. Skabekla
parneses dinamisko procesu notekldenu aerécijas tilpné var aprakstit ar viendimensijas
modeli, jo membranas tipa diskveida gaisa difuzori, kas izvietoti pa visu aeracijas zonas
laukumu nodroina vienmérigu gaisa skabekla sadali un izlidzinatu iz8kidusa skabekla
koncentraciju visa notektdenu tilpuma [3, 5].

NotekOdenu aeracijas tilpnes statiska vienddojuma sastadiSanas metodika un
linearizacija, pielietojot nelinearas daudzfaktoru funkcijas izvirzijumu Teilora rinda ar
parcidlajiem atvasindjumiem, apskatita publikacijas [3, 6, 7]. Dotaja darba veikti statiska
vienadojuma koeficientu preciz&jumi, izmantojot firmas “Flygt” datus [5], k& ari sastadits
aeracijas zonas viendimensijas modelis nestacionaram reZimam un iegati ta statiskie un
dinamiskie parametri.

legltie aeracijas procesa statiskie un dinamiskie raksturojumi skabekla koncentracijas C
regulésanas kanalam Lg*C un perturbaciju iedarbes kanaliem T C; g=Q(LaLt)
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deva iesp&u modelet skabekla koncentracijas regul@Sanas procesu notekiidenu aeracijas
tvertne.

Iz8kidusa skabekla koncentracijas automatiskas reguléSanas sistémas algoritmiska
struktiirshéma sastadita izmantojot automatiskas vadibas teorijas matematisko aparatu [8, 9],
bet parejas procesu model&Sana un optimizacija veikta izmantojot matematiskas laboratorijas
“Matlab” apaksSprogrammu “Simulink”[10] .

Gaisa skabekla izmantoSanas efektivitate

Notekiidenu attiriSanas procesa bakterijas patéré tident izSkiduso skabekli. Skabekla
SkiSana tdent notiek laika, kad gaisa ptislisi no difuzoriem pacelas lidz Gdens virsmai. Lidz ar
to gaisa putgju pievadita skabekla lielaka dala aizplist atmosfera. Lai samazinatu gaisa piiteju
patéréto elektroenergiju, kas proporcionala to razigumam, baitiski svarigi ir paaugstinat gaisa
skabekla izmantoSanas efektivitati.

Firmas “Flygt” membranas tipa diskveida gaisa difuzoru raksturliknes (1.att.) parada
skabekla izmantosanas koeficienta n, atkaribu no gaisa padeves daudzuma caur 1 disku Aq
(m*/h uz disku) pie dazadiem aeratora iegremdéSanas dzilumiem h = 3,6 un 9 m un
difuzoru izvietojuma blivuma oy = (0,025-0,25) uz 1 m? aeracijas virsmas laukuma.

Skabekla izmantoSanas efektivitate

60
%
50 —— -
Q\' h=9 m
— 0,25
40 0,025
:F\)\’ h=6m T —x
'\'n\‘i\” /7 0,25 .
30 /| 0025
T
h=3
20 pi— 4—m 0,25
Z ] -
— 0,025
10 I —
0
0 1 2 3 4 5 6 7 8 myh ¢

Gaisa padeve uz disku
1.att. Gaisa skabekla izmantoSanas efektivitates koeficients 1, (%) atkariba no
gaisa padeves daudzuma caur vienu disku Aq ( m’/h), gaisa difuzoru
izvietojuma blivuma o= 0,025- 0,25 un gaisa difuzoru iegremdesanas dziluma h(m).

Skabekla izmantoSanas efektivitati butiski iespaido aeratora iegremdesSanas dzilums.
Robezas no 3 Iidz 6 m koeficients 1, palielinas proporcionali dzilumam h. Zem 3 m skabekla
izmantoSanas efektivitate strauji kritas, jo samazinas gaisa pusliSu kontakta laiks ar Gideni.
Kontakta laiks samazinas arT palielinot gaisa padevi A4 caur difuzoriem, jo palielinas gaisa
puslisu pacelSanas atrums. Palielinot disku blivumu o uz 1 m® aerdcijas laukumu pie
nemainiga summara gaisa padeves daudzuma koeficienta n, vertiba paaugstinas divu iemeslu
del: pirmkart, palielinas gaisa pusliSu skaits, kas kontaktgjas ar ideni; otrkart, samazinas to
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pacelSanas atrums. Palielinot disku blivumu ,proporcionali pieaug kapitalieguldijumi, kurus
dalgji var kompensét ar elektroenergijas papildus ietaupijumu. Firmas “Flygt” ieteiktais
difuzoru blivums ir 0,6 1idz 6 diski uz 1 m?* Lai noteiktu optimalo risindjumu, nepiecieSama
ekonomiska analize.

Veicot 1.attéla raksturliknu regresijas analizi, iegiita pusempiriska izteiksme skabekla
izmantoSanas koeficienta n, analitiskai aprékinaSanai:

My = Nomue &0 (— k(A)K(0,)A,) (1)

kur Momax = 1 — exp(-0,083 h) - n, maksimala vertiba atkariba no gaisa difuzoru
iegremdeéSanas dziluma h; k(h) =(0,11-0,008h) — raksturliknes n, = f(Aq)
korekcijas koeficients péc difuzoru iegremdesanas dziluma h;
k(os)= exp(-2,2 oy ) - korekcijas koeficients péc difuzoru blivuma o,
Iegto izteiksmi var izmantot notekiidenu attiriSanas ietaiSu rekonstrukcijas aprékinos,
lai izveletos aeracijas iekartas piemerotako tehnisko risinajumu.

Aeracijas tilpnes vienadojumi statiska un dinamiska rezima
Izmantojot pétijumu rezultatus par skabekla pdrneses efektivitati notekiidenu aerdcijas
procesd ,iegiila precizéla izteiksme gaisa piteju nepiecieSamd raziguma Lg aprékinasanai:

— Q(La — LL‘)
Lg - > (2)
k(B)k, (1o, 4, (C. =€)

kur ki(h) = 5,8[ 1-exp(-0,1h)] — korekcijas koeficients p&c gaisa difuzoru
iegremdésanas dziluma, h;
ko(T) = 0,02T + 0,6 — korekcijas koeficients pec notekiidenu temperaturas, T;
ks(o, Ag )= exp [-(0,11-0,008h) exp(-2,2 o;) Mg ] — korekcijas koeficients
pé&c difuzoru blivuma o un gaisa padeves daudzuma caur 1 disku Aq ;
Cc=(0,0025 T* - 0,3 T+14,2) (1+0,05h) — skabekla §kidiba tident, g/m’;
C — skabekla koncentracija notekiidenos, g/m’;
Q - notekuidenu pieplides daudzums, m*/h;
L, — biologiskais skabekla patérin§ BSP notekiidenu pilnigai attirisanai,g/m’;
L, — paliekoais BSP, g/m’.

No izteiksmes (2) var izteikt iz8kidusa skabekla koncentraciju ka funkciju no Cetriem
mainigiem argumentiem Lo, Q, L,, T un diviem konstantiem parametriem h un o;. Lai
vienkarSotu statiska vienadojuma linearizaciju un talako analizi, ievedam kompleksu iedarbi q
= Q(La-Lt) — skabekla patérina intensitati, g/h.

Skabekla  koncentracijas  automatiskas regul€Sanas  sistémas  algoritmiskas
struktirshémas sastadiSanai janosaka statiskie parvades koeficienti regul&osas iedarbes
kanalam L, — C un perturbaciju iedarbes kanaliem ¢ - Cun T — C. Sai noliika nelinedro
funkciju C = f(L,, q, T) izvirza Teilora rinda parcialo atvasinagjumu forma pie sakuma
nosacijumiem C=C,; Lo=Loo, q=qo; T=T, un atmet augstako kartu nelinearos atlikumus. Tad
iegust lineariz&tu statisko vienadojumu :

AC=k, AL, +k,Aq+k, AT, (3)
kur

oC q,

! 8Lg k1 (h)kz (To )k3 (Gs 'ﬂ’do )ngo

271
ISBN 9984 — 585 -68 -9



Environment.Technology.Resources. 2003

- regulgjosas iedarbes kanala parvades koeficients, (g/m>)/(m’/h);

_ oC _ 1
N oq K, (h)kz (To )ks (Gs Ao )Lgo

k
- galvenas perturbacijas- skabekla paterina iedarbes kanala parvades koeficients,
(g/m*)/(g/);

~ % B 0,02q,
- or - kl (]’l)kz2 (To )k3 (Gs 'ﬂ’do )Lgo

k, —(0,3-0,0057, X1+ 0,05h)~

- notekiidenu temperatiiras iedarbes kanala parvades koeficients, (g/m’)/°C.

Regulgjot gaisa padeves daudzumu L, ,visi parvades koeficienti mainas. Tatad parejas
procesa laika skabekla koncentracijas regul@Sanas sistémas parametri ir nestacionari, kas
apgriitina tas analizi. So problému var dalgji novérst, apskatot sistémas darbibu ierobezota
apgabala, kura var pienemt , ka koeficienti k,, kq un kt ir konstanti.

Skabekla parneses nestacionaro procesu aeracijas tilpn€ (2.att.) sastada, pienemot, ka
gaisa sadale pa visu aeracijas laukumu ir vienmériga un izskidusa skabekla koncentracija
aeracijas tilpuma ir izlidzinata. Tad iegust vienkarsotu skabekla parneses dinamiskas bilances
vienadojumu pie sakuma nosacfjumiem t=0, C=C,, q=qo, Lg=Lgo:

Tadﬁ—tc+AC=kaALg , (4)

kur

7, = Ve
! kl (h)kZ (To )k3 (Gs /’i’do )‘Lgo

- aeracijas tilpnes laika konstante, kas raksturo parejas procesa inerci, h;

k, = To
‘ kl (h)k2 (7; )k3 (Gs /’i’ do )ngo

- aeracijas tilpnes statiskais parvades koeficients, kas raksturo tas jutibu pret
regul&joso iedarbi AL, (g/m’)/(m’/h) .
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Pienemot, ka attieciba qo/Lgo ~const, aeracijas tilpnes laika konstante Taun statiskais
parvades koeficients ka mainas gaisa padeves daudzuma reguléSanas laika. Palielinot gaisa
padevi Lguz aeracijas tilpni ,Taun kasamazinas. Tas nozime, ka samazinas procesa inerce un
reguléSanas objekta jutiba pret reguléjoso iedarbi. Jutibas samazinasanas izskaidrojama ar to,
ka palielinot Lgsamazinas skabekla izmantoSanas efektivitate.

2.att. Notektdenu aeracijas tehnologiska shéma: 1- gaisa patéjs; 2- aeracijas tvertne; 3-gaisa
difuzori; Vaaeréacijas tilpums,m"; h-difuzoru iegremdéSanas dzilums,m; Q- notektdenu
pieplude, m3h; La notektdenu BSP,g/m3; Lt- paliekoSais BSP, g/m3.

Skabekla koncentracijas reguléSanas sistemas algoritmiska struktirshéma
Skabekla koncentracijas reguléSanas sistémas modelt (3.att.) ieklauts proporcionali -
integralais - diferencialais (PID) regulators, kura algoritmiska strukttrshéma sastadita

atbilstoSi parvades funkcijai:

KP(Tis +1)(Tds + 1)
WPID(s) (5)
Tis(Tf s+ 1)

izmantojot “Simulink’ bibliotékas standartblokus,
kur kp- proporcionalas kédes parvades koeficients;
Ti - integréjosas kedes laika konstante, min;
Td- diferencgjosas kédes laika konstante, min;
Tf- filtru laika konstante, min;
s- Laplasa operators.
Valgjas sistémas parvades funkcija :

W(S;: k(Tis +D)(ra s +DN(S)

Tes(Tr S+ 1)Tas +1) (6)
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kur  k=kp keke ks — valgas sistémas parvades koeficients, (g/m®)/V
kr— frekvencu parveidotaja parvades koeficients, Hz/V;,

k, — gaisa piit€ja parvades koeficients, m’/min/Hz;

N(s) — nelineara posma (saturation) parvades funkcija.
Atgriezeniskas saites parvades funkcija:

k, exp (— T.S)

Wes ()= (7, s+1)

. (7)

kur k., — skabekla koncentracijas mérparveidotdja parvades koeficients, V/(g/m?);

tun T, — skabekla koncentracijas merparveidotaja transportkav&ums un laika

konstante, min.
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3.att. Skabekla koncentracijas regul€sanas sistémas algoritmiska struktiirshéma

Slegtas sisteémas parvades funkcija:

w(s)
1+ W(S).Was (S) ’

(ID(S) =

kN(YTs +1NT,s +1NTs +1)
Tl.s(Tfs + IXTas 1IN s +1)+ k k. exp(—75)N(s)

CD(S) =

(8)

kas apraksta sistemas galvena konttra darbibu pie konstantam perturbacijam. Nelinearais
posms “Saturation” tiek ieklauts algoritmiskaja struktirshéma, lai uzdotu frekvencu
parveidotaja izejas frekvences izmainas robezas, pieméram, f =25 + 25 Hz. Si bloka parvades
funkcija N(s) ir unificéta, tadel ta nav jaatsifre.
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Mainigas perturbacijas Aq un AT, kas tiesi iespaido iz8kidusa skabekla koncentraciju,
formé ar signalu generatoriem un padod uz aperiodiskiem inercialiem posmiem, kas apraksta
aeracijas tvertnes reakciju uz skabekla koncentracijas izmainu perturbaciju iespaida:

k| (9)

War sac (S) = m
t

kur k- temperatiiras iedarbes kanala parvades koeficients, (g/m’)/°C,
T, — temperatiiras iedarbes laika konstante, min.

k

Wi, sac (s)= ﬁ - (10)
-

kur  ky — skabekla patérina iedarbes kanala parvades koeficients,(q/m’)/(g/min);
T, — skabekla patérina iedarbes laika konstante, min.

Secinajumi

Veicot gaisa skabekla izmantoSanas efektivitates raksturltknu regresijas analizi, iegiita
izteiksme skabekla izmantoSanas koeficienta aprékinasanai atkariba no notekiidenu aeracijas
iekartas parametriem un gaisa padeves tehnologijas .

Sastaditi notekiidenu aeracijas tvertnes vienadojumi statiskam un nestacionaram
rezimam, kas dod iesp&u modelét skabekla parneses procesu , mainot objekta parametrus,
regul&joso iedarbi un galvenas perturbacijas.

Sastadita notekiidenu aeracijas procesa automatiskas regul€Sanas sist€émas
algoritmiska struktirshéma skabekla koncentracijas parejas procesa modeleSanai un
optimizacijai , izmantojot dinamisko sistému model&Sanas datorprogrammu “Simulink™.
lerobezota apjoma dél nav paraditi model&éSanas pieméri. Ar tiem var iepazities publikacija

[3]
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INFILTRATA SASTAVA ANALIZES AUSTRUMLATGALES REGIONA
IZGAZTUVES
Analyze ofLeachate Composition in the Dumpsites o fEast-LatgaleRegion

E. Teirumnieks, E. Abrickal
Rézeknes Augstskola, InZenieru fakultate, Dabas zinatnu katedra
Rézekne, AtbrivoSanas aleja 76, LV-4600, talr./fakss 4625788,
e-mail: edmunds t@navigator.lv, lerika20@navigator.lv

Abstract

There are are 28 working or closed but not recultivated municipal solid waste dumpsites in East-Latgale now. A

number ofthese dumpsites are situated near lakes, rivers, in old mineral quarries etc [3, 6]. All these dumpsites

pollute groundweter, soil andpresent dangerfor human health. One ofthe dangerousfactors is leachate which

isgenerated in these dumypsites and which pollutes groundwate, soil and drinking weter.

The analysis of leachate sample chemical content in the biggest East-Latgale dunysites “Ritini”, “Zvirgzdene’”,

“Zeloava” and “Mostovaja” hes been dore in 202 The contert of leadhete deppends on contert of weste, dunpsite
ec Tremostpolluted leachete is inthe biggest dunpsites ofregion-  “Ritini ”and “Zvrgzcerne”. These are city

dunpsites (Rezekne andLuokza). Significantly lesspolluted leachete isfound inthe durnrpsites “Zelceva™and “Mostovgja”™. This

isvalidfor all analyzedparaeters- QCD, conolctivity, NidoNHH+and dl.

Keywords: leachate, dunmpsites.

levads

Austrumlatgales regiona uz doto bridi (01.01.2003.) ir 28 darbojo3as vai ar1 slégtas, bet
nerekultivétas sadzives atkritumu izgaztuves. Liela dala no tam ierikotas tam nepiemeérotas
vietas - upju, ezeru un citu atklatu Gdenstilpju tuvuma, smildu, grants karjercs, vietas ar
augstu gruntstdens ltimeni utt..[3, 6] Tas izsauc apkartéjas vides piesarnojumu - virszemes
adeni, gruntsudeni, lidz ar to tiek apdraudéta art cilvéka veseliba. Lielakd no izgaztuvem ir
Rézeknes pilsétas izgaztuve “Ritini”, kura katru gadu apglabd ap 45000 m3 sadzives
atkritumu. 1znemot “Ritinu” izgaztuvi, Austrumlatgales regiona ir vél tris lielas izgaztuves,
kuras ir paredzéts izmantot parejas perioda pirms tiks uzbOvéts atkritumu noglabasanas
poligons. Tas ir: Ludzas rajona “Zvirgzdene” un “ZelCeva” un Rézeknes rajona “Mostovaja”.

Viens no bistamakajiem faktoriem, ar ko raksturojas Sis izgaztuves, ir tajas radies
infiltrats. 1znémums nav Austrumlatgales regions (Rézeknes un Ludzas rajoni) [4, 5].

Austrumlatgales regiona izgaztuvju infiltrata sastava analize

Infiltrata paraugi Rézeknes rajona izgaztuvés “Ritini” un “Mostovaja” un Ludzas
rajona izgaztuves “Zvirgzdene” un “ZelCeva” tika nemti un analizéti 2002. gada aprili, maija,
oktobrT un novembri. Vasara infiltrats netika analizéts, jo bija apgratinata paraugu nemsana,
sausuma perioda dél. lIzgaztuvju izvietojumu Austrumlatgales regiona skatit 1 attéla.
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L1 attéls. Infiltrata sastava analiZu vietas (izgaztuves) Austrumlatgales regiona.

Izgaztuve “Ritini”

Vizuali izvertéjot atkritumu sastavu, dominé galvenokart iepakojums, tas ir dazada
veida plastmasas, kartons, PET pudeles utt.. Salidzinosi maz atkritumu masa bija sastopami
tieSi partikas atkritumi, ka art stikls. l1zgaztuve no atkritumiem tiek atlasits kartons un papirs,
kas tiek sapreséts un nodots parstradei. [2] Ar to nodarbojas darbinieks, kas apsarga izgaztuvi.
Infiltrata paraugu nem3anas laika aprili un maija nedélu pirms tam nokridni nav bijusi. Veéra
nemams nokrisnu daudzums bija pirms paraugu nemsanas oktobri un novembrri.

Darba, veicot analizu datu grafisko apstradi, tika nemtas parametru vidéjas vértibas
attiecigaja laika posma, jo péc vidéjam vertibam ir vieglak veikt izgaztuvju infiltrata sastava
salidzingjumu un analizét tos.

Viens no parametriem, kurS janosaka infiltratam, ir elektrovaditspéja. Jo lielaka ir
elektrovaditspéja, jo vairak piesarnots tas ir. Elektrovaditspéjas rezultati atspoguloti 2. attéla.
“Ritinu” izgaztuves gadijuma iegutie elektrovaditspéjas rezultati svarstas loti plasas robezas,
sakot no 550 mS/m Idz pat 19852 mS/m. Tomér videjas vértibas ir 9000 mS/m robezas. Tas
atkarigs gan no infiltrata nemsanas vietas, gan gadalaika, gan atkritumu sastava dotaja vieta.

Mazakas elektrovaditspéjas vértibas iegutas vietas, kur analizu paraugi tika nemti
atkritumu masas malas, bet lielakas vértibas elektrovaditspéjai bija tur, kur analizu paraugi
bija nemti pasa atkritumu masa. Palielinatas elektrovaditspéjas vertibas bija maija, Sis
Vértibas vasaras ménesos, iespéjams ari butu augstakas, bet ta ka Saja perioda analizes netika
veiktas, tad to grati prognozét.

Ta ka ne vienmér no vienas un tas paSas vietas, bet tikai tuvu tai ir iespéjams panemt
infiltrata paraugu, tad nav iespéjams precizi salidzinat iegatos datus. Seviski grati to ir izdarit
tad, kad infiltrata paraugus nem tajas vietas, kur tiek apglabati atkritumi.

Amonijajonu koncentracija infiltrata svarstas no 26 lidz 74 mg/l, vidéja vértiba ir ap 50
mg/l (skat. 3. attélu).
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mR1tim mZvirgzdene Zelteva Mostovaja

2. attéls. Elektrovaditspejas videjas vertibas.

Parametrs, kas raksturo organisko vielu daudzumu infiltrata, ir Kimiskais skabekla
patérins (KSP). Tas tika noteikts tikai dalai no visiem nemtajiem paraugiem. legitas KSP
Vertibas svarstas loti plasas robezas (skat. 5. attélu), sakot ar 772 un beidzot ar 15633 mgO2|.
Vidéjas vertibas ir 8000 mgO2l robezas. Tas norada uz to, ka ir loti liels infiltrata
piesarnojums ar organiskajam vielam, seviski tas izteikts vietas, kur infiltrats tika nemts pasa
atkritumu masa. Vislielakas KSP vértibas bija vietas, kur sastopami lieli apjomi dazadu viegli
sadalo3os organisko atkritumu, pieméram, partikas atliekas, plauta zale utt.. Intensivaka
biodegradacijas procesa rezultatd rudens ménesos KSP vértibas ir lielakas neka pavasari
nemtajos paraugos.

Ritini —m— Zvirgzdene A Zelteva —e+— Mostovaja

3. attéls. Amonijajonu koncentréacijas vidéjas vertibas infiltrata.

Kopéja slapekla koncentracija svarstas (skat. 4. attélu) no 71 lidz 236 mg/l, vidéja ap
110 mg/l. Sada strauja kopéja slapekla vértibu maina saistas ar organiski sadaloSos atkritumu
klatbatni, ta ka organiskas vielas intensivaka sadaliSanas notiek silta lieka, tad ari vasaras
sakuma veértibas bija vislielakas.

Hloridu koncentracija tika noteikta tikai dalai no infiltrata paraugiem un Seit iegutas
vértibas ir robezas (skat. 6. attélu) no 128 lidz 565 mg/Il, vidéja ap 260 mg/I.

Izgaztuve “Zvirgzdene”

Vizuali apskatot atkritumus “Zvirgzdenes” izgaztuvé redzams, ka domingjoSie ir
iepakojuma materiali, ka pieméram plastmasa, polietiléns, PET pudeles, tetrapakas utt. Viena
dala izgaztuves atrodas zagskaidas, kuras aiznem tikai nelielu dalu no izgaztuves platibas. [1]
Turklat tas ir ievestas izgaztuvé jau sen, jo svaigas zagskaidas nebija redzamas. No visam
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apskatitajam izgaztuvém §i bija vieniga, kur infiltrats bija pieejams briva veida bez papildus
rakSanas. Bez tam, ka tas velak atklajas analizéjot nemtos paraugus, tiesi Sis izgaztuves
infiltrats saturéja vislielakas visu analizéjamo parametru koncentracijas. Infiltrata atrasanas
izgaztuves virsma izskaidrojama ar to, ka atkritumu Seit tiek nevis saspiesti, bet gan izlidzinati
uz izgaztuves malam, veidojot lielas kaudzes, tada veida laujot infiltratam stikties uz leju, ar
ko ari izskaidrojams tas fakts, ka infiltrats paradas izgaztuves virsma. Tada izgaztuves
apsaimniekoSana izskaidrojama ar to, ka izgaztuve atrodas meza ieloka un tas platiba ir stipri
vien ierobeZota un savadak apsaimniekot izgaztuvi batu problematiski.

ci

aprilis maijs oktobris novembris

Ritini —m— Zvirgzdene — ao— Zel¢eva —H — Mostovaja

4. attéls. Kopéja slapekla koncentracijas vidéjas vértibas infiltrata.

Elektrovaditspéjas rezultati atspoguloti 2.attéla. legltie elektrovaditspéjas rezultati
svarstas loti plasas robezas, sakot no 560,2 mS/m lidz pat 19453,7 mS/m, vidgjais - 12000
mS/m. Mazakas elektrovaditspéjas vértibas iegutas vietds, kur analizu paraugi tika nemti
atkritumu masas malas, bet lielakas vértibas elektrovaditspéjai bija tur, kur analizu paraugi
bija nemti pasa atkritumu masa un tajas vietds kur infiltrats paradijas briva veida jeb
atkritumu kaudzes lejasdala. Elektrovaditspéjas véertibas paraugu nemsanas vietas visa perioda
bija daudz maz vienadas, bez seviski krasam svarstibam.

Amonija jonu koncentracija infiltrata svarstas no 49 lidz 84, vidéja - 65 mg/l (skat. 3.
attélu). Amonija jonu koncentracija nedaudz paaugstinata ir oktobri un novembri nemtajos
paraugos. Tas varétu bat saistits ar organisko atkritumu sadaliSanos.

legutas KSP veértibas svarstas loti plasas robezas (skat. 5. attélu) sakot ar 568 un beidzot
ar 16889 mgO2I, vidéja - 12000 mgO2l. Tas noradda uz to, ka ir loti liels infiltrata
piesarnojums ar organiskajam vielam, seviski tas izteikts vietas, kur infiltrats tika nemts pasa
atkritumu masa un vietas, kur tas bija brivi pieejams uz atkritumiem. lzteikti paaugstinatas
KSP vértibas bija tajos analizu paraugos, kas nemti maija un novembri, k& ari augstas vértibas
bija oktobri nemtajos paraugos.

Kopéja slapekla koncentracija svarstas robezas (skat. 4. attélu) no 245 lidz 353, vidéja
ap 300 mg/l un tas batiski neizmainas visa paraugu nemsanas laika, attiecigajas paraugu
nemsanas vietas.

Hloridjonu koncentracijas ir robezas (skat. 6. attélu) no 66 lidz 651, vidéja - 250 mg/l.
Izteikti paaugstinatas hloridu vértibas bija tieSi maija nemtajos paraugos, kur bija konstatéta
art maksimala vértiba 651 mg/I.

Izgaztuve “ZelCeva”

No visam izgaztuveém, kuram tika analizéts infiltrats, izgaztuve “ZelCeva péc platibas
bija vismazaka. Atkritumi Seit netiek sablietéti, bet vienkarsi izgazti uz sastumti ar buldozeru
kaudzés. [1] Tapat ka “Ritinu” un “Zvirgzdenes” izgaztuvés ari Seit dominé iepakojuma
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atkritumi. Tomér salidzinot ar iepriekSéjam divam izgaztuvém Seit nav sastopamas
zagskaidas.

-Ritini -Zvirgzdene ZelCeva Mostovaja

5. attéls. Kimiska skabekla patérina vidéjas vertibas infiltratam.

Elektrovaditspéjas rezultati atspoguloti 2. attéla. legUtie rezultati svarstas robezas, sakot
no 794 mS/m lidz 8745, vidgjais - 2500 mS/m. Paaugstinatas elektrovaditspéjas vértibas bija
maija un oktobrt veiktajas analizés.

Amonija jonu koncentracija infiltrata svarstas no 19 lidz 96, vidéja - 45 mg/l (skat. 3.
attélu). Izteikti paaugstinatas amonija vertibas bija maija un oktobrT veiktajas analizés.

legutas KSP vértibas svarstas robezas (skat. 5. attélu) sakot no 799 lidz 2360, vidgjas -
1700 mgO2I1. KSP vidgja vertibas visa laika posma bija aptuveni vienadas.

Kopéja slapekla koncentracija svarstas (skat. 4. attélu) robezas no 46 lidz 112, vidgja -
70 mg/l. Kopéja slapekla koncentracijas vidéjas vertibas visa laika posma bija aptuveni
vienadas.

Hloridjonu koncentracija ir robezas (skat. 6. attélu) no 68 Iidz 517, videja - 160 mgl/l.
Analizéjamaja infiltrata hloridjonu koncentracija paaugstinata bija aprili nemtajos paraugos,
bet vélak veiktajas analizés bija novérota tas samazinasanas.

Izgaztuve “Mostovaja”

Saja izgaztuvé domingjosie atkritumi ir zagskaidas, tas péc sava kopapjoma aiznem
vairak ka 80% no visiem atkritumiem. Ta ka domingéjoSie atkritumi ir zagskaidas, tad bija
problémas ar infiltrata ieguSanu, jo tas sevi absorbé Gdeni, kas nonak uz tam uz lidz ar to
infiltrats atrodas salidzinosi liela dziluma. Tikai neliela izgaztuves dala tiek noglabati sadzives
atkritumi, kas tiek vesti, galvenokart, no Maltas pagasta [2]. Lidz ar to So infiltratu varétu
vairak attiecinat, ka infiltratu, kas rodas no zagskaidam.

Elektrovaditspéjas rezultati atspoguloti 2. attéla. legUtie rezultati svarstas robezas, sakot
no 470 lidz 3564, vidéja vértiba - 1700 mS/m. Vidgjas elektrovaditspéjas vértibas laika gaita
izmainijas loti maz un bija aptuveni vienadas.

Amonija jonu koncentracija infiltrata svarstas no 2,8 lidz 31, vidéja - 22 mg/l (skat. 3.
attélu). Amonija saturs paaugstinats ir maija un oktobri nemtajos paraugos.
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Ritini —B— Zvirgzdene —A— ZelCeva . Mostovaja

6. attéls. Hloridjonu koncentracijas vidéjas vertibas infiltrata.

legutas KSP vértibas svarstas robezas (skat. 5. attélu) no 586 lidz 4893, vidéja - 1800
mg O21. KSP vértibas paaugstinatas ir maija un oktobri nemtajos paraugos.

Kopéja slapekla koncentracija svarstas (skat. 4. attélu) robezas no 25 lidz 80, vidéja -
50 mg/l. Kopéja slapekla vertibas mazakas ir aprili veiktajas analizés, bet lielakas maija un
oktobrT nemtajos paraugos.

Hloridjonu koncentracija ir robezas (skat. 6. attélu) no 87 Iidz 363, vidéja - 175 mg/l.
Hloridjonu koncentracija laika gaita izmainijas loti maz.

Izgaztuvju infiltrata analizu rezultatu salidzinajums

Salidzinot sava starpa “Ritinu”, “Zvirgzdenes”, “ZelCevas” un “Mostovajas” sadzives
atkritumu izgaztuvju infiltratu analizu rezultatus var izsecinat, ka iegutie elektrovaditspéjas
rezultati (skat. 2. attélu) norada uz to, ka vislielaka kopéjo jonu koncentracija ir “Ritinu” un
“Zvirgzdenes” izgaztuves analizétajam infiltratam. Seviski liela elektrovaditspéja ir
“Zvirgzdenes” izgaztuves infiltratam, pat vidéja vértiba ir 12000 mS/m. Kaut ari “Ritinu”
izgaztuvé tiek noglabats gada daudz vairak atkritumu, tomér Seit elektrovaditspéja ir
salidzinosi zemaka. Ka izskaidrojums tam varétu bat tas, ka infiltrats “Ritinu” izgaztuve tika
nemts ne seviski liela dziluma, bet “Zvirgzdenes” izgaztuves gadijuma infiltrats pat atradas uz
atkritumu slana, tas saistits ar izgaztuves apsaimniekoSanas Tpatnitbam, par kuram tika runats
ieprieks.

“ZelCevas” un “Mostovajas” izgaztuves elektrovaditspéjas Vertibas ir stipri vien
mazakas neka divas iepriekS minétajas izgaztuves un Seit tas neparsniedz 3564 mS/m.
“Mostovajas” izgaztuves gadijuma parsvara ir tikai zagskaidas un infiltrata paraugi ir grati
nonemami, jo zagskaidas absorbé sevi lielu daudzumu Gdens, kas nonak izgaztuve.

Lidzigs izskaidrojums varétu tikt attiecinats ari uz paréjiem infiltratam noteiktajiem
parametriem. NH4+, Nkgg KSP un Cl- gadijuma, to attiectbu sadalijums ir stipri vien lidzigs
tam, kads tas ir elektrovaditspéjas gadijuma. Lidz ar to visus secingjumus, kas tika izdariti
analizejot infiltrata elektrovaditspéjas raditajus var attiecinat ari uz Siem nosauktajiem
parametriem.

Infiltrata sastavu un daudzumu batiski ietekmé: nokrisnu daudzums,  atkritumu
parsegSana ar grunti, izgaztuves apsaimniekoSanas Tpatnibas, atkritumu sablietéSanas pakape,
atkritumu daudzums un sastavs. Atkritumu daudzums, sastavs un noKrisni ir vieni no
galvenajiem faktoriem, no kuriem ir atkarigs infiltrata Kimiskais sastavs. Visas
Austrumlatgales regiona izgaztuves: “RItini”, “Zvirgzdene”, “ZelCeva” un “Mostovaja” loti
stipri atkiras viena no otras gan péc tajas noglabato atkritumu daudzuma, gan to sastava un
izgaztuves apsaimniekoSanas veida. Lidz ar to ari iegutie infiltrata analizu rezultati saméra
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krasi atSkiras pils€tu izgaztuveém “Ritini” un “Zvirgzdene” un pagastu izgaztuvém “Zelceva”
un “Mostovaja”. Pilsétu izgaztuvés ir lielaks biologiski sadaloSos atkritumu Tpatsvars,
galvenokart partikas atliekas, neka pagastu ciematu izgaztuves, Iidz ar to tas ir tas faktors, kas
izraisa kimiska skabekla paterina (KSP) palielinasanos.

Infiltrata paraugi tika nemti pa visu izgaztuvju teritoriju, iznpemot tas vietas, kur
atkritumi atradas neizlidzinata vai nesablieteta veida, jo Sajas vietads to nemsanas dzilums
butiski palielinas. Ta ka infiltrats nemts pa visu izgaztuves teritoriju, tad iegitie rezultati
same@ra labi atspogulo infiltrata sastava izmainas gan pa izgaztuves dazadiem sektoriem, gan
ka izmainas ta koncentracija virziena no izgaztuves centra uz malam, kaut gan dotaja darba
apskatitas galvenokart vid€jas parametru verfibas.

Izgaztuves “Ritini” gadijuma, analizgot KSP raditajus konstat§jams, ka lielakas &1
raditaja verfibas ir tuvak izgaztuves centram un tur, kur, spriezot p&c atkritumiem, tos patreiz
visvairak noglaba. Atkritumu noglabasanu “Ritinos” veic loti plasa teritorija, tur tos izlidzina
un sablieté ar buldozeru. Diemz&l paraugu skaits, kuros tika noteikti KSP, CI', NH; un Nkops
ir neliels, tapec izdarit viennozZimigus secinajums ir apgriitino§i. Tam butu nepiecieSams
lielaks analiz&amo paraugu skaits, un arT biitu javeic to sistematiska nemsSana un infiltrats
janem dazados atkritumu masas dzilumos. Tas lautu pec iesp&jas precizak aprakstit infiltrata
sastava izmainu gan laika gaita, gan atkariba no ta atraSanas dziluma vai vecuma. Jo tas
infiltrats, kas atrodas dzilak atkritumos bus ar stipri vien dazadu kimisko sastavu neka tikko
veidojies. Infiltratam, kas tikko veidojies ir liels KSP, jo notiek strauja biologiskas vielas
sadaltSanas, ar kuru piesatinas infiltrats, tas arf izskaidro augstas KSP vertibas infiltrata tajas
vietas, kur atkritumi bija samera nesen noglabati.

Tadi infiltratam parasti nosakamie parametri, ka Cl-, NHy' un Niop laika gaita mainas
saltidzinosi nedaudz, un to vértibas obligati neblitu nepiecieSams noteikt infiltratam, kas
atrodas dazados atkritumu masas dzilumos. [7] Bet ta ka dazados atkritumu masas slanos ir
bijis dazads atkritumu sastavs un veél papildus tur veidojies infiltratam pieplist klat infiltrats,
kas veidojies atkritumu virspusg, tad notiek arT So parametru izmainas. Visi infiltrata paraugi
tika nemti infiltratam, kas radies atkritumu masas virspusg, lidz ar to dzilak esosa infiltrata
sastavs nav zinams. Tap&c nav iespgjams izdarit secinajumus, ka mainas nosakamie parametri
atkariba no infiltrata nems$anas dziluma atkritumu masa.

Spriezot pec KSP un elektrovaditspgjas, tad vislielakas So raditaju vertibas ir izgaztuve
“Zvirgzdene”. Sis vértibas konkrétaja izgaztuvé ir paaugstinatas, iespgjams, tadel, ka infiltrats
analizei bija pieejams izgaztuvé uz atkritumiem, kur tas bija loti koncentréta veida. Tas Seit
uzkrajas no infiltrata, kas caurplidis visai atkritumu masai. Analogi apstakli ir novéroti
saltdzinosi reti un atspogulo izgaztuves apsaimniekoSanas Tpatnibas. Atkritumi Seit netiek
sablietéti, bet vienkar§i sastumti ar buldozeru kaudz&s. Ta ka ta ir pilsétas (Ludza) izgaztuve
un atkritumu sastava ir liels procents biologiski viegli sadaloSos atkritumu, tad augstas KSP
vertibas ir tiesi no Siem atkritumu komponentiem. Maksimalas elektrovaditspg&jas un KSP
vertibas ir iegltas no infiltrata, kas paradijas atkritumu masas pakajes virspus€. Pargos
nemtajos paraugos Sis vertibas ir krietni vien zemakas un tik augstas koncentracijas vairs
nesasniedz. Tas attiecas arT uz pargjiem noteiktajiem parametriem CI, NH, un Niop.

“Zelteva” un “Mostovaja” izgaztuvés visi analizétie parametri ir daudz zemaki. Seit
noglabato atkritumu daudzums, salidzinot ar izgaztuve€m “Ritini” un “Zvirgzdene”, ir loti
niecigs. Lidz ar to infiltrats nepiesatinas Iidz tik augstam koncentracijam, ka lielo izgaztuvju
gadijuma.

Secinajumi
Izvertgjot iegiitos rezultatus var secinat, ka:
» infiltrata sastavs ir atkarigs no noglabato atkritumu sastava un izgaztuves
apsaimniekosanas veida,
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» izgaztuves, kuras atkritumu masa ir vairak biodegradablo atkritumu, ka
piem&ram, partikas atkritumi, infiltrata piesarnojuma ITmenis ir visaugstakais,
to var labi redzet apskatot KSP analizes iegiitos rezultatus;

» visvairak piesarnotais infiltrats, spriezot péc iegltajiem datiem, ir “Ritinu” un
“Zvirgzdenes” 1zgaztuves;

» salidzino$i mazak piesarnots infiltrats ir “ZelCevas” un “Mostovajas”
izgaztuves.

Infiltrata sastavu ietekm& ne tikai atkritumu sastavs, bet arl izgaztuves vecums un
izgaztuves apsaimniekoSanas veids, kas ir loti biitisks faktors pie infiltrata veidoSanas. Lai pe&c
iesp&jas mazak lietus Gidenu nonaktu atkritumu masa ir jasamazina atkritumu virsma, tas ir
atkritumus ir japarklaj ar grunts slani, kurai ir mazs filtracijas koeficients, tas mazinas tidens
nokluvi I1dz atkritumiem, neparklatu atstajot tikai to izgaztuves dalu, kas uz doto bridi tiek
izmantota atkritumu apglabasanai.
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VIDEI DRAUDZIGAS SLAPEKLLA MINERALMESLU LIETOSANAS
IESPEJAS ZIEMAJU GRAUDAUGIEM, IEVEROJOT MINERALA
SLAPEKLA SATURU AUGSNE
Environmentally Friendly Nitrogen Fertilizers Appplication for Winter
Cereals Considering the Mineral Nitrogen Content in Soil

R. Timbare, M. BuSmanis
BO Valsts SIA “Agrokimisko p&tijumu centrs”,
Struktoru ielal4a, Riga, LV —1039, talr. 7 5529966, e —pasts:
agrokimisko.petijumu.centrs@tec2000.1v, fakss:7 551272

Abstract

In order to improve nitrogen fertilizers application recommendations for cereals, the soil mineral nitrogen
(N,.iv) investigations (1995 — 2000) were carried out on sod — podzolic and brown — lesssive loamy sand and
loamy soils in co-operation with other research institutions. The soil samples for determination of NO; — N and
NH,— N were taken in depth 0 - 20, 21 — 40 and 41 — 60 cm in spring before the start of growth on winter
cereals fields, but in 2001,2002- also in autumn before the sowing of winter cereals. Data on soil properties, the
amount of precipitation in autumn (August 1 until the first decade with the average temperature below 5 °C),

preceding crops and the use of organic fertilizers at sites of investigations were considered. The determination
of NOs; — N and NH,— N content was carried out in wet soil samples using for extraction 1 M KCI. Statistical
analysis of data obtained in spring has been carried out using MS EXCEL function CORREL, CORRELATION,

REGRESSION and SPSS 8.0 for Windows (GLM procedure). According to this analysis the following model (R*
= 0,527) was elaborated:

Yy =103513 - 13515|y;-; — 0.247-X3 — 27.069 |59 — 42.945|x5-1 — 39.044 |0 — 16.022|y5_5— 44.212|x5-4 +
0.104-X3|x5-p + 0.181- X350+ 0.187-X3|50p +0.117-X3|352510.175-X3 | y0—s,

where y- predicted Nmin content in spring in 0- 40 cm soil layer, kg ha™; 103.513 — intercept; X3 — amount of
precipitation in autumn, mm; X1 — soil texture; X1=1 — loamy sand soils, X2 — predecessor; X2=0 — cereals;
X2=1 — perennial grass; X2=2 — tilled crops; X2=3 — legumes;, X2=4 — green manure crops; X2=>5- fallow.

On the basis of this model and data on meteorological conditions at different sites of Latvia the
recommendations on correction N top - dressing application rates for winter cereals in spring were prepared.

Keywords: soil, mineral nitrogen, modelling, N fertilizers, recommendations.

Ievads

Lai samazinatu Gdenstilpju un gruntsiidenu piesarnojumu ar augiem neizmantotajiem
slapekla savienojumiem lauksaimnieciskas darbibas rezultata, daudzas valstis p&ta N, saturu
augsn€ un iespgjas izmantot Sos datus slapekla mé&slojuma devu aprekinos kultiraugiem.
Visplasak §adi pe&tijumi tiek veikti graudaugu un 1pasi ziemaju laukos. Liela loma graudu
produkcijas konkur&tsp&jas paaugstinasana ir slapekla mé&slojuma optimizacijai katra lauka,
nemot vera augiem izmantojama slapekla krajumus augsne. Ta ka praktiski nav iesp&ams
nonemt un izanaliz&t augnes paraugus minerala slapekla (Npin) noteikSanai ap 69 tikst.
saimniecibu graudaugu laukos, tad pefijumu mérkis bija: izstradat minerala slapekla satura
prognozi augsné dazados graudaugu audzeSanas apstaklos un uz tas pamata sagatavot
rekomendacijas slapekla m@slojuma devu precizéSanai. Sim mérkim izmantoti visa p&tijumu
perioda iegiitie dati par minerala slapekla saturu augsn€ un konstatétas sakaribas starp Npin
un to ietekm&josiem faktoriem [2 - 5], ka arT citas valstis veikto p&tijumu rezultati [6 - 10].

Petijjumu metodika

Augsnes minerala slapekla saturs un ta izmainas dazadu faktoru ietekmé& 1995 — 2002.
gada péftits dazadu zinatnisko institiiciju (Agrokimisko petijumu centra, LLU Augkopibas
katedras, Stendes un Priekulu selekcijas staciju, Skriveru ZC, Latgales lauksaimniecibas
zinatnes centra) zinatnieku un LLKC specialistu ierikotajos lauka méslosanas izméginajumos,
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galvenokart malsmilts vai smilSmala velénu podzolaugsn€s un smilSmala lesivetas
briinaugsnés. Nemti augsnes paraugi 0 —20, 21 — 40 un 41 — 60 cm dziluma pavasari,
atsakoties ziemaju graudaugu vegetacijai; pirms ziemaju s€jas rudeni (Stendes selekcijas
stacijas un LLU Augkopibas katedras izméginajumos 2001 — 2002. gada), ka arT vasaras —
rudens perioda ik p&c 7 dienam, ziemaju sgjai paredz&tajos laukos p&c zalmeslojuma iearSanas
augsné (Stende), lI1dz ziemaju s€jai. Veiktas augsnes paraugu kimiskas analizes p&c nozares
standartu metodém [11]. Uzskaifiti lauku véstures dati, augsnes paSibas un meteorologiskie
apstakli p&tijumu vietas. Pétijumos iegito datu apstrade veikta ar matematiskas statistikas
metodem, izmantojot MS EXCEL funkciju CORREL, datu analizes riku Correlation,
Regression un SPSS 8.0 for Windows programmu. Katra faktora un to mijiedarbibas ietekme
uz Npin saturu augsn€ un ietekmes bitiskums pie varbiitibas Itmena 99 vai 95% noskaidrots
ar dispersiju analizi (ANOVA, programma SPSS 8.0).

Petijumu rezultati

Izmantojot visa pé&fijumu perioda iegiitos datus par minerala slapekla saturu augsne
pavasari, atsakoties ziemaju vegetacijai, un konstatétas sakaribas starp Ny, un to
ietekm&josiem faktoriem, izstradats modelis Npin prognozei augsné pavasari (R* = 0,527
y = 103,513 — 13,515|x11 — 0,247-X3 — 27,069|x20 — 42,945|x2-1 — 39,.044|x25 — 16,022|x2-3
- 44,212|X2:4 + 0,104-X3 |X2:0 + 0,181-X3 |X2:1+ 0,187-X3 |X2:2 + 0,117-X3 |X2:3 +
0,175 X3|xo-4,

kur y- prognozétais Niin O — 40cm augsnes slani, kg ha™; 103,513 — brivais loceklis; X3
— nokrisnu daudzums rudent, mm; X1 — augsnes granulometriskais sastavs, X1=1 — malsmilts,
X2 — priekSaugs; X2=0 — graudaugi; X2=1 — zalaji; X2=2 — ruS§inamaugi; X2=3 — taurinziezi;
X2=4 — zalmeslojuma kultoras; X2=5 — melna papuve.

Konstatéts, ka uz vienada pargjo faktoru fona Ny, daudzums smilSmala augsnés ir
lielaks neka malsmilts augsnes (1. tabula). Pie vid&ja nokriSnu daudzuma (185 mm) rudens
perioda, visvairak Npi, augsn€ pavasari ir, audzgjot graudaugus péc taurinzieziem un melnas
papuves, vismazak — p&c zalm@slojuma kultiram un daudzgadigiem zalajiem. Palielinoties
nokri§nu daudzumam rudent par katriem 30 mm, Npiy saturs augsné pavasari péc zalajiem,
ru§inamaugiem un zalméslojuma augiem samazinas par 2 kg ha”, péc graudaugiem un
taurir,l%ieiiem — par 4 kg ha™, bet vél lielaka méra tas samazinds péc melnas papuves — par 7
kgha™.

Analizgjot nokriSnu daudzumu rudens perioda (no 1. augusta lidz pirmajai rudens
méneSa dekadei, kad gaisa vidgja t° ir zemaka par + 5 °C), noskaidrojam, ka tas dazados
agroklimatiskajos rajonos ir loti atskirigs (2. tabula). Visvairak nokri§nu miné&taja perioda ir
bijis Kurzemes agroklimatiskaja rajona (vidgi 242 mm 1994. — 2000. gada), vismazak —
Latgale (155 mm) . Piejiiras un Vidzemes agroklimatiskajos rajonos nokri$nu daudzums 7
gadu laika ir sameéra Iidzigs (190 un 197 mm), bet atseviSkos gados (piem&ram, 1997,
1999.g.) arT Sajos rajonos atsSkiribas tom&r pastav. No iepriekSminéta esam secinajusi, ka
slapekla virsméslojuma kopé&ja norma jakorigé agroklimatisko rajonu (Piejira, Kurzeme,
Vidzeme, Latgale) robezas.

Pamatojoties uz minerala slapekla prognozes modeli un seSu gadu datiem par
meteorologiskajiem apstakliem Latvijas dazadas vietas, izstradati ieteikumi slapekla kopgjas
virsméslojuma normas korekcijai (samazinasanai vai palielinasanai) pavasarm ziemaju
graudaugiem.

Slapekla kopgjas virsmé&slojuma normas korekcija (samazinasana vai palielinasana)
veidota pec formulas :

Nvirsm = Nmin bazes — Nyin progn., kur
Nyirsm — 1sle'lpekla kopgjas virsmeslojuma normas korekcija ziemajiem, N darbiga viela
+kgha.
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Nmin bazes — vidgjais Npin satursO — 40 cm augsnes slant visa datu izlas€, no kuras izstradats
Nmin prognozes modelis (46 kg ha'l);
Nmin progn. — konkrétajos audzesanas apstaklos prognozetais Nyin saturs.

Saskana ar slapekla virsmeslojuma kop@jas normas korekcijas koncepciju 1. un 2. attéla
paradits konkréta razas Iimena iegiSanai planotas slapekla virsméslojuma normas
samazinajums vai palielinagjums malsmilts un smil§mala augsnés liela (263 mm) un maza (155
mm) rudens nokrisSnu daudzuma ietekme. Malsmilts augsnes pie liela nokrisnu daudzuma
rudens perioda slapekla virsméslojums péc dazadiem priekSaugiem jadod par 6 1idz 21 kg ha™
N vairak neka planots p&c vidgjam mesloSanas normam konkréta razas [imena iegi§anai, bet
pie maza nokrisnu daudzuma — atkariba no priekSauga japalielina par 4 lidz 12 kg ha™ N vai
jasamazina par 6 1idz 7 kg ha™ N. Smil§mala augsnés lielakoties slapekla norma jasamazina
(3 1idz 21 kg ha™' N), bet p&c mitra rudens un atseviskiem priekSaugiem japalielina par 3 Iidz
7kgha™ N.

2003. gada pavasari tiks dotas slapekla virsmé&slojuma normas korekcijas ziemaju
razoSanas s€jumos agroklimatiskajos rajonos, nemot v&ra nokrisSnu daudzumu 2002. gada
rudens perioda, augsnes granulometrisko sastavu un ziemaju priekSaugu.

Pirmoreiz iegita arT informacija par slapekla rezimu malsmilts velénu podzolaugsné
(dzilak par aramkartu- smilSmals) vasaras- rudens perioda, pirms ziemaju s€jas péc dazada
veida priekSaugiem, Tpasi p&c zalm&slojuma iestrades. Veicot ik p&c 7 dienam nonemto
augsnes paraugu kimiskas analizes laukos, kur iestradats zalme&slojums, konstatéts, ka karsta
laika un pietickosa mitruma apstaklos jau ned€lu pec zalme&slojuma iearSanas augsné
ieverojami palielinas nitratu slapekla saturs (3.tabula). Turpmakaja perioda 0 — 20 cm slan tas
paliek apmeram tada pasa palielinata daudzuma, turklat palielinas vel arT 21 — 40 un pat 41 —
60 cm slani. Triukstot mitrumam (ka 2002. gada augustd), zalm&slojuma organiskas vielas
mineraliz&jas 1&ni. Turpinot Sos p&tijumus, varés noteikt optimalako zalme&slojuma iestrades
laiku ziemaju sgai paredzetajos laukos, ka ari sniegt priekslikumus par slapekla
pamatmeslojuma nepiecieSamibu ziemajiem atkariba no to priekSauga.

Secinajumi
1. Izstradats modelis minerala slapekla (Nui,) satura prognozei augsnes 0 — 40 cm slant
pavasarl. Ar modeli ietvertajiem faktoriem - nokriSnpu daudzumu rudeni, augsnes

granulometrisko sastavu, ziemaju priekSaugu un to mijiedarbibu ir izskaidrojami 53% (R* =
0,527) no kop&jas Nmin variacijas ziemaju laukos pavasari.

2. Pamatojoties uz minerala slapekla prognozes modeli un seSu gadu datiem par
meteorologiskajiem apstakliem Latvijas dazadas vietas, izstradatas pagaidu rekomendacijas
zemnieku saimniecibam slapekla kopgas virsmeéslojuma normas korekcijai (samazinaSanai
vai palielinasanai) ziemaju graudaugiem agroklimatisko rajonu (Piejiira, Kurzeme, Vidzeme,
Latgale) robezas2002. gada pavasari.

3. Pirmoreiz iegita informacija par slapekla rezimu augsn€ rudeni, pirms ziemaju s€jas pec
dazada veida priekSaugiem, Tpasi pec zalmeslojuma iestrades.
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IMPACT OF SOIL MOISTURE AND COMPOSITION
ON ITS PROPERTIES AND ENERGY CONSUMPTION OF TILLAGE
Augsnes mitruma un sastava ietekme uz tas ipasibam un apstrades
energoietilptbu

A. Vilde
Latvia University of Agriculture, Institute of Agricultural Engineering,
Ulbroka Research Centre 1 Instituta Street, Ulbroka LV-2130, Latvia.
Phone: +371-7910879, +371-7910987; Fax: +371-2910873; E-mail: uzc@delfi.lv

Abstract

Two of the many factors that influence soil properties and energy consumption are soil moisture and soil
composition. The correlations derived from our theoretical and experimental research allow fo evaluate physical
and mechanical properties of soil such as density, hardness, friction, adhesion, and to assess the draft resistance
of soil tillage machines (ploughs, cultivators) depending on the value of the moisture of soil and its composition,
as well as on the design parameters and operating speed of the machines, and to determine the optimum range
of soil moisture when the energy capacity of tillage is the lowest.

Keywords: soil properties, draft resistance of machines, theoretical correlations, soil density, soil hardness,
soil-metal friction, soil adhesion, energy capacity of tillage.

Introduction

Energy consumption for soil tillage is determined by the specific draft resistance of the
tillage machines. It is known from our previous investigation [1] that the draft resistance of
the tillage machines depends on such soil properties as its hardness, density, friction and
adhesion. These properties and the tillage quality depend mainly on the soil mechanical
composition and moisture [2]. However, there are no correlations that would enable to
determine the draft resistance of the tillage machines (ploughs, cultivators), depending on the
soil moisture and compositions.

The purpose of the investigation is to evaluate the soil properties and to estimate the
forces acting upon the surfaces of the soil tillage machines as well as their draft resistance
depending of the soil moisture, mechanical composition and working speed.

Objects and methods

The objects of the research are the draft resistance of the tillage machines, and the
tillage quality depending on their design parameters, as well as the soil moisture and
composition. On the basis of the previous investigations [1] a computer algorithm has been
worked out for the simulation of the forces exerted by soil upon the operating (lifting and
supporting) surfaces of the tillage machines, and the draft resistance caused by these forces.
The tillage quality is estimated by testing.

Results and discussion

According to our earlier studies [1], the draft resistance R, of the tillage machines is
determined by the share cutting resistance Rp, the resistance caused by weight R, of the strip
lifted, by the inertia forces R, by soil adhesion R4, and by weight Ro, of the machine itself:

Rx = ZRix = RPx +RGx +RJx +RAx +RQx : (1)

The vertical reaction R. and the lateral reaction R, of the operating part are defined by
corresponding partial reactions:

RZ = ZRZ'Z ; Ry = ZRly . (2, 3)

288
ISBN 9984 — 585 -68 -9


mailto:uzc@delfi.lv

Environment.Technology.Resources. 2003

The total draft resistance R, of the operating part is composed of the resistance of the
lifting (shaf/e-mouldboard) surface R , and the resistance of the supporting (lower and lateral)
surfaces R . :

R, =R, +R. =%Ri. + (ZR;'Z +ZR;‘y T PAxy Sxy t PAxz sz): 4)

where f, is the coefficient of soil friction along the working and supporting surfaces of the
operating part;
Py and p, - specific adhesion forces, respectively, acting upon the lower and the
lateral supporting surfaces of the operating part;

Sxy and S_ - the surface areas, respectively, of the lower and the lateral supporting
surfaces of the operating part.

Cutting resistance R’ pyx 18 proportional to soil hardness p, and the share edge surface area w:
g
/ .
R pe=kypow=ky,poib (5)

where £k, 1s a coefficient involving the impact caused by the shape of the share edge frontal
surface;
i and b - the edge thickness and width.
po=o0 +d'me V" (©)
where py - soil hardness characterising the resistance to the genetration of the flat round
steel tip having a cross-section area of 1 cm?, H/m
dp - soil (dried) density, kg/m’;
m - the contents of physical clay (particles of the size <0.01 mm, %),
W - absolute soil moisture, %;
b, d and !l - coefficients;
n - exponent;
e=2718...

2

For the investigation of soil the coefficients and the exponent entered into formula (6)
have the following values: 5'=1100;d’ =200,1" =4.10° and n = 2.
Hardness variations of soils having different mechanical composition that depends on their
moisture is graphically presented in Figure 1.

For plough bodies mould-boards:
Resistance caused by the weight of the lifted strip:

R&;x ~ qégkyrsin_] y %

*{ [ (siny cosg; +cos? v Sin -1 ;/)efo siny(g;—&,) _

-(siny cos&- + cos? Y Sin -1 y)]cose; +

(7)

+(COS€]€f0 siny(&;=¢&;) —cosgr )(cose] — fo sing; sz'n;/)_] *

*Sing [Sl’ngj sin;/+f0(sin2 ycosg; + cos” 7/)] }
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Resistance caused by the inertia forces:
RX=qSvX~Is'my{ (sinycos”™ +cos2y sin_ly) *
*e/(sinys29) _ (siny cos”™ +cos2ysin_ly) +

+ (cossx- f sin"siny)'lefos-”yS S (8)

SinS sinslsiny mf (sin2y cos™ +cos2y)] }
Resistance caused by soil adhesion:

RA«=pAorsin ly(effa(@ ) - 1)*
*{ siny cossl+ cos2y sin 1y + (coss1- f sinslsiny) 1* ©
sinS sins siny +f (sin2y coss +cos2y)] }

where g - the area of the cross section of the strip to be lifted;
S - the density of sail;
ky - the soil compaction coefficient in front of the operating part;
f 0 - the coefficient of soil friction against the surface of the operating element;

v - the speed of the movement of the plough body;
pA - specific force of soil adhesion to the operating surface;

b - the surface width.

Soil density is dependent on the strata density (the mass of a volume unit of the dried
soil) So and soil moisture:

Observations indicate that the density of mineral soils generally varies from 1200 to
1800 kg/m3. The resistance of the operating parts of the soil tillage machines varies in
proportion to soil density [1].

Fig.1. Dependence of the hardness of soils having different mechanical composition on their
moisture. The numbers at the soil hardness curves stand for the percentage of the physical
clay in the soil. Soil hardness is determined by Yu.Yu.Revyakin’s hardness gage having a flat
tip with a cross-section area 1 cm .
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As arule, all the sources provide slipping resistance coefficients of soil. On the basis of
these data, by the method of least squares, we have determined the coefficients of friction and
specific adhesion force, after that dependencies were deduced between them and the
mechanical composition, and moisture of soil [2]:

fo = (a+e [ -m2)edBw2+c+dm) e {K+Im)E/+z/ mWR (12)

where a, b1, b2, b3, ¢ d, k I, t, z -the indices depending on the type of soil, the material and
the condition of the surface of the object along which the soil slips;
e =2.718...;
W - absolute moisture of soil, %;
m - the content of physical clay in soil (the particle size <0.01 mm).
Variations in the specific adhesion forcepA of soil correspond to the relation of the type:

Pa=(a/+b/p) (c/+d/m)e- [(k/+l/m){/+z/ mMW]2, (12)

where / pA7 the specific pressure of the layer (soil) upon the surface;
a,b’,c d ,k ,lI,t,z -theindices depending on the type of soil, the material and the
condition of the surface along which the soil slips.

As an example, the values of these indices for the polished steel surfaces are [2]: a = -
0.43; bi =0.007; b2= 130; b3=0.1; ¢c=0.32; d = 0.002; k = 0.05; |1 = 0.0005; t = 10; z = 0.14;
a=0.2;b1=1.2.5; c1=0.1; d =0.003; k1= 0.1; | = 104; t1= 15;z = 0,2.

Variations of the friction coefficient and the specific force of soil adhesion to steel
depending on the moisture and mechanical composition of soil are presented in Figures 2 and
3

Fig.2. Variations of the friction coefficient of soils having different mechanical composition
along steel depending on the moisture of the soil. The numbers on the curves stand for
percentage content of physical clay (particles of the size less than 0.01 mm) in soil.
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Fig.3. Variations of the specific adhesion force of soils having different mechanical
composition along steel depending on the moisture of soil at the pressure of 100 kPa. The
numbers on the curves stand for percentage content of physical clay (particles of the size less
than 0.01 mm) in soil.

The soil slipping resistance along steel depends on the slipping speed, the structure of
soil, the humus content and the surface temperature. The effect of these parameters may be
considered by respective coefficients. For example, the coefficients of velocity kv and k" :

kv =kvtp[L+a (1 +bvn -], (13)
kv7=kvftp [1 +a7(1 +b7vn7) -1 (14)
where kvtgp and kv/tgp - the marginal value of the velocity coefficient; /tqo 0.66

v - the speed of slipping, n/s; (/tcp 0.2
a a7andb b7-indices; a=052;a=4;b=05b=1

n and n 7- exponents of indices; n=2; nl=2.

Variations of the coefficients indicating the influence of the speed of slipping for the
given type of soil are shown in Figure 4.

Fig.4. Variations of the coefficients indicating the influence of the speed of
slipping upon the coefficient of friction and specific adhesion for wet soil.
1- variations of coefficient kv; 2 - variations of coefficient kv/ .
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There 1s insufficient amount of data for deriving mathematical dependencies
characterising the influence of temperature upon the friction coefficient of soil along steel.
When temperature rises, the specific adhesion force of soil to steel decreases forming a
parabolic curve (on the basis of the data provided by H.G Riek) described by the following
relation:

Py=p,, (1-107%19), (15)
(8]
where P4, - the specific adhesion force to steel at a temperature, close to 0 C;
t - the temperature of adhesive surfaces, °C .
There are no data either to deduce dependencies of the influence between the structure
and the humus content upon the soil slipping resistance along steel. According to the data by
H.G.Riek, if for a wet residual (paste-like) soil the coefficient of structurality ks is accepted

as being 1, for a structured soil it will be 0.75-0.80.

The resistance caused by the weight and inertia forces of the lifted strip of soil is
proportional to soil density and its friction coefficient.

The resistance caused by soil adhesion 1s proportional to the specific adhesion force
between soil and the surface of the operating part.

The draft resistance caused by the weight of the machine itself is proportional to the
friction coefficient.

The total draft resistance of the machine depends on its component resistances. The
maximum resistance occurs in caked clay soils, the minimum — in sandy soils. The moisture
increase in clay soils to 14...18 %, leads to their decreased resistance, yet at higher moisture it
rises again.

The best tillage quality is also obtained at the optimum moisture.

Conclusions

1. The derived analytical correlations allow assessing the draft resistance of soil tillage
machines (ploughs, cultivators) depending on the value of soil moisture and composition, as
well as on their design parameters and their working speed.
2. The correlations obtained allow determining the optimal soil moisture range when the
tillage energy capacity is the lowest. In clay soils it varies from 14 to 18 %. At this moisture
level the tillage quality (degree of loosening) is the best too.
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ENERGETICAL, ECONOMICAL AND ECOLOGICAL ASPECTS
OF SOIL TILLAGE MINIMISATION
Augsnes apstrades minimalizdcijas energétiskie, ekonomiskie un ekologiskie
aspekti

A. Vilde, S. Cesnieks, A. Rucins
Latvia University of Agriculture, Institute of Agricultural Engineering,
Ulbroka Research Centre, 1 Instituta Street, Ulbroka LV-2130, Latvia.
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Abstract

The work sums up and briefly discusses solutions of soil tillage minimisation technologies and machinery, their
agronomic, energetic, mechanic, economical and ecological aspects. Tillage minimisation is performed in
directions: reducing number of passes, as well as tillage depth and intensity, joining operations, improving
machine design and aggregation, using advanced more suitable technologies and machines, conducting tillage
in optimal terms. Minimization of soil tillage is agronomically acceptable, energy, labour and cost saving
action. Improvements in the machine design and use for the traditional soil tillage technologies allow to save 24-
36 % of energy (46-110 kWh/ha, which corresponds 12-27 kg/ha of fuel), to reduce labour consumption by 16-
22 %, as well as to cat tillage costs by 14-26 % (10-20 USD/ha). Soil tillage minimisation with ploughing
reduces these indices up to two times, without ploughing — up fo six times. Besides these actions there is
preservation of soil and environment.

Keywords: soil tillage minimisation, energy saving, cost saving.

Introduction

Soil tillage is one of the most power-consuming and expensive processes in agricultural
production. It requires 180-320 kWh/ha, which corresponds to 50-80 kg of fuel per hectare of
the land tilled and makes 20-25 % of its total consumption in agriculture. At the present
technologies and existing machinery soil tillage costs make 45-58 USD/ha. A considerable
part (26...50%) of all expenses takes ploughing [1, 3]. In order to produce cheaper
agricultural products, it is necessary to reduce this expenditure.

The purpose of this study is to evaluate the possibilities and efficiency of soil tillage
minimization.

Objects and methods
The objects of research are technologies, machines and systems of soil tillage. The

theoretical and experimental studies of soil tillage minimization are carried out in five main

aspects:

e the agronomic aspect — possibilities for reduction passes number and tillage intensity, the
quality of the prepared seedbed, weed, pest and plant diseases control, the obtained yields;

e the energetic aspect — soil tillage energy capacity and fuel consumption, ways of their
reduction;

e the mechanical aspect — improvements in machine design and aggregation for energy,
labour and environment saving soil tillage;

e the economical aspect — labour and fuel consumption and costs;

o the ecological aspect — decreasing undesirable influence of tillage on soil and
environment.
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Results and discussion
The agronomic aspect

Depending on particular conditions and requirements variable soil preparation
technologies should be used. After the deep ploughing (22-25 cm) the next two ploughing
may be carried out at lesser (15-18 ¢m) depth with no harm to the yields [3]. After quality
autumn plough single soil cultivation is more useful than double one. Soil tillage can be
minimized if herbicides are used to remove weeds. The successful experiments are carried out
to prepare soil for growing cereals and vegetables without ploughing [5].

A considerable factor is a soil density that should meet the needs of the crops grown.
The optimum density of mineral soils for cereals and fodder grass is 1.2...1.4 g/cm’ (dried
soil), for tilled crops 1.0...1.1 g/cm®. At higher densities deep loosening by means of the
chisel cultivator is preferable to ploughing.

The most suitable machines for shallow tillage of soil are rotary knife harrows,
especially for the cultivation of the stubble and tillage crop fields left unploughed in the
previous autumn. The knife harrows mix up the soil well, consequently, with the plant
remnants and organic fertilisers leaving behind them an even field.

Minimised soil tillage without ploughing involves the problems of weed, pest and
disease control, particularly of perennial weeds (dog-grass, thistle). Their control requires a
greater amount of chemicals (herbicides, pesticides, fungicides).

The energetic aspect
The amount of energy consumed for soil tillage with machines having passive operating
parts depends on their specific draft resistance [2, 3, 4]:

En=Ki=k’ +&p’, (1)

where F, is the specific energy capacity of soil tillage, Nm/m?;
K; is the specific draft resistance of the machine, N/m;
k' isa generalised (total) specific static resistance related to a unit of the working
width, N/m;
g 1s the dynamic resistance coefficient related to a unit of the working width,
Ns%/m?;
v is the working speed of the machine, m/s.

To carry out comparative energetic estimation of soil tillage machines, the values of
their static and dynamic resistance coefficients are compared, as well as the character of their
variations. From the energetic point of view, those machines are better for which the values of
the resistance indices are lower. Characteristics of the specific draft resistance of some soil
tillage machines are given in Table 1.

The beloved data show that ploughing takes up considerably more energy in
comparison with the other soil tillage operations. Pre-sowing preparation (dragging,
cultivation) of the ploughed soils require additional energy. Therefore, to save energy, it is
important to replace ploughing with other ways of soil tillage.
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Table 1.

Characteristics of specific draft resistances of soil tillage machines in the speed range of

1.5-3 m/s (5-11 km/h)

The type of operation and the machine used Static resistance Coefficient of
k', N/m dynamic resistance
€, Ns*/m’

Ploughing at the depth of 20-22 cm:

with a hitch-up plough having digger bodies 7000-18000 400-700

with a mounted plough having digger bodies 6000-15000 400-700

with a mounted plough having helicoidal bodies 5000-12000 250-450
Dragging the autumn ploughing

with a shallow loosening of the surface 1500-2300 100-400
Pre-sowing cultivation of autumn ploughing

at the depth of 8-12 cm:

with an S-shaped spring tine cultivator 1300-3500 80-400

with a heavy disk harrow 2000-3600 60-400

with a rotary knife harrow 1300-1500 60-80

with combined high-speed machines 4000-5500 200-550
Repeated cultivation at the depth of 8-12 cm

with an S-shaped spring tine cultivator 800-1000 50-100
Deep (15-20 cm) loosening of autumn ploughing:

with a peak-shaped chisel cultivator 2000-5300 150-500

with a combined chisel cultivator 5000-8500 300-600

The energy capacity can be characterised by the amount of the fuel consumed. The
specific fuel consumption for soil tillage (ploughing, cultivation, harrowing, etc.) can be

determined by the formula [1]:

6 g 2 o,
0,=277810 g n  (k, +ev)e kg/ha ,

)

where: O, - specific fuel consumption for tillage, kg/ha;

g, - specific fuel consumption of the engine, g/kWh;

n,... -maximum draft coefficient of the tractor;

e = 2.718 (basis of the natural logarithm);
- working speed of the aggregate, m/s;

v
v -the speed corresponding to the maximum draft capacity, m/s;
¢

- a coefficient that depends on the physical and mechanical properties of soil and
working capacity (gripping with soil, resistance to movement) of the tractor
undercarriage (wheels, caterpillar track),
¢~ 0.15 £ 0.05 in dense soils, ¢ ~ 0.30 £ 0.05 in loose soils [1].

Formula (2) shows that the fuel consumption required for soil tillage is mainly
dependent on the energy capacity of the technological process and the energetic
characteristics of the tractor. The static and dynamic resistance of soil tillage determines the
first, the second - by the efficiency of the tractor engine, draft efficiency, and the character of

its variations [3].
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The mechanical aspect
Energy and fuel economy and cost reduction can be expected from the introduction of

more economical machines: ploughs with gently sloping bodies having helicoidal or
semihelicoidal mouldboards (the angle between the share and the furrow edge is less than 40°)
having a working width 45...50 cm, drag harrows, combined cultivators with S-shape spring
teeth having a shallow (20...24°) share setting, rotary knife harrows, combined soil pre-
sowing preperators. Under Latvian conditions the best machines are mounted, also
multisectional wide aggregates during the operation of which it is possible to transfer their
extra weight to the tractor using the automatic control system of the tractor hydraulic hitch-up
device. As optimum such a working with is recognised that ensures maximum efficiency of
the aggregate at a corresponding speed (7...9 km/h) and minimum fuel consumption [1, 2].

The economical aspect
The efficiency of soil tillage methods, technologies and systems evaluated in terms of

their labour, fuel consumption and costs are shown in Tables 2 and 3.

Table 2.
Economical indices of soil tillage methods (average data when working with tractor MTZ-
82)

Operation Labouf Fuel consumption, Costs, Ls/ha
consumption, kg/ha (1Ls~ 1.7 USD)
man h/ha

Ploughing 1.8-2.2 16-20 12-16
Dragging 0.4-0.6 4-6 2.50-3.20
Cultivation 0.4-0.6 4-6 2.70-3.40
Tillage with a power harrow 0.7-0.9 9-12 10-12
Chiselling (at the depth of

15-20 cm) 0.8-1.0 9-12 5.20-6.00

Following from the data of Tables 2 and 3, in contrast to ploughing, the other ways of
soil tillage save its labour, fuel and costs approximately 2-4 times. Minimised soil tillage
technologies without ploughing, in contrast to the ordinary ones, sharply (up to 6 times)
decrease these expenses. However, in spite of the remarkable economic effect of the soil
tillage technology without ploughing, it cannot be applied everywhere. For instance,
ploughing is more efficient for the cultivation of perennial grasslands, particularly in heavy
clay soils. In the same manner catch-crops and a great amount of after-harvest remnants
should be introduced [6].
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Table 3.
Energetic and economic characteristics of soil tillage technologies (average data)
. . Expenditure
Technol Fuel consumption | Labour consumption
cehnology kg/h % h/ha % USD/ha %
g“g?lswe 78 159 8.2 158 76.25 160
S.r 11119? ; 49 100 5.2 100 47.62 100
hgnl?l.led ” 36 73 3.7 71 33.73 71
inimised wit 24 49 2.4 46 22.52 47
ploughing
Minimised without ] 16 0.8 15 6.63 14
ploughing ' '

To ensure the credibility of the results, systematic and many-year’s experiments should
be carried out.

From the energetical, economical, as well as ecological points of view it is more useful
to till soil when its humidity is optimal. For loame soils it is within the limits of humidity
from 14 to 18 %. The draft resistance of tillage machines in optimum humidity soils is by 20-
30 % lower than in case a dry or too wet soil is prepared. Correspondingly lower is also fuel
consumption, labour efficienly and quality are higher, but tillage costs are lower [1, 4].

The ecological aspect

Introduction of energy-saving technologies and machines is ecological useful too [4].
The technologies and machines described above are, at the same time, also soil saving ones.
At a lower draft resistance there is lower undercarriage (tires) pressure on soil and so there is
lesser destruction of the soil strukture. This allows the use of wider and combined machines
and the reduction in number of passes across the field. Soil saving will also be ansured due to
the optimisation of tillage technologies and optimum soil humidity.

Decreasing energy requirement and fuel consumption for soil tillage lower harmful
emissions of tractor engines.

We have conducted our studies for 9 years applying shallow soil tillage without
ploughing and herbicide application in growing vegetables (potatoes, red beet, carrots,
cabbage, tomatoes, cucumbers, pumpkins, vegetable marrow, lettuce, onions, garlic, beans,
peas, and many others). In this period no soil compaction was observed. The vegetable yields
have gone up, the weed control was successful and the number of weeds, especially the
perennial ones (dog-grass, thistle), has decreased. There are few problems with the weeds that
usually come from other fields, for example, dandelion and bent grass.

A witness of the healthy condition of the soil is the increased amount of earthworms in
this period.

There are a few trials of grain drilling without any previous soil tillage using special
machines, such as, combined seed drills for direct sowing and fertilising (seed drills
Waderstad Rapid Super). This is one way to preserve and develop natural downward soil
structure.

Conclusions

1. Minimization of soil tillage is agronomical acceptable, energy, labour and cost saving
action. Improvements in the machine design and use of the traditional soil tillage technologies
allow to save 24-36 % of energy (46-110 kWh/ha, which corresponds 12-27 kg/ha of fuel), to
reduce labour consumption by 16-22 %, as well as to cat tillage costs by 14-26 % (10-20
USD/ha). Soil tillage minimisation with ploughing reduces these indices up to two times,
without ploughing — up to six times. These actions are soil and environment saving too.
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2. The tillage technologies without ploughing require paying greater attention to the perennial
weed, pest and disease control, preferably by applying adequate chemicals, but no more than
in traditional tillage systems with ploughing.

3. In favourable cases direct grain drilling may be used. This method may be useful to
preserve and develop natural downward soil structure.

—
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LATVIJAS VIDES INFORMACIJAS SISTEMA
Environmental Information System of the Republic of
Latvia

J. Zaloksnis
Latvijas republikas vides ministrija, Peldu iela 25, LV — 1494, Riga,
talr. 7026423, takss 7820442, e — pasts Janis.Zaloksnis@varam.gov.lv

Anotacija

The Latvia Constitution (Satversme), the law “On environmental protection” and Aarhus convention on access
to information, public participation in decision-making and access to justice in environmental matters are main
legislative acts of the Republic of Latvia dealing with environmental information.

State environmental information system in general provides data needed for decision making process done by
state authorities. Residents and non-governmental organizations have access to environmental information as
well. Unfortunately direct information exchange among authorities, institutions, organisations, enterprises and
citizens sometimes is proceeding with difficulties. Inquiries done in the country before UN summit on
Environment and development (Johannesburg, 2002) outlined dissatisfaction by public and many unsolved
problems.

The Environment ministry has developed the Environmental Communication and Education Strategy and Action
Program. In foreseeable fiiture the Environmental information and education centre will be established as well
as a network based on regional environmental boards and self-government institutions.

Keywords: environmental information, center of environmental information, participation of society.

Sabiedribas interese par vides jautagjumiem ir palielindjusies jau kops seSdesmitajiem
gadiem, kad bija vérojama liela interese par dabu zinatniska un ekonomiska aspekta. Tas liela
méra noteica vides problemu vert§umu intelektualajas un ari politiskajas aprindas. Ka
piemeru var minét R. Karsones gramatu “Klusais pavasaris” [1], kura tika izvirzita apsiidziba
pesticidu parmeriga izmantoSana un uzsverta to negativa ietekme uz cilveku veselibu un
ekosistemam.

Ja sakuma vel bija lielas neskaidribas par faktisko vides stavokli, tad septindesmitajos
gados jau veidojas daudzbalsigs un nepiekapigs sabiedribas uzskats. Daudzu nortpgjusos
zinatnieku, administratoru un vides aizsardzibas entuziastu grupas inicigéja masu kustibu, kas
izplatijas pasaulg.

Vides organizacijas pastiprinaja spiedienu uz valdibam, lai tas formul&tu un saktu
Tstenot efektivu vides aizsardzibas politiku. ST kusfiba bija aktiva ne tikai starptautiskaja, bet
ari vietgja limeni. Nevalstiskas organizacijas ar regionalo un globalo fiklu palidzibu
savstarpgji sadarbojas, lai ieglitu informaciju un veidotu nepiecieSamo stratégiju apkartéjas
vides aizsardziba. Vietgja Itment tas organizgja grupas un piesaistija individualas personas, lai
risinatu konkrétus neatlieckamus jautajumus tuvakas apkartnes méroga.

Mobilizgjot neformalas kustibas aktivai darbibai, bija iespgams realizét vairakus
centienus - izplafit informaciju par apkart&o vidi, paust attieksmi par dabu un vidi, aktivi
piedalities vides aizsardzibas politikas atfistiSana un IstenoSana.

Informativa zina milziga nozime bija D. Medouza gramatai “Augsmes ierobezojumi”
[2], kas tapa sadarbibas rezultata ar Romas klubu (gramata ir partulkota latvieSu valoda, bet
nav publiceta). Min&tas gramatas mérkis bija veicinat sapratni par globalas sist€mas
ekonomiskajam, politiskajam, socialajam un vides komponentem, ka art sekm&t jaunu uzskatu
veidoSanos problému politiskaja risinasana un ta balstfjas uz prognozu rezultatiem par resursu
izstkSanu, piesarnojuma palielinasanos un iedzivotaju skaita pieaugumu. Lidz ar to radas
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prieksnoteikumi jaunam domasanas veidam un pasaules meroga darbibas programmu
apjausanai, kas palidzgja veidot jaunu, visaptveroSu uzskatu par globalo vidi.

Nozimiga robezlinija bija ANO Vides un atfistibas komisijas zinojums “Musu kopiga
nakotne” [3], kas 1987. gada tika simboliski nodots Londonas b&mu grupai, tadgjadi iezimgjot
pasaules rupes par planétas vides nakotni.

Savukart ANO Vides un attistibas konference Riodezaneiro 1992. gada ar Deklaraciju,
“Ricibas programmu 217 un citiem politiskiem dokumentiem vienoja pasaules tautas talakai
sadarbibai.

To, kas Latvija ir sasniegts un ir jasasniedz vides informacijas joma zinama meéra
politiski atspogulo divi Ministru kabineta apstiprinati dokumenti — Latvijas Nacionalais
zinojums “Rio +10” [4] un Latvijas ilgtspgjigas attistibas pamatnostadnes [5].

Likums “Par vides aizsardzibu” [6] iezim& Latvijas vides informacijas politikas virzibu.
$T likuma 17.' pants “Vides informacija” nosaka, ka vides informacija ir jebkura
visparpieejama informacija rakstiska, vizuala, audio, elektroniska vai cita forma par:

1) Gdenu, gaisa, augsnes, zemes dzilu, floras, faunas, dabas teritoriju un ainavu, biologiskas
daudzveidibas, sugu un biotopu stavokli, ka ari informacija par genétiski modificéto
organismu izplafiSanu un izmantoSanu;

2) antropogéno slodzi un darbibam, kas ietekmé& vai var ietekmét vidi;

3) vides aizsardzibas pasakumiem, lai noverstu negafivo ietekmi uz vidi, arl par
administrafivajiem pasakumiem, apsaimniekoSanas planiem un programmam.

Fiziskajam un juridiskajam personam, ka arT to apvienibam, organizacijam vai grupam
ir tiesibas sanemt no visu [imenu valsts institlicijam un pasvaldibam to riciba esoSo vides
informaciju, arT informaciju par pieteikumiem licencu vai atlauju sanemS$anai darbibam, kas
var ietekmé&t vides kvalitati, lai izteiktu savu viedokli un piedalitos ar vides aizsardzibu
saistitu Iémumu pienemsana.

Valsts institicijas un pasvaldibas nodrosina sabiedribai iesp&u sanemt to riciba esoso
vides informaciju, arT informaciju par valsts vai pasvaldibas institiicijas kontrolétam darbibam
vides aizsardziba, par izsniegtam atlaujam veikt piesarnojosu darbibu un $o atlauju saturu, ka
arT informaciju par drosibas pasakumiem un ricibu avariju gadijumos.

Pieprasitajam nav japamato, kadam nolikam § informacija nepiecieSama, bet
ierobezojumi vides informacijas sanemsSanai var bit tikai normativajos aktos noteiktajos
gadijumos, ka arT attieciba uz informaciju par vides objektiem vai sugam un biotopiem, kuras
atklasana varetu palielinat iesp&ju nodartt kait§umu videi.

Latvijas Republikas Saeima ir pien€musi un Valsts prezidente ir izsludinajusi likumu
“Par 1998. gada 25. junija Orhiisas konvenciju par pieeju informacijai, sabiedribas dalitbu
lémumu pienemsana un iespé&ju griezties tiesu iestadés saistiba ar vides jautdgjumiem” [7]. Sis
dokuments ieveérojami paplasSina iedZivotaju un sabiedribas tiesibas iegiit vides informaciju.

Savukart Vides aizsardzibas un regionalas attistibas ministrija jau 2001. gada 30. aprili
apstiprinaja Vides sazinas un informacijas stratégiju un Ricibas programmu [8].

Vides sazinas un informacijas Ricibas programma uzsver, ka sabiedribas atfistibas,
vides kvalitates atjaunoSanas un saglabasanas prieksnoteikums ir sabiedribas un katra individa
vides apzina, kas izpauzas ka videi draudziga ikdienas riciba jebkura dzives, darba, atpiitas un
socialo pasakumu joma. Tomér vides sazina ka vides politikas Iidzeklis ne vienmér tiek
pielietota pietickami mérktiecigi. Vaja sadarbiba starp dazadam vides parvalde iesaistitam
sabiedribas grupam faktiski ir iemesls sabiedribas atbalsta traikumam vides parvaldes efektivai
realiz€Sanai, sabiedriba v&rojamai neizpratnei un neapmierinatibai par dazadiem ar vides
aizsardzibu saistitiem procesiem, pasakumiem un to nepiecieSamibu.

Paslaik visas ministrijas un daudzas institlicijas ir informacijas un sabiedrisko attiecibu
nodalas, kas veic sabiedribas inform&Sanas darbu par to kompetencé esoSiem jautajumiem,
tomé&r pietickami netiek koordin&ts sazinas darbs starp dazadam ministrijam un institicijam,
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tapec nereti ar vienu un to paSu mérkauditoriju strada dazadas institiicijas, viena par otru

nezinot, it Tpasi attieciba uz vides jautajumiem.

Vides informacijas sist€émas attistiba pasvaldibas ir saistita ar pienakumu izstradat un
apstiprinat vides aizsardzibas programmas, ietverot tajas ar1 vides, ka arT veicinot izpratni par
arvien pieaugosSo pasSvaldibu lomu vides politikas realizesana. Tapec butiska loma ir
sabiedribas informe$anai un iesaistiS8anai lémumu pienemsana un priekSnosacijumu radisana,
lai ieintereséta sabiedriba savlaicigi sanemtu 1@mumu pienemsanai nepiecieSamo biitisko
informaciju, tiktu izvertéts un ieverots tas izteiktais viedoklis par vides stavokli, darbibam,
kuras var ietekmét vidi un cilvéku veselibu.

Lielakajas valsts pilsétas ir deputatu vides komitejas un izpildvaras parvaldes, tomer
pagastos vides nodalu un vides specialistu gandriz nav. Kaut gan vides informacijas apmaina
starp pasvaldibam un regionalajam vides parvaldém notiek, tomér ta nav sistematiska un
abpusgja, jo vairak balstas uz kontaktiem vai nepiecieSamibu iegit konkrétu informaciju.

Bitiski ir radit iesp&jas iedzivotajiem rikoties videi draudzigi ikdiena un visdazadakajas
dzives jomas. Tomér paslaik vel mérktiecigi netiek veidota Sada iedzivotaju motivacija un
popularizétas alternafivas ricibas iesp&jas, pieméram, izvéloties transporta lidzeklus, videi
draudzigas preces, Skirojot atkritumus un citos gadijumos. Ikdienas sadzives vides problému
risinasana ir vaja sadarbiba starp dazadam vides aizsardzibas iestadém, pasvaldibam un
iedzivotajiem, bet iedzivotaju ikdienas profesionalaja darbiba videi draudziga riciba ir
apgritinata, jo darba devgiem trukst motivacijas risinat vides problémas. Tap&c ir
nepiecieSama viegli uztverama un saprotama vides informacija, kas orientéta uz dazadam
iedzivotaju grupam. Savukart masu sazinas Iidzekli, ari vietgja limeni, ne vienmér ir
ieintereséti vides aktualitasu popularizé$ana.

No Latvijas nevalstisko organizaciju zinojuma ANO vides un atfistibas konferencei
“Rio+10”, kas notika Johannesburga (Dienvidafrikas Republika) 2002. gada septembrt [9],
izriet, ka
- ledzivotajiem ir grufibas sanemt interesgjoSo vides informaciju viena institlicija un tikai

neliela dala no savaktajiem datiem tiek izmantota sabiedribas informesanai,

- sagatavojot materialus, netiek nemtas véra iedzivotaju intereses - netiek analizé&ts
sabiedribas viedoklis un pieprasijums p&c informacijas, ka ari loti maz tiek gatavota
vienkarsSota vispargja informacija,

- vides parskati ir sabiedriski pieejami, tiek izplatiti bez maksas, bet informacija biezi vien
ir novecojusi.

- Latvijas vides agentiiras majas lapa var atrast datu bazes, kuras ir apkopota informacija
par vides stavokli, tomér dala informacijas nav pieejama jebkuram,

- biezi ir gadfjumi, kad valsts un pasvaldibu iestazu darbinieki tomer atsakas sniegt
informaciju, pirms nav noskaidrots tas izmantoSanas méerkis (tas vairak gan attiecas uz
zemaka [Tmena valsts institicijam un pasvaldibam),

- informacijas nesniegSanu valsts un padvaldibu iestades biezi vien argument€ ar to, ka ta
nav §is institiicijas kompetence, vienkarsi nav savakta vai apstradata vai ar1 ir ierobezotas
pieejamibas informacija,

- ledzivotaju iesniegumi un stdzibas biezi ir slikti sagatavotas, neskaidras un neatbilst
likumdoSana noteiktajam prasibam (tomér sados gadijumos valsts institicijam nebutu
jaatsaka informacija, bet jasniedz iedzivotajiem nepiecieSamas konsultacijas iesniegumu
sagatavo$ana),

- pé€c valsts un pasvaldibu institticiju domam, lai uzlabotu vides datu ieguvi biitu japalielina
attiecigo institiiciju finans€ums, bet nevalstisko organizaciju parstavji uzskata, ka
problémas informacijas pieejamiba rodas organizatoriskas sadrumstalotibas rezultata —
datus vac dazadas institficijas un nav pietiekamas koordinacijas starp tam.

Apkopojot datus vides informacijas joma, ieZimgjas §adas problémas:
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e Vides informacijas aprite netiek pietiekami koordinéta, tas pieejamiba dazkart ir sarezgita
un neatbilst dazadu socialo grupu vajadzibam.
e Sabiedribas izglitotibas un izpratnes ITmenis par vides aizsardzibas nepiecieSamibu un
vides problému risinasanas iesp&jam ir nepietickams.
e Vides aizsardzibas sisttma nenotiek regulara sadarbiba starp institlicijam un dazadam
sabiedribas grupam.
Nav izstradata efektiva vides specialistu izglitiba sisteéma.
Intelektualo un finansu resursu triikums vides informacijas nodrosinasanai vietgja [iment.
Politisko partiju programmas netiek atspogulotas vides probl€mas un to risinajumi.
Negafiva un, dazkart, skandaloza informacija, ko raksturo uz tirgu orient&ts piedavajums,
kas nepietiekami un adekvati aktualize vides tematiku.
e Vides informacija ne vienmer ir pietieckami brivi un nepastarpinati pieejama zurnalistiem,
jo ta regulari netiek gatavota populara, nespecialistiem viegli uztverama veida.
Latvijas vides politikas joma ir jaizvirza vairaki merki:
1. Nodrosinat sabiedribas informétibu un izpratni par vides likumsakaribam, probl&émam un to
risinasanas iesp&jam, veicinot dazadu sabiedribas grupu sadarbibu ar vidi saistitu [émumu
pienemsana un attistot videi draudzigu sabiedribas apzinu.
2. Nodrosinat informacijas pieejamibu, atklatibu, ticamibu un saprotamibu, kas balstas uz
misdienigu informacijas tehnologiju izmantoSanu.
3. Veicinat sabiedribas un atsevisku personu Iidzdalibu ar vidi saistitu Iémumu sagatavosana,
ieveérojot personigo un profesionalo atbildibu, motivaciju, individualo un sabiedrisko
ieinteresé&tibu, kas arf savstarp&jo sadarbibu jebkura ltmeni.
4. Nodro$inat daudzpusgju un efekfivu informacijas apmainas procesu starp ministrijam un
institlicijam, veicinot sabiedribas izpratnes veidoSanu par vides problemam un sekmgjot
sabiedribas lidzdalibu vides problemu risinasana.
5. Atfistit ilgtsp&jigu tautsaimniecibu un uznéméjdarbibu, ka arT nodroSinat sabiedribu ar
pilnigu un ticamu informaciju par uznéméjdarbibas ietekmi uz vidi un paterétaju iespgjam
izdartt videi draudzigu izvéli.
Stratégiski ir japaredz Vides informacijas un izglitibas centra izveidoSana, kas:
- nodro§inatu pieeju literatiirai un periodikai par vides jautajumiem;
- raditu pieeju vides datu bazém ar datoru palidzibu;
- sagatavotu un izplatitu vides informaciju un metainformaciju dazadam meérka grupam;
- organiz&tu vides pasakumus (lekcijas, seminarus, tematiskas dienas, sabiedribas aptaujas).
Tuvakaja laika Vides informacijas un izglitibas centram jasak darbojas ka patstavigai
Vides ministrijas strukttrvienibai. NakosSaja etapa regionalam vides parvaldem, sadarbojoties
ar pasvaldibam, izglifibas iestaddem un nevalstiskajam organizacijam tiks izveidots vides
informacijas tikls pagastos un pilsétas.
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Abstract

Magnesium oxide-based minerals such as serpentine and olivine may be used for long-term storage of CO,, from
combustion of fossil fiels or industrial processes such as steel works, in the form of magnesium carbonate.
Large resources of suitable minerals appear to exist in Finland and at many other locations worldwide. The
efficiency of the mineral carbonation process can be evaluated using exergy analysis, which will allow for
comparing different mineral deposits that are characterised by different composition and quality. Other factors
that play a role are the temperature and pressure, the presence of other gases besides CO, and the degree of
magnesium carbonation that is reached. Important for the analysis is the calculation of the standard chemical
exergy of the chemical species involved.

Keywords: carbon dioxide, mineral carbonation, exergy analysis.

Introduction

For the year 2001 the total emissions of carbon dioxide from combustion of fossil fuels
and peat in Finland were around 60 million tones [1]. This is less than the value for year 1996
(61 million tones) but still 11% higher than the 54 million tones that were emitted in 1990.

The only option for Finland to reach efficient CO; sequestration is mineral carbonation,
which implies storage of carbon dioxide in the form of magnesium carbonate (magnesite)[2].

For mineral carbonation the wuse of magnesium oxide- based silicates,
xMgO-ySi0,-zH,0 is favored because they are worldwide available in huge amounts. These
natural resources may be capable of binding all fossil fuel-bound carbon [3, 4]. Magnesium
silicates can be divided into several subgroups. The largest quantities are olivine,
(Mg,Fe)SiOy4, and serpentine, Mg3;Si1,0s(OH),. Some other suitable minerals exist in smaller
amounts. The chemistry for the CO; fixation can be summarized as:

xMg0.ySi0,.zH,0 (s) <=>x MgO (s) +y Si0, (s) + zH,O (R1)
MgO (s) + CO, <=>MgCOs; (s) (R2)

Whilst the research in the USA is concentrating increasingly on wet methods using
aqueous solutions, our research (started mid-2000) [5,6] (still) aims at dry methods. The
reaction kinetics of mineral carbonation with and without catalytically active contaminants as
well as the effects of gas composition and pressure were analyzed for Finnish Mg3Si,09(OH)4
(serpentine) and Mg(OH), samples. It was concluded that the mineral carbonation process has
to involve the release or activation of the mineral’s MgO content before the reaction with CO;
to MgCO; can take place, which could imply a two-stage process. Temperatures around
350°C and elevated pressures appear to be most suitable when considering chemical kinetics
and thermodynamics. Water catalyses the carbonation reaction somewhat, which makes the
use of serpentine (its 10-14%-wt crystal water is released) more attractive than other MgO-
containing minerals.

Our current research concentrates on reaction kinetics and large-scale integrated
processing based on direct, dry carbonation of MgO-containing mineral with pressurized CO;
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from a separate captures process; the exergy analysis reported below is a part of that.

Exergy analysis of mineral carbonation
Objectives

The main goal of this work is to study the second-law efficiency of a magnesium oxide-
based mineral carbonation, focusing on the effect of mineral type and the level of MgO to
MgCO; conversion. As will be demonstrated below, the latter is very important since the heat
generated by the exothermic carbonation reaction contributes significantly to the overall
energy consumption of the process.

Standard exergies
For given environmental conditions (T® = 298.15 K, p® = 1.01325 bar) the chemical
exergies of the compounds are calculated as function of temperature T and pressure p as
EXchem(T, p) = EX°chem T AEXchem (To, po - T, p) (1)
where
AEXchem (T, p° = T, p) =AH(T®, p° —> T, p) - T° AS(T®, p° > T,p) (2)
with enthalpy H and entropy S. The values for AExqem Were calculated using enthalpy and
entropy data transported from HSC-4 software and databank [8]. The chemical exergies of the
solids, liquids and gases are assumed independent of pressure, i.e. EXchem(p,T) = EXchem(T).
Standard chemical exergies, Ex°gem, Oof the compounds are calculated from standard
chemical exergies of the elements as listed by Kotas [7] and standard Gibbs’ energy of
formation A;G° data [8] using:
EXOchem = AfGO + Zn
elements
[7] where Ngement 1S the number of moles of the element in a mole of a certain compound.
Input data for the relevant elements and results are given in Tables 1 and 2.

X EXOchem,element (3)

element

Table 1.
Standard reference exergies of the relevant elements and calculated values for some
compounds

Element Standard chemical exergy (kJ/mol)
Mg 626.71 [7]
02 3.97 [7]
Si 803.01 [7]
H; 23849 [7]
C 410.82 [7]
Compound
MgO 59.78
Mg(OH), 35.55
Mg,SiOy 6.49
Mg;Si,05(OH), -56.97
MgCO; 31.30
Si0O, -49.46
305

ISBN 9984 — 585 -68 -9



Environment.Technology.Resources. 2003

Standard Gibbs’ energy of formation of the relevant compounds [8]

Table 2.

Compound Standard Gibbs’ energy of formation AfG° (kJ/mol)
MgO -568.94
Mg(OH), -833.62
Mg,Si0, -2057.88
Mg3Si205(OH)4 -4037.96
MgCO; -1012.19
SiO; -856.44

For comparison, data for standard chemical exergies of some of the compounds, listed
by Kotas [7] are given in Table 3. Surprisingly large differences between data in [7] and what
is calculated using (3) are found for some species. Although this will effect process exergy
calculations, the calculated values given in Table 1 are used below.

Table 3.
Standard reference exergies of some relevant compounds as given by Kotas [7
Compound Standard chemical exergy (kJ/mol)

MgO 59.17
Mg(OH), 33.83

MngiO4 140.77

Mg3Si205(0OH)4 No data
MgCO; 13.7
Si10; 1.86

Carbon dioxide

It is assumed that the CO; is transported by pipeline to the mineral deposit where the
carbonation and long-term CO; storage as MgCQO; takes place. According to Hamelinck et al.
[9] the CO; transport should occur at 80 bar entrance pressure, with a maximum pressure drop
of 10 bar, at a temperature of 10-20°C, with water contents below 10 ppm in order to prevent
corrosion. Thus, the CO; is assumed here to arrive at the mineral deposit at 75 bar, 15°C, 100
%-vol COx.

In this paper, all gases are considered ideal, the exergy of CO, as function of
temperature and pressure is calculated as

EXC02 (p,T) = EXC02 (T) —RTIn (p / po) (4)

and

Ex °cop =RT° In (p°/p°°) = 20.108 kJ/mol
with R = 8.314 J/molK, using a reference concentration of 0.03 %-vol of CO; in the
atmosphere (p°° = 0.0003xp°) although 0.04 %-vol would be a more realistic value
nowadays.

A simplified mineral carbonation process

A simple exergy analysis of a mineral carbonation process can be made for the system
shown in Figure 1. It is based on a pressurised CO; stream (1) which reacts with MgO-
containing mineral stream (3) under isothermal conditions. The final MgCOs-containing
product released to the environment after cooling is stream (6).

Heat inputs Q4 and Qg are needed to preheat the incoming streams, respectively; heat
outputs Q¢ and Qp result from the need to maintain the isothermal conditions for the
carbonation reaction, and to cool the products, respectively. The input and output
temperatures of Qa as well as Qp are chosen to be Tr+25°C and T°+25°C, for a chosen
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reaction temperature TR For the cooling of the reaction and the reaction products, the input
and output of the water / steam streams QCas well as for QDare T° and TR25°C, respectively.
The exergies for these heat flows are calculated as

[¢]

X a = 1-
Frlea)® 1t qpygs aA O

and similar for QB Qc, QD.

Fig.1. System boundary for a mineral carbonationprocess based on MgO carbonation reaction
and heat exchange
Stream 1 Incoming (pressurised) CO2
Stream 2 CO2preheated to reaction temperature
Stream 3 MgO-containing mineral at environmental conditions
Stream 4  MgO-containing mineral preheated
to reaction temperature
Stream 5 Products of carbonation at reaction conditions
Stream 6  Products of carbonation reaction
after cooling

Heat Qa Heat (enthalpy) input to preheat CO2

Heat QB Heat (enthalpy) input to preheat the MgO-containing
mineral

Heat QC Heat (enthalpy) output to maintain the isothermal
carbonation

Heat Qd Heat (enthalpy) output to cool the reaction products

Thus, the process consumes steam of temperature TR+25°C but produces steam with
temperature TR25°C. At this point integration of QA Qb, Qc and QD in a heat exchange
network (HEN) is not considered: in practice these may be integrated with other activities, for
example metal ore processing at the location of the MgO-containing mineral deposit where
the CO2is stored.
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It is assumed that the carbonation reaction takes places at the pressure at which the CO;
arrives after transportation, 7.e. 75 bar.

Apart from comparing minerals, also the degree of conversion, X (in %) of the mineral
carbonation will be considered as a variable. For example, 50% conversion of the MgO to
MgCOs3 implies that a double amount of mineral must be preheated for a given heat effect,
that the reaction heat per MgO is only half and that the solid product is a mixture of unreacted
mineral and reaction products. A complete conversion of the CO; to MgCO3 will be assumed,
however.

Exergy calculation results

The exergy calculations were made in Microsoft Excel™, using thermodynamic data
calculated with and transported from HSC-4 [8]. All calculations were made for a CO, stream
of 1000 kg/s, entering the process at 15 °C, 75 bar.

Table 4.
Calculated results for 1000 kg/s CO,, 100% conversion, 350°C, 75 bar, standard
chemical exergies from Table 1.
Mineral |  MgOH), | Olivine |  Serpentine
Mass in kg/s:
CO; 1000 1000 1000
Mineral 1325 1599 2099
Mass out kg/s:

MgCO; 1916 1916 1916
SiO, 0 683 910
H,O 409 0 273

Heat MW:

Input A 173 173 173

Input B 378 287 450

Output C 261 789 426

Output D 938 427 886
Net heat input -1348 -1510 -1389
Lxergies MW:

Stream 1 696 696 696

Stream 2 790 790 790

Stream 3 804 71 -325

Stream 4 1038 248 -156

Stream 5 1290 1370 1743

Stream 6 826 235 89

In: 1+3+A+B 2051 1227 883
Out: C+D+6 2025 1450 1380

Since free MgO does hardly occur in nature calculations were only made for Mg(OH).,
(brucite), MgxSi04 (olivine) and Mg3Si20s5(OH)s (serpentine). Table 4 gives the results for
carbonation of these three minerals at 350°C, 100% conversion of the Mg to MgCOs3, and
product disposal to the environment at SO°C. These results show that the net heat input to the
process is negative, i.e. the overall process is exothermic, producing around 1.4 kJ heat per kg
CO; stored. Also, due to the exergies of some of the products after cooling, the difference
eXergyout Minus exergyi, may be negative. This is mainly due to the values for standard
chemical exergy for those species.
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Conclusions

As a first step, an exergy analysis of was made of a simplified process for MgO-based
mineral carbonation for long-term storage of CO2 in the form of MgCO3. We can conclude
that pressure and temperature are both of less importance in comparison to type of material
and the degree of conversion of the mineral. Itis found that the process has a net exothermic
heat effect, indicating that it may be used to generate 300-350°C steam. The heat input for
pre-heating the CO2is relatively small compared to that for mineral pre-heating.

As a result of values for standard chemical exergies for the species, the process may
also show a negative exergy decrease, which is quite unconventional.

Finally, different values that can be found for standard chemical exergies for the species
may in some cases yield enormous differences in process exergy calculations. Clearly, more
work is needed on the part of standardization for solids such as the Mg-species considered
here and the definition of “environment”.
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Abstract

Ecological-geochemical state of topsoil and water sediments in Siauliai was evaluated taking into account total
contents of 14 hazardous elements (Po, Zn Qu S Ag, N, Mo, O, Co, Mn, /. B S, Ba) in a complex way -
bath according to their total contamination index and their standards (existing State standards and phytotoxic
concentrations in soil used in European countries). Thefraction < 1 nm of samples was analysed by atomic
emission spectrophotometry. Topsoil composite samples (110 in all) were taken approximatelyfrom each square
kilometre and classified into 4 groups according tofunctional micro-zones. The nunber of samplesfrom water
sediments (Talsa and Ginkunai lakes, Kulpé and Violé rivers) was 13 Bven 54.5% topsoil samples were
characterised by unsatisfactory final ecological-geochemical state (30% of them had bad state). Topsoil of
industrial functional micro-zones had the worst state. It wasfollowed by topsoil of residential, then by topsail
from social-residential micro-zones. Topsoil from the territories of recreation or protected areas had the best
quality. Ecological-geochemical state of water sediments in Ginkunai and Talsa lakes and in Kulpé or Violé
rivers was very bad or bed.

Keywords: ecological-geochemical state, urban territories, metal pollution, topsoil, lake sediments, river
sediments.

Introduction

One of the aims of the program “Urban environmental quality and its change” was to
evaluate ecological-geochemical state of topsoil and water sediments in Siauliai, i.e. their
suitability for life, work and recreation of people. The spatial variability of topsoil state and
its dependency on functional micro-zones also had to be analysed. Similar investigations have
been carried out in other countries [1]. For such evaluation the total contamination index Zc
or various standards can be used. The existing State standard for element content in soil [2]
defines maximum permitted concentration (MPC) of element and gives the corresponding
values for total contents of Mn, V, Pb and Mn + V which are determined according to the
general sanitary limiting indication, i.e. the influence on soil self-purification and biological
activity. While samples have been taken also from cultivated topsoil, the phytotoxic
concentrations (FK) used in European countries can be taken into account [3]. When they are
exceeded, the elements have negative influence on plants, because their physiological
processes are disturbed and the amount and quality of plant production deteriorates [2].
Though there are no special State standards for element contents in water sediments, the limit
values (LV) for classifying sewage sludge into three categories [4] can be applied for water
sediments. Also their total contamination index Zc can be used for evaluation.

Methods

Complex samples (their total number was 110) consisting from several sub-samples
were taken in 2002 from the upper (0-10 cm depth) soil layer approximately from each square
kilometre and classified into 4 groups according to functional micro-zones (A - social-
residential, B - residential, C - industrial and D - recreational). The number of samples from
water sediments (Talsa and Ginkilnai lakes, Kulpé and Viole rivers) was 13. Besides, one
sample was taken from Violé tributary for local background determination and one in Musa
for determination of the influence of pollution from the whole Siauliai. All samples were air-
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dried, sieved through nylon sieves (choosing fraction < 1 mm). After organic matter
mineralisation at 450° C and mechanical pulverisation they were analysed by DC arc emission
spectrophotometry for determination of the total contents of Li, B, Ga, P, Mn, Ti, V, Cr, Co,
Ni, Cu, Zn, Pb, Mo, Ag, Sn, Zr, Y, La, Yb, Sc, Sr, Ba. International reference materials
OOKO 153 and OOKO 151 were used for quality control.

Both total contamination index Zc and standards for total contents of elements were
taken into account for more integrated assessment. The evaluation was based only on 14
hazardous elements, for which at least one standard value (MPC, Fk or LV) is defined (Table
1). Most of them belong to class I, III or IIT of toxicity [5].

Table 1.
Parameters (mg/kg) for evaluation of ecological-geochemical state of topsoil and water
sediments

Standards Background values
Elements MPC Fk | Category | Category | Top- | River Lake Lake
and their | (HN 60- | [3] I sludge | I sludge | soil | sedi- | sediments sediments
class of 1996) (LV;-LVy) [4] [6] [ ments | (20-30% of | (30-40% of
toxicity [2] [4] organic organic
[5] matter) [7] | matter) [7]
Pb () 32 100 [ 140-500 >500 148 [ 353 213 21.1
Zn () - 300 [ 300-2000 >2000 259 | 86.1 62.5 67.0
Cu (II) - 100 75-600 >600 9.7 19.8 14 4 10.5
Ni (1) - 100 50-300 >300 135 | 27.6 15.2 14.5
Cr (II) - 100 [ 140-400 >400 341 | 68.9 304 28.2
Co (ID) - 30 5 6.9 54 5.1
Mo (1) - 5 068 | 0.86 1.08 1.25
B (II) - 100 28.4 | 387 33 30.6
Mn (1II) 1500 1500 371 862 828 387
vV (1) 150 100 37 31.9 29.2 30.0
Ba (1IT) - - 391 715 383 314
Sr (1) - - 869 | 172 110 89
Sn - 50 201 | 2.58 2.92 2.86
Ag - 2 0.067 | 0.215 0.091 0.095
Mn+V | 1000+100 | -

Total contamination at site i by Pb, Zn, Cu, Sn, Ag, Ni, Mo, Cr, Co, Mn, V, B, Sr, Ba
index 1s calculated according to the formula: Zc¢c;=XKk;—n+1, where summing is according to
j» Kkij is concentration coefficient of element j at point i and n=14 is the number of elements
(when Kk;<1, it is accepted that Kk;=1). Element concentration coefficients Kk;; were
calculated by dividing element content in sample by its background value. Background values
for topsoil were taken from Middle Venta soil region [6]. For lake sediments they depended
on the percentage of organic matter in sample [7]. Not general or regional background values
[6, 8, 9, 10] but local background values were used for river sediments. They were determined
in sample taken in Violé tributary outside town territory. The main role for evaluation was
given to Zc¢. According to Z¢ categories for polluted soil [5] or water sediments [11] samples
with good, satisfactory, medium, bad or extremely bad basic ecological-geochemical state can
be revealed (Table 2). Zc categories in soil are related to population health indices, while in
water sediments to concentration of hazardous elements in water. This assessment was
adjusted taking into account the exceeding of MPC, Fk or LV. Sail is very polluted, when the
content of chemical substance or element 2 times exceeds MPC, and polluted, when it
exceeds MPC 1-2 times [2]. According to this principle, general sanitary ratios Rgs and
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phytotoxic ratios Rph were determined for each topsoil sample (element content in sample
divided by its MPC or Fk, respectively). According to their maximum values general sanitary
and phytotoxic state of topsoil was evaluated in the same way: it was estimated as bad, if
max(Rgs)>2 or max(Rph)>2, medium, if max(Rgs) (or Rph) were within the interval (1,2),
and satisfactory, if max(Rgs)<1 or max(Rph)<1. Final ecological-geochemical state of topsoil
was evaluated as the worst from three states (basic, general sanitary and phytotoxic). Special
variable ST was calculated indicating this final state. The set of its possible values is the
following: 1, 2, 3, 4, 5 (Table 2).

Table 2.
Evaluation of topsoil and water sediment quality according to Zc¢
Pollution level Topsoil Z¢ Water sediments Z¢ | Ecological-geochemical state
(category)
Acceptable <38 <5 Good (G), ST=1
8-16 5-10 Satisfactory (S), ST=2
Medium dangerous 16-32 10-30 Medium (M), ST=3
Dangerous 32-128 30-100 Bad (B), ST=4
Most dangerous > 128 > 100 Extremely bad (E), ST=5

Basic ecological-geochemical state of water sediments was also evaluated according to
Zc categories (Table 2). It was adjusted according to categories of wastewater sludge
(determined according to Pb, Cr, Cu, Ni, Zn contents): sediment samples of category III were
attributed to extremely bad ecological-geochemical state, while of category Il — to bad state.
Assessment of samples of category I was not adjusted, i.e. realised only according to Zc. In
this way final ecological-geochemical state of sediments was determined.

Results and discussion

Zc of the greater part (64.5%) of topsoil samples taken from the town territory was
acceptable, though in the rest 35.5% of samples it exceeded the permissible level: 21.8% of
them belonged to the category of medium contamination and 13.6% to dangerous one. No
extremely dangerously polluted samples were found, as the territories of industrial enterprises
were not investigated. Meanwhile Zc of the greater part (84.6%) of investigated sediment
samples was not acceptable, most of them (61.5%) could be attributed to dangerous level of
pollution and two samples (from Ginktinai and TalSa lakes) — even to extremely dangerous
level. According to average Zc¢ basic ecological-geochemical state of urban topsoil was not far
from medium (14.7), while of water sediments (64.7) it was bad. Phytotoxic state of most
(74.5%) topsoil samples was satisfactory, though there was rather great part of samples with
medium (20.9%) or bad (4.5%) state. However, general sanitary state of more than half
(53.6%) topsoil samples was unsatisfactory, even 27.3% among them were characterised by
bad state. Such state was predetermined by lead pollution originating from vehicles. Only
45.5% of topsoil samples were characterised by good or satisfactory final ecological-
geochemical state and even 54.5% by unsatisfactory (including 30% of samples with bad
state) (Table 3). The sequence of topsoil pollutants according to average accumulation was
the following: Zn>Pb>Cu>Sn>Ag>Sr>Cr>Mo (Table 4). The largest territory with unsuitable
final ecological-geochemical state of topsoil included the centre of town (Fig. 1).
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Table 3.
Ecological-geochemical state of topsoil and water sediments in Siauliai
Objects of Number of  Average Ecological-geochemical state, % of samples
assessment samples Zc  Good Satisfactory Medium Bad  Extremely bad
Topsoil of all territory
A n 7.6 63.6 0.0 271.3 91 0.0
B 3l 151 387 9.7 22.6 29.0 0.0
C 46 21.2 196 0.0 304 50.0 0.0
D 22 4.2 86.4 0.0 136 0.0 0.0
A+B+C+D 110 147 4238 2.7 245 30.0 0.0
Topsoil ofthe central territory
A 2 138 0.0 0.0 100.0 0.0 0.0
B 1 19.7 0.0 0.0 0.0 100.0 0.0
C 3 210 0.0 0.0 0.0 100.0 0.0
D 1 79 0.0 0.0 100.0 0.0 0.0
A+B+C+D 7 169 0.0 0.0 429 57.1 0.0
Former military territory of Zo cniai
A+B+C+D n 116 364 0.0 271.3 36.4 0.0
Water sediments
Lake sediments 9 69.9 111 0.0 0.0 111 778
River sediments 4 40.6 0.0 0.0 0.0 25.0 75.0
Table 4.
Accumulation of hazardous elements in topsoil and water sediments
Objects Descending sets of element average concentration coefficients
Al topsoil Zn Pb Cu Sn Aag Sr Cr Mo Mn Ni Co Ba B V
(A+B+C+D) 560 3.49 2.82 213 176 1.60 156 143 120 119 117 104 091 088
Topsoil of  zn sr Cu Pb Cr S Ni pAg BaMo Co Mn V B
micro-zonesD  1.75 133 129 121 118 112 105 1.& 0.98 0.97 0.97 095 091 0.90
Topsoil of Zn | Pb Cu Sn sr Co Mn Cr pAg Mo Ni V B Ba
micro-zonesA 332 215 158 1.48 147 123 122 117 114 111 105 099 095 0.79
Topsoil of Zn Pb Ag Cu Sn sr Ccr mn Co Mo Ni Ba B V
micro-zonesB  6.80 2.72 247 244 189 162 156 131 126 122 117 113 103 098
Topsoil of Zn Pb Cu Sn Mo Cr ag Sr Ni Mn Co Ba B V
micro-zonesC ~ 7.17 541 411 294 186 1.83 1.80 175 1.30 124 119 108 083 0.78
All Cr Ag 2Zn Pb Ni Cu Sr sn V Mo Ba Co B Mn
sediments 26.11 1429 7.19 4.85 3.59 3.13 1.99 193 1.55 152 115 0.80 080 0.70
Talsa lake Cr Ag 2Zn Pb Ni Cu Sn Mo VvV sr Ba Co Mn B
sediments 24.87 16.13 7.30 4.34 3.28 236 1.76 1.71 1.68 1.62 1.38 0.84 0.71 057
Ginkunai lake Cr Ag 2Zn Pb Ni Sn Cu Ba VvV sr Co Mo Mn B
sediments 90.70 59.23 6.87 6.06 4.41 4.02 3.23 2.24 1.88 1.59 113 102 0.74 0.63
Kulpe river Cr Zn Pb Ag Cu Sr Ni Sn V Mo B Ba Co Mn
sediments 28.44 10.67 9.71 531 4.62 4.38 3.57 225 129 124 089 0.81 065 0.63
Viole river Zn Cu B Mo Ni Sn V Pb C Co pAg ST Mn Ba
sediments 500 259 1.85 1.67 153 119 119 094 0.70 0.52 040 036 0.27 011
Musa river Cr  Ni Ag Cu Zn Sn VvV Mo B Mn Pb Co Sr Ba
sediments 14.86 9.90 872 7.32 436 178 171 158 123 089 0.72 0.67 0.67 042
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OF TOPSOIL:
Functional micro-zone: Good Satisfactory Medium Bad
A.Public-residential 5>
B. Residential m 0 E
C. Industrial including infrastructure © © © D
D. Recreational, protective or other ¥ y

OF WATER SEDIMENTS:
Good Bad Extremely bad

Fig.1. Ecological-geochemical state of topsoil and water sediments in Siauliai
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It included also industrial districts surrounding it: the mostly polluted central one at the
railway (with “Tauras” TV-plant, “Vairas” bicycle plant, foundry, fuel station, garages, forge,
storehouses, railway depot), the northern one Gubernija (with experimental mechanic plant,
metal commerce enterprise, factory), the north-eastern one near TalSa lake (with “Stumbras”
leather processing plant, transport enterprise “Siauliy autotransportas”, service station and
garages) and the eastern one in the north-western part of Zokniai airport (with aviation repair
plant having two galvanic facilities).

Three smaller anomalies were related to former “Nuklonas” TV-set plant in the
southwestern part of Siauliai, Rékyva southern industrial district and southeastern part of
Zokniai. According to average Zc ecological-geochemical state of topsoil in the centre of the
city due to Pb pollution is worse and in surroundings of Zokniai is slightly better in
comparison with the whole town. However, the percentage of topsoil samples (63.7%)
attributed to not acceptable ecological-geochemical state in Zokniai is higher than in the
whole town. The greatest accumulation of most pollutants (Zn, Pb, Cu, Sn, Sr, Cr, Mo, Ni) is
in topsoil of industrial micro-zones, only Ag, Mn mostly accumulate in residential micro-
zones (probably due to municipal pollution). Zn is the greatest polluter in all micro-zones
(Table 4). Topsoil from industrial micro-zones has the most unsuitable ecological-
geochemical state. It is followed by topsoil from residential and public-residential micro-
zones. The pollution level of topsoil from recreation, protection or similar destination
territories is the lowest.

Even 92.3% of taken sediment samples were characterised by generally not acceptable
ecological-geochemical state (including 76.9% of samples with extremely bad state). Most of
investigated sediments (except one sample in the southern part of TalSa lake) were attributed
to categories III or II of sewage sludge. Average Zc was greater in lake sediments (Table 3).
Ginkinai lake was polluted most of all (average Zc=171). It was followed by Kulpé river
(63), TalSa lake (57) and finally by Violeé river (9). The sequence of sediment pollutants was
larger than in topsoil and their arrangement was different (Table 4). Zc of sediments mostly
depended on Cr, Ag, Zn, Pb, Ni, Cu. These elements were actively accumulating in TalSa and
Ginkinai lakes and in Kulpé river, 5 of them (except Pb) predetermined pollution level even
in MusSa river. Meanwhile bad ecological-geochemical state of Violé sediments was
predetermined by Zn and Cu. The greatest concentration of Pb and Zn was observed in the
central part of TalSa lake, meanwhile of Ni and Cr in its northern part.

Conclusions

Long period of wurbanisation, great industrialisation and intensive transport
predetermined fair or bad quality of 54.5% topsoil samples mainly in central and northern part
of Siauliai. Topsoil of industrial functional micro-zones does not meet quality criteria.
Pollution from metal processing plants can influence the neighbouring residential districts.
Wastewater from leather processing plants and surface runoff from highly urbanised and
industrialised territories predetermined extremely bad or bad quality of sediments in Talsa,
Ginkinai lakes and in Kulpé and Violé rivers.
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Abstract

In the search for computational models that help to understand the dynamics of Complex Systems, one can take
a great advantage from the impressive acceleration of computer tools and techniques. In fact the very structure
of computation on digital computers has inspired the introduction of new class of models (algorithms), where
interaction among degrees of freedom are expressed by logical rules acting over a discrete state space —
something much closer to "biological language” than to standard (floating point) physical models.

Starting from the definitions of spin systems, with little changes we reach a definition a new model that is well
suited to describe different simulation systems. Such class of models is can be considered a subclass of the
Agent-Based systems in vogue nowadays.

Moreover, we shortly describe two microscopic simulators of this type, which are being used to study
microscopic phenomena in two completely different fields of application, namely immunology and finance.

As a final remark, given the lattice representation of space, such computational-modeling paradigm is well
suited for efficient and "relatively simple” parallelization. Indeed, both models have been implemented to run on
parallel computers adopting the Message Passing paradigm for Distributed Memory machines.

Keywords: micro-simulation, agents, cellular automata, immunology, finance.

Introduction

Since the advent of digital computers, the way research proceeds has dramatically
changed. The study of physical systems for example, is traditionally investigated by means of
mathematical models. These models are often very difficult to be solved analytically and
approximations are necessary to reach a solution.

The use of computers has brought great advantages in handling complex models in two
different although complementary ways: (1) the mathematical formulation of a model can be
solved numerically using sophisticated algorithms to find a good “numerical” solution; (2) a
system can be analysed in term of its constituents, i.e., the overall dynamics can be simulated
by its very microscopic elements and global quantities can be compared with experimental
data.

Among the two, the first field is by no means more mature. In fact, since the fifties, a
huge amount of methods have been developed and many more are currently under study.
Books and articles describing what is considered “standard literature” on Numerical Calculus
are largely available nowadays.

Traditionally, also the term “simulation” refers to numerical methods to compute, for
example, the solution of a system of partial differential equations. In contrast, the definition
that will be used throughout this manuscript will point to a different narrower meaning.

To simulate a system means to reproduce the “functional behaviour” of the constituents
under particular laws which rule the global dynamic of the system itself. These laws are not
known in general and are exactly the target of the investigation. Even the variables defining a
single system-constituents are not known in general.

This approach is much more valuable as the computing power of today's computer
increases. In fact the number of micro-constituents of the system should be, by definition,
large [1].
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Complex behaviour can occur in any system made up of large numbers of interacting
constituents with non-linear coupling, be they atoms in a solid, cells in a living organism, or
traders in afinancial market.

It is the availability of digital computers that makes possible to solve sophisticated
models and, in so doing, to reveal the micro-dynamics of some complicated natural
phenomena.

Computational
Science

Applied

Disciplines

Computer | Phisics
\ Science /

Fig. 1 Microsimulation (MS [2]) or Agent-Based methods belong to the Computational

Sciences and mainly refers to methods similar to those used by computational statistical

physics that are being applied to other disciplines [3]. The Computational Sciences are

identified as the intersection of physics methods and applied disciplines, with the use of
computers as combining element.

From the mere technical point of view, the Moore's law (computer power doubles every
15 vyears) assures increasing memory and CPU speed to simulate larger and larger systems.
Although many problems are now solvable by common personal computers, there are
problems for which even the largest parallel machine is not able to find a “real” solution.
These problems are called Grand Challenges. A Grand Challenge is a large-scale science or
engineering computational problem. Examples can be found in Physics, Biology, Chemistry,
Materials Sciences, Fluid and Plasma Dynamics, Finance, Environment and Earth Sciences,
and so on.

The reason of the intractability of such problems lies in the level of details one wants to
take into accounts. For example one may think of a biological cell as a single element ruled
by very simple dynamics which brings the cell at most into one excitatory state. In this
scenario the amount of memory needed to represent a cell is reduced to the minimum (a bit)
and the number of operations to test and possibly switch its state is negligible. Stated like this,
even if we wanted to take into account millions of cells at one time we would not run into
troubles today if we could access a reasonable workstation. Problems arise when we want to
go into the details of the cell. In fact, a cell is a whole universe for its own, with an
unthinkable level of details. Even top supercomputers would not be able to represent all that
information. So, what chances do we have? The possibilities stay in between: we cannot take
all the details at once but we can add them one after another as long as the computing power
required is available. This philosophy has gone long enough today to allow sufficiently-
detailed simulations of complex phenomena.

The present manuscript deals with the author experience with complex systems
composed by many interacting elements. In particular it deals with the definition of a
particular class of models derived from the spin or lattice models of physics and the presents
two examples with regards to problems from biology and finance. In both fields the rules
governing the micro-behaviour of the constituents (cells, molecules but also traders and
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brokerage agencies) are mostly unknown. All that is given is the macro-behaviour that can be
observed empirically either by experiments (this is the case in biology) or by applying
statistical methods to the already given data (this is the case in finance where the use of
databases allows to track any transaction worldwide).

The joining element between the two MS models described herein is not only
conceptual but also technical in certain respects. In fact they are both being coded following a
precise architectural schema. Such schema is, according to the author opinion, just the natural
extension of the well known in the physicists community spin or lattice models.

From spin to automata computational models

Nowadays, the scientific study of a phenomenon in general consists of three major
approaches: theoretical, experimental and computational. The computational aspect becomes
more and more important. Computational science has the flavor of both theoretical and
experimental science. One must have a very good theoretical background to study a subject
by means of computational methods. A good computational method often comes from a
thorough theoretical analysis. On the other hand, the analyses of results are not much different
from analysing experimental data. Computational methods in science become advantageous
when (1) the problem at hand is too difficult to do analytically; (2) an approximate theoretical
result may not be reliable, and it is necessary to check with a different method; (3) an
experiment is expensive or not feasible at all.

As already mentioned in the introduction, computational methods can be roughly
divided in two areas, that of numerical analysis and that of computer simulation. Numerical
methods include solving linear equations, eigenvalue problems, solving differential equations
and partial differential equations, etc. In contrast, computer simulations are methods that try
to model the physical world directly, rather than solving the equations governing the physical
processes.

A complex systems (physical, biological, chemical or financial, just to mention a few)
can be defined as a system with a large number of degrees of freedom. Thus, microsimulation
(MS) is a method to mimic a complex phenomenon through the description of its micro-
components. That is, leaving the system free to evolve without too many constraints and
simplifying assumptions.

In the following we present techniques belonging to the class of MS methods. These
have been applied with success in the field of statistical mechanics [4]. Some of them are
being also used in biology and recently in finance [2, 3]. At the end we define a new class of
MS models that we use throughout this manuscript to describe two different simulation
algorithms dealing respectively with problems from immunology and finance.

The very first definitions are those of “spin” and “lattice”. A ferromagnet can be
regarded as a system composed by a large number of elementary magnets placed on the sites
of a crystal lattice. To model and to understand the magnet properties of solids, various types
of lattice spin models have been proposed. Such models are defined by
(1) a lattice type (dimension 1,2,3..., and topology, i.e., cubic, triangular and so on);

(1)  the possible values of the random variable, called “spin” at each lattice site, that is,
the number of possible states a spin can take (these may be either discrete or
continuous; also, a spin can be in generalized sense, a single value, a vector or a
tensor, although some representations may lack of a physical meaning);

(ii1)  the interactions among spins, in terms of rules determining the way the value of the
spins are coupled and how they change with time.

Iterating the interaction rules, one gets a discrete dynamical system.

The following overview of spin systems is by no means complete. Moreover, we
voluntary avoided talking about the interaction rules, which, together with the topological
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definition of a spin system, is the most important element to distinguish one application from
another.

If the total number of lattice sites is L, we identify a spin with a stochastic variable sn
for n=1,2,...,L. According to (ii) one deals with different spin models. The most popular are
the enunciated below.

Ising model
A spin may take on just two values; “up” or “down”, usually sr=+1 orqg sn=-1.

Potts model of the Kthorder

It is a generalization of the Ising model with the spins taking one of K possible values,
ie., Sn=1,23,...K.

XY model
Each spin is a complex number of absolute value 1, i.e., sn=¢e /n.
Later, other models have been derived from these definitions.

Cellular Automata (CA)

Inspired by the early work of J. von Neumann [5] on self-replicating machines, they are
discrete dynamical systems where each spin per lattice site is updated according to the state of
the spin in its neighborhood [6]. CA are being used to model many physical systems but seem
more suited to model biological systems.

Lattice Gas Automata (LGA)

Lattice gas automata were introduced by Frisch, Hasslacher and Pomeau as a means to
solve the Navier-Stokes equations of fluid dynamics. The two dimensional triangular lattice
gas (fig. 2) is indeed called FHP lattice [7]. A lattice gas is like the Potts model in which the
states of particles represent velocities. The FHP model is associated to particular types of
lattices with peculiar interaction rules (collisions conserving mass and momentum). The FHP
model is a two-dimensional triangular lattice, thus the number of velocities K is equal to six.

Fig. 2 Triangular lattice. Particles at time t and t+1 are marked by single and double arrows,
respectively.

Integer Lattice Gas Automata (ILGA)

A generalization of lattice gas has been proposed with the name of Integer Lattice Gas
Automata [8]. The generalization is given allowing more than a single particle per each

direction to stay on a lattice site, e.g., sng K\ with fixed number of particles per site
equal tor.
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Through this step-wise definition of spin models we come to the definition of a spin
system in which each site of the lattice contains exactly r particles, each in one of K different
states-velocities. We still need, for our purpose, two further generalizations:

(1) we want to represent different particles types each having their own micro-state space;
(2) we do not want a fixed number of particles on each lattice site.
The first of these requirements leads to a definition of spin with many components

s, =5, = (S1 §2 Sk ) with £ the number of different types of entities (we also use the term

entity in place of particle; entity fits better the meaning of (e.g.) agents in a stock market or
cells in the immune system). Each agent belonging to class e =1,..., £, can be found in a
micro-state taken from a discrefe set of states 1,..., K(e), whose number depends on e.

The second point requires to consider 7 =r(x,#) that is, the number of entities on each
lattice site x is a function of time 7 and position x. In general, the number of entities in a given
lattice site depends on the diffusion process we choose. But in practice it is sufficient to
choose r as the maximum number of particles on the lattice during the whole simulation to
recover the definition of integer lattice gas.

Because we allow r(x,7) growing without constraints we set apart this particular case of

unbounded capacity and call it “unbounded” lattice gas.

Unbounded Lattice Gas (ULG)

It is a lattice gas with unlimited number of particles on each lattice site. Particles belong
to different classes e=1,...,L . They may take on one micro-state from a set 1,...,K(e)

which in turn depends on the class e to which they belong to.

Summarizing, we are able now to define models where the different entities belongs to
different classes. They occupy the lattice sites with no constraint on the number. They interact
locally instead of interacting with the neighborhood as in CA models. Finally, eliminating the
constraint on the occupation number we allow the particles to diffuse freely on the lattice grid.
At this time we consider the particles to follow the classical Brownian motion. General non-
uniform diffusion schema is also well defined thanks to the unconstrained capacity r(x,7).

As already anticipated above, the use of ULG as formal definition of the
microsimulation systems developed and discussed thereafter is justified by the availability of
large-memory computers. Instead of storing a single bit like in the Ising model or at most few
bytes as in the Potts model to keep the memory consumption at minimum, we can now
represent particles (cells, atoms, molecules, traders etc.) as a collection of information or
attributes. Thus, the informative structure representing a single particle is heterogeneous as
we allow mixing binary information, integer numbers or even arrays of more complicated
records. Note that we intentionally restricted ourself to the use of integer numbers to represent
the internal states. The reason is to avoid floating points operations to assure unconditional
numerical stability to the simulation algorithm.

Moreover, given the unbounded capacity of the lattice, the choice of a static data
structure is clearly wrong. Indeed, a dynamic memory allocation is much more appropriate. In
practice, all we need to represent a d-dimensional (we use d=2) ULG is a pointer to a list of
’records” containing the information structure of the entities for each lattice site.

In our models the complex behaviour of the entities is subjected to precise state-changes
upon interaction. Every single entity can be thought as a Stochastic Finite State Machine
(SFSM) [9] which processes information and changes its state according to the result of the
interaction with other entities, or with external fields.

323
ISBN 9984 — 585 -68 -9



Environment.Technology.Resources 2003

Fig. 3. Stochastic Finite State Automata. The probability pr[sl-> s2] to switch from state one
to state two, for example, can be given or can be the outcome of a more complicated
procedure. In our case these probabilities are computed by complex rules.

Probabilistic or stochastic models should not be confused with non deterministic models
in theoretical computer science [9]. A typical example of stochastic system is a Markov chain
where each state transition is subject to a given probability.

A typical diagram showing a stochastic finite state (automata) is given in fig. 3. The
transition between the states s1, s2 and s3 is stochastic. The transition probabilities can be fixed
or changing in time. In our case they depend on the outcome of more or less complicated
interaction rules between entities. They can also depend on some global quantities or external
fields.

Finally, because the particles interact locally (i.e., inside each lattice site) and only after
they diffuse to adjacent sites, we can “easily” divide the CPU-load distributing the lattice grid
to different processors of a parallel machine [10]. Message passing among processors is
needed only during the diffusion phase. This allows us to simulate a large number of
interacting entities with a high level of details.

Application I: Immunology

The Immune System response has been modeled by means of a generalized cellular
automaton:
(1) the CA is defined on a triangular 2D lattice with periodic boundary conditions (toroidal

geometry).

(2) the dynamics is probabilistic
(3) the evolution of each site depends just on the site itself (internal dynamics)
(4) entities move from site to site (diffusion process)
(5) each time step corresponds to about 8 hours of “real life”.

From the viewpoint of statistical mechanics, the CA can be considered as an extended
lattice gas. There is neither a partition function nor any “classic” observable but the entropy.

In this model we map a single lymph node (or generically a small portion of a secondary
lymphoid organ) of a vertebrate animal onto a two-dimension hexagonal lattice L x L, with
periodic boundary conditions in both directions. The primary lymphoid organs thymus and
bone marrow are modeled apart: the thymus is implicitly represented by the positive and
negative selection of immature thymocytes before they get into the lymphatic system,
whereas the bone marrow generates already mature B lymphocytes. Hence, on the lattice we
find only immunocompetent lymphocytes. In this model the cells (and to a certain extend also
the molecules) represents the agents of the simulation, sometimes also refered to as entities.
Agents interact and cooperate to build the main functions of the immune system, namely,
recognition, defense and memory.
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This model belongs to the class of bit string models [11]: the affinity among the entities
is described in terms of complementarity between binary strings having a fixed directional
reading frame. Bit strings represent the “binding site” of cells and molecules as for example
lymphocyte receptors (T lymphocytes receptor TCR, B lymphocytes receptor BCR), Major
Histocompatibility Complexes MHC, antigen peptides and epitopes, immunocomplexes, etc.
The model includes the major classes of cells of the lymphoid lineage (T helper lymphocytes
or TH, cytotoxic T lymphocytes or CTL, B lymphocytes and antibody-producer plasma cells,
PLB) and some of the myeloid lineage (macrophages, MA, and dendritic cells, DC). The
interactions among these cells define their functional behaviour. Rules accounting for
phagocytosis, digestion and presentation of the antigen, opsonization, lymphocyte recognition
and cooperation, viral infection, cytokine secretion etc. have been defined.

Fig. 4. Virus diffusion in a 100x100 lattice at various instants (time goes from left to right).

Figure 4 shows five snapshots of a viral infection and spreading on the lattice
representing the lymphnode. Formation of areas of low antigen density corresponding to the
presence of anti-virus immunoglobulins are visible.

The model allows for the study of various phenomena and the validation of different
immune mechanism [12,13].

Application I1: Financial Markets

We have constructed an agent-based model to simulate the dynamic interactions
between market price and the decisions of different kind of traders. The present model
incorporates many features of other known models and is meant to be the first step toward the
construction of an agent based model that uses more realistic markets rules, strategies, and
information structures.

Agents represent traders in a “virtual” stock market. They can group together to form
coalitions. Each coalition follows a strategy chosen from a proportional voting “dominated”
by a leader's decision. The interplay of the different kind of trading strategies gives rise to
complex price dynamics that is consistent with the main stylized facts of financial time series.
The main goal is to give an easy way to implement different key issues in modeling the stock
market, to understand the relevance and the mutual influence of certain factors that other
models have treated separately, and to investigate the necessary and sufficient conditions
determining the factors, which actually drive the empirical observed facts in real markets.

Recalling the introduction, the computational model described herein is formally
equivalent to an unbounded lattice gas.

The model represents [14] three kinds of agents (or agents’ strategies) trading for a set
of N assets (stocks): fundamentalists, noisy and technical traders [15,
SteiglitzHonigCohen:96]. The former consider a reference (or “fundamental”) value to
determine the “right” price of an asset. The noisy are nmost of the “small” traders, which do
not follow any reference value and do not look at charts. Their behaviour is mostly random.
Lastly, technical traders are those who take into account information about the evolution of
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the price, (in our case the moving average over certain horizons of time [16]). These are the
traders that we name chartists.

At each time step each agent decides, if to be active or not to trade. For active traders, a
different decision path is followed depending on the trading strategy. A different decision is
taken for each stock on the market.

To model how the decisions of agents are influenced by their mutual interaction, we
assume that the decision process undergoes a proportional voting where agents occupying the
same lattice site express their preference. The single agent's decision is weighted by its
influence strength to form the collective decision.

Finally, the model implements a quasi-realistic book-of-orders as lists of buy-orders and
sell-orders are added. Matching orders on the two lists are satisfied (filled) while the
remainings wait for a pair matching order to be inserted.

The model reproduce realistic crossorver of the price change of an asset to Gaussian
behaviour for increasing activity of traders corresponding to a larger time resolution of the
simulation (figure 5).

Fig. 5. Crossover to Gaussian regime of the price difference for increasing activity of the
traders, i.e., decreasing time resolution of the simulation step.

It applies to an index defined on all simulated stock prices. Again, the model is
consistent with fat tails of histogram of the normalised price change (the returns, see fig. 6),
log-normal distribution and clustering of volatility (not shown).
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Fig. 6. Simulated market index considering 100 assets. Index dynamics (left) and its return
distribution (right).

Parallel programming

The approach to the parallelization of both the above computational models is very
similar. We have used MPI [17] mainly to exploit the better support for Collective
Communication Primitives (CCP's) that MPI offers. In the present code, CCP's are used to
perform many reduce operations in parallel instead of collecting all data on a single node and
then process them sequentially.

The scheme, which is shown in fig. 7, can be summarized as follows. Each task of a
parallel runis in charge of a subset of the total number of agents or cells according if we are
talking of the financial model or the immunological model. The distribution is made
according to the distribution of agents on the lattice.

All phases of the simulation are executed in parallel and there is no dependency on the
total number of tasks. There are two main phases in which the tasks interact and diffuse. Then
the output phase, which is performed by a single processor that we identify as the master.

During the diffusion, agents may migrate from a task to another and the communication
IS point-to-point. All receive operations are posted in advance, to avoid any dependency on
the internal buffering mechanisms of MPI. To evaluate global quantities required by all tasks
(e.g., the price change or the total number of cells) CCP's are employed. The same technique
is applied when data are collected from all tasks before writing results to the files.

The efficiency of the parallel code depends strongly on the number of agents. This is not
surprising since the overhead of the implicit synchronization required by the CCP's is, for few
agents, greater or equal to the speedup due to the parallel processing.
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Fig. 7. Communication scheme. The numbers in parentheses represent the source, for the
mpi_irecv, or the target, for the mpi_send, of the point-to-point communication operations
(e.g., mpi_irecv(1) means receive message from worker 1, mpi_send(N-1) means send
message to worker_(N-1).

Owing to the MPI portability, exactly the same code runs on pretty different platforms
like the Sun Enterprise 10000, the Cray T3E and the IBM SP2.

Conclusions

In the present manuscript we describe a new way of thinking at the Agent-based
paradigm of modern simulation. This paradigm can be used to model systems when the
knowledge of the rules governing the dynamics are mostly unknown.

Through a step-wise definition of spin models, we have derived a general definition of
Unbounded Lattice Gas. The definition itself has no practical use but presenting the common
denominators of two different models to simulate biological and financial processes. Some
techinal issues as well as the schema of the inter-process communication in the parallel
version of the two models has been briefly described as an example of how computing and
communication may be distributed among processors to improve the performance of the code.
Something, which is needed to solve realistic-size problems.
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VEZA AUDZEJA SVARSTIBU ANALIZE ANGIOGENEZES MODELOS
Tumour Oscillation Analysis in Angiogenesis Models

P. Daugulis
Ré&zeknes Augstskola, Inzenieru fakultate, Datorzinatnu un matematikas katedra
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Abstract

In this paper we describe Hopf point analysis for several systems of ordinary and time delay differential
equations which encode the most important assumptions concerning anguigenesis processes induced by tumours
1t is shown that in most cases Hopf points exist only if time delays are nonzero and for most nonzero time delays
there are Hopf points in these families of models.

Keywords: Hopf points, angiogenesis, ordinary differential equations, time delay differential equations.

Ievads

Angiogenéze jeb asinsvadu fikla attistiba ir visparatzits svarigs faktors cieta véza
audzgja dinamika [1]. Saja raksta mé&s modelgjam angiogendzi ka zemak aprakstitu
apaksprocesu superpoziciju. Véza audzgja Siinas var dalities vai mirt — notiek audz&a Stunu
proliferdcijas un naves procesi. Sasniedzot noteiktus izm&rus un, attiecigi, noteiktu kritisku
tilpuma un virsmas laukuma attiecibas vertibu, véza audz&am sak pietrukt skabekla un
baribas vielu — iestajas audz&ja hipoksija. Sada stavokli véZa audzgja §inas sintezé un izdala
proteinus, kas stimulé nenobrieduso asinsvadu formaciju tadgadi palielinot audzgja
asinsapgadi [2]. Viens no svarigakajiem $adiem proteiniem ir VEGF (vascular endothelial
growth factor). VEGF koncentracijas palielinaSanas izraisa nenobrieduSos asinsvadus
veidojoso endotelialo §inu pastiprinatu vairo§anos, palielina brivo endotelialo §tinu mobilitati,
kas rezultata izraisa pastiprinatu nenobrieduSo asinsvadu veidoSanos - formaciju. VEGF ar1
nodroSina nenobrieduso asinsvadu integritati, un ta nepietickamiba izraisa nenobrieduso
asinsvadu sabrukSanu jeb regresiju [3]. Papildus tam v&za audzga Shnas izdala Angl
proteinu, kas saista Tie2 receptoru un paatrina nenobrieduSo asinsvadu nobrieSanu jeb
maturdciju [4]. NenobrieduSos asinsvadus veido endotelialas stunas un nobriedusie asinsvadi
tiek iegiiti no nenobriedusajiem maturacijas procesa, kura nenobriedusajiem asinsvadiem tiek
pievienots pericitu slanis. P&d&jais apaksprocess, kas tiek modeléts $aja raksta ir nobrieduso
asinsvadu pericitu slana atdaliSanas jeb nobrieduSo asinsvadu destabilizacija. NenobrieduSo
asinsvadu un veéza audzg€ja $unas izdala Ang2 proteinu, kas bloké Angl-Tie2 saiti, tadgjadi
apturot angiogenézes procesu un izraisot pret§ju procesu — nobrieduso asinsvadu
destabilizaciju [S]. Angl/Ang2 attieciba nosaka to, kur§ no procesiem domin€ — maturacija
vai destabilizacija.

JaatzZim€ ir arT tas, ka visi angiogenézes apakSprocesi notiek ar laika aizturi, kuras
vertiba ir dazada dazadiem apaksprocesiem. Vislielaka zinama laika aizture angiogenéz€ ir
asinsvadu dinamika, visas zinamas laika aiztures vertibas proteinu indukcijas procesos ir
ieveérojami (vairak neka 10 reizes) mazakas neka tipisks laika intervals, kura var notikt
asinsvadu sisteémas izmaina.

Eksperimentalu péfijumu [6] un diskrétu modelu analizes rezultata [7] ir ieguti
noverojumi, ka noteiktos apstaklos un stadijas veza audz€a izm&ri nav monotoni augosas
laika funkcijas, bet tiem ir svarstibu raksturs. Acimredzami, no mediciniskiem apsverumiem
ir skaidrs, ka oscilgjo§s v&za audzgja stavoklis ir labaks neka monotoni augoss, tapéc, ka
oscilacijas pagarina slimibas neterminalo stadiju. Mé&s varam uzdot jautajumus par to, kadi
nosacijumi un atgriezeniskas saites ir svarigas, lai oscilacijas biitu iesp&amas, un vai ir
iesp&jams ar terapeitiskam metodem uzturdt véza audzeju oscilgjosa stavoklt neierobezoti ilgi.
St vélme stimulé mis definét vienkar§us angiogenézes modelus ka parasto pirmas kartas
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diferencialvienadojumu sistemas (PDVS) un parasto diferencialvienadojumu sisteémas ar laika
aizturi (PDVSLA). Miusu viedoklis ir tads, ka jebkura sapratiga parcialo
diferencialvienadojumu sisteémas reprezentacijas vai citas reprezentacijas redukcija uz parasto
diferencialvienadojumu sistémas reprezentaciju angiogenézes procesiem saglabas aprakstitas
pamatipasibas.

Saja raksta més defingjam vairakas daudzparametru PDVS un PDVSLA saimes, kuras ir
iekodeti vissvarigakie zinamie fakti un pien€mumi par v&za audzga izraisitajiem
angiogenézes procesiem. Misu viedoklis ir tads, ka par Siem modeliem ir vérts uzdot
kvalitativus jautdgjumus par sistémas uzvedibu lokali attieciba uz laiku. Sadu jautdjumu
piemeri ir nekustigie punkti un to stabilitate un Hopfa punktu eksistence. Sakara ar to, ka me&s
esam ieintereseéti veéza audz€a un apkart§jas asinsvadu sist€émas periodiskas wvai
kvaziperiodiskas uzvedibas izp&te, mes analiz€am Sos modelus attieciba uz Hopfa punktu
eksistenci (skat. Il nodalu). Musu mérkis ir noteikt, vai Hopfa punkti eksisté dotaja modeli.
Mes paradam, ka netriviali Hopfa punkti eksiste tikai modelos, kuros ir laika aizture. Papildus
tam, més paradam, ka visi biologiski iesp&amie nekustigie punkti (ar pozifivu véza audzgja
izméru) ir Hopfa punkti, ja laika aiztures ir pozitivas.

Visparigi pienémumi par modeliem
Mgs uzskatam, ka angiogenézes modelos ir tris mainigu bezdimensionalu biologisku
lielumu jeb kompartmentu grupas:

e v&za audzgja Stinu skaits (apziméts ar N ),

e angiogenézes procesos iesaistito proteinu daudzumi véza audzgja apkartn€ (pieméram,
P, ir proteins, kas kontrol€ nenobrieduso asinsvadu formaciju un regresiju, P, ir
proteins, kas kontrolé maturaciju u.c.),

e asinsvadu sisteémas efektivais tilpums (pilnais, nenobrieduso vai nobrieduso asinsvadu
tilpums, apZiméts ar J', V, vai V, ) véza audzgja apkartné.

Mes apskatam tikai PDVS vai PDSLA. Acimredzot mus interes€ tikai pozitivas N
vertibas un nenegativas pargjo mainigo lielumu vertibas.

Visos modelos mé&s pienemam sigmoidalo signalu dinamiku §ada nozim&. Ja ir process,
kura rezultata notiek pareja no mainigd A uz mainigo B (piem&ram, nenobrieduso asinsvadu
maturacijas rezultata notiek nenobrieduSo asinsvadu mainiga samazinaSanas un nobrieduso
asinvadu mainiga palielinasanas) un parejas intensitate ir atkariga no mainigd C, tad
diferencialvienadojumos, kas apraksta kompartmentu A4 un B dinamiku ir locekli forma
+ f(C)4, kur f ir sigmoidala funkcija — gluda, monotona funkcija, kuras grafikam ir abas
horizontalas asimptotas. Tada signala funkcijas formas izvéle ir saistita ar to, ka saskana ar
eksperimentaliem novérojumiem biologisko procesu intensitate nemainas, ja signala vértiba
atrodas arpus noteikta jatiguma intervala un ir monotoni atkariga no signala vertibas jufiguma
intervala. Miisu analiz€ nav nepiecieSams zinat $o sigmoidalo funkciju precizu formu, un mes
neceram, ka to ir viegli iegiit, apstraddjot eksperimentu datus. Varam atzimét, ka

1

1+ek(x+s) '

Mes pienem, ka v&za audzga dinamiku nosaka skabekla un baribas vielu pieejamiba.
Katrai véza audzgja Sunai laika vieniba piegadatais skabekla un baribas vielu daudzums ir
proporcionals summarajam asinsvadu tilpumam audzgja iekSieng un apkartne.

Lai nemtu vera So apstakli, m&s defingam papildus mainigos, ko saucam par
efektivajiem asinsvadu blivumiem (L,,E, un FE - attiecigi nenobrieduso, nobrieduso un

datorsimulacijas ir &rti izmantot elementaras funkcijas forma f(x) =

pilnais asinsvadu bltvums) un kuri tiek aprékinati, izdalot asinsvadu tilpumu ar audzgja Stnu

331
ISBN 9984 — 585 -68 -9



Environment.Technology.Resources. 2003

skaitu [7]. Lai vienkarSotu modelus, m&s pienemam, ka asinsvadu sienu caurlaidibas spgja
(perfuzija) nenobriedusajiem un nobriedusajiem asinsvadiem ir vienada. Véza audzgja $tinu
skaita N dinamikai m&s pienemam vienkarSu Maltusa vienadojumu §ada forma:

dN(t
L hBNo, (1)

4
kur f, ir augoSa sigmoidala funkcija, kura apraksta audzgja Stinu proliferaciju un navi:

£(0)<0, fim £(x)>0 2)

Attieciba uz proteinu kompartmentu dinamiku mes pienemam, ka tos var izdalit audzgjs
un nenobriedusie asinsvadi, tie var degradeties dabiska sabruksanas procesa un (viena modelr)
tos var absorb& nenobriedusie asinsvadi, kas atrodas formacijas stadija. Attieciba uz
asinsvadu kompartmentu dinamiku mes pienemam, ka ta ir Cetru procesu superpozicija:
notiek nenobrieduso asinsvadu formacija un regresija, nenobriedu$o asinsvadu maturacija un
nobrieduso asinsvadu destabilizacija. M&s pienemam, ka Sie procesi tiek reguléti ar
sigmoidalam signalfunkcijam, kas ir atkarigas no noteiktu proteinu daudzuma. Mes apskatam
arTt modelus, kuros audzgja proliferacijas/naves signaliem un asinsvadu dinamikas signaliem ir
laika aizture.

Diferencialvienadojumu sistemu lokalo svarstibu analizes - Hopfa punktu matematiskais
aparats

Saja nodala més atgadinasim lasitajam svarigakos faktus par Hopfa punktiem parasto
diferencialvienadojumu sisteémas un parasto diferencialvienadojumu sistemas ar laika aizturi
[8, 9]. Pienemsim, ka ir dota autonoma pirmas kartas PDVS

Vi=F,u), )

kur ve R” ir sistétmas mainigo lielumu vektors un z € R” ir sistémas parametru vektors.
Mgs nepreciz&jam naturala skaitla m veértibu, jo ta ir atkariga no sigmoidalo funkciju formas.
MEs teiksim, ka sakartots paris (v,, 4,) € R” x R™ ir Hopfa punkts, ja eksist€ & >0 tads, ka

eksiste gluda funkcija @ :[-¢,6]—> R" xR", p(&) = (v, p; ), kas apmierina §adas Tpasibas:

P(0) = (v, 14y),

F(p(£))=0 visiem & €[—¢,¢]

e linearizacijas matricai (skat. zemak) punkta (v,, ) ir vismaz viens paris kompleksi
saistitu kompleksu 1pasvertibu a(&) 7 f(E) visiem &£ €[—¢, €] un izpildas nosacijumi
a(0)=0, a'(0) =0, B(0)=0,

e visam pargjam linearizacijas matricas Tpasvertibam, iznemot +i4(0), realas dalas ir
atSkirigas no 0.
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Tehniska zina atrast sisttmas Hopfa punktus PDVS ar gludam labas puses funkcijam
nozim& atrast visus nekustigos punktus (kas ir atkarigi no sist€émas parametriem), atrast

n,n

.. . OF, . D
Tpasvertibas raksturigajai matricai M — A, kur AL :{g’}id s Ir sistémas linearizacijas

J
matrica nekustiga punkta, atrast nosactjumus, kuriem ir jaizpildas, lai tiesi vienam 1pasvertibu
parim reala dala biitu 0, paradit, ka nekustigo punktu virsma Skel imaginara TpaSveérfibu para
eksistences virsmu un atrast asoci€to Itkni. Ipa§vertibas ir raksturiga vienadojuma

det(M —AI) =0 4)

saknes.

Parasto diferencialvienadojumu sistéma ar laika aizturi ir jaanaliz€ [idziga veida ar to
atskiribu, ka raksturigais vienadojums ir transcendents. Pienemsim, ka ir PDSLA ar aiztures
vektoru 7 =(7,,.., 7,). ApzZimésim v, =v(f—7) un vektoru (v,,,V,, .., V,,) ar v, . Sajos

apzZim&umos mums ir dota sistéma
L
v —F(v,vrl,..., V., M, 7) (5)

Lai atrastu Hopfa punktus 3adai sist€mai, mums vienadojuma (4) vieta ir jaatrisina
vienadojums

det(M) =0, (6)
kur
M :M+Zk:MTie’“" — A (7)
un -
M= ®
1o

Pienemot miisu sisttmu gludumu un atraSanos vispargja stavokli, me&s uzskatisim, ka
Hopfa punkta eksistence ir pieradita, ja eksist€ parametru kopa, ar kuru raksturigajam
vienadojumam ir tiri imaginars atrisinajums. Papildus informacijai par sisttemam ar laika
aizturi skattt [9]. Jebkura sisttma Hopfa punkti parasti tiek péfiti, ja ir interese par sistémas
periodisko vai kvaziperiodisku uzvedibu. Miis, protams, interes€ tikai nekustigie punkti ar
pozitiviem v&za audzg&ja izme&riem. PieZim&sim, ka mainigo vertibas nekustigajos punktos mées
apzim&sim ar tiem pasiem burtiem ka pasus mainigos.

Trisdimensionali modeli

Saja nodala més p&tam modelus, kuriem ir tris neatkarigi mainigie — véZa audzgja §tnu
skaits jeb izm&rs N , kopgjais asinsvadu tilpums }J un proteina daudzums P . AtzZim&sim, ka
Sajos modelos me&s nediferenc€jam nenobriedusos un nobriedusos asinsvadus un neprecizgjam
proteina dabu. Vienigais pien€mums par proteinu ir tads, ka tas kontrol& asinsvadu formaciju
un regresiju sigmoidala veida. Lai izvairitos no singularitatém sisteémas analize, mes veiksim

mainigo substitliciju }J — F = % .
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Pamatmodelis

Saja visvienkar§akaja modeli més pienemam, ka a) N izmainas atrumu nosaka
Maltusa likums, kura koeficients ir sigmoidali atkarigs no £, b) proteins P tiek izdalits no
audzga Sunam ar intensitati, kas ir sigmoidali atkariga no £, un tiek degradéts dabiskas
sabruks$anas cela ar sabrukSanas konstanti & un c¢) asinsvadu tilpuma }J/ izmainas atrums ari
ir sigmoidali atkarigs no P . Tadgadi mums ir sist€ma

N'= f(E)N
P'= f,(E)N - 3P, ©)
V= [PV
kur
£2(0) <0, im £,,(x) >0, £,(x)>0, lim f£,(x)=0 (10)

o e V . .
Péc substitucijas J — £ = N mes ieglistam sist€ému

N'= fl(E)N
P'= f,(E)N - 6P (11)
E'=f,(P)E- fil(E)E

Sim modelim ir viena nekustigo punktu saime ar nosacijumu N >0, kas ir uzdota ar

vienadojumiem f,(£)=0, f,(P)=0, N =

Sistemas linearizacijas matrica $ada

f(E)
punkta apkartne ir
0 0 FUENY (0 0  aN
M =| f,(F) -0 L'EIN |=|b -6 -b'N (12)

0 f'(PE -fE)E) \0 ¢E -aE

kur visi jaunie parametri a',b,b',c" ir pozitivi. Apréekinot raksturigo polinomu, mes iegiistam,
ka

detM — Al =—~(2 + (@' E+6)+ ANa' 0 +b'¢'NE) —(a'bc' NE)) = (13)
=L+, +cA+c,y)
Lai vienadojumam det(M — Al') = 0 butu paris tiri imaginaru saknu, ir jaizpildas nosactjumam

det(M — Ay = +(A* + AYA+B) = (1 + BA> + AL+ AB), (14)

kur A>0.Taka ¢, <0,c, >0,c, >0, tad raksturigajam polinomam nav tiri imaginaru saknu
un tatad Saja modeli nav Hopfa punktu ar N > 0.
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Modelis ar proteina absorbciju

Mges varam iepriek§ definéto modeli nedaudz sarezgit, pienemot, ka asinsvadi, kas
atrodas formacijas stadija, absorb& proteinu ka “degvielu” formacijas procesam. Tadgadi
vienadojums proteina dinamikai ir $ads:

P'= f(E)N-5P—f.("")P, (15)
kur funkcijam f,, f,, f; ir tadas paSas 1pasibas ka ieprieksgja modelt (9) un
fe(x)>0, Iim f.(x)>0, f,(0)~0 (16)
Saja gadijuma sistéma ir §ada:
N'= A(E)N
P'= f,(E)N =6 P = f.(f/;(P)EN)P (17)
LE'= f,(P)E - fi(E)E

Sisttmai (17) ir viena nekustigo punktu saime ar nosacjumu N >0, kas ir dota ar
vienadojumiem

HE)=0, £;(P)=0, fLUE)N-6P—f(0)P=0. (18)

Linearizacijas matrica $aja punkta ir

0 0 Ji'(E)N
M=\ f,(£) -0-10)-1' )L PINPE  f,'(E)N |=
0 S (P)E - (E)E (19)
0 0 a N
=\b —-0-d—-c'dNPE —-b'N
0 c'E -a'k

kur visi parametri a',b,b',c',d,d',N,P,E ir pozitivi. Raksturigajam vienadojumam S§aja
gadijuma nav firi imaginaru saknu ta pasa iemesla dél, kas bija spéka vienadojumam (13), un
tadgjadi ar1 $aja sistéma nav Hopfa punktu.

Modelis ar laika aizturi

Vel viens veids, ka padarit trisdimensionalo modeli precizaku, ir pielaut laika aizturi
dazadiem biologiskiem signaliem.

Biologisku apsvérumu dé| mes ievieSam laika aiztures 7, un 7, attiecigi audzg&ja Stnu
proliferacijas/naves un asinsvadu formacijas/regresijas signaliem. Sist€ma izskatas sadi:
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N'= fiE )N
P'=f,(E)YN-6P (20)
V= fi(P)V
vai, veicot substitliciju,
N'= fi(E, )N
P=f,(EF)N-6P (21)

E'= f,(P,)E~ f(E,)E

Sist€mai (21) ir tadi pasi nekustigie punkti ka sist€mai (11). M&s atkal esam ieintereséti
nekustigajos punktos, kas ir uzdoti ar vienadojumiem

oP
fi(E)=0, f,(P)=0, N=——. (22)
1 ’ ()
Raksturigais vienadojums Saja gadijuma ir
det(M)=det(M +M, e ™ +M_e ™™ —A11)=0, (23)
kur
0 0 0 0 0 f'E)N
M=| f,(£) =6 f,)()N|, M, =/0 0 0 ,
0 0 0 0 0 —f"(BKE
H'(E) 24)
0 0 0
M_=|0 0 0
0 A'(PE O

Aprékinot matricas M determinantu, més ieglistam vienadojumu
A re™MP(@E)+ A5 +e MU' E)+e = AUb'c' EN)—e "™ (a'bc' NE) =0 (25)
Parapzim@gjot parametrus, mes ieglisim vienadojumu

A vee PV + 5+ e A+c,e ™ A—ce ™™ =0 (26)

kur ¢, ir pozifivi parametri, kas ir neatkarigi no nekustiga punkta koordinateém un viens no
otra. Ja vismaz viena no laika aiztur€m ir atskiriga no O, tad, manipul&jot parametrus c¢,, me&s
varam panakt, ka vienadojumam (26) eksiste sakne A =iy . legitos rezultatus me&s varam
apkopot §ada apgalvojuma.
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APGALVOJUMS 1 PDVS (11) un (17) neeksisteé Hopfa punkti ar nosacijumu N > 0.
PDSLA (21) katrs nekustigais punkts ar nosactjumu N >0 ir Hopfa punkts, ja 7, >0 vai
7, >0.

Modeli ar mainigo skaitu S un 6

Lai palielinatu modelu kompleksitati un padaritu tos realistiskakus, més palielinasim
kompartmentu skaitu protelniem un asinsvadiem. Visos zemak defin&tajos modelos ir divi
kompartmenti asinsvadiem — nenobrieduso un nobrieduso asinsvadu tilpumi. Ir zinams, ka tris
proteini — VEGF, Angl un Ang2 spélé galveno lomu angiogenéze, tapéc meés apskatisim $o
proteinu kombinacijas. M&s uzskatisim, ka VEGF izdala audzgjs ar intensitati, kas ir
sigmoidali atkariga no F, Angl izdala audzgs ar konstantu intensitati un Ang2 izdala
nenobriedusie asinsvadi ar konstantu intensitati. Visos modelos tiek pielauta laika aizture.

Modelis ar VEGF un Angl
Apskafisim modeli, kura ir nenobrieduSo asinsvadu maturacija un nobrieduso asinsvadu

destabilizacija. Saja modeli P, ir VEGF un P, ir Angl. Pienemsim, ka Ang2 daudzums ir
konstants. Mes ievieSam maturaciju un destabilizaciju, izmantojot papildus loceklus
diferencialvienadojumu labaja puse. leviesisim laika aiztures 7,, 7, un 7, attiecigi audzgja
Sinu proliferacijas/naves, nenobrieduso asinsvadu formacijas/regresijas un destabilizacijas
signaliem. leglisim sist€ému

N'= f(E, N
P'= f,(E)N -6,P,
Pz':aN_52P2 (27)

Vl':f3(Plr2)V1 = i)V, +.f5(P22'3)V2
Vy'= fo(P)V) _fs(P2r3)V2

kur f,, f,, f; ir defintas tapat ka sisteéma (9) un
Jas(x)>0, }Lrif4(x) =0, }g?wjg(x) =0. (28)

Veicot substitucijas V', > £, V, > £, un £, > E=FE +E,, m&sieglstam sistemu

N'= fi(E, )N
E':fZ(E)N_alf)l
P'=aN-6,P, (29)

EV'= LB )E = (BB + [ (P )(E = B ) = fi (B )E,
E= (B )E — H(E)E

Sai sist€émai ir viena nekustigo punktu saime ar nosacijumu N >0, kas ir uzdota ar
vienadojumiem
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OB, _ P f(P)
F(E)Y 7 S LE) T LB+ LB

HE)=0, f3(B)=0, N =

(30)

Nekustigajam punktam, kas ir uzdots ar (30), raksturigais vienadojums ir det(M) =0, kur

-2 0 a' Ne ™" 0 0
b -6 -1 -b'N 0 0
M= 0 CcEe™ —aNe™ -1 0 0 (31
* * * -0,—-4 0
* % * * _ d —e— /’l
Analizgjot matricas bloku struktiiru, iegiistam, ka
det(ﬂ) =—(A+e+d)1+35,)g(1)=0, (32)

kur polinomam g(A) ir tada pati struktira ka (13) ar laika aizturém z,,7,. levérosim, ka (32)
nav atkarigs no 7, . Secinajums attieciba uz §o modeli ir tads pats, ka uz modeli (21).

Modelis ar tris proteiniem un jauktu maturacijas/destabilizacijas signalu

Saja modeli m&s izdaram visredlistiskako pienémumu, ka maturacijas/destabilizacijas
signals ir atkarigs no proteinu Angl un Ang2 sajaukuma. Sakara ar to, ka proteinu daudzumu
attieciba Angl/Ang2 tiek uzskafita par svarigu parametru, més ievieSam paligparametru
p=P,—kP,, kur P, ir Angl daudzums un P,, ir Ang2 daudzums. leviesisim laika aizturi

audzga Sunu proliferacijas/naves, nenobrieduso asinsvadu formacijas/regresijas un
maturacijas/destabilizacijas signaliem. Veiksim arT standarta mainigi substitiicijas ka
ieprieksgjos modelos. leglisim sist€ému

N'= fi(E, )N
P'= f,(E)N -6,P,
Py'=a,N-6,P, (33)
Py'=a,lxN = 0,,P,,
Ly'= (B ) E = (P B + [ (p )= ) = fi(E,)E,
E'= fi(B)E — A )E

kur f,,f,, f; ir definétas tapat ka sisteéma (9) un

J15(3) >0, lim £,(x) =0, lim f5(x)=0. (34

Sist€mai (33) ir viena nekustigo punktu saime ar N > 0, kas ir noteikta ar vienadojumiem
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Ss(PE=(f(p)+ [s(P)E,
) 212 224 22 2 1f2(E)

H(E)=0, [;(F)=0, N =

Atzimesim, ka $ai vienadojumu sist€mai ir vismaz viens pozitivs atrisinajums, jo funkcijas f,
un f, ir sigmoidalas.

Saja gadijuma raksturigajai matricai M ir tris diagonales bloki: ir 3x3 bloks, kas ir
atkarigs no 7, un 7,un kura raksturigais vienadojums ir [1dzigs (23), ir 1x1 bloks un ir jauna
tipa 2x2 bloks, kas ir atkarigs no 7, un 7,. Raksturigais vienadojums $aja gadijuma ir

det(]\z )=+(A+75,,)g(A)h(A)=0, (40)
kur g(A) ir tada pati struktiira ka (25) ar laika aizturém 7, un 7, un
h(A) =2 +cA+c, —cie ™™ +c,e ™™ (41)

kur ¢, ir pozifivi parametri, kas ir neatkarigi no fiks€ta punkta koordinatém un no

parametriem, kas ir iesaisfiti 3x3 bloka. Vienigad saite, kas tos saista, ir nevienadiba
c 2

¢, < ET Ja vismaz viena laika aizture ir pozifiva, tad, manipul&ot parametrus, més varam

atrast tadu parametru konfiguraciju, ka vienadojumam (41) eksisté firi imaginara sakne
A=1iy.

Apkoposim iegitos rezultatus §ada apgalvojuma.
APGALVOJUMS 2 Sistemai (27) katrs fiksétais punkts ar N >0 ir Hopfa punkts, ja 7, >0
vai 7, > 0. Sisteémai (33) katrs fiksetais punkts ar N > O ir Hopfa punkts, ja vismaz viena no
laika aiztur&m ir pozitiva.

Secinajumi

Mes piedavajam §adu iegito rezultatu interpretaciju. Pamatmodelt (11) nav Hopfa
punktu. So rezultatu var izskaidrot ar to, ka nekustiga punkta apkartné pastav atgrizeniskas
saiknes, kas atbilst orient€tiem cikliem linearizacijas matricas grafa: pozitiva atgriezeniska
saikne N — P — E — N, kura visu Skautnu svari ir pozitivi, un stabiliz& osa saikne P <> F,
kura Skautnu svariem ir dazadas zZimes. Pozitiva atgriezeniska saikne ir iemesls sist€mas
monotonajai, neoscilgjosai uzvedibai nekustiga punkta apkartne. Proteina absorbcijas
ievieSana nemaina neviena linearizacijas matricas elementa zimi, tap&c Hopfa punkti nerodas.
No otras puses, laika aiztures ievieSana proliferacijas/naves vai formacijas/regresijas signala
izmaina Zimi matricas elementos, kas piedalas atgriezeniskas saiknes cikla
N — P — FE — N un rada Hopfa punktu, kam atbilst sist€émas kvaziperiodiska uzvediba, ja
parametri pienem noteiktas vertibas.

Piecdimensionalajam modelim (27) raksturiga matrica ir trijstirveida forma, kura ir tris
diagonales bloki: 3x 3 bloks, kas atbilst ciklam N — P — E — N, un divi viendimensionali
bloki. Sajos modelos rezultati ir tadi pasi ka trisdimensionalajos modelos. Var ievérot, ka
matricas elementi, kas ir atkarigi no 7, ir zem diagonales blokiem, tapec laika aizture 7,

nedod ieguldijumu jaunu atgriezenisku saiknu veidosana.
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Modelim ar seSiem mainigajiem (33) raksturigd matrica ir trijstirveida forma ar tris
diagonales blokiem: N P —>FE—>N, P, <P, un P, < E . Mgés atkal to varam

interpretét ka sistémas sadaliSanos tris apaksSsist€mas ta, ka 3x3 un 2x2 bloki var izraisit
sisteémas oscilacijas, ja matricu elementi ir alterngjosi. Velreiz uzsversim, ka visas sisteémas
Hopfa punkti paradas tikai laika aiztures ievieSanas rezultata.

Aprakstitie rezultati norada uz to, ka pat vienkar§akie v&za atfistibas matematiskie
modeli, kuros ir fikséti tikai svarigakie zinamie procesi, pielauj véza audz&ja oscilacijas. Sie
noverojumu pareiza izmantoSana var novest pie jaunam, efektivam terapeitiskam metodem
véza slimibas arst€Sana.

Pateiciba

Aprakstitais darbs tika veikts Mediciniskas Biomatematikas Instituta, Izragla ES
S.ietvara finanséta projekta “Matematiskas model&Sanas un datorsimuléSanas izmanto$ana
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TELPAS TERMISKA KOMFORTA APSTAKLU
DATORMODELESANA

Application of Mathematical Models in Analysis of Heat Losses in the
Buildings

S. Gendels
Latvijas Universitate
Zellu 8, Riga, talr. 7033783, e-pasts: stasis@modlab.lv, fakss: 7033781

Abstract

Physical model of heat balance for separate living room is discussed, which allows to analyse the distributions
of the flow of air and temperature depending on the physical conditions and geometry. The model enables to
choose the optimal surface area of building elements and their properties in order to decrease the heat losses
and improve the conditions of thermal comfort.

Room with bounding constructions and real dimensions is modelled that helps to understand the peculiarities of
heat transfer process in the room as well as distribution of various characteristic quantities and their
dependence on the different conditions. Multiple parameters are varied in 2D calculations and their influence on
the distributions of temperature and velocity fields is analysed, which characterises the conditions of the thermal
comfort.

On the basis of considered model, the quantity of heat has been estimated that inflows or outflows through the
bounding constructions. The power of convector is estimated, too, at a given temperature of the surface of
convector. It is possible to estimate the heat transfer coefficients of the surfaces of bounding constructions with
various properties, what requires considerable effort in real conditions of exploitation. One of the conditions of
comfort is the temperature difference between frontal walls of the room — it should be less than some degrees.
Essential role is plaved also by the intensity of air flow mostly because it increases heat transfer. Hence, flows
between the room and outside environment are created with significant heat losses (so called convective heat
losses). The influence of various geometric parameters on the character of the flow of air is analysed.

The sofiware ANSYS/FLOTRAN 5.5, where the turbulence is described by k-& model, has been used for the
elaboration of the heat balance model of the room.

Keywords: mathematical modelling; heat losses of building; heat balance of building; conductive, convective
and radiation heat losses; LBN 002-01; apportionment of heat losses and sources in building; HeatMod.

Ievads

Lai labak saprastu siltuma parneses procesu Tpatnibas telpa, ka art dazadu
raksturlielumu sadalijumu un to atkaribu no atskirigajiem nosacijumiem, tika model&ta telpa
ar norobezojosam konstrukcijam un realai situacijai atbilstoS§iem izm&riem. 2D aprekina tika
variéti vairaki parametri un novertéta to izmainas ietekme uz temperatiiras un plismas atrumu
sadaltjumiem, proti uz klimatiska komforta apstaklu mainu. Rezultati parada gaisa pliismas un
temperatiru sadalfjumus. Tada veida var optimizét dazadus faktorus, kas ietekm& termiska
komforta apstaklus telpa un samazinat telpas un €kas kopuma siltuma pat€rinu. Piem&ram,
gaisa plismas telpa un tas intensitates ir stipri atkarigas gan no objektu izvietojuma taja, gan
arT no norobezojoso konstrukciju siltumtehniskajam Tpasibas (siltuma un gaisa caurlaidibas).
Noslégta telpa gaisa cirkulaciju nosaka galvenokart virsmu temperatiras, kas savukart ir
atkarigas no to siltuma caurlaidibas. Gadijuma, ja norobezojosas konstrukcijas eksisté atveres,
pastav ar1 konvekfivie siltuma zudumi, un tada gadijuma siltuma vajadziba var butiski pieaugt
atkariba no spiedienu starpibas, atveru izm&riem un novietojuma telpa.

Merkis §adiem peffjumiem ir atrast risinajumus un optimiz&t parametrus €kas un
atsevisku telpu siltuma zudumu samazinaSanai un energoefektivitates palielinasanai, ka ari
termoklimatisko apstaklu uzlabosanai. Ka rezultats visiem §ada veida pasakumiem ir siltuma
patérina samazinasanas, kas nosaka art CO; emisijas samazina$anos. Telpu termisko komforta
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apstaklu uzlaboSana artir loti nozimigs faktors pats par sevi, kaut arT ne vienmér to var precizi
merit.

Ar apskatitd modela palidzibu tika noveértéts arT siltuma daudzums, kas ieplast vai
izplast caur norobeZzojosam konstrukcijam, k& arT novértéta konvektora jauda pie uzdotas
virsmas temperatras. Par vienu no komforta apstakliem var uzskatit temperatdras diferenci
starp telpas griestiem un gridu un gala sienam - tai irjabut mazakai par daZziem gradiem.

Telpas modela izveidé wun aprékinos tika izmantota programmatiras pakete
ANSYS/FLOTRAN, turbulences aprakstam izmantots k-s modelis.

Modela formuléjums

Apskatisim telpu ar realitatei maksimali tuvinadtiem nosacTjumiem, kur visi uzdotie

parametri ir vai nu eksperimentali noteiktie:

- siltuma caurlaidibas koeficienti v (W/(m K));

- gaisatemperatdras arpus telpas t (K);
vai art ir standartizétie:

- siltuma atdeves koeficients a (W/(m -K)).
Tiek pienemts, ka telpas Skeérsvirziena fizikalie parametri nemainas, kas lauj lietot
divdimensionalo (2D) modeli un tadéjadi radikali samazinat galigo elementu metodes (GEM)
rezga mezglu punktu skaitu. Telpas iekSpusé ir gaiss ar tam raksturigajiem parametriem, kura
konvekcija notiek gravitacijas lauka. Gaze tiek modeléta ka nesaspiezama, un tas blivums ir
atkarigs no temperatiras, kas ari izraisa gaisa masu parvieto$anos. Sada nostadné formulétam
modelim ieglstam gaisa kustibas atrumu un temperatiras sadaltjumus telpa.

Aprékinam Ndtona Skidruma (madsu gadijuma - gaisam) tiek izmantota
ANSYS/FLOTRAN programmatdras pakete [2]. Gaisa pliasmas probléma tiek risinata,
lietojot masas saglabasanas, kustibas daudzuma saglabasanas jeb Navjé-Stoksa un energijas
saglabasanas likumus [1, 2]. Sie likumi atrumam, spiedienam un temperatirai tiek formuléti
parcialo diferencidlvienadadojumu veida, kas tiek diskretizéti, izmantojot GEM un veicot
apskatama apgabala triangulaciju ar 2D elementiem.

Aprékinu variantos novértétais Reinoldsa skaitlis Re (Re S kur V - vidéjais
adtrums, L - garums, v - kinematiskad viskozitate) ir ar kartu 1104, un tas nozimé, ka Skidruma
kustiba ir turbulenta, tapéc tiek izmantots k-s turbulences modelis [3]. NorobeZojosam
konstrukcijam tiek pielietoti siltuma vadiSanas vienadojumi, uz to aréjam virsmam
konvekcijas nosacijumi. Uz norobeZojo8o konstrukciju aréjam virsmam tiek uzdoti atbilstoSie
konvekcijas robeznosacTjumi [4]. Radiacijas cela parnesto siltuma daudzumu masu modell
neapskatisim, jo tas ir mazaks neka
citu veidu siltuma parnese. Uz visam
cieta materiala virsmam tiek uzdoti
td saucamie pielipSanas nosacijumi,

ti. Vien= 0 . M3 M 2
M odeléejamas telpas skice ar NL
raksturigiem izmériem paradita 1 M1
attéla. Atkartba no aprékinu varianta
dazu materidalu siltuma caurlaidiba K \ M3

tiek maintta. M ateridalu apzimeéjumi:
M1 - gaiss,

M2, M5 - sienas uz citam telpam,
M3, M4 - sienaun logs uz aru,

K - telpas konvektors. 1. attéls. Modeléjamas telpas skice
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Uz telpu norobezojoSo konstrukciju aréjam virsam tiek uzdoti atbilstosi robeznosacijumi. Uz
konvektora virsmas tiek uzdoti vai nu temperatdra vai siltuma plasmas blivums.

Skaitliskam risingjumam
apskatama telpa tika trianguléta,
robezvirsmas triangulacija
konvektora un sienas tuvuma
paradita 2. attéla. Elementu skaits
apgabala atkariba no apskatama
aprékinu varianta sasniedz 125000
[idz 175000.

Apskatisim izveléeta fizikala
modela  daZadas realizacijas
atkariba no geometrijas Tpatnibam
un robeZznosactjumu izvéles, piem.,
gadijuma, ja virs konvektora tiek
novietota palodze vai ari kad telpa
nav noslégta un tai ir atveres uz
Eé%l;gzostaeé%ir%u tlf;j. liek - mainit 2. attéls. Modeléjamas telpas diskretizacija
Aprékinu varianti un rezultatu analize

Tika veikti aprékini ar dazadam norobeZojoSo konstrukciju siltuma caurlaidibas
vértibam un robeznosacijumiem. Turpmak apskatisim raksturigos variantus ar izteikti
atskirigiem nosacijumiem un rezultatiem. Analizei izvélésimies 3 variantus telpas modeliem:

1 telpa bez palodzes;

2. telpa ar palodzi lidz konvektora malai;

3. telpa ar palodzi lidz konvektora malai un atverém gaisa apmainai pie loga un pretéja
siena (spiedienu starpiba 0/2 Pa).

3. attéls. Gaisa plismas intensitates un virziena maina dazados apstaklos konvektora tuvuma

Apskatisim gaisa plasmas izmainas dazados variantos (3. attéls). K& redzams, palodze
novirza silta gaisa plismu no loga, savukart atvere virs palodzes un uzdota spiedienu starpiba
starp pretéjam sienam rada auksta gaisa iepludi telpa, kas veicina temperattras pazeminasanos
un apkurei vajadzigas jaudas pieaugumu. Tipiski temperatdras sadalijumi telpa bez palodzes
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un ar palodzi, bet bez atverem paradits 4. attéla. Raksturigs temperatdras sadalijjums pa telpas
dzilumu augstuma 1,5 m minétajos modeléSanas variantos paradits 5. attéla (Ikne ar daudz
vienmérigaku sadalfjumu, bet nedaudz zemaku temperattru atbilst telpai bez palodzes). Ka
redzams, temperattras diference pa telpas vidusdalu, neievérojot loga tuvuma esoso plismu
izraisitas temperataras svarstibas, neparsniedz dazus gradus, tacu gadijuma, ja pastav lielakas
gaisa plasmas, piem., ievérojot konvekcijas siltuma zudumus uz aru, $i diference pieaug un
atseviskos gadijumos var sashiegt 5-6 gradus, kas pasliktina komforta apstaklus telpa.

4. attéls. Raksturigs temperatdras sadalijums konvektora tuvuma

5. attéls. Raksturigie temperatdras sadalijumi (°K) pa telpas dzilumu augstuma 1,5 m

Izmainoties telpas iekS€jo sienu virsmas temperattiram un I1dz ar to arf izmainoties gaisa
plismu raksturam un intensitatei, izmainas siltuma zudumi no telpas, kas nosaka apkures
jaudu. Tie pieaug, ja modelt tiek ieklauti konvektivie siltuma zudumi caur atveréem (3.
variants). Siltuma zudumi no telpas katra no aprékinu variantiem, ka ari telpas vidéja
temperattra un gaisa plusmu raksturigie atrumi apkopoti 1 tabuld. 3. aprékinu varianta vera
nemti art konvektivie siltuma zudumi, kas tika noteikti no gaisa plismu atrumiem un
temperattram atveres.

Ka redzams no tabula apkopotiem rezultatiem, konstruktivie elementi (piem., palodze)
izmaina gaisa plasmu virzienu un lidz ar to ietekmé ari siltuma zudumu daudzumu - tas
samazinas. Novirzitas silta gaisa plismas izraisa telpas vidéjas temperatdras pieaugumu telpa
un tas gradienta samazinaSanos par telpas garumu, kas ir batisks faktors komforta apstaklu
uzlaboSanai.
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1 tabula
Integralie vadiSanas siltuma daudzumi daZzados modeléSanas variantos
Apreékinu variants 1 2 3
Siltumvadisanas un konvektivie siltuma zudumi (W) 176 154 301
Raksturigs vidéjais atrums telpas vidusdala (m/s) 0.5 0.3 0.5
Telpas raksturiga vidéja temperatara (°C) 22 26 15

Gadijuma, kad ir ievérojami siltuma zudumi konvekcijas celd, neskatoties uz to, ka no
konvektora izdalitais siltuma daudzums pie uzdotas ta virsmas temperatdras ir ievérojami
lielaks, temperatdra telpa ir batiski samazinajusies (6. attéls).

6. attéls. Telpas raksturigas temperatdras un atbilstosais konvektora siltuma daudzums

Bez apskatitajiem telpas modeliem tika izveidoti arT citiem apstakliem atbilstoSie
modeli, piem., tika novértéta norobezojoSo konstrukciju siltuma caurlaidibas izmainas
ietekme uz temperatdras lauka sadalijumu telpa, kas ietekmé art kopéjo siltuma bilanci. Tika
apskatita ari geometrisku faktoru ietekme uz gaisa plismu raksturu, piem., palodzes
izvietojums un garums tieSi ietekmé silta gaisa plusmas kustibas virzienu no konvektora uz
telpas vidusdalu. Model€éjot telpu ar atverém uz citam telpam un aru bez spiedienu stipribas,
neliela plisma atverés tomér radas temperatiras starpibas de| (7. attéls), taCu pie uzdotas
spiedienu starpibas 2 Pa plismas intensitate radikali pieaug (8. attéls). Sajos attélos redzams,
ka atruma absolttas vértibas atverés pieauga no 6 cm/s lidz 0,6 m/s gadijumos bez spiedienu
starpibas un ar tddu. Reali daba spiedienu starpibas médz but lielakas, kas, savukart, nozimé,
ka siltuma zudumi gaisa apmainas del vél pieaug. Jaatzimé, ka lielu atrumu gadijuma plisma
spraugas ir turbulenta, ka rezultata atrumu profils vairs nav parabolisks (8. attéls).

Visos apskatitajos variantos tika pétita siltuma vadiSanas un konvekcijas siltuma
parneses procesu ietekme uz dazadu fizikalu lielumu sadalijumu telpad un netika ievéroti
starojuma siltuma avoti un zudumi. Siltuma zudumi caur daZadiem elementiem tika
salidzinati sava starpa, lai noteiktu Saja zina kritiskakus elementus. Caur caurspidigam
virsmam starojums parnese ir daudz lielaka, neka caur necaurspidigam (tas tiek tikai
sasilditas). Tacu siltuma energija noklast telpa ar Saules radiacijas palidzibu, gan art izklast
no tas siltuma starojuma veida no siltajiem kermeniem (elektriskas ierices, sildkermeni,
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cilvéki u.c.). Ari starojums no konvektora pie lielam ta virsmas temperatdram var bat
nozimigs, taCu apskatitajos modelos tas nav apskatits.

Vairak par dazadiem telpas modeliem dazadas situacijas (norobezojoSo konstrukciju
siltuma caurlaidibas izmainas, konvektora virsmas temperatlras izmainas u.c.) iespéjams
iepazities darba [5].

7. attéls. Atruma profils ventilacijas atvere 8. attéls. Atruma profils ventilacijas atvere
(0 Pa) (2 Pa)

Secinajumi

Atsevisku telpu gaisa plismu un temperatiru sadalijumu 2D aprékini, lietojot
programmatiru  ANSYS?FLOTRAN, parada konstruktivo elementu izvietojuma batisku
ietekmi uz gaisa plusmas raksturu un virzieniem telpa, kas ietekmé ari temperatdras lauka
sadalfjumu, jo tiek izmainiti siltuma apmainas nosacijumi pie norobezojosam konstrukcijam.
Batiski zudumu daudzumu un to sadalijumu ietekmé ari bavkonstrukciju siltumtehnisko
parametru (siltuma caurlaidibas koeficienta) maina, kas izmaina siltumvadiSanas procesu
intensitati un Iidz ar to ari citu fizikalu parametru sadalijumu telpa. Atveres telpas sienas rada
konvektivos siltuma zudumus un aprékini parada, ka tie var bat pat batiski lielaki neka
siltuma vadi$anas zudumi. Sadu siltuma zudumu veidu sadalljumu telpam apstiprina ari
mérTjumi realajos objektos.

Sadi modelésanas lietojumi lauj, projektejot energoefektivu éku celtniectbu un
renovaciju, merktiecigi izveléties ékas un tas atsevisku telpu bavkonstrukciju siltumtehnisko
parametru vértibas, telpas konstruktivo elementu izvietojumu un analizét siltuma zudumus un
to sadalijumu, t.i. veikt optimizaciju. AtsevisSkas telpas modeli pardda dazada veida faktoru
ietekmi uz rezultéjoso siltumfizikalo parametru sadalijumu taja, kas ir tiesa veida saistits gan
ar termiska komforta apstakliem telpd, gan ar un siltuma vajadzibas samazinaSanu. Tas
savukart parada energijas raZzosanas un ari piesarnojuma samazinasanas iespéjas.
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Numerical Modelling of Room Thermal Comfort Conditions
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Zellu 8, Riga, talr. 7033783, e-pasts: stasis@modlab.lv,lajakov@latnet.lv, fakss: 7033781

Abstract

Particular heat transfer coefficients of building elements gives quantitative notion only about heat losses
through this building element. Analysis of the overall heat balance and heat losses of complete building and
study of particular contribution of building elements in overall balance allows one to figure out the state of the
building and find the building elements of bounding construction with most significant heat losses. Project
variants of the buildings (or rebuilding in case of renovation), which ensure the desirable economy of energy
and proportions of investments can be find varying the proportions of the surface area of building elements
(e.g., windows and doors).

A lot of factors can be included in requirements of heat consumption of the building. Moreover, monthly
calculations are possible. These both aspects contribute in so called method of full calculations, which is made
in correspondence with standard EN 832. Though, it is possible to use also the simplified variant of calculations
offered by Latvian building normative LBN 002-01. Both approaches of modelling are realised in elaborated
sofiware HeatMod, which is made in laboratory of MMTEP.

Both methodologies are applicable to buildings, which can be divided in separate blocks in such a way that
temperature in each of blocks is approximately constant or exists different number of floors in each of blocks.
Separate analysis of heat balance is made for each block and finally the obtained heat consumptions are
summed together. This allows one to consider really existing temperature difference in building, e.g., in office
and depository. It is possible to approximate also the influence of given regime of temperature.

The possibility fto minimise heat losses and their contributions are analysed on particular examples.
Comparative analysis of both methods is performed and the dependence of various heat transfers on the change
of different input data are studied.

Keywords: mathematical modelling; numerical simulation; hydrodynamics; heat exchange,; convective and
conductive heat losses; ANSYS/Flotran; boundary constructions, temperature and air flow distribution; thermal
comfort conditions.

Ievads

Analizgjot ekas siltuma bilanci, ka arT dazadu biivelementu siltuma zudumu ieguldijumu
kop€ja bilancé, var objektivi novértét €kas stavokli un atrast energijas zudumu aspekta
butiskos elementus tas norobezojosas konstrukcijas. Varigjot dazadu buvelementu laukumu
proporcijas (piem., logi un sienas) un siltuma caurlaidibas koeficientu vértibas, var izveleties
tadu €kas projekta (vai parbuves, ja ta tiek renovéta) variantu, kas nodroSina vé&lamo
energoekonomijas un investiciju proporciju.

Veidojot ekas siltuma vajadzibas bilanci, janem véra, ka siltuma apmaina starp &ku un
apkartgjo vidi galvenokart notiek trijos veidos:

- siltuma vadiSanas cela (caur necaurspidigiem &kas Caulas elementiem — sienam,
pagrabu, jumtu u.c.),

- konvekcijas cela (ar gaisa plismam caur neblivam vietam un atverém, ka arT ar
piespiedu ventilacijas palidzibu),

- siltuma starojuma cela (ar elektromagnétiska starojumu infrasarkanaja diapazona caur
caurspidigiem elementiem, t.i. stiklotam virsmam).

Mingto siltuma apmainas faktoru analizi un aprékinus var veikt pa ménesiem - lietot t.s.
pilno aprékinu metodi [1], kas veidota saskana ar Vacijas standartu DIN 4108 [2]. Tacu
iespgjams izmantot ari vienkarSotu aprékinu variantu, kas tiek piedavats Latvijas
Bivnormativa [3].
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Abas metodikas lietojamas ékam, kuras iespéjams sadalit telpu blokos, katra no kuriem
temperatQra tuvinati ir nemainiga vai ari ir vienads stavu skaits. Katrai $adai telpu grupai tiek
veidota atseviska siltuma bilance un beigas iegutas siltuma vajadzibas tiek summétas. Ta
iespéjams tuvinati ievérot ékas redli eksistéjosas temperatlru atskiribas, piem., birojos un
noliktavas. Tuvinati iespéjams ievérot arm uzdotu temperatiras rezimu, piem., temperatdras
pazeminaanas naktis ietekmi. Isi apskatisim abas modeléSanas pieejas, kuras ir realizétas LU
VTPMM laboratorija izstradataja programmatira HeatMod.

1 attéls. Raksturigs modeléSanas programmas HeatMod logs

Apreékins uz ménesa siltuma bilances bazes
K& viens no iespéjamajiem modela variantiem ir t.s. pilna siltuma bilance, kuras pamata
ir standarts [2] un kura siltuma zudumu analize tiek veikta katram ménesim atseviski. Pilnais
modelis ne tikai uzskatami parada siltuma zudumu sadalijumu pa to veidiem, elementu
tipiem, méneSiem, bet ari lauj izveléties projekta variantu, kas atbilst kadam konkrétam
prasibam un ir realizéjams ar iespéjami minimaliem ieguldijumiem. Ka pieméru var minét
dazadu buvkonstrukciju siltuma caurlaidibas koeficientu un laukumu variacijas ar mérki
optimizéet ieguldtjumus, taja pasa laika apmierinot blvnormativa prasibas.
Vispariga gadijuma ékas apkures siltuma patérinu nosaka:
- siltuma vadidanas un starojuma zudumi caur aréjiem bavelementiem. Sos zudumus
raksturo ar bovelementu siltuma caurlaidibas koeficientu U, W/(m K);
- konvektivie siltuma zudumi, siltajam iekStelpu gaisam apmainoties ar auksto ara gaisu
(ventilacija, utt.). Tos raksturo ar ékas gaisa apmainas koeficientu n, (1/h);
- pargjie siltuma zudumi, ko nosaka silta Gdens patérins, kanalizacija, gaisa mitrums
u.c.;
- Saules radiacijas avoti, ko nosaka tieSais starojums caur caurspidigiem elementiem
(piem., logi) un siltuma absorbcija uz necaurspidigu bavelementu virsmas;
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- iek3gie siltuma avoti, ko nosaka darbinamas elektriskas iekartas, maksligais
apgaismojums, cilvéku un dzivnieku kermenu siltums u.c. faktori.

Siltuma vadiSanas un ar gaisa apmainu saistitie zudumi ir proporcionali konkr&to
iekstelpu un ara temperatiiru starpibai. Caurspidigiem un dalgji caurspidigiem biivelementiem
to U vertiba ieklauti arT starojuma siltuma zudumi. Ar Gidens apmainu un gaisa mitrumu
saistitie zudumi ir loti mazi salidzinajuma ar iepriekSmin&tajiem un parasti netiek ieveroti.
Standartos (piem., [2]) p&c datu statistiskas analizes veikti vidgjoti pienémumi par tipisko
energijas generaciju telpas ar dazadu lietojumu. Eku elementu siltuma akumulacija, kura
stingri stacionaras analizes gadijuma nav butiska, tiek ievérota saistiba ar saules energijas un
iek§gjo siltuma avotu izmantoSanas efektivitati.

Aprékinu metode bazéta uz €kas meénesa energijas bilanci kvazistacionara stavokli, kura
ieverotas iek$€o un saules energijas avotu dinamiskas ietekmes, kas dal&i nodroSina
noteiktas iekstelpu temperattiras 7; uzturé$anai vajadzigo siltuma daudzumu. Tadgjadi metode
lauj aprekinat siltuma vajadzibu Oy, kas janodroSina ar apkures sist€tmas dazado elementu
(apkures radiatori, el. silditaji utt.) palidZzibu. Summegjot, ieglistam kopgjo siltuma vajadzibu.

Katra ménes1 apsildiSanai nepiecieSamais siltuma daudzums tiek noteikts no siltuma
bilances €kas zonam ar atSkirigam iekstelpu temperatiram. Siltuma avotu jaudu nosaka
vidgjais saules starojuma siltuma daudzums un ieguvums no iek$giem siltuma avotiem.
Ipatn&jos siltuma zudumus nosaka siltuma vadianas un konvekcijas siltuma zudumu summa.

Menesa bilances sastadiSanai nepiecieSamas vertibas nosakamas secigu solu veida:

1. Ekas telpu bloku ar at§kirigdm temperatliram tilpumu, €kas arsienu un tas bloku ar
atSkirigam temperatiram atdaloSo iek§sienu laukumu aprékins.
2. Ipatngjo siltuma zudumu noteiks$ana.
Ieksgjo temperaturu fiksacija (piem., 7,=20°C dzivojamam telpam) vai to izmainu
rezima uzdoSana dazadiem telpu blokiem, lietojot temperatiiras redukcijas faktoru.
4. Vidgas méneSa ara gaisa temperatiiras attiecigaja klimatiskaja zona un saules
starojuma intensitates noteik$ana uz meteorologisko datu bazes.
5. Iek$gjo siltuma avotu jaudas vidgas vertibas un saules starojuma radita siltuma
daudzuma apréekins un to izmantosSanas lietderibas koeficienta noteik§ana m&nesim.
6. Apkures robeztemperatiras, kuru ara gaisa ménesa vid€jai temperatiirai parsniedzot,
meénesis netiek piaskaitits apkures sezonai, noteikSana.
7. Menesa un apkures sezonas siltuma vajadzibas aprékini.
8. leejas datu un aprekinu rezultatu attelojums tabulu un diagrammu veida.

Labi siltumizoletas ekas svarigi ieverot linearos un punktveida siltuma tiltus, kas var
veidoties buivkonstrukciju salaiduma vietas. Tos raksturojosas verfibas var nemt no tabulam
[2, 3], noteikt eksperimentali, vai arT noteikt, risinot vairakdimensionalas siltuma vadiSanas
problémas. Tabuletu (standartiz€tu) vertibu izmantoSana, fizikalo procesu precizéta
model&Sana vai arf mérfjumi izmantojami ari visu turpmak apliokojamo parametru
noteikSanai. Pieejas izveli nosaka iesp&jas un aprékina precizitates prasibas.

Siltuma zudumu uz citas temperatiiras telpu blokiem un uz neapkurinatam telpam
(pagrabi, verandas, b&nini utt.) vai caur virsmam, kas robezojas ar grunti, aprékinam tiek
izmantoti temperatiiras redukcijas faktori [2]. Ar ierobezotu aprékinu apjomu visus faktorus
precizi ieverot nav iesp&jams, tadeél modeli pienemta nemainiga gaisa apmainas koeficienta n
vertiba ménesa ietvaros. Koeficienta n standartveértiba telpam bez piespiedu ventilacijas
n=0,8 1/h. Mehanisku ventilacijas sisttmu gadijuma S§1 koeficienta verfiba aprékinama,
ieverojot sistémas efektivitati un to darbinasanas vidgjo laiku [2]. Blivgjuma pakape ari ir
nosakama eksperimentali vai matematiski model&ot. Ekas iek3gjie siltuma avoti ir bitiski
atkarigi no tas izmantoSanas rakstura, un to ménesa jaudas vidgjo verfibu norme uz tilpuma
vienibu. Dzivojamam &kam, piem., tas ir 1,75 W/m®, administrativam &kam — 2,2 W/m’.
Saules starojuma pievadtto siltuma daudzumu nosaka vidgja saules starojuma intensitate uz
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buvelementu virsmam atkariba no to orientacijas un slipuma, caurspidigo elementu energijas
caurlaidibas pakape, ap€nojums un saules aizsargu esamiba, ka arT necaurspidigo
biivelementu siltuma absorbcijas pakape [2, 4]. Ar Seit aprékinu vienkarsoSanai var izmantot
integralas (vidgjotas) vertibas no tabulam. Piem., ja elementa izvirZijums ir 1m, tad redukcijas
faktors dienvidu fasadei ir 0,4. Lidzigi, lietojot redukcijas koeficientus, var tuvinati novertét
arT logu ramja dalas ietekmi, piem., parastam logam tipiska vértiba ir 0,7.

Apskatitas sakaribas un parametri, veido logiski noslégtu modeli, kas lauj noteikt
siltuma avotu jaudu, zudumus un aprékinat €kas apkures siltuma vajadzibu. Vienlaicigi 1
pieeja ir atveérta dazado modela elementu precizétam aprékinam uz pilnveidotu attiecigo
fizikalo procesu apraksta vai merfjumu bazes. Preciz§umu lietderibu nosaka gan attiecigo
faktoru nozZimigums siltuma bilanc€, gan ari veicamo aprékinu mérkis. Pilnu informaciju par
modeli izmantotajiem parametriem, ka arT pasu metodiku var gt publikacijas [1, 2, 4].

Aprekins atbilstoSi LBN 002-01

2001. gada beigas pienemtais Latvijas bivnormativs LBN 002-01 “Eku norobeZojo$o
konstrukciju siltumtehnika” [3] ierobezo €kas siltuma zudumu koeficientu. Tas ir nosakams
uz visu €kas norobezojoso konstrukciju laukumu un siltumcaurlaidibu bazes. Apskatisim ta
aprekinu ieprieks minétas VIPMML izstradatas programmatiiras HearMod ietvaros (1. att.).

Saskana ar LBN 002-01 normafiva Il sadalas prasibam, visai €kai vai tas atseviskam
blokam (€ka tiek daltta blokos, ja tas dazadas dalas ir atskirigs stavu skaits vai arT eksiste
bloki ar dazadam iekstelpu temperatiram) kopuma tiek aprekinats siltuma zudumu koeficients
Ht (W/K), kas norada kopgjos energijas zudumus caur €kas buvelementiem, ja temperatiras
starpiba uz to pret§jam virsmam ir viens grads. Taja ietilpst biivelementu laukumi ar
attiecigajiem siltuma caurlaidibas koeficientiem, ka art linearie un punktveida termiskie tilti.

Normativo siltuma zudumu koeficientu Hrr (W/K) nosaka, izmantojot blivelementu
laukumus un atbilsto$as buivnormativa noteiktas siltuma caurlaidibas koeficienta vértibas, ka
arl termiskos tiltus. Ekam ar daZadu stavu skaitu Hyr vértibu nosaka katrai ekas dalai
atseviSki. Aprekinos tiek lietots arm temperatiiras redukcijas faktors, kas ir atkarigs no
starpibas starp ieksStelpu temperatiiru un ara gaisa vidgo temperatiru apkures sezonas laika.
Aprekina siltuma zudumu koeficients Hy nedrikst parsniegt normativo vertibu Hr. Atsevisku
biivelementu un linearo termisko tiltu aprékina siltuma caurlaidibas koeficientu veértibas var
parsniegt normativo siltuma caurlaidibas koeficientu vértibas, bet nedrikst parsniegt
maksimalas vertibas.

Atskiriba no ieprieks aprakstitas t.s., pilnas siltuma bilances, LBN 002-01 tiek analizéti
tikai siltuma vadisanas zudumi. Ja starojuma siltuma parneses neieverosana var tikt uzskatita
par nelielu vienkar§osanu, tad par butisku jauzskata konvekftivo siltuma zudumu neieverosana,
kas atseviSkos gadijumos var bt saltdzinami ar siltuma vadiSanas zudumiem, un pat parsniegt
tos, ja €kas blivgjums ir slikts. Tapeéc, ja ir javeic pilna un detalizta siltuma vajadzibas
analize, aprékinam jaizve€las uz meénesa bilances bazes veidotais modelis.

Metozu salidzinosa analize

Lai salidzinatu min&tas metodes €kas siltuma bilances un siltuma zuduma koeficienta
aprékinam un analizet atSkiribas rezultatos, apskatisim piem&ru — &ku, kas paradita 2. attela.
Tas trisstavu bloka iekstelpu temperatira ir 18°C, kam pieklaujas vienstava piebiive ar
paaugstinatu iekstelpu temperattiru (21°C) un vienu sienu uz neapkurinamu telpu, kas modeli
nav ieklauta. Ari bloku savstarpgja siena aprékinos netiek ieklauta, jo siltuma zudumi no
bloka ar augstako temperattiru nosaka papildus siltuma pieplidi bloka ar zemaku temperattru.
Tadel kopgja siltuma bilancg So siltuma daudzumu neievero.
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K

2. attéls. Modeléjamas eka skice ar tas raksturigiem izmériem

Pirmaja aprékinu varianta buovkonstrukciju siltuma caurlaidibas apzinati izvélétas
neatbilstoSas bdvnormativa LBN 002-01 nosacijumiem, bet otraja piemeklétas tadas, lai
atbilstu tiem. leejas dati abiem ékas blokiem diviem aprékinu variantiem apkopoti 1 tabula.
Aprékini tika veikti ar divam metodém - uz meéneSa bilances modela bazes un saskana ar
LBN 002-01 izmantojot programmaturu HeatMod, ar kuras pilno aprakstu iespéjams
iepazities tas lietotaja instrukcija [5].

Aprékiniem nepiecieSamie parametri ir atSkirigi abam metodém, tad programmatdra to
uzdod katrai metodei atseviSki, taCu daZi raksturigie parametri paliek nemainigi, piem.,
elementu laukumi un siltuma caurlaidibas koeficents, tapéc tos pietiek uzdot vienu reizi. Lidz
ar to aprékinam uz meénesa bilances bazes ir nepiecieSami daudz vairak ieejas datu (gan visu
éku, gan ari klimatiskos apstaklus raksturojosSie parametri), neka aprékinam atbilstosi LBN
002-01, kas ir daudz vienkarsaks. Atbilstosi tam arT rezultati otrajai metodei sniedz lietotajam
daudz mazak informacijas par ékas siltumefektivitati. Tie tikai parada tas atbilstibu vai
neatbilstibu normativa prasibam. Salidzinasim ar abam metodém iegatos rezultatus un talakas
to izmantoSanas iespéjas.

1 tabula
Modeléjamas ékas (2. attéls) bloku parametri
Elementu laukums (m2) U (W mX)
Elements Korpuss (K)  Piebave (P) 1 variants 2. variants
(3 stavi) (1 stavs) '

Sienas (>100 kg/m2) 508 96 0,4 0,3
Jumts 200 200 03 0,2
Grida uz grunts 200 200 0,3 0,2
Durvis un logi 218 24 2,7 13
Siena uz neapkurinatu telpu - 40 0,4 0,3

Aprékina uz pilnas ménesa siltuma bilances bazes, ievérojot konvektivos un radiacijas
siltuma apmainas procesus, tiek iegti:
- dati par ékas integralajiem siltuma zudumiem, avotiem un vajadzibu;
- siltuma zudumu un avoti sadalijums pa to veidiem;
- siltuma vadiSanas zudumu sadalijums pa elementu tipiem.
Bez So parametru skaitlisko vertibu aprékina, tiek nodroSina ari to grafiska attéloSana un
salidzinaSana (3. attels).
Informacija tiek aprékinata un apkopota gan pa méneSiem, gan visas apkures sezonas
laika, kas lauj novértét ne tikai katram ménesim raksturigos siltuma zudumus vai avotus, bet
ari noteikt apkures sezonas ilgumu. Péc nokluséSanas apkures sezona tiek rékinata
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automatiski, taCu lietotajam iespéjams uzdod ari fiksétu apkures sezonas dienu skaitu, ka
rezultata tiks aplokota €kas siltuma bilance tikai attiecigajos méneSos. Kopéja ekas siltuma
vajadziba ménesos, kuros apkure nav nepieciesama, netiek analizéta.
Veicot aprékinus Sai paSai ékai atbilstosi Latvijas BOvnormativam, ieglstam sekojoSu

informaciju:

- €kas un tas bloku siltuma zudumu koeficientus, ka arm atbilsto3os normativos siltuma

zudumu koeficientus saskana ar visparigo un vienkarsoto aprékinu formulam;

- kopéjo norobezojoso konstrukciju laukumu, siltuma tiltu kopgarumu un/vai skaitu;

- siltuma zudumu koeficientu sadalijumu pa blvelementiem un blokiem;

- salidzindgjumu bavelementu siltuma zudumu koeficientiem un to laukumiem.

Abu variantu apréekinu

pamatrezultati, kas ieguti ar katru no
metodém, apkopoti 2. tabula. Izmantojot
uz meéneSa siltuma bilances bazétu
aprékinu, kopéja ékas siltuma vajadziba
tiek izrékinata kWh. Savukart izmantojot
aprékinu saskana ar LBN 002-01, ékas
siltuma zudumus raksturo ts. siltuma
zudumu  koeficients (W/K). Atskiribas
rezultatos ir izskaidrojamas ar daZzadu
faktoru  neievéerosanu  vienkarsakaja
modelt, it TpaSi jaatzimé konvektivie
siltuma zudumi. Veicot detalizétu ékas
siltuma efektivitates analizi, lietderigi
izmantot uz meéneSa bilances bazéto
aprékinu metodi. Ta sniedz pilnigdku un
detalizétaku  parskatu  par  siltuma
zudumiem, un to sadalijumiem pa veidiem
un elementu tipiem. Pie tam iespéjams
analizét situaciju ne tikai visai sezonai
kopuma, bet arT viena vai dazu méneSu

ietvaros. 3. attéls. Aprékinu rezultatu grafiska attélosana
2. tabula
Siltuma zudumu raksturlielumi, kas iegati ar dazadam metodem
o Gada siltuma patérins, KWh Siltuma zudumu koef., W/K
Aprékinu metode . ) . i
1 variants 2. variants 1 variants 2. variants

Ménesabilance 170547 (100%) 118307 (1009%)  1781* (155%)  1235* (1849%)
LBN 002-01  110220* (65%) 63968* (54%) 1151 (100%) 668 (100%)

Atbilstiba LBN - + - +
* - netiek tieSi aprékinati programmatara

Literatlra
Jakovics A, Gencklis S, Krievars Z B siltuma zudumu un apkures situma vajadzibas modeléSana.
Latvijes Hzikas untehnisko zindtnu zumals, Nr. 3 2000. g., Ipp. 3-18.
DIN4108-6 Warmeschutz imHochibau. Berechnung des Jahresheizwérmebedarfs von Gebduden. 1995.
Latvijas bovnormrativs LBN 002-01. Bku norobeZojoSo konstrukeiju siltumtehnika, 2001.
EN 832 Warmetechnisches Verhalten von Gebduden. Berechnung des Heizenergiebedarfs. \Wbhngebéude.
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PARAMETRU OPTIMIZACIJA UDENS SILDISANAS
SISTEMAI AR SAULES ENERGIJU
Optimization ofthe Parameters ofSolar Water Heating System

U. lljins, 1. Ziemelis, H. Putans, A. Skéle, J. Navickas1
Latvijas Lauksaimniecibas universitate, Liela iela 2, Jelgava, LV-3001, Latvija,
Telefons: 371-3005675, e-pasts: fkuldis@cs.llu.lv, faks: 371-3027238
U ietuvas Lauksaimniecibas universitate,
Studentu iela 15, Kauna-Akadémija, LT-4324, Lietuva
Telefons: 370-69846936, e-pasts: JuozasN@info.lzua.lt

Abstract

In order to investigate the possibility to increase the efficiency of aflat-plate solar collector the mathemetical
model of the collector has been worked out. By solving the Laplace heat transfer equation at the boundary
conditions accordingly to the construction of the collector, the obtained solution gives possibility to simulate on
a computer the construction of the collector in dependence on physical, thermal and economic values of
materials usedfor the construction. The computed results by theoretical formulas with experimental results
obtained on special laboratory equipment have been compared andgood concurrence acquired.

Keywords: efficiency, solar collector, mathematical model, construction, equipment.

levads

Literatara ir atrodami daudzu autoru pétijumu rezultati un dotas rekomendacijas tdens
sildiSanas sistému izveidei izmantojot saules radiaciju. Tacu $i informacija biezi ir aptuvena,
doto parametru vértibas svarstas plasas robezas, dazreiz tie ir pat pretrunigi. Tas tapéc, ka
minétas vértibas iegltas dazadas valstis, pie vietéjiem meteorologiskiem apstakliem, kuri
dazados gada periodos un pa gadiem ir mainigi. Pieméram, saulaino dienu (stundu) skaits
tikai aptuveni raksturo uz zemes virsmas laukumu kritoSo saules energijas daudzumu, jo
saules starojuma plismas intensitati ari saulaina laika var ievérojami ietekmét atmosféras
tiribas pakape (putekli, domi, Gdens pilieni, dazadu gazu klatbttne utt.), kas dazadas pasaules
vietds ir dazada. lenakot sadzivé arvien jauniem materialiem un tehnologijam, noveco
ieprieksejas pieredzes un eksperimentu dati. Ta saules kolektoru Sodien var noslégt ne
vienkarsi ar divam vai trim stikla loksném, bet ar hermetizétu stikla lokSnu paketi, kas
ieverojami izmaina siltumapmainu kolektora. Muasu darba mérkis bija izveidot saules
kolektora matematisko modeli, kuru varétu izmantot turpmakos pétijumos un projektésanas
vajadzibam.

Metodika

Kolektora darbibas modeléSanai un optimalo siltumtehnisko, konstruktivo un
ekonomisko parametru noteikSanai, izmantojot matematiskas fizikas teoriju, tika radits saules
kolektora matematiskais modelis. Ar ta palidzibu kluva iespéjams péc zinamiem kolektora
konstruktiviem un to veidojoSiem siltumtehniskiem parametriem aprékinat temperattru
dazadu kolektora virsmu un materidlu punktos. No otras puses, modela parbaudei tika
izveidota datorizéta eksperimentala iekarta ar 50 termopariem - sensoriem siltuma sadaljjuma
meérisanai pa absorbera (kolektora) virsmu un citas vietas. Sensoru dotie signali ar multimetra
palidzibu tika parveidoti un ievaditi datora atmind ka temperatiru Vertibas sensoru
nostiprinasanas vietas. Ar matematisko modeli aprékinu cela iegutas temperatiras vértibas
tika salidzinatas ar tajos pasos punktus eksperimentali iegltam vertibam.
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Kolektora matematiskais modelis

Apskatfita kolektora galvenas sastavdalas ir koka, plastmasas vai cita materiala kaste,
kura ievietots siltuma izolacijas slanis, uz ta absorberis — metala loksne ar tai apak$puse
piestiprinatu (pielodétu, piemetinatu) izlocitu metala cauruli, pa kuru plast siltumnesgjs
(Gdens) un caurspidiga materiala (parasti stikla) vaks. Saskana ar realo konstrukciju,
matematiskais modelis arT satur tr1s slanus (1. att.).

Stacionara stavokli kolektora temperatiras sadalijumu nosaka siltuma vadiSanas
vienadojums

2 2

ZX—I + or =0. (1)

Lai viennozimigi atrisinatu vienadojumu (1), nepiecieSams formul&t konkréta gadijuma
robeznosactjumus. Ta ka absorbers kast€ no visam pus€m norobezots ar siltuma izolacijas
slani un ta biezums salidzinot ar virsmas laukumu ir niecigs (0,8 mm), tad var uzskafit, ka
caur virsmam x=0 un x=L siltuma pliismas nav. Tam atbilstosie robeznosacijumi ir sekojosi

y
Q To
|
o
Ag T 83
Ag
A qi To XSZ
(@) X0 @) Q)] (@)
Ai T o X
aap L
To
1. att. Aprékina shéma.
AN ) — @)
ox X=0 ox x=L

Temperatliras sadalijums ir jaaprekina tris slanos, tap&c katram slanim lietosim
atbilstoSus temperatliru apzim&umus - attiecigi Ty, Tr, Tur.

Uz panela aizmugurgjas virsmas, kad y=0, notiek konvekcija. Seit siltuma plismu
vienadibu izsaka nosacijums

Ty

i oy :aap(TI|y:0 —-To), (3)

y=0

kur A — siltuma izolacijas materiala siltuma vadiSanas koeficients, W/(m-K);,
Olap - siltuma atdeves koeficients no panela aizmugurgjas virsmas, W/(m*K).

Siltuma konvekcija ir arf uz panela prieksgjas virsmas, kur y=58;+0,13;. Atbilstosais
robeznosacijums ir analogs izteiksmei (3)
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T
—xgw = OC(THI|y:51+52+53 —To), 4)
y=3,+8,+08;
kur Ao - gaisa slana ekvivalentais siltuma vadiSanas koeficients, W/(m-K);

o - siltuma atdeves koeficients, W/(m*K);
&1, &2, &3 — siltuma izolacijas, absorbera loksnes un gaisa slana starp stiklu un absorberi
biezumi, m.

Uz robezas y=0, starp siltuma izolacijas slani un metala slani temperatiras un siltuma
plismas ir vienadas

Tily_p, =Tuly—s, (5)
un
oT oT 1
= =Y qid(x - xep), (6)
ay y:61 ay y=61 1=1

kur A - metala slana siltuma vadiSanas koeficients, W/(m-K);
qi — Skidruma cirkulacijas absorb&ta siltuma intensitate, W/m;
n — absorbera caurules vijumu skaits;
Xo; — absorbera novietoSanas koordinates, m;
d(x-x¢;) — delta funkcija punktveida absorberim, 1/m.
Uz robezas, kad y=06,10; arT siltuma pliismas biis vienadas

My
oy y=8;+8;

A

+ ag(TII - TIIIX =Q, (7

y=81+82

kur o, - siltuma atdeves koeficients starp absorberi un gaisa slani, W/(m*K);
Q - absorbéta saules energijas jauda, W/m?,
un

Ty
g .
N ly=s,+5,

(8)

0‘g(TH|y=81 +8, TIH|y=81 w5, ) ="k

Izveidota matematiskas fizikas probléma (1-8) tika atrisinata ar mainigo atdaliSanas
metodi [1]. Temperatiiras noteikSanai visu tris slanu atseviskos punktos (ar koordinatém x un
y) iegiitas sekojosas sakaribas:

I 1 1 1
Ti(x,y) =T + A" +B'y+=> Ak (exp(iky)+ ¢ k exp(—Hy)) COSUEX )
k

Tr(x,y) = To + A+ B (v =81) + > Ak exp(uy (v —81)) 1Bk exp( g (v —81)) cospyx 3 (10)
k
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I | plI II I
Ti(x.y) = To+ AT+ By =3 ~37) + Y Bk (0" k explu (v =3y =3,) +exp(—y (y ~ 3y S cospyx, - (11)
k
kur koeficientus A" A" A™ B' B! B™ nosaka atrisinot linearu sesu vienadojumu sistému (12)
B! =aypAl
III 111 111
~1gBM = oA +BMs;)

Al +Blg = Al

1 & (12)
7\,BH —7\,iBI = —qu
L&
i=1
2B +a, (A +B!s, —-AM =Q
111 II II I
—AgB T =0 (AT +BT8, —AT)
Koeficientu A'y nosaka no vienadojuma (13)
Al = e (ax —by) 1 ’ (13)
ck (bx —ax)—ak(exp(ugdy) + ¢ k exp(—Hkd)))
izmantojot sakaribas (14-18)
Al /oty —1
ol = (14)
xi“k /ocap +1
A Aghy (oM -1
- exp(ukész)((u k}(l— ek lo DI, (15)
Og g (0 +D
A Aghy (oM -1
by eXp(MkESz)Hl k}(l— . ((pHI )1y : (16)
Og %g (0 +D
1 A ¥
ok =—| explucdy) =1 |-0'k expl-pydy) 11|, (17)
2 A I8
1 n
g =—— : COS N 18
k MkLqu HKXj (13)
Koeficientus A" un B} attiecigi nosaka no izteiksmém (19, 20)
—Bx —Al ‘Ck =€k, (19)
b
ATy = 2K (e + ATk ey ). (20)

ax

Koeficientu B™ nosaka no izteiksmes (21), izmantojot formulu (22)
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r
N\
Bmk= 1 A\ |- XUK exp(uks2) + B VXK exP(—ks2) (21)
9™ +1 V aglJ V aglJ
XgUk/a — <63 22)
= - - exp(—2uks3).
X—uk/a+1Xp( uks3)
Ipasvertiibas uknosaka ar izteiksmi (23)
rk
Uk (23)

L

Teorétiskie aprékini

Izveidota matematiska modela formulas (9) - (23) tika ievaditas datora atmina.
Izmantojot eksperimentalas ierices un izgatavota eksperimentald kolektora konstruktivos
parametrus, k& art zinamos kolektora materialu siltumtehniskos parametrus, ar iegatas
programmas palidzibu teorétiski tika aprékinata temperatira tajos punktos pa absorbera
virsmu, uz siltumneséja caurules un citam virsmam, kuros ta bija noteikta eksperimentali. Ta
ka dazu kolektora izmantoto materidlu siltumtehnisko parametru precizas vértibas nebija
zinamas, tad ievadot datora eksperimentali noteikto temperattru vértibas kluva iespéjams Sis
vértibas precizét.

2.att. Teorétiski aprékinato un eksperimentali iegtto temperatdras vértibu
saltdzinajums pa absorbera virsmu kolektoram ar 4 caurulém

Eksperimentalie pétijumi

Izmantojot izveidoto eksperimentalo iekartu, kolektora darba virsma tika apstarota ar
1000 W jaudas kvélspuldzi. Kolektora absorberis izveidots no 0,9 mm bieza térauda skarda ar
laukumu 0,188 m2, kura priekSpuse nokrasota ar matétu, melnu silikona krasu. Absorbera
loksnes otra pusé pielodéta vara caurulite, ar iekSéjo diametru 9 mm. Lai eksperimenta laika
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etri var€tu mainit attdlumu starp atseviSkiem caurulites taisnajiem posmiem, galos tie
lokveida tika savienoti ar plastmasas caurulites gabaliem. Ar cirkulacijas sikna palidzibu pa
caurultti tika nodro§inata siltumnes€ja — Gidens pliisma. Mainot stikna apgriezienu skaitu bija
iespglams mainit Gdens plusmas atrumu caurulg, t.i., absorbera plaksnes dzes€Sanas
intensitati. Silditaja ipatngja jauda tika iestadita 600-625 W/m?, cirkulacijas siikna raZiba
ieturéta — 21 I/h. Temperatiira tika mérita 40 punktos uz absorbera virsmas, atseviskos
punktos uz siltumnesgja caurules, ka arT uz citam kolektora sastavdalu virsmam. Visi rezultati
tika ievaditi un fikséti datora atmina.

Rezultatu salidzinajums

Izmantojot datora ievadito programmu, zinamos kolektora konstrukfivos un kolektoru
veidojoSo materialu siltumtehniskos parametrus, tika aprékinatas temperatiiru veértibas tajos
paSos punktos, kuros tas tika noteiktas eksperimentali. Uzzimé&ta teoré&tiski aprékinato
temperatiru Itkne un temperatiru eksperimentalas vertibas redzamas 2.attéla. Rezultatu
sakriSanas precizitati liela méra ietekm& matematiskaja modeli ietilpstoSo daudzo koeficientu
skaitliskas vertibas, kuras teorétiskajam aprekinam nemtas no literatiiras. Tacu neraugoties uz
to, novirzes starp teor@tiski apr€kinatam un eksperimentala cela ieglitajam temperatiru
vertibam ir nelielas, kas norada uz matematiska modela izmantoSanas iesp&amibu plaksnes
tipa absorberu kolektoru projektéSanai un pétisanai. Eksperimenta laika tika mainits absorbera
cauruliSu posmu skaits no 2 Iidz 4. Katram cauruliSu posmu skaitam tika noteiktas
temperatliras vertibas pa absorbera virsmu, uzzimétas un analizétas to sadalfjuma Iiknes.
Kolektora lietderibas koeficienta vértiba atradas robezas no 0,44 Iidz 0,49.

Visos gadijumos tika ieglita apme&ram vienada teoretiski un eksperimentali iegiito
rezultatu sakriSanas pakape.

Secinajumi

1. Izveidoto matematisko modeli ir iesp&ams izmantot plakana absorbera kolektoru
konstrukciju pé&fiSanai un projektesanai;

2. Precizaku teorétisko rezultatu iegiiSanai matematiskaja modeli nepiecieSams ievietot
precizakas kolektora konstrukcija izmantoto materialu siltumtehnisko parametru vértibas.

Literatiira
1. Riekstin$ E. Matematiskas fizikas metodes.- R:. Zvaigzne, 1969.- 629 Ipp.
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SIMPLE METHODS OF ENGINEERING CALCULATION FOR
SOLVING STATIONARY 2 -D HEAT TRANSFER PROBLEMS IN
MULTILAYER MEDIA
Vienkarsas inZeniertehniskas formulas stacionaras 2-D siltuma vadiSanas
problemas risinasanai daudzslanu vides

H.Kalis, I.Kangro1
Institute of Mathematics Latvian Academy of Sciences and University of Latvia
Akadémijas laukums1, LV — 1524, Riga, Latvija, E-mail kalis@lanet.lv
'Rézekne Higher Education Institution, Department of engineering Science
Atbrivosanas aleja 90, LV — 4601, Rezekne, Latvija, E-mail:kangro@cs.ru.lv

Abstract

There are well-known different numerical methods for solving the boundary value problems for partial
differential equations. Some of them are: finite difference method (FDM), finite element method (FEM),
boundary element methods (BEM), and others. In the given work two methods FDM and BEM for the
mathematical model of stationary distribution of heat in the multilayer media are considered. These methods
were used for the reduction of the two-dimensional heat transfer problem described by a partial differential
equation to a boundary — value problem for a system of ordinary differential equations. (ODEs). Such a
procedure allows obtaining simple engineering algorithms for solving heat transfer equation in mulyilayer
domain. In the case of three layers the system of ODEs is possible for solving analytically..

Keywords: Poisson’s type partial differential equation, two dimensional heat transfer problem.

Mathematical model
We will consider the partial differential equation of Poisso'n type

&(Adu/ dy)/ oy + H(Adu/ 6z)/ bz = —q(z, y) (1.1),

where A is the coefficient of heat conductivity (W /m- K), ¢ is the function of the thermal
sources (W/ m3), (z, y) are the 2 — D space coordinates in the space (m), u=u(z,y) is the
absolute temperature (K). Multilayer media Q in the z - direction, which consists of N
layers Q= {(z, W.zeQ k= I,_N; y€]0, L]}, where each layer is characterized by set
Q= {(z,y) 'z, ,<z=Zzk =L N; yelo, L]}, and z=z, k= LN —1 are the joint of the layers
(the interior grid points in the FDM), y=0,y=L,z=0,z=z, are the surfaces on the

rectangle domain.
If every layer has parameters of A,,q,, then the equation (1.1) can be presented in the

form ofa(/lkauk Jéz)ez=F, k=1N, (12)

where F, = —6(/18u/6y)/8y -q,(z,y), u, =u,(z,y) is the temperature in the layer Q, .
We have the following conditions:
1) conditions of a continuity on interior surfaces z=z, k=1L, N —1:
U (2, V) =3y (24, ¥), 40U (24, ¥)/ 0z = Ay Oy (24, V) Oz,
2) boundary conditions on the surfaces z=0 and z = z,, in the form of
{ﬂlaul (20, )/ 02 = at, (1, (2, ) = 6,) = O
lNaul(ZNi'y)/a_aN(uN(ZNi‘y)_gN): 0’

. . 0 . .
where o,,a, are convective heat transfer coefficients, 6, 6, , u(z) are the dimensionless

(1.3)

temperatures of air.
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3) boundary conditions on the surfaces y =0 and y =L in the form
ou(z,0)/0y =0- the symmetry condition, u(z,L)=u'"(z) - the given temperature or
ou(z,L)/dy =0 -inthe 1-D case.

Method of finite volumes and fdm
Using a method of finite volumes [1-4], we would find the finite- difference scheme of
N +1 equations on a joint of layers in the form

ﬂ“l/hl(ul _”0)_a1(”0 _00): Rg
A TPy (”k+1 _”k)_ Ay (”k _01&1): R+ Ry (2.1
_aN(uN _01\/)_21\/ /hN(”N _uN—l): Ry,

where k=1, N -1, R,;:I,;+IN2,;, R, :I;+IN2,:,

~_ A ..
R, :—h—k J‘(Z—Zkfl)/k(z,y)dz,k:l,N,

e 2y

R =21 [ (o - 2y () k= OV 1,
(O

iik(z,y)zwj h, =z, —-z,,, k=1LN,

I, = —ij]:(z - Z,H)]k(z,y)dz, k=1N,

I =- hi I( Yz, y)de, k=0 N 1.

We have the the exact 1-D difference scheme for given functions R, , R, from (2.1).

Bem and the finite-difference scheme
The finite difference scheme (2.1) can be obtained by using the BEM. Using this
method for equation (1.2) in the segment [z, ,,z,], we multiply the equation with the

function w(z,&) = |Z -

,& €[z, ,,z,] and partially integrate two times:

A fuw'dz= [ Fwdz + 4P, (3.1)
where P, :(ukw'—u,;wt" , w':%,
- oz

Due to w'=sign(z—£&), w"'=06(z—¢) (the Dirac-delta function) we obtain the third
Green formula for the 1-D case:

A (&,9) = [z =&\ Fwdz+ 4P, (3.2)

where
B, =v.(z,)sign(z, = &) - v, (Zk)|Zk - §| = (z, —Dsign(z, , - &)+

VJL(Zk71)|Zk71 =&l vz =u(z, ).
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For the given values v, (z,),v,(z, ), v.(z,),v.(z, ), F, it is possible from (3.2) to find
(&) =u, (&, y) forall £elz,,,z,].
Let us consider two limit cases, when £ — z, , and £ — z, . Then we have 2 equations
for BEM in the following form:
{ﬂ“kvk (Ze) =4 (Vk (z,) -y (z, )) +h R, (33)
Avi(z) =4 (Vk (z, )+, (Zk—l))—i_hkRI:' .

After substituting £ by k£+1 in second equation (3.3), then dividing this expressions
respectively by h ., h,, and  applying the  conditions of  continuity

vi(z,)=v,.,(z),AVv.(z)=4,.V..(2z,), k=L N—1 we obtain the difference equations
2.1) for k=1, N—1, v, z)=u,,v,(z,) =1, ,,v,.,(z.,)=u,., ). The first equation of (2.1)
is obtained from the second equation (3.3), if k=1, (v1 (z))=u,v(zy) = uo), but the last
equation - from first equation (3.3), if k=N, (v, (z,,) =y, v, (z,) = u, ), (the boundary
conditions (1.3) must be used).

We can obtain the values u, ,,u,,k =1, N from the finite difference scheme (2.1), but
from (3.3) — the values v, (z, ), v, (z,) in the grid points
vz ) =000 - @ DA - AR k=LN,
vi(z) =, z) v,z DA + 'R, k=1 N. (3.4)

Then in the interior points of QQ we have
u,(2,9) = P(2.9) +0'u,(£,)/ &'’ (2), k=L N,
where z,& €[z, ,z,], 0*(2)=(z—z,,)(z—2,) =OH}),
Pz, 3) =u, (W (2) + g (24, W, (2) + (D, (2) + g (24, W, (2), (3.5)
W@ =(z-2,)Qz+2,-32.,)/ I, 1,(D)=(z-2,)(z~z.,)/ I,
1(2) = (Z _Zk—1)2(3zk ~Zka _22)/ B, 1, (2) = (Z _Zk—l)z(z ~Z )/ .

This is the Hermite interpolation polynomial in the Z -direction for solving the
temperature in other interior points of Q, u,(z,y)~ FP.(z,y).
For solving the loss of heat on the walls, we can calculate the heat flux functions

L L

ou(0, ou(z,,

W= 1 [ Dy g, = g, [ 22 g (3.6)
5 4 © Oz

on the boundaries z=0 and z=z,,,

where du(0, y)/ 0z =u (0, y)0u ,0u(z,,,y)/ 0z =uy (z,, y)0u .

Approximation of integrals
The value of integrals INE,: , INE,; is possible to find approximately with the help of

kvadrature formulas of a different sort in a 2-D case and after rejection of residual members
we find the system of N +1 ODEs of the second order [1-3]:
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- M [/ o(y) + @/ 6)uL(y)] = (A1/h1)(U1(y) - uO(y)) - «1 (u0(y) - 00)- 10
- AA [(1/6)uki(y) + (1/3)uk0)]- AA H[(1/3)uk(y) + (1/6)ukei(y)] =
= (Akl/ hke) (ukHl(y) - uk(y)) - (Ak/ hK)(uk(y) - ukl(y))-1- - Kk, k=1N-1
-AA [A/6)u,1(y) +@/Juw(y)]=A 70 (uw(y)- -1(y))- «n(uwly)-0 )-0,
where iike (y) =iik(zk, y), iik(y) = iik(zk,y) .
Here the continuity conditions of functions uk(z,y), uk(z,y) on ajoint of layers are

used.
Distribution of boundary temperature at y =L we find under the linear law

u@©(z) =Bz + C, coordinating it with the boundary conditions (1.3). Thus we find the system
of two algebraic equations for the determination of constants B, C in the form
B = («1«~n(ON- 00))/(«1(AN+aNzN)+«NA),C =@ + (AL/«1)B .

From Dirichlet boundary conditions we obtain B = (dN-00)/zN,C=00. Then the
boundary conditions of the system (4.1) can be presented in the form

uk(0) = ° uk(L) = u@(zkXk =0,N .

Analytical solution and numerical results

Let's consider numerical experiments, with a caseN =3, ql=93=0, g2 =500 W/m3,
«1=«3=x, u0(y) =00, u3(y) =03 at the following values of parameters (in the wall of a
house consisting of three layers: brick, metal, brick): h =h =0.4m, h2=0.2m - the
thickness of layers, | =1.5m - the half of the width of the metal - layer, L =2m - the half of
the width of the wall, A =A =10W/m+K, A =50 W/ meK, 0= 290K, 0 =250K -
the air temperatures in Kelvin degree (Fig. 1.).
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In this case we have the system (4.1) of two ODEs in following form:

_%ﬂlhlﬁl(y)_éﬂzhz(_ Ziil(y)+ii2(y)): ﬁ(”z(y)_”1()/))_%(”1()/)_00)_[1+

h2

- é Ah, (iil (¥) + 2, (y))_ %ﬂshﬂ;"z V)=

zi_z(eg ()2 (1) = (D)~ 1

5.1)
where ! = I = —%lzhz, u/(0)—u,(0)=0, y e (0, 1), u,(L) = O,k +6,(h + 1, )\2h +h) "

uy(L)=(8,h, +6,(h +h,)\2h +h,) " orin the 1-D case #,(L) =1,(L) =0

It is possible to obtain the solution of boundary — value problem (5.1) (if ¢, =¢,(y) %0
ye[0,7]7 < L) in the form
u (¥) = Cych(p ) + Coch(psy) +d,, uy () = Coch(p4y) = Cych(psy) + d, (5.2)
where g, = (62, /(A +32,0 )2, sty = (@AM + )k Aty + 212,
a,=Ah"' +,h', b, =-A,h", ¢, =k 0, +05q,h,, ¢, = Lh 0, +0.5q,h,,
¢ =ay —b; = Bh +222,(hh) ",
d, = (azcl —b,c, )C(;l ,d, = (a202 —byc, )C(;l , G, = _(dl +d, —u, (L) —u, (L))/(ZCh(.ulL))a
C, =—d, —d, —u,(L) +u,(1))/(2ch(u,L)) (5.3)

If u,(Ly=u,(L)=0 (the 1-D case), then C,=C,=0 and

w(v)=d, =(p,0, + p0;) ps + 0,
u,(v)=d, :(plgo +p293)/p3 +0, where p, = A, =20, Dy =Ahy + 4,0 =202,

p;=p +p, =402,

1
Q= qshhy 1 4y =20, Therefore, u, =270.1+Q =290.1,u, = 263 8+ 0 =288 8.

It is possible to obtain the solution of boundary — value problem (5.1) (if ¢, =0,

A, =,y€ [I,L]) in the form
{uf (V) = Cish(uy ¥) + C3ch(uy y) + Cosh(us y) + Cich(us y) +dy
u () = Cysh(uy y) + Coch(uy y) = Cosh(usy) = Cich(u; y) + d;

where,  u; = (6/(h1 (2h| +3h, )))% TN (6/(h1 4, ))% . a =4 (hfl + h; )a b; = _/11]7; >

(5.4)

=22 2mm)). o =ah0,, ¢ =ah0,,  di =(aer —bies ke
d; = (a;c; _b;cl. )(c(;)*l :¢k = izf k=13, dl+ = (1/2)(d1 _dl. +d2 _d;) >
k

dy =(/2)d, —d; -d, +d;),
A, = ch(pD)eh((L =D )+ dyshuuyshl(L =Dt ),
A, = ch(u)eh((L ~ 153 )+ ¢ysh(uDsh((L ~ D),
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C, = (1724, oo, (L) + uy (L) — 2d; (L~ D )~y ),
C, = (1124, Yo, (L), (L)~ 2d; ch{(L~ D)3 )~ di} +d3), (5.5)
CF = —dy sh(piD) + C, g sh(uDeh(u 1) — ch(uDsh(u; 1)),
C3 =dy ch(u; 1)+ C, (pichuDeh(u; ) — gysh(u Dsh(u;D),
C: = —dy sh(u31) + C,(posh(ul)ch(uil) — ch(uD)sh(u31)),
C; = dy ch(ui31) + C,(ch(u)eh(i31) - gch(uiiD)sh(u])).
In calculations d,', d, under formulas (5.3), at y (l, L) (l < L) loss of significant
figures was observed, for example, at ¢, =500, y=1.8 we find u,(y) = 278 256305 (at
calculation using up to 20 significant figures), u,(y) =278 .2 (at calculation using up to 15

significant figures), u,(y) =304 (at calculation using up to 12 significant figures - it is
visible, that all received figures are incorrect). Therefore it is more expedient to use formulas

uy () = d chl(y— D )+ dy chl(y D5 )+ Cod (v) + Co A, (1) + d;
u; () = dy chl(y— D )= dy chl(y— D )+ Co 4 (v) ~ C. 4, (») + 43,
where 4, (v) = ch(ul)eh{(y — Dy )+ 2 sh(uDsh{(y ~ Dy ),
A, (v) = ch(uyleh((y = D)+ A2 sh(u,lysh((y = 1] ), instead of (5.4).
If /=L, p =up, p; =u,, then the constants C,, C, from (5.5) are equal C,, C,

from (5.3) and we can use only formulas(5.2). In the interior points we can used the
interpolatioin with cubic polinomials (3.5), where

1/(0,9) = (1, () =0, 0" + (B | 6B, (), u[(2,,0) =, () =6, )1 = (h /3)B, (),
uy (2, 9) = (V) =, (DI, + (hy /6)(2B,(0) + B, (1) + (9,5,)/(2h,),
uy (25, ) = (0, () =, " = (hy 1 6)(B, (1) +2B,(1))—(4,5,) 1(2h,),
ui(z,,y) = (‘93 - uz(y))h;1 +(hy 13)B,(y), ui(z5,y) = (‘93 - uz(y))h;1 —(h,/16)B,(y), (5.6)
B,(») = Copt ch(u, ) + Copich(py), B, () = Copilch(u,y) = C 5 ch(isy) .
If / <L, then for y > L in the formulas (5.6) the functions B,, B, can be replaced with
B, B;,and u,,u, with u;,u,, where
B =d; () Y ehl(y —Dasy )+ d; ()2 ehl((y— D )+ Co () A, (30) + Co (15 A,(0)
B =d; (u}) chl(v — Dy )—d; (1) ehl(y =1 )+ C, (1) 4, (9) ~ C (1) 4,(0).
For the flux functions on the borders (3.6) we obtain
W, =AW +w ), wy = 4w +w?), (5.7)
where

W = [u)(0, y)dy =i (d, —0,)+C,K, +C K,

W = \ul(0,y)dy =10, —d,)-C,K, +C,K;,

I
!
1
!
I
W, = [u)(0,y)dy = (L~ (d; ~8, )+ d K} +d, K; +C,D, +C,D,

0
1

W = [u)(0,y)dy = (L~ 1¥5" (0, — d3 )~y K +dy K5 ~C,D, +C, D,
0
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where K, = Sh(ull)l(hlu1 Y+ /6], K, :sh(,usl)l(h“us)fl + I /6J,

K; = shl(L =0 Wingae ) + sz 6], K = smlcr— D Woass) " + s 6
D, = ch(uwDK; + ADsh(uDch((L ~ D )-1K,
D, = ch(u,)K + A2 sh(usDleh((L ~ Dy )-1K
Ky =) + s 16, K9 =)+ hses /6.
If /=L, uw(L)=u,(L)=0 (1-D case), then C,=C,=0, WW =W =0 and
u/(0)=u/(z,)= (0, =0,)4,/ p, + O,/ 4 =—49.75 + Q,,
uy(2) =0, —0,)A4 | ps+Qy/ Ay =—1+0.020,,
uy(2,) =0 —0,)4 / ps —Qy ! A, =—1-0.020,,
uly(z,) = (z3) =05 —0,)A, [ ps — O, / 4y = —49.75-0.020,,
where p, =2hA, + A, =402, O, =(q,h,)/2=50.
Therefore W, = L[(6; —0,)4 A,/ py + Q| = L(- 4975+ Q,), W, = L(- 49.75 - 0,).

We see, that at heating an average layer, loss of heat inside a house are practically equal
to zero. Calculations were made by means of mathematical computer-system MAPLE-5, in

the Table 1, Figure 2 we can see the dependence of temperature v, (y) =u(h, /2,y),

w (V) =ulh,y),u (V) =ully +h, /2,y), u,(y) =u(z,,y), u,s(y) =u(z, +h;/2,y)

(z, = A, + h,) on the coordinate y  (0,1) with. g, = 500 W /m* . We have, W, = —23 .68 ,.
W,=-171.83. If I =1 and 4,(L) =1,(L) =0, thenuy, = (u, +6,)/2~280 +Q/2,

u, =2701+0, u; = (u, +u,)/2+0.005h, Oy, u, =268.8+0,

uys =, +6,)/2~260 +Q/2, 0=20, O, =50 .

Table 1.

Depending on temperatures with ¢, = SOO% LU, =6,=290"K,u, =0, =250"K

Y Uys U, U U, Uys

0 288.77 287.57 287.51 287.37 268.67
0.2 288.76 287.54 287.49 287.34 268.66
0.4 288.72 287.47 287.41 287.27 268.62
0.6 288.66 287.34 287.28 287.14 268.56
0.8 288.57 287.16 287.10 286.96 268.47
1.0 288.45 286.92 286.87 286.72 268.35
1.2 288.30 286.62 286.57 286.42 268.19
1.4 288.16 286.27 286.20 286.04 267.96
1.6 286.72 283.47 281.67 278.68 266.73
1.8 284.41 278.26 174.77 270.81 261.10
2.0 282.00 274.00 270.00 266.00 258.00
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Fig. 2. Depending on temperatures with g. = 500 ,
m

u -.0-2900K ,u =03- 2500K , - 10m

Conclusion
In the given paper the used method allows to reduce a two-dimensional heat transfer
problem to the system of the ordinary differential equations (5.3), solution of both it is easier

to make theoretically and practically.
The considered method allows finding distribution of temperatures depending on the

second coordinate on ajoint of layers.
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Back Propagation and Transformation Methods in Artificial Intelligence
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Abstract

Detailed description of methods of back propagation and back transformation also distributions for training of
neural networks is given. A comparative estimation of a priority of methods of back transformation and back
propagation for the decision of tasks of synthesis and training of neural networks, also for intelligent automatic
measuring and Al systems for the first time is carried out.

Key words: neural network, intelligent automatic measuring systems, artificial intelligence.

Beenenue

B nocnennme necsituneruss B Mupe OypHO pa3BUBaeTCsl HOBas MPHKJIaAHAs 00JacTb
MaTeMaTHKH, CHEUATM3UPYIOIMAscs Ha HCKYCCTBEHHBIX HelpoHHbIXx cersx (HC).
AKTyanbHOCTh HCCIICIOBAaHMA B STOM HANpPaBIEHUH MOATBEPIKIAETCS MHOroodpasneM
pasmuuHblx npuMmeHeHudt HC. D10 aBromartusaiusi TEXHOJOTMYECKUX IPOLIECCOB U
pacrio3HaBaHMs OOpa3OB, AamaNTHBHOE YIPaBJICHHE, aMIpOKCHMalus (PYHKLHOHAJOB,
NPOTHO3UPOBAaHUE, CO3AaHue OSKcnepTHbX cucteM (DC) U CHUCTEM HCKYCCTBEHHOTO
unreekra (UMW), paspaborka acconnaTUBHON MaMsITH M MHOTHE Apyrue npuioxkenus. Ho
LIUPOKUH Kpyr 3aznad, pemaemblii HC, Bc€ ewmé He no3BoJsieT B HaCTOsIIee BPeMsl CO3/1aBaTh
VHHBEPCAJbHbIE, MOIIHBbIE WHTEJUICKTYaJbHBIE  CETH, BBbIHY)K#as  pa3pabarbiBaTh
cneunanuzuposanHeie HC, pyHkunornpyromme no pasanuHeiM anroputMaMm. Monemn HC B
cucreMax MM MoryT OBITH BBINOJHEHBI B BHAE NMPOrPAMMHOIO U alMapaTHOTO MCIOJHEHUS
[1-11].

OcHoBy kaxnoii HC cOCTaBJsIIOT OTHOCUTENIbHO MPOCThIE, B OOJBITHHCTBE CIIy4acB
OJHOTHUIIHBIE 3JIEMEHTHI (SUeHKH), IMUTUpYIOIIUE paboTy HelpoHOB Mo3ra. Ilon HeiipoHOM
MOJIpa3yMeBaeTcsl HCKYCCTBEHHBIN HelpoH, siuetika HC, puc 1.

Kaxnplli HEMPOH XapakTEepU3yeTCsi CBOUM TEKYLIUM COCTOSIHUEM II0 aHAJOTHHU C
HEPBHBIMU KJIETKAMH TOJIOBHOIO MO3ra, KOTOpPble MOTYT OBITh BO30YXXAEHBI MU
3atopMmoskeHbl. HelipoH o0Onmamaer rpynmod CHHAICOB — OJHOHANPABJICHHBIX BXOIHBIX
CBsI3eM, COEAMHEHHBIX C BBIXOJAMH APYTUX HEWPOHOB, & TaKXXe MMEET aKCOH — BBIXOJHYIO
CBSI3b JAHHOTO HEHPOHA, ¢ KOTOPO CUrHai (BO30y KIEHUS MJIM TOPMOKEHHSI) MOCTYIAET Ha
CHHAIICBI CIEAYIOUNX HeHpoHOB. Kakaplii cMHAIC 1O (PU3NYECKOMY CMBICTY 3KBHUBAJICHTEH
3JIEKTPUYECKOI IPOBOIUMOCTU U XapaKTepU3yeTCsl BETMUUHON CHHAIICUYECKOH CBS3U WU €€
BecoM Wi,

Texy1iee cocTosiHiE HEHPOHA OIpeneNsaeTcs] Kak B3BEllIeHHas CYMMa €ro BXOJ0B!

S— 3, - W,

1i=1
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Bbixop HelipoHa ecTh GyHkims ero coctosiaus: Y = £ (S)

CHHANGCH

#1

Auekra
HeHpaHa

#2

Teno kneTkl

#3

Brixiog

N\

#n CrHance W2 i, nin
Bxofgu
Yo=f[5)
n
S=>X,"W,
i=1
a B

Puc.1 Heiipon mosra (a) u cxema UCKyCCTBEHHOTO HeHpoHa (B)

Bomnpoc 0 HEOOXOOUMBIX M AOCTATOYHBIX CBOWCTBAX CETH JUIS PEIIEHUS] KOHKPETHBIX
3a/ma4d MpencTaBisieT coOOH OTHENbHOE HANpaBICHHE HEHPOKOMIBIOTEPHOH Hayku. Tak kak
cuare3 HC 3aBHCHT OT KOHKPETHO pemaeMod 3amayd, TO B OOJBIIMHCTBE CIIy4acB
ONTUMAJIbHBIHA BAPUAHT MOJYYaETCs] HA OCHOBE HHTYUTHBHOTO TIofdopa.

IIpouecc ¢yukumonuposanuss HC, TO ecTb CyIHOCTh MACHCTBHI, KOTOpBIE OHA
CrocOoOHa BBITIONHATD, 3aBUCHT OT BEJIMYMH CHHANCHYECKUX cBs3eil. IlosTomMy, 3amaBimmch
onpeneneHHoi crpykrypoii HC, oTBewaromieir kakoi-nmubo 3amaue, pa3pabOTUHK CETH
JOJDKEH HaWTH ONTHUMAJIbHBIE 3HAYEHUSI BCEX NMEPEMEHHBIX BECOBBIX K03(duumeHToB. DTOT
sTan HasbBaercs oOyuenneM HC, M OT TOro, HACKOJIBKO Ka4eCTBEHHO OH OyAET BBINOJIHEH,
3aBHCUT CIHOCOOHOCTb CETH peLIaTh IIOCTABICHHBIE Iepen Heill mnpoOieMbl BO Bpems
skcrutyarauuu. Ha stame oOyueHust kpome mapaMeTrpa KadecTBa Moadopa BECOB BaXKHYIO
ponp urpaer Bpemsi oOyuenus. Kak mnpaBmio, 3TH 1Ba mapamerpa CBsi3aHbl OOPaTHOM
3aBHCHUMOCTBIO U X TPUXOIUTCS BBIOUPATh HA OCHOBE KOMITPOMHCCA.

O6yuenne HC moxxer BecTuCh ¢ yuuTeneM uian Oe3 Hero. B mepBoMm ciydae cetu
MPEIbSBISIOTCS 3HAYEHUS KaK BXOHBIX, TaK U KeJaTeNbHbIX BbIXOJHBIX CUTHAJIOB, U OHA IO
HEKOTOPOMY BHYTPEHHEMY aJrOpUTMY IMOJCTpPauBaeT Beca CBOMX CHHAINICHYECKHUX cBs3ell. Bo
BTOpOM ciydae Bbixonsl HC (GopMupYyOTCS CaMOCTOSITENbHO, a Beca HU3MEHSIFOTCS TI0
aJTOPUTMY, YUUTBIBAIOIEMY TOJIbKO BXOAHbIE U IPOU3BOHbIE OT HUX CUTHAJIbI.

CymecTByeT MHOKECTBO PA3JIMUHBIX aJITOPUTMOB OOYYEHHMsI, KOTOPBIE JENATCS Ha J1Ba
OoNBLINX KJacca: AETEPMHHUCTCKUE U CTOXACTUYECKHE. B MepBOM M3 HUX MOICTPOHKA BECOB
NpeACTaBsieT COOOH  JKECTKYHO IIOCIIEOBATENIbHOCTh JACHCTBUH, BO BTOPOM — OHA
MIPOU3BOJUTCS. HA OCHOBE AEHCTBUM, MOTUUHSIOIIUXCA HEKOTOPOMY CIy4aiiHOMY IpOLECCY
[1-6,8,10]. O6braHO HOpPMUPYIOT OMHAPHBIE U aHAJIOTOBBIC CeTU. [lepBbIie M3 HUX OMEPUPYIOT
C JBOMYHBIMH CHUTHAJaMH, U BBIXOJA KaXXAOro HEMpOHa MOXKET MNPUHUMATb TOJBKO [ABa
3HAYEHUS. JIOTHYECKH HONb ("3aTOPMOKEHHOE" COCTOSTHHUE) W JIOTMYeCKas eIMHULA
("B0o30y:kmeHHOE" cocTosiHue). K 3TOMy Kjaccy ceTeil OTHOCHTCS M MEePLENTPOH, TaK Kak
BBIXOJIbI €r0 HEHPOHOB, (popMupyemble PyHKIMEH eNMHIYHOrO CKauka, paBHbl g0 0, mudo
1. B aHanoroBeIxX CeTsIX BBIXOAHbIE 3HAYEHUS] HEHPOHOB CIIOCOOHBI MPUHUMATh HEMPEPBIBHBIC
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3HaueHus. AnropurMmuuecku xon BpemeHu B HC 3anaercss utepalMOHHBIM BBINOJIHEHHEM
ONHOTUIIHBIX JEHCTBHUI HAaJl HEHPOHAMMU.

AJITOPUTMBI 00PATHOT0 PAaCIPpOCTPAHEHHs U Npeodpa3oBaHusi

ANropuTMbl 00paTHOrO NPeoOpa3OBaHMs M PACHPOCTPAHEHUS MPOINE BCErO IOHSTH,
KOI'JIa BCE BJIEMEHTHI CETH JIMHENHbI. ANrOpUTM BbUUCIsET Kaxayo EW, cHauana Berancsis
EA - ckopocTh, ¢ KOTOpOH H3MEHsETCs OMMOKAa NPH H3MEHEHHWU YPOBHS AaKTHBHOCTHU
sneMmeHTa. JIns BBIXOAHBIX 3JeMeHTOB EA  sgBisiercs NpOCTO  Pa3sHOCTBIO  MEXAY
JNEHCTBUTEIBbHBIM U JKE€JIAEMBIM BBIXOJOM.

Urobbr Bbmuucaute EA 11 CKpBITOrO  3J€MEHTa B CIIOE, HEIOCPEACTBEHHO
NPEAIIECTBYIOIIEM BBIXOAHOMY CJIOK, CHadajla MACHTU(HULMPYIOTCS BCE BECa MEXKAY STUM
CKPBITBIM 3JIEMEHTOM U BBIXOJHBIMHU 3JIEMEHTAMH, C KOTOPBIMU COE€UHEH AAHHBIN CKPBITHIN
3JIEMEHT. 3aTeM 3TU Beca YMHOKAIOTCS Ha BeJU4MHbI EA A 3TUX BBIXOJHBIX 3JIEMEHTOB U
CKJIa/IbIBAIOTCS TOJy4YeHHbIE MPOU3BENEHUs. JTa cyMMa paBHa EA 1y JaHHOrO CKPBITOrO
snemeHTa. BorunmcnuB EA s BcexX 3JIEMEHTOB CKPBITOTO CJOs, MPHJIETaloIIero K
BBIXOJJHOMY, MOXKHO aHAaJOrMYHbIM o00pa3oMm paccumtaTe EA u pamsd Opyrux  Ccloes,
nepeMerasicb B HANpaBJIeHUH, OOpaTHOM TOMY HAIpPaBIEHHIO, B KOTOPOM AaKTUBHOCTb
HEHpOHOB pacmpoctpansercss mo certd. OTCOga W Ha3BaHHE aNropuTMa OOpPaTHOTO
«mpocnexxuBanus» (oOpaTHOro pacmpocrpaHeHus: win npeobpasosanusi). Ilocne Toro, xak
3HaueHne EA s s;meMeHTa BBIMUCIIEHO, moxacuntaTb EW st kaknoit BXOMHOW CBSI3U
3JIeMeHTa yke HecioxkHo. Benuunna EW sBasiercs npoussenennem EA u akTuBHOCTH BO
BXOOHOH mnenu. [l HENMHEHHBIX 3JEMEHTOB aJIropuTM OOpPaTHOTO PacHpPOCTPAHEHUS
BKJIFOYAET JONOJHUTENbHbIA mar. Ilepen mepememennem B oOpaTHOM HampasieHun EA
HeoOxonumo mpeodpazoBate B El - CKOpPOCTb, ¢ KOTOpOH H3MEHSETCs OLIMOKa MO Mepe
WU3MEHEHUs] CYMMapHOIr0 BXOJa 3JIEMEHTA.

Urober 0Oyunth Heiiponnyto ceth (HC) pemenmnto xakoi-mubdo 3amadn, Beca KaXkaoro
3JIEMEHTa KOPPEKTHPYIOTCS TaKMM 00pa3oM, 4TOObI yMEHbIIAach OMHUOKA - PaCXOKIAECHUE
MEXIy AeHCTBUTENBHBIM U JKeJIAaeMbIM BbIXOIOM. [[J1s 3TOro HY’KHO, 4YTOOBI HEHPOHHAS CETh
BBIUMC/ISIA TIPOU3BOAHYIO0 OT ommOku no Becam (EW). Jlpyrumu crmoBamu, OHa JOJDKHA
BBIYUCIISITh, KaK H3MEHSETCS OIMOKa NpU HEOONbLUIOM YBEIUYEHHWH WM YMEHBIICHUU
Kaxxaoro Beca. Yame Bcero s BbluMcIeHHss EW mpuMmeHsercss MMEHHO ajlrOpUTMBI
oOpaTtHOro pacnpoctpaHeHus u npeodpazosanus [1-12, 14, 17, 42].

Uro0bl peann3oBaTh 3TH AJTOPUTMBIL, B KaUeCTBE NMpPUMEpa AaAUM MaTeMaTHYeCKOe
omnucaHue HeWPOHHOU ceTH. [IpeanonokuM, 94TO 3JIEMEHT | - THITHYHBINA 3JIEMEHT BbIXOIHOTO
CJIOS, a 3JEMEHT 1 - THUIMYHBIA S3JEMEHT CJOS, KOTOPBIH NPEAIIECTBYEeT BBIXOTHOMY.
AKTHUBHOCTB 3JIEMEHTa BBIXOJIHOTO CJIOSI OMPEAENeTCs IBYX aroBoi npouenypoii. CHavana
BBIYUCIISIETCS] CYMMAPHBIH B3BEIIEHHBIH BXOA X]j C TOMOIIBIO (POPMYJIBL:

X;i=S; (Y; Wy),

rae Yi - ypOBEHb aKTHBHOCTH 1-TO 3JIEMEHTa B NPEAIIECTBYIOIIEM cioe U Wij - BeC CBSI3U
MEXOy 1-M U |-M 3JeMeHTamH. Jlanee, 5J€MEHT BBIYHCISET aKTUBHOCTb Y] C TOMOLIBIO
HEKOTOpPOH (PYHKIIMM OT CYyMMapHOTro B3BELIEHHOTO BXxonxa. OOBIMHO NMPHMEHSETCS CUrMa-
(byHKIUS:

Yj=1/[1+e]

ITocne TOro, kak akTUBHOCTU BCEX BBIXOAHBIX 3JIEMEHTOB OINpPENEJE€HBbl, CETb BBIYUCISAET
OmHOKY , KOTOpPasi ONIPENENACTCS BBIPAKECHHEM:

E=1/2 S(Yj -D))*
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rae Y; - ypOBeHb aKTUBHOCTH ]-TO 3JIEMEHTa B BEpXHEM cjoe, a Dj - skemaemblil BBIXOA j-TO
3JIEMEHTA.

Anroputm o6paTHOro npeobpa3soBaHUsl U PACHPOCTPAHEHUS COCTOUT U3 CIIENYIOLINX
OCHOBHBIX ILIAroB.
1) BeaucnuTh, HACKOJIBKO OBICTPO MEHSETCS OIIMOKA MPH M3MEHEHUH BBIXOJHOTO 3JIEMEHTA.
Orta mpousBonHas omudOkn (EA) ectb pasHOCTP MeXIy NEHCTBHTENBHOH W OKUIAEMOU
AKTUBHOCTBIO.

dE
i = =YD,
dy,
2) BbMUCTUTH, HACKOJBKO OBICTPO M3MEHSETCS OLIHOKa MO Mepe M3MEHEHUsS CYMMapHOTO
BXOJa, TIOJy4aeMOro BBIXOAHBIM djeMeHToM. JTa BenuuuHa (EI) ectb pesynprar mara 1,
YMHOXEHHBIN Ha CKOPOCTb U3MEHEHHUST BBIXOAHOTO 3JIEMEHTA ¢ U3MEHEHHUEM €ro CyMMAapHOTO
BXOAA.

dE dE dY,

El, = =
dX, dy, dX,
3) Beruucnuts, kak OBICTPO U3MEHSIETCS OIIUOKA 110 Mepe U3MEHEHHs Beca Ha BXOJHOMN CBSI3U

BBIXOMHOTO 3JieMeHTa. Jta BenumumHa (EW) ects pesyaprar mara 2, YMHOXCHHBIA Ha
YPOBEHb AKTUBHOCTH 3JIEMEHTA, U3 KOTOPOI'O UCXOAUT CBSI3b.

dE _ B dX, __

Todw, dX; dX, P

4) BpraucauTh, Kak OBICTPO M3MEHsSETCs OLIMOKAa C M3MEHEHHUEM aKTHUBHOCTH 3JIEMEHTa U3
NPEABIAYINETrO CJIOs. DTOT KIIFOYEBOH IIar Mo3BOJISIET MPUMEHATh 00paTHOE pacIpOCTPaHEHNE
K MHOTOCJIOWHBIM ceTsiM. Korzma akTUBHOCTB 3JIEMEHTa M3 MPENBITYIIEro CJI0osi U3MEHSIETCs,
5TO BIMSIET HA AKTUBHOCTH BCEX BBIXOAHBIX 3JIEMEHTOB, C KOTOPBIMH OH cBs3aH. IlosTOMy,
yToOBl MOJCYMUTATH CYMMapHOE BO3IEHCTBHE Ha OMMOKY, Mbl CKJIQJbIBAEM BCE 35THU
BO3/ICHCTBHUSI HA BBIXONHBbIC 3JIeMeHTHl. HO 3TH BO3MEWCTBHUS HETPYAHO MOACYUTATH. DTOT
pe3yJbTaT mara 2, YMHOKEHHBIH Ha BEC CBS3H K COOTBETCTBYIOIEMY BBIXOJHOMY 3JIEMEHTY.
dE dE dX.
A, TN

] j j

1

=ELY, (1-Y))

) =S (EIJ’VVij)

[Tonb3ysick maramu 2 u 4, MBI MOXEM TNpeoOpazoBaTh BenMWYMHbI EA omHOTO Cinost
sneMeHTOB B EA mpenbiaymero cinosi. 9Ty nmpoueaypy MOKHO HOBTOPSITh, YTOOBI BBIYUCIIATD
EA cronpkux npenblayliux CJOEB, CKOJbKO UX ecThb. 3Has EA 1 sieMeHTa, Mbl MOXEM
BOCIIOJIb30BAThCA ImaraMd 2 W 3, 4ToObl BhMUCIUTE EW Ha €ro BBIXOOHBIX CBS3SIX.
HelpoHHYIO CeThb MOXKHO HAy4YUTb pellaTh ONPEIETICHHYIO 3aAady, MOJb3YsACh CIENYIOLIEH
npoueaypoii. CHauana cruenyeT MNpeAbsBUTb CETH CEPUI0 TPEHUPOBOYHBIX IPUMEPOB,
KOTOpBbIE COCTOSIT M3 MNAaTTePHA AKTUBHOCTEM BXOMHBIX 3JIEMEHTOB BMECTE C JKEJIAEMbIM
MaTTEPHOM aKTUBHOCTEH BBIXOAHBIX 3JIEMEHTOB [ 1-6].

[IpenmonokuMm, YTO Mbl XOTHM HAay4uTb CE€Th pAacloO3HaBaTb OOpa3el B BHIE
pyKomuCHBIX 1(p. MOXKHO BOCHONB30BATHCS MATpPHULEH, U3 250 CEHCOPOB, KaKIBIA M3
KOTOPBIX PETUCTPUPYET MPUCYTCTBHE WJIN OTCYTCTBHE UEPHMJIBHOTO MATHBILIKA B Mpeaenax
MaJIeHbKOW TUTOIAAKH - (pparmeHTa ogHol uudpsl. s cetn, Takum oOpazom, morpedyercs
256 BXOAHBIX BJIEMEHTOB (TI0 OJTHOMY Ha KaIblii CeHCOp), 10 BBIXOMHBIX 3JIEMEHTOB (IO
OHOMY Ha KaKAYIO0 BO3MOXKHYIO LU(PY) U HEKOTOPOE KOJIUIECTBO CKPBITHIX 3JIEeMEHTOB. J{Jist
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KQXIOW IH(PBI, PErucTpupyeMoll CEHCOpaMH, CeThb MAOJDKHA T'€HEPUPOBATh BBICOKYIO
AKTUBHOCTb B COOTBETCTBYIOLEM BBIXOJHOM 3JIEMEHTE U HU3KYIO B OCTaJbHBIX BBIXOAHBIX
3JIEMEHTaX.

UroObl HAaTPEeHMPOBATH CUCTEMY, CIENyeT MPEenbsSBUTH eil n3o0pakeHne mUpel U
CPaBHUTb JACUCTBUTEIBHYIO AaKTUBHOCTb Ha 10 BBIXOOHBIX D3JIEMEHTaX C JKEIaeMOu
AKTUBHOCTBIO. 3aTeM HAJ0 IOACYHUTATH OLIMOKY, OINMpEneNsseMyr0 Kak KBaapaT pa3HOCTH
MEXy AEHCTBUTENBHBIM U JKeJaeMbIM BbIx00M. Ilocre 3Toro mMbl U3MeHsieM BeC KaKIou
CBSI3U, C TE€M, YTOOBI YMEHBIIUTh OMHOKY. ONHCAHHBIA TPOLIECC TPEHUPOBKU CIEAYET
MOBTOPSITH CO MHOTHUMH PAa3MYHBIMU TNPEACTABICHUSMU KaXAOH IHU(pBI, MOKa CEeTh He
HAYYUTCSl TIPABHJIBHO pACIO3HABATh BCE BO3MOXKHbIE H300paKeHHs. JTa BEJIUYHHA,
Ha3blBaeMasi MPOM3BOIHON omHMOKK 1O Becy U obo3Hadaemast EW, Beruucnsercs. OnuH u3
cnioco0oB BeuucieHnss EW 3akirodaercst B TOM, 4TOObI H3MEHUTh BEC HA OU€Hb MAJEHBKYIO
BEJINYMHY U TMOCMOTPETb, Kak U3MEHHUTCs ommOka. UroOwl peanu3oBarbh 3Ty MHPOULEAYPY,
HY>KHO M3MEHSTb KaXXIblli BeC Ha BEIWYMHY, MPOMNOPLIUOHAIBHYIO CKOPOCTH, C KOTOPOH
U3MEHsIeTCsl omundKa 1Mo Mepe M3MeHeHus Beca [2-5,12-45]. Dror MeTon TpedyeT OTHenbHBIX
BapHaLMi A1 K&KIOrO U3 MHOTUX BECOB.

OueHka NpHOPUTETOB AJITOPUTMOB 00PATHOI0 NPeo0pPa3oBAHHS U PACTIPOCTPAHEHHUSI

Ha mpoTspkeHHN HECKONBKUX JIET MOCHe MX OMyOJIMKOBAHMS, aJIrOPHUTMbI OOpaTHOTrO
pactpocTpaHeHuss W TIpeoOpa3oBaHUs]  OCTABAIUCH  IMOYTH  HE3aMEUEHHBIMH U
HEBOCTPEOOBaHHBIMU. BeposiTHO, MOTOMYy, YTO He OBUIM B [OJDKHOH Mepe OLIEHEHBI
cneunanuctamu. B cepenmnre 70-x romos I Mockeun (JICXA), B cBsa3u ¢ paspaboTkoi
aBTOMAaTU3MPOBAHHBIX  MHUKPOIPOLIECCOPHBIX  CHUCTEM  YIpPAaBIE€HUA U CO3JaHHEM
UHTEJUIEKTYaJbHBIX H3MEPUTENbHBIX MPUOOPOB, KOTOpBIE OBLIM 3arnaTeHTOBaHBI B 26
BEAYUINX CTpaHaxX Mupa, a 3areMm B Hadaje 80-x romos /. Pymensxapt, paborasiimii B TO
Bpems1 B Kanudopnuiickom yHusepcutere B Can-uero, u /. Ilapkep u3 Ctandopackoro
YHHBEPCHTETa HE3aBHCHUMO Jpyr OT Jpyra BIEpBble pa3paboTaiyd CBOM OpPUTHHAJIbHBIE
BapUAHTBl NMPUMEHEHUs] aJITOPUTMOB OOpaTHOro mpeoOpa3oBaHUs U pacnpocTpaHeHus. B
1986 rony Pymensxapt, P. Yumbsamc, takxke n3 KamudopHuiickoro ynusepcurera B Can-
Huero [9], u Txebdepu E. Xunron [2] npoaeMOHCTPUPOBAIN yHUKAIBHYIO CIMOCOOHOCTD
aNTOpUTMOB 00yYaTh CKPBITHIE 3JIE€MEHTHI M BHIPAOAThIBAT UHTEPECHBIE MPEACTABICHHS IS
CJIOJKHBIX ITATTEPHOB HA BXOJIE, YTO U OOYCIIOBHIIO UX PACIIPOCTPaHEHHE.

B cepennne 70-x romoB mpomLIoro Beka, Bo3MokHo, B 1974 rony Ilons JIxx. Bepboc u B
1977 rony TI'ennaguit Mocksun (JlatB.CXA) mpennoxuau 3G QPeKTUBHYIO TPOLEAypy IS
BBIYUCIICHU KO3()(PHULMEHTOB KOPPEKLUUH BECOBBIX (PYHKLUMH Pa3JIUYHBIX CTATUCTUYECKHX
XapaKTEepUCTHK, Hampumep, npousBopHoi ommdOku no Becy (EW) , korma paboranm Han
cBoell mokTopckoil amccepranmei - [loms JIx. Bepboc (back propagation algorithm) B
I'apBapackom ynusepcutere, I'. MockBuH B JIaTBUICKOMN CEJIBCKOXO3AMCTBEHHON aKaAeMUH,
r. Enrasa, (back transformation algorithm) [12-17,42]. Ilpouenypsl, H3BECTHBIE TEMEPh Kak
anroputMel obpatHoro «pacnpoctpanenus» (BPA) y II. Bepboca (back propagation
algorithm) n «mpeoOpaszoBanus» (back transformation algorithm, BTA) y I'. Mocksusa,
NPAaKTUYECKU aHAJIOTHYHBI U CTAJIM OIHUMH M3 HanOoJee BaKHbIX HHCTPYMEHTOB B OOy4EeHUHU
HEHpPOHHBIX CeTel, B TMOBBIIEHUH TOYHOCTH AaBTOMATH3UPOBAHHBIX CHCTEM U
UHTEJUIEKTYaJbHBIX U3MEPUTENbHBIX TPHOOPOB.

I’ Mockeun [17, 42] (JICXA), a Takxke P. AHmepceH u3 MaccadyceTcKkoro
TexHojiorndeckoro uHcturyta u J{. 3uncep u3 Kamudopuwmiickoro ynusepcutera B CaH-
Huero [9] TeoperHueckn W TPAKTUUECKH JOKA3ajH, YTO aJTOPUTMBI OOPaTHOTO
npeoOpa3oBaHusl M PACHPOCTPAHEHUs MPEACTaBIsIOT co0ol  BecbMa 3D QEeKTUBHBIMA
MHCTPYMEHT HE TOJIbKO JJIsl COBEPIIEHCTBOBAHUS TEXHUUECKUX CUCTEM, HO U JJIsl TOHUMAaHMUs
($YHKUMH HEKOTOPBIX HEHPOHOB B KOpPE TOJIOBHOrO MO3ra. lIpemioskeHHBIE anrOpUTMBbI
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MO3BOJISIIOT HAYYUTh HEHPOHHYIO CETh PEarupoBaTh HA PAa3jUYHbIE CEHCOPHBIE CTUMYJIbI —
3BYKOBBIC CHUTHAJIbI, BU3YaJIbHBIE 00Opa3bl, HMITYJIbCHBIC M TAKTHJIBHBIE CUTHAJIBI U TaK Jajiee.
bbuto OOHapyKE€HO, YTO peakUusl CKPBITBIX 3JIEMEHTOB YIUBUTENIBHO CXOXKa C peakiuen
peanbHBIX HEHPOHOB, BBINOJHSKIINX NpeoOpasoBaHUEe BHU3yaJdbHOH HH(pOpMaLUH,
NOCTyHaroIel OT ceT4aTkH, B GopMy, HeoOXxomumyro aist Oonee riyOoOKux oOnacTeil Mo3ra,
nepepadaThIBAOIMX CUTHAJIBl BH3YAJIbHBIX 00pa3oB. Ilpum 3TOM BBLICHMJIOCH, 4TO
BOCXOJK/IEHHE a0CTpaKUUil MepLenTUBHBIX 00pa3oB B cucremMax MM mponcxonuT aHaJIOrHYHO
pabore HC: ot abcmpaxmmusix OIMYIEHUH, BOCIPUSATHH, TMPENCTABICHUA, TOHSATHUH,
CYXXAEHUN K KOHKpemHbiM BBIBOAAM - YMO3AKJIIOUEHHUSIM. JTOT pe3yJbTaT CErofHs HMeeT
UCKJTFOUUTENbHO OOJNbIIOe 3HA4YeHHE MpH pa3paboTKe W CO3MaHUU JIOKAIBHBIX CHCTEM
pa3eIeHHOr0 HWHTEJUIEKTa, WHTEJUICKTYaJIbHBIX ANANTUBHBIX CHUCTEM YIPABJICHUS, IPHU
CO37aHUU WHTEJUIEKTYaJbHbIX BBICOKOTOYHBIX HW3MEPUTEIBHBIX CHUCTEM H CHCTEM
uCKyccTBeHHOro uHTeiuiekra (MM).  Anropurmbel  oOpaTtHOoro mpeoOpa3oBaHHs U
pacmpocTpaHeHHsI OKa3aJluCh Ha yauBJeHHe 3((EeKTUBHBIMU B 00yUYE€HUHU CeTell CO MHOTUMU
CIOSIMU JJIsl PelIeHus] IMHPOKOro kmacca 3amad [1-5,12-45]. Ouu okasamuck HamOonee
3¢ (eKTUBHBI B CUTYaLUsIX, KOTJa OTHOLICHHWS MEXIy BXOAOM H BBIXOAOM HEJIWHEHHBI, a
KOJINYECTBO OOYUArOMINX JAaHHBIX JOCTATOUYHO BEJHKO.

IIpumensiss obcyknaeMble anrOpUTMBbL, OBUIM CO3MaHbI HEHPOHHBIE CETH, CIIOCOOHBIE
pacrio3HaBath rpadpudeckue o0passl U PyKOITUCHBIE CHMBOJIBI [3], MpeacKa3blBaTh H3MEHEHHS
BAJIOTHOTO Kypca, ONTHUMH3UPOBATh TEXHOJOrMueckue mporecchl [12-16], obecrneunBarh
BBICOYANHINYK) TOYHOCTb aBTOMAaTHYECKUX H3MEPEHUH B CHUCTEMaxX HCKYCCTBEHHOIO
WHTEJUIEKTa, HAmpuMep, Ha OCHOBE NapagurMbl IOCTPOCHMSI HHTEJUIEKTYaJIbHbIX
U3MEPUTENIbHBIX CHUCTEM C HCIOJB30BaHUEM (PAKTANIOB METPHUUECKUX 00pasos, puc 2. [42-
45].

Bunumas mpocTtoTa MCHONB30BaHUST HEHPOHHBIX ceTell BecbMa obOMmaHumBa. IlogoGHO
HACTOSIIIMM  JKMBBIM  OpraHu3MaM, HEHpOHHBblE CceTH  OONajaroT  PasIMYHbIMU
NOTEHLUANIbHBIMU BO3MOXHOCTAMU. M XOTd HMX MOXHO KOHTPOJIUPOBATb, H3MEHss
napameTpbl CO34aBaEMBbIX CETEH, Takas 3a/ada BOBCE HeE sIBJsieTCs TpuBHanbHOW. HacTpoiika
HEHPOHHBIX CETEH M Celdac, MOCJIE€ MHOTUX JIET UX YCHEIHOrO NMPUMEHEHMs, OCTaeTCsl B
OONBLION CTENEHN UCKYCCTBOM, YeM Haykoi. ITlosToMy He ciyuaiiHo ceronns Ha nomours HC
NPULIT TaK Ha3biBaeMble reHerndeckue anroputmbel (I'A). OHHM MPOBOIAT €CTECTBEHHBIN
oTOOp, B XOI€ KOTOPOrO BBDKUBAET «CUJIbHEHIIMIT», TO ecThb, dy4mas HC cerp, Hanbonee
MOAXOASAIIAs JIs1 PEIIECHHs] TOCTABJICHHON 3a1a4u.
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Puc.2 Mapagurma MHTeNNeKTyanbHON N3MEPUTENbHON cnuctemsl W

eHeTWYecKMe anropuTMbl - 3TO camoobyuarouiadaca MOAe/Nb, KOTopas LNA peLleHus
MOCTaBNEeHHbIX MNepej Hell 3ajay WCMonb3yeT MexaHU3Mbl ecTecTBeHHOro otbopa. 3pechb
NCMONb3YIOTCA TakKue MOHATUA, KaK nonynsaums, ocobb, HacnegosaHue v mytaumsa. CHavana
anropuTM BbIABUTaeT BO3MOXHbIE pelleHus. 3arteM, B KaXAOM MOKONEHWUU, MOA06HO
O6ronornyeckMM opraHusmMam, "CunbHenlwwme" pelleHns "CKpewimBalTca” , NOpoxaas HOBble
peweHund, a "cnabble” nornbarT. FeHeTUYeCKMe anropuTMbl - 3TO OAUH M3 HOBbIX METOL0B
ontumusauunm HC. Bo3moxHocTn A He OrpaHM4YMBaKOTCA HACTPOMKON HEMPOHHBIX CeTel.
FA ncnonb3yloTca ANA PelleHns caMblX pasMyHbIX 3agady. Vicnonb3oBaHMe reHeTU4ecKmx
afropuTMOB COBMECTHO C HEMPOHHbLIMU CeTAMM AN nojbopa BXOAHbLIX AaHHbIX W Bblbopa
ONTUMaNnbHbIX KOH(UIypaLunin ceTeil U napaMeTpoB 06YYEHUS yXXe MoKas3aso CBOU CUJ/IbHble
CTOPOHbI W nofiyyaeT BCe 60/blUee pacrnpoCcTpaHeHWe B CUCTEMax aBTOMATUMYECKOro
ynpaBs/ieHUs C OrpaHUYeHHbIM UHTEeNEeKTOM. Korga Mbl, HaKOHeL, Y3HaeM, Kakum o6pa3om
06yuyaroTCA X1Bble HEMPOHbI MO3ra, Torga u cuctemsl A, ncnonssytowme HC mn FA cmoryT
KOHKYpUpoOBaTb C eCTecTBEHHbIM WHTennektom (EW) uenoseka. PasymeeTcs, 4TO MoKa
ncKyccTBeHHble HC ©n A Cc MO3roMm 4esoBeka KOHKypupoBaTb He MoryT. [lpo6nema
3aK/ntoyvaeTca BOBCE He B crocobe 06Yy4YeHMA CUCTEMbI, a B HalM4yuX BENUKOW TaiHbl
MCXOAHON MOoAeNnn yCcTpoincTea U (DYHKLMOHMPOBAHMA XUBOTO HelipoHa. MeTofabl 06paTHOro
pacnpocTpaHeHUs W TpaHC(opMauunm He MMEKT aHanoros B XXMBOW Mpupofe, NO3ITOMY
NMPUMEHeHMe MeTOL0B 06paTHOro pacnpocTpaHeHUs W npeobpasoBaHUs CErofgHA He
ABNAOTCA YHMBepCalbHbIM CPeACTBOM peleHns Bcex npobnem. W, TeM He MeHee, 3TO
[JOCTAaTOMHO  3((EeKTMBHbLIA  MeTO4  WHTeNNeKTyanmsauum  TeXHONOrUin,  pasyMHbli
JOMOMHUTENbHbIA  WHCTPYMEHT npeobpa3oBaHWs OyAyLlero Ha OCHOBE  LUUPOKOro
NMPUMEHEHNA HAHOTEXHOJIOTUA N CUCTEM UCKYCCTBEHHOTO UHTeNNeKTa.
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BuiBOABI

1.

Mertonel obpatHOro npeodpa3zoBaHUA U PACIPOCTPAHEHHS CETOAHS TOBOJBHO INHUPOKO
UCTIONB3YIOTCS, TaK KaKk OHH JIOCTAaTOYHO XOpomo padoTaloT TMpH  CO3AaHUHU
NPEACTaBICHUH O PACIO3HABAEMOM 3PUTENIBHOM HIJIM METPHUYECKOM 00pa3e B CKPBITHIX
sNeMeHTax ceTu. B nmaHHOH paboTe BHepBble pPAacCTaBICHbI AKLEHTBl aBTOPCKUX
NPUOPUTETOB Ha aJrOPUTMBI METOIOB OOPATHOTO MpeoOpa3oBaHMs U PaCIpPOCTPAHEHUS,
KOTOpbIE TOKa3aJn BBICOKYIO 3(dexTuBHocTh npouenyp odyuenuss HC, ymeHblieHus
OmMOKM W KOPPEKLUUH TOYHOCTH HHTEJJICKTYAIbHBIX CHCTEM, B KOTOPBIX Beca
MOCTETIEHHO N3MEHSFOTCS.

Crnenyer npusHaTh 3a0NMy’KA€HHEM MHEHHE MHOTHX YYEHBIX, KOTOPBIE OKOJIO 25 JeT
Ha3aJ TOojarajid, 4YTO MNOJOOHBIE METOABl OKAXKyTCS COBEPIIEHHO OECIOJIE3HBIMH,
MOCKOJIbKY JOJDKHBI OBLIM, 1O MX MHEHHMIO, HEU30E€KHO MPHBOAWTH K JIOKAJIbHBIM
ontuMymMaMm, M B 0OojJee IIMPOKOM MacmrTade — K HEBEPHbIM PEIICHHSIM.
HecocroATenbHBIM Takke OKa3aJOCh PacIpOCTPaHEHHOE YOeXIeHHe, 4TO Npolenypa
OOy4YeHHs TIPENCTAaBJIIET HWHTEPEC TOJBKO B TOM Cllydae, €CIM OHa TapaHTHPYyeT
CXOAMMOCTh K  TJO0AJbHO  ONTUMAJIPHOMY  pemeHuro. Metoasl  oOpaTHOrO
npeoOpa3oBaHusl M PACHPOCTPAHEHHUS MOKA3aJH, YTO Ui MHOTHX 3amad TioOayibHast
CXOAUMOCTb HE SIBJISIETCS HEOOXOAMMBIM YCJIOBHEM MJISi TOTO, YTOOBI JOCTHYB
NPUEMJIEMBIX PE3YJIbTATOB.

C Oumonornyeckod TOYKM 3PEHUsI CErOAHs CIEAyeT MPU3HATh, YTO METOABI OOPaTHOTO
npeoOpa3oBaHus U PACTPOCTPAHEHUS, KaK MPHUHLUI TOA00UST pabOThI FOJIOBHOTO MO3Ta,
CeromHsl BBIDALIT He OueHb yOenutenbHo. Haumbomee oueBHmHAs TPYOHOCTh
OJTHO3HAYHOTO YTBEPKACHUS 3aKJIOUAETCS B TOM, UYTO WH(pOPMAUUs JOJDKHA MPOXOIUTH
IO TEM K€ CaMbIM CBsI35M B OOPATHOM HAIPABJIEHUH, OT KQXKIOTO MOCIEAYIOIIETrO YPOBHS
K IpeapiaymeMy. B peanpHbIX HEHpOHaxX MO3ra CyIecTBYeT MHOJKECTBO MyTeH, BEAYIIHX
OT MOCJIENYIOIUX CJIOEB HEPBHBIX KJIETOK K MPEIBIAYIINM. JTH HEHPOHHBIE CBS3H MOTYT
UCTIONIb30BAThCS  JUIsi  mepenaun  wHpopManmu, HeoOXomumon mnst  OOydeHHs.
OcymecTsisieTcs 1 Takasi oOpaTHas CBs3b B HEHPOHHBIX CETSIX XKMBOIO MO3Ta Ha CAaMOM
nene? Hayka o Mo3re rmoka He aja HaM OHO3HA4YHOT'O OTBETA.

Bonee TtpymHyro mnpobnemy mnpeactaBisier coOoil  ObICTpOnmENcTBHE —aJITOPUTMOB
obpatHOro npeodpa3oBaHUsl U PACHPOCTPAHEHUS. 31€Ch LEHTPAJBHBIM SIBJISIETCS] BOIIPOC
O TOM, KaK OBICTPO pacTeT Bpems, HeoOXoaumoe ajisi OOy4YeHHs, 0 Mepe BO3pPACTaHUS
pa3smepoB ceTn. Bpewms, TpeOyromeecss Ayl BBIYUCICHHS MPOU3BOAHBIX OT OMIMOKH IO
BECAM Ha 33JaHHOM TPEHHPOBOYHOM IIpHMEpEe, MPONOPLHOHAIBHO pa3MepaM CeTH,
MOCKOJIbKY O0BEM BBIUMCICHUH NPOMOPLIMOHATICH KonudecTBy BecoB. OnmHako Oosee
KPYIHBIE CeTH TPeOYIOT OOJNbIIEero KOJMYECTBA TPEHUPOBOYHBIX IPUMEPOB, M UM
NpUXoauTcss MOmU(pUIMPOBaTh Beca Oonbiee uynciao pas. CrenoBaTenbHO, BpeMs
o0y4eHHs pacTeT 3HAUYUTEIbHO ObICTpee, YeM pa3Mephbl CETH.

C TOYKM 3peHHs CO3MaHusl CHCTeM HCKyccTBeHHOro mHremiekrta (M) camas ceppe3nas
npobiemMa TMPUMEHEHUs METONOB OOpaTHOro mnpeoOpa3oBaHUs M PACIPOCTPAHEHUS
ceronmHsl 3akyo4aercss B ToM, uto Takas HC TpeOyer yuurTens, mpenoCcTaBIsFOIIEro
JKENAeMbIH BBIXON ISl KaXXIOr0 TPEHUpOBOYHOro mnpumepa. Ho, BO - mepBbIX, B
€CTEeCTBEHHOH cpene OOMTaHus YeloBeKk crocoOeH obydaTecs u 6e3 momornn yuurens. Bo
- BTOPBIX, HUKTO HE JJa€T HaM 3apaHee JeTaJbHOE ONMHUCAHUE U FOTOBBIE K yIOTPEOICHUIO
ueanpHble IJ00aJbHbIC MPEICTABICHUS KapTHHbI MHPA, MO KOTOPBIM MbI MOLJH Obl
HAYYHUTHCS M3BJICKATh TOJb3Y NMPHU HCIIOIb30BAHMUS HAIEro COOCTBEHHOTO, JIOKAJIBHOTO
CEHCOPHOTO BXOfa. B TpeTbHX, Mbl Yy4UMCsSl [MOHMMATb peub, 3PUTEJbHbIE CLEHbI U
BU3yaJIbHbIE 00pa3bpl 0e3 KaKux-JIuOO MpPsIMBIX MHCTPYKLIHHA, TO €CThb, MBI BCE K€
CHOCOOHBI BOCIIPHHUMATh TOTOBBIE K YNOTPEOJEHMIO 3HAHUS HETOCPEICTBEHHO,
330TepUIecKH, Oe3 yJacTHsl HHTEIUIEKTYJIbHBIX TOCPEIHUKOB.
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11.

12.

13.

14.

15.
16.

17.

18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.

Ecnu HelipoHHast ceTh CTaNKMBaeTCs ¢ OONBIIMM HAOOPOM COYETAHHI CHTHAJIOB, HO He
uMeeT HUKaKoW MH(POpPMALMU O TOM, YTO C HUMH CIeIyeT AeJaTh, TO, OYEBUAHO, YTO
3amavya Uil HEHpPOHHOM CeTH mpocTo HewdeTko chopmynuposaHa. Hccienosarenu
pa3paboTany HECKOJbKO YHUBEPCAIbHBIX, HEKOHTPOJHUPYEMBIX IPOLEAYDP, KOTOPBIE
MOTIYT MPAaBUJIBHO PEryJIMPOBATh BECOBBIE MAPAMETPBI CeTH. Bce 3Tu mpouenypsl UMEOT
IBa OOIIMX Ka4yecTBa: OHHM ONEPUPYIOT, SIBHO HMIJIM HESIBHO, C HEKOTOPBIM IMOHSTHEM
Ka4yecTBa IMPENCTaBICHUS U pabOTalOT, M3MEHss Beca, YTOOBI TOBBICUTH KaueCTBO
NPEACTaBJICHHUS, BBIPA0ATBIBAEMOTO CKPBITBIMH 3JIEMEHTAMU.

Hecmotpst Ha  OTMEYeHHBIE HEAOCTATKH, TNPUMEHEHHE METONOB  OOpaTHOTro
npeoOpa3oBaHus U PaCIPOCTPAHEHHs U CETONHS BecbMa 3((PEKTUBHO, TaK KaK MPH 3TOM
CHIIKAETCsl CTENEHb HEONPENEIEHHOCTH CUCTEMBbI M MO3TOMY HE BO3HUKAECT CUTYaLUH
HEOIPENeNIEHHOCTH JEWCTBHH, KOTOpbIe HEOOXOAMMO Tmpoxenath ¢ HH(popmanuei,
MOCTYMNAOIEH HAa BXOJ OTAEIbHBIX HEHPOHHBIX ceTeil unu cucremsl MU B nenom.
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UNCERTAIN PROBABILITIES
Nenoteiktas varbiitibas

0. Uzhga-Rebrov
Rezeknes Augstskola, Atbrivoshanas aley 90, Rezekne, Latvia,
tl. 3714622904, 3719472205

Abstract

The uncertainty of probabilistic evaluations results from the lack of sufficient information and/or knowledge
underlying those random events. Uncertainty representation in the form of second order probability distribution
or interval evaluations does not cause any objections from the theoretical point of view. On the other hand, what
is worthy in the second order probabilities is that they allow one to model a real uncertainty of subjective
probabilistic evaluations resulting from the lack of information and/or knowledge. Processing of uncertain
information regarding probabilistic evaluations can help make a validated decision about the collection of
additional information aimed to remove completely or to reduce the existing uncertainty.

Keywords: probabilistic evaluations, uncertainty, decision making.

Sources of occurrence of uncertain probabilistic evaluations

Whenever practical applications of probability theory are considered, it is explicitly
assumed that all probabilistic evaluations are of deterministic nature. Strictly speaking, one
can speak correctly about the absolute validity of probabilistic evaluations only within the
classical approach to probability evaluation. In turn, the validity of probabilistic evaluations
within the frequency approach greatly depends on the volume and validity of the initial
statistical data. As regards subjective probabilistic evaluations, the theory of subjective
probabilities imposes a strict requirement: the expert has to assign unambiguous point
evaluations to the probabilities of random events or variables being evaluated. The theory of
subjective probabilities is entirely based on that requirement. It simply forbids any uncertainty
in probabilistic evaluations.

Let us consider the possibilities of practical implementation of this requirement in more
detail. As is generally known, one of the underlying postulates of the general theory of
measurement is formulated as the necessity to correctly account the measurement errors.
Every measurement of physical values can be performed within the accuracy ensured by
measuring equipment and conditions of measurement. Hence, the results of any measurement
can always be represented in the form A + ¢, where A is the result of measurement but € is
possible measurement error. In essence, that form represents a confidence interval within
which there is for guarantee situated the real meaning of the measured value.

The occurrence sources of probabilistic evaluation uncertainties are described in
numerous literature [1-6]. The main source of potential uncertainty is the uncertainty
regarding the underlying events, facts, statements and hypotheses. The theory of subjective
probabilities is based on the statement that any subjective probability assignment is made on
the basis of all the information available. Frequently, that fact is explicitly emphasised by
denoting the subjective probability of event e as p(e / {) where ( is the information, on the
basis of which the evaluation of p(e ) was performed. From this it can be concluded correctly
that the subjective probabilistic evaluation is in essence an evaluation of the conditional
probability. When making subjective evaluation of probabilities, the expert explicitly or
implicitly takes into account the variety of conditions . If the conditions are uncertain for the
expert, it is quite natural that it would be difficult for him to produce point-valued
probabilities required. The evaluation becomes uncertain for him over the whole set of
uncertain conditions, (.

377
ISBN 9984 — 585 -68 -9



Environment.Technology.Resources. 2003

There also exists another important source of uncertainties or ambiguities in assigning
subjective probability values. The reason for that could be mental limitations of ability of
individuals to assign point-valued probabilities under the existing state of knowledge.
Frequently, individuals cannot distinguish separate gradations of probabilities, even if there is
enough information. Numerous studies have shown that certain extent of uncertainty is an
inherent attribute of human thinking. The inability to distinguish and interpret sufficiently
close probability values is akin to the inability of human beings to distinguish close colour
nuances.

Second order probabilities
Current uncertainties regarding the values of probabilities can conveniently be modelled
by belief networks. Fig. 1 represents an ordinary belief network [5].

p(a1) =0,4
p(a2) = 0,6

p(b1/ar)=0,9
B pra-on
Fig. 1. Belief network that models the relationship between the disease and symptom

Node A represents two random events: a; —presence at the patient of the certain disease,
a; — absence at the patient of this disease. Node B represents two random events: by —
presence at the patient of the certain symptom, b, — absence at the patient of this symptom.
Unconditional probabilities of event a; and a, as well as conditional probabilities of event b;
provided event a; and event a,, are specified. Conditional probabilities p(b, / a;) and p(b, / ay)
are not of interest to us in the example under consideration, so their values are not set.

Let us first assume that all the probability values are determined on the basis of
extensive statistical data, so their validity is high. If symptom b; is observed at the patient, the
posterior conditional probability of disease a; can easily be calculated. By using Bayes’
formula we obtain

p(ai/b1) =p(b1/a) p(ar) / (p(b1 /a1) p(ar) + p(b1 / az) p(az)) =
= 0,9%0,4 / (0,9%0,4 + 0,1*0,6) = 0,86.

On the basis of this probability value, the physician can make a decision about the
method of treatment.

Let us now assume that there is no statistical data to determine the objective values of
probabilities, so the expert is asked to assign the probabilities. The expert has a large
experience in the area under consideration. He assigns with a large extent of confidence the
same value of probabilities p(b; / a;) and p(b; / ay) that were determined previously on the
basis of statistical data. The expert, however, finds difficulty in assigning point values of
probability p(a;). Considering certain values of probability p(a;) as random events ¢i, ¢z, C3,
he has assigned the probabilities of those events as follows:

p(c1) = p(p(a;) = 0,1) = 0,2;
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p(c2) = p(p(a1) = 0,4) = 0,6;
p(c3) = p(p(a;) =0,7) = 0,2.

The existing state of information is modelled using the belief network shown in Fig.2.

p(c1) = 0,2
p(e2) = 0,6
p(e3) =0,2

p(ar / c1) = 0,1
pla / ) = 0,4
plar / a)=10,7

p(bi /a) = 0,9
p(bi /&) =0,1
Fig. 2. Belief network modelling the uncertainty of probability values p(a;)

The only way to determine point values of probability p(a;) is to calculate its expected
value over the whole available set of random values:

E(p(a1)) = Zi-1" p(a1 / ¢;) p(ci) = 0,1*%0,2 + 0,4*0,6 + 0,7*0,2 = 0,40.

The calculated expected value E(p(a1)) is exactly equal to the value of probability p(a;)
previously determined by using valid statistical data. If the posterior probability of disease a;
given symptom b is determined, the same value of that probability will be obtained, i.e. 0,86.
Although being formally similar, these evaluations represent quite different states of prior
information. The first evaluation obtained on the basis of objective initial information has a
large confidence degree. In other words, if the physician has such evaluation at his disposal,
he can make a decision concerning the method of treatment in full confidence that this
evaluation is exactly equal to the probability of presence of this disease at the patient. In the
second instance the matter is far from being so successful. From uncertainty of expert’s
evaluation actual value p(a;) can be far from expected value. Using this example the
following important conclusion can be drawn. When uncertain probabilistic evaluations are
employed, the transition to the mathematical expectation does not reduce the initial
uncertainty. That uncertainty is implicitly included in further calculations and leads to the
implicit uncertainty of the results and consequences of the actions undertaken. An explicit
account of that uncertainty by means of calculating the interval of possible values of the
resulting probability can help further analyse the uncertainties in the following way. If the
user 1s satisfied with that interval of probability uncertainty in the context of the problem of
interest, he may use the expected value as a point value of the corresponding probability. If
the uncertainty is large, a decision to collect additional information can be made. In other
words, the correct analysis of uncertainties of probabilistic evaluations cannot raise the
validity of the final results. It, however, makes the basis of evaluation of the suitability extent
of the initial information.
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Interval probabilities and multiple probability distributions

Specification of probabilistic evaluations in the form of intervals of possible values
represents essential lack of information and/or knowledge on the subject domain. If the expert
is not able to unambiguously evaluate probabilities of events and even assign the probability
distribution in the set of uncertain probabilistic evaluations, he may simply set intervals of
possible values of the required probabilistic evaluations. It can easily be seen that interval
evaluations of probabilities lead to a set of probability distributions compatible with the
existing state of information. Let us consider an evident example illustrating how the lack of
the initial information is translated into the essential uncertainty of the results [7]. A
hypothetical sensor produces indication of the temperature of the process of production. There
are two temperature gradations: high (HT) and low (LT). When the temperature is high, the
lamp is red (RC). If the temperature is low, it has a blue colour (BC). Unfortunately, sensor's
thermometer is a very fragile device and can be broken even at a slight shaking. The
probability that it is broken is 20% at any moment of time. When the thermometer is broken,
the sensor indication is not related to the real temperature of the process. Imagine a new
technician is observing that the lamp is blue. What is the real temperature at these conditions?
How it is possible to evaluate the probability that the temperature is really high or low?

Cartesian product defines a common space of all possible scenarios for that situation

Q=SxTxQ,

where S ={BC, RC} — a set of sensor indication states;
T = {HT, LT} — a set of temperature states of the process;
Q= {WS, NWS} — a set of sensor thermometer states: WS — working state; NWS — non-
working state (the thermometer is broken) .
All the scenarios are shown in Table 1. Each scenario is denoted by letter a, b, ... , and
h.
Let us show that it is not possible to perform common probabilistic analysis under this
state of information. From Table 1 it follows that these limitations are valid:

p (WS)=p(a) +p(b) + p(c) + p(D)=10,8, (1)
p NWS)=p(e) + p(f) + p(g) + p(h)=0,2. (2)

Table 1.
Set of possible scenarios of states of a hypothetical sensor
Colour of sensor
State of sensor's thermometer
Blue colour (Blue) | Red colour (Red)
Temperature
HT (High) LT (Low) HT (High) LT (Low)

WS (Working) a b c d
NWS (Non-working) e f g h

When the thermometer of the sensor is in operation (WS), the sensor has red colour
(RC) at the high temperature (HT) and blue colour (BC) at the low temperature (LT). From

this it follows that
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If the sensor’s thermometer is in non-working state (NWS), sensor indication (RC or
BC) is not related to the temperature value: HT or LT. The state of the sensor can be
represented as

p(BC/NWS, HT) = p(BC / NWS, LT).
Hence,
p(e) / (p(e) + p(g)) = p(H) / (p(f) + p(h)).

Let us denote the probability that the sensor has a blue colour provided that the
thermometer is broken as

a=p(BC, NWS) = (p(e) + p(f)) / ((p(e) + p(H) + p(g) + p(h))
and the posterior probability that the temperature is low as
P =p(@LT)=p(b)+ p(f) + p(h).

As the state of the thermometer (WS or NWS) depends on another effects and is not
related to the temperature (HT or LT), we have

p(WS /HT) = p(WS),
hence,
(p(a) *+ p(c)) / (p(a) + p(c) + p(e) + p(g)) =0.8.

Using limitations (1) and (2), and all the preceding statements, Table 1 can be
represented as follows (Table 2).

Table 2.
Probability distribution of scenarios in the task of hypothetical sensor
Colour of sensor
State of sensor's thermometer
BC (Blue) | RC (Red)
Temperature
HT (High) LT (Low) HT (High) LT (Low)
WS (Working) 0 0,88 0,8(1 —P) 0
NWS (Non-working) 0,2(1 — B)a 0,2Ba. 0,2(1-B)(1-a) 0,2B(1 — )

The existing limitations (1) and (2) do not enable one to unambiguously determine
values o and . We are interested in knowing the probability that the temperature of the
process is really low at the blue colour of the sensor and the existing state of information.
Using the data of Table 2 we receive the following expression for the probability under
consideration:

p(LT/BC) = (p(b)*+p()) / (p(a)y+p(b)+p(e)+p(f)) = (0.8 + 0,20)B / (0,8p + 0,20).
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Even if probability  is known, it is not clear which value must probability o have to
unambiguously define p(LT / BC). The information available is not sufficient to solve the task
stated by means of conventional apparatus of probability theory. It is only possible to set
some intervals for values a and 3.

To reduce uncertainty in the tasks of this kind, one can employ the principle of
maximum entropy or a model of lower and upper probabilities.

The method of interval probabilistic evaluations proposed by Neapolitan [5] is also of
interest. The method is worked out for the case when there is a system of » random events,
and the probability values for those events are specified in the form of intervals. Let us first
consider a case when the system includes two random events E = e;, e,. The probabilities of
the events are:

p(er) € [0; 0,5]; p(e2) € [0,5; 1].

Let us include random variables X; and X5. in the consideration. X, represents possible
values of probability p(e;) but X, represents possible values of probability p(ez). Variable X;
may assume values in the interval [0; 0,5]. Since the values of probabilities p(e;) and p(e;) are
connected by relationship p(e;) + p(ez) = 1, assigning of any value for X; unambiguously
determines the corresponding value of X;, and vice versa. Assigning the interval of possible
values of the probability does not assume any probabilistic distribution in this interval. One
can, however, suppose that possible values of probabilities have a uniform distribution in the
interval. That assumption is not in contradiction to the initial conditions. Then, treating the
expected values of probabilities p(e;) and p(e;) in the corresponding interval as point-valued
probabilities, we have:

E(X1) =E(p(e)) = o™ x1/(0,5 — 0)dx; = 0,25;
E(X2) = E(p(e2)) = Jos' x1/(1 —0,5)dx; =0,75.

It should be noted that an assumption about the uniform distribution density of the
evaluated variable in the interval of its determination is nothing but an assumption. It does not
represent the real state of things but at the same time does not contradict evidently this state of
things. Setting the probability distribution of the values of the random variable and setting an
interval of its possible values are two different things that are not related to each other. The
method suggested by Neapolitan is an attempt to at least consistently connect two different
representations of uncertain information with each other.

Now consider the Neapolitan method in general form. A complete system of » random
events is specified. The probabilities of the events are set in the form of intervals:

piela;bl,i=1,...,n

Denote a random variable representing the uniform distribution values of probability p;
in the i-th interval as Xj. The difficulty is that point values E(p;) must satisfy the requirement
of connectivity Yi=1" E(p;) = 1. To solve the task formulated, the author proposes first to
determine new intervals of values of the corresponding probabilities as follows:

x*y(x;)=max (a;, | —x;—b3—bs-... -by);

x*yx))=min(by, | - x; —az—a4- ... - ay);

x*3(x1, Xp) =max (a3, 1 —x; —Xp—bg- ... -by);

X**3(X1, X2) =min (b3, 1- X]—X2—ad4-... - an);
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X*n1(X1, Xo, ..., Xp2) =max (., | —=X1 —Xp- ... -Xp —by);
X**) (X1, X2, ..., Xp-2) =min (bp1, 1 = X1 —X2 - ... - Xp2 — an).

Then value p;(x) is calculated using expression that follows:

Hl(Xl) = (J.X*QX**Z J.§3X**3 o J.X* n_lx** n_i*an_lan_z dXz) /
(J.alb1 X*ZX 2 X*3X 3 J.X* n-lX ol an-lan-ZdX1)~

The expected value of probability p; is calculated as

E(p1) = Ju™ x1 p(xp)dx;.

Then all the calculations are repeated in the same way for probabilities pa, ... , pa.
The values of integrals in the above expressions can be calculated by means of integer
integration.

Example. Assume that a complete system of random events E = ey, e;, €3, €4 s set with
the following interval values of probabilities:

p(er) € [0,2,0,5];  p(e2) € [0,2; 0.4, p(e3) € [0,1; 0,6];  p(es) € [0; 0,5].
Applying the above-considered method we obtain these point values of probabilities:
E(p(e1)) =0,320;  E(p(e2)) =0,287,  E(p(e3)) =0,246;  E(p(es)) = 0,146.

The undoubted advantage of the method is that it automatically meets the requirement
of connectivity Xi-;" p(e;) =1. The shortcoming of this method is computational difficulties.

Uncertain probability evaluations: the pros and cons

The uncertainty of probabilistic evaluations results from the lack of sufficient
information and/or knowledge underlying those random events. Uncertainty representation in
the form of second order probability distribution or interval evaluations does not cause any
objections from the theoretical point of view. However, due to uncertain probabilities, certain
problems of conceptual nature arise. First, many theorists and practitioners have a sharply
expressed aversion of the fact that probability values act as random events. Educated in the
way of classic probability theory, certain scientists are in principle against second order
probabilities. Many adherents of the subjective probability theory are also against second
order probabilities as these probabilities are simply forbidden by that theory. There exists
another conceptual problem related to second order probabilities that consists in that, if
second order probabilities are incorporated, then there is no any principal obstacle to
incorporate probabilities of the third order and higher. In the limit case it could lead to infinite
hierarchy of probabilities. This is the problem, which many scientists who work in the area of
probability are anxious about. Real life, however, shows, that even in the most complicated
situations it is quite enough to work with probabilities of the second order, or in the extreme
case, of the third order. That is why the problem of the infinite hierarchy seems to be far-
fetched.

On the other hand, what is worthy in the second order probabilities is that they allow
one to model a real uncertainty of subjective probabilistic evaluations resulting from the lack
of information and/or knowledge. In classic probability theory, the problem of probability
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uncertainty simply does not exist as probability evaluations are based on extensive fact
material and strict logical argumentation.

Based on the above short examination of uncertainties of the probability evaluations, the
following general conclusions can be drawn.

1. Application of the second order probabilities and interval values makes it possible
to model natural uncertainties of expert judgements regarding the evaluations assigned. These
uncertainties are the result of insufficient initial information and/or knowledge.

2. The source of uncertainty of probabilistic evaluations is uncertainties underlying the
conditions and limitations of human mental activities.

3. Various methods to manage uncertain probabilistic evaluations are developed. Each
of the methods possesses both advantages and shortcomings.

4. Processing of uncertain information regarding probabilistic evaluations can help
make a validated decision about the collection of additional information aimed to remove
completely or to reduce the existing uncertainty.

5. Probability theory is successfully employed to cope with the uncertainties of the
surrounding world provided that a whole series of fairly strict conditions are satisfied. The
incorporation of uncertain probabilistic evaluations allows one to broaden the existing
boundaries of probability theory application since the world surrounding us is too complicated
to be described successfully by means of classical probability only.
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GRANULAR-INFORMATION-BASED RISK ANALYSIS IN
UNCERTAIN SITUATIONS
Granularas informdcijas izmantoSana riska analizeé neskaidras situacijas
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Abstract

In the real life almost all of the decisions that we have to make incorporate uncertainty about the future events.
Assessment of the uncertainty and, thus, the risk that is inherent in these decisions models can be critical. It is
even truer if we are talking about the possibility of negative impact on the environment. It is very important to
assess all the environmental risks in a project if there is any hazard to the environment.

In this paper the possibility of using granular information is considered. The main advantage of the granular
information is that it can be used to assess risks in situations when information about fiture events is incomplete
and imprecise. Moreover, we can use natural language fo describe the problem area, as granular information
paradigm uses both fiizzy and probabilistic information.

We propose to use entropy as the measure of uncertainty. However, the definition of entropy should be
generalised, as values of probabilities, upon which the calculation of entropy is based on, are interval-valued.
We propose several possibilities of generalizing the definition of entropy. Furthermore, we analyse these
approaches to see whether the additivity feature holds for the generalized entropy.

Keywords: risk analysis, fuzzy logic, f-granules, reasoning under uncertainty, entropy.

Introduction

We live in the world where uncertainty is inherent in the vast majority of decisions that
we have to make. It is no surprise that uncertainty prevails decisions, which are made in
almost every field of human activity, from deciding whether to take an umbrella or not when
going outside to managerial and political decisions, especially in a country like Latvia, which
is in its transition period. This requires the development of more robust decision models.
There are several analytical approaches to deal with uncertainty. This paper proposes to use
granular bodies of evidence to model uncertainty of our world. One of the advantages of
granular information is that it incorporates fuzzy information and probabilities, which also
can be represented with the help of fuzzy values. Moreover, these paradigms enable one to
use natural language to describe the problem, which facilitates modelling of the decision.
However, generally fuzzy logic and probability theory are not used together to deal with
uncertainty.

We show some of the advantages of using two of these paradigms together and propose
a method for risk analysis based on this model.

Generally speaking, uncertain events can be considered as opportunities or risks,
depending of whether they turn out to be favourable or not. The main tool for dealing with
uncertainties is risk analysis. In the following chapters we consider our approach in detail. In
chapter 2 we give a brief description of entropy and its relation to uncertainty. In chapter 3 we
review fuzzy and granular information. Chapter 4 considers the possibility of using fuzzy
granules and entropy in risk assessment. Moreover, in this chapter we suggest a generalized
definition of entropy and give its analysis. In chapter 5 concluding remarks are given.

Entropy — Uncertainty about the Event

The possibility of using entropy for risk assessment was proposed in [1, 2]. Entropy is a
notion from information theory used to measure amount of lacking information. Thus, we can
use entropy to measure uncertainty associated with each alternative. Entropy is a criterion that
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can be used by a decision maker who is adverse to uncertainty regardless of the value
associated with each of the outcomes. He does not care what happens as long as he knows [1].

Usually risk is related to the uncertainty of the future events. In other words, risk is
related to lack of knowledge about future events. So it would be natural to define risk as
amount of the lacking information. Thus, in this approach we adapt the idea that risk reflects
how much we do not know about the future.

Entropy is the basic notion in the information theory field. Informally we can define
entropy as the measure of uncertainty of a system that at a given moment can be in one of the
states, where set of all the possible states is defined and the probability that system is in some
state 1s known.

We can define entropy formally as follows. Let us assume that there are n different
states that a system can be in:

S, 82, ..., Sp

With formula (1) we will denote that the probability that system § is in state s; is p;.
PS~s)=p, i=1.n (D)

If values of all p; in (1) are known, then entropy of a system can be calculated according
to (2).

H:_Zpi logpi . (2)

i=1

For further information on entropy and information theory you can refer to [3].

In the following chapters we consider the idea behind fuzzy and granular information
and we show how the entropy can be calculated when values of the probabilities are interval
valued.

Fuzzy Information

In this section we will consider the idea behind fuzzy information. We will give just the
basic details, but you are encouraged to refer to [4, 5] for further information on fuzzy sets
and fuzzy logic.

The basic idea behind fuzzy logic is that in the real world one can rarely obtain
numerically precise measurements, as measurement devices have only a limited precision and
humans (which also can be considered as ‘measurement devices’, in a broader sense) perceive
and process information, which is fuzzy rather than precise numerically. For example, we
usually say "there are a lot more small cars than big cars at a parking place" or "it is likely that
it will rain today", but we rarely give a precise probability value, which denotes our
confidence level that it will really rain.

Thus, we can use fuzzy values and quantifiers such as "big", "small", "old", "not very
young", "most", "likely" etc. to describe perceptions of the events and processes in the real
world. It is obvious that fuzzy values suit better for description of the real world, than crisp
values. However, we need a lot more computational power if we are using fuzzy values. Each
fuzzy value is given by a fuzzy subset represented with a membership function, which shows
to what extent an element belongs to this set. For example, consider membership function of
the fuzzy value "big" shown in Figure 1.

As you can see in Figure 1, all values starting from 30 are "full" members of the fuzzy
subset "big", but membership of values from 15 to 30 gradually increases from 0 to 1 (i.e.
from non-membership to being full members).
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0 15 30
Figure 1. Fuzzy value "big"

Fuzzy logic is the basic component of the "soft computing" paradigm. In contrast to
"hard" computing, we can use soft computing to do calculations when the data available is
incomplete or imprecise, as well as if we do not need high degree of precision in our
calculations, e.g. if they imply high costs of computing and/or modelling,

Fuzzy Granular Information

The idea of information granularity and its application in the context of fuzzy logic is
presented in [6]. The idea of information granularity is very close to that of fuzzy information.
Information is granular in the sense that, (a) the perceived information is fuzzy and, (b) the
perceived information is granular with a granule being a bunch of values drawn together by
similarity or indistinguishability.

In this paper conditioned & -granules are considered, which are characterised by
propositions of the following form:

A
g=If X=uthenYisG,,
where G; and u; are fuzzy values and X, ¥ are linguistic variables. Evidence £ can be regarded
as a collection of these granules:

E: {g], cey gN}.
Variable X assumes its value with a specified probability. Thus, evidence is probability

distribution P, of conditional 7 - granules. Moreover, each granule can be regarded as
conditional possibility Ily,_,}=G,. Hence, evidence can be regarded as conditional
possibility distribution Il ). Thus, evidence can be considered as the following
construction:

E= {PX7H(Y\X)}'

Given a collection of bodies of evidence £ ={L,,..., L.}, one can ask questions about
the information contained in these evidences. The main question is: "what is the probability of
(Y 1s O)?", where O is a fuzzy subset of V. The probability of such an event is an interval
value in which the expected possibility EII(Q) is regarded as the upper boundary, and the
expected certainty EC((Q) is regarded as the lower boundary of the probability sought. In [6]
the following formulae are proposed:

EIN(Q) = Zp,-j supl0 G, ﬁHj)a

EC(Q) =1-EII(Q"),
where O’ is a complement of set (. These formulae are for a special case in which there are
two evidences in the system but it would not present any difficulty to induce a more general
form of the formula.
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In paper [7] you can find description of an adaptive network, which can be used to
calculate the upper and the lower bound of the probability.

Uncertainty and Granular Information-Based Risk Assessment

As we have learnt from previous chapters, granular information can be represented with
the help of conditional granules of the "IF.. THEN..." form. In order to adapt this
methodology to risk assessment, we can describe our problem domain with the help of such
granules putting in the consequence ("THEN") part evaluation of some criterion, which is
important for us and which is in direct or indirect relation to the risk inherent in our problem
domain.

For example, if we are considering a project of constructing a power plant, we ought to
consider to what extent it will influence the environment and the locality. Thus, we can
describe our problem with a set of bodies of evidence made up of the following granules.

Evidence I, for the description of the distance to the closest inhabited area:

IF (plant is pretty close to inhabited area) with probability p;; THEN influence is
medium

IF (plant is close to inhabited area) with probability p;, THEN influence is
moderately high

IF (plant is very close to inhabited area) with probability p; 3 THEN influence is high

Evidence II, for the description of the forecasted air pollution:
IF (air pollution is medium) with probability p2;1 THEN influence is moderately high
IF (air pollution is not high) with probability p» THEN influence is low

Evidence 11, for the description of the forecasted water pollution:

IF (water pollution is very low) with probability ps;; THEN influence is low
IF (water pollution is low) with probability p; » THEN influence is medium
IF (water pollution is medium) with probability p3 3 THEN influence is high

We can continue describing factors that can influence the evaluation of the chosen
criterion and, as can be seen, we can incorporate our confidence in the values of these factors.
Moreover, we can construct other sets of bodies of evidence, which describe evaluation of
other criteria.

After we define bodies of evidence, we can calculate the probability that influence on
the environment will be high or medium. Obtained probability will have an interval value
[Pmin, Pmaxf, Which defines the lower and the upper bound of the probability.

We can calculate what are the probabilities that the criterion takes different values, e.g.
"high", "low" etc. Moreover, we can consider different criteria.

In the following chapter we discuss how we can assess the uncertainty related to the
probabilities obtained and how it can be related to risk.

Entropy and Interval-Valued Probabilities

Let us consider how entropy can be calculated if we are dealing with interval-valued
probability values. Obviously, the entropy itself will be interval valued.

In this section we show how a generalised definition of entropy can be obtained, which
is suitable for interval-valued probabilities. As before, we assume that system can be in n
states, but the probability that system is in i-th state is interval and is equal to /p,/"", p/""]. In
case when probabilities are single-valued rather than interval-valued, it is required that
probabilities sum to 1, i.e.
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Z p: =1 (3)
If probabilities are interval valued, then (3) can be rewritten as (4):
2P 1=y prt. (4)

It is easy to show that (3) is a special case for (4) when p/" = p/** for each i.
Moreover, if we define p;** as (5) then it can be shown that (6) holds.

prE =t (5)

Vi pf“in <p=-p™log pf“in >—p™log p™. (6)

It should be noted that states with lower probability values are more informative. Thus,

we can expect that in order to calculate the upper boundary of entropy H™** we should use the

lower probability bounds p;””. We can find the upper boundary of entropy for a system as
follows:

H™ = —Zn:pf”g log p™, (7)
and the lower boundary of entropy: h
H™ =3 prlog o7 ®)
From (6) it follows that H™" < ™. M(;reover, as was mentioned above, entropy for a
system with interval-valued probability is interval-valued as well and is equal to (9).

H =[H™, H™. 9)

The obtained definition of interval-valued entropy is generalisation of the ‘traditional’
entropy of a system with single-valued probabilities. In the following chapter we examine
whether the additivity feature holds for the generalized version of entropy defined in (7), (8).

What about Additivity Feature?

If additivity holds, it means that if we have two independent systems, say, X and ¥, then
entropy of a system that is obtained by joining systems X and Y is equal to sum of individual
entropies for X and Y. In other words, if additivity feature holds, then

H(X, Y) = H(X) + X(Y). (10)

If we define entropy as (7) and (8), then it can be shown that if we have two systems X
and Y with states accordingly x;, x», ..., x, and y;, ¥», ..., Ym, moreover, P(X~x;)=p; and
P(Y~y)=r;, then

n m

Hmi“(X, )= —(pr'wg log p:’“‘x + erq'“vg log r;““j ~ Hmm(X) + Hmm(Y) , (11)

i=0 j=0

and HmaX(X, Y) — _(Zp:]avg log plmm + erq.avg log r;ninj ~ HmaX(X) + Hmax<y) , (12)

i=0 7=0

- . m n n
min min max max min min max max
(P,. 2" j [r,. 2P P J
J f i=0

and 7" = = (13)

2
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As can be seen, (13) does not differ from (5) much. In (13) summation factors appear. If
we are dealing with single-valued probabilities then it is obvious that these sums are equal to
1 and the additivity feature holds. If the probabilities are interval-valued then from (4) it

follows that formulae (14) hold.
m m n n

0<f£ rnm<1 £ rnx>1, 0<£ pnin<l, £Z_Opmx>1. (14)
0 0 |

Summation factors (14) can be considered as a sort of scaling factors, where the first
may have reducible influence and the second may have augmenting influence, so we may
expect that two of these factors compensate each other. Hence, entropy for the joined system
calculated according to (11) and (12) should not differ much from the sum of individual
entropies of the systems considered. Thus, it can be stated that we have quasi-additivity, as
the summation factors compensate each other to some extent.

Incorporating Entropy and Risk Assessments

In the previous sections we described how we could use natural language to describe
problem domain. After we construct fuzzy bodies of evidence, we can use them to calculate
probability that criteria will take different values. Entropy values for systems corresponding
to different criteria should be calculated separately and then summed according to the additive
property of entropy. Obtained entropy is interval valued and we can use it to measure
uncertainty of our problem domain and of evaluations of the criteria chosen.

System, thatt corresponds to Criterion, System2that corresponds to Criterion2

ENTROPY
ENTROPY,

SystemL that corresponds to CriterionL

ENTROPY)
<ENTROPY
Sum entropies ofthe
individual systems, as long as
additivity holds
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Figure 2. Entropy calculation for an alternative

Figure 2 shows this approach towards risk assessment graphically. First we have to
define what criteria are of interest for us. After that for each alternative we construct fuzzy
granules that describe each criterion and evaluate the probabilities that a particular criterion
will take some value. The probabilities are interval-valued. A particular value of some
criterion corresponds to a separate state in a system (we use this word in a broad sense). For
example, in Figure 2 the first system corresponds to criferion;, which can take n different
values with corresponding probabilities. After having evaluated probabilities of values for all
criteria we can calculate entropy for each system. In order to get evaluation of overall entropy,
we can sum entropies calculated for separate systems. Now it is clear why the additivity
feature is so important. If it would not hold, we could not just sum up individual evaluations
in order to get overall evaluation.

The overall entropy value obtained can be considered as evaluation of uncertainty for a
particular alternative.

Conclusion

This paper shows how fuzzy granular information can be used in order to measure risk
and uncertainty. The uncertainty assessment is based on the generalised definition of entropy.

One of the advantages of the approach proposed in this paper is that one can use natural
language to describe problem domain, upon which the uncertainty is assessed. This is due to
fuzzy logic upon which the approach is based, which enables one to use fuzzy rather than
crisp values.

Moreover, we show how entropy can be generalized to the case of interval-valued
probabilities and we analyse the new definition to see whether the additivity holds. We
conclude that quasi-additivity holds for the generalized entropy.
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Abstract

This paper presents an application of neural networks to financial time-series forecasting. No additional
indicators, but only the information contained in the sales time series was used to model and forecast stock
exchange index. The forecasting is carried out by two different neural network learning algorithms — error
backpropagation and Kohonen self-organising maps. The results are presented and their comparative analysis is
performed in this article.

Keywords: neural networks, backpropagation, Kohonen network, financial forecasting.

Introduction

Neural networks are very sophisticated modelling techniques, capable of modelling
extremely complex functions. In particular, neural networks are non-linear. For many years
linear modelling has been the commonly used technique in most modelling domains, since
linear models had well-known optimisation strategies. Where the linear approximation was
not valid (which was frequently the case) the models suffered accordingly. Neural networks
also keep in check the curse of dimensionality problem, which bedevils attempts to model
non-linear functions with large numbers of variables.

Neural networks have seen an explosion of interest over the last few years, and are
being successfully applied across an extraordinary range of problem domains, in areas as
diverse as finance, medicine, engineering, geology and physics [2, 4]. Indeed, anywhere that
there are problems of prediction, classification or control, neural networks are being
introduced.

This paper examines a task of forecasting the stock exchange index. In the paper, well-
known error back-propagation algorithm and Kohonen self-organising maps carry out
forecasting this factor. The back-propagation algorithm has been widely implemented in
forecasting tasks, especially, in finance and economics. Kohonen neural networks or self-
organising maps have been used mostly in classification tasks, for example, pattern
recognition and others. Financial forecasting by these networks is quite new and unexplored.

The above mentioned prediction methods are investigated and their comparative
analysis is performed on the basis of the results of the Dow Jones RSE index forecasting for
the Riga Stock Exchange. The paper is organised as follows: section 2 provides information
about neural networks, section 3 describes implementation of Kohonen self-organising maps
in financial forecasting and section 4 describes comparative experiments, which test the
performance of the proposed approaches.

Error back-propagation algorithm

This part of the paper describes the main idea of the error backpropagation algorithm.
Neural network typically consists of many simple neurone-like processing elements that are
grouped together in layers (see Fig. 1). Each unit has activity level that is determined by the
input received from the other units in the network (input neurones) [4, 5].
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Fig. 1. Neural network with one hidden layer

Information is processed in each unit by computing a dot product between its input
vector (0;) and its weight vector (w;)):

Y :Zojwij (1)
J

This weighted sum x; is then passed through a sigmoid squashing function to produce
the state of unit 7, denoted by o,. The most common squashing functions are the Sigmoidal and
the Hyperbolic Tangent. We consider squashing function defined by (2):

C

S =k+—= )

where £, ¢ and T are constants. Before training, the weights are initialised with small random
values. Training the network to produce a desired output vector involves systematically
changing the weights until the network produces the desired output (within a given tolerance).
This is repeated over the entire training set. Each connection in the network computes the
derivative, with respect to the connection strength, of a global measure of the error in the
performance of the network. The connection strength is then adjusted in the direction that
decreases the error. The error measure is given by Z in:

E=2Y (0, -d) 3)

where y; 1s the actual state of the output unit j in input — output case, and d;is the desired state.
Learning is thus reduced to a minimisation procedure of the error measure given in (3).
This is achieved by repeatedly changing the weights by an amount proportional to the

derivative Jd/cW, denoted by o
AVVI.]. (t + l) = Miyl.]. (4)

The learning rate A (the fraction by which the global error is minimised during each
pass) is kept constant at least for the duration of a single pass. The value of ¢ = /AW 1s
computed by differentiating (2) and (3):

S, :(dj_yj)f'(yj) (5)
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In the limit, as A tends to zero and the number of iterations tends to infinity, this
learning procedure is guaranteed to find the set of weights that gives the Least Mean Square
Error [1].

Kohonen self-organising maps

The self-organising neural networks assume a topological structure among the cluster
units. This property is observed in the brain, but is not found in other artificial neural
networks. There are m cluster units, arranged in a one- or two-dimensional array: the input
signals are n-dimensional.

The weight vector for a cluster unit serves as an exemplar of the input pattern associated
with that cluster. During self-organisation process, the cluster unit whose weight vector
matches the input pattern most closely (typically, the square of the minimum Euclidean
distance) is chosen as the winner. The winning unit and its neighboring units (in terms of the
topology of the cluster units) update their weights. The weight vectors of neighboring units
are not, in general, close to the input pattern.

The architecture and algorithm that follow for the net can be used to cluster a set of p
continuous-valued vectors x=(x;, x5 .., X, into m clusters. Complete description of the
Kohonen learning algorithm can be found in [3].

The qualities of self-organising maps make it ideally suited for index prediction
strategies. The supervised approach is based on grouping patterns that produce the same
change in price. An output neuron is assigned to each range of price changes to be identified,
including two neurons to represent greater than a maximum and less than a minimum (see
Fig.2).

Input lay er

Kohonen layer

Index percent
change ranges

/ 4 }“% KT
SN

e 4)1(’}' 7 \

Fig.2. Self-organising map for index prediction

As shown in the figure, the net will classify all of the patterns that fit into the predefined
ranges by forcing the appropriate neuron to be the winner. Also included is a neuron that
represents the unchanged or, more accurately, almost unchanged state. After the Kohonen
network training process is completed, new patterns can be presented to the network and the
corresponding output neuron will be active.
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Experimental results

The data set consists of a total of 276 data points, which represent the index values
between 1 October 2001 and 31 October 2002. This data set is further divided into two parts:
a training data set from the beginning till 1 October 2002 and a test set from 1 October till 31
October 2002.

The first forecasting model is error back-propagation neural network. The accuracy of
the approximation depends on a number of factors such as the network structure, learning
method and training parameters. In this study, learning is done by error back-propagation
algorithm using Statistica Neural Networks 4.0 software. The results depend very much on
the input layer size. After a number of the experiments the final parameters of the neural
network with the best performance for the DJ RSE index are as follows:

- learning constant and momentum have the same value 0.1 (here is better to use relatively
small values because they give minimal learning error);

- squashing function is defined by (2);

- network architecture is 32-15-1, which means 32 input layer neurones, 15 hidden layer
neurones and 1 output neurone (less complicated architecture can not deal with given kind
of time series);

- weight initialisation range from 0 to 0.01.

The Kohonen network consists of 15 input units and 7 clustering units. Here prediction
is made as an interval of index changes. Therefore it is difficult to compare the prediction
results of two methods. It is possible to give only errors for both methods. Fig.3 gives back-
propagation network results on the training set (solid line gives actual values and dashed line
is prediction).

Session date

Fig.3. Back-propagation network performance on the training set (MSE=22.56)

The performance of Kohonen self-organising map can be summarised as follows: the
training set input vectors were correctly classified in 87% cases, while on the test set the
correctly classified index changes rate is only 75%.
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Conclusions

This paper gives an example of neural network implementation to financial forecasting
task. The error back-propagation networks and Kohonen self-organising maps give different
results and we cannot compare them, but it is also possible to use extended and updated
version of these two algorithms — counterpropagation networks, which can be used as for
classification as well as for time series prediction task. The main advantage of Kohonen
networks is the ability to organise the neurons in clusters, which corresponds to required
number of states. The back-propagation algorithm can be considered as “universal” one, it 18
also rather easy to use. These networks combine advantages of both earlier mentioned
networks and allow overcoming their shortages.

The future work will be connected with the further study of possible ways of forecasting
accuracy improvements as well as with counterpropagation network implementation
possibilities for financial forecasting.
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Oja Tonu,
prof.

Olukalns Aigars,
M.agr.

Pastarus Juri-Rivaldo,

Dr.sc.ing.

Pinnis Uldis,
Dr.sc.ing.

Plume Imants,
M.sc.ing.

Ponomarev A.V.

Priekule llze,
M. agr.

Prols Janis

Punculis Péteris,
Dr.sc.ing.

Putans Henriks,
M.sc.ing.

Radzevicius A.

ISBN 9984 - 585 - 68 - 9

Tartu University, Tartu, Estonia

Praulienas pagasta “Gravisu” maju zemnieku
saimnieciba, “Gravisi”, Praulienas pag., Madonas
raj., LV-4825, +371-9427599,
olukalns@madona.lv

Tallinn Technical University,

Department of Mining

82 Kopli St, Tallinn, 10412, Estonia
Tel.:+(372)6203850, Fax: +(372)6203696,
e-mail; Pastarus@cc.ttu.ee

Latvijas Lauksaimniecibas universitate, Ulbrokas
Zinatnes centrs,

Institata iela 1,Ulbroka, Rigas rajons, LV-2130,
Latvija

talr: +371-7910987, +371-7910879; fakss: +371-
7910873; E-mail: uzc@delfi.lv

Latvjas Lauksaimniecibas universitate,
Tehniska Fakultate, Cakstes bulv. 5, Jelgava,
Latvija, LV-3001

Tel: 30-80674, fax: 30-27238,

e-mail: imants@cs.llu.lv

Geophysical Center of Russian Academy of
Sciences,
Molodezhnaya 3, 117296, Moscow, Russia

Valsts augu aizsardzibas centrs,
Lielvardes 34/38, Riga, LVV-1755, Latvia

K.Ulmana gatve 3, Riga, LV - 1004; talr.
7627504; e-mail: gc@parks.lv; fakss 7623512

Valsts SIA “Lauksaimniecibas tehnikas
sertifikacijas un testéSanas centrs” ,

Darza 12, Priekules pag., Césu raj., LV-4126,
Latvija, Tel. 371 4130730,

e-mail: andris@vbmis.apollo.lv

Latvijas Lauksaimniecibas universitate, Liela iela
2, Jelgava, LV-3001, Latvija

Institute of Geology and Geography
T.Sevé&enkos str., 13, Vilnius, LT-2600, tel. 370-
5-2-104-708

e-mail: aradzev@geologin.It
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Reinsalu Enno,
PhD

Rimaityte Ingrida

Rucin$ Adolfs,
M.sc.ing.

RuZa Antons,
Dr.habil.agr., prof.

Seeger Hendrik

Serge Inta

Serzane Rasma

Sidlauskas V.

Sitnikovas Denisas

Skujins Visvaldis

Stramkale Veneranda,
Dr. agr.

ISBN 9984 - 585 - 68 - 9

Tallinn Technical University,

Department of Mining

82, Kopli Str., 10412 Tallinn, Estonia,
http:/www.ttu.ee/maeinst/

Phone: +372 620 38 50, Fax: + 372 620 36 96,
e-mail: ere@cc.ttu.ee

Department for Environmental Engineering,
Kaunas University of Technology,

LT-3028, Radvilenu 19, Kaunas, Lithuania
Tel. +370-37-351008, Fax. +370-37-451582,
e-mail: ingrrima@yahoo.com

Latvijas Lauksaimniecibas universitate, Ulbrokas
Zinatnes centrs,

Institata iela 1,Ulbroka, Rigas rajons, LV-2130,
Latvija

talr: +371-7910987, +371-7910879; fakss: +371-
7910873; E-mail: uzc@delfi.lv

Latvijas Lauksaimniecibas universitate,
Lielad iela 2, Jelgava tel. 3005629,
aruza@cs.llu.lv, fakss 3005629

Fachgebiet Abfalltechnik, Kassel University,
MonchebergstraBe 7, D-34125 Kassel, Germany
Tel.: +49-561-804-3744, Fax: +49-561-804-3744
e-mail: hseeger@uni-kassel.de

Gulbenes Lauksaimniecibas Konsultaciju birojs
Abelu 2, Gulbene, LV-4400, Latvija
Tel. 9121874

Rigas Tehniska Universitate, Materialzinatnes un
lietiskas kimijas fakultate, Azenes 14/24, Riga,
gudr@ktf.rtu.lv

Lithuanian Energy Institute, Breslaujos 3, LT-
3035 Kaunas, ph.370-37-401935

Department for Environmental Engineering,
Kaunas University of Technology,

LT-3028, Radvilenu 19, Kaunas, Lithuania
Tel. +370-37-351008, Fax. +370-37-451582,
e-mail: rnb@one.lt

SIA “Delta Riga”, Naukséni

SIA “Latgales Lauksaimniecibas zinatnes centrs”,
Rézeknes raj., p.n.Vilani, Jaunvilani, 4628140,
strzin@apollo.lv
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Straupe Inga,
M.agr.

Strele Maija

Strikauska Silvija,
Dr. biol.

Sulojeva Jelena,
Dr. chem.

Szymanczyk Artur,
M.sc.ing.

Skele Arnolds,
Dr.habil.sc.ing., prof.

Smits Mareks,
B. sc.ing.

Smders Andris,
Dr.habil.ing., prof.

Streimikiene Dalia,
Dr.

Taraskevicius R.

Tatarinov Victor

Teirumnieks Edmunds,

M.sc.env.

ISBN 9984 - 585 - 68 - 9

Latvijas Lauksaimniecibas universitate,
Liela iela 2, Jelgava, Latvija, LV-3001,
E-mail:alexadam@cs.llu.lv,

tel./fax.: +371 3005629

Rigas Tehniska Universitate,
Materialzinatnes un lietiskas kimijas fakultate,
Azenes 14/24, Riga, gudr@ktf.rtu.lv

Latvijas Lauksaimniecibas universitate, Liela iela,
2, Jelgava, Latvija, tel/ FAX 3005659 , e- mail:
aazl@cs.llu.lv

Rezekne Higher Education Institution,
Atbrivoshanas al. 76, Rezekne, LV-4600, Latvia
e-mail: askif@ru.lv

Uniwersytet Zielonogorski,
ul. Podgorna 50, Zielona Gora, Poland 65-246
e-mail: A.Szymanczyk@iis.uz.zgora.pl

Latvijas Lauksaimniecibas universitate, Liela iela
2, Jelgava, LV-3001, Latvija

Latvijas Lauksaimniecibas universitate,

TF Mehéanikas institats,

J. Cakstes bulv. 5, Jelgava, Latvija, L\V3001,
tel.: 30 80674, fakss: 30 27238

e-mail: mareksmi@cs.llu.lv

LLU TF Lauksaimniecibas energétikas institits
J.Cakstes bulv. 5, Jelgava LV-3001

tel.: 3022242, 3080687

e-pasts: sniders@cs.llu.lv

fax: 3027238

Lithuanian Energetic Institute, Kaunas, Lithuania

Institute of Geology and Geography
T.Sevcenkos str., 13, Vilnius, LT-2600, tel. 370-
5-2-104-708

e-mail: ricardta@geologin.It

Geophysical Center of Russian Academy of
Sciences,

Molodezhnaya 3, 117296, Moscow, Russia
Ph. +7(095)930-55-09

Rezekne Higher Education Institution,
Atbrivoshanas al. 76, Rezekne, LV-4600, Latvia
e-mail: edmunds t@navigators.lv
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TeliSeva Galina,
Dr. habil. chem

Timbare Regina,
Dr. agr.

Tomsons Elmars,
Dr.sc.ing.

Urban Arndt,
Dr., prof.

Uzga-Rebrovs Olegs,
Dr., asoc.prof.

Vaisnoriene Rosita,
M.

Valgma Ingo,
Dr.sc.ing.

ValiSevskis Aleksandrs

Viesturs Uldis,
prof.

Vilde Arvids,
Dr.habil.sc.ing., prof.

ISBN 9984 - 585 - 68 - 9

Latvijas Valsts koksnes kimijas institdts,
Dzérbenes 27, Riga, LV-1006, Latvija
Tel. 7555916

ligno@edi.lv

BO Valsts SIA “Agrokimisko pétijumu centrs” ,
Struktoru ielalda, Riga, LV -1039, talr.
75529966, e - mail:
agrokimisko.petiiumu.centrs@tec2000.lv. fakss:7
551272

Latvijas Valsts Koksnes Kimijas institats,
Dzérbenes 27, Riga, LV - 1006, talr. 7553063,
e-pasts: dolacis@edi.lv, fakss: 7550635

Fachgebiet Abfalltechnik, Kassel University,
MonchebergstraBe 7, D-34125 Kassel, Germany
Tel.: +49-561-804-3744, Fax: +49-561-804-3744
e-mail: urban@uni-kassel.de

Rezekne Higher Education Institution,
Atbrivoshanas al. 90, Rezekne, LV-4600, Latvia
tel. 3714622904, 3719472205

Department for Environmental Engineering,
Kaunas University of Technology,

LT-3028, Radvilenu 19, Kaunas, Lithuania

Tel. +370-37-351008, Fax. +370-37-451582

Tallinn Technical University,

Department of Mining

82, Kopli Str., 10412 Tallinn, Estonia,
http:/www.ttu.ee/maeinst/

Phone: +372 620 38 50, Fax: + 372 620 36 96,
e-mail: ingoval@cc.ttu.ee

Matematikas un informatikas institdts,
Latvijas Universitate,

Veéjavas 10/1-33,Riga, LV-1035, Latvija
Ph.: +371-9775840,

e-mail: valisevskis@ inbox.lv

Mikrobiologijas un biotehnologijas institats,
Latvijas universitate, Kronvalda bulv.4, Riga,
Latvija, tel. 7034884, FAX 7034885, e- mail:
lumbi@lanet.lv

Latvia University of Agriculture, Institute of
Agricultural Engineering,

Ulbroka Research Centre 1 Instituta Street,
Ulbroka LV-2130, Latvia

Phone: +371-7910879, +371-7910987; Fax:
+371-2910873; E-mail: uzc@delfi.lv
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Zakis llmars,
M.sc.ing.

Zaloksnis Janis,
Dr.

Zarina Dzidra,
Dr. biol.

Zevenhoven Ron

Ziemelis Imants,
Dr.sc.ing., prof.

Zinkuté Rimanté,
Dr.

Zorins Aleksejs,
M.sc.ing.

ISBN 9984 - 585 - 68 - 9

Valsts SIA “Lauksaimniecibas tehnikas
sertifikacijas un testésanas centrs” ,

Darza 12, Priekules pag., Césu raj., LV-4126,
Latvija, Tel. 371 4130730,

e-mail: andris@vbmis.apollo.lv

Vides aizsardzlbas un regionalas attistibas
ministrija, Peldu iela 25, LV - 1494, Riga,
talr. 7026423, fakss 7820442, e - pasts
Janis.Zaloksnis@varam.gov.lv

Mikrobiologijas un biotehnologijas institats,
Latvijas universitate, Kronvalda bulv.4, Riga,
Latvija, tel. 7034884, FAX 7034885, e- mail:
lumbi@lanet.lv

Helsinki University of Technology
Laboratory for Energy Engineering and
Environmental Protection

PO Box 4400, FIN-02015 Espoo

tel.: +35894512847

Finland

Latvijas Lauksaimniecibas universitate, Ulbrokas
zinatnes centrs

Institta iela 1, Ulbroka, Rigas raj., LV-2130
talr. 7910917, e-pasts: uzc@delfi.lv, fakss
7910873

Institute of Geology and Geography
T.Sevéenkos str., 13, Vilnius, LT-2600, tel. 370-
5-2-104-708

e-mail: zinkute@geologin.It

Rezekne Higher Educational Institution
Zemnieku 44-38, Rezekne LV-4600, LATVIA
E-mail: alex@ru.lv
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