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KOKRUPNIECIBAS ATKRITUMPRODUKTU PIELIETOJUMS
TAUTSAIMNIECIBA — JAUNA UN PERSPEKTIVA TEMA VIDES
PARVALDIBA
USING OF WOOD INDUSTRY RESIDUES IN NATIONAL
ECONOMY- NEW AND PERSPECTIVE BRANCH IN THE
ENVIRONMENTAL MANAGEMENT

Janis Blahins, MSc Env Sci & Manag;
LU VZPI doktorants; vec. vides inspektors
Riipniecibas 25-605, Riga, LV 1877, Latvija
tel 7321845, 9151845
e—pasts: gaiss@vvi.gov.lv val janis_blahins@hotmail.com

Abstract. Aim of report is to punctuate actuality and benefits can be given by
correct management of wood residues at Latvia, in the economic, social, and
environmental spheres. Main task is to inform the public about some outstanding
possibilities to utilize wide spectrum of wood residues with certainly positive economic
gain, in opposition the state today though residues habitually are damaging the
environment with no benefits at all. Especially are given knowledges about ramial
chipped wood technology or Sylvasol, and use of wood gasification for asynchronous
electro generation needs. Methods used includes studies of literature, analyze of data
available. For the superior effect on peoples lifestyle, economy, life and environment
quality as equal of co-solving number of Global environmental problems, introducing
the system of wood residues management in Latvia ought to be observed as ultimately
profitable field for further outbreaks in environmental sciences and management,

Ievads

Saskand ar MeZzu dienesta datiem Latvija ik gadus kokapstrides ripnieciba rodas
ap 3 miljoni cieSmetru koksnes atlieku, pamata gateros skaidu un nomaju veida un tikpat
daudz me¥u cirSanas procesd sikzaru veidd. Sis milzigas biomasas utilizé$ani tiek
praktizétas lielakoties tikai divas metodes: tas sabért pamestos karjeros vai kaudzgs, ta
piesarnojot fidenus, vai arl tds sadedzinat atklatd kaudze, ta piesarpojot gaisu. Neliela
dala tiek izmantota ki kurindmais daZada veida krdsnis, tiek parvérsta kokskaidu
granulds, Skelda, kokskiedru plaksnés. Celulozes riipnicai, ja tadu uzcels, lielaka dala
koksnes atlieku biis neizmantojamas, jo satur mizu. Kopuma tas ir gigantisks resurss, kas
tiek izniekots un piesargo vidi, bet var nest labumu un ir pieejams gandriz it visur lauku
apvidos. Tadu koksnes atliecku izmantoSanu "augstas tehnologijas" raZotn€s nopietni
traucé §1 resursa liela izklied&tiba un mazais Ipatsvars, kura dé] transportéSana attalumos
virs 30 km, augstakais 60 km, ir nesamérigi darga. Tadé] atlieku pielietojumu
tehnologijam jabiit viegli decentralizgjamam un mérogojamam, pieméram, mazformata
blokmoduliem, kurus var piesaistit atlieku raSanas vietai un jaudai. Tada karta attistioa
nakotné ir atkariga no informétibas par to KA pielietot koksnes atliekas, un $adu
informaciju autors ir apkopojis, un dazam metodeém piemit labs tirgus potencidls. Tomer
metoZu ir Arkartigi daudz, tapéc rodas jautajums par "labakas" metodes vai metozu izvéli,
tatad tas ir indikatoru jawtdjums. Tapat, ka redz8sim talak, ir varbiitiga kokriipniecibas
nozares filozofijas (domasanas veida) maina, pat valdo$o paradigmu parbide. Tagadgjo
neapmierinoSo stavokli var risinat ar vides parvaldibas metodém, jo tiri ekonomiskds
metodes atlieku problému nav sp&jusas ietekmét.
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DaZi atlases indikatori

Hustrativi var jautat, kap&c partikas &deji naudiski noverte bifSteku vértigaku par
gurki. Iemesls nav at¥kiriba darba patéring, jo tada novestu pie nerentablas nozares
bankrota, titad vegetarisma. Vertigums slépjas apstakli, ka bifSteks ir augstak trofiskaja
kede. Ta arT koksnes atlieku izmantojumu veidu novértgjumu indikatoriem biitu jaskatas
ar uz galaprodukta vietu trofiskaja kedé (katrs organisks pielietojums labaks ki virziba
mineralizacijas virziena), un ne tikai uz galaprodukia cenu. Tapat papildus ievada
minétajai mérogoSanas iespEjai javerteé vides piesdrpojuma riski, nepiecieSamas
investicijas, produkta pardodamiba, socidlie indikatori, tai skaitd iedibinatas darbavietas.

AtseviSki koksnes atlieku izmantoS$anas veidi

Trofiskais limenis viszemakais. "Zaudétd paaudze"” — piesdrnojums ir, labuma nav.
Dedzinat kaudzg, apglabat karjeros, uzglabat raZotnes teritorija
Sis ir tradicionals utilizésanas veids. Agresivs videi, iideniem, respiratori toksisks,
viegls alergogéns un kanceroinduktors. [1, 2, 3]

Mehanisks limenis — vairak ki celtniecibas materiils.

Skaidbetons, starpsienu siltumizolacija uz kalka bazes,

drengjoSa pildviela lauku celiem (dzilak par 60-80 cm nepiist un kalpo lidz 100
gadiem); kokskiedru plates un "skaidu" plates.

Mazas investicijas (iznemot plates), neliela pelna, smags marketings, labi noder
lauku celtniecibai, ipasi celiem, videi draudzigs risindjums. Var tikt izmantotas
vecas (1-2 gadi) krdjas. [4, 5]

Mineralais limenis (kimiskais) — pelni, cukurs, etanols, etikskabe, kolofonijs,

koksnes darva, kokogles, benzins
Gigantiskas investicijas, laba pelpa tikai lielizméra raZotnes, spéj dot
katastrofisku piesarnojumu vidé. |6, 7] Cukura ieguve salsskaba vai sérskabd
cikla var tikt diskutéta.

Papirriipnieciba, celulozes iegliSana — gigantiskas investicijas, agresiva videi,
iespéjama tikai lielraZoSand, nespéj izmantot koka mizu, tapéc vairums koksnes
atlieku ir bez pielietojuma, process ir izveéligs pret koksnes sugu.

Termiskais limenis (degviela) — gazifikacijas process, virstosais slanis, slipo ardu

kurtuve, kurtuve ar rusinatajiem, tris gaisa padeves ciklu panémiens [8, 9].
Tradicionals utilizéSanas cels, samera lielas investicijas, td ir labdka alternativa
ka dedzinat fosilo kurinamo.

Kokskaidu granulas, granulétas skaidu briketes, skelda [9].
Labs tirgus, maza pelpa, griitibas ar wmazformdta raZoSanu, gritibas ar
transportu.

Elektroenergijas generéSana — turbina — dargi, prasa lielraZoSanu, pirolitiska

gasifikiciju ar iekSdedzes motora piedzitu asinhrono elektrogeneraciju — /éti, labu

pelnas atdevi, neierobeZotu tirgu, érts mazd méroga, vides riski pagaidim neskaidri

[10 un skat. aprakstu zemak].

Organisks méslojums — komposté$ana, kompostéSana ar sénotn&m, slieku procesors,

slanu muléesana, parastd muléésana, lopu kiits pakaisi.

Problému rada pH kriSands (paskabinaSands), bet ipa$i augsnes ilgtermina
auglibas zudums dé] augsnes piesarpoSands ar polifenoliskas izcelsmes
aseptiskiem (antibiotiskiem) komponentiem. 11,13} v

Buferorganisks ~ augstakais limenis. RCW/Sylvasol (Ramial chipped wood

tehnologija.

Mazas investicijas. Liela pozitiva ietekme uz auglibu un raZos kvalitdti un
zudumiem. Piepilda zemi ar dziviby, palielina trofiskd tikla kopacitati, biodaudzveidibu,
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pasreguléSands speju, ilgtspéibu. Samazina lauku kimizdiciju. Noveérs nitratu/nitridu
izskalojumus, imobilizé fosforu. Nav pielietojams skuju koku materidls un gateru
atliekas. [Skat. skaidrojumu zemak un 12,13].

Skaidrojums 1: elektroenergija no koksnes

Optimala konfigurdcija sastav no gazifikacijas iekirtas, parasti augddedzes
pirolitiska gazgeneratora, turklat var kopét 2.Pasaules kara laika izplatitos automoto
paraugus, ka Bolinder, Vairogs, Impco, Imbert, NATI u.c. Aiz ta jdinstalé gazes
dzesgtajs, kas pie rasas punkta veic ari gizes priekSattfri¥anu, un smalko filtru, aiz ka
seko gaisjaucis, parasti eZektora veidd uz s€rijveida vieglds automa$inas karburatora.
Praktiski 10 m® koksnes atlieku utilizé$anai diena (5 tonnas), vajadzigs 20 Ilitri
motortelpas un 210 kW asinhrons trisfazu vienpola (t.i., 3000 apgr/min) elektrodzingjs
negativas slides reZima (tas ir asinhronas generacijas re¥imi). Variants — var lietot 5 lidz
6 motorus 3.5 | ar 3843 kW elektromotoru katrs, turklat $adus dZipu motorus ar
nelicliem defektiem Vacija var iegadaties par 100-200 DM gabald. Dzesétdjiem
vajadzigs virsmas laukums 22 m? vai 11 zem ventilatora, filtru kubatiira — rupjajam
0.4x5 m, smalkajam 0.8x2,1 m, gazvadi — d>0.2 m karstajiem, 0.14 aukstajiem; pirolizes
kameras konuss 110° legki, augSgala d 58 cm, kaklin§ parZmaugi 43 cm ap 20 cm
zemak, un v&l 24 cm zemak izejas atvere, kas gu] 7 cm.virs pelnu kastes. Sprauslas — 12
gab, d=20 mm 10° lenki. Sagaidamais efekts — SMWh saraZotas elektroenergijas tris
mainu darba, vai bruto iep@mumi 116 Ls ikdienas ar vienkar§o tarifu, vai 306 Ls ar
"dubulto" tarifu, ka to defin€ normativie akti Sobrid. No §is summas jaapmaksa darbalgas
4-6 cilvekiem un nodokli. Ja §adu iekartu instalé pie gatera, iespgjams pardot arf
kogeneréto siltumu, pieméram, ceha apsildei un délu ZavéSanai. Tadu iekartas jaudai
nebiitu vairgk ki 2 reizes japarsniedz gatera elektrotikla piesléguma jauda, citadi naksies
rekonstrugt apaksstaciju. Latvija ir resurss, maksimums, nosegt teritoriju ar 400-800
§adam stacijam, ta radot valsts ekonomikai 15 lidz 30 miljoni Ls eksportproduktu
ikgadus. Seviski labs eksportiesp&ju saasinajums gaidams péc 2010. gada, kad tiks slégta
Ignalinas AFES. Elektriba ir viegli market€jama un pardodama prece. Ja Sobrid
Latvenergo sp&j saraZot elektroenergiju 2,74 TWh no HES un 1,22 TWh no TEC ikgadus
(1999.g. dati), tad piedavatd metode spgj dot 1,5 TWh k& maksimumu. Mazakd méroga,
Madonas rajons viens rada gada 22 tiikst. m® zagskaidu un 35 tikst. nomalus, kas spgj
nosegt §adu 7 lidz 15 staciju patéripu, t2 nopelnot ¥ 1idz % miljonu Ls gada. Viena §ada
stacija pirms nodokliem un algdm var pelnit 36 000 Ls gada, pardotd siltuma cenu
neskaitot. S ‘

Téze diskusijai — ir liela nozime turpindt intensivi attistit §o tehnologiju. Autors
tuvikajos divos gados cer izméginat to kada Pierigas gatera apstak]os.

RCW tehnologija

Sinonimi — ramial chipped wood, Sylvasol tehnologija, Sylva—~Agro; izgudrota
Kanada Lavala Universitaté 1997, autors prof. Guilles Lemieux et al.

Know—How: Bez lapam (sic!) lapu koku (sic!) smalkos zarus, zem 7 cm resnus
(sic!) saskeldo jebkura tipa ¥keldmaSina (veltpu, cértnu, propellera utt) un tuvako 48
stundu laika (sic!) iedisko aug§gjos augsnes 5 cm (sic!) apméram 150 m*/ha. Ttdal pat
augsnei jatiek infektétai ar 10-20 grami/m? baltas trupes bazidijsépotni no auggja triidu
slapa lapu koku meZa (sic!), kas sikas tiidal zem apglumgjuso lapu slapa. T4 ka dabiski
koki met lapas rudenT (sliktaki rezultdti ir pavasar), tad rcw apstrades sezona ir Tsa.
Nako§a pavasarT var (un vajag) audzet guminu, kultiiras zemi nearot (jo nedrikst aiztikt
slani dzilak par 5 cm), tipiski @boligu vai lucernu; kas cinisies ar akiitu slapekla badu
augsné. Otraja gadd intensiva lignina sadaliSanas sak pierimt, tomer sét var tikai
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graudzales, tai skaita labibu. Tre$a gada un uz priek$u sét un art var bez ierobeZojumiem.
Vélak katru otro gadu vElams uznest sépotnes dzivibas uzturé$anas noliikos 10-20-50
m3/ha bez jaunas inficéSanas vai apstrides ierobezojumiem. Sadi iesp&jams regenerdt pat
bezcerigi sabojatu, t.sk. "cauro” augsni, un bitiski ielabot katru augsni, vienigi parmitram
var biit problémas, vismaz sakumstadija, kamér atraisds humusvielu spéja piesaistit 10
savus svarus ar tdeni.

Rezultati. Saskapa ar daudzskaitligiem eksperimentiem Afrika, Kanada, ASV,
Ukraing, Danija, Holand€ un citur jau ar trefo gadu raZas celas starp 3 un 10 reizém (1),
vienigi Ukraina ir izp€mums ar 1,5-2 reizém, jo tur augsne jau tdpat ir maksimali
augliga. Auglu, stiebru, saknu gar§a bitiski uzlabojas, tdpat ki masa, baribas vielu saturs,
augajs top specigs un noturigaks pret slimibam, sausumu, parplianu, salnam, pieaug
derfgo mikroorganismu skaits, daudzveidiba un aktivitate pazemé, lauks neprasa NPK
méslojumu, un uz desmitiem gadu top paSregul§joss. Baribas vielas ir ciesi piesaistitas
strauji pieaugusajam humusa slanim, tad€] par vairakam kartdm samazinds slapekia un
fosfora savienojumu izskalojumi ar palu un lietus Gideniem, kas HELCOM "Hot Points
for Latvia" sarakstd ir vides problému augigala. Tadu, kas ir vissvarigakais, pati augsnes
struktlira ir kapitali parbtiveta, ar augstaku organizétibas formu un vairdk mikrobialam
dzivibas formam, ekoni$am, trofiskajiem tikliem, kas garant® ilgtermina augligumu,
stabilitati, paSreguléSanas sp&ju, kimisko buferkapacitati, vardu sakot, patiesu ilgtspgjibu.
DiemZgl, aprékinot Latvijas lapu koku sikzaru gada piecaugumu, jasecina, ka tas lauyj
secigi apstradat visu aramzemi tikai 100 lidz 120 gadu laikd. Tomér vairuma Eiropas
valstu is raditajs ir pat par nepilnu kartu sliktaks, tatad Latvija $aja joma ir privilegéta
stavoklt.

Kapéc RCW metode darbejas?

Dziva augsne ir kaut kas visai tals no vienkar$i s11101_1a dioksida lodltem, kas
saslapindtas ar baribas mineralvielu $kidumiem. Sada diizak ir degradsta "augsne”, kas
kvalitativi lidziga akvakultGrai (hidroponikai) un ir sp&jiga raZot tikai visriipigakaja
cilvéka kontrole, balansgjot mitrumu, mineralvielas un cinoties pret neskaitamu slimibu
uzbrukumiem.

Klasiska agroideologija producg tuvu 90% masas novicamaja raza un labi ja 10%
gada lignina pieauguma var tikt kompostéts vai mulcéts. Par§jo novakuma daju laukam
jaatdod k& kimisko meslojumu, kas savukart sekm€ augsnes "izspieSanu", cik vien ta
spéj, un §is process notiek, parvérSot raza augsnes pasregulicijas mehanismus (to tiklu)
ka tadus. Erglu apkaimé ir kada mija, ko saimnieki, kas mitindjas viena gala, plésa nost
no otra gala, lai kurindtu krasni. Augsné analogiskd gadijuma rund par augsnes
mineralizaciju. Agrak vai vélak, tas atkarigs no augsnes stabilitates, solard un lietus
reZima, augsne degradésies, un masiva erozija var sakties, izkalSana, augsne klust
"caura".

Koksnes lignini var tikt depolimerizéti 1idz fulvoskabei un humusskabei, ja uz to
iedarbojas manganatkariga tipa lignoperoksidaze ka ferments, tad humusskabe paliek
fikséta pie bazidijsépotnes micélija (S0 fermentu izstradd trupe Phanerochaete
chrysosporium — Tom Volk, 1997), tdda veida paliekot pasargata no rekombinéSanas ar
fulvoskabes molekulu, jo tad, tipiski, veidotos stabili polifenoliski kompleksi ar
antibiotiskdam ipasibam. Uz micélija fiksétad makromolekula dod augsnes raksturigo suligi
brino krasu, kdda valda lapu koku meZos un rcw apstridei paklautajas augsnSs.
Turpretim melna krasa liecina par §is "baltas trupes” sépotnes bojaeju. Var apgalvot, ka
Sai bazidijsénotnei ir vesturiski bijusi "keystone" loma augsnes attistibd uz Zemes.
("keystone" —~ gruti tulkojams jedziens: necila un neiev@rojama, bet pati svarigaka un
galvenaka detala kompleksa mehanisma darbiba).
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"Partikas jédziens ietver divus aspektus: partikas energosaturu, ko sistémai vajag
tas funkcion&Sanai, un tds kimiskos komponentus (te minerdlm@slojumu) un to
biokimiskos vidutdjus (proteinus, aminoskabes, cukurus, celulozi u.d.c.). Jau ne
iesakuma senatng, cilvéks radija tradiciondlo lauksaimniecibas koncepciju, kas ved uz
augsnes mineralizaciju, tas ir energijas atdalidanu no baribas vielu komponentiem...."
[Kirke, Farell, 1987]. "Ligninu izcelsme un metoksilgrupu poziciongjums, ki ari
metoksilgrupu skaits taja sp&lé nozimigu lomu attieciba uz augsnes struktiiru. (....) Ta ka
meZs ir bijis to mehanismu avots, kas ir atbildigi par augsnes auglibas sp&ju viscaur visa
pasaulé, tad meZa izzuSana novedis péc Tsa, vidéja vai gara laika spiiZa pie auglibas un
produktivitates krituma. [G.Lemieux 1997].

"Agrokultliras departaments [Smith et al, 1994] rada progresu kokizstrade ASV.
Balanss "pieaugums/izcirSana" sabruka pirms 50 gadiem, un pé&dgjos 10 gados me¥Xu
zudums ir dubultojies. Eksist&josie cietkoksnes meZi satur 3 lidz 5 reizes vairdk oglekla
savd hipogeusa (zemzemes) dald neka epigeusa (virszemes) dald, tadgjadi padarot
augsnes degradiciju par ultimativi galveno CO2 emisiju avotu atmosferd" [Lemieux,
19971.

Téze diskusijai — ir Joti nozimigi stradat pie rcw tehnologijas akomodgsanas
Latvija. Autors Soruden cer apstradat ar So tehnologiju virkni kontrollaucigu un ir
ieinteres€ts sadarboties ar katra veida interesentiem.

Rezultatu apsprieiana
Koksnes atlieku racionilai izmanto§anai tautsaimnieciba var biit spéciga pozitiva

* ietekme, it Tpasi 5im divdm tehnologijam. Tas var krasi uzlabot lauku nodarbinatibas

problému, valsts eksporta/importa bilanci, uzlabot partikas kvalitati un pieejamibuy,
vienlaikus palielinot tas kvalitati un samazinot cenu (izmaksas), var atrisinat tadas vides
problémas ki slapekla izskalojumi, erozija, mazkvalitativas augsnes. Elektroenergijas
eksports palidz&tu attistities kokzagétavam, tas bitiski palielindtu Latvijas eksportu
naudas izteiksmé, kas jau ta valst 44% sastdv no koksnes eksporta, bet no izcirstas
koksnes 52% eksport€jam neapstradatu. Partikas jomd gaidamais razibas pieaugums ir
tieSi tik liels, lai lJautu nopietni konkurét ar Eiropas vairumcenam, ta dodot iesp&ju
attistities Latvijas zemniecibai. Konkurence tiem parak nedrand, jo lapu koku resursi uz
aramzemes platibu Eiropa ir ieverojami zemaki ka Latvija.

Rezumgjot. Dzila multidisciplindra ietekme daudzos dzives sektoros ir sagaidama
no racionalas koksnes atlikumu apsaimniekoSanas. sistémas izveides Latvija, ta ir iespéja,
ko nedrikst izniekot, un vispiemérotakd menedZmenta baze §adas sistSmas izstradaSanai
ir vides zindtnes un parvaldiba ki jauna zindtgu nozare Latvija, tad&jadi nesot svétibu gan
sabiedribai, gan videi.
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ENVIRONMENTAL PROTECTION DURING CONSTRUCTION
OF MOTORWAYS
VIDES AIZSARDZIBA AUTOMAGISTRALU BUVESANAS
PROCESA

Professor Tadeusz Chizan, Ph.D.
Zielona Goéra Polytechnic
Department of Building Engineering and Sanitary Engineering
Institute of Environmental Engineering

Abstract. In this paper given and analysed are the factors related to the
construction of motorways and having a negative impact on the environment. Given are
the conditions of the assessment of the impact of the motorways on the environment,
arable land and forests and cultural heritage.

L.Introduction

A lack of motorways causes a deterioration of the environment and living
conditions of the people residing within the territory adjacent to the more important
state and regional roads. Those roads with excessive traffic are devoid of any
environmental protection means or equipment. As a result of an excessive number of
vehicles the traffic is chaotic and that causes an increase in the emission of carbon
monoxide and hydrocarbons. An additional noise and vibrations cause a steady
deterioration of the living conditions of the people residing near the roads. A
construction of motorways complying with the regulations related to the environmental
protection is a solution that is much more beneficial for the people residing in the
vicinity of the roads than a constant adaptation of the existing roads to a steadily
growing transport needs of the populace. Most of the drivers will be using motorways
and thanks to that the traffic on the local roads will decrease.

The benefits of the motorways are steady conditions of the ride, traffic safety and
decrease in the volume and reach of the harmful substances released to the atmosphere.
Comparing to the existing roads, using the motorways, one safes 25% of the gasoline,
from 30% to 40% of the travel time and one decreases the probability of the accidents
from 70% to 80%, and the level of noise is lowered by some 30%. In the motorways
construction programme envisioned is an obligatory assessment of the impact of the
motorways on the environment. So, in order to limit a negative impact of the construction
proper authorities conduct detailed estimates of the impact of the motorways on the
environment, arable land, forests and cultural heritage.
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2.Negative impact of the road traffic on the environment [1]

A negative impact of A road on the environment is visible most often as a taking
up of the land, air pollution and noise. There were attempts to prevent that. Most often it
was switching to the unleaded gasoline and limiting the noise pollution by the engines.

The designs of the motorways construction are subject to complex analyses
concerning the impact of the traffic on the surrounding areas and that in order to
eliminate harmful factors. Such factors, among others, are: .

— noise and vibrations

— emission of the harmful gases

— hazard for the water intake areas

— pollution or destruction of the land surface

— changes in the landscape

— separation of the social and economic communities

The vibrations of the surrounding areas are caused by heavy vehicles and their
intensity increases with the increase of the damage to the road surface. The noise is
created mostly by the engines and tires. The noise lowers the effectiveness of people’s
work and prevents them from resting. The works on the lowering of the noise level
focus on the changes in the construction of the engines and improvement of the tires
ways of contact with the road surface. The air pollution is most intensively felt in the
vicinity of the main roads and motorways. Such pollution is a part of a low reaching
emission to the atmosphere. The main components of the exhaust fumes are:

— nitric oxides, NOy

— carbon oxides, CO; and CO
— hydrocarbons, HC

— sulphur dioxide, SO,

— lead compounds

During the excavations for a motorway one can expose the water bearing layers,
and the motorways can cause the necessity to change the direction of the flow of the
surface waters. An accident on a motorway can cause the pollution of the surface and
underground waters by greases and fuel. A similar hazard relates to a water intake area
located near a motorway.

A pollution or damage to the land surface may concern a temporary pollution by
the compounds used to melt the snow as well as escaped oils, greases and fuel.

The changes in the landscape concem the impact of a motorway — in the form of
embankments, bridges and flyovers ~ on the land adjacent to it. Also, for the
construction, one needs to take over the land and, usually, change its use.

The separation of communities and cutting off the residents from their arable land
and properties or from their nearest places of work creates a psychological and physical
barrier (the need to extend the by-pass roads and create pedestrian crossings).

During the road construction there are inconveniences related to the noise or
movement of heavy and noisy transport equipment.

A justification for the construction of motorways is mostly economical one, for example:
— shortening of the travel time and thus increase in the traffic flow capacity,

— lowering of the load of the state and regional roads,

— lowering of the costs of the transport via motorways,

— heavy vehicles using mostly the motorways,

— improvement in the traffic safety, lower number of accidents, bigger comfort of travel,
~ impact on the tourist traffic, increase of the commerce and manufacturing and
development of new commercial centres,

— creation of the new work places.
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3. Assessment of the impact of the motorways on their surroundings [2]
3.1. Assessment of the environmental impact

The goal of the assessment of the construction of a motorway and its
environmental impact is a determination of potential effects of such construction for the
environment and people. The results of such assessment should make it easier to take a
justified administrative decision on the location and construction of a motorway. Such an
assessment has to include a proposal on how to reduce any negative impact on individual
elements of the environment.

The assessment of the environmental impact of a motorway (OOS by its Polish
acronym) should include:

L characteristics of a planned motorway; its technical parameters, location,
prognosis of the traffic intensity,
1I. characteristics of the surroundings of the planned motorway; characteristics of

its components and resources, landscape values, state of the environment,
protected objects, health conditions,

II.  analysis of the concepts, studies and factors taken into account in the planning
including the concepts of the land development of the country, provinces and
focal communities,

IV.  characteristics of the land development and use,

V. assessment of a potential impact of the construction and potential impact of
the road usage,

VI.  assessment of potential emergency situations,

VI.  assessment of problem areas and ways of the reduction of negative impacts,

VII. analysis of the land development within the area of the above—a—norm impact
of a motorway

IX.  monitoring of the environment
The assessment of the environmental impact of a motorway specifies its impact

on all elements of the environment during various phases of the construction taking into
account various variants concerning the location and technology of the construction.
Such assessment covers the description of the present state, and prognosis concerning the
impact of the construction serving to identity the problems and areas that are the most
likely to cause conflicts and to find the remedying means.

3.2. Assessmont of the impact on the arable land and foreste
Such assessment concerns the land that is used commercially. One has to
determine the direct costs resulting from the change of the land use, and indirect costs
related to the impacts of a motorway on the surrounding land. Such costs are estimate
showing the range and scale of the changes in the state of the land use. The assessment of
a motorway impact on the arable land and forests should contain information concerning
the following issues:
X. loss of a production potential of the arable land and forests that are planned to
be taken under the construction of a motorway,
XI.  lowering of the production potential of the arable land and forests located
within the impact area of a motorway,
XI[. limitations in the ways of the usage of the arable land from the point of view
of human health and the changes in the forest stand within the impact area of a
motorway,
XII. the need to redevelop the technical infrastructure within that area,
XIV. the need to consolidate and exchange plots of arable land and forest

12
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3.3. Assessment of the impact on the cultural heritage
Such assessment contains two vital points: a list of archaeological and historical
objects located in the vicinity of a motorway and that are subject to protection, and
assumptions concerning the actions directed at the salvage of the objects discovered
during the construction of a motorway. The assumption of the impact of a motorway on
the cultural heritage should contain the following:

L characteristics of the cultural values (archaeological, historical,
ethnographical objects, culture ‘landscape’, areas that should be protected),

1. analysis and assessment of potential hazards for and damages to the cultural
heritage,

II.  assumptions for the programmes of research and studies preceding the
issuance of the construction permit within the scope of archaeological,
identifying research and excavations focusing on the objects threatened to be
destroyed and the studies of the cultural ‘landscape’,

Iv. programme of the studies aiming at the salvage of the objects and programme
aiming at the securing of the cultural heritage,

V. action limiting a negative impact of a motorway or conclusions concerning a
change of the route of a motorway.

All elements of the assessment of the impact of a motorway on the environment,
arable land and forests and cultural heritage should be presented in a descriptive and
graphical ways. A graphical study is a map in the scale of 1:25000.

A very important factor of the assessment is the comparison of the impact on the
environment presented in various studies with the zero variant (withdrawal from the
construction of a motorway). It has a significant meaning in case of conflicts between the
groups of interests or individuals.

The assumptions of the environmental impact (008) are conducted by experts.

An OO$ may be used not only to determine and reduce harmful impact of a
motorway but also to identify probable benefits.

In the process of designing and construction of a motorway one has to use means
of the environmental protection in accordance with the assumptions of the environmental
impact. In a motorway design it is necessary to assume the usage of technical solutions
limiting a negative impact of a motorway on the environment when the impact of those
negative factors related to the construction and use of a motorway exceed the acceptable
values: It is necessary to choose proper means of the environmental protection during the
work on the basic technical documentation, and the effectiveness of the chosen means
can ‘be verified using the system of the environmental monitoring. The range of the
chosen system should be specified in an OOS and it should cover those segments of a
motorway where an average daily traffic exceeds 20000 vehicles.
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EKSTRAKTIVO VIELU SATURS PARASTAS PRIEDES
(Pinus sylvestris L.) KOKSNE DAZADOS AUGSANAS APSTAKLOS
CONTENT OF EXTRACTIVE SUBSTANCES IN THE PINE WOOD

UNDER VARIOUS GROWTH CONDITIONS

Dace Cirule, Ilzite Lavnikovi¢a, Anda Alksne, Jurijs Hrols
LV Koksnes kimijas institiits,
Latvija, Riga, Dzérbenes iela 27, tel.: 7551314,
e—pasts : xylon@edi.lv, fax: +371 7310135

Abstract. Studies of the chemical composition of Pinus sylvestris L. were
performed. The studies embraced all the largest pine populations and the most spread
Jorest types in Latvia. Samples for chemical analyses were taken in 4 stem heights,
separately from sapwood and core. The obtained results indicate that the content of
cellulose and lignin for trees from different regions and forest types in one stem
localization differs moderately. The essential distinctions from the point of view of the
chemical composition of pine wood suggests only the extractives content in wood.
Common tendencies are observed for the distribution of extractives (EBE) throughout the
stem for trees both different regions and forest types. In all stem heights EBE are more in
core than in sapwood. To assess the effect of growth conditions on EBE content the
results obtained for the same localization in the stem were compared. In all forest types
and regions the EBE content in wood is higher as compared with the wood from less
ecologically touched regions. In addition the substances extractable with hot water (WE)
were determined. It is characteristic that both EBE and WE are less in pine trees grown
in drained areas.

Koksnes izmantosanas iesp&jas ir atkarigas ne tikai no t3s mikro un
makroskopiskas uzbiives, fizikalajam un mehaniskajam Tpasibam, bet ari no kimiska
sastdva. Savukart koksnes kimiskais sastavs pat vienas sugas ietvaros biitiski at3kiras
atkartba no augSanas un klimatiskajiem apstdkliem, meZa tipa, apkartgjas vides
piesarnojuma uw.c. Tade] programmas “Daudzfunkciju ekologiskdas meZsaimniecibas
teorétiskie pamati” ietvaros LV Koksnes kimijas institiita tiek veikti pétijumi par Latvijas
meZos valdoSo koku sugu koksnes kimisko sastavu. Nemot véra, ka priedes Pinus
sylvestris aizyem aptuveni 40% no visas valsti eso§o mezu kopplatibas, pétfjumi tika
sakti tieSi par priedes koksni, un tagad ir apkopoti rezultati, kas aptver visas lielakas
Latvijas prieZzu populdcijas. Lai novért&tu augSanas apstaklu ietekmi uz koksnes kimisko
sastavu, paraugkoki tika pemti no 3 lieldkajiem péc aizpemtds platibas meza tipiem:
sausiepiem (aizpem 54,5% no kopgjas meZzu teritorijas), kioidrepiem (13,5%) un
purvainiem (12,0%) [1]. No katra me7a tipa tika analiz&ti I Krafta kalases koki, kuri
sastada lielako prieZu koksnes krdjas dalu. Paraugi kimiskajam analizém tika pemti 4
stumbra augstumos atseviski no aplievas un kodola.

Ieprieks veiktos pétjjumos tika konstatéts, ka koksnes kimiskais sastavs
ieverojami svarstas jau viena koka ietvaros [2], [3]. Tas ir atskirigs ka dazados stumbra
augstumos, ta ari viena augstuma kodola un aplieva. Ta koksnes pamatkomponentu —
celulozes un lignina saturs atkaribd no parauga lokalizacijas vietas viena koka var
atSkirties relativi celulozei par 10—12% un ligninam par 5-7%. [lustracijai 1.tabula ir dots
vienas priedes no Tomes mezniecibas celulozes un lignina satura salidzindjums gan pa
stumbra augstumu (resgalis pret galotni), gan pa perimetru (aplieva pret kodolu).
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1.tabula
Koksnes kimiska sastava atSkiribas vienas priedes stumbra
Lokalizacija stumbra Celuloze Lignins
Aplieva : kodols Resgalis 1.12 1.02
Galotne 1.06 0.98
Resgalis : galotne Aplieva 1.02 0.93
Kodols 0.96 0.94

Bet iegiitie rezultati paradija, ka ne celulozes, ne lignina saturs priedém no
dazadiem regioniem un atSkirigiem meZa tipiem vienadd stumbra lokalizAcijas vietd
neatSkiras butiski. 2. tabuld ir apkopoti rezultati, kas iegiiti sausiepu meZa tipd augusu
prieZu stumbra resgala kodola un aplievas vidgjos kimiskos raditdjus attiecinot pret
priezu, kuras auguSas citos meZa tipos, resgalu aitiecigajiem vid€jiem kimiskajiem
raditajiem.

2.tabula

Priedes (Pinus sylvestris) koksnes kimiska sastava raditiju stumbra resgali

dazada tipa meZos attiecinits pret sausienu meZiem

Lokalizacijas MeZa tipi Celuloze Lignins EBE WE

tumbra

Aplieva Sausieni : purvaji 1.00 0.98 1.13 1.11
Sausieni : kiidraini 0.99 0.97 1.19 1.05

Kodols Sausieni : purvaji 0.99 1.00 1.06 1.00
Sausieni : kiidraini 0.94 0.99 1.0 1.09

EBE ar spirta~benzola $kidumu ekstragétas ekstraktvielas,
WE — ar karstu Gideni ekstragétas ekstraktvielas.

Ka redzams no 2.tabulas, celulozes atSkiribas starp dazadu regionu priedém
relativi nav lielakas par 6%, bet lignina gadijuma pat par 3% — tatad tas ir mazakas par
atSkiribam viena koka daZados punktos. Bet atskiribas ekstraktvielu saturd ir véra
gemamas — pat 11dz 19%. Tadgjadi Sie pétfjumi paradija, ka Latvijas méroga par butiskdm
atSkiribam starp priedes koksni no tas kimiska sastdva viedokla var runat tikai attieciba
uz ekstraktvielu saturu koksné.

Etilspirta—benzola §kiduma ekstraggjamo vielu (EBE) sadalfjuma pa stumbru ir
verojamas kopigas tendences kokiem ki no dazadiem regioniem, ta ari meZa tipiem. EBE
pamata sastdv no svekiem, taukiem, taukskabém u.c., un tas, no vienas puses, kalpo ka
koku rezerves vielas, no otras puses, ka dabiskie antiseptiki. 3.tabuld ir apkopoti dati par

EBE saturu prieZu koksng, kas auguSas sausiepu tipa meZos.
3.tabula

Ar spirta—benzola Skidumu ekstragéjamo ekstraktvielu (EBE) saturs sausienu tipa
meZzi augusu priezu stumbros, %

Stumbra augstums Aplieva Kodols

Resgalis 2.8 +0.1 8.6+0.2

1/ 4 stumbra augstuma 2.7+0.1 4.6 +0.1

1/2 stumbra augsiuma 3.0+0.2 51+0.1

3 / 4 stumbra augstuma 3.5+0.1 5.840.3
Visos stumbra augstumos kodola ir vairdk ekstraktvielu salidzinajum3a ar aplievu. Pie
tam lielakais EBE saturs ir tie§i stumbra resgala kodold, bet zemakais — stumbra

lejasdalas aplieva. EBE saturs aplieva pa stumbra augsturu mainas mazak salidzinot ar

kodolkoksni.
Ieprieks apskatitds pamattendences EBE satura sadalfjumam pa koka stumbru -ir

spéka priedém no visiem miisu pétitajiem meZa tipiem, bet EBE procentualais daudzums
koksné gan at$kiras. 4.tabula ir apkopoti vidg€jie EBE satura raditdji visos petitajos meZa
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tipos divos stumbra augstumos — resgalf un ¥% stumbra augstuma. Seit Ipa$i biitu jaatzime
priedes koksne, kas augusi Saurlapju kiidrenT — tatad nosusinatas platibas. Sim priedém ir
verojams salidzino§i zemaks EBE saturs visas analizétajds stumbra lokalizacijas vietas.

4.tabula
Spirta—benzola Sikiduma ekstragéjamo ekstraktvielu saturs priedes (Pinus sylvestris)
koksne no dazadiem meZu tipiem, %

Meza tips Resgalis 3 /4 stumbra augstuma
Aplieva Kodols Aplieva Kodols
Sausienis 3.240.2 8.6 +0.2 3.540.1 5.8+0.3
Purvdjs 2.6 +0.1 8.7 +0.1 3.540.1 4.7+0.2
Kiidrajs 2.4 +0.1 8.2+0.2 3.4 +0.1 4.0+0.3

Nemot vera, ka koksnes kimiskais sastavs, tai skaita ari EBE saturs, bitiski
mainas viena koka ietvaros, lai varétu noveértét augfanas apstaklu ietekmi uz o raditaju,
tika salidzinati rezultati, kadi iegiiti no koku vienadam stumbra lokalizacijas vietam, Par
bazes kokiem tika izraudzitas priedes no Latvijas ekologiski vismazak skarta regiona —
Stren¢u virsmeZniecibas. Rezultati ir apkopoti 5.tabula.

S.tabula
Ekstraktvielu (EBE) satura attieciba priezu (Pinus sylvestris) stumbra resgalos no
dazadiem Latvijas regioniem pret priedém no Strendiem

Regions Me[a tips Aplieva Kodols
Tome Metrijs 1.02 1.36
Purvijs 1.34 17
Silene Metrajs 1.21 1.50
Purvajs 1.63 1.42
Misa Kidrenis 1.05 1.66

No S.tabulas ir redzams, ka visos gadijumos, t.i., visos pétitajos meZa tipos un
visos regionos, EBE saturs priedes koksne ir ievérojami augstaks, salidzinot ar bazes
kokiem no Strenciem. Ka zindms, ekstraktvielu viena no pamatfunkcijam ir koka
aizsargsp€ju nodroSinifana. lesp&ams, ka tiesi labveéligie augfanas apstakli Strencos
nosaka relativi zemaku ekstraktvielu saturu tur augusu prieZu koksné.

6.tabula
Ekstraktvielu satura attiecibas priedém (Pinus sylvestris L..) no citiem mezZu tipiem
pret priedém no kiidreniens

Lokalizacijas vieta stumbra Kudreni: sausieni Kiidreni : purvaji
WE EBE WE EBE

Resgalis Aplieva 0.95 0.75 1.00 0.92
Kodols 0.92 0.95 0.85 0.94

3 /4 stumbra | Aplieva 0.95 1.00 0.98 1.00
augstuma Kodols 1.00 0.60 0.92 0.74
Videji 0.96 0.83 0.94 0.90

WE — ar karstu fideni ekstraggtas ekstraktvielas,
EBE - ar spirta—benzola Skidumu ekstragétas ekstraktvielas.
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Pec EBE izdaliSanas papildus tika noteiktas koksng palikusas ar karstu fideni
ekstrag8jamas vielas (WE). Tas pamati ir rezerves baribas vielas — ciete, citi oligo— un
polisaharidi, daZidi sali, miecvielas utt. Rezultdti paridija, ka pétitaja priedes koksné
WE ir robeZds no 1.8 fidz 2,7% — tas ir daudz mazdk ki EBE, un arfT WE satura svarstibu
amplitiida ir salidzinosi neliela. ArT WE vairak ir kodold salidzindjuma ar aplievu, bet, ja
EBE gadijumé kodold to saturs vid&ji ir par 50% Uelaks k3 aplievd, tad WE gadijjuma
tikai par 20 — 25% lielaks. WE sadalfjumam pa koka stumbru nav tik aoteiktas
pamattendences ki EBE gadfjuma. Bet rakstwigi ir tas, ka, salidzinot priedes no
dazadiem me¥a tipiem, gan EBE, gan WE saturs viszemakais ir tieSi kiidrenos augusam
pried8m. Tas ir redzams 6.tabuld, kurd ir apkopoti rezultati, kadi iegiiti, attiecinot EBE
un WE saturu priedém no kildrepiem pret priedém no pargjiem pétitajiem me¥u tipiem.

K& redzams, tad WE saturs kiidrepu priedeém vidgji ir par 4% — 6% zemaks ka
citu meZa tipu prieddm, bet EBE gadijuma — pat par 10% ~ 17% zemdiks.

Veiktajos p&ifjumos iegiitie rezultati liek domat, ka eksiraktvielu saturs priedes
koksng Latvija galvenokirt ir saistils ar koka augSanas apstikliem — ekologiski tiraka
vidé zemaks EBE un WE saturs. Tapat ckstraktvielu saturu priedes koksné ir zemaks
pried8m, kuras auguSas kiidras angsn8s — purvijos un it ipadi nosusindtajds kiidras
augsnés — kiidrenos.
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FORSETA ANAEROBA BIOKONVERSIJA
FORCED ANAEROBIC BIOCONVERSION

Vilis Dubrovskis, infenierzindtnu doktors, SIA DVD valdes priekSsgdeid]s
Bauskas rajons, Iecava, Ripniecibas iela 28, LV 2913; tel./fax 3941693

Apsract. Forced bioconversion of solid organic wastes as technology for Latvia
conditions is presented. Every inhabitant produces 200-300kg solid wastes, about 0,6
min.t per year in Latvia. Different technologies are used for utilisation of these wastes.
The most popular are: landfilling, sorting and recycling, incineration, composting and
anaerobic digestion for orgawnic wastes. As new technology in Latvia is forced
bioconversion of municipal solid organic wasies. Approximately 250000 ions solid
wastes per yvear are coming to landfill Getlini. 24% from them are usable for anaerobic
digestion. Regulating of temperature and moisture content in wastes gives possibility to
opiimise process of bioconversion. Forced anaerobic bioconversion proceeds 4-7 times
faster as normal bioconversion in landfill. For this techmology is necessary less
investment for incineraton anaerobic digestion in bioreactors and composting in tunnels
or hails, it is preferable for smaller landfills in Laivia too. For big landfill, where has
sorting, the best solution: approximately 30% recycling, 25% wet organic for forced
bioconversion, 45% for incineration.
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Ievads

Tiek uzskatits, ka katrs iedzivotdjs gada izdala ap 200-300 kg cieto sadzives
atkritumu, tatad Latvija kopa ap 0,6 milj. t. To savakSana, apstride un otrreizgja
lietdetiga izmantoSana prasa lielus kapitdlieguldijumus. Latviji atkritumus visbieZak
depong izgdztuvEs un 13s nav td izveidotas, lal bitu videi nekaitigas. T3 ki nav
necaurlaidiga pamata seguma, tad infiltréts iekllist grunistdenos, bet, organiskajam
vielam biokonversgjoties, atmosférd izplist gézes. Viskaifigdka ir meténa gaze, kas
noadrda ozona sldni. Latvija tuvakaja laika vélas klut par, Eiropas Savienibas dalibvalsti,
un ir steidzami jAsakarto atkritumu saimnieciba atbilstodi tas prasibam. $is prasibas
nepiclauj nekontrolétu organiskds vielas sadalifanos un metina izpliSanu. Latvija ir
steidzami jaievie§ tas apstzkliem optimaldkds organisko atkritumu utilizicijas
tehnologijas.
1. Cieto sadeives atkriturnu vtilizacija.
Praks® tiek izmantolas vairfkes atkritunm utilizdcijas tehnologijas. VisbieZik pielieto
§adas tehnologijas: atkritumu deponéSana izgiztuvé bez SkiroSanas; atkritumu
depondSana izgdztuveé vispirms at$kirojot otrreiz€jai izimanto$anai derigos materidlus;
atkvitumu sadedzindSana; organisko atkritumu komposiSana kaodz8s vai tunelos;
organisko atkritumu anaerobi bickonversija.
1.1.Depon@sana izgdztuve bez Skirofanas i visvienkdr$akd metode no atkritumu
apsaimniekoSanas viedokla, un 1adé| ta Latvija tika visu laiku izmantota. Tomér ta nav
ekonomiski izdeviga, jo netiek atSkiroti un izmantoti otrreiz daudzi derigi materiali,
piemeram metali, papiri, kartons utt. Asf no dabas draudziguma viedokla 31 metode nav
piegemama turpmak, ja nekontrolg kaitigas izpitdes gazes un infiltratu.
1.2.Atkriturnu  Skirosana, metalu, papiru u.c. derigo materialu nosiitiSana otrreizéjai
izmanto§anai, par&jo atkritumu deponésana izgaztuveé. Turpmaka atkritumu izgaztuvju
ekspluaticija bez atkritumu $kiroSanas vairs nav iedoméjama. Galvena tendence — péc
iesp&jas vairdk izmantot atkartoti, péc iesp&jas mazék depounst izgaztuve. Ta, pieméram,
Eiropas Savienibas direktivas paredz salidzinajumi ar izgdztuveés noguldito atkritumu
daudzumu 1995.2. samazinit atkritumu depon€Sanu 1idz limenim

max. 75% no1995.g. S gados

max. 50% 8 gados

max  35% 15 gados (1)
1.3 .Atkeitumu sadedzindana.
Otnevejm izmantoSanai nsizmantojamos atkritumus var sadedzinat. Tie ir ievEérojams
energijas avots ar siltumspgju 8 — 10 GJ/t. Tapéc daudzas attistitas un bagatas valstis o
tehnologiju pielieto. Pieméram, Danija ir $8da atkritumu apsaimaniekoSanas tendence (2).
31 sadedzinaSanas vzn&mumi ar kapacitati 2,2 milj. t gada vai 335 t/st.

1985 1995 Plans 21
Skiro$ana ar otrreizziu izmanto$anu 35% 62% 64%
Deponéiana 39% 18% 12%
Sadedzinafana 26% 20% 24%

1.4. Organisko atkritumu kompostg$ana.

Organiskos atkritumus, kurus var nodrdit, kompost&jot p€c tradicionilds tehunclogijas
kaudz€s un tas parjaucot, vai arf ar citam sk@bekla pievadiSanas metodém. Pedéja laika
izmanio ari slégtds tuneju tipa kompostéSanas iekartas, kur, uzturot optimalus
temperatiiras, mitrna un skibekla reZimus, var sasniegt atru biokonversiju. Pédgjai
metodei liela priekSrociba ir t4, ka gizu emisija tiek kontrolgta. Izgaztuves
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kompostésanai izmanto vispirms darzu un citu augu valsts produktu atlikumus, kuri nav
piesarqoti ar kaitigim vielam. Sadu kompostu var izmantot ka labu méslojumu.
1.5.Anaeroba biokonversija.
Anaeroba biokonversija (metanriigiana) ir dabigs process, kas notiek baktériju darbibas
rezultatd anaerobos apstdklos. Atkritumu izgaztuvé zemakajos slinos, kad aerobie
mikroorganismi ir izmantojusi skabekli, hidrolitisko un acetogéno mikroorganismu (MO)
darbibas produktus, ja izveidojas labvéligi apstak]i, izmanto metanogéni un sak strauji
- vairoties. Biogaze, kas sastav galvenokart no CHs un CO, ir MO metabolisma produkts.
Atkntumu izgaztuves atkariba no deponétas o ganiskés vielas daudzuma iegiist 50 —
150m*#t biogazes, bet potenmals ir Iidz 300 m°/4 (1). Gazes ekstrakcijas sistémas ir
ierikotas daudzas valstls. T4, pieméram, Zviedrija biogazi iegiist no 72 izgaztuvém.

2. Forséta anaeroba biokonversija (FAB).

Atkritumu izgiztuves organiskas vielas biokonversijas process ilgst 5 — 20 gadus
atkariba no organiskis vielas sastava un apstakliem, kados tas atrodas. Procesu var forsét,
Ja rada tam labveligus apstakjus. Galvenie faktori, kas ietekmé MO darbibu ir
temperatﬁra un mitrums. Normali atkritumu izgaztuvé atkritumos ir daudz gaisa un to
saviem dzivibas un atkritumu biokonversijas procesiem patéré aerobie MO. Process
notiek ar temperaturas paaugstinasanos. Ti sasniedz 60°C un dazreiz pat vairak. Ja
atkritumos ir augsts mitrums, tad iesp€jama strauja organiskas vielas sadaliSanis.
Anaerobiem MO vajadziga temperatiira zem 60°C un mitrums pat Iidz 98%. Par optimalu
izgaztuves uzskata (4) 70-85% mitruma. Forsétds anaerobds biokonversijas metodes
pamata ir optimélu apstaklu radiSana MO darbibai. Atkritumos jauztur pastaviga
temperatura (35 — 40°C) un mitruma re¥ims. Anaerobas biokonversijas pielietofanas
iesp@jas paraditas uz Rigas atkritumu izgaztuves bazes.

2.1. Atkritumu sastavs,

Riga ir daudzstavu pilséta, un tas iedzivotdji galvenokart dzivo daudzdzivoklu
majas un tikai ap 50% viendzivok]a majas. Izgaztuvé nonak 205000 t sadzives un 45000 t
industrialo atkritumu. Apméram 24% no tiem ir iesp&jams biokonvertgt. At Riga tapat
kd visa pasaulé atkritumos pieaug plastmasas ipatsvars. Atkritumu sastava novértgjums
Riga paradits 1. tabula.

1.tabula
Rigas atkritumu sastavs
N.p.k. Atkritumu grupas | 1990.g. % | 2000.g. aprekini 1996.g. praktiskie
10 svara rezulidti.(3)
Sadzives Industrizlie Sadzives Industrizlie
atkritumi atkritumi %no | atkritumi atkritumi %
%no svara | svara %no svara | no svara
1. Papirs 323 16 10 16
2. Kartons 5 12 4 22
3. Ada, spalvas, | 2.5 1 2 1 -
kauli,gumija
4, Tekstils 4.0 2 2 2
5. Dirza, koksne 2.1 10 11 .
6. Partikas 32.1 25 26
7. Metils 3.4 3 9 3 10
8. Stikls, keramika 3.5+1 8 3 10
9. Plastmasa 4.6 7 6 6
10. Smiltis, bavgruzi | 13.4 20 26 17 19
11. Koks 27 2 35
12. DaZadi degodie 0.6 1 7
13, Bistamie 0.5 3 3 1
19
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Forsetajai biokenversijai ir lietderigi izmantot, ieguldot Siind, tikai organiskos
biodegradablos atkritumus. Citi atkritumi bus tikai lieks balasts, kas sadardzinds
tehnologiskas izmaksas, jo p&c organiskas vielas sairSanas bis kopd ar t3s atlikumiem
jatransporig uz citu deponéSanas vietu.

2.2, Stnas skice un tehnologija.

Lai realiz&tu forséto anaerobo biokonversiju ir vispirms jasagatavo §iinas pamata
virsma. Siinas pamatng jabht jzklatam necaurlaidigam materidlam atbilstosi ES normam.
Jaizveido vajadzigic slipumi uz infiltrata savak$anas drenu un infiltrata aku. Atkritumus
ieklajot, tos jablive, jo tas saisinds biokonversijas procesus. Péc atkritumu izvietoSanas
iertko gazes savakdanas un mitrinasanas sisttmas. Tad nosedz ar necaurlaidigu slani. Tas
vargtu biit ari smilSmals 0,5m biezuma. Principidld tehnologiskd shéma paradita
l.zimgjuma. Pastavigi jdkontrolé temperatiira, mitmuns un infiltrdta daudzums. Ja
atkritumi ir sawsi, tad palaifanas stadijé mitrumy pievada ar siikni pa miirindSanas
eistému.  Kad sdkas temperatiras psaugstindSands, sakas infiltrata ievérojama
palielindgands, un, kad tas parsniedz p1evad1to mitruma daudzumu, citkulaciju var
samazinat. Aerobie procesi, kas rada temperatiiras paaugstindSanos, beigsies, un
metanogengze notiks pie zemakas temperatiiras, bet parseguma un pa¥u atkritumu
siltumietilpiba nodrogings diezgan stabilu temperatras reZimu. Aukstajd gadalaika, ja ir

W1:1.4

slikis Stnas parkiajums, var biit nepiecieSama vzsiltindta infiltrata cirkulacija.
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2.3. Atkritumu stdvok|a analize.
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Lai labak izvertétu atkritumos notikuSos procesus, tika analizéti atkritumu paraugi
no urbuma daZados dzilumos. Rezultati apkopoti 2.tabula.

2.tabula
Atkritumu stivokla analize

zijums, [°C itrams% | rdsa marza rganisko atkriturau | eorganiko

m stavoklis atkrituru

stavoklis

2 13 30 Katram Atkritumu Uz partikas pel&jumi un | Dabigs
pamatkrasa citas sadaliSanas pazimes

4 22 35 Peléki Atkritomu Partika sadalijusies | Bez redzamam
peleki melna, uz papira | izmaigam.
baktérijas

6 42 40 Pejeki Biogazes Skidraki un melnaki, | Bez redzamam
melni papirs sairst, koksne né izmainam.

7 39 40 Melni Biogazes Partika un cita organika | Plastikats
parvertusies melnos | nosmeréts
slanos, koksne né, melnos

dublos.

8 50 45 Melni Biogazes Organika  sadalfjusies, | Gumija
neorganikas parsvars, vérojamas

plaisas

9.5 36 50 Melni Biogazes Organiskie atkritumi | Gumija
sadalfjufies, uz koksnes | vérojamas
virskartas bakteriju | plaisas
kolonijas.

10.1 34 30-60 Melni un | Biogizes Partikas atkritumi | Plastikats
gaisi brins sadalfjuies pilnigi, | nefirs bet
slanis koksne mitraka, virskarta | nesadalijies

kltst irdenaka. Telkstils
satrungjis

11.0 30 50~65 Melni Biogazes Partikas atkritumi melni | Gumija ar

dens dubli, tekstils satrungjis, | plaisam,
slanis koksne da)gji satrungjusi. | plastmasa bez
izmainam,

12.5 29 50 Melni Biogazes Partikas atkritimi k3 | Gumija ar
smiltis, melnas un mitras. | plaisam,
Koksne vidid vél nav | plastmasa bez
pilnigi satruné&jusi. izmainam.

13.3 28 50 Melni Biogazes Partikas atkritumi melnas | Gumija ar
smiltis, koksne vidi vél | plaisam,
nav satriidgjusi. plastmasa bez

izmaipam.

15.2 43 45 Melni Biogazes Partikas atkritumi melnas | Gumija ar
smiltis, koksne vidd vél | plaisam,
nav satriidgjusi. plastmasa bez

izmainam.

Izvertgjot atkritumu stavokli dazados dzilumos, redzams, ka augS€jos slagos
notiek aerobo mikroorganismu darbiba (lidz 4m), un pie salidzino$i maza mitruma nav
liela atkritumu sadaliSandas. Dzilumd 4-6m ir jau mikroaerofili apstakli, te notika
hidrolize, skabju veidoands un vietas, kur izveidojas anaerobi apstakli, sakas arT CHy
genéze. Saja dziluma izteikta gazes veidoganas. Dzilak 7-10m biogaze tiek raZota arvien
vairak, par ko liecina atkritumu krdsa un raksturiga biogizes smarZa. 10m dziluma
urbuma trapijas gai§i brins slanis, foti blivs, kas sastdvéja no cieti saspiestam Zagu
skaidam. Tam sekoja fidens ieslégums, kas samitrindja visu paraugu. Saja un arf lidz
15,2m dzilumam koksnes (délu gali, sprunguli) tomer vél nebija pilnigi satridgjusi. To
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var izskaidrot ar nepieticko§u mitruma saturu. Augstdkd temperatiira urbuma bija 8m
dziluma, un te notika visaktivdkie procesi. Neorganiska vield sevikas destrukcijas
pazimes, atskaitot plaisas gumija, netika novérotas. Plastikas pléves maisini, vacigi utt.
palika netiri, acim redzot uz tiem immobiliz&jas mikroorganismi.
3. FAB salidzinajums ar citam atkritumu utilizacijas tehnologijam.

Forseta anaeroba biokonversija kd municipalo atkritumu utilizacijas tehnologija
var sekmigi konkur€t ar citam atkritumu parstrades tehnologijam. Salidzinajums paradits
2.zimgjuma (4).

Izmaksas

milj.Ls
40.0
35.0
30.0
25.0
20.0
15.0

10.0

5.0

10 30U 7090 T 1301350 170 190 210230 250"
tiikst.t. Atkritumi

2.zim&jums. Kopgjie kapitalieguldijumi dazadu tehnologiju atkritumu parstrades uzpémumu
bivei

FAB izmaksas novért€jumam izmantoti ari zviedru firmas SWECQO projekta dati
par gizes ekstrakcijas sistémas un energobloka biivniecibas izmaksam. Verteiot
kompostéianas izmaksas, janem vérd, ka zim&uma paraditds izmaksas attiecas tikai uz
slégta tipa kompostéSanas iekartam, jo kompostéSana kaudz8s var tikt pielietota tikai
ierobeZotam organisko atkritumu daudzumam ~ darza atkritumiem un ar7 Latvija, kad ta
biis ES, biis tapat. Vides efektivitati var novértst péc $ida FAB un sadedzinaSanas
salidzindjuma (5).
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Vides efekis 3.tabula
Vides kritérijs | Meérvieniba FAB SadedzinaSana
Energijas raZo8ana (GD) 0.88 0.92
CO, emisijas kg) 200 -20
samazinasana
Telpas aiznemsSana m’ 0.6 0.15

4. FAB prieksrocibas un tritkumi,
Prieksrocibas.
Létas izmaksas salidzinajuma ar kompostésanu un sadedzinaganu.
2. Salidzinot ar deponésanu izgaztuvé daudz isdks organiskas vielas biokonversijas laiks
un telpas ekonomija. :
3. Kaut aiT prasa lielakus kapitalieguldijumus ka deponéSana izgaztuveé, tomer ar gazes
 legiiSanu tie atmaksajas.
4. Var izmantot arT ar mitrumu >60% un dalgji sairu$us un ar smiltim un biivgruZiem
* samaisitus atkritumus, kurus dedzinat nav ekonomiski izdevigi.
5. Mazaka gazu emisija.
Tritkumi.
Salidzinot ar deponéSanu izgaztuvé prasa lielakus kapitalieguldijumus.
NepiecieSams kvalificéts apkalpojoSais personals.
Salidzinot ar kompostgSanu garaks apstrades laiks.
Salidzinot ar dedzinasanu FAB, td pat a1T kompostéSanai vajadziga nedegradablo, it
seviski plastmasas izvak3ana vai vismaz maisinu sapléana.

posy
«

BN

Secinajumi

Forséta anaeroba biokonversija k3 municipalo atkritumu utilizacijas metode var
tikt sekmigi pielietota arl Latvijas apstaklos. Ta ievérojami saisina apstrddes laiku un
ekonomé izgaztuvju telpu. To var izmantot arl nelielas atkritumu izgaztuvés, jo iekarta
nav sarezgita. Ja izgaztuve ir neliela, tad gazi var sadedzinat un iegiito siltumu izmantot
tehnologiskam vajadzibam. Lielas izgaztuves, kur var nodro$inat efektigu $kiroSanu un
izvakt no OV polietiléna maisinus un citus degoSus materialus, lidztekus FAB lietderigi
uzstadit atkritumu sadedziniSanas ickartu. No visiem atkritumiem, kas nodoti EkiroSanai,
apméram 30% varstu tikt atgriezii otrreiz€jai izmantoSanai, 25% ieklati FAB Slinds un
45% nodoti tiefai sadedzindSanai.
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LIETOTAS SMERELLAS LATVIJA
( PARSTRADASANAS EKONOMISKIE UN EKOLOGISKIE ASPEKTI)

USED SMEAR OILS IN LATVIA

Janis Freimanis, Dr.chem.habil., vad.pétn., V. Stonkuss, Dr., pétnieks
Latvijas Organiskas sintézes institiits,
tel. 755182, e—pasts: freimanis@osi.lv,

Abstract. Used motor oil reprocessing is offered also for Latvian conditions. The
benefits from it consists in preventing of environment pollution by metal oxides and
unknown toxic substances in flue gases, evolving from, or due to possible catalytic
synthesis during the waste oil incineration, if the latter was disposed as before. The main
such pollutants from Latvian waste oils are sulphur dioxide, Zn, P, Pb, Cr, Ni and Mo
oxides, as well believed to be also heavy aromatic hydrocarbons. Besides, the
reprocessing completely lifts up the subsoil water pollution danger in case of waste oil
occasional spillage.

The used motor oil reprocessing by its recovery, vacuum distillation and marketing
is proved to be economically profitable, if the world crude oil prices are not lower than
25 USD/bbl, and may serve as an additional resource for a local lube oil manufacturing
Jor Latvia, as well as a way of diminishing of fresh lube oil imports.

The main obstacles for the enterprise under consideration to be overcomed are
believed to be the psychological inertia of oil users to dispose their wastes in a proper
way and also the insufficient oil collection infrastructure in the country.

1. Darba motivacija un mérkis

Lietoto smérellu izmantoSana ir aktuala visa pasaulé. Problémas biitiba ir t3, ka
visa pasaul€ katru gadu rodas miljoniem tonnu lietoto smérellu, kas, nepareizi likvidétas,
var atnest nopietnu ekologisko postu.

VienkarSakais lietoto elju otrreizgjas izmantoSanas veids biitu to sadedzinasana,
un $adi art pasaulé likvide vismaz 80% savakto lietoto ellu. Tomeér te rodas citas
ekologiskas problémas. Vispirms, 1 kg ellas sadegot, rada vidgji 2.58 kg CO, izmesu,
paslikiinot esoSo urbano gazu siltumnicas efektu. Talak, lietotas ellas satur metalus, kopa
100-3000 milj.d.(mg/kg), hloru, bromu 300 milj.d., vieglos naftas produktus 5-10 % un,
galvenais, policikliskos aromatiskos ogliidegrazus < 1500 milj.d. Ellas sadedzinot ie
piemaisTjumi nokliist atmosféra. Vel sliktaka varianta, ja lietota ella izgaztuve vai citur
noklust gruntsiidenos, viens tas tilpums spgj piesarpot 0.8 — 1 milj. tilpumus dzerama
tdens.

Tai pasa laikd valstis, kam nav vai ir nelieli savas naftas resursi, lietoto e}lu
otrreiz&ja destilacija un parstrade par lietosanai derigdm smére}lam var biitiski samazinat
to importu. Atgadinasim, ka viena tilpuma tiras smére]las razozanai ir japat€re tikai 1.3 -
1.4 tilpumus lietotas motorellas, toties j€lnaftas §im paSam nolikam nepiecieSams vismaz
56 tilpumi. Tomeér lietotas ellas destilativa attniiSana ir dargdka neka citi tas otrreiz€jds
izmanto$anas veidi, un tad pirmaja plana izvirzas jaut@jums, cik 4 ir ekonomiski pamatota.
Amerikas Savienotajas Valstis, kur ir labi atfistita viet&ja municipala infrastruktiira, §is e]las
tiek rentabli otrreiz destilétas Joti lielos apjomos.

Lietoto el]lu dzilas (destilativas) parstrades probléma sastdv no trim
fundamentaliem aspektiem: (a) savakSana no ellas “generatoriem”, (b) savakto lietoto
ellu otrreizgjas destilacijas vakuuma. Svarigakas lietoto ellu destilativas attiriSanas
tehnologijas ir devusas firmas Evergreen, Safety Kleen, Interline, Lube—X (tagad Tigsons
Inc.), Snamprogetti, Pesco u.c. Beidzot, bitiska ir (¢) procesa izmaksu, ienadkumu un

produktu noieta analize {']. Lietoto ellu parstrides produktu noiets, lai gan principiali
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neatSkiras no attiecigo svaigo naftas produktu realizicijas, tomsr ietver sevi daZas
ipatnibas, kas jaievero, organizgjot lietoto ellu otrreizéjo izmantosanu.

Ellas parstradé iegiistamas dizeldegvielas frakcijas cenu parasti nosaka svaigas
dizeldegvielas lokalas vairumcenas, bet galvena realizacijas produkta — t.s. “bazes e]]as”
cenu limeni nosaka to starptautiska veértiba. Otrreizéjam bazes ellam sak uzstadit tis pasas
galvenas kvalitates prasibas ka svaigajam ellam, un to pardoSanas cends TpaSu starpibu nav.
“Bazes ellu”- noieta prognoZu veikSanai vertigs ir CONCAWE veiktais Eiropas situdcijas
ekonomiskais novertejums, péc kura par bazi gjem NWE FOB prognozétis cenas uz
2000.gadu, vadoties no trim jélnaftas (Brent Crude FOB) cenas scendrijiem uz $o laiku [M)],
skat.].tab.

1.tabula
Proguozétie naftas produktu FOB NWE cenu Iimeni 2000.g., USD
Produldti Vienibas Cenu scendriji péc jélnaftas Brent cenas
Jeélnafta Brent Bareli, bbl 14 18 22
“Bazes ella” tonnas 255-265 270-280 295-305

Sai darba novértsta situdcija saskana ar tre§o, “augstas” naftas cenas scenariju,
kuru 2001.g. jau uzskata par paSu zemako, pie kura vispar ir iesp&jama rentabla nafias
riipnieciba pasauls. So limeni pasaules naftas cenas patlaban stabili parsniedz, un
attiecigi lielakas biis Isteniba ari bazes ellu cenas.

Visa darba mérkis — novertst, vai Latvijas apstakliem lietoto motorellu otrreizgja
parstrade var biit rentabla un kadas ekologiskas prieksrocibas tas sola.

2. Latvijas apstaklu analize
2.1.Iesp&jamais savicamo lietoto ellu daudzums Latvijas apstiklos

Analize liecina, ka Latvija var biit piegjami maksimili 8500 t/g reali savacamo
lietoto smerelju [] Planojot lietotas ellas izmantoSanu Latvija, sakuma biitu vélams
orient8ties tikai uz Rigu un tds tie§d tuvuma esoSo apkartni, lai maksimali atvieglotu ellu
savak§anas tehnisko pusi t&, lai lietoto e]lu transport€Sanas attalums neparsniegtu 50 —
70 km viend virziena. Tas nozimétu visus generatorus no Rigas, Jirmalas, Jelgavas,
Siguldas, Saulkrastiem, Olaines, Iecavas, Ogres, Malpils un visa Rigas rajona. Talakiem
aprekiniem lietosim vismazako daudzuma slieksni savacamas lietotas ellas apjomiem vz
2000.gadu, 5000 metriskds tonnas gada.

2.2, Elias savaksanu iespaidojosie faktori

(a) Normativa un institucionala baze pasakumam ir labveliga.

1. Latvija ar likumu ir noteikts, ka atkritumi, kas satur minerale{las un tam lidzigos
produktus, ir bistamie atkritumi, sk. likumu 1993.g. ar labojumiem 1996.gada ["']. Ipasos
MK noteikumos izdarita So un lidzigo atkritumu talaka klasifikacija, kura lietotas ellas jau ir

"fpa¥i bistamie atkritumi” [“a,b]. DiemZ&l saskana ar Sodienas situaciju mingto atkritumu
bistamiba nav pilnibd nemaz novértéta. Piem&ram, ir pateikts tikai, ka ellas ir ekotoksiskas
[ic] un to toksiskumu nosaka "citi sarakstd nemingti ogliidenrazi” [d]. Tai pasa laika, ir
skaidras zinas, ka lietotas ellas ir kanceroggnas.

Ar 1997.g. 12.augusta MK Noteikumiem Nr. 298 ir noteikta kartiba, ka ellds
savakt un transportét un kas ar tam ir darams ["'b]. Ir noteikts, ka tas drikst vai nu
sadedzinat, vai regenerét, t.i., atgriezt tam IipaSibas, kas ir pietieckamas materiala
otrreizéjai izlietosanai.

2. Lietotds e]las td vai citadi faktiski ir spiestas savakt jebkura autoservisa firma, un
tas redli jau notiek jau sen, ar padomyju laika. Tadgjadi jau pastav lietoto eflu koncentréSanas
relativi viegli kontrol€jamos punktos Latvija.
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3. Institucionali labvéligs faktors ir fakts, ka Rigd vairakim naftas produktu
izplaii§anas firmam pastav t.s. ellas maipas punkti jeb stacijas, kuras nodarbojas ar vecas
ellas nomaigu piebraunkusajam automobilim pret noteiktas firmas svaigo smérelju (piem.,
firm3m Esso, Shell u.c.). Talak Rigd jau ir registrétas Setras lietotds ellas savacgjfirmas,
kuras ar ma§inam apbrauka sikakos “generatorus”, uzkrij eltu lielaka apjoma.

(b) Materialais stimuls.

Sakara ar LR Likumu "Par dabas resursu nodokli" tirgotajs, importgjot mineralellas,
valstij maksd Ls 0.02 par litru. Ja turpreti to eflu, par kuru ir legali maksats $is nodoklis,
kada persona atkal nodod otrreizgjai izmantosanai, tad 60 % no iekasétas nodokla summas
ellas nodevejs var sagemt atpakal. V&l 20 % no §f nodokla sapem td firma (organizicija),
kura nodarbojas ar pasu So otrreizgjo parstradi.

Ka nelabvéligos faktorus jamin izdevumus ellas savaksanas mehanisma radiSanai
un kapitalieguldfjumus savdkSanas punktu aprikoSanai, savikanas transporta iegadei,
lietoto ellu epizodisku starta analizu izdariSanai un ellas parstrades ra¥otnes iekartoanai.
Bez tam, ir nepiecieSams izglitot iedzivotajus, ka lietotas ellas noteikti ir centralizeti
janodod, lai tas nesagadatu kait&jumu videi.

2.3. Ellas generatori Latvija un ellu “savicamiba”

Lietotas ellas "generatori", kam Latvija var biit izdevigi lietoto ellu vismaz uzkrat un
nodot nopéméjam, ir (a) autoservisa stacijas un staciondrie ejlas nomaipas punkti, kas,
savacot lietoto ellu no klienta, kur tas to atstdj par velti, var vigu uzkrat, (b) tehniski
mehaniskie uzpémumi ar pietiekamu ellas patéripu (vagonu depo, transporta uzp€mumi,
dzelzeelS, kugniecibas, lielie mas$inbiives uzp8mumi utt.) un (c) stacionari lietotds ellas
savakSanas punkti, kurus ir jAorganiz€ pagvaldibu teritorijas ka pa§valdibu dotétas vai
patstavigas uzpémejfirmas. Vismaz Rigas aglomeracijai biitu nepiecieSamas 20 — 23 ellas
savakSanas punkti. SalidzinoSa analize rada ['], ka no katras lietotds ellas generatoru
kategorijas ir reali gada savakt 2000 tonnu, tatad ar uzviju nodrofindt planojamo e]las
parstrades apjomu 5000 t gada.

2.4. Lietoto eliu iegades un savakSanas iespéjamas izmaksas Latvija
Ari § analize ir izdarfta miisu iepriek$gja darba [']. Analizgjot ticamakos ellas
sagides izmaksu variantus un transporta jzdevumus, dabiijam, ka vidgji 1 tonnas lietotas
ellas izmaksas tas parstradatdjam (pie “riipnicas vartiem”) ir 77.05 USD jeb 47.00 Ls
(darba izpildes laika bija 1 USD= 0.61 Ls).

2.5. Lietotas ellas parstrades ienakumu un izmaksu analize Latvijai
2.5.1. Ienikumu daja

Misu gadijuma velamie produkti, tatad, ir dizeldegviela, otrreizgja “bazes e]la”
un destilacijas atlikums, t.s. asfalta piedeva. Uz 2000.g. vidu vairumcenas Siem
produktiem ir $ada: Krievijas dizeldegvielai (Latvijas cenas) 230 USD/t, bazes ellai
(CONCAVE prognoze, “dargakais” scenarijs) vismaz 300 USD/t un asfalta piedevas
cenas novért€jums ap 71 USD/t Lai prognozgjamos ienakumus novert€tu pietuvinati
Latvijas situdcijai, veikts eksperimentals darbs, ar ko noskaidro o tirgus produktu realos
iznakumus (%) no Rigd vidgji savacamajam lietotajam motorellam (sk. eksperimentalo
dalu un 2.tabulu)

2.5.2. Izdevumu dala
To lielaka dala rodas no lietotas ellas sagades izmaksam, kuras piepemsim péc to
maksimali neizdevigaka novértgjuma ka minétos 77.05 USD/t. Pargjas izmaksas izvelétas
péc analogiskiem arvalstu piemé&riem. Latvijas apstakliem izv&lgjamies firmas LubcX

26

ISBN 9984 - 585-36 -0



Environment. Technology. Resources. 2001

(tagad Tigsons Inc., ASV) piedavato lietotas ellas attiriSanas tehnologiju, kam
kapitalieguldfjumu apjoms iekartai ar jaudu 5000 t/gada aprékinati ka 1.2 milj. USD.

2.5.3. Procentu atskaitfjumi
Tie sastadas no bankas aizdevuma procentiem, kurus Latvijas gadijumam japaredz
sliktaka gadijuma 15% gada pie aizdevuma atmaksas 10 gados, un no iekartas amortizacijas
atskaifijumiem, kurus vienkar§ibas dg] sadala lidzigas gada iemaksas, ki 10% no iekartas
sakotngjas vértibas gada.

3.Eksperimentala dala

Izveleti realu lietoto ellu paraugi no diviem autoservisa uzpémumiem daZadas
Rigas pilsétas dalds kopuma vismaz 4 kg katrs no $ajos servisos eso3ajiem atstradato
motorellu savdkSanas konteineriem. No katra ellu parauga izdariti divi preparativi
vakuumdestilgjumi ar iekravumu robezas no 350 — 650 g katrs.

Destilacijas eksperimenti. Ellu vakuumattiri§anu izdarija divos pap@mienos. Pirmo
destilaciju veic, lai no ellas parauga atdalitu visu fideni, viegli gaistofos oglidenraZus un
dalu petrolejas frakcijas, talak visu dizeldegvielas frakciju, smérellu frakciju un nodalitu
lielako dalu asfaltveidigo negaistoSo produktu. Pie tam 1idz frakciju virSanas punktam
parrekindtam uz atmosferas spiedient (v.p.um ) ka 260-275°C, destilaciju izdarfjam gan ar
tidensstriklas stkni (p= ap 11 mn/Hg), gan eflas stkni (p= 3-5 mm/Hg). No pirmajam
destilacijas frakcijam ar v.p..y beigu punktiem Iidz 275" mehaniski nodala tideni, un
ogludenraZu dalu ieskaita gaistosaja jeb “petrolejas” frakcija. Par&jo destilé talak pie ellas
sikna vakuuma 1-3 mm/Hg, celot kolbas silditajvannas temperatiru lidz 460 — 480°C,
tadgjadi atdalot ellas destilatus no asfalta atlikuma. legiitos virs 275° savaktos produktus
rektificg uz kolonnas ar efektivitati 12 teor.8k., celot kolbas silditajvannas temperatiiru lidz
370-380°C.

Rektifikacijas gaitd frakcijas nodala precizi — vél nelielu dalu ar v.p.aum VS-275 ¢,
ko apvieno ar pargjo “petrolejas” frakciju, dizeldegvielas frakeiju 275° — 370°C, vieglo
smérelas (bazes e]las) frakeiju 370°-440°C un smago smérellas (bazes ellas) frakciju 440°—
530°C. Rektifikicijas gaitd val paliek nedestilgjies atlikums, ko apvieno ar pirmas
destilacijas asfalta atlikumu.

Apvienojot abu  destildciju  rezultdtus visAm  Cetram  preparativajam
vakuumdestilaciju procediiram, rezultati pievesti 2.tabula.

2.tabula

Produkts Virs.p.am. °’C Svars, g % *
Lietota ella, kopa 2080.46 100
Produkti :
Udens 16.64 0.3
“petroleja” VS-275 165.79 8.0
dizelfrakcija 275-370 122.98 59
viegla smérella 370~440 590.96 284
smaga bazes ella 440-530 838.23 40.3
atlilcumi > 530 189.56 9.1
zudumi starpiba 7.5
kopa 1924.16 100%
* jzceltas % vertibas lieto ki produktu izndkuma daudzuma proporcijas ekonomiskaja
aprelina.

Séra satura analizes. Vispirms negaiditi noskaidrojas, ka jau sakotngjie ellas paraugi
var saturét séru. Viens tads paraugs saturgja videji 1.4469 % séra. Toties jau péc pirmas
vakuyumdestilacijas pilnigi viss séraino piemaisjumu daudzums koncentrSjas asfalta
atlikumos un otrreizéjas vakuumdestilacijas vissmagikaja produktd — kuba atlikuma — séra
vairak nav.
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Asfalta atlikumu galvenaja dala séra saturs svarstas no 1.3644 ldz 3.4483 %, kas
atbilst neorganiskd un organiskd séra satura summai. Ka izriet no izdaritajgm asfalta
atlikumu pelou analizém, neorganiska séra tur ir tikai 0.02-0.03 %, kas var rasties,
piem&ram, no MoS, piedevam smére]lam u.c.

Neorganisko _piemaisijumu __analizes. Tie paraugos tika noteikti ar
rentgenfluorescences vai atomu absorbcijas spektrometrijas metodi. Sim nolikam asfalta
atlikumi no pirmas vakuumdestilicijas izkarsé gaisa atmosféra pie 500°. T3 atrod sausnas
saturu asfalta atlikumos —no 20~ 21 %, kas vz sakotngjo lietoto elju sastada apm. 1.3 - 1.5
% pec svara.

Pievedam viena parauga elementu analizi, ekologiskd zina svarigikajiem
elementiem, kas izteikta vienibas milj.dalas (m.d.) no lietotds ellas svara. Tatad Ca 435, S
309, Zn 227, P 199, Pb 8, Cr 2.5, Ni 1.62, Mo 1.24, Mn 0.93, Sr 0.68, Ti 0.50 wn Ba 0.62
m.d. Tas nozimg to, ka, izdarot lietoto elju sadedzinasanu kurtuvé, ir rtpigi jakontrole 5o
elementu saturs diimgazes, 13, lai tas neparsniegtu Eiropas Savienibas noteiktos normativus.
Bez tam jau Sodien var apgalvot, ka, lietotajam e]lam nokliistot augsné, tur nokliis ari visi
augstak pieminétie kaitigie smagie metali.

4. Destilacijas procesa gada ienakumu — izdevumu nevertgjums

Visi aprekini sikak aprakstiti sikdka izklasta darbd ['] , un visi apréekini veikti ASV
dolaros pac lkarsa 1 USD = 0.61 Ls. Izdevumu daid taja ieklauti ari izdevumi par
notekiidepu atthiSanu, kuri jebkuros ekonomiskajos novértgjumos saskapd ar ASV un
Kanadas esoSo praksi tiek rezervéti ka 132.— USD par notekiidenu tonnu, kuru daudzumu
aprékina ka 7.5% no kopé&jas lietotas ellas caurpliides.

Ekonomiskie aprékini izdariti no pesimistiskaka, t.i., visddrgaka lietotas ellas
sagades izmaksu varianta, negemot véra kurinama ietaupijumus no iekartas gaistoSo frakciju
izlieto$anas par kurinamo.

Tada gadijumi jau pirmaja destildcijas iekartas darbibas gada, atrékinot vél 25%
pelnas nodokli, neto ienakums ir 110,000 USD ar pelnas procentu 26%, tatad sp&j nosegt ari
izdevumus raZoSanas attistibai, pieméram, produkta labakai attiriSanai un labakam
marketingam. Sis procents tdpat rada parliecibu, ka pasdkums saglabas kaut nelielu
rentabilitati ar realas tirgus grutibas, pieméram, spontinas noieta problémas, péksnas
produkta kvalitates pasliktind$anas gadijuma utt.

Pie 1998.gada cenu limena (j€lnaftas cendm 14 USD/bbl, bazes ellas cenas 265
USD/T un dizeldegvielas ta laika cenas Latvija ap 135 USD/T) uznémuma pirma gada neto
pelnas procents ir tikai 10 %, tatad pasakumu jau var uzskatit par riskantu. Tas nozimé, ka
lietotds ellas destilativa attiriSana ir ekonomiski izdeviga pie pietiekami augstam nafias
pasaules tirgus cenam. Ta ka pasaules naftas cenas vairs neprognoz€ zemakas ki 25
USD/bbl, var uzskatit, ka miisu izdaritajiem aprékiniem ir ilglaicigs raksturs.

5. Secinajumi

Lietoto ellu destilativajai parstradasanas metodei tatad ir divu veidu prieksrocibas.
Vispirms jamin ekologiskds prieksrocibas. CO; izmeSu (2.58 kg CO, /kg) daudzums,
sadedzinot lietotds ellas, gan ir vienads ar to, kas rodas sadedzinot lidzigu tilpumu svaiga
kragnu kurinamo, tomér lietoto ellu dedzinaS$ana ietver sevi potenciali bistamu problému,
kura Iidz $§im nemaz nav risindta. Proti, lietoto ellu dedzinaSana ietver sevi to strauju
sakarséSanu un tad oksidéSanu visdazadako metdlu piemaisijumu klatbumé. Bet tiesi tie ir
apstakli, kad dimgazeés katalitiski var rasties visdazadakas papildus toksiskas vielas, kutas
nevar rasties, pieméram, sadedzinot mazutu. Otrkait, lietotas e]las destilativi parstradajot, ir
pilnigi izslégta arl pasu ellds pierddito smago metdlu piemaisijumu nokliiSana atmosfé:a.
Treskart, paliek spéka pasaulé citur pierdditais atzinums, ka nekéda zind nav pielaujama
lietoto ellu vienk@rsa izlieSana augsng, uz zemes, vai tas depongSana izgaztuves sakard ar
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gruntstidenu piesdrpodanos ar pasu $o eflu un tis piemaisfjumiem. Beidzot, ja lietoti ella
ari satur séru, tad destilatos séra vairs nav — tas viss koncentr8jas asfalta atlikumos;
tadejadi bazes e]las ieglistam k3 séru nesaturofas izejvielas talakiem mérkiem.

- Lidz ar to tieSi Sis pap&miens (otrreiz&ja destilacija) garanté visaugstako lietoto
ellu likvidacijas dro§ibu, vél jo vairak tad, ja Eiropas Savieniba un péc tam Latvija péc
kada laika tiktu piepemti stingrdki vides piesarpo$anas normativi.

Otrs 3is metodes izdeviguma arguments eso§ajos pasaules naftas cenu apstakjos
par labu lietotds ellas otrreizgjai destilacijai ir tas rentabla parvérSana produktos ar
pietiekami lielu pievienoto vertibu. Misu izdaritie puskvantitativie ekonomiskie
novert§jumi, kas uzskatdmi par biznesa realitates analizes “nulles tuvindjumu”,
neparprotami rada, ka pie naftas cenam 25 USD/bbl un vairdk lietotds ellas otrreizéjas
destildcijas parstrdde ir rentabla un var attistities par jitamu kompensaciju smére]u
importam tapéc, ka kompensé vismaz 65% izlietotds ellas. ,

Miisuprét, galvenie Ské&r8li §1s metodes komercidlai attistibai ir nevis tehniskas vai
ekonomiskas dabas, bet drizadk - organizatoriskas un psihologiskas. Vispirms,
nepiecieSams iedzivotdjos iedvest neparkapjamu parliecibu, ka izlietotas ellas un lietotos
ellas filtrus no vides piesarpoSanas draudu viedokla, izsviest izgaztuves vai atkritumos ir
nepielaujami un ka visa §ada ella ir jasavac neatkarigi no t3, ko ar o ejlu talak bitu
visekonomiskak darit.

Otrkart, ir jasak veidot plass teritoridls tikls lietoto ellu savakSanai, k3 tas tiek
darits citds valstls ar galveno meérki — pietuvinat reali parstradajamo eflu daudzumus
teorétiski iesp&jamajiem.
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Abstract. A large part of Latvia pig farms with their equipment for removal of
manue are badly acting on the surrounding environment. To install the depositeries for
manue with the necessary capacity at existing pig farms require the capital investments
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about 7-10 million lats. When the depositeries are built, it is important to improve the
System of manue removing in order not to allow to liquefy the mass of the manue.
Examination of pig farms resulted in working out the measures to decrease the
liquefying of the manue. Experiments were carried out in a finishing pig farm with 1200
pigs. The liquid fraction was separated from the excrements. For removing out the
dense manue with humidity of 86-88 % a scraper-transporter had been used. In the
Jarm in question this measure has decreased the liquefying 2,5-3 times. Calculations
and analyses of the expenses have showed, that the smallest (approximately 5 lats/pig
per year) they are if pigs are kept on slatted floors. The total expenses to build the
premises in this case are by 20 % less.

Latvijas lauku saimniecibu ciiku kiitis pakaiSus parasti lieto tikai nelielas fermas.
Lielakas fermas pakaiSus lieto nedaudz un tikai zid€ju sivénu gulvietas. Lidz ar to no
ciiku kiitim izvaktie kitsmé&sli ir pusskidras konsistences, ko nevar nokraut kaudzes. No
dabas aizsardzibas un kiitsméslu raciondlas izmantofanas viedokla Skidrméslus nav
vélams izvest uz lauka vela rudeni, ziemd un agri pavasari. Daudzas valstis to aizliedz
piepemtie likumi par dabas aizsardzibu. Sadu prasibu pienemsana biitu nepiecieSama ari
musu valsti, lai samazinatu kaitgjumu videi. Pusskidru un Skidru kiotsméslu uzkrasanai
pie kitim nepiecieSamas atbilstoSas ietilpibas tvertnes. Kads ir stavoklis ar kiitsméslu
kratuvem pie ctku fermam Latvija? Ciiku fermu grup&ums péc lieluma un uzkrdjamo
kiitsméslu daudzums diend un pusgadd dots 1. tabuld. Krdtuves izmérus un ietilpibu
terobezo Skidrmeéslu homogenizéSanas iespéjas kratuves iztukSoSanas laika. Prieksroka
dodama cilindriskas forimas kratuvém ar diametru 1idz 10 metriem un dzilumu vai
augstumu 3 — 4 metri. Maksimalais diametrs var sasniegt 20 metrus. Tad kratuves
ietilpiba ir ap 1000 m’.

1.tabula
Cuku fermu skaits Latvija 2000. g. sikumi [1] un kutsmésiu
daudzums attieciga lieluma ferma
Ciiku skaits Fermu Kitsmesli ferma, t Kratuvju skaits
ferma Skaits diend Pusgada ferma (V=500m")
3-49 21500 | lidz 0,3 lidz 50 1 (50 m’)
50 - 199 496 0,3-1,1 50 — 200 1 (200 m*)
200 - 1999 136 1,L1-11,0 200 — 2000 lidz 4
2000 — 4999 6 11,0-27,5 2000 - 5000 4-10
vidgji 8000 8 | vidgji 45 vidéji 8200 vidéji 16

1. tabulas p&dja aile redzams, cik vidgja lieluma tvertpu, ar ietilpibu 500 m’,
nepiecieSams pie dazida lieluma ciku fermam, lai Skidrméslus uzkratu pusgadu.
Analizéjot faktisko stavokli pie ciiku fermam, jdsecina, kea izbuvétas esosas kratuves
nodro§ina kiitsméslu uzkrasanu tikai loti neilgu laiku. LéSam, ka Skidrméslu kratuves
izbiives izmaksas vidéji ir 25 — 40 Ls/m’. Tatad 500 m® tvertnes izbiive var izmaksat 12~
20 tikst. Ls. Lai izbuvetu kitsmeésiu kratuves pie visdm esofajam ciiku kitim vai
fermam, kuras ir vairdk par 50 ciiku, ir nepiecieSami Iidzekli 7-10 milj. Ls apméra.

Apsekojot fermas, ir redzams, ka pielietotd tehnologija sekmé kiitsméslu
sajauksanos ar fideni un tie saskidrinas, sasniedzot mitruma saturu labakaja gadijuma 93—
94 %, Tada veida Skidrm&slu kop&ja masa palielinas vismaz divas reizes. K& novérst vai
vismaz samazinat kitsméslu sadkidrind$anos? Saja sakara sikak analiz€sim stavokli
clikkopibas lielfermas, kas uzceltas péc tipa projekta 802-148/72 [2] Viskos, Skauné wun
Rudbarios 70. gadu otrajd pusé 12000 ciiku izaudz&Sanai un nobarofanai gada katrd no
tam. Sada tipa fermas planojums redzams 1. att&la.
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1. att€ls. Fermas planojums 12000 ciiku izaudzéSanai un nobarosanai gada

(tipa projekts 802—-148/72): 1 ~ s€klojamo sivénmasu kiits 144 vietam; 2 — griisno
sivénmasu kiits 400 vietam; 3 — sivénmasu atnesanas kiits 120 vietdm; 4 — nobarojamo
ciku kiits 1200 vietam; 5 — $kidrm&slu parsiknésanas tilpne; 6 — personala telpas;

7 — baribas noliktava.

Pozittvi vert€jams ieks§€jais planojums kiitis un risindjums ciiku baroSanai ar
sausu pilnvértigu spekbaribu. Cilku dzivmasas diennakts piesvars ir vidgji 0,65 - 0,70 kg.
Lidz ar to ir labi ar1 citi raZoSanas stavokli raksturojosie raditaji. Bitisks trikums $ajas
ciku lielfermas, kur katrd vienlaicigi ir vidgji 7900 ciiku, ir neracionalais risindjums
kiitsméstu izvaksanai. Ciku aizgaldos ir dalgja spraugu grida, caur kuru mésli nonak
zemgridas kanalos. Tajos sakr@juSos kiitsméslus ar Gidens stritklas palidzibu pa 300 mm
diametra cauruli aizskalo uz vidgji 200 metrus attdlo parsiiknéSanas tilpni. Diena 85 t
kiitsméslu (kopd ar tehnologisko Tideni) aiztransportéSanai lidz parsiiknéSanas tilpnei
izlieto 185 m> Gidens. Rezultdta kratuvés praktiski nondk netirs iidens — tidens ar méslu
piejaukumu. Td mitruma saturs ir 97 — 98 % un ferma katru dienu jatiek gala ar 270 m’
notekiidenu, kurus griti nosaukt par Skidrmésliem. To uzkraSanai un apstradei pirms
talakas izmantoSanas paredz€tas filtréjo§ds kratuves. Pati lielakd probléma ir atfiltréta
Skidruma uzkrasana un taldka izmantoSana. T4 daudzums pusgada sasniedz 35 tukst. m>.
Sada $kidruma daudzuma izvadagana uz apkartgjiem laukiem saistita ar lieliem transporta
izdevumiern.

Kopigi ar So fermu darbiniekiem tika mekleti risindgjumi td Gdens daudzuma
samazinaSanai, kas saistits ar kutsméslu izvakSanu no kitim un to nogadi lidz
parsiknésanas tilpnei. Tika secinats, ka pie jebkura risinajuma pirmam kartam ir
jaatsakas no kutsméslu nogades lidz parsiiknéSanas tvertnei pasteces cela. Samazinot
tdens piedoSanu kiitsmésliem, tie zaudé plustamibu. Tade] ki kontrastgjoss risindjums
viend nobarojamo ciiku kiitT tika realizéta kiitsméslu izvaksana, izblivéjot méslu renes ar
tanis iemont&tiem skrdpju transportieriem TSN — 160. Skrapju transportiera montazas
principiald shéma dota 2. attéla.
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2. attéls. 1200 nobarojamo ciku kiits parbiive vircas un méslu atseviskai savakSanai:
1 — ciiku aizgalds; 2 — siltinatd giida; 3 — betona plaksne ar vienu slipu skaldni; 4 — $kidrméslu
uzkrasanas kanals, kur satek virca; 5 — méslu kanals ar skrapju transportieri; 6 — apkalpoganas
gja.

Atskiriba no tradiciondld risingjuma ir ta, ka virca un no dzirdném notecgjusais
tidens tiek savakti atsevi¥ki no bieziem mésliem. Virca un iidens pa aizgalda gridas
shipumu notek lidz ski@pju transportiera renes malai un talak apliecas pa slipi noskelto
malu uz leju un notek savacgjkanala. Ta lomu izpilda bijusais Skidrmeéslu kanals. Biezos
méslus aizgaldu tiriSanas laika sagriz skrapju transportiera rené. Realizgjot §adu tehnisko
risinajumu, ekspluatdcijas pirmajas diends virca un liekais Udens labi notecgja
savacgjkanala un ar skrapju transportieri izvakto kitsméslu mitruma saturs bija 86-88 %
robezas. Turpmaka ekspluatacijas gaitd ar ski@pju transportieri izvakto kutsméslu
mitruma saturs palielindjas, jo dala vircas vairs nenotec€ja savaksanas kanald, bet gan
skrdipju transportiera rené. Par iemeslu tam bija vircas noteces spraugas pieséré$ana.
Konkréta risindjuma tas tirifana bija apgritindta. Tade] vircas noteces spraugas
augstumam ir jabiit vismaz 50 mm. HronometraZas rezultati radija, ka palielinas ari darba
patérins aizgaldu thisanai salidzindjuma ar darba patéripu pargjas kitis, kur aizgaldos
tika saglabata dalgja spraugu grida.

Neskatoties uz novérotajam konstruktivajam nepilnibam, izv€igtais risingjums
deva iesp&u bitiski samazinat izviktds Skidrméslu masas daudzumu. Pilnveidojot
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panémiena konstruktivo izpildijumu, tas var tikt pielietots ipa§i kaitis, kur kiitsméslu
izvakSanai jau ir nzstaditi skrapju transportieri, bet nolietofanas de] renes ir jaremontg.

Cits risindjums, lai samazindtu izlietota {idens daudzumu, ir méslu pasteces
kanalu izbfives izmaiga. Latvija ciiku kiitls méslu pasteces kanalu garums bieZi sasniedz
pat 60 metrus un kandla apakSa ir ar slipumu tecSanas virziend. Tads risindjums
nesekmé kandlu paSiztukSoSanos, un méslu izvak$anai ir jalieto Gdens. Aplikojamas
ciikkopibas lielfermas kitsméslu izvaksanas kanalu garums ir 40 metri ar apaksgjas dalas
slipumu 1 %. Arzemju literatiira kiitsm@slu pasteces kanilu plelau_]amo garumu uzdod
20-25 m robeZds un kanalu apaksa ir horizontala. Ievérojot §is rekomendicijas, 1200
nobarojamo ciiku kiiti 40 m garie m&slu kandli ir jasaisina uz pusi, katras kiits sekcijas
(600 ctkam) vidusdala izbiivgjot skérskanalu méslu izvadiSanai no kits (3. attéls). Pa
Skerskanalu mésli paSteces celd izplist no kiits uz tis sdnos izbivejamdm méshu
piepemsanas tilpném. No tam Skidrmeéslus regulari izved uz galvenam kratuvém vai
aizsiikn€ uz esoo parsiiknéfanas tvertni.

Sadu parbiivi lietderigi saistit ar spraugveida gridas platibas optimizéganu, kas
dod iesp&ju lidz minimumam samazinat darba patéripu aizgaldu gridas pieméslotas dajas
tiriSanai. Janem vérd, ka cikas vairak vai mazak piem@slo visu aizgalda platibu, izpemot
vietu gulésanai. Izejot no $ada nosacijuma, spraugu grida ar zemgridas kanaliem méslu
savak3anai jaizbOve visa taja aizgalda dala, kas nav paredzeta ciku gulgSanai jeb bliva
siltindtd grida javeido tikai tada platiba, kas ciikam nepieciesama gul€sanai. Gulesanal
nepiecieSama plat‘ba atkariba no cuku dzivmasas ir sada ja dzivmasa 30 kg — 0,20 m?,
50 kg - 0,30 m’, 70 kg — 0,39 m%, 100 kg — 0,51 m? [3]. Aprékini rada, ka nobarosanas
sakuma posma (11dz 65 kg) vienai cuka1 gulésanai neplemesama vid&ja platiba ir 0,28 m?,
bet nobaroSanas beigu posma (hdz 100 kg) — 0,44 m*. Lidzigas prasibas nobaro;amo
ciiku aizgaldu izkartojuma ir, pieméram, Holandé [4]. Saja rakstd aplukoto fermu
nobamJamo ciiku kiitis, pie aizgalda kopejas platibas katrai ciikai 0,8 m?, bliva grida ir
0,6 m’, kas nobarofanas sikuma posma ir divas reizes vairdk par nep1eclesamo un
nobawsanas beigu posma vidgji par ceturto dalu vairdk. Tas atstaj biitisku ietekmi uz
darba patérinu aizgaldu tiriSanai. Veicam aprékinus par izmaksam kiitsméslu izvak§anai

atkariba no lietota izvaksanas pap&miena. Salidzindjam $adus variantus pie diviem darba

samaksas [tmegiem ~ 50 un 100 Ls/ménest:

— kiits ar auksto gridu bez un ar skrapju transportieri kiitsmésltu izvaksanai;

— kiits ar silto gridu bez un ar skrapju transportieri kiitsméslu izvaksanai;

— Kiits ar silto gridu un mé&slu pasteces kanalu, parklatu ar spraugu platném;

— spraugveida grida visa aizgaldu platibd (paSattirosa grida).

Aprekinu rezultdti parada, ka ties@s izmaksas aizgaldu tiriSanai un kiitsméslu
izvakianai pie minimalds algas (50 Ls/mén.) maz at¥kiras pie visiem kitsméslu
izvak$anas veidiem un ir vidgji 5 Ls uz ciku vietu gada (Ls/c.v.g.). Aprékinu rezultati
pie darba samaksas limena 100 Ls/mén. doti grafikd 4. attgla. TieSas izmaksas visvairak
pieaug nemehaniz&tas meslu izvak$anas variantd un vid&ji ir 6,5 Ls/c.v.g. Pielietojot
skrapju transportieri pietieko§i lielam ctiku skaitam (virs 200 cokam), izmaksas ir vidgji
6 Ls/c.v.g. Pie dalgjas spraugu gridas (méslu izviksanas kandli) izmaksas palielinds lidz
5,5 Ls/c.v.g., bet praktiski nepieaug pie cliku turéSanas uz spraugveida gridam visa
aizgalda platiba, jo notiek giidas paSattiriSanis.

Pie ciiku turéanas uz spraugveida gridam par 1/3 dalu samazinds kiits platiba
vienam un tam paSam ciiku skaitam, salidzinot ar kiiti, kur ciikas tur uz siltas gridas un
kiitsm&slus izvac ar skrapju transportieri.
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3.att€ls. 1200 nobarojamo citku kiits parbiive, samazinot $kidrmeéslu izvaksanas kanalu garumu
un iekartojot Skidrmeslu islaicign uzkrasanu pie kiits: 1 — aizgalds ciiku nobaro$anas sakuma
petiodam; 2 — aizgalds cliku nobaroS$anas beigu periodam; 3 — garenkanali skidrméslu
saviksanai; 4 — §kérskanals Skidrm&slu izpliidei no kits; 5 — tvertne Skidrmé&slu uzkrasanai.

No 2. tabula dota aprékina par nobarojamo ciku kiits celtniecibas izmaksam

redzams, ka, kaut gan sprangveida gridas m’ izbfive ir 1,7 reizes dargaka par siltinatas
gridas izbtvi, kiits celtniecibas kop€jas izmaksas pie spraugveida gridas vienam un tam
pasam cuku skaitam ir par 20 % mazakas. Tadel spraugveida gridu variantd samazinas
€kas ekspluatacijas izmaksas, samazinds siltuma zudumi telpai. No aprékiniem var
secindt, ka ciiku turéSanas parkarto§ana uz spraugveida gridam esosas kiitis ekonomiski

lietderiga, ja paredzéts palielinat raZo$anas apjomu.

ISBN 9984 - 585-36-0

2. tabula
Ciiku kiits platibu un celtniecibas izmaksu salidzinidjums,
izbaivgjot aukstas, siltinatas vai spraugveida gridas
Gridas Gridas Platiba 1 ctikai, | Kuts 500 nob.  Ciikam (piemérs)
veids izbiives m? Kiits Kiits izmaksas, Ls
ciku izmaksas | aizgalda kiits platiba, | Kopégjas tai skaita 1 cliku
gulvieta Ls/m’ m’ gridas vietai
Auksta 34 08-12 | 1,5-17 840 88200 29400 176
Siltindta 51 0,8 L5 810 93900 37200 188
Spraugyv. 87 0,65 1,1 540 73500 35700 147
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4. attels. Kitsméslu izvakSanas procesa gada ekspluaticijas izmaksas latos vienai
citku vietai atkariba no cliku skaita kiit7 un tehnologijas kiitsméslu izvak3anai

Apsekosanas rezultdti rada, ka vairumd clku fermas kitsméslu bitiska
saSkidrind8ands un lidz ar to ievErojama kop&ja uzkrijama daudzuma palielindSanas
saistita arT ar Gidens notec€Sanu uz gridas no dzirdn&m. Galvenais iemesls tam ir dzirdpu
nepareiza montdZa un ekspluatdcija. Dzirdpu novieto$anas augstums bieZi neatbilst
aizgaldd esoSo ciiku augumam, Gdens spiediens pievados stipri parsniedz rekomendéto.
Dzirdpu patvaliga tecgSana bojaSanas de| netiek savlaicigi novérsta. Notekot no dzirdnes
uz gridas 6 litriem tidens diend, r&kinot uz katru aizgalda esofo ciiku, Skidrm&slu mitruma
saturs sasniedz 92 — 94 % un to kopg&jais daudzums dubultojas.

Secinajumi

1. No vides aizsardzibas un ciiku fermu sakartoSanas viedokla ir svarigi kiitsméslu
kratuvju ietilpibu palielindt lidz tam, lai nodroSinatu kiitsméslu uzkraSanu 5 — 6 ménesus.
2. Ta ka kiitsméslu kratuvju izbiive saistita ar lieliem kapitalieguldijumiem, pasakumu
realizacija jasaista ar valsts atbalsta programmam lauksaimniecibai.

3. Kiatsméslu kratuvju ietilpibas optimizacija pandkama, pilnveidojot kiitsméslu
izvak$anas sistému no ciku kiitim, galvenokart biitiski samazinot fidens daudzumu, kas
nonak kiitsméslu mas3. Tas realiz&ams ievérojot jaundkas atzinas kiitsméslu izvakSanas
kanalu un ciiku dzirdinasanas ietaiSu izblivé un ekspluatacija.
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SKOJOI'MYECKH BE3OITACHBIE TEXHOJIOI Y 3ATOTOBKH
TPABSIHBIX KOPMOB
ECOLOGICALLY SAFE TECHNOLOGIES OF GRASS FEED
PRODUCTION

Cemen VisaHoB, HOKTOp HHKEHEPHDIX HAYK, BeyMuil HCCIEKOBATEE
3pyapac MaTtucane, JOKTOp HHKEHEPHBIX HAYK, BedyN(uil Heeael0BaTeNlb
Institlita iela 1, Ulbroka, Rigas raj., L.V~2130, Latvija
Tel.:*+(371)2910879, fax: +(371)2910879,e-pasts: uzc@lanet.lv

Abstract. The aim of the research was to find out the possibilities for reducing the
prime cost of environmentally safe technologies fo the preparation of herbaceous fodder
by improving technical means. During the recent years, on major individual and co—
operative farms there is being introduced a perspective roll technology of processing
wilted green grass with subsequent sealing of rolls m a flexible film. The advantages of
the green grass processing technology with subsequent sealing of rolls in a flexible film
are:

— environmental safety of the technology (exclusion of pollution with silo saps, absence
of odour nuisance, absence of compounds m the feed that are detrimental to animals and
Jormed during the common siloing, its low acidity),

— considerably lower dependence of forage processing on weather conditions, complete
mechanisation of engineering processes;

— the forage can be processed in small quantities, and for its storage no specialised
containers are needed, which is a valuable feature for small farms;

— increased nutritive value and good gustative qualities providing a possibility of
essentiol raising the yields of milk and its quality (vetention of all nutrients and
vitamins), insignificant losses of nutrients during the harvesting and storage period (not
more than 10-15%).

Baenenue

MonoyHoe ¥ MSCHOE CKOTOBOJCTBO SABISIIOTS BOXHEHIIMMH OTpPACIIMH
cenbekoro xosaiicrea JlarBuu. Texnosmorusa 3aroToBKH KOPMOB B JIETHHM IEpHOI BO
MHOrOM ompefenser cebecToHMOCTh MOJIOKAa W Msca, & TaKKe MX Ka4eCTBEHHEIC
rioKa3aTeNnd. 3aroToBKY KOPMOB IIPOBOJSAT B OCHOBHOM B MIOHE—MIOJNE, HO B YCJIOBHUAX
Banruy B 3TOT HEPUOX OYEHb 4acTO OBIBAET JONKUIMBAS MOroa, KOTOpas HE TONBKO
HAPYIUAET ONTHMANIBHEIE CPOKH, HO ¥ HE TO3BONAET yOparh HeoOXOIHMMOe KONHYESCTBO
cyxoro cena. B mocnesnre 20-30 neT B KOJUISKTHBHBIX XO03scTBax JIaTBuu KpoMme
sarotoBku ceHa (39-40% ot ofmierc konuyecTBa KOPMOB) MIMPOKO IPUMEHSIIUCH
3aroTOBKA CUJIOCA W CEHAXa B CHELUANBHBIX TpaHiuesx u 6amHgx (okono 50% ot Beex
KOpPMOB), & TaKXe pamIUvHble XHMUYECKHE KOHCEPBAHTHI 4JIA IPEJOTBPAINCHMS [OPUM
Hecyxux crebenpuaTeix KopMoB. Ilocne mporemeHus pedopM B cenbckoM xo3siicIBe U
CO3AHUA MHOTOYHCIICHHBIX KPECTHIHCKUX XO3SHCTB B OCHOBHOM 3aroTaBlIHBaIOCh CEHO
(86%) u Tonmpko 14% cumoca m ceHaxa. Panee paspaboTaHHBIC TEXHOJOIMH U
KOMIUIEKCEl MaIUWH IS 3aroTOBKM KOpPMOB OBIIM NPHCIOCOGNEHB! VIS KPYMHBIX
XO3SHCTB.

ITpumeHerne XHMHYECKHX KOHCEPBAaHTOB MMEET Psifi HETaTWBHBIX MOMEHTOB,
BIHMAIMX HA 3J0POBBE JKUBOTHBIX, KAUECTBO MPOAYKUMK U OKPYXAOMYI0 Cpeny B
{IeIOM. 3arOTOBKA KA4yeCTBEHHOTO CHJIOCA B COBPEMEHHBIX YCIOBUAX B JlaTBHM Takke
COTIpSXEHA C pAroM TpyXHOcTeH. 3aknajgKy TpaHIIeH CHIoca HeobXoOuMO IMPOBECTH B
KOPOTKHE Cpoku (o 3 nHei), MHade HA4YMHAIOTCA IPOLECCHl CaMOHArpeBa W IOPYH
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KadgecTBa KOpMa (MOBLIMIEHHS KHCIOTHOCTH, 00pa30BaHUA BPEAHBIX COSTUHEHHIA U Ip.).
B ormocurensHO HeOONBIMMX XO03MHCTBAX HET B HAINYHH CHENMANBHEIX TpaHiue# wu,
KpOME TOrO, JaXe TaM IJIe OHH COXPAaHMIMCh, OUEHB CJIOXKHO 3aroTOBHTE OONBINOH
o0beM cumiaoca B KOpOoTKu#  cpok.  Cremuduyeckmit HENPUATHBIA  3amax
HH3KOKa4eCTBEHHOTO CHJIOCA 3UMOM TaKXKe IOPTHT OKPYKAFOIIYIO CPE/Y B HACENEHHEIX
IIYHKTaX.

Metonnka uccaenoBanni

3amagaMyl WCCNENOBaHHH SBILUIHCH OUpeleneHye (PaKTOpoB, BIMAIOMIHX HA
SKOHOMUHYECKYIO 3¢ PexTHBHOCTE IPUMEHEHUS DYJIOHHBIX TEXHOJIOTHH,
arpOTeXHHYECKas OLEHKA M  COBEPIIEHCTBOBAHHE  IIPeCC—IOAGOPIIUKOB s
JKONOru4Yecky Oojee NPOrpECCHBHOM PpYNOHHOM TEXHONOIMH 3aTOTOBKH 3€JIeHOM
TpaBSHOM MacCBl € TIOCHEAYIOIIEH repMmeTH3anuedl sIacTHYHOM IUIGHKOH. B
HCCIeIOBAHMAX IIPUMEHANACE paspaboTaHHAd METOINWKA OIpefelleHHs MHoKasarernei
IKOHOMHIECKOH 3(QQEeKTUBHOCTH ¢ HCHONL3OBAHMEM KOMIIBIOTEDHOM NpOrpaMMbl
EXCEL. ArpoTexnudecKas OLEHKa MPOBOJUIACH C HCHONB30BAHHEM CTaHIAPTHBIX
METOIUK.

Anann3 TeXHOJOTHH M Pe3yIbTAThI HCCIEX0BARMI

Pynomnas  TeXHONOTHsS  3arOTOBKH  CE€Ha  ODOECHEYMBAIOT  BBICOKYIO
IPOU3BOAUTENLHOCTE paloT, Malble IOTePH YOHpPAeMBIX MATEpHaIOB, 4 TaKXKe
NO3BOJIFIOT IHMOJHOCTBIO MEXAHH3UPOBATH TEXHOJOTHYeckue mnpoueccel. [lomyuaemsre
IpH 3TOM IIMHAPUYECKHE YIaKOBKU ceHa 00memMoM okoio 1,1 M i Becom 150-200 xr
MOXXHO MEXaHM3HPOBAHHO PACIPENENATh XHMBOTHBIM. OJHAKO, MOCKONBKY CpemHHii
pasMep  KpeCcThSHCKHX  xo3s#icTB B JlarBum  cocraBnsgeT oxoio 20 ra
CENBCKOXO3AHCTBEHHBIX Yropui, To B OONBIIMHCTBE XO3AHCTB BEChbMa CIOXHO
obecreunTh ONTUMAIBHYIO TOJOBYIO 3aIpy3Ky JOBOJBHO HOPOTOCTOAIIEH TEXHHKH, a
pazauyHBle (POPMEI KOOHEpalMH IIOKa pasBUTHl JOBOJBHO €71a60. DTO 3aMenmseT
uponecc OOHOBNEHUS W NpuoOpeTeHus HOBOM TexHuku. OnHako, B KPeCTHIHCKHX
xozsficteax ¢ 1mromanero  50..100 ra wu Gonee, cHeNWANHM3UPYIOIIMXCA HAa
’KHBOTHOBOJZICTBE, & TAKXKE B JIBHOBOJCTBE PYJIOHHBIE ITPECC—IIOACOPIUKY HAXOMAT BCEe
Oonpinee nmpuMeseHue. B HacTtosmiee BpeMs B JIaTBHM HCIONB3YIOTCA MONYIAPHBIE B
3amanso#t EBpone pynonHsle npecca ¢upm «Kmaac», «Kpore», «Opxem», «Cunmay, u
opyrue. OpmHaKo B IIENOM CpeAyu HOBBIX MalimH mpeobiamaioT mnpecca 6el10pyccKoro
saBona «bobpy#ickarpomamny. Ilpy cymxe TpaB Ha CE€HO MMEIOT MECTO 3HAYHTENILHEIE
IOTEPH TMTATENBHBIX BEIIECTB M, OCOOCHHO, IIEPEBApHUBAEMOTO IIPOTEMHA U psja
BUTaMUHOB. Kpome TOro, InpH JOXKIIMBOM NOroje HEBO3MOMXHO 3arOTOBHUTH
Ka4eCTBEHHBIH KOPM.

B nocnexnue rofpl B KpyIHBIX KPECThSIHCKHX X03SHCTBAX U KOOIIepaTUBax craja
[IAPOKO BHEAPATHCS NEPCISKTHBHAS pPyNOHHas TEXHOJIOTHS 3arCTOBKM IIOJABSIIEHHOM
3eJeHOM TpaBbl C IOCHGAYIOUIEH IepMeTH3allMell pPYJNOHOB 3JaCTHYHOH IUIEHKOM.
Briepsrie Takue CHIOCHBIE KOpMa CTaNH MCHONB30BaTh B HoBoit 3emammuu B 1984 r.
3aTeM 9Ta TEXHOJIOTHA Hadama ixmpoxo BHeIpSThCS B cTpanax Erponer — Hopeerun,
Anrmun, sermn, Asctpuu, 'epMmanum ¥ apyrmx rocygpapcrsax. PacronoxxeHHble
IpyIIiaMy Ha MOJAX PYJIOHEI KOpMa B IIEBKE (Jalle OeIoro 1BeTa) CTalld XapaKTepHOU
9epTOi CenbCKOro Ieffsaxa eBpONEHCKHX CTpaH. OTa TEXHOJIOIHS, II0 CPABHEHHIO C
PacIpoCTpaHeHHOM paHee 3arOTOBKOH CEHa)ka M CHIIOCA B TpaHINEAX, HMeeT
IPEeHMYIIECTBa He TOJBKO B HJIaHe MOBHILICHHS Ka4ecTBa KOPMOB, HO ¥ 110 CYIIECTBEHHO
CHIDKAeT 3KONOTHYeCKHH pHCK B KOPMONPOH3BOACTBE, CyWIHOCTH TEXHOJNOTHH
3arOTOBKM 3€JIeHON TPaBbl C TIOCIEAYIOUIEeH repMeTH3aled PyJIOHOB 3aKIIOYaeTcd B
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crenyonteMm. CxomeHHyio B pamHell (ase Bereraumn Tpasy, GoraTyro mpoTeHHAMU,
BUTAMMHAMM U JPYTHUMH [EHHBIMY NHATATSIBHEIME BEIIECTBAMY JKEIATELHO IIOABAINTE
1o 60-75% snaxuoctu. Ipu ybopke Kopma npeccaMpI HEOOXOAUMO CO3JaTh PYJIOHBI C
BEICOKOM IIOTHOCTRIO (He Meree 300 Kr/M’). Ilpr mBCOONBE30BaHHM IIPECCOB c
M3MEJIbUWTe/SIME TPaBhl B IJIOTHOCTE TPECCOBAHUA MOXET mocturars 500-600 kr/m’.
3arem B TeueHHe He Gonee 2—4 wacoB (B 3aBHCHMOCTM OT TeMIEPATYPHI BO3IYXA)
PYTOHBI C [OMOIUBIO CHENHANBHEX MAMME—-OOMOTIHNKOR 3aMaTHIBAIOT (TePMETU3HPYIOT
OT IOmajJaHus BO3NYXa, BIATH ¥ CBETA) DMACTHYHOH NMOKOM IUICHKOW HEMpO3pagHoro
uBera, umeromet Tommuny 0,025 My 1 mupuny 0,5-0,75 M. O6MOTKA PYIOHOB ILIEHKOMR
npousBoauTcs B 2-3 cnos. Be3 mocTyma KuCnopoja pa3BHTHE TPHOKOB IIECEHH
npexpaigaerca. B chyuae pambHeHIIero TpaHCIOPTHPOBAHHS W CKJIGAMPOBAHHUS
COOJIIONAIOT MEPEI IPEOCTOPOXKHOCTH, IIPEAOTBPAINAIONIHE PAa3TePMETH3ALNIO PYIOHOB.
Bee Guonoruyeckue nponeccs OPoXEHHs B PYIOHE HOJHOCTHIO IPEKPAIIAIOTCS depes 6
Hezelb. HavaTwlli pysnon >KenaTenpHO CKapmimBath B TeweHwe 20-~30 wacos. Kopwm
COXPaHSET CBOM Ka4yecTBa B IISHKE [IPH XpaHeHnu 10 2 JeT.

JlocronHcTRaMU JAHHOH TEXHONOTHY SBIAIOTCS:

—~ 3HAYUTEILHO MEHBINAS CTEMECHE 3aBHCUMOCTY 3ar0TOBKH KOPMOB OT TIOTOIHEIX
yCIIOBHSAX, TONHAY MEXAHU3AHMS TEXHOJOTHYECKUX IIPOLIECCOB;

— KOPM MOJXET 3aroTaBiuBaThCs B HEOOJBUIMX KONHYECTBAX M MNsS XPAHEHUS €ro He
Tpebyercs CHenUaNbHBIX XpaHWnuul (capaeB, TpaHiied), 4YTO OYeHb LEHHO MOIs
HeGONBIMHX KPECThSIHCKUX X03SHCTB,;

— NOBBUUEHHAT KOPMOBAs LEHHOCTh M XOPOINHME BKYCOBBIE KauecTBa KOpMa, HAOIINE
BO3MOXKHOCTH CYIECTBEHHOTO VBEJHUYCHMS HajoeB MOJOKA H €ro KadecTtsBa
(COXpaBHOCTD BCEX NMTATENBHBIX BEIIECTB M BHTAMHHOB), HE3HAUHTEIHHBIE IMOTEPH
nuTaTenbHeIX BerecTs (He Oonee 10—-15%) Bo Bpems yOOpKH M XpaHeHus;

— OKOJOruyeckas  O€300acHOCTE TEXHOMOTUMH (HCKIIOUCHWE 3arpsi3HCHHS CPeIbl
CHJIOCHBIMH COKaMH, OTCYTCTBHE HEIPHATHBIX 3allaxOB, OTCYTCTBHE B KOPME BPEIHEBIX
IU1 OpraHu3Ma >KUBOTHBIX COENMHEHHH, 00pa3yeMbIX IpH OOBIMHOM CHIIOCOBAHMH, €0
HH3Kad KHUCIOTHOCTH). Dm3monormyeckas BIAXHOCTD CPEOBl TOPMO3HUT Da3BUTHE
BPEIHBIX OakTepHif, MPOMCXOOUT TONBKO JIETKOE MOJIOYHOKHCIOe Opoxxenue. He
NCIIONIB3YIOTCSI HCKYCCTBEHHBIE KOHCEPBUPYIOIIKE BEIIECTBRA.

VccnepoBaHusl IOKa3plBAlOT, YTO B 3UMHHH NEPHOJ CKApMIMBAHUA OIUH
KHAJIOTpaMM 3arOTOBJIEHHOIO IO IAHHOH TEXHONOIMH KOpMa BIaXHOCTBIO 60-70%
comepxut oxono 0,20-0,27 xopMOBBIX enuuull, 24-36 I mepeBapHBaeMOro IPOTEHHA,
18-35 mr xaporuna, 12-33 r caxapa, 1,9-2,9% opraEudeckux KHcioT (B CIPYKType
KHACIIOT MOJIOUHOH Kucmota cocTasnsieT 72—-85%, ykcycHas kucnota— 28—15%, macnauoii
KHCTIOTHI — IIpakTHuecku HeT). KucimoTHocTs kopMma paBHa pH 4,5-5,1. I'maBeemMu
CHSPKUBAIOMME (aXTOpaMM A8 PAacIpOCTPAaHEHMI OaHHOH TEXHOJOTHUH SBIIAOTC
BBICOKAad CTOMMOCTb MAINMH [UId IPEcCOBaHUs M 0OMOTKHM, Gonblas Hojg 3aTpar Ha
mwieHky (mo 30-40% oT Bcex MpOM3BOACTBEHHBIX 3arpar). Tem He meHee, B JlatBuu
IaHHAS TEXHOJIOTHS NOJib3yeTcs OONBIION NONYIApHOCTHIO M B IIOCJIEAHME TPH roja
YHCIIO XO3SACTB HCHONB3YIONINX JaHHYIO TEXHONOIHIO €XEr0fHO yReanuuBaercs Ha 30—
40%, ocobenHO B BBICOIPOAYKTMBHBIX X03gHCTBaX. CYIUECTBEHHBIH IIPHPOCT
KOJIMYECTBA XO3gMCTB, BHEAPUBIUMX HAHHYIO TEXHOJOTHMIO, BO3HHK IIOCHIE TOro, Kak
HaMy OBUTH YCOBEPUIEHCTBOBAHBI W NPUCHOCOONSHBl ANA yOOpKH IOABSICHHON
TpaBsSHOM MacChl ¢ BEICOKOH IIIOTHOCTBIO IIPECCOBAHUA PYIOHHBIE pecca ITP-D-110.

I'napHBIe HANpaBieHWs YCOBEPILICHCTBOBAHHS OTHOCHWIHCH K  YCHIICHHIO
3IEMEHTOB IIPECCYONIEro MEXaHu3Ma ¥ MpeccOBATBLHOM KaMeps! AJIs CO3AaHHUS BBICOKOH
IIOTHOCTH IIPECCOBaHMA, & TAKKe K ONpeHeNeHHI0 ONTHMAIBHEIX PEXUMOB paboTHI
COOTBETCTBYIOIMX Y310B. J[aHHBIE MallMHBl MMEIOT B 4-5 pas MeHBIIyro ILEHy, IO
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CPaBHEHUIO C PAaCHpPOCTPAHEHHBIMH JJiA ITHX Uened IpeccaMs HeMenKoW (upMbt
«Kinaacy. IIpou3BoAUTENFHOCTS IIPECCOB HPH STOM COCTABISIET OKONO 26~30 PYIOHOB B
wyac. Onsir ucmonesopamms npecca IIP-®P-110 B xoszsiictee  «Myitxram
Benremuncexoro paoHa moxashbBaeT, YTO Takas MaIIMHA IIOJHOCTEIO 0OECHEYHBAECT
3aroTOBKY KOpMOB s (epMbl u3 160 xopos. Ilpw 5TOM MaIIHHA €XErogHO
sarotapnuBaet okono 3200 pynoHor ceHa H 1300 pynoHOB 0GBANEHHON TPABAHON MACCEI
IV TIOCTENYIOINed TrepMeTH3alMy SIacTHUYHOM MueHKod. B uenoM mcmois3oBaHue
npeccos [IP-®-1103M nozponser cHusuTh ceGecTorMOCTE KopMa Ha 15-25%.
Ctpyktypa NpOWSBOACTBEHHBIX 3aTpaT Ha INPOH3BOACTBO KOpMa TpH
UCIIONB30BAHUM TNpENaraeMbIX MaliME Iokasana Ha puc.l. Kpome pacxomor Ha
aMOpTH3aUHI0 TexHuKH Oomsmas mons 3arpar (30-40%) yxomuT Ha IUNEHKY LI
IepMETH3AlHY PYJIOHOB. B HacTOsINee BpeMs MIIEHKA TOKYNaeTcs B CTpaHax 3amamHoi

EBpomsl B 0CcBOGHME NPOM3BOJCTBA TAHHON IPOAYKIUM B CTpaHax Bantum mam CHI
MOTJIO OBI CHU3HTE €€ LIEHY.

3apnnaTa
nepconana
8%
AmopTH3anu e CtouMocTh
S TEXHHKA ~_ ___—— TIIeHKH
46 %

34%

Tonnuso
12%

Puc.l. CtpyxTypa zaTpaT Ha npeccoBaHuke M 0OMOTKY MIIEHKO NOABAIEHHON TpaBIHON MaccEl
npH uenons3opauuu npecca [TIP-O-110

IIJTSI aHaju3a pacxola NICHKH B 3aBHCHMOCTH OT KOHCTPYKTMBHBIX H
TEXHOJOTHYECKHX TI0Ka3aTeeH HpeCC—HOHﬁOpH}(HKOB, 0OMOTYHKOB H IUICHKH HAMHU
IPpOBELACHEI HCCIICHOBAHMA, ,ZIJIH TCXHONOIMY repMETHIALNH KXKI0I'0 pyJIoHa JIEHTOYROM
IIeHKOH OOBIYHBIMM OOMOTYMKAMHM HMEET MEeCTO cicaymonas amaluTHdYeCcKas
3aBHCHMOCTD!

8bAA[(12+52)%5 +(D2-|-b2§'2)o,5 n D],
Dip(bi-s)

ITe: g— pacxol IUIEHKH, M*/KT IPECCOBAHHOTO KOPMa;
D~ nuamerp pyioHa, M;
[~ nnviHa pynoHa, M;
P-IUIOTHOCTH PYJIOHE , Kr/m;
b— WHpPUHA TUTEHKH B UCXOTHOM COCTOSIHKHY, M;
f~x0a(hPUIUEHT PACTIKECHUS TITEHKY TP 0OMOTKE;
i~ K09 (GUIUEHT YMEHBIICHHUS ITUPUHEI IUIEHKH TIPpY 00MOTKE;
k— KOIIMYIECTBO CIIO0EB OOMOTKH TUICHKOH;
5— mar o6MOTKH, M (0OBIYHO paBeH OJOBHHE IMMPHHEI IIIEHKH).

q:
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Kax sumno u3 Qopmynbi, B Oonbmiell CTENEHH Ha pacXOl IUIEHKU BIMAET
INIOTHOCTh KOpMa B pynoHe (T.€. ¢ YBENMYCHHWEM IUIOTHOCTH Dacxol NpiMo
HPONOPLHUOHANEHO YMeHbIaeTcs). Mcmonp30Banne mpeccoB, QOPMEPYIOLIMX PYIOHB
GOoNBIINX reOMETPHYECKHX Pa3MEPOB, XOTA W YMEHBLUAET PacXOJ IICHKH, OJHAKO He
JaeT CTONh 3HAYMTENHHOTO S(PdexTa KaK YBEIHYEHHE IUIOTHOCTH MPECCOBAHMUI.
OrtpefieneHABIM HENOCTATKOM IPHHLUIA TePMETH3AIHKA KaXOr0 PyNOHA ABJILEICS TO,
YTO B TOpUAX PyJIOHA KOJMYECTBO CIIOEB MISHKH NPHMEPHO B TPH pa3za Goiibiie, YeM Ha
CreHkax  (mpu OOMOTKE JeHTa IPOXOJUT dHepe3 TOPIBl Npd KakaoM  obopoTe
I1aTQOPMBEI OOMOTIHKA).

Hias  KpymHBIX  XO3SHCTB  MOXET HMETh [EePCHEKTHBY  IEpMETH3ALHA
OIHOBPEMEHHO LIENOR IPyHNBl PYJIOHOB 3EJICHOTO KOpPMa B CHENHAILHBIX INEHOYHBIX
pykasax. Taxas TexHonorus npuMeHsercs B kpynusix depmax CIHA, Nepmanun, Yexun
U JOpyrux crtpan Esponsl. TIpom3BoJCTBO CHEUWaNbHBIX YNAKOBUIMKOB pYJIOHOB B
TIONIMMEPHBIN pyKaB OCBAMBAETCA HAIMMIU coceasMu B benopyccun. IIpu takom criocobe
YIAKOBKH IIOUYTHM B JOBa pa3a CHIDKAeTcsd pacxon 1uiesku. B JlatBum uMeroTcs
TIONIOXKUTENBHBIE ONBITHL [0 IONYMEXaHH3UPOBAHHOH TrepMeTH3alUE IPYIN PYJIOHOB
3enesoro xopma (43 8-10 mTyK) ¢ moMoIEI0 OOBYHOM HENPO3PAYHON [IONHITUAECHOBOR
IVIEHKH. XOTS nOpu 5ToM 0e3 CHeHMaNbHBIX MAllMH pPEe3KO  YBEIUYMBAIOTCS
TPYZAO3aTpathl, HO B LIENOM c€0ECTOMMOCTh KOpMa CHIDKAETCH.

Vicxogs M3 TEXHHYECKM BO3MOXHOH IUIOTHOCTH IIPECCOBAHHS PYIOHHBIMH
nupeccamu [IPD-110 ompeseneHo, yTo MO KPUTEPUIO MHHMMYMa VIENBHBIX 3aTpar
(yuuTBIBas BEIHYMHY aMOPTU3ALMOHHBIX OTYHCICHUH, CTOMMOCTD PACXOAYEMON MNEHKH
¥ T.[.) UX HCIIONB30BAHNE PAMOHAILHO MU 00CIy)KHBAEMOM NOTONOBEE cKoTa 10 160~
180 kopos. Ilpecca ¢ H3MeNpUHUTENSIMH TpaBpl OKYNAIOTCS JIMIOE NpPH JOCTATOYHO
Oonpmx ob0wemax pabor —Oonee 2000—4000 Tpic. ToHH B ce3oH. g yMEHBIIEHHS
aMOPTH3ANMOHHBIX 3aTpar B JIaTBUUM B COBPEMEHHBIX YCMOBHAX BakHO obecueuuTsb
JOCTAaTOYHO BBHICOKYIO 3aTPY3KY JOPOTOCTOAIIEH TEXHUKH B TeueHHe roga. Ilo cpoxam
3aroToBKa KOPMOB B I'€pMETU3HPORAHHBIX PYIOHAX NPOH3BOAMTCA B MIOHE, a4 TakkKe B
ceHTa0pe (HAa oTaBe), KOra TpaBa COLEPXKUT OOJNBLIOE KONHYESCTBO HPOTEHHOB.
BO3MOXXHOCTBIO CHIDKEHHSI aMOPTH3AIMOHHBIX OTYHCICHHH JUIL PYJIOHHBIX ITPECCOB,
HECOMHEHHO, SBISETCS UX TPaJUNUOHHOE MHCHONBL30OBAHKE HA 3ArOTOBKE CYXHX
crebenbyaThIX KOPMOB (pealibHO B JIaTBHE 3TO NPOMCXONUT B HIOIE—aBTYCTE), a TAKKE
Ha yOOopKe JILHOTPECTH B CeHTIOpe—oxTa6pe. MconenopanuaMu U npakTUKOR HOKa3aHO,
YTO KCIIONB30BaHHE pPYIOHHOM  TEXHONOTHH YOOpPKU JBHOTpEecTHl obecneuuBaeT
MHHHMAaNbHYIO ceDecTOMMOCTD JIBHOTPECTHI. Jlaxe B OTHOCHTE/IBHO HeONAronpUiTHbIE
0 MOTONHBIM YCHOBUAM rofsl He MeHee 50-70% RBHOTPECTBI peayM3yercs B BHIE
pyjnoHoB. B mnane obecneuesns Haubonee NONHOH 3arpy3ku B TEYEHHME CE30HA,
COOTBETCTBHS TEXHOJOTWYECKHM TpeOoBaHuAM H  ofecnieueHHs  HapMeHbInei
ceOeCTOMMOCTH KOPMOB M JIBHOTPECTHI B HACTOSUIEE BPEMS B YCIOBHSX KPECTBAHCKHX
X03sMcTB JlaTranuy Hawiydiine IoKasaTeld HMEIT MOJCPHH3UPOBAaHHLIE PYTOHHBIC
npecca [TP-®-110/145.

Briponni

PyjnoHHBIE TEXHOJOIMM 3arOTOBKM KOpMOB H y0opkm  obOecrneymBaroT
MUHHMAILHBIE TPYAO3ATPATHI, a IPX JOCTaTOYHO BBICOKOH 3arpy3ke TEXHUKH B TeUEHUE
roga ¥ CpaBHHTENHHO HEBBICOKYIO CeGECTOMMOCTH IMPOM3BOAMMOM HPOINYKUHH, H
HaxonaT Bce OoJiee IIMPOKOE IIPUMEHEHHE B BBICOKONPOJNYKTHBHBIX XO3SHCTBAX.
Vicronp3oBaHye B YCAOBUSX KPECTBAHCKMX XO3SHCTB TEXHONOTHH  3alOTOBKH
TIOABANCHHOM TPaBSHOH MacChl C HOCNERYIOmEN repMeTH3anvell PyNIOHOB 3MACTUYHOH
IIIEHKOM, TO CPaBHEHHIO C 3aroTOBKOM CeHaka M CHJIOca B TpAHINEAX, HO3BONAET
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HAMHOIO IIOBBICHTH Ka4eCTBO ITOJYY4EMOrO KOpM4, H HMEET pPAA IPEHMYINECTB IIO
TIOKA3aTeIAM 3KOJIOTHIeCKol 6esomacHOCTH. B HeOONBMINX M CPEaHMX KPECTHAHCKHX
xo3siicrBax Jlatemu (¢ moromosseM o 160 KOPOB) Iipy CIIOXKUBIDEMCS YPOBHE IEH Ha
TCXHHKY HCHONb30BAHHE MOMCPHH3HPOBAHHBIX pYNOHHBIX mpeccoB [IP-®-110
II03BOJIAET 00ecrenTs Hauboee IONHYIO 3arpy3Ky B TEUEHHE Ce30Ha M HAUMEHBILYIO
¢e6eCTOMMOCTE MONIY3AeMBIX KOPMOB.

JATEPATYPA
1. Ivanov 8., Matisans E. Economical and ecological aspects of using the roll technology of forage
processing and flax harvesting. // Ecology and agricultural machinery. Proceedings of the 2.
International Scientific and Practical Conference. Saint-Petersburg—Paviovsk, NW NIIMESH, 2000.
5.115-119

ENERGOEKONOMISKAS BISKOPIBAS PRODUKTU APSTRADES
TEANOLOGIJAS
ENERGOECONOMIC PROCESSING TECHNOLOGIES FOR BEE
FARMING PRODUCTS

Aivars Kakitis, Dr. se. ing.
_ Latvijas Lauksaimniecibas universitite, Mehanikas institits
J.Cakstes bulv. 5, Jelgava, LV-3001 Talr. 3005671 E—mail aka@cs.llu.lv

Abstract. The important problem of bee collected pollen and beeswax production
is cutting of costs and increasing of working efficiency. Novel technologies of bee
collected pollen drying and beeswax melting is described in the article.

Pollen kiln with the air recurrent allows reducing the total energy consumption for
drying from 4800W to 670W. It is stated that 2.5cm thick heat insulation of drying box
reduces heat losses from 2050W to 190W.

Honeycombs melting in the dry—air beeswax melting—house reduce energy
consumption to 0.94 kWh/kg wax. The melting temperature t°=130°C disinfects wooden
parts of honeycombs and wax. Heat energy losses through melting—house walls is 300W.
Key words: bees, beeswax melting, pollen drying

Pétijumu objekts un metodes

Ekonomiski izdeviga saimniekoSana laukos Sobrid iespéjama attistot dazadas
palignozares. Viena no ienesigakajam palignozarém vid€ja lauku saimnieciba Latvijd ir
biskopiba. Modernd biskopiba produktu sortiments pieaudzis un pat€rétdjam tiek
piedavati ziedputeksni, propoliss, biu inde. Biskopiba ir nozimiga ne tikai ka vértigas
produkcijas avots, bet arl k3 dabiskas, nepiesarpotas vides indikators un lauku
kultiirainavas elements.

Bigkopibas produktus var izmantot tie§d, neparstradatda veidd (medu,
ziedputeksnus, propolisu). Tiem nepiecieSama tikai fas€Sana vai pirmapstrade (kaltgSana,
SkiroSana). Ziedputekspu kalt€Sanai un vaska kaus@Sanai nepiecieSama paaugstinata
temperatiira, un tapéc, izmantojot tradicionalds tehnologijas, nevajadzigi tiek pateréts
liels energijas daudzums, kas padara procesus ekonomiski neizdevigus un arf nelabveéligi
ietekmé apkartejo vidi.

Petjumu meérkis — izstradat un eksperimentdli parbaudit energoekonomiskas
tehnologijas un iekartas ziedputeks$pu kalt€$anai un vaska kausésanai.
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Pétfjumi tika veikti teortiski, analiz&jot ziedputek$nu kaltéSanas un vaska
kauseSanas procesus un nosakot iespgjamos celus energijas zudumu samazinaanai un
procesa efektivitates paaugstinasanai. Eksperimentalie pétfjumi veikti, nosakot izgatavoto
iekartu darbibas parametrus laboratorija un ari raZoSanas apstaklos dravds. Lai noskaidrotu
kaltes efektivitati, tika noteikta tas siltuma bilance un ziedputek$pu kuSanas intensitite.
MeésrTjumi izdarTti, izmantojot firmas Picolog datu uzkrdSanas un apstrides iekdrtas un
programmatiiru. Mérfjumu rezultati automatiski tika pierakstiti datora atmind un vélak
analizgti.

Eksperimentali noteikta vaska kausétavas siltuma bilance un vaska atlikums $iinas ar
dazadu s3kotngjo vaska saturu, kaus€jot sausi gaisi. Vaska atlikums tika noteikts,
ekstrahg&jot parkausétas §iinas organiskajos §kidinatajos.

ZiedputekSnu kaltéSana
Kvalitativu ziedputekS$pu ieguvé viens no energoietilpigikajiem procesiem ir
kaltgSana. Lai iegiitu augstas kvalitates putekSpus, kaltei janodro$ina $adi parametri:
¢ kaltéSanai janoris temperatiird, kura neparsniedz 42°C, augstakd temperatiira notiek
gaistoSo vielu izdaliSanas un lidz ar to kvalitates pazemini$an3s;
¢ ziedputeksyi jaizkalt€ lidz kondicijas mitrumam (8%) 24 stundu laik3;
¢ kaltes ietilpibai janodrogina 35 — 40 kg svaigu ziedputek$nu kaltéSana. Sads daudzums ir
pietiekoSs 100 saimju dravas razoto puteksnu kalt€Sanai.
Lai novértétu energijas patérigu, tika sastadits kaltes siltuma bilances vienadojums,
kurs§ izsaka kaltes patéréto siltuma jaudu Ny

Ny=N,+N,+N +N,, (1

kur N, — siltuma zudumu jauda caur kaltes sienam, W,
N, — materidla (puteksnu) uzsildiSanai nepiecie$ama jauda, W,
N; — Gidens iztvaicéSanai patéréta jauda, W,
N — caurpliisto$a gaisa uzsildiSanai patéréta jauda, W.
Siltuma zudumi ziedputeksnu kalte:
1) caur kaltes sienam,

A-at
No=rm"e
(& a‘k)’ @
PR ”

kur A — kaltes arsienu virsmas laukums, m?,
At — temperattiras starpiba, °C,
A~ siltumizoldcijas materidla (akmens vate) Ipaingja siltumvaditspgja, W/m-X,
&— siltumizolacijas biezums, m,
Ae— Ipatn&ja vaditspgja kokam, W/m-K,
ok — saplakspa biezums, m;
2) masas uzsildiSanai,

m,-c, At
N, =———— @)

m E

T
kur m, — ziedputekSnu masa, kg,
¢, — ziedputekspu siltumietilpiba, kl/kg-deg,
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7— kaltéSanas laiks, T = 20 stundas;
3) tidens iztvaic€Sanai,
}J __Cmi'”%m"5t+7nmi'r
i T 5 (4)

kur czq— tidens siltumietilpiba, kJ/kg-deg,
Mgq — iztvaicgjama Gidens masa, kg,
r — fidens iztvaiko§anas siltums, kJ/kg;
4) caurpliistosa gaisa uzsildiSanai,
N,=c,-q-p,-At, )

kur c;— gaisa ipatn&ja siltumietilpiba, kJ/kg-deg,
g — gaisa pliisma, m’/s,
0z — gaisa blivums, kg/m’.

Lai noskaidrotu energijas patéripa iemeslus, tika analizétas dravas izmantojamas
ziedputekSnu kaltes un noteikta to siltuma bilance. P&ifjumi tika veikti ar ziedputek¥niem,
kuru sikotngjais mitrums bija 26%, kaltes tilpums ¥, = 0.65m> un &réjas virsmas laukums
A= 4.5m",

No siltuma bilances vienddojuma varam secindt, ka kalté8¥anas procesa norisei
nepiecieSams patérét jaudu N,, masas uzsildiSanai lidz noteiktajai temperatiirai, puteksnos
eso8a Gidens iztvaic€Sanai N; un Gidens iznesei ar caurpliistoSo gaisu N,. Siltuma zudumi caur
kaltes sienam N ir nelietderigi patéréta jauda. Siltuma zudumu jauda caur kaltes sienam
mainds atkariba no siltumizolacijas biezuma (1. attéls). Aprékind pienemts, ka kalte
izgatavota no saplaksna ar kop&jo biezumu 10mm. Siltumizolacijai izmantota akmens vate,

Temperatiiras starpiba 4f = 30°C.

2500 o

2000

1500
cd\ \
i
5]
§ 1000
B
N 500 =
\\M
0 y

0 0,0t 0,02 0,03 0,04 0,05 0,06 0,07 0,08 0,09 0,1

Izoldcijas biezums, m

1. att. Siltuma zudumu jauda caur kaltes sienam atkariba no siltumizolacijas sléna biezuma

Siltuma zudumi caur kaltes sienam bez siltumizolacijas parsniedz 2 kW.
Siltumizolgjot kaltes sienas ar 2.5 cm biezu akmens vates slani, siltuma zudumi samazinas

vairak neka 10 reizes.
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Energijas patérin§ kalt§jamo ziedputek$pu uzsildiSanai lidz kaltSSanas temperatiirai
un Gdens iztvaicgSanai nemainds atkariba no kalté§anas veida. Vidgja jauda putekinu
uzsildisanai, aprékinot péc 3. formulas N,, = 40W un Tdens iztvaicdSanai N; = 228W
(aprékinot pec 4. formulas). Energijas patérip§ tidens tvaika iznesei no ziedputekipiem
atkarigs no caurpliistosd gaisa daudzuma un gaisa temperatfiras (5. formula). Gaisa
daudzums, kas nepiecieSams Gidens iznesei, atkarigs no apkari€jas vides gaisa temperatiiras,
gaisa relativd mitruma, ziedputekS$pu sdkotngja mitruma un Kalt€Sanas temperatiiras.
Aprekini tika veikti atbilstosi eksperimentalas iekartas darbibas parametriem: apkartéja gaisa
temperatiira £,=15°C un relativais mitrums @¢=57%, ziedputekS$nu sdkotngjais mitrums
W=26% un kalteSanas temperatiira 1°=40°C.

A?rél){ini paradija, ka $ados apstiklos Gidens iznesei nepiecie§ama gaisa plisma ir
g=19.1m"/h. un ta uzsildiSanai nepiecie$ama vid&ja jauda 171W.

Praktiski, lai nodro§indtu pietiekamu mitruma iznesi no ziedputekSpu slana,
nepiecieSams taja nodroSinat gaisa plismas atrumu ap 0.5 m/s. NepiecieSama gaisa padeve
qg=260m3/h un caurpliisto$a gaisa uzsildi$anai nepiecieSama jauda N=2700W. Kopgja
kaltes patéréta jauda sasniedz 4800W (kaltei bez siltumizolacijas). Lai nodro§inatu normalu
kaltes darbibu nelabvéligos apkart€jas vides apstaklos, nepiecie$ama lielaka silditja jauda
N=6 kW.

Aprékina rezultati paradija, ka lielakais energijas daudzums tiek patéréts siltuma
zudumu kompensésanai caur kaltes siendm un caurpliistosa gaisa uzsildiSanai.

Lai talak samazinatu kaltes patéréto energiju, jasamazina caurpliisto$a gaisa
uzsildiSanai nepiecieSama jauda. Labu efektu dod caurpliistoSa gaisa atkartota izmantoSana
kaltés ar gaisa recirkulaciju [1].

2. att. Ziedputeksnu kalte ar gaisa recirkulaciju

1. Blivéjums; 2. Akmens vate; 3. Saplaksnis; 4. Gaisa liika; 5. Reguléjama gaisa liika; 6.
Zav&sanas siets; 7. Temperatiiras mérparveidotajs; 8. Ventilators, 9. Silditajs.
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LLU Lauksaimniecibas majinu mehanikas zindtniskaja laboratorija sadarbibd ar
Latvijas biSkopibas biedribu tika izstradata un izméginita ziedputek$nu kalte ar gaisa
recirkulaciju (skat. 2.att.). Kaltes parametri doti 1. tabula.

1. tabula
Ziedputeksnu kaltes parametri :
Parametrs Vértiba
Kaltes izm@ri (platums x dzilums x augstums, m) 0.5x0.75x1.5
Mitru ziedputeksnu daudzums, kg (max) 40
Silditaja jauda, kW 1.2
KalteSanas temperatiira, °C 36-45
Ventilatora gaisa padeve, m>/h 260
Vidgjais kaltgSanas laiks, h 16 — 20*
Energijas patérins, kWh/kg putekénu 1.2*

* parametri iegfiti, kalt&jot puteksnus ar sakotngjo mitrumu W=26%, ar gaisa temperatiiru + 20 °C un
mitrumu ¢=57%. Parametri var mainities atkaribd no putek$pu sdkotn€jd mitruma un apkartgja
gaisa temperatiiras un mitruma.

Kaltes patérétas jaudas (vatos) salidzinajums kaltei ar gaisa recirkulaciju un kaltei
bez gaisa recirkulacijas redzams 3. att€la. Ka redzams, gaisa recirkulacija lauj samazinat
gaisa uzsildiSanai patéréto jaudu vairak nekd 10 reizes.

> 2700
2500 [
i 2000 Ar gaisa recirkuldciju -
E bez gaisa recirkulacijas
N A .
w1500 L
Ia |
I’sg -
& 1000 B
40
Nm

3. att. Ziedputeks$nu kalté8anas procesa patérétas jaudas salidzindjums

Kopgjd vidaji patéréta jauda ziedputekpu porcijas izkalt83anai neparsniedza 670W,
kas ir ievérojami mazak neka izmantojot tradicionalas kaltes. Ziedputekspu mitruma izmaina
atkariba no kaltéSanas laika redzama 4.att8ld. Nepiecie§amais mitrums # = 8% tika sasniegts
jau péc 12 stundu ilgas kalt€Sanas.

Vaska kauséSana
Sekmiga dravo$ana un bigkopibas produktu raZo$ana nav iespgjama bez vaska
jeguves. Katra bifu saime sezona spéjiga sarazot lidz 2.5 kg vaska. Patlaban Latvija vidgji
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iegiist 0.5 — 0.6 kg vaska no saimes. Drava saraZoto vasku biskopji galvenokart izmanto
apmaipai pret maksligajam §finam, tacu tas varétu bt ari vértiga eksportprece, Parasti §finu
parkauséSanu vaska biskopji izdara pasi. BieZi tiek izmantotas misu gadsimta divdesmitajos
un trisdesmitajos gados izstradatas metodes [2]. VisbieZak vecas $iinas tiek varitas fideni un
péc tam izspiestas vaska spied€. Lai §ada veida no tumsajam §inam iegiitu kvalitativu vasku,
parkauséSana javeic 2 vai vairak reizes (skat 2. tabulu).

30 -
25 \\%
20 o,
< N
E’ 15 o
= 10 +— Kondicijas mitrums 8% \
hacorencns 1 .............................. Havwanernan m.‘@” ................ &
’ |
| |
0 S VU : : N U S S
0 2 4 6 8 10 12 14 16
Laiks, h
4.att. ZiedputekSpu mitrama izmaipas atkariba no kaltéSanas laika.
NepiecieSamais mitrums W=8% tika sasniegts jau péc 12 stundu ilgas kalte3anas.
2. tabula
Stnu kauséSanas metozu salidzinajums
Kausesgn as veids un Metodes prieksrocibas Metodes tritkumi
iekarta
1. Liels darba patérins, jo, lai
Varisana {ident + 1. Letas iekartas iegiitu kvalitativu vasku, tas
spiesana vaska spiedé 2. Izmanto jebkuru kurindmo japarkause 2 — 3 reizes
2. Liels energijas patérigs
3. legiist kvalitativu vasku . ... oy
. _ - 3. Liels energijas patérins
Tvaika kausetava 4. Augsts darba razigums Cem . T
° . . 4, SareZgitas iekartas
5. lekarta piemerota lieliem darba
apjomiem
Siinu pérstrade 6. Ie'gu st kvahtat}}ru vasku Darga iekarta, 12 piemérota lielam
i~ 7. Liels darba raZigums l
centrifiigd . dravam
8. Augsts vaska ieguves procents _
9. Mazs darba patering 5. Zema kaus@Sanas temperatiita
Saules vaska kaus€tava : - paterts (75 — 80°C), tapéc nevar iegiit
10. Iegiist augstas kvalitites vasku vasku no tumsakam $Hnim
11. Izmanto saules energiju ~ \ . -
s 6. lekdrta izmantojama tikai
12. Zema iekartas cena ~ -
vasara, bet vasku vairgk
parstrada rudeni, ziema
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Vaska atlikums

Vasku ieglist, parkausgjot vecas $tinas, kuras nosaciti iedala t1Ts grupas:
gaiSas Stinas (vaska saturs 100 — 75% no §iinu masas),
tum§3as Siinas (vaska saturs 75 - 40%),
tumsas $iinas ar ziedputekSnu un medus piemaisijumiem (vaska saturs < 40%).

\ |
l" ...................... o s = H - H

i —e— Saules vaska kausétava
' ~a— VArot fideni
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[Kauséjot Sausa gaisd 125°C
| gradu temperatiira
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Sakotnéjais vaska daudzums $inds, %
5.att. Vaska atlikums $finds p&c kaus€Sanas atkariba no sakotngja vaska satura
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—

Vaska atlikums &
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Kausédanas laiks, stundas

6. att. Vaska atlikums $iinas, kausgjot karstd gaisa
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Vasks $0inds atrodas briva un saistita veida. Parkausgjot Siinas iegiist brivo vasku un,
atkarTba no metodes daju no saistita vaska. Parkaus&ot $tnas, kurds sdkotnéjais vaska
daudzums neparsniedz 30%, ieglist mazak par 10% vaska (skat. 5. att.) [2].

Labai vaska kaus€tavai janodro$ina $adi galvenie parametri: augsta iegiitd vaska
kvalitate, mazs darba patérins, mazs energijas patérips, piepemama iekartas cena. Dotajiem
nosacijumiem vislabak atbilst saules vaska kausétavas, tadu tas nedod iespgju iegiit vasku no
tumSajam $tindm, jo kausé§anas temperatiira ir zema (2. tabula).

Eksperimentos tika konstat€ts, ka, paaugstinot temperatiiru lidz 120°C, vaska
atlikums ¢agés neparsniedz saistita vaska daudzumu pat loti tums§as $iinds ar biu maizi.

Nosakot vaska izdaliSands atrumu tika izmantotas $linas ar sakotnéjo vaska saturu
35%. Paaugstinot temperatiiru lidz 120°C, nedaudz samazinds vaska zudumi (6. att), bet
kaus€8anas laika palielinaSana virs 3 — 4 stundam nedod ievérojamu iegiitd vaska daudzuma
pieaugumu.

Balstoties uz pétfjumu rezultatiem, tika izveidota sausa gaisa vaska kausétava ar
elektrisko sildisanu (7. att.).

7. att. Vaska kausétava.
1.- korpuss, 2.- kanals, 3.- ramisi, 4.- karsta gaisa kanila siena, 5.- termoelements, 6. - filirs, 7.-
silditdjs, 8.- vaska tvertne, 9.- slipa plaksne, 10.- durvis, 11. - vaks, 12. — aizvars.

Iekarta sastav no skapja, kura korpuss ! izgatavots no saplaks$pa ar akmens vates
siltumizolaciju. Skapja iekSpuse izgatavota no cinkota skarda. Silditajs 7 novietots skapja
aizmugures apak$&ja dala. IzkusuSais vasks parvietojas caur auduma filtru 6, kurd paliek
cietas piemaisTjumu dalinas. Sada veida tiek iegits tirs vasks.
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Efektivu siltuma plismu nodro$ina aizmugures dala izveidots kanzls 2. Vaska
uzkraSanai kausStava ievieto tvertni 8. Cagu uzkraSanai virs tvertnes uz Iistitem novieto
filtru 6. R&miSus 3 ar parkaus§jamam §tindm novieto kausétavas aug¥éja dala. Sada veida
sakartota kaus€tava tiek nodro$inata karsta gaisa pliisma, kura aptver gan ramisus ar $anam,
gan Cagu filtru. Nemainigu kausgSanas temperatiiru nodrosina termoregulators
¢ no ramidiem,
¢ parkausét izgrieztas $nas.

Kausgjot Sinas péc pirmés metodes, ramisus attira no propolisa un iekarina kausétava
lidzigi ka stropa. Kausétava vienlaicigi var ievietot 28 peru telpas kdres vai 40 medus telpas
kares. Sim pan&mienam ir vairdkas priek&rocibas:

e augsts darba raZigums, jo vienlaicigi tiek veiktas tris operacijas — izkauséts vasks,
atbrTvoti ramisi no §lindm un veikta rdmisu dezinfekcija,

e stieples ramiSos netiek bojatas un kalpo daudz ilgak,
ieghtais vasks ir augstas kvalitates,

e mazs energijas patérins.

Iekarta lauj parkausét vecas $inas divos veidos:
¢ neizgrieZot ias;

e iekdrta var parkausét ar1 izgrieztas §lnas. Tas ievieto audekla maisd un ieviete kausdtava.
Kausgsanas temperatiiru izvélas atkariba no $linu kvalitates — gaiSajam $Gnam 80 — 85°,
tumsajam — lidz 130°C.

Ja vaska kauseSanu izdara temperattira 130 — 135°C, vasks un ramisi tiek sterilizéti. Lidz ar

10 paaugstinds darba raZigums un samazinés kopgjas dravosanas izmaksas.

. Petijumu rezultati

1. Ziedputeksnu kaltes sienu siltumizolésana ar 2.5 cm biezu akmens vates slani, samazina
siltuma zudumu jaudu no 2050W uz 190W.

2. Gaisa recirkuldcija kalté samazina siltuma zudumu jaudu no 2700W uz 204W. Kopgja
vidgja jauda ziedputekspu zavéSanai neparsniedz 670W. Energijas patérind uz lkg
izkaltetu ziedputekspu ir 1.2kWh.

3. Izmainot gaisa recirkulacijas pakapi un kalt€Sanas temperatfivu atkaribd no puteksnu
izZG8anas pakdpes, var panadkt optimalu kalt€Sanas reZzimu un nodro§inat augstas
kvalitates produkta ieguvi.

4. Stnu parkausé$ana vaska sausd gaisa kalte lauj iegiit augstas kvalitates vasku gan no
gai$ajam $Gndm, gan no tums$ajam $inam. Elektroenergijas patérin$ vidéji neparsniedz
094 kWh/kg vaska. Siltuma zudumi caur kausétavas siendm neparsniedz 300W
(t°=120°C).

5. Kausétava nodrodina no ramiSiem neizgrieztu $linu parkauséSanu, tadg&jadi ievérojami
paaugstinot darba raZigumu. Vienlaicigi ar vaska kaus€Sanu tiek veikta ramisu un vaska
dezinfekcija (ja t°=130°C).

Literatiira
Osipovs L. Kimijas tehnologijas pamatprocesi un aparati. — Riga: Zvaigzne, 1991. - 680 Ipp.
2. Kakitis A. Vaska izejvielu parstrade drava. / AGROtops. - Nr.2. — 46.—47. Ipp.
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BIOMASAS KOMPAKTESANAS IESPEJAS
BIOMASS COMPACTION POTENTIALITIES

Eriks Kronbergs, Dr. sc. ing., vadoSais pétnieks
LILU TF Mehanikas institiits,
J. Cakstes bulv. 5, Jelgava, Latvija, LV3001.
tel: 30 80674 e — pasts: eriks@cs.llulv fax: 30 27238

Abstract. Substantial increases in global energy consumption and depletion of fossil
energy resources demand for development of alternative energy resources. The more
significant part (74%,) of renewable energy sources has been planned for biomass energy in
European Union. Substitution of fossil feedstocks for energy and materials by biomass is
important measure for GHG emission mitigation. Development of biodegradable polymers,
construction materials and organic fertilizers from biomass let us challenge economy to a
more sustainable way.

Naturally biomass is material of low density therefore new mobile equipment and
technologies for biomass communition and densification have to be worked out. Compacted
biomass has higher volumetric energy density and can be easier transporied and stored than
natural biomass.

Wheat straw biomass densification experiments have been carried owr. Chopped
straw with moisture content less 10% has been used jfor densification. Fine chopping
significantly influence compacting density and is more preferable as heating. Cold
compacting of fine chopped wheat stalk material with addition of molasses more than 9%
and sapropel more than 18% provide density 1g/cm’ without any heating. The same density
(1g/cm’) has been obtained in compacting of straw and peat composition. These results are
useful for briquetting technology design.

Keywords: biomass, compaction potentialities.

fevads

Prognozgjamais fosila kurinama resursu samazinZjums arvien pieaugos$a patérina
rezultdta 21. gadsimta neatliekami prasa rast jaunus alternativos energijas avotus. Biomasas
energija ir paredzeta 74% no visas alternativas energijas Eiropas Savienibas planos. Biomasu
izmanto arT par izejvielu avotu biodegradablu poliméru, konstrukciju materidlu un lauku
meslojuma raZzoSana. Aizvietojot fosilos kurindamos ar biomasu [1], més energijas ieguve
samazinam og]skabas gazes emisiju atmosfeérd un plangtas klimata kaitigds izmainas.
Biomasas pielietojums biodegradablu polim&ru materialu un lauku méslojuma razo$ana layj
attistit vidi saudzgjosas tehnologijas tautsaimnieciba, samazinot atkritumu davdzumu un
palielinot humusu augsné.

Galvenie biomasu resursi Latvija, kuri var tikt izmantoti energijas, rlpniecibas
izejmaterialu un organiska méslojuma ieguvei, ir kiidra, sapropelis, koksnes atkritumi, salmi
un dazadi stiebraugi (piem., niedres), attirito notekiideyu diinas, organiskas izcelsmes cietie
atkritumi, dzivnieku ekskrementi. Fizikdlie agregatstavokli Siem uzskaititajiem materialiem
pamati ir divi: 1) dalgji Skidrs — mitra kiidra, sapropelis, notekfidenu diipas un dzivuieku
ekskrementi; 2) cieta irdena masa — stiebraugi, sausa kiidra, koksnes un citi cietie atkritumi.
Koksnes un kiidras biomasu lietosand ir jau gadsimios uzkrata pieredze, kura nodroS§ina to
izmantoS$anas ekonomisko izdevigumu. Mazdka pieredze ir par€jo minéto biomasu
izmantoSana energijas un izejmaterialu ieguvé. Salmu un stiebraugu izmantoSana energijas

50

ISBN 9984 - 585 - 36 - 0


mailto:eriks@cs.llu.lv

Environment. Technology. Resources. 2001

ieguve ir seviski perspektiva, jo tos iespgjams miisu klimatiskajos apstaklos iegiit ar mitruma
saturu, kas ir mazaks par 15%, tap&c pievérsisim tiem galveno uzmanibu $aja pétijuma.
Nozimigs ir So augu biomasu resursu papildindjums ar speciali energgtiskiem mérkiem
audzétiem augiem (t. s. energStiskd lauksaimnieciba). Sadam kurindmam siltumsp&ja
vertéjama ap 15 GJ/t. Aptuveni 3 tonnas salmu vai citu stiebraugu energoietilpiba ir
lidzvértiga 1 tonnai Skidras kurtuvju degvielas. Danija ir valsts, kurd salmu izmanto§ana par
kurindmo tiek veicinata, uzliekot papildus nodoklus akmenoglu un naftas kurindmo
izmantoSana (skat 1.tabulu).

1.tabula
Kurinamo veidu salidzindjums
Parametrs Mervienibas Salmi Akmenogles Kurtuvju
degviela
Siltumspéja Gl 15 26 40
Séra saturs svara % 0.15 0.7 1.5
Pelnu saturs svara % 4 12 0.02
Cena bez nodokliem DKK/t * 450 450 800
DKK/GJ 30 17 20
Cena ar nodokliem DKK/t 450 1125 2880
DKK/GJ 30 43 72

» DKK - Danijas kronas

Par kurinamo nevajadz&tu izmantot vairak ki treSdalu no iegiito salmu masas, lai
noveérstu organiskas vielas daudzuma samazinaSanos augsng, respektivi, augsnes eroziju.
Salmi organiskaja mé&slojuma dod 60% to agrokimiska@s vértibas, tapéc to iziietojums
méslofanai arT ir energétiski nozimigs.

Nepresetu salmu, sasmalcindtu niedru wn citu energétisko augu biomasu blivums
(0,02-0,06 g/cm®) ir parak mazs, lai tds transportétu lielos apjomos un attilumos. Aif §adu
biomasu uzglaba$anai nepiecieSamas lielas, no lietus aizsargatas platibas. Problemétiska ir
arT siltuma ieguve no $adam irdenam biomasam - nepiecieSamas specidlas kurtuves,
kurinama iepildiSanas iekartas un pelnu izpems$anas mehanismi. $adu biomasu preséSanas
pieredze ir parnemama no koka skaidam raZotd kurindma granulu un brike$u izmanto$anas
jomas. Vairakas Eiropas valstis (Austrijd, Zviedrija un Vicija) eksisté standarti (ONORM
7135, SS 18 71 20 un DIN 51731), kuros ietvertas galvenas prasibas, kuras izvirza $ddam
presétu kokskaidu kurindmajam (granuldm un briketém). Kompakt&sanas aspekta biitiska ir
standartos izvirzita prasiba, lai granulas vai briketes materidla blivums biitu lielaks par 1,0
kg/dm®, §ads kurindma blivums, kas parsniedz koka blivumu, Jauj samazinat transporta un
uzglabasanas izmaksas. Pasas kompaki€Sanas Ipasibas dazadu augu biomasam ir atSkirigas,
tip&c nepiecieSama eksperimentila So pasibu izpéte. PEtijumu rezultati un to analize kalpo
par bazi jaunu kompakt&Sanas iekdrtu un tehnologiju izstradei.

Materiali un metodes
Galvena augu biomasu ieguve tiek realiz€ta lauku ekosistémas. Eiropd energijas,
riipniecibas izejmateridlu un organiska méslojuma raZzoSanai visbieZzak izmanto graudaugu
salmu atlikumus un speciali izaudzétu daudzgadigo augu biomasu. Izplatitakds energétisko
augu Skirnes: Miscanthus, Phragmites communis, Phragmites arundinaceae, Spartina
pectinata un Lolium perenne. So energstisko augu p}auju ieteic agri pavasarl kad augu
baribas vielas ir atgriezugas pie sakném un augu stiebri ir labi izzuvusi. Sada biomasa ir
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labak izmantojama kurindma vai celulezes raZo$anai, neki ta, kas plauta vasard vai rudeni.
Dabigi izzuvusas biomasas mitrums parasti ir mazdks par 15%. Kompakt€Sanas
eksperimentalie pétfjumi tika veikti ar telpds izzavétiem un sasmalcinatiem kvieSu salmiem
(mitrums 10 %). Lai izvértétu smalcinaSanas ietekmi, salmi tika frakcionéti, sijgjot caur
daZzada izméra sietu bloku. Kompaktd$anu veica slégtd preséSanas formz (1. att.).
Sasmalcinatais salmu materials 1 tika ievietots cilindriska forma 2 un saspiests ar puansona 3
palidzibu. Saspie§anas maksimalais spks P bija 150 kN un tam atbilstosais spiediens 2330
bar. Kompakt&fanai izmantoja miniatiiru speciali izgatavotu hidraulisko presi, kuras
piedzipu veica no hidrauliska stenda KI 4815 — 03. Eksperimentos iegiitds briketes mérija ar
mikrometru un to masas noteikSanai izmantoja Sartorius elekironiskos svarus GM 312 ar
nolasiSanas precizitati 0,01 g. Brike$u blivumu noteica ar aprékina palidzibu.

Mainot sasmalcinato salmu frakcijas, kompakté$anas eksperimentos ieguva dazada
blivuma briketes, tapsc tika veikti eksperimenti ar salmu daZdda smalkuma frakciju
maisTjumiem. Izmantoja arT salmu un kiidras maisfjumu, lai noteiktu optimalas proporcijas
nepiecieSama blivuma iegiiSanai.

1.att, Pres€8anas forma

Rezultati
Eksperimentos ar salmu dazida smalkuma frakciju kompakt&Sanu iegiito brikeSu
blivums ir 0,85 — 1.15 g/em® (2. att.) pie spiediena 2330 bar bez karss¥anas.

1,30 - | .
o 1,20
5 —
S 1,10 -
wn

2 1 I

5 1,00 : R? = 0,91071
= 0,90

0,80 + :

o 0,1 0,2 03 04 05 06 0,7 08 0,9 1
Smalkuma atieciba

2.ait. Salmu kompakt&Sanas blivums
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Salmu frakcijai, kura iegfita, 1251]&_}012 caur sietu ar acs izméru 0,5 mm, p&c kompaktdSanas
iegiitais blivums ir lielaks par 1g/mm’, turpreti lielaka izméra dalinu kompakt&§ana blivums
So vertibu nesasniedz.

Talakos eksperimentos izmantoja salmu divu frakciju (2 — 3 mm un < 0,25 mm)
maisijumus ar daZadam So frakciju proporcijam, pakapeniski palielinot smalkakas frakcijas
Tpatsvaru (3. att.). ArT 8T kompakt&$ana notika pie spiediena 2330 bar bez karsé$anas.

K
444

-

o
o

-Blfvums, gfen?

o

05 0505 105 21 2

SdnuiaTsi, mm

3.att. Salmu frakciju kompaktéSana

Rezultati liecina par to, ka jau 30 % smalkas frakcijas (< 0,25 mm) maisfjuma [auj
iegiit kopa ar rupjako frakciju (2 — 3 mm) briketes blivumu > 1 g/em’. Atseviski kompakt&jot
tikai rupjako frakciju (2 — 3 mm), iegiits blfvums 0,9 g/om’.

Lai noteiktu to, vai kiidras piedeva (< 3 mim) rupjakai salmu frakcijai lidzigi veicina
bltvuma pieaugsanu kompakté‘s’ahé, analogi realiz8ja kompaktgSanas eksperimentu s€riju ar
salmu frakciju (2 — 3 mm) un kiidras frakciju (< 3 mm). Mainot o frakciju proporcijas,
pakapeniski palielinaja kiidras frakcijas ipatsvaru. Eksperimentu rezultati ir redzami 4. att.
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0,80 .
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8 g
@

Briketes bitivums, g/crrij

KUdras Tpatsvars, %
4.att. Salmu un kiidras maisijuma kompakte$ana
Redzams, ka arf 30 % kiidras maisijuma lauj iegilit kopa ar rupjako frakeiju (2 - 3

mm) briketes blivumu > 1 g/om’. Tatad kiidra Iidzigi smalkakim maistjuma dalipam palidz
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aizpildit tukSumus un iegiit briketes ar lielaku biivumu kompaktsSanas procesd. Sis ir
nozimigs rezultdts, jo parada to, ka stiebru dalinas labi briket&jas kopa ar kiidru. Patreiz€jos
apstaklos, kad kidras brikeSu raZoSand ir dazadu faktoru izraisitas problémas, iesp&jas
izmantot §adu augu Skiedru un kidras maisijumu [2] briketes ir perspektivas, jo uzlabojas ari
pasa kurinama degSanas ipasibas.

Secindjumi

1. Eiropas valstu standartu prasiba kokskaidu granulu un brikesu materiala blivumam (>1,0
kg/dm®) rekomendgjama augu biomasu kompakiéSana.

2. Stiebru materialu kompakteSana iegitais brikesu blivums ir atkarigs no sasmalcinaganas
pakapes. Frakcijai ar daligu izméru < 0,5 mm péc kompaki€sanas iegitais blivums ir
lielaks par 1g/mm’, turpreti lielaka izméra dalinu kompakté$ana blivums So vertibu
nesasniedz.

3. Salmu dazada izméra dalipu kompakté$ana jau 30 % smalkas frakcijas (< 0,25 mm)
maisijuma lauj iegfit kopa ar rupjako frakciju (2 — 3 mm) briketes blivumu > 1 g/em®,

4. Kiidras piedeva >30% stiebru materialu kompaktéSana palielina iegtito brikesu blivumu
un uzlabo kurinama degSanas Tpasibas.

Literatiira
1. The Earth Summit’s AGENDA FOR CHANGE: A plain language version of Agenda 21 and the other Rio
Agreements / Published by the Centre for Our Common Future. —Printed in Geneva, Switzerland: SRO-
Kundig S. A., 1993.-35p.
2. Olsson R., Reed Canarygrass Development in Sweden. In: Proceedings of the Third Meeting of IEA,
Bioenergy, Task 17 in Auburn, Alabama, U.S.A., September 6 — 9, 1999. Environmental Sciences
Division Publication No.5053, Oak Ridge National Laboratory, Tennessee. pp. 1 ~ 8.

NIEDRU SAKNU APAUGUMA IZMANTOSANA
REED OVERGROWTH UTILISATION

Eriks Kronbergs, Dr.sc.ing., vado§ais pétnieks,
Imants Pliime, Mgr.sc.ing., lektors un Aivars Kakitis, Dr.sc.ing., pétnieks,
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Abstract. The rootfelt properties are investigated for development of technologies for
Lake’s overgrowth removal and utilisation. The specific energy of disintegration of rootfelt
vary from 7,3 to 18,1 kJ/m? in dependence on methods used for overgrowth partition. The
minimal density of rootfelt is 220 kg/m’ at a surface and the density increases to 1050 kg/m?
in deep layers of overgrowth. The moisture content (dry basis) of rooifelt vary from 800 % io
250 % and organic matter content lower from 96 % to 25 % in dependence on depth and
location of rootfelt in watercourse. The suitable methods and technologies are elaborated
for rootfelt removal and biomass utilisation for litter, compost production or for production
of Constructed Reedbeds for Effluent Treatment.

Keywords: rootfelt properties, overgrowth removal, biomass utilisation.
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Globalaja attistibas plana (Agenda 21) paredzéto zemes, TGdepu un gaisa
piesarpojuma samazindjumu var veicinat pieejamo biomasu resursu, tai skaitd ari niedru
sakpu apauguma racionila izmanto§ana augsnes humusa satura palielinaSanai. Intensivas
augsnes kultivacijas apstaklos virsiidenu un gruntsiidenu plismu aiznestd augsnes masa var
sasniegt pat vienu tonnu no hektdra gada. Lauku auglibas uzlabo$anai biitu ieteicams
transportét ezeros un mitrajos uzkratds minerdlvielas un apauguma biomasu Gidens plismam
pretgja virziena un iestradat augsnd. Organiskd méslojuma plaSa pielietoSana savukart
palielina izaudz8tds lauksaimnieciskas produkcijas un reizé ari cilvéku dzives kvalitati.
Sakara ar mineralméslu plasu pielieto§anu un lauksaimnieciba izmantojamo augdnu eroziju
pédejo 50 — 60 gadu laika gandriz visos Latvijas ezeros vérojama niedru saknu apauguma
padtrindta attistiba. Udenstilpnés nondko§ds augu baribas vielas dalgji tiek uzkratas ezeru
apauguma, galvenokart ezeru niedru audzes. Niedru un apauguma saknu pinuma novakSanu
var uzskatit par ezeru restaurdcijas pirmc nepiecie§amo posmu. Raciondlai biomasas
izmantoSanai biitu jasedz niedru un apauguma novak$anas izdevumi un janodro§ina ari pelna
uz augsnes produktivitites paaugstinasanas rékina. Lobes ezera niedru apauguma izpéte
parada, ka sakpu pinuma sausné ir 1.0 — 1.8 % slapekla. Novicot apaugumu kopa ar
niedram, papildu iesp&jams iegiit 4 — 8 tonnas vertigas niedru stublgju biomasas ar vid&jo
slapekla saturu sausnd 0.35 — 0.45 % [1]. Niedru apauguma resursu veidoSanas
prognoz&jama ari nakotng lidz ar niedru aud?u izmanto§anu notekiidepu atilriSanas laukumu
ierikoSand. Plafa $adu mitrdju ieriko$ana notekiidenu attiri§anai ir viens no sabiedribas
ilgstsp&jigas attistibas perspektiviem uzdevumiem. Ezeru apaugumu var lietderigi izmantot
kompostiem augsnes auglibas palielinaanai un kompost&$anas siltuma ieguvei. Sakard ar
ierobeZotajiem kiidras resursiem jaizvert€ iesp&jas iegiit pakaifu materidlu no saknu pinuma
organiskas frakcijas. :

Ezeru apauguma ipatnibas — liels mitruma saturs, daudzveidigi augSanas apstakli,
biomasas sastdva un izvietojuma neviendabigums - nosaka nepiecieSamibu izstradat
energétiski un ekonomiski pamatotus apauguma ieguves un izmantoSanas papSmienus.
Saknu pinuma attistibas ipatnibu, ta fizikdlo un kimisko ipasibu izpéte lauj izstradat
energétiski izdevigakos apauguma novak$anas, parstrades un izmantoSanas pap@mienus.

Materisli un metodes

Ezeru apauguma biomasu pé&tijumiem tiek izmantoti vizudlie novérojumi un
instrumentalie mérijumi. Ar vizudlo novérojumu palidzibu var iegiit vispargju priekSstatu par
apauguma sadalfjumu tdenstilpé, 13 veido$anas Tpatnibam, biomasas izskatu, krasu un citam
ipafibam. Pie instrumentiliem nov@rojumiem pieskaitdma apauguma fotograféSana un
skané¥ana paraugu attélu ievadiSanai datora. Ar instrumentiliem merfjumiem nosaka
apauguma fizikdlds un kimiskds ipafibas — apauguma atdaliSanas energiju, blivumu,
organiskas vielas saturu, mitrumietilpibu un mitruma absorbcijas spgju.

Apauguma gabalu griefanas un atdali§anas darba noteikSanai izmantoja specialu, ar
vindu parvietojamu platformu ar kustigu galdipu, pie kura tika piestiprinits asmens
apauguma grie$anai. Eksperimenta lajkd asmens tika iedzilindts apauguma slani noteikta
dzijuma un novietots vertikali vai arT 45° legki pret horizontalo plakni. Tika noteikta ari
grieSanas darbs ari zigveida griez&jelementam, papildus pielietojot ta aktivo piedzinu
vertikala plakng. Ipatngjo griefanas emergiju uz apauguma griezuma laukuma vienibu
aprekina
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F,l+N,6
€ s, (D
kur, e; — apauguma Ipatn&ja grieSanas energija, kJ/m? F, — spéks griezgjelementa
parvietoSanai horizontala virziena, N; 1 — griezgjelementa parvieto3anas attilums horizontila
virziend, m; N, — zagveida griezgjelementa oscilgjoSo svarstibu piedzipas jauda, W; 6 —
parvietoSanas laiks, s; S; — griezuma laukums, m2.

Lai noteiktu no tris pusém atdalita peldo§a apauguma gabala atrausanas energiju,
apauguma gabala un apauguma masiva saskares plakné tika iegremdaéti ar kustigo galdigu
saistTti piki. Ipatngjo atrauianas energiju uz apauguma griezuma laukuma vienibu aprékina

x=l
f B dx
€, 5 )
kur, e, — apauguma Tpatn&jd atrauSanas energija, kJ/m* F, — piku parvietofanas spéks
horizontala virziend, N; dx — elementarais piku parvietojums, 1 — piku parvieto$anas attalums
atrauSanas procesd; S, — apauguma atrausanas laukums, m?.

Apauguma blivuma un mitrumietilpibas izpétei tika noteikti dazada dzilumi iegiitu
taisnstiira prizmas formas paraugu izméri un masa. Méfjumi tika veikti 1 stundu péc
paraugu nopemsanas, t.i., iegiitie dati raksturo paraugu blivumu un mitruma saturu.péc
gravitacijas fidens notecéSanas un ir raksturigi apaugumam td pirmapstrades laika.
Apauguma kop&ja mitrumietilpiba (mitruma saturs péc gravitacijas tidens novadiSanas) tika
noteikta saskand ar §adu metodiku: 1) saknu pinuma paraugiem nosaka svaru, 2) saknu
pinuma paraugus pakapeniski piesticina ar Gdeni lidz nemainigam mitruma saturam, 3) p&c
parauga izpemsSanas no fidens tos iztur 1 stundu gravitacijas tidens novadiSanai, 4) paraugus
ar sakotngjo masu 16 — 20 g 7avé 5 — 8 stundas termostatda 105°C temperatiird. Apauguma
mitroma saturu (nemot par bazi parauga sausnas masu) izteiktu procentos nosaka

W - 100 (m, —m, ) 3)
mS
kur W — parauga mitrumietilpiba (sausnas baze), %; mg — parauga sakotngja masa péc
gravitacijas Gidens notecé§anas, kg; m; — parauga sausnas masa.

Pelnu satura noteikSanai sakpu paraugus kars€ 30 minttes 550°C temperatiira.
Organiskas vielas saturu saknu pinuma sausna aprékina
100(m,~m,)

m

0, = @)

kur Oy — organiskas vielas saturs apauguma saknu pinuma sausnd, %; m; — parauga sausnas
masa, kg; m, — parauga pelnu masa, kg.

Rezultati
Niedru apauguma veidoSanas ir atkariga galvenokart no Gidens dziluma un attiluma
lidz piekrastei. Udenstilpes seklaja piekrastes josla ar dzijumu mazaku par 0.3 — 0.6 m niedru
apauguma saknu sistéma parasti ir ieaugusi augsné un $aja zona nereti apauguma sastopami
a1 krlimaji un pat nelieli koki. Saknu pinums ir peldoss pateicoties tam, ka niedru saknés ir
ar gaisu pilditi dobumi. Palielinoties Gidenstilpes dzilumam, ezera limena svarstibas trauce
apauguma iesakposanos augsné, un tas peldoss. Lielakos v&jos saknu pinuma gabali atraujas
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no krasta un tiek aizpiisti tdlak ezera. Udens limenim vasard kiftoties, var notikt §adu
peldosu niedru salu sakgu sistémas saaugSana ar ezera nogulipu slani. Apauguma slana
vid€jais biezums atkariba no slana vecuma un augu sastdva var mainities plaSas robezas,
samazinoties virziend no krasta uz fdenstilpes atklato Gidens virsmu. Pieméram, Zebras
ezera apauguma slapa biezums mainds no 0,25 m lidz 1,0 m atkaribd no apauguma
dislokécijas. Ezeru apauguma slana briingana virsgja dala parasti atrodas virs fidens limena
un ir Iidziga kadrai, jo sastdv no organiskam vielam bagatas jauno un atmiruso angu sakgu
masas (1. attgls). '

a) b)
1.att. Zebras ezera peldoSa apauguma saknu pinuma elementi
a) — saknpu pinuma vertikals griezums (pa kreisi augsa — slapa virspuse, pa labi apaksa ~ slaga
apak$gja dala, b) — saknu pinuma frakcijas (augsa — niedru saknes, apaksa — digu un siko sakniSu
atlikums).

Dzilakos apauguma slagos apanguma krasa kltst tumsi pel€ka vai melna. Tas norada,
ka apaugums akumulé ne tikai augu baribas vielas, bet uztver arT sika izméra mineralvielu un
diipu dalinas, ta veicinot fidens attiriSanos. Palielinoties apauguma sldga dzilumam taja
pakapeniski pieaug mineralvielu un diigu saturs. Apauguma niedru saknu poraina struktira ir
piemérota pakaiSu un kompostu raZoSanai. PakaiSiem izmantojama ir visa apauguma
augi&jd, kidraind dala ka ar apauguma vidgjas un apaksgja dalas organiska frakcija pec tés
atdaliSanas (1b. att€la aug$a). Pargjo sakpu pinuma masu ar palielindtu mineralvielu saturu
(1b. attéla apaksa) var izmantot kompostu gatavoSanai vai arT augsnes méslosanai.,

Apauguma fizikdlas un Kimiskas fpasibas. No ezeru apauguma izmantoSanas
viedokla ta svarigakas ipasibas ir atdaliSanai pat®réta energija, blivams, mitrumietilpiba un
organiskas vielas saturs. Eksperimentali noteikta fpatngja energija apauguma sakgu pinuma
atdaliSanai atkariba no pielietotd atdaliSanas panémiena paradita 2.att€la.
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Energija, kd/m 2

2. att. Apauguma atdaliSanas Ipamn@ja energija atkariba no atdalisanas pagémiena

Vismazakd Ipatngja energija 7,3 kJ uz dalfjuma laukuma vienu m’ tiek izlietota,
atraujot sakpu pinumu, kas ir tikai 41% no patérétas energijas, grieZot ar vertikali novietotu
nazi. Saknu pinuma grieSanai ar oscilgjoSu zagi un slipi (45 gradi pret horizontalo plakni)
novietotu asmeni izlieto attiecigi 47 % un 55 % nc apangumu grieanai ar vertikalu nazi
patérétas encrgijas.

Apauguma saknu pinuma blivums ir atkarigs no apauguma slina biezuma, dziluma
un ta relativa novietojuma attieciba pret mineralvielas saturofo slani (grunts, dipas,
sapropelis). P&c gravitacijas iidens notec8$anas apauguma saknu blivums virs 1000 kg/m’

novérojams tikai apauguma slana apaksgja dala, ja apauguma saknes saaugusas ar grunti (3.
attéls).

23
o
o
)
1

1200 ——— E —R2= 0,723 T ———
% 1000 T R2 = 0,9306 9 so0 ——— -
E 100 NP
3—, 800 / %-% 200 uﬁ
w — T T d
g 600 /”( 0 0,2 0,4 0.6 08
15 0/0 Dzilums, m
& 400 , , |

0,00 210 0,20 0,30 b)

Dzilums, m

3. att. Zebras ezera apanguma sakgu slana blivuma izmaipas atkariba no slapa dzijluma 24 stundas
péc paraugu noviksanas; a — apauguma saknu sist8ma saaugusi ar grunti 0,25 m dziluma, b — peldoss
apauguma slanis ar biezumu ~ 0,75 m.

Peldo$a apauguma noteiktais vidgjais blivums ir 505 kg/m® jeb 66 % no grunti
ieauguia apauguma slapa vid&ja blivuma 814 kg/m’.

Sakpu pinuma mitrumietilpiba ir atkariga no ta atraSanas vietas, dziluma un ta
izZ{ifanas uzglabasanas perioda (4.attls).
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4. att. Kopé&ja mitrumietilpiba svaigam un gaissausam mitrinatam saknu pinumam atkariba no ta
attaluma lidz krastam Zebras ezera. 10 — saknu pinums saaudzis ar grunti, 30, 60 — saknu pinums
peldoss

Zavéta (lidz mitruma saturam 8 %) un atkartoti mitrindta saknu pinumu kopéja
mitrumietilpiba ir 59 —70 % no svaigi novéakta pinuma mitrumietilpibas, jo Zii§anas procesa
materidls dalgji zaude€ spgju uzstkt tdeni.

Apauguma organiskas vielas satura petijumi pardda, ka neorganisko piemaisijumu
daudzums pieang dzilakos saknu pinuma slagpos (5. attéls).

100 -
WRZ = 0,787 -

X 80 &5 mnokrasta, 0,3 m

- -] . . . -
g o <\ biezs, ieaudzis gruntT
>
g 0 \ 80 m no krasta, 0,5 m
.% 0\m\\&\ hiezs, peldoss
g 20
(@]

R2 = 0,8484
0 T T T )
0,0 0,1 0,2 0,3 0,4

Dzilums, m

5. att. Organiska@s vielas saturs Zebras ezera sakgpu pinuma paraugos atkartba no slana dziluma

Organiskis vielas vid&jais saturs Zebras ezera apaugumam ir 49 % un 87 % attiecigi
0,3 m biezam grunti ieaugusam sakgu pinumam un 0,5 m biezam peldoSam saknu pmumam.

Ezeru apauguma neovakSamas un izmantoSanas tehnologijas. Apauguma
novaksanai var izmantot krastd bazétas iekdrtas — speciflus ekskavatorus vai vinéas
piedzipas iekartas. Niedru saknu pinuma sadaliSanai ieteicama LLU patentétd siksnas
griezgjierice tdenstilpgm (Pat. LV-12155). Ar So iekdrtu var aprikot peldlidzeklus (laivas,
katamardni u.c.) un pa apaugumu parvietojamas iekartas (specializeti vieglas konstrukcijas
visurgdj&ji, ragavas un platformas). Sakpu pinuma sadalifanai izmantojamas arl
parndsajamas iekartas (motorzagi ar pagarinatu sliedi un rokas instrumenti).

Apauguma transportéSanai uz krastu var izmantot ta peldspgju. Péc §is tehnologijas
iepriek§ atdalita apauguma gabali tiek sasaistiti virkné un nogadati piekrasté, izmantojot
krasta bazétu vai arT peldosu mehaniskas piedzinas iekartu. Novaksanas tehnologijas izvéle
atkariga no saknu pinuma pielietojuma veida. Piem&ram, novacot apaugumu notekidepu
atiiri¥anas laukumu ierikosanai, novak$anas un transportéSanas procesd maksimali jasaglaba
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saknu pinuma dzivotsp€ja un sakotn€ja struktiiva. PakaiSu ieguvei savukart pilniba
izmantojama sakgu pinuma augigja dala, kuru novac atseviski no pargja apauguma, Papildus
pakai$u resursus iegiist, saknu masu frakciongjot, pieméram, placinot, smalcinot un sijgjot
Zavetu apauguma masu, lai atdalitu no tas grunts dalipas un sapropeli. Novacot apaugumu ar
atrau$anas panémienu, janem véra novaktd saknu pinuma nereguldri forma un 13 struktiiras
deformacija. Lai arT kompostu gatavoSanai var pielietot jebkuru apaugumu novaksanas un
transportéSanas panémienu, ieteicams izveélties energiju tauposu, ekologiski drosu un
vietgjiem apstdkliem piemérotu saknu pinuma novak$anas un pirmapstrades tehnologiju.
Perspektivas tehnologijas idenstilpju apauguma izmanto§anaj ir vairakas.

e

Ezera niedru sakpu pinuma “paklaju” ieguve un to izmanioSana maksligu niedru audzu
veidoSanai. Pildot attiriSanas funkciju niedrdjs akumulé augu baribas vielas un nodroSina
ikgad&ju biomasas pieaugumu 2,0 — 2,5 t sauspas no ha. Biomasu izmantoSana
meéslojuma raZoSanai lauku vidé ir pielidzinama tieSai energijas ieguvei, jo samazina
energoietilpigo minerdlméslu izmantos$anu.

Udenskratuvju un mitrdju apauguma izmantoSana kompostiem organiskd méslojuma,
kompostésanas siltuma un gizu razo$anai (LLU Patents, LV 12465). KompostéSanas
rezultata tiek iegiits saméra sauss (mitrums 30 — 35 %), &rti transport€jams un viegli
iestraddjams mésiojums. Komposi&sanas procesa iegiito siltumu (temperatiiva lidz 50 —
60 °C) var pielietot siltumnicu, &ku apsildei, bet iegiitas gazes (oglskaba gaze, amonjaks)
var izmantot augu baroSanai.

Kiudras resursu samazinasanas apstakjos perspektiva ir pakaisu raZoSana no apauguma
sakgu pinuma. Péc sakgu pinuma masas kondicionSSanas (¥avéSana, smalcinaSana,
placina$ana, neorganiskas dalas atdaliSana) tiek ieglts materials ar augstu uzsikSanas
sp&ju (300 — 500 % no sausnas svara) un porainibu, kas vienlidz sekmigi izmantojams
gan pakaiSiem, gan k& piedevu materiils kompostiem to mitruma normalizéSanai.

Secinijumi
Sakpu pinumu atrausana izlieto vismazako Ipatngjo energiju 7,3 kJ/m? jeb 41 % no
energijas vertikali novietota naZa piedzigai. Apauguma grie$anas Ipatnéjas energijas ar
oscilgjosu zagi un slipi novietotu asmeni attiecigi ir 47 un 55 % no energijas izlietotas,
griezot ar vertikali novietotu nazi.
Noteiktais Zebras ezera grunti ieaugusd un peldos$a sakgu pinuma vidgjais blivums
attiecigi ir 814 kg/m?® un 505 kg/m?.
Gaissausa atkartoti mitrinata saknu pinumu kop&ja mitrumietilpiba ir 59 — 70 % no svaigi
novakta apauguma mitrumietilpibas.
Noteiktais organiskds vielas saturs Zebras ezera apauguma mainds no 25 lidz 97 %
atkaribd no sakgu pinuma novietojuma un sldpa dziluma. Vidgjais organiskas vielas
saturs ir 49 % grunti ieauguiam sakgu pinumam un 87 % peldoSam saknu pinumam.

. Niedru sakqu pinuma sadaliSanai ieteicams izmantot zagveida griez&jelementu ar ta

nepartrauktu vai oscilgjosu piedzigu.

Niedru saknu pinuma transportam uz krastu izmantojama niedru pinuma peldspégja.
Ezeru un mitrdju saknu pinuma augiSja dala izmantojama pakaiSiem bez biomasas
frakcion&8anas, bet paréja apauguma masa pakai§iem lietojama p&c neorganisko
piemaisijumu atdaliSanas.

Visa apauguma biomasa izmantojama kompost&§anai méslojuma un energijas ieguvei,
tadgjadi samazinot energoietilpigo mineralméslu izmantoSanu.
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5. Niedru saknu gabali ar neizjauktu struktiiro plelleto_]arm notekiidenu attiriSanas laukumu
ierikoSanai.
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ZIEMAS KVIESU AUGSNES APSTRADES UN SEJAS TEHNOLOGLJU
EFEKTIVITATE
EFFECTS OF SOIL TILLAGE AND SOWING TECHNOLOGIES ON
WINTER WHEAT

Dainis Lapins, Dr. agr., asoc. profesors,
Andris Bérzins, Dr. agr., doc., Zinta Gaile, Dr. agr., doc.,
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Abstract. The influence of soil tillage and sowing technologies on the yield of winter
wheat were studied on sod podzolic loam soils in the LUA Research and Study Farm
“Vecauce” during 1998 to 2000. Classic early ploughing, late ploughing with soil pacomat
and sowing without soil reversing were used as comparison variants of soil tillage for winter
wheat. The using of soil pacomat and local mineral fertilizing increased the yield of winter
wheat in the research conditions. Direct sowing and conservation soil tillage gave a
decrease of grain cost and provide the same level of yield achieved with classic soil tillage
and sowing technologies.

Key words: winter wheat, soil tillage, sowing, direct sowing

Ievads

Pasaules laukkopibas praksé arvien plasak tiek izmantota graudaugu tiesa sgja bez
ieprieks€jas augsnes apstrades vai arl konserv&joSd augsnes apsirdde — s&a, kad abas
tehnologiskas operacijas tiek izpilditas vienlaicigi, Sadi izpildita labibu s&ja lauj ietaupit
resursus, nemazinot graudu razas (D. Lapins, J. KaZotnieks, 1999., D. Lapip$, A. B&rzins, Z.
Gaile u.c. 2000.). Latvija peédgjos gados zemmnieku saimniecibas arvien plasak tiek iegadatas
labibu sgjmaginas, kas lauj minimaliz&t augsnes apstradi ziemaju un vasardju labibam, bet
kuras bieZi tiek izmantotas klasiskaja variantd —~ s€jot ar velénas vai rugaines ieprieksgju
apversanu. Nereti arums tiek izpildits novélotos terminos, bet vasarajiem pat pavasari. Sados
apstaklos lietderigi izmantot augsnes apakskartas blivétajus — "pakotajus”.

Darba mérkis — sniegt vert€jumu augsnes apstrades un s&jas izpildes variantiem ka
razu atSkiribu veidojoSiem faktoriem. Novertét augsnes apstrades minimalizacijas iespgjas
ziemas kvieSiem, izmantojot da¥adus efektivitates vért&juma kritérijus.

Pétijumu objekts un metodes
RaZo$anas izmé&ginajumi ierikoti macibu un pétfjumu saimnieciba “Vecauce” 1998.
un 1999. gada rudeni velénpodzolétas viegla smilimala labi iekultivétds augsnés. Pétamie
faktori ir augsnes apstrades (A) un s&jas (B) veidi. Faktors A ietver tis gradacijas: A; — agrs
arums 28.07.1998. un 17.08.1999.; A, - s€ja bez augsnes ieprick§&jas apverSanas; Az — arts
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16.09.1998. un 10.09.1999., arklu agregat8jot ar augsnes apakskartas blivétdju. Faktors B
ietver divas gradacijas, izmantojot s€jmasinas: By — fréz&Sana + s€ja ar enkurtipa lemesiSiem
(Amazone D845 Super komplektacija ar frézi KG—452); B, — disku s€jmasina (Rapid 300
C). Sgja veikta 22.09.1998. un 15.09.1999.

Ziemas kvieSu agrotehnika. Ziemas kvieSu priekSaugs 1999. gada razai — 1. gada
abolina-timotina mistrs, péc td novakSanas augusta pirmajas dienads lauks miglots ar
herbicidu Glifoss 3.0 1 ha™ (izpemot platibas, kur ar§ana veikta 28.07.1998.). Izmantots arkls
Overum — 6DVL, augsnes aramkartas blivétajs Pakomat DK—205—335 CM. Sgja veikta
22.09.1998., izs&jot 450 digstofas séklas uz m? jeb 280 kg ha™'. Ziemas kvieSu Skime
‘Donskaja polukarhkovaja superelite. Pirms s€jas ir dots méslojums NePysKio +
mikroelementi, 1zk11edejot tos ar lieljaudas pneimatisko mineralmeslu 1zkhedeta3u Terra
Gator, dodot 300 kg ha™'. Papildméslojumu 12. aprili, NH,NO; 200 kg ha™! izkliedgja ar
Terra Gator, bet otro reizi slapekla papildméslojums NH,NO; 150 kg ha™' lietots 15. maija
labibu 37. attistibas stadija. Nezilu apkarosanai ]i)llmgi visos augsnes apstrades sgjas
variantos 20. aptili lietoja herbicidu Satis 150 g ha™. Iepneks neartajos variantos, kur p&c
tam veikta tiesa seJa vai konservgjosa augsnes apstrade — seja 12.maija tika izsmidzinats
Monitors 26,5 g ha™ + Citovets 150 ml + 100 I H , O ha™'. Labibu slimibu 1zplat“bas
ierobezoSanai 12 maija 37. labibu attistibas stadija izmantots ﬁmglmds Mentors 0,7 1 ha™,
bet vélak, 31. maija 50. labibu attistibas stadija Alegro 1 1 ha™'. Ziemas kviesu agrotehmka
2000.gada razai analoga izmégindjumiem 1999.gada. PriekSaugs — ziemas kvie$i. Izmantots
arkls Overum — 6DVL, augsnes aramkartas bllvetajs Pakomat DK—205—335 CM. Sgja veikta
15.09.1999., izsgjot 450 digstosias séklas uz m? jeb 260 kg ha™'. Ziemas kviesu Skirne
‘Donskaja polukarlikovaja’. Pirms s€jas 14.septembii ir dots meslojums NgPyeKso +
mikroelementi, deva 300 kg ha™', izkliedgjot ar lieljaudas pneimatisko mineralmssiu
izkliedétaju Terra Gator. Lietojot sé€jmaSinu Rapid, méslojums 2000. gada iestradats lokali
reiz€ ar s€ju. Visa razoSanas izmégindjuma maksimali ievérots vienigas atskiribas princips.

Meteorologisko apstiklu raksturojums. 1999. un 2000. g. janvara lielako dalu
ziemaju labibu s€jumi ziemoja loti silta laika apstaklos. Ziemaju vegetacija atjaunocjas marta
pédeja nedéla, t.i., 2-2,5 ned€las agrak neka parasti. Aprila beigas noverota stiebroSana.
Aprila beigas un maija sakums abos izmé&ginajumu gados raksturojas ar aukstu laiku,
bieZam, intensivam salnam, kad augsnes virskartd 2000. gadid bija pat —7°C. Silts laiks
iestajas maija 3. dekades beigas. Produktiva mitruma krajumi augsnes aramkartd — optimala
daudzuma robeZas, arT maija, jiinijd mitruma nodroSindjums bija labs. Jilija, karsta, saulaing,
sausd laika ijetekmé augu attistiba norisa straujos tempos, bija ve€rojama graudu
dzeltengatavibas iestaSanas jau julija vidd, bet 1999. gada 3. dekadé tie sasniedza
pilngatavibu.

Novérojumu un datu apstrades izpildes metodika. Ziemas kvieSu raZiba t ha™,
noteikta katra variantd piecas vietas, izpildot paraugkilu analizi, razu parr&kinot uz vienu ha
Paraugu nemsanas vietu izvélé izmantota randomizacijas metode. Datu apstrdde izmantota
divfaktoru dispersiju analize, starpibu biatiskuma vértgjumam pielietojot Fisera kriteriju.

Rezultati un diskusija
Augsnes apstrades un séjas tehnologiju ietekme uz graudu raZibu. legito
rezultatu dispersiju analizes rezultati liecina, ka augsnes apstrades izvéle pirms s&jas vairak
neka s&jas tehnologijas izvéle ietekmé atSkiribas ziemas kvieSu raziba (1.attéls).
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Sgjas tehnologiju izv&les ietekme palielinds 2000.gada izméginajumos, kad, ievérojot
vienigas at8kiribas principu un lietojot vienadas méslojuma devas, viss pamatméeslojums,
izmantojot disku s&jmasinu Rapid 300 C, tiks dots lokali reizé ar sgju. Saja 2000. gada
izm&ginajuma atskirthad no 1999.gada, ziemas kvie$u tieSaja s&ja salidzindjuma ar
konserv&jofo augsnes apstrades un s&jas tehnologiju (s&jmasina Amazone DF8 — 45 Super,
agregata ar frézi KG452) iegtts biitisks graudu raZibas kapinajums (1.attéls).

Augsnes apstrades un s&jas tehnologiju efektivitates veértéjums péc graudu
raZibas atSkiribam. Klasiskai augsnes apstradei rudeni, izpildot agru arumu, salidzinajuma
ar s€ju bez augsnes ieprieksgjas apvérSanas 1999.gada izméginajumos nav bitiskas starpibas
ziemas kvie$u raZiba (1. tabula). Izmégindjumos 2000. gada apstaklos tieSaja un
konserv€josaja augsnes apstrade — sgja tiek iegiits butisks, ar augstu varbitibas [fmeni (P >
95%) raZibas palielindjums salidzindjuma ar s€ju agra rudens aruma apstaklos. Lietojot
augsnes apakskartas blivétaju un sgju izpildot terminos, kas atlauj ziemas kvieSiem cerosanu
uzsakt vél rudeni, véla aruma trikumi tiek novérsti un raZiba, salidzinot agru un vé&lu arumu

‘rudeni, p&dgja arklu agregatgjot ar augsnes apakskartas blivetaju, ir biitiski augstaka. Ziemas
kvie$u s€ja, augsnes apveérsanu izpildot reizé ar tas apakskartas blivéSanu, lauj sasniegt 14 —
35% lielu razibas kapindjumu salidzindjuma ar variantu, kur tas nav izmantots. Labi
iekultivetas augsnés, augsta agrofond, kas paredz 6 Iidz 7 t ha ~ ! labibu graudu razu ieguvi,

_s&jmasinu tipa izvélei nav noteico§d nozime graudu raZiba. Ziemas kvieSu graudu raZibas

izkliedes raditajus S% maz ietekmé sgjas tehnologiju izvele, bet 2000.gada izméginajumos
augsnes apvérSana pirms s&jas tos pat nedaudz palielina.

Agroekonomiskas analizes rezultati. Jzmégindjumu rezultati LLU m.p.s.
“Vecauce” apstaklos liecina, ka raZoSanas izmaksu diferenci Ls ha™” nosaka augu
aizsardzibas pasdkumi, jo, izpildot s&ju bez augsnes iepriek$gjas apveranas, nepiecieSams
izmantot glifosdta tipa herbicidus ka arT fungicidus. Ja loZnu varpatas apkaro3anai jalieto
herbicids momtors tad razoSanas izmaksas pahehnas vél vairdk. Graudu paSizmaksas
raditaju Ls £ at3kiribas starp augsnes apstrades un sgjas variantiem nosaka vispirms raziba.
Sejmasmu un ar to saistito séjas tehnologiju izvéle augsta agrofond pie graudu-razibas 7 lidz
8 t ha™! maz ietekm@ pasizmaksu. Sgja augsné bez tas ieprieks&jas apvérSanas 1999. gada
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apstaklos nodro§indja 33,88 Ls t” paSizmaksu, bet agra aruma rudeni 37,04 Ls t!, kur
atSkiribas pamatojas uz aruma izmaksu ietaupijumu, s&ju izpildot tieSi rugain€. Augsnes
apakskartas blivétaja izmantosana nodroSina Iidz pat 9,63 Ls t”! pagizmaksas pazeminiganos
salidzindjuma ar variantiem, kur tas, apvérSot augsni, netika izmantots. Neraugoties uz
iegiitajiem labajiem agroekonomiskajiem raditajiem, lielakajai zemnieku saimniecibu dalai
o tehnologiju ievieSana bus iesp@jama, tikai sekmigi risinot kooperdcijas jautajumos, jo
modemu augsnes apstrades un s€jas tehnologiju realizacijai piemerotie agregati atmaksajas
tikai tad, ja to izstrade sezoni ir vismaz 200 Iidz 300 ha. Latvija patreiz lidz 77% no labibu
s§jplatibam ir saimniecibas ar to kop€jo platibu Iidz 5 ha. AT pilniba atteikties no augsnes
apver§anas Latvijas apstiklos patreiz nav iesp&jams, un 13 jaizdara vismaz vienu reizi 2 lidz
3 gados, kas liecina, ka tehnologiju modernizacija lidztekus s€jmasinu iegadei, japaredz ari
finanses arklam, ka augsnes pamatapstrades galvenajam agregatam.
1. tabula
Ziemas kvieSu graudu raziba, t ha -1, dazadas augsnes apstrades un séjas tehnologijas
LLU mps "Vecauce' 1999, un 2000.g.

Augsnes 1999.gads 2000.gads
apstrade S&jas tehnologija
pirms sgjas
Tha™ S% tha™ S%
Faktors A Faktors B AB A AB AB A AB
Agrs arums | Augsnes frézéSana + sgja 5,17 5,17 17,7 4,60 502 | 16,1
rudent (enkurtipa lemesisi)
Séja ar disku s&jmasinu 5,16 16,6 5,44 21,4
videji (A) 17,1 18,7
S&ja bez Augsnes frézeSana + s8ja 5,69 5,59 12,3 6,98 7,47 13,2
augsnes (enkurtipa lemesisi)
ieprieks€jas
apverSanas
Ties3 sgja ar disku 5,51 23,6 7,96 16,8
séjmasinu
vid&ji (A) 17,9 15,0
Veéls arums Augsnes frézeSana + sgja 7,36 7,44 26,1 6,66 7,36 | 20,9
+ augsnes (enkurtipa lemesisi)
apakskartas
blivésana
S&ja ar disku s€jmasinu 7,53 15,3 8,06 13,2
vidéji (A) 20,7 17,0
RS g0s 1,62 1,15 1,66 1,18
n’% 48,2 39,5
Faktors B, s&jas tehnologijas
Augsnes fréz8Sana + s&ja (enkurtipa | 6,07 18,7 6,08 16,7
lemesisi)
S€ja ar disku s€jmasinu 6,06 18,5 7,15 17,1
RS 905 0,94 0,96
1% 0,0 8,9
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Rezultitu agroekologiskais vértgéjums. Augsnes apverSana pirms ziemiju sgjas ir
obligata biologiskajam zemnieku saimniecibam, jo konservéjoSajas augsnes apstrades s&jas
un tiedas s&jas tehnologijas augu atliekas paliek augsnes virspusg, kas sekmé labibu slimibu
pastiprinatu izplatibu, bet biologiskajds zemnieku saimniecibis fungicidu izmanto$ana nav
paredzéta. M.p.s. "Vecauce" 1999. gada izméginijumos ar piesakpu un sakpu puvém
inficgto ziemas kvie$u stiebru skaits pat fungicida Mentors izmanto$anas fona vidgji rudens
aruma bija 57, bet sgju veicot bez augsnes apvérSanas 67 % no stiebru kopskaita parauga.
Arfana pirms s&jas ar augsnes apakskartas blivétaja izmantoSanu lauj samazinat rudeni
nitratu slapek]a zudumus no augsnes salidzindjuma ar ziémaju s&ju agrd arumi. ArSanas
aizstaSana ar konservEjoSo augsnes apstradi reiz€ ar s€ju, ki ari tie$3 s€ja layj ietaupit
energétiskos resursus un darba laika patérinu cilvekstundas, kas bieZi nav izsakams tikai
ekonomiskaja defingjuma Ls ha ™! forma.

Slédziens
Labi iekultivétas viegla smilSmala augsnés ziemas kvieSu tie§d un konserv&josa
augsnes apstrade, s€ja lauj salidzindjuma ar klasiskajam augsnes apstrades s€jas sistémam
sasniegt tadu pat graudu raZibas limeni un pazeminat to pasizmaksu.
Ziemas kvieSu raZibas palielindSanos sekme& augsnes apakSkartas blivEtaja
izmanto§ana, minerala méslojuma lokala iestrade vienlaicigi reizé ar sgju.
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VIDES AIZSARDZIBAS PASAKUMU FINANSESANAS PROBLEMAS
FINANCING ISSUES OF ENVIROMENT PROTECTION PROJECTS

Inguna Leibus, Mgr.oec., LLU doktorante, lektere
Sveétes iela 18, Jelgava, 9410845, e—pasts:inleibus@cs.llu.lv, fax 3023073

Abstract. The aim of the report is to analyse the financial problems of the
environmental protects in Latvia. The main tasks are the following:

¢ To become familiar with the formation of various financial recourses on the
environmental protects — the state budget investments, the local budgets sources, the

grants and credits from International and other financial institutions.

¢ To analyse the structure of expenditures on environmental protection.
The monographic method, the analyse statistic dates about environmental protection

in Larvia in 1993-2000 are used the research. The main results of the research are the
Jollowing.
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¢ The natural resources tax incomes are insyfficient to solve the problems of the
environmental protects. It is necessary to increase the base of taxation. The incomes from
ecology taxes must grow up on the summary state budget.

¢ It is necessary to increase the part of natural resources tax to supliment local budgets, to
solve local governments’ tasks of environmental protection (especially garbage
department)

¢ Till local financial resources are insufficient, it is necessary a supplement from state
budgets to tie investments from various financial institutions.

Ievads
Vides aizsardzibas jautajumu iek]auSana kopéja tautsaimniecibas attistiba ir viens no
vides aizsardzibas politikas galvenajiem mérkiem. Vides aizsardzibas politikas IstenoSana
paplasinas ekonomisko lidzeklu pielietoSana, kuru mérkis ir ierobeZot vidi piesarnojoso
razoSanu un patérinu, veicinat raciondlaku dabas resursu izmantoSanu.

Metodes
Darba galvenokart izmantota monografiska metode, ka arf statistisko datu analizes un
sint€zes metode. Analizéti LR CSP dati par vides raditajiem Latvija 1993.-2000.gada.

Analftiska dala
Vides politikas mérku sasnieg8anai tiek izmantoti §adi ekonomiskie lidzekli [1]:

¢ dabas resursu nodoklis;

¢ subsidijas, dotacijas un investicijas no valsts un pasvaldibu budieta, Vides
aizsardzibas fonda vai daZadiem arvalstu investoriem;

¢ aizdevumi wn krediti no Latvijas Vides investiciju fonda, Pagvaldibu kreditéSanas
fonda un starptautiskam finansu institficijam,;

¢ valsts garantijas kreditu sapemsanai;

¢ videi nodarito zaud&jumu atlidziba;

¢ administrativie maksajumi par atlauju un licencu izsniegSanu.

1. Dabas resursa nodoklis

Dabas resursu nodokli izmanto ka ekonomisko sviru [2]:

4 dabas resursu saimnieciskas izmanto8anas veiciniSanai;

¢ vides piesarnoSanas ierobeZoSanai, vidi piesarpojoSas produkcijas samazinaSanai;

¢ videi draudzigu tehnologiju radiSanai un ievie$anai.

Dabas resursu nodokla mérkis ir regulét vidi ietekm&oSo subjektu darbibu ar tirgus
mehanisma palidzibu. Dabas resursu nodoklim jadarbojas péc principa “piesarpotajs maksa”.
Produktu un pakalpojumu cenam ir jatspogulo patiesas izmaksas, kas ietver ari vides
aizsardzibu. Tas nozimé, ka piesarpotdja piendkums ir samazinat piesarpojumu un draudus
videi vai segt izdevumus, kas nepiecieSami vides aizsardzibai. Valsts budZeta lidzeklu
izmanto$ana vides aizsardzibas izmaksu segSanai nav vélama. [3]

Dabas resursu nodoklim ir t17s ekonomiskie aspekti [4].

1. Finansials atbalsts valsts un paSvaldibu institbcijam vides apsaimniekoSana.
Likuma “Par dabas resursu nodokli” noteikts, ka visi nodokla iepémumi izmantojami tikai
tie$i ar vides aizsardzibu saistitu pasikumu un projektu finansé$anai. FinanséSanas funkcija
darbojas pé&c principa “piesarpotdjs maksa”.
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2. Sankciju pieméroSana Jpar virslimita resursu ieguvi un piesarpojumu. Likums
paredz triskarsas papildlikmes. Si ir pati nozimigdka sankcija vides resursu taupigai
izmantoSanai un piesarpojama ierobeZoanai.

3. Ekonomiskie stimuli alternativu, videi draudzigiku risindjumu izmantofanai.
Dabas resursu nodokla maksatajs var sapemt nodokla atlaidi, finansgjot projektus, kuru
mérkis ir samazinat vides piesarpofanu vai dabas resursu patéripu, veicot tehnologiskus
uzlabojumus vai vides aizsardzibas pasakumus. Tas ir redls valsts atbalsts uzgémgjiem, kas
raZoSana ievies ekologiski mazak kaitigas tehnologijas.

Dabas resursu nodoklis ieviests 1990.gada. Sdkotngji ta mérkis bija ierobeZot dabas
resursu nesaimniecisku izmantoSanu, ka arl veidot finansidlo nodrofinajumu vides
aizsardzibas pasakumiem. Nodoklis sastavéja no divam dajam:

¢ maksa par dabas resursu izmanto§anu un iesaisti¥anu saimnieciskaja darbiba;

¢ maksa par vides piesarposanu limitos noteiktajos apjomos, ki arl virslimita

piesarnojumu un resursu patérinu.

Eso§as dabas resursu nodok]a objektu grupas nekompenséja nodarito kait&jumu videi.
1996.gada LR likuma “Par dabas resursu nodokli” papildus tika noteiktas jaunas nodokla
objektu grupas:

¢ videi kaitigas preces un produkti, ko ieved, razo un pardod Latvijg;

¢ ievesto un ick§zemé razoto predu vai produktu iepakojums.

Kops 1997.gada abi papildus nodokla objekti nodroina lielako dalu nodokla
ienémumu|3]. Iekasgta nodokla apjoms 1997.gada strauji palielinas, t.i., vairdk ka 5 reizes.
Palielinds dabas resursu nodokla ipatsvars valsts konsolidétd kopbudzeta nodoklu
iepfmumos. ‘

1.tabula
Dabas resursu nodokla Ipatsvars valsts konsolidéta kopbudZeta ienémumos [5]
Raditaji mérv. | 1995 | 1996 | 1997 1998 1999 | 2000
Valsts konsolidétd kopbudzeta milj.Ls | 878,9] 1072,3| 1307,2] 1577,4| 1589,2] 1626,1
ien@murmi
t.sk. nodoklu ieng@mumi milj.Ls | 774,3] 874,6] 1081,6{ 1304,7] 1335,3] 10155
No tiem dabas resursu milj.Ls 1,5 1,7 9,9 11,0 9.5 10,6
nodoklis
Ipatsvars nodoklu ienémumos % 0,2 0,2 0,9 0,8 0,7 1,0
Ipatsvars kopbudzeta % 0,2 0,2 0,8 0,7 0,6 0,7
ienémumos

Tai pat laikd dabas resursu nodokla iepSmumi joprojdm ir nepietiekoS§i, lai segtu

arvien pieaugosas izmaksas dabas aizsardzibai.
2.tabula

Lidzeklu izlietojums vides aizsardzibai [3]

Raditaji mérv. | 1995 1996 1997 1998 1999

Lidzeklu izlietojums vides aizsardzibal milj.Ls 18,9 13,8 20,0 27,8 34,4
Valsts konsolidéta kopbudZeta izdevumi  |milj.Ls| 951,1] 1112,2) 1248,2| 1567,1] 1732,6
Iek$zemes kopprodukts (IKP) milj.Ls| 2349,2] 2829,1] 3275,5| 3589,5{ 38971
% no kopbudZeta izdevumiem % 2,0 1,2 1,6 1,8 2,0
% no IKP % 0,8 0,5 0,6 0,8 0,9

Dabas resursu nodokla patsvars vides
aizsardzibai izlietoto lidzeklu summa % 8,0 12,5 49,5 394 27,6
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Iepgmumi no dabas resursu nodokla palielinas 1éndk neka lidzek]u izlietojums vides
aizsardzibai, tdp&c jameklé iesp€jas palielinat dabas resursu nodokla iep€mumus.
Galvenokart nodokla ienémumu palielindgjums japandk praksé izmantojot visas iespé&jas
aplikt ar nodokli dabas resursu izmanto$anu un vides piesarno$anu, atbilstosi likumam “Par
dabas resursu nodokli”[4]. Tatad jauzlabo darbs Regiondlo vides parvaldes institiiciju

limen.
Vides Videi kaitigu Ievesto un Latvija Virslimita

Dabas piesarnojums predu, produkiu raZoto precu, maksajumi,

resursu limita ieveSana, raZoSana, produktu soda un

ieguve apjoma realizécija iepakojums nokavgjuma
naudas

/\
60% 40% 100%

Vietgjo pasvaldibu vides aizsardzibas
specialie budZeti

\&lsts vides aizsardzibas specialais budZets

Latvijas Vides aizsardzibas fonds

Subsidijas uzpémumiem,
kuri veic videi kaitigo
precu un produkeiju,
produktu utilizaciju,
parstradi

|
Latvijas
Vides investiciju
fonds

Merkfinansg&jums
vides aizsardzibas
projektiem

1.att. Dabas resursu nodokla realizacijas shéma. [8]

Lidzeklu izlietojumam vides aizsardzibai jakorel€ pozitivi ar IKP pieaugumu. Atzinigi
vertéjams tas, ka lidzek]u izlietojums vides aizsardzibai apsteidz IKP pieaugumu. Pasreiz tas
ir mazaks par 1% no IKP. Salidzindjumam var minét, ka ES valstis vidéji vides aizsardzibai

izlieto 1,5% no IKP.
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Paglaik vairakas pasaules valstis (ASV, Sveice), ari ES izstrada un ievies ekologisko
nodokju reformu. Pamata ir princips, ka, resursam kliistot dargikam, tas jaizmanto taupigak.
Reforma paredz nodok]u ienémumu pardalisanu ekologisko nodok]u laba. [3]

Dabas resursu nodoklis javeido atkariba no dabas resursu bagitibas, t3 nodroSinajuma,
neatgriezamibas, ekologiska lidzsvara, vesturiskds vértibas un citiem faktoriem, likmei
pieaugot lidz ar konkr&ta dabas resursa samazinasanos zem kritiskas robeZas. [6]

Dabas resursu nodoklim Latvijas nodoklu ienémumos ir vismazakais Tpatsvars. Péc
aprékiniem nodoklim vajadz&tu sasniegt 2-3% no kopbudZeta iep€mumiem. DaZi autori
iesaka dabas resursu nodokla vélamo Ipatsvaru 2-4% no nodoklu ienémumiem. [7)

Iekaséto dabas resursu nodokli sadala valsts vides aizsardzibas specidlaja budZetd un
viet&jo paSvaldibu vides aizsardzibas specidlajos budZetos. Valsts vides aizsardzibas speciilo
budZetu parvalda Latvijas Vides aizsardzibas fonds.

Lielako daju dabas resursu nodokla veido ienémumi par videi kaitigdm precém,
produktiem un iepakojumu, kuri 100% nondk valsts budZetd. Vietgjo pasvaldibu budZetus
veido 60% nodokla par dabas resursu ieguvi un vides piesarpojumu. Tomér ta ir salidzinosi
neliela dala nodoklu iendmumu. Ar katru gadu pasvaldibu budZeta iengmumi samazinas gan
faktiskajas cenas, gan to ipatsvars, 1997.g. - 29%, 2000.g. - 22%.

2.att. Dabas resursu nodokla sadalijums valsts un pasvaldibn
specidlajos budZetos

Bl valsts specidlais budzets
B pajvaldibu specialais budZets

titkst.Ls
i
(=]
o
[=]

1997 1998 1999 2000

Likums “Par vides aizsardzibu” paredz, ka pa§valdibu institlicijas ir atbildigas par
vides aizsardzibu un dabas resursu izmantosanu sava administrativaja teritorija. Tam noteikti
sadi vzdevumi [9]:

organiz&t sadzives un netoksisko ripniecisko atkritumu savakfanu un
transportésanu;
organizét Gidens apgadi un notekiidenu attirianu.

Apkartgjas vides uzlabo$ana (lidens un gaisa piesarpotibas samazindSana) ir viens
vietgjo pasvaldibu lidzekliem uzpeméjdarbibas veicinaSanai sava teritorija. Palielinoties
vietéjo padvaldibu lomai vides aizsardzibas pasakumu realizéSana, atbilstodi vajadzetu
palielinaties finansu resursiem. Ta k& paSvaldibas ir atbildigas par vides piesarnoSanas
samazinasanu, vajadz&tu pa§valdibu riciba atstat 80% vai pat vairak dabas resursu nodokla
par vides piesarnoSanu gan limita ietvaros, gan virslimita iep€mumus. Tas veicinatu

pa§valdibu funkciju labaku izpildi.
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2. Vides aizsardzibas pasikumu finansé§ana

Lai izpilditu viet§jas vajadzibas un starptautiskds saistibas vides aizsardzibas
pasakumu realiz€Sana, nepiecieSams atbilsto$s finansiilais nodro$indjums.

Vides pasakumu realizacijas finansu avoti ir §adi [10]:

1) wvalsts budZeta lidzekli,

2) aizdevumi un banku krediti,

3) starptautiskas finansu investicijas,

4) bilateriala palidziba,

5) paSvaldibu budZeta lidzekli,

6) uzpémumu un organizaciju lidzekli.

Valsts iegulda lidzeklus vides aizsardziba, izmantojot tris finansu instrumentus:
Valsts investiciju programmu (VIP);
Latvijas Vides aizsardzibas fondu (LVAF);
Latvijas Vides investiciju fondu (LVIF).

VIP izstradata 1995.gada. VIP uzdevums — piesaistit lidzek]us ekonomikas un valsts
infrastruktiras sakartoSanai un attistibai. Viena no valdibas noteiktajam prioritarajam
nozarém — vides aizsardziba. Saskapa ar VIP 1995.-99.gada vides aizsardziba ieguldits 21
miljons latu jeb vid&ji 15% no kopgjiem valsts investiciju Iidzekliem. [1] Tupmak VIP
ieguldijumu vides aizsardziba paredzets ar katru gadu palielinat. Vides investiciju stratégija
paredz, ka VIP ieguldijums vides aizsardziba 2002.gada sasniegs 1,16% no IKP.[8]

VIP vides kvalitates uzlaboSanai ieklautas tris programmas:

1) tdensapgade un notektidenu attiiiSana Latvijas mazpilsétas — programma 800+;
2) nacionala sadzives atkritumu strat€gija Latvija — programma 500-;
3) bistamo atkritumu apsaimniekoSanas sistémas izveide.

LVAF darbojas Vides un regionalas attistibas ministrijas (VARAM) paklautiba no
1996.gada. Ta ir valsts institiicija, kas parvalda valsts vides aizsardzibas specidlo budzetu.

Projektu iesniedzgji var biit juridiskas un fiziskas personas. Maksimalais finansgjums
ir 60-70% no projekta kopgjam izmaksim. Finans€jums ir davindjums vai subsidijas.[1]
Visvairak lidzeklu tiek novirziti Gdenssaimniecibai, t.i. 30-36% no kopgja finansgjuma,
atkritumu sektoram 20-27%, gaisa aizsardzibai 6-7%.

LVIF izveidots 1997.gada aprili ka valsts bezpelpas organizacija, valsts sabiedriba ar
ierobezotu atbildibu. Fonds apvieno viet&jos un arvalstu lidzeklus aizdevumu sniegSanai gan
privatajiem, gan valsts sektora vides projektiem ar atvieglotiem noteikumiem. Fonds sedz
20-50% no projekta kop&jam izmaksam. (1]

Aizdevumi un banku krediti var biit valsts garantéti un bez valsts garantijam.

Valsts garant8tie aizdevumi nodroSina:

pasvaldibam un uzpémumiem aizdevumus ar vieglakiem noteikumiem;

valsts institiiciju papildus kontroli par lidzeklu efektivu izmantosanu;

starptautisko finansu institiiciju kontroli par Iidzeklu izlietoSanu, atbalstu projektn
sagatavo§ana, pa§valdibu un vzgemumu parstavju apmaciba.

Tomér valsts garantéto aizdevumu apjoms ir ierobeZots, tapéc tie jaierobezo. Tacu ir
vitkne apstaklu, kas bremz& aizdevumu un banku kreditu sapemSanu paSvaldibam un
uznémumiem:

pasvaldibu un uzpémumu finanses ir nepietiekoSas kreditu garantijam,
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zemd iedzivotdju maksatspéja nenodro§ina projektu atmaksdSanos. Tatad
nepiecieSami davingdjumi un valsts budzeta lidzekli. [10]

Starptautiske institiiciju investicijas Latvija ir nozimigs finansu avots. Sadarbiba ar
starptautiskajam finansu institficijam notiek no 1994.gada. Tas projektu finansés$ana piedalas
galvenokart ar aizdevumiem. Nozimigakas investicijas veikuSas[1]

Pasaules Banka (PB);

Ziemelvalstu Vides finansu korporacija (NEFCO);
Ziemelvalstu Investiciju banka (ZIB);

Eiropas Rekoenstrukeijas un attistibas banka (ERAB);
Eiropas Investiciju banka (EIB).

ES PHARE programma ir ES finansu instruments, kas atbalsta Centralas un
Austrumeiropas valstu ekonomikas parstrukturg$anas procesu atbilstosi tirgus ekonomikai.
Latvija ir ES PHARE vides programmas dalibvalsts kops 1992.gada. ES PHARE
apaksSprogramumu ietvaros investicijas iegulditas $ados projektos: Nacionila programma,
Parrobezu sadarbibas programma, Regionala programma, Daudzvalstu programma un
Eiropas Integracijas fonda (DISAE) programma Latvija. [1]

Pirmspievieno¥anas strukturilais fonds — ISPA. Sobrid prioritarie virzieni vides
parvalde — Udenssaimnieciba, gaisa kvalitites uzlaboSana un atkritumu saimnieciba.
Finans€jums var bat ki davinajums, subsidijas aizdevuma % nomaksai, dalibas lidzekli
uzpémuina akeiju kapitald u.tml. Priek$noteikumi finans&juma sanemsanai [1]:

1) ES vides kvalitates prasibu ievieSana;,

2) principa “piesarnotajs maksa” ieveroSana projekta;

3) projekta atbilstiba nacionalajai vides politikas strat€gijai un prioritatém;
4) minimalas kop&jas projekta izmaksas vismaz 3,4 miljoni latu;

5) asociéto valstu lidzfinans§jums vismaz 25% apméra.

Lidz 2002.gada beigdm paredz®ts sakartot vides likumdosanu atbilstosi ES prasibam
un, ievérojot ierobeZotos finansu resursus, lidz 2015.gadam pandkt §is likumdoSanas
ievieSanu. Latvijai nepiecieSamas seviski lielas investicijas, lai nodroSindtu ES prasibam
atbilsto§u pilsétu notekiidenu attiriSanu, dzeramad Udens un gaisa kvalitati, atkritomu
apsaimniekoSanu. '

Bilateriald palidziba. Danijas un Zviedrijas vides aizsardzibas agentiiras, Zviedrijas
~ starptautiskas attistibas agentiira, Somijas vides ministrija u.c. institficijas sniedz palidzibu
davinajumu vai aizdevumu uz atvieglotiem noteikumiem veida. Piegades projektu gadijuma
iepirkumi javeic donorvalsti. Pozitivie aspekti — nodroSina miisdieniga tehniska risindjuma
ievieSanu, tarifu optimizdciju, uzpmumu finansu vadibas optimizaciju, kas nodrosSina
sekmigu uznémumu un pasvaldibu attistibu ari p&c projekta beigSanas. [10]

Pasvaldibu lidzeklus vides pasakumu realizéSanai veido viet€jo paSvaldibu vides
aizsardzibas specidlie budZeti. So lidzeklu Tpatsvaram vajadzstu palielinities, tas nodroginatu
pasvaldibu funkciju labaku izpildi un garant&tu pa§valdibu ieinteres&tibu projektu realizicija.
Tomér pagaiddm mazds pagvaldibas paSas nesp§] nodro§inat vides pasdkumiem
nepiecieSamo finansgjumu, tapéc nepiecieSami citi papildus finansu avoti.

Uzpemumu lidzeklu palielind$anos vides pasdkumu realizéSana galvenokart var
pandkt ar dabas resursu nodok]a atvieglojumu mehanisma darbibu un sabiedribas izglitoSanu
vides jautajumos.

KopfinanséSana. Visbiezak vides pasakumu IstenoSana notiek, apvienojoties
vairdkiem finansu avotiem. Loti efektivs ir kopfinansé§anas princips, jo
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¢ finansétajs maksimizé rezultdtu ar doto finans&juma apjomu;
¢ samazinés katra finans&taja finansu risks, tas tiek sadalits starp visiem finansgtajiem;
¢ paaugstings izpildes kvalitate, ja to kontrol€ vairikas organizicijas.

Pastiprinds tendence arvien lielaku atbildibu par finans&juma piesaisti uan
nodroSindSanu nodot pa$valdibam. Paredzams, ka ar laiku valsts budeta doticijas vides
infrastruktiiras attistibai samazindsies, pieaugot aizdevumu bez valsts garantijam, ki ari
pasvaldibu un uzgémumu ieguldfjumu Ipatsvaram finanséSana. Tomér tas varés notikt tikai
tad, ja veidosies specigas pasvaldibas ar pietieko$u finansilo nodro$inajumu.

3. Vides aizsardzibas lidzeklu struktira
Lidzek]u izlietojuma vides aizsardzibai struktiird vislieldkais Tpatsvars ir izdevumiem
tdenssaimniecibai. Paredzams, ka turpmak straujak pieaugs lidzekli atkritumu saimniecibi.

3.att. Lidzeklu izlietojuma vides aizsardzibai struktiira

| O3 parjie lidzekli ,
B lidzekli zemes aizsardzibai
M lidzek]i gaisa aizsardzibai

lidzekli Gdens resursu aizsardzibai
un racionalai izlieto$anai

1996 1997 1998 1999

Vides aizsardzibas Iidzeklu struktira strauji palielinds kart&jas izmaksas.
Kapitalieguldijumiem $ai struktfird ir tendence samazinaties: ja 1994.gada tie bija 33%, tad
1999.gada vairs tikai 21%. Vismazakais Ipatsvars ir izmaksam pamatfondu kapitdlajam
remontam - kop$ 1995.gada 1-6%. Ierobezotie finansu resursi ir nepietiekosi
kapitdlieguldfjumiem. .

Lielakie kapitalieguldijumi vides aizsardzibai 1999.gada veikti pa§valdibu vzpémumos
un organizacijas, t.i., 72% no kopgjiem kapitalieguldijumiem. Finans&juma galvenais avots ir
7 republikas nozimes pilsétu budZeti. Rajonos pas$valdibu budZetu finans&jums ir arkartigi
mazs, finansgjums galvenokart tiek veikts no starptautiskajam investicijam un valsts
budZeta.
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4.att, Vides aizsardzibas izmaksu struktiira

30000 -
—e— Kapitalieguldjumi vides
25000 aizsardzibai
20000
“ = Kartgjas izmaksas
& 15000
!
10000
—4— [zmaksas vides nozimes
5000 pamatfondu kapitalajam
0 & i B S " remontam
1993 1594 1995 1596 1997 1998 1999
A
3.tabula
Kapitalieguldijumu vides aizsardzibai pasvaldibu nznémumeos finansu avoti 1999.gada [5]
Republikas pilsétas | Rajonos Kopa
Finansu avots
tikst.Ls % tukst.Ls % | tiikst.Ls %
Valsts budZeta lidzekli 16.6 04 509.5 35.6 526.1 10.1
Pagvaldibu budzeta lidzek}i 3307.1 874 4.7 0.3] 33118 63.5
Banku kredits 110.0 2.9 330.0 23.0 440.0 8.4
Uznémumu un organizaciju 98.0 2.6 33.1 2.3 131.1 2.5
lidzekli
Citi Irdzekli 253.3 6.7] 555.1 38.8 808.4 15.5
PAVISAM 3785.0 100.0] 1432.4; 100.0] 5217.4 100.0

Kapitalieguldijumu strukttird vislielakais ipatsvars tradicionali ir #idens resursu
aizsardzibai (1999.g. 74%). Saja sektora vislielakais finans&jums ir no pa$valdibu budZetiem
(1999.g. 61%), kas galvenokart ieguldits idens aizsardzibas biives un iekartas (97%). Valsts
budZeta lidzek]u ipatsvars ir 10%, kas galvenokart ieguldits noteklidenu attiri§anas iekartas.
Kapitalieguldijumus gaisa aizsardzibai veido tikai uzpémumu un organizaciju lidzekli,
vislielakie 1999.gada tie bijusi Ventspili. Tatad kapitalieguldijumus vides aizsardzibad
galvenokart veic no lielo pilsétu pagvaldibu budZetiem. Mazo paSvaldibu lidzekii tam ir
nepietiekosi, tdp&c nepiecieSams valsts finansgjums.

4, Vides investiciju stratégija
Vislielakds investicijas paredzétas Tdenssaimnieciba un atkritumu saimnieciba.
Investiciju {idenssaimnieciba ipatsvars turpmakajos gados samazinasies, palielinasies
investicijas sadzives un bistamo atkritumu, ki arf radiacijas drosibas sektoros.
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4.tabula
Planotas investicijas vides sektoros [8]
Vides sektori 2001 2002

_ milj.Ls % milj.Ls %o

Udenssaimnieciba 29.96 66.8 25.09 54.6
Sadzives atkritumi 7.60 16.9 9.63 20.9
Bistamie atkritumi 3.86 8.6 5.74 12.5
Radidcijas drosiba 1.32 2.9 3.33 7.2
Pargjie 2.13 4.7 2.19 4.8
Kopa 44.87 100.0 45.98 100.0

Pec VARAM aprékiniem, lai sasniegtu atbilstibu ES prasibdm tidenssaimnieciba un

atkritumu saimnieciba, janodrosina vidgji 50 lidz 60 milj. latu lielas investicijas gada, tatad
tas vél japalielina. IzvErt§jot pasvaldibu budZetu un kredita pem$anas iespgjas, ki arf
potencialos davindjumus, lai nodro§inatu iepriek$ minéto investiciju Ifmeni, valsts budZeta
finans€jumam jabit vismaz 15 — 20 miljoni latu gada.[8] Planojot vides investicijas lidz
2002.gadam ka lielakais finansu avots paredzéti ISPA lidzekli, t.i., vairak ka 30%, krediti
29%, pasvaldibu un uzpémumu lidzekli 17% no kopgjam investicijam. Lai sagemtu ES
investicijas, janodrofina lidzfinans&jums vismaz 25% apméra. Kamér vietgjo pasvaldibu
finansu resursi ir ierobeZoti, nepiecieSamas papildus investicijas no valsts budzeta.

el ol

Qv

Kopsavilkums
Pasreiz&jie dabas resursu nodokla ienemumi ir nepietiekosi vides aizsardzibas pasakumu
finansé$anai. Netiek ievérots princips “pies@rpotajs maksa”. Nodokla iep&mumu
pieaugums japanak, palielinot nodokla bazi, t.i., izmantojot visas likuma paredzetas
iespgjas aplikt ar nodokli dabas resursu izmantoSanu un vides piesdrnosSanu. Kopgja
valsts konsolidéta kopbudzeta nodoklu masa dabas resursu nodoklim jasastada 2-4%.
Papildinot ar dabas resursu nodokli apliekamo objektu sastavu 1996.gada, netika
izmainita nodok]u ienémumu sadale starp valsts un paSvaldibu budZetiem. Pasvaldibu
specidlo budZetu lidzekli ar katru gadu samazinds. Palielinot nodokla iep€mumu dalu
Sajos budZetos, pasvaldibas butu finansiali sp&cigikas vides (seviski atkritumu
saimniecibas) pasakumu programmu izpildei.
Ar katru gadu samazinis kapitalieguldijumi vides aizsardziba. Viet&jie finansu resursi
tam ir nepietiekosi, tap&c nepiecieSamas papildus starptautiskas investicijas.
Da¥adu institiiciju finanséjuma piesaistifana arvien lielaka loma jauzgemas paSvaldibam
un uzgémumiem. To kavé ierobeZotie paSvaldibu un uzg€mumu finansu resursi, tapec
papildus nepiecie$amas dotacijas un investicijas no valsts budzeta.
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VIDEI DRAUDZIGI LAUKU PROJEKTI LATGALE
ENVIROMENT-FRIENDLY FARMING PROJECTS IN LATGALE

Eduards Matisans, inZenierzinatpu doktors, vadoSais pétnieks, projekta vaditajs
Semjons Ivanovs, inZenierzinatnu doktors, vadoSais pétmieks
Institiita iela 1, Ulbroka, Rigas rajons, LV — 2130, Latvija
Talrunis: +(371)2910879, fax: +(371)2910873, e-pasts: uzc@lanet.lv

Absiract. By evaluating the strong and the weak points of the Latgale region we can
assert that its power lies in its natural resources which are luxurious in their mild modesty,
with the best-preserved environmental originality in the north—eastern part of Eutrope. The
weak point of Latgale is the poverty of the population and disarrayed infra—structure. To
eliminate the weakness, balanced education of the population is needed, as well as profitable
Jarming projects and support investments. A co—operation project was worked out by the
Latvian Council of Science “Optimisation of the economic and social development of
Latgale”. During four years “Foundations of farming in Latgale” have been developed.
This report deals with what has been done; in monographs, available just here, the members
of the conference can obtain detailed information.

Ievads

Izvertejot Latgales regiona tautsaimniecibas stiprds un v3jas puses, jaatzist, ka,
straddjot ar paSreizgjam tehnologijam un organizaciju, sociald situdcija neuzlabosies, bet
pastav iespgja lidzsvarotai attistibai, kur nepiecieSams zinatnisks pamatojums.

Latvijas valsts rietumu un austrumu dalas v8sturiskd attistiba norit&ja atSkirigi.
Tigstosa Latgales atrasanas lietuviesu, polu un péc tam krievu paklautiba (350 gadi) veicinaja
kultiiras un saimnieciskas atdkiribas un atpalicibu. So Latgales atpalicibu pastiprinja saméra
neliela zemes raZotsp@ja, kuru A. Boruks (1) vérte 1,2 reizes zemaku ki vidéji pargja
Latvijas teritorija. Ari cilvéku ar augstako izglitibu Latgale ir divas reizes mazak (Z.
Matule), jauniesiem iesp&ja to iegiit ir 1,3 reizes zemaka ka vid&ji valsti, bezdarbs Latgalg 4
6 reizes lieldks ka Rigas regiond. No 1991. gada iedzivotaju skaits Latgalé samazinas par 1%
gadd galvenokart negativd dabiskd pieauguma dJg]. No katriem cetriem latgalieSiem trim
ienemumi zem krizes iztikas minimuma. Tas latgalieSiem ir v@sturisks mantojums jeb
Zemais starta laukums, ko ar likumu "Par Tpa$i atbalstdmajiem regioniem" 10.06.97 atzina
LR Saeima un 3. pantd noteica, ka: "Sa likuma mérkis ir radit iesp&jas ipadi atbalstimo
regionu paitrindtai ekonomiskai attistibai, lai veicindtu lidzvertigu socidlekonomisko
apstakiu izveido¥anos visa valsts teritorija" (izc€lums E.M.).

Latgales regiond izveidota attistibas planoSanas padome, tis darbibas veiksmei
nepieciefamas zinatniskas izstrades. PaSvaldibas izstrada teritoriju attistibas projektus, So
projektu izstrads, izvértéSana vajadzigs zinatnisks pamatojums. Valstt aizsakta administrativi
teritoridld reforma, kas IpaSi sarezfita Latgald, aii tai vajadzigs zindtnisks pamatojums.
Tautsaimniecibas studiju programmam vajadzigas zinatniskas izstradnes.
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PaSreizgjais sabiedribas dabas resursu un atkritumvielu apsaimnieko$anas
informativais Iimenis (G. Noviks, 16) ir visai zems. Lai aktivizétu sabiedribu ilgsp&jigas un
lidzsvarotds ekonomikas attistibai, ieverojot vides kvalitates parametrus un racionalu resursu
izmantoSanu, nepiecieSama tas ekologiskd izglitoSana un attiecigas informativds bazes
izveidoSana. Tautsaimnieciskd aktualitate ir saistita ar nepiecieSamibu racionali izmantot
vietgjos resursus, plasi ieviest augstvertigas tehnologijas to parstradasanai. Projekts paredz
a17 So jautdjumu risinaSanu.

Lai risinatu Sos jautdjumus, ¢etru augstskolu zindtnieki un tris zinatnisko institiitu
zindtnieki iesniedza sadarbibas projekta “Latgales ekonomiskdas un socidlds attistibas
optimizacija” (vaditdjs E. Matisans) pieteikumu un sapéma Latvijas Zindtnes padomes
finansidlu atbalstu. Sis zinojums ir dala no pétfjumu rezulttiem, ko var apzimét ar kopgjo
nosaukumu “SaimniekoSanas pamati Latgales laukos”, kas tiek publicéti 9 monografijas
(1,2,3,4,5,6,7,8,16).

S1 pétijuma prieksrociba: sadarbiba starp dazada virziena pétniekiem. Sasniegt videi
draudzigus tehnologiskos risindjumus visiem projekta izpilditdjiem atviegloja G. Novika
pétijums “Ekotehnologijas pamati”.

Sadarbibas projekta méerkis
Veikt pétijumu un izstradat informacijas banku, zindtniski pamatotu normativo bazi,
izpildmehanismu, lai

L paaugstinitu saimniekosanas ienesigumu Latgales regiona;

II. veicinatu iedzivotaju labklajibu Latgalé; pakapenisku socidlo un ekonomisko
atskiribu izlidzinasanu Latgales regiond un Latvijas valsti; '

M.  uzlabotu regiona tautsaimniecibas vadiSanu, tuvinatu izpildvaru un sabiedribu
saimnieko$anas darba;

IV.  aktivizétu regiona iedzivotajus;

V. lidzsvaroti izmantotu regiona resursus;

VI veicinatu tiesiskumu, varas struktiiru darba atklatumu, demokratisku un
cilvécisku attiecibu attistibas iespgjas;

VII. sagatavotu priekSnosacijumus Latgales kultliras mantojuma izmantoSanai
Latvijas valsts atdzimsana.

Pétijumu metodika

Izmantojam standartizétu informaciju par lauku saimniecibam (SUDAT, 14), kas
balstds uz ES FAND (13), un speciali iegiitu informéciju par atseviSkam saimniecibam un
atseviSkiem pétijumu procesiem.

Pétijumi veikti 5 ienesigas saimniekoSanas virzienos: piensaimnieciba, aitkopiba,
galas Skirnes liellopu audz&sana, linkopiba un clikkopiba. Katram saimniekoSanas virzienam
izstradata vizija (1,2,3,4) vismaz lidz 2006. gadam un realizdcijas mehanisms (1,2,3,4),
izstradatas galvends ekonomiski izdevigas, energotauposSas, videi draudzigas raZoSanas
tehnologijas  (1,2,3,4,5,6,7,16). Veikti raZoSanas izmaksu optimizdcijas aprekini
(1,2,3,4,5,6,7) un noteikti rekomendgjamie ierobeZojumi (1,2,3,4,5,6,7,16). Pieméram,
pétijumu rezultati par videi draudzigu nozari aitkopibu apkopoti monografija “Aitkopiba”.
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Piemérs: aitkopibas pétijumu kopsavilkums
Aitkopiba varés pastavat, tikai nodroSinot jéru galas dzivmasas un ES standartiem
atbilstoSu kautkermenu eksportu. Lai varétu jérus un aitas galu eksportdt, nepiecieSams
ganampulku pavairot.

L No 1939. gada aitu skaits samazinajies 54 reizes, un 2000. gada ar 27 tikstodiem aitu
valsti aitkopiba ir likvidacijas stadija. Realizgjot projektu miljons aitu (“M-A”), 6 gadu
laika ganampulku var palielindt 1idz 100 tukstosiem, t. sk. 28. tiikst. tir8kirnes aitu.

1. Lai atjaunotu eksportspgjigo aitkopibas nozari, Latvijas aitu audzétaju asociacija
(LAAA) izstradd aitkopibas ilgspajigas attistibas projektu, kam par pamatu vardtu
izmantot saimnieko§anas “M-A” modeli. Saja gadijuma aitas pamata audzé specializgtas
saimniecibas ar ganampulku vismaz 180 aitas uz 60 — 120 ha zemes. Latvija veidojamas
vismaz 3500 $adas saimniecibas. Lopbaribas sagatavoSanai lieto miisdienu tehnologijas.
Aitu mitpu ierTkoSanai izmanto neaiznemtas celtnes laukos.

HIR “M~A” modelis pardda, ka aitkopibas attistibas projekts salidzinajuma ar celulozes
riipnicas celtniecibas projektu ir biitiski izdevigaks.

A. Ar 2 reizes mazakiem lidzekliem var gt 1,6 reizes lieldku iengmumu, kas paliek
Latvija;

B. Sasniedzot projektsto jaudu, tiek raditas 7500 jaunas darba vietas, kas desmitkartigi
parsniedz celulozes riipiicas projektd paredzéto. Projektéto aitu gandmpulku iesp&jams
sasniegt 14 gados bez ieverojama Skirnes materidla importa. Kop&jds investicijas
projektam “M-A” ir 10 reizes mazdkas par celulozes projekta paredzétajaim. Valsts
investicijas aitkop”bas projekta kliis par Latvijas mazo uzgéméju (3000 + 5000 uznémeju)
kapitalu nevis arzemju lielkapitalistu guvumu;

C “M-A” projekts ir videi draudzigs, sakopj 4000 km® valsts tentorljas Celulozes
ripnica pie Daugavas vienm&r biis draudiga upei un upes baseina iedzivotajiem;

D. Latvijas valstij nav janodod arzemniekiem meZi un zeme;

E Investicijas projekta jaiegulda pa dalam 14 gadu perioda. Péc valsts atbalsta granta
sanemsanas aitkopibas saimnieciba jau otraja gada ir eksportsp&jiga un rentabla;

F. Projekta realiz€Sanu jebkura stadija var apturét (pieméram, samazinas jéra galas
pieprasijums ES), celulozes riipnicas celtniecibu pusceld nevar partraukt. Galigas
neveiksmes gadijuma gandmpulku var izpardot un atgiit 80% lidzek]u. Nojaucot celulozes
ripnicy, lidzek]us neatglisim un Daugavu neiztitisim;

G. “M-A” projekts apturés 0,4 milj. ha lauksaimniecibas zemju degradaciju un novérsis
zemes iekop§ani jau ieguldito Ls 60 milj. zaud&Sanu.

Yeteikumi aitkopiba

L Lai novérstu aitkopibas nozares likvidaciju LAAA sagatavo un slédz ligumu ar
valdibu vismaz uz 6 gadiem par aitkopibas attistibu Latvija un valsts atbalstu 57 projekta
realizicija. Valsts atbalsts tiek piedavats publiskas izsolés kapitala grantu veida. Pirmaja
gada izsoldmi 15 + 45 granti 180 — 200 aitu ganampulku izveidoSanai. Viena granta
maksimila vertiba Ls 19,5 tiksto$i. Granta Tsto vértibu noteiks izsole, un ta vértiba
vienmér bUs mazaka par Ls 19,5 tikst. Liguma paredzarna aitkopibas attistiba pa
gadiem un pusu ieguldijums $aja projekta. Atbalsta maksajumu apjoms, termigi un veids
ir galvenais ¥ liguma prick§mets. Tie var bt valsts kapitdla granti, subsidijas
ganampulka izveidoSanai, tehnikas un zemes iegadei, procentu atlaides kreditiem, daliba
veterinard, zootehniska palidziba, atbalsts eksporta organizésana.
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IL Péc liguma nosl€gSanas ar valdibu LAAA slédz ligumus ar Izglitibas un zinatnes
ministriju par zemmieku izglitoSanu, ar Latvijas Zindtnes padomi par sadarbibu un
zindtnisko palidzibu, ar Galas parstradatdju asocidciju un Amatniecibas kameru par
sadarbibu.

Lidzigd karid sagatavoti priekSlikumi galas Skimes liellopu nozares attistibai (4),

specializétu ciikaudzé$anas gimenes fermu (7) un piensaimniecibu veidosanai (5).

Lauksaimniecibas vieta valsti

Neskatoties uz draudigiem "partikas kariem" uz valsts robeZas, parpludindto iek3gjo tirgu
ar importa partiku (ap 50% un vairak), neveiksmigiem starpvalstu valsts tirdzniecibas ligumiem miisu
petjumi apstiprina, ka
1) Latvijas iedzivotdji janodroSina galvenokart ar pasrazotu partiku, un to varés veikt, aizsargajot

ieksgjo tirgu; ‘

2) lauksaimnieciba nav parasta tautsaimniecibas nozare, jo tai bez uzdevuma razot partikas produktus
un izejvielas ir vél divi loti svarigi mérki — dabas aizsardziba un lauku telpas piepildiSana jeb
aiznemsana ar savas valsts pilsonien;

3) lauksaimmieciba ir strat€giska nozare, kas nodrosina tautas saimniecibas neatkaribas pamatus;
izputinot to, valsts zaudg ari savu politisko un saimniecisko neatkaribu — & iemesla dg] visas
attistitajas valstis veic tieSa un netiesa valsts atbalsta politiku lauksaimnieciba.

Lidz§ingja Latvijas valsts lauksaimniecibas politikas prakse nesakyit ar minéto.

Latgales partikas ieks$gja tirgus ietilpiba ir neliela — apméram 230 tikst. pircSu
Visoptimistiskakaja gadijuma var cerdt, ka Latgales ieksgjo partikas tirgu piepildis pasraZotas preces
90% apmera. Lai tirgum un lauku iedzivotaju paSapgadei saraZotu vajadzigo partiku, rékinot 2006.
gada Latgal€ sasniedzamu razu 2000-2500 b.v/ha, biis nepiecieSams apsaimniekot apmé&ram 280
tokst. ha un parverst vajadzigos maizes un lopkopibas produktos. Tas nozimé, ka parredzama
nakotné partikas precu produkcijas razoSanai un lauksaimnieku pasapgadei biis vajadzigas tikai divas
treSdalas aramzemes, bet , kl(istot par ES dalibvalsti, 8ts platibas vél par tre§dalu biis jasamazina. Pastav
kapitala agresivo intereSu spiediena pazimes mazak labveligos regionos (17). Tapec varas gaitegos pastiv
reali draudi likvidat pretu lauksaimnieciou Latgal€. Lidz ar to zudis vides sakopSanas pamatstruktiira un
finansgsanas avoti vides sakopsanai Latgalé.

Lauksaimniecibas produkcijas razotaji, tApat ka jeblawas citas nozares uzn8mgji, biis
dzivotspejigi tikai tad, ja vipi spés iztw®t konkurences cipa ar analogiskas produkcijas citzemju
razotdjiem pie lidzigiem noteikumiem. Lai vargtu §adi saimniekot, zemes lietotdjiem jabtt pieejamai
patiesai un operativai tirgus, tehnologiskai un tiesiskai informacijai. Jabit valsts atbalstam razoSanas
uzsdkSanai un ilgtspgjibas nodrosinasanai. Pangkumi jagiist sakuma vietgja tirgt, jo to var aizsargat
ar kvotdm un kompensacijas maksajumiem. Viet§jo raZojumu pardoSanas cena biis zemaka uz
transporta izmaksu jetaupfuma r&ina. RaZzoSanas izmaksas un lauksaimniecibas subsidéSanas apméri
biitiski nedrikst atkirties no tiem, kadi ir analogiskas produkcijas piegadatdjiem arvalstis. Pie
padreizgjam Latvijas valsts iesp&jam o nosacijumu izpildit ir arkartigi griti. Lai valdiba rékinatos ar
Siem lauku cilveéku izdzivoSanas nosacfjumiem un lai lauku raZotdji varétu racionali stradat,

raZotdju paSparvalde. Stradajot 17dz8ingja vienpatiba, noteikti izputesim.

Eksports un saimniecibu lielums
Lauksaimniecibas pamatd jabiit orientacijai uz viet€jo tirgu un tikai dazu produkcijas
veidu eksportu. Latgales lauku eksportpreces butu: kolmateridlu, linSkiedras un piensaimniecibas
izstraddjumi, augstvértiga liellopn un aitas gala, arstniecibas augi, biSkopibas produkti,
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miajamatniecibas darbi. Sasniegt pasaules tirgus prasibam atbilsto§u kvalitites Iimeni

lauksaimniecibd ir vienkar$ak un l&tak neka riipnieciba. Latvijas lauksaimniecibas produkcijas

kvalitates iespéjas palielina tas, ka izlietojam ievérojami mazak kimikaliju un pesticidu neka citur.

Lielakas saimniecibas raZo$ana ir rentablaka, bet Latgales apstaklos ar tas neviendabigo reljefu un

ieverojot socialo mentalitati (savs kaktins, savs stiititis zemes) par vispiemérotako saimniecibas tipu

jaatzist gimenes saimniecibas. Latvijas lauku nakotnes modelis nav lielsaimnieku un kalpu zeme.

Gimenes saimniecibas lielumam Latgalé vajadz&tu biit 30-50 govis vai 60-150 galas Skirnes

nobarojamie liellopi, 150-250 aitu mates, specializéta tehnisko kultiru saimnieciba ar 20-30 ha rapsa

vai linu. Tadu saimniecibu Latgal€ pasreiz ir maz. To radiSana var notikt 1&ni un pakapeniski ar valsts
atbalstu nodroginot letus kreditus.

Pasreiz mazzemnieki (87%) vaji piedalas precu tirgii, un vinu iepémumi no predu razosanas
nesedz gimenes vajadzibas. Siem cilvékiem japalidz uzlabot vigu dzivi vispirma kirts, lai spétu
skolot savus bérnus (lidz ar to arT radit bemus) un, galvenais, pasizglitoties. Miisu augstak minétie
tifs galvenie valsts atbalsta virzieni bitu atspériens, lai dala no vigiem kliitu par preu raZoSanas
saimniecibam vai uzsaktu citu pieprasitu nodarbi. Nav pielaujams, ka Latgalé veidojas "tuksas
telpas*" (18, 19)- pat veseli pagasti kliist par sevi reproducét nespgjigiem — tas nozimeé Latvijas
valsts vél tilaku samazinaSanu.

Secinajumi

1. Latvijas valdiba ar likumu ir izteikusi atbalstu Latgales regiona ilgtspgjigai attistibai.
Lauksaimniectba un partikas produktu parstrade atbalstami prioritdri, jo iedzivotaju
nodro§inaSana ar paSrazotu partiku ir tautsaimniecibas neatkaribas pamats. Lauksaimnieciba
lidztekus partikas razoSanai nodroSina vides sakartoSanu.un telpas aiznemSanu ar savas valsts
pilsoniem.

2. Pastav kapitdla agresivo intereSu spiediena pazimes nesekmet lauksaimmiecibas aftistibu
mazaklabveligos regionos. Tapec varas gaitenos pastav redli draudi likvidét precu lauksaimniecibu
Latgalé. Lidz ar zudis vides sakopSanas pamatstruktiira un finanséSanas avoti vides sakopsanai
Latgale.

3. Misuprdt, konkurétspgjigu lauksaimniecibas prefu razoSanu Latgale varés sasniegt uz videi
draudzigas zales lopbaribas raZoSanas un izmantoSanas piena lopkopibd, galas liellopy, aitu un
kazu audzESana. ‘

4, Latgaliesi savu socidlo intereSu aizstavéSanu varSs panakt, aktivi iesaistoties nevalstiskas
organizcijas: razotju asocidcijas, razotdju un apgades kooperativos, profesionilds un dabas
draugu biedribis, krdjaizdevu sabiedribas. Sajas organizicijis izkoptas idejas organizatori vards
realizét Satversmes 2. panta kartiba.
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SADZIVES ATKRITUMU APSAIMNIEKOSANAS PROJEKTS —
VIDES KVALITATES UZLABOTAJS AUSTRUMLATGALES
REGIONA
EAST LATGALE SAA PRGJECT

Aigars Metlans,
Edmunds Teirumnieks
Latvija, R&zekne, Austrumlatgales SAA projekts

Abstract. East — Latgale Region including Rezekne city and district and Ludza City
and disrtict. East — Latgale region occupies 5241 km’ (about 8% of Latvia). There are
120273 inhabitants (4,9% of Latvia's population). Registration of waste volume in region is
formal, because waste going to dumpsites as a matter of fact is not controlled exept
dumpsites used by largest towns. In East — Latgale region in year 2000 was 46 dumpsites
and total waste volume 64700 m’.

National Municipal Solid Waste Management Strategy foreseeing establish 10-12
new solid waste landfills in Latvia. The overall strategy in searching for a location of a new
landfill includes three principal aspects:

1. The environmental impact of a landfill has to be as low as possible.
2. The waste disposal interests should not conflict with other interests.
3. The selected site should be reasonable from economic viewpoint.
Taking into consideration the above aspects, the division of the land in areas suitable
and non-suitable for location of a new landfill was based on the following criteria:
Geological structure and hydrogeological conditions,
Distance to urban areas,
Location of particularly protected nature objects;
Distance to surface water bodies.

Atkritumi ir cietas, $kidras vai gazveida vielas, ka arl izstradajumi, kas attiecigaja
tehnologiskaja, saimnieciskaja vai fiziologiskaja procesi ir lickas un tiek no 14 izpemtas. P&c
rajanas sastdva tie ir sadzives un riipnieciskie atkritumi. P&c to raSands vietas tos iedala
maijsaimniecibas, paSvaldibu saimmniecibas, apkalpojoSo iestdZu vai uzpémumu un
riipniecibas atkritumos.
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Atkritumus rada jebkura fiziska vai juridiska persona, kura veic darbibas, kuru
rezultdtd rodas dazada veida atkritumi. Nekontroléta atkritumu izgaSana visd Latvijas
teritorija rada nopietnus “draudus™ apkartgjas vides piesarpojuma zipa. T3 izraisa meZu
piesarpoSanu, ainavu degraddciju un rada simtus viet&jo nelegalo atkritumu izgaztuvju ar
nezinama satura un izcelsmes atkritumiem. Vecas atkritumu izgaztuves, kuras jau ir slégtas
vai vel nav, turpina piesamot pazemes fidenus.

Atkritumu deponéSanas vietas ir ievérojamas tidens, gaisa un augsnes piesarnojuma
avots apkart&ja teritorija. Tas pasliktina dzives apstaklus vietgjiem iedzivotajiem un daudzos
gadijjumos piesdrno dzeramo fdeni. Atkritumu izgaztuves parasti ir loti slikti planotas un
aprikotas, turkldt tiek parslogotas. Lai netiktu turpmak piesirpota ar atkritumiem apkartgja
vide, ir jaiertko moderni sadzives atkritumu apglabaSanas poligoni, kas atbilstu visam vides
dro§ibas prasibam. Austrumlatgales regions — tas ir Rézeknes pilseta, Rézeknes rajons,
Ludzas pilséta un Ludzas rajons.

Austrumlatgales regiond kopa dzivo 120273 iedzivotaji (t.i., 4,9% no Latvijas
iedzivotaju kop&ja skaita), t.sk. pilsétds dzivo 61169 iedzivotdji jeb 50,9% no regiona
iedzivotajiem. Kop&ja regiona platiba — 5241 km® 1999.gada regiona tika sara¥oti 64,7
tikst.m® cieto sadzives atkritumu (CSA), kas galvenokart noglabati Rézeknes pilsétas
izgaztuvé “Ritigi”. Austrumlatgales regiond kopumid darbojas 49 sadzives atkritumu
izgdztuves (SAI), to aizpemta platiba ir 55 ha. Atkritumu depon&Sanas vietas ir slikti
planotas vai ari stihiski izveidotas, un tapéc rodas ievérojams flidens, gaisa un augsnes
piesarnojums to apkartgja teritorija. Pieméram, Rézeknes pilsétas SAI “Ritini”, kura atrodas
Ozolaines pagasta teritorija, notiek gruntsiidenu piesdrpoSana ar fenoliem, amoniju,
smagajiem metiliem (Cr). Infiltracijas rezultdtd tiek piesamoti ari gruntsidens horizonti.
Piesarpoto vielu izplatiSanas notiek gruntsiidenu pliismas virziena un tas rada

- priekSnoteikumus virszemes fidepu piesdrpoSand. Nopietna situdcija ir izveidojusies ar
Vilanu pilsétas SAI, kura stihiski ir izveidota Maltas upes krasta.

Saskapd ar Soil & Water Ltd. un SIA Geo Consultants darba “iesp&ju izpéte, ISPA
pieteikuma formu sagatavoSana un atkritumu apsaimniekofanas organizaciju izveide
Austrumlatgales regiondlajam atkritumu apsaimnieko$anas projektam” (2000) sniegtajam
zipdm, centraliz&taja atkritumu savakSanas sistéma ir iesaistiti apméram 70923 iedzivotdji
jeb 59% no regiona iedzivotdjiem (skat. 1.tabulu).

1.tabula
.Centralizétaja atkritumu apsaimniekoSanas sistéma iesaistitie iedzivotaji
Administrativa vieniba Tedzivotaju skaits | Apkalpotie iedzivotaji Apkalgotie
iedzivotiji,%
Ré&zeknes pilssta 40557 35200 86,8
Vilanu pilséta 4341 2410 55,5
Rézeknes rajons, Jaukos 38316 16269 41,9
Ludzas pilséta 11221 8500 75,8
Karsavas pilséta 2831 917 32,4
Zilupes pilsdta 2219 1000 45,1
Ludzas rajons, laukos 20288 6627 32,7
Regions kopd, t.sk.: 120273 70923 59,0
Lielakas pilsétas 51778 43700 84,4
Mazas pilsétas 9391 4327 46,1
Lauku teritorijas 59104 22896 38,7
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Regiona visas pilsétas un atseviskos pagastos paflaik darbojas komunilie uzpémumi, kas
veic arf atkritumu apsaimnieko$anu. Lielakie no tiem:

¢ Rezeknes pilsétd — p/u “Rézeknes komundlo uzpémumu kombindts”, SIA
“Hoetika”;

Ludzas pilséta — p/u “Komunalo uzpémumu kombinats” un SIA “Marss”;
Karsava — SIA “Marss”;

Zilupe — p/u “Komunalo uzpémumu kombinats”;

Vilani — p/u “Komunalo uzgémumu kombinats”.

Raksturojot atkritumu sastdvu, jasecina, ka Kop€jd daudzumid izteikti dominé
sadzives atkritumi. Aptavjas dati uzrdda salidzino$i nelielus ripniecibas un celtniecibas
atkritumu, ka3 arT medicinas atkritumu daudzumus. Parskats par aptaujas rezultitiem ir
sniegts 2.tabula

2.tabula
Atkritumu daudzums Austrumlatgales regiona

Administrativa vieniba | Kopgjais
atkritumu Ieskaitot
daudzums, m’
Ripniecibas, | BiivgruZi, m® | Parku  un | Medicinas,
m’ darzu,m® | m®
Rézeknes rajons 49522 1327,6 298 3245 644
—t.sk. Rézeknes pilséta | 42000 1327,6 240 3000 624
—t.sk. Vilanu pilséta 3400 — - 10 ~
Ludzas rajons 15192 49,5 154,9 359,5 3
—t.sk. Ludzas pilséta 11221 14,7 73,4 - 3
—t.sk. Karsavas pilséta | 792 — - 79 —
~t.sk. Zilupes pilséta 800 — - - —
Kopa regiona: 64714 1377,1 452.9 3604,5 647

Austrumlatgales regiond ir 5 pilsétas un 50 pagasti. Pie tam pasvaldibu ekonomiskas
iesp&jas ir at8kirigas, un lidz ar to ari atkritumu apsaimnieko$anas sistému attistiba ir visai
dazada. 1998.gada Ministru Kabinets apstiprindja “Sadzives atkritumu apsaimnieko§anas
stratégiju 1998.-2010.gadam”. Stratégija ka nozimigakie uzdevumi tiek izvirziti:

samazinat esofo atkritumu izgaztuvju skaitu un veikt to rekultivaciju;

izveidot 10-12 modernus, vides prasibdm atbilstofus sadzives atkritumu
apglabasanas poligonus;

nodrofindt visiem valsts iedzivotdjiem atkritumu savdksanas pakalpojumu
pieejamibu.

Problémas, kuras projekts risinas:

tiks apzindts regiond apglabdjamo atkritumu daudzums un sastdvs, ieviesta preciza
atkritumu daudzuma uzskaite un sastdva kontrole;

tiks uzbiivéts jauns, sanitdrajam un vides aizsardzibas prasibam atbilsto§s regionalais
cieto sadzives atkritumu apglabasanas poligons;

pakdpeniski tiks ieviesta atkritumu Skiro3ana, lidz ar to radita otrreiz€ji izmantojamo
izejvielu atdaliSanas sistéma no noglabdjamiem atkritumiem un kopuma samazinata
slodze uz apkartgjo vidi;

tiks slégtas un rekultivétas vecas izgaztuves;
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tiks izveidota vienota atkritumu apsaimnieko$anas sistéma regiond, kas laus uzlabot
pakalpojumu Iimeni atkritumu saimniecibas joma.

Jeguvumi un zaud&jumi projekta realizacijas gadijuma.
leguvumi:
¢ tiks sakartota atkritumu saimnieciba regiona;
¢ paaugstinasies servisa limenis atkritumu apsaimniekoSanas joma;
¢ tiks nodrosinata atkritumu savak$anas pieejamiba visiem regiona iedzivotajiem,;
¢ tiks veikts plaSs sabiedribas izglitoSanas darbs (iedzivotaju aptaujas, informéS$ana ar

masu meédiju palidzibu, sabiedriskas apsprieSanas) visa projekta gaitd, lidz ar to
paaugstinats vides apzinas limenis viet€jiem iedzivotajiem;
¢ jau sakotngja posma varés slégt vairakas cieto sadzives atkritumu izgaztuves, kas rada
ievérojamu slodzi uz vidi;
¢ atkritumu apsaimniekoSanas sist€mas izveide notiks saskana ar Firopas Savienibas
konkrétajam direktivam par atkritumu apsaimniekosanu, savaksanu un apglabasanu.
Zaudejumi:
e saddrdzinasies tarifi par atkritumu apsaimniekoSanu.
Cieto sadzives atkritumu poligons.
Planojama poligona galvenie pamatelementi ir $adi:
teritorija un aprikojums atkritumu pienemsanai (piepemsanas — kontroles punkts un svaru
tikls);
administrativa eka;
atkritumu apglabasanas laukumi;
ieks€jie celi un laukumi;
virszemes idens noteces un novadiSanas sist€ma,
tehnologiskas &kas un biives;
laukums ar aprikojumu atkritumu piepemsanai no iedzivotdjiem;
teritorija, kas rezervéta otrreiz€ji izmantojamo atkritumu SkiroSanai;
apvedgravji ap teritoriju un zogs;
gruntsiidenu monitoringa sistéma.

Tiek paredzéts, ka poligonu varétu ierikot tris kartas. IzmantoSanai biitu ieteicami t1Ts
etapi, jo tad&jadi:
¢ samazinas infiltrata daudzums;
¢ vieglaka ir izgaztuves uzturéSana darba kartiba un, gala rezultata, arT izmantojamo un jau

izmantoto $tinu sakopSana;
¢ samazinas sakotngji nepiecie$amo kapitalieguldijumu apjoms.

Paral li cieto sadz ves atkritumu poligona b vei ir paredz ts izveidot ar starppasvald bu
atkritumu apsaimnieko8$anas organiz ciju (SPAAO), kura p ¢ poligona izb ves nodarbosies ar
t apsaimniekoSanu un atkritumu sav k$anu.Uz doto br di rit poligonam pied vto vietu
ietekmes uz vidi nov rt jums (IVN). IVN proced ra tiek veikta §d m teritorij m:

Ludzas rajona PuSmucovas pagasta “Sipolnieki”,
Ludzas rajona Cirmas pagasta “Karpusonki”,
Rezeknes rajona Bérzgales pagasta “Uskaunieki”,
Rézeknes rajona Ozolaines pagasta “Krizevnieki—2”.
IVN procediiras laikd paredzéts izanalizét So teritoriju (vietu) geologiskos,
hidrologiskos, hidrogeologiskos apstiklus, floru, faunu, kuitiras piemineklus, iedzivotaju
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attiecksmi, celus, poligona, ja izbiivé to dotaja vieta, ietekmi uz iepriek§ mingtajiem
apstakliem, gruntstidepiem, augsni, gaisu, ki arf uz iedzivotaju veselibu utt.
2000.gada tika rekultivétas 18 sadzives atkritumu izgaztuves. Uz parejas periodu,
kamér tiks uzbiivets jaunais poligons, paredzéts darboties atstat tikai 4 izgaztuves. Tas ir
Rézeknes rajoni — Ritigi un Mostovaja, Ludzas rajona — Zvirgzdene un ZelSeva. Péc jauna
poligona darbibas uzsak§anas a1 §is izgdztuves tiks rekultivétas.
Potenciilie ieguvéji:
projekta realizacijas gaita uzlabosies vides kvalitate regiona, tiks izglitota sabiedriba par
atkritomu ietekmi uz vidi, jaundkajam prasibam atkritumu apsaimnieko$anas joma,
misdienigdm tehnologijam u.c. jautdjumiem, ka ari tiks risinatas daZadas problémas
atkritumu apsaimniekoSanas joma;
potencialie ieguvgji biis visi regiona iedzivotdji, jo tiks veicinata uznéméjdarbibai
pievilcigas vides veido$ana;
atkritumu saimniecibas sakartofana veicinds $aja procesad iesaistito darbinieku darba
apstaklu uzlaboSanos un samazinas risku, ko atkritumu apsaimnieko$ana rada attieciba
uz iedzivotaju veselibu.
Ja projekts netiks realizéts:
palielinasies vides piesdrpojums, kas agrak vai vélak radis biitiskas vides problémas
regions;
praktiski jau patlaban atkritumu apglabasana pagastu izgaztuves netiek kontroléta un
notiek bistamo atkritumu (mediciniskie atkritumi, lopu parstrades atliekas utt.)
apglabasana tajos, kas rada paaugstinatu risku vietjo iedzivotdju veselibai;
radisies nopietnas problémas ar pilsétu atkritumu noglabaSanu, palielinoties
piesarpojuma intensitatel un aredliem, jo patreizgjas izgdztuves rada gruntsiidenu un
virszemes iidegu piesarpojumu.
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ELEKTROLINIJU BALSTU RAZOSANAS PROCESA RISKA
| FAKTORU NOTEIKSANA
DETERMINATION OF RISK FACTORS FOR THE POWER LINE
POLES PRODUCTION PROCESS

Ziedonis Miklasevics,
Mgr.sc. ing. VAS “Latvenergo” DET Koksnes apstrades ceha vad. vietnieks
Jelgavas raj., Brankas “Dienvidnieki” T.d.30-57925.T.mob. 9118720 T.m.31-25348
Fax.30~33282 e-pasts: ziedonis.miklasevics@energo.lv

Abstract. Today is necessary to solve many tasks related to manufacturing. It is
necessary to perform activities in the envirommental area. This process is related by
management of the activities of products or service that impact the environment. The
manufacturing process of wood poles is connected with possibility of the environmental
emergency because high toxic and reactive substances are used in the technology.

The objective of the report is to determine the factors of the technological process
related to ecological hazard. The initiator events of emergency that are related to
maintenance of technological machinery are analysed in the report. For analyses of possible
machinery damages the methods of hazard analyses are offered. Calculation are offered for
possible emergency analyse, the methods of hazard analyses are offered and the
effectiveness of specific methods related to problems of envirommental defensive are
analysed in the report.

Elektrolmiju balstu raZoSanas procesa organiz&Sana ir japem verd iesp&jamais riska
Iimenis, jo koksnes kimiskZ apstrade tiek izmantotas toksiskas, augsti reakiivas vielas, kuru
nopliides rezultata var izraisities ekologiskas avarijas iesp&jamiba.

 Analizgjot elektroliniju balstu raZoSanas tehnologisko procesu, iesp&jama riska
novértéanas sistéma tiek piedavata riska faktoru uzskaite (skat 1.tab.). Noteicot risku, janpem
verd ricibu grupéSanas un prioritiz€Sanas  krit8riji, kas ir vajadzigi objektivai ricibu
novérté§anai, ka arf optimalai talakas ricibas izvelei.

Tade] kriteriji tika lietoti pirms 1émuma piepemsanas par konkrétas ricibas veiksanu,
sakartojot ricibas prioritara kartiba, lai iesp&jami visaptverosi apzinatu un izsveértu apstaklus,
kada riciba ir uzsakama, faktorus, kas ietekmés vai var ietekmét ricibas realizicijas procesu,
ka ar7 apzinatu iesp&jamas ricibas sekas.

Pamatojoties uz vides aizsardzibas programma izstradatas ricibu grupéSanas shému,
elektroliniju balstu raZoSanas procesa analizei tika aktualiz&tas $adas vispargjas ricibas:
® gaisa piesarpojuma parrobezu parnese,

s iidens piesarpojuma parrobezu parnese,

o fidens ekosisttmu degradacija,

e saimnieciskis darbibas izraisttais risks,

o atkritumu ietekme uz vidi,

e biologiskas daudzveidibas samazina§anas,
e dabas resursu neracionala izmantoSana.
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1.tabula
Ar elektroliniju balstu impregnésanas procesu saistito riska faktoru uzskaite
Riska faktori Riska faktoru tehnologiskie raditaji
Koksnes aizsardzibas lidzekla “Osmose K~33—
Kimiskie C”sastava esoso kimisko elementu Cr; Ac; Cu
daudzums impregnéta elektroliniju balsta aplieva
(kg/m®) Ko
e Stabu koksnes aplievas mitrums (%) Rm
Fizikalie o ImpregnéSanas dzilums (cm )— I,
ImpregneSanas tehnologisko procesu raksturojosie
parametri:
e apstrades ilgums (h)-Ti ;
Tehnologiskie e darba $kiduma temperatiira (°C)~- To;

e darba Skiduma bitvums (kg/m*)- p,,

. darba spiediens (kg/cm®) —Pi

Tehnologiskas iekartas

¢ (ridas izol&josa seguma zem impregné§anas
iekartain biezums {cm)

e Apstrades Skiduma tvertpu, koncentrata
tvertnu, notekiidenu un koksnes kimiska
aizsardzibas lidzekla savacgjtvertpu tilpums
(m’)

Spiediensiiknu jauda (kW)
Vakuumsiknu jauda (kW)

¢ Koksnes aizsardzibas Iidzek]a “Osmose K—33~
Ekspluaticijas C”sastava esoSo kimisko elementu Cr; Ac; Cu

koncentracija augsné ap ekspluatacija esofiem

elektroliniju balstiem (mg)

e  Stabu koksnes ka izejmateriala cir§anas
Organizatoriskie perioda, sagatavoS$anas, brakéSanas,
uzglabasanas, apstrades, realizicijas noteikumu
analize un pienemsana

Biologiskie ¢ Koka s€nes iesp&jama ietekme uz stabu
koksnes ZavéSanas kvalitati

Nemot vera ricibas [1] tika izmantoti §adi kriteriji:

e risinamas problémas bistamiba (ietekme uz cilvéku veselibu, ekosistémam),
e risindjuma ietekmetais cilvéku daudzums un aptverta teritorija,

e ietekme uz ckonomiskajiem un socialiem procesiem,

o starptautiskas saistibas (konvencijas, ligumi, ES direktivas u. c.),

e sabiedriska doma,

e nepiecieSamie resursi, t. sk. finansialie,

e ieguvums no ricibas (vides kvalitdte, cilvéka veseliba, politisks atbalsts),
o lietderiba (attieciba uz izmaksam),

e ricibas blakusefekti (pozitivie, negativie),

o laiks, kas nepiecieSams ricibas veikSanai,
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e ricibas komplicétiba (sareZgitiba),
e rictbas rezultatu kompleksums.

Visi riska noteik§anas kritériji ir prioritizejami. To prioritizéSana tika veikta, pemot
veéra risindgjuma un ricibas veidu ( vides politikas priekSnosacijuma attistiba, politikas
lidzeklu pilnveido$ana, vides problému tiefa risinasana), ricibu mérogu (regiona, lokala),
aktualitdti (avariju seku novérSana, avariju riska samazindSana), finans€Sanas avotu,
veicamad darba uzdevumu (prioritaSu noteikSana, vienas ricibas izvéle no vairakam
alternativam).

Elektroliniju balstu raZoSanas procesa organizéS$ana no ekologiska riska risindSanas
viedokla ka svarigakie tika izdaliti avariju seku novérSana un avariju riska samazinaanas
kriteriji, jo, samazinot raZoSanas riska faktorus, var izvairities no jau globalu probleému
risind§anas aktualitates. Lai analizétu iesp&jamo ekologisko avariju iespgjamibu, tika izdaliti
to noveértésanas posmi.

2.tabula
Ekologisko avariju novertéSanas posmi eletroliniju balstu raZoSanas procesi
Bistamibas faktori Ierosinataj- Starpnotikumi Avarijas
, notikumi veids
Avarijas Avarijas
eskalacija ierobezo$ana
1. Vielas un produkti | Masinu un iekartu Procesa Drofgibas sistémas | Uguns-
1.1. Nestabili darbibas kliidas parametru | ricibas gréks
savienojumi - sikni, ventili novirzes: - droibas
1.2. Toksiskas vielas - mérinstrumenti, | —spiediens varsti
sensori —temperatiira | - sistSmu Spradziens
Sienigu bojajumi — caurpliide dubléSana
- caurulvadi — koncentra— Drosibas
- spiedtrauki cija sistémas
- rezervuari Sienigu - ventilacija Mehanisks
- paliktni bojajumi - hidroizolacija | trieciens
Cilveku kjadas — caurujvadi - apvalpojums
- darbibas — spiedtrauki | Operatora riciba
- apkopes — rezervudri - planota
- parbauzu — paliktyi - nestandarta Toksisku
Apgades Operatora Operativas vielu
partraukumi kltdas ricibas izplatiba
- elektriba — nolaidiba Ar&ji notikumi
- idens - pilnvaru - agra Augsti
- gaiss parkapSana diagnostika reaktivu
- tvaiks - lémumu - savlaiciga vielu
Ar&ji notikumi pienemsana bridinasana izplatiba
- pladi Materialu Informaicijas
- vetras noplide plisma
- vandalisms — toksiska - parbaudita Radioakti-
- metodiska vais
- nepartraukta | starojums
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2. Augsti reaktivi
produkti

2.1. Impregnéti balsti

2.2. Impregnéeti
koksnes atlikumi
un smiltis

3. Bistamas
iekartas un procesi
3.1.Augsts spiediens
3.2. Toksiska
iedarbiba

3.3. Biologiska
iedarbiba

3.4, Radioaktivais
starojums

K2 izriet no datu analizes (2. tabula), avariju ierosinitdjnotikumi ir saistiti ar
tehnologisko iekartu ekspluataciju.Tehnologisko iekdrtu avarijas iespgjamiba var biit
prognozgjama un ari nejausa.

Elektroliniju balstu impregnéSanas tehnologisko iekartu potencidlo bojajumu
analizes un riska shému izstrade
Tika izstradatas potencialo impregnéSanas tehnologisko iekartu bojajumu un riska
shémas.

X Y 4 D

Laiks

]
1 \2 3

Riska pakape

1.att. ImpregnéSanas tehnologisko iekartu nejausi bojajumi, kur 1-bridis, kad sistdma tiek palaista;

2— iesp&jamie bojajumi (X — tvertnes; Y—augstspiediena iekartas; Z — caurulvadi; D—cirkulacijas

stikni); 3-laika periods, kura tiek ekspluatéta iekarta
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Riska pakape

1 2 3 4 5 6

- - A
/ y

2.att. Planotie tehnologisko iekartu bojajumi vienam atseviSkam objektam (augstspiediena
stiknim), kur 1 - sistémas parametrs (spiediens apstrades cilindrd); 2 -- parametra izmainas;

3 —bojajums; 4 — laiks lidz bojajumam; 5 — pielaujama sistémas parametra vértiba (ne mazak ka
131 bari); 6 — laika periods

Laiks

Riska pakape

Ol T o B

Laiks

3.att. Planotie tehnologisko iekartu bojajumi vairakiem vienveidigiem objektiem (ventili),
kur 1 - bojajumi (A — blives; B — sazobes mehanisms; C —~ korpusa plaisas); 2 — laiks lidz
bojajumiem; 3 — laika periods

e

Iekartu bojajumu varbutibu ka laika funkciju var izteikt ar vienddojumu:
P{t<T} = F(T),1>0, )
kur t - gadijuma lielums, kas raksturo kalpoSanas laiku lidz bojajumam;
F(T) - iekartas kalpoSanas laika 1idZ bojdjumam laika sadalijuma funkcija,
kas raksturo varbiitibu, ka laika posma T sistémas darba bas bojajums
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Lai samazindtu elektroliniju balstu raZoSanas bistamibu un avariju risku, ieteicams
pielietot riska kvalitativd novértgjuma metodes bistamako tehnologisko posmu novérté§anai.
Mingto metoZu pielietojuma mérkis ir vienlaicigi ar ekologiska riska novértd§anu dot iesp&ju
raZoSanas procesa organizé$ana pilnveidot produkcijas kvalitati un ra¥oSanas tehnologiju.

Atkaribd no izvirzitd razoSanas bistamibas un riska novertjuma var izvéléties
konkr&tu bistamibas un riska analizes metodi.

Elektroliniju balstu impregnéianas tehnologijas riska faktoru noteikSana p&c metodes
HazOP

Raksturo avarijas ierosinatdjus. Tiek ieteikta tehnologiska procesa kontroles metodikas
izstradaSanai.

3.tabula
Elektroliniju balstu impregne$anas tehnologijas riska analize
Nr. | Iesp&jamas kladas Celoni Sekas Ieteicamas ricibas
1. [ Kompresora Skidras fazes Koksnes kimiska Regularas iekartu
sabrukums sabrukums aizsardzibas lidzekl]a | parbaudes
nopliide
2. | Cauru}vada Mehanisks bojajums | Koksnes kTmiska Regularas iekartn
sabrukums aizsardzibas lidzekla | parbaudes
nopliide
3. | Rezervudra plisums | Rezervuara Koksnes kimiska Regularas sensoru un
parpildisana aizsardzibas lidzekla | drosibas varstu
nopliide parbaudes;
hidroizolacijas
sist@mas izveidoSana
4. | Rezervuaraplisums | Korozija Koksnes kimiska Reguldras rezervuara
aizsardzibas lidzekla | tehniska stavokla
nopliide parbaudes
4.tabula
Sistémas stdvokla raksturojums katra diagrammas atzara nosléguma
A Sistéma turpina darbu normala rezima
AC Sistéma turpina darbu normala reZima péc drosibas varsta nostradasanas
ACD Sistéma automatiski apstadinata nestabila stavokli, operators ir informeéts par
situdciju
ACDE | Sistéma turpina pieaugt spiediens, kas var novest pie avarijas. Par kritisko
stavokli operators ir informéts.
AB Sistéma turpina darbu normala reZima péc drosibas varsta nostradasanas,
operators nav informeéts par kritisko situaciju.
ABD Sistéma automatiski apstadindta nestabila stavokli, operators nav informéts
par kritisko situdciju.
ABDE Sistéma turpina pieaugt spiediens, kas var novest pie avarijas. Operators nav
informéts par kritisko situaciju.
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Kritisko notikumu Jogiska analize

DroSibas pasakumi Pielanjama spiediena PI | Operators Korigé Drogibas varsts Automatiska
parsniegianas spiedienu ar ventili noreguléts uz spiedienu | elektropiedzipas
bridinajuma signals P2 atslég8ana pie kritiska
spiediena P3
B C D E
A
Sensprs AC
nostgada ACD
Sistema pieaug ACDE
spiediens
A Sendors AB
nenostrada
ABD
AR
4.aft.
Elektroliniju balstu impregnéSanas tehnologisko iekartu riska faktoru analize,
izmantojot FMECA metodi.
S.tabula
FMECA metode
Iekartas Klidu Kladu Kliidu Klidu | Kladu vertgjums
process Veids izpausme celond atklasa- Ricibas
na
N A | RP
Uzglaba- Pilns - Rada liela Materiila vai
Sanas sabru- apjoma izgatavoSanas Pazinot
Rezer- kums toksiskas vielas defekts Vizuala | 10 2 |20 VUGD
VUArS noplidi
Uzglaba- Dalgjs Rada neliela Korozija
Sans sabru- apjoma Pazinot
rezervu- kums toksiskas vielas Vizudla | 3 6 (60 VUGD
ars ' noplidi
Tempe- érinstru- Darba $kiduma | Mérinstrumenta
ratiiras entu blivuma defekts Par-
kontrole ojdjumi paaugstinasa- trauc
nas Vizvdla | S 3 145 procesu

N —Klidu nozimigums; P— paradiSanas iesp&jamiba; A — atklasanas iesp&jamiba;
RP = NxPxA riska pakipe
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Kliidu logiskss analizes metode

-

Nekvalitativa

metindjuma Suve

As

|

IzgatavoSanas
tehnologijas
kladas

-

|

L

Kliidaina
Nekvalitativs Montiera tehnologija
Suves kltda
Kontroles metinasanas
kitda
process
r 4
r
Tehniskie Tehnologa
Metinatdja Jefekti — Norm-~
kluda e klada kontroles
klida
[
- Klida
Elektrods normativ.
Transformators dok.

5.att. Koksnes kimiska aizsardzibas lidzekla “ Osmose K-33-C” uzglabasanas rezervuira
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6. tabula
Kliidu vértéjums

Novértejums

balles biezums
1.Nozimigums
1.1.Tikko uztveramas novirzes 1
1.2. Nenozimigas kludas i
1.3. Vidgji nopietnas kltdas 4-6
1.4. Méreni nopietnas kliidas 7-8
1.5. Smagas kliidas 9-10
2. ParadiSanas
2.1. Loti maza 1
2.2. Maza 2-3
2.3. Vid&ja 4-6 reizi 1-10 gados
2.4. Merena 7-8 reizi ménesi
2.5. Augsta 9-10 reizi diennaktl
3. Atkla8ana un novért€Sana
3.1. Augsta 1
3.2. Merena 2-5
3.3. Vidgja 68
3.4. Maza 9
3.5. Loti maza 10

Secinajumi

Noteikti galvenie riska faktori elektroliniju balstu impregnéSanas tehnologiskaja procesa .
Tieir kimiskie, fizikalie, tehnologiskie, ekspluatacijas, organizatoriskie, biologiskie
faktori.
Avirijas situdciju modeléSana lava noskaidrot videi draudzigu elektroliniju balstu
ra¥odanas tehnologijas izstrddes pamatprincipus atbilstodi ekologisko prasibu
koncepcijai. Pielietojot riska novértéSanas metodes, tika nodro§inata:
bistamibas faktoru noteikSana;
avarijas seku tuvinata noteikSana;
avarijas seku samazinaSanas iespgju tuvinata noteikSana;
avariju ierosinatajnotikumu noteik$ana;
ierosinﬁféjnotikumu varbitibas aprékinasana;
avariju notikumu secibas un seku noteikSana;
avirijas realizacijas notikumu varbiitibas aprékinaSana;
seku apjoma aprékinaSana;
avarijas varbiitibas un seku samazinaSanas iesp&ju noteiksana
Noteikti ekologisko avariju novértésanas posmi balstu raZo§anas procesi.
Izmantotas riska analizes novértésanas metodes dod iespé&ju izvértét elektroliniju balstu
raZo$anas procesu no ekologiskd viedokla un noveértst iespgjamos avariju novérsSanas
pasdkumus, to lietderibu un panakto efektivitati.
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ELEKTROLINIJU BALSTU RAZOSANAS PROCESA
EKOLOGISKAIS NOVERTEJUMS
ECOLOGICAL ASSESSMENT OF THE POWER LINE WOOD POLES
PRODUCTION PROCESS

Ziedonis MiklaSevi¢s, Mgr.sc. ing. VAS “Latvenergo” DET Koksnes apstrades ceha
vad. vietnieks
Jelgavas raj., Brankas “Dienvidnieki” T.d.30-57925.T.mob. 9118720 T.m.31-25348

Fax.30-33282 e-pasts: ziedonis.miklasevics@energo.lv

Abstract. For maintenance of the technological process, control and ecological
assesment it is necessary to perform an estimate of environmental aspects that could have a
sensible impact to environment. Environmental aspects and its impact is analyzed in the
report.

In the report is developed:

1. Friendly to environment technological scheme for production of wood poles for power
lines.

2. Principial scheme and models of hazard estimate

3. Hazard charts for the environmental defence

4. Algorithm of estimate of ecological for the environment

That depends of the problem’s topicality and enumeration of the hazard factors the specific

problems solutions are offered that allow to controlthe manyfacturing process from the view

of allowance need related to environmental defence.

Visiem LR raZoSanas uzpémumiem, lai integr&tos ES, to darbibas planosana jaietver
saistibas par nepartrauktu vides parvaldibas uzlaboSanu un piesarnojuma samazina$anu,
vides likumdosanas un citu saistibu ievérosanu.[2]

Elektroliniju un sakaru liiju balstu raZoSanas nozares darbibas pamatnosacijums ir
vides dro§ibas prasibu ievérofana. Tehnologiskd procesa uzturé$anai, kontrolei un
modernizacijai ir janodrosina identificétu tadu vides faktlru un aspektu ievérofanu, kam var
bit jitama ietekme uz vidi:

o izmeSi gaisa (duimgazes),

e Gidenu apsaimniekoSana (tehniskais tidens),

e atkritumu apsaimniekoSana (ar koksnes kimisko aizsardzibas lidzekli piesticinatas koksnes
atlikumi — skaidas),

e augsnes piesarpojums (gruntsiidens, Gidenskratuves, augsnes virskarta),

e izgjvielu un dabas resursu izmantosana (stabu koksne).

Izvirzitajiem meérkiem jabiit konkr€tiem un izpildes rezultdtiem - kvantitativi
izvert&jamiem.
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Uznémuma darbibu planofana un realizdcija, kas izriet no vides piesargojuma riska, vides
aspektiem saistib@ ar vides politikas, mérku un uzdevumu istenoSanu, jabit izstradatai un
uzturdtai visas iesp&jamas situacijas, kas var radit nopietnu ietekmi uz vidi.

Risks
Iesp&jamiba Zaud&jumi
Varbiitiba BieZzums Cilveku Materidlie Vides
(bezdimensiju)| [(notikumu sk. laika vien.) (Ls) (Ls)

1.att. Riska jédziena struktiira

Analizgjot balstu tehnologisko procesu, tiek ieteikta analizes metode: vides aspekti un to
ietekme. Izpetes rezuliati atspoguloti 1. tabula.

1.tabula
Aspekti un ietekme
Darbiba Aspekts Jetekme
Koksnes Kimiska Augsnes piesdrpojums
aizsardzibas lidzekla Nopliides iespéja Gruntstidenu piesarpojums
Osmose K-33-C Udeskratuviu piesarpojums
Uzglabi§ana Cilveéku veseliba un dziviba
Elektroliniju Balsta diametra samazinaSana Dabas resursu saglabasana
projektéiana
ImpregngSanas process | Virsiidenu piesarpoSana ar koksnes | Noteklidenu savak$ana un tilaka izmantogana
aizsardzibas lidzekli  eso$am | tehnologiskd procesa nodro$inasanai
kimiskam vielam:
Cr;Cu;As
Koksnes kimiska Uzglabasanas laukuma Augsnes piesarpojums
aizsardzibas [idzek]a hidroizoldcija un segums Gruntsiidenu piesarojums
Osmose K-33-C
fikse8ands process
koksné
Elektrolmiju balstu Koksnes  kimiskd  aizsardzibas | Augsnes piesarnojums
rgz_glabﬁéana lidzek]a fikse§anas kvalitate Gruntstidepu piesdrnojums
Elektroliniju balstu Koksnes  kimiska  aizsardzibas | Augsnes piesarnojums
ekspluatacija lidzekla fikseSands kvalitdte Gruntstidenu piesarpojums
Udeskratuvju piesargojums
Cilveku veseliba
Katlu maja Gaisa piesargojums
Kurindmais — miza
Mizu  transportéSana | Iekartas (pneimotransports)y Nobirums
1idz katlu m&jai
Kurinama rezerviu | Uzglabasanas laukuma sagatavotiba | Augsnes piesarnojums
uzglabisana Gruntstidenu piesarpojums
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Veicot pasakumu kompleksu, kuri vérsti uz elekiroliniju balstu raZo$anas
tehnologiskas plismas sakarto§anu atbilstosi vides aizsardzibas prasibam, uznpémumam ir ari
Jjagaranté raZoto elektroliniju balstu atbilstiba vides aizsardzibas prasibim. Galvenokart
jaievéro vides aspekti, kas saistiti ar elektroliniju projektéSanu un to ekspluataciju. So
jautdjumu pastaviga kontrole mazina vides piesdrnoanas iesp&jamibu un ekonomé dabas
resursus.

e Vides aizsardzibas aspekti (1.tab.) attiecas uz: o Vides aspekti attiecas uz:
1) cilveku veseliba, 1) normalu darbibu,
2) gaisa piesarpojumu, 2) novirzém no normam,
3) notekiidenu piesarpojumu, 3) arkartam situdcijam.

4) grunts un gruntsiidenu piesargojumu,
5) atkritumu apsaimniekosanu,
6) energoresursu izmanto$anu.

Elektroliniju balstu raZoSana (2.att), koksnes impregnesanas procesi tiek izmantots
koksnes kimiskas aizsardzibas lidzeklis, kura sastava ietilpst videi nedraudzigi kimiski
elementi, tadé] uzpémumam ir jaizstradd zinatniski pamatotas direktivas ar mérki : lielu
avariju, kurds iesaistitas bistamas vielas, novérfana vai §adu avariju seku ietekmes uz
cilvékiem un vidi samazina$ana. Direktiva [5] paredz:

1) veikt riska novért€§jumu; 2) atbilstosi riska limenim izstradat un ieviest riska vadibas
sisttmu un riska samazindSanas preventivus pasakumus; 3) izstrddat un ieviest riska
samazinaSanas politiku.

Ekologiska riska novertssanas etapi elektroliniju balstu raZoanas procesd paraditi 2.tabula.
Mingta algoritma veikSana ir vérsta uz

e RazoSanas procesa pilnveidoSanu: ¢ Dabas resursu pilnveidosanu:

palielindt izejmateridlu izmantoSanas efektivitati, izmantot atjaunojamus energijas veidus,
palielindt energoresursu izmantoSanas efektivitdti, energijas atgi§ana otrreiz€jai izmantoSanai,

materidlu atgfiSana otreiz&jai izmantoSanai, tidens atgiliSana otrreiz&jai izmantosanai,

noslégto tehnologisko ciklu ievie$ana, izmantot atjaunojamus materidlus,

procesu vadibas automatizacijas palielinasana, palielinat otrreizgji izmantojamo materialu

atkritumu parstride, ipatsvaru,

atritumu un emisijas uzraudzibas pilnveidosana. samazinat transportéSanas un uzglabasanas
zudumus.

Produkta
32

utitizacija
1
i Eroc{ukta - 1zmesi gaisa
lietoSana
COz; SOz

Izejmateriali Materialu ”@ ~ .

energija, > 5 6“9’9_'1?5 > Produkta faze Atﬁrisanas Emisijas faze [~ Notekadeni
. | parstradasanas faze (4)

gaiss(T) faze g ® ®

Cietie un $kidrie atkritumi
Cr; Cu; As

2. att. Videi draudziga elektroliniju balstu razoSanas tehnologiska shéma, kur
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SF — procesa sakuma faze: stabu koksnes piepem3ana, brakéana ; PF — procesa parstrades faze :
stabu koksnes mizoSana, ZavéSana, markésana, impregnésana, fiksacija; BF — procesa beigu faze :
elektroliniju balstu skiroSana, testeSana, uzglabagana, realizacija, uzstadidana elektrolinijas; 1 —
izejmateriali : stabu koksne, gaiss, energija: pneimotransports mizo§anas procesa; 2 — mizas ka
kurindmais silturna energijas iegfifanai stabu koksnes apstrides tehnologiska procesa
nodro8inasanai; 3 — elektroliniju balsti ka produkts; 3.1 — elektroliniju balsti elektrolinijas; 3.2~
demontgto elektroliniju balstu utilizacija péc elektroliniju demontaZas; 4 — impregnésanas procesa
raduSos blakusproduktu (smiltis, skaidas) attirTSana no koksnes kimiska apstrades lidzek]a, katlu
mijas dlimgazu attiriSana; 5 ~ diimgazes, notekideni, kas radusies elektroliniju balstu kimiskas
apstrades procesa, ar koksnes kimisko apstrade lidzekli piesticinatas smiltis, koksnes atliekas.

Riska objekta
raksturojums

I

Potencialo

Koksnes kimiskaja

b riesmu aizsardzibas lidzekli

Osmose K-33-C* esoiie

|d9nt|ﬁCééana Kimiskie elementi:

@ l Cu; Cr: As
Riska scenariju

sastédisSana

Cik atri noreagés

sistéma, kas cinisies a
Nevélamas notikuma potencidlam avarijas

atgadiSanas Potencidlo seku sekam

varbittbas apjoma noteik$ana
novértésana

Netkuma Riska vadibas
atgadiSanas Seku apjoma

r

] !
! s ap efektivitites |
| varb{itibas samazindsanas Y |
t samazinasanas pasakumu noveértésana |
: pasdkumu efektivitates i
| efektivitates novértédana [
] novérteésana ]

| S, e e o ot o o o o

Avirija notikusi visa tehnologiskaja plisma
vai tikai kada no tas pasmiem.

tesp&jamie varianti:
si:tré:':aos 1. Koksnes Kimiskais aizsardzibas
M Sl Iidzeklls iztecajis no visas sistémas
i RISka a p rel‘Sl ns kontrolé 2.Natikusi dalgja noplide
Re_élo‘ risku sensorus Analize:
salfidzina ar R B
- .avarijas varania
akeeptéto r 2. avadias varianta

iska vadibas
pilnveidodana

izvértésana

Nepiejaujami Sistemas
augsts Al
risks

3. att. Riska novérté$anas algoritms elektroliniju balstu raZo§anas procesa
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2.tabula

Ekologiska riska novérte§anas algoritma etapi elektroliniju balstu raZo¥anas
procesa
Problemu
Izpildes Aplikojamas problémas Bistamo faktoru uzskaitijums risinasanas
etapi rezultati
eUznémuma atrafanas vieta | 1. Gruntsiidens dzilums
2. Augsnes raksturojums
3. Udenskratuvju tuvums
Uzpémuma
vispardjs
raksturojums
1 Potencialo
bistamibas veidu
uzskaitijums
eBistamo vielu 1.Koksnes Kimiskais
nomenklatiira, apjomi un aizsardzibas lidzeklis
glabdSanas vietas 2.Piegddes apjomi
3.Piegades veids
4.Uzglabasanas veids
5.Noliktavu saimnieciba
6.Kurinamais, 8 uzglabasana
7.Dumgazes
eBistamo iekartu
nomenklatiira, izvietojums
un galvenie tehniskie
parametri 1. Hidroizolacija
2. Filtri
eUzmemuma razosanas
apjomi un intensitate
ePotencidlie argjie un
iek§8jie riska avoti
Katram bistamibas veidam
un riska avotam apliko
avarijas realizacijas Precizets
nosacijumus saistiba ar potencidlo riska
* Bistamam vielam avotu saraksts ar
konkretizétiem
Koksnes aizsardzibas lidzeklis “ | avariju
2 Osmose K 33-C« realizAcijas
nosacijumiem

e Bistamam iekartim

Koksnes impregnéSanas iekartas

¢ Tehnologiju

o Argjiem faktoriem

ISBN 9984 - 585-36 -0
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Katram riska avotam aplitko:

3
e lespgjamos avarijas
realizacijas celus
Problému
Izpildes Aplitkojamas problémas Bistamo faktoru uzskaitijums risinaanas
etapi ‘ rezultati
e Procesa vadibas
automatilku
Impregn&8anas process Izstradati riska
scenariji
e Dro&ibas automatiku '
e Avarijas novérSanas vai
lokalizdcijas iesp&jas
Notikumu varbiitibas 1.Koksnes kimisk3 aizsardzibas | Atsevisku
noteikSana lidzekla wzglabasanas rezervudrs | avarijas notikumu
2.Tehnologiskis iekartas un seku
4 cauru]vadi iestaSanas
gadifjumu
varbiitibas.

Seku apjoma un
apdraudeto zonu
pie daZadiem
avariju
scendrijiem
konkretiz8Sana.

e Iekartu drofums

e Ekspluatacijas
nosactjumi un intensitate

® Drosibas automatikas
limenis

Seku apjoma noteikSana

1.Koksnes kimiska
aizsardzibas lidzekla
tehnologiska rezerve

2. Uzp&muma tuvakas
apkartnes raksturojums
3. Uzn@muma teritorijas

hidroizolacija

e Avarija iesaistito vielu

daudzumi
e Avirijas vieta un

nosacijumi
e Avarijas lokalizacijas

iespgjas
e Avarijas seku apjoms

un apdraudéta zona
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Riska komponentes
raksturotaji

4 etapa rezultati

1. Riska Iimenpa
raksturojums

2. Riska vadibas
ricibu
prioritizacija

3. Riska
zon&jums

Vai var uzsakt vai turpinat
iekartu ekspluataciju?

5 etapa rezultati
Riska normas vai citi kritériji

Objektivu
lEmumu
pienemS$ana uz
analitiskis
izpétes
materialu bazes

Elektroliniju balstu impregnéSanas tehnologijas ekologisko pétijumu rezultati
1. Vides aspektu risinaSanai tika veikta $adu metoZu analize un izstrade.

3.tabula
Vides aspektu risiniSanas metoZzu analizes parametri un robezliclumi
Parametri RobeZlielumi
Elektroliniju  balstu  stipribas | Aug§€ja kontroles robeza Kod1
Fizikalie | parametru ekspertize atkariba no | Kimisko elementu daudzums koksnes
koksnes cirSanas perioda, ZavéSanas | aplievd 9.6 kg/m3, impregn&Sanas
perioda. ImpregnéSanas procesa | dzilums Idc =5cm.
ietekmes uz koksnes mehaniskam | Apak3&ja kontroles robeza Kod2
ipaSibam analize Kimisko elementu daudzums koksnes
aplieva 9.0 kg/m3, impregné$anas
dzilums Ide =3.5cm.
Monitorings par koksnes kimiska | Péc tehnologiskam prasibam
Kimiskie | aizsardzibas Iidzekla “Osmose K- | elektroliniju balstu, kuri piesticinatl ar
33-C* izskaloSanos no elektroliniju | “Osmose K-33-C”, parbaude uz
balstiem [ 3 ]. kimisko elementu fiksiciju tiek veikta
péc Cr'®. FElementa daudzums
parbaudé uz izskalo$anos nedrikst
parsniegt 0.5 mg/11 tidens.
Augsnes paraugu ap elektroliniju
balstiem p@tjjumos konstatéts, ka Cr
svarstds no 11.6-190mg/kg; Cu no
5.7 lidz 84.6 mg/kg; As no 0.4 lidz
34.5 mg/kg .
Koksnes kimiska aizsardzibas | Cr koncentricija nomazgdjumos 6
Eksplu— | lidzekla “Osmose K-33-C | ménesu laika samazinis 25 reizes.
atacijas daudzuma izmaigas koksn€ | Cu koncentricija péc 3 ménesu
pétijumi atkariba no elektroliniju | izturéSanas samazinas 3.3 reizes, bet
balstu  ekspluatacijas  ilguma | p&c 6 ménesu izturéSanas nemainas,
elektrolinijas [41]. saglabajoties limeni 14+4.4ug.
As koncentracija ir stipri atSkiriga
dazados paraugos un no iegitiem
datiem nevar secindt, ka vidgja
100
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koncentricija 6 ménesu laika
samazinas.

p.s. Pielaujamds aroda ekspozicijas
robezvértibas darba vides gaisa
arsénam un hromam ir vienddas t.i.
0.01 mg/m’, bet varam 0.5 mg/m’> (psc
LVS 89:1998)

Organiza- | Iespgjamo  ekologisko  avariju
toriskie noveértésanas posmi elekirolmiju

balstu razoSanas procesa.

2.

Riska novértéSanai tiek piedavats algoritms elektroliniju balstu raZoSanas procesa

novertésanai (3.att.)
3. Pamatojoties uz tehnologiskd procesa analizes prasibam tika izstrddata videi draudziga
elektrolmiju balstu razoSanas tehnologiska shéma (skat. 2.att.)

—

Secinajumi
Galvenie potencidlie vides piesarpoSanas riska faktori pétami elektroliniju balstu
razoSanas tehnologija, izmantojot impregné$anas procesa izmantojamo koksnes kimisko
aizsardzibas lidzekli “ Osmose K~33-C ”, kura sastava ir kimiskie elementi Cr; Cu; As,
kuru daudzums kimiskaja aizsardzibas lidzeklT (As< 41.9%; Cr<38,6 %; Cu< 19.5%)
Izstridatas videi ekologiski draudzigas impregnéSanas procesa un riska novérté¥anas
principialds shemas un modeli, izmantojot kimisko koksnes aizsardzibas lidzekli Osmose
K-33-C”, kas lauj optimizét elektroliju balstu raZoSanas procesu no vides
aizsardzibas prasibu ievéroSanas viedok]a.
Pamatojoties vz elektroliniju balstu raZoSanas procesa un to specifisko Ipatnibu analizi,
izstradatas vides aizsardzibas kartes, kas lauj veikt elektroliniju balsu impregnéSanas
procesa tekoSo un preventivo kontroli un uzraudzibu un nodroSinat attieciba uz vidi un
cilvékiem saudzgjoSo impregnéSanas procesa norisi atbilstoSi eso$am ekolegiskam
prasibam.

Literatiira
ISO 8402. Kvalitates vadi$ana un nodro$indSana, termini un jédzieni.
LVS ISO 14000 Vides parvaldibas sist®mas, specifikacijas ar noradijumiem to lietoSana.
LV. Koksnes kKimijas institiita p&tfjums. Monitorings par koksnes kimiskd aizsardzibas Iidzekla “Osmose
K—33-C” izskalo%anos no elekiroliniju balstiem, 1996.
Darba un vides veselibas institlits. Xoksnes aizsardzibas konservgjodo kimikaliju dermala kontakta pakapes
novertgjums. 2000.
ISO 14004: 1996. Vides parvaldibas sistémas. Visparigie noradijumi par principiem, sisttmam un
papildino$am metodém.
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IMPOTHO3WPOBAHUE NOTEHIUAJNBHBIX KAHAJIOB
PACITPOCTPAHEHMSA S9KONOIMUECKH ONNACHEIX BEIHIECTB
B FEQJIOTWTYECKOM CPEE
PREDICTING OF POTENTIAL PROPAGATION CHANNELS FOR
ECOLOGICALLY HARMFUL SUBSTANCES IN GEOLOGIC MEDIA

Moposos B.H., Tatapunos B.H., Bypos H.IO.
Feopmsuaecxnii nenTp Poccuiickoii Axagemuu Hayk
117296, Poccus, Mocksa, yi. MononexHad, A. 3, Ten: (095) 9305639

Abstract. The questions of assessment and prediction of potential channels of
imfiltration of radionuclides in geologic environment are discussed. This is specially
important for underground allocation of the nuclear objects. The method of allows for
spatial-temporal variations in a geological massif at all hierarchical levels from regional
tectonic processes up top peri—contour zones of chambers.

HauGonpury:o 3KONOTMYECKYIO OMACHOCTh IS HACeleHud M OKPYKAIomed cpes
TPENCTABASIOT NPOMBINUICHHbIE OOBEKTH], Ha KOTOPBIX MPYMEHSIOTCS TEXHOJNOTHH C
HCIIONb30BaHAEM DalOAKTHBHEIX MarTepHanoB, o0beIUHEHHbIE NOA OOIMM IOHATHEM —
o6bexTsl smepHO-TOINIHBHOrO mumkia (SITI]). 3To mpexne Bcero aToOMHEIE CTAHIMH,
HOA3EMHEIE XPaHIIHINA ¥ 32XOPOHCHM PAJMOaKTHBHEIX OTXOORB.

Ha ob6pexrax ATL] HeOXHOKPATHO BO3HHMKAIH aBAPUAHEIC CHTYALMH Pa3HOM CTENEHY
Tsokectu. Iocnencreus Haubonee cephesnbx w3 Hux (Kemrrsm, IOwubN Vpanm; Buagcksivr,
Aurs; Tpu Maiin Asinens, CIIIA; UepHoGbumsckas KatacTpoha) He JIHKBHIAPOBAHBI O
gactosamero Bpems. OnoEa M3 JKOJIOrHMYECKHWX OMAcHOCTEH CBA3aHA C BO3MOMHBIM
NOBPEXICHAEM €MKOCTeH, B TOM YHCJIe IPU BO3EHCTBHN PUPOIHBIX (aKTOPOB, XPAHAIINX
panuAoaKTUBHBIE OTXOMAB], ¥ WX IIONAaHNg B IPYHTOBBIE BOJBL

W3 Bcero xommiekca npobjemM o0ecnedeHWs TeOdKOJIOTHIECKOH 6e30MacHOCTH
obsexroB ATL] ocraHosuMcsa Ha oxHOH — NPOTHO3WPOBAHWM NOTEHIMANBHBEIX KaHAJIOB
PacnpoCTpaHeHUS PANUOHYKIIMIOB B reojioruyeckoft cpene. OcobeHyo aKTyalieH 3T0T BOIpoC
npu moxazeMHoM pasmemeHnn o6wekToB STI. Ilockomeky mpomeccel, mpoTekamomue B
reoJIOrNYecKo cpeie B3auMOCBSI3aHE], Heo0X0A¥Ma KOHUENTYallbHasA OCHOBA, YUHTHIBAIOIIAS
IPOCTPAHCTBEHHO—BPEMEHHbBIE M3MEHEHUA IeONIOTHYECKOl Cpefibl Ha BCEX HePapXi-1eCKUX
YPOBHAX OT PETHOHAIBHAEIX TEKTOHHUYECKHX IIPOIECCOB [0 COCTOSHUA IPHUKOHTYPHOH HacTul
nopogHoro MaccuBa. OTCIOAa BOZHHKAET HEOOXOAMMOCTE Pa3zfelicHUs pelieHus IpobieMsl
Ha TPU YPOBHA: PErUOHANBHBIN, TOKANBHbIA ¥ IPUKOHTYPHBHA.

Ha pumc. 1 mnoxasasel mend, 3agadd K METOAbl HCCIEHOBaHUM HA KOKIOM
HepapXIIecKoM YpOBHe. OcHoBHOH 3amadeil MepBOro ypoBHsI SABJIIETCS YCTaHOBIICHHE
VPOBHS aKTUBHOCTH KpPYUHBIX TEKTOHWYECKUX Hapymenumit. s astoro neobxomumo
HCCIIENOBATh FEOOUHAMIYECKHH PEXXHM TEpPpPUTOpHH B pazuyce o 50 xMm ot obnekra. B
HACTOsMIIES BpeMs HAaMM INHPOKO DPHMEHAIOTCS JJII 3TOT0 METONBI KOCMHYECKOH reo/esus
(GPS—metox). Metol mO3BONAET ONpefeliTh NUCTAHIMIO MeXTy NMyHKTamu Ha 0asax 1o
1000 kM c omwGxoit mopanka 1-1,5 MM, a TOUHRIX XOOpIHHAT — 0K010 10 MM.

Ha ocuoBe GPS-#ccienoBanuii BRIOCIMIOTCS CTPYKTYPHO~TEKTOHHMYECKHE OJOKM H
OTPEENIAOTCE CKOPOCTH COBPEMEHHBIX TOPUSOHTANBHBIX JBIDKEHHH 10 OCHOBHBIM
TEeKTOHWIECKHUM HapyIICHMIM.

Bropoii ypoBeHs HCCNEIOBAHMN 3aXBaTHIBACT IUIOMaIp TOPHOTO OTBOAa OOBEKTa,
O0BIYHO e¢ pa3Mep He mpesbumaet 10 kM°. OCHOBHas 3a/1ava 3aKIHOYAETCA B BHABIEHAN 30H
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OTHOCHTEJIFHOTO pa3yIUIOTHEHUS I[IOPOJHOTO MacCHBa, OOYC/IOBICGHHBIX COBPEMEHHOM
TeONUHAMHKON M 06pa3oBAHMEM MyNBABl NPOCEHaHW Hal NPOMNCHHBIMH TI'OPHBIMHE
BeIpaboTkamu. COBpeMEHHOE HAPDKEHHOE COCTONHYE HOPOHOTO MACCHBA B 30HAX BIIFIHI
BEIDAOOTAHHOIO IPOCTPAHCTBA YacTO OTIIMYAETCS OT TPANMIMOHHO HCIOIB3YEMBIX B
reoMexaHuKe IUIOTe3 pacuperelieHHs IoJied HampsoxeHud [eiiva, Jluaauka mmm Xacra.
PaspaboTagras HaMM METOIMKA pacdeTa HmoNeil cMelleHuii u neopMalii HaJ IOJNOCTAME
pasnmraHoi KoHGurypauuH [ 1] Ho3BomMeT IPOrHO3UPOBaTh OOBEMHOE pacupenelieBre IIomek

cMeIIeHUH B nehopmarmii.

Yposnu ene 3aoauu Croco6 uccnedosanun
O B
pgneﬂeHme OnpeneneHue CoyTHMKOBASA
a .
1.Peruoman HauooJee CMEMEHUN U KOCMM UYecKas
= HEDL AKTUBHEIX cropocTen j Teonesmus
TEKTOHNMYECKUX COBPEeMeHHRX
IRLIsBJIeHME SOH
h Onpeneneﬂme STOnOE pacdera
HO THOCHTeIIbHOT'O napaMerpos
2. g SpasyIIOTHEHNS Ha q [1apaMeTposn CABMReHUA
JloxanekHEuL BypOBHE TOPHOTO COBUXEHMA Tpanmnmom’iaﬂ

jorsona IIOPOSHOTO reonesns
MacCuRa Haxnp
" T'ODHBTM"M’
IKoHTPOJIB Onpenenenue T'eoMeXaHUURCK

3.anKOH'1' ,IIeC'I'pyKU,I/IM 4yT:IaCTKOB e u

N_— ; accusa S/AHTEHCUBHOTO E}reo@msmquKme
inpriexamero x § |DeGoOpMMPOBAHMS | MeTOmH
ITOopHEBM 1 paspyleHus KOHTPOJIA,
- T O Ak T

Puc. 1. Tena 1 3a5aum DpOrHO3UpoBarysl 06Pa30BaHIA OTEHIMANBEGIXK KAHATIOB I
PacIpocTpaHe M SKONMOTHUECKH OIIACHBIX BEHIECTB B IIOPOJHOM MACCHBE

Tperuii ypoBeHb 3TO HEHOCPEICTBEHHO KOHTPOND MPHKOHTYPHOH 9YacTH IOPOIHOTO
MaccuBa Ha NIyOuHy, Kak IIpaBmiio, He npessinaromyio 100 M ot xonTypa Beipabotok. s
3TOr0 HCIOJB3YEeTCS KOMIUIEKC METOIOB: MaTeMaTW4YecKOro MONETHPOBAHMS. (MeTOX
TPaHMYHBIX 3JIEMEHTOB), IEOMEXaHWUECKHe METOIBl KOHTPOJI COCTOSHMA IIOPOIHOTO
MaccuBa (MeTON TIIyOMHHBIX pelepoB, MapKIneHmepckue MeTombl M Ap.), reodusmyeckue
METOE! (ceicMIIeckil, celiCMOaKyCTHUSCKHI B 3leKTpoMeTpIaecKuit) [2 1 np. .

He mMves BO3MOXXHOCTH IPUBECTH B IOJIHONW Mepe BCe pPe3yJIbTaThl HCCISAOBaHHM,
OCTAHOBHMCS Ha  OJHOH  3aKOHOMEPHOCTH IIOBEJCHMS  IMOPONHBIX  MAacCCHBAOB,
3apETHCTPHPOBAHHON NPaKTHIecKd Ha BCEX HePapXmiecKMX YPOBHAX. JTO HUKIMYHOCTH B
Pa3sBHTHH BO BPEMEHH H IIPOCTPAHCTBE IPOLECCOB liepepacrpeielieH s HoNel HalpsDKe i,
ne(OPMHUpPOBAHME W pA3pyDIEHHH TOPHBIX IOPOA NPH BHEIIHEM CHJIOBOM BO3JeHCTBAY
TEXHOTEHHOTO MNHM NpHponHoro xapakrepa. Habmromenus 32 [PHKOHTYPHOH YACThIO
TIOPOTHOTO MacCUBa OCHOBBIBAIHCH Ha CIIEIYIOIIHX ITOJIOKEHHIX.

1. CymecTByeT HCXOnHas MEPapXUUecKy CTPYKTYpPHpOBaHHAs TeosiorddecKas cpena,
cBOMcTBA M CTIPYKTypa KOTOPOH OIpenensrorcs Hcropuell (GopMUpOBaHMS 3€MHOH KOPHI
IAHHOTO YYacTKa, COCTOAmAs M3 KPYNHBIX CTPYKTYPHBIX OJIOKOB B Ipenenax KOTOPBIX
HPOMCXOMUT OTBETHAf peaKiis Ha BHEINHee CHIOBOE BO3NEHCTBME B BHAC H3MEHEHUS
JIOKATBHBIX TIONIeH HAPsHKeHHH BOKPYr MEKPOHEOHOPOIHOCTEH
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2. CipykrypHble GNOKH, OrpaHMYeHHbIC KOHTAKTHRIMH IIOCKOCTAMM OCHaGreHus,
COIEPIKAT HECKOJBbKO PASHOBMAHOCTEH HEONHOPOAHOCTEH (olee HUWKOrO paHra, KOTOpHie
ABILIIOTCA  KOHUCHTPATOPAMH HANpsHKeHHH (MUKpOTpeImMHE], nopsl ¥ T.4.). IIpu obmmx
O0BEMHBIX CKUMAIOIMX HaNpPHKCHUSX, PaspyIIeHHe TOPOX NPOMCKOIUT 33 CUeT PasBHTHA
TPCIMWH HOPMANbHOIO Pa3sphiBa M 34pCHKACHMA CHCTEMBI TPEIMH B HEKOTOPOM Odare.
O6pasyromuecs CHCTEMBI TPELIMH OPUEHTHPOBAHEI B HANPABICHHAM JEHCTBUS INIABHBIX
CHIMAIOINUX HANPKESHIH.

3. Bospactamme o6Gmero ypoBHS HaOpsUKeHUN UPHBONMT K 0OGpA3OBaHMIO
MArUCTPANbHBIY TPCIMMH M K BO3HUKHOBEHMIO CTPYKTYp OoOjiee BBICOKOrO paHra ¢
NOCHeRyIomyM (QOpMHUPOBaHHEM OGBEMHOrO odYara paspywieHws. Paspyimienpe HOpoOI
(ckopocTh ¥ 06beM) 3aBHUCHUT OT NPUTOKA BHENIHEN 3HEPTHUY, KOTOPas OHPENeIieTcs rOpHO—
rEONOrMYCCKNMHE  YCJIOBMAMH, CHIOH TEXHOTEHHOIO BO3NEHCTBUL ¥  HPHPOTHO—
TEKTOHMYECKMM (akropamu. ITpy HEBBICOKOH CKOPOCTH PUPOCTa HATIPSHKEHMIA TIPOHCXONHUT
nedopmupoBanve TOPHBIX TOPOK, 4 NPH HPEBHIIIEHHW HEKOTOPOTO TOPOTa CKOPOCTH
HaArpyXeHus — paspylieHHe.

4. ViaauxaTopoM peakiyy HOPOMHOTO MACCHBA HA BHEINHEE BO3NEHCTBHE ABJLAIOTCH
HapamMeTpsl U3MEPSEeMbIX (QH3HYECKHX [ONEH, KOTOPHIe B3aWMOCBA3AHB! CO CBOMCTBAMH H
COCTOSHHEM ra3o—(IFOHIHO Cpelsl B TPEIIMHAX ¥ MEXOIOKOBOM IIPOCTPAHCTBE MAaCCHBA.

Wccrenoanus Ha Io3eMHELX PYRHUKAX {2, 3] ©oka3anu, 4To Npy B3pEIBHOM 0T6OMKe
B NPUKOHTYPHOH YaCTH MACCHBA Y4CTO 00pasyloTcs yHoOpAJoOYeHHbIe CTPYKTYPBI, CBI3aHHBIE
C peaxipieil HapYINEHHOI'0 MacCHBA HAa HUKIMYECKOS M3MEHEHHE HaNPSDKEHHOTO COGTOMHMA
OPUKOHTYpHO# yacTy. IloBereHue mosned HanpsokeHuE B HMPHKOHTYPHOM YacTH MAacCHBa
OKa3ajJloCh IMOXO)KHM HAa TaKk Ha3blBacMble CHHIHEPreTHYESCKHE IIpouecchl (0T rped.
Synenergetikos — COTJIaCOBaHHO MeUCTBYIOMWN), OTIMUYMUTEIBHON OCOGEHHOCTBIO KOTOPBIX
ABIIJETCA  BO3HHKHOBEGHHE  OP2AHU306AHHO20  NOBEOEHUs  XAaOTHYHBIX  CHCTEM.
CHHOHEpPreTHUECKHI MPOLECC YIIOPAKOUESHNUS CTPYKTYPHI ONeH HATIPMKEHUH H CTPYKTYPSI
MacCUBa B IIPOCTPAHCTBE K BPEMEHM B YCIIOBMAX ACHCTBYA TEKTOHMYESCKHX CHJI IPOSBIAETCS
ocoberHOo Apko. [lepHonHyHOCTS pasBUTHA Hpoliecca Ne(OPMUPOBAHIA FOPHAIX BEIPaboTOK
[0 JIeHCTBMEM TEKTOHWYECKHX CHJ HarjiJHO NIPOACMOHCTpHpoBaH B pabore [2], rne
COIOCTABJICHEl Pe3ybTaThl MHOTONETHHX HaOmoaeHWi 3a nedopmanmeil BRIpabOTOK Ha
YpaHOBOM MeCTOpOKAeHNH Ana—Tanera B Y3bexucrane. Ilepronsl MaxcUMaIbHBIX 3HAYCHME
CMEHIGHNH COBIIAfamy BO BPEMEHHM C MAKCHManbHOH TEKTOHHYECKOH aKTHBHOCTBIO,
OTHOBPEMEHHO PE3KO BO3PACTa0 KOJMYECTBO M MOIDHOCTH CIIy9acB paspyLICHHA TOpPHBIX
TIOPOJ, B BH/IE CTPEIAHUM ¥ FOPHBIX YAAPOB.

Cam mporece mepecTpoliky Ioneil HampsDKeHME XapaKTepHsyerca "BomHooOpaszHOoH"
BO BpEMeHY KapTHHOH, C MepHoJaMy HaKOIUICHHUS HAIPSHKEHME M HOCHeHYIOIIEH pasrpy3ku
33 CUeT paspyIleHus OTNENIBHBIX CTPYKTYPHBIX CBA3edl M 00pa3zoBaHMA MarucTpalbHBIX
TpeInyH, KOTOpHIE MOIYT CJIyXXUTh KaHalaMH DPacOpOCTPaHEHMA 3KOJOTHYECKH OIaCHBIX
BELICCTB B OKpY)Karolee MPOCTPaHCTBO.

B yenom MOXKHO OTMETHTH OJHy HauboJiee 3aKOHOMEPHOCTh — 30HBI YIUIOTHEHUSA H
Pa3yIUIOTHEHUA OPTAHUSYIOTCH TaK, WIO OPUEHMUPYIOMCA NEPNEHOUKYIAPHO HAUPABICHUEO
JNCHCTBYS MAKCUMAIBHBIX CIWI, ONpeNe/IOINX NPHTOK BHEIIHEN SHEPIUU B NPHKOHTYPHYIO
9acTh MOPONHOTO MacChBa. JTH IMPOLECCHl 3aPeTHCTPHPOBAHBI B 30HAX BIHAHHA JHOGHIX
BeIpaGOTOK, XOTS HMHTEHCUBHOCTh M CKOPOCTH IIPOTEKAHHA Ha IOPAAOK HIDKS, 4eM [IpH
HMHTEHCHBHOM TEXHOT€HHOM BO3JEHCTBUM WIH CHIBHBIX TEKTOHUYECKUX HANPOKCHUIX.

B roprsIx xamepax Gospmioro cegeHns obsext " Kpacwogpex—26" (BsicoTa sio 60 M,
muprHa 10 40 M) TpolisieHHbIX B Koxe 50-X rozios i pasMeIneHns ANSPHBIX TeXHOIOTHH,
NPOBOAWINCH H3MEPEHHS CMEMeHHd KOHTypa OOHEeNKHM Kamep ¥ CMEIUeHMH INyOHHHBIX
PEeTiepOB, 3allOKEHHBIX HA PAasjIMYHBIX IIyOMHAX OT 00#enkd. MHOrOKpaTHBIC 3aMepsl
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CMelieHuH TIyOHHHBIX PENIEPOB C BEICOKOH HHCTpYMeHTambHOM (10 0,01 MM) TOYHOCTHIO, He |

NOABEPKEHHBIC BO3AEHCTBUIO B3PRIBHBIX paboT, MPOBOAMMEIX PETYIIAPHO B TeueHue Goee 40
JIeT, He IIO3BOJLTIOT COMHEBATBCH B JOCTOBEPHOCTH M HAIEKHOCTH 3SKCIEPUMEHTAIBLHBIX
JaHHBIX. MOXHO OTMETHTH cilexyromee. CMelmeHwe peHepoB NpencTasiseT coboil
4YepeIoBaHMe OTPHIATEIbHEIX H OIOXHATEIBHbIX 3HATCHUI OTHOCHTENBHO KOHTYpa 00ASIKH
Bo BpemeHm. IlpmueM oTMeueHA 3aBHCHMOCTD MHKIMYHOCTH HPOLECCA OT CTEHEHH
HapyLIeHHOCTH Maccusa B mpezpenax ot 0,5 —1 jer go 7 mer. OT0T mporecc cef3ay C
HAKOIUIGHHeM B OTJACTBHBIX CTPYKTYPHBIX HEOJHOPONHOCTAX HANUpSKeHWH ¥ Ipu
IIPEBBIIEHAN HEKOTOPOIro IOpora WX paspymeHueM ¢ mepelaveii HanpsOKeHuH COCEXEUM
yyacTkam. Ha puc. 2 mpepncraBned (parMeHT 3amicH CMEIISHHS IITyOMHHBIX PEIEpPOB IO
cksaxxure 22. Ha HeM gpKo BEIHA INUMIUIMMHOCTE IPOLECCOB CMEINEHH OTAEIBHEIX PErepos,
PacHOIOKEHHEX B MHTepBase oT 2 A0 19 M. T.k. Kaxnedi perep ABIIETCH HHAHKATOPOM
COCTOSHMA OTHEMLHBIX CIPYKTYPHBIX GIIOKOB (IOMEHOB), TO MOKHO MpPHHATE CIETYIONLYIO
MOzeNb MEXaHH3Ma Je(OpPMHUpPOBaHHA [PUKOHTYPHOM HacTH MOPOJHOILO MACCHBA,
OCHOBAHHYIO Ha IIPE/CTABICHUH Ae(OpMHPOBaHHI KaK CHHYHEPreTHYecKOro IpoIecca
HEPECTPONKY oISl HAIPSKESHHUA.

Al vim Dpasmenm epaghuxos cMellerull penepos & ckeaxuHe 22
0.80
NNTIA v A
&X A \/\\ R M ) \/\
A v N\ ¥ \\' Yenoereie obognaverun
. —¢— -penep3m
0.00 w
I I : i : ! —3— -pemep4m
! I
il L )l —o— -pemepon
i : | i U —@—  -penep9wm
i ] i I
] I i I vl ——  -penep 14 M
-0.40 N ! ! bt
" " : : : ; —#%— -penmep 19m
I ! { ] ] ]
I 1 i i J I
] T A
. . ] ﬂ 1 &
flep 7 1p )pHOi flacmu sace:
-0.80 | T
17.02.88 25.08.89 19.07.90 29.01.91 29 11.91
Bpems

Puc. 2. @parmenT rpaduKoB CMEINEHHHA PEIIEPOB B CKBAXKUHE € EPHOJAME
pasrpy3Ku IPAKOHTPYHOR JaCTH IOPOAHOI0 MaccHBa

TTomoGHBIM Xapakrep Pa3BUTHS [POLECCOB CMEMIGHUS 3€MHOM KOPHI OTMEYacTCd U
npu HaOMIOEHUAK 3a rIo0ansHBIMK NBHKeHusMH 3eMuOM Kopsl GPS-meromammy, a Taxxe
OUMCHIBACTCS MHOTHMH WCCJSAOBATENIMM TPM HOAT'OTOBKE MOIIHBIX CEHCMHYECKHX
coOpiTuii. Taxym ofpasoM, IEPHOANIHOCTE B PASBUTHH TIPOLECCOB CaMOOPraHM3aliHy IONeH
HanpsKeHUY W mociexyromee JeQopMHpOBaHME ITOPOJHOTO  MACCHBA  ABJLACTCA
(pyHIAMEHTAJIBHBIM CBOMCTBOM TeQJIOTHYECKOH CpEIbl H CBA3aHa C peaKiuedl HapymeHHOH
cpenpl Ha CHIIOBOE BO3JeiicTBre. AMIUIMTYSA M YacTOTa HEPHOAOB PasTpy3KH M pasrpy3Ku
CBA3aHA ¢ HAPYIIEHHOCTHIO I€OTOTHIECKON CPe/Ibl H MOMKET CIY’KHTh KPHTEPHEM OLEHKH €€
cTabHILHOCTH ¥ YCTORYMBOCTH Ha Pa3IMIHBIX HEPAPXHYCCKHUX YPOBHIX.
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STy 3aKOHOMEPHOCTD IICJICCOO6p33HO HCIIONB30BaTh B TIPAKTHYCCKEX [CHAX IIpH
IPOCKTHPOBAHUH M CTPOUTENBCTBE PasTUYHBIX MNoa3eMHBIX oObexkroB ATL], B KoTopsix
IPeAnoaracTca pasMemenne 3KONOTMYSCKE OIMACHBIX TEXHOJOTHH N Marepuanos, B TOM
THCIIC NPH 3aXOPOHCHMUH PAOHOaKTHBHAIX OTXOHOB [4], CTPOUTENBCTBE TIOO3CMHBIX ATOMHBIX
CTaHuui ¥ T.O.
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PHYSICO-CHEMICAL FEATURES OF WATERS AND BIOCOENOSIS
OF A MEROMICTIC RESERVOIR IN THE VEARS 19811998 IN THE
LEKNICA REGION (WESTERN POLAND)

UDENU FIZIKALI KIMISKAS IPASTBAS UN MEROMIKTISKAS
UDENSTILPES BIOCENOZE 1981. — 1998.GADOS LEKNICAS
REGIONA

Bartlomiej Najbar
Polytechnic Zielona Gora, Institute of Sanitary Engineering,
Prof. Szafrana 15, Zielona Géra, Poland
T.: (0048) 683282571

Abstract. The research concerned the biggest, the deepest and the youngest (25 years
old) acidotrophic reservoir located 4 km south—east from Leknica. It was created as a resuit of
brown—coal mining and opencast method. The present pyrite was the cause of significant
acidifying and salinity of waters.

17 years of physico—chemical examinations of waters showed a progressive difference
between mixo— and monimolimnion that is increase or decrease of such indicators as pH, redox
potential, total iron, sulphate and others. First symptoms of ageing of the reservoir were visible.

Biological examinations showed pancity of plant and animal species living in this
reservoir and a very slow development of biocoenosis.

The research concerned the biggest, the deepest and the youngest (25 years old)
acidotrophic reservoir located 4 km south—east from Leknica. It was created as a result of
brown—-coal mining and opencast method. The present pyrite was the cause for significant
acidifying and salinity of waters.

17 years of physico—chemical examinations of waters showed a progressive difference
between mixo— and monimolimnion that is increase or decrease of such indicators as pH, redox
potential, total iron, sulphate and others. First symptoms of ageing of the reservoir were visible.

Biological examinations showed pancity of plant and animal species living in this
reservoir and a very slow development of biocoenosis.

Key words: post-mining water reservoirs, meromixis, acidotrophic lakes.
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1. Introduction

Meromixis is a rare phenomenon however widely common on our globe (Hutchinson,
1957; Walker, 1974).

In the ,anthropogenic lake district” three meromictic reservoirs were found (Fig. 1).
These are the only described cases representing this phenomenon in Poland (Matejczuk, 1986;
Solski, Jedrczak, 1991a). Meromixis in its sharpest form was found in the biggest, the deepest
and the youngest reservoir at the some time (25 years old). It was created in 1973 as a result of
brown coal mining and the opencast method. It is located among pine-tree forests on depression
land with its high and steep banks covered with deep furrows (water and wind erosion).

It is devoided of providing water and outlets. This reservoir has been examined many
times in the years 1981-1998 (Matejezuk, 1986; Solski, Jedrczak, 1990; Solski, Jedrczak,
1991a, b; Jedrczak, 1992; Najbar, Jedrozak, 1998). It has been recoghized as a particularily
interesting object especially because of its extreme acidifying and salinity, presence of
monimolimnion, bio—chemical processes taking place there (Jedrczak, 1992) and because of
visible changes of their physico—chemical conversions in a short period of time.

2. Methods
2.1. Physico—-chemical investigations

The reservoir was examined four times during the summer stagnation (VIIL. 1987, VIL
1988, VIIL 1993, VIII. 1997) and twice during the autumn circulation (XI. 1981, IX. 1998).

The water samples were taken with a Ruttner sampler in vertical profile at the depth of: 0,
1, 3, 5 and then every two meters and 1 m above the bottom. The analysis contained over 20
physico—chemical indicators, whereas only 9 of them were analised and interpreted: temperature,
pH, redox potential, oxygen, total iron, sulphate, ammonium, nitrates and phosphates, were
determinated by the methodes described by Hermanowicz et al. (1976).

2.2, Biological examinations

The samples to indicate chlorophyll a contents were taken in quantities of 30-50 litres at the
same depth as for chemical analysis. The chlorophyll a concentration was indicated according to
SCOR-UNESCO method. (Ausgewihlte Methoden 1970). Measurements on primary production
were taken according to the oxygen methed by Vinberg (1960). Bottles of waier taken at a proper
depth were exposed from dawn to dusk after which the oxygen contents were marked according to
the Winklers method (Hermanowicz, 1976).

The samples of waters to indicate the phyto— and zooplankton were taken with kelp of a
Ruttner sampler at the depts of: 0, 1, 3, 5 and then every two meters and 1 meter above the bottom.
The samples were strained and preserved according to Starmach (1955). To indicate individual
systematic groups of phyto— and zooplankton proper keys were used: Profozoa — Kahl (1931, 1932,
1935), Bacillariophyceae — Sieminska (1964), Cyanophyta — Starmach (1966), Euglenophyta —
Popova (1966), Chlorophyta — Starmach (1972).

Organisms of littoral sphere represented by only few species were taken with help of a
dredge and a nett. The contents were washed with water and the rest was preserved with
formalin. To indicate organisms of this zone as well as benthos following keys were used:
Heteroptera— Jaczewski, Wroblewski (1978), Coleoptera — Galewski and Tranda (1978),
Diptera — Romaniszyn (1958).

3. Results
3.1. Temperature _
Examination of temperature in vertical profile distinguished two layers: mixo— and
monimolimnion: During the summer stagnation three typical layers of this period: epi—, meta— and
hypolimnion were distinguished in mixolimnion. The lowest temperature (ca 6°C) appeared at the
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border line between mixo— and monimolimnion (9-11 meters) and then rose to ca 9.5°C (1618
m). The border line of the lowest temperature was not stable and relocated vertically in years as a
result of physical factors (convection stream, winds) (Fig. 2A). Examining temperature changes of
waters in the distinguished meromictic reservoir in the years 1987-1997, the temperature rose in
both mixo~ and monimolirmnion (Fig. 2A).

3.2. Oxygen

Changes of oxygen contents in waters of meromictic reservoirs were typical for strongly
eutrophied reservoirs. Sufficient oxygenation in mixolimnion and total luck of oxygen in
monimolimnion were found. Division of mixolimnion into three layers (epi—, meta— and
hypoliranion) on the basis of temperature measurements, receded in case of oxygen and didn’t
return either in case of other indicators.

The oxyclin shows steadily grawing worse oxygen conditions through out years in the
examined reservoirs. The top border line for waters devoided of oxygen was moving steadily
towards the surface of reservoir (Fig. 2B).

3.3. Hydrogen— ion concentration

The reservoir was characterized with steady process of changes in pH of vertical profile of
mixolimnion between 3.20 pH (VIIL 1997) and 4.38 pH (IX. 1998) and its rising in monimolimnion
to 5.4 pH (IX. 1998) (Fig. 3A). The slighly growing pH in monimeolirnnion in relation to water leyers
located above (mixolimnion) in November 1981 is worth mentioning. The growing pH in
monimolimnion took place as a result of reduction process leading to using hydrogen— ion, whose
intensity seems to have grown lately. Significant growth of pH in mixo-and monimolimnion was
found in September 1998 (Fig. 3A).

3.4. Redox potential
The vertical distribution of redox potential in the reservoirs was in some way a revers
vertical distribution of pH (Fig. 3B). The highest redox potential was found in mixolimnion:
from ca 798 mV (VIIL. 1993) to ca 818 mV (IX. 1998). At the depth of 9-10 m redox potential
was decreasing in monimolimnion from ca 639 mV (VIL. 1998) to ca 405 mV (VIIL 1993). The
above results of examinations showed different to the results of 1981 (620-745 mV) (Fig. 3B).

3.5. Total iron

The concentration of iron in the vertical profile of mixolimnion was even and ranged
between ca 60 mg Fe-dm™ and ca 200 mg Fedm™. Exceptions were found only during
examinations carried out in August 1992, when the contents of iron rose to over 1000 mg
Fe-dm™ at the depth of 10 m. The concentration of iron below 10 meters rose steadily in the
1980s and reached the level of 800900 mg Fe-dm™ at the bottom. An intensive increase of total
iron was found in August 1993 especially in monimolimnion where its concentration reached ca
1000 mg Fe-dm™ (Fig. 4A).

3.6. Sulphates

The concentration of sulphates in vertical profiles of mixolimnion was balanced and
ranged between ca 1400 and ca 1500 mg SO4-dm™ in February and November 1981. It rose
steadily below 10 meters in monimolimnion and reached ca 2750 and 2990 mg SO4-dm™ above
the bottom. The concentration of sulphates in mixolimnion decreased slightly between 1987-
1997 whereas in monimolimnion in relation to- 1981 increased considerably and reached 3850
mg SO4-dm"3 at the bottom in July 1988. The results of the 1993 examination were characterised
with an increase of sulphates concentration already at the depth of 7 meters and kept the same in
the monimolimnion, reaching 3935 mg SO4-dm™ at the bottom (19 m) (Fig. 4B).
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3.7. Ammonium
Contents of ammonium salts in vertical profile of mixolimnion were aproximate and did
not exceed 5 mg N-dm™ (except August 1993). The difference in their concentration was found
in monimolimnion and increased according to the depth. The ammonium salt’s contents ranged
between 7.6 mg N-dm™ (XL 1981) and 88.9 mg N-dm™ (VI 1993), above the bottom (Fig.
5A).

3.8. Nitrates
The highest concentration of nitrates was observed in vertical profile of mixolimnion

in 1981 and ranged between 3.30 and 3.60 mg N-dm™. They tendet to decrease as the depth
increased. The nitrates disapeared in monimolimnion. They appeared in mixo- and
monimolimnion in 1993 and their concentration ranged between 0.286 and 0.727 mg N-dm™.
A hard to understand process of nitrates concentration in vertical profile was observed in 1998
when the lowest concentration (over 0.10 mg N-dm™), was shown already at the depth of 9
meters and slowly decreased to the depth of 17 m. Otherwise only a slight concentration of
this anion was observed. It took place in the top layer of mixolimnion and did not exceed 0.05
mg N-dm™ (Fig. 5B).

3.9. Phosphates

There were no phosphates observed according to accesable methods, in mixolimnion
in November 1981. This anion appeared at the depth of 13 m, and reached concentration not
exceeding 0.001 mg PO, dm™ whereas it increased at the bottom and ranged between 0.002
and 0.003 mg PO, dm™. In mixolimnion phosphates reached 0.10 mg PO,-dm™ in the years
1987-1988. The concentration of this ion was lower in monimolimnion and did not exceed
0.010 mg PO,-dm™. The lowest concentration of phosphates was observed at the depth of 5
meters in August 1993 (ca 0.013 mg PO, dm™) and even lower concentration of this anion
took place in monimolimnion (Fig. 6A).

3.10. Development of biocoenosis

The moving banks, lack of vascular plants and lack of typicaly created littoral these
are the main obstacles for the examined reservoir to be settled in by water organisms.
Whereas lack of oxygen in monimolimnion limited the benthos penetrating the profundal
below isobath of 9-10 m, reducing their living area. For these reasons number of the selected
systematic individuals and particular species of plankton and benthos was poor over 18 years.
Only 12 units of classification were observed between 19801995 whereas 6 new species have
been found in the last two years (1997-1998) (Table I).

4. Discussion

Meromixis is a phenomenon, which was obserwed in the examined reservoir as well
as in three other reservoirs of the ,antropogenic lake district” and it shows its own
complicated genesis as the ektogenic and endogenic meromixis (Walker, Likens, 1975). The
phenomenon was created in very fovourable morphometry of their excavation (high value of
the relative depth 0.0788-0.0533) and the surrounding land (piled heaps, low location of the
basin, the forests) (Solski, Jedrczak, 1991).

Pyrite -accompanying the coal mines went through a very complicated process of
decomposition (Backer, Wilshire, 1970); Walsh, Mitschell, 1972) causing creation of
sulphuric acid and its results:

- acidifying of waters to the extend limiting development of biological life,
- creation of conditions favourable for degradation of rocks,
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- gathering of sulphuric acid salts at the bottom of waters in quantities leading to creation of
monimolimnion,

- appearance of sulphate type water in reservoirs.

Iron and sulphur played the main role in creation of monimolimnion (Kjensmo, 1967;
Carignan 1988; Forsberg, Morling, 1988). There is a question of whether or not there has
been any progress in the process of eutrophication of the examined reservoir.

In the opinion of Solski and Jedrczak (1991) the intemsity of reductive processes in
monimolimnion are measure for aging of meromictic reservoirs expressed in redox potential.
Examination of meromictic reservoirs in the 1980s proved that the redox poteatial of
monimolimnion waters was equal or higher than 400 mV showing at the same time lack of any
desulphatisation processes. At the same time in two other (older) meromictic reservoirs redox
potential reached from 300 mV to 212 mV which proves of advanced reductive processes of
sulphates (Solski, Jedrczak, 1991). Reduction of redox potential in the monimolimnion of the in
July 1988 and August 1992 examined reservoir to the level of 398 mV and 390 mV proved that
reservoir is getting old. What was discovered that within 17 years (1981-1998) proceeding
differences between the mixo- and monimolimnion took place, consisting in increasing or
decreasing concentration of the following physico-chemical indicators: pH (Fig. 3A), redox
potential (Fig. 3B), iron (Fig. 4A), sulphates (Fig. 4B), ammonium (Fig. 5A). As a result of water
acidifying with sulphuric acid, the ion composition of those waters went through transformation
processes and sulphate waters appeared.

Chemolitoautotrophic bacteries such as Thiobacillus mainly species of Thiobacillus
Jerrooxidans were considered to be the pionier organisms of acidotrophic waters of post-mining
or sinkhole origin. Those bacteries oxygenate the bivalent iron in acidic conditions. Further in
the row there are bacteries oxygenating sulphur as well as typical acidobionts and acidophils
(Berg, Petersen, 1958; Popova, 1966; Langworthy, 1978) among which there are Eurnotia
exiqua (Bacillariophyceae) and Euglena mutabilis (Euglenophyia).

When in waters with its pH close to neutral the number of E. mutabilis did not excee
2.4% of all found organisms, so in case of 2.41-3.89 pH their number reaches up to 90-
100% of all organisms among Euglenophyta. Apart from E. mutabilis, E. exiqua is another
dominant living in the most (inaccessable) acidotrophic reservoirs of the examined
»antropogenic lake district”, deciding together with the bacteries about their productivity. E.
exigua was found to have been dominating species in waters of the described meromictic
reservoir (2.4 pH) in the years 1993-1998 and made between 90% up to 100% of all
organisms of phytoplankton found. Yoshimura (1933) found the Eunotia species in more
acidic enviroment (1.4 pH). It must be stressed that such strong water acidifying can be
critical for E. exiqua. A large percentage of E. exiqua armours taken from the examined
meromictic reservoir showed deformation of armours which indicates difficult living
conditions. Matejczuk (1992) considered 3.1 pH as an optimal hydrogen~ ion concentration
for E. exigua to live. Diatoma E. exiqua was accompanied by similar species of Zunotia
tenella which some times is considered as indicating organism for acidic waters. Quantity of
this diatoma in meromictic reservoirs in the years 1993-1995 ranged between 0.5-4.2%.
Another interesting species found in this reservoir is Lyngbia ochracea building visible
agglomerations in quiet shallow and warm waters of the reservoir.

Among other organisms appearing in the waters of this reservoir there were: Ciliata and
Flagellata apochromatica, Sialis sp. (Megaloptera), Chironomus (Tendipes) plumosus
(Diptera), and recently Heteroptera (Corixidae) and Coleoptera (Dytiscidae and Gyrinidae)
(Table I).
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Among ,,pionier” vascular plants appearing in the bank area of acid and salty reservoirs
in the region of Leknica there were: Juncus bulbosus L. and Phragmites communis Tr. In
Matejczuk’s opinion (1992) Sphagnum sp., can also be considered as ,,pionier” species, whereas
Heym (1971) proves that it could be Sphagnum cuspidarum Schimp. Pietsch (1965) howewer
thinks, that the speed of acidotrophic reservoirs to become populated depends on fine rush (J
bulbosus), which grows at the bottom of a reservoir even at the depth of 30 meters. There were
not any cases of phytocenosis in the bank area or in the water within 25 years.

Populating the post-mining acidotrophic reservoirs by both animals and plants of
different species depends mainly on their pH and iron concentration (Riley, 1960; Parsons,
1964; Puchalski, 1985) and further on other physico-chemical feature of the water
enviroment.

- Presence of individual flora nad fauna representatives is not finally and exclusivly
determined by chemism of reservoir waters. Two of them located in Leknica region, close to
each other are worth mentioning as they show similar genesis, age and pH, but different
biocoenosis. In ome of them (the described meromictic reservoir above) only few
representatives of bacterioplankton, fungis, a few species of phyto- and zooplankton and
lately insects were found whereas in the second reservois apart from the above mentioned
groups of plants and animals: Chlorophyta (Binuclearia tectorum), Rotatoria (Ascomorpha sp.
and Asplanchna sp.), Odonata (Aeschna sp., Anax sp., Cenagrion sp.), Macrophyta (J.
bulbosus L., J. compresus L., J. effusus L.) and even Amphibia (Rana lessonae Camerano)
appeared few years ago (Najbar, 1996).

A great contribution to a luxuriant development of plants and bigger number of animal
species have brought creation of quiet forests protected from winds shallow bays which enable
plants to root and to grow. Their close surrounding makes it possible to create ecological
niches, which use microorganisms and built basis for further succesion.

The majority of the representatives of the above mentioned which were found in
bigger number of the examined reservoirs showed better adaptative abilities and their presence
falls on particular ecological collective body. Some of them ate species common in Pc..nd but
they belonged to the rare in the examined reservoirs.

It has been proved that for the biocoenosis to develop and to populate the reservoirs
with representatives of various groups of plants and animals, apart from the ground
composition on which they were created, also the biotopic conditions are of importance.
Shallow reservoirs with high banks or shallow back waters with low located bays surrounded
with forest, protected from winds, become populated by macrohydrophytes and living close to
them phyto-, zooplankton and numerous arthropoden much faster.

Reservoirs with steep, moving banks covered with drift, where it is difficult even to
differentiate the proper littoral sphere give incomparably less chance for the ,pionier” plants
to settle permanently.

A good example of a reservoir shoving similar composition of it bank line is the
meromictic reservoir described above and located near Leknica (Fig. 1). So shaped bank line
together with disadvantageous geomorphological conditions, open exposed to strong winds
water level of 18,8 ha and considerable depth (over 20 m) makes it difficult for every species
to settle and can be extended in time and then the processes of the reservoirs getting. slder is

hardly visible.
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2? 1 =~ 24 - Number of investigated resarvoirs
: - acidotrophlc raservoirs
- temporary raservolrs

- "other” reservoirs

Fig. 1 fuk Muzakowski (Western Poland) A - general location,
B - investigated region.
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MONITORING AND ANALYSIS OF ROOM-AND-PILLAR MINING
WITH CONTINUOUS MINER IN ESTONIAN OIL SHALE MINES
IGAUNIJAS DEGSLANEKIA IEGUSANAS RAP TEHNOLOGIJAS AR
NEPARTRAUKTAS RAKSANAS MASINU MONITORINGS UN
ANALIZE

Oleg Nikitin
Tallinn Technical University, Department of Mining
82 Kopli St., Tallinn, EE0004 Estonia

Abstract. In this paper, the modeling, analysis and monitoring of a room—and-pillar
mining technology in an Estonian underground mines is presented. Technology is based on
continuous miner as the primary production machine. Many technical and economic
parameters of production, including loss of useful minerals, depend on a correct choice of the
sizes for these elements. Without the account of reological properties of covered rocks, in
particular the character of change of their long strength, the account of the sizes of rooms
and pillars on a certain determined term is impossible. For the modeling, the existing room—
and-pillars determination method by IMS and with formulas by V. Undusk, Visual Basic for
Application in Excel, MapInfo, and Fast Lagrangian Analysis of Continua was used, Model
allows determining the parameters of spontaneous collapse of the pillars and. surface
subsidence, optimized the working parameters for continuous mining. Proposed method suits
for stability analysis, failure prognosis and monitoring.

Introduction

/ Oil shale mining in Estonia / In Estonian oil-shale mines the room—and—pillar (RAP)
mining system with blasting is used, which gives an extraction factor of 70-80%. The cross—
sectional area of the pillars is 3040 m?, depending on the depth of the oil-shale bed. The
main operations carried out in rooms include bottom cutting, drilling of blast holes, blasting,
loading of oil shale and supporting. A work cycle lasts for over a week. Up to the present, in
Estonian oil shale mines continuous miner used only as roadway driving machine.

About thirty years ago at the ex—USSR oil shale mines there wasn’t the progressive
mining method with continuous miner, because of the high limestone strength in oil shale bed.
Therefore, up to the present oil shale mining with blasting is used in Estonian minefields as a
basic mining method. But now, actual state of the market is changed. There is a wide range of
choice for mining equipment today. Some of the well-knows of the mining firm—
manufacturers are DOSCO, EIMCO, EICKHOFF and etc.

/ Present problem and Goals / In Estonia, one of the problems of today’s mining is old
fashioned mining machinery and technology. The mines have still some reserves of equipment
thanks fact that production level has been decreasing during the last years and also due to fact
- that in the past mines had several machines in reserve for the broken production machines.
The importance of wages will probably rise during the next years (in case of using the same
technology). It can be seen that the share of depreciation is low. This is due to reasons
described above — reserves of old equipment. The picture will change when more new
machinery will be distributed at mines.

These problems are leading to goals of improving of technologies. There are lot of
ways and possibilities for doing that, but it can be selected some main directions. The main
targets to improve labour productivity could be:

I selective rock cutting with continuous miner: one direction in the developing of mine
could be mechanization of production process. Relatively big amount of manual
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operations needs much of work—force today. In this case we are submit for consideration
DOSCO TB2000 or TB2500 as a continuous miner (CM) machine. On Estonian mines
there are large unjustifiable experience of 4IT1-3 (miners from ex—USSR) application.
But with DOSCO, the best result may be expected

optimal choice of the sizes of constructive elements: elucidation of the basic
mechanism of covered rocks destruction and main roof supporting.

elaboration of the method of surface subsidence prognosis and monitoring: the
horizontal bedding and small depth of oil shale seam enable the roof deformations to
reach the land surface without essential reduction. Up to the present, 39 failures in
Estonian oil shale mines have been registered, which make up 9% from the total number
of mining blocks and 2.5% from the mined out area. As a possible reason of happened
failures is that rooms and pillars were calculated for a 2 —month period. But nowadays, all
parameters calculating for a long time =0, what reduced extraction factor by ~10%.
Therefore, the main requirement for our method is the main roof stability for a long time,
and new flexible technology with greatest extraction factor.

Methods

For the feasibility study analysis the methods of changes of rock strength (in terms of oil shale
seam) and roof carbonate strata by Institute of Mining Surveying (IMS), and the coricept of
critical width, conditional thickness and sliding rectangle was used. Visual Basic . for
Application in Excel and MapInfo was used for numerical modeling. As a background for new
room-and-pillar mining method with CM was taking doble—face—longwall (180-200m) mining
with blasting, used in ex—Leningrad oil shale minefields at the end of the 1970—s (Fig.1).

Where:
I 34 ~haulage and air panels;
* 5,6 —tail and loader gates;
7 —stope drift;
9 —air door;
L -not prepared field;
1L ~mined out field;
I . —prepared field;
FEL N —driving trend;
" —exploitation trend.
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Figure 1. Doble-face—longwall mining (180-200m) in ex—Leningrad oil shale minefields
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Since our excepted method will be described below (Fig.2), at the tablel is presented
brief description of main roof properties and others parameters for both minefields. From this
table, you can observe that in ex—Leningrad oil shale minefields main roof strength is greatest
than in Estonian mines. Therefore, for Estonian oil shale bedding conditions we can use only
main roof control method, namely, in a case of room-and-pillar mining with CM.

‘ Table 1
Parameter Index Ex~Leningrad Estonian minefields
, minefields ,
Covered rocks thickness H,m 50-110 35-70
Height of the pillar hym 1,8-2,0 2,8-3,0
Immediate roof thickness hi, m , 3,640
First step of main roof destruction with Lo, m 41-66 37
Destruction angle w, ° ~35 ~25
Next steps of main roof destruction with lo,m 9-22 12-16
Destruction angle w, ° ~25 ~20

/ Pillars and roof stability prediction / To determine of the bearing capacity of the
pillars, the empirical formula developed at the Institute of Mining Surveying (IMS), St.
Petersburg [1,2] has been accepted as a calculating method: trend

1 " (1)
k, = «a +ﬁ(1+t)

Where: k; —is the rate of current rock strength, equal to the relation of rock pillar strength R, in
the given moment of time to its (her) conditional — instant strength R,;

a, B, m — empirical factors, (a = 0.44; B=1-a=0.56; m = 0.6); t — service life of pillars or
rooms (in months). Factor a shows the rate of stabilized strength, g and m demonstrate the
decrease in the intensity of rock strength. According to [1], the precision of the formula could
reach + 30% and +12% on average. The formula describes a hyperbolic dependence according
to which the value of the factor decreases from k-1 (basic strength if =0) to £-0.44
(stabilized strength if r=c0).

The basic concept of the IMS method is that the rock pillar is characterized by two
features of strength: basic and stabilized strength. Basic strength characterizes rocks at fast
loading, e.g., at pressure testing. Under constant pressure, the current strength of rock
decreases, and in some time it will equal the stabilized strength. This perception of rock
behavior complies with the concept of material creep known in strength of materials.
Unfortunately, this approach explains that the pillar failures, calculated accurately are
anomalies.

As a result of blasting works and vertical strength, cross—sectional area of a pillar is
not a constant, and decrease by ~10~14% at last 30 days after pillar formation, or if distance
from central pillar line to stop—face (L) is greatest or equal than same—one limit distance (L),
then strength on a pillar stabilized [3].

L 2 L, where L, = Htgw +0.5(4 + ) &)

In a case of continuous miner (CM), cross—sectional area of a pillar must be less than
in RAP mining method with blasting, by ~10-14%. Intrablock pillars in complex work with
immediate roof anchor bolting are using for immediate roof supporting within the limits of
room sizes (A or b). Actual load Py, on an intrablock pillars we can determined (Fig2.)
using by V. Undusk formulas (4-5). For intrablock square pillar dimensions:
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5 | 233001200y "HPY | 2 ~ _ nHhy x(4+b) C))
x +[ (h—-1.29q) 03R xx*+|3g(0~1.56h) mO.3R, XX+
2.33¢*(h—0.43q) - "4V _
233 (h-043q) == =p =0
For barrier intrablock pillars:
7 nHhk,y nHhk,y 7 ®)
X? | Sh—2g A x| N g 4 H —h-gq)|=
[3 q 03R ]xx [ 3 (B+1, + g(w))+q(3k 9)|=0

Where: h —height of the pillar, m; hi —thickness of the immediate roof, m; and in a case of
mining with CM ¢=0 and for intrablock square pillars H= hi (because pillars, in this case,
using for immediate roof supporting only), ky —attenuation factor of the barrier pillar;

A
7%
L
n
N
g
7
k4
y=12m
«—>
Z]
7}

Where: x, y ~the pillar dimensions, m; A, b~ rooms sizes, m;
H — covered rocks thickness, m; S —cross—sectional area of a pillar,mz;
y~the covered rocks average density (for Estonian oil shale mines y =0,025), MPa/m;
ki —factor of the pillar form; q —factor of the pillar sides destruction, when blasting
works are presented, then q=0,6m, and when CM using q=0;
n — the given factor of pillars safety.

Figure 2. Covered rocks strength distribution on a pillars

Using formulas 1-5, we are received pillars and rooms sizes for room-and-pillar
mining with continuous miner (Fig.2). Where: Hk — thickness of the covered carbonate rock

mass, for our conditions Hk>=26m. ,
' For the stability analysis and monitoring the concept of critical width, methods of

support coefficient, conditional thickness and sliding rectangle were used. They suit for
modeling on PC.
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The critical width for Estonian oil shale mines is presented by the following formula
(Room, pillars .....,1997, Stetsenko, Ivanov, 1981):
I>12H+10 (6)

In the three—dimensional case, the critical width transforms into the critical area. The
average support coefficient and conditional thickness for a critical area can be expressed by
the following equation (Pastarus, 1982, Talve, 1978):

Kc = ZSpi/ ESN' M CC = Ha/KC (7)
where K¢ — support coefficient for critical area; Cc — conditional thickness for critical area, m;
Spi — cross—section area of the i-th pillar, m?%; Sy — roof area per the i-th pillar, m?;, H, — average
thickness of the covered rocks for critical area, m.

Conditional thickness represents the height of a prism whose cross—section equals the
pillar cross—section area. Consequently, conditional thickness is related to the load on a pillar.
If the load is too much for the pillars, a sudden failure is likely. By the sliding rectangle
method, the average conditional thickness of the critical area must be determined for all
positions inside a mining block [4]. '

Results

/ Monitoring of the roof and pillars parameters / The working mining blocks stability
depends on the real parameters of the pillars and roof. The feedback of the real situation in a
mining block is guaranteed by a monitoring system. This system insures the stability of a
mining block against the random deviation of the construction parameters. For this analysis,
the concept of conditional thickness and sliding rectangle method are used. Above mentioned
methods allow to elaborate the means for stop the spontaneous collapse of the pillars and roof
in a working mining block.

As a example was analyzed mining block No. 34 of mine Viru with collapse, where
room-and-pillar (RAP) mining system with blasting is used (with extraction factor=81% and
service life of pillars t =2 months). Monitoring of the roof and pillars parameters shows that
there are one centre of a potential collapse in the case of conditional thickness Cj,>=300 m.
The area of destruction was about 7000 m* In a case of continuous miner (CM), cross—
sectional area of a pillar must be less than in RAP mining method with blasting, by ~10-14%.
Therefore, for CM mining conditional thickness is Cim>=330 m for the same point of a
potential collapse. The investigation results for mining block No. 34 of mine Viru conditions,
using presented on the figure 2 mining scheme, you can see on a table 2 below.

Table 2
Mining block No. 34 of mine Viru | Index Mining method
Room-and—pillar with room~and—pillar with
blasting continuous miner (theoretical)
Service life of pillars / rooms in tp=2 tth = oo tth =00
months
Conditional thickness Cjip, m., in (D 300 250 300
centre of a potential collapse
Extraction factor, % 81 68 89
'Ciim condition for Spontaneous 2) >=300 >=300 >=330
collapse
Spontaneous collapse (1)>=(2) | Present | Not Present Not Present

Where: tth —theoretical received data and tp —practical received data, if service life of pillars / rooms is
equal 2 month or = o0
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Analysis showed, that RAP method with CM gives greatest extraction factor, and
theoretically without spontaneous collapse. In a case of long time main roof control RAP
method with blasting gives the greatest pillars cross—sectional areas and decreasing of
extraction factor form 81 to 68%. However, in a case of CM using the special main roof
control increase extraction factor up to 89%, i.e. plus about 20%.

The method suit for stability analysis, failure prognosis and monitoring. Consequently,
the utility of monitoring was clearly demonstrated.

Discussion

Today there are lot of equipment, which can be used during following years without
replacing, taking care about correct maintenance. After some next years should be replaced
main production and transportation devices. At the same time will start developing of new
parts of mines. Therefore, it can be said that today will be determined directions of future
mining processes. One direction in the developing of mine could be mechanization of
production process. Relatively big amount of manual operations needs much of work—force
today. Second direction could be introducing more flexible mining systems. Today the mining
system is relatively fixed and equipment is connected with working places. Considering ideas
advanced above can be stated that the future direction could be: flexible and mobile mining
and transportation equipment, which can be used in several parts of mine, highly mechanized
and high productivity machines.

Conclusion
As a result of this study, the following conclusions and recommendations can be made:
L selective mining allows to use oil shale without additional costs for him preparation
for power—generating plants
1. new technology with flexible and mobile mining allows to decrease lifetime of main

roof supporting, sizes of constructive elements, and as a result, expected decreasing of oil
shale looses in pillars, that compensated by the economy gained from the rise in the labour
productivity;

IMI. © nonutilizable waste in stockpiles is a potential problem in areas of mines, but with oil
shale selective mining we can leave no—conditional rock mass in underground mined out areas
(in rooms)

IV.  main roof improved control is a guarantee for mining block stability for a long time
without collapse of pillars and ground surface.

These itemized conditions are some of advantages of selective mining method. The
main target could be feasibility study for acquiring new equipment and for comparing of
different technologies. This study could be used as one part of feasibility study.

Estonian Science Foundation, Grant No. 3651, 19992001, supported the research.
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ENVIRONMENTALLY SUSTAINABLE TECHNOCLOGIES AND
ENVIRONMENTAL QUALITY INDICATORS

EKOLOGISKI ILGTSPEJIGAS TEHNOLOGIJAS UN VIDES
KVALITATES INDIKATORI

Gotfrid Novik, Rezekne Higher Education Institution
Atbrivoshanas al. 90, Rezekne, LV-4600, Latvia, phone +371 46 25258

Abstract. Despite the fact that environmental indicators are investigated for long time
the solving of indicators problems is far of completion yet. Paper discusses the results of
investigation environmental indicators in conformity with quality of environmentally sound
technologies and their impact on man's life quality.

As a result of investigations three groups of indicators were worked up:

1) for environment quality in cities — anthropogenic pressure indicators on atmosphere,
water and earth,

2) for estimation of technologies, containing information about useful exploited natural
resources and utilization waste products,

3) for assessment mutual changes of environment quality and man’s living quality.

The paper offers equations which characterize possibilities for development of industry on the

principles of sustainable development.

The quality of the environment usually is estimated by variable indicators. The type of
indicators and their nature depends on the aims they are used for and objects they must to
characterize.

For example, three groups of indicators elaborated by the OECD which are widely
recognized — “Pressure”, “State” and “Response” were accepted by Baltic States for their
environment reports since 1998. [1]

But these indicators cannot be used for more local and specific territories — such as
separate ecosystems or urbanosystems. On the other hand the quality of natural ecosystem is
connected with energetical and dynamic properties of ecosystem such as growth of biomass,
biodiversity, laws of succession etc.

The quality of natural resources depends on intensity of their exploiting and renewable
parameters and there must be different indicatots.

In conformity with artificial urban system there are other parameters used for
assessment of environment quality in cities. As the central object in the urban systems are
population of citizens the main general indicator of environment quality must be people’s
health parameters.[2] Nevertheless this indicator is postindicator — it is too late to control
quality of environment when human life is in danger. It means that in cities must be controlled
main factors possible to exert influence on the health of citizens.

Urban indicators must include such factors as:

a) the level of industrial development and ecological safety of plants;

b) the flows of vehicles, and their density and intensity;

¢) the number and density of population and the distribution of buildings in city;

d) the quantity and quality of recreation territories in city and the accessibility of relaxation
zones out of the city;

e) climatic, geographical and geological parameters of tetritory;

f) the water resources and kinds of the reservoirs;

g) the quantity and composition of wastes and systems of their disposal and treatment
technology.
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All these factors has double influence on the man — physically chemical (pollution)
and psychical (distress and discomfort). Straight physical and chemical influence is connected
with air, water, earth and food quality. It is well known that estimation at air, water and soil
quality may be accomplished through concentration of pollutants in these substances.

However the parameters of concentration of contaminants do not contain information
about reasons of the pollution. The concentration of matter in air, for example, depends on
meteorological conditions, relief of territory, geological features and other factors and not only
on amount quality of pollutants.

It means that maximal level of allowed concentration of matter can be achieved with the small

quantity of pollutants and at the some time it is possible that large quantities of pollutants will

not give such effect.

But if we consider that the main way to eliminate pollution of nature and protect
environment is to reduce and to stop in creating pollutants it is necessary to use quantity of
total emissions of pollutants as a main indicator of the environmentally sound technology.

So environment quality in the cities may be estimated with the next indicators [3, 4].

1. Anthropogenic pressure indicator on atmosphere (air) I;: depends on density of population
in city B (population per 1 km?) and quantity of emissions in air on the area 1 km” -M(kg/
km?). M, must be calculated for each pollutant independent and then summarized taking
into account the danger coefficient of matter Ds.

)

I,=¥% (m1,/D.)

Where: k — special coefficient on geological and climate conditions (between 1 — 6).
2. Anthropogenic pressure indicator on the surface of water reservoirs I must be calculated
taking into account the quantity of pollutants My, discharged in the water
| 2)

1,-2,/D.EK, V)

Where: Ke= 1/REr - stability factor of water reservoirs (0,1 — 1,0)
R¢— factor of resistivity
E¢ — elasticity factor
3. Anthropogenic pressure indicator on the earth surface Ir must be estimated taking into
account the area of degraded territories Sqegr and quantity of the solid pollutants Mr

®)
1_2®%Mﬂ

j@m,sm)

Where: De; — danger coefficient of pollutants;
Ster — the total square of cities territory

The paradigm of environmentally sound technology is clearly formulated in UN
program “Sustainable Development — Agenda—21”, Chapter 34.

These technologies includes not only tasks for elimination of pollution, but also using
all resources in 2 more sustainable manner and producing the products with less influence on
the environment and nature during their exploiting and after exploiting — so called
ecologically safe life — cycle of products [5].
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These technologies — ecotechnologies must be estimated by another groups of

indicators:

1. Capacity of materials (resources) M- total quantity of all raw materials necessary for
producing one unit of product.

2. Coefficient of pollution Py, ~ quantity of pollutants produced during processing per one
unit of product.

3. Coefficient of pollution utilization R — quantity of utilized pollutants per one unit of
product.

As complementary indicators may be used complex parameters:

D O = Pm/M — part of resources transformed into pollutants;
2) Bm = R/M — part of utilized pollutants from total amount of resources ;
3) Ym = Ru/Pm — coefficient of utilization — part of utilized pollutants from

total amount of pollutants.
Integral parameter oy, comprise the main parameters mentioned above
Om = Pun—Ru) M )]
Oy indicates the final part of used natural resources which is lost and form pollutants and
waste products.

Industrial process in terms of material and energy flows to comprises the next parts:

First group includes basic resources 4 and additional resources a, used in the
technological process, final industrial product B and resources b, necessary for exploiting the
product.

Second group includes wastes produced in industrial sphere a; during exploiting the
product B and the remnants of used product 8.

Third group includes additional resources e for utilization of wastes, additional
products E created from wastes and final summarized nonutilized wastes o generated during
manufacturing, exploiting and processing.

On the base of these parameters may be constructed two complex environmental
reliability indicators -- the useful exploiting of resources indicator:
the effectiveness of waste products utilization indicator

B+ E

R =

®) A+a+b+e
&

O = —————

(6) a+ f+0

Every industrial technology is based on exploiting of natural resources. It means that
industrialization leads to decreasing of natural resources and their transformation in waste
products. Due to this the quality of environment becomes more worse.

Environment quality conservation indicator Vi may be calculated by the next formula [6]:
(7)
V.= (Q_O’Ssz

where: Q — the maximum capacity of analyzed environment;
L — acceleration of environment quality losses;
t — time.
On the second hand industrialization is connected with growing of men’s life quality.
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If there are not limits theoretically men’s demands for comfort and rising life quality Cy can be
described by exponential equation.
(8)

Er
Ck =l

where: ap — men’s life quality minimal level;
E - intensivness of industrialization
But in these conditions the man will exhaust the limits of nature quality during the
critical period to, which can be obtained from equation (7), when V=0,
€)

Q

cr L

The sustainable development demands to reduce impact of industrial technologies on
nature and environment and in this case there must be more less growth of life quality as it is
shown by next equation:

(10)

C. =Clo+QEt'*Lf2+E2

The equation declare that sustainable development (t;; — o) is possible only when
L <0, or when production of wastes must be reduced proportionally to growing of industries

powerty (fig.1)

Ck

4
E>0r<p -

%ﬂ)

a0 \ B=0;L=0
- BEx0;1>0 \
E=0;1>0 BP0
fse  tor, -uJ i
[ {0 e
n _ - ter
Fig.1,
(11)
2
E=050 f +4Lt -0t
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But such conditions are possible only if the existing technologies will be changed in
ecotechnologies.

VAVAVA
AR
JAVAVAVAVAVA

category I __ A\\\ \\“\\\\\Y\\\‘;—
20

category 2

Fig.2

The level of environmentally sound technology may be evaluated on the base of
structural triangle diagram (fig.2), where the main three parameters are used

1) Non utilized final wastes coefficient (12)

£
= ——100,%
Ny A+a+b+e °
2) Useful part of resources coefficient
3 B
A+a+b+e

3) Utilized part of wastes coefficient

(13)
100,%

(14)

E
= 100,%
N“ A+a+b+e ’

The technologies of highest I category has on the diagram square in the next limits
Np<10%, R=250%, N<40%.

The technologies of middle II category:
Np<£10%, R=25%-50%, Ny=65%—~40%.

The lowest I category technologies:
Np<10%-20%, R=20%, N,<50%.

The other technologies can not be considered as ecotechnologies.
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The analyze of theoretical equations proves, that progress and sustainable development
can be achieved only by developing environmentally sound technologies on the basis of
industrial ecology.
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DAZADU AGROKIMIKALIJU IETEKME UZ ZIEMAS KVIESU
PIEAUGUMA INTENSITATI
IMPACT OF VARIOUS AGRO-CHEMICALS ON WINTER WHEAT
GROWTH INTENSITY

Daiga Obelevica, Mgr.agr., doktorante
Antons RuZa, Dr. hab. agr., profesors
LLU Augkopibas katedra,
Jelgava, Lield 2, LV 3001, e-pasts: daigao@cs.llu.lv, fax : 3713005629

Abstract. Also, each treatment of the field results in a certain stress for the plants. The
natural physiological processes within a plant are hindered influencing the growth of a plant.

The objectives of the paper were to determine influence of retardant, herbicide and
nitrogen on growth dynamics and the development of vegetation stages in winter wheat. The
field experiments were carried out during 1998 to 1999 in Research and Training Farm
"Péterlauki” on sod calcareous medium loam, pH gcr — 7.0, humus content 20 to 25 g kg‘] in
soil. The research was carried out in the fields of intensive type of winter wheat 'Otto' with the
following treatmenis: control; control + herbicide; control + retardant; Ngo + 70 +40 +
retardants.

Herbicide Dialen (2,0 | ha™) and retardant Cikocel (1,51 ha™)) was applied during the
final stage of tillage, when testing parted nitrogen fertiliser, the first part (N ¢) was used after
vegetation period was resumed. The second part (N7) was applied at the beginning of
stalking stage (Zadoks Growth Stage 30). The third part (Nyg — during shooting into ears.

The growing dynamics was registered by aucsinogrophs (designed by 1.Gronskis,
M.Abolins). This equipment allows to observe and to register the intensity of plant growth
length within twenty—four hours. Registration tapes were changed every twenty—four hours.
The analysis of the results showed that the most intensive. plant growth happened in the
morning (9:00 — 12:00 a.m.) and in the afternoon (3:00 — 6:00 p.m.). A decrease in the
growing intensity was observed during night and midday. The data show how that the growth
of winter wheat was seriously hindered even 2 weeks after the treatment with agro—chemicals.
Winter wheat growing in length stops in the middle of flowering stage.
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Tevads

Maksimalu kultliraugu raZu var panakt, pareizi kopjot un méslojot s&jumus. No visiem
mésloSanas lidzekliem slapeklim augstu razu ieguvé ir vislieladkd nozime, bet paliclindtas
slapekla devas var biit par iemeslu sgjumu veldrei. Bez slapekla paaugstinatim devam
veldrésSanos var izsaukt aif nepietiekami gaismas apstakli sabiezinatos s&jumos, brazmains
v&j§, dazadas séniSu slimibas u.c. apstdkli. Augiem saveldrjoties varpoSanas fazé graudu
razas zudumi sastada 30%, piengatavibas fazé — 20%, vaska gatavibas fazé — 12% no kop&jas
razas (Kopames B.M.,1992), bet saveldréta lauka novakSanas izmaksas var

palielinaties lidz 3,6 reizém (Tpuuuenxo A.JI.,1983) . Cikocels 750 ir graudaugu

augSanas regulators ar sistémisku iedarbibu, kura darbigd viela ir hlorholinhlorids. Tas tiek
uzpemis augh caur lapdm un sakn®m. Prepardts saisina stiebra starpmezglu posmu garumu,
palielina stiebra iztwibu un samazina veldréSanas risku. Labi méslotdas augsnés Cikocels
samazina stiebra izstidz88anu un novajinasanos, ko izraisa augsts méslojuma limenis vai
sabiezinats s€jums, turpreti nepietiekosi méslota, slikti attistita zelmenT vai augsnés, kuras cie§
no sausuma, tas reti dod labus rezultatus un var pat samazinat ra%u (Kemira, 1998). Retardants
augiem palielina elpoSanas intensitdti, padzilina cero$anas mezgla dzilumu augsné
(TsragemmeBa O.M.,1979; Kupesax M.B., 1978) un attista sakqu sistému, 1idz ar

to labak izmanto méslojumu. Siem augiem ir lielaks produktivo stiebru skaits un izturiba pret
sakgu puvi, ka arl pagarinas generativa faze, ka rezultatd graudos uzkrijas vairak asimildtu un
palielinds raZiba (Tmamsmesa O.M.,1979; Tpysmer J.I'.,1980; IIuxym
T'.P.,OmenbsaxHen, B.®., I'pumHuenko A.JI., 1980). Par to, vai retardantu
lietoSana var izmainit graudu kvalitativos raditdjus, pastav pretrunigi viedokli. Péc vairdku
zinatnieku pétiumiem ir pieradijies, ka hlorholinhlorids iedarbojas uz amilazes aktivitati un
samazina peroksidazes aktivitati. Graudos pieaug olbaltumvielas un lipekla daudzums
(DepxaBun JI.M., CegmomBa E.B.,1983).

Nezalu iznicinaSana s&jumos ir Joti nozimigs fidens reZima reguléSanas papémiens, jo
nezalu patérétie milzigie fidens daudzumi nereti parsniedz kultiraugu tidens patérinu. Nezalu
apkaroSanai Sobrid piedavato herbicidu spektrs ir loti pla¥s. Herbicids Dialéns pieder pie
auksingrupas herbicidiem un lidzigi ka 2,4 — D augos iekldst galvenokart caur lapam.
Prepardts, nokllstot uz lapam, pa vadaudiem izplatds visd augd, iedarbojas fitotoksiski.
Aukstni, k3 arT citi fitohormoni augiem rada stimul&josu efektu un §i stimulacija kalpo par
hormonu aktivitates parametru. Augu apstradajot ar avuksingrupas herbicidiem var izsaukt ne
tikai biokimisku procesu, bet arT RNS sintézes stimulaciju, audu aug$anas izmaipas (Mann J,
1968) un lipidu sintézes dtruma palielinaSanos (Irvine A.M. w.c., 1977), kas morfologiska
limeni parasti izpauZas paatrinata sakgu un augu aug§éjas dalas — lapu un stiebru augfana,
dazreiz izsauc ar1 lapu augSanas anomadlijas (denxe K., 1985).

Literatlird ir maz datu par to, ka agrokimikalijas ietekmé augu augSanu un attistibu
dazadas augu attistibas fazés. Darba meérkis ir noskaidrot, ka auksingrupas hetbicids,
retardants un slapekla méslojums iedarbojas uz ziemas kvieSu augSanas intensitati vegetacijas
perioda daZados meteorologiskos apstaklos.

Metodika

Lauka izmeégindjumi jekartoti LLU Lauksaimniecibas fakultates macibu pétjjumu
saimnieciba “Péterlauki”. Augsne — puteklaina smil§mala lesivéta briinaugsne, ar augstu
fosfora un kalija nodroSindjumu, pH yo— 7,0 un tridvielu saturs 21 — 25 g kg™ augsnes.
Reizé ar s&ju augsné iestradati mineralmésli NPK (6:24:30) 200 kg ha™'. Patijumu veik$anai
izmantota intensiva tipa ziemas kvie$u Skirne ‘Otto’, ar $adiem variantiem: kontrole (bez
slapekla méslojuma un citu agrokimikéliju lietofanas); kontrole + herbicids; kontrole +
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retardants; slapeklis (N g , 7o 49) + retardants. Ziemas kvie$u s&jumi ar herbicidu Dialénu (2,0
I ha") un retardantu Cikocelu (1,5 1 ha™) apsmidzinati cerofanas fazes beigds. Slapekla
meslojuma varianta pirma deva N, iestradata pec vegetacijas perioda atjaunogans, otrd — N,
— stiebroSanas fazes sakuma (29 - 31 faze), bet treais papildmeslojums N, dots varpoSanas
faze.

Kviesu augSanas dinamika noteikta ar auksinografiem (autori I.Gronskis, M.Aboling),
kas registré augu augSanu garuma. Auksinogrifi izmégindjuma uzstaditi pavasari péc
vegetacijas perioda atjaunoSanas, uzskaite beigta péc augu aug$ana garuma izbeigdanis, t.i.,
ziedeSanas fazes beigds. Katra cksperimenta lauka vienlaicigi bija pieslégti 2 auksinografi, -
mainot pieraksta lentas noteiktd laikd katru diennakti. Augu augSanas dati analizéti ar 1
stundas intervalu, 1idz ar to iegiita informacija par augu augsanas intensitati ne tikai diennakti,
bet ar pa augu attistibas fazeém.

Rezuitati

Vieni no noteicoSajiem augu augSanas un attistibas apstakliem vegetacijas perioda ir
meteorologiskie apstakli. Laika, kad augi visintensivak attistds, abi izmégindjuma gadi
raksturojas ar atSkirigiem meteorologiskajiem apstakliem (tab.).

1998. gada vegetdcijas sakums raksturojds ar samérd siltu un mitru pavasati.
Vegetacijas periodam atjaunojoties, laiks pieturgjas silts un saméra sauss, bet maija II un I
dekade, kad augi atradas stiebroSanas faze, nokriSnu daudzums parsniedza pat 2,4 reizes
ilggadigos raditajus. Arl jiinija nokriSnu daudzums parsniedza normu.

Tabula

1998. un 1999. gada meteorologisko datu salidzinajums

1998.2.1° C, pa 1999.g,t° C, pa
Menesi dekadem dekddem
I I 11} I II 51
Aprilis 1,7 6,4 | 15,1 6,3 89 | 11,1
Maijs 13,3 | 12,5 11 5,1 8,8 | 14,5
17,4 | 163 | 144 16,8 | 206 | 17,3
1998.g. nokrisni pa 1999.g. nokrisni pa
Meénesi dekadem, mm dekideém, mm
S I I il 1 I 18
Aprilis 11 15 0,5 15 5
Maijs 25 52 67 6 0 29
~ Jinijs 30 33 13 17 4 52

1999. gada vegeticijas periods kvieSiem atsdkas aptuveni viena laika ar 1998. gada periodu,
tomér §1 gada meteorologiskie apstakli labibu augSanai bija atSkirigi. Aprilis raksturojas ar
siltu un sausu laiku. Nokrifnu daudzums nesasniedza pat pusi no méneSa normas. Arl maijs
bija Joti sauss — I un I dekade nokri§pu praktiski nebija, tikai maija beigas nolija lietus, kas
tomar nespdja segt fidens deficitu augsné. Jiinija sakuma, kad ziemas kviesi atradas karoglapas
fazs, laiks bija karsts ar nelielu nokriSpu daudzumu, bet varpoanas un ziedeSanas laika
temperatiira bija aptuveni par 5% C augtaka neka parasti $ai periodd, un nokriSpu daudzums
bija niecigs.

Ziemas kvie$us ar agrokimikalijam smidzindja abos izmé&gindjumu gados viena un taja
padd augu attistibas faze, tomsr iegiitie dati bija atSkirigi. Pirmaja izméginajuma gada
kontroles varianta kvie$i intensivak auga 2 mezgla fazé. Arf pargjas fazés Sai varianta auga
pieauguma intensitate bija lielaka, nekd izmantojot pesticidus. 1998.gadd péc sejumu

129

~ ISBN 9984 -585-36 -0 o ]




Environment. Technology. Resources. 2001

apsmidzinasanas ar pesticidiem vérojama kvie§u augSanas diennakts ritmu izmainas. legitie
dati norada, ka biitiski traucéta ziemas kvie$u aug§ana novérota vél 2 nedélas.
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—a— Kontrole 14.05.98, ® Herbicids 14.05.98.
—&—— K ontrole 22.05.98. —e—Herbicids 22.05.98.

l.att. Ziemas kvieSu diennakts ritms 5. un 14. diena p&c apstrades ar herbicidherbicidu
(l.att.), jo Fraq = 23,01 > F o5 = 4,60. Turpmakas diends herbicida ietekme uz diennakts
pieaugumu mazindjas un diennakts pieaugums bija gandriz vienads ar kontroles variantu
(2.att.). Velakas attistibas fazgs — varpoSanas un ziedeSanas fazes sakuma kvieSu augana bija
intensivika neka kontroles varianta. Sai laika apstradito kviesu garums parsniedza kontroles
augu garumu.

Intensivaka augSana variantd ar slapekli un retardantu novérota laikd no ceroSanas
fazes beigam lidz 2 mezglu fazei, bet retardanta ietekmi vargja novérot arT turpmakaji augu
augSand. Neskatoties uz to, ka Seit lietota loti liela slapekla méslojuma deva (170 kg ha™), kas
ietekmé augu straujaku aug$anu garumai, kvie§u pieauguma intensitate samazinajas.

1999. gada vegetacijas perioda sakumai starp variantiem ipasas atkiribas augu augSana
netika novérotas, bet sdkoties sausajam un karstajam periodam, retardantu lietotajos variantos
konstatéta lielaka augSanas intensitite.

ZiedgSanas fazes sakuma kvieSu aug8anas intensitate samazinds un §is fazes beigas ta
partraucas, bet sldpekla un retardanta varianta sakoties ziedé$anas fazei, augu augSana garuma
turpindjas un Sai laikd augi auguma parsp&ja visus variantus. Labibai pédgja meslojuma deva
dota varpoSanas fazes sakuma. ZiedéSanas laika augu augianas regulatoru ietekme mazinas,
turpretim iedarbojas p&dg€ja slapekla meslojuma devas ietekme uz augsanas intensitati.

Lietojot retardantus, ziemas kvieSiem var palielindt slapekla méslojuma devu
nebaidoties no augu veldres. Lietojot paaugstinatu slapek]a devu, augiem veldréSanas pazimes
netika novérotas arT mitrd un negaisiem bagatd 1998. gada sezond. Augu stiebri retardantu
ietekmé ir stingi un veldres izturigi, kas neparprotami ir svatigi raZas un tds kvalitates
nodrosind§anai.

Saja eksperimentalajd gada ari starp herbicidu un kontroles variantu tik krasas
izmaipas augu augSanas ritmiem netika nov@rotas. P&c apsmidzind$anas ziemas kvie§u
augSana tika nedaudz kav&ta, bet desmit dienas p&c apstrades $i varianta augu augSanas
intensitate diennakii strauji palielindjas un jau stiebroSanas laika parspgja kontroles varianta
augu garumu. Vislielakas atSkiribas augSana tika nov&rotas p€d&jas lapas paradiSanas fazes
laikd. Turpmakajas attistibas faz8s lielu atSkiribu starp abiem variantiem nebija. Abos
izm&ginajumu gados visos variantos avugu augSana garuma beidzas zied€Sanas fazes laika.
Agrokimikaliju lietoSana s€jumi pagarindja kvieSu augSanas ilgumu vidgji par 3 — 5 dienam.

Izanaliz&jot paraugkiilus, konstatSts, ka abos izmégindjuma gados agrokimikaliju
ietekme uz augu garumu ir bijusi dazada (3.att.).
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3.att. Augu garums 1998. un 1999. gada, cm

1998. gada ar auksingrupas herbicidu apstradatie augi uzradija lielako augumu, bet ar
retardantiem

1999. apstradatie augi no kontroles varianta atpalika garuma vid&i par 18,28 cm. Ari
palielinatas devas slapekla variant3 retardants ietekmégja augu garumu un vid&jais augu garums
bija mazdks neka neapstradatiem augiem. 1999.gada augu augSanu stipri ietekméja sausais
pavasaris. ArT $aja gadd herbicidu un retardantu variantos, kur slapekla méslojums netika
lietots, augu garums bija lielaks par 11 — 12 cm, slapekla variantd starpiba bija vél lielaka.
Retardants Cikocels veicina saknu sist€mas attistibu, 1idz ar to augi labak izmanto méslojumu
un tdeni. Laika, kad kontroles varianta augi saka izjust fidens deficitu augsné, to augSanas
intensitate samazindjas, bet par€jos variantos augiem retardanta ietekmé& saknu masa
palielindjas un augi produktivak sp&ja izmantot dzilakos augsnes slanos atrodogos Gdeni.

Secindjumi

1. Ziemas kvie$us apsmidzinot ar auksingrupas herbicidu un retardantu, it vé€rojamas augu
augfanas ritmu izmainas. Apstradatie augi izjut stresa situdciju aptuveni [idz 10 - 14
diendm péc apstrades. '

2. PietiekoSa augsnes mitruma apstaklos augu augSanas regulators Cikocels butiski samazina
kvieSu stiebru garumu. NepietiekoSa mitruma apstak]os ar retardantu apsmidzinatie augi
uzridija lielaku augu augSanas intensitdti un to garumu, jo pastiprindtas augu sakpu
augSanas rezultata augi sp&ja labak izmantot augsnes produktivo mitrumu.

3. Augiem intensivakais augSanas periods ir stiebroSanas fazg, bet augu augSana visos
variantos beidzas ziedeSanas fazes beigas. Agrokimikaliju lietoSana s€jumos pagarinaja
augsanas ilgumu vidgji par 3 — 5 dienam.

4. Retardanta ietekme uz augu augSanu novérota lidz varpoSanas fazei, bet dalitd slapekla
ietekmeé $ai varianta augu aug$ana zied€$anas faze bija intensivaka.

5. Augu garums péc auksingrupas herbicida lietoSanas sgjumos palielinas, bet retardanta
ietekme uz augu garumu at8kirigos meteorologiskos apstaklos ir dazada.
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MINING BLOCK STABILITY ANALYSIS IN ESTONIAN OIL SHALE
MINES BY STATISTICAL METHODS
IGAUNIJAS DEGSLANEKI.A BLOKU STABILITATES ANALIZE AR
STATISTIKAS METODEM

J~R.Pastarus, Tallinn Technical University, Department of Mining, Tallinn, Estonia.
T.Tomberg, Tallinn Technical University, Department of Mining, Tallinn, Estonia
82 Kopli St.,Tallinn, 10412, ESTONIA. Phone: (372)6203850

Abstract. This paper analysis the stability of the mining blocks in Estonian oil shale
mines, where the room—and—pillar mining system is used. The pillars are arranged in a
singular grid. The processes in overburden rocks and pillars have caused the subsidence of
the ground surface. Statistical analysis of the pillars cross—sectional area evaluated the
calculations. Normal distribution control allows determing the stability of a mining block. By
normal distribution of the pillars cross—section area a potential collapse of a mining block
can be expected. Theoretical and in situ investigations in Estonian oil shale mines showed
that their results are close to the modeling ones. The surface subsidence parameters will be
determined by conventional calculation schemes. Presented method suits well for mining
block stability analysis and spontaneous failure prognosis.

1. Introduction

The most important mineral resource in Estonia is a specific kind of oil shale. Its
deposit is located in a densely populated and intensely farmed district. It is estimated that
about 80-90% of the total underground oil shale productlon is obtained by room—and-pillar
method. The area mined by this method reaches 100 km?. It has become apparent that the
processes in overburden rocks and pillars have caused the mining block collapse accompanied
by significant subsidence of the ground surface. The first spontaneous collapse of the pillars
and surface subsidence took place on 1964. Up to present, 39 failures in Estonian oil shale
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mines have been registered, which make up 9% of the total number of mining blocks and

2.5% of the mined—out area.

Identification of the reasons of the mining block collapse, elucidation of the basic
mechanism of this process, elaboration of the method of analysis and prognosis are the main
aim of the presented work.

The potential prognosis methods for pillar and roof stability base on the following features:
1. The normal distribution control of the pillars cross—sectional area;
2. The rate of current rock strength;
3. Convergence curve;

4. Collapse time.
The paper deals with the prognosis method based on the statistical analysis of the

pillars cross—sectional area. Normal distribution control allows determing the stability of a
mining block. By normal distribution of the pillars cross—sectional area a potential collapse of
a mining block can be expected. Method is applicable for practical purposes and gives
excellent results. The land deterioration on the mined—out territories can be evaluated by the
parameters of ground movement mechanism, using the conventional calculation schemes. The
other methods are complicated and do not suit for practical application. They demand
supplementary investigations.
2. Geology and mining

The commercially important oil shale bed is situated in the north-eastern part of
Estonia. It streches from west to east for 200 km, and from north to south for 30 km. 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 oil shale seams occur among the limestone seams in the Kukruse Regional Stage

of the Middle Ordovician. 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. The
compressive strength of oil shale is 2040 MPa and that of limestone is 40-80 MPa. The
strength of the rocks increases in the southward direction. The volume density is (.5~1.8
Mg/m? and 2.2-2.6 Mg/m’ respectively. The calorific value of dry oil shale is about 7.5-18.8
MJ/kg depending of the seam and the area in the deposit.

In Estonian o0il 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 660-800 m in length each. A mining block usually consists of
two semi-blocks (Fig.1). The oil shale bed is embedded at the depth of 40-70 m. The height
of the room is 2.8 m. The room is very stable when it is 610 m wide. In this case, bolting
must still support the immediate roof. The pillars in a mining block are arranged in a singular
grid. Actual mining practice has shown that pillars with a square cross—section (3040 m?)
suit best.

3. Theoretical background

Due to the complicated structure of the pillars and roof in Estonian oil shale mines, the
stability analysis and prognosis demand special calculation methods. In general, the used
methods are complicated (1,2). Statistical analysis and normal distribution control of th: pillars
cross—sectional area is suitable for practical application. Statistical analysis gives information
about the quality of the performed mining works in a mining block. The normal distribution
control of the pillars cross—sectional area allows determining the siability of a mining block.

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.
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It is known that if a measurement is subject to many small sources of random error,
the measured values (pillar cross—sectional area) will be distributed in accordance with bell-
shaped curve (3). It is claimed that a measurement subject to many small random etrors will
be distributed normally (Gauss distribution). The normal distribution control was made by
kurtosis and skewness (4).

1. Kurtosis characterizes the relative peakedness or flatness of a distribution compared with the
normal distribution. Positive kurtosis indicates a relatively peaked distribution. Negative kurtosis
indicates a relatively flat distribution.

2. Skewness characterizes the degree of asymmetry of a distribution around its mean. Positive
skewness indicates a distribution with an asymmetric tail extending towards more positive
values. Negative skewness indicates a distribution with an asymmetric tail extending towards
more negative values.

The load on the pillar depends on the stiffness of the roof and pillar (5). The roof in
Estonian oil shale mines is enough stiff and in this case the bigger pillar receives the greater
load. The failure begins from the bigger pillars. Consequently, the distribution of the cross—
sectional area of the pillars determines the load on a pillar.

On the other hand, the pillar load depends on the width of the mining block, leading to
the concept of the critical width. 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 (6). Typically, full load comes onto the pillars
closest to the center of a mining block. In fact, the best indicator of critical width in a given
situation will be provided from old mine maps, by records of failures and swface subsidence,
and from measuring roof-to—floor convergence in the mines. The critical width for Estonian oil
shale mines is presented by the following formula (7,8):

L>1.2H + 10,

where L — critical width, m; H — thickness of the overburden rocks, m.

In the three~dimensional case, the critical width transforms into the critical area.

The mining block stability depends on the real parameters of the roof and pillar.
Consequently, in—situ conditions the pillar loads vary from place to place within a mining block.
Investigation showed that the stability of a critical area determine the stability of a mining block
Likely enough, the collapse begins in one critical area (potential collapse center) and then
extends to the barrier pillars.

Normal distribution of the cross—sectional area of the pillars in a mining block is valid as
well for critical area (4). It means that the normal distribution of the cross—sectional area of the
pillars in a mining block determine the stability of a critical area. Take into consideration the
above mentioned; it is visible that if a normal distribution is present in mining block or semi—
block, then a potential collapse can be expected. Presented method does not determine the
exact location and time of the collapse in a mining block.

The method suits well for mining block stability analysis and spontaneous failure
prognosis. It is applicable for practical purposes. The surface subsidence parameters will be
determined by conventional calculation schemes.
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Figure.1. Schematic layout of room—and-pillar mining in Estonian oil shale mines

4. Results
The statistical analysis of the pillars was made for 12 mining blocks (the mines Ahtme
and Estonia). The investigation results of the mining block No. 41 of the mine Ahtme and
No.102 of the mine Estonia are given below.
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The statistical parameters and the results of normal distribution control of the pillars cross—
sectional area are presented in Table.

Table
Statistical parameters of the pillars cross—sectional area.
Statistical Mine
parameters
Ahtme No.41 Ahtme No.41 Estonia No. 102 Estonia No. 102
left semi-block right semi—block left semi—block right semi—block
Standard 6.02 6.07 9.6 9.04
deviation
Kurtosis 0.40 0.38 8.5 6.90
Skewness 0.55 0.35 2.49 2.31
Normal YES YES NONE NONE
distribution

Mine Ahtme, block No. 41

The commercial oil shale bed of the thickness of 2.8 m is embedded at the depth of 53
m. Barrier pillars border the mining block. The spontaneous collapse of the pillars in the left
semi block took place 16 months after the beginning of exploitation. It reached the surface.
The area of destructions was about 24 000 m* the age of the piilars being 3 to 9 months. The
analysis shows that there is one center of a potential collapse. The age of the pillars in the
center of the potential collapse was 8.5 months. Likely enough, the collapse begins in this
center and then extends to the barrier pillars. Normal Distribution analysis shows that if a
normal distribution is present in mining semi-block, then a potential collapse be expected
(Table, Fig.2).

Atmaming block nr. 41
left sids

Ahtms mine block nr.41
fight side

4 i 4 D ¥ + t + +
0 e n an 40 &1t W 0 W 20 30 A 50

pilar square pltar square

~—— foal gsstnbution = = nomnal disthbubon " ——

Figure 2. Normal Distribution control of the pillars cross—section area for the
Ahtme mine semi~blocks

Mine Estonia, block No. 102
The commercial oil shale bed of the thickness of 2.8 m is embedded at the depth of
60,5 m. Mining block is bordered by barrier pillars. A spontaneous collapse and the normal
distribution of the pillars cross—sectional area are not present in mining block (Table, Fig.3).
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Figure 3. Normal Distribution control of the pillars cross—section area for the
Estonia mine semi—blocks

The results of theoretical and in situ investigations in Estonian oil shale mines showed
that they are close to the modeling results. The analysis was based on the geometrical
parameters of mining blocks. Presented method does not take into consideration the
theological rock parameters. These problems demand supplementary investigations.

3. Conclusions and recommendations
As a result of this study, the following conclusions and recommendations can be made.
1. Estonian oil shale mines are located in a densely populated and intensely farmed district
where the room-and-pillar mining method is used. The collapse of the pillars has caused the

- surface subsidence, which makes up 2.5% of the mined-out area.

2. Prognosis method based on the normal distribution contro! of the pillars cross—sectional
area, which allows determing the stability of a mining block. It is applicable for practical

purposes.
3. Ifnormal distribution of the pillars cross—sectional area is present in a mining block, then a

potential collapse can be expected. Theoretical and in situ investigations in Estonian oil shale
mines showed that their results are close to the modeling ones.

4. The proposed method suits for stability analysis and failure prognosis.

5. Further investigations are aimed at the rheological and strength behavior of the rocks to
determine the time and exact location of the collapse of pillars and ground surface.

Estonian Science Foundation, Grant No. 3651, 1999-2001, supported the research.
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NOTECU NO ORGANISKAJIEM MESLIEM SAMAZINASANA
REDUCTION OF LEAKAGE FROM ORGANIC MANURE

Imants Plime, Mgr.sc.ing,, lektors
LLU, Tehniska Fakultate, L/s energctikas institats,
Cakstes bulv. 5 Jelgava, Latvija, LV-3001.
Tel: 30-80674, fax: 30-27238, e-pasts: imants@inka.cs lhu.ly

Abstract. Environmental problems of leakage minimisation from solid manure
handling in Latvia are discussed. Volume and composition of leakage from solid manure are
investigated in storage period. Amount of plant nutrients in effluents are measured 0,099 kg
nitrogen, 0,029 kg phosphorus and 0,381 kg potassium per tonne manure in 14—day period of
accumulation and storage of solid manure in trailer. Plant nutrients losses in effluent from
densely stockpiled manure are 0,40 kg nitrogen, 0,197 kg phosphorus and 1,372 kg potassium
per tonne manure in 5—-moth storage period while leakage were occurred. In first 2—month
period nutriert losses are 74 % nitrogen, 54 % phosphorus and 54 % potassium of whole
amount of losses in 5—month period. Proposed recommendations are aimed to minimise the
leakage from solid manure in farms in Latvia.

Keywords: solid manure, manure effluent, pollution reduction

1. Ievads

Viens no bitiskiem vides piesarpoSanas avotiem ir noteces no kitsmésliem, kas
nevérigas uzglabafanas rezultdtd piesirpo gruntstidenus ar slapek]a un fosfora savienojumiem.
Slapekla zudumi no kiitsmesliem var sasniegt pat 20 — 50 %, tadé] noteu samazina$ana ir
nozimiga ka no dabas resursu raciondlas izmantoSanas, td ari no vides aizsardzibas
viedokliem. UzglabaSanas perioda ar noteci no katras svaigu kiitsméslu tonnas vidé nopliist
0,14 — 0,26 kg slapekla [1]. Lauksaimniecibas piesarnojuma samazina$anai Eiropas Savieniba
(ES) ir piengmusi Nitrdtu direktiva (EEC/91/676), kas biis japilda ari Latvijai, iestdjoties
Eiropas Savieniba. Helsinku konvencijas par Baltijas jiiras vides aizsardzibu (HELCOM)
pienemtie 1idziga rakstura pasakumi (HELCOM Rekomendacijas 7/2, 9/3 u.c.) Baltijas jliras
piesdrpojuma samazindSanai jau kopS 1992. gada ir saisto§i Latvijai ka konvencijas
dalibvalstij. Pieméram, HELCOM Rekomendacija 7/2 iesaka veidot monitoringu augu baribas
vielu zudumu kontrolei un veikt lauksaimnieciskds raZoSanas metozu ietekmes uz vidi
zindatnisko izpé&ti. Lielakajai- dalai no Latvijas mazajam fermam nav ierikotas kiitsméslu
kratuves ar §kidrumu necaurlaidoSu pamatni, pie kam daudzam kiitim nav vircas uzkrasanas
tvertnu. Notec€m nonakot gruntsGdenos, nereti pasliktinds dzerama fidens kvalitate akas.
Piem@ram, no apsekotajam astonpadsmit Zanas pagasta zemnieku saimniecibu dzerama tidens
akam slapekla koncentracija se$ds un fosfora koncentracija divas akds bija augstaka par
pielaujamo. Noteces no kiitsméesliem veidojas no svaigos kiitsméslos esosa gravitacijas
§kidruma (masa neuzsiktais un gravitacijas spéku ietekmé notekoSais 8kidrums) un no
komposté$anas procesa raditd Skidruma summas. Racionala kiitsmeslu uzkrdSana ar
palielinatu pakaiSu devu un to kompostéSana kratuvé var samazindt vai pat noverst
piesdrnojoso note¢u nopliides gruntsiidenos. Ipadi aktudla minétd probléma ir nelielam un
vidéjam (lidz 5 majlopu vienibdm) saimniecibam, jo tam Sobrid netiek paredzéta prioritdte
subsidiju sapem$anai modernu kiitsméslu kratuvju biivei vai progresivu Skidrméslu
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tehnologiju ievie§anai. Vienkar§u, létu un vidi saudz&joSu kutsméslu kompostésanas
tehnologiju izstradei vispirms ir nepiecieSams izpétit notedu veidoSanos dazadu faktoru
“ietekmé. Ar optimaliem kiitsméslu uzglaba$anas un kompostéSanas papémieniem iesp€jams
samazinat piesdrnojoSo noteu noplides vidé un ietaupit energoresursus, samazinot
riipniecisko mineralméslu izmanto§anu.

Latvija pagaidam netick veikti kompleksi noverojumi par dazadu faktoru ietekmi uz
koncentrétu noteCu veidoSanos no organisko méslu stirpam. Ar Latvijas — Zviedrijas
BEAROP projekta atbalstu uzsaktie notecu no kiitsméslu piekabes novérojumi demonstrécijas
saimnieciba “Kaudzites” (Zanas pagasts, Saldus raj.) var klit par iesakumu sistematiskam $o
notedu monitoringam Latvija.

2. Materiali un metodika
NoteCu no kutsmesliem ietekmé&joso faktoru izpétei saimnieciba “Kaudzites” 1998.
gada tika uzstadita iekarta piesarpojoso Skidrumu apjoma noteikSanai (1.attels).

1.att. Iekérta notedu noteikSanai no kiitsmeéslu piekabes. 1 — slipais konveijers kiitsm&slu izvak§anai no
kiits, 2 — piekabe, 3 - reZgis, 4 — Skidrumu izolgjoss pakldjs, 5 — drenaZas caurule, 6 — kausinu tipa
Skidruma skaititajs, 7 — tvertne

Skaititdjs uzskaita noteces no Skidrumu necaurlaidiga 2.7x3.7 m? laukuma, vz kura
novietota kutsmé@slu piekabe ar transportieri izvakto kitsm&slu uzkrSanai. Piekabi ar
kiitsmésliem piepilda aptuveni divu nede]u laikd no fermas, kura izvietotas vidgji 4 lidz 5
slaucamas govis un 15 lidz 25 nobarojamas ciikas. Péc piekabes uzpildiSanas kiitsmésli tiek
nogadati lauka kratuve.

Piekabé iepildito kiitsméslu vid€jas masas noteikSanai atkartoti tika noteikts pilnas
piekabes svars pirms kiitsméslu izveSanas uz lauka keftuvi un péc tas iztukSoSanas. Notedu
apjoma pétijumu precizitite atkariga no drenazas sistémas un kausigu Skidruma skaititaja
nepartrauktas funkcionsSanas. Skidruma skaitftdjs regulari tiek kalibréts. Skaititdja relativa
kluda ar 95 % varbiitibu neparsniedz 4,2 %. Ne retdk ka vienu reizi ménesi ar minéto iekartu
tiek nolasiti dati par summaro noteu apjomu. P&c datu logera uzstadiSanas tiks realizéta datu
nepartraukta, automatiska registracija. Vidgjais piekabes piepildiSanas periods ar kiitsmésliem
it aptuveni 14 dienas. Lidz ar iegitie dati raksturo noteci no relativi svaigiem kiitsmésliem.
Vidgjais augu baribas vielu (N, P, K) saturs notec@s regulari tiek noteikts ar notelu
kimiskajam analiz&m.
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. Lai novertétu augu baribas vielu nopliides arf no ilgsto§a perioda (piecos méne§os)
blivi uzglabatiem kiitsmésliem, no 2000. gada veikts eksperiments notedu apjoma un augu

baribas vielu sastava noteikSanai kiitsm&slu paraugam ar vienkarSas iekartas palidzibu (2.
attéls).

2. att. Iekarta note¢u noteikSanai no kiitsmeslu parauga. 1 — tvertne; 2 ~ kiitsmésli; 3 — siets;
4 — mértrauks; 5 — Skérsiena iztvaikoSanas samazinaSanai

Iekartas tvertné 2000. gada 2. jlinija tika ievietots 41 kg svaigu kitsméslu no
saimniecibas “Kaudzites” fermas. Visa piecu ménesu uzglabdSanas perioda konstrukfivi tika
izslégta nokriSpu ietekme un ierobeZota gaisa skabekla piekliifana organisko méslu masai.
IerobeZota gaisa piepliide imit&ja apstaklus blivi nokrauta kiitsméslu stirpa. Paraugu novietoja
ara apstaklos no nokri$piem aizsargata vieta. Regulari tika veikti notedu apjoma mérfjumi un
augu baribas vielu satura analizes kiitsméslu parauga.

3. Rezultati

lIegiti dati par noteu no saimnieciba “Kaudzites” novietotas kiitsméslu piekabes
apjomu un sastavu pie mainigiem nokri$gu daudzumiem un apkartSja gaisa temperatiirim
1998. — 2000. gadu perioda. Novérota krasa notedu no kiitsmésliem samazinasanas, pieaugot
vid&jai gaisa temperatiirai un samazinoties nokri$pu daudzumam 2000 g. aprila un maija
meénesos.

Pétijumi parada, ka pakai$u kitsméslu piekabg tiek uzkratas vid&ji 2,37 t kiitsméslu 14
dienu laika. Ar kausinu skaititdju noteiktais notetu no kiitsméslu piekabes apjoms un nokrispu
daudzums 14 mene$u perioda parddits 3. att€la. Miné&taja perioda (1998.-1999.g.)
saimniecibas “Kaudzites” kiti vidé&ji tika turétas 5 slaucamas govis (izslaukums 4000 1/gada),
1 jaunlops 1idz gada vecumam un 15 nobarojamias cikas. Gada laikda ferma saraZotas 62
tonnas kiitsméshi (ar mitrumu — 75 % ), kuru sausna vidgji ir 0.41 % siapekla (N), 0.42 %
fosfora (P) un 0.682 % kalija (K). Noteiktais augu baribas vielu daudzums notetu sastava
1999. gada perioda vidé&ji ir 0,126 % slapekla, 0,034 % fosfora un 0.35 % kalija. Mé&djumi
paradija, ka vislielakds noteces ir periodos, kas raksturojas ar palielinatu nokriSpu daudzumu
un samazinatu iztvaikosanu (sk. 3. att€lu).
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3.att. Note€u no kiitsméslu piekabes un nokrisnu apjomi saimnieciba “Kaudzites” 1998. — 1999. g.
perioda

Noplides no 10 m? liela uzskaites laukuma 1999. gada laika bija 4,82 m® jeb 0,48 m®
uz uzskaites laukuma vienu 1 m? Nopliides no kiitsméslu piekabes tas uzpildi¥anas perioda
(14 dienas) 1999. gada bija 4,84 m® vai vidgji 78 litri uz vienu tonnu izvakto kiitsméslu, pie
kam vidgjais augu baribas vielu saturs nopliidés uz vienu tonnu kiitsméslu bija 0,099 kg
slapekla, 0,029 kg fosfora un 0,381 kg kalija.

Hgstosi uzglabajot 40 kg kitsméslu paraugu pirmajas 60 diends (no 01.06. lidz
31.07.2000.g.), no kiitsmésliem izdalita skidruma svars sasniedza 18 % no parauga svara
eksperimenta sakuma. Saja periodd temperatiira paraugi bija 20,8 °C vai vidgji par 2,6 °C
augstaka par apkartgjas vides temperatiru. Paaugstindta temperatiira kiitsméslu parauga
izskaidrojama ar kompostéSanas procesu norisi kitsméslos. Noteu no kutsméslu parauga
apjoma mé&ijumi pardda, ka 5 méneSu laikda no kiitsmeéslu parauga kompostéSanas procesu
rezultatad notec€s aizplist 14 kg Skidruma (4. attéls). Par€kinot attiecigi uz vienu tonnu
kiitsméslu noplistosa skidruma daudzums piecos uzglabasanas méneos var sasniegt 0,28 m?
jeb 35 % no kiitsméslu sakotngja svara. Notedu izmainas raksturlikne parada palielinata
noteCu apjoma veidosanos kiitsméslu uzglabasanas perioda sakuma posma. Kiitsmeslu
parjauk$anas (péc 35 dienam no perioda sikuma) rezultitd noteCu izdaliSanas islaicigi
izbeidzas un atjaunojas tikai p&c vairaku dienu perioda ar ievérojami mazaku intensitati. Tatad
ar kitsméslu regularu parjaukSann var  samazindt notefu veidoSands intensitati to
uzglabasanas perioda.

4. att. Noteén summara apjoma izmainas 40 kg kiitsméslu paraugam atkariba
no ta uzglabasanas laika
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' Lgi novértétu slapekla zudumus ar notecdm atkaribd no kiitsmashu uzglabasanas
perioda, tika noteikta kopslapekla satura izmaina notecés (5. attéls).
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5.att. Slapek]a saturs notecé no 40 kg kitsméslu parauga

Petfjumu rezultati pardda, ka, palielinoties kiitsméslu uzglaba¥anas laikam, kopgjais
slapekla saturs notecgs samazinds no 0,24 % uzglabalanas perioda sakuma lidz 0,05 % péc
120 dienu uzglabaanas. Ievérojot arl noteu apjoma bitisku samazinisanos uzglabaanas
laikd, var izdarit slédzienu, ka lielakd dala slapekla zudumu ar noteci notiek kiitsméslu
uzglabaanas perioda sikuma posma.

Eksperimenta ieglitie rezultati lauj novertét augn baribas elementu (N,P,K) zudumus
nopliidés no kitsmésliem, kas rodas ilgsto$d uwzglabasanas periodd kompost&§ands procesu
ietekme (6. attels).
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6. att. Augu baribas vielu daudzums noplidés no 40 kg kiitsméslu parauga

Ta ka fosfora un kilija koncentracija notecgs pieaug, tad notecgs nopliistoda fosfora un
kilija daudzums uzglaba3anas laikd nesamazinas tik strauji salidzinot ar slapekli, kas
izskaidrojams ar amonija formas slapekla savienojumu iztvaikoSanu. Japem véra, ka realos
uzglabafanas apstaklos kompost&Sands procesi kiitsméslos ir intensivaki, jo temperatiira
kiitsméslu stirpas nereti sasniedz 50 — 65 °C, kas ir par 25 — 30 °C ir lielaka salidzingjuma ar
kiitsmeslu parauga maksimalo temperatfiru (25 °C) 12 uzglabaSanas perioda.

4. Ieteikumi razoSanai
NoteSu no organiskajiem mésliem samazinaSanai visdm saimniecibdm ieteicami Sadi

méslojuma uzkrasanas papémieni {2]:
¢ vircas noplides novérianai gruntsidegos kiits gridas, pastaigu laukumus, méslu
savaksanas kandlus un kratuves izbfive no kidrumus necaurlaidiga materiala;
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lai samazindtu tvertnés savdcamo nokri§nu apjomu, méslu kratuvju platibas ieriko ar
iesp&jami maziku virsmas laukumu, kiitsméslus nokraujot palielinata augstuma (1,5 — 3
m) kaudz&s un tadejadi sekméjot ari kiitsméslu passablivé§anos;
kratuvé uzglabdjamo kiutsmeslu daudzumu uz vienu kratuves laukuma vienibu palielina
pielietojot kitsmeslu izvak$anas iekartas, kas kiitsméslus nogada no kits uz krdtuvi pa
spiedvadu (pieméram, ar iekdrtu UTN ~ 10);
piekabes kiitsm&slu pagaidu uzkra$anai novieto uz $kidrumu necaurlaidigas pamatnes vai
mitrumu izol€josa ekrana, bet radusas noteces novada vircas tvertngs;
apriko jumtus ar notekdm un pievedcelus ierTko ar nepiecieSamo slipumu nokriSnu Gdenu
novadiSanai arpus kratuvém;
kutsmésliem pievieno salmus, zagu skaidas, kiidru, smalcinatu @idenstilpju apauguma
saknu pinumu u.c. vietgjus mitrumietilpigus materialus.

Ieteikumi saimniecibam ar ganampulku mazaku par 5 majlopu vienibam (uz mazajam

saimniecibam neattiecas likumdoSana par obligatu ekologiski dro$u kratuvju ar noteiktu
uzglabasanas periodu izbtivi):

@

kiitsmeslu kratuvi ar skidrumu necaurlaido$u pamatni un vircas savakSanas tvertni ieriko
tikai ierobeZotam 1...2 méne$u kiitsméslu uzkraganas periodam, bet péc tam kitsméslus
novieto uzglabasanai lauka kratuves uz mitrumietilpiga materiala kartas.

Kitsmeslu stirpu pamatng ieklaj un stirpas parklaj ar 0,2...0,4 m biezu mitrumietilpigo
materidlu kdrtu (zagu skaidas, salmi, kiidra, smalcinats niedru sakpu pinums u.c.) vircas
un lietus tidenu uzsikSanai.

Stirpas parkldj ar tdeni necaurlaldosu materialu (gumija, plastmasa, ruberoids u.c.)
nokri$nu ietekmes samazina§anai.

5, Secindjumi
Kausigu t1pa mehaniskais skaititdjs ir pielietojams noteu no kiitsmésliem zmatmsklem
pétjumiem, jo skaititgja relativa kltida ar varbiitibu 95% neparsniedz 4,2 %.
No kiitsméslu piekabes nopliistosa Skidruma apjoms picaug lidz ar nokridpu daudzuma
palielind§anos.
Noteiktds nopliides no kiitsméslu piekabes ir 4,84 m*® 1999. gada vai 0.078 m® uz vienu
tonnu izvakto kiitsmeésly, pie kam vidgjie augu baribas vielu zudumi ar nopliidém ir 0,099
kg slapek]a, 0,029 kg fosfora un 0,381 kg kalija uz tonnu kiitsméslu 14 dienu ilga piekabes
uzkrausanas perioda.
Blivi nokrauta, no nokri§niem aizsargata kiitsméslu parauga pétijumos piecu ménesu ilga
uzglabasanas perioda ir konstat&tas piesarojosa kidruma nopliides, pie kam §aja perioda
note&u apjoms ir 0,35 m?, augu baribas vielu zudumi 0,400 kg slapekia, 0,197 kg fosfora,
un 1,372 kg kdlija uz vienu tonnu kiitsméslu.
Pirmo divu ménefu uzglabaSanas laika nopliidés no kiitsméslu parauga noteiktie augu
baribas vielu zudumi ir 74 % slapekla, 54 % fosfora un 54 % kalija no kopgjiem augu
baribas vielu zudumiem ar noteci 5 ménesu uzglabasanas perioda.
Kop&jais slapekla saturs notecés no kitsmesliem samazinds no 0,24% uzglahasanas
sakuma Iidz 0,05 % péc 120 dienu uzglabasanas perioda.
TevieSot praksé ieteikumus noteu samazinaSanai ar nelieliem kapitalieguldijumiem
iespgjams palielindt organiskd méslojuma raZofanu un biitiski samazindt vides
piesarpojumu.
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EZERU PARVALDE: TEORIJA UN PRAKSE
LAKE MANAGEMENT:THEORY AND PRACTICE

Sandra Poikane, M.Sc.,Vita Liciie, M.Sc.,
Latvijas Vides agentiira,
O3u iela 5, Jiirmala, LV - 2015, Latvija,
e—pasts: sandra.poikane@vde.lv

Abstract. Latvian Environment Agency carry out complex monitoring of Kemeri
National Park since 1995. At now 6 lakes are included in this monitoring programme.
- 3 bog lakes — Akacis Melnezers and Lake Slokas, Lake Aklais;
- shallow and overgrown lagoone lake Kanieris;
- hypertrophic Lake Valgums with heavy anthropogenic impact.
Lake management plan contains.
- the description of the current state of each lake;
-~ the optimal or required lake for each lake (objectives of management);
- factors which influence the lake, especially anthropogenic,
- action plan to achieve the objectives.

Latvijas Vides agentiira veic Kemeru Nacionila parka (KNP) kompleksu monitoringu
kop3 1995. gada. KNP teritorija esoSajiem ezeriem tika izstradats parvaldes plans, kas ietver
§adas dalas:

1) eso8ais stavoklis — morfologija, hidrologija, hidrokimiskie un hidrobiologiskie raditaji;
2) faktori, kas ietekmé ezera stavokli:

- dabiskie / antropogénie;

- iek$gjie / argjie;

3) ezera mérkis un ezera mérka stavoklis;

4) parvaldes ricibas, kas nepiecieSamas méerka stavok]ja sasnieganai:

- vérstas uz faktoru ietekmi;

- vErstds uz pasa ezera apsaimnieko§anu;

5) monitoringa prasibas, kas nepiecieSamas ezeru parvaldes noverteSanai:

- minimala monitoringa programma;

- optimald monitoringa programma;

6) raksturotas ezera izmanto$anas iespgjas, ar tam saistitie konflikti un izvél&tas prioritates.

Kemeru Nacionald parka ezeri ir Joti atSkirfigi gan péc izcelsmes, gan péc
hidrokimijas un hidrobiologijas, gan péc ietekmes pakapes:
1) antropogéni mazietekmeéti purva ezeri — pieméram, Akacis ;
2) antropogéni ietekméti purva ezeri — Slokas ezers un Melnezers;
3) seklais un aizauguSais Kapiera ezers;
4) hipertrofais Valguma ezets.

1. Ezeru paSreizéja stivokla novértéjums
Akacis — neliels un sekls purva ezers (a1 paréjie neietekmeétie purva ezeri):
- zems pH, augsta huminvielu koncentrécija un zema cietiba;
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- zemas biog€nu koncentracijas;
- fitoplanktona, zooplanktona un mekrofitu cenozes ezeru raksturo ki distrofu, t.i., purva
ezeru bez antropogénas ietekmes.
So ezeru ihtiofauna ir nabadziga, to veido galvenokart Iidakas, asari un kariisas.
Kanieris — eitrofs makrofitu ezers (eitrofs ezers dzidriidens stavokli), ko raksturo:
- augsta Gdens cietiba, saméra augsts pH;
- vidgji augsts humusvielu saturs (mezohumozs ezers);
- meéreni augstas un sezonali mainigas biogénu koncentracijas;
- zema fitoplanktona biomasa vasaras stagnacijas perioda, augsta caurredzamiba;
-  galvenie pirmproducenti — iegremdéta vegetacija.
Melnezers — neliels un sekls briiniidens ezers, ko raksturo:
- augsta huminvielu koncentracija;
- zems jonu saturs un zems pH;
- vidgji augstas biogénu koncentracijas;
- mikrobiologiskie raditaji nerdda piesarpojumu un atlayj izmantot ezeru rekredcijai;
- fitoplanktona, zooplanktona un mekrofitu cenozes ezeru raksturo ka diseitrofu, t.i., purva
ezeru ar antropogénu ietekmi.
Slokas ezers — Ipatngjs Joti sekls briinfidens ezers ar biezu sapropela slani un lielu makrofitu
aizauguma pakapi. Slokas ezeru raksturo:
- biogénu koncentracijas ir méreni augstas,
tomer fitoplanktona biomasas zemas un zila]gu zied&Sana nav konstatéta, kas saistTts ar augsto
huminvielu saturu un makrofitu ietekmi;
- slikti ekologiskie apstakli zemledus perioda — zems skabekla saturs un augstas amonija un
nitritu jonu koncentracijas;
- zemas metalu koncentrcijas sedimentos (izpemot kadmiju, kura koncentracijas
vert&jamas ki augstas (videji 3,9 mg/kg));
- biocenoZu sugu sastavs raksturo ezeru ka diseitrofu;
- Slokas ezera zivju krgjumu pamatmasu veido lipi, plauZi un raudas, mazak asaru, saméra
nedaudz Iidaku, kartisu un ruduly;
- gan nozvejas statistika, gan kontrolzveja nordda zemu zivju produktivitati un kopgjo zivju
krajumu.
Valgums — kopuma atbilst hipereitrofam stavoklim, ko raksturo
- vasard un ziema ezera dzi]akajos slanos verojams izteikts skabelkla triikums;
- |oti augstas biogénu koncentracijas;
- paaugstinitas amonija slapekla un nitritu slapekla koncentracijas;
- loti augstas fitoplanktona biomasas;
- zema Tidens caurredzamiba;
- potenciali toksisko zilalgu zied&3ana.

2. Ezerus ietekmejosie faktori

Antropogéna slodze:

- Tukuma notekiidenu attiri§anas iekartu ietekme — nepietickama notekiidenu attiriSana no
biogéniem (fosfora koncentrdcijas notekiidenos un Slocenes upé parsniedz pielaujamas
normas);

- tritkst iekartotu rekredcijas vietu un peldvietu, kas sekm@ ezeru piesarpojumu.

Slocenes upé péc Tukuma NAI ieplides: ,

- augstas kopgja fosfora koncetracijas Pyo, — 0,50 mg/l (vidgja koncentracija), kas bitiski
parsniedz labas ekologiskas kvalitétes standartus karpveidigo zivju upém (salidzindjumam
— pirms Tukuma 0,047 mg/l, pirms Tukuma NAT iepliides — 0,24 mg/l);
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- samera augstas kopéja slapek]a koncetracijas — vidgji 2,9 mg/l;

- augstas nitritu slapekla N/NO; koncetracijas — 0,04 mg/l (parsniedz labas ekologiskas
kvalitates standartus karpveidigo zivju upém).

Slocenes upes piesarnojums saistams ar Tukuma pilsétas un Tpasi Tukuma NAIT ietekmi:

- Tukuma NAI izpliide satur loti augstas biogénu koncentracijas (Pkop — 5,3 mg/l, Nkop —
11,6 mg/l);

- Tukuma NAI nav 3. attiriSanas kartas, ti. fosfora nogulsnéSanas, lidz ar to tiek
nodroS3inata tikai 25-40% attiriSana no sakotngja notekiidenu fosfora satura.

Slocenes iepliide Kapiera ezera:

- augstas biog@nu koncentracijas - Pkop — 0,15 mg/1 , Nkop - 1,8 mg/l;

- N/P attieciba — 12, lidzsvarotas biog&nu attiecibas fitoplanktona attistibai;

- péarsniedz ES karplidepiem noteiktas vadlinijas (0,13 mg/l);

- ar biogénu iepliidumu saistita skaidri izteikta pieauguma tendence Kaniera ezera biogénu
koncentracijam (1995. -2000.g).

Slocenes ieplade Valguma ezera:

- Prop—0, 25 mg/l , Niop — 2,2 mg/l (3 paraugu pemsanas);

- N/P attieciba — 8,8, lidzsvarotas biogénu attiecibas fitoplanktona attistibai (ar noslieci uz
N limitaciju);

- fosfora koncetracijas Slocenes upé pirms iepliides Valguma ezerd bitiski parsniedz ES
karplideniem noteiktas vadlinijas (0,13 mg/l);

- Valguma ezera biogénu koncentracijam skaidri izteikta pieauguma tendence (perioda
1997. - 2000. gads), kam galvenais iemesls ir biogénu slodze no Slocenes upes.

3. Ezeru mérki
Akacis un citi neietekmétie purva ezeri
Merkis — saglabat ezeru eso$a stavokli.
Optimals stavoklis — distrofi ezeri bez antropogénas ietekmes:
- zems biogénu limenis (Pyop vid€ja koncentracija < 0,03 mg/l, Ny, vidgja koncentracija <
1,0 mg/l);
- Tpatngjas, distrofiem ezeriem raksturigas fitoplanktona, zooplanktona un makrofitu
cenozes (nepietiekams datu apjoms konkrétam raksturojumam):
— nav eitrofiem Udeniem raksturigo sugu;
— zema biomasa.

Kaniera ezers

Merkis — uzlabot ezera stavokli (samazinot fosfora slodzi no Slocenes upes)

Optimals stavoklis — makrofitu ezers stabild dzidridens stavokl:

- galvenie pirmproducenti — makrofiti (iegremdéta vegetacija sedz vismaz 50 % no ezera
platibas);

- iegremdéto augu josla — dominé Charophyta (nav intensivas pavedienveida zalalgu un
zilalgu attistibas uz Charophyta audz&€m);

- zemas—mérenas biogénu koncentracijas Gidens slani vegetacijas perioda (Pyyp gada vidgja
koncentracija < 0,05 mg/l; vasaras perioda Py, < 0,03 mg/l);

- augsta fidens dzidriba (lidens caurredzamiba péc Seki diska lidz gruntij);

- zema fitoplanktona biomasa (fitoplanktona biomasa < 1 mg/l, nav bitiskas zilalgu
attistibas);

- bagétiga bentofauna (pietickami bagata zivju baribas baze).

Kopuma $adi raditaji raksturo labvéligus apstaklus zivju un putnu faunai, k& arf stabilu ezera

ekologisko stavokli kopuma.
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Melnezers
Merkis — saglabat esoo ezera stavokli, nepielaut talaku biogénu koncentraciju palielina$anos

Optimalais stavoklis - diseitrofs ezers ar zemu trofiju:

zemas biog€nu koncentracijas (vid&ji Pkop — 0,035 mg/l, Nkop — 1,0 mg/l).

Slokas ezers
Merkis — saglabat ezeru esoSaja stavokii.

Optimalais  stavoklis -  diseitrofs  makrofitu  ezers ar zemu  trofiju:

héru un najadu audzes;
zemas biogénu koncentracijas (vidgji Pkop < 0,04 mg/l).

Valguma ezers ,

Merkis —uzlabot ezera stavokli (samazinot biogénu slodzi no Slocenes upes).

Merka stavoklis:

eitrofs ezers ar vidgji augstu trofiju un vid&u ekologisko kvalitati:

- mérenas biogénu koncentracijas (vidgja epilimniona Pkop koncentracija < 0,1 mg/1);

- vidgji augsta fitoplanktona biomasa (< 10 mg/1);

- vidgji augstas hlorofila koncetracijas (vid€ja vegetacijas sezona < 25 pg/l, maksimala <
75 pg/l); '

- vidgja Tdens caurredzamiba (vid€ja Gdens caurredzamiba p&c Seki diska > 1,5 m,
miniméld >1,0 m);

- nav potenciali toksisko zilalgu zied€3anas;

- mikrobiologiskie raditaji atbilst peldiidepu standartiem,

- ezers izmantojams rekredcijai (peldéSanai, laivosanai).

Sobrid ezers neatbilst optimalam stavoklim un 3 izmanto3anas iespgjas ir ierobeZotas.

4. Ricibas

Akacis, citi purva ezeri:

- apzindt KNP esoSos purva ezerus, novértét to stavokli, ieviest kompleksu monitoringa
programmu;

- atseviskus purva ezerus, kuros jau ir vérojama neliela antropogéna ietekme (iesp&ams,
Akacis), varétu izmantot popularzinatniskiem noliikiem, rekredcijai, trismam (iespgjams,
vispirms nodroginot krastu labiekartoSanu);

- atseviSkos purva ezeros noteikt stingru aizsardzibas reZimu, t.i., pilnigi bez cilvka
ietekmes.

Kaniera ezers:

- samazinat biogénu slodzi no Slocenes upes (c€lonis Tukuma NAI iepliide Slocens up€) —
ieviest tredo attiriSanas kartu (fosfora precipiticiju), nodrosinat Py, koncentraciju izpliide
1 mg/l;

- ieviest kompleksu monitoringa programmu, ipasi pieverSot uzmanibu
- iegremdétds vegetdcijas sugu sastava un aizauguma platibas novértejumam;
- ihtiofaunas sastdvam un tas ekologiskajam novértgjumam;

- novérst Gidenslimena svarstibas (iespgjama nelabvéliga ietekme uz zemiidens vegetaciju);

- nakotné novertét ezera biogénu budZetu, apzinot dazados punktveida un diftizos biogénu
avotus.

Melnezers: .
- veikt krasta un piekrastes zonas tiriSanu no atkritumiem;
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- Ja ezers paredzéts atpltai — labiekartot krasta zonu atpiitai (iertkot atkritumu kastes,
tualetes, automasinu stavvietas u.c., ieverojot aizsargjoslu);
- ieviest kompleksu monitoringa programmu, Tpasi pievérsot uzmanibu
- biogénu koncentracijam,
- makrofity, fitoplanktona un zooplanktona cenozém (indice ezera eitrofikaciju).

Slokas ezers:
- ja ezers paredzéts atpiitai — labiekartot krasta zonu atpiitai (ierikot atkritumu kastes,
tualetes, automasinu stavvietas u.c., ievérojot aizsargjoslu);
- ieviest kompleksu monitoringa programmu, ipadi pievérsot uzmanibu
- biogénu koncentracijam;
- makrofitu un fitoplanktona cenoz&m (indicg ezera eitrofikaciju);
-  ihtiofaunas sastavam un daudzumam (ja ezers paredzgéts zvejai);
- noskaidrot c€lopus zemajai nozvejai (skabekla trilkums ziemas sezona, maluzvejnieki)
nakotné;
- novertét ezera biogénu budZetu, apzinot dazados punktveida un diftizos biogénu avotus.

Valguma ezers:
- samazinat biogénu slodzi no Slocenes upes (c&lonis Tukuma NAI iepliide Slocenes upg) ~
ieviest treSo attiriSanas kartu (fosfora precipitciju), nodro8inat Py, koncentréciju izpladé
1 mg/l;
- jaezers paredzets atpitai — labiekartot krasta zonu atpttai (ierikot atkritumu kastes,
tualetes, automasinu stavvietas u.c., ievérojot aizsargjosiu);
- leviest kompleksu monitoringa programmu, Tpasi pievérSot uzmanibu
- biogénu koncentracijam;
- fitoplanktona cenozei (indic€ ezera eitrofikaciju);
- ihtiofaunas sastavam un daudzumam (ja ezers paredzets zvejai);
- mikrobiologiskajiem raditajiem (ja ezers tiek izmantots ki peldvieta);
- nakotn€ novertét ezera biogénu budZetu, apzinot dazados punktveida un difizos biogénu
avotus.
Sis ezeru parvaldes plans izstradats, vadoties péc hidrokimiskajiem un
hidrobiologiskajiem datiem. Kemeru Nacionalais Parks plano to papildinit ar cita veida
informaciju (ornitologisko, botanisko uc) un ieklaut KNP Dabas aizsardzibas plana.

SLAUKSANAS IEKARTU VAKUUMSUKNI
UN TO IETEKME UZ APKARTEJO VIDI
MILKING EQUIPMENT VACUUM PUMPS AND THEIR IMPACT ON
ENVIRONMENT

Juris Priekulis, Dr.inZ., asoc.profesors; Andris Belovs, magistrants
LLU Tehniska fakultate,
J.Cakstes bulv. 5, Jelgava, LV-3001
talr.3080691, 3026870; e—pasts: fmeh@ecs.llu.lv

Abstract. The aim of the research was fo compare different milking equipment vacuum
pumps purchased in Latvia according to their influence on the environment and profitability.
Information on vacuum pumps available in Latvia is summarised and their classification is
elaborated in the investigation. The amount of the working liquid discharged from the vacuum
pumps during their operation is experimentally determined. It is stated that for the new
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lubricated vacuum pumps with oil recirculation system and the pumps with the oil screen the
discharge of oil is reduced 60-199 times and it does not essentially influence the environment.
The vacuum pumps with lead in their blades produced in Rezekne are also experimentally
investigated. It is stated that they are sufficiently wear resistant and they are suitable for
operation in mobile milking machines.

Vacuum pumps with capacity 800-1000 lmin are compared according to their
operational costs. It is stated that the water ring type vacuum pumps produced in Estonia
have the lowest costs but the lubricated vacuum pump UVU 45/60 produced in Russian has
the highest costs.

Tevads

Latvija pielietotas govju slaukSanas iekartds izmanto galvenokart vakuumstiknus ar
slidosam lapstinam, kuru darbigds virsmas tiek nepartraukti ellotas. P&c tam 3T ella izpliist
atmosféra kopa ar izvadito gaisu un piesdrno apkartgjo vidi. Talu tagad var iegadaties arT
modernizgtus $ada veida vakuumsifiknus, kuri apgadati ar ellas recirkulacijas sistému vai
izmantotas ellas uztver€ju. Bez tam tiek raZoti un piedavati arT citi alternativi vakuumsiknu
veidi, kuru darbigds dalas nav jaello. Pie tiem pieder, pieméram, SIA Lartal (R&zekne)
izgatavotais vakuumstknis ADS 20.03, kura lapstinas ir iestradats grafits, firmu Meeda
(Igaunija), Westfalia Landtechnik (Vacija), DeLaval (Zviedrija) u.c. raZotie Gdensgredzena
tipa vakuumsitikni, ka arT Latvija [idz §im neizmantotie divrotoru tipa vakuumsikni.

Miisu pétijumu noliiks bija noskaidrot 8o vakuumsikpu izmantoSanas izdevigumu,
vadoties no apkért€jas vides piesdrpoSanas draudiem, ka arT to iegddes un ekspluaticijas
Ipatngjam izmaksam.

Metodika

P&tljumi notika gan analitiskd, gan eksperimentdla veida. Vispirms tika precizéta
informacija par Latvija iegadajamiem slaukSanas iekartu vakuumsiikniem, ka arl to raZoSanas
attistibu pasaulé. Pamatojoties uz 51 materidla bazes, tika izstradata vakuumsiikpu klasifikacija
un veikts to salidzindjums p&c ekonomiskiem raditajiem [1]: ipatngjam iegades izmaksam un
ekspluaticijas izmaksam. Vakuumstknu ekspluatacijas izmaksu aprgkind tika iek]autas:
renovacijas, piesaistita kapitala, izmantotas elektroenergijas un eflas izmaksas. Vakuumsiknu
un izmantoto e]Ju cenas nemtas p&c 2001. gada janvar esoSa stavokla.

Vakuumsiknu darbind$anai nepiecie§amos ellas un #idens pat€rigpus noteica
eksperimentsli gan laboratorijas, gan ekspluatdcijas apstdklos. Savukdrt neelojamos
vakuumsiiknus ar grafitiz&tam lapstinam parbaudija tikai laboratorija. Sim noliikam pielietoja
padtrindtos izmégindjumus, imitgjot vakuumsilikgu ekspluaticijas apstaklus, t.i., vienu stundu
siknus darbindja nominald darba reZima un vienu stundu izslédza, lai tie varftu atdzist.
Eksperimentu laikd periodiski (vienu reizi nedglad) izmérija vakuumsiikna darba raZigumu,
maksimalo iesp&jamo vakuuma lielumu, ka ari fiks€ja lapstinu nodilumu, $im nolikam
nosakot to kop&jo masu (nosverot) un ar mikrometru izmérot lapstinu gabarita izmérus.

Pétijumu rezultati
Vakuumsikgu klasifikacija dota 1. attéla. Saskapa ar miisu apkopoto informaciju, e]lojamos
vakuumsiknus ar ellas tie$u caurpliidi paslaik raZo tikai Krievija. Gan Rietumeiropas valstis,
gan ASV izgatavo ellojamos siikpus ar ellas uztvérgjiem vai recirkulacijas sistemu, ka arf
neellojamos vakuumsiiknus. No pédgjiem Eiropd pla$ak izplatiti Gdensgredzena tipa
vakuurrisﬁkx;li, bet ASV un Kandda — divrotoru tipa vakuumstkni. Savukart neellojamos
vakuumsiiknus, kuru lapstinas ir iestradats grafits, izgatavo Rézekné.
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Stauk3anas iekartu vakuumsikni

Eljojamie Neellojamie
Ar ekscentriski novietotu rotoru un slido¥am Iapstinam Udens- Div-
gredzena rotora
ar e}las ar ellas ar ellas ar lapstinas ar statord ar rotora ar abu
tieSu uztvérgju| Jrecirkulac iestradatu iertkotam ierikotam rotoru
caurpliidi iju grafitu likam likam piedzigu
Vakuumsiiknu markas un to izgatavotji
Uvu VPE ORS ADS 20.03 WRP LvP
Krievija DELAVAL DELAVAL LARTAI DELAVAL DELAVAL
Zviedrija Zviedrija Latvija Zviedrija Zviedrija
SACCO RPS AQUASILENT ROTOVAC
SAC WESTFALIA WESTFALIA STRANGKO
Danija Vacija Vacija Danija
SH ELMO BAUMATIC
STRANGKO SAC ASV
Danija Danija
vvp
MEEDA
Igaunija

1.att. Raksturigako vakuumstknu klasifikdcija

Dati par vakuumsikyu izvaditd darba Skidruma daudzumu apkopoti tabula.

Vakuumsiikpa izvadita darba Skidruma daudzums

Nr.p. Vakuumsiikpa tips un marka Darba Izvaditais daudzums
k. Skidrums
g/h g /m’*
1. | Rotacijas vakuumsiiknis ella 15-25%% 0,25-0,40
UVU 60/45A
2. | Rotacijas vakuumsiiknis ar ellas uztvérgju ella 0,074 0,00239
(firma DeLaval) VP 74
3. | Rotacijas vakuumsiknis ar ellas recirkulacijas ella 0,404 0,00417
sistému (firma DeLaval) ORS
4. | Udensgredzena tipa vakuumsiiknis (firma ddens 17,00 0,28
MEEDA) VVP-1,5
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* — rékinot uz 1 m® gaisa:
** — saskana ar riipnicas izgatavotajas datiem.

Tabulas dati liecina, ka vakuumsikpiem ar e]las uztvérgju un vakuumsiikniem ar
recirkulacijas sist€ému, salidzinot ar vakuumstkgiem, kuriem ir e]las tie§d caurpliide, e]las
izvade apkartgja vide ir samazinata 60-100 reizu, un tapéc ta klist salidzino$i maznozimiga.
Tacu, vadoties no 7 1aditdja, nav noliedzama ari Krievija raZoto UVU tipa vakuumsiiknu
izmantoSana, jo ISO standartos [3] un citos pas$laik spékd eso$ajos normativos nav noteikts
maksimali pielaujamais izvaditas e}las daudzums.

Tomer, raugoties no dabas aizsardzibas viedokla, labaki ir neellojamie vakuumsiikni.
Pieméram, fidensgredzena vakuumsiiknu darbinaSanai nav vajadziga e]la, bet gan tdens.
Saskana ar misu pétijumiem (skat. tabulu), ta patérins sasniedz 0,28 g uz 1 m® izvadita gaisa.

Videi draudzigi ir arT Rézekné raZotie vakuumstikni ADS 20 03 00, kuru lapstinas ir
iestradats grafits. ST siikna laboratorijas pétijumu rezultati redzami 2. attéla. -

29.6 ' l | l 175

295 - ' Q=-14.55Int+ 173,7 L 170
E o ;~»\ 1 165 B
E i 204 ~e |/ 1 E
Ry 1160 .
2 00 293 Ne o
E H N 1185 2
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: > : \m\ N 145 ,’§
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& b 29 4B=-0264Int+295 S e B
1 9 » - —8 T =

28. = e | 120

28.8 ‘ 125

0 13 96 180 348 444 600 864 1044
Nostrades ilgums ¢, h

~ 2.att. Rézekne izgatavota vakuumstkna ADS 20.03.00 izm&gindjuma rezultati. Determinacijas
koeficienti RzQ =0,9021 un R%; = 0,9925. Korelacijas koeficients 0,95

No attéla var konstatét, ka p&c 1044 h ilga darba (kas orient€josi atbilst vienam darba
gadam, straddjot ekspluaticijas apstdklos), siikpa darba raZigums (pie vakuuma 50 kPa)
samazindjies par 16,4%, bet lapstipu platuma izdilums neparsniedz 2%. Tas nozimé, péc
viena gada darba, stradajot ekspluatdcijas apstiklos, sikna izmantoSanas iesp&jas nebiit nav
izsmeltas. Nemot vél véra, ka galvenas izdilstoSas darbigas dalas ir lapstinas, kuras ir viegli
nomainamas, var secinat, ka Siem vakuumsikypiem ir pietiekosi liels kalpoSanas laika resurss.

Ja vakuumsiiknus salidzina péc Ipatn€jam iegades izmaksam, Ls uz vienu I/min darba
raziguma (sk. 3.att.), tad var konstatét, ka mazakas Ipatnéjas iegades izmaksas ir e]lojamiem
stikniem, kurus izmanto R&zekn€ izgatavoto slaukSanas iekartu komplektésanai.
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Vakuumstkpu razigums, I/min

3.att. Vakuumstiknu iegades 1patngjas izmaksas, Ls uz 1/min, atkariba no to darba raziguma, I/min:

1 — Rézeknes slauksanas iekartas izmantotie elJojamie vakuumstikni; 2 — firmas MEEDA (Igaunija)

raZotie idensgredzena tipa vakuumsikni; 3 - firmu DeLaval (Zviedrija) un Westfalia Landtechnik

(Vicija) raZotie e}lojamie vakuumsiikni; 4 — firmu DeLaval (Zviedrija) un Westfalia Landtechnik
(Vacija) raZotie idensgredzena tipa vakuumsiikpi

Rietumeiropd raZotie e]lojamie vakuumsiikpi ir 2,5-3,5 reizes dargaki. Savukart
tdensgredzena tipa vakuumsikpiem, salidzinot ar analoga raZiguma taja pat valstu grupa
(Austrumeiropa vai Rietumeiropad) izgatavotiem ellojamiem vakuumstkgpiem, Tpatngjas
izmaksas ir par 1,1-2,0 reizém lielakas. Vel dargaki ir divrotoru vakuumsiikni, kuru ipatnéjas
izmaksas, salidzinot ar Rietumeiropas valstis raZotiem ellojamiem vakuumsikgiem, ir 4-5
reizes lielakas. Tas saistits ar §o vakuumsiiknu sareZgito rotoru un statora darba virsmu
konfiguraciju, kas ieverojami sareZgl un ari sadardzina to izgatavo§anu. Tadel, piemeéram,
firma DeLaval divrotoru tipa vakuumsiknpus izgatavo tikai sdkot no darba raZiguma 3000
1/min. So iemeslu d&] divrotoru tipa vakuumsiknu pielietoana Latvija tuvaka nakotng ir stipri
apSaubama un 3.attéla tie nav ieklauti.

Ka redzams no apraksta, $ada vakuumsiikpu salidzina$ana p&c Ipatngjam izmaksam ir
salidzino$i vienkarSa. Tacu ta var dot tikai aptuvenu ekonomisko novértgjumu, jo Ipatnéjas
izmaksas neietver slikna kalpoSanas ilgumu, elektroenergijas un ellas patérinus, ki arT citus
biitiskus parametrus. Tadg], lai iegltu precizdku parskatu par daZadu vakuumsiknu
pielicto$anas izdevigumu, ir javeic to salidzindjums péc ekspluatacijas izmaksim. Sajos
pétijumos ietv&ram tikai aptuveni lidziga raziguma vakuumsikgpus (800-1000 l/min), kuri ir
pieméroti 100 govju slauksanai kt1 izvietotd piena vada. Tas bija nepiecieams, lai palielinatu
pétijumu precizitati. legiitie rezultati ir apkopoti 4. attéla.
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4.att. Vakuumstikpu salidzindjums p&c ekspluaticijas izmaksam, Ls/govi gada: 1 — Krievija raZotie

vakuumsiikpi UVU—45/60A ar ellas tieSu caurpliidi; 2 — firmas DeLaval raZotie vakuumsiikni ORS ar

35

ellas recirkulaciju; 3 — firmas DeLaval razotie vakuumstkni VPE ar ellas uztvérgju; 4 — firmas

MEEDA razotie tidensgredzena tipa vakuumstikni VVP; 5 — firmas Westfalia Landtechnik razotie

idensgredzena tipa vauumsikni

K& redzams no attéla, ekspluatacijas izmaksu starpiba salidzinatajiem vakuumsiikpiem

nav parak liela, ta neparsniedz 30 % robeZu. Vismazakas ekspluaticijas izmaksas ir firmas
MEEDA (lgaunija) razotiem tidensgredzena tipa vakuumslikniem. Tas ir izskaidrojams ar $o
siknu salidzinodi nelielo cenu un ar ar faktu, ka to darbindSanai nav nepiecieSama ella.
Salidzino8i mazas ekspluaticijas izmaksas ir ar firmas DelLaval raZotajiem ellojamiem
vakuumsiikniem, jo tiem ir neliels elektroenergijas patérins. Nedaudz lielakas (orient&josi par
0,25 Ls/govi gada) ekspluaticijas izmaksas ir firmas Westfalia Landtehnik raZotajiem
Udensgredzena tipa vakuumsikpiem. Bet visdargakd ekspluatacija izndk UVU tipa
vakuumstknpiem, kuri cenas zipa ir vislétakie. Tas ir lield meéra saistits ar So stiknu palielinato
elektroenergijas un ellas patérinu.

1.

Secinajumi
Praksé vajadz&tu orientéties uz tadu vakuumsiiknu izmanto$anu, kuri nepiesérno apkartgjo
vidi, t.i, ddensgredzena vakuumstkniem, ellojamiem vakuumstkpiem ar ellas
recirkulacijas sistému vai ellas uztvérgju, sikniem ar grafitiz&tam lapstinam.
Ellojamiem vakuumstkniem ar recitkulacijas sistému un stkpiem ar ellas uztvergju,
salidzinot ar sGknpiem, kuriem ir tie3a e]las caurpliide, ellas izvade apkartgja vide (kopa ar
gaisu) ir samazinata 60-100 reiZu un tapéc So siikpu ekspluatcija vairs praktiski neizraisa
apkartéjas vides piesarnoSanu.
Apkartejai videi draudzigi un erti ekspluatdcija ir Rézekn raZotie neellojamie
vakuumsikni, kuru lapstinds iestradats grafits. Péc 1044 h ilga darba, kas aptuveni atbilst
vienam darba gadam, stradajot ekspluatdcijas apstdklos, $o siiknu lapstipu platuma
izdilums neparsniedza 2 %, bet darba raZiguma samazindjums bija 16,4 %. Tatad siiknis
bija derigs talakai ekspluatécijai bez ta lapstinu nomainas.
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4. Vakuumstknu salidzindjums p€c to Ipatngjam iegddes izmaksim, Ls uz 1 l/min, var
noderét galvenokart orient&joSam vajadzibdm, jo tas neatbilst salidzindjumam péc
ekspluatacijas izmaksam, Ls/govi gada.

5. Salidzinot Latvija izplatitos vakuumstkpus ar darba raZigumu 800-1000 l/min, var
secindt, ka vismazakas ekspluatacijas izmaksas ir firmas MEEDA (Igaunija) raZotiem
lidensgredzena tipa vakuumsikpiem. Firmas DeLaval raZotajiem ellojamiem sikniem tds
ir par aptuveni 7 % lielakas, firmas Westfalia Landtechnik Didensgredzena tipa siikpiem —
par 22 % lielakas, bet Krievija raZotiem UVU-45/60A markas stkniem ar ellas tie3o
caurpliidi - par aptuveni 30 % lielakas.
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EVALUATION OF ENVIRONMENTAL QUALITY IN PANEVEZYS
ACCORDING TO CONTAMINATION LEVEL OF DUG WELLS
PANEVEZAS VIDES KVALITATES NOVERTESANA, IZMANTOJOT
AKU PIESARNOJUMA LIMENUS

A. Radzevidius, R. Zinkuteé, Institute of geology
T.Sevéenkos 13, Vilnius 2600 — LT, Lithuania, tel. +370 - 2 - 235409

Abstract. Part of inhabitants of PanevéZys, living in the city and near Litidyné
municipal waste landfill, still consumes water from dug wells. The aim was to investigate
whether they are much polluted by toxic chemical elements and what is the main reason of
their pollution. Geochemical monitoring data of dug wells in 3 industrial and 2 residential
districts, as well as near Litidyné municipal waste landfill were used Water samples were
analysed by AAS for V, Co, Ni, Cr, Cu, Pb, while sediment samples — by DC arc ES and XRF
Jor total content of wider spectrum of elements and by AAS for speciation of the above
mentioned 6 elements. Water quality was controlled in comparison with limit values of water
Jor consuming, while the danger of sediment pollution — according to recommended total
contamination index levels for sediments and hygienic norms for mobile forms in soil
Sediments from dug wells can be effectively used as indirect inditator of their water pollution
over longer period. Contamination from point sources in PaneveéZys is not the main reason of
dug well pollution, the leading role belongs to local pollution in their sanitary zones.
Therefore good care must be taken of them.

Introduction
The inhabitants of PanevéZys are mostly using rather clean water from centralised
supply. Still part of them, living in the city and near Lifidyné municipal waste landfill,
consumes water from dug wells. At the first stage dug wells in 3 industrial heavily polluted
districts of the city and in 2 residential almost unpolluted were investigated. The aim was to
find out whether the wells in industrial districts were much more polluted. Population living
near Lilidyné was especially worried if the contaminants from the landfill have much
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influence on the quality of their dug wells. The goal of the second stage was to find out the
level and main reason of their pollution.

Methods

Geochemical monitoring was done in 29 dug wells in the city (water and sediments
analysed) and 18 dug wells near Litidyn¢ landfill (only sediments). Sediment samples were
taken where possible. Water samples were analysed by AAS for the content of V, Co, Ni, Cr,
Cu, Pb, while sediment samples — for the total content of Li, B, Ga, P, Mn, Ti, V, Cr, Co, Ni,
Cu, Zn, Pb, Mo, Ag, Sn, Zr, Y, La, Sc, Ba (Nb, Yb, Al) by DC arc ES and Sr, As, U (Th, Rb)
by XRF. Before analysis all sediment samples were air-dried, sieved through nylon sieves
taking fraction <1 mm, mineralised at 450° C and pulverised. International reference materials
OOKO 153 and OOKO 151 were used for quality control of spectral analysis results.
Speciation of V, Co, Ni, Cr, Cu, Pb was also determined by AAS in 44 samples of sediments
from wells in the city. The quality of water was controlled in comparison with limit values for
heavy metals given in hygienic norm of water for consuming [1]. Fine sediments, which
accumulate in wells (though are periodically removed), were used as indirect inditator of
drinking water pollution. They are a good sorbent of elements, therefore indicate the general
ecological state of the well over longer period. There are no official highest allowable
concentrations for element content in them, however, the danger of their pollution can be
evaluated according to total contamination index (Z) levels recommended for sediments in
differenit water systems [2]. This index (Z) was calculated by summing up concentration
coefficients (CC) of main toxical elements, which are accumulating in dug well sediments
(taking into account the toxicity class and level of accumulation): Mn, Cr, Co, Ni, Cu, Zn, Pb,
Mo, Ag, Sn and Ba. These CC were calculated dividing the amount determined in each
sample by local background values — the 10th percentile value of polluting element
concentration in corresponding sample group, i.e. town or Lilidyné surroundings (Table 1).
These values are very similar to local background values in topsoil. Geohygienic state of
sediments was also evaluated in comparison with the highest allowable element
concentrations for mobile forms in soil according to hygienic norms [3].

Table 1. Comparison of element content in dug well sediments
Ele— Background values, ppm Median values in well sediments, ppin Median/Background
ments| TC | City [Liddynéj Topsoil| City jLilidyné| E w S | R N City | Liudyne
Zn I 59 32 32 292 | 92,0 5 14,93| Zn {2,86
Pb 1 19,7 | 13,5 13 60,8 | 234 3,08{ Sn {1,41
Cu| 2 9,9 6,9 8,3 274 | 12,8 2,77/ Pb | 1,73
Mo | 2 0,79 | 0,40 | 0,59 1,54 | 1,10 1,95| Ni 1,50
Ba | 3 301 306 340 532 463 1,77 Mo | 2,75
Ag 0,050 | 0,030 | 0,071 | 0,087 | 0,050 [{ 1,75 Mn | 1,62
Cr 2 359 | 26,6 | 28,0 58,0 37,4 1,61] Cu 11,85
Sn 1,95 | 1,55 { 180 | 3,11 | 2,18 1,59 Cr | 1,41
Co | 2 445 | 510 | 3,60 | 6,96 | 7,85 1,56 Co { 1,54
Ni 2 11,7 11,8 8,8 16,7 17,7 1,42} Ba | 1,51
Mn | 3 323 | 268 260 433 435 1,34| Ag {1,64

Notes: E — eastern, W — western, S - southern industrial districts, R — RoZés, N — Nemunas residential
districts, TC — toxicity class (3).
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Results and discussion
All investigated wells are recharged with groundwater. In the city wells heavy metal
content in water does not exceed the limit values, except Pb in some cases (Table 2).

Table 2. Element content in water of dug wells of PanevéZys
and number of samples with mobile forms in sediments exceeding the limit values

Maximum values (mkg/}) in districts of | Control samples (mkg/l) Limit values
Panevézys
Eleme {Perio | E W S R N Unpolluted {Water—supply|Far water{ For mobile
nts ds well forms
A\’ 1 {601 80 1,5 1,8 1,2 1,0 100 mkg/l -~
2 1,8 | 05 0,5 2,1 0,5 0,5
Co 1 081 1,1 0,1 2,5 0,1 0,1 100 mkg/ll 5 mg/kg
2 071 0,5 0,6 0,6 0,5 0,5 Exceeded in
3 1051 05 0,7 0,8 0,7 0,6 1 sample
4 1041 05 0.4 0,4 0,4 0,6 from 44
Ni 1 1411 560 2,7 2,1 1,4 0,5 20 mkg/l| 4 mg/kg
2 127119 2,8 1,9 1,0 0,5 Exceeded
3 7.3 4,0 3.0 4.4 4,3 5,1 in 4 samples
4 1461 46 2,9 5,4 5,7 2,9 from 44
Cr 1 (64| 1,3 1,0 8,0 1.4 0,3 50 mkg/l| 6 mg/kg
2 1321 03 1,3 1,0 0,2 0,2 Exceeded
3 351 3.0 1,8 0,4 1,0 1,0 in 4 samples
4 |21 1,2 0,7 1,5 1,0 1,3 from 44
Cu 1 [155] 13,6 | 72 6,1 7,0 1000 3 mg/kg
mikg/l
2 125047 20,0 | 3,9 3,8 39 6,2 Exceeded
3 118,60 16,0 6,0 7,0 9,0 2,4 in 41 sample
4 1501 10 1,0 | 2,0 1,0 2,1 from 44
Pb | 1 [12,7] 25 | 49 | 0,5 30 mkg/l| 6 mg/kg
2 49 4.6 2,0 2,1 S 1,1 Exceeded
3 i,5] 13 1,2 1,3 1,0 1,1 in 3 samples
4 1204 2,0 1,9 1,9 1,8 from 44

This is because the aquifer is usually covered by till — natural barrier protecting it from
contaminants infiltration. However, the content of mobile element forms in well sediments
sometimes exceeds the highest allowable concentrations. Though significant correlation
among element content in water and well sediments was not observed, but monitoring results
in the city show that in those wells, which are characterised by dangerous or extremely
dangerous pollution of sediments, the maximum in the district content of elements is usually
found in water, too (Fig.1).
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Fig.1. Relationship between dug well water and sediments contamination
in different districts of PanevéZys

Though the sediments of dug wells are a good geochemical barrier, where toxical elements
from water are sorbed, but sometimes they might become a secondary pollution source of
drinking water. This could happen if pH decreases and the content of mobile forms increases,
if water becomes muddy or water table level lowers. Therefore monitoring of sediments is
indispensable (Fig.2).
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Fig.2. Results of dug well sediments monitoring in different districts of PanevéZys

158
ISBN 9984 - 585 - 36 - 0




Environment. Technology. Resources. 2001

Such monitoring in the city showed that dangerous and extremely dangerous level of
sediment pollution is observed not only in industrial, but also in residential districts of
Panevézys. Comparison of median values of total contamination indices and concentration
coefficients in well sediments of 5 districts in the city with corresponding characteristics of
topsoil contamination on the territories of 3 metal processing plants, near which the wells are
located in industrial areas, enabled to reveal some regularities (Table 3). According to median
Z values all 3 plants are unallowably contaminating, but the greatest pollution source is
“Metalistas” (in the eastern industrial district), while the least dangerous is the plant with
galvanic shop (in the southern industrial district). Meanwhile the greatest content of most
elements and Z in well sediments is observed namely in the southern industrial district,
despite of the least median Z in topsoil of the territory of metal processing plant situated there.
However, the highest content of Cr and Ni in the eastern district of the city is observed both in
well sediments and on the territory of “Metalistas”. The highest median CC values of some
elements (Ba, Ag, Pb) are found even in non—industrial districts. Such contraversive facts
indicate that emission from various plants, as pollution sources of the atmosphere, is not
always the most important factor influencing the contamination level of dug well sediments. It

- means that pollution of sediments (and therefore also water in dug wells) not always depends

on topsoil contamination in surrounding district but is predominantly related with local
pollution of their sanitary-hygienic zones.

Table 3. Relationship between contamination of dug well sediments and topsoil
of nearest plants in different districts of Panevézys (CC of elements)

Districts Z Zn | Cu {Sn|{ Mo | Co | Mn | Cr | Ni | Ba | Ag Pb v
Southern (G) 52,42 [12,39) 8,61 |2,55| 2,47 | 2,15 1,80 | 1,41 {1 1,48 | 2,10 { 2,36 | 3,62 | 2,46
Nemunas 29,38 11 6,60 | 8,13 {2,21{ 1,71 | 1,10 | 1,13 | 1,87 | 1,58 | 1,56 | 1,64 | 11,28 | 1,29
RoZés 22,64 17,57 11,90 |1,52] 1,08 { 1,17 | 1,351 1,51 | 1,35 | 3,35 | 2,86 | 4,62 | 224
Eastern (M) 16,38 | 4,06 | 4,24 11,72 1,99 | 1,63 | 1,16 | 2,01 | 1,83 | 1,88 | 1,98 | 2,54 | 1,69
Western (A) 13,74 [ 4,98 | 3,61 {1,43| 1,41 [ 1,79 | 1,36 | 1,75 | 1,72 | 1,42 | 1,62 | 3,20 | 2,84

"Metalistas" (M) 114,67 {24,74)15,902,51| 8,15 | 1,32 | 1,69 |13,31{18,21| 1,34 { 3,59 | 5,07 | 1,15

"Aurida", II site (A) | 53,15 [10,44]14,37(3,90| 4,44 | 1,13 | 4,34 | 3,85 | 3,16 | 1,19 | 1,78 | 3,27 | 1,10

Plant with galvanic | 16,07 | 2,41 { 2,50 {1,42| 1,53 [ 1,10 { 1,19 | 1,60 | 4,84 | 1,16 { 1,23 | 2,01 | 1,04

shop (G)

The same conclusions can be drawn according to geochemical monitoring data of
sediments in wells near LiGidyné municipal waste landfill. According to unpublished
geochemical investigations of stream sediments near Lifidyné (accomplished by V.Kaddnas,
J.Valitinas and B.Karmaza) the Aulamas stream, which is draining the landfill, is polluted by
its elements—contaminants. The descending row of maximum concentration coefficients in
stream sediments is the following: Ni>Mo>Co>Zn>Pb>Mn>Cu>Sn>Cr>Ag>Ba, i.e. Ni is the
main pollutant. Its greatest concentration is observed in Aulamas sediments downstream of
the landfill (Fig.3). Meanwhile in well sediments of this area the main pollutants are Zn, Pb
and Sn, partly Mo. Moreover, one of the dug wells with dangerously contaminated sediments
is in the eastern part and obviously could not have been contaminated by pollutants from the
landfill. Besides, there are no extremely dangerously polluted well sediments near Lifidyné
and median values of all contaminants, except Co and Ni, are lower than corresponding
median values in Panevézys (Table 1). This indicates that in PanevéZys the level of dug well
contamination is much greater than near the landfill. Moreover, local transport, intensive
fertilising with liquid organic wastes, enriched with Zn, as well as bad hygienic conditions in
sanitary—protective zones of the wells have much greater influence than pollutants from the

landfill.
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Fig.3. Results of dug well sediments monitoring
near Liidyné municipal waste landfill

Conclusions

Dug well sediments are a good sorbent of elements getting into water and therefore can
be effectively used as indirect indicator of dug well water pollution over longer period.
Contamination from point sources (industrial enterprises, municipal waste landfill) in
PanevéZys is not the main reason of dug well sediments pollution, as the aquifer is well
protected by inpermeable aeration zone. The leading role in contamination of dug wells
belongs to local pollution in their sanitary protection zones. Therefore good care must be
taken of them: they must be hermetic and their sediments should be regularly cleaned.
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ILGTSPEJIGAS ATTISTIBAS NODROSINASANAI NEPIECIESAMAIS
RSEZ SABIEDRISKO ATTIECIBU MODELIS KA ORGANIZACIJAS
" VIDES SAKARTOSANAS UN VADISANAS INSTRUMENTS
THE RSEZ SUSTAINABLE DEVELOPMENT NECESSITY DRIVEN
PUBLIC RELATION MODEL-AN INSTRUMENT FOR ENVIROMENT
REGULATION AND MANAGEMENT

Iréna Silinevi¢a, Dr.sc.ing., asoc.prof.ekon.
Iveta Graudina, M.oec., dektorante, lektore

Abstract. Sustainable development supposes harmonic development of all spheres — in
ecological, economic, social areas — and is aimed at satisfaction of society’s both existing and
future needs. Company “‘Rezekne Special Economic Zone” (RSEZ) is established to endorse
development of favorable business environment. RSEZ’s recommendations for production and
services development proposes use of various existing local resources that would lead to
sustainable development in the Rezekne region. However successful accomplishmerit of
development propositions is possible if it is supported by effective corporate communications
within RSEZ organizational environment. An article provides analysis of main elements of
RSEZ organizational environment and proposes PR (public relations) actions io promote
organizational communications with target audiences.

ligtsp&jiga attistiba iespgjama sakartota vide. llgtsp&jigas attistibas mérkis ir sakartota
vide. llgtsp&jiga attistiba istenojama, sakartojot vidi. Dazadi autori ilgtsp&jigu attistibu definé
dazadi, tome@r galvena doma paliek nemainiga. Visbiezak citgta ir 1987.gada “WCED” (World
Commission on Environment and Development) formuléta definicija, kurd skaidrots, ka
ilgtspe€jiga attistiba ir tada attistiba, kas nodroSina patreizgjas vajadzibas, nenonakot nekados
kompromisos (konfliktos) ar nakamo paaudzu vajadzibam [3,172]. Ar to jasaprot gan
ekologiskd, gan ekonomiskd, gan sociald ilgtsp&jiba. Ta iespgjama vienigi savstarp&ja
harmonija. Raksta mérkis — izmantojot A/S “Rézeknes speciala ekonomiskd zona™ pieméru,
uzsveért organizicijas vides elementu saskares nozimi jeb sabiedrisko attiecibu realizé§anas
svarigumu ilgtsp&jigas attistibas nodro§inasana.

RSEZ uzpéméjdarbibas vide un ilgtspéjiga attistiba

A/S “Reézeknes specidld ekonomiska zona” (RSEZ) nodibinata 1997. gadd ar mérki
radit uzpémé&jdarbibai labvéligu vidi, izmantojot prieksrocibas, ko likums “Par Rezeknes
specialo ekonomisko zonu” pieskir uzp&mejsabiediibam, kuras ieglist RSEZ statusu.

RSEZ piedava realiz8t iespéjas, kas pamatojas uz vietgjo resursu — dabas, darbaspéka,
razo$anas resursu, ka ari infrastruktiras pilnvértigu izmantoSanu. Seminara, kurd piedalijas
ekspertu darba grupa, tika veikta SVID analize, kuras rezultata izvirzita virkne priek§likumu
uznéméjdarbibas (raZzosanas, pakalpojumu) attistibai RSEZ teritorija.
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Uzpemé&jdarbiba RSEZ teritorija var attistities kA uz jau esoSo uzpémumu bazes, 13
ari, izveidojot jaunus uzpémumus, SVID analizes rezultdti lauj secinat, ka uzném&jdarbibas
sekmigai attistibai ir nepiecieSamas ziniSanas uzp@mumu vadiba, tai skaitd planoSana,
tehnologisko procesu uzraudziba un kontrolé. Visiem uzpgmumiem ir problémas marketinga
politikas izstrads, it sevidki, tirgus izpéte. Sim noliikam vajadzigi marketinga specialisti, kas
prasmigi varétu veikt stavokla novértgjumu esoSajos tirgos, atrast iespgjas tos papladinat un
attistit jaunus tirgus. Tirgus atra¥ana NVS valstis ciedi saistita ar starpvalstu attiecibu
uzlaboSanu ekonomikas joma, it seviski, pierobezu sadarbiba.

Profesionalds apmacibas organizé§ana un darbaspéka parkvalifikicija ir svariga visas
nozarés. To vargtu veikt, izmantojot gan RA iespé&jas, gan dazadus kursus, seminérus, ki ari
citus apmacibas veidus. Viens no veidiem, ka realizet $adu apmacibu, biitu iesaistiSanas
daZados, taja skaita ES balstitajos projektos. Nav iesp&jams raZot konkurétspgjigu produkciju
bez jaunu tehnologiju attistibas. Viens no veidiem, ka apgit jaunas tehnologijas un ieviest tas,
ir iesaistiSanas ES projektos. Tas palidzes uzlabot produkcijas kvalitati, modernizét esoSo
produkciju, attistit jaunus produkcijas veidus un sekm@s produkcijas sertificéanas iesp@jas.

RSEZ statuss rada jaunas iesp&jas uzpémumu attistibai. Viena no iesp&jam -
produkcijas eksporta palielinaSana. Var prognozét, ka RSEZ teritorija attistisies mazie un
vidgjie uzpémumi (MVU), parsvara— mazie uzpémumi. Lai veicinatu MVU attistibu, bitu
jaizstrada konkréti priek§likumi, ko iesniegt valdibai nodoklu politikas uzlabofana. Viena no
iespgjam MVU attistibai ir inovativo centru izveide, kuri raditu bazi viet€jo jauno uznéméju
uznemeéjdarbibas uzsaksanai, ka ar veicindtu arzemju investiciju piesaisti.

Ka rada pasaules pieredze, brivo ekonomisko zonu teritorijas ir pladi attistita $iiSanas
izstradajumu razoSana. RSEZ teritorija ir visi priekS$noteikumi (l€ts darba speks, iesp&jas
darbaspéka apmacibai un parkvalifikacijai, attistita transporta sistéma un cita infrastruktira,
energ@tiskas iespgjas u.c.) §sanas izstradajumu raZo$anas attistibai gan vietjam tirgum, gan
eksportam. Sie uzndmumi varstu darboties parsvara ka mazie uzgdmumi.

Uz viet&jo mineralresursu un citu dabas resursu izmantoSanas bazes varétu tikt attistita
origindlas un specifiskas produkcijas, t.sk., suveniru, razoSana eksportam.

Partikas rlipnieciba var€tu attistities uz viet€jo izejvielu bazes — galas, piena, darzenu,
graudu, auglu u.c. lesp8jams, ka vietgjas izejvielas nebiitu 18takas par importétam, toties uz
vietgjo izejvielu bazes sarazota produkcija varétu pretendét uz ekologiski drodaka un vertigaka
produkta statusu.

RSEZ teritorija perspektiva ir elektrobivinstrumentu un lauksaimniecibas masinu
razoSana, kurd, nodibinot tehnologisko centru, kas sekmés gan jaunu tehnologiju ievieSanu,
gan jaunas, konkur&tspgjigas produkcijas raZoSanu, gan tirgus izpéti, gan investiciju piesaisti,
gan apmacibu, ir scies jauns posms.

Kokapstrades uznémumu attistibu nodrogina plasas izejvielu pieejamibas iesp&jas gan
Latvija, gan Krievija. Produkcijai it pieprasijums arzemes.

Biivmateridlu raZzoSana RSEZ teritorija varétu klGt perspektiva, attistot jaunas
tehnologijas  bruga raZoSanai, betona maisfjumu transport€Sanai, pielietojot jaunus
materidlus, modernizgjot produkciju u.c.

Pakalpojumu attistibu RSEZ teritorijda nosaka ekonomiskd darbiba, geografija,
jedzivotdju nodarbinatibas un nodarbofanas veidi, iendkumi u.c. Viens no galvenajiem
pakalpojuma veidiem, kura atiistibu nosaka RSEZ teritorijas atraSanas auto un dzelzcela
magistralu krustpunktd, ir kravu un pasaZieru parvadajumi gan pa auto celiem, gan pa
dzelzcelu.

RSEZ teritorija perspektiva it bivniecibas nozare, tas attistiba prasa nepartrauktu
jaunu uzpémumu celtniecibu un esofo renovaciju. Sadales centri, noliktavas (tai skaitd ar
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muitas) var pretendét uz ilgtspgjigas attistibas iesp&jam, ievérojot aktivitates, kas varstu bit
saistitas ar Krievijas robeZas tuvumu un transporta mezglu, kura atrodas RSEZ teritorija.

Ar samera nelieliem kapitalieguldijumiem saistita tirdzniecibas attistiba. Perspektivi
butu attistit relaksacijas centrus (trenaZieru zales, saunas, u.c.) ki mazos uzndmumus. RSEZ
teritorija ir nepietiekams skaits autostavvietu. Veicot vietas izpéti un analizi, varétu attistit $o
pakalpojumu veidu, radot jaunas darba vietas. Nenoliedzami biis pieprasijums psc nelieliem
publiskiem informativajiem centriem ar brivu pieeju Internet un citiem informativas
tehnologijas pakalpojumiem. Centra varétu biit pieeja ari informativajai datu bazei par visiem
pakalpojumiem RSEZ, pilséta un ari regiona.

Infrastruktiira un suprastruktiira ir svarigakie faktori, kas veido uzpemejdarb“bas vidi.
RSEZ infrastruktiras un suprastruktiiras atfistibas [imenim janodrofina pievilciga
uzpéméjdarbibas vide. Infrastruktiirai janodroSina kvalitativi sakari, pieeja Internet tiklam,
kvalitativa banku pakalpojumu sniegSana, pietiekoSa un kvalitativa elektroenergijas piegade,
lidens energijas piegade, kanalizacija, kvalitativu transporta kustiba, tehniskas iesp&jas
parvietoties ar velosipédu un kajam. Viesnicas, &dinaSanas uzn@murni, izklaides industrijas
uzpémumi, veikali, macibu iestades, slimnicas, poliklinikas, tiestbu sargdjo§as institdicijas
lie]a méra raksturo suprastruktiiras attistibas [imeni.

Rézekné praktiski ir iesp&jams sagatavot visu limeqnu specialistus RSEZ vajadzibam
ekonomika, vadibas zinatng, vides zinatng, datorzinitnés, u.c.

RSEZ opriekslikumi uzp8mgjdarbibas attistibai paredz vispusigu viet§jo resursu
izmanto§anu, videi draudzigu tehnologisku risindjumu ievieSanu. PastdvoSo, bet neizmantoto
resursu apsaimniekoSana ir nepiecieSams posms fiziskas vides sakartofana, un RSEZ piedava
izdevigus nosacijumus Sai ricibai. Turklat jaunu tehnologiju ievie§ana uzpémejdarbiba ir
ieguldijums ndkamo paaudiu vajadzibu apmierindSand (sal. ar ilgtspgjigas atfistibas
definiciju). Minéto priekslikumu realizacija, doto iesp&ju izmanto$ana varétu nodroSinit
ilgtsp&jigu socidlo un ekonomisko attistibu ne vien RSEZ, bet ari tai blakus eso$ajas teritorijas
Rézeknes pilséta un rajona.

RSEZ organizicijas vides struktiira

Daudzveidigiec RSEZ priekslikumi un uzdevumi uznémgjdarbibas attistibai tas
teritorija atspogulo sareZgito RSEZ organizacijas vides struktiiru. Nenoliedzami, sekmigai
izvirzito priekslikumu realizacijai nepiecieSama $o priek§likumu nozimes izskaidro§ana,
sapraSana, piegemSana, atbalsts no to institliciju un cilvéku puses, ar kuriem RSEZ sava
darbiba saistita. Citiem vardiem sakot, nepiecieSama efektiva komunikacija ar organizacijas
aréjas un iek¥8jas vides mérkaunditorijam.

Noteikt mérkauditorijas, kuram jisanem organizacijas sabiedrisko attiecibu (public
relations, turpmak tekstd PR - anglu val.) zipojums, ir viens no svarigakajiem PR
komunikacijas uzdevumiem, t.i., noteikt t8s sabiedribas grupas, organizacijas vides spgkus, no
kuriem atkariga tas sekmiga darbiba un attistiba. Ukraipu autors G. Podepcovs [7,86] apraksta
salidzinoSo pétfjumu, kas veikts, lai noteiktu, kadas sabiedribas grupas ASV un Eiropas
uznéméji uzskata par nozimigakajam organizacijas PR darbiba. Pirmkart, uznéméji gan ASV,
gan Eiropa noriipgjusies par kompanijas akcionaru attieksmi pret organizaciju, un tas ir pilnigi
pamatoti. Gandriz par tikpat svarigu auditoriju aptaujatie Amerikas uzpéméji uzskata
vertspapiru analitikus, jo vipu viedoklis sabiedriba tiek uzskatits par nozimigu, it TpaSi to paSu
akciondaru un investoru skatfjuma, kad tiek piepemts l@mums par investicijam, apsverot
organizicijas nakotnes perspekiivas, kas tiei saistitas ar kompanijas akciju stavokli tirgd.
Kaut arf organizacijas darbinieki Eiropas uzgéméju skatfjuma ir otraja vietda PR auditoriju
nozimiguma zina, tomer tie ir tikai 35% respondentu, kas atzim&jusi So poziciju, tai laika, kad
ASV darbinieki ir tre$aja vieta péc nozimiguma, bet ar 49% atbalstitaju. Ja lidziga aptauja
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tiktu veikta Latvija, varétu piepemt, ka uzpéméji nenovértétu darbinieku ka PR
mérkauditorijas nozimigumu un svarigumu, k3 arf parvértétu masu mediju nozimi. Tomér 4 ir
tikai hipotéze, kura japierada, turklat savu iespaidu uz rezultdtu atstitu ari Latvijas
uznéméjdarbibas vides, sabiedribas socidlas un politiskds masu apzinas Tpatnibas.

RSEZ ki organizacijai ir sava Ipa§a vides specifika. Organizaciju vides petnieki uzskata,
ka viens organizicijas vides faktors vai vides spéks dazadas situdcijas var ietekmét
organizaciju gan ka iek§¢jas, gan ka argjas vides elements. Piemé&ram, apskatot jebkuras
organizacijas darbiniekus ka sabiedrisko attiecibu mérkauditoriju, var secinat, ka uznémuma
stradajoSie var ietekm& un veidot sabiedribas ki argjas vides speka attieksmi pret
organizaciju. Nepastav ari vienoSands starp organiziciju vides pétniekiem par to, vai
uzndmumu akciondri bitu attiecindmi uz organizacijas iek$gjo vai argjo vidi.

Valsts
® Saeima
e Ministru kabinets
¢ Nozaru ministrijas

Ekonomika

s Uz néméji

Py m\,fsto,.ij Administr acija Darbinieki

e Pat &rétaji A/S R tzeknes speciila
Kklienti ’ ekonomisk & zona

o Kreditori Akcion ari RSEZ uz pémumi

1.att. A/S RSEZ organiz acijas vides struktiira

1. attela paradita A/S RSEZ organizacijas vides struktiira. Pamatojoties uz A/S RSEZ
tie§i ietekmé&joSo vides speku analizi, tika noskaidrotas A/S RSEZ sabiedrisko attiecibu
merkauditorijas, ar kuram tiek veidotas attiecibas, un uz kurdm vispirms biitu javers
uzmaniba, izstraddjot A/S RSEZ sabiedrisko attiecibu stratégiju. Organizacijas vides struktiira
norada uz to, ka organizicijai svarigakie vides sp&ki koncentréti piecos segmentos. Pirmais un
svarigdkais ir organizicijas iek$€ja vide, kuru veido A/S RSEZ akcionari (akcionaru
pilnsapulce), administracija (akciju sabiedribas valde), RSEZ uzpémumi (uznémuiii, kuri
ieguvus$i RSEZ uzgémuma statusu, darbojas tas teritoriji un sanem ar So statusu saistitas
privilégijas). Ipa§a RSEZ organizicijas vides specifika saistita ar to, ka katra RSEZ
uzgémunia vides spéki — darbinieki, akcionari, vaditdji — darbojas ka visas organizacijas vides
iek$gjais speks. Tadg], pievérSot uzmanibu ieksgjo komunikaciju organizéSanai, janem véra un
jaapskata arT atseviSku uznémumu darbinieki ka RSEZ sabiedrisko attiecibu mérkauditorija.
Tas pats attiecas ne vien uz A/S RSEZ akciondriem, bet arf uz katra RSEZ uznémuma
akciondriem.

B.Velss un N.Spinkss [4] par svarigikajam PR meérkauditorijam uzskata vzpémuma
darbiniekus, investorus, kreditorus, patérétajus, masu medijus. Apskatisim, kada veida katra
no $im meérkauditorijam ir svariga A/S RSEZ gadijuma.
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Darbinieki

Pozittvs organizicijas t8ls, pirmkart, labvéligi ietekmé uzpémuma straddjoso
motivaciju, ki rezultata paaugstinds darba efektivitate, produktivitate. Lielakd dala RSEZ
uzpémumos straddjoSo ndk no tas apkartnes, kur atrodas organizicija, turklat RSEZ un tés
uzpémumiem ir jadoma par to, ka ar laiku tai vai nu papla§indSanas vai parkvalifikicijas
rezultata, naksies papildinat kadru skaitu, un tas pirmam kartaim tiks darits visdrizak
organizacijai tuvakaja vide. Tade] ir svarigi, kada ir darbinieku attieksme pret organizaciju un
kadu informaciju par organizaciju tie “nes” apkartgja vide, tai skaitd, potencidlajiem
darbiniekiem. StradajoSajiem nebiis patikami asoci8t sevi ar organizaciju, kurai ir negativs
imidzs sabiediiba. Un otradi, ja strddgjofais ar lepnumu var apgalvot: “Es stradgju N.
kompanija!” jeb “Es straddju RSEZ uzpémuma!”, tad kopuma ar paréjo informaciju, kas ir
piegjama, klausitdjam veidojas iespaids par RSEZ ki par vietu, kur gribas nokliit, stradat, kuru
labums no 4, ka tajé stradajoSie sniedz (neformala veidd) pozitivu informaciju par
organizaciju. No otras puses, ir jautdjums par to, k& uzpémuma (uzg€mumu) darbinieki tiek
uztverti apkartsja vidé. Cilveku attieksme pret sarunu biedru var mainities, uzzinot, kada
organizacija vins vai viga strada. Tas ir, pirmkart “nak™ nevis manis sniegta informacija, bet
sarunu biedra attieksme. Sabiedriba ir tendeta nepienemt, nelabveligi izturéties pret “slikto”
uznémumu parstavijiem un piepemt, atzit par savam sociumam piederigiem “labo” uzpgmumu
parstavjus. Diemzél sabiedriska doma parasti nav smalki diferencéta un nianséta, tapéc, lai cik
tas subjektivi liktos, katrai organizicijai noteiktas sabiedribas grupas skatijumia tiek dots
novertgjums, apzimgjums, kas veido t€lu un no kura ir griiti atbrivoties. Tatad RSEZ ir
jatiecas veidot pozitivs t€ls sabiedriba, lai uzturétu darbinieku motivaciju un paaugsiinatu
darba efektivitati, kd arl mazinatu kadru mainibu un raditu iesp&jas augsti kvalificétu kadm
piesaistei vakancu gadijuma.

Investori

Otra svarigaka argjas komunikacijas mérkauditorija, no kuras butiski ir atkariga gan
RSEZ, gan atsevi§ku uzpémumu eksistence un attistiba, ir akcionari, Ipasnieki un investori.
Jaatgadina, ka daZi autori uzpémuma akcionarus uzskata par iekS8jas vides elementiem, bet
citi — par tadiem, kas atrodas organizaciju tiesi ietekm€josa argja vide. Bet no ta nemainas
komunikdcijas procesa mérki. Ja organizicija plano paplasindt savu darbibu un tade]
nepiecieSams piesaistit papildus kapitalu, un to RSEZ plano, tad jar€kinas ar to, ka, protams,
investori labpratak investé lidzeklus organizacijas, kurdm ir pozittvs téls, par kurdm ir labas
atsauksmes sabiedriba. Turklat investori apzinas, ka vinu pasu imidZs bus saistits, atkarigs, to
ietekm@s tas organizacijas téls, kura vini investé. Citiem vardiem sakot, neviens nevélas risk&t
ar savu imidZu. Lai aii tds ir tikai personigas un subjektivas uztveres iezimes, tas var ietekm&t
atsevisku personu lémumu piepems$anu. Investoru organizicijas var nemt v&rd organizacijas
imidZu ka vienu no investéSanas kritérijiem. [6,109] Organizécijas kontaktiem ar sabiedribu ir
liela nozime un saistiba ar organizacijas sp&ju piesaistit jaunus investorus.

Kreditori

Ari finansu institlicijas, pirms piepemt lémumu par kredita pieSkirSanu vai citas
finansialas operacijas uzsak$anu, analizé organizacijas imidZu, jo sabiedribas atticksmi var
uzskatit par vienu no ar organizaciju saistitajiem kreditriskiem. Sabiedriskais imidZs ir viens
no faktoriem, kas nosaka kredita risku, kas saistits ar organizaciju. Lai arl organizacijas t€ls
neietekm&s kreditoru pienemamo l&mumu tik lield méra  ka iuvestoru I€mumu, tomér
nepopularas organizicijas finanséana negativa organizicijas t&la gadijuma bis mazak
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iesp&jama. Tadé] korporativas komunikacijas saistiba ar pozitiva téla veido$anu, kas var
iespaidot finansu institiicijas, ir biitisks organizicijas darbibas aspekts un “stipra puse”.

Pateretaji, klienti, partneri

Sis sabiediibas grupas viedokla nozimi un pozitiva t€la nozimi §is grupas uztverg
lielaka dala organiziciju ir uztvérusas un tapéc aktivi darbojas, lai apmierinatu savu klientu
vajadzibu péc uzticibas organizicijai, kura tos apkalpo. Vairums organizaciju ir apzin@jusis,
ka apmierinatie klienti ir tie, kas veic atkartotus pirkumus, vini ir tie, kas veido pamata bazi
realizacijas iep@mumiem. Ipadi nozimigi tas ir uzpémumam, kuram ir liels konkurentu skaits,
— konkurenti ir tie, kas vienmé&r blis gatavi apmierindt neapmierinato klientu vajadzibas.
Tirgus globalizacija ir viena no laikmeta iezimém, kas maina organizicijas komunikativos
aspektus. Biznesa komunikacija integréta pasaules ekonomikd atspogulos starpkultiiru
atSkiribas, kas domajams saglabasies, neskatoties uz nacionalo robezu izzufanu. Organizacijas
t€ls patérétdju skatfjuma ir droSibas un vzticamibas faktors. Neskatoties uz preces cenu — ti
var biit augstaka salidzinot ar konkurentu analogiem — augsta organizacijas reputicija liek tai
uzticeties. Efektiva komunikacija ar sabiedribu un sabiedribas grupam lokalaja, nacionzlaja un
internacionalaja limeni ir funkcija, kas svariga organizdcijas pozitiva sabiedriskd téla
veidoSanai klientu un potenciglo klientu skaifjuma.

Sabiedxiba, masu mediji

Labveligu publicitati nodroSina informacija, t.i., tas, ko lasa, redz, klausas un dzird
sabiedribas locekli par organizaciju. Sabiediibai patik organizacijas, kas ir “caurskatamas” jeb
“caurspidigas” visiem sabiedsibas locekliem. Komunikacija ar masu medijiem ir viena no
svarigakajam aré€jas komunikicijas funkcijam, kas saistita ari ar zinamu risku tada nozimé, ka
Sai komunikacijas procesa ir gritak paredzét atgriezeniskas saiknes veidu jeb reakciju. Viena
no organizacijas funkcijam ir ietekm&t masu mediju sniegtas informacijas saturu, lai tas biitu
organizacijai labveligs, jo daziadu “trok$pu” jeb trauc&jumu dé] komunikacijas procesa “ziga”
var biitiski mainit savu jégu, I1dz ta nokliist Iidz sapem&jam. Turklat ai gadijuma, zipa, kas ar
masu mediju starpniecibu tiek nodota sabiedribai, iziet divkar§u komunikacijas loku. Proti,
organizacijas sniegto informaciju vispirms dekodé un interpreté medijs, kur§ atkal kode un
nodod informaciju nakamajam sagémeéjam, pieméram, lasitdjam un katrs no tiem ir atkal ar
savam uztveres ipatnibam, pieredzi, un tade] interpret€ zigu atbilstosi tam. Ir vairdki veidi, ka
panakt augstakmingto, t.i., labvElign mediju attieksmi pret organiziciju un no tis izrietoSo
organizacijai labvéligo telu.

Tatad, katrd uzpémumid viens no svarigakajiem PR uzdevumiem ir noteikt sev
svarigakas PR mérkauditorijas, kurdm ir jasapem PR zipojums. Mérkauditorijas svarigums
uzpémumu vaditdju un PR specialistu uztveré var bat atkarigs no uzpéméjdarbibas vides,
sabiedribas socialas un politiskds masu apzipas ipatnibdm un citiem faktoriem. Ikvienai
organizacijai svarigas mérkauditorijas ir darbinieki, investori, kreditori, pat&r&tdji, masu
mediji. Labvéligas atticksmes veidofanos pret organizdciju nosaka tas, kadid veida
organizacijas téls tiek uztverts $ajas auditorijas.

RSEZ sabiedrisko attiecibu IstenoSanas modelis

Sabiedrisko attiecibu mérkis organizdcija ir labvéligas vides veidoSana. Radtt, veidot
un pilnveidot A/S RSEZ attistibai labvéligu ar&jo un ieks$gjo organizicijas vidi, kas
vispilnvértigak sekmétu A/S RSEZ misijas realizaciju butu jabit A/S RSEZ sab -.drisko
attiecibu mérkim. Me&rki var sasniegt, realiz&jot vairdkus uzdevumus.

1. Attistit un pilaveidot A/S RSEZ korporativo t€lu
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Vispirms biitu javeic pétijums par padreiz pastivofo A/S RSEZ korporativo imidZzu daZadu
sabiedribas grupu skatfjuma, izmantojot daZidus indikatorus, kas, izmantojot cilveku
vertéjumu, attieksmi pret A/S RSEZ, kalpotu par raditdjiem A/S RSEZ prestiZam,
uzticamibai, reputdcijai. Nepieciefams metodologiski detalizéts instrumentarijs, lai,
izmantojot iegiitos datus, varétu formulét korporativa téla veidoSanas uzdevumus un definét,
kadd virziena ir attistams A/S RSEZ tels. Tatad, nepieciefams zinat, “kadi m&s esam”, pirms
formulét telu “kadi més gribam bt” vai “kadiem mums jabii”. Varbit nav nepiecieSami lieli
ieguldfjumi mérka sasnieg8ana, jo sabiedribad jau pastdv vélamais prickSstats par A/S RSEZ
korporativo imidZu. '

2. Pilnveidot A/S RSEZ korporativo identitti

A/S RSEZ ir nepiecieSams sabiedriba atpazistams logo. Sis elements tiek lietots A/S RSEZ
dokumentacija, veidlapas, vizitkart8s, reklamas materidlos, suveniros (pildspalvas, T—krekli,
cepurites). NepiecieSams pieverst vairak uzmanibas A/S RSEZ informativo reklamas
materidlu sagatavoSanai, ta ka tas ir viens no svarigakajiem aréjas komunikacijas kanaliem.
A/S RSEZ atpazistamibai un téla veicinaSanai varétu kalpot ari skanigs slogans jeb devize.
Noteikti biitu nepiecie§amiba veikt korporativas identitates nes€ju pétijumu, t.i., apkopojot un
izanaliz&jot jau minstos priek§metus un lietas ar A/S RSEZ simboliku, kas tiek lictotas visas
strukt@irvienibas un kas kalpo par A/S RSEZ korporativas identitates “neséjiem” sabiedtiba.
Novérojumi liecina, ka nepiecieSams pievérst vairdk uzmanibas $o materialu (vizitkartes,
veidlapas) kvalitatei un vienotajam stilam, nemot véra ari vienotu drukas stilu, krdsu,
noform&jumu un citus Skietamus “stkumus”, kas faktiski ir svarigas detajas.

3. Pilnveidot iek$&jas komunikacijas A/S RSEZ

Butu ieteicams izmantot izstradatu metodiku komunikaciju efektivitates noteiksanai, lai,
veicot reguldrus patijumus, vardtu konstatdt parmainu virzienu. Sada veida instrumentarija
nepietiek tikai ar subjektiviem indikatoriem ka darbinieku novért&jums, apmierinatiba, bet
tiek pievérsta uzmaniba ari objektiviem raditdjiem ka informacijas plismu virziens,
informacijas daudzums un kvalitate, atgriezeniskas saiknes organizacija u.c.

4. Tstenot sabiedriskas domas veidoSanas pasdakumus

NepiecieSamas reguldras (vienu vai divas reizes gadd) sabiedriskds domas aptaujas, kas
konstatétu sabiedriskds domas izmainas un noraditu, kada virziena RSEZ japilnveido
sabiedriskds attiecibas. STs aptaujas kalpos aif par instrumentu PR darbibu, pasikumu vai
kampanu efektivitatei, jo galvenais PR darbibas efektivitites Kritérijs ir izmainas cilvéku
viedoklos. Balstoties uz tiedi ietekm&jo§as argjas un iek§gjas vides speku analizi, p&c tim, kad
ir noteiktas RSEZ sabiedrisko attiecibu mérkauditorijas, jaizstrada darbibas strat@gijas, kas
verstas uz sadarbibu ar katru atsevisko mérkauditoriju. Veidojot sabiedriskds domas
veidoSanas stratégiju, jdatceras, ka nepastdv sabiedriska doma “vispar” [2], bet eksisté
atseviSku sabiedribas grupu, auditoriju atSkirigi viedokli, kurus ietekme katrd auditorija
pastdvosie viedoklu lideri — konkr8ti cilveki — vaditaji, politiki, Zurnalisti. Ir jacenas pétijumu
rezultatd noskaidrot, identificét, kas ir ie viedoklu Iideri, un jaizstrada efektiva sadarbibas
sh&ma ar Siem viedoklu lideriem — katru no tiem.

5. Ne tikai piedalities, bet arl radit un organizét notikumus — masu pasakumus,
virzibas pasakumus, akcijas

Svariga ir RSEZ parstivju piedaliSanas, lidzdaliba pasakumos, kas notiek pilséta, regiona,
Latvija — gan tajos, kas tie$i saistiti ar ekonomiku, uzgémajdarbibu, attistibu, gan tajos, kas ir
svarigi kadas RSEZ svarigas sabiedrisko attiecibu mérkauditorijas skatijuma. Teicami
pasakumi sabiedriskds domas veidoSand ir pasakumi un tradicijas, par kuram uzzina un zina
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sabiediiba. Ieteicams veidot ari origindlus pasakumus un akcijas, jo nedzirdéts, neparasts
notikums, kas izraisa diskusijas sabiediiba, var kalpot ki pozitivs faktors sabiedriskas domas
stimul&Sanai, lai ta nekliitu indiferenta attiecibd pret organizaciju.

6. Realizét sadarbibu ar masu medijiem

Attiecibas ar masu medijiem ir viens no svarigikajiem un biezak izmantojamajiem
sabiedrisko attiecibu veidoSanas instrumentiem, tadé] sadarbibai ar tiem japievérs ipasa
uzmaniba. RSEZ pastavigi informé& masu medijus par notieko$o organizacija. Viet&jos un ar1
nacionalajos preses izdevumos laiku pa laikam var lasit informaciju par RSEZ notieko3ajiem
pasdkumiem un projektiem — tas ir t.s. oficialais jeb rufinas komunikacijas kandls [1]. Tomér
dala informacijas masu medijos nonak ari pa t.s. neformalajiem kanaliem, un ta var biit gan
sagrozita, gan nepatiesa vai gluZi vienkarsi nepareizi interpretéta; tas pats attiecas arf uz t.s.
brivo kanalu. Ir nepiecieSams palielinat no RSEZ izejo§as informacijas daudzumu, kas tiek
novadits pa rutinas kanalu, lai attiecigi samazindtu RSEZ interesém nekalpojo$as informacijas
pliismu pa pargjiem kanaliem. Nepiecie$ams izmantot komunikacijai ar masu medijiem ne
tikai rakstiskos, bet ar7 citus saskarsmes kanalus un veidus k& preses konferences, elektronisko
komunikaciju, tik§anas u.c. Butu lietderigi organizét semindrus un praktiskas nodarbibas
lietiskaja saskarsmé tiem RSEZ un RSEZ uzgémumu darbiniekiem, kuru pienakumu loka
ietilpst saskarsme ar &r&as vides auditorijam, tai skaitd masu medijiem, lai masu medijos
nejausd veida nenondk nelabvéliga informacija, kas radusies neverbilo simbolu, neverbalas
komunikacijas sniegtas informacijas (kas ir lielakd dala no saskarsmes procesa sapemamais
informacijas!) interpreticijas rezultata.
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MEZA RESURSI UN CILVEKA DROSIBA
FOREST RESOURCES AND HUMAN SAFETY
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Abstract, The target of the work is to become counscious and to analize the most
important possible risk for humans safety, when we use forest resources.

The branch of forestry is very significant in the Latvia economy. From analising the

data of statistics, observations and results of the investigation it is realized, that the foresty
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branch has one of the largest numbers (24,4%) of accidents, and doesn't included accidents
in farmers forest, small enterprises and individual workers.

Causes of the accidents are incomplete listing of the rules of forest work and laws,
ignorance or taking no notice of the rules, economical problems, when counsciouly by
ignoring the laws. Risk of accidents also occur, when we transport timber, in hunting etc.

Tevads

Ar meZa resursiem ikdiena jasaprot arT tajos augo$i augi un dzivnieki. MeZa resursu
izmantoSana parasti nenotiek to iegii§anas vietas, tapéc ieguvei seko to parvietoSana, lai talak
tos izmantotu ka izejvielu parstradajosai riipniecibai vai partikai. Tomér ki galvenais meZa
resurss ir jAuzskata koks. MeZa resursu kr@jums Latvija ir 2852 tiikstodi hektari, no kuriem
1999, gada izcirsti 13437,7 tukstosi kubikmetru koksnes.

Ar koksnes resursu vai izejvielu iegiSanu nodarbojas lielakas vai mazakas
mezizstrades firmas un vairaki tikstosi individualo meZa darbu veicgju vai meZa ipasnieku.
Daudzi cilvéki meZu izmanto akiivai atpfitai — medibam, sportam, ogoSanai, sénoSanai vai
kadu citu meza blakusproduktu iegiifanai.

Valst ir piegemti virkne likumu un to sakard ari citi normativie dokumenti, kas
reglament® koksnes resursu ieguvi un nositiSanas kartibu talakai parstradei. MezZa blakus
produkcija, to realizgjot, tiek paklauta veterinarajai kontrolei. Latvijas meZu nakotnes
pilnveidoSanas mérkis ir attistit ilgtsp&jigu meZsaimniecibu, vienlaicigi sabalansgjot
produkcijas razoSanas vides un kulttirvides aizsardzibas un socialas intereses.

Lai gan Siem jautdjumiem katru gadu valsti tiek pieversta aizvien lieldka vériba un
nozime, tomeér nepamatoti So mérku sasniegSanai nepietiekoSa veriba tiek pievérsta cilvéka
dros§ibai gan tajos gadijumos, ja tas ir meZa resursu ieguvéjs, gan ari tajos gadijumos, ja meZs
tiek izmantots atpttai. '

Darba mérkis ir apzinat un analiz€t galvenos iesp&jamos riskus cilvéka drosibai,
izmantojot meZa resursus.

Pasreizéjais stavoklis

Ja meZa nozar€ Sodien strada tikai 4,5% no valsti nodarbinatajiem stradajodajiem, tad
1999. gada notikusie 325 nelaimes gadijumi jeb 24,4% no nelaimes gadfjumu skaita valsti,
tad traumatisms darba meZa nozar® ir iespaidigs. Gluzi formalu iemeslu d€] (nesakartotas
darba attiecibas) dala nelaimes gadijumu $aja skaitd nav ietvertas, tdpéc patiesais nelaimes
gadijumu skaits varétu bit vel lielaks, pat par 30%.

Sie skaitli rada, ka daudzos me¥a nozaru uzpsmumos pastav nopietnas problémas ar
likuma "Par darba aizsardzibu" deklaréto valsts politiku darba aizsardziba, kas pamatojas uz
cilveka veselibas un dzivibas prioritati darba attiecibu joma. Darba aizsardziba nozarg faktiski
neuzlabojas, tas statistikas 1aditajus neuzlabo ar7 vairakkartigi mainitie nelaimes gadijumu
uzskaites nosacijumi, ar valsti bezatbildigi legaliz€ individuala darba veicgu armiju meZa
darbos, kas pasi atbildigi par veicamo darbu drosibu, individualo aizsardzibas lidzeklu iegadi,
norékinafanos ar VID, kaut gan ne izejvielas, ne saraZotd produkcija darba veicgjam
nepieder.

K3 liecina oficiald valsts statistika, tad par darba notiku$u nelaimes gadijumu uzskata
nelaimes gadifjumu, kur§ noticis uzpémuma ar 20 un vairak straddjoSiem, bet nejeskaita
nelaimes gadijumus, kas notiku$i zemnieku saimniecibds un ar paSnodarbinatam personam,
kas tie§i attiecinami arf uz meZza nozari.

Meginot izprast situdcijas permanento pasliktinaanos meZa nozaru uzpémumos
cilvéka aizsardziba, rodas jautdjumi par tds c&loniem.
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1. Vai 12 ir konkréta uzp€muma ekonomiskas bezatbildibas palielind$anas sakara ar obligdto
socidlo apdrofinasanu pret nelaimes gadijumiem darbi un arodslimibam?

2. Vai ta ir normativo dokumentu aktu darba aizsardzibi nepdrzina¥ana, vai arf $o aktu
trikums, vai nepilnibas?

3. Vai tas ir kvalificétu darbinieku trikums, pretenzijas pret profesionalas izglitibas macibu
iestddem un firmam, kas nodarbojas ar profesionalo izglitosanu?

4. Vai tas ir sadarbibas triikkums starp uzticibas personam darba aizsardziba un darba dev&ju?
5. Vai kontrole par likuma un normativo aktu prasibu izpildi ir nepietickama un sankcijas par
parkapumiem ir parak niecigas?

MeZa apsaimniekoSana

Apsaimniekojot meZzu, svariga vides aizsardzibas sadala ir biologiskas dandzveidibas
saglabaSana. MeZa apsaimniekotdjiem ir jaievéro visi Latvijas Republika speka esosie me¥a
apsaimniekoSanu reguljoSie likumi un citi likumpamatotie akti. Veltot uzmanibu ar
biologisko daudzveidibu nozimigako biotopu saglabasanau, ar veciem kokiem saistitu sugu
saglabalanu, ar atmiruSu koksni saistitu sugu saglabaSanu, biezi aizmirstam par cilvéku
droSibu.

Saja zipa reala darbiba un likumdoSana valsti ir pretruniga. Darba aizsardzibas
instrukcijas paredz, ka atmirusi un bistami koki, veicot cirSanas darbus, ir jdizcért cirsmas
sagatavosanas faz€, lai darba procesa neizsauktu neparedzétas riska situacijas, kas var radit
visneparedzamakas sekas. Ari meZsaimniecibas noteikumi paredz izcirst bistamos kokus, ja
tie traucé cirSanas darbus. No biologiskds daudzveidibas viedokla sausi, bojati koki biitu
atstdjami un saglabajami.

Sobrid koka vai ta da]u bistamibu me¥a izstrades procesd nosaka meZizstradatdjs. Vai
meZizstradatajs ir ieintereséts §adu koku atstdt radot sev psihologisku spriedzi, nedrosibu,
risku utt.? Ja, ir ieintereseéts, jo
1) meZstradniekiem ne visiem ir vienada kvalifikdcija, izpratne, izglitiba, lai noveértétu

faktisko risku darba procesa un péc 13;

2) meZstradniekam maksd par sagatavotu kubikmetrn, nevis par iepriek§ veiktajiem
sagatavo$anas darbiem un paligdarbiem;

3) nodoklu politika ir orientdta norEkinaties par realiz€to koksni, nevis par redliem
izdevumiem tds ieguves laikd, jo paligdarbus bez degvielas, motorinstumenta u.c.
lidzekliem nevar veikt;

4) paligdarbos iegitd koksnes vértiba ir zem tas ieguves paSizmaksas, tipéc darba devéjam ir
izdevigi atbalstit ekologisku un dabai draudzigu meZizstradi, ner€kinoties ar risku un
cilvéku veselibu un dzivibu.

Ja likuma "Par darba aizsardzibu" ir deklaréts, ka valsts politika darba aizsardziba
pamatojas uz cilvéka veselibas un dzivibas prioritati darba attiecibu joma, tad raksta autoru
izpratng tie ir primari jautdjumi un paréjie valstl esosie un turpmak izstridajamie normativie
akti ir jabalsta vz So normu.

Bistamu koka stumbra dalas tiek atstatas nenozagétas, nesaistot meZa izstrades vietu ar
infrastruktiiru — autoceliem, stigdm, gravjiem, elektrolinijam un to aizsargjoslam. Sada
atticksme apdraud sabiedribu, izsaucot neprognozgjamas avarijas daZzadu komunikaciju tiklos,
autoavarijas, radot Skér§lus savlaicigai Valsts ugunsdz8sibas un glabSanas dienesta
mobilitatei.

ArT galvenajis cirtds saglabajamie, vecie dzivie koki ir saistdmi ar infrastruktiiru,
galvenokart celiem, stigdm, elektro un telefona sakaru linijam, jo bieZi var parliecinaties, ka
liela dala koku péc audzes izcirfanas nenoturigo augSnu dg] izgdZas un jaiegulda lidzekli to
radito seku likvide§ana. Tas ir arf risks jebkuram sabiediibas loceklim.
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Intensivi izstraddjot meZu un pielietojot modernus rokas motorinstrumentus, daba
nondk visdazadakas ellas. Ja 1999. gada valsti ir izcirsti 13437,7 titkstodi kubikmetru koksnes
un, piepemot, ka viena kubikmetra koksnes sagatavosanai nepiecieSami 0,3 1 ellas, tad me¥3 ar
skaidam ir paliku$i 4031310 1 (4,03 milj.Jitru) ellas. Me%a zemsedzé nondkusis ellas ar
nokrispiem virsidenu un gruntsidenu veidd nondk upés, ezeros, dala paliek uz vietas un
ilgaka laika perioda sadalds. Ka zinams, pielietotds ellas satur daudz dioksiha. Dioksina
lielais saturs ellas ir bistams cilvéka veselibai un ir viens no vézi izraisoiem faktoriem.
Daudzos gadijumos motorinstrumentu vaditaji vai to Ipa$nieki tiras e]las vietd pielieto
iekSdedzes dzingju motoros atstradajusas ellas. Sadam ellam ir daudz mehanisko
piemaisijumu, tas neatbilst nepiecieSamajai viskoziotatei, nenodrodina kvalitativu zaga kédes
elloSanu un ir pat lielaks tas patérin$. Pielietojot $adas ellas, tiek bojdts pats ra¥oSanas
Iidzeklis, zagéSanas aparats, ta vaditdjs paklauts papildus citu kaitigo faktoru lieldkai
tedarbibai.

Ievérojams daudzums e]]as augsneé nonak arf no meZizstrades ma$inu un it ipadi no
meZizstrade pielietoto lauksaimniecibas traktoru hidrosistémam, to tehnisko nepilnibu vai
paviro remontu un apkopju del.

Rezultatd meZa katru gadu var nonakt pat lidz 4,5-5,0 milj.litru e]las, kas gan ka
izgarojumi gaisd, gan Udepiem var kaitét cilveku veselibai. Ka alternativa varftu biit
biologiski iegiitas ellas, bet tas ir dargas, un tie$i socialie un ekonomiskie aspekti nosaka
pielietoto ellu izvéli. MeZizstradatajiem bieZi vien nav pienacigas motivacijas, kas liecina par
zemu profesionalo un izglitibas limeni, upurgjot savu un meZa ekologijas nikotni Sodienas
ekonomikai.

Resursu ieguve bie?i vien ir saistita ar darbu aizsargjoslu tuvuma. Sadi darbi ir
jasaskano ar aizsargjoslu valditajiem, jo nesaskapoSanas gadijuma, neizv€loties pareizakos
meza darbu tehnologiskos un citus risindjumus, var radit pat letalu rezultatu So darbu
veicEjiem. Ari bieZas lielakas vai mazakas v&ja brazmas vai ilgsto§s mainiga stipruma vEj§ var
iz8lipot koku saknes, tas savukart rada v&jgazes, vEjlauzes vai ziemas laika snieglauzes, kas
var radit nopietnus elektroliniju bojajumus un radit draudus meZa apmeklétajiem sakard ar
parrautajiem, zemé esofiem elekiribas vadiem. Daudz sliktak, ja $ada elektrolinija iet paral€li
automagistrilei un veidojas aizsargjoslu parkldjumi. Tados gadijumos bieZi vien tas
neparrauga ne viena ne otra puse.

Kokmaterislu transports
Kokmaterialu transports jasaprot k2 primarais, ta sekundarais, jo atseviSkos gadijumos

kokmaterialus to talakai péarstradei piegada tieSi no cirsmas bez to parkrauSanas augsSgala
krautuvé. Ari darba notikusie nelaimes gadijumi ar transporta iexicdm, ja nav cietis ta vaditdjs,
tiek attiecinati ka celu satiksmes negadijumi, nevis ka darba notikusi nelaimes gadijumi.

~ -« Tie8i meZa materidlu transports un ar to saistitie darbi ir par iemeslu daudzam avarijas
situacijam, aiT avarijam vai arf demonstrativai ricibai par to, ka var neievérot valsti piepemtos
normativus. Biezak sastopamie parkapumi.
1. MeZa sortimentus pievedgjtransportierices novieto augsgala krautuvé, kas izveidota valsts
autocela aizsargjosld, izbraucot uz autocela klajuma, vai aif to darot no cela mala esofa
grivja otras puses.
2. Aug§gala krautuve izvietota otrd pusé valsts autocelam, tadgjadi ar katru reiss kravu
pievedgjtraktors Skérso autocela klajumu, iznesot uz t& dublus.
3. Darba vietas parasti nav aprikotas, ka to prasa noteikumi, ar cela zZimé€m, nav saskanotas to
izvieto§anas shémas, tas novietotas neatbilstosi noteikumiem.
4. Tiek radits maksligs celu pieslégums automagistralei, tiek nobraukta cela uzb&ruma vai
gravja mala. Sados gadijumos veidojas zemes virskdrtas erozija, k@ rezultata saSaurinds cela
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apmales platums. T3 tiek nevajadzigi noplicinata zemsedze, ko visbieZak neviens nerekultive.
Arf tajos gadijumos, ja izbraukto celmalu pieber ar granti, konkeeta vieta nav noblivinata un
nostiprindta. Viend vai otrd gadfjuma tiek apdraudéta kustibas droiba, sabojita augsnes
filtracija, celamalas pamazam parpurvojas.

5. Kustibas dro$ibu uz celiem apdraud meZmaterialu parvadataji, kas kravas krauj, novietojot
automaginas uz autocela apmales vai uz ti. Sada situicija nebiitu iespéjama, ja nebiitu
parkapti noteikwmi par augigala krautuves ieriko$anu autocela aizsargjosla.

Sadas darba vietas nav saskanotas un aprikotas ar attiecigdm cela zimé&m, kas noteiktu
un garant€tu droSibu garambrauc&jam. Satvertd krava tiek pacelta pat Iidz 4,5-5,0 m
augstumam, - tas nozimg, ka reisa kravas veidoSanas dro§ibas apsvérumu dgl, ir japartrauc
kustiba vai kravas krausana ir japaklauj kustibas intensitatei, tddéjadi samazinot risku
traumeties kravas krauSanas laika.

Cilveku dro&iba tiek apdraud&ta, jo meZmaterialu izveSanas ma$inas tiek parslogotas,
parsniedzot ce]u satiksmes noteikumos pielaujamo slodzi uz asi un masinas kopgjo masu.
Sadi palielinitas kravas boja cela uzbsruma normalu filtriciju, boja hidrologisko Hdzsvaru
abpusgji celam, un tie iegrimst. Veicot smagsvara masinu svérSanu, CSDD ir noskaidrojusi,
ka mezmaterialu autotransports ir galvenais, kas parkapj masas ierobeZojumus uz valsts
galvenajiem autoceliem, kur maksimali pielautais automasinas masa ir 40 t, bet uz grants
celiem tas ir tikai 30 t. Zemju privatizacijas procesa nav ielikti servititi vai apgriitinajumi
lauku celiem, kas rada un radis problémas pieklii§anai valsts meZiem.

Virs normas piekrautas kravas masinas boja cela segumu, galvenokart, td Skérprofila
deformacijas, veidojot pat kilometriem garas teknes, kuras it ipaSi bistamas kliist lietus,
apledojuma un sniega snigSanas laika. Vasard siltd laika tas klast ipa8i mikstas, veidojot
bitumenu frakciju intensivu iztvaikoSanu, pasliktinot gaisa kvalitati, cilveku paSsajiitu un
palielinot nogurumu.

Daudzos gadijumos ar meZmateridlu parvada$anas transportu notiek celu satiksmes
negadijumi, kur par galvenajiem célopiem var minét
1) parslogotas autokravas;

2) autokravu nenostiprindSanu vai nostiprinaSanu neatbilstosi gabalkravu stiprinaSanas
noteikumiem;

3) Soferi parkdpj celu satiksmes noteikumus, parkapjot kustibas atrumu un nenovértgjot
patieso situdciju;

4) Soferi strada brivu darba laiku, kas daudzkart parsniedz darba likumu kodeksa pielauto;

5) ekspluat transportu, kurs neatbilst ta ekspluatacijas noteikumiem;

6) iespgjama So vairdku minéto faktoru savstarp&ja mijiedarbiba, kad viens no tiem izsauc
veselu kédes reakciju.

Avariju rezultata cie§ pasi vaditaji, citu transporta lidzeklu vaditdji, transporta Iidzek]i,
vienkar§i garamgaj€ji, iedzivotdji, arl inZenierbiives, tiek nodarits pari dabai: cie§ koki, izlist
ellas, akumulatoru elektrolits, sadegot automaSinam, gaisa izdalas daudz kvEpu un citu
deg$anas procesa radusos produktu. Sados gadijumos tiek paralizéta transporta kustiba, radits
paaugstinats risks Valsts ugunsdz8sibas glabSanas dienesta laudim, tiek zaud8ti raZoSanas
Iidzekli. Sadi apstakli var radit pavisam neprognozgjamu notikumu talaku attistibas procesu,
kas robeZojas ar disciplindratbildibu, materialatbildibu vai pat kriminalatbildibu.

Secinajumi
1. Ar meZa cirSanu visi saistitie organizatoriskie plano$anas darbi ir javeic cirsmu ierikoSanas
stadija.
2. Valstl javeicina daZadu kontrolgjoSo imstiticiju un meZa organiziciju savstarpgja
sadarbiba un piepemto normativo dokumentu ievéroSanas uzraudziba.

172

ISBN 9984 - 585-36 -0



Environment. Technology. Resources. 2001

3. Steidzigi meZa darbiem ir nepiecieSams izstradat darba droSibas noteikumus, kur par
pamatu biitu nemta cilvéku drosiba, vide un Ipasums.

4. Japilnveido meZa stradajoSo profesionaldas kvalifikacijas ieguve, péc darba droSibas
noteikumu pienemSanas japarateste straddjoSie meZstradnieki vai jdorganizé to
papildapmaciba.

5. Profesionalaja izglitibd gan jaunie§iem, gan pieaugudiem nepiecieSamas jaunas macibu
programmas, jauna kadru sagatavoSanas un diskvalifikdcijas sistéma, lai meZ3a ienzktu ari
zino§i, varo8§i un motivéti cilveki.

6. leteicams meZza darbiniekiem, pielietojot tehniku, péariet uz biodegvielu un ellu
izmanto$anu.
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VIDI SAUDZEJOSU BIOSTIMULATORU IETEKME UZ LINU RAZU
UN KVALITATI
INFLUENCE OF ENVIRONMENTALLY FAVOURABLE
BIOSTIMULATORS ON THE YIELD AND QUALITY OF FLAX

V.Stramkale
Malnavas lauksaimniecibas tehnikums
Malnava Agricultural College

U.Kondratovi¢s, M. Vikmane, I.MiSke, L.Lejasbuda, D.Megre
Latvijas Universitates Biologijas fakultate '
Faculty of Biology, University of Latvia

J.gvarca, R.Belousova
RTU Neorganiskas kimijas institfits

Abstract. Institute of Inorganic Chemistry of Riga Technical University Studies on
the effect of preplant treatment of seed material with micronutrients BZn and BCu plus
phytohormone Germin on the yield and quality of flax straw and flax seeds were continued
using flax cultivar ‘Laura’. The yield and quality of flax straw and flax seeds increased
significantly, especially under unfavourable environmental conditions.

173

ISBN 9984 - 585-36 -0




Environment. Technology. Resources. 2001

Anatomical studies on flax stems showed that the best effect on flax fibre formation
was by treatment of seed material with copper borate BCu plus pytohormone Germin which
resulted in a nearly uninterrupted fibre cylinder in the flax stems.

Key words: Micronutrients, flax, pfytohormone, fibres.

Ievads

Linkopiba Latvija ir viena no vecakajam augkopibas nozarém. Agrak linus audzgja
visd Latvijas teritorija. Linu s€jumu platiba 1938.gada bija 63,5 tikstosi hektaru. Latvija linu
eksporta zina ienéma otro vietu aiz Krievijas. [10]

Linu s€umu platibas aizvaditajos 50 gados stipri samazingjas. Lai parvarétu
izveidojusos kizi linkopiba, ar 1994.gadu linkopibas attistibai tiek pieskirtas subsidijas.

Patreizgja ekologiski situacija Latvija izsauc augu imiindeficitu, tapec ekologiski tiras
produkcijas iegiiSanai un vides atveseloSanai aktuala ir alternativu metoZzu izmantoSana. Linu
audzg§anas tehnologija viena no perspektivakajam augu imunitates palielinaSanas metodem
ir mikroelementu ~ cinka borata, vara bordta un fitohormona citokinina Germina pielietoSana
ar mérki palielinat linu raZzu un uzlabot kvalitati.

Sikdispersi cinka (ZnO x B,03 x H,0, 3Zn0O x 5B,03; x 14 H;0, 2Zn0 x 3B.0; x
7H,0) un vara (3CuO x 2 B,03; x 7H,0) borati ir pielietojami linu s€klu pirmssé&jas apstradei,
appudergjot tas ar preparatu mazam devam [100 -150 g (100 kg)™] vienlaicigi ar kodinasanu.
Pateicoties mazam devam un apstrddes metodei, cinka bordts (BZn) un vara bordts (BCu)
nepiesarpo apkart&jo vidi un linu produkciju ar kimikalijam un tos var uzskatit par dabai
labveligiem.

A1l fitohormons—citokinins Germins, ko producé bakterija Pseudomonas stutzeri 136
ir dabai labvéligs, nekaitigs cilvékiem un dzivniekiem.

Dotais darbs ir pétijumu rezultati no 1998. — 2000.gadam.

Petijumu objekts un metodes

Cinka un vara boratu (attiecigi BZn un BCu), fitohormona Germina, ki arT So vielu
maisijumu iedarbiba uz razu un kvalitati tika pétita linu Skirnei ‘Laura’ (1998.-2000.g.).

Linséklu apstradi veic §adi: 1 1 {idens iz$kidina 5 ml fitohormona Germina un $o
Skidumu izsmidzina uz 100 kg linséklu, vienlaicigi riipigi tas maisot. P&c tam 100 g preparata
BZn vai BCu sajauc ar vajadzigo devu kodnes vitovaksu-200 - 2 ~ 3 kg t un apptdere ar
Germina siiidumu samitrinatas lins€klas, atkal t3s riipigi maisot.

Izmeginajumus ieriko pec rendomizéto bloku metodes 6 atkartojumos [1,2]. Laucipa
kopaja platiba 6 x 3.5 m = 21 m®, izmégindjuma kopéja platiba 1428 m>. Lauciga uzskaites
platiba 6 x 3.2 = 19.2 m® Augsne — triidaind podzoléta gleja. Prieksaugs — ziemdji.
Pamatmeslojums N — 20, P,05 — 80, K,0 — 100 (amonija nitrats, superfosfats, kalija hlorids).

Lai noskaidrotu garSkiedras linu Skirnes ‘Laura’ stiebru anatomisko uzbiivi, ka ari
Germina un vara borata ietekmi uz stiebru kvalitati, tiem gatavibas fazg€ 15 cm attaluma no
saknes kakla (stiebra tehniskaja dala) tika izdariti anatomiskie 8kérsgriezumi. Skérsgriezumi
tika pagatavoti, izmantojot rokas mikrotomu (griezumu biezums 25 milimikroni).

Vienlaicigai parkoksnéto un neparkoksnéto stiebra dalu kr@soSanai izmantots krasvielu
maisTjums Astra zilais — safranins, kas neparkoksnétas auga audu dalas nokrdso zila, bet
parkoksnétas — sarkana krasa [3]. Krasotie griezumi tika atlidepoti un ieslégti Kanadas
balzama [4]. Preparatu izpéte veikta ar mikroskopu Olympus CH30RF200 (palielindjums
100x, 200x, 400x), objekts fotografets ar fotokameru Olympus SC35 (200x).

Rezultiti un to izvértésana
Lauku izmégindjumu rezultati apkopoti 1.-2.tabulas. S€klu pirmssgjas apstrades, ar
mikroelementu prepardtu BZn un Beu ietekmé palielinas garskiedras linu $kirnes ‘Laura’ linu
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salmipu un linsgklu raZa. Asf fitohormona Germina izmantofana séklu pirmssgjas apstrade
palielina linu salmigu un lins€klu razu. Lietojot mikroméslojumus BZn vai BCu kombindcija
ar fitohormonu Germinu, raZas pieaugums ir lielaks, neka lietojot BZn vai BCu un Germinu
atseviSki un daZreiz parsniedz to lielumu, kas biitu sagaiddms péc aditivitates likuma. It
seviSki tas izpauZas nelabvéligos meteorologiskajos apstak]os.

" Linu salmigu raZas pleaugums lietojot BZn 100 g (100 kg)’1 bga 1,02 t ha™!, Germinu
5 ml (100 kg)'1 — 0,77 t ha™’. Lietojot kombinaciju BZn 100g (100 kg)™ + Germins 5 ml (1 00
kg) !, razas pieaugums bija 1,15 t ha™, linsgklu raZas pieaugums bija attlecngl 0.07 t ha™ un
0.15 tha™ (1.tabula).

Biostimulatoru lieto$ana linu sgjumos ne tikai palielina linu salminu un séklu razu, bet
art uzlabo iegiitas produkcijas kvalitati (2.tabula).
' 1.tabula / Table 1.

Biostimulatoru ietekme uz linu salminu un linseklu razu (1998.-2000.g. Vilani)
Influence of the biostimulators on the yield of flax straw and flax seeds (1998.--2000.,

Vilani)
Varianti Deva Salminu raZa Seklu raza
Treatment Dose Yield of flax straw Seeds yield
' tha” % tha’ %
Kontrole N-20, P,0s—80, K,0-100 - 5.34 100 0.62 100
(fons);
Control N-20, P,0s-80, K;0 -100
{background)
Fons + Germins; 5ml (100 kg)™ 6.11 114 0.66 106
Background +Germin ‘
Fons + BZn; 100 g (100 kg)™ 6.36 119 0.69 111
Background + BZn
Fons + BZn + Germins; 100 g (100 kg)™ 6.49 121 0.77 124
Background + 5 ml (100 kg)™
BZn+Germin
ng'o5 0.341¢ ha‘l RSO,OS 0.03¢ ha_l
Kontrole N-20, P,05-80, K,0 100 - 5.84 100 0.68 100
(fons);
Control N-20, P,0s-80, K;,0 —-100
(background)
Fons + Germins; 5 ml (100 kg)™ 6.33 108 0.74 109
Bacground + Germin '
Fons + BCu; 100 g (100 kg)™ 6.67 114 0.79 116
Background + Beu
Fons + BCu + Germins; 7.08 121 0.87 128
Background + BCu + Germin 100 g (100 kg)™
5 ml (100 kg)™*
Rgo050.46 t ha™ Rgo.05 0.05 t ha™
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2.tabula/Table 2.

Biostimulatoru ietekme uz linu saiminu kvalitati

(1998.-2000.g. Vilini, linu §kirne ‘Laura’)
Influence of the biostimulators on the quality of the flax straw

(1998.-2000.,Vilani, flax sort ‘Laura’)

Varianti Deva Linu saujas | Lietde— | Stipriba, | Liksne Salmigu
Treatment Dose garums cm 1iba kg % kvalitates
Lenght of | Useful- | Swenght | Broken numurs
flax handful, ness kg flax, Quality
cm % index
Kontrole N-20, P,0s~80, K,0-100 ~ 71 0.90 24 27 1.70
(fons);
Control N—-20, P,05--80, K,0-100
(background)
Fons+Germins; 5 ml (100 kg)™ 74 0.90 24 28 1.80
Background + Germin ,
Fons +BZn; 100 g (100 kg)™ 75 0.91 24 28 1.90
Background+ BZn
Fons+BZn+ Germins; 100 g (100 kg)™ 78 0.91 26 29 2.00
Background+ BZn+Germin 5 ml (100 kg) ™!
Kontrole N-20, P,0s—80, K,0-100 - 74 0.91 24 27 1.80
(fons);
Control N-20, P,05-80, K,0-100
(background)
Fons+Germins; 5 ml (100 kg)™ 76 0.92 26 28 1.90
Background + Germin
Fons+BCu; 100 g (100 kg)™ 78 0.92 25 28 1.90
Background+ Beu
Fons+BCu+ 100 g (100 kg)™* 81 0.93 26 30 2.30
Germins; 5 ml (100 kg)™*
Background+ BCut+Germin

Jaatzim&, ka 1999.gads bija loti nelabvéligs linu s€jumiem un neraZigs, bet, lietojot

mikroméslojumus BZn un BCu kombinacija ar fitohormonu Germinu, razas pieaugums
procentuili bija saméra liels. Tas nozimé, ka So preparatu lietofana ieverojami palielina augu
pretestibu nelabvéligiem meteorologiskajiem apstakliem.

Nosakot garskiedras linu stiebru kvalitati, uzmaniba japiever§ ne tikai morfologiskajiem
raditajiem, bet ari to anatomiskajai uzbiivei. Literatiird noradits, ka garskiedras linu
visvertigaka dala ir stiebra tehniska dala, ko veido stiebra dala no digllapu piestiprinasanas
vietas lidz ziedkopas sazaro$anas sakumam [5].

Garskiedru linu Skirnes ‘Laura’ stiebru anatomiska izpéte pardda, ka stiebrs gatavibas
fazé sastav no epidermas (l.attsls, 1), liksnes (1.attéls, 2), kambija (1.att&ls, 3), koksnes
(1.attéls, 4) un serdes (l.attéls, 5). Ipadi labi sticbra loksnes dala izcelas liksnes $kiedras
(1.ati€ls, 6), kuru dél ari galvenokart garSkiedras lini tiek audzéti. Atseviskas
elementarskiedras savienojas Skiedru kiiliSos. Jo blivak, cie§ak un vienmerigak ir izvietoti
Skiedras kilisi, jo augstvértigaku Skiedru iegiist {6].
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1.attels. Linu Skirnes ‘Laura’ auga stiebra Skérsgriezums. Kontroles varianta augs. x 200.
Fig. 1. Plant stem cross—section of flax sort ‘Laura’. The control plant. x 200.

1 — Epiderma, 2 - liiksne, 3 - éézﬁbijs, 4 — koksr;e, 5 — serde, 6 — likksnes $kiedras,

7 — liksnes parenhima.

1 — Epidermis, 2 — phloem, 3 — cambium, 4 — xylem, 5 — pith, 6 — phloem—fibers
(flax—fibres), 7 — phloem parenchyma.

Griezumu divkarsas krasoSanas rezultatd labi redzams, ka linu stiebriem gatavibas
fazg elementarkiedras savienoju$as Skiedru kiiliSos, ko safranins nokrasojis intensivi

sarkana krésa (1.attels, 6).

Pétot linu stiebru Skersgriezumus, més novérojam atskiribas daZadu variantu —
kontroles, vara bordta, Germina, vara borata un Germina maisijuma — linu stiebros (1.—
4.attels). Kontroles varianta augiem liiksnes Skiedru kili§i ir nelieli (1.attéls, 6), ar mazu
elementarskiedru (sklerenhimas §tinu) daudzumu tajos — vidgji 8.9 (3.tabula). Stiebra
loksnes dald daudz liksnes parenhimas $tinu, ko Astra zilais nokrdsojis zild krasa

(1.attgls, 7).

3.tabula/Table 3.

Vidgjais elementarskiedru skaits Iiiksnes Skiedru kalitt

The average of

nhloem fibers in the fibre bundie

Varianti Kontrole Beu Germins Beu + Germins
Treatment Control Germin Becu + Germin
Vid. % st.nov. 8.9+£2.06 18.6 £2.25 33.6+4.01 50.4 £3.75
Aver, + st.dev.
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Linu stiebros, kuru seklas apstradatas ar vara boratu, novéroti lielaki liksnes
Skiedru kiiliSi — elementarSkiedru skaits tajos vidgji ir 18.6 (3.tabula). Ari griezumu
krasas reakcija nordda, ka §i varianta augos ir vairak liksnes Skiedru (2.att&ls, 1). Krietni
lielaks elementarskiedru daudzums Germina varianta augu liksnes Skiedru kiiligos —
vidgji 33.6 (1.tabula, 3.attels).

auga stiebra $k&rsgriezums. Auga s€klas pirms s€jas apstradatas
ar vara boratu BCu. x 200.
Fig. 2. Plant stem cross—section of flax sort ‘Laura’. The seed material were preplant treated
with copper borate BCu. x 200.

¥
2.attéls. Linu 8kirnes ‘Laura

1 — liksnes Skiedras.
1 — phloem—fibres (flax—fibres).
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3.attels. Linu 8kirnes ‘Laura’ auga stiebra Sk&rsgriezums. Auga sgklas pirms sgjas apstradatas ar
Germinu. x 200.

Fig. 3. Plant stem cross—section of flax sort ‘Laura’. The seed material were preplant treated with
Germin. x 200.

1 — lksnes Skiedras.
1 — phloem—fibres (flax—fibres).

Datu statistiska analize rada, ka visaugstvértigako Skiedru var iegiit no vara borata un
Germina maisijuma varianta augiem — Siem augiem liksnes kiili¥i izvietoti [oti blivi, ciei
(4.att&ls), un arT atsevisku Skiedru skaits kGlitT no visiem variantiem ir vislielakais — vidé&ji
50.4 (3.tabula). Liiksnes parenhimas $inu stiebra liiksnes daja ir Joti maz (4.att€ls, 2) un
sklerenhimas $kiedras stiebrd veido gandriz noslégtu cilindru (4.attéls, 1).
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4 attéls. Linu Skirnes ‘Laura’ auga stiebra Skérsgriezums. Auga s&klas pirms s&jas apstradatas ar
vara borata BCu un Germina maisijumu. x 200.
Fig. 4. Plant stem cross—section of flax—sort ‘Laura’. The seed material were preplant treated with
copper borate plus Germin. x 200.

1 — luksnes skiedras.
1 — phloem~fibres (flax—fibres).

Ta ka Latvijas augsnés ir novérojams mikroelementu vara, cinka un bora trikums
[7,8], nav griti izskaidrot, kapéc s€klu appiideré$ana ar siksdispersiem vara un cinka boréata
preparatiem ieverojami palielina linu raZas kvalitati un kvantitati: uzlabojas fiziologisko un
biokimisko procesu norise augos. Savukart citokininu dabas fitohormons Germins stimulé
séklu digtsp€ju, augu augsanu un attistibu, palielina augu imunitati [9].

Augu aizsardzibas alternativo metozu izstrade, ekologiski tiras produkcijas ieguves
un vides atveselo$anas butiba ir induc&t augu izturibu pret nelabvéligiem augSanas
apstakliem vai, citiem vardiem, palielindt augu imunitdti. Viena no augu imunitites
palielinaanas iesp&am ir tddu mikroorganismu izmantoSana, kuri producé td saucamos
biogénos elisitorus.

Varam turpmak ieteikt razotajiem izmantot lins€klu pirmss€jas apstradi ar cinka un
vara boratiem maisTjuma ar fitohormonu—citokininu Germinu, lai palielinatu linu raZu un
kvalitati.
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PARASTAS PRIEDES (PINUS SYLVESTRIS L.) KOKSNES
STRUKTURAS UN FIZIKALO IPASIBU IPATNIBAS ATKARIBA
NO AUGSANAS VIDES APSTAKLIEM
DEPENDENCE OF PINUS SYLVESTRIS WOOD STRUCTURE AND
PHYSICAL PROPERTIES ON GROWTH ENVIRONMENT
CONDITIONS

Kaspars ékéle, Mgr.inZ., pétnieks, Dace Cirule, pétniece, Anda Alksne, pétniece,
Jurijs Hrols, Dr.hab.kim., vadosais pétnieks
Latvijas Valsts Koksnes kimijas institits,
Dzérbenes 27, Riga, LV — 1006, talr.: 7551314,

e~pasts: xylon@edi.lv, fakss: 73 0635

Abstract. The paper considers the variation of annual ring parameters and
physical properties of wood of the pine species prevailing in Latvia’s forests, depending
on the forest type (bog-land, vacciniosa) and the growth region in Latvia (Vidzeme,
Latgale). Wood samples were taken from the stem buti—end, the middle and % of the
height, in its sapwood or core part. An average amnual ring width, latewood and
earlywood width in the year ring, the percentage of latewood in the annual ring, wood
density in oven—dry state (0), tangential swelling (tg) and radial swelling (rad) of wood,
as well as volume swelling (v} and swelling anisotropy coefficient (k) of wood were
determined for the samples. A comparison of these data shows that, in the majority of
cases, the indices for the wood of pines grown in vacciniose have higher values, which
suggests the advantage of pine wood over the bog-land pine wood. In its turn, no
unambiguous distinctions between the parameter values for pine wood of Latgale and
Vidzeme origin were found, although the pine wood of Vidzeme origin had a somewhat
higher indices. It may be concluded that the greatest impact on the leading pine wood
properties is caused by the forest types regarded herewith, and not the belonging of the
pine wood site to its different growth regions in Latvia.

Ievads

MeZa esoSie koksnes resursi ir viens no tiem nedaudzajiem resursu veidiem uz
zemeslodes, kuram piemit sp&ja atjaunoties. Seviski aktudls jautdjums par meZu, ta vietu
cilvéka un sabiedribas dzive, ir kluvis pEdgjas desmitgades, jo meZs vairs netiek uzskatits
tikai par koksnes resursu avotu, bet ir cie$i saistits ar ar tddam kategorijam ka ekologija,
atpiita, ainava u.tml. Lai meZi, §T gadsimtos kopta un audz&ta bagatiba, varétu tikt
sapratigi un mérktiecigi izmantota un talak izkopta, ir nepiecieSamas pamatigas,
visaptvero$as zindSanas, gan par meZiem ka ekosist€mu kopuma, ‘gan par atseviSkiem ta
komponentiem. Jau izsenis visvairak Latvijas teritorija izplatitd koku suga ir bijusi priede
(Pinus sylvestris L.), par kuras slaidumu un labajam tehniskajam Ipa$ibam ir dzird&jis ne
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viens vien tuvakd un talaka apkaimé. DiemZ€l trikst izsmeloSas informacijas par §is
misu meZzu valdo$as sugas koksnes TpaSibam, ka ari par faktoriem, kas nosaka $o Tpasibu
vertibas koka augSanas un koksnes veidoSands procesd. Lidz galam neatbildéts ir ari
jautdgjums par to, vai ir iesp&jams pandkt koksnes pasibu optimizéSanu koka augSanas
gaitd un kada veida tas visefektivak ir izdarams. Tie§i $ai problémai jau vairdkus gadu
desmitus ir pievérsu$ies koksnes zindtnieki visd pasaulé, mekl&jot savstarpgjas
likumsakaribas starp augo$u koku parametriem, tos ietekmgjoSajiem faktoriem un
koksnes IpaSibam, kas raksturo koksnes kvalitati un dazadas pielietojamibas iesp&jas.
Saja referata ir dots ieskats par priedes koksnes ipasibu atkaribu no diviem faktoriem:
meZa augSanas apstaklu tipa (métrajs, purvajs) un augSanas regiona Latvija (Latgale,
Vidzeme).

Paraugkoki tika pemti no Silenes un Stren¢u (priedes Latgales un Vidzemes
izcelsmes apgabali Latvija [1]) meZniecibas eso§ajam prieZu audzém, kas atrodas relativi
talu no blakus esoSajiem priedes izcelsmes apgabaliem, tapéc ir raksturojo§i tiem.
Parauglaukumi tika izvEleti sausienu meZa tipd métraja (Mr) un slapjo meZu tipa purvaja
(Pv), kuri p&c koku augSanas un koksnes veidoSanas Tpatnibam ir batiski at8kirigi, tadé]
sagaidama to daZada ietekme uz veidojoSas koksnes struktiiru un ipasibam. Saskapa ar
paraugu pemS$anas sh&mu, péc paraugkoku nozagéSanas koksnes paraugi tika pemti
stumbra tr7s daZddos augstumos — resgall (R), pa vidu ( 2 ) un tris ceturtdalu augstuma
(%), ta aplievas (A) un kodola (K) dala. Péc koksnes paraugu apstrades eksperimentali
tika noteiktas vertibas sekojoSiem koksnes gadskartu parametriem un fizikalajam
ipasibam [2]: vid&jam gadskartas platumam (Gy)), vElinds (G vi) un agrinas (Gpi_a)
koksnes platumam gadskarts, koksnes blivumam absolGti sausa stavokll (py), koksnes
linedrajai uzbrieSanai tangentalajd (oug) un radialaja (ouaq) virziend, tilpuma uzbrieSanai
(ay), bet, veicot talakus aprekinus, ari vélinds koksnes ipatsvaru gadskartd (G o) un
koksnes uzbrieSanas anizotropijas koeficientu (ko).

Rezultati
Purvaja un métraja I1. Krafta klases priezu koksnes raditaju salidzinijums

Vispirms apskatisim dazado augSanas apstaklu tipu ietekmi. Lai noskaidrotu, cik
bitiskas atSkiribas pastdv starp abu visai atikirfgo pétfjumos izmantoto meza augSanas
apstaklu tipu — purvdja un métraja — priedes koksnes fizikalajam Tpa$ibam un gadskartu
parametriem, purvajd iegiitie dati tika attiecinati pret attiecigajiem métraja iegiitajiem
datiem (skat.l.tab.). Salidzinajums veikts II. Krafta klases priedes kokiem, jo parasti
meZaudzes doming Sis Krafta klases koki.

1.tabula
Purviaja priedes koksnes gadskirtu parametrn vértibu izmainas attieciba pret
métraja raditajiem

Gy Gpw | Gusw | Optak
2,58 2,31 0,90 2,78

-K]

R-A 1,50 0,76 0,51 2,34
Y% -K 0,83 0,86 1,04 0,82
Va—A 0,51 0,38 0,74 0,57
¥ —K 1,33 2,63 1,97 1,06

Y A 0,96 1,58 1,65 0,78
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Salidzinot gadskartas platumu, jasaka, ka tas atSkiras diezgan biitiski (pat par 158
%), tadu Sie raditdji nem parsvaru ki purvajd, td arl métraja. Bez tam gan gadskartu
platuma, gan velinas koksnes Ipatsvara izmaipu dinamika gadskarta ir atdkiriga (sk.
l.att.) — métraja Sie raditaji lidz ar koka augstumu samazinds (minimala vértiba koka
galotnes dald), bet purvajd minimala ta vértiba ir stumbra % augstumi, ar ko ari
izskaidrojamas So gadskartu parametru vértibu samérd lields, tadu neviennozimigas
atSkiribas,

60

50

40

@ Py-11
BMril

R-K 172K 3/4:K R-A 1/2-A 3/4-A

l.att. Purvaja un métrdja priedes koksnes v&linas koksnes Ipatsvars gadskartd Gy o, , %

Savukart, salidzinot purvaja un métraja II. Krafta klases priedes koksnes fizikalds
ipadibas (sk.2.tab.), redzams, ka koksnes blivums, k@ arT koksnes tilpuma uzbrie$anas
raditaji augstaki ir métrdja priedes koksnei (sk.2.att.). Savukart koksnes uzbrieSanas
anizotropijas koeficients augstaks ir purvajd augusam priedém.

2.tabula
Purvija priedes koksnes fizikilo ipasibu vértibu izmainas attieciba pret métraja
raditdjiem
Po Crag Qg Oy Ky

0,88 0,84 0,91 0,96 1,08

R-A 0,80 0,70 0,79 0,79 1,13
2K 0,93 0,37 0,82 0,84 2,21
Vo -A 0,96 0,93 0,95 0,93 1,02
Ya A 0,87 0,80 1,01 0,93 1,26
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2.att. Purvdja un métrdja priedes koksnes blivums absolilti sausa stavokli pg, kg/m®
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Rezumgjot veikto salidzindjumu par gadskartu parametru at3kiribdm métrdja un
purvaja priedes II. Krafta klases kokiem, jasecina, ka visuma t@s ir vérojamas diezgan
lielas, ta€u neviennozimigas. Ta vélinds koksnes Ipatsvars gadskartda koka galotnes dala
lielaks ir purvéja priedem, bet pargjd stumbra dala — métrdja priedém. Salidzinot purvija
un métrdja II. Krafta klases priedes koksnes fizikalds ipa$ibas, vérojams, ka métrdja
auguSiem kokiem koksnes kvalitate ir augstaka, ko raksturo augstaks koksnes blivums un
zemakas koksnes uzbrieSanas anizotropijas koeficienta vertibas, tapéc métraja priedém,
salidzinot ar purvdja priedém, ir dodama priekS§roka ka izejmateridlam koksnes
mehaniskaja parstrade.

Latgales un Vidzemes izcelsmes apgabalu priezu koksnes raditaju saltdzinajums
Latvija parastajai priedei (Pinus sylvestris L.) iz8kir etrus izcelsmes apgabalus.
Par to, vai tas ietekmé arf priedes koksnes ipaSibas, informacija tikpat ki nav atrodama.
Seit apskatits, kadas Tpatnibas ir vérojamas divu Latvijas priedes izcelsmes apgabalu ~
Latgales un Vidzemes métr3ja augu$u priezu koksnes fizikalo ipasibu starpd. K& rada

iegiito datu salidzingjums (sk. 3.tab.), tad fizikalo TpaSibu attiecibas nav vien
3.tabula
Megtraja Latgales izcelsmes apgabala priedes koksnes fizikalo ipasibu vértibu
izmaigas attieciba pret Vidzemes izcelsmes apgabala raditajiem

Po, | Orad, | Qug, | Ov, | Ko

0,93] 0,70y 1,02| 0,78 1,44

~k
R-A 1,250 1,16] 1,131 0,96] 0,97
72K 0,92 093] 1,13 093] 122
72 -A 1,050 0,90 1,15 093] 1,29
¥a —K 0,89 0,55\ 135 0,78] 2,47
Ya —A 1,07 1,11} 1,02 0,99 0,92

19.att. redzams, ka koksnes blivums kodola lieldks ir Vidzemes izcelsmes apgabala
priedei, bet aplieva — Latgales izcelsmes apgabala priedei. Summarie uzbrieSanas raditaji
lielaki ir Vidzemes izcelsmes apgabala métrdja priedei. Turpretim koksnes uzbrieSanas
anizotropijas koeficienta vertibas kopuma augstakas novéro Latgales izcelsmes apgabala
priedém (seviski izteikti tas ir nov&rojams koksnes kodola dala).
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3.att. Métraja Latgales un Vidzemes izcelsmes apgabalu priedes koksnes blivams absoliiti sausa
stavokli pg, kg/m3
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Kopuma jasaka, ka Vidzemes izcelsmes apgabala priedém koksnes kvalitate ir
nedaudz augstaka, ko raksturo augstdks koksnes blivums un zemakas koksnes
uzbrie$anas anizotropijas koeficienta vértibas.

Noslegums

Atspogulotd pétijuma rezultiti nekdda gadijuma nepretendé uz S$eit minéto
augSanas vides apstaklu ietekmes visparinatu attiecinaanu Latvijas mé€roga. Tam butu
nepiecieSams veikt daudz apjomigaku pétijumu ar lielaku paraugkoku skaitu. Tadu
zindmu ieskatu un v€rojamas tendences, vadoties no iegiitajiem rezultatiem, ir iespgjams
izdarit. K& rada veiktais gadskartu parametru un fizikalo ipasibu vértibu salidzindjums
gan meZa augSanas apstaklu tipu (métrajs, purvajs), gan priedes izcelsmes apgabalu
(Latgale, Vidzeme) starpa, tad vérojamas visai daZddas tendences ka skaitliski, t3 arl
kvalitativi. Ta neatkarigi no meZa tipa un izcelsmes apgabala, koksnes blivums virziena
no stumbra resgala uz galotni samazinas (sk. 2., 3.att.), tadu koksnes blivumu
ietekmejoSais velinas koksnes Ipatsvars gadskarta rada atSkirigas tendences — purvaja
minimalo vertibu, sasniedzot stumbra % augstumi, bet métrdja ¥ augstuma (sk.l.att.).
Izvertgjot purvaja un métrdja priedes koksnes gadskartu parametru un fizikalo Ipasibu
salidzinajumu (sk. 1., 2.tab.), vairuma gadijumu métraja augudo prieZu koksnes raditaji
uzrada augstakas vértibas, kas Jauj domat par métrdja priedes koksnes priekSrocibam tis
pielietojuma, salidzindjumd ar purvdja priedes koksni. Apliikojot métrdja priedes
Latgales un Vidzemes izcelsmes apgabalu koksnes fizikalo ipasibu salidzindjumu (sk.
3.tab.) jauzsver, ka viennozimigas atSkiribas starp Latgales un Vidzemes izcelsmes
apgabalu priedes koksnes parametru vertibam netika konstatétas, kaut ari Vidzemes
izcelsmes apgabala priedes koksnei vérojami nedaudz augstaki raditaji, tadejadi fizikalo
ipasibu salidzindjums nenordda uz likumsakaribam, kas biitu par pamatu tam, lai teiktu,
ka koka piederiba kadam priedes izcelsmes apgabalam viennozimigi saistima ar
augstakam fizikalo Tpasibu raditdju vértibam. Rezuméjot ieprieks teikto jasecina, ka starp
purvdja un métraja augudu prieZu koksnes Ipasibu vertibam pastav lielakas at3kiribas
nekd starp Vidzemes un Latgales izcelsmes apgabalos konstatétajam priedes koksnes
IpaSibu vértibam. Tatad lielaku ietekmi uz veidojo$as priedes koksnes Ipa$ibam atstdj Seit
apskatitie meZa augSanas apst@k]u tipi, nevis priedes aug$anas vietas piederiba
atseviSkiem t3s augSanas apgabaliem Latvija. :
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Abstract. Energy sector has been one of the most important priorities since
reestablishment of the independence of Latvia. The deficiency of energy resources in
Latvia has created a need to assess all the possibilities to utilize all the local enrgy
resources, including the biological ones, to motivate the trends in the development of
energetics in Lawvia. Therefore data have been collected, calculations made and
possibilities analysed to replace the imported energy resources. From the renewable
energy in Latvia there are used the wind, solar, hydraulic and bioenergy. A biofuel
programme has been worked out in Latvia. It is envisaged to develop the production of
ethanol and rape oil for vehicle engines. For this purpose an arable area of 288
thousand ha is needed, A huge non-utilised reserve in Latvia is methane fermentation of
organic agricultural and municipal residue and sewage from food industry. It is
calculated that about 170 million m’ biogas can be obtained in Latvia. Implementation
of the fuel programme will stimulate Latvia’s economy.

Ievads

Misdienu cilvéce nav iedomadjama bez energijas izmantoSanas visds
tautsaimniecibas nozarés. Energijas raZo$ana ir saistita ar apkart€jo vidi. Riodezaneiro
samita lémuma 1992. g. pasaules valstis tika bridindtas par globalam briesmam, kas
sagaidamas fosilas degvielas intensivas dedzina$anas rezultata. Globala sasil§ana un ar to
saistitds klimata izmaipas tuvdkd nakotn€ ietekmés ikvienu pasaules valsti. ArT citu
energijas veidu iegliSana saistita ar apkartgjas vides piesarpojumu. Energijas raZoSanas un
izmantoSanas ietekmes samazina$ana uz apkart&jo vidi ir viens no energétikas turpmakas
attistibas pamatiem. Ar Latvija 1994. gadad ir ratificgjusi ANO Vispargjo klimata
izmainu konvenciju un 1997. gada parakstijusi Kioto protokolu, uzpemoties saistibas par
to, ka siltumnicas efektu veidojoSo gazu emisija miisu valstt 2012. gada neparsniegs 92%
no 1990. gada Iimenpa. Lidzigas saistibas uznémusas daudzas rietumvalstis. Lai to veiktu,
nepiecieSami pravi lidzekli. Lai samazindtu energétikas negativo ietekmi uz apkartéjo
vidi, Latvija ir ieintereséta iesaistities arT vienota energétikas tikla izveide apkart Baltijas
jurai, t. i., projektd "Baltijas loks", kas ietver nepiecieSamos vides aizsardzibas
pasdkumus. Visa pasaul€ strdda pie energoefektivitates paaugstina$anas visos energétiska
cikla posmos. Palielinds atjaunojamo energoresursu, taja skaita bioenergijas,
izmantoSana, lai novérstu vai samazindtu neraciondlu dabas resursu patgréSanu. Miisu
pétijumu mérkis ir novértét nozimigakos atjaunojamos energijas resursus un dabai
nekaitigu biodegvielu raZoSanas iesp&jas Latvija.
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Metodes un materiali
Statistisko datu savak$ana, apstrade un analize par pa$reiz izmantotajiem un
perspekiiveé nepiecieSamajiem energ@tiskajiem resursiem. levErojot lauksaimniecibas
kultdru razibu un pasreiz§jo modernako parstrades tehnologiju Latvija, aprékinu cela
noteikt iesp&jas dal&ji nodrodinat 3is vajadzibas ar atjaunojamiem bioresursiem.

Rezultati

Lielakie energétisko resursu  pat€rétaji ir spékrati un apkures sistémas. Siltuma
vajadzibam patéré 66% no visa Latvija patéréjama energijas daudzuma, bet transportam
23%. Lidz ar to lielakie apkartgjas vides piesargotaji ir transports un apkures katli.
Analiz€jot kurindma strukttiru Latvija, redzams, ka apsildiZanai izmanto dabas gazi (ap
40%), mazutu un akmenogles (ap 30%), bet koksni un kiidru ap 28%. Mazuts un
akmenogles ir vieni no kaitlgakajiem kurindmiem, jo, tiem sadegot, diimgazés ir
slidzino§i daudz séra un slépekla oksidu. Tade] pédgjos gados ir pieaugusi gazes
izmantoSana siltuma vajadzibam. Latvijai, pateicoties geologiskiem veidojumiem,
nozimiga biis dabas gézes glabatavu iertkoSana Snépel€, Aizputé, Dobelé un citur, kur
varétu noglabat gazi ziemas periodam Rietumeiropai. Tomeér ir loti svarigi, lai Latvijai
bitu no importa neatkariga energétika. Tam noliikam veic pétfjumus atjaunojamo
resursu izmantoSanai. Analizgjot datus par vietgjiem atjaunojamiem energgtiskiem
resursiem, redzam, ka nozimigi Latvijai var biit Gidens, v&ja, saules un bioresursi. Udens
spekstacijam Latvija ir sena vésture. 1950. gados Latvija darbojas ap 520 hidroagregatu,
no kuriem ap 300 raZoja elektrisko energiju ar kopg&jo jaudu 2,34 MW.Tomeér laikd no
1954. lidz 1977. g. mazo hidrostaciju darbiba bija apturéta un dala agregatu demontéta.
Mazo hidrostaciju rekonstrukcija sakas kop§ 1990.g. un turpinas vél $odien.

Saules energiju Latvija izmanto galvenokart siena sagatavo$ana. Tomér sakard ar
jaunu, modernu rupjas baribas sagatavoSanas tehnologiju ievie§anu saules energiju
izmanto arvien mazak. Nozimiga saules energijas izmanto$ana var biit graudu Zavé§ana
ar siltu gaisu un silta Gdens sagatavo$and majsaimniecibas vajadzibam individualas
dzivojamais majas. Tomé&r saules energiju ir iesp&jams izmantot vairak (Skele 1999).

Ari vEja energija Latvija tika izmantota kops seniem laikiem. Pirms otrd pasaules
kara saméra plagi izmantoja mazas jaudas v&ja generatorus, kurus kopa ar akumulatoriem
izmantoja, galvenokart, apgaismoSanas vajadzibam. Visas iekartas raZoja viet&ja riipnica
VEF. Kara laikd un péc kara, v&ja generatori tika iznicinati. Kop§ 1990.gada vé&ja
generatoriem atkal pievérsa uzmanibu uz jaunas tehnologiskas bazes. Izveidoti dazadi
vEja generatoru varianti, tomér plasu pielietojumu tie nav ieguvusi (Shipkovs 1993).

Sameéra liels ir augu biomasas potencials, kur§ atjauncjas katru gadu. Loti
nozimigi Latvija ir koksnes resursi. MeZi miisu valsti aizgpem vairak ka 40%. Netraucgjot
meZu attistibai, katru gadu var izeirst 1idz 11,7 milj. kubikmetru koksnes. Daudz
kokmaterialu eksportgjam. Tomeér koku zari, galotnes un atgriezumi no koksnes
parstrades netiek izmantoti. Neizmantotds koksnes daudzumu veért€ ap 5 milj.
kubikmetru. Tau $o mazvertigo koksni &érti izmantot Skeldas veida, jo tad koksnes
dedzinasanas procesu var automatizet. Latvija parbuvétas vairgk k& 240 katlu majas
koksnes kurindmam ar kopigo jaudu virs 280 MW. Lielu palidzibu starptautisko
programmu ietvaros, snieguSas Ziemelu zemes, galvenokart Danija un Zviedrija. Darbi
par energétiskas koksnes izmanto$anu apkures vajadzibam turpinas saskana ar Latvijas
Ekonomikas ministrijas apstiprinato programmu. Latvijas katlu raZotdjfirmas arl
iesaistitas programmas izpilde.

Nozimigs biologisks energgtiskais resurss Latvija ir klidra. P& specialistu
vertejuma kiidras resursi izpétiti aptuveni 5700 purvos ar kopgjo platibu 640 tikst.
hektaru, kas aiznem 10% no Latvijas teritorijas. KGdras ieguvé darbojas aptuveni 11
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uzpémumu, apstraddjot ap 10 tikstoSos hektaru. No §is teritorijas aptuveni 1800 ha
iegiist frézkldru, kurai ir vairdkas priekSrocibas salidzinot ar gabalkiidru. No kiidras
ieglist apmeram 25 tiikst. tonnu kfidras brikeSu. Izmantojamos energstiskas kidras
resursus vert€ 613 milj. kubikmetru vai 94 miljonu tonnu. Katra gadu purvos
dabiskais kiidras pieaugums ir 1 miljons tonnu. Kidras izmantofanu energétiskam
vajadzibam var€tu krietni paplaSinat, tomér Latvenergo plano atteikiies no kidras
izmantoSanas Rigas TEC-1, lai gan tas ir viens no vislétakajiem kurinamiem. Liclu
tautsaimniecisko efektu varétu dot kiidras kimiska parstrade. Stinu purvu kiidru saméra
viegli var parstradat glikozé un no tis raudzgjot iegit etilspirtu, kuru var izmantot ka
transporta degvielas piedevas vai izejvielu kimiskai riipniecibai.

Tomér daudz energijas, ko var dot fotosint€zes produkti, netiek izmantoti. Pasaulé
daudz strdda pie biodegvielu ievieSanas naftas produktu vieta. Ari Lavija prof. M. Bekera
vadiba izstradata programma "Biodegvielu raZoSana un izmantoSana Latvija".
Programma paredzgts izblivét biodegvielu raZotnes un raZot daZadas transporta degvielas
vai to piedevas.. Viens no programma paredz&tiem virzieniem biodegvielu raZzoSana ir
alkohola degvielas raZoSana kd piedevu benzinam. Otrs virziens ir dize[degvielas
razoSana no augu ellam. Perspektiva augu ellu raZoSanai Latvija vartu biit rap$a
audzgSana. Trefais biodegvielu virziens ir gdzveida degvielu (kokgazes un biogazes)
razoSana no koksnes un lauksaimnieciskiem atkritumiem. Gazveida degvielu var
izmantot gan ka kurinfimo apsildes sistémas, gan kompresejot ka degvielu spékratiem.

Vistalak programmas izpild€ ir darbi bioetanola razoSanai. Izstrddati tehniski
ekonomiskie pamatojumi jaunas bioetanola riipnicas celtniecibai graudu parstradei
spirtd. Spirta izmantoS$anai ka piedeva benzinam, jau ir pieredze no 1930. gadiem, kad
Latvija raZoja "Latolu", kas bija spirta un benzina maisfjums attieciba 1:1 vasara un 1:2
ziema. Alkohola ka automobilu degvielas izmantoSanas pieredze ir Brazilijai, ASV,
Francijai u.c. valstim. Tomér tiTsdesmito gadu pieredze Latvijda maz izmantojama, jo
mainijusies ir spirta iegii§anas tehnologija un mainijusies motoru konstrukcija. Tade}
LLU veikti p&tijumi par alkoholdegvielu izmantoSanu maisijuma ar benzinu, izpliides
gazu sastdva izmainam pie dazada spirta daudzuma piejaukuma, spirta—benzina $kidibas
raksturlikném, oktanskaitla izmainam pie dazada spirta satura maisijuma u. c. raditajiem
(Skele 1999). Ja spirta piedevu benzinam planotu tikai 5%, tad uz 2005. gadu vajadz&tu
32,86 tiikst. t etanola gada. Lai saraZotu | tonnu etanola, vajadzigs 3 t graudu vai 7 t
kartupelu. Tatad gada vajadzgs vairak ka 97 tukst. t graudu un bils vajadzigs ap 39 tiikst
ha lauksaimniecibas zemes (Dapilevi¢s 1999.).

Biodegvielu raZoSanas un izmantoSanas programm& paredz8ts attistit
biodizeldegvielas razo$anu no rapsa s€klam. Rap3a ellas iegiSana iesp&jama gan nelields
skriivpreses iekartds gan lielas riipnicas. Tacu rap3a ellu dizeldzingjos var izmantot tikai
péc to parbiives. Tapéc dizeldegvielu labak iegiit, esterificBjot augu ellas, jo tada
gadfjuma nav nepiecie§ama motoru parbiive un esterificéto rapSa ellu var sajaukt jebkurd
proporcija ar dizeldegvielu (Bekers 1999; Gulbis 1999). Vairums traktoru raZotaju
norada, ka biodizeli var lietot bez ierobeZojumiem.

Viena no neizmantotam rezervém energijas ieguvei, saudzgjot dabu, ir organisko
vielu metanfermentacija. No organiskiem atkritumiem, tiem sadaloties anaerobos
apstaklos, veidojas metans un oglskabd gaze. Metans ir viena no bistamakajam
siltumnicas efektu izraiso§am gizém (vairak ka 20 reizu), tad€] metana savaksanai un
izmantoSanai ir licla energétiska un ekologiska nozime. Organiskie atkritumi veidojas
Jauksaimniecibas produkcijas raZoSand, parstrdd€ un patéripa. No augiem cilvéku un
dzivnieku vajadzibam bieZi vien izmanto tikai nelielu daju. BieSu lapas, saknu atgriezumi
u. ¢. klist par atkritumiem. VisbieZak p&c raZas novak3anas tos iear augsné. Tas izjauc
C:N attiecibu par labu ogleklim un prasa papildus ieguldijumus optimalds attiecibas
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atjaunosanal Parstradajot biogdzes iekartds dzivnieku un putnu méslus, augkopibas
atkritumu pievienoSana ir vélama, jo palidz uzlabot C:N optimalo attiecibu biogazes
razoSanai.

Patreiz visa pasaulé notiek attieksmes maina attieciba uz atkritumiem, intensivi
tick mekl&ti jauni, videi draudzigi utilizicijas un parstrades papdmieni, izmantojot
otrreiz€jas izejvielas un ieglstot biogazi energstiskam vajadzibam. Pasaulé paradijusies
projekti sauso organisko atkritumu parstradei biogizg, intensificgjot biogazes iegidanu.
Tomer 3aja virziend pétfjumi nav veikti un tdde] projektu izejas datos ir daudz
nepamatotu pienemumu. Misu aprékini rdda, ka $ie piepgmumi ir nepareizi, tads]
nepiecieSami papildus p&tijumi.

Siltajas zemés, ki Indija, Kinas dienvidos, Taizemé u. c., ir izstradatas un tiek
realiz8tas biogazes programmas. Kind un Indija darbojas vairaki m11J0n1 siku un vidg&ji
lielu (ciematu) biogazes iekartu (Skle 1999). Viacija un Ziemelvalstis bivé lielakas
organisko atkritumu parstrades un biogdzes raZoSanas iekartas. Lieldim organisko
atkritumu parstrades iekdrtim samazinds kapitalieguldfjumi un energijas zudumi uz
saraZoto energijas vienibu, bet palielinds transporta izdevumi organisko atkritumu
parveSanai uz parstrades vietu. Lauku regionos atkritumu transporté§anai bez daZada tipa
autotranporta izmanto ari traktorus. Organisko atkritumu savak3anai, iekrauSanai un
sagatavoSanai parstrddei vajadzigi tehniskie Iidzekli, energija un darba speks. Tadél
kopuma3 veidojas komplic&ta organisko atkritumu savikSanas, transporta sagatavo3anas
un parstrades sistéma, kurd ir daudz variablu elementu, sakot ar organisko vielu
daudzumu un sastavu, un beidzot ar atlikumproduktu un biogdzes glabadanu un
jzmantodanu. Sis sistémas darbibu var sarezgt arl apstaklis, ka daZiem atkritumu veidiem
(pieméram, augkopibas) ir sezonals raksturs. Lai pamatotu optimalo organisko atkritumu
parstrades regionu lielumu, tehnologiju un tehnisko lidzeklu izveli, ir nepecie§ams
matematiskais modelis optimizacijas aprgkinu veik$anai. Lai optimizacijas aprékinos
ievietotu redlus izejas datus, javeic arl eksperimentélus p&tfjumus $o datu iegiiSanai.

Latvija padreiz darbojas vairak nekd 500 daZada lieluma izgiztuves, no kurim
lielakd dala neatbilst vides aizsardzibas prasibam un tuvaka laikd tiks si€gtas, jo tas
nenover§ metina izdaliSanos atmosferd turpmakos gados ar visdm no ta izrieto§am
kaitigdm sekam. Perspektivé tick paredzétas 10 —12 regionalds izgaztuves, tadu ari tajias
pasreiz nav paredz&ta metana savakSana.

Tade] tuvakajos gados paredzets, izmantojot pasaules pieredzi, izstradat sistEmu
vietgjiem Latvijas apstakliem lauksaimniecisk@s raZoSanas, partikas rGpniecibas un
komunalo atkritumu parstradei videi draudzigd forma, ieglistot biogazi energetiskam
vajadzibam un meSIOJumu augkopibai.

Izpétot paSreizgjas iespEjas biogazes 1egusana1 no lopkopibas atkritumiem,
redzams, ka majdzivnieku ekskrementu parstrade vargtu dot ap 100 milj. m®  biogazes
gada, vienlaicigi samazinot smakas, iznicinot kaitigo mikrofloru un samazinot apkart&jas
vides piesarnojumu. Piegemot, ka tiek savakti tikai 10% no auglkopibas atkritumiem, un,
parstraddjot tos biogazg, varétu iegiit aptuveni 28 milj. m’ gazes. lzvértgjot komunalas
saimniecibas notekiidepus un atkritumus, tos parstradajot varstu iegdit ap 20 milj. m’

‘biogazes. Kopa redli ieglstams gandriz 170 milj m’ bmgazes gada kas ekvivalents ap

130 milj. m® dabas gdzei. Tomér, aprékinot ieglistamas energijas paSizmaksu, biogaze
izmaksa dirgak nekd dabas gaze, jo tas raZzoSanai nepiecieSami lielaki kapitalieguldijumi,

salidzinot ar dabas gazes caurulvadu izbiivi.
Biogaze ir izmantojama tapat ka dabas gaze. Parasti biogazi sadedzina kurtuves

apkures sistémas un siltd lidens ieglsanas iekartas. Biogazes sﬂtumspe]a ir atkariga no
metina daudzuma gazé. Vidgji biogazes siltumspgju verte ap 21,6 MJ/m® . Jarekinas vl
arf ar to, ka dala siltuma japateré, lai uzturétu fermentg$anas procesam nepiecie§amo
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temperatiru. Lai nodrosmatu termofila temperatliras reZima apstaklus, jauztur
raudzeanas temperatiira 50-60 °C. Vasaras perioda, kad telpu apsildiSana nav vajadziga,
biogazi var izmantot ickSdedzes motoru darbinf3anai, elektribas raZo$anai. Gazveida
degvielas viegli sajaucas ar gaisu un 1idz ar to pilnigak sadeg. To atgazés mazik toksisko
vielu, kas neatikaida ellu karterT un motoram ir labaka e]lodana, seviski motora
iedarbinaSanas periodd. Loti svariga gazveida degvielu ipadiba ir to augstais
oktanskaitlis (biogazei 120~125), kas ]ayj to izmantot motoros ar augstaku kompresijas
pakapi. 57 Ipadiba atlauj viegli parbivet dizelmotorus darbam ar biogazi, neizmainot to
kompresijas pakapi. Seit var bat divi parbiives varianti: 1) pielietojot dubultdegv1elu
sistému, kad 75% motora jaudas nodrogina biogaze, bet 25% dizeldegviela, kura $aja
gadijuma darbojas ka pilotdegviela, nodro§inot degmaisfjuma aizdedzind3anu vai 2)
dizelmotoru parbiivejot par dzirkstelaizdedzes motoru. P&déja variantd motora parbiive ir
sareZgitaka. Biogdzi pec attirifanas, var izmantot arl spékratu darbiniSanai. Tam
noliikam ir nepiecieS8ami augstspiediena baloni un kompresora iekarta. Spékratu
darbina$anai ar kompresétu dabas gazi pasaul€ jau ir liela pieredze un to izmanto arT
Latvija.

Secinajumi
1. Neskatoties uz energétiko resursu trikumu Latvija, atjaunojamie resursi tiek
izmantoti nepietiekosi.
2. Biodegvielas programmas realizdcija palielinds nodarbinatibu laukos un parstrades
ripnieciba, palielinas ekonomiskas aktivitates un iengkumus Latvija.
3. Biodegvielu izmanto$ana samazinds import€jamas degvielas vajadzibu.
4. Biodegvielas izmanto$ana samazinas fosilo degvielu vajadzibu un to kaitigo ietekmi
uz apkartgjo vidi
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NOTEKUDENU AERACIJAS IEKARTU ELEKTRISKAS
PIEDZINAS ENERGOEKONOMIKA
ENERGOECONOMICS OF ELECTRICAL DRIVES FOR

WASTE WATER AERATION UNITS
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Abstract. This article discusses essential aspects of Induction motor’s (IM)
selection for reconstruction projects of waste water purification plants as well eventual
saving of electric power in waste water pneumatic aeration units by using regurable
electrical drives. Experience has proven that it is almost always cost effective to raplace
old unefficient motor with new energy efficient and reliable unit. Anyway economical
calculations must be perform. The paper considers methods and results of economic
effect calculation from energy savings in three phase IM dependent on their efficiency,
power factor, operation time and reliability. The higher the motor’s energetic indices, the
higher the effect from electrical energy saving and the lower the payment time of
additional charges.

Most electric power is consumed during waste water pneumatic aeration because
it is an uninterrupted process. Analysis of the biological oxygen need for communal
waste water purification prove that the medium required air blower’s productivity is 50—
60% of maximum value. Therefore the regulation of air blowers by using frequency
converter is vitally important for energy saving and profitability of communal waste
water biological purification plants. Calculations show that use of reguable air blower
with frequency converter is profitable for medium and large scale purification plants.
The payment time of the additional charges for frequency converter and automation are
about 2 years and lower if the rated power of air blower’s electrical drive is 15 kW and
higher, but medium energy saving exceeds 30% in comparison with rated value.

1. Ievads

Energijas ekonomija ir pasaules méroga aktudla probléma, kuras risindSanai tiek

pievérsta pastiprindta uzmaniba. Ipadi tas attiecas uz nepartrauktiem, energoietilpigiem
procesiem, kuru optimizacija dod ievérojamu energijas ekonomijas efektu. Energijas
raciondlai izmanto$anai ir arT ekologiska nozime, jo iekartai ar mazaku energijas patérinu
ir augstaks ekologiskas atbilstibas indekss. Viens no $adiem energoietilpigiem un
ekologiski nozimigiem procesiem ir notekfidenu attiri§ana.
Pieteikta problematika Latvijai ir aktuala saistiba ar lieliem notekiidenu attiriSanas ietaiSu
rekonstrukcijas  projektiem, kuros kapitalieguldijumu ievérojamu dalu sastada
tehnologiskas iekdrtas ar elektrisko piedzipu. Ipads statuss ir notekDidenu aeracijas
iekartam, kas nodrogina attirifanas procesa nepértrauktibu un ir lieldkais elektroenergijas
patérétajs. Tade] aerdcijas iekartu elektriskds piedzinas izvéle rekonstrukcijas procesd un
tds optimala regulésana ir ne tikai tehnisks, bet arT ekonomisks jautajums.

P&tfjumi parada, ka ilgstofas un nepartrauktas darbibas tehnologisko iekartu
piedzinai jaizvélas asinhronie elektrodzingji (AD) ar augstu energoefektivitati un
ekspluatacijas droSumu [1]. Veicot rekonstrukciju, vecie vai bojétie elektrodzingji
janomaina ar jauniem dro$iem un energoefektiviem. Remontgtu elektrodzingju atkartota
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uzstadiSana nepartrauktas darbibas iekartds neatmaksajas sakard ar pazeminatu
lietdertbas koeficientu un ierobeZotu resursu. Sadi elektrodzingji téré wvairak
elekiroenergijas un paatrinati iziet no ierindas, kas rada papildus ekspluatacijas
izdevumus un tieSus zaud&jumus.

Bitiski svarigs faktors, kas nosaka AD darbibas efektivitati ir lietderibas
koeficients [2,3]. Ta maksimalo vértibu ieglist, ja elektrodzingju darbina ar nominilu
slodzi pie nomindla baroSanas sprieguma un frekvences. Sada reima darbojas
elektrodzingji nereguléjamds notekiidepu aerdcijas iekartas. Veicot 3o iekartu
rekonstrukciju, janomaina mazak efektivie turbokompresori ar Riitsa divrotoru gaisa
putejiem, bet perforéto cauruju aeratoru vietd jauzstida membranas tipa gaisa difuzori.
Parasti tas dod iesp&ju samazinat elektropiedzinas uzstadito jaudu 2 1idz 2,5 reizes.

Neracionali un neekonomiski ir uzstadit modernam gaisa patgjam ilgstosi lietotu,
remontetu vai arl jaunu, bet vecas serijas elektrodzingju ar zemiem energétiskajiem un
droS$uma raditgjiem. Kaut ar $adi elektrodzingji ir 1,5 lidz 2 reizes 18tiki neka moderni
firmu ABB un Siemens elektrodzingji, to izmantoSana ilgsto$d, nepirtrauktd procesd
ekonomiski neattaisnojas.

Neregul&jamie gaisa piitgji darbojas ar nomindlo raZigumu neatkarigi no
biologiska skabekla patéripa (BSP) notekGidenu attiriSanas procesa. Tas bieZi rada
nevajadzigu elektroenergijas pari€rigu pie samazinitas aerotenka slodzes. K4 liecina BSP
sadaljuma histogramma komunalajiem notekiideniem [4], vidéjd gaisa skidbekla
vajadziba neparsniedz 60% no nominalas vertibas, kas aprékinata lielakajai attiri$anas
slodzei. Ta ka Riitsa gaisa piit€ju elektropiedzinas patérétd jauda ir aptuveni
proporcionala raZigumanm, tad, nepértraukti regulgjot gaisa padeves daudzumu atbilstosi
mainigajam skabella patéripam, iegilist ievérojamu elektroenergijas ietaupijumu [5].

Raksta izklastita metodika un pieméri elektroenergijas ekonomijas iespgju
novértéSanai noteklidenu aerdcijas iekdrtds ar nereguldjamu un regulgjamu
elektropiedzinu. Aprékinu metodika dos korektu rezultitu pie nosacijuma, ka aericijas
iekartu elektrodzingji ir apgadati ar kvalitativu, pareizi izvElgtu un iestatttn aizsardzibu
pret iespgjamiem nejausiem avarijas — parslodzes reZimiem.

2. Neregulgjamo aericijas iekZrtu energoekonomika

Nereguléjamas elektriskds piedzipas energijas patéripa ckonomiku nosaka
energétiskie faktori (lietderibas koeficients, aktiva jauda, reaktiva jauda, elektroenergijas
tarifs) un ekspluatacijas parametri (izmantoSanas koeficients, slodzes koeficients,
ekspluatacijas drofums). Izmantojot divu vienddas jaudas elektrodzingju tehniskos datus
un ekspluatdcijas nosacfjumus ieglita sakariba elekiroenergijas ietaupfjuma efekta
dinamikas novérté3anai (Ls) p&c acracijas ickartas rekonstrukeijas, nomainot taja bazes
elektrodzingju ar efektivaku elektrodzingju.

£(1) ])mg't[(ﬂqf /) )ka +(7?effg% - Wbtggoef)kr] ()
o 77ef . 77[1 ’
kur Py, — salidzindmo elekirodzin&ju mehaniska jauda, kW;

Nb.Mer — salidzindmo elektrodzin&ju lietderibas koeficienti;

g = Ytd/t — elektrodzingju izmanto$anas koeficients;

(Ztd — summarais darba laiks apskatdmaji perioda t,h);

k, — aktivds energijas tarifa likme, Ls/kWh;

k, — reaktivas energijas tarifa likme, Ls/kV Arh;

tgQp, tg@er — salidzinamo elektrodzingju reaktivas un aktivas jaudas attiecibas

(tg0b = Qu/Pb, t8Per =Qer/Pes).
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Elektroenergijas ietaupfjuma efektu galvenokart iespaido lietderibas koeficientu
starpiba (ner ~My). Lielumu tge, un tgger iespaids ir ievérojami maziks, jo k~0,1k,. Lai
veiktu vispargju analizi, pienemam, ka salidzinamie elekirodzingji darbojas nepartraukti
(e =1) ar nominalu vienmérigu slodzi (Pn=Pnom), kas atbilst gaisa pitéju darbibas
rezimam. Apskatdmaja perioda tie darbojas bez atteices un tg@p = tg@er = tgp. Tad gada
laika iegiitais efekts ir

Rzomrg(ﬂef /) )(ka +1g9. kr)
¢ Ty Mo
kur t; = 8760h — stundu skaits gada.

Ja kopgja atlautd slodze ir 100 kW un vairdk, bet tgo>0,4 (cos<0,929)
elektroenergijas apmaksai izmanto T5 tarifu, kur k, = 0,0347 Ls/kWh un k, = 0,0035
Ls/kVArh. levietojot izteiksmé (2) 1p=0,9, tg¢=0,48 (cos¢=0,9), iegiistam raksturliknes
(1.att.), kas parada elektroenergijas ietaupijuma gada efekiu atkaribd no AD nominalas
jaudas un lietderibas koeficienta relativa pieauguma y = (ne-np)/1p, izteikta procentos.

Neviens elektrodzingjs nav absolfiti dro§s. Tadé], prognozéjot gada efektu un
papildus kapitalieguldfjumu atmaksasanas laiku, janem ve&ra iesp&jamas elektrodzingja
atteices. Piepemot, ka elektrodzingja atteices normalas darbibas periodd ir nejausi,
neatkarigi notikumi, kurus izraisa nevis ta nolietoSanis, bet gan elektriska tikla un vides
iedarbiba, atteiCu varbltibu var aprakstit ar eksponencidlo sadalfjuma likumu: R(t) =
exp(—At), kur A — elektrodzingja atteices intensitite; R(t) — bezatteices darbibas varbiitiba
[5]. Lai aprekinatu papildus kapitalieguldfjumu atmaksasanas laiku Ta (gadi), kam jabiit
mazakam par normativo laiku Tn (elektrotehniskajam iekartdim — 5 gadi), janosaka
elektrodzingja ekvivalentd darbspgjas varbiitiba periodda Tn [S5]. Tad elektroenergijas
ietaupijuma gada vidg€jo efektu var noteikt p&c formulas:

AT

€ n

E , (2)

kur Ar— efekiiva elektrodzingja atteices intensitate, hl.

Gada ekonomiskais efelsts
Annual economic effect

—— 1%
~—2%
3%

| 3 4%

Ener?ijas ekonomija, Ls
Energy economy

30 45 75 110 160
Nomin?i? jauda, kW

1.att. Neregulgjama elektrodzingja ietaupitas elektroenergijas gada efekts
nepartrauktas darbibas reZima atkariba no nominalas jaudas un
lietderibas koeficienta pieauguma
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Papildus kapitalieguldijumu atmaksaganas laiks

Cef - Cb
I, = 5, (4)
kur Cer— efektiva elektrodzingja cena, Ls;
Cy, — bazes elektrodzingja cena, Ls.

Noteiksim prognozg€jamo cenu starpibas atmaksaands laiku uz ietaupitds
elektroenergijas rékina, aizstdjot 4A s@rijas elektrodzingjiu (Puom =75 kW, np=
0,915; cospp = 0,9, Cp, = 1500 Ls) ar “Siemens”  elektrodzingju (Pyom =75 kW,
et = 0,94,  cos@er = 0,9, Cep = 2450 Ls, e = 3,5.10° /A7), ja tie darbojas
nepartraukti ar nominalo jaudu

24501500

¢ 633
kur vid&jais gada ietaupTjums — 633 Ls.

~1,5gadi,

3. Reguléjamas elektropiedzinas ievieSanas pamatojums
Sastadot neregul&jamas un regulgjamas elektropiedzinas aktivds un reaktivas
jaudas bilances vienaddojumus, ieglita sakariba elektroenergijas ietaupijuma efekta
aprékinasanai, reguléjot patéréto jaudu

k A
P.q (1 +Ige —’—)
P k + t k ¥ nom r
E(t) = nam( a g¢n0ﬂl I’) 1 _ a

nnom k,.
Pnom. ‘ T]r ' 77/‘ l + tg¢nom }C_—

s (5)

kur P, — regul€jamas jaudas vidgja vertiba, kW;
1 — reguléjamas elektropiedzipas vid&jais 1.k.;
nr— frekvencu parveidotaja vidgjais Lk.;
tgo; — regul&jamas reaktivas un aktivas jaudas attieciba;
tgPnom — neregul&jamas reakiivas un akiivas jaudas attieciba.

Samazinot elektrodzingja jaudu, tgo, palielinds, tadg] tgo; > tg@nom, bet lietderibas
koeficients samazinds (1 <fpom ). Visparigi mn, var izteikt $adi: 1= 8.Mnom, kur &;
= f(P)<! ir korekcijas koeficients péc elektrodzingja jaudas.

Frekvendu parveidotja lietderibas koeficients 1¢ mainds atkaribd no regulgjama
sprieguma frekvences. Ja fi=fom, tad e = 0,96 — 0,97. Samazinot frekvenci lidz £=0,5 fom
, N samazinas 1idz 0,91 [6].

Firma “Flygt” veikia frekvenCu parveidotaju radito papildus zudumu modeléSana
elektrodzingjos, kas deva iesp&ju reducsdt Sos zudumus pie frekvenéu parveidotdja un
ietvert kopg&ja lietderibas koeficientd, parnesot korekcijas koeficientu &; pie n¢: Mg =0; .1r
Izmantojot model&anas rezultatus, kas doti raksturliknu veida [6], ka arf pemot véra to, ka
Riitsa gaisa pitgju elektropiedzipas jauda P tiek regulta proporcionali frekvencei f,
ieglita empiriska sakariba 1 aprékinasanai

P
77ﬁ=0,71+0,25P’ (6)

nom
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Gada efekta aprékinaSanai vienkarSojam izteiksmi (5). Problémas rada tgg,
noteikSana, jo tas mainds atkarTba no regul§jamas jaudas un frekvences. Izteiksmes
kvadratiekavas analize pardda, ka robe?as tg@nom < tg@r < 2tg0nom aprékina kliida, atmetot
loceklus tgp: un tg@nem , neparsniedz 5%, kas ir pielaujami. Tad izdarot attiecigus
péarveidojumus un vienkarSojumus izteiksmé (5), ieglstam sakaribu gada efekta
aprékindsanai

E ‘Pnom tg(ka + tg@nom . kr} 1 -Pr
= - . (7)
£ 77”0’77 P)mm (0971 + 0925]:: / ‘Pnom)
Nosakam prognozgjamo papildus kapitalieguldijumu atmaksa$ands laiku
. C,+C,
a E 3 ( 8 )

g
kur C,— automatikas cena, Ls;
Ce— frekvencu parveidotaja cena, Ls.

Pargjie izdevumi, kas procentusli sastdda nelielu daju no galvenajam izmaksam
netiek pemti vera. Automdtikas cenu C, sastdda iz8kidu$a skabekla koncentricijas
mériekarta “Evita”, kas form& vadibas signalu uz frekvencu parveidotaju. Atkariba no
modifikacijas C, = (500 — 1000} Ls. Aprékiniem izvélamies vidéjo vértibu C, = 750 Ls.
Frekvenc¢u parveidotaju cenas ir atkarigas no jaudas, pie kam, palielinoties parveidotdju
jaudai, relativa cena (Ls/kW) samazinas (2.att.).

Izmantojot firmas “ABB” elektrodzingju kataloga datus un sakaribas (7, 8) iegita
papildus  kapitdlieguldijumu  atmaksaSands laika atkartba no prognozéjama
elektroenergijas ietaupfjuma dazddas jaudas iekartam. Jo lieldka ir aerdcijas iekartas
nominala jauda, jo lielaku efektu iegfist no elektroenergijas ietaupijuma un jo mazaks ir
papildus kapitalieguldijumu atmaksasanas laiks (3.att.).

Mazjaudigam aeracijas iekartam (4kW) frekvendu parveidotdja uzstddiSana
atmaks3jas tikai tad, ja prognoz&jamais elektroenergijas ietaupijums ir lielaks par 40%.
Vidéjas un lielas jaudas iekartam pie 30% elektroenergijas ietaupfjuma papildus
kapitalieguldijumu atmaksaSanas laiks samazinas no 2,2 gadiem (15 kW piedzipai) lidz
1,4 gadiem (75 kW piedzipai). Dotajos aprékinos nav pemtas ve&rd iesp&jamads
elektrodzingja, automatikas un frekvencu parveidotdja atteices, kas prognozg&jamo efektu
var samazinat par (10~15)%.
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Frekvencéu parveidotaju izmaksas
Frequency converters costs

16000 200 &
« 14000 &,
= 12000 150 = 2
8 10000 g &
& 8000 g 100 8 2
s 6000 4" = 8
g 4000 +. s0 & &
© 2000+ <
0 +— 0
4 15 75 200
VLT2840 VLT6022 VLT6100 VLT6275
Nominala jauda, kW

Rated power

2.att. Dazadas jaudas frekventu parveidotdju VLT vidéjas absoliitas un relativas cenas

Papildus kapitilieguldijumu atmaksasanas laiks
Payment time of additional charges

—o—VLT2-4kW |
—8-VLT6-15 kW I
|

VLT6-75 kW
-VLT6- 200 kW

Gadi Years

20% 30% 40% 50%

Elektroenergijas ekonomija
Energy economy

3.att. Dazadas jaudas regul&jamu aerdcijas iekirtu frekvencu parveidotaju un automatikas
atmaksa$anas laiks atkariba no elektroenergijas ietaupijuma prognozes
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Secindjumi

Batiski faktori, kas nosaka neregulgjamo notekiidenu aeracijas iekartu
energoefektivitati ir elektropiedzinas lietderibas koeficients un ekspluatacijas droSums.
Rekonstrukeijas procesa veci, mazefektivi un nedrogi elektrodzingji janomaina ar augstas
efektivitates dro§iem elektrodzingjiem..

Aeracijas iekartu regul§jamas elektropiedzinas ar frekvenéu parveidotdjiem un
skabekla koncentracijas automatisku reguléSanu ievieSana ekonomiski attaisnojas vidgjas
un lielas jaudas attiriSanas ietaisgs. Mazas jaudas iekartam efektivaka ir pakapjveida
reguléSana, izmantojot divus gaisa piit&jus, no kuriem viens darbojas patstavigi, bet otrs
periodiski iesleédzas un izslédzas atkariba no skabekla koncentracijas aerotenka.
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I'EOJIOTHYECKAS CPEJA Y TPOBJEMBI
TEO3KOJOTHYECKON BE30NACHOCTY OFBLEKTOB
SITEPHO-TOIUINBHOTO IUKJIA
GEOLOGISKA VIDE UN KODOLENERGETIKAS CIKLA
OBJEKTU EKOLOGISKAS DROSIBAS PROBLEMAS

Tarapunos B.H.
Teodmanaeckmii mentp Poceniickoit Axanenmun Hayx
117296, Pocemns, MockBa, Monoaexsas yi., 1. 3. Ten: (095) 9305639

Abstract. A discussion is presented of the methodological approach to assessment
of stability of geologic environment in regions where nuclear cycle objects are located. A
basis of assessment is the registration of dynamics of variation of the various factors and
exterior energy in a hierarchical block of geologic environment.

Impoxo HCHONB3yeMOE HACTOSINEE BpeMs B Haykax O 3eMIE IIOHATHE
"reosorudecKkass cpesa’ [0—pasHOMY TpPaKTyercs Yy Ppa3jiMyYHBIX aBTOpOB B
3aBMCHMOCTH OT HalpaBJIeHHH ux uccienosaHnil. He nmes BOZMOXHOCTH OCTAHOBHTLCS
HA aHAJIM3€ BCEX, BHIACIMM B HUX IJIABHBIC YEPTHL. B METOIOJIOrMYECKOM aclekTe 3Ta
KaTeropys MOXeT paccMaTpHBaThCA ¢ ABYX CTOpoH. Ilepsas OasupyeTcs Ha TOM, YTO
TEOJIOTHYECKas CPEfa 9TO CHOMHBIE OOBEKT NMpUPOABI, OOBEKTHBHO CYLIECTBYIOLIMH
Hesagucumo OT deinoBexka u ero gesrensuocts . (Tomozxosekas T'.A., Kormor B.@.,
Tpodumos B.T., Maymsn JL.B. u np.). Jlomranze B.I. [1] naer taxyro TpakTOBKY 3TOMY
tepmuny "Kaxnas Teppmropus Ha 3emie ¢ ee penbeoM, IIPONECCaMHM U SBICHHSIMH
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IpencTaBigeT CoOOH TIeOoNOTHYecCKyI0 Cpeny J>KM3HM M AeATEIbHOCTH HeHO0BEKA.
I'eosiorugeckas cpena — 5TO OKPY)KAIOLINE HAC TEONOTMIECKHE YCIOBHA. I eoornueckas
Cpera BO3HMKACT W MEHSCTCA BO B3auMojelcTsum ¢ arMochepoit, runpochepol,
brochepoit u BHyTpennuME chepamu 3emaun". B 3T0M B3rime reonormyeckas cpena
NPUBA3BIBACTCS K OIPEHENCHHOH TEPPHTOPHH M B3aHMMOJCHCTBYET C BHEIIHHMHU
IPUpPOAHEIE CHIAMHY, H3MEHSSL CBOE TEPMOAUHAMUYECKOE COCTOSHUE.

Bropo#t B3rnan (JI. Mronnep, M.B. Pan, E.M. Cepreees, B.T. Tpodumor u ap.)
3aKJII0YACTCA B TOM, YTO IIOJ Ie€ONIOTHYECKOH pacCMaTpHBASTCS CPEela 63aUMOCEA3AHHAL
C KakuM TO KOHKpPeTHBIM oOnekroM. "[eomormdueckas cpega 3TO KOMILIEKC
reoMOpPOSIOrUYECKHX, TEOPUIUUECKUX M TIEOXUMHYECKUX YCIOBHH, B KOTOPHIX
CYLUECTBYET OPranu3M (B TOM 4MCIIe YeNOBEK M ero xossiictso)" [2]. B namHoM cioydae
IOJ. IEOJIOTHYECKOH Cpellof IOHMMAeTCsi BEPXHsS 4acTh JHTOC(EpH, BKIHOUAIOMIAN
TOPHEIE IOPOIB], TOUBKI, QIIIOU/E U AP., HOJBEPrarOIyecs BO3NCHCTBHIO YEeIOBeKa.

Hanbonee wm3BecTHsIM cuntaercs onpenenenme E.M. Cepreesa {3],
"reonoruyeckol cpeioi Ha3BIBAIOT BEPXHIOIO YacTh IHTOCHEPEI, paccMaTPUBAEMYIO KaK
MHOTOKOMIIOHEHTHYIO ~CHCTEMY, HAXOAMIIYIOCS ION BO3ACHCTBUEM HHIKEHEPHO—
XO34HCTBEHHON NEATENILHOCTH YENOBEKa, B PE3yJbTaTe Yero MPOMCXOMUT M3MEHEHUE
IPUPOIHBIX TEOJIOTHYSCKHX IIPOIECCOB M BO3HMKHORCHWE HOBHIX aHTPONOTEHHBIX
ABNEMHHA, YTO B CBOXO OYEpEHb BBI3HIBACT HM3MEHEHME HHXKEHEPHO-TEOJOTHUECKHX
yCHOBUM CTPOMTENBCTBa OOBEKTOB Ha oOIpenenenHol reppuropun. OCHOBHEBIE
3JEMEHTHl TE0JIOrMYEeCKOH  Cpenpl — TOPHBIE IOPOABI, ION3eMHBIC BOXbI, (HOPMEL
penbeda, TEONOTMYECKUE IPOLECChl W SBICHUS M HX HHXCHEPHO-TEONIOTMYECKHUE
agayorn". B JagHOM Cliydae TEpMMH CBS3BIBACTCS C NPOM3BOACTBEHHOU JEATEIBHOCTEIO
YyelnoBeKa, KOTOpas HampaBleHa ¢ OJHON CTOPOHBI Ha DPa3pyUICHME CYUIeCTBYIOIIEH
HPHEPOIHOH I'e0JOTHIECKOH Cpefibl, a ¢ ApyTolH — Ha ee HallpaBIeHHOe Ipeo0pa3oBanye.

Ilpm oueHke BO3JEHCTBAS TIEONOTHYECKOR Cpensl Ha OOBEKTH SAEPHO—
rormuBHoro umkina (OSTL)) TepMuH reomoruyeckas cpefa MOXKHO HCIIONB30BATH &
WUPOKOM U Y3KOM CMbicie. B IIMPOKOM CMBICIE IHOJ TEOJOTHYECKOM cpemoit
TOHUMAETCS BEPXHISL JacThb NHTOcheps! ¢ ee diieMeHTaMH (TOPHBIC TTOPOAbI, QIIIOUAIBL,
penbed, u Ap.), OMMCHIBAIOMIMECT HEKOTOPHIM HAOOpPOM XapaKTepUCTHK €€ CBOMHCTB,
TIPOIIECCOB M COCTOSHMA, KOTOpas sBigerca BMematomeidl o oteomenuto Kk OSTL] u
oupeneneHHEIM 00pa3oM B3auMOIEHCTBYIOIIAas C HMMH HCXOAs H3 COOCTBEHHOTO
TEPMOAMHAMHYECKOT0 cocTOAHUA. HibkHAA rpaHuna He ompeneneHa U Uil pasIHyHbIX
10 HEPTeTHYECKOM MOMHOCTH (PAKTOPOB OHA MOXKET MEHSTHCSL.

Ilpu onerxe Bo3meicTBUS 00BEKTa Ha I€OJIOTHYECKYIO CPERY PACCMaTpUBAcM ee
B Gonee yskom cmwicie, T.e. KaK HEKOTOpBIH o0BeM mHTOChEpHl — "30HY BIHSHMA
HHXEHEPHOr0 COOPYXKEHHUS", NOABEpraomieics H3MEHEHHIO €10 OTAEIBHBIX 31€MEHTOB
B pe3ynprare [ESTENBHOCTH 4eNoBeKa., J3AeCh HIDKHAS TIpagula ompeAensercs
3aXaHHbIME IpeJeNbHO JOIYCTHMBIMU NOPOTaMy BO3AEHCTRES Ha OKPYXAIOIIYIO CPELy.

OcHOBHOE CBOMCTBO I'EOJIOrHYECKOH CPElibl €6 MHOTOKOMIIOHEHTHOCTS U KpalHsis
HEOMHOPONHOCTh. MOXKHO cuuTaTh, dYro TIeONOTHYECKas cpeja COCTOMT U3
OECUHCIEHHOIO MHOMXECTBA BJIEMEHTOB (TOPHBIE I[IOPORBI, MOYBBEL, MHUKPOOPraHU3MBI,
PacTBOPBI, a3k, BIIEMEHTEl CTPYKTYphI, (pU3MYeCKUe IO U T. A.). Bce ux B npuHIMAIe
HEBO3MOXXHO Y4eCTh, 1a H B 3TOM HeT HEOOXOJMMOCTH, TaK KaK MHOIHME HE HIpaloT
CYILIECTBEHHOM pONIM IIPYMEHHTENBHO K paccMarpuBacMoii mpobneme. IlosToMy c
METOAONOTHYECKO TOYKM 3peHHsI, HEOOXOAHMMO OIpaHHYUTECA TEMU OSJIEMEHTAMH,
KOTOpHIE HEMOCPEICTBEHHO OKA3hIBAIOT BIIMSHWE Ha TE03KONOTMYECKYI0 OE3011acHOCTD
OATH.

XapakTepiCTUKY TEONOTrMYeckod Cpelbl WX MOXHO YCJOBHO DasieNuTh Ha
cienyrowue Tpu rpynnsl: 1. Ceoiicmea. 2.IIpoyeccer. 3. Cocmosnue.
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CaoficTpa 3T0 Te (H3HYECKHWe IapaMeTphl T'EONOIHYEcKOM cpelpl, KOTopbIe
OTBEHAIOT 3a (GOPMUPOBAHHUE €€ OTNEIBHBIX TEMEHTOB H KOTOPEIE B PEXKHME PEaTbHOTO
BPEMEHH MOJKHO CYMTATh OTHOCHTEIBHO CTATUYHEIMHU, HAPHMEpP, TIPOYHOCTH TOPHBIX
ITOPO/I.

oz mpoueccaMu MOHUMAIOTCS T€ SABICHHUS, KOTOPHIE H3MEHSIOTCS BO BPEMEHH U
IPOCTPAHCTBE IION ACHCTBHEM BHYTPEHHHX WIM BHEIIHHX HCTOYHHMKOB, HalpBMED,
COBPEMEHHEBIC JBIDKCHUS 3eMHOM Kophl. B ommcanme nponeccos 06S3aTENBHO MOIDKHBL
BXOJUTh I1apaMeTpEl, XapaKTepH3YIoIlHe AMHAMUKY HX H3MEHCHMS BO BPEMEHH WH
IIPOCTPaHCTBE.

CocrosiHmE IeoNOTHYECKON Cpelbl 3TO HapaMeTp, MHTETPUPYIOUIMH Pa3IHuHbIe
BO3JSHCTBYS IIPOLECCOB Ha €€ CROKCTBA, T. €. (PaKTHYECKH peaKius Cpenbl Ha BHEINHES
BO3JIHCTBYE (HapHMep, HAPSKEHHOE COCTOSHUE MAcCHBa FOPHBIX IIOPOH — PE3VJIBTAT
JEHCTBHS CHMJI TPaBHTallU¥M U TEKTOHHYECKHX IIPOIECCOB HAa TOPHEBIE ITOPOJHL,
061amarIyK OOpEReNeHHbIME YHPYTO—IIPOYHOCTBIME CBOMCTBAMMI H HapYIIEHHOCTHIO).
TpymHO OTHECTH TOT HNH MHOH IapaMeTp K TOM WM HHOW rpylie, MO3TOMY MOXKHO
OIIEpUpPOBATE IIOHATHEM — @akmop 2zeonozudeckoil cpedvi. PakTOp TeoIOrHYECKOH
CpelIpbl 3T0 CBOMCTRO, IPOLECC M COCTOSHUE, IPUCYINEE [aHHOMY 005heMy JTHTOCGHEPEI
HIIM TEPPUTOPHU 3€MHOH IOBEPXHOCTH, HMEIOLIEE YHCIEHHOE, (QYHKIHOHATBHOE HIIH
BEPOATHOCTHOE OIHCAaHHE M NPUBH3aH K KOOPAMHATHOM CETKE M MMEeT BPEMEHHYIO
LIKaITy.

Tlepras dynnamenTanbHaA 0COOEHHOCTH IEOJNIOTHYECKOM CPEObl 3aKIOYACTCH B
TOM, YTIO 3TO UepapXu4yecKku YCMPOeHHAas HPOCMPAHCIMEEHHO CHPYKMYPUPOSAHHAS
cpena. Kaxnpiit snemeHTapHsId o0ReM, OrpaHMYeHHbIA MM IUIOCKOCTAME OCHaGHeHis
TPELUUH, TeKTOHHYECKUMH HAPYIICHUSAMH UMY JUTONOTHYSCKAME I'DaHULaMH, ¢ OOHOH
CTOPOHBI BXOIMT B APYrod CTPYKTYpHBIE 610K Oonee BEICOKOTO YpPOBHA, & C APYroH
CTOpOHBI CaM COCTOMT 43 Oosnee Menxux IOJACHCTeM. HauBhICIIasg TreolIorHyYecKkas
cucTeMa — IUlaHeTa 3eMis B menom. Ilosromy ¢ymKumoHuMpoBaHue cucTeM Oosee
HU3KOTO paHra B JSHEPreTHYECKOM OTHOIICHHH KMEET HanpaBieHHOCTh H
IOJYMHEHHOCTE CHCTEMAaM DoJiee BEICOKOTO ypoBHi. IIpyu NporHo3HpoBaHMH COCTOSHMS
peliaroniee 3HaYCHHE NPHOOpPEeTacT OLEHKA BEMMYHHBI MEPEHOCA DHEPIHH U3 ORHOTO
Hepapxuueckoro YpoBHs Ha Jpyroi.

HauGonee axTUBHEIM CTPYKTYPOOOpasyIOIIM 3IEMEHTOM reOJIOIHIECKON Cpenl
SBIAIOTCS TEKTOHMYECKHME pa3IoOMBI M TpeliuHel. OHH MOrYT OBITh aKTHBHBIMH U
IACCHBHBIMM TI0 OTHOLICHUIO K CTPYKTYPHO—TEKTOHWYECKHM OJOKaM 3€MHOH KODEI,
KOTOpHBIE OHH OrpaHUYUBAfOT. HalpaBNeHHOCTH TEONOTMYECKUX IIPOIECCOB
HOJYHHSACTCS 3aKOHAM, KOTOPHIE UMEIOT CXOACTBO C 3aKOHAMM TEPMOJHHAMEKH, KOT/a
cucTeMbl ¢ OONBIUMM "TeOTEPMOJMHAMHYECKMM IOTeHIWaNaM" TEpeNaioT SHEPrHio
COCEIHHUM — ¢ MEHBLIUM IIOTCHIMATIOM. BHYTPEHHUMHA HCTOYHUKAMH SHEPIHH SBIIIOTCS
rnyOuHHBIE SHOOTEHHBIC CHIBL, HEPEpacHpefeIoIHe B pE3yNIbTare TeIIOBOH
KOHBEKIIMH 3HEPTUIO MEXAY OTHAEIbHBIMA IEMEHTaMU cpeisl. B 3aBHCHMOCTH OT 3amaca
YCTOMYHBOCTH  OTHENBHBIX JJIEMEHTOB TEONOTHYECKOM Cpemsl IPOMCXOOMT HX
paspymieHHe MWIKM IIepeXoh B HOBOE ICOTepPMOJHHaMHYECKoe CcOCTOfgHME. VIMeHHO
JMHAMHKA 3THX TIPOLECCOB U ONpEENdeT CTENECHb OACHOCTH FEOJIOTHYECKOH Cpefipl 110
OTHOIIEHHUIO K pacioyioxeHnbM B Helt OATIL

Ha puc. 1 npuBenena uepapXuyeckas KIAcCHQHKALMI CTPYKTYPHBIX 3JIEMECHTOB
reojioraueckofi cpenst. Ilox 'TeoTepMOAMHAMHUECKHM IIOTEHIHUANOM' ITOHMMACTCS
HEeKOTOpas CyMMapHas HHEpris KOHKPETHOIO 00beMa IeOJIOTHYECKOH Cpenbl, KOTopas
MOXeT OBITh Hepejiaia COCERHEMY /IeMEHTY CHCTEMBl WM HalpaBjieHa Ha paspyIlcHue

3JIEMEHTOB 3TOT0 0OBbeMa.
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K camomy kpynuomy I xiaccy CTpyKTyp reoNoruuecKoll cpemsl MOXKHO OTHECTH
TEKTOHUYECKHE IUIUTHI, CTPYKTYPHl MEHBUIEIO NOPANKA — JMHEAMEHTE], aBJIaKOreHBI,
IMTEL, TNyOHHHBIE PasioMBl M Jp. OTHOCATCA K Kmaccy II (a). Dtw OBa wacca
XapaKTepusyioT B 3eMHOM Kope rnobanpHbie (akTopbl, AeHCTBYIOLME B MaciiTabax
Goyee 10° M B miane u 6oree 10 M o BepTUKany. B cnenyromux nsyx xnaccax — III u
IV (6) ob6nenuHeHs! pasmuyHBE CTPYKTYPHI, ONPENENSIONHE YPOBHH HapYIICHHOCTH
reOIOTHYECKOH Cpenrl B PErHOHAIBHOM ILIAHE. K HHM OTHOCATC TCKTOHHWYECKHE
Pa3IOMBI MPOTSDKEHHOCTEIO A0 10 KM, pasIMuHBEIC CKIAIKH, BBRICTYNB! (YHIOAMEHTA,
BIIQJUMHBI ¥ JIPYTHE TeOIOrHYecKye CTpyKTyphl. Chenyromue aBa knacca — V (B) u VI (1)
XapaKTepu3yroT CTPYKTYPhl B pasMEpPax COM3IMEPHUMBIX C SJIEMEHTaMy HHKEHEPHBIX
COOPYXEHHM, 3TO CTPYKTypHas 6y0ouHOCTE MaccuBa (2 D¢,<10M), menkmwe Tpernuusi
nuHEoM MeHee 10 M 1 sneMeHnTapHas HapyIIEHHOCTh TOPHEIX mopox (2L,, < 1 M).

JupaMuKa I[PONECCOB B TEONOTHYECKOH Cpele XapaKTepu3yeTcss TakuMu
HOHATHAMH ~ KaK  cmabuibHOCMb U YCMOUYUBOCMb,  KOTOPBIE  ABILIIOTCH
byHnamMeHTaNBEHEIME B IIpobieMe obecredeHus sKonoruueckoi 6esomacuocta OSTL.
Tepmun ycrofiumBocTh paccMarpuBaeTcs B paborax M.A. [I'nasosckoit, B.A.
Csernocnanosa, [O.I'. ITyzagenxo, Yognuurrora, A.JI. Apmaun, B.®. Komiosa, I''U
Pynexo, I’ K. Bonnapuxa, B.T. Tpobumora u gp. MaTepnpeTanmy 3T10r0 TEPMUHA Y
Pa3sNUYHBIX UCCIIENOBATENICH CBOASTCS K mMpem HANPALeHUAM:

— CNOCOOHOCTH COXPaHATh OIpPEANICHHEIC IapaMeTphI;

— CcHocOOHOCTH M3MEHATHCS B IIpeeiax ONPeaeIeHHBIX JONYCTHMBIX HOPM;

~ ¢crocoOHOCTh K KOMIIEHCAIMH U BO3BPAIICHHIO B HCXOIHOE COCTOSHHEE.

CmabunpbrHocme TpeanonaracT MOCTOSHCTBO NApaMeTPOB CPElbl, ONpPEeNeIIeMoe
NIOCTOSIHCTBOM BHEIIHHX ycjouii. CorsmacHo [4] crabuIbHOCTE 3TO B M3BECTHOH Mepe,
Ka4JecTBO IIaCCHBHBIX CHCTEM, @ YCTOHYMBOCTH IIPEAIIONAracT akTHBHYIO PEaKIUIO CPEb
Ha BHENIHEe BO3MYILICHUE.

Takum oOpazoM, s 3amad obecreyeHus IeodKONOTHYECKOH Oe30IacHOCTH
OMATIl monm 2zeonozuyeckoii cpedoti MOXET MOHMMATHCH BEPXHAT HACTH JIHTOCGHEpEHL,
Aepapxuyueckd CIPYKTypupoBaHHad ¥ oOJajaiollas BHYTPEHHUMH X BHEIIHHMH
UCTOYHHKAMH  JHEPIHM  Ie0oTepMOJMHAMMYECKAas  CHCTEMa, = KOTopad  MMEEeT
OTIPEHENeHHYIO0 CIPYKTYpY, CBOHCTBA, COCTOSHHE M IpOLIECCHI H HAaXOOUTCA O]
BO3NIEHCTBHEM JEATENHHOCTH YeIOBEKA.

CmabunvHocmey 2e0102U4eCckoli. cpedvl TPUMEHUTENBHO K 00BEeKTaM SACpHO—
TOIUIMBHOIO LHKIA O5TO HalMuyWe B HEH TaKuUX CBOMCIB M IIPOLECCOB, KOTODBIC
TapaHTUPYIOT COXPAaHHOCTh H3OIAIMOHHBIX CBOMCTB MAaccuBa M HeE [PEBBLIICHHE
HpeenbHo HoImycTuMbIx HopM KoHuentpaumu (IIJK) paguoHyknuzos 3a mpefeiamu
CaHHTapHO-TEXHUIECKOH 30HHI B TCYCHUE BCETO BPEMEHHM 3KCITyaTayul 00beKTOB.

Yemotivusocmv  2eonozuveckoii cpedvt 3T0 €€ CIOCOOHOCT: MMOJ BIIHSHHUEM
BO3MYIIEHMH IPHUPOJHOrO U TEXHOTEHHOTO XapakKTIepa H3MEHATh CBOM 3IEMEHTHI TaKUM
06pazoM, YTo 3TO W3MEHEHWE HE BBEIXOAMT 3a DaMKM OIPEHENCHHOrO JHanasona,
KOTOPBIA rapamTupyer He npessiuesne [IIK panyonykiuios Ha JaHHON TEPPUTOPUH B
TEYeHHE BCEro CpoKa 3KCIUIyaTanuys 00BHEKTOB.
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Vepapxuyeckuit knacs Cpeniue pasMepk!, M
CTPYRTYPHBIX 2MereNTeB | no seprukany  Ro topusontan :‘\[L
1. Tpanmue: mor ~10° >10° o— 2 Lyy—s
H. TyBuHHEIC pA3TOMBL,
THHEAMEHTHI, BHCTYIEY 10°+510° ~10° -\5 :L- ;}; 1; -5
WHKTOB H Ip.
I11. Texronmeckue 3, ) 1o
paINOMBL, CHANKY M Ap. 107+ 5 10 10
1V. TpeiauHsl 107 + 10° ~10% +10°
V. Crpywrypioa 1+10 ~1+10
HOPYWEHHOCTS MACCHBE
V1. Dnemenrapuas <1 <1
6:104HOCTD

Puc. § . CrpyxrypHan uepapxus reonoruyeckoi cpenst,
[-VI — crpykrypHbie aneMenTsr; AE — BHOUIHAST SHEPrys,
NOCTYNAoasi B IEMEHThl TEONOTHYECKOH  CPenbl.

Puc. 1. Crpyxryphnas vepapxus reoiorudeckoit cpensl. I-VI ~ crpykrypaeie snemenTss; AE ~
BHEILHAS HEPrysd, HOCTyNaomas B 3MeMEHThl Pe0IOrM4ecKO cpebl.

Orcroma npo6emMa NpOrHO3HPOBAHKS U OXIEHKH YCTOMUMBOCTH TEOJIOrMHIECKOH CPEbI
IO/DKHA BKIOYaTh B cebs pemenne Tpex 3agau [5]: 1.0mpenesnenne OCHOBHEIX (aKToOpoB,
OIIPENENMOMMX CTAOMIBHOCTh M YCTOHUMBOCTE reoNoruyueckoll cpemsl; 2.YcTaHOBIEHUE
KPUTEPHEB OLECHKHM M IIPOTHO3a ycToiumBocTd; 3.000CHOBAaHME IPENENBHO JOMYCTHMBIX
HOPM KPHUTEPHEB OHEHKH U MPOrHO3a.

Bropas ¢ynnaMeHTanpHas O0COOEHHOCTH 3aKJIFOYAETCS B TOM, YTO IEOJNIOTHYECKAs
cpesia 9TO JHHAMUHYECKAs CUCIMEeMA, MMEIOIIAs CBOM BHYTPEHHHE WCTOYHUKH —DasBHTHSL
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llo amanormu c wu3BecTHOM MOAENBIO reorpadudeckux chcreMm AL Apmann {6}
TEPMOJMHAMHIECKOE COCTOSHME [EOJIOTHYECKOH Cpebl MOXHO IIPEACTaBATh Kax
YCTOHUMBOCTE OTAENBHBIX €€ JNEMEHTOB, KOXKIBIH H3 KOTOPBIX MOXKHO CMOJEIHAPOBATE B
BUAE B3aUMOCBS3AHHBIX MEXIy cobol AByx mapukoB (puc. 2). B sasmcumocts OT
IPUTOKa BHewHel sHeprun (AE), H3MeHSeTCA BO BPEMEHHM M TeOTEpMOIMHAMUIECKOTO
noTeHumana (AQ), KOTOPEIM U ONpenesieT MONOXKEHHUE HIDKHEro mapuKa. 1Ipu aramize
IWHAMHKE DTOT0 (axrtopa Mbl MOXEM 3aJaTh €r0 B pPajzIMuHBIX eIUHHULAX, II0
OTHOLIGHMIO K NpPENeNbHO  JONYCTHMBIM  HOPMaM, KOTOPBIE  [apaHTHPYIOT
sKkoJioruueckyro 6ezomacsocts OATIL

Ha puc.2 sumwo, uro B CIpyKTypHBIH Onox Bcerma mocrynaer AE, xoropad
NPUBOIUT X H3MeHeHHMI0O A@. Ha camMOM BBICOKOM YPOBHE B KayecTBE IMOA0GHOTO
HCTOYHHKA OSHEPIHM MOLYT OBITh COBPEMEHHBIE TEKTOHWYECKME  JIPOLECCHI,
KPUCTAINU3ALIMSA, 3€MIICTPACCHNA; Ha MCEHBIIEM — OIOJN3HH, IHAPOTreoJOrHyecKue
IPOLECCHI, IPO3Hs, OCaIKH, M Jp. B XOHEYHOM HTOIe — BCE BHIBI MPOELMPYIOTC Ha
caMblif HH3KHH YpOBEHb M B IOPHBIX NOpPOJax pPa3sBMBAIOTCS HPOLECCHl AECTPYKIH,
H3MEHSIOTCS  JIOKANbHble TOoNd  Hanpsxenu#, xodddunuentsi  PunbTpanyy,
IPOYHOCTHBIE CBOMCTBA TI'PYHTOB, CKOPOCTH TEOXMMHYECKHX MpOIECCOB M ApYrue
XapaKTEPUCTHKH, ONpeleNIonie yCTORYHBOCTE KOHCTpYyKuui OSTLL

-AF; = {AT; + AIL) Npurox _sneprum xomnencanum, & 7.4, TeXHOrCHHOR

Mpurox ceobogHOR 3HEPrUN
BT W. TEXHOTEHHOHR

1 2 1 3 45 1 3

Puc. 2. eorepMonAHAMUYECKas MOACIb SBOMIOUMH (PAKTOPOB TEONOrHUECKOH Cpe/bl.
A@ — OTHOCHTENBHBIN TepMoauHaMuseckuil noTesyan; AD — KOMIIEHCALMOHHBIH OTEHLMA:
DE — notenupan suewntell snepruu: AF — KOMITeHCaMOHHBIN NOTeHUMaN; K — XeCTKOCTh
ceszeid. TI/I[], — npenespHO JOMYCTHMEIH NMOPOr reoTepMoaunamuieckoro notenuuana; I e ~

TPEAETBHO AOMYCTHMBIH MOPOr KOMIIEHCALMOHHOIO MOTeHIIHANA.
Komkpernsi#i (akTop B 3aBHCHMMOCTH OT A@ MOXET HAXOmHTHCA B TpeX

COCTOSHHMAX: a)CTAbHIbHO-YCTONIHBOM; 6)CTabHIbHO-HEYCTOHIHNBOM; B)HECTaOHILHO~
HEYCTONUMBOM. YCTOHYMBOE COCTOSHHE XapakTEpU3yercs MONOKEHHEM, KOTHA OH
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HaxXONMUTCS B HEKOTOpOH “"moreHunuansHod ame". Kaxusni daxTop o6nazaeT 3anacoM
NPOYHOCTH, OOYCIOBNEHHOM €ro  CIHOCOOHOCTBIO  KOMIIEHCHPOBATH — BHEIIHEE
BozzeHcTBrE. B KavecTBe mpuMepa MOXKHO yKa3aTh Ha CIOCOGHOCTB MacCHBa YIPYIo
Ae@OpMHpOBATECA JO HEKOTOPOTO Iopora 6€3 BHOMMOrO paspyllleHHs, 4 3aTeM IOcle
CHSATHUS HArpy3KH BO3BPAlldaThCA B HCXONHOE coctosHue. CTerneHbs peakuuy
KOMIIEHCAIIMM Ha BHEIUHEE BO3JCHCTBHE MOXET OBITH ONHCaHO KO3(DPULUHEHTOM
XKECTKOCTH CBA3eH MEX Ty BHEMIHEH U KOMIIEHCAITHOHHOH 3Hepruamu (k).

B 3aBEcHMOCTH OT BENW4HMHEI £ (aKTop MOXET HAXOMHMTICS B HEYCTONIHBOM
COCTOSHMM JOCTaTO4YHO JIMUTEIbHOE BpeMs. ITO COCTOSHHE MOXKHO HA3BATh CTAOHMIIBHO
HeyCcTOHYHBEIM. HecMOTpsA Ha NOTEHIMAIBHYIO BOZMOXHOCTE €ro IHepexona Ha APYTyro
CTaJHI0 YCTOHYHBOCTH JHEPIUA KOMIIEHCAIIMY IOMJIEPKHBACT €r0 B KPHTHYECKOM
cocrogHuy. KpaTHYeCKHM MOXHO HaspaTh TaKO€ COCTOSHHE, KOrga ero
re0TePMOANHAMHIECKIH TOTEHIMA JOCTHTaeT HEKOTOPOTO IIOPOTOBOTO 3HAYEHHS, [IPH
IPEBBIIEHNH KOTOPOTO MOABIIETCA BEPOATHOCTE oTepH yeToituusoct OSTIL. Tak kax
IPaKTU9ECKH H3MEPUTH €0 HEBO3MOXHO, TO B Ka4ecTBE IOPOTOBOr0 3HAYECHHS MOTYT
OBITH yCTAHOBJIEHHBIE IpelenbHO jgomycTuMble noporu — IT1JK;, Hampumep mopor
nedopmMariuif, Kora HauMHaeTCs 06pa30BaHUE TPEIIUH.

Ilepexon U3 OJHOTO COCTOSHHS B JAPYro€ MOXET OCYIIECTBIITHCH [0 IBYM
cueHapusM. Ilo mepsoMmy, npu nocraTcdHo GOIBHIOM KOMIICHCAIMOHHOM HOTEHITHANE,
CKOpOCTh II€pexoja IIOCTOSHHA (CTabHIbHO-HEYCTOHUMBAs cpera), WIX [0 BTOPOMY,
KOIZa cpefia He obnaJaeT 3anacaMy KOMIICHCAHOHHBIX PECYPCOR IPOMCXONUT Pa3sBATHE
HpOIEcCa ¢ HEHOCTOAHHON — yBENMYMBAIOIEHCS KAaTACTPOQUUECKOR  CKOPOCTHIO
(zecTabunbrO-HeycToHunBas cpena). [locnemumit BapuanT cambill OMACHBIH, MO3TOMY
IpH TaKWX CHTyalusx uenecoobpasHo yeemuuusBate AQ® Ui mepexoja B HOBOE
COCTOSHWE C TIOCTOSHHOH CKOPOCTBIO, KOTOpas CHWXKAeT KaracTpoduueckue
MOCHENCTBHS. OT0 U sBIAETCS OOBEKTOM HCCAENOBAaHMS IpH pa3paboTke Mep IO
CHIDKEHHUIO BPEJHOTO BO3ACHCTBHA IPU 3KOJIOTHHECKHX KaTacTpodax.

Ms! ROMDKHBI paccMaTpUBATh M3MEHEHWE TIeoNoruueckoro ¢axropa 3a
HEKOTOPHIM KOHKPETHBIX uHTepBa) BpeMeHH. VIHTepBan 3aBHCHT OT BpEMEHH
cymecreoBanus OSTI] u cremenm ero orsercTBeHHOCTH. Yem omacuee 06BEKT, TeM
fonee AIUTIEIBLHBIE BPEMEHHBIE PSNEl MBI NOMKHBI aHAIM3HPOBATH C TOYKH 3PCHHUS
OIIEHKH YCTOMUYMBOCTH U CTaOUIBLHOCTH T€0JOIMIECKOH CPEibl B PETPOCIIEKTHUBE.

Uccnenosanns, IpOBOAMMBIE B HacTosilee BpeMs Ha psjge oObexkroB Poccum,
OCHOBaHBl Ha IPEACTaBIECHHOM BRIE MeTomosoruM. Hampumep, Ang IIOL3EMHOTO
xommuiekca "KpacHospex—26" uCHoib30BaHbl NPy paspaboTKe CHCTEMBI MOHHTOPUHIA
COCTOSIHHS I'€0JIOTWYECKOH cpensl. B pernoHanpHOM IDIape HawOoJbpliice BHUMAHHE
yzensercs HaONMIOZEHWIM 33 COBPEMEHHBIMH IBIDKEHUSMM 3eMHOH KOphl Ha OCHOBE
IPUMEHEHUS METOZ0B KocMudeckod reopesuu (GPS—rexHomoruum), Ha ypoBHE TOPHBIX
BEIpa0OTOK pa3paboTke METOHOB pacdeTa NapaMeTpOB CHOBHIKEHHUS Hal TOPHBIMH
BEIpabOTKaMu, KOTOpPBIE MOTYT CIYXHTh IOTCHIHANBHBIMH  KaHATaMH I
PacIpOCTpaHEHHS SKOIOTHIECKH ONACHBIX BEILECTB.

Jurepatypa

Jlomranse B.JI. Mrxenepnas reonorns. WnxenepHas reogunamuka. - J1.: Heapa, 1977.

Petimepc H.®. [Ipuponononssopanue: Cnosaps—cnpaBodyHUK. - M.: Melicas, 1990.

Ceprees E.M. UnxerepHas reonorus. - M.: Hzp—so MI'Y, 1982,

ITy3zayenxo FO.I". HBapHAHTHOCTH TEOCHCTEM ¥ MX KOMIIOHEHTOB. YCTOMYUBOCTL reccucreM. M.

Henpa, 1983. - C.32.41. v

5. Moposos B.H., Tatapnros B.H. Metonuxa BrIiGopa Y4acTKOB 3eMHON KOph! AIA pa3MELICHHS
3KOJIOTHYECKY OTIACHBIX OTXOAOB. // I'eoskonornd. - 1996. - Ne6. - C.109.-120.

6. Apmang A.JI. VcroHuMBOCT (TOMEOCTATHYHOCTH) TeOrpaMUECKUX CHCTEM K PasiIuyHLIM THIIaM
BHELIHWX Bo3aeHcTBuM. Y cToMunBOCT reoctcteM. - M.: Henpa, 1983. - C.14.-31.

i e\

203

ISBN 9984 - 585-36 -0

e




Environment. Technology. Resources. 2001

ATKRITUMU UTILIZACIJAS SISTEMA AR BIOLOGISKAS UN
TERMISKAS DESTRUKCIJAS PROCESIEM
A SYSTEM OF WASTE UTILIZATION WITH PROCESSES OF
BIOLOGIC AND THERMIC DESTRUCTION

Andris Upitis, Dr.biol., vadoSais pétnieks, Ojars Goizevskis, Mg. sc.ing.,
Miervaldis Kristapsons, Dr.biol., vadoSais pétnieks, Andis Karklins, Mg. sc. ing.,
pétnieks
Latvijas Lauksaimniecibas universitite,

Darba vides katedra,

Akadémijas iela 11, Jelgava, LV— 3001, t€1.3026059, 7296771, fakss 3021619,
E-pasts : <mfdek@llu.lv >

Abstract. There are prognoses that wast mass will increase in the near future.
Over half of waste mass makes various nature organic waste .At present waste is buried
in landfill, partly recycled traditionaly by composting or utilized in biocells with
collecting and employing of biogas. In this article considered conditional region (town
and  ambience willage )waste utilization  with environment jfriendly modern
biotechnology and traditional thermal process Liquid concenirated organic waste is
recycled in closed biogas equipment, solid waste is burnt in gasification type furnace.
Combining this equipment in complex is possible efficiently use energy obtained from
waste.

Examined influence of integrated processing system to environment, material
and energy cyclization, efficiency employ of obtained energy and processing system
comparing with waste burying in landfill.

Tevads

Tuvaka nakotng prognozé atkritumu masas palielind$anos, pieaugot taras un
iesaipojuma materidlu Ipatsvaram (Bendere, 1994, Szikrist, 1994). Misdienign videi
draudzigu atkritumu problémas risindjuma meklgjumi Sodien saistds ar centieniem
veidot atkritumu utilizacijas — parstrades sistémas p&c dabas sistému analogijas ar
biotehnologisko un tradicionalo termisko procesu integraciju, ta pandkot aungstaku
energijas un materidlu reciklizacijas pakapi (Linke, 1999, Qvistback 2000). Dabiskas
ekosistémas atkritumu k& tadu nav , organiskos atkritumus apbrinojami &tri "nodrda —
mineraliz€ " mikroorganismi — miisu neredzamie paligi, cikliskos dabas procesos —
biogéno elementu wun energijas aprité — biosint8ze mijas ar biomasas destrukciju—
mineralizaciju. Organiskos atkritumus utiliz€ gan procesos ar gaisa skabekla izmantoSanu
— komposté§ana gan bez skdbekla izmantoSanas —  anaerobd procesd ar biogdzes
iegiifanu. Tradicionala kompost&§anas procesa pie attieciga organisko atkritumu mitruma
gaisa skdbekla klatbitn€ dala organisko savienojumu biologiski "sadeg", aerobo
mikroorganismu darbibas rezultita masas temperatiira pieaug lidz tadai, pie kuras iet
boja kaitigie/slimibu izraisitdji / mikroorganismi, procesa samazinas slapekla un fosfora
daudzums, pat Iidz 20..40% , procesa apkart&ja vidé izdalds zema potencidla siltums, ko
praktiski griiti izmantot. Citas mikroorganismu grupas darbojas bezskabekla vide., tad
procesa izdalas interesants blakusprodukts - biogdze. Amnaerobos apstaklos
mikroorganismu darbibas rezultata veidojas biogaze, tas galvena sastavdala — metans ir
viena no bistamakam siltumnicas efektu izraiso§am gazém. Daba Sie procesi notiek
ezeros, purvos zemiidens slanu nogulas—diinas vn ari kupga —zarnu trakta.

Tehniskas destrukcijas sistémas tiek raditi mikroorganismu intensivai darbibai
optimali apstakli — slégta (hermetiska), bez gaisa piekliSanas iekarta, optimala, stabila
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procesa temperatiira. Procesa praktiski nav nozimigo biogéno elementu — slapekla un
fosfora zudumu, izdalita biogaze sastav no aptuveni 65 % metana,34 % oglskabas gazes
un mazak par 1 % — blakusgdzes (idepradis, slapeklis, s&riidepradis). Destrukcijai,
pirmkart, tiek paklauti tadas viegli sadaldmas biomasas sastdvdalas ka tauki, oglhidrati,
olbaltumvielas, bet celulozes un lignina savienojumi praktiski paliek neskarti. Procesd
iegutd organiskd méslojuma vides reakcija (pH) ir sarmaina, tas ir nozimigs moments,
izvértgjot miisu parsvard skabo auginu méslofanas efektivitati. Izdaloties metanam un
oglskabai gazei, procesa gala produkta — organiskd méslojuma optimizgjas oglekla /
slapekla attiectba, kas blakus tadiem faktoriem ki “papildus” mikroorganismu
populacijas ieneSana augsné kopa ar optimalu "barotni" (ligninu, celulozi un dalgji
mineralizéto substratu) rada labvéligus apstdklus visai sareXgitai dzivo organismu
kopai, kuras darbiba nosaka augsnes struktiiras un auglibas faktora — humusa
veidoSanos un optimald daudzuma saglaba¥anos. Salidzinot ar tradicionald cela iegiito
organisko méslojumu, anaeroba destrukcijas procesd ieglitdi méslojuma efektivitite ir
par 10-20 % lielaka. Interesanta ir procesa energgtiska bilance — biogazes energija pariet
aptuveni 95 % no mineraliz8tas biomasas energijas un tikai 5 % — mikroorganismu
augSanai un siltumenergija (Upitis, 1994, Skale,1999).

Anaeroba destrukeijas procesa izvertéana vides (ekologiskais) efekts doming par
energgtisko procesu efektivitati (Edelmann, 1999). Organisko atkritumu utilizacija
/parstrade anaeroba (biogdzes iegliSanas) procesd no elementu un energijas aprites
viedokla ir viens no efektivakiem biomasas energijas izmantoSanas veidiem. No
kopg&jas atkritumu masas vairak ka pusi veido organiskie savienojumi, savukart no tiem
ap 3/4 sadalas /mineralizgjas viegli un &tri tradicionald kompostéSanas procesa. Latvija
saskapa ar pasreiz8jo sadzives atkritumu apsaimniekoSanas stratégiju tos savic, izved un
apglaba atbilsto$i sanitdram un vides prasibdm izveidotos poligonos (Bremss, 2000.).
Atkritumu poligonu izveidoSanai nepiecieSami lieli kapitalieguldfjumi, to ekspluatacija
parddas biogdzes savakSanas un izmantoSanas, infilirata neitralizacijas un utilizdcijas
problémas, vairuma gadijumu atkritumus transporté 30 ..40 km un lielaki attaluma,

Sodien viennozimigs ir uzskats, ka atkritumu "apglaba$ana / aprakSana" poligona
nav labakais un videi draudzigakais atkritumu problémas risinZjums. Pieaug
sabiedribas interese um izpratne par apkartgjds vides problémam un redli draudoSam
globalam klimata izmainam, mainds attieksme pret resursiem un to izmantoSanu, tai
skaitd pret atkritumiem — "atkritumi ir izejviela, kas atrodas ne tur, kur tos var izmantot."
Dalu atkritumu var izmantot ka otrreizgjas izejvielas, dalu var utilizét / parstradat.

Misu darba mérkis — paradit atkritumu utilizacijas / parstrades iesp8jas ar
miisdienigiem biotehnologiskiem un tradiciondliem videi draudzigiem termiskiem
procesiem, darba izvértéta atkritumu utilizacijas sist®ma un tds salidzingjums ar
pasreiz§jo atkritumu savak$anas un apglabasanas sistému (GoiZevskis, 2000.).

Materiali un metodes

Integrétas atkritumu utilizacijas /parstrades sistémas biologiskds un termiskas
gazifikacijas procesi un iekartas redzamas sh&ma 1.

Nosacitais regions — 30 tiikst iedzivotdju , kas atbilstu republikas rajona centra
pilsétai ar tavako apkartni, piepemts, ka daudzstavu dzivojamds ma3jas dzivo puse no
regiona iedzivotdjiem, otra puse — viengimenu majas. Pilsétas iedzivotajs gada “"sarazo"
250 kg atkritumu, viengimenu /ciemata/ iedzivotajs —120 kg.

1.tab. paraditi viena iedzivotdja gada laikd "saraZotie" sadzives / komunilie

atkritumi Riga un salidzindjumam - Zviedrija.

205

ISBN 9984 - 585-36 -0




Environment. Technology. Resources. 2001

1.shéma
ATKRITUMU SKIROSANA otrreizgjas izejvielas
ORGAN . ATKRITUMI
"DEDZINAMIE "
QBIOGAZES IEKARTA GAZIFIKACIIAS
"SLEGTS BIO-PROCESS"\ KURTUVE
"KATLS"
siltums
Organ.
ST N\ dimgazu
meSI%}I&fn. m BIOGAZE silturgna
izmanto$ana
) i SILTUMS
KOGENERACIJAS IEKARTA
Org. méslojums  ektroenergija  siltumenergija
1.tabula

Atkritumu sastavs, Riga, 1994,

300 kg / gada / iedziv., (R.Bendere, eksp. dati, 1995)

Partikas ..50...%

Papirs 17 %

Polimeru mater. 5.6 %

Stikls 17%

Metils 4%

Kauli, lupatas, porcelans un tml. 5.6%
Zviedrija, 1994.

300 kg / gada / iedziv., (G. Szikrist, 1994 )

Organ.virtuves, darza atkritumi, mitr. papirs 25-40 %
Papirs 35-45 %
Polimeru materiali 5-10 %
Gumija, ada, tekstilijas 3-5 %
Stikls 6-8 %
Metals 2-4 %
"Sajaukums" 6-8 %
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1 KG sadzives/ komun. atkritumu organiskas dalas raksturojums
Sausne .......30 - 45 %
Anaerobi procesa izmantojama sausnes dala......75 — 85 %
Biogaze ...150-200 Itr (1,0-1,5 KWh)
Biogénie elementi (N,P,K)....15-20¢g

Rezultiati un izvértéjums

2.tab. paraditi nosacitd regiona “"pilsétas" un "ciemata" iedzivotdju atkritumu
daudzums. 3.tab. raksturoti reciklizdjamie materiali, to gada aprite pie nosacita materialu
atdalianas (reciklizacijas) %. Ipadi interesanti ir §kidrie koncentrétie organiskie
atkritumi - attiiiSanas iekartu "liekas" diipas, nosédumi no lokdldm notekiidenu
attiriSanas iekartam, parvietojamas tualetes, p&c miisu nepublicétiem materidliem rajona
centra lieluma pilsétd izvedamo Skidro atkritumu daudzums 40..60 m3 / diennakti
(Karklins, 1999). 4.tab. redzami regiona atkritumi, kurus iesp&jams utilizét anaeroba
(biogazes jegliSanas ) procesa, ieglita ar biogdzi energija un organiskais méeslojums,
diennakts un gada aprite.

2.tabula
Regiona komunalie/sadzives atkritumi (gprekins /)
"Pilsgtas" “Ciemata" Kopid
ledzivotaji , skaits 15 006 15 000 30 000
Atkritumi, kg / gada 1 iedzivot. 250 120
Atkritumi, tonuas/gadi % 3756 1 800 5550
Tai skaita :
partika 51 1910 920 2 840
papirs 17 640 300 ' 940
polimeri 5-6 210 100 310
stikls 17 640 300 940
metali 4 150 80 230
"sajaulcumi” 56 200 100 300
3.tabula

Reciklizéjamie materiali ("'pilsétas" iedzivotaji)
gada aprite, tonnas

Kopgjie Recikliz. % Uz recikliz. "Paliek"
Partikas 1910 90 % 1720 190
Papirs 640 60 % 380 260
Polimeri 210 60 % 130 80
Stikls 640 80 % 510 130
Metals 150 85 % 130 20

Reciklizejamie materiali (‘'ciemata’ iedzivotaji)
gada aprite, tonnas

Kopgjie Recikliz. % Uz recikliz. "Paliek"”
Partikas 920 90 % 830 komposta !
Papirs 300 40 % 120 komp.+ dedzin.
Polimeri 100 60 % 60 _ 40
Stikls 300 80 % 240 60
Metali 80 85 % 65 15
207

ISBN 9984 - 585-36 -0

e




Environment. Technology. Resources. 2001

4 tabula
Organiske atkritumu, tai skaita Skidro koncentréto, utilizicija anaercba
(biogizes) destrukcijas process

tonnas / m3
gada diennakti/ 24 h

"zvedamas " tnaletes un tml. 16 500 45,00
Lopkopibas fermu §kidrmeésli 3 600 10,00
"liekas" diipas 800 2,20
Partikas 1720 4,70
papirs: (0,5) 130 0,35
Partikas razo$. vzpmumu atkrit. 180 0,50
&dinas. uzpém. atkritumi 20 0,05

~23 000 ~ 65

24 h utiliz&jamie materiali ~ 65 m3,

procesa temperatiiras re¥ims — 40 °C, ekspozicija, diennaktis —13,
bioreaktora tilpums — 1 200 m3,
produkcija : organiskais méslojums — ~ 65 m3/24h,
biogaze — ~2000 m3/24h, Skidr. degv. ekviv. ~ 1,0 m3 /24 h,
730 000 m3 / gada, 365 m3 / gada.
Iegiitd energija : 12,78 MiWh /24 h,
procesa uzturéSanai (videji 50 % no iegiitis) - 6,5 MWh.

Regiona cietie "dedzinamie" atkritumu gada un diennakis aprite 5.tab.
Miisdieniga gazifikacijas iekarta (LV  patents) dod iesp&ju utilizét videi draudziga
procesa to atkritumu dalu, kas nav izmantojama anaeroba procesa un tos materidlus, kas
nav izmantojami reciklizicijai — otrreiz8jai izmantoSanai. Iekartd ar diimgazu siltuma
utilizaciju iegiitdi zema potencidla siltumenergija tiek izmantota anaerobd procesa
temperatiiras reZima uzturéSanai, tadgjadi ieverojami paaugstinot iegiitds energijas
izmantosanas efektivitati (Goizevskis, 1992). Nozimiga patentétas gazifikacijas iekartas
priekSrociba ir t3, ka iesp&jams utiliz&t materidlus ar mitrumu lidz 40 ~50 %, piem.,
medicinisko iestazu atkritumus, zalo §keldu un tml. (GoiZevskis, 1996.).

5.tabula
"Dedzindme' atkritumu destrukcija termiska (gazifikacijas) procesa
tonnas
Gada diennakti/ 24 h

partikas 190 0,50
papirs (0,5 ) 130 0,35
polimeri (0,5 ) 40 0,10
"mediciniskie" 40 0,10
koksnes atkrit. 1100 3,00
"sajaukumi” 190 0,50
~ 1700 ~ 4,5

24 h utiliz€jamie materidli ~ 4,5 t,

dedzinamo atkritumu energoietilpiba 15 MJ,

ieglitd energija , ieskait. utiliz. dimgazu siltumu — 17,53 MWh /24 h,
gazifikacijas kurtuve (LV patents Nr.11497 ), jauda ~0,8 MW.
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Secindjumi
Biogazes izmantoSana:
1000 m3 biogaze — (energoietilpiba 23 MJ/Nm3), 1 600 m3 =23 000 MJ
23000 MJ /3,6 = ~6,3 MWh, ekvivalentais dabas gazes (35 MJ/ Nm3)
daudzums 23 000 MJ /35 MJ = 657,1 m3 ~ 650 m3
Energones&ju cenas — dabas gaze 66,77 Ls /1000 m3, kogeneracijas procesa no vietéja
kurindma — siltumenergija 10,5 Ls/ MWh , elektroenergija 22 Ls/ MWh,
Biogazes realizdcija —nosaciti 1 000 m3 (650 m3 dabas gaze):
a) realizé ka gazi - Ls 66,77 x 650 m3 = 43,40 Ls,
b) izmanto siltuma iegisanai, katla k= 0,8 , izejd 5,04 MWh , Ls10,5 x 5,04 MWh
= 52,92 Ls,
¢) izmanto kombingtai elektroenergijas un siltuma iegfiSanai,
elektr. k=03, 6,3 MWhx 03=1,89 MWh, Ls22x 1,89=41,58Ls
siltums k=0,5, 6,3 MWhx0,5=3,15MWh, Ls10,5x 3,15=133,08 Ls
kopa : 41,58 + 33,08 = 74,66 Ls

a) gaze Ls 43,40
b) siltums Ls 52,92
c) elektr. + siltums Ls 74,66

Atkritumu utilizdcijas / parstrades procesos iegiita energija, MWh /24 h
termiska gazifikicijas procesa 17,53
biologiskas gazifikicijas procesd 12,78
kopa 31,31
Energija biogazifikdcijas procesa uzturé§anai 6,5.
Procesos ieglita energija realizacijai — 23,81 MWh / 24h.

Apglabajot poligond darba apliikotd nosacitd 30 tikst iedzivotdju regiona atkritumus

— biologisko procesu rezultata veidosies un gada laika atmosféra izpludis biogize
(metans ~ 50 %, siltumnicas efekta gaze) ~ 700 000 m3, ekvivalentais Skidrd
kurindmi daudzums — 360 m3,

~ netiks izmantota atkritumu recikliz€jamo materialu dala (otrreizgjas izejvielas)
makulatiira (papirs, kartons ) ~500 t/ gads, stikls ~ 750t/ gadd, metali ~ 195 t/
gadd, polim&ru materidli ~ 190 t / gada, neizmantos atkritumu "dedzinamo" dalu
(viet&jo kurinamo), 17 MWh /24 h siltumenergiju,

— neafrisindta 50 ~ 60 m3 / 24 h skidro atkritumu utilizicijas probléma ("liekas"”
diinas, "izvedamas" tualetes un tml.).
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AHAJI3 OCHEOBHbBIX MCTOYHNKOB OIIABOK
B 3KOJOI'MYECKOM MOJAEJIHPOBAHNAN
TIPISKO KLUDU AVOTU ANALIZE EKOLOGISKA
MODELESANA

Ouer Yxkra—Pebpos
Pesexnenckasg Bricinas mkona
Peszexue, JiarBus

Abstract. The ecological systems are very difficult and multiform. There are many
errors in the modelling such systems. Sensitivity analysis of errors for model’s outputs is
integral part of modelling. In this paper short review of error creating in ecological
modelling is given.

1.BBenenne

OOmenpuHITEIM ITOIXONOM K H3YUEHHIO CJIOKHBIX CHCTEM BHEIUHETO MHpa
ABIAETCA MX MOZAeMpoBanye. B camom ofieM BHAe Bce MHOrooOpasue Mozesneil MoxeT
OriTh paspencHO Ha Tpu OONBHIMX Xiacca: TEOMETPHYECKHMe MOZENH, AHAIOrOBEIE
MOOENHd KM CHUMBOJBHBIE Moaendn. CHMBOIBHBIE MOZEIH BKIFOYAIOT B cels
MeTeMaTHdeckue, rpauuecKie WiH OPyrue oToOpakeHus 3JIeMEHTOB MOIEIUPYEMBIX
CHCTEM H HX B3auMOCBsa3ed. VI3MeHI1 BXOMHBIC IMapaMeTPhl MOXENIH U PacIpOCTPaHAA
9TH U3MEHEHUS 110 MOJEIIH, MOXHO ONpeJeiNTh COOTBETCTBYIOUINE PEAaKIHH ( OTKIMKH )
BBIXOZIOB Mozenu. IlocTpoeHue Mopeneli CBA3aHO C LENbIM PONOM CIIOXKHBIX IpobieM.
Onsa U3 OCHOBHBIX NpoOIeM — 3T HpobieMa aJeKBAaTHOCTH OTOOPAXKEHMI MOIEIBIO
PeATbHBIX COCTOSHHMM BHEIONHEro Mupa. AJEKBaTHOCT: MONENM 3aBHCHUT OT o0b&Ma
3HaHME  #ccienoBateneit o6 o0pekre MogmenupoBaHus. Ecma  pews uAET 0O
MOJEIMPOBAHUY CJIOXKHBIX OKOMOTMISCKAX CHCTEM WM BO3MOXHBIX HETaTHBHBIX
BOSACHCTBHIl TEXHOTCHHOHM JEATEIbHOCTH deJIOBEYeCTBA Ha OKPYMKAIOINYIO0 Cpeqy,
CIeAyeT IpH3HATh, YTO HAIDH 3HAHUA B 3TEX OOJACTIX B 3HAYUTEILHOM CTEIICHHU
HeronHbL OTCIOAA ClHeayeT FOMOMOPGHOCTD SKOMOTHMECKUX MOAeTeH.

HeroymoTa wmu orcyrersie MHMOpMAanyd O mapaMeTrpax MOICIH BBIHYXAAeT
OIAPOKO HKCHONB30BaTh CYOBEKTHBHBIE 3aK/IOYCHHS JKCIEpPTOB. Takoro poja
3aK/HOYECHHS MMEHHO M3-3a UX CYOBEKTHBHOIO Xapaktepa SBIIMIOTCH HCTOUHHKOM
CYINECTBEHHBIX H TPYAHO MOAIAIOMIAXCS OLEHKE OMHO0K B MOJETHPOBAHUY.

He npunuMas BO BHUMAHUE, KaKue UMM IPECIENYrOTCS UPU NMOCTPOSHUH K
KCTIONB30BaHMM MOMEIM, BCETIA BO3HMKAET IpollieMa OUEHWMBAHWA JOCTOBEPHOCTH
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TIONyYeHHEBIX PE3YyNbTAaTOB. 1aKoe OICHMBANKE MOYKST OBITh OCHOBAHO HA adajmse
OmHbOK MOTesH U e€ napameTpoB. Ilensio HacTosmell paGoTel ABIISTCA KpaTKu 0630p
Y aHa/Iu3 OCHOBHBIX MCTOYHHKOB OIIMOOK B SKONOTHIECKOM MOAeIupoBaHuy. Pasnen 2
nagr obmmi 0030p HCTOUHHKOB OmMKGOK B MOAENMPOBAaHMM. Paszgen 3  maér
IPEACTABIIEHUE O THIIAX YHCEN, MCIONB3YIOWUXCS i creimdpuKanuii Mozenell u ux
BO3MOXHEIX ommOKax. B pasmene 4  aHamM3MPYIOTCA MOTCHIHAIBHEIE HCTOYHWKH
OmmibOoK, CBA3aHHBIE C HEKOPPEKTHSIM BHIOOPOM CXEM YCPENHEHHA M arperHpOBaHHA
OIIEHOK IIapaMeTpOoB.

2.06muit 0630p HCTOYHHKOB OIUHGOK B 3KOIOXMIECKOM MOJSJHPOBAHIN

Kak yxe ymoMHHANOCh, SKOIOrHYECKEe MOJENH Ype3BHIYalio CIIOKHEL, KpoMe
TOr0, OHH OJHOBPEMEHHO SABJIAFOTCA CHIBHBIMHM YIHPOICHHAMH H abCTpakIuAMH
peansHOro mMupa. OmmbKy B OPHUCTPACTHOCTH IPOHMKACT B MOJENH Ha PAIHBIX IIArax
Iporecca MOMEIMPOBaHHA: KOHCTPYHpPOBAHHME MOJIENH, OIICHMBAHHE NapaMeTPOB
MOJIENIH, BBIBOX ¥ HMHTEPIpeTalMd NOIYy4YeHHBIX pesyibratoB. [Lochle C., 1987].
Omubxu, ceg3aHHbIE ¢ OCHMBAHHEM [apaMeTPOB MOZeNeH, pacMATpUBAIOTCH B
cnemyrolmeM pazfene. 31ech xe faéres Kparkuit 0630p obmmx ommGox Ha JIBYX APYrux
JTaIax.

Ommbxr B KOECTPYUPOBAHUH MOJEJIH BRI3BIBAIOTCA PA3MIHEIME IPHIHHAMMI.
OCHOBHBIME H3 HHX ABJAIOTCA OMIUOKY OIPaHHIEHHOrO ONPENeNeHUS U TIPENCTaBICHUA.
Pa3HOpogHOCTS BHYTPH 3KOJIOTHUECKUX CHCTEM — 9TO OJHA U3 Hambonmsux npobiem, ¢
KOTOpPO# CTaNKHBalOTCA NpHM ModenupoBanuH, OTCofa BOSHHKAIOT  ommOKw,
ABISTONIMECS  pe3ynbTaroM  abcTpakumii B YOPOUIEHUH, BBONHUMBIX, YTOOBI
TPUCTIOCOOUTBCE K 3TOH NPOCTPAHCTBCHHOM M BpPEMEHHOM pPasHOPOHOCTH. UTOGHI
MOIENMPOBATE  IHOOYX0  SKOCHCTEMY, Beerma  HAuMHAOT €  ONpefeneHust
OPOCTPaHCTBEHHBIX M KaTerOPHANBHBIX TIpaHun. IlpoGneMa YCIOKHIETCH TeM
o0CTOATENILCTBOM,  9TO  (YHKIMOHATIBbHBIE M  IPOCTPAHCTBEHHBIE  IPAHMIbEI
MOZETIMPyeMOl CHCTEMBI COBIIANAIOT He Beerga. JUn1 onpemelieHus KaTeropHaabHBIX
rpaHul OTOpacHmBArOT  HEKOTOPBIC JIIEMEHTHL B CHCTEME M HEKOTOpBIe (akThI
okpyxerus. He Bcerna 6bBaeT HOHITHO, KAKOe BIIMSHHC OKAXYT TaKWe YIPOINCHMS HA
PE3YIIbTAaTHI MOSTUPOBAHU.

Hpyryiv HcToYHUKOM omMOOK Ha 3Tare KOHCTPYHPOBAHHA MOIETH MOXET ObITh
HEIIPAaBUILHEI BBIOOp CXe€M YCPeOHECHUS W ArperUpOBAHUS JKCIEPTHRIX ONCHOK
mapameTpos mozenn. [Togpobree 31a mpobiema paccMarpuBaercs B Paznene 4.

Omubxy BHIBORA W KHTEPHPETAUMH Pe3yJbTATOB BEI3BIBAIOTCS CIICAYIOILIAMHU
nprarHaME. B o6meM ciygae MOeny CTpOATCS U HCCIHSRYIOTCA JUI JOCTIKESHIT OJIHOH
W3 CHEYIOLIMX anbTePHATHBHBIX Heleil:

1. IIpormosmpoBanue ( mpencKasaHwe ) HHTEPECYIOMIMX pPe3y/bTaToB B OyMymieM.
IIpumepamMu Mojenelt TakoTo pofa ABIAXOTCA IPOTHO3UPOBaHHE Oymymiero ypoxas
WIM PacyETsl 103 MeCTHINIOB.

2. Tlpunoxenue BBIBOAOB MOJEIH K PEABHOU CUCTEME.

Bo BrOpOM CIy4ae ANpHOPH Iperojaraercd, YTO peajiibHad CHCTEMa JIODKHA

TOMIHHATECA BEIBOAaM Mopeny. Ho ITOCKOBKY BEIBOABI MOIENM OCHOBaHBI H4 MHOI'MX

YOPOIMAOmEX 00CTOATENLCTBAX 1 OTPAaHWICHIAX, TOBEICHNIE PeaJIFBHOM CHCTEMbI MOXKET

B 3HAYXTENBHOMN CTEIEHN OTINHIATEC OT OBEICHUS, IPEATIHNCEHBAEMOT0 MOIEIBIO0.

3. OcHOBHEIC THIAI HAPAMETPOB MOASIH Y WX BO3MOXKHBIC OMIHOKH
Ilpu paspabotke rO0BIX, B TOM UMCIe 3KOJIOTHYESCKHX MOIENeH HeoOXomumo

y8TKO mpencTaBnarh cefe, B (QopMe Kak¥x duWceX 3afaHbl IapaMeTpsl MONENH.
I'pamMoTHOe OOpalieHHe ¢ YMCIIaM¥ PasHbIX THIIOB IIO3BOJIAET KOPPEKTHO OIIEHHTE
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BO3MOXXHBIE ommOxy. Kiaccuduxamus YHCIOBBIX 3HAYCHHAH IApaMeTPOB MOZENCH B
HacTosume# paborte ocuosana Ha [ Morgan R.G. and Henrion M., 1990 ].

1.OMnupHYecKre HapaMerphl MONeNH. OTH YHCIA OTPAXKAOT pealbHbIC
mapamMeTphl MOJEIMPYEMON CHCTEMB! ¥ MOTYT HMETh CaMbif pasHbii (U3HIeCKui
cMbici. B KauecTBe SMIMPHYECKIX TApaMeTPOB SKOIOTHYECKOM MOEIH MOLYT CIIY KUTh
KOHI[EHTpalsi ¥ CKOPOCTh PAacIpPOCTPaHEHHS BPEAHOTO BEIIECTBA B OKpyXaromen
cpege. HeonpenmenduHOCTh 3afaHUA TaKWxX dHCENl MOXET OBITh  BEIPAXKEHA
BEPOSTHOCTHLIMHE pACTIpENENCHUIMHA HWIHM B (QOPME HEKOTOPHIX IapaMeTPHIecKHX
3aBUCHMOCTEH.

2.Koncranrsi. ATOMHEBIE Beca 3JIEMEHTOB IUTH YUCIO ABOrafpo IpeAcTaBiIseT

co00i prMeps! QU3MYeCKIX KOHCTAHT.

KomctauTel onpezenesHsl mo onpenesieHro. OmmbKu 34eCh MOTYT IIPOHU30UTH
W3-3a HApyIIeHMsd WCXONHBIX ycioBuid. Hampmmep, cTemeHs B3aMMOACHCTBUA
XPIMHIECKOTO BEMIECTBA ¢ BOJOH MOJKET B CIUIBHOM CTEIICHH 3aBHCETH OT HAMYMSA B BOJIE
OpYTUX PacTBOPEHHBIX BEIIECTB. HempaBWiIpHOE 3aJaHuC HAYAIBHBIX YCIIOBHH MOXET
TIPHBECTH K 3HAUMTEIBHEIM OIIHOKaM B MOIENHPOBaHMH.

3.Iiapamerper o0maerm momenn. Mogemipyemas cucTeMa 3amaércs  BO
BpeMenu ¥ mpocrpadctse. [Ipyn MonenupoBanmy MOBENEHUS ONPEISIEHHOMN HOIYIIIuN
SKMBOTHBIX JIOJDKHBI OBITH 3afaHbl apean ¢& pacIpOCTpPAHEHUS U BPEMEHHOH IOpU3CHT
MozenupoBanna. CyInecTByIOT 3HaUUTENbHbIE TPYAHOCTH B 3aJaHUH JHCEIT 3TOr0 THIIA.

4 Anpexcuple mepeMenuble. B o0meM cioydae HHOCKCHBIE IEPEMEHHBIC
HCIONB3YIOTCA, 9TO0BI HACHTH(UUMPOBATH pa3sMEINEHHWE B INPOCTPAHCTEEHHON KIH
BpeMeHHOH obnactu Mopmemun. B ormmmme ot “Gonee o6INETo MOHATHA NapaMETPOB
o0IacTH MOZIEN HHIEKCHBIC IIEPEMEHHBIC HCIIONB3YIOTCH, HalpuMep, Uid yKasaHHusd
HACTHOTO roa B MHOTOrOOBOH MOAENM WK ONPeAcHEHHOTO yJacTKa B MOJEIHPYSMOM
apeaie.

S5.l{epeMeHHBIC COCTOSIHHS  NOPEACTABIMIOT co0oif  BEKTOp  3HAYCHWH
IIApaMeTPOR, OTIMCHIBAIOINUX COCTOSHIE MOAEIH B ONPEIENEHHOM TOUKE IIPOCTPAHCTBA |
/ ¥ BpeMeHH.

OcHOBHBIMU NpHINMHaMK OINKOOK B OIpeIelieHNM W Ha3zHadYeHWH IapaMeTpoB
MoeH seIroTea cuenyromue [ Morgan M.G. and Henrion M., 1990 |:

—CIy4aiHbie OIMUOKH U CTATUCTHYECKUE OTKIIOHCHHUS ;

—CyOBEKTUBHEIE CYKICHHU,

~JIMHI BUCTHYECKIE HETOYHOCTH;

—H3MCHYHBOCTE;

—BHYTpeHHee IPUCYIasi HeolpeseIEHHOCTS,

—pasHoIJiacHs,

—aNIPOKCHMALIA.

Haubonee wn3yuenHbli 1 Haubonee NOHATHBIN Tl OIMMOOK — 3TO CiIydaliHEBIE
OIMOKY HPH TIPIMBIX H3MEPESHUIK HapaMeTpOB.

Yro e KacaeTcAd CYOBEKTHBHBIX CYXASHHM, — 3TOT THN ommOoK Haubonee
pacmpocTpanés ¥ Haubosee TPyHeH U ya€Ta. OKCIEPTEI 110 Pa3HbIM IIPHHMHAM MOTYT
OBITh IPUCTPACTHHIME B CBOWX CYXACHIIX. I MyOOoKuit TeOpeTHIeCKHi ¥ IPaKTHISCKII
aHAM3 NPHCTpacTHocTell B CYOBeKTHUBHBIX OLEHMBAHMAX MOXHO HaMty B [ Morgan
M.G. and Henrion M., 1990, T'naBs1 6,7 ].

JIMHrBUCTHYECKHE HETOYHOCTH CBA3aHBI ¢ Pa3iMIHbIM INOHMMAHWEM 3HAYCHUH
qucel, 3aaHHEX B opMe BhICKassBapkii THIa “Pexa mmpokai”, “Berep ymepeHHbIH .
MomubME ~ CpencTBaMM — KBaHTH(UKAImM W ofpalmeHMs ¢  Takoro  poja
HeollpeIeTEHHBIME TUCIIAME ABJISFOTCA TEOPHA HEUETKIX MHOXECTB M Heu&TKAS JIOTHUKa,
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Uil HEKOTOPBIX wWicen XapakTepHa [MHAMHYECKas W3MEHWHBOCTD B
HPOCTPAHCTBE M / MM BPEMEHW, YTO ABIAETCH HOMOTHHTENBHBIM HCTOYHAKOM OIMMMGOK
[IpY ¥X Ha3HAYEHHH W UCHONB30BAHHY B MOEMIX.

Bryrpenne npucymas HEONIpefenSHHOCTH UWCEN ONPENENSHHOTO Kiacca
ABIAETCA HECOKpamaeMol B mnpuHumne. Harmsaeeri npuMep sToMy — NIpHHIHI
HeonpenenéHHocty B.[eiizeabepra 8 KBAaHTOBOH MeXaHUKe.

Ecmm ouenvBanme SMIMpHEeCKuX HHCEN BBUIONHAET TIPYHIA SKCIEPTOB, HX
MHEHI, KaK IIPaBiIo, OTiudaroTcsa. OTco/ia BOSHUKAIOT {BE UPOOIeMBL:

( 1 ) ycpenmemwe oTHeNPHBIX OWEHOK; ( 2 ) OUEHKA CTENEHH IOCTOBEPHOCTH
PE3YIBTUPYIOUMX ONeHoK. Paspeneniro >Tux npobieM HOCBAINEHbI MHOTOUYNCIICHHEIS
TEOPETHYECCKUE U PAKTHUCCKHE UCCIIETOBAHMA.

AnnpoxcuMaima wucen u (YHKUWM ~ OYeHb LIMPOKO pACHPOCTPaHEHA B
MOZielTMpoBaHuY. BhlieneHue Tp3HZA Ha HHTEPBaJle PETPOCIIEKLHH IMPOTHO3ZHPYeMoi
BENIMYMHBl WM [UCKPETH3ALMs  HENpephIBHOTO BEPOATHOCTHOTO pacIpeneieHis
TPEeNCTaB/IMOT COO0M APKO BEIpAXXEHHEBIE IPUMeEpPH! auMpOKCHMaIyy. ECcTecTBEHHO, YTO
mobasg anIpoKCHMAIHS CBA3aHA C MOTepel MHPOPMAIHY ¥ OIHOKAMH.

Viccnenopanpue ommbGOK B HA3HAYCHHH SMIIMPHYECKUX IIAPAMETPOB Mogeneit
ABIIETCA BAXKHOM COCTABHOM dYacTRIO IROOOTO Tporiecca MomennpoBaHus. Hukakoe
MOJCTIFPOBAHHE HE MOXET CUMTATHCH 3aKOHYCHHBIM 03 aHAm3a NOTSHIUANEHBIX
OIIMOOK M aHAIH3a TyBCTBUTEIHHOCTH PE3Y/IbTATOB K ITHM OINHOKAM.

4.0mnlxu, BO3HHAKAIOMNAE HPH arPETHPOBANEN OUECHOK

HInpoxo pacnipocTpas&HHON cTpaTerueil OLEHHBAHNS SBIKETCA HEKOMIIO3UIVA
OIICHMBAEMOT'O YHCIIAa Ha pa3iMyHble (akTophl, HasHAYeHNE 3HAUSHHI KAaXKIoro (akropa
M 3aTe€M arperupoOBaHue 3THX 3HaveHuH, 4ol monyunts o0unyro onesky. Hampumep,
Py MONENMPOBAHMM IPONESCcCca DKCIUIyaTaiyii aTOMHOM D3IEKTPOCTAHIHME C IEJBIO
OLEHKH BEpOATHOCTH TOTSHIMANBHOH aBapWd OSKCIEepTH HEe B COCTONHMM JAaTh
HEIIOCPEACTBEHHYIO OLEHKY TpebGyemoil BeposTHOCTH. [leKoMITO3upys Ipouecc paGoThl
SMEKTPOCTAHIIMH HA  TIPOCTHIE  COCTAaBIMIOMWE M AHAIH3IHPYS  IOBEICHHUE
COOTBETCTBYIOIMMX TEXHWYECKMX MOICHCTEM, OSKCIIEPTEl MOTYT [aTh MOCTATGYHO
JOCTOBEPHBIE ONCHKN BEPOSTHOCTEH aBapHH B OTHX IIOJCHCTeMaxX. ATperupys
TIOJTyIE€HHBIS OCHKH, MOXKHO IOJNYIHMTb ODIIYI0 OIEHKY BEPOATHOCTH HHTEPECYIOINETO
Hac coOBITHA.

HexoppexktHoe arpersipoBanye MHOMCCTBEHHBIX OIEHOK MOXET CTaTh
HCTOYHHMKOM 3HAYMTEIBHBIX OMHUGOK B MozemupoBanun. C mpobieMamMu arperupoBasis
OIICHOK CBA3AHBI OGUIMpHBIE MccuenoBauud, OTAeNpHbIE PEe3yABTATH MOKHO HalTH B
[Cale W.G. and Odell R.L., 1980; Loehle C., 1987, Mosleh A., 1992]. Tanereiimee
paccMoTperue npoGieMsr OCHOBaHO Ha pesyiprarax [Mosleh A., 1992]. Cyrs npofnemsr
B CICHYIOIIEM. ATPETHPOBAHHE OIEHOK MOXET IPOM3BOAMILECA B paMKax ajMTHBHOH
WIM MYyNIbTHIUIHKATHBHOM Mozjenw. B cBoio ouepenb, €CIM OHEHKH YHCEN Ha
JEKOMITO3MPOBAHHOM YPOBHE 3aal0TCS IPYNION IKCHEpPTOB, HeoGXOOMMO YCpeIHHTh
3TH OleHKM. B KadecTre yOpeIHEHHBIX 3HAYCHUN MOXKHO HCIIONL30BaThE afUTUBHEIC N
IeOMETPHYECKHE CpefHue. JHAYCHHA arPerHpOBaHHBIX OIEHOK B CHIBHOH CTENEHW
3aBHCAT OT TIOPANKa BBIIONHCHKA Oepanyii yCpeAHEeHHS B arpeTupOBAHMA.

IIpenronoxumM, 4TO TPU IMIIMPUYECKHX YHCIa, O , B u vy, OHEeHHUBAIOTCA ABYM:A
skcnepramu. Torma o; - OLEHKA YMCNA (L MIEPBBHIM 3KCIEPTOM, O - OLEHKA =HCaa O
BTOPBIM 9KCTIepTOM. WIHIeKCH IpH B ¥ Y MMEIOT TOT JKe camblit eMbic. HIpennonoxum,
YTO BHAYAJIE BHUIONHACTCA AAUTHBHOE YCPEHEHHE SKCIIPTHRIX OEHOK. Torna

(011 + 02)/2 — yepenHEHHAT OLCHKA JHCNA O
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(B1 + B2)/2 — yepenuéunas onenka uncia B
(Y1 +v2)/2 ~ yepennénsan ouenxa ynca v.

Ecin arpersposanue OLEHOK NPOM3BOAWTCA HA OCHOBE MYyNbTHILIMKATHBHOMN
MOZENY, TO Pe3ynLTaTom Oyner:

A= (o1 + 0)/2%(Bi1 + Ba)/2*(y1 + y2)/2.

C #pyro# CTOPOHBI, MOXHO BHAYANE ArpPErMPOBATE OLCHKM OTHENbHbIX
IKCIIEPTOB, d 3aTeM YCpeAHuTh uX. PesynpraTom Gyger:

A = (a*Br¥yr + 0¥ Batya)/2.

3uauenns A uA' OyayT pasIHUHBIMUIO

Hanee, nyctes mpl uMeeM aZUTHBHYH) MONENb aIPETHPOBAHMS U YCpenHEHHUe
OLICHOK DKCTIEPTOB TPOUIBONMTCS Ha OCHOBE reoMeTpHtecKoro cpenuero. Ecnu sHavuane
TIPOM3BOJUTCA YCPENHEHME, & 3aTeM arperupoBaHHe, TO Pe3yAbTUPYromell OueHko
Oymer:

B = (01*02)™” + (B1*B2)"” + (y1*y2)"™.

Ecnu sxe BHayane npowsBOAUTCA AarperupoBaHHe, a 3aTeM YCPEAHEHHE, TO
pe3yabTHpYyIOIUeil oeHKo#H Oyaer:

B' = (g + By + y1)™ + (02 + B2 +y2)™”.

QuepuaHO, 9To 3Hayenus B u B' 6yayT pasnuussMA.

B pabGore [Mosleh A, 1992] 5tu pasnudus B arperupoBZHHLIX OUSHKAX
OpUBOAATCA Kak sMmupudeckull daxr 6e3 Teoperuaeckoro o0bpacHeHus. TeopeTnueckoe
oOpAcHenne HalOmopaemoro (dewomena TtpusuaneHo. Onepalus reOMETPUYECKOTO
YCPEAHSHUS MIH arperupoBaHiii ONPENeNeHa B eBIIMAOBOM IPOCTPAHCTRE, & ONepanyst
aIMTHBHOTO YCPEHEHNA WM arperupoBaHus OIpeneleHa B NPOCTPAHCTBE X3MMUHTA.
CosmecTHOE TNpUMEHEHHE BBIYHCIUTENBHBIX OINEpalvii, ONpPENENEHHBIX B PasHbLIX
FIPOCTPAaHCTBAX, HEM30EKHO NPHBOAUT K HEKOPPEKTHBIM PE3YIILTATAM.

Tenepp nmpennonoXKUM, 4TO B aAWTHBHON MOJENH arperupoOBaHuUs WCIIONLIYETCH
aUTHBHOE yCPENHEHNE OIeHOK 3xcnepToB. Torza Mpl HMeeM CIEHYIOIIHE PE3YIBTATHI
TIpY PA3HBIX NOPSKAX YCPENHEHYS! M arperupOBaHuUs.

(1) BHauasie BHIIONHAETCHA YCPEAHEHHE, 34TEM arperupoBaHue:
A= (o + o) 2+ B+ B2+ (1 +v2)/2;
(2) BHayaje BHIIOJNHAETCS arperupOBaHHE, 3aTEM YCPENHEHHUE:
A'=[(a1 + a2) + (B1 + Ba) + (1 H )2,
QueBUAHO, YTO TENePb SHAUCHHSA A U A! cosnagator.

AHaNOrHuYHO, [l arpernpoBaHus OLEHOK Ha OCHOBE MYJIbTHILIMKATHBHOM
MOZENH, KOTAA YCPEAHSHNE IPOM3BONMTCA H2 OCHOBE FeOMETPUHNECKOTO CPENHETO:
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PELDUDENU MIKROBIOLOGISKAS KVALITATES PETIJUMI
BALTIJAS JURAS UN RIGAS LICA PIEKRASTE
MICROBIOLOGICAL STUDY OF BALTIC SEA AND GULF OF
RIGA COAST BATHING WATERS

Astrida Zandmane, biol.zin.dekt., mikrobicloge,
Latvijas Vides agentiira,
OS3u iela 5, Jirmala, LV-2015, Latvija, talr. 7-54916,
e—pasts: astrida.zandmane@vdc.lv , Fax: +371 77 64162

Abstract. This report focuses on the studies of the bathing water microbiological
quality in Latvian coastal zone of the Baltic sea and the Guif of Riga in May-Qctober,
1998~1999. The microbiological studies has been done in the different coastal zones of
Kurzeme and Vidzeme, downstreams of small vivers and biggest rivers Venta and Gauja,
discharges of wastewater treatment plants and the public bathing waters in Ventspils and
Saulkrasti municipality area to assess their quality according to the EU Blue Flag and
Lowvian National Standard criteria. The microbiological examinations were carried out
in accordance with the International  Standard Methods. A complex of
indicatororganisms — total and thermotholerant coliforms (E.coli), streptococci, and
heterotrophic plate count (37°21°C) has been tested. Water quality in the Kurzeme has
been found much better on the beaches of the Baltic sea than the most urbanised
beaches of Gulf of Riga. The quality of the Ventspils public bathing waters has been
evaluated as very good (80-100% of data). Whereas as a result of anthropogenic load
only 61-82% of data conforms the obligatory requirements of the bathing water quality
in Saulkrasti coastal zone. In the study the microbiological pollution, sources and levels
of their dynamics and hydrological factors are interpreted. The colour maps of the
bathing waters quality are presented.

: Ievads
Tirisma un rekredcijas industrijas attistiba ir viena no vides aizsardzibas un
regionalds aizsardzibas politikas prioritatém Latvija [1]. Kop§ 1998. gada Latvija ir
uzgemta ES “Zila Karoga” neformalaja kustibd ki asocigta dalibvaists. Sis kustibas
mérkis ir veidot harmoniz&tu vides un veselibas aizsardzibas institiiciju sadarbibu ar jiiras
piekrastes pasvaldibu aktivitdtém tiirisma un jahtu ostu starptautiskd biznesa uzsakianai.
Saskana ar “Zila Karoga” noteikumiem, jliras pludmal&s janodrofina starptautisko
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standartu limenim atbilsto§u Gdens kvalitati, ka aif pludmaju labiekartofanu, regularu
apkopi un apsaimniekoSanu [2].

Balstoties vz iepriek§gjo 1996.-1998.gada pétijumu rezultatiem [3, 4], tika
noskaidrota peldlidegu sanitari higiéniska stavokla vispargja aina Rigas li¢a un Baltijas
juras piekraste, kas ierosingja veikt dzilaku pétijumu programmas ar mérki noskaidrot
piekrastes peldiidepu mikrobiologiska piesdrnojuma izcelsmi, ta limeni un dinamiku, ka
arl sagatavot priekslikumus piesarnojuma samazind$anai no sauszemes, ta sekmeéjot jiiras
pilsétu — Ventspils un Saulkrastu padvaldibam, ieklauties “Zilg Karoga” kustiba un attistit
savu rekreacijas potencidlu. Peldtdenu mikrobiologiskas kvalitates izp&te un novért€sana
ir veikta divu zinatniski lietiSko pétijumu projektu ietvaros {5, 6].

Materials un metodika

Kurzemes jirmala mikrobiologiskie pétijumi veikti 1998.gadd no maija lidz
oktobrim. Teritorija ietver Baltijas jiras piekrasti no Rivas upes grivas lidz Kolkasragam
un Rigas Ii¢a rietumu piekrasti no Kolkasraga lidz LapmeZciemam, k3 arf 32 mazo upju
un strautu grivas, Ventas lejteci no Varves lidz ietekai jird un Bignieku ezeru. Pilsétas
sabiedriskaja pludmalé Gdens mikrobiologiska kvalitite tika parbaudita regulari 1 km
garajd piekrastes peldiidenu josla 4 punktos pirms (0,5m) uvn pé&c otrd s€kla (1,5m
dzilums). Vidzemes jormala mikrobiologiskie pétfjumi veikti 1999.gadd no maija lidz
oktobrim. Teritorija ietver Rigas li¢a dienvidaustrumu piekrasti no Skultes lidz Gaujas
gtivai, k3 arl 5 mazo upju — Ages, Kisupes, Péterupes, Indupes, Lilastes, ka ar7 Gaujas
lejteces posmus, saistibd ar notekiidepu attiriSanas iekartu (NAI) seSam emisijas
izpliidém un intensivi apdzivota mazdarzinu rajona virszemes notecém. Mikrobiologisko
parametru kompleksa izvEli noteica izpétei planotie uzdevumi: visparéja mikrobiala (ari
organiskd) piesdrpojuma noteikSanai — heterotrofo mikrobu skaits (HMS) un saprofito
mikrobu skaits (SMS); fekdlas izcelsmes bakteriologiskd piesarpojuma Ilimepa
noteik8anai — koliformu kopé&jais skaits (KKF), termotoleranto koliformu (TKF) jeb
varb.E.coli skaits, fekalo streptokoku (FS) skaits, atsevi$kos gadijumos ari Salmonella
sp., Ps.aeruginosa un kolifagu klatbiitne. Mikrobiologiskie parametri noteikti saskapa ar
starptautisko standartu metodém [7,8]. Pavisam veiktas ap 3000 Kurzemes un Vidzemes
piekrastes fidenu mikrobiologiskas analizes. Udens paraugi ievakti ar Nansena tipa vai
Van-Dorn plastikata 5,0 1 batometru (atkariba no dzijuma), vai “ar roku” tie$i sterila 0,5 1
stikla pudelé 0,2 m dziluma no Gidens virsmas.

Mikrobiologisko analiZu rezultati vérteti saskana ar ES “Zila Karoga” un Latvijas
Republikas Labklajibas ministrijas (NVVC) peldiidenu kvalitates kritdriju prasibam [9].
Rezultdtu interpretacijai tika izmantoti hidrokimiskie un hidrologiskie parametri, kas
iegiiti projektu komplekso pétfjumu ietvaros. Datortehnikd izveidotas origindlas tdens
mikrobiologiskas kvalitdtes krasu kartes, vadoties péc ES “Zild karoga” (ZK) kustibas
biroja (Kopenhagena, Danija) kart&Sanas pieredzes {10].

Rezultati un izvért§jums

Baltijas jiras Kurzemes piekraste ilgsto$i ir bijusi viet§jo iedzivotaju
mazapdzivota vide, ka arf aizsargata no intensivas atpiitnielu vai cita veida antropogénas
slodzes, tapéc pludmalu stavoklis zindmd mérd atSkiras no Rigas jiiras Ii€a piekrastes
pludmalém. Pirmatngja un maz parveidota kapu josla, tird smilts un piekrastes fidegu
nepartraukid apmaipa ar atklitds jliras svaigajiem Gdepiem Sobrid nodrosina lieliskus
apstaklus starptautiskas nozimes tlrisma vietu, peldvietn un jabtostu izveidoSanai.
Mikrobiologisko pétfjumu rezultati parliecinosi parddija, ka heterotrofo mikrobu un
sanitari bakteriologisko baktériju daudzums, neskatoties sezonalajam svarstibam, ir
neliels praktiski visa atklatds jlras piekrastes garumai. legiitie dati raksturo piekrastes
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tidegus un pludmales vidi kopuma ka nepiesarpotu. Novérojumu laikd visas atklatas jiras
pludmalés Gidens bakteriologiska kvalitate atbilda starptautiskajim ZK un NVVC
obligtajam prasibam (KKF<2500, TKF<250, FS<100 KVV/100ml), bet 10 pludmalds
tidens kvalitate uzradija vélamo kvalitati (KKF<500, TKF<100, FS<10 KVV/1 00ml). Lai
nodrofinétu idens bakteriologiskas kvalitates stabilitati, lielaka uzmaniba biitu japievers
intensivi apmekléto pludmalu (MuiZupites, Jirkalnes) apkartnes uzraudzibai, MuiZupites
krastu tiribai un sanitdro mezglu higignai. Da¥3s pludmalés (UZava, Ovidi, Pitrags,
Mazirbe) tika konstat@ts, ka tiro peldiidenu kvalitdte reagé uz mazo upju noteci, tomeér
lineara pozitiva korelacija starp jiiras peldiidenu un upju Gidenu bakteriologisko kvalitati
netika atrasta.

Rigas Wfa Kurzemes piekraste salidzindjumi ar atklitds jiras piekrasti ir
intensivak apdzivota, te atrodas vairdku zivju apstrades uzgémumu, ciematu un ostu NAT
izpliu, kas tiei vai pastarpindti iepliist li¢a fidenos. Sajas pludmalss konstat8tie sanitdri
bakteriologiskie raditaji (30-40%) neatbilda kvalitdtes prasibdm (Gipka, Engure,
Kesterciems), turklat heterotrofo (arf saprofito) mikrobu daudzums fideni daZviet uzridija
ievérojamu organisko vielu piesdrpojumna klatbiitni. Kurzemes piekrastes peldiidenu
kvalitdtes kopaind iezim&as biitiska likumsakariba: Baltijas jiras piekrastes Odens
mikrobiologiska kvalitate ir 3—~10 reizu labdka un stabildka par Rigas 1ida piekrastes
tdens kvalitati. Lokali un diftizi izvietotie potencidlie piesdrpojuma avoti — upju un
novadgravju noteces, NAI nepieticko§i efektivi attiritu notekiidegu izpliides, ki asi
neapsaimniekotu un piesdrpotu pludmalu virszemes noteces ir piekrastes peldiidenu
galvenie bakteriologiska piesdrnojuma avoti. Piesargoto notedu talaka virziba piekrasts,
ki arf to ietekme uz apkartgjo peldiidenu mikrobiologisko kvalitati ir griiti prognozéjama,
pemot v&rd sarezgitds hidrologiskds situacijas lici. Piekrastes zonas upju iidens
mikrobiologiska kvalitate ir loti atSkiriga, jo katra no tam saistita ar konkrétu
piesarpojuma avotu, 12 apjomu un limeni, ki ard janem vérd lauksaimniecibas zemju
virsidenu noteci. Savukart bakteriald piesdrpojuma ienesi jird lield mérd nosaka upjn
(upidu, strautu, urgu, novadgravi§u) hidrologiskais reZims un kop&ja baseina Ipatnibas
(tiesa vai netieSa iepliide, straumes atrums, caurtece, klimatiski sezondlds izmainas).
Vissliktakais sanitari bakteriologiskais stavoklis, kas liecina par svaiga fekala
piesarpojuma iepliidi, tika konstatéts Plienupé, Grivd un Lacupé. Citu mazo upiSu —
Melnsilupes, Pilsupes, Rojas un Silupites neapmierinoSais sanitdrais stavoklis ir
izskaidrojams ar virszemes notecém un eitrofikacijas procesa sekundarajam sekam.

Ventspils pilsétas sabiedriskajam peldvietim ki tobrid redlakajam ES Zilo
Karogu kandidatém tika veltita padzilindta peldiidepu izpStes programma. Iegiitie
rezultdti parddija, ka Udens bakteriologiska kvalitate péc koliformas organismu
klatbiitnes atbilst Joti tiru (“exelent”) un tiru peldiidenu klasei, bet péc fekalo streptokoku
daudzuma nepdrsniedz kriteriju obligato robeZvertibu (izpemot vienu reizi, sastadot 1,3%
pielayjami analizu skaita). Saulainds dienas adens bakteriologiska kvalitite nedaudz
pazeminds, Tpas$i sekliident lidz pirmajam séklim, ki ar? peldvietas centralajos un molam
tuvakajos peldiidenos, kur apmekl&taju slodze parasti lieldka. Novérojumu laika nosaciti
patogénds (Ps.aeruginosa) vai patogénas (Salmonella spp.) baktgrijas peldiideni netika
atrastas, tadu atseviSkos izmeklgjumos #rpus peldvietas zonas, kur atlauts peldinat
majdzivniekus (supi, kdmji) vai uzturas kiru bari, GidenT tika atrastas daZas salmonellas.
Nelielais heterotrofo un saprofito baktériju skaits peldiidepos liecinaja, ka peldvietas
zond, lai arl t3 praktiski atrodas pils§tas un ostas teritorija, netiek ievaditi neattiriti
saimnieciskie notekiideni vai bakteriologiski bistamas atkritumvielas. Udens
mikrobiologiska kvalitate tika parbaudita ari potencialajds peldvietas — Staldzenes
jirmald, Busnieku ezera un Ventas upé. No fidens mikrobiologiskas kvalitites aspekta
raugoties, “Zilais Karogs” varétu tikt tuvakaja laika pieskirts Staldzenes jlirmalai, kura
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93,8% analizu atbilst loti tira Gidens kvalitdtei. Tomér te v&l veicami nopietni pludmales
labiekartoSanas darbi. Ari BiiSnieku ezera akvatorija tidens ir loti tirs (100% analizu),
tapec ezera vidil var droSi gan peldéties, gan nodarboties ar cita veida atpiitu uz iidens.
IzvEletajas krasta pludmalés Gidens kvalitite nedaudz pazeminds, tomér saglaba
obligdtajam prasibam—atbilsto§u—bakteriologisko kvalitati. Lai nodro§indtu kvalitates
stabilitati, ir jauzlabo apkartnes vispargja higiéniska situicija un javeic peldvietim
atbilstoSi labiekartoSanas darbi. Ventas upes pludmal@s ir lidziga higiéniska situacija,
tomer fdens kvalitate ir ievérojami zemaka un nestabilka neka ezerd. Upes lejtece ir
paklauta saspringtai antropog@no un hidrologisko faktoru mijiedarbibai, kas veido
peldiidenu kvalitatei nelabvéligu situdiciju. Var sagaidit, ka vairaku mazo upju iepliides,
darzinu virsiidenu notece un lielo vzpémumu NAI notekiidenu iepliides, ari tuvikaja
laika periodiski radis higi€niska rakstura un organiskd piesarpojuma problémas upes
lejtece.

Rigas lica Vidzemes piekrasté salidzinajuma ar Kurzemes piekrasti antropogéna
slodze ievérojami pieaug, kuras ietekmé novéro relativi augstu apkartgjas vides sanitdrd
piesarpojuma Iimeni. Blivaka apdzivotiba, intensivs vasarnieku pieplidums vasarnicu un
mazdarzigu rajona, zivju un kokapstrades uzgémumi un pilsétas NAI izpliides piekrastes
Zond vienota sistéma sasaista lici ar mazo upju baseinu tiklu.

Fekalais piesarpojums tika konstatéts visas mazajas upés. Upju augstecés fekala
piesarmojuma fonu veido intensivi méslotu aramzemju un ganibu virszemes notece, kam
vidusposma pievienojas mazdarzipu un lejastecé NAI emisijas notekfidenu izpliides.
Upju Gdens bakteridlie izmekl&jumi paradija, ka augstecss fekalo indikatororganismu
sastdvs saistdms ar dzivnieku, bet lejtecés praktiski tikai ar cilvéku piesirpojuma
izcelsmi. Notekiidepu attiriSanas iekartas ar mainigu efektivitati nogem organiska
piesarpojuma slodzi, dajgji aiztur biogénds vielas, bet nepietickos$i veic bakteriala
piesarpojuma aizturi. Piesarpotakie upju posmi ir Peterupes lejtece, kurd lejpus NAI
izplides ir konstatéta svaiga fekaliju indikatororganismu klatbiitne (100% analizu),
Kisupes lejtece, kuras higiénisko stavokli ievérojami pasliktina gan mazdarzigu, gan maz
efektiva NAI darbiba (50-60%), ka ari Lilastes griva (67% neapmierino$u rezultitu).
DaZadis hidrologiskajds situdcijas — véja uzplidos vai paaugstinata caurpliid€, upju
noteces var apdraudét lida peldiidepu kvalitati. Datu statistiskd izvertéSana parada, ka
pastav pozitiva korelacija starp Lilastes un Gaujas giivu un li¢a piekrastes Gidepu
bakteriologisko piesdrnojumu. Indups un AgE sanitari bakteriologiskais stavoklis ir
salidzino$i nedaudz labaks ki pargjas upes. Novérojumu laika, neskatoties uz minéto
antropogdno slodzi, Ii¢a piekrastes fidepu bakteriologiska kvalitite veidojas saméra
apmierino$i, pateicoties klimatiskajiem un hidrologiskajiem apstakliem sausajd vasaras
perioda: upju minimala notece, virsidegu trikums, spécigd saules radiacija. Kopaind
piekrastes posmos no Skultes 1idz KiSupei 82%, no Péterupes lidz Indupei 64% un no
Lilastes lidz Gaujai 61%, bet visa piekrasté — 73% analizu rezultati atbilda ZK kritériju
prasibdm. Kompleksie petijumi, kas veikti Saulkrastu rajond, l&va izdarit vairdkus
secindjumus par mikrobiologiska un eitroficgjo§a piesarpojuma samazinaSanu Rigas lica
Vidzemes jiirmalas peldiidenos, kuru Istenofana biitu solis pludmales zonas sakartoSanai
un peldiidenu kvalitdtes uzlabo3anai atbilstodi starptautiskajam “Zila Karoga” prasibam.

Mikrobiologisko pétijumu datu apkopoSanai ir izveidotas vizudli uztveramas
krasu kartosheémas, kurds atziméta Baltijas jiras un Rigas lita Kurzemes un Vidzemes
piekrastes twidepu mikrobiologiska kvalitate, kas atspogulo lieliskakas un mazak
piemérotikis akvatoriju zonas peldvietam, jahtu ostam un atpiitai pie idegiem.
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SAULES ENERGIJAS IZMANTOSANAS IESPEJAS
SIVENU MIGU GRIDU APSILDISANAI
POSSIBILITIES FOR USING SOLAR ENERGY TOHEAT LOCAL
WARMING OF NEW BORN PIGLETS

Imants Ziemelis, Dr.inZ, asoc.prof.; Henriks Putans, mag.inZ., pétn.;
Uldis Hljins, Dr.hab.inZ., prof.; Andris Kikins inZ.
Latvijas Lauksaimniecibas universitates Ulbrokas Zindtnes centrs
Institiita iela 1, p.n. Ulbroka, Rigas raj., LV-2130
Talr.: 2 910917, e-pasts: uzc@lanet.lv, fakss: 2910873

Abstract. The optimum air temperature in a pigsty for sows is 16—18 °C, but
during the first days of new born piglets life the temperature in their lairs ought to be
32..34 °C. Therefore the local warming for piglets is installed. The goal of the
investigation was to measure the intensity of heat irradiation under different kinds of
infra-red heaters, more often used on Lavia farms. An autonomous infra-red piglet
warming systems have been developed. The experiment has showed, that during the first
days of piglets life the heater should be kept at the high, so that the irradiated area 0.3~
0.4 m* has been. Gradually heaters have to be lifted up 3—4 times while the warming
area is 0.6-0.7 m’ in 40-45 days, when piglets are weaned. The temperature in a lair
has to be regulated by change of electric power of the heater. Several constructions of
voltage regulators are worked out, which are able to ensure the temperature on the
warmed surface automatically or manually, depending on the temperature in a pigsty
and live mass of piglets. The automatic power regulation of the heaters decreases the
consumption of electric energy more than 2 times.

Ievads
Visus misu planétas energijas avotus var iedalit divas lields grupds: tadi, kas
atjaunojas un kuru kr3jumi praktiski nav izlietojami (saules, v&ja, fidens, geotermald
energija) un tadi, kas neatjauncjas (ogles, kidra, nafta, gaze, urdns). Tiedi Sie
vienreizgjas izmantoSanas avoti, paslaik nodrogina ap 90 % no pasaules vajadzibas péc
energijas.
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Latvija nav bagdta ar energoresursiem. Saskapi ar Latvijas energétikas gada
parskatu, ko sagatavojis Latvijas Republikas Ekonomikas ministrijas Energétikas
departaments [1], primaras energijas 1998. gada patérina bilanci veidoja naftas produkti
(37 %), cietie kurinamie (28 %), dabas gaze (23 %), elektroenergija (10 %) un ogles (2
%). Lielaka dala no tiem tiek importéta, tap&c darga.

Daudzas pasaules valstis ka siltuma energiju sekmigi izmanto saules energiju.
Saules starojuma intensitdte arpus atmosféras vidsji ir 1370 W/m?® (saules konstante).
Ejot cauri zemes atmosféras slanim, saules starojuma intensitite samazinis. Vasaras
ménesos (junijs, julijs, augusts) vidgja radidcijas jauda uz horizontalas virsmas sastada
733-852 W/m? [2]. Gada globalais starojums Baltijas valstis uz horizontilas virsmas
main3s robe¥as no 900 lidz 1100 kWh/m?, turklat 80 % no ta iegist vasaras laik [3].
Ievérojot mineto, LLU Ulbrokas zinatnes centrd veikti p&tfjumi par saules siltuma
izmanto§anas iesp&jam miisu republikas clku fermas.

Ka zinams, svarigs sivénu saglabaSanu un augSanu nodroSinoSs faktors ir to
turgSanas apstakli, it ipasi temperatiiras un gaisa mitruma reZims pirmajas dzivibas
dienas un nedejas. Lai dzivibas procesi organisma noritétu normali, pirmajas 7-10
diends sivénu migi jauztur temperatiiru 34-30 °C [4], $im nolikam izmantojot lokalas
apsildiSanas ierices — infrasarkano staru spuldzes un apsildamas gridas (panelus,
paklajus). Vietgja apsildisana jalieto ari tadgl, ka sivEnmatdm optimala apkarteja gaisa
temperatiira ir tikai 16 — 18 °C.

Cuku fermas (kompleksos), kur ierikota centralapkure, sivénu viet&jai
apsildiSanai ir izdevigi izmantot centralapkures siltumu. Sai sakarda LLU Ulbrokas
Zindtnes centrd tiek izstradats projekts, kura paredzéts sivénu vietgjai apsildiSanai
izmantot ar Odeni sildamos betona panelus, kurus apkures sezonas laika silda no
centrdlapkures, bet pargja laika — izmantojot saules siltumu un elektroenergiju.

Pétijuma mérkis
Projekta p&tijuma mérkis ir noskaidrot:

e pielietojama saules kolektora tipa izvEles principus un krit€rijus, atkariba no
patérétaja jaudas;
optimalo saules kolektora un sildpanela sildvirsmu laukumu attiecibu;
sildpanela pildijuma un parklajuma materialus, lai iespgjami efektivak izmantotu
saules siltumu, pie minimalam sildpanela izgatavoSanas izmaksam;

e saules kolektora izgatavo§anai ieteicamakos materidlus, optimalako konstrukcijas
veidu un izgatavoSanas tehnologiju, kolektoru pielietoSanas veidus un citus
parametrus, lai pie minimalam izmaksam iegitu latvijas apstdklos maksimali
iesp&jamo energijas daudzumu.

Pétijumn uzdevumi
Projekta izpildes termin$ ir 2000.— 2002. gads. 2000. gadd bija paredzéeti $adi
uzdevumi:
o sagatavot pétfjumu metodiku;
e izgatavot laboratorijas eksperimenta iekéartu (saules kolektoru, apsildamo paneli
u.c.);
e iegadaties ripnieciski razotu eksperimentiem nepiecieSamo iekartu (ventili,
varsti, siikni, termoregulatori u.c.);
izveidot eksperimenta slégumu un veikt nepiecieSamos me&rjumus,;
attiecigi apstradat un izvertét pétjjuma rezultatus.
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ST raksta materidls sastadits, izmantojot 2000. gada darba iegiitos rezultatus.
Projekta izstradatds gridas sildpaneu kompleksas siltuma apgades iekartas principiala
shéma paradita 1. attéla. Saules kolektoriem ir izveidots atsevidks cirkulacijas kontiirs,
kas jetver boileri Bl ar siltummaini, cirkulacijas stkni S1, kura darbibu regule
diferencialais termoregulators TR1 ar termodevéjiem TSI un TS2, izplesanas trauku IT1
un pretvarstu Vs. So kontiiru paredzgts piepildit ar antifiizu, lai ziemas periodi sistéma
nebiitu jaiztukso.

Sildpanelu kontiirs ietver: a) ventilus V; un V; siltumapgides parslég§anai no

saules kolektoriem uz katlumdju un otrddi; b) elektrodkatlu EK ar termoregulatoru
siltumnes&ja temperatiiras paaugstindSanai, ja t4 ir nepietiekoSa primarajos
siltumgeneratoros (saules kolektori vai katlu maja); c) sajaucgjvarstu, kura darbibu vada
termoregulators R atkariba no ard vai telpas (vai abu) gaisa temperatiiras. Tas nodro§ina
vajadzigas temperatiiras silturnnesgju sildpaneliem; d) cirkuldcijas siikni S2, kas rada
nepartravktu siltumnesgja cirkulaciju sildpaneju kontiira.
Lai pétitu iespgjas izmantot saules energiju dzivnieku migu apsildei, tika izveidota
eksperimentala iekérta, kas redzama 2. att€ld un darbojas §adi. Saules kolektora uzsildito
tideni siiknis SI padod boileri B. Stkni ieslédz un izslédz termoregulators TR1 atkariba
no temperatiiras sensoru TS1.1 un TS1.2 signaliem. Siiknis S1 ieslégts, ja T (>Tio.
Udens padevi caur kolektoru iespgjams regulét, parsiedzot siikpa S1 griefanas atrumu
tris pakip€s, un ar ventili Vy, izejot no ieteikuma, ka idens padevei jabat ap 60 /h uz
kolektora laukuma 1 m® Kolektora sara¥oto siltumu uzskaita siltuma skaititajs
“Grudfoss EM-25 “ ar temperatiiras devgjiem TS4 un TS5. Udens cirkulaciju pa
sildpaneli SP nodroSina siiknis S2, ko ieslédz termoregulators TR2 ar devgju TS2.
Siiknis iesledzas, ja panela virsmas temperatiira k]Gst zemaixa par iestatito (eksperimenta
30 °C). Vispér panela virsmas temperatiirai jablit par 4 OC zemakai par gaisa temperattru
sivénu migd [4]. Sukﬁ;xa razibu regulé Iidzigi ka siknim S1 un kontrole ar rotametru q
(diapazons 1idz 0,4 m’/h). Panela virsmas temperatiitas (ap 30 °C) nodro¥inasanai
jarékinds ar nepiecieSamo fidens temperatiiru 40 lidz 45 oC, Gadijumam, kad saules
kolektors nenodrosina vajadzigo iidens temperatiiru, boileri ierikots elektrosilditdjs 1,2
kW, kas automatiski uztur minimali nepiecieSsamo temperatiiru boilerT ar termoregulatora
TR3 un devéja TS3 palidzibu. No iestaditds minimilds temperatiiras lielda merd ir
atkariga saules kolektora siltumatdeve. Jo ta mazdka, jo siltuma atdeve ir lieldka.
Eksperimentalas iekartas — saules kolektora un sildpanela konstruktivas ipatnibas un
parametri ir $adi.

Saules kolektors: absorbers — laukums 1,4 m?, 0,6 mm bieza vara skarda loksne,
kurai saules pret8ja pusé pielodéta “zig—zag” veida saliekta 10 m gara & 10 mm vara
caurule ar soli 10 cm. Loksnes saules puse parklata ar matstu, melnu krasu. Absorbers
ievietots koka kast€ (750x1950x100 mm). Zem absorbera 50 mm bieza akmens vates
siltuma izolacija, virspus€ — 6 mm biezs stikls. Sildpanelis izveidots ka koka kaste
(800x1200%x100 mm), kurd ieklata SO mm bieza putuplasta siltuma izolacija. Virs kastes
nostiprinata “zig—zag” veida saliekta 10 m gara ar & 10 mm vara caurule. Kaste parklata
ar 1mm biezu térauda skardu. Saules kolektora absorbera virsma orlenteta dienvidu

virziena.
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1.att. Gridas sildpanela siltumapgades principidla shéma: V-V, — ventili; Vs — pretvarsts;
EK - elektrodu katls; VR-R — trTsvirzienu regulgjanais varsts ar automatisko piedainu; S1;
82 — cirkulacijas sikni; B1 — uzsiltdita iidens akumulators ar siltummaini; TR1 — diferencialais
termoregulators; TS1-TS3 — Gidens temperatiiras devéji; TS4 — gaisa temperaiiiras devgjs;
SK1-SKn - saules kolektori; SP1-SPn — sivénu sildpaneli.

Slipuma lenkis starp kolektora absorbera virsmas plakni un horizontu ir 40°. Sauies
kolektora razota jauda un siltumenergija, ka ar7 sildpanela patéréta jauda un energija
noteikta izm@&rot siltumnesgja (fidens) patéripu un siltumnes€ja temperatfiru saules
kolektora (sildpaneli, akumulatora). Sos lielumus savstarp&ji saista §ada likumsakariba

P =6-Cp(Ty, — 1y, (1)

kur Py —saraZota vai patéréta jauda, W;
& ~ siltumnes&ju patérins, kg/s;
Cp - siltumneséja siltumietilpiba, J/ kg- °C; tidenim Cp = 4,18 - 10° J/ kg: °C;
Tr1; T12 — siltumneséja ieejosa un izejosa temperatiira, oc.
Sistéma akumuléto siltuma daudzumu var aprékinat ka

Qs =m-Cp-(T, -T)) (2)

kur Qs ~ uzkrata siltuma daudzums, kJ;
m — siltumnesgja masa, kg;
Ty; T) — siltumnes&ja temperatiira sildiSanas beigas un sakuma, o°c.
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2.att. Eksperimentalds iekartas shéma

2000. gada veikti eksperimentalds iekdrtas izmégindjumi un noskaidroti tis
tehniskie raditaji $ados darba reZimos:
e siltuma akumulatora iideni (55 1) uzsildot tikai ar saules siltumu (elektrosilditajs
un sildpanelis atslégti);
o ar saules siltumu apsildot sildpaneli;
o sildpaneli apsildot ar sanles siltumu un elektribu.

Iekartas parametru aprékiniem izmantotas izteiksmes (1) un (2).

Rezultati

Siltuma akumulatora fidens uzsildi¥anas process 2000.g. 18.septembri paradits
3.attela. No grafika redzams, ka maksimalo jaudu ap 0,4 kW saules kolektors attistija no
no plkst. 11% — 13%, Septinu stundu laika sarazojot 2,34 kWh, no kuram 2,04 kWh
(1754 kcal) uzkidjas (akumulgjas) siltumnes&ja, bet 0,3 kWh ir siltuma zudumi septipu
stundu laika.

4. attla paradits sildpanela sildiSanas process, izmantojot tikai saules siltumu
(elektrosilditajs atslégts). Dienas laika (astonds stundas) akumulatord uzkrdjas 2,04 kWh
silturna energijas, kura tika izmantota turpmakajas darba stundas. Kad siltumnesgja
temperattra TS4 sasniedz 55 °C un sildpanela virsmas temperatiira Tpv 30 °C, turpmake

Tpv palielinaSanos ierobeZoja sildpanela virsmas temperatiiras regulators, ka rezultata -

sildpanela virsmas temperatiira no plkst. 13%— 22% bija nemainiga. Kad siltumnesgja
temperatiira pazemindjas zem 50 oC, art sildpanela virsmas temperatiira kliiva mazaka
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par 30 °C un turpindja samazinaties 1idz 23 °C, kad ap plkst. 8 no rita (19.09.2000.)
atkal saka darboties saules kolektors un siltumneséja temperatiira paaugstingjas.

60 - | u ! N |
P, =0,4kW 18.09.2000
55 k7 = 2,34 kw

Q. =2.04 kWh e
50 B Eg
W
Ve

. yd

40
ITs4
35 VA,
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3.att. Iekartas siltuma akumulatora fidens (55 1) uzpildiSanas procesa  temperatiiru raksturliknes
un parametri: Tss — no kolektora izejosa tidens temperatiira; Tss — kolektora ieejo$a fidens
temperatiira; T,,—~ ara gaisa temperatiira; P — kolektora jauda; Qi; — 7 stundas iegfitais siltuma

daudzums; Qg -- uzkratais (akumulétais) siltuma daudzums

5. attéla redzams sildpanela sildiSanas process ar saules energiju un elektiibu. Sai
variantd siltuma akumulatora (boilerl) iebiivétais elektrosilditdjs ar temperatiiras
regulatoru uzturgja siltumnes€ja temperativu 40 %C Iimeni. Ap plkst. 3% no 1ita
(31.07.2000.) ieslédzas elektriskais fidens silditajs, nelaujot siltumnes€ja temperatlrai
pazeminaties zem 40°C. Ap plkst. 8% no jauna saka darboties saules kolektors un process
atkartojas. Sildpanela virsmas temperatiiras svarstibas §im variantam neparsniedza 3 °c,
kas no zootehniska viedokla pielaujams [4]. Dienas laika siltuma akumulatord uzkrajas
1,47 kWh siltuma energijas. Tas ir par 0,57 kWh mazak neka ieprieksgja gadijuma. 3.
attela ir paradita iekdrtas darbiba 2000.g. 18. oktobri, kad kolektors bija uzkrajis 0,64
kWh siltuma energijas, neskatoties uz nedaudz miakonaino laiku, par ko liecina kritums
Ts4 raksturlikng. Eksperimentos sasniegta maksimala siltumnesgja Tsq un apkart€ja gaisa
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temperatliru starpiba neparsniedz 37 OC. Attslos 3-5 redzamas raksturliknes uzpemtas
skaidra dienas laika.

T,°C
05 ] l !
60 Qs = 2,04 kWh 5{;; 21.07.00.
55 : . ey
o
50 / Tsd
45 Preg———f——f

25 S

/ B PR . [P
40 oo g L j P I S S [ o
35 \\ Tvp L,i_.‘_. :

20 i i
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4.att. Temperatiiru raksturliknes, ja sildpaneli apsilda saules siltums: T, — sildpanela virsmas
temperatiira; Tgq— no kolektora izejosa Gdens temperatiira; Tga — gaisa temperatiira ard; Tgi —
gaisa temperatiira telpd; Qs ~ uzkratas energijas daudzums.

Analizgjot abu sildpanelu apsildiSanas variantu eksperimentélos datus jasecina,
ka jekartas siltuma akumulatord uzkratais saules siltuma dandzums ir nepietieko$s, lai ar
to apgadatu 0,2 kW jaudigu sildpaneli visu diennakti. Variantam 4.ati€ld sildpanela
virsmas temperatiira svarstas 8 °C robezas, ko nepielauj zootehniskds normas, bet
variantam 5.att€la jaizmanto elektriba. Dota konstruktiva izpildijuma gadfjuma saules
kolektora un sildpanela sildvirsmu attieciba ir 1,4 un siltuma akumulatora tilpums 55 L
Tas diennakts laika nenodroSina sildpane]a apgadi ar saules siltumu. Pamatojoties uz
eksperimentalajiem un literatiiras datiem, var secinat, ka iekértas tehniskos raditdjus var
uzlabot sadi:

o sildpaneli piepildit ar materialu, kuram laba siltuma vadamiba. Tad samazinasies
siltumnesgja un sildpanela virsmas temperatiiru starpiba un sildpaneja virsmas
temperatiiras svarstibas (sk. 4.att.) diennakts laikd biis mazakas. Ja vienlaikus
palielinasim ar siltuina akumulatora tilpumu, tad loti iesp&jams, ka apskatitais
saules kolektors biis spgjigs sildpaneli ar saules siltumu apgadatu visu diennakti;

° samazindt siltuma zudumus saules kolektord, uzlabojot ta siltuma izolaciju,
absorberam un stiklam pielietojot selektivos parklajumus un dubulto stiklojumu.
Tad palielinasies siltumneséja maksimald temperatiiva, ki rezultdtd siltuma
akumulatora uzkrasies vairdk siltuma energijas.

Noslégums :

Turpinot pétfjumus un pilnveidojot apskatito apsildes sist€mu japanak, lai no
aprila sakuma Iidz oktobrim saulaind dienas laikd saules kolektors pilniba apgadatu
sildpanelus ar nepiecieSamo siltuma daudzumu un tikai dienas, kad apmacies laiks, tiktu
izmantota elektiiba. Nemot v&ra to, ka saulainas dienas vairdk ir vasaras perioda, tad
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minétaja laika posma to skaitu varétu piepemt ap 80. Ta ka sildpanela apsildiSanai
diennak{l vajag ap 4 kWh, tad 80 dienu laika kolektors uz katru sildpaneli saraZotu ap
320 kWh, kuru vertiba péc pastivosa elektroenergijas tarifa ir ap 13,00 Ls.
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5.att. Temperattru raksturliknes, ja sildpaneli apsilda saules siltums un
elektriba: Tpv- sildpanela virsmas temperatiira; Tss~ no kolektora izejosa Gidens
temperatiira; Tgi — gaisa temperatiira telpa; Qs — uzkratas b
energijas daudzums.
Secinajumi

¢ Saules kolektora un sildpanela sildvirsmu attieciba 1,4 un siltuma akumulatora

tilpums ir 55 | apskatita konstruktiva izpildjjuma gadijuma ir par mazu, fai visu
diennakti sildpanela (0,2 kW) virsmas temperatiiru uzturétu 30 “C limeni.
Vajadzigo saules kolektora un sildpanela sildvirsmu attiecibu pamatd nosaka
sildpane]a pildmateriala siltuma vadamiba, siltuma zudumi saules kolektora un
siltuma akumulatora tilpums.

Lai ar mazaku saules kolektora sildvirsmas laukumu apgadatu sildpaneli ar
saules siltumu, tad sildpaneli jalieto pildmaterials ar labu siltuma vadamibu,
jasamazina siltuma zudumi saules kolektord, uzlabojot ta siltuma izolaciju un
pielietojot selektivos parkldjumus. Vadoties no Siem diviem faktoriem jdizvelas
siltuma akumulatora tilpumu.
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SPRIEGUMA REGULATORI SIVENU LOKALAS
APSILDES INTENSITATES REGULESANAI
VOLTAGE REGULATORS FOR LOCAL HEATING OF PIGLETS

Imants Ziemelis, Dr.inZ., asoc.prof.; Arnolds ékéle, Dr.hab.inz., prof,;
Henriks Putins, mag.inZ.; Uldis Iljins, Dr.hab.inZ., prof.; Aldis Putins, in%.
Latvijas Lauksaimniecibas universitates Ulbrokas Zinditnes centrs
Instittita iela 1, p.n. Ulbroka, Rigas raj., LV-2130
Talr. 2 910917, e—pasts: uzc@lanet.lv, fakss 2910873

Abstract. The optimum air temperature in a pigsty for sows is 1618 °C, but
during the first days of new born piglets life the temperature in their lairs ought to be
32..34 °C. Therefore the local warming Jor piglets is installed. The goal of the
investigation was to measure the intensity of heat irradiation under different kinds of
infra—red heaters, more aften used on Latvia farms. An autonomous infra—red piglet
warming systems have been developed. The experiment has showed, that during the first
days of piglets life the heater should be kept at the high, so that the irradiated area 0.3—
0.4 m* has been. Gradually heaters have to be lifted up 3—4 times while the warming
area is 0.6-0.7 m’ in 40~45 days, when piglets are weaned, The temperature in a lair
has to be regulated by change of electric power of the heater. Several constructions of
voltage regulators are worked out, which are able to ensure the temperature on the
warmed surface automatically or manually, depending on the temperature in a pigsty
and live mass of piglets. The automatic power regulation of the heaters decreases the
consumption of electric energy more than 2 times.

Yevads

Zinatniskie pétijumi un ciikkopibas prakse neparprotami liecina, ka pazeminata
apkart€jas vides temperatiira un augsts gaisa relativais mitrums nelabvéligi ietekmé
sivénu augSanu un attistibu, seviski jaundzimuso. Sivéni piedzimst ar nepilnigi attistTtu
termoregulicijas sistému. Lidz 40-50 % patérétas baribas energijas tie izlieto normailas
kermena temperatiiras uzturgSanai [1]. K& zinams, termoregulacija sivéniem notiek
divéjédi Kimiskd termoregulacija nodrosina siltuma raZoSanu organismd no .asinis
esofiem oglhidratiem un biivajiem taukiem, bet fiziskd — sivena adas temperatiiras
izmainu atkaribd no apkartejas vides temperatiivas. Tacu fiziska termoregulacija
jaundzimugiem sivéniem pirmajas to dzives dienas tikai attistds un s@k darboties péc 7—
10 dienu vecuma sasniegSanas. Baribas vielu energgtiskas rezerves sivénu organisma
nav lielas, tapéc tikko piedzimu$i sivéni temperatfiras zipad ir pilnigi atkarigi no
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apkartéjas vides. NepiecieSama §is vides temperatira jaundzimuSiem siveéniem ir
vismaz 32-34 °C [1;2]. Ja temperatiira ir tikai 15 %C, jau pirmo 24 stundu laika sivéna
organisma izsikst nelielas glikogéna rezerves dzivibas procesu uzturéSanai, sivéni
atdziest un iet boja. Pirmajds dzives dienas sivénu vienigd bariba ir sivénmates piens,
kurs§ satur ap 4,5 % tauku, 18 % olbaltumvielu un 3,55 % piena cukura (laktozes) [3; 4].
Ja telpas ir pietiekofi siltas, tad ar pienu uzpemtads baribas vielas galvenokart tiek
izmantotas dzivmasas palielinaSanai. Ja telpas ir v€sas, daudz baribas vielu tiek teréts
kermena temperatiiras uzturéSanai (kimiskd termoregulacija) un sivénu dzivmasas
pieaugumi ir mazaki. Tris nedélu laika sivéniem attistas sp&ja regulét siltuma zudumus,
mainot &das temperatiru (fiziskd termoregulacija), un tie kliist izturigdki pret
temperatiiras pazeminasanos telpa. Kad sivéni sak &st papildbaribu, tas parstrades
rezultatd atbrivojas papildus siltuma energija un nepiecieSama apkartgjas vides
temperatira pazeminas.
Pétijuma mérkis
1. Noskaidrot siltuma sadalfjuma vienméribu zem Latvijas coku fermas plasak
pielietoto infrasarkano staru silditajiem.

2. Nolika uzlabot sivénu vietgjas apsildes ekonomiskos raditajus, pétit silditaju
patérétas elektriskas energijas daudzuma samazinaSanas iespé&jas.

Pétijuma uzdevumi
1. Laboratorijas apstaklos, mérot infrasarkano silditdju starojuma intensitati, uzpemt
temperatiiras sadalfjuma raksturliknes pa apsildamo virsmu.
2. lIzstradat un izpétit spriegumu regulatoru konstrukcijas silditaju jaudas reguléSanai
atkariba no sivénu vecuma un temperatiiras kil

Metodes
Optimalais apkartéjas vides temperatiiras limenis ir atkarigs galvenokart no
sivéna dzivmasas, ap8sta baribas daudzuma un tas kvalitates. NeatSkirto (zidgju) sivénu
atpiitas vietds — migas optimalas temperatiiras atkaribu no sivénu dzivmasas M raksturo
1. att€la redzamais grafiks.

T, °C

36 1
34 \
32
30
28
26
24
22
20
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M, kg

1.att. NepiecieSama sivénu migas temperatiira T,, atkariba no to dzivmasas M
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No liknes seko ka jaundzimu$u sivénu miga pumajas dienas nepiecie§ama
temperatma ir 32-36 °C, to pakapeniski samazinot lidz 22-24 °C pie at3kirSanas, kad
sivéni sasniegusi 30-45 dienu vecumu. Turpretim sivEnmasu atraSanas zona optimala
temperatiira (kiits gaisa temperatiira) ir 16-18 °C [5]. Tapéc paaugstindtas temperatiiras
uzturg¥anai sivénu migas jalieto viet&jas apsildes iekartas: elektriskie infrasarkano staru
(IS) silditaji, apsildami gridu paneli, pakldji u.c. ierices. Latvijas sivénmasu novietnés
plafaku pielietojumu guvusi dazadu konstrukciju IS silditaji. IS stari (0,7-1,7 )
terapeitiski labveligi iedarbojas uz sivénu organismu. Tie maz absorbgjas gaisa, tapec
gandriz visa izstarotd energija nonak uz apsildamo virsmu. Infrasarkanais starojums
iespieZas organisma audos, kav&jot to atdziSanu, aktiviz€ asins atjauno$anas orginu
darbibu. Infrasarkanais starojums ne tikai pasargd sivénus no saauksté¥ands, bet ari
veicina biologisko procesu norisi organisma, paaugstinot ta tonusu un organisma dabigas
aizsargspgjas. Dzivnieku asinis paaugstinas eritrocitu, leikocitu un hemoglobina saturs.
Apsildot ar IS silditajiem, &rti regulét apsildes intensitati, mainot to piekares augstumu
vai/un elektrisko jaudu. Silditdjus var izmantot daZada tipa aizgaldiem, individuali
regul&jot apsildes reZimu. Tiem augsta darba gataviba: pieslédzot tiklam uzreiz jiitams
siltuma efekts. Apsildi var veikt ar partraukumiem, noriidot sivénu organismu. Reaggjot
uz redzamo gaismu, sivéni tiilit peéc piedzim8anas nondk silditdja darbibas zona.

Rezultsti

Latvija paslaik v1splasak izmanto Kuldiga razotos IS starotdjus ISH-1000, mazak
ISL-500. Izmanto ari silditdjus no/ar iekartam IKUF, Vacija raZotos silditajus, ka ari
starotdjus FL-500 un FL-1000. LLU Ulbrokas Zinatnes centrd veicot da¥adu IS
starotdju siltuma starojuma sadalfjuma pa apsildamo virsmu pétijumus, secinits, ka visus
starotajus var iedalit 2 grupas:

1. Ar dzilu reflektoru — IKUF, FL-500, FL-1000;
2. Ar seklu reflektoru — ISH-1000, ISL-500.

Pirmas grupas starotdjiem ir mazdks apstarotais laukums, bet lielaka siltuma
starojuma Ipatn&ja jauda. Otras grupas starotajiem — lieldks laukums un mazika ipatngja
jauda. Zinot nepiecieSamo apsildami laukuma lielumu un starojuma intensitati, var
izvéleties atbilstoSo starotdju. Izmantojot sivénu sildiSanai IS silditdjus, t.s. jiitamo
temperatiiru miga nosaka p&c sakaribas [6]

Ti=T+004ky -E, €]

kur  T; —jutama3 temperatiira, oc,
T — telpas temperatiira, °C;
ksy — IS starojuma uzgemsanas koeficients ( swemem Lo
E - siltuma starojuma Tpatngja jauda, W/m?.

Telpas temperatiira
To=m Tu+(1-m) Ty,
@)
kur m —telpu 1akstur0Joss koeficients (ctiku kiitim m = 0 42);

Ts — telpas konstrukcijas iek$€jo virsmu vid&ja temperatiira, oc;
T, — gaisa temperatiira telpa, ’'c.

i ©)
0,04%, .
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Ja zindmas temperatiiras 7; un T;, tad nepiecieSamo siltuma starojuma Tpatngjo
jaudu nosaka p&c formulas
T fa T; - AT;n 4
0,04%,, @
kur ATy = Tom— Ty

Tom, T — gaisa temperatiira miga un telpa, °C.

Lai sivénu migd nodro§inatu vajadzigo temperatiiru, silditaju starojuma jauda
jamaina atkaiiba no temperatiiras ki un sivénu vecuma (dzivmasas). Starojuma
ipatngjas jaudas izmainu var veikt div&jadi: mainot silditaja piekares augstumu vai mainot
tam pievadita elekiriska sprieguma lielumu. Péc siltuma sadalfjuma izmainas rakstura pa
apsilddmo virsmu, abi papémieni ir at8kirigi. Mainot silditdja novietoSanas augstumu,
vienlaicigi mainas ka apsildita laukuma lielums, ti siltuma pliismas intensitates vértiba
atseviSkos apsildamas virsmas punktos, bet, izmainot silditdja jaudu pie konstanta
novietojuma augstuma, mainds tikai siltuma pliismas intensitate. Apsildama laukuma
lielums $aja gadfjuma nemainds. Lai maksimali ekonomiski térétu elektribu strdvuy,
jaizmanto abi reguléSanas papémieni. JaundzimuSajiem sivéniem silditdji janovieto péc
iespgjas zemak, lai apsildamais laukums bitu tikai 0,3-0,4 m® uz vienu migu, bet
vajadzigd siltuma starojuma jauda, atkaribd no temperatiiras kiiti, sivénu dzivmasas
(vecuma) un pafa silditaja jaudas, jaiestdda un jaregulé, mainot spriegumu. Sivénu
augSanas laika silditdji 3-4 reizes japace] augsték, lai sildiSanas cikla beigas (pgc 40-45
diendm) apsildamais laukums biitu 0,6-0,8 m”.

LLU Ulbrokas Zinatnes centrd veikti dazadu IS starotdju siltuma starojuma
sadalfjuma pa apsildamo virsmu pétfjumi (2.att.). Siltuma starojuma meériSanai izmantots
testeris Escort-97 ar albedometra termobateriju. Silditaju jaudas regulESanai izstradati un
vairakas fermas ieviesti spriegumu regulatori (1.tabula), kuri dod iesp&ju mainit silditaja
Jjaudu visa kuti, pa grupam (28 silditaji) un katram silditajam individuali.

adsiail Etwlim )2 T {%]) | Rafiai Hk0,8m
1204 S
//
100§ 44
1000} 40 \
4 900§ 36
/
800 KL 1000; 0,6
/ M
y 700} 28
/ . SERAN
/ VAV A 2R
/ % 50020 Y
/AL ~
4 - 400J 16T T,
ZEL 500105 0H0-kW
1 HH TS iy o] 12 Ty
W // A/ i —
10(1 4 IKZK[250 0,25 Y

-60 -55 -50 -45 -40 -35 -30 -25 -20 -15 -10 '51 5 10 15 20 25 30 35 40 45 50 55 60

(&m)
2.att. Silditaju siltuma starojuma sadalijums pa sildvirsmu

Sprieguma regulators RST3-40-63 paredzéts silditdju jaudas reguléSanai

vienlaicigi visa kiti. TA nominla jauda 40 kW, strava 63 A. Silditaju jaudas reguléSanai

232

ISBN 9984 - 585-36 -0



Environment. Technology. Resources. 2001

var izmantot rokas vai automatiskas vadibas iekartu, kura automatiski regulé silditaju
jaudu atkariba no temperatiiras kiiff un sivénu vecuma. lesp&jams veikt sildianu ar
partraukumiem.

Sprieguma regulators 3RST1-6,3-32 paredzéts 3 atsevisku grupu silditaju jaudas
regulélanai. Tas sastav no 3 vienfazigiem regulatoriem, no kuriem katrs izmantojams
savas silditdju grupas (6 gab.) jaudas regul€Sanai. Regulators var apkalpot 18 silditajus,
katru ar jaudu 1 kW.

Sprieguma regulators 2RSU1-1-6 paredzéts 2 silditdju (katrs ar jaudu 1 kW)
neatkarigai reguléSanai. '

Automatiskais sprieguma regulators ASR~2M izmantojams 2 silditaju (pa 1 kW)
jaudas vienlaicigai reguleSanai. Tas automatiski veic sildftaju jaudas izmainu atkariba no
temperattiras kiitl, ka ari nodroSina sildiSanu ar partraukumiem. Silditdja jauda, atkariba
no sivénu vecuma, un tam atbilsto§ie sildiSanas partraukumi iestidami arl ar rokas
sledzi.

Talakas elektriskas energijas ekonomijas un sivénu organisma noriidi§anas
nolitka apsildiSanu ar IS silditajiem ieteicams veikt ar partraukumiem. Lai parliecindtos
par sada apsildes veida ietekmi uz sivénu augSanu un attistibu, tika veikta ki
eksperimentalas, ta kontroles grupas sivénu dzivmasas kontrole (svérSana), tiem
piedzimstot, 55 dienu un 129 dienu vecuma. legitie rezultdti apkopoti 2.tabuli. Pie
vienadiem baroSanas, kiits gaisa temperatiiras un citiem apstakliem kontroles grupas
sivéni tika apsilditi ar IS silditdjiem bez partraukuma, regulgjot apsildes intensitati ar
sprieguma regulatoru palidzibu atkariba no sivénu vecuma un gaisa temperatiiras kiiti.
Eksperimentalas grupas sivéniem ik péc 45 min. sildiSanas IS starotdji automatiski uz 15
min. tika izslégti. No eksperimentu rezultatu tabulas redzams, ka eksperimentalaja grupa
lidz atSkirSanai 55 dienu vecuma saglabati visi 52 sivéni, bet kontroles grupd 3 sivéni
nobeigusies. Sivénu dzivmasas vidgjais pieaugums Saja laika eksperimentalaja grupd ir
par 2,04 kg lielaks nekd kontroles grupas sivéniem. Lai konstatétu apsildes ar
partraukumiem ietekmi uz sivénu taldko augSanu péc atSkirSanas, tika veikta abu grupu
sivénu dzivmasas kontrole (svérSana), tiem sasniedzot 4 ménesu (129 dienu) vecumu.
Ka redzams no 2. tabulas, ar? perioda p&c atSkirSanas vid&jie sivénu dzivmasas diennakts
pieaugumi eksperimentalds grupas sivéniem ir lielaki (0,378 kg) neka kontroles grupas
siveniem (0,308 kg). Tas izskaidrojams ar eksperimentdlds grupas sivénu akftivaku
norddiSanos un lielaku ap@stds baribas daudzumu (labaku apetiti). Abam sivénu grupain
veiktas asins sastdva analizes noradija uz eksperimentalds grupas sivénu labaku
veselibas stavokli.
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1.tabula. Sivénu apsildiSanai izmantojamo spriegumu regulatoru tehniskie dati

Silditaju Sagaidama
jaudas Pielietojamo silditaju Pielietojama Iesp&jamais silditdju Korpusa elekiribas
(sprieguma) regulatora jaudas regulésanas Aptuvena cena, Ls izméri, ekonomija, %,

reguléSanas marka veids min ja silditaju
veids jauda, kW
grupu | skaits jauda,
skaits | grupa kW
Automat. Distances
Regula Vadibas vadibas
—tora iekartas iekartas
0,5 1,0
Kopgjs visai 40 1,0 1RST 3-40- | Distances, automatiski rokas 310 50 20 600x600x300
63 30 50
kiitij 40 (20) | 0,5(1,0) Distances, automatiska rokas 290 50 26 600x600x300
1 RST 3-24-
40
Atseviski pa 8(16) | 1,0(0,5) | 3 RST 1-8-40 | Distances, automatiska rokas 300 x50 3x20 600x600x300
grupam 4(8) 1,0 (0,5) | 3RST 1-4-16 Rokas 250 - - 300x600x220 40 60
4 (8) 1,0 (0,5) | 6RST 1-4-16 Rokas 280 - - 450x600x220
Individuali 1 1,0 2R8V 1-1-6 Rokas 60 - - 205x220x140
45 65
1 1,0 1 R8V i-1-6 Rokas 45 - - 140x220x140
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2. tabula
Sivénu dzivmasas pieaugumi eksperimenta laiki
Raditaji Eksperimentala Kontroles
Grupa Grupa
Sivénu skaits:
Eksperimenta sakuma 52 52
Eksperimenta beigas
52 49

Sivénu vid&ja dzivmasa, kg:
Eksperimenta sakuma 2,03 2,13
Eksperimenta beigas 55 dienu vecuma

17,27 15,33
Sivénu vidgjais dzIlvmasas pieaugums 55 dienu laik3, 15,24 13.20
kg
Sivénu vid&jais diennakts pieaugums, kg:
Perioda péc atskir$nas (no 55 lidz 129 dienu 0,378 0,308
vecumam)
Visa eksperimenta laika (129 dienas) 0,277 0,240

Secindjumi

1. Visas jaundzimuSo sivénu novietngs ieteicams ierikot sivénu metienu vietgjo

apsildifanu, izmantojot infrasarkano staru silditdjus ar spriegumu regulatoriem;
2. Regulgjot sildit3ju novietofanas augstumu un siltuma jaudu atkariba no sivénu
vecuma un gaisa temperatiiras kiiti, iesp&jams iegiit elektroenergijas istaupTjumu
50% un vairak;
Sivénu apsildi ar infrasarkano staru silditajiem ieteicams veikt ar partraukuniem.
4. Spriegumu regulatorus iespgjams iegadaties LLU Ulbrokas Zinatnes centra.

(58]
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METAL PROCESSING ENTERPRISES AS THE MAIN THREAT
TO ENVIRONMENTAL QUALITY IN PANEVEZYS
METALAPSTRADES UZNEMUMI KA GALVENAIS VIDES
KVALITATES RISKA FAKTORS PANEVEZA

R.Zinkuté, A.Radzevicius, Institute of geology
T.Sevéenkos 13,
Vilnius 2600—-LT, Lithuania, tel.+370--2-235409

Abstract. The purpose of the article was to demonstrate the threat of metal
processing to urban environmental quality and to reveal the peculiarities of this kind
of pollution. Geochemical data of topsoil mapping in PanevéZys were used for this
aim. There has been analysed the input of 16 enterprises involved in this activity to
pollution of Panevézys by Cu, Zn, Pb, Sn, Mo, Ni, Mn, Cr, Ag, Co, as well as Ba, Sr,
As, P, U, B, Ga, Ti, V, Zr, Y, Sc. The content of most eZements was determined by DC
Arc ES in topsoil fraction <1 mm after mineralisation at 450°C, while Sr, 4s, U — by
XRF. In many analysed objects W was detected by DC Arc ES, in some of them — also
more rare pollutants: Ce, Cd, Sb and elevated content of La and Y (TV-tubes plant
“Ekranas”), Bi (Precise mechanics plant). According to total contamination indices
these objects were compared among themselves, as well as with enterprises of other
type production. Accumulation and good correlation of Cu, Zn, Pb, Sn, Mo, Ni, Mn,
Cr, Ag, Co caused many problems in classification of the enterprises. It can be done
according to object pollution codes or maximum pollutant.

Introduction

Urban environmental quality can be evaluated according to topsoil total
contamination level by dangerous chemical elements. This is usually done during
geochemical mapping. The aim of the article was to analyse the input of enterprises
involved in metal processing to general urban environmental quality. The
geochemical data for comparison and analysis were taken from material of
geochemical mapping of Panevézys [1]. Besides the town territory, 52 objects were
analysed in PanevéZys in more detail: water—intake territory — for element local
background determination after consecutive elimination of anomalies {2], 6 non—
industrial objects — for comprehensive investigation of contamination level danger on
their territories and 45 objects involved in industrial activity — for ascertaining of their
input as potential pollution sources to general contamination of the city. The latter
were conditionally subdivided into 6 groups, the greatest part of them (16 enterprises)
was attributed to metal processing, the other 29 enterprises — to transport (10),
energetics (2), food (9), light (3), building (5) industries.

Methods

Samples on the territories of the objects were collected more or less evenly
from 1*1 m areas of the upper layer of soil (depth 0~10 cm) by the principle of
envelope mainly in green planting zones. All samples were air—dried, sieved through
nylon sieves taking fraction <1 mm. After organic matter mineralisation at 450° C
they were pulverised. Then they were analysed by DC arc emission spectrometry for
determination of B, Ga, P, Mn, Ti, V, Cr, Co, Ni, Cu, Zn, Pb, Mo, Ag, Sn, Zr, Y, Sc,
Ba content and by XRF — for Sr, As, U (22 elements at all). International reference
materials OOKO 153 and OOKO 151 have been used for quality control of spectral
analysis results. In some of the samples it was possible to detect W, Cd, Sb, As, Bi by
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DC arc ES due to their elevated content. Soil general contamination was evaluated on
the basis of total contamination index (Zs) using the recommended levels [3]. It was
calculated by summing up concentration coefficients (CC) of 22 elements, analysed in
all Panevézys (Z22), or only of 10 metals — Cu, Zn, Pb, Sn, Ag, Cr, Ni, Co, Mn, Mo,
which were most often polluting (Z10). CC were computed dividing the amount,
determined in each sample, by local background values. Median values of CC
(CCmed) or total contamination index (Z22med and Z10med) were used for
comparison of the objects. Elements with CCmed>1,3 were included to accumulating
associations. Distinguishing of element paragenetic associations was based on
correlation matrix and sorted factor loading matrix obtained by principal component
analysis and rotated by varimax method with the help of corresponding SPSS
program. Supposing lognormal distribution of microelements, the logarithms of data
recalculated to air—dry material were taken. Surfer software was used for compiling
of maps. Geohygienic state was evaluated in comparison with the highest allowable
element concentrations in soil HAC, [4] or average highest allowable level HAL

values [5].

Results and discussion

More than 1/3 topsoil samples collected in PanevéZys are unallowably
(222>16) polluted, most of all on the territories of industrial enterprises, mainly metal
processing (Table 1). Besides, in all other types of industries the main part of
unallowably polluted samples is of medium, while in metal processing plants — of
dangerous level. The greatest part of extremely dangerous pollution level (even
22,3%) and the highest percentage of samples exceeding HACs or HAL for all
elements, except V and Mn+V, is also on their territories.

Table 1. Comparison of pollution level and danger in different objects of

Panevézys
Group Number Total contamination levels Per cent of samples exceeding
HACs (mg/kg) or HAL (mg/kg)
(number of objects) of |Z22<16|222>16| 16—~} 32~ {>128)Cu| Cr { Ni { Zn | Pb | Mn Mn+ { V
samples 32 | 128 50| 50 | 40 {160} 32 (1500, V (150
1000
+100
Whole PanevéZys 2516 68,0 | 32,0 14,11 123 | 5,6 [12,]16,1] 8,0 (21,2{41,411,5| 0,1 |0,2
8
Industrial 1058 53,7 | 46,3 |14,0| 20,4 | 11,9 26, 130,0117,1(29,1(|54,9]3,4 | 0,2 |0,5
enterprises 0
Town territory 1278 76,3 | 23,7 |158| 69 | 1,0 §3,316,5(|1,617,0{33,640,1] 0,1 {0,0
Non—industrial objects] 92 90,2 98 143} 43 |11 |4314310,0]8,7131,5/0,01 0,0 {0,0
Water-intake territory| 88 97,7 23 1,1 L,1 100 |1,0]123(1,110,0(231(0,01{0,010,0
Metal processing (16)| 489 34,8 | 652 |12,9] 30,1 |22,3 42, {45,4]31,1/43,6/64,4) 6,3 | 0,0 10,0
3
Transport objects (10)] 249 63,9 | 36,1 (15,7) 153 { 5,2 18,113,7| 4,8 |18,9/58,2{0,8 | 0,4 10,0
1
[Building industry (5) 98 66,3 | 33,7 20,4 11,2 | 2,0 {10, [34,7| 5,1 |12,2(48,0{ 0,0 1,0 | 1,0
2
Energetics (2) 34 67,6 | 32,4 {17,6] 14,7 | 0,0 }5,9/38,2|17,6]26,5/23,5]2,9| 0,0 5,9
Light industry (3) 47 70,2 | 29,8 |14,9] 12,8 { 2,1 {8,5{17,0{ 8,5(19,1{68,1{2,1| 0,0 {0,0
Food industry (9) 141 83,7 { 16,3 [ 92 64 | 0,7 15,0|4,3|1,4(12,8]24,1|0,7 0,0 11,4
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Samples with unallowable level of pollution are observed in all 16 enterprises
involved in metal processing, in most of them the greatest part of such samples
belongs to dangerous level (Table 2). Though total contamination of various objects is
different, their main part (even 10) is unallowably polluted (Z22med>16), while in
other types of potential pollution sources this limit is exceeded not so often (from 29
objects only in 7, besides, in 3 of them — service station, motor transport enterprise,
locomotive depot — metal processing is also sometimes used, while other 3 — plant of
furniture, regional heating nets and plant of spirit — are situated near metal processing
plants and might have been affected by their pollution). This shows that the leading
role in unallowable pollution level in PaneveZys belongs to enterprises involved in
metal processing. The territories of the analysed objects are of different area, therefore
the number of taken samples was unequal. The type of production is also various,
therefore different metal processing methods are used. The allowable level of
contamination is usually exceeded in those plants, where metal casting (C), galvanic
processing (G) or electrical engineering (E) is used besides mechanical processing
(M), the only exceptions are Plk and Pds. The highest Z22 is observed in Ptm1, where
even three methods of metal processing are used (type GME). Metal processing
enterprises are situated in 4 industrial districts of the city: western (W), eastern (E),
southern (S) and central (C), most of them in W (5), E(6) and S (4). The greatest
number of unallowably poliuted enterprises is observed in W (4) and E (4) districts.

Table 2. Description and contamination level of metal processing plants in

Paneveézys
Dist Code Z10 per Per cent of samples
~rict Title N Type Production 722 710 centofZ22 where Z22 is:
>16 16-32 32- |
128
W Ptml "Tiksliojime- 34 GME Electronic devices 314,42311,90 99,2 94,1 59 176
chanika" (I site) &
W Pk "Lietkabelis" 26 M Cables 122,30120,26 98,3 96,2 19,2 30,8 &
E Pme "Metalistas" 27 GM Locks 114,67111,19 97,0 81,5 11,1
E Pek "Ekranas" 91 ME TV-tubes, crystal 71,66 50,47 70,4 92,3 13,2 @
W  Pau2 "Aurida" (Il site) 46 CM Autocompressors 53,15 50,15 94,4 78,3 13,0 1 13,0
S Pr "Praktika" 26 CM Portative boring 46,07 42,83 93,0 69,2 3.8
machine-tools
E Pds Gas~main 5 M Bituminisation of 31,38 28,85 91,9 60,0
construction pipes
E Pket '"Panevézio 17 CM Cast iron 29,73 27,00 90,8 82,4
ketus" production
W Paul "Aurida" (Isite) 25 CM Autocompressors 26,15 22,82 87,3 80,0
S Akl Blind society 40 GM Consumer goods 16,07 13,56 84,4 50,0
plant
C Pel "Elektro- 11 ME Desk lamps 15,62 12,73 81,5 45,5
technika"” ‘
E Pav Aviation 25 GM Aircraft 13,89 11,68 84,1 44,0
repair plant repair
S Pre "Remeksta" 26 M Domestic applian— 10,23 7,86 76,8 30,8
ces repair
E Arem Automobile 29 M Automobile repair 9,29 5,63 60,6 27,6
repair enterprise
S Pk Deafsociety 27 CM  Consumer goods 9,22 5,92 64,2 18,5
plant
W Pitm2 "Tiksliogjime~ 34 M  Precisemecha- 8,72 35,03 57,7 23,5
chanika" (II site) nical devices
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The accumulating associations of unallowably contaminated plants usually
include the following 10 metals, which are typical to ailoys: Cu, Zn, Pb, Sn, Mo, Ni,
Mn, Cr, Ag, Co, only the last 4 elements (especially Co) are sometimes absent (Table
3). Therefore in unallowably contaminated enterprises the input of Z10 (calculated
according to these 10 metals) to Z22 exceeds 80% (Table 2). In less contaminated
enterprises more of these 10 metals may be absent in accumulating associations.
However, correlation among them is usually significant, some separation of Pb may
be explained by transport activity, of Mn, Co — by lower pollution level (Table 4). The
other reasons of insignificant correlation among some elements or their groups may
be different shops, large territory, short time of functioning or end of industrial
activity. Besides the above mentioned 10 metals, some other elements, mainly As, Sr,
Ba, P, V, B may belong to accumulating associations, the last 3 elements — usually in
plants with metal casting (Table 3). In most of these plants (especially with casting)
W and Cd are detected. Sometimes CCmed>1,3 even for Y, U, Sc and Zr (Y and U in
“Ekranas” are undoubtedly due to contamination caused by production and polishing
of special glass). Plants of G or E types usually have the most multielement
accumulating associations, the second type is also characterised by the greatesi
number of additional elements: La, Ce, Sb, Hf (“Ekranas™), Bi (Ptral). Therefore total
Zs including the additional elements for “Ekranas™ is the largest in PanevéZys. Be and
Ge are very rare (Ge is found where Ni is the main contaminant).

Table 3. Comparison of accumulating rows (CCmed) of metal processing plants in

Panevézys

E | Pme | E | Pket | Pav | E | Pek | Pds| S |Pre| E |Arem| S | Akl | C | Pel
Zn 24,74 | In 7,97 313 |Pb 3441| Pb 761)Pb 222] Pb 2,59 | Ni 4,84 | Ni 2,92
Ni 1821 | Pb 692 281 | Sr 654 Ag 388|Cu 1,96} Ni 192)Cu 2,50 | Pb 2,28
Cu 1590 | Ni 4,10 1,87 |Ba 518} Zn 2,58} Zn 1,77} Zn 1,78 {Zn 2,41 | Ca 2,25
Cr 1331 { Cu 331 184 {Zn 482 Cu 231|Ba 1,75] Ba 1,65 | Pb 2,01 | Zn 222
Mo 8,5 | Mo 3,40 | L71 | Ni 226§ St 202§ Ni 1,62{ Cr 1,59 |Cr 1,60 | Ag 1,95
Pb 597 | Ag 2,79 1,56 {Cu 2,18 Ni 1,92 1,56} Sm 1,48 |Me. 1,53 | Sn 1,87
Ag 359 | Cr 220 1,45 {Mo 1,75 ] Sn 1,83 | 1,36 {Sn 1,42 {Cr 1,76
Sn 2,51 | Sa 2,01 1,441 Y 1,72 | Mo 1,61} Mo 1,50
As 1,80 1,72 1,57 | Cr 1,31

Mn 1,69 1,53

Sc 1,38 1,46

Zr 1,37 1,46

i
o
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Notes: above the row is the district and code of the enterprise, below

— the type, Z22 and additional detected elements with number of

samples, in which they have been found.

According to main polluting element metal processing plants (except Pk) can
be subdivided into 4 groups: Cu-type (most of the plants, including all from W
district), Zn-type (all from E district), Pb~type (E and S districts) Ni-type (S and C
districts). Some of the elements (usually from 10 typical metals) even alone exceed
the allowable level of poltution. Codes of unallowable contamination are additional
characteristic of the enterprise (Table 5). Object average pollution codes (OAP-
codes) can be used besides them. They are determined according to ranking of
average values of CC for members of 3 associations in each enterprise (usually the
same codes are in anomalous part of the enterprise). These associations are
determined with the help of cluster analysis. 10 metals on the basis of correlation of
their content in all 16 objects can be subdivided into 3 associations Cu-Sn—Zn—Ag-
Mn (ACu), Ni-Cr-Mo-Co (ANi) and Pb (APb), while 12 main pollutants of
PanevéZzys — into similar groups: Cu-Sn—Zn-Ag (ACu), Ni-Cr—Mo~Co-Mn (ANi)
and Pb-Sr-Ba (APb). Full information about metal processing plants can be useful for
decision making (Fig.1).

Table 4. Analysis of correlation among 10 characteristic elements in metal
processing plants

Code [Terri~| Type Cul Zn 1 Pb | Sn' Ag |M0| Ni | Cr ICo | Mn | Not significant Explanation
tory Number of factor in factor loading matrix correlation
Pml| S |GME|1}{ 1 1ty 1 1141 1 11]1 - -
Pk | M | M 1} 1] 1 1] 1i1)14)1]5]1 Co LPL
Pme| S |GM |1} i 11111371 11371 Mo, Co DS
Peky L | ME |1 1 |2Q)j1] 1 |1]1 1 (1]1 - LT, DS
Pav2| L |CM 1] 1 b yif 111 1 111 Co LT,LPL
Pr S |CM [T (31 § |14 |11 1 ]1]1 Pb, Ag TA (bus depot)
Pds | S M Small sample size Prevails Small sample size
Phet f M | CM 111} 1 4 11714111 111 2 gr. TA (railway)
Pauli M [CM | 1] 1 DA I O T A O N | 1 ]1}1 Pb TA
Akl [ S |GM {11 111111 1111 - -
Pel S | ME (1] 1 P11 1)1t 1 1)1 - -
Pav| L |GM | 1] 1 t 111 ]2 6(1)2)2 Mn, Co, Ni LT, EF, LPL
Pre | M M |1l]1 3113 11¢1 1 j1]1 Pb TA
Arem| M L S T O S D S O O <6 5 1 i A (¢ 112 12(0) Mn, Co LPL
Pk S |CM L] 1 1 (1711111 1 |11 Pb TA
Ptm2| L M 3|22 15)3713][23!32]|2|{203)] Cu, Mo, Sn, Ag |LT,DS,LPL, ST

Explanation; TA — transport activity, LT - large territory, LPL ~ low pollution level,
DS - different shops, ST — short time of exploitation, EF — end of functioning, 2 gr. -
two groups, the elements of which are most often not significantly correlated.
Territory: S — small, M — medium, L — large.
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Pau2(CM-46) :
Cu(CuPbNi)
Cu33(19)Zn28(13)MolS(5)Sn(2)Ag(1) ]
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Ni16(1)Cr37(2)
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of where

Pel(ME-11)
Ni(CuNiPh)
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NiS(5)CrS(1)Mu(1)
PbS

W2Ge

HACs

and
rHALls exeeeded (w’m:re CC> 16) for associations:

0
3

4
5)Third,
6) Additional detected elements,
7) Other elementy with CC> 16,

Fig.1. Contammatlon level and peculiarities of metal processing plants in Panevézys
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Table 5. Comparative analysis of metal processing plants of Panevézys

Average CC of Average CC of |Main OAP-codes Unallowable level poltutants:
asso—ciacion in asso—ciacionin (pollu-
lant anomaly
Code | Type | ACu | APb | ANi | Acu { Apb [ ANi ( tant 10 12 Num-—[ Code (element and
metals | elements | ber | CC>16 sample number)
Ptml | GME | 71,85 13,45 14,33 76,16 | 14,16 | 15,14 | Cu | CuNiPb | CuNiPb 9 Cu30NiSn20Cr13Pb10
Zn10Mo5Ag2Co
Pme | GM |25,70 10,90} 16,18 | 31,21 [ 12,89 | 19,39 | Zn | CuNiPb | CuNiPb 7 Zn15Ni14Cul3Cril
Mo7PbdAg
Pel | ME [10,45] 3,78 | 9,26 21,04 593 [ 18,41} Ni | CuNiPb | CuNiPb 5 Ni5CuZn2CrMo
Pim2 | M 2,61 § 1,41 ] 2,64 | 6,87 | 247 | 6,62 | Cu |CulNi(Pb)|CuNi(Pb)|] 5 Ni3CuZn2SnCe
Pik M 41,95 8,14 | 2,20 143,55} 842 | 223 | Cu | CuPbNi | CuPbNi 5 Cu22Zn4PbSn3Ag
Pau2 | CM |[15,68] 5,36 | 3,95 119,61 6,48 | 4,62 | Cu | CuPbNi | CuNiPb 8 Cul9Zn13Mns5Pb3
. SnCr2NiAg
Pk CM 11,30 4,61 | 1,46 {5502 15,82 3,02 P | CuPb(Ni) |CuPb(Ni)| 35 Cu4ZnSn3Pb2Ag
Pket | CM | 8,02 {135,59] 4,54 | 9,37 {164,04; 5,16 | Zn | PbCulNi | PbCuNi 7 Zn5PbCudMoAg3
Ni2Sn
Pek | ME | 4,42 | 66,47 ) 2,61 | 4,68 171,87 2,73 | Pb | PbCulNi | PbCulNi | 10 | Pb728r19Zn17BallY9
CuSNi4Mo2SnAg
Pr CM | 9,36 | 12,18 | 493 ]12,86|16,84} 6,50 | Pb | PbCuNi | CuPbNi 5 Cu9Zn8Cr5Pb4Ni2
Pds M 3,04 1 912 ] 147 | 437 [11,74| 1,70 | Pb |PbCu(Ni) |[PbCu(Ni)| 2 PbZn
Arem| M | 6,18 | 8,43 | 1,97 19,04 | 24,78} 3,50 | Pb |PbCu(Ni)] CuPbNi | 4 Zn3PbSn2Cu
Pav | GM | 4,07 | 7,43 | 1,65 { 7,02 | 14,02 2,19 | Zn |PbCu(Ni) |PbCu(Ni)| 5 Pb2CuZnSnB
Pre M {212 4,64 | 2,01 | 3,51 {10,419 3,63 | Pb | PONiCu | PbCulNi | 3 Pb2ZnNi
Akl | GM | 7,72 {12,11112,47 14,30 | 22,78 { 23,74 | Ni | NiPbCu | NiCuPb 9 Ni13CuZn7Pb6CrMod
SnAgMn2
Paul | CM | 6,77 | 4,69 | 9,33 | 8,06 | 5,37 | 11,26 | Cu | NiCuPb | CuNiPb 7 Cu7CrMo4Sn3PbZnNi
Conclusions

According to topsoil geochemical investigation data the main threat to
environmental quality in Pavevézys among different type industry is caused by metal
processing enterprises, which form the most contrastic anomalies. Most heavily
polluted are western and eastern industrial districts. Their main and usually well
correlated pollutants are 10 metals: Cu, Zn, Pb, Sn, Mo, Ni, Mn, Cr, Ag, Co, often
detected are also W and Cd. The type of pollution of these enterprises is similar. The
differences can be found according to additional pollutants, main pollutant or various
object pollution codes. Such information may be useful for decision making,
preparation of remediation plans of extremely heavily polluted territories.
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IPUHINIEI PABPABOTKH HOJB30BATEJILCKUAX
UHTEP®ENCOB
PRINCIPLES OF USER—CENTERED DESIGN

Bogdanova Nellija, mag comp.sc., Daugavpils Pedagegiska universitate
Parades 1, Daugavpils, LV—5400, t. 5427814, fax 5407226

Abstract. Good user interfaces are essential for any successful product. A process of the
user interface creation is not available include in the algorithmic scheme. In this articles will
Jormulate principles principles of user—centered design, criteria of ergonomics interfaces and
efficient interface’s rules of project. These principles are based usability computer iraining
courses.

BechMa paclpocTpaHeHHo# SRTAETCS CUTYALS, KOLTA TPOrPAMME], PABHOIEHHBIE [0 HA3HAYCHHIO 1
GYHKIMOBATBHEIM BO3MOMHOCTAM, OKa3BIBAFOTCS COBCEM PAsHBIMA TI0 OPTaHM3ALMy B3aHMOJEHCTBHS C
TIONE30BATENIEM | TIONB30BATEN b BCTAET NIEPe] BEIOOPOM: 0 BLIOPaTh OHY W3 HE3HAKOMBIX IIPOTPaMM,
m60 mepefiTH Ha HOBYIO BEPCHIO YK€ HCIOJB3yeMOU mporpaMMel. B repBomM ciyuae BLIOOpP MOKET
OBITE CHENAH B IONB3Y MEHEE (PYHKUMOHATIBHON ¥ MEHee HaNeXHOH MpOorpaMMel, HO obnanaromei
Gonee TpHBIEKATENEHEIM (C CYOBEKTHBHOM TOUKM 3peHus) nHTepdedicoM. Bo BTOpoM xe ciydae
HesHaxoMbIl HHTep(defic HOBOK BEepCHH MOXET OKa3aThCs NCHXONOIHYeCKkuM OapbepoM, He IPEeoIoNes
KOTOPBIA IONB30BATENE TaK X HE CMOXKET BOCIIOIIE308aTHCS IPSUMYIICCTBAMU HOBOM BEPCHH.

KauecTBo 10MB30BATENHCKOTO MHTEpOEiica ABIAETCS CaMOCTOATEILHON XapakTepUCTHKOMN
IIPOTPaMMHOI'0 IIPOJYKTa, CONOCTaBMMOHM II0 3HAYMMOCTH C TAKUMM €ro IIOKa3aTeNsIMH, Kak
HAIEKHOCTD U 3(PEKTUBHOCTE HCIIOIH30BAHNS BETUHCITUTENBHEIX PECYPCOB.

OnpenenuM nonv3osamensckuil unmepdhelic Kax COBOKYITHOCTb HH(POPMAIHMOHHON MOZEIH
npobremHOl 0ONMAacTH, CPENCTB ¥ CHOCOGOB B3aHMOJEHCTBHS ITONB30BATENS ¢ MHGOPMALHOHHONK
MOZEIIBIO, 8 TaloKe KOMIOHEHTOR, 00SCIeuMBarouMX (HopMEpoBaHHE HH(POPMAIIHOBHOMH MOZIeMH B
Tporrecce paboThl IPOrPaMMHOM CHCTEMBL

[oscrmv  mamHOe ompenenenue. Ilon HHq;)opmauHom{oﬁ MOJZIENBIO TIOHUMAETCS YCIOBHOE
IpeAcTaBNeHue IpolneMuol obnactH, (POpMHUPYEMOE C MOMONBI0 KOMITBIOTEPHBIX (BH3YAIHGHBIX W
3BYKOBBIX) OOBEKTOB, OTPAKAFOIIUX COCTAB M B3ANMOIEHCTBUE PEATbHBIX KOMIIOHEHTOB IPOONEeMHOH
obmactu.

Cpenctsa 1 criocobbI B3aUMOIEHCTBES ¢ HHGOPMAIHOHHONE MOLENBIO OTIPEIENIOTCS COCTABOM
aIIaparsoro ¥ IPOrpaMMHOre OOCCIIEUEHMS, MMEIOHIErocs B DACHOPDKEHHH IONH30BaTesd, H OT
XapakTepa periacMoi 3afiadr. JIJid yCIeIIHOTO PellieHHs CBOSH 3aiauil KavKIbIA IIOIB30BarTellh JOIDKEH
3HATH M, IVIABHOE, COONIONATH ONpPEHETICHHBIE IIPAaBIUIA HOBEACHUS, IUKTYEMBIE MM CO3JareiiiMHM TexX
YCTPOHCTB, ¢ KOTOPBIMH OHH B3aUMOIEHCTBYIOT.

ITo OTHOINEHHMIO K IPOrpaMMBOMY OOECIIEUEHHIO 3HAYMTENLHO CIOXHEe CHOopMYIHpOBATh
00BeKTHBHEIE TPeOOBaHuS 110 COCTaBy M KOMIIOHOBKE OPraHOB YIpaBlIeHH, Bo—BTOpBIX, HX IIEpEYeHb
3HAYHTENIBHO IIHPE, 8 COCTAaB M3MEHJETCH BO MHOIO Pa3s AHMHAMHMYHEE, YeM COCTaB alllfapaTHBIX
CPENCTB KOMIIBIOTEPA.

ITonmoxxue B OCHOBY 0OJNACTh HCIONB30BAHMS IPOTPaMMHOTC OOECIICHeHMS, pasleiM
unTepdeiickl Ha Clefyoume Ipymms: HHTepdEHChl cpell paspaboTKH M NPOEKTHPOBAHM
TPUIOXKEHHI, HHTepheichl oQUCHBIX TPRTOKEHYH, HRTEp(eHchl CHCTEM PEambHOIO BPEMEHH.

Taxkum obpazoM, >pQexTHBHOCTH pabOTHI IOJB30BATENA OHPEHENIeTCs HE TONBKO
QYHKIMOHANBHEIMA ~ BO3MOKHOCTSAMY HMEIOIUXCA B €r0  PACHOPSDKEHHME — allapaTHBX |
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IIPOrPaMMHBIX CPEICTB, HO M JOCTYIHOCTBIO JUIT TONB30BATeNs STHX BO3MOXHOCTEH. B CBOIO
OYepen, MOIHOTA HCIIONB30BABMS OTCHIHANBHEIX BO3MOXKHOCTEH UMEIOLIMXCsl PECYPCOB 3aBHCUT
OT KayecTBa IOJIH30BaTeNBCKOTO HHTEpdeiica,

IHpunnunsi pa3spadoTky HOJLE30BATEILCKOr nHTepgefica

Ecmecmeennocms unmepelica. EctecTBeHHBI uHTepeiic — Takoi, KOTODBIA He
BBIHY)KIAET MOJIB30BATE s CYIIECTBEHHO M3MEHATE MPHBEIYHEIE IJIT HETO CIIOCO0bI PEILICHES 3a/layH.
Coolruerus ¥ pe3ynbTaThl, BRIABACMbIe TIPIIOKEHUEM, He JOIDKHBI TPeGOBATE HOIONMHUTENBHEIX
NOACHEHHMH, a cucTeMa OOO3HAYECHUH H TEPMUHOJOTHI JOJDKHBL COOTBEICTBOBATH IPUHATEIM B
JaHHOH MpeMeTHOH 0671acTH.

B  IpoeKTHpoBaHYM HHTYHTHBHOTO TIONE30BATeIBCKOTO HHTepdeiica CyIeCTBYeT TpH
napamarvel (Alan Cooper): Texaonormgeckas, Meragoprdeckas U umpoMaruueckast, TexHonoruyeckast
NapajurMa OCHOBaHA HA TNOHMMAHMH MEXaHwsMa paboThl mporpaMmbl. Meradoprrteckast mapaiurva
OCHOBAHA Ha MHTYHINBHOM INOHHMaHIK 3HAKOMBIX II0B30BATE/IO OHATHH 1 00pa3os. Monomarideckas
HapaurMa OCHOBaHA Ha 3HAHWM O TOM, KaK pelaTsh Ty Wi HHyro 3amady. CyIecTByeT MHEHHE, 9To
rpadydeckuii mETepdeiic Windows B OoJBIIMHCTBE CBOEM OCHOBaH Ha Metadopax — pabowi crom,
TIANKA, HO GOBLIMECTEO SNEMEHTOR YIPaBIeHn B TpadudeckoM vHTepheHce IIONb308aTeNs — BIHOMBL:
KHONKH, BHHIAAAIOIIME CITHCKH M IOJIOCHI IPOKPYTKHA — 3TO TO, YTO MBI Y3HAEM aBTOMATHYECKH, & HE
JOrafBmBacMest MeTahOPHICCKH.

Coznacosannocme unineppeiica. CornacoBaHHOCTD MIO3BOJSET TOJH30BATENMM [EPEHOCHTh
MMEIOIIMECS 3HARYS Ha HOBLIC 3a/IaHMs, OCBaWBaTh HOBBIC acreKThl ObicTpee, M Garofaps 3Tomy
(oxycupopaTh BHHMAHHE Ha peEIlacMOH 3amaue, a HE TParuTh BPeMs HA YSCHEHHE pazjIadMii.
ObecneurBasg NPEEMCTBEHHOCTh TIONYYECHHBIX paHee 3HAHMN M HABRIKOB, COITIACOBAHHOCTL JEmaeT
uHTephelic y3HaBaeMbIM i TIPEICKazyeMbIM.

BBIIEITOT  HECKONBKO ACIEKTOB COITIACOBAHHOCTH: COIVIACOBAHHOCTH B NPEHENAX NPORYKTA,
COTJIACOBAHHOCTS B Ipeieniax pabouei cpe/Ibl ¥ COIIACOBAHHOCTS B HCITONE30BaHuY MeTadop.

Apysscecmeennocms  unmepeiica  (npuHyun  «HPOWERUSY  HONB306AMEIA).
OS¢ dexTuHbIH naTepdeiic NOMKEH Ha KKIOM 5Tarie paboThl PaspeliaTs TOJIBKO COOTBETCTBYIOMIHIA
Habop JelcTBHM M NpemylpelkIaTh MOJB30BATENCH O TEX CHTYAUUsX, IOE OHM MOTYT IIOBPEIHTE
CHCTEME HIIM JAHHBIM; €HIE JIydIle, €CIH Y MONB30BATEN CYIECTBYET BO3MOKHOCTE OTMEHUTH HIIH
HCIIPaBUTH BRIIONHEHHBIC NeHCTBHS.

Ipunyun «obpamnoii ceasu». Kaxnmoe neiicTBHE NONB30BaTENs OODKHO YOTYYaTh
BU3yaIbHOE, a MHOIZA M 3BYKOBOE IHOATBEPXKAEHHE TOIO, YTO NpOrpaMMmuoe obecreueHue
BOCIIPHHANO BBEJCHHYIO KOMaH/y; IPH 3TOM BHJ PEaKIHH, IO BO3MOIKHOCTH, HOJDKEH YIUTHIBATE
NPYPOAY BBIOJIHEHHOTO NEHCTBHS, NpHdeM oOpaTHas CBA3b dPGEKTUBHA B TOM CIIy4ae, €CJIH OHA
peami3yeTcs CBOSBPEMEHHO.

Iipocmoma unmepdetica. Vinrepdeiic momxeH OBITH MPOCTEIM, HO He VIIPOIIEHHEM. Kpome
TOI0, OH JOJDKEH IIPENOCTABIATH JOCTYH KO BCEMY IHMEPEUHI0 (PYHKIHOHATIBHBIX BO3MOXHOCTEH,
[PENYCMOTPEHHBIX AaHHBIM IIPHIIOKECHUEM.

TI'ubxocms unmepgeiica. T'ubkocts uHTEpdelica — 3T0 €ro CrocoOHOCTH YUHTHIBATL
YPOBEHB IOLTOTOBKY M IIPOU3BOIMTENBHOCTE TPYAa MoJb30BaTenst. CRBOMCTBO IMOKOCTH MPEITIONIaraeT
BO3MOXKHOCTH H3MEHEHUsA CTPYKTYpHl IWajora W/WNMH BXOINHBIX HaHHBIX., Komuenuws ruGKoro
(adanmuenozo) wurepdeiica B HaCcToslllee BpeMs SBIACTCS ONHOM M3 OCHOBHEIX 00macreit
HCCIeNoBaHus B3auMojeiicTig uenoBeka 1 OBM. OcHoBHag npobsieMa COCTOHT HE B TOM, Kax
OpraHu30BaTh M3MEHECHHA B JMalOre, a B TOM, KaKue NpPHU3HaKM HYXHO MCIIONB30BaTh I
ompeneneHus HeoOXOMMMOCTH BHECEHUS H3MEHEHMH U WX CYTH.
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- Jememuyeckas  npuenexamensnocms,  1IpoeKTHpOBaBHE  BH3YANbHBIX — KOMIIOHCHTOB
ABIETCA BaokHEHINeH cocTaBHOM 4acTelo paspaboTku IporpaMMHoro mHTepdeiica. KoppekxTHoe
BH3YAIIbHOE IPENCTABICHHE HCTOML3YEMBIX OOBEKTOB OOEcHeuHBaeT Iepefiady BechbMa BaXKHOM
JOTIONHUTENFHOR WH(POPMalMy O IOBESICHHH ¥ B3aHMMOJCHCTBHU DasiMYHELX 00BeKTOB. B TO Ke
BpeMs CHEXyeT IIOMHHTH, YTO K@K BH3YaIbHBIM DJIEMEHT, KOTOPHIM ITOSBIACTICS Ha JKpaHe,
HOTEHIHAIBHO TpebyeT BHMMaHWs IIONB30BATEN, KOTOpOE, KaK M3BECTHO, He Oe3rpaHidHO.
Creroparenbro, MHTEp(EHC, OPHEHTHPOBAHHEET Ha NOIB30BATEIS NOIDKEH 00eCIeuuTs (GOPMIPOBaHTe
Ha 3KpaHe Tako¥ cpenpl, KOTopas HE TOJBKO CO/EHCTBOBala ObI ITIOHAMAHMIO IIOJIB30BATEIEM
IPEeACTaBIeHHOM HHq)opMauHH HO U IIO3BOJIUTa OBI COCPENOTOUMTHECS Ha HaubOJee BAKHBIX €€
aCTIEKTaX.

Kauectso nrTepdeiica CoXHO OIEHUTH KOIMYCCTBEHHAIMA XapaKTEPHCTHKAMH, OHAKO Oonee
WM MeHee OOBEKTHBHYIO €r0 OIEHKY MOXHO IONYYHTR Ha OCHOBE IIPHBENEHHBIX HYDKE YaCTHBIX
IOKasaTeseH. ‘

1. Bpems, HeobxomuMoe ONPEeeNieHHOMY IIOJB30BATENO U1 JOCTIKEHHS 33AHHOTO YPOBHS
3HAHWM ¥ HABBIKOB II0 paboTe ¢ MPIIOXKEHHEM (HanpuMep, HelpodeCcCHOHANBHBNE IIOJB30BATEND
JIOJDKEH OCBOMTEH KOMaHAR! paboThI ¢ (hafnamu He Oonee geM 3a 4 gaca).

2. CoxpaHeHue NONYy4YCHHBIX pabouMX HABBRIKOB II0 MCTEUCHHHM HEKOTOPOIO BpPEMEHH
(HampyMep, HOCHE HEIENBHOTO NEpephiBa IONE30BaTeNb JODKCH BRIIONHWUTE ONPEHEICHHYO
HOC/IEN0BATEFHOCTD ONepaluii 3a 3a1aHHOE BPEMS).

3. CxopoCTh pEIlCHMS 3afauli ¢ IOMOIIBIO JAHHOTO MPWIOKSHWS, TIPH 3TOM IOJDKHO
ONEHMBATECA He OBICTPOZEHCTBYE CHCTEMEI M HE CKOPOCTH BBOJA JAHHBIX ¢ KJIABHATYPHL, a BpeMd,
HeoOX0IMMOe JJIsL IOCTYDKEHUS IIEJTH PeliiaeMoil 3aatm.

4. CyGpexTrBHAas YIOBICTBOPEHHOCTE IIOIB30BATENS IIPH pa60Te C CHCTEMOH.

Obo0rast M3IOKEHHOE BBIILE, MOXHO KpaTko CHOPMYJIHMpOBaT: T€ OCHOBHEBIE TpaBHIIa,
cobmoneHre KOTOPhIX I03BOMISET PAacCUMTHIBATE Ha co3fanue 3(G(EKTHBHOTO IIOJB30BATENBCKOTO
urTepdeiica.

o Hurepdeiic moms3oBarend HeoOXOAMMO IPOSKTAPOBATE M pa3pabaTbiBaTh Kak
OTHIENBHBI KOMITOHEHT CO3/IaBAEMOTO IIPIIIOMKCHHS.

o HeoOxomaM0 y4uTHIBATE BO3MOXHOCTH H OCOOCHHOCTH anjiaparHO—IPOrpaMMHBIX
cpelicTs, Ha 6a3e KOTOPBIX peaym3yeTcs uaTephetic.

e IlemecoobpasHo y4HTBIBATL OCOOCHHOCTH H TPAIWIHH IIPESAMETHOMH oﬁnacm, K
KOTOPO# OTHOCHTCS €O3/1aBaeMO¢ IPHIIOIKEHHE.

e Tlponecc paspaborku wHTepdelica NOIDKCH HOCHTH HTEPAIlHOHHBIN XapakTep, ero
00s3aTeNBHBIM 37EMEHTOM JIOJDKHO OBITE COITIACOBAHUE ITONYIEHHBIX PE3YIIBTATOR C
IIOTEHIMABHEIM I10/I30BATENIEM.

o Cpezncrea ¥ METOAB! peam3ally HHTEpQeiica TOJDKHBI 00ecneurBaTh BO3ZMOXHOCT
ero ajanTagiy K ToTpeOHOCTSIM ¥ XapaKkTepHCTHKaM HOJb30BaTes.
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A STUDY OF DECISION TREE ALGORITHMS FOR CONTINUQUS
ATTRIBUTES

LEMUMU KOKA KONSTRUESANAS ALGORITMU IZPETE
NEPARTRAUKTIEM ATRIBUTIEM

Ieva Bolakova, mag.paed., Daugavpils Pedagogical University,
Parades 1-412, Daugavpils LV 5400, Latvia,Phone: 54 25321, E—mail: ievina@dpu.lv

Abstract. Nowadays a lot of different algorithms for decision trees construction exist,
With the help of these algorithms one can make classification of both discrete and continuous
data. The aim of this paper is to explore decision tree algorithms for continuous atiributes.
There are investigated CART (Breiman et al., 1984) and C4.5 (Quinlan, 1992) in this paper.
The comparison of these methods was done in the process of exploration. As a result of the
usage of both algorithms, the conclusions about CART and C4.5 wtilization advantages were
drawn.

Keywords: decision trees, CART, C4.5.

The decision making cannot be regarded as an isolate mechanism or action. It is just one
of many stages in the evolution of purposeful activity. We may also state that one stage of
some process cannot be considered as more important than all activity as a whole. Before a
decision is made, various important activities should be carried out such as data acquisition,
representation and classification, and thereafter the formation of corresponding. Thus the
outcome of this activity is any kind of choice from some set of alternatives.

It is very convenient to use decision trees for data classification. At present, different
decision tree construction algorithms are known. They are being improved successfully and at
the same time new more effective methods are being searched for.

Some decision tree algorithms are intended to classify discrete data, but others to
classify numeric information. However, there are many situations when a data set consists from
both discrete and continuous attributes. For example, the description of a person might include
his weight in kilograms, with a value such as 70.5 kg, and the color of eyes whose value may
be "brown", "blue" etc. [3] In this case we have to choose a decision tree construction method
corresponding to the situation.

In this paper we aim to discuss specific decision tree algorithms for continuous
attributes and to give a comparison of them.

Let's choose CART [1] and C4.5 [2] algorithms for discussion. In what follows we will
describe them briefly.

The basic outline of The basic outline of
CART (Classification and Regression Trees) C4.5

L F9und_ a s.et of binary qu:stlons, W,?ﬁ.re eachf A testT is chosen, based on a single attribute that has one or
qpestlon 18 (.)f the. form {Is xeA?}, ‘A_‘CX‘ Is set o1 | phore mutually exclusive outcomes Oy, O, ... O,. T is
binary questions is made for each attribute [1]. partitioned into subsets T), T, ...T;, where T; contains all the

. cases in set T that have outcome O; of the chosen test [2].
2. A goodness of split criterion ¢(s,t) is then

calculated for each of binary questions:
Aifs,t)= i(t) — pLi(t.) — pri(tr) 1. Consider all tests that divide T into two or more

Suppose that for any node t, there is a candidate split s | subsets. Score each test according to how well it splits
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of the node which divides it into t, and 1z such that a
proportion p;. of the cases in t go into t, and a
proportion pg go into tr (Figure 1). [1]

t
P Pr

ONNO

Figure 1

Inits tum i(ty= ~ Y p(j,1)1og p(j,1) , where
J
j is the number of classes.

3. Choose the optimal binary question for each
attribute (split criteria is the largest).

4. Find that split s* which gave the largest decrease in
impurity — after that manner we find a question which
will be in the root node.

5. Repeat the first four steps for each mnext
non-—conclusion node.

up the examples. The default test for continuous
attributes is A<t, where A is a continuous attribute,
with two outcomes, frue and false. To find the
threshold t that maximizes the splitting criterion, the
cases in T are sorted by their values of attribute A to
give ordered distinct values v,, va, ... v,,. For every pair
of adjacent values a potential threshold t=(v;+vi)/2 is
calculated.

2. The threshold that yields the best value of the
splitting criterion is then selected.

The default splitting criterion used by this algorithm is
gain criterion measured in bits.

v
info(S)=~Z % reQ(Cf_’,Sl *log, ———~——ﬁ ACHLY ,
=R N

where info(S) determines the average amount of
information needed to identify the class of a case in S
[2].

S is any set of cases; freq(C;,S) is the number of

cases in S that belong to class C ;5 IS] is the number of

cases in set S.

Gain criteria measures. the information that is gained by

partitioning T in accordance with the zest X:
gain(X)=info(T)—infox(T) [2].

3. Divide the examples into subsets and run this
procedure recursively on each subset.

Conclusions. The algorithms were tested in several data sets. The results of both

methods sufficiently depend on the choice of
set into subsets. There is calculated some split
choice.

appropriate attribute that divides the given data
criterion in both methods so as to make a better

The algorithm C4.5 calculates a split criterion for the threshold value. Thus the
in—between values of the attribute are considered. It is not necessary to examine all such
thresholds. If all cases with value v; and with adjacent value vi.; belong to the same class, a
threshold between them cannot lead to a partition that has the maximum value of the criterion

[3]. This is the reason why the calculus became simpler.
It is necessary to beware of large decision tree construction in both algorithms. For this

purpose the following rule should be observed: the splitting process is stopped when further

growth of other class impurity decreasing is not possible.
The advantage of both algorithms CART and C4.5 is that they can be employed to

construct decision trees for data sets with discrete and continuos information.
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PRODUCTIVITY OF STUDYING PROCESS USING IT
STUDIJU PROCESA PRODUKTIVITATE, IZMANTOJOT
INFORMACIJAS TEHENOLOGIJAS (IT)

Sarma Cakula, mag.paed. teacher of Vidzeme University College,
Terbatas 10, Valmiera, Latvia, LV 4200, Phone: 371 42 23024, E—mail:
sarma@valmiera.lanet.lv, Fax 371 4223029

Abstract. It is possible to involve students in learning process more actively using the
new information technologies, research method and co—operation. The paper contains
theoretical base of student research work as a component of studying process in higher
education establishments using IT. The research investigates student personality development
and interconnection with productivity of studying process. The author analyses researches on
productive interaction in the context of computer—supported collaborative learning in science,
computers in the community of classrooms, a sociocultural perspective on the
human—technology link and computer—mediated communication. The paper contains empirical
research results about productivity of studying process on an experimental base increasing
part of the research work and problem solving using IT and collaboration in studying process
of Computer science course in Vidzeme University College.

Introduction

Computers have become almost ubiquitous over the last years of the twentieth century
and one thing that is clear about the twenty—first century. Computers will play an increasingly
significant role in our working lives and leisure environments. The question is what the
computer has to offer as a technology for supporting education more generally. Information
technology (IT) is the study or use of processes (esp. computers etc) for storing, retrieving, and
sending information (Oxford Dic. 1994, 327). Many psychologists and educators have a view
that IT is the beginning of radical upturn in the education (Light P., Colbourn C., Light V.
1997). But here we can see different tendencies. A great deal of software developed for school
use has one way: breaking desired learning goals into small steps and relying on reward,
repetition and contingent depending of different levels to impart various skills. It is software
developed specifically for individual use (Howe et.al 1992). The next are ‘Intelligent Tutoring
Systems’, which shape a teaching strategy. But these are only small part how to use the IT in
the learning process. It is necessary for students in studying process not only to learn special
courses, but also acquire skills for professional work, different forms of co—operation and
communication. It contains many formal and informal communities, group work in the
classroom for special problem solving. There is a way for free education and we need to talk
about social dimension in learning process using IT (Cakula S. 1998)

Using IT in learning process

It is popular to use the computer as a tool in learning process. One of the most effective tasks
in learning process is the research. IT could be used in individual work searching for information,
writing papers, using practical programs to develop special knowledge and skills. Recent interest to
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learning suggests the possibility of integrating sociological and psychological approaches to the
notion of learning as activity (Henfridsson O. 1999). Hence IT could not be used only as information
source but also to make interactive collaboration computer — student or student — computer — student
(Light, Light, 1999). When students solve a problem together in pairs or small groups they think more
effectively than when they work alone (Kruger, 1993). When working in groups instead of writing
essays computer could be used as a tool for producing multi-media presentations involving graphics,
sound and text, for producing a resource (e.g. data file) to be used by other students or for producing a
case for their peers. These new goals are too great for an individual student to meet, but co—operative
work is essential if we are to take opportunities offered by classroom computers (Underwood,
Underwood 1999). Sometimes IT is seen as a threat causing cutting learning off from the
interpersonal context that gives it meaning and usefulness. A counter— argument might be offered that
the community practices of student life are actually more threatened from other directions (Light,
Light 1999). Some of more interesting applications of information technology in higher education are
those involving computer-mediated communication. This technology affords a possible means of
providing for interaction between tutors and students and between students themselves (Light, Light
1999). The term ‘co—operative learning’ refers to learning environments in which small groups of
students work together to achieve a common goal (Crook C. 1994, Littleton K, Light P 1999). The
co—operative learning can take place in two different ways. One is when the members of the group
may choose to take responsibility for sub—tasks and work co—operatively, the other is when they may
collaborate by working together on all parts of the problem. If the learners collaborate and share in the
decision — making process then the level of social interaction is necessarily high while it is not so for
co—operative workers. Some positive effects in co—operative work can be that learning under positive
contact conditions can facilitate interpersonal relationships which may in turn have positive effects on
student motivation, self-esteem, academic learning. Such positive effects have been noticed in all age
ranges, ethnic groups, classes and ability levels. Students are more relaxed working with other
partners. The role of computer in collaborative work can be not only that of a tool. When problems
are well defined and the computer serves as a tutor, the students often play the role of motivational
facilitator, providing psychological support for one another. On the other hand, when problem is ill
defined and the computer serves as a simulator or information — processing tool the students may
co—construct solutions and resolve conflicts by collaborative discussions. Such groups of student
work most effectively as a result of conflict mechanism as in Piagetian’s model or constructive
process as in model of Vigodskij (Piaget J. 1976, Vygotskij L. 1978, Inhelder 1976, Rosa A., Montero

I 1990),

Models of collaborative work

Some collaborative groups may be efficient because of conflict based mechanisms as
Piagetian model (Tfuaoice 2K. 1978) and others due to co—constructive processes (Vygoiskij, 1978).
Howe develops Piagetian model that when pairs of students differ not only in their predictions about
problem outcomes but also in their underlying conceptual understanding then collaboration facilitates
learning (Howe et al.,1992). O’Malley has shown that when a computer program makes different
predictions then the human learner is more likely to show evidence of conceptual change than they do
when that program either makes similar predictions or show similar conceptions (O'Malley 1992).
Learning in groups and with peers may be a more effective way of achieving some educational goals
that individualised instruction especially when working with computers but here discussion plays a
very important role. There are some researches that explore whether individual learning is facilitated
in computer environments by interaction between students whose conceptions differ and whether the
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benefits are directly attributable to interaction (Howe et al.,1992). There are also some concepts that
the computer may facilitate productive interaction in a way that other media cannot, due to its capacity
to maintain a clear task structure and to provide feedback. However, the studies also showed that in
some contexts interaction could be of marginal significance, with shared action being crucial instead.
It would appear that such context could be defined by a variety of factors, not all of which are readily
controllable. It is thought that the computer may still have a central role to play.

Problem solving using I'T communication

There are some ways of problem solving using IT: conferencing system, discussions between
students themselves or interaction between students and tutors. Interest in the use of electronic mail
and computer conferencing in the context of distance education has been considerable because this is
a new direction in our education using IT, but it can be used also for full time students and school
pupils, too. Some researches reveal the negative effects of IT conferences compared to face — to face
conferences (Light, Light 1999). In computer — mediated exchanges students may feel less obligation
or pressure to respond than when interacting face to face. Mercer and Wegerif concluded that weaker
and ‘less verbal’ students are disadvantaged by computer—mediated communication (Mercen, Wegerif
1999). At the same time many researchers acknowledge that using IT in studying process involve
students more effectively — increases a quality of discussions, group dynamic alongside with work in
classroom, increase of collaboration, more democratic ambience and increasing of motivation. There
are several positive effects on IT conferences:

e students might participate more equally in electronic than face to face communication,

o students can feel safer in case they if they say a silly thing,

e messages can be carefully prepared, lacking in spontaneity and immediacy,

e students may ask simple questions to the tutor rather than offer opinions or enter into
arguments,

e communication using IT may reduce the differences of physical and social character (e.g.
gender),

e IT communication can provide opportunities for those students who are too inhibited to speak
out in face to face situations,

o female students tended to start with lower levels of computing experience but equally positive
in their response to computer-mediated communication can take a more active part in these
conferences,

o students who have not so much practise in English take part more actively in IT conferences
than in face to face conference in the English language (English S., Fazdami M. 1999; Underwood
J., Underwood G.1999; Littleton K., Light P. 1999).

Communication using IT is preferred by students, who:
o have problems in relationship with other students or teachers (they feel themselves not so
aware, slow, not so clever);
are composed in temperament, silent;
need more time for making decision;
operate only with legitimate, valid facts;
want to get more detailed answer from teacher (Light P., Light V. 1999).

e 0 e @
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Outcomes

It is very important to find more effective tools for studying. Basing on theoretical research
and experience of other researchers computer science ourse in Vidzeme University College is going
n non traditional way. The course is focusing to get knowledge, skills and acquirement using IT for
research work. Course content includes basic principles of making research and using computer
programs such as MS Word, MS Excel, MS PowerPoint and SPSS for data analyses and presentation.
Teaching methods are focusing on traditional lecture (about 10% of hours in contact with students),
co—operative research together students with teacher (about 30% of hours in contact with students),
co—operative exercises (about 40% of hours in contact with students), seminars and control tests
(about 20% of hours in contact with students). All the time of studying course after contact hours
students and teacher collaborate using e—mail. It goes in three directions: student — teacher, teacher —
student and student—student. At the end of course students make research on singly choosing theme.

Experiential results
The productivity of action can see how contentment of process and subjective result, it
is an attitude to objective product (knowledge, skills, values, the level of accountability)
(Ksemnou M. C 1974). Productivity is knowledge, skills, attitudes what appear in goals of life
and persistence to achieve them. Author analyses student’s contentment with computer science
course. More than 83 % of students are content with course content focused to research using

IT (table 1).

How you rate the content of course? Table 1.
Frequency Valid Percent
decently 96 83,5%
partly decently 19 16,5 %
dissatisfactory 0 0%
Total 115 100 %

There was a big part of course using different co—operation and we got a good result of students
contentment appreciating course methods: it is more than 76 % of students who like these methods
and only about 2 % of students who do not lake co—operation in learning process (table 2).

How you rate teaching methods using in course?

Table 2.

Frequency Valid Percent
decently ' 38 76,5 Y%
artly decently 25 21,7 %
dissatisfactory 2 1,7%
Total 115 100 %

On question about methods which students like to use for studying author got an apportionment
where the biggest part is about 55 % co—operative exercises and research what can do by face to face
with teacher and using IT as a tool. The next part about 38 % is students research on singly choosing
theme. Only about 11 % of students prefer lectures (figure 7).
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Which methods you satisfy best?

Lectures

10,7% Co
operative
‘ .

: exercises
Students and
research research

36.6% 52,7%
Figure 1

The next innovation was collaboration using e~mail in time of studying the course after contact hours,
sending home works, pre—tests, exams and questions to teacher and get a teachers evaluations and
answers. More than 75 % of students are satisfied using e—mail to contact other students and more
than 80 % like use e—mail to collaborate with teacher. Sometimes students have technieal-problems
using e~-mail and it was unsatisfactory factor, but only about 4 % of students do not like to use e-mail
(table 3, table 4).

What about collaboration using e—mail with other students? Table 3.
Frequency Valid Percent
I am comfortable 82 75.9 %
I have technical problems 22 20,4 %
1 do not like it 4 3,7
Total 108 100,0 %
‘What about collaboration using e—mail with teacher? Table 4.
Frequency | ValidPercent | Cumulative Percent
1 am cormafortable 46 42,6 % 42,6 %
1 like to get quick personally answer 17 15,7% 58,3 %
I like quick answer 22 20,4 % 78,7 %
I like to send documents without 2 1,9 % 80,6 %
printing
I have technical problems 20 18,5 %
1 do not like it 1 0,9 %
Total 108 100,0 %

For evaluation productivity of learning process author uses interconnection table (fable 5).
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Approach to study Total
. Surface More More Dee
Productivity surface | deep p
5 33 44 32 114

Yourstudy | I have clear my study goal
goal I have partly clear my study goal 2 12 17 17 48 144,0%
I have not clear my study goal 1 2 2 1 6 |5,5%
Your 1 am very persistent 2 8 8 6 24 121,1%
persistence I am a little pelsistent 3 23 - 35 24 8574,6%

1“ Ievel can redhze course tasks

2™ level — can use knowledge in | 4 19 25 18 66
Knowledge like situations 57,6 % | 56,9% 56,3 % 57,9 %
3" level — can use knowledge in 1 6 13 12 32

R R S N NP 2 I R R R N L N

15‘ level can execute course
exexcnses

TR

can execute dlfferent

2" Jevel -

Skills
o g, exer01ses e ¥ RS - g e e .,
3 level — can use slulls in 2 10 19 14 45
el ot Situations | A0 L 303 % LA3 2 | A3 8 S
Always I do what I promlse 8 12 10 30
25,8% |286% | 34,5% 28 %
Your - _ :
accountability Sometimes I do vyhat I promise 5 ) 23 30 19 77
but sometimes not 100% | 742% | 71,4% 65,5 % 72 %
I can not do what I promise

First year students learn computer science course and there are only some few month to study
in higher educational establishment. It explains the situation that only a half of students awake their
study goals on one’s own of approach to study. Also persistence grows very slow and only 21% of
students characterize themselves as very persistent, 75% — a little persistent and 4,4% who have not
persistence, but situation is better if we analyse how studénts characterize others. These results shows
that 47% are very persistence and 53%. — a little persistént. Nobody have not persistence. In all other
categories results shows that research using IT and co—operation in studying process gives better
outcomes for students who have more deeper approach to study.

Conclﬁsion
Vidzeme University Computer course model shows good results. The productivity of learning

process is determined by individual differences (gender, ability, thinking and practice skills, needs)
and depends on the environment (group size, kind of task and organisation, working room and
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environment, study programme, teacher’s attitude). Unified model of productive group work needs to
be adapted to each individual case in order to find the most effective and positive way of sharing
experience. Both social or contextual factors and individual processes of cognition should be
observed. Social exchange and joint action are crucial for group performance and individual learning,
while individual perceptions, reflections and knowledge are key determinants of the process and the
results of interaction.

10.

1L

12.

16.
17.

18.

19.
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KLASTERIZACIJAS METODES IZMANTOSANA RBF NEIRONU

TIKLOS
APPLICATION OF CLUSTERING METHOD IN THE RBY
NEURAL NETWORKS

Péteris Grabusts, Rézeknes Augstskola,
Atbrivo3anas aleja 90, Rezekne LV—-4600, Latvija, talr.: 4623798, e—pasts: peter@ru.lv

Abstract. This paper describes one of classification algorithms, cluster analysis, that plays a
significant role in the implementation of learring algorithm as applied to RBF—type artificial neural networks.
The mathematical description of the K—means clustering algorithm is given and its implemeniation is
demonstrated by experiment,

Keywords: RBF neural network, clustering, K—means

1. Klasteranalize un tis mérki

Termins “klasteranalize” radies 1939.gada. Tas faktiski ietver sevi dazadu klasifikacijas
algoritmu kompleksu. DaZadas pétniecibas jomads aktudls ir jautdjums, k& organizét
novérojamos datus parskatamas struktiirds. Pastav viedoklis [3], ka atkiribd no daudzam citam
statistiskam procediiram vairuma gadijumu klasteranalizes metodes tiek izmantotas tad, kad
nav kaut kddu hipot€Zu attiecibd par klas€m, bet vél aizvien noris datu vak3anas stadija.
Klasteranalizes metodes }auj sadalit p&tamos objektus “lidzigu” objektu grupas, ko sauc par
klasteriem. Klasterizicijas biitiba ir att€lota 1.zZim&juma.

-

%X;
1. zim. Divdimensiju objektu telpas sadalijums klasteros

Klasteranalizes process forméli sastav no §adiem posmiem:
- analizei nepiecieSamo datu savaksana;
- kla%u datu (klasteru) raksturojoSo lielumu un robeZu noteik$ana;
- datu grupéSana klasteros;
- kla3u hierarhijas noteikSana un rezultatu analize.

2. Klasterizicija — RBY neironu tikla apmaécibas pirmais etaps

Klasterizacijas algoritms tiek pielietots neironu tikiu ar radidlo aktivacijas funkciju
apmaciba (saisindti un talak — RBF tikls no anglu valodas Radial Basis Function Neural

Network) [1].
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RBF neironu tiklus parsvara izmanto t€lu klasifikacijas un funkciju aproksimacijas
uzdevumos. To izmantoSana p&d&ja laika ieguvusi lielu popularitati sakard ar iesp&ju apstradat
izplidusos IF-THEN likumus. Tipiska RBF tikla arhitekttra paradita 2.zim&uma.

hidden layer

2.zim. Neironu tikla ar radialo aktivacijas funkciju arhitektiira

Visparigd gadifjuma tiklam ir N ieejas x; (i=1,2,...,N) un viena izeja. leejas signals tiek
padots sléptaja slani, kuru veido neironi ar radialajam funkcijam (I)hj , kur j=1,2,..,.M ir slépta
slapa neironu skaits. Svaru koeficienti w, kuri saista ieejas sldpa neironus ar sl€ptd slapa
neironiem, faktiski ir radialo funkciju centra parametra whj vertibas (i=i,...,N; j=1,...,M).
Radialds funkeijas ir radiali simetriskas funkcijas telpa ~ R" — R, visparigi uzdotas 3adi:

Qx)=®( x~cl), xce R M

Visbiezak izmantojama radiala funkcija RBF tiklos ir Gausa jeb potenciala funkcija
el
D(x)=e < Lkur )
x; — n—dimensiju ieejas vektora x komponentes ;
¢; — radialas funkcijas centrs (RBF tiklos bieZi uzdod ka w;);
¢ - standarta novirze.

Sleptd slana neironu skaits tiek noteikts apmécibas gaita. Parasti katrs sléptd slapa
neirons atbilst konkrétai objektu klasei. Uzskatamibas labad var teikt, ka sléptd slana neironi
izskaitlo Eiklida distanci starp ieejas objektiem un radidlas funkcijas centru. Sléptd slapa
neironu izejas vértibas ir ieejas signali izejas slana neironam. Tikla izeja ir svérta izejas neirona
ieejas signalu summa.

Neironu tikla ar radialo aktivacijas funkciju apmaciba notiek divos etapos.

1. apmicibas etaps — klasterizacija, p&c kuras tiek noteikti radialas aktivacijas funkcijas
forma un parametri, to skaita klasteru centri;
2. apmicibas etaps — apmaciba ar skolotaju (LMS algoritma pielietoSana).

Sis apmacibas algoritms ir izvélets tapéc, ka ta ir pamatmetode $ada tipa neironu tiklu
apmaciba.
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3. K—Means algoritms

Apmaciba sléptaja slani tiek veikta ar nekontrolgjamu apmacibas algoritmu palidzibu
(unsupervised learning), kurus parasti sauc par klasterizacijas algoritmiem. Lai apmacitu RBF
tiklu, tiek pielietots klasterizacijas algoritms ar nosaukumu “K-iek3grupas vidgjais" (K—~Means
Clustering Algorithm). Klasterizacijas mérkis ir ieejas vektorus sadalit klasgs (klasteros) un
noteikt to centrus. Centru vértibas turpmék tiek izmantotas radidlo aktivdcijas funkciju
skaitloSanai RBF tikla sléptaja slani. Klasteru centru att€lofanas biitiba uz slépti slapa
neironiem paradita 3. zZim&uma.

3. zim. Klasteru attélo$ana uz RBF neironiem

Algoritms “K iekSgrupas vid€jais” minimiz€ kvalitdtes raditaju, kur§ noteikts ka visu
punktu, kas pieder klastera apgabalam, attalumu lidz klastera centra kvadritu summa. ST
procediira ieguva tadu nosaukumu, jo pamatojas uz klasteru grupas iek§iené vidgjo attdlumu
aprékinasanas lidz klastera centram.

levedam daZas definicijas.
Ja dots vektors X={x},x,, ....x,}, tad

. Lo _ — l n .
videja vertiba tiek rekindta péc formulas  x=—) x, 3)
LA
1 n _
novirze o} = — > (x, ~x)? )
n—1%

Pirms klasterizdcijas algoritma pielietoSanas nepiecieSams normalizét ieefas objektus.
NormalizéSanas rezultdtd videja vértiba kjiist = ar 0, bet novirze = 1.

X, —X
i norm = - (5)
o
1 n
Xnorm = —ZX i_nommn (6)
i=l
2
norm = Z(xl norm - norm) (7)
Eiklida dzstancz starp diviem telpas X un Y punktiem aprékina §adi.
2
d = (5, = 3 + e x, ~¥,) (@)
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Algoritms “K—Means” tiek izpildits vairakos soos.
L. solis. Inicializ€ klasteru centrus w; (j — nepiecieSamo klasteru skaits uzdevuma risinaganai).

2.solis. Grupé visys apmacibas izlases punktus ap tuvaka klastera centru, t.i., katru punktu x;
saista ar klasteru j , kuram

I % —w. ll=min||x; —w, | )

J
3.solis. Izskaitlo jaunos klasteru centrus, t.i., visiem w; izskaitlo
1
w, =-— le. s (10)
m./ ¥ eklasteram  j

kur m; — klasteram j piederoo punktu skaits.

4. solis. Atkartot 2.soli tik ilgi, kamér iterdciju laikd nemainas klasteru centru vértibas.

Algoritma darbibas rezultata tiek noteikti galigie klasteru centri w; , ievérojot
nosacijumu, ka attdlumu kvadratu summai starp visiem punktiem, kas pieder grupai j, un
klastera centram ir jabiit minimalai.

Par algoritma “K — iekSgrupas vidgjais” priek§rocibam var uzskatit popularitati, lielu
efektivitati un procediiras vienkar§ibu. Bet gadijuma, kad objektu izvietojums ir neviendabigs,
algoritms var arl nesasniegt labus rezultdtus. Tad tam ir jAmaina parametri (klasteru centru
skaits) un atkal jameégina atkartot algoritma darbibu. Par trikumu tiek uzskatits tas, ka algoritms
nav universdls.

Bitisks jautdjums “K—Means” algoritma realizé€$ana ir klasteru skaita un sdkotnéjo
centru noteik$ana [2]. Vienkarsakajos uzdevumos més piegemam, ka apriori ir zinams klasteru
skaits. Par s@kotngjam m klasteru centru vértibam tiek piedavits nemt apmaco$as kopas
pirmos m objektus [1].

P&c slépta slapa apmacibas pabeigSanas ir jablit iegiitiem aktivacijas funkciju
parametriem. Tie ir klasteru centri w;" un klasteru standarta novirze o2 (j ir klasteru skaits).
Lielums o ir janoteic p&c formulas

o} :X/.fl—— > (x=wh) (x—w)), kur (11
Jj xe®;

kur ©; — objektu skaits apmacibas izlasg, kas grup€jas ap klastera centru w;

M; ~ objektu skaits ®; ;
T — transponétds matricas vai vektora apziméjums.

1

1,
>

4. Klasterizacijas metodes pielietojuma piemeérs
Lai nodemonstrétu klasterizacijas algoritma darbibu, pienemam, ka mums ir 14 ieejas
vektori, kuri sadaliti divos klasteros. Ar “K-means” klasterizacijas algoritma palidzibu
nepiecieSams noteikt katram klasteram piederoSos punktus un klasteru centrus.
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Xi

Katram ieejas vektoram (jeb punktam) ir divas komponentes: x; un x,. Punktu sadalijums 2-D
plakné paradits 4.a) zim&uma. Péc pamatdatu normalizacijas — izmantojot formulas (3) —(7) —
ieglstam normalizéto punktu sadalfjumu, paraditu 4.b) Zimé&juma.

Normalizétie dati

10 -
q 4 +
8 - 12 2.5 1
74 ° 2
614 w4 ) 15 ]
5 ! g . o e
Py ;] . 7 s g 05 |

9 . 2 y T e 8 ! !
S I M 1‘1 Rz a5 3 2
24 5
o] e . wl

0 5 10 15 Xi-norm,

X1
4.zim. a) leecjas punktu sadalfjums b) Normalizetie dati

Lai varétu sakt pielietot klasterizacijas algoritmu, ir janosaka klasteru skaits un to sakotngjie
centri. Sajd uzdevuma pienemam, ka ieejas punkti sadaliti divas klasds, tatad izmantosim divus
klasterus. Zemak redzamajd 5.a) Zim&uma ir parddits punktu sadalfjums un uzskatimibas labad
novaktas koordindtu asis. Orient&josi uzdodam sakotngjos klasteru centrus ar §adam koordinat€m:
wi=(x1,X)=(—1;0.5) un w,=(1;0). Zim&uma tie paraditi ka kvadratini. Sakam pielietot K-Means
algoritmu. Zim&juma 5.b) ieziméti klasteriem piederoSie punkti péc pirmas iterdcijas.

+
12
L ]
&
E 4 ¢
b
14 gy 10 4
g ) e ¢
: 78
Q » &
2
s 4 + *
1 5 g 1
L ¢
3 13
X1-norm.

5. Zim, a) Punktu sadalfjums ar patvaligi izvéletu centru b) Klasteru sadalijums p&c 1. iteracijas
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Atkal pgc formulas (3) izrékinam katram klasteram vidgjas vértibas, t.i., izrékindm jaunos
klasteru centrus: Wi-new=(-0.83359 ; 0.27036) UR W;-ncw=(0.833588 ; —0.27036). T3 ki tie atSkiras no misu
patvaligi izveletd sakotngja klasteru centra, tad turpinam pielietot klasterizacijas algoritmu. Rezultati
paraditi 6. zim.

6.zim. a) Klasteru sadalfjums péc 2.iteracijas b) Klasteru sadalfjums péc 3.iteracijas

Ka redzams, p&c 2.iterdcijas 7—ais punkts pamainijis savu klases piederibu. Jaunie
klasteru centri tagad bls $8di: Wi, =(-0.72641 ; 0.26285) un wj-,.,~(0.96855 ; —0.35047). Ta ka tie
atSkiras no pirmaja iteracija iegtto klasteru centriem, tad turpindm pielietot klasterizacijas
algoritmu.

TreSaja iterdcija punkti savu piederibu klasteriem nav mainfjusi, t.i., otraja iteracija
izskait]otie klasteru centri paliek nemainigi. 1idz ar to var secinat, ka klasterizacijas algoritma
pielietojuma rezultata ir noteikti klasteru centri un tiem atbilstosie punkti no apmacamas kopas
(punkti ir klasterizéti). Zim&uma jaunie klasteru centri ieskic&ti ar krustipu.

5. Nobeigums

P&c apmacibas sléptaja slani un radialo funkeiju centru noteikSanas notiek apméciba
neironu tikla izejas slani, pielietojot kontrolgjamas apmacibas metodes vai td saucamo
“apmacibu ar skolotdju”. Sim mérkim tiek izmantots mazakds videjas kvadratiskas kjidas
algoritms (Least Means Square algorithm ). P&c otrd apmacibas etapa pabeigS8anas RBF tiklu
var uzskatit par apmacitu un sagatavotu pétiSanas eksperimentiem.

Par klasterizacijas algoritmu priekSrocibam var uzskatit popularitati, lielu efektivitdti un
procediiras vienkar$ibu. Jaatzimé, ka klasterizacijas skaitliskie rezultati var blit diskutgjami [3]
un parasti to rezultati ripigi jaanalize.

Literatiira
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APPLICATION OF BINARY COMPOSITIONS IN
MULTIDIMENSIONAL RECOGNITION TASKS
BINARAS KOMPOZICIJAS IZMANTOSANA DAUDZDIMENSIJU
ATPAZISANAS UZDEVUMOS

Romans Grekovs, Decision Support Systems Group, Institute of Information Technology,
Riga Technical University, 1 Kalku Street, Riga LV—1658, Latvia

Abstract. This paper examines the possibility of using pattern recognition method,
which is based on compositions of fuzzy relations, to work with multiple feature selections such
as where the number of features is greater than 3. Investigation of problems, which are
connected io multidimensional paftern recognition, is also applied. Some practical part
concerning proposals on experiments is provided.

Keywords. Pattern recognition, compositions of fuzzy relations, n—dimensional

description space.

1. Introduction
A pretty big number of papers present a concept of binary compositions and their
application for fuzzy pattern recognition. Most of them are dedicated to the problems, solutions
and improvement of that method. But less practical attention has been made to create a
conception of using of binary compositions for recognition in the multidimensional description
space. This paper actually is a try of research in this branch and gives some ideas of usage of
the following method for a wide range of tasks.

2. Using of Binary Compositions in Multidimensional Feature Searching Tasks
All the major descriptions of using binary compositions in fuzzy pattern recognition are
presented in [1], [2] and [3]. The main idea is creation of shadows of objects into each subspace
of the description space. Then the compositions of shadows of fuzzy sets get made. The resulis
of each composition are the degrees of reduction J, which characterise the extent of increase in
power of starting sets while obtaining reduction sets. So for every feature in a task space the
following degrees of reductions have been created (this example represents the reductions made

between X1.X3 and X3X; 2—dimensional hyperspaces):

S;I X, ° Sﬁz x, 5/{?' X, ,5)}?3 x, Where S +, is arepresentation of shadow of
fuzzy set;
B A B A ° — operation of composition;
SX Xy ° SX 347 - 5)( X3 ’(5‘X3X2 A g p
, 8y x, — degree of reduction.
Then, by summarising this values using the following expression one can get evaluation of
parameter Xa:
4 B A4
=(0%.x, A 5\,3X’)V (Oxx, NOx.x,)-

This is how it works for evaluation of just one feature — X5. For 3—dimensional tasks it’s
pretty simple to understand the physical meaning of the shadows and all the steps of recognition
look logical and don’t require any serious proof. But in case if we deal with n—dimensional
description task where n is greater than 0 the situation will become more and more complicated

depending on how big value of n is present.
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First of all let us imagine the conceptions of n—dimensional space reduction to
sub—dimensions. So the question is: How many sub—dimensional spaces one can get from
n—dimensional space? In case of 3—dimensional space three 2-dimensional subspaces
(shadows) will be created on each plane. If it is 2-dimensional space we will get two
1-dimensional subspaces as shadows. So it seems to be very logical to assume that in case of
4—dimensijonal space one can get four 3~—dimensional shadows and so on. Thus, for
n—dimensional space n (n—I)—dimensional subspaces will be created. But we get another
problem here: If for n—dimensional space we have n (n—/)-dimensional subspaces (i.e.
shadows), but binary compositions work only on 2—dimensional subspaces, then how to get the
finite number of 2—dimensional subspaces from any n—dimensional space? There is only one
visible solution for situation like this: Using projections every time move from high dimension
spaces to low dimension spaces while finite number of 2—dimensional shadows gets found.
This task seems to be pretty complicated but no other choice exists. ‘

To describe the method let us use 4-dimensional description space X*, in which fuzzy
sets 4 and B are set through membership functions fa and fg, respectively. The space of
descriptions is represented by Cartesian product Xix Xox Xsx Xi, where X X5 X3 and X are
parameters of objects’ descriptions.

1. First, four 3—dimensional shadews-get constructed:
A B L4 B L4 B . o4 B
Sx,,\'z,\', ’ S,\’leX, S O o0 A S.x',x2,\',, ’ S,\',XJ,\', ) SX,X,,\Q ; szx,x,’ S,\fz)(x.\'4 .

2. Second, for each 3—dimensional shadow three 2—dimensional shadows get created:

4 A 4 5 A
SX,XZ,\’3 g SX,X2X1—>X,X2 P P X X X s XK 0 DX XX X,X, 0
Sﬁ,xl,\q - Sﬁl.\'z,\'ﬁx,xz ; S/\lz,xzx,qxlx, ) S)?lxzxﬁxzx, ;
Sf,xz Y, - S,\Izl)(zxﬁx.xz ) S;,,\'zxm,\',n , S;,X2X4—>X2X4 ;
Sﬁ,xz Y, - Sﬁ,xzm—»x,xz . S)t:,xz,\q-»,\',,\q ) Sﬁ,xzxﬁ,\'zx‘, ;

;,Xg,\q - AA’,XgX.‘—)X,X} » S;‘x,xd-;x,.n , S;,Xy\’,;—))f]/\',; ;

)E},Xj,n - Sﬁ,x,,\q XXy S,\&;,xm-»x,m ) S,I\z.x,xﬁxy\', ;
S;ZXJ)Q - S;,xjx,, >Xy Xyt S;z,\'yn->x2x4 ) S,\/Zz,\'a)n,->,\'_,,\)4 )

ix,{\q I Sf'zx]xﬁ,m', , S,\szx],\q—a,\'z,\g ) ngx,,\'w‘mg ;

So, from 4—dimensional description space 24 2—dimensional shadows get created (12 for class
A, 12 for class B). In case of 5—dimensional space one can get ten 4—dimensional subspaces (5
for class 4, 5 for class B) and each of them represents four 3—dimensional subspaces, and
finally each of 3~dimensinal subspaces represents three 2—dimensional shadows needed. So for
5—feature task 10*4*3%2 = 240 binary shadows get constructed (120 for class 4, 120 for class
B). This gives us the common formula of number of shadows constructed from n—dimensional

space:
n~2

N=2+T(n-1),

where 7 is the dimensionality of description set.

Using such approach gives pretty complicated task to solve and the main question appears: How to
combine such a big number of 2—dimensional subspaces for feature selection or recognition? Of
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course the next step is a choosing of 2—dimensional shadows to perform binary compositions.
Suggestion is to combine shadows in a sequence, like they appear. It means if (say, in case of
4—dimensional description space) we have four 3—dimensional subspaces, then for each of the
3—dimensional subspaces it looks logical to process the corresponding 2—dimensional shadows and
get separate reduction degrees and then combine them to get summarised evaluation of all
corresponding degrees of reduction and then get the final evaluation of the feature. For example, for

subspaces S ;;I x,x, ad S ,5, x,x, Shadows can be combined in the following way:

4 o B . B o qd ) Xy Xy
SX.XZX3—-)X11\'2 S iy Xs s Xids s DXy X Ky ks ks 5 T Oy,

A o QB . QB o ¢4 . X)Xy X5
SR KXy KXy XK oKy XX S Syxaxsoxity  Sxoxt,s > 5)(2

A oaB . oB occd . XXX
S xym X S E KKy K S Sy ok xty  SXaXamtaks s > O, .

So, after all compositions have been made the following degrees of reduction are created:

XXXy sXX Xy oXIXs XXX, oX XX, oXX X, oX\XaX, oXiXiX, X\ X3X, oX2XsX,
‘5,&', 3 5,\'2 > (5,\'J > 5,\'1 > 51(2 > §A’4 ; 5)(, E 5,\’3 > §x4 :5)\'2 ’

XXXy sXaXsX,
X, » Oy,

Now, combining the values of these degrees of reductions it is possible to get evaluation of
each feature. There can be a lot of possibilities how to combine the values. Let us take that a simple
sum by feature is meaningful. In this case the following evaluations are derived:

XXX, XXX, XXX, = .
J%, + 6,7+ 6y Oy,

XXX XXX, Xy X3X, = .
S + Gy Oys

X Xa Xy XX, X, XaXsXy .
51\/3 + 5X3 + 54\’3 5/\"3 2

XXXy XXX, X XXy _
) X, + 0 X + 54\,4 5 X,

3. Conclusions

Of course, the method of application of binary relations to fuzzy recognition tasks has some
negative sides like complexity and requires a lot of machine resources. But it is pretty useful and gives
high results of recognition. Application of this method to n—dimensional description spaces gives a
great opportunity in using this method in tasks like various diagnostic tasks. Work in this direction
requires a lot of serious research and is mostly experimenting. This work is reflecting just a small part
of common method of fuzzy recognition based on binary relations and actually is included to a
software system, which gets developing for experimental part of connected researches.

265

ISBN 9984 - 585-36 -0




Environment. Technology. Resources. 2001

References

1. Ozols, Y. and Borisov, A. (1997), “Pattern Classification and Feature Extraction on the Basis of Composition
of Fuzzy Relations.” Proceedings of the Seventh International Fuzzy Systems Association World Congress,
IFSA’97, Vol. I1I, Prague, June 25-29, pp. 129-134.

2. Zadeh, L. A. (1965), “Fuzzy sets and systems.” Proceedings of the Symposium on Systems Theory,
Polytechnic Institute of Brooktyn, pp. 29-37.

3. Borisov, A,, Ozols, Y., and Grekovs, R. (2001), “Construction of Features and Decision Rules in Fuzzy Pattern
Recognition Tasks.” 2nat. J. General Systems, Vol. 30(1), pp. 2343,

DATU NOLIKTAVAS REALI\?ZE@ANAS UN IZSTRADES RIKI, TO
NOVERTESANAS KRITERLJI

DATA WAREHOUSE IMPLEMENTATION AND DEVELOPMENT
TOOLS AND CRITERIA TO EVALUATE THEM

Aleksejs Jevsejenko, LU Datorzindtnu magistrantiiras magistrants,
A/S “Dati”, LR VID datu noliktavas projekta grupas vaditdjs, aleksejs.jevsejenko@dati.lv
Péteris Gulans, RTU ASTF Datorzinatnu magistrantiiras magistrants,
A/S “Dati”, LR VID datu noliktavas projekta sist€émanalitikis, e—pasts: peteris.gulans@dati.lv

Abstract. This paper provides an overview of data warehouse systems development and
production tools. It also contains tools evaluation methodology. There are four types of tools
used in data warehouse environment. The group of unique criteria is used for every tool
evaluation. Each criterion has its own severity (critical, important, additional). Project specific
features, chosen criteria set and its severity is a base for tools evaluation matrix. In addition,
the unique criteria set for each type of tools is developed and described in this paper.

The results of research are used in Latvia State Revenue Service data warehouse system
development.

1. Jevads

Datu noliktavas (Data Warehouse) koncepcija radds astonpdesmito gadu sakuma. Pirms tam
lielakais vairums informaécijas apstrades sistému bija transakciju sist€mas, kuras saturgja tikai
pasreiz&€jus datus, kuri nepartraukti mainjas, kas lava risinat operativus, paSreizéjus jautdjumus un
bija Sauri orientétas viena biznesa uzdevuma risinasanai. Transakeijas sistému Ipasibas rada vairakas
problémas.

v' Vésturisko datu trilkums sistéma.

v' Liels informacijas apstrades sistému skaits vienas organizacijas ietvaros.

¥v" Datu integritites probléma. Dazadas sist@mas dati tika glabati un apstradati, izmantojot
daZadus algoritmus, tapéc gadijumos, kad tika veikti mégindjumi apvienot sist€émas, tas bija
neiespgjams atSkirigo datu strukttiru d&}.

v" Problémas ar lielu datu apjoma apstrddi, jo galvenais bija nodro§inat atru un efektivu
ievades, glabaSanas un apstrades iesp&ju, nevis nodrosinat nestandarta analizes iespéjas.

v" Izmainu veikSana sistémas bija dargs un darbietilpigs process.
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TieSi datu noliktavas (DN) sist€émas koncepcija tika izstridata, lai papildinatu esolo
transakciju sistémas un glabatu un analiz&tu detaliz&tu, vésturisku, integrétu informaciju.

2. Datu noliktavas sistému attistiba

Pirma datu noliktavas sistéma bija vienkarsi liela datu baze, kura glabaja integrétus datus no
vairakdm transakciju sistémam. Divdesmit gadu laika datu noliktavas sistémas veica garu evoliicijas
celu, ka rezultata radas jauna kompleksa datu noliktavas sistémas arhitektiira, jauni sistémas elementi,
programmatiiras produkti, metodologijas un tehnologijas {1, 2].

v Datu operativa analitiskd apstrade — On—Line Analitical Processing (OLAP). OLAP sist€mas ir
tieSsaistes sist€mas, kuras lauj analiz8t datus, izmantojot dazddas zindSanu ieguves tehnikas,
leglistot informaciju.

v" Datu vitrinas (data mart). Datu vitrinas ir specializétas datu noliktavas, kas nodro$ina lEmumu
pienem$anu organizicijas darbibas virzieniem. Datu vittinu aizpildei tiek izmantoti dati no
korporativas datu noliktavas un parasti tie ir agregéti, kas Jauj padtringt darbu ar datu vitrinam.

v" Operafivd datu glabatuve un transformacijas 1iki, Operafiva datu glabfituve ir dala no datu
noliktavas sistémas un ir paredz&ta transaleijas sistému datu integréSanai — transformacijas riki
iclade datus ¥aja glabdtuva un péc tam izmanto talakai datu noliktavas datu bazes aizpildidanai. So
sistému var arT izmantot atgriezeniskas saites veidoSanai uz datu avotiem.

v" Daudzdimensionala modelé8ana. Speciald modeléSanas tehnika datu noliktavas struktiiras
projektésanai un veidoganai. S7 tehnika ir alternativa ER datu struktiicas model@Sanas tehnikai. Ar
daudzdimensionalo modeléSanu tiek attélota t3 pati informaécija, kura ar ER tehniku, tadu
veidojama struktiira ir simetriska un adaptéta vaicdjumu atrdarbibai, elastibai pret izmainim un
lietotgju vieglakai izpratnei.

v" Centralizétd informacijas raZotne — Corporate Information Factory (CIF). T4 ir integréta zinaSanu
vide, kas nodrodina efekfivaku informacijas izplatiSanu organizacija, kas lauj veikt atraku un
efektivaku lémumu pienemsSanu.

Datu noliktavas vispargja arhitektiira ir att€lota 1.zim.
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J— Datu Noliktavas Sistéma
Transakcijas ’ o

|sistema Nr 1. ’L Transformapuas oo e o OLAp

,:_ . i procest T b{Datu wtnnas | Application
T I ) , }1_“______
Transakcijas ———__ A \w/,../ T
sistéma Nr 2 - N I Datu vitrinas /
~——— : e e e S
I e ) :;ﬁ_ Ad-Hoc
Transakcijas . Operativa Datu noliktavas LW% ) -l Query
(sistéma Nr 3 /;l datu glabatuve datu baze /—-//

\\_ A
! f | AT/ —
zladgs faili e T
S~—— s saL

1.zIm. DN sistémas vispar€ja arhitektiira

Tagad datu noliktava ir kompleksa sistéma, kas ieklauj arf iepriek$ uzskaifitas jaunds tehnologuas un
rikus. o

3. DN sistémas uzbiive, riki un to novertésana

Musdienu datu noliktavas sistémai ir kompleksa arhitektiira, un, lai nodroinatu tas uzbiivi un
funkciongSanu, tiek izmantots specializéts rfku kopums (skat. 1.tab.), kas sastdv no datorizétiem
sistému projekt&Sanas jeb CASE (Computer—Aided Software/System Engineering), transformacijas

jeb ETL (extraction, transformation, loading), DBVS un OLAP i1ikiem.

Datu noliktava ieldautie riki 1.tab.
Riks Primérais uzdevams Piemérs
CASE Primarais uzdevums ir datu noliktavas | ErWin, Power Designer
(Computer—Aided | datu bazes struktiiras projekt€§ana,
Software/System veidoSana un uzturé$ana
Engineering)
ETL (extraction, Primarie uzdevumi ir tiTs: datu Ardent Data Stage, Data Junction
transformation, savaksana, datu transformacija (kas
loading) ieklauj sevi transformaciju, integraciju,
attiriSanu, verifikaciju), datu
ieladéSana.
DBVS Primarais uzdevums ir datu glabaSana, | Sybase ASIQ, MS SQL, Informix,
lietotaju vaicajumu apstrade Oracle
OLAP (On—Line Primarais uzdevums nodroSinat Business Objects, Cognos,
Analitical informacijas analizes iesp&jas Microstrategy, Hyperion Solutions
Processing)
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Visiem $iem 1ikiem ir specifiski uzdevumi, un tie izvirza dazadas prasibas un attiecigi ari daZadus
krit€rijus rTku novértsSanai. Talak tiek aprakstits kritériju kopums So riku grupu novertésanai.

< AN

AN N NN YANRN

<\

AN

=~

NN N AN NN

AN

3.1. CASE riku noverteSana

CASE riku novértéSanai var izvirzit §adus kritérijus:
uzturéto DBVS saraksts;
savietojamiba ar datu baZu vadibas sistémam (vai var veidot PK, FK, indeksus, skatus,
skriptus), ja CASE rikam at8kiras §fs iesp&jas attieciba pret dazaddm DBVS, tad &is iesp&jas
ir jAnoverte attieciba pret katru DBVS;
savietojamiba ar dazadam modeléanas tehnikdm (daudzimensionila modeléSana, ER,
UML, DFD utt.);
savietojamiba ar operétajsistémam;
vai rikam ir reengineering iespéjas;
dro§ibas iespéjas;
dokumente§anas iespgjas;
jariks spgj veidot skriptu, vai $o skriptu kodu ir iesp&jams apskatit un labot;
vai no gatavas datu struktiiras modela var izdalit apak§modeli;
vai riks spgj ieteikt izmantot indeksus un optimizé&t jau eso$u modeli,
cik biezi paradas jaunas produkta versijas un cik problematiski ir uzstadit jaunu produkta
versiju;
vai pirkSanas izmaksas ieklauj tikai paSu produktu, vai t8s ir atkarigas no izstradataju skaita,
datu avotu tipiem, servera procesa skaita utt.;
vai par jaunajam versijam jamaksa atseviski;
vai ir tehniskais atbalsts.

3.2. Datu bazu vadibas sistBmu novérteSana

Vertgjot DBVS, vajadz&tu nemt véra $adus kritérijus:
atrdarbiba ar dazadiem datu apjomiem un daZzadu vienlaicigi stradajosu lietotdju skaitu,
atrdarbiba, stradajot ar lieliem datu apjomiem, darbojoties ar vienu, divam, trim tabulam;
savietojamiba ar operétajsistémam;
programmeésanas valodu uzturéSana;
regionalo valodu uzturédana;
lietotaju pieejas drofiba (vai ir sava dro§ibas sist€ma, vai ir operétdjsistémas dro$ibas
sistéma, vai abas sistémas tiek kombing&tas); :
datu glabéd$anas drosiba;
pasibas: indekséSana, skati, saliktie indeksi;
cik bieZi parddas jaunas produkta versijas un cik problematiski ir uzstadit jaunu produkta
versiju;
vai pirkSanas izmaksas ieklauj tikai padu produktu, vai tas ir atkarigas no izstradataju skaita,
datu avotu tipiem, servera procesa skaita utt.;
vai par jaunajam versijam jamaksa atseviski;
vai ir tehniskais atbalsts.

269

ISBN 9984 - 585-36 -0




Environment. Technology. Resources. 2001

3.3. Transformacijas (ETL) riku novérteiana

Tagad pasaulé ir pazistami vairdk neka 70 riki, kuriem ir transformacijas
funkcionalitate. Tos ir iesp&jams saklasificgt un novértét péc funkcionalitdtes, uzbiives tipa,
transformacijas mehanisma [3].

Nosaciti p&c funkcionalitates Sos rikus var sadalit trijas grupas. Pirmas grupas rikus var
nosaukt par datu migracijas rikiem, jo transformacijas elementi $ados rikos ir vaji attistiti un
parsvara tiek nodroSindta datu migricija. Otrds grupas rikiem ir labi attistita datu
transformacijas funkcionalitite, bet ir problémas ar pieeju izejas vai ieejas datu bazei (netiek
atbalstitas visas DBVS vai tiek izmantots tikai noteikts datu izlades/ielades avota tips
(piem&ram, flat faili). Tre$as grupas 11ki nodrogina pilnu ETL funkcionalitati.

P&c uzbiives tipa (engine type) Sos rikus var sadalit divas grupas. Pirmas grupas rikiem
transformacijas procesi tiek izpilditi uz servera, kas lauj vienlaicigi veikt vairdkus
transformacijas procesus, izmantot priekirocibas, kuras sniedz daudzprocesoru serveri, ki ari
nodro§inat vienlaicTgu darbu vairakiem izstradatajiem. Otrds grupas rikiem transformacijas
process notiek uz izstrddatdja darbstacijas, kas samazina atrdarbibu, liedzot veikt vairikus
transformacijas procesus vienlaicigi. - L

Péc transformacijas mehanisma Sos rikus var sadalit divds grupds. Lai veiktu
transformaciju uz kodu bazétajos rikos, ir nepiecieSams izstradat transformacijas procesa kodu
specifiska valoda (PERL, PL/SQL u.tml.). Uz grafisko lietotaja saskarsmi bazétajos rikos visas
nepiecieSamas darbibas transformicijas procesa izveidei var veikt ar grafiskds saskarnes
palidzibu, kas atvieglo un paétrina transformacijas procesu izstradi, ka ari dazi no $iem rikiem
lauj automatiski dokumentét transformacijas procesu.

Izveloties transformacijas riku, janem véra §adi kritériji:

v' savietojamiba ar dazadiem datu bézes tipiem;

v’ vai tiek atbalstiti citi datu tipi (pieméram, flat faili);

v" wvai ir nepiecieSams datu avotu noformatét noteikta veida, vai ir iesp&jams noradit, ka datu
avots ir formatgts;

v' vai ir iesp&jams apskatit, parbaudit, labot SQL vaicdjumus, ar kuriem tiek iegiti dati no

transakciju sist€mam,;

vai rikam ir atkliidoSanas un testgSanas iespéjas;

vienlaicigi stradajoSo izstradataju skaits;

drofibas sistdéma — vai ir sava, vai izmanto operaciondlas sist€mas droSibas sistému, vai

kombing abas divas);

vai sp&j uzturét un glabat dazadas procesa versijas;

maksimalais vienlaicigi stradajoSo procesu skaits un tam patérétie resursi;

vai rikam ir klGidu arhiva Zurnals;

maksimalais datu apjoms, ko var izlaist cauri vienam transformacijas procesam;

cik viegli ir veikt transformacijas procesa izmainu;

cik biezi paradas jaunas produkta versijas un cik problematiski ir uzstadit jaunu produkta

versiju;

vai pirk3anas izmaksas iek]auj tikai pasu produktu, vai tas ir atkarigas no izstradataju skaita,

datu avotu tipiem, servera procesa skaita utt.;

val par jaunajam versijam jamaksa atseviski;

vai ir tehniskais atbalsts;

savietojamiba ar operétdjsistémam;

NN NN N N Y NN

\

AN

270

ISBN 9984 - 585-36 -0



Environment. Technology. Resources. 2001

savietojamiba ar tehniku;

vai nav konfliktu ar citiem rikiem, kuri parasti darbojas uz servera;

kadus datu parraides protokolus spgj izmantot;

vai 11ks pats veido transformacijas procesa dokumentaciju;

vai rikam ir ieb0véti darba automatizacijas lidzekli (pieméram, transformacijas procesu
start€Sanas planotdjs).

SSANANENEN

3.4. OLAP riku novértésana

OLARP rikus var iedaltt p&c to uzbiives un funkcionalitates.

Péc uzbiives OLAP rikus var iedalit trijas grupas: ROLAP, MOLAP un HOLAP.
ROLAP riki datu kuba glabaganai izmanto reldciju datu bazes struktiiras, un, kad tiek veikts
vaicdjums, dati tiek legliti no pamata datu bazes. MOLAP riki nedarbojas ar pamatdatu bazi, jo
dati tiek glabati specializ€td daudzdimensiju struktiird, kurd visi dati tiek iekopéti no pamata
datu bazes. Tapéc, kad tiek veikts vaicdjums, pamata datu baze nav nepiecie$ama, jo datu kubs
tiek veidots no §is otrds daudzdimensiju datu bazes datiem. Datu apkopojumi (agregations) ari
tiek glabati daudzdimensiju struktlird. HOLAP riki darbojas dajgji ka ROLAP riki — dati tiek
atstati pamata datu bazé (kura ir relaciju datu baze), no kurienes dati tiek iegiiti ar SQL
vaicajumu, bet datu apkopojumi tiek glabati specializéta daudzdimensiju struktira.

Ja 11kus iedalam p&c funkcionalitdtes, tad ir iesp&jams izdalit 2 grupas. Pirmas grupas
1iki ar SQL vaicajumu ieglist datu kubu, ar kuru tiek veiktas visas nepiecie§amas darbibas(datu
analize), un SQL vaicdjums tiek startéts tikai, tad ja ir jaieglst jauni dati. Otras grupas riki péc
katras jaunas darbibas start€ SQL vaicdjumu, un izvada iegiitos datus.

IzvEloties OLAP rikus, biitu janem véra sekojosi kritériji:
v" analizes iesp€jas (urbSanas, hierarhiju veidoSana, daudzcelu hierarhijas veidoSana);
v' vai ir integréts parskatu veidoganas riks, vai jaizmanto cits produkts;
v' parskatu veidoSanas iesp&jas (sareZgitfibas pakdpe, formatéSanas iespgjas, vai ir
iesp&jams izmantot dazadus datu avotus);
dro$iba (vai ir sava droSibas sist€ma, vai ir operétdjsist€mas drofibas sistdma, vai ir
DBVS drosiba, vai sistémas tick kombingtas, vai kada no tam jaizvélas);
savietojamiba ar oper&tijsistémam;
savietojamiba ar DBVS (vai ir ierobeZojumi DB izmantoSanai, vai ir ierobeZojumi DB
metadatu glabasanai;
savietojamiba ar tehniku;
maksimalais vienlaicigi stradajoso lietotaju skaits;
iesp&ja darbam caur internetu, vai WEB versijai ir ierobeZojumi, salidzinot ar pilno
klienta versiju;
cik viegli ir apgiit $o riku izstradatajiem,;
cik viegli ir apgiit $o riku lietotdjiem;
cik bieZi paradas jaunas produkta versijas un cik problematiski ir uzstadit jaunu
produkta versiju;
vai pirk3anas izinaksas ieklauj tikai paSu produktu, vai tds ir atkarigas no izstradataju
skaita, datu avotu tipiem, servera procesa skaita utt.;
vai par jaunajam versijam jamaksa atsevisi,
vai ir tehniskais atbalsts;
administréSanas iespgjas;
vai ir optimizacijas iespgjas;
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v vai ir lietotdju darba Zurnals.

3.5. Kriteriju nozimigums

Visus iepriek8mingtos kritérijus p&c nozimiguma var nosaciti iedalit trijas grupas:
V' kritiskie krit@riji — kritériji, kuru trilkums liedz izmantot novértgjamo programmatiiru;
v’ svarigi kritériji — kritériji, kuru trikums var atstat iespaidu uz izstrades procesu;
v’ papildkrit€riji — kritériji, kuru trikums nevar atstat nopietnu iespaidu uz izstrades procesu.
Kritérija piederiba noteiktai grupai nav viennozimiga, un ir atkariga no projekta specifikas.
Turklat no projekta specifikas ir ari atkarigs, vai kritérijs vispar tiks izmantots produktu
novertésanai.

3.6. Sakuminformacijas matrica riku novertéSanai
Datu noliktavas sistémas projektdSanas bridi ir nepiecieSams noveértst pieejamos
izstrades un realiz&Sanas 1ikus, lai izvél&ties piemérotakos.
Riku noverteSanai var izmantot 1Tku novértéSanas sakuminformdcijas matricu (skat.
2.tab.). Lai izveidot riku novérte$anas matricu, javeic tris soli:
1) jaizvElas novérte§anas kritériji (skat. nodalas 3.1. - 3.4.);
2) janoverté katra krltenja no71m1gums (skat. nodalu3.5), ...
3) pamatojoties uz pirmajos divos solos ieglito rezultdtu, jdizveido uku novértésanas
sakuminformacijas matrica.

Projekta DN_BANKA riku novérté§anas matrica (fragments) 2.tab.

3. Transformacijas programmatiiras novértéSana

Produkta nosaukums:
Versija:
Firma—izstradatajs.
Firma—piegadatays:

3.1. Kritiskie kriteriji Vertziums | Piezime

3.1.1. Savietojamiba ar DBVS (ir/nav):
Informix Dynamic Server 7.3.0
Sybase ASIQ 12
Oracle 9
3.1.2. Atk]iidoSanas un testéSanas iespgjas (ir/nav)
3.1.3. Savietojamiba ar operacionalajam sistémam (ir/nav}:
Windows 95/98
Windows NT
Windows 2000
Unix AIX

3.2. Svarigi kriteriji Vertéjums | Plezime

3.2.1. Vienlaicigi stradajo8o izstradataju skaits (cilv.)
3.2.2. Spé&ja uzturdt un glabat procesa versijas (ir/nav)
3.2.3. Vai ir iebiivéti darba automatizicijas 1idzek]i (ir/nav)

3.3. Papildkriteriji Vertejums | Piezime

3.4. Papildinformicija (briva teksti)
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Pareizi izveleti riku novertdanas kritériji, un uz to pamata izstradata riku novaértéSanas
sakuminformacijas matrica ir viens no svaigakajiem posmiem veiksmiga datu noliktavas
sist€émas izstrades procesa.

4. Nobeigums

Datu noliktavu sistému projekteSana un izstrade ir ilgstods, dargs un sareZgits process.
To apliecina 40% ieviesto sist€mu, kuras ir bijuSas pilniba nerentablas. Savukart 80% sistému
nav devuSas velamo rezultatu. Lai veiksmigi izstradatu datu noliktavas sistému, ir arkartigi
svarigi izmantot ne tikai pareizu projeki&Sanas metodologiju, bet arf pareizi novertst un
izvelgties datu noliktavas sist&mas izstrades un realiz&$anas rikus.

Riku novértg$anas metodologiskie principi tika izvirziti un noformsti LR VID datu
noliktavas projekta izstrades gaita. Izvirzitie principi tika izmantoti min&taja projekta riku
verteSanai un izvélei, ki arT paredz&ti jaunu datu noliktavu projektu izveides atvieglosanai.

‘ Literatira
1. Kimball R., Reeves L., Ross M., Thornthwaite W. The Data Warehouse Lifecycle Toolkit, — NY.: John
Willey & Sons, Inc., 1998, 772 p.
2. Adelman S., Moss L. T. Data Warehouse Project Management, — Boston: Addison—Wesley, 2000, 405 p.
3. Meyer S. Which ETL Tool is Right for You?, DM Review, March 2001,
bttp://www.dmreview,com/portal ros.cfm?NavID=91&EdID=3084&PortallD=7

SILTUMA PARNESES PROCESU AR IZSTAROSANU SKATITLISKA
MODELESANA HORIZONTALA PLAKSNE
SIMULATION OF THE HEAT TRANSPORT PROBLEMS WITH RADIATION
INPLATE

H. Kalis, Latvijas Universitate, I. Kangro, Rezeknes Augsiskola

Abstract. In the literature [1-5] simple and effective algorithms for mathematical
modelling processes of distribution of heat in multilayered spaces are created. In the given
work the way of improvement of accuracy of algorithms is considered at approximation of
integrals derivatives more the supreme orders are used.

1. Matematiskais modelis
Plaksne ar biezumu / tiek karséta krasni. Piepemsim, ka plaksne aizpem apgabalu
Q= {O <F¥<T,~x<J<+o, —nSF <+ oc} krasni. Siltums tiek pievadits no augSas ()? > IN)
un no apaksas (E < 0). Apskatam robeZproblému temperatiiras T(7,%) sadalfjumam
plaksng[1-5]: _
pe, 0T 16%)=olkoT 1o} ¥eOD)T>0, . 1)
oT (7,01 2% = £,(T(T.0), @
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oT(F,1)/ 6% = £,(T (T, 1)), 3)
70,%)=T,(%), )
kur

[TF ) =06 ([T T0-T)+a, [T.0)-T, )

HTCTY =08, (T4 ~TF7 )+ a, (T, -TFD))

k,a,T,,T, ir siltuma vadi$anas, siltuma apmainas koeficienti, aréjas vides un krasns
temperatiira, ¢,,&, ir emisijas koeficienti (0 < ¢,,6, <1), 6 =5.6703 10 W /(m> . K*) ir
Stefana—Bolcmana konstante.

Ar substittciju ¥ = 7,7 = (T2 pc, )/ k, T =TT,, T, =TT, (T, = max(T}, T,,)) problému (1)
reducg uz problému

T /ot =0T /éx?, xe(01),t>0 (5)
oT(t,0)/ ox = f,(T(1,0)), 6)
oT(t,1)/ ox = £, (T(¢,1)), (7)
7(0,x) =T, (x), - (8
kur

A@@0) = B (T*(10)-6; )+ B, T ¢.0)-6,),
S (T@6D) = B {6} =T (01)+ B, (6, -T(t.1)
B, = ajl~/k (J =1,2) ir bio skaitli, Bi, = ejcrIN/Tn'fax (J =1,2) ir btoradiacijas skaitli, T,(x)
ir sakuma temperatiira plaksng, 6,,6, ir bezdimensiju temperatiiras gaisd zem un virs plaksnes,
6,,0, apzimé attiecigi silditdja bezdimensiju temperatiru zem un virs plaksnes. 7, ir
maksimald dimensionala temperatlira uz silditdja (krdsns virsmam). Bezdimensiju laikam
(t 20) un koordinatei (xe(O,l)) ir $adi reizinatdji 12 pe,lk, T, kur p»c, ir attiecigi
plaksnes blivums un Ipatngjais siltums. RobeZnosacfjumi (6), (7) raksturo izstaroSanu no
silditajiem un konvekeiju. Visi parametri izteiksmes (5--8) jauzliko par konstantém. Sakuma
nosacijums (8) ir dots forma T, (x) = Ax* + Bx* +Cx+D. 9)
L,0)=T0,0=D=T,, T,()=TOD)=4+B+C+D=T,. T.,T, ir  konstantas
temperatiiras. Sakuma nosacijums tiek saskanots ar robeZnosacijumiem (6), (7) forma
T, (0)= £(T(©,0)=C, T, 1)=/£,(T(0))=34+2B+C, kur T, =dT,/dx.
Sakuma nosacijuma (9) koeficientus 4, B atrod no vienaddojumu sistémas:
34+2B = f£,(T(0,1))~ £(T(0,0)) 0
{A +B=T(0,1)-T(0,0)- £,(T(0,0)) (19)
2. Divu punktu galigo diferencu shéma
Problemas (5—8) aproksimacija balstds uz galigo tilpumu metodi [2]. Apskatam x—
virziend divus reZga punktus: x, =0, x, =1. Lai uzrakstitu galigo diferentu vienddojumu
attiecibd uz rezga punktu x, =0 integréjam diferencidlvienadojumu (5) no x, lidz x=1/2.
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[eglistam
172

Wos —W, =[Gt x)d, (11)
0

kur W(t,x) = 07T / &x ir plismas funkcija,

Wos =W(t1/2), W,=W(0)=£(T¢,0), Glt,x)=06T/ot=T.

Izteiksme (11) raksturo saglabaanas likuma integrilo formu intervald xe (O,l/ 2). Galigo
tilpumu metodes klasiskaja formul&juma tiek piepemts, ka plisma W, izteiksmé (11) tiek

aproksiméta ar galigo diferenéu izteiksmém. Tad funkcijai G atbilstodad diferentu shéma nav
preciza. Saja gadijuma ir iesp&jams izveidot precizo diferendu shému, jafunkcija G ir dota.
Apzim&jot T(t,0) =T1;, T(t,1) =7, un integrgjot vienadojuma (5) abas puses no x =1/2 1idz
xXe (0,1) un péc tam no x, lidz x, ieglistam:

1 x ‘
T, =T, =Wy + fdx [G@,&)d¢. (12)
0 172
Izsakot W, ; no (11) un ievietojot izteiksmé (12), ieglistam reZga punkta x, 2—punkiu $ablona

diferencu shému:

L, -5 - HL®)= Ry, (13)
kur

1/2 1 x 1
R = [G(t,x)dx+ j’dx [G.&)de = [~ x)G0x)dx.

Lidzigi integr&jot vienddojumu (5)no x =1/2 lidz x,, ieglstam saglabiSanas likuma integralo

formu intervald x e (1/2,1)

1
W, =W,s = [G(t,x)ds, (14)
1/2

kur W, =W(t,1) = £,(T(t,1)) Tzsakot W, dabii re¥ga punkta x, diferenéu shemu:
TO-LO+ LT 0O)=R,, (15)

1
kur R, = [xG(t,x)dx.
0

Pie dotajam funkcijam G(,x), R,, R, diferenéu vienadojumi (13,15) ir precizi pret nezindmam
funkcijam 7;(¢), 7, (¢) . Lai aproksim&tu labas puses integralus R,, R, apskatisim kvadratliru
formulas, kuras satur atvasindjumus lidz 2. kartai. Zemakas precizitates kvadratiiru formulas
tika apskatitas darbos [1-5].

3. Kvadratiiru formulas ar atvasindjumiem
Integrdla R, aproksimacija ar otras kartas atvasindjumiem ir forma:

1 48(0)+4,g(1)+B,g'(0)+ B,g' (D +C,g"(0) +

R = [(1-¢le(&)de =

. E 0<n, <1, (16)
; C,8 (l)+f6j’—g“”(m) ‘

kur
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4,,4,,B,,B,,C,,C,, E, ir nenoteiktie koeficienti,
g(8) =G(1,8), G =G(,0)=g(0), G, =G.1) = g(1), g' = dg/d&.
Lietojot pakapes funkciju g(&)=¢&7, ( Jj= 6—6_), atrod 7 linedru vienadojumu sistému

1 1 1 1
5=A1+A2, g=A2+B,+BZ, E:A2+2Bz+2(C,+C2), 56:142+3Bz+6C2,

(17)
1
o5 = A +4B, +12C,, Zli = 4, +5B, +20C,, glg =4, +6B, +30C, + E,.
Tatad, 4 =, dy=%, B=-, B=— =, Cy=e, Ey=-b,
14 7 210 105 210 280 280
un kvadratfiru formula (16) ir forma
R [AG + 4,G, +(BG! + B,G,)+(C,G"+ C,G!)+ ;5 (2(’6”‘)]
) i
ENCANE G, + [ L G —4—G;)+(LG"+J—G;')- L oG (18)
14 210 105 210 280 °) 61280  ox SRR :
No robeznosacuurmem (6-7) seko
o (T, 8(6T 0 et
G, = — == fi/(T)) = f(T)T,,
2T B(A) 0
lidzigd veida, G} = £,(T,)T,,
kur
£ (T)y=4BiT’ +B,, f, (T,)=~(4Bi,T; + B,).
No vienadojuma (5) seko
2 2
G],,z_a_2 on\_ (o) a(er, _f,
axtl o) ol o’ 51 E3
lidziga veida Gy =T,.
Lidziga veida aproksiméjot integrali R,, iegiistam:
6 o~ .
RZ _ lGl +._5_Gz +(-—iG]’—~l3—G£)+( 1 G[”‘f‘ 1 G;’)~ 1 0 (J'([;nz) (19)
7 14 105 210 280 210 61280  ox

(0<n, <1).
Kvadratiiru formulu (18—19) precizitates karta ir 5. Atmetot atlikuma loceklus un ievietojot
izteiksmes R,,R, diferenéu vienddojumos (13—15), iegiistam divu otras kartas parasto

diferencialvienadojumu sist€mu.

_LT] _}_TZ R
210 280 (20)
— T+ 1 —T, =R},
280 210
kur
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{5 52 13
R =T,-7,~Bi\T,' -6, )~ BT, -6, )+ T)| - = - == BiT’——B |+
1 2 T4y 1(1 b) 1(1 1) 4712 7 210 44y 510

(1 16 4
T, ——~—=BiT} ——B, |,
2( 7 1057 %% 105 2)'

. 1 16 4
R, =T -T, + Bi 9,4——T4 +B.(6, -1, +T(~~——~B'T3~—~B +
2 174 2( 2) 2( 2 _) 777105 Ly 105"

;- 5 52 . ]_3 . " . "
T (— TR Lk T j KO)=1,0.7,0) =010 =T, 0,50 =T, O.

4. Rezultitu analize
Apskatam testa piemeru simetrijas gadijumam ar
T, =T, - (* =x)/,(T). T, =T(0.0)= 03, £, =~ £, T,() =,(1), T,(0) = ,(0) = 7, =0.3
1)lineara gadijuma (tikai ar konvekeiju) B, =B, =0.9,0,=6,=6, =6, =1, Bi, = Bi, =0,
2)nelineard gadijuma (tikai ar izstarofanu) B, =B, =0,6, =6, =8, =6, =1, Bi, = Bi, =0.3,

Kontrolvertibas 7;(r) tika aprékinatas bezdimensiju laika momentos ¢=0.2%i,i=0,5
izmantojot kvadratlru formulas ar 1. un 2. kartas atvasingjumiem (1., 2. tabula, attiecigi 3., 4.
kolonna). Precizie atrisindjumi lineara gadijuma (1.tabula , 2.kolonna) iegiiti ar Furjé metodi,
bet nelineard gadijuma (2.tabula, 2.kolonna) — ar reZga metodi.

Redzam, ka kvadratiru formulas ar 1. kartas atvasinajumiem dod abos gadijumos 4 pareizas
zimes aiz komata, bet ar 2. kartas atvasingjumiem ieglistam pat 6 pareizas zimes aiz komata
linezra gadijuma un 5 pareizas — nelineara gadjjuma.

1.tabula 2.tabula
T (T1(t,0) Ti(t) |Ti@®) T |Ti{,0) Ty [Ti(t)
0 103 ' 0.3 0.3 0 10.3 6.3 0.3

0.2 10.4894454 [0.48937 10.4894449| |0.2 10.416928 (0.41692 |0.416926
0.410.6262632 |0.62623 |0.6262629| | 0.40.528474 [0.52845 (0.528470
0.6 [0.7264165 [0.72641 [0.7264163| |0.6 10.630758 10.63073 10.630751
0.8 10.7997309 |6.79974 |0.7997308) 0.8 10.719987 10.71995 ]0.719977
1.0 |0.8533986 |0.85342 |0.8533986| |1.0 |0.793779 |0.79374 [0.793766

Stikla 8kiedras auduma virsmas sildiSanas procesu raksturo fizikalie parametri [5]:
T,=1123K,7,,=913K,T,=800K,T,=70K,T, =T, =303K,T  =1123K,

> *al

w w kg J
=q,=13——,1=0002m, K =138—, p=1100—=-,¢, =691——, ¢, =¢, =0.9
a, =a, 131122]{ ‘ m K p o Cp rgk 1T

o=56703 107 W /{m’K*).
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Probléma (5—8) tika skaitliski risindta ar parametriem

Bi, = Bi, =0.1047, B, = B, =1.8841 107,06, =1,6, =0.8664, 6, = 0.7124, 6, = 0.6233,

T, =T, =0.2698 laika intervala ¢ e (0,]).

Temperatiras vertibas T'(¢,x) dotas 3. tabula. Aprékini un to grafiska vizualizacija tika veikti ar

matematiskas sistémas MAPLE—-S5 versijas R4 palidzibu [6, 7]. Grafiks (1.zim.) (uz horizontélas
ass atlikts laiks sekund&s, uz vertikdldas — temperatiira) atspogulo bezdimensionalas
temperatiiras izmainu laika.

3.tabula

t T1(t) T2(t)
0. 0.269813 [0.269813
1 ]0.441293 [0.418685
2 10.590528 [0.568376
3 10.716253  |0.694731
4 |0.809663 |0.788793
5 10.870781 |0.850440

T [R0
ol /’

06l /’ 7, ()

o5l s

o4l

03 ;/f’

..................

1. zim. Temperatiiru izmaigu grafiks
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INFORMACIJAS APMAINAS NODROSINASANA,
VEIDOJOT VIRTUALAS AUGSTSKOLAS
INFORMATION EXCHANGE PROVISION CREATING VIRTUAL
HIGHER EDUCATION INSTITUTION

Oskars Onzevs, dr.sc.ing., Informatikas katedras vaditajs
Antons Kis¢enko, dr.sc.ing., asoc.prof., studiju un zinatpu prorektors
Biznesa augstskola “Turiba”, Graudu ield 68, Riga LV-1058, Latvija
telefoni:7616358, 7606100; fakss:7619152, e—pasts: onzevs@turiba.lv; antons@turiba.lv

Abstract. The computerised distance education system created by School of Business
Administration Turiba (Latvia) has been reviewed in this paper, the main aim of which is to
ensure the full possibility of mastering the speciality of business management~through the
Internet. The system practically provides the studenmt all the necessary methodical and
informational support. The structural specifics, organisation of the study process, the design
and development strategy of the given distance education system have been reviewed in this
paper. The computerised distance education system has been designed specially taking into
account the specifics of Latvia.

’ Ievads

Referata, balstoties uz Biznesa augstskold “Turiba” realizéto datorizétas talmacibas
projektu [1, 2], tiek apltikota biznesa apmacibas problematika, kas saistita ar apmécibas
nodroSindSanu, izmantojot Interneta iesp&jas. Minéta pilotprojekta realizacijas gaita paradija, ka
pie pardomatas ta realizécijas datoriz&td talméaciba var bit rentabla pat Latvijas apstaklos.
Dotaja momentd, projekta realizAcijas rezultatd, ir nodrofindta iespéja ieglt augstako
profesionalo izglitibu “ Uzpéméjdarbibas vadibas™ specialitaté caur Internetu.

Apskatamais projekts tiek realiz8ts vairakos etapos. Pirmé etapa realizicijas rezultata
apmacibas sistémas viss intelektualais un tehnologiskais potencidls ir fiziski koncentréts
Biznesa augstskola “Turiba”. Tas dod iesp&ju operativi novérst nokonstat€tos programmatiiras
trikumus un radit péc iesp&jas efektivu sistémas funkciongSanas variantu. Nakamais sistémas
attistibas etaps orientsts uz starpaugstskolu sadarbibu. Saja gadfjuma gan pasniedzéji, gan
tehnika ir stipri izklied&ti un var atrasties pat daZadas valstis. Tadu struktiiru jau var uzskatit par
virtualu augstskolu, kaut gan vienota un preciza uzskata defingjumam nav. Lai var&tu
nodro§inat redlu tadas struktiras funkcion€Sanu, jaizstradd loti stingri sistémas darbibas
nodroginadanas standarti. Siem standartiem jaietver studentu un to sekmju uzskaite, macibu
metodiskais materials, studentu sekmju péarbaudes nodrodinidSana, studentu saistibas ar
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pasniedzgjiem nodro$inasana, gramatvedibas uzskaite. To visu var nodroginat tikai uz SQL
serveru bazeta sistéma. Bazgjoties uz datorizétas talmacibas projekta gaita iegiito pieredzi, tiek
piedavata tadas sistémas struktiira un analiz&ts problému kopums, lai nodroginatu sistémas relu
darbasp@ju Latvijas apstaklos.

Priekinoteikumi datorizétas talmacibas izveidoSanai Latvijas apstakjos
Talmacibas studiju pieprasijuma pétijumi un datoriz&tas talmacibas pilotprojekta
realizacijas laikd glitas pieredzes amalize paradija, ka $ai macibu formai piekri$ana ir un biis
tikai tad, ja ta nodrodinds pilnas akreditétas izglitibas diploma iegiifanu. Uz atsevigku kursu
apgliSanu pieprasijums ir daudz mazaks. Seit ari paradds viens no galvenajiem izstrades
pamatprincipiem. Ja vélamies, lai datoriz&tas talmacibas sistéma biitu rentabla, jaizstrada
metodiskais nodrofindgjums un studiju
atbalsta sistéma visiem studiju programmas
macibu  kursiem. Tatad praktiski ir
janodro§ina virtudlas augstskolas micibu
metodiskais un organizatoriskais darbs. Péc
studentu apmaéacibas uzsakSanas dotaja
apmacibu  forma S§is - princips pilniba
apstiprinajas. Uz atsevisku kursu apgiisanu
pieteicas tikai neliels skaits studentu, kaut
gan pilnas izglitibas iegti$anai studgjoso
skaits ir pietiekami liels. Lai izprastu 30-40
situdciju, = pieversisimies  statistiskajiem 529
datiem, kas iegiiti, apkopojot datorizétaja
tilmaciba studgjoo datus. Svarigakais 1.zim. Studgjodo sadalfjums pa vecuma grupam
faktors, izvéloties studijas  datoriz&taja
talméciba, ir uz $o studiju formu  orientéto studentu vecums. 1. zim&uma redzams
studgjofo nosacits sadalfjums pa vecuma grupam. Sajd zim&jumi redzama skaidri izteikta
vidgjas paaudzes tendence izvEléties datoriz8to talmacibu salidzindjuma ar citdim vecuma
grupam. Vairak ka 50% no stud&joso kopskaita ir cilveéki vecuma no 30 l1dz 40 gadiem. Tie ir
cilveki kuriem datori skolad vél netika maciti, bet kuri ir vél parliecinati par saviem spékiem.
Nakamais svarigakais faktors, izv€loties datorizgto talmécibu, ir studgjoso dzives vieta.
Statistiskais sadalfjums atkaribd no studentu dzives vietas paradits 2. Zim&juma. Saja zim&juma
redzams, ka liela dala (nedaudz vairak par
pusi) studéjoSo ir cilveki no Latvijas
rajoniem. Ja pem véra to, ka praktiski puse
Latvijas iedzivotdju dzivo Riga, k& arf
lieldkd dala uzpémégjdarbibas sakoncentréta
Riga, tad var uzskatit, ka uz So apmacibas
formu speciali orientdti cilveki, kas dzivo  Rajonj
arpus Rigas. Vipiem, apvienojot darbu ar 53%
macibam, ir samérd problematiski ieglit
augstako izglitibu. Vél, lai biitu pilnigaks
priek3stats, pieminésim, ka lielakd dala
studgjofo (ap 70%) ir virie$i un ka lielaka
daja studgjoso arT ir prec&jusies.

>40 <25
14% 11%

y 25-30

2.zim. StudgjoSo sadalfjums péc dzives vietas
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3. zim. Virtualas augstskolas struktiira

Skaidri redzams cilvéka portrets, kur§ orientgjas iegiit datoriz&taja talmaciba uz biznesu
orient€tu augstako izglitibu. Tas ir cilveks, kuram ir 25~40 gadi. Tas parasti ir kadas
struktlirvienibas vaditajs vai menedZeris. Sis cilveks sava karjera ir sasniedzis noteiktu stavokli
un priekSnoteikums vipa tdlakai virzibai pa karjeras kdpném ir augstakas izglitibas
nepiecieSamiba. Vigs ir tik stipri noslogots darba, un darba laiks tik neprognozéjams, ka nav
iesp&ju studét klatieng. Bez tam lielakajai dalai datoriz&taja talmaciba studgjosiem ir gimene un
jaaudzina bérni. Kaut gan no pirma acu uzmetiena §is faktors neliekas tik svarigs, tas izradijas
pietiekoS§i ietekmigs. Par to liecina tas, ka praktiski visiem studgjoSiem darbd ir pieejams
Internets un par to nav jamaksa. StudgjoSo pieslégumu analize paradija, ka liela dala studijam
tom&r izmanto modemu pieslégumu no sava dzivokla (bieZi vien pat nakts laika), neskatoties uz
to, ka rodas papildus izmaksas un Internet pieslégums ir daudz léndks. Seit acimredzot
noteico8o lomu spélé atbildiba pret gimeni. Proporcija starp datorizétaja talmaciba stud&jodo
virie3u un sievie$u skaitu ne uz ko bitisku nenordda. Sadalfjums ir tie§i proporciondls
attiecigajam sadalijumam vid&ja Iimena vaditijiem biznesa.

Realizéjama studiju programma
Uz doto momentu datorizétaja tilméaciba realizéta uzpéméjdarbibas vadibas studiju
programma, kura atbilst 4 gadu dienas nodalas studijam. Datorizétas talméacibas studentiem ka
atskaites punkti arT tiek izmantoti nosacitie studiju gadi, kuri ir saskanoti ar diend stud&joso
studiju planu. Dotaja moment3 studijas realiz&tas latvieSu valoda.
Lai nodroSindtu iespju ieght pilnu augstdko izglitibu, bija jaizstradd metodiskais

281

ISBN 9984 - 585-36 -0

e




Environment. Technology. Resources. 2001

nodroSindjums apméram 50 macibu kursiem. Metodiskais nodrofindjums katram macibu
kursam ietver lekciju konspektu, paskontroles bloku, pieeju stud&jamajiem normativajiem
dokumentiem, studiju kursa programmu, kontroldarbu uzdevumus un metodiskos noradfjumus
to veik8anai, literatliras sarakstu.

Realiz&jamas virtuilas augstskolas struktiira
3. zZim&uma redzama Biznesa augstskola “Turiba” realiz€jama virtudlas augstskolas
funkcionala shéma. No metodiska viedokla funkciongjosaja sistéma var izdalit
1) galvends darbojosas personu grupas (turpmak vienkdr$i darbojos$ds personu grupas jeb
DPG);

2) tehnisko un programmnodro$inajumu.

Galvenas darbojosas personu grupas savukart sikak var iedalit $adi:

1) virtualas augstskolas darbibas administré$ana;

2) virtudlas augstskolas studentu kopums;

3) macibu spéki;

4) metodiska nodro§indjuma izstradataji.

Tehniskais un programmnodro§ingjums iedalds divos lielos blokos:

2) metodiskais nodroSinajums.

Ideald gadijuma visu DPG, izgemot metodiskd nodro§indjuma izstradatajus, komunikacija ar

virtualo augstskolu ir caur Internet tiklu un caur Virtuslds augstskolas vadibas centru.

Virtualas angstskolas vadibas centra galvenas funkcijas ir §adas:

1) nodro§inat DPG komunik&ciju ar virtualo augstskolu;

2) nodro§inat uzskaites un administrativas vadibas funkcijas.

Fizikali tas ietver SQL un Web serverus. SQL serveris uztur vadibas un uzskaites datu bazi, bet

Web serveris nodod attiecigo informaciju talak lietotdjiem. Metodiskd nodro§indjuma

programmatiiru mérktiecigi atdalit no administrativa centra programmatiiras §adu iemeslu dél:

1) tas dod iesp&ju veidot vairgkus Virtualas augstskolas vadibas centrus ar savu uzskaiti un
vadibu, kas izmanto vienu un to pasu metodisko nodrofindjumu un nepiecieSamibas
gadijuma var biit izklied&ti pa visu pasauli,

2) tas dod iespgju neatkarigi veidot metodisko nodro$indjumu un brivi to izvietot uz Web
serveriem, kas izklied&ti pa visu pasauli.

Principa jau ideologiski tada IT sistému orientacija uz globalu kooperaciju nav nekas jauns un

uz to vérsta visa IT sist€mu attistiba. Svarigi ir izveidot t&du sistému, lai tai biitu potencialo

studentu piekriSana. Tas savukart nosaka to, ka nedrikst veidot hipot&tisku sistému, kas

paredzéta kadam nenoteiktam cilvéku kopumam. Par $o kopumu Latvijas apstéklos pietiekami

precizi var spriest no jau apskatitajiem statistiskajiem datiem un vz to sdkotng&ji ari ir orientgta

apskatami sistéma. Pievérsisimies tagad nedaudz konkrétak 3. zZim&uma att€lotajam sait®m

starp atseviskam DPG un virtualo augstskolu.

Saite “Virtudlas augstskolas Studenti — Vadibas centrs” ir viena no nozimigakajam.
Students, bez Saubam, ir centrald persona, jo tiedi vigam jau visa 1 sistéma ir radita. Lai
nodrosindtu studiju procesu, katram studentam tiek izdalita sava studiju majas lapa, caur kuru ir
iespéja piek]iit metodiskajam nodro$indjumam, sapemt un iesniegt recenzéSanai kontroldarbus
un apskatities recenzijas un savas atzimes, izmantojot elektronisko déli, liigt konsultaciju un
turpat to arf sanemt. legilit konkrétaku informaciju, ka funkciong dota saite var pieméram [3].
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Saite “Virtudlas augstskolas darbibas administré§ona — Vadibas cenmtrs”. ST saite ir
paredzéta, lai risinatu $adus uzdevumus: veiktu principa visu uzskaiti, palidz&tu studentiem
. risinat kartgjos jautdjumus, vaditu virtualas augstskolas darbu. So administré$anu virtuslajai
augstskolai var nodroSindt 1-3 cilveki. Japievér§ uzmaniba tam, ka studenti savus
kontroldarbus siita nevis tiesi attiecigajam pasniedz&jam, bet uz Vadibas centru. Seit tos parpem
administrators, pieregistr& un parsita méicibu spékam recenz&$anai. Macibu speks savukart
recenziju siita atpaka] administratoram, kur§ to pieregistr& un izvieto Internetd, lai students ar to
varétu iepazities.

Saite “Macibu spéki ~ Vadibas cemrs”. Caur So saiti tiek realizétas divas galvenis
funkcijas. Pirmkart, jau iepriek§ aprakstitd studentu darbu recenzé$ana, kad nav tieda sakara
starp studentu un pasniedzgju. TieSais sakars starp studentiem un jebkuru datorizétds talmacibas
pasniedz&ju tiek realizgts, izmantojot elektroniskos zinojumu déjus. Katram macibu kursam
(tatad principa katram pasniedz&jam) ir savs elektroniskais délis, caur kuru studenti uzdod
Jjautdjumus un turpat arf sanem atbildes no attiecigé pasniedz&ja. Principa ir realizétas arT ata
tipa dialoga iespgjas. Tacu tés ir nepopularas un studenti tas studiju procesi pagaidam saméra
maz izmanto. Tas saistits ar jau aprakstitajam datorizétds talmacibas studentu dzives un darba
specifiku. Nakotn&, kad studijas uzsaks tagadgja paaudze, viss, protams, mainisies.

Saite “Metodiskd nodroSindjuma izstradataji — Metodiskais nodro§indjums”’. Lield dala
gadijumu macibu spéki un metodiskd nodro$indjuma izstradataji ir vienas un tis pasas personas,
tacu tas nav obligati. V&] vairdk piepemta ir §8da pamatkoncepcija: metodiskais nodroSinajums
var biit brivi izkliedéts pa vairdkiem neatkarigiem Web serveriem. Dati par visu pieejamo
metodisko nodro§inajumu atrodas Vadibas centra datu baze. Tas nodro$ina iesp&ju automatiz&ti
sintez&t vajadzigas saites, veidojot personigds lapas studentiem un macibu spekiem. Metodiska
nodro§indjuma izstradatajiem ir izstradati standarti, pie kuriem japieturas, lai metodiskais
nodro§ingjums varétu ieklauties kopg&ja sistéma.

Saite “Vadibas centrs - Metodiskais nodroSindjums”. Ta ir iek§€ja saite, kuru nodrogina
specializéta programmatiira, kas izvietota gan uz vadibas centra datoriem, gan uz katra no
metodiska nodrofinajuma Web serveriem. Ta ki sistéma ir komerciila, §is saites nodrosina ard

aizsardzibu.

Secinfjumi

Piedavatais virtudlas augstskolas modelis pieradija savu efektivitdti gan no izstrades,
gan no uzturéanas un ekspluatdcijas viedokla. No programmeéSanas viedokla ta ir pietiekami
liela sistéma, kurai jauztur metodiskais nodro§inajums vairdk ka 50 macibu kursiem. Klat vél
nak studentu uzskaite un citas administrativas funkcijas. Lai to visu nodroSinatu, sist€ma dotaja
momentd ietver ap 100000 failu un pari par 10000 direktorijam. Apskatita virtudlas augstskolas
arhitektfira nodro§ina iesp&ju to administrét tikai 2 vai 3 cilvékiem, lidz ar to to padarot
maksimali efektivu. No otras puses, macibu sp&€ku un metodiskd nodroingjuma izstradataju
skaits ir ievérojams un to skaits ir desmitos. Metodiska nodroSindjuma atdaliSana no vadibas
centra programmatiiras un v&l ari papildus ieviesta metodiskd nodro$inajuma standartizicija
deva iespéju padarit metodiska nodrogindjuma izstradi maksimali efektivu. Seit bez problémam
dotaja momentd sadarbojas vairaki desmiti cilveku. Sistdmas funkcion€Sanas un izstrades
procesa analize paradija, ka piedavatd arhitektiira kopa ar izstradato programmatiiru nodro$ina
iesp€ju pladai sadarbibai apskatamas sistémas attistibd un piepildiS§and ar redlu saturu. DaZi
cilveki bez gritibam ir sp&jigi koordin€t un vadit metodiskd nodroSindjuma izstradi, kas
principd var bt izkliedéts pa visu pasauli. StudgjoSajiem nav problému metodiska
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nodroSindjuma izmantoSand no jebkura zemeslodes punkta, kur ir Interneta pieslégums. Tapat
piedavajama arhitektiira paredz iesp&ju radit vairdkus Vadibas centrus, respektivi, virtualds
augstskolas, kas izmanto kopigu metodisko nodro§indjumu. Tas viss paver plasas iespéjas
starptautiskai sadarbibai.
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DATORTIKI A ADMINISTRESANAS UN KONTROLES SISTEMAS
IZVEIDE UZ OPERETAJSISTEMAS “LINUX” BAZES
DEVELOPMENT OF LINUX-BASED NETWORK ADMINISTRATION
AND CONTROL SYSTEM

Vitauts Stocka, Daungavpils Pedagogiska universitite

Abstract. Administration and control of medium—sized and large computer networks is
one of the most important tasks for any organization. Existing solutions are either 100
expensive for educational institutions or consists of many separate programs with little or no
centralized managements.

This work describes system in development based on “Linux” operational system and
popular open standards. The central part of the system is LDAP database for information
about servers, computers, users etc. This database is used by many less or more independent
modules, including mail, proxy and other Internet servers. Access 1o these services is
controlled by firewalls and specialized client/server authorization system, which is needed to
prevent password sniffing and other methods of unauthorized access.

System is managed from a centralized web—based administration interface.

System is under development and will be implemented in several stages, module by
module.

Problémas izklasts

Jebkurd pietiekosi liela datortikla agri vai v&lu rodas virkne vzdevumu un problemu,
kuru veiksmiga risind$ana ir atkariga no tikla centralizétas administréSanas un kontroles
iespejam. Pieaugot tiklam pieslégto datoru skaitam, pieaug ne vien kopg€jais informacijas
pliismas apjoms, bet a7 centrdlo serveru un ar&jo liniju (Interneta piesléguma) noslogojums. Ja
organizacijas vadiba ir ieinteres€ta saglabat kontroli par kopgjo tikla attistibu, tikla uzturgSanas
izmaksam un tikla lietotaju darbibu, ir jadom& par vienotas, centraliz&tas tikla uzraudzibas
sistémas izveidi. Sada gadijumai atseviski tikla segmenti var tikt veidoti un uzraudziti atseviski,
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talu kopgjo tikla struktliru, 2 elementus un to mijiedarbibu nosaka da%i mezgla punkti, kas tiek
vaditi centralizéti, izmantojot vienotu informacijas datu bazi.

Saja darba tiek izklastit apsveérumi un lestradnes, kas saistitas ar centraliz&tas tikla
vadibas sistémas izveidi Daugavpils Pedagogiskaja universitate. Sistéma paslaik tiek izstradata,
taCu atseviski tas elementi jau darbojas vai tiek testéti.

Iespejamie risindjumi

Centraliz&tas tikla vadibas sistémas izveide nav jauns uzdevums, un dazadu limegu un
sareZgitibas pakapes sistémas tiek veiksmigi izmantotas. Tomér vairums $adu sistému vai nu ir
loti déargas, vai a7 risina tikai dalu no uzdevurniem, tapec nav piepemamas ka risindjums
mécibu iestadeém.

Taja pat laika eksist€ loti daudz bezmaksas programmu, kas risina atsevikus ar tikla
administréSanu un kontroli saistitus uzdevumus. DaZas no $im programmim péc savim
iesp&jam neatpaliek no analogiem komercidliem risindjumiem, tadu tds prasti nav saldgotas
sava starpa, triikst Hetotdja dokumentacijas, un tas negativi ietekmé $o programmu izplatibu,
Sadas bezmaksas jeb atvérta sakumkoda programmas ir pieejamas jebkuru ar tikla vadibu
saistTtu uzdevumu risina$anai.

Vatrums 8o programmu ir pieejamas bezmaksas operétdjsistémai “Linux”™ vai citdm
“Unix” saimes sistmam. Nemot v&ra autora ilgstofo pieredzi darba ar “Linux”, kas tiek
izmantots jau kop§ 1994. gada, ka arT iestradnes uz “Linux” bazes, ki optimalaka platforma
vienotas tikla vadibas sistémas izveidei tika izvél&ta tie§i “Linux” operétdjsistéma. Paredzams,
ka atseviskas sistémas dalas var tikt realiz8tas uz citu operétajsistému bazes. Ka piemérus var
mingt uz “DOS” bazes veidotus mar$rutizatorus “IP-Route” un “FreeBSD” risindjumus, kas
dazas situacijas uzrada labaku atrdarbibu. Kopuma sistéma biis veidota uz “Linux” bazes, tatu
samérd viegli pdrmesama uz jebkuru citu “Unix” saimes sistému. Administratora interfeisu ir
paredz&ts veidot uz WWW bazes, kas lauj sist€mai pieklit no jebkuras vietas neatkarigi no
izmantotds operétdjsistémas un datora atraSanas vietas.

Saketneja situdcija Daugavpils Pedagogiskaja universitite

DPU datortikla infrastruktiiras pamata ir vairaki “Linux”, “AIX” un “IRIX” serveri, ki
arT citi tikla aktivie elementi, taja skaitd “Cisco”, “Linux”, “IP—Route” marsrutizatori, “3COM?”
un citu raZotdju komutatori un koncentratori. Galvenos tikla servisus nodrofina “Linux”
serveris, kurd ir registréti lietotaju konti, tiek glabats lietotaju pasts un majas lapas. Sis serveris
kalpo ari k& autorizacijas serveris vairdkiem proxy serveriem, kas.kontrolg lietotdju piek|tiSanu
Internet tiklam un veic trafika uzskaiti. Saskapd ar DPU piepemtajiem tikla lietoSanas
noteikumiem, visiem DPU darbiniekiem un studentiem ir janoslédz ligums, lai iegfitu lietotdja
vardu un paroli, kas vienlaicigi nodro§ina gan e—pasta adresi, gan iespéju lietot Internetu. Darbs
Interneta tiek uzskaitits, un par ienakuso starptautisko trafiku lietotdjiem ir jamaksa.

Kaut gan $ada kartiba nedaudz ierobeZo studentu iespgjas izmantot tiklu, tomér esosa
pieredze liecina, ka ievérojamu sapemtds informdcijas dalu sastida ar studijim un darbu
nesaistita informaécija, tapéc izmantojamo uzskaites un apmaksas modeli var uzskatit par
samérd efektiva lidzekli neracionala tikla noslogojuma ierobeZoSanai. DPU datortikla
izmantoSanas noteikumi nenosaka sanemamas informacijas filtré§anu, tapéc netiek blokéta
piekliSana nevienai tikla lapai. Tomér sistmas struktlira paredz $adu iesp&ju, kas var tikt
izmantota skolas.

Ar tikla. lieto3anas noteikumiem saistitie jautdgjumi neietilpst §1 darbd tematika, un
piedavata tikla vadibas sistéma biis elastigi pielagojama daZadiem nosacijumiem, taja skaitd arT
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noteiktu tikla resursu blok&Sanai, atseviSku lietotdju darbibas ierobeZo3anai un citiem
specifiskiem gadijumiem.
Veidojamas sistémas vispireja struktiira

Sist€ma tiek veidota p&c modulu principa, izmantojot vienotu informacijas datu bazi un
administréSanas interfeisu.

Datu baze glaba visu nepiecie$amo informéciju par datortikla elementiem: serveriem,
darba stacijam, marSrutizatoriem, komutatoriem u.c, ki ari par lietotajiem. Datubdzes
veidoSanai tiek izmantots visparpiepemts standarts LDAP (Lightweight Directory Access
Protocol), kas tiek izmantots ari “Microsoft Active Directory” risindjuma operétajsistéma
“Windows 2000”. Kaut gan DPU tikla infrastruktird galvenokart tiek izmantoti “Unix” saimes
serveri, tom&r savietojamibai ar “Windows” tiek pievérsta licla uzmaniba. “Linux” vidé
popularakais ir serveris “OpenLDAP”, kas arT tiek izmantots sistémas vajadzibam. Daudzas
“Linux” programmas lauj izmantot LDAP datu bazi tikla informécijas glaba$anai, tomér
“LDAP” nav guvis parak plaSu izplatibu, jo ir salidzino8i sareZgits un 12 izmanto$ana maziem
tikliem prasa parak lielu darba ieguldijumu.

Sisttmas moduli paredz&ti konkrétu uzdevumu risind$anai. Vairums moduju ir
“parastas” programmas, kas konfigur&tas vienotas “LDAP” datubdzes izmantoSanai, tomér tiek
stradats arf pie daZu specifisku mode]u programmésanas. S

Galvenie moduli ir pasta sistéma un proxy serveri. Atskiriba no agrak izmantotas pasta
sistémas, kas paredz&ja katram lietotajam veidot “redlu” “Linux” lietotdja kontu, jauna sistéma
balstas uz “virtudlam” pastkastem. Rezultata lietotdjiem netick veidoti redli operétdjsistémas
konti. Adreses eksistence tiek parbaudita “LDAP” datubdze, no kuras tiek noskaidrots ari
katalogs, kurd jasaglaba sanemtais pasts. Sads risindgjums lauj ne vien &rtak un elastigak
administret lietotajus, bet ail palielina sistdmas drosibu, jo redlu lietotdju kontu izveide vienmér
ir saistita ar kompromisiem drosibas joma. Pasta sanems$anai varés izmantot “POP3” un
“IMAP4” protokolus, ka arT “WWW? interfeisu.

Nakamais ir proxy serveru modulis, kas veic Interneta lietotaju autorizaciju un trafika
uzskaiti. Sis modulis ir gandriz pilniba izstradats, un ta agrakas versijas tiek ilgstodi izmantotas
un uzlabotas. Moduja pamata ir proxy serveris “Squid”. Sis serveris izmanto “LDAP>, k ar
lauj pieslégt papildus programmas sapemamas informacijas satura kontrolei. Paglaik DPU tiek
izmantoti vairaki proxy serveri, kas veido vienotu sistému, tacu katrs ir paredz&ts specifiskam
vajadzibam un nedaudz atSkiras pE€c piedavatajam iesp&am. Visas sanemtds informdcijas
Zurnals jeb “log” fails, ieskaitot lietotaja vardu, datoru pie kura straddjis lietotajs, sapemta faila
URL un izmeru, tick glabats failda un vélak izmantots statistikas aprékina$anai. Aprékinot
statistiku, tiek nemta véra servera atraSanas vieta — Latvija vai arzemés.

Paredz&ts, ka operativas statistikas veido$anai “Squid” Zurnals automatiski tiks saglabats
“MySQL” datu baze. Tas laus katram lietotdjam jebkura bridi sapemt statistiku par savu darbu
tikla, bet tikla administratoriem biis iesp&ja kontrolet kop€jo situaciju un konstatét dazadus tikla
izmantoSanas parkapumus. Paslaik ir izstridata programma, kas katru nakti lietotdjiem pa
e—pastu izsiita informaciju par iepriek$gjas dienas aktivitatém. ST pati informacija ir pieejama
arm “WWW?” lapa, tadu §is modulis paslaik ir atslégts, lai atrisindtu daZus ar drosibu saistitus
jautdjumus.

“LDAP” datu bazé paredzéts glabat arf informaciju par visiem tikla datoriem. So
informéciju varés izmantot par&jo tikla servisu vadibai un kontrolei, piemé&ram, ierobezojot
atsevisku lietotdju darbu no noteiktiem datoriem, blokg&jot atsevidkus datorus noteiktos laika
posmos, un tml. Sim noliikam tiks izmantotas “Squid” papildprogrammas, ka arf ugunsmiri,

286

ISBN 9984 - 585-36 -0



Environment. Technology. Resources. 2001

kas blokés datu plismu starp serveriem un noteiktiem tikla datoriem. Paslaik “Linux” pieejamie
ugunsmiru risindjumi neparedz “LDAP” datu bazes izmantoanu, tapéc ir uzsakts darbs pie
programmas dinamiskai ugunsmira konfigurdcijai mainiSanai péc “LDAP” vai citu
konfiguracijas datu izmainam.

Palaik tiek izstradati programmu prototipi un veikti eksperimenti, lai izstradatu jaunu
lietotdju autorizdcijas mehanismu, kura pamata biis vairaklimenu pieejas kontrole. Agrak
izmantotds metodes lietotdjiem lauj no jebkura datora inicializét savienojumu ar jebkuru
nepiecie§amo tikla servisu, piemé&ram, pasta vai proxy serveri, un tad $is serviss ar saviem
Iidzekliem veic lietotaja autoriziciju. DiemZgl pieredze rada, ka $ada metode nav droda, ka
rezultdtd lietotdju paroles nonak negodigu cilvéku rokas. Lai to noveérstu, ir paredzéts ieviest
papildus autorizacijas Ifmeni. Specidla ugunsmira programma blok&s jebkura datora pieeju
citiem tikla resursiem, izpemot specialu autorizdcijas servera portu. Lai pieklfitu tiklam,
lietotajam vispirms bis japiesi&dzas $im autorizacijas serverim, no kura tiks sanemta speciala
autorizdcijas programma. Programma izmantos “LDAP” datu bazé glabato informaciju par
datoriem, lietotdjiem un vigu tiesibam. Lietotdjs autorizacijas programma vargs ievadit specidlu
autorizacijas kodu un noradit konkrétu servisu vai servisus, ko vip$ vélas izmantot & darba
seansa laikd. Ja ievaditd un pieprasita informacija atbildis datubdzé glabatajam tiesibam,
ugunsmiris atvérs pieeju pieprasitajiem servisiem. Tiklidz lietotajs aizvérs autorizacijas
programmu vai arT noteiktu laiku nebiis izmantojis tiklu, ugunsmiiris aizvérs kanalu, un
autorizacija biis jaatkarto. Sis ugunsmiira un autorizacijas modulis ir biitiskakais elements tikla
dro§ibas nodro§inaSanai, jo tas kalpos ka filtrs starp lietotdju un visiem paréjiem tikla servisiem.
Tadgjadi kopgja sistema iesp&jams integrét ari tadas programmas, kas tie§i nemijiedarbojas ar
“LDAP” datu bazi. Autorizicijas programma sastaves no divam dalam. Lietotgjam tiks izsiitita
“Java” programma, kas laus ievadit autorizacijas kodu, paroli un izvéléties vajadzigos servisus.
Lai nebltu iesp&jams partvert ievadamas taustinu kombindcijas, daju no autorizicijas kodiem
lietotdjam biis jaievada grafiski, ar peles palidzibu. “Java” programma nepartraukti apmainisies
ar informaciju ar autorizacijas serveri. Autorizicijas serveris tiek programméts “Python”
valodd, izmantojot asinhrono komunikéciju biblioteku. “Python” tika izvEléta k& augsta Iimena,
kas ievErojami atvieglo sareZgitu uzdevumu programmeéSanu, taja pasa laikd saglabajot labu
atrdarbibu, iesp&ju izmantot datu bazes un visus tikla protokolus. Informacijas apmainai ar
klientam izsGtamo autorizacijas programmu tiek izstradats specidls datu apmainas protokols.
Paredzams, ka §is protokols tiks nepartraukti uzlabots un papildinats. PaSlaik izstrddata
vienkar§a protokola versija, kas lauj veikt autorizdciju un aizv&rt ugunsmira portus, ja
autorizicijas programma klienta datora tiek aizvérta.

Kopsavilkums
Seit aprakstiti tikai daZi no tikla vadibas sistémas moduliem, kas kopuma var nodroginat
efektivu tikla darbu un lietotaju uzrandzibu jebkura videja vai lield datortikla. Paslaik turpinas
struktiras izstrade, atseviSku modulu vai to prototipu veidoSana un ar to saistitie eksperimenti.
Sistéma nav monolita, tdpéc atseviskus modulus paredzets ieviest pakdpeniski, un to
pilnveido$ana netiks partraukta art péc ievieSanas.
Paredzams, ka sistemas ievieSanas gaitd radisies jauni atzinumi, kuri tiks izklastiti

turpmakajos darbos.
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ON SEARCH CAPABILITIES OF THE DIFFERENTIAL EVOLUTION
ALGORITHM
PAR DIFERENCIALAS EVOLUCIJAS ALGORITMA MEKLESANAS
IESPEJAM

Anatoly Sukov, Decision Support Systems Group, Institute of Information Technology,
Riga Technical University,1 Kalku Street, Riga LV-1658, Riga, Latvia

Abstract. This paper examines the algorithm of differential evolution that has appeared
rather recently. This algorithm ascribed by its developers to a class of evolutionary algorithms
is a comparatively non—complicated technique of solution search as applied to multiparameter
optimisation tasks. Nevertheless, there are two essential jfactors preventing from wide
application of the considered solution search technique. One of them lies in the principle of
coding vectors (variables) that constitute a population the algorithm works with. The second
problem is of pure technical character: in the process of search, stagnation occurs, or
impossibility to find new solutions, when there is no optimal solution in the population and the
vectors available are not heterogeneous. Besides studying search possibilities (limitations) of
the differential evolution, some ways to cope with the problem of stagnation so-as to-raise-the
performance of the algorithm are also suggested.

1. Introduction

Along with widely known genetic algorithms, other evolutionary algorithms exist
(Bentley, 1999) that have been developed to solve optimisation tasks. Among them the
differential evolution (DE) can be mentioned. The main criterion as to why this algorithm can
be ascribed to the class of evolutionary ones is the presence of the respective concepts and
solution search principles in it. The DE algorithm comprises individuals (vectors), population,
crossover and mutation operators.

DE greatly differs from the standard genetic algorithm (Goldberg, 1989) in that it
solely uses integer or real numbers as evolution objects. This means that a fenotype (solution)
and genotype (solution representation in the algorithm) are identical. Respectively, the space
of solutions and space of search are also identical. This approach to coding has both positive
and negative features. DE is adapted to manipulating really integer solutions but at the same
time is restricted by this application area (in tumn, GA is known to be universal regarding this
aspect). If we turn to the role distribution of evolutionary operators of mutation and crossover,
certain differences can also be found. In the GA, crossover is primary, whereas in DE mutation
is primary. The above differences in the algorithms demonstrate the similarity of DE and
evolutionary strategies. DE differs from evolutionary strategies in that the mutation of the
directed vector of standard deviations (Béack and Schwefel, 1995) that are responsible for
mutations of the vector of values can be observed in the latter. The task of this study is to
examine the behaviour of DE with an applied optimisation task. With this, major attention will
be paid to stagnation (the lack of progress in search under the absence of complete

convergence) that was recognised as the main shortcoming of the algorithm (Lampinen and
Zelinka, 2000).

2. Parameters and principles of the DE algorithm
The interpretation of DE described below is a DE/rand/1/bin scheme (Lampinen and
Zelinka, 2000). In this algorithm the processing of real integer or mixed integer/real integer
variables constituting a vector of variables of the optimised objective function takes place
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JX):R” — R,
X=(x1, ..., xp), X € R?

where X determines a vector consisting of D parameters of the objective function. Normally
each of parameters has its limits, lower and upper, respectively, ™ and x¥:
x,-(L) <x; ij(U), =1, .., D.

Like other evolutionary algorithms, DE manipulates a population, Pg, consisting of NP
real integer vectors Xjg, where I defines an individual belonging to the population but G
defines a generation (epoch) to which the population belongs:
PG =XYI',G: izl; tees NP, G=19 sy Gmaxa

Xr,',G =X4,i,Gs i=1, very NP, j=1, rary D,

On the basis of the existing variable limits, the initialisation of the initial (zero)

population occurs:

Py = x50 = rand, [0; 11%(x{9- x™yx®, =1, .., NP, j=1,...D,

where rand; [0; 1] is an uniformly distributed random variable within the limits [0.0; 1.0], that
is selected anew for each j and i Starting from the first generation, a set of vectors
(chromosomes) of the current population, Pg, participates in the selection and formation (on
the basis of random selection) of trial vectors for next population, Pgs;. A population of trial
vectors, P’+1=Uj; g+1=H;,+1, is created as follows:

Vii, G+ Xr3,6 +F*( Xrl,G ™ xj',,z,(,') IF rana},i[(); D<CR v j=k,
u. . —
ji, Gl
xj:iJG’

where =1, ..., NP, j=1,..,D;
k e {1, ..., D} is a parameter randomly selected one time for each i;
rl, r2,r3 € {1, ..., NP} are selected at random, but ri#r2+r3:i;
CR € [0; 1], F € (0; 1+].
Random indexes: ri, r2, and #3 are determined for each i (that is for each chromosome anew).
The task of index k is to prevent from the coincidence of v;g+; and x; . An example of the trial
vector generation is shown in Fig. 1. CR and F are control parameters of DE.

Control parameters of the algorithm: D, NP, F, and CR are assigned before the
algorithm starts working and remain constant until it stops (the standard procedure). The main
stopping criteria are the following: either achieving the time limit for the evolutionary solution

search or the situation when G=Gpax.
A population for the next generation, , Pg4s, is created of the current population, Pg,
and of a population of trial vectors, Uj g+, according to the following deterministic rule (see

also Fig.1):
J’_ Uierr= ujicer  IF fUigw) £ fiXic),

Xigr= -
XiG,-
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Current population

Nr. Fitness j=1 j=2 = j=4
Current vector ™7 521 0.13 0.76 0.53 0.79
= 2.65 0.99 0.30 0.61 0.74
i=3 143 0.58 0.05 0.78 0.03
=4 155 0.02 0.70 0.40 0.43
i= 1.61 0.61 0.58 0.11 0.32
i= 2.01 0.35 0.45 0.54 0.67

rl, r2, and r3 are chosen at random

@

;&f ri=2 | 0.99| 0.30] 0.61] 0.74]

Determination of the trial vector fitness
| Fitness | 1.77

—> [ 2= [ 002 0.70] 0.40] 0.43]
[ Vector of difference | 0.97] =0.40] 022 031
xF (mutation)
[ Weighted vector | 0.77] -0.32] 0.17] 025] §
s | r3=6 [ 0.35] 0.45] 0.54] 0.67 5
= g
| Noise vector | 1.12] 0.13] 0.72] 092 8
crossover — with probability CR a parameter from noise =
vector, otherwise — from a target vector k=
—>| Target vector | 0.13] 0.76] 0.53] 0.79] &
J kS
| Trialvector | 0.13] 0.13] 0.72] 079 8
3
o
&

<

Y Control parameters of DE
Selection (negative) : based on Dimension of vector 4
the fitness value, a target vector B —
. . opulation size 6
or trial vector is selected
P
Mutation rate 0.80
Crossover rate 0.50

Current population + 1
Nr. Fitness j=1 =2 =3 j=
i=1 1.77 0.13 0.13 0.72 0.79

[—

Fig. 1. Formation of individuals for the next population. The optimized function is f(X)=x,+Xa+%3+x4

From this rule it follows that selection in DE is of negative character as the worst
solutions are in essence removed and replaced by the best ones under compulsion. As opposite
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to it, the positive or standard selection foresees selecting pairs for crossover in the same way as
it happens, say, in simple genetic algorithms.

3. Case study
To make the experiments, a function of two variables was chosen (see Fig.2) that looks

_ 0.5 _ sin 2(\/;[2 + xf)— 0.

5
f G )= @ +o0.001 (P x?)f

It is evident that the global maximum of this function is at point (0, 0), that is f(0, 0)=1. Since
the task of DE will be to find just the maximum of the function, this solution (at the beginning
of co—ordinates) does not seem to be effective from the viewpoint of the task complexity. Due
to this the function was changed as follows:

like:

sinz[\/(xl ~18.171) + (x, +40.225)" ) ~0.5

fla2,)=05- (1+0.001 - ((x, ~18.171) + (x, + 40.225) ]

It means that the solution is a point (18.171, — 40.225).

Fig.2. Graph of function f(x), x2)

4. Experiments
The results of the experiments performed are given in Table 1. The space of search
(initialisation limits) for all the experiments and each variable are similar: XJU_):”‘G?).O,
%{V=63.0. The aim of each experiment was to increase the effectiveness of the algorithm based
on the results of the previous experiment. For this, the effectiveness of each (G+1)th iteration

was calculated by formula
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[Z f(X,-,GH)—ff(X,,G)}

By this expression one can determine an increment of the average fitness value, that is the
measure of effectiveness. Table 1, in its turn, shows average efficiency values for each of
algorithms, i.e. the mean result after 200 generations or after occurrence of the complete
convergence when the average fitness value equals the maximum value.

Table 1.
Control parameters and results of different DE
Algorithm | Results after 200 iterations
Experiment 1 (standard DE)
Size of population, NP 150 | Maximum fitness 0.99891
Mutation, F 0.9 | Average fitness 0.99026
Crossover rate, CR 0.9 1’st best result (generation) no
Complete convergence (generation) no
Average effectiveness values 0.34617
Expériment 2 {(standardDE) 7777
Size of population, NP 150 | Maximum fitness 1.00000
Mutation, F 0.5 | Average fitness 1.00000
Crossover rate, CR 0.5 | D’st best result (generation) 176
Complete convergence (generation) 185
Average effectiveness value 0.3713
Experiment 3 (standard DE)
Size of population, NP 50 | Maximum fitness 1.00000
Mutation, F 0.5 | Average fitness 1.00000
Crossover rate, CR 0.5 1’st best result (generation) 157
Complete convergence (generation) 165
Average effectiveness value 0.43744
Experiment 4 (modified DE)
Size of population, NP 50 | Maximum fitness 1.00000
Mutation, F ? Average fitness 1.00000
Crossover rate, CR 0.5 | Vst best result (generation) 125
Complete convergence (generation) 138
Average effectiveness value 0.53731

As a result of the first three experiments, the adjustment of control parameters of the standard
DE was made. More particularly, in the first and in the second experiment optimal values of
mutation and crossover rate have been derived empirically. Respectively, the mean
effectiveness in the second experiment was higher than in the first one. The third experiment
has shown a possibility of using a less population size (three times less) that also yielded an
increase in the algorithm’s effectiveness. The computational costs were also three times less. In
the fourth experiment the standard DE was varied. The variations produced a positive effect.
The operator modified was mutation, speaking more precisely, the size of mutation. In the
ordinary algorithm this is normally a constant value that is assigned for the whole time of
evolution process. In the last experiment the size of mutation was varied (a new value was
generated) every time when the value of effectiveness was dropping as compared to that at the
previous generation.
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5. Conclusions
The task of the DE algorithm effectiveness raise, set in this study, was solved both by
the standard and a new approach.

¢ Standard approach: adjustment of control parameters, CR, F, and NP.
s New approach: controlled variation of the mutation size, i.e. this is not a mutation constant
any more but the value adjusted by the algorithm itself.

It is natural that at this moment the “adjustability” of the algorithm is of dual character.
From the one side the algorithm knows for sure when to change the size of mutation (if the
effectiveness drops), from the other side, however, the variation made is of random character.
Practical results, however, show that the introduction of such additional randomness has the
advantage over the standard algorithm.

As a whole, based on the results of the study it is possible to conclude about the
possibility of using the adjustable mutation in DE instead of the existing standard (static)
operator. Further research in this area will be oriented towards the development of less
randomised mechanism of mutation size variation.
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JEDZIENU VISPARINASANAS ALGORITMA CORA SAVIENOSANA AR
LEMUMU KOKU GENERESANAS ALGORITMU C4.5
INTEGRATION OF CONCEPTS GENERALISATION ALGORITHM
CORA WITH DECISION TREE INDUCTION ALGORITHM C4.5

Eriks Tipans, Rigas Tehniska universitite, ASTF, Informicijas tehnologijas institiits
Lémumu atbalsta sistému profesora grupa, e—pasts: eriks@ibm.cs.ru.lv

Abstract. There are considered possibilities to create the new concepts generalization
algorithm in this paper, which would combine methods used in decision trees induction
algorithm C4.5 and concepts generalization by features algorithm CORA. The newly created
algorithm will be named CORA 4.5.

1. Ievads — algoritms CORA
‘ Blbhograﬁja kas veltita maksliga intelekta problémdm, ir pladi apskatiti dazadi
populari jédzienu visparinaSanas algoritmi (Imazys, 1987), tom@r jaatzist, ka pietiekosi plasu
popularitati nav guvis M. Bongarda 60. gados izstradatais algoritms CORA (Bongard, 1970),
kas veic jédzienu visparinaSanu, balstoties uz klasificgjamo objektu pazimju kompleksu
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atrafanu. ST ir interesanta ideja, jo tiek analizéts nevis katrs atribiits atseviski, bet gan to
kombinacijas jeb kompleksi.

Bongarda metodé apmaco$aja izlasé tiek meklétas tadas atriblitu vértibu kombinécijas
(nullu un vieninieku konjunkcijas), kas ir vismaz K reizes atrodamas viena klasé, bet nav
atrodamas citas klas€s (vai otraja klasg, ja ir tikai divas klases). Ja §ada kombinacija ir atrasta,
to sauc par pazimi. Kombinacijas var biit pa diviem, pa trim vai vairak atribfitiem, to nosaka
maksimalais uzdotais garums 1. Pazime, kura raksturo vairak piemérus, ir stipraka. Atrastis
pazimes tiek apvienotas ar disjunkeijas palidzibu, tadgjadi veidojas parkigjums, kas raksturo
o klasi. Veicot objektu klasifikaciju, ir jaaprékina parkidjuma veértiba. Ja ta ir 1, tad objekts
pieder klasei, ko raksturo §is parklajums, ja 0 — tad nepieder.

Jeédzienu visparinaSanas algoritms CORA sp& darboties tikai ar bindram atribiitu
vértibam. Pétljuma mérkis ir izstradat algoritma CORA modifikéciju, kura spétu darboties ka
ar daudzam diskr&tam atribfitu vertibam, t& arl ar nepartrauktam atriblitu vertibam. Tapat tiek
planots algoritmd CORA ieklaut mehanismu darbam ar nezinimam atribitu vértibam. Sis
iesp&jas tiek planots realizét lidzigi, ka tas ir algoritma C4.5.

2. Algoritms C4.5

C4.5 algoritms ir R. Kvinlana (Quinlan J.R., 1992) izstradats algorits [8mumu koku
konstruéSanai, kas faktiski ir Kvinlana iepriek§ izstradata algoritma ID3 pilnveidots variants.
Savukart algoritms ID3 tika balstits uz Hanta izstradato algoritmu CLS (Concept Learning
System). Pa§laik visi lidziga tipa algoritmi tiek dévéti par ID3 tipa algoritmiem.

Algoritma apmacoSais mehanisms caurskata apmacoSo pieméru kopu un konstrug to
1émumu koka veida, kas ir ekvivalents disjunktivu likumu kopai. Lémumu kokam ir tada
struktiira, ka katrai koka “lapai” ir attieciga mérka vértiba (klase), savukart koka sazaro$anas
notiek mezglos, kuros tiek parbauditas atriblitu vértibas. Algoritma ID3 Kvinlans ieviesa
informécijas teorijas heiristiku — entropiju jeb informacijas meéru, kas lava izlemt, ka
jasazarojas kokam (kur§ atribiits japarbauda) katrd lémumu koka veidoSanas stadija. Tas lava
ieglit mazakus un lidz ar to efektivakus l€mumu kokus. Jo lieldka ir atribiita entropija, jo
mazaka ir iesp&a noteikt ta izraisitds sekas. Tade| jamégina sakirtot atribfitus entropijas
pieaugganas secibd, lémumu koka (un vélak apakskoka) saknes virsotng novietojot atribiitu ar
vismazako entropiju.

Originalais ID3 algoritms vélak tika dazados veidos pilnveidots ar mé&rki uzlabot ta
spéju darboties ar tadiem uzdevumiem k& trokSpaini dati, inkrementala apmdciba, koku
apcirplana (pruning) u. c., ka rezultdtd tika izstrddats ta péctecis C4.5. Algoritmd C4.5 ir
iestradats koka apcirpSanas mehanisms. L8mumu koka apcirpSana padara 18mumu koku
vienkar§aku. Apcirpts (vienkarfots) 18mumu koks parasti spgj labak klasificgt apmaciba
neizmantotus piemerus, it seviski trok$painds vidés. C4.5 algoritma ir iestradats arT mehanisims,
kas veic lémumu koka dekompile§anu produkcijas likumos.

C4.5 algoritmd entropijas vietd tika ieviests cits krit€rijs koku sazarojo3a atribiita
atraSanai. Tas ir ieguvuma kritérijs (gain ratio criterion). Daudzos gadijumos 8is kriterijs lauj
iegiit efektivakus [Emumu kokus.

3. Algoritms CORA 4.5
Lidz ar to darba mérkis ir radit jaunu jédzienu visparina$anas algoritmu, kas sevi
apvienotu lémumu koku konstru@Sanas algoritmd C4.5 un j&dzienu visparindSanas péc
pazimém algoritmd CORA izmantotds metodes. Jaunizveidotajam algoritmam tiks lietots
nosaukums CORA 4.5.
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Pateicoties $adai “sakrustoSanai”, algoritms CORA 4.5 -at$kiribad no parasti algoritma
CORA
1) spés darboties ar daudzam atribltu vértibam, ne tikai bindram;
2) spés darboties ar nepartrauktam atribltu vértibam,;
3) darbosies ar nezinamam atribiitu vértibam,
4) izmantos jeguvuma kritériju (gain ratio criterion) vertigako pazimju atraSanai.

At8kiriba no algoritma C4.5 algoritms CORA 4.5, veidojot j&édzienu visparinajumus,
izmantos nevis atseviSku atribiitu v8rtibas, bet atribiitu kompleksus jeb pazimes, kas dzi]ak
atspogulo vispdrindmas koncepcijas jégu, tadgjadi radot cilvekam—ekspertam labak
saprotamus secinaSanas likumus.

4. Nobeigums
Turpmakajos petijumos ir paredzets augstak minétas teortiskds idejas realizét praksé,
izveidojot funkciongjosu CORA 4.5 datorprogrammu. Tas dos iesp&ju empiriski salidzinat
‘algoritmu CORA 4.5 ar ta priekSteCiem — CORA un C4.5, k3 ar ar citiem j&dzienu
visparina$anas algoritmiem.
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ANALYSIS OF THE REASONING LOGIC VIOLATION IN DECISION
MAKING

SPRIEDUMU LOGIKAS PARKAIjéANAS ANALIZE LEMUMU
PIENEMSANA

Oleg Uzhga—Rebrov, Rezekne Higher Educational Instituition, Rezekne, Latvia

Abstract. This study deals with reasoning logic in decision making. Three major classes of decision
making theories are outlined. Possible situations in which preference misrepresentation might take place are
analyzed. The reasons for the violation of reasoning logic are examined and possibilities of overcoming it are

considered
Keywords: decision making, choice situation, preferences, reasoning logic.

1. Introduction

Making decisions in any kind of human activity is associated with the evaluation of the
outcomes of alternative courses of actions and subjective preferences of the decision maker.
Subjective judgements made by human beings can represent actual realities of the external
world with different degree of adequacy. Subjective misrepresentation of the real state of
things can be due to partialities of various kind. Some kinds of partialities are briefly examined
in [Uzga—Rebrovs, 2000]. The present paper presents a detailed analysis of the reasons for
possible violation of the logic of reasoning in decision making. The paper begins with a brief
characteristic of the main classes of the decision making theory. Further sections analyze
possible situations in which preference misrepresentation might take place. Based on the
analysis, a conclusion is made that the considered reasons for preference misrepresentation
cannot make a basis to revise fundamental decision making theories. The existing difficulties
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can be overcome successfully through a more strict analysis of the initial situations of decision
making and the development of additional decision analysis methods so as to take into account
the uncertainties of probabilistic evaluations.

2. Analysis of basic decision making theories

Every decision making theory is aimed to develop the rules to choose a decision,
optimal in a given sense, from the initial set of alternative decisions. The concept of optimality
is related to the preference system of the decision maker in the set of outcomes of alternative
decisions.

The whole set of decision making theories can be divided to three large classes:
descriptive, normative and prescriptive theories.

A descriptive theory tries to describe the world as it is. Its quality is determined by the
space over which it accurately characterizes and predicts the behavior of real—world systems.
All the theories describing the physical behavior of natural systems are descriptive. The role of
descriptive theories in decision making processes is, however, rather limited. Since decision
making is a conscious act, the role of descriptive theories is reduced to the description and
analysis of common empirical regularities of human being behavior in choice situations.

The main role of normative theories is to establish such rules that would lead to a
logically validated and consistent choice of decisions. Normative theories are axiomatic. Based
on the system of axioms established, theorems and choice rules are produced. The most
widespread is the expected utility theory based on the von Neumann—Morgenstern axioms
system [von Neumann and Morgenstern, 1953).

Special role in decision making is played by prescriptive theories. These theories try to
explain how people make decisions on the basis of the normative theory accepted. In general
case, conclusions of prescriptive theories have rather inconsistent nature. On the one hand,
they aim to approach strict normative theories. On the other hand, a tendency can be seen to
lessen the demands of normative theories when applying them to solve specific problems.
Should be regarded as successful the definition of Keeney [Keeney, 1996] stating that
descriptive theories are different approximation extents of normative theories.

The system of axioms underlying any normative theory is based on the common and
consistent logic of human reasoning. However, due to factors either not considered or
misinterpreted, the logic of reasoning might be violated. This yields very unpleasant
consequences in choosing decisions. In what follows, the factors disturbing the normal choice
of decisions are analyzed.

3. Non—taking into account ali the initial information

To demonstrate possible violation of the logic of reasoning in decision making, various
specific choice tasks were developed. This section examines one problem of this kind, the
Allais problem. Various versions of this problem exist. Here a version suggested in [Howard,
1996] is considered. Suppose an individual has the chance to win a large sum of money under
the following conditions. According to the toss of a coin he will receive an opportunity to act
either in situation A, or in situation B. If the individual gets in situation A, he will choose
between two deals, deal D1 and deal D2. Deal D1 is associated with receiving a sure 1,000,000
conditional monetary unit (c.m.u.). With deal D2 the individual will have a 10% chance of
winning 5,000,000 c.m.u., an 89% chance of winning 1,000,000 c.m.u., and a 1 percent chance
of winning nothing. If the individual is in situation B, he will have to choose between deal D3
and deal D4. Deal D3 has a 10 percent chance of winning 5,000,000 c.m.u., and a 90 percent
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chance of winning nothing. Deal D4 has an 11 percent chance of receiving 1,000,000 c.m.u.
and a 89 percent chance of winning nothing. Figure 1 shows decision trees for the possibilities
arising in both choice situations.

Which action courses will the individual choose in both choice situations? It was found
empirically that most of individuals prefer deal D1 in situation A and deal D3 in situation B.
Such choices can be regarded as validated from the point of view of risk averse individuals.
However, from the viewpoint of the expected utility theory (or in a simplified form, on the

D1 1,0
: 1,000,000 c.m.u.
Situation A 0,1 5,000,000 c.m.u.
[Q D2/ 089
/ 1,000,000 c.m.u.
< 0,01
0
D3 0.1 5,000,000 ¢.m.u.
0,9 0
Sttuation B D4 0,11 1,000,000 c.m.u.
0,89 0

Figure 1. Decision trees representing choice situations in the Allais problem

basis of the expected win maximization) both choices are erroneous. This is because the
individuals choose deals given that the choice situation is known. The fact that choosing each
situation is a random event is not taken into account. According to any normative decision
making theory, the evaluation and choice of actions must be performed on the basis of the
complete prior information. A real initial choice situation is presented in Fig.2.

D1 1.0

0.5 01 1,000.000 c.m.u.
fuat ' 5,000,000 c.m.u.
Situation A {é D2 089 000000

001 .

D3 0.1 5,000,000 c.m.u.
05 0,9 .
Situation B D4 0,11 1,000,000 c.m.u.,
0,89 .

Figure 2. Initial choice situation in the Allais problem
Let us compare in pairs course actions related to different choice situations (see Fig. 3).
A simple analysis shows that a pair of deals, D1 and D3, preferred by most individuals gives

the same results as a pair of deals, D2 and D4. Common sense let the individuals down
because they did not take into account all the initial information.
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Figure 3. Possible choice strategies in the Allais problem

4. The Ellsberg problem

This famous problem requires people to express preferences for the case when the
chances of events are uncertain. An urn B contains 90 balls of which 30 are red and 60 are
either blue or yellow. The proportion of balls of each color is unknown. An individual is
presented the following choice situation. According to the toss of a coin, one of two choice
situations, A or B, is determined. After that a ball is drawn from the urn. The payoff schemes
are shown in Fig.4.

Which scheme will the individual prefer in each situation? It was found experimentally
that most people prefer to play with payoff schemes Al and B1. This happens because the
proportion of blue and yellow balls in the urn is uncertain.

A strict analysis of the conditions of the task provides very interesting results.
Regarding the composition of blue and yellow balls in the urn, different suggestions can be
made. For example, it can be assumed that all the balls are blue or all the balls are yellow. It
can also be assumed that the number of yellow and blue balls is equal. In the general case it
can be shown that any reasonable suggestion about the distribution of blue balls produces the
mean number of those balls equal to 30. From this it follows that the probability of a blue ball
must be equal to 1/3. Then the probability of a yellow ball is also 1/3.
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Ball drawn
Red Blue Yellow
Al
Situation A 100 c.m.u. 0 0
A2 0 100 c.m.u. 0
Ball drawn
\\ Red Blue Yellow
Situation B Bl 0 100 c.m.u. 100 c.m.u
B2 | 100 c.m.u. 0 100 ¢c.m.u.

Figure 4. The payoff schemes in the Ellsberg problem

In many real—world decision making tasks it is frequently conditionally assumed that
all these probabilities are equal provided that the probabilities of uncertain events are
unknown. This assumption is neither worse and nor better than any other assumption in the
case of complete lack of information.

For the task in question, the probabilities of balls of each color turn out to be equal
Hence, the individual must be indifferent between Al and A2 or Bl and B2. A shift in
preferences occurred due to the intuitive aversion of the uncertainty about the chances of the

events.

5. 'The problem of the umbiased decision choice

To understand the essence of this problem, let us consider an illustrative example.
Suppose a lady has a unique jewelry collection inherited from her grandmother. She has
decided to present it to one of her nieces who are twin sisters. The problem is to decide to
whom the present should be given, since they both are equally attractive to her. In the long run,
the aunt has made the Solomon decision. She decided to flip a coin to determine a candidate
for the present. Was she right committing her choice to the blind fate? From the point of view
of impartiality her reasoning logic is irreproachable. However, this is not the case from the
viewpoint of the nieces. If the mechanism of choice is unknown to the sisters, one of them will
feel unfairly offended.

This random mechanism of choice is frequently employed in real-life situations. For
example, a candidate for a vacant position can be chosen with the help of this mechanism. The
candidates, however, might oppose it seriously. Let us consider an row example. A burglar
determines which of two banks to rob according to the toss of a coin. He may consider his
choice correct. However, his choice will fairly be regarded as true from the point of view of
the bank robbed.

Summing up all the aspects of thlS kind of choice, the following conclusion has to be
made. The random mechanism of choice not based on the decision maker’s preferences cannot
be regarded as successful. If the ourcome of the choice somehow touches the interests of
individuals, certain ethic and other problems can arise. The decision maker may be given
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recommendations to incorporate additional evaluation criteria on the basis of which a
unambiguous and validated choice can be made.

6. Conclusions

Normative decision choice theories, in particular, the expected utility theory, or
expected outcome evaluation theory, have proved their validity in numerous case studies.
These theories are based on simple and logically validated axioms. The reasoning logic of
rationally thinking people in most cases is subject to the demands of those theories.

Certain violations of reasoning logic can be due to different reasons. Some of the
reasons are examined in this paper. The Allais problem illustrates visually where ignoring a
part of the initial information could lead. In the Ellsberg problem the preferences of the
individual are heavily influenced by the uncertainty regarding the chances of random events.
Finally, it should be noted that a special class is made of choice tasks in which the decision
maker is indifferent with regard to alternatives.

Attempts to develop alternative normative decision choice theories have been made so
as to overcome the above difficulties. These theories, however, suffer from conceptual
shortcomings [Sarin, 1996]. The difficulties outlined can be overcome by sufficiently simpler
techniques. Say in order to avoid the choice situation similar to that considered in the Allais
task for the experienced analyst.

As regards the uncertainty of the probabilistic evaluations, it cannot be avoided in
principle provided the necessary information is missing or is incomplete. It can, however, be
concerned correctly with the help of the suitable choice function. Two prescriptive approaches
of this kind are examined in [Sarin, 1996].

If the decision maker is indifferent in choosing the alternatives, the problem is not in
the decision making theory but in the decision maker himself. The preferences of the
individual can always be shifted towards the unambiguous choice by incorporating additional
evaluation factors.

From this it follows that the considered problems cannot be a reason to revise the
existing normative decision making theories. It is quite enough with the validated corrections
of the theories that are of prescriptive nature.
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WEB BAZETU INFORMATIVO SISTEMU IZSTRADE

(TALMACIBAS INFORMATIVA SISTEMA)
DEVELOPMENT OF WEB-BASED INFORMATION SYSTEM
(DISTANCE EDUCATION INFORMATION SYSTEM)

Tmants Zilvinsksis, BPU datortildu administrators, SIA “INFO” projeltu vaditajs
Parades 1 — 401, Daugavpils, LV5400, e—pasts: imants@from.lv, Talr./fax. 54—25321

Abstract. The paper describes Distance Education Information System. The aim of the
system is lo provide effective information exchange belween teachers and students and 1o store
information about students progress marks. Based on theoretical knowledge and practical
experience tasks for such on information system are described, as well as possible ways of
implementation and the real product — Distance Education Information System.

Tiek uzskatits, lai izveidotu un ieviestu kadu nopietnu informativo sist&mu ir vajadzigi
lieli cilvéku un materislic resursi. Saji referdta tiek prezentSta “Talmicibas informativa
sistéma”.

Internets ir globdla informacijas magistrale, kas savieno savd starpd dazddas
datorsisttmas. Un vienas no plafak izmantotajam Internet tehnologijam patreiz ir HTML
(HiperText Markup Language). ST valoda ir vienlidz labi saprotama daZadas vides - Windows,
Linux, Mac utt., tas Jauj operét ar datiem neatkarigi no datoru tipa. Un mehanisms, kas to
nodroSina, ir Interneta parlikprogramma (klienta pus€) un HTTP—serveris.

Internetd ir liels daudzums potencialo informacijas patérétiju, ki arl ir loti daudz
potencidlu autoru. DiemZzé! liela dala autoru laika trikuma dé|, kd ari pateicoties tam, ka
HTML valoda nav sarezgita, bet tomér ir vajadzigs laiks tas apgiifanai, Internetd nepublicéjas.

Dalgji $o problému varétu atrisindt, izmantojot HTML redaktorus, kas lauj autoram
publicét informéciju nemaz neiedzilinoties HTML uzbiivé. Bet tik un {3 jautdjums netiek
atrisinats pilniba. Autora galvenais uzdevums ir sagadat un publicét informaciju, neriip&joties
par t3s pareizu noforméSanu. Ar §is problémas risind$anu nodarbojas gan lielas informaciju
tehnologiju kompénijas, gan atseviski individi. Diemz&l ir jaatzist, ka lielo kompaniju
piedavatie risingjumi ir dargi un bieZi vien programmatiiras potenciéls netiek pilniba izmantots.

Galvenais veidojamas sistémas uzdevums ir

e iespEja caur Interneta parlikprogrammu papildinat informacijas datu bézi;

o automadtiski generét HTML~lappuses, bazgjoties uz informacijas datu bazi,

o nodroSinat lietotdja iesniegtds informacijas aizsardzibu pret nepiedero$am
personam.

Viens no uzdevumiem, kas tika risinats, ir TIS (t&8lmacibas informativas sisi€mas)
izveide.

Téalmacibas definicija. Talmaciba — izglitibas ieguves neklatienes formas paveids, kuru
raksturo ipa8i strukturgti macibu materidli, individuals maciSands temps, Tpaéi organizéts
izglitibas sasniegumu novertejums k& arT dazadu tehnisko un elektronisko sazinas Itdzeklu
izmantoSana.

K@ darbojas talmaciba? Pasniedzgjs izsiita macibu kursu ar kontroles darbu studentam.
Students patstavigi apglist sanemto mécibu kursu un ki apliecindjumu tam, ka ir macibu kursu
apguvis, izsiita. izpilditu kontroles darbu savam pasniedzgjam. Pasniedz8js savukart to
parbauda un, ja kontroles darbs ir piepemams, tad to ieskaita un izsiita nakamo macibu
materialu. T2 tas turpinds, kamer nav iziets viss macibu kurss.
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Viss biitu normali, bet, ja pie pasniedz&ja talmacibas kursu klausas vairak nekd viens
students. Nemot véra, ka katrs students var macities tad, kad vig¥ to vélas — viens var apgit
péris nodarbibas nedglas laika, cits savukart vienu nodarbibu — divu nedglu laikd. Paradas
probl&mas kvalitativa pasniedzgja laika sadalg, ka ar1 preciza studentu apgiitas vielas uzskaité.

Risingjums $ai problémai ir TIS izveide, kur biitu iespéjams operativi atrast katra
studenta panakumus talmacibas kursa apgiiSana, citiem vardiem — spét veikt operativu studentu
uzskaiti un administréSanu. Sist&mai jaspgj nodrosinat &rtu lietofanu ne tikai pasniedzgjam, bet,
pirmam kartém, tai jabilt &rtai talmacibas kursa studentiem.

Kadas prasibas tiek izvirzitas TIS.

Visparégjas:

e datu drosiba;

e grtums,;

¢ atrums;

¢ nepartraukta darboties sp&ja 24 stundas diennakti 7 dienas nedé]a;

e minimala iejaukSanas no sistémas administratora puses.

Pasniedzgja prasibas:

e nodrodinat lekciju &rtu un vienkarsu vienreiz&ju publicéSanu;

e nodro$indt parbaudes laboratorijas darbu &rtu un vienkdr$u public€Sanu,
parbaudes laboratorijas darbu atbilZu &rtu un vienkar$u sapemsanu un vért€sanu,
iespg&jams, procesu automatizgjot;

o vieglu studentu uzskaiti un konsultacijas iespgjas.

Talmacibas kursu studgjosa prasibas:

]

Erta un vienkarsa lekciju sapemsana;

érta un vienkdrS§a parbaudes laboratorijas darbu sagemfana un atbildes
publicéSana;

érta un vienkarSa savu sekmju kontrole.

Veidojot talmacibas informativo sistemu, tika nemti v&rd $adi pamatnoteikumi:

zemas ievieSanas izmaksas;
sistémas stabilitate;
érta sistémas administr&$anas un paplafindsanas iespgjas.

TIS sistéma izveid€ izmantojamie resursi:

@
®
@
®

OS Linux — operacionala sistéma, bezmaksas;,

Apache — web—serveris, bezmaksas;

PHP -~ dinamisko lapu generé$ana, bezmaksas;

PHPLib — PHP funkciju biblioteka - atvieglo programmas veido$anu darba ar
datu bazém, bezmaksas;

MySQL — datu bazu serveris, bezmaksas.

Nemot véra, ka PHP, PHPLib un MySQL ir pieejami arT Windows tipa sistémam, tad
parieSana no viena tipa operacionalas sistémas uz citu prasa minimalu koriggSanu programmas
koda. Lai TIS varétu darboties ir izveidots $ads dalijjums: programma sastav no kursiem, kursi
sastav no nodarbibam. Katra nodarbiba ietver sevi lekciju, laboratorijas darbu, nodarbiba
jeglito zina¥anu testu. Piem&ram, programma MS Office, kurss Word, nodarbiba “Darbs ar

tabulam”.

Dotaja TIS sistéma ir paredzgti 4 tipa lietotaji: administratori, moderatori, pasniedzé&ji,
studenti. Zemak tiek aprakstitas katra tipa lietotdja tiesibas.
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Administrators:
e moderatoru, pasniedz&ju, studentu registréSana sistéma;
¢ programmu izveide;
¢ kursu izveide: lekciju, laboratorijas darbu uzdevumu ieldde, testa jautjumu
ievade, studentu zina$anu kontrole;
e studentu pievieno§ana programmai.
Moderators:
e pasniedzgju, studentu registrésana sistéma;
® programmu izveide;
o kursu izveide: lekciju, laboratorijas darbu uzdevumu ielade, testa jautdjumu
ievade, studentu zinaSanu kontrole;
o studentu pievienoSana programmai.
Pasniedzgjs:
e kursu izveide: lekciju, laboratorijas darbu uzdevumu ielade, testa jautdgjumu
ievade, studentu zind8anu kontrole;
¢ studentu pievieno$ana programmai.

Students:
¢ lekciju un laboratorijas darbu lejupielade, laboratorijas darba atbildes ielade,
tests;

® iesp&ja nepartraukti kontrolét savas sekmes.

TIS ietvaros izveidotas zinu listes, kas nodro$ina studentam nosftit savu zinu visiem
kursa apguvgjiem, kursa pasniedz&am, programmas moderatoriem, ki arT to pa$u var darit
pasniedzgji, moderatori un administratori. Lekciju, laboratorijas darbu un to atbilZu
publicé$and netiek izmantots HTML. Visas lekcijas var tikt veidotas Word vai PDF formata.
K4 obligats nosacTjums ir ieldd&jama materidla saarhiv&Sana, tas saistits ar to, ka ne visiem TIS
esoSiem un potencialiem lietotdjiem ir pieejams patstivigs Interneta pieslégums, vai ari tas nav
kvalitativs. ‘

Patreiz TIS ievieSana tiek pabeigta Daugavpils Pedagogiskaja universitdté, notiek
sistémas testé$ana, kliidu labo3ana. Paredzams, ka ar 1. septembri sistéma jau vars registrét
pirmos DPU talmacibas kursu klausitajus.

Secinajami. TIS ievieSana |auj nodro3inat neierobeZotu tdlmacibas kursu skaitu, to
uzskaiti un administréSanu. Sist&ma atbrivo pasniedz&ju no licla daudzuma licka darba:
pasniedzgjam javeic tikai vienreiz€ja lekciju, laboratorijas darbu, testa jautdjumu ielade.
Darbiba sistéma notick caur visiem labi pazistamu Web interfeisu.
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