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KOKSNES RESURSU EFEKTIVA IZMANTOSANA UATVIJAS
ENERGETIKA
EFFICIENT USE OF WOOD RESOURCES ON THE POWER INDUSTRY OF
LATVIA

Antra Kundzina , Ugis Sarma
1R1gas Tehniskas universitates Siltuma, gazes un Gdens tehnologijas institats
Azenes 16/20, Riga, LV-1048, Latvija; +(371)29411618, e-mail: antrak@latnet.lv
2R1gas Tehniskas universitates Vides aizsardzibas un siltuma sistému institQts
Kronvalda bulvaris 1, Riga, LV-1010, Latvija

Abstract. The aim of the paper is to determine the potential of energy-efficiency in the production of
the -wood resources. The beginning of the paper provides a short review of the existing situation as well as a list
of main problems in wood resource usage in the power industry of Latvia. A special attention is paid to large
amounts o ffuelwood exports. The paper gives information on the potential o ffuelwood and its distribution.

The result of the research is the calculation ofpotential wood resource savings resultingfrom energy-efficiency
increase activities in heat sources, heating mains and consumer systems, which are already run usingfuelwood.
As a result ofenergy-efficiency activities in the heat energy production process, it is possible to save up to even
4.2 million MWh ofwoodfuel.

At the end, approximate calculations of emission savings in case of the utmost efficient wood usage have been
carried out.

Keywords: wood, fuelwood, energy balance, efficiency, district heating

Koksne Latvijas energobilancé
Latvija ir viena no mezainakajam valstim Eiropa, jo mezi aiznem 45% no kopéjas teritorijas.
Kopéja meZu platiba ir 2,95 miljoni ha - vidéji 1,23 ha meZa uz katru iedzivotdju, kas ir 4,5
reizes vairdk neka vidéji Eiropa [6].
Nozimigu vietu kopéja koksnes patérina bilancé ienem kurinama (energétiska) koksne, kuru
paslaik izmanto energétikd galvenokéart siltumenergijas razoSanai. Kogeneracijas procesa
koksne tiek izmantota atseviSkas nelielas jaudas iekartas, un tas izmantoSanas apjomi ir nelieli
(aptuveni 200 tokst, m gada [3]).
Koksnes Tpatsvars 2005.gada Latvijas primaro energoresursu bilancé bija 29,1% no kopéja
energoresursu un 46,4% no kurinama patérina [4;5], Koksne tiek izmantota visa veida
(centralizétaja , lokalaja un individualaja ) siltumapgade [1].
Vislielakais koksnes izmantoSanas Tpatsvars ir majsaimniecibas, kas izmanto aptuveni tadu
pasu apjomu koksnes kurinama ka centralizéta un lokala siltumapgade kopa.
Paslaik energétika pamata tiek izmantoti $adi koksnes veidi [8]:
- malka;
- mezistrades atlikumi;
- kokapstrades blakusprodukti - Skelda, skaidas, mizas, gabalatlikumi, koksnes putekli;
- specialie produkti - briketes, granulas, kokogles.3

1Centralizéta siltumapgade (parveidoSanas sektors) - siltumavota/vairaku siltumavotu, magistralo un sadales
siltumtiklu un patérétaju iek$éjo sistému tehnologiski vienota sistéma, kas nodroSina patérétaju apgadi ar
siltumenerdiju noteikta teritorija, transportéjot siltumenergiju lielos attalumos.

2 Lokala siltumapgade - siltumavota un patérétaja/patérétaju siltumenergiju izmantojoso iek$éjo sistému
tehnologiski vienota sistéma, kur siltumenergijas piegadei nav nepiecieSami magistralie tikli, t.i., siltumenergija
no siltumavota ar vai bez sadales siltumtikliem tiek sadaltta un piegadata patérétajiem.

3 Individuala siltumapgdde (majsaimniecibas) - atseviSkas majsaimniecibas (dzivokla, privatmajas)
siltumapgade.

u


mailto:antrak@latnet.lv

O Centralizeta siltumapgade
m | okala siltumapgade
O Individuala siltumapgade

51%

1.attéls. Koksnes izmantoSana energétika

Kop$ 20.gs.90.gadu vidus kurinama koksne tiek eksportéta arT uz dazadam Eiropas valstim,
un koksnes eksporta apjomiem ir pieaugos$a tendence.

Kurindmas koksnes eksporta apjomi gandriz divas reizes parsniedz parveidoSanas sektora
(katlu majas un kogeneracijas stacijas) patérinu, un tie varétu bat viens no potencialajiem
avotiem nepiecieSamajam koksnes izmantoSanas apjomam kodeneracija, ka ari parejai no
fosilajiem kurinamajiem uz atjaunojamajiem. NoteicoSais faktors koksnes eksportam vai
izmantoSanai uz vietas ir un ari nakotné bas koksnes kurindma cena.

2.attéls. Energétiskas koksnes izmantoSana Latvija

Energétiskas koksnes resursu potencials Latvija
Latvija pédéjo 10 gadu laika ir veikti vairaki pétijumi par koksnes resursu izmantoSanas
potenciala novértésanu [2]. So pétijumu rezultatu vidéjo datu kopsavilkums dots 1.tabula.
Zemaka potenciala novértéjuma robeZa ir mazaka neka jau tagad energétika gada patérétais
koksnes resursu apjoms (16,5 milj. MWh jeb 8,8 milj. m3 [3]), neieskaitot eksportéto
daudzumu - 6,8 milj MWh jeb 3,6 milj. m3 [3] (skat. KlGda! Nav atrasts atsauces avots.),
savukart pasreizéjais energétiskas koksnes izmanto$anas apjoms kopa ar eksportu sasniedz

kurinamas koksnes potencidla augsejo robezu.
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1.tabula
Kurinamas koksnes potencials

Kurinamas koksnes veids F"o.ten.cials, Potencials, P(?t_encials,
milj. ni gada PJ milj. MWh

Malka (mazvértigie apalie cirsmas sortimenti) 1,8-2,4 12-16 3,3-4,5
Mezizstrades atlikumi (koka vainaga dala 1,8-2,7 12-18 3,3-5,0
cirsmas, jaunaudzu kopsana)
Koksne no krimajiem 0,3 -0,75 2-5 0,6- 1,4
Celmi 01-0,4 0,7-3 0,2 -0,7
Ikgadéjais dabiskais atmirums ~0,3 ~15 ~0,6
Kokapstrades atlikumi 1,6-4,5 14-37 3,0-84
Otrreizéja koksne atkritumu izgaztuveés ~0,3 ~15 ~0,6
Kopa 6,2 -11,35 44,5 - 82,5 11,5-21,1

Tas nozimé, ka koksnes izmantoSanas ilgtspéjibas nodroSinaSanai nepiecieSams, lai tas ieguve
neparsniegtu koksnes resursu atjaunoSanas iespéjas. Tapéc vispirms nopietna uzmaniba batu
japievers koksnes pilnigakai, efektivakai un racionalakai izmantoSanai esoSajas sistémas, kas
izpauZas Sadas darbibas:

- efektivitates paaugstinasana siltumenergijas razo$anas procesa;

- efektivitates paaugstinasana siltumenergijas parvades proces3;

- efektivitates paaugstinaSana pie patérétajiem.

Saja darba tiek apskatits kurinamas koksnes ietaupijuma potencials siltumenergijas razo$anas
procesa, jo tas viscieSak saistits ar koksnes tieSu izmantoSanu, ka art ir salidzino$i vienkarsak
realizéjams neka, pieméram, efektivitates paaugstinaSana pie patérétajiem. Siltumenergijas
razoSanas efektivitates paaugstinaSanai nepiecieSams ieviest modernas, efektivas, musdienu
prasibam atbilsto$as tehnologijas, kas ir siltumenerdijas raZotaja (lielakoties gadijumu -
uznémuma) uzdevums. Siltumapgades uznémumos galvenais Skérslis energoefektivitates
pasakumu realizacijai ir lielas investicijas, kuras piesaistit kavé patérétaju (pamata
majsaimniecibu) zema maksatspéja, kas daudzviet nelauj paaugstinat siltumenergijas tarifu.
Tomér uznémumiem pastav iespéjas sanemt Eiropas Savienibas fondu, dazadu vides
aizsardzibas fondu (Vides investiciju fonds, Latvijas Vides aizsardzibas fonds u.c.), ka arT
Valsts Investiciju programmas Itdzeklus, kas atvieglo So procesu.

Problémas energoefektivitates pasakumu realizacijai pie patérétajiem ir majsaimniectbu
sektora, kur privatizéto dzivoklu TpasSnieku sabiedribas veidojas loti Iéni, un majsaimniecibu
zemas aktivitates dél ir apgratinata Iemumu pienem3Sana par energoefektivitates pasakumu
istenoSanu tam piederoSajas ékas. Eku energoefektivitates pasakumu ievieSanu kavé
majsaimniectbu zema maksatspéja, kas vienlaikus rada papildus apgratinajumu arf IéEmuma
pienemSanai par So pasakumu realizaciju éka. Problémas rodas art tad, ja viend éka atrodas
vairaki siltumenergijas lietotaji (dzivoklu Tpasnieki) - fiziskas un juridiskas personas. Turklat
nav viennozimigi definéta robeza starp siltumenergijas piegadataju un lietotaju, k& arl starp
lietotaju un iekS$€jo sistému apsaimniekotaju [1].

AtseviSks jautajums kurinama efektivas izmantoSanas veicinaSana ir koksnes izmantoSana
kogeneracijas procesa.

Energoefektivitates potenciala aprekins
Energoefektivitates potenciala aprékinaSanai izmantoti Latvijas oficialas statistikas dati
(pamata Latvijas energobilance) un to analizes rezultati apskatamajos sektoros.
Latvija centralizétas siltumapgades sistémas tiek sarazotas 8,6 miljoni MWh siltumenergijas
un 1,5 miljoni MWh elektroenergijas, un $aja procesa tiek patérétas aptuveni 14,9 miljoni
MWh kurinama [3;4j. Vidéja energijas razosanas efektivitate Latvija ir 68,2%, kas ir loti
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zems raditajs, nemot véra to, ka modernas dabas gazes un naftas produktu katlu majas
kurinama izmanto8anas efektivitate parsniedz 92%, cietd kurinama katlu majas - 85%, bet
kogeneracijas stacijas - 80%. legatie rezultati nordada uz lielu potencialu kurinama
energoefektivitates paaugstinaSanas joma.

Ta ka uz doto bridi kogeneracijas stacijas pamata tiek izmantota dabas gaze, tad attieciba uz
koksnes izmantoSanu centralizétaja siltumapgadé var tikt apskatitas katlu majas. Katlu majas
tiek sarazotas 4,5 miljoni MWh siltumenergijas un patéréts 7,25 miljoni MWh kurindma, no
ka var secinat, ka katlu maju vidéja razoSanas efektivitate ir 62,3%. Japiezimé, ka zema
efektivitate parsvara ir tieSi katlu majas, kuras ka kurinamo izmanto koksni. Ta ka dabas
gazes un naftas produktu katlu majas siltumenergijas razoSanas efektivitates raditajs ir
augstaks par vidéjo, tad var secinat, ka koksnes katlu majas tas ir zemaks par vidéjo, un, ka
rada prakse, daudzviet ir 50% un pat zemaks.

Lokalajas un individualajas siltumapgades sistémas kopa tiek patéréti 22,8 miljoni MWh
kurinama, bet sarazotais siltumenergijas apjoms netiek uzskaitits un apkopots oficialajos
valsts statistikas datu krajumos. Tomér, ka rada prakse, var pienemt, ka siltumenergijas
razoSanas efektivitate ir ITdziga ka centralizétajas siltumapgades sistémas.

2.tabula
Kurinamo patérini dazadas siltumapgades sistemas

Centralizéta Lokala Individuala Centralizéta Lokala Individuala

siltumapgade, siltumapgade, siltumapgade, siltumapgade, siltumapgade, siltumapgade,

takst. MWh takst. MWh takst. MWh % % %
Dabas gaze 10426 5114 1222 69,9% 40,6% 12,0%
Koksne 3609 4156 8096 24,2% 33,0% 79,3%
Naftas prod. 781 3100 673 5,2% 24,6% 6,6%
Ogles 80 51 219 0,5% 0,4% 2,1%
Citi 17 175 0 0,1% 1,4% 0,0%
Kopa 14912 12596 10209

Centralizétas siltumapgades sistemas koksnes Tpatsvars ir aptuveni 24,2% koksnes, lokalas
siltumapgades sistémas - aptuveni 33,0%, bet individualas siltumapgades sistémas - 79,3% no
kopéja kurinaméa daudzuma.

Ja esoo siltumenergijas razoSanas efektivitati paaugstinatu no 62,3% uz 80%, tad veidotos
koksnes kurinama ietauptjums aptuveni 4,2 miljoni MWh jeb 2,3 milj. m3 (parrékinam
izmantots koeficients4 1,861 MWh/m3). Seit gan japiezimé, ka iespéjamais kurinama
ietauptjums ir vél lielaks, jo, ka jau minéts ieprieks, siltumenergijas razoSanas lietderiba
praksé ir zemaka neka vidéjais raditdjs. Tomér, ta ka oficiald statistika nesniedz informaciju
par siltumenergijas raZzoSanas efektivitati, izmantojot dazadus kurinama veidus, ka arT nav
pieejami dati par sarazotajiem siltumenergijas apjomiem lokalaja un individualaja
siltumapgadé, aprékiniem tiek izmantots vidéjais katlu maju lietderibas koeficients. Detalizéti
aprékinu rezultati doti 3.tabula.

3.tabula
Koksnes kurinama potencialais ietaupijums, takst. MWh/(takst. m3)
_ Sarazotf‘i" Kurlnamals_([_)lrms Kurlnamal_s _(p_ec KUrinama
siltumenergija, energoefektivitates energoefektivitates . o
_ < - - - ietauptjums

tokst. MWh pasakumiem) pasdkumiem
Centraliz. siltumapgade 1674 3609 (1939) 2093 (1124) 1516(815)
Lokala siltumapgade 2590 4156 (2233) 3237 (1740) 918 (493)
Individuala 5045 8096 (4350) 6307 (3389) 1789 (961)
siltumapgade
Kopa 15860 (8522) 11637 (6253) 4223 (2269)

4 Saskana ar LR Centralas statistikas parvaldes parveidoSanas koeficientiem [3]
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Emisiju aprékini
Samazinoties izmantotas koksnes apjomiem siltumenergijas razo$Sana, samazinas arl emisiju
apjoms atmosferd. Koksne ir CO: neitrals kurinamais, tapéc efektivitates paaugstinaSana
konkreétaja gadijuma neietekmé siltumnicefekta gazu bilanci Latvija.
Tomér koksnes sadedzinaSanas procesa veidojas virkne citu emisiju, ka CO, NOX, cietas
dalinas u.c., kuru apjomi ir atkarigi no konkrétas tehnologijas.
Darba gaita, izmantojot vidéjas pielaujamas emisiju vértibas [9], kas dotas Klida! Nav
atrasts atsauces avots.,, apréekinati iespéjamie aptuvenie emisiju ietaupijumi.

4. tabula
Emisiju ietaupijuma apréekini

Cco NOx PM
ipatnéjas emisiju veértibas, g/GJ 375-1125 150-244 188-1125
Aprékinad izmantotas emisiju vértibas, g/GJ 500 200 500
Centralizeta siltumapgade, t 211 84 211
Lokala siltumapgade, t 128 51 128
Individuala siltumapgade, t 248 99 248
Kopa, t 587 235 587

Secinajumi

Vidéja energijas razosanas efektivitate Latvija ir 68,2% (katlu majas 62,3%), kas ir loti zems
raditajs, nemot véra to, ka modernas dabas gazes un naftas produktu katlu majas kurinama
izmantoSanas efektivitate parsniedz 92%, cieta kurinama katlu majas - 85%, bet kogeneracijas
stacijas - 80%.
Paaugstinot siltumenergijas razoSanas efektivitati esoSajos siltumavotos no 62,3% lidz 80%,
veidojas koksnes kurinama ietaupijums 4,2 miljoni MWh jeb 2,3 milj. m . Sis ietaupijums ir
aptuveni 25% no paSreizéja kurinamas koksnes patérina energétika un aptuveni 60% no
2005.gada eksportétas energeétiskas koksnes apjoma.
Koksnes kurindma efektiva izmantoSana sekmé emisiju apjomu samazinaSanos atmosféra:

- CO samazinajums - aptuveni 587 t/gadj;

- NOx samazinajums - aptuveni 235 t/gada;

- cCieto dalinu samazindjums - aptuveni 587 t/gada.
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PIROLITISKA ELLA - KOKSNES ATKRITUMU ATRAS PIROLIZES
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Abstract. The application of renewable energy resourcesfor energy production becomes increasingly
urgent worldwide. Fast pyrolysis is one ofthe trends ofobtaining liquidfuelfrom solid biomass.

The aim of the present study was to investigate the yield, chemical composition, physical properties and
water amount of hardwood pyrolytic oil (PO) depending on the pyrolysis and pre-treatment conditions in an
ablative type reactor.

The results of the analysis of the heat capacity ofpyrolytic oil show an increase in this parameterfrom
12 MJ/kg (without drying) to 15-16 MJ/kg, drying the wood, and then pyrolysing it

Pyrolytic oil with a decreased amount ofpyrolytic water and a high heat capacity was obtained in an
ablative type reactor, drying the wood and then pyrolysing it. For the pyrolytic oil obtained in the two-stagefast
pyrolysis equipment process, pH increases.

Keywords: wood, pyrolytic oil, fast pyrolysis, products ofpyrolysis.

levads
Pasaulé klGst aktualdka atjaunojamo dabas resursu pielietoSana energijas ieguvei. Izmantojot
dazadas izejvielas energijas ieguvei, liela vériba tiek pievérsta arT ekologiskajiem aspektiem,
it TpaSi ES ilgspéjigas attistibas koncepcijas ietvaros, kur So problému reglamenté likumi.
Tapéc videi draudziga kurinama, ko iegast, pirolizéjot dazadus koksnes atkritumus - skaidas,
mizas, zarus, ka arl citas biomasas formas, pieméram, kadru, salmus, izmantoSana ir loti
perspektiva.
Viens no virzieniem 3$kidra kurinama iegG$anai no cietas biomasas ir atra pirolize. Atras
pirolizes tehnologijas attistiba pasaulé sadkas pagajusa gadsimta 80.gados, un paslaik biomasas
atro pirolizi uzskata par termokimisko konversiju ar lielu energétisko potencialu [1-3].
Procesu var energétiski organizét ka pasnodrosinatu, jo pirolizei var izmantot atras pirolizes
rezultata ieglstamos gazveida un cietos produktus. Atra pirolize dod iespéju parvérst biomasu
un tas parstrades atkritumus Skidruma, ko ir vieglak transportét, uzglabat un izlietot neka pasu
biomasu. Galvena tas priekSrociba salidzinajuma ar tradicionalo naftas produktu kurinamo ir
ta, ka to iegUst no atjaunojamajiem dabas resursiem.
Skidrais produkts (pirolitiska bioella - PE), ko iegast, koksni atri pirolizéjot, ir sarezgits
fenolu un oglidenraZzu savienojumu maisijums. Pastav divi galvenie pirolitisko ellu parstrades
virzieni: termiskais un kimiskais (1.attéls).
Termiskais virziens ietver sevli PE izmantoSanu gazifikacijas procesa un sintézes - gazes
ieguvei, boileru uzsildiSanai, gazu turbinas un dizeldzingjos.
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1.attéls. Pirolitiskas ellas parstrades virzieni

Liela uzmaniba tiek pievérsta ari kimiskajam virzienam, kas ietver atseviSku monoméru vai
savienojumu grupu izdalisanu. Pirolizes produktos tika konstatéti vairaki simti savienojumu.
Visvértigakie no tiem ir 1,6-anhidrocukuri, furfurols, levulinskabe, hidroksiacetaldehids,
polifenolu grupas savienojumi [4]. So atsevisko kimisko produktu augsta vértiba, salidzinot ar
kurinamo, varétu radit izdevibu tos izdaltt pat nelielas koncentracijas [5].

Pirolttiskas ellas sastavs ir lTdzigs biomasas sastavam, tam ir nedaudz lielaka siltumietilpiba -
15-20 MJ/kg, salidzinot ar koksni. Produktu sastavs ir atkarigs no pirolizes apstakliem un
koksnes tipa. PE salidzinosi ar citam kurindma ellam ir analogisks blivums un zems pelnu
elementu saturs. PE no Skidriem kurinamiem - rapSu ellas un smagam naftas ellam - atSkiras
ar augstu adens un zemu oglekla saturu (1.tabula) [6].

1.tabula
Piroellas, rapsu ellas, smagas degvielas ellas 1zikalo un kimisko TpaSibas salidzinajums
Smagas degvielas

Parametri Pirolitiska ella Rapsu ella ella
Blivums [g/cm3] pie 15°C 12 0,9 1,0
Viskozitate [mm2/5] pie n 175
15°C
Siltumietilpiba [MI/kg] 15 37 40
Udens[%] 25 0,1 01
Pelni 0,3 0,01 0,1
Elementu analize
-C 52 77 86
-H 10
-0 [% 40 10 0,5
-N 1% 01 <01 0,6
-S 1%

Pastavosas atras pirolizes tehnologijas iedalas atkartba no galvena reaktora konfiguracijas
principiem. Visvairak izplatiti ir verdosa slana reaktori (Italija, Griekija - GRES; Italija, ASV,
Kanada - ENSYN; Somija - VTT, Spanija - FENOSA). Peédéja laika popularitati iegtst
cirkuléjosd verdo3a slana reaktori. Turklat augstu noveértéjumu izpelnds arT virpula
vakuumreaktori (Kanada - PYROVAC), (ASV - NREL), plakSnveida (Anglija), ablativais
(Anglija, Vacija).

Ablativo reaktoru raksturo augsta darbietilptba, mazaki izméri, gazes neséja prombdtne un
uzlabota procesa vadamibas iespéja. Saja procesa siltumatdeve notiek, cietam izejvielas
dalinam tieSi kontaktéjot ar reaktora siltumdeves virsmu.
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Atras pirolizes tehnologijas problémas nav pilnigi atrisinatas, neskatoties uz to, ka ASV,
Kanada un vadoSajas Eiropas valstis ir iekartas ar raZzibu no 1 lidz 2500 Kg/stunda un atra
pirolize tur ir kluvusi par izmantotu biomasas termokimiskas konversijas tehnologiju. Paliek
vairaki svarigi jautajumi, uz kuriem jaatbild zinatniekiem un tehnologiem. Galvenie no tiem:
augsta cena, 0dens satura samazinasana un ellas pH palielinaSana.

Dotd darba meérkis ir izpétit lapu koksnes pirolitiska ellas iznakumu, kimisko sastavu,
fizikalas TpaSibas un GOdens daudzumu atkariba no pirolizes un pirmsapstrades apstakliem
ablativa tipa reaktora.

Materiali un metodes
Izejmaterials-, jauktas lapu koksnes skaidas (frakcija 0,1 mm, mitrums 8- 9%).
Pirolize: atro pirolizi veica, izmantojot partrauktas darbibas laboratorijas iekartu. lekarta
sastav no divam secigi savienotdm kameram: 1- kamera izejmateriala ZavéSanai; 2- ablativa
tipa darbibas reaktors. Katrai kamerai ir sava autonoma uzsildiSanas un gaistoSo produktu
kondenséacijas sisttma. lekartas raZigums — 150 g izejmateriala viena cikla. Pirolizi veica
divos rezimos: 1,- bez koksnes zavéSanas, pirolize 550°C; 2.- ar koksnes zavéSanu pie 200°C
un pirolizi pie 550°C.
Hromatografiska analize: gazu - Skidrumu hromatografs Shimadzu GC/MS-QP 2010, kolonna
RTX-1701 (60m x 0,25mm x 0,25pm). Bibliotéka M SNisT 147.L113.
Udens daudzumu noteik8ana: titrators Karl Fischer - 270, $kidums - HYDRONAL-
Conlomat AG.
Siltumietilptba: saskana ar ISO 1928-76, izmantojot Oxygen Bomb Calorimeter-1341.
Elementu analize: iekarta Vario MACRO CHNS.

Rezultati un to izveértéjums
ZavéSanas un atras pirolizes procesu veicam divkameru reaktora, kas dod iespéju samazinat
koksnes mitrumu pirms pirolizes, tada veida samazinat Gdens daudzumu pirolitiskaja ella un
palielinat tas siltumspéju.
Koksnes zavéSanas diapazonu ierobezo iespéjama termiskas oksidéSanas reakciju attistiba,
kas izraisa kondensacijas reakciju attistibu un saiSu nostiprindSanos koksnes kompleksa. Ka
pieméru tddam TpasSitbu izmainam var minét koksnes hidrofobizaciju zemo temperattru
termiskaja modifikacija [7].
Eksperimentos tika noskaidrots, ka, Zavéjot koksni 200°C temperatdra, no tas tiek izvadits
lielakais mitruma daudzums. Kondensata gaistoSo produktu sastava identificéta art etikskabe,
furfurols un hidroksipropanons (2.tabula). Sie savienojumi ir raksturigi koksnes gaisto3ajiem
produktiem zemo temperatdru apstradei.

2.tabula
GaistoSo monomero produktu Kimiskais sastavs
(péc gazu - Skidrumu hromatogréfijas datiem, relativos %)
Saturs, % Saturs, % Saturs, %

Savienojumi ReZims: Rezims: ZavéSana - Rezims: zavéSana -200°C,

pirolize - 500°C 200°C, 90 min. 90 min.; pirolize - 500°C
H20 22,0 80,1 144
Acid, Ester 20,2 11,6 17,8
Acetic acid ethenyl ester 0,6 - 0,5
Formic acid 1,2 0,2 1,0
Acetic acid 14,2 11,1 11,7
Propanoic acid 0,7 0,3 0,6
Acetic acid,methyl ester 31 - 3,5
Acetic acid, 2-methylpropyl ester 0,4 . 0,5
Alcohol, Aldehyde 9,3 0,9 11,9
Formaldehyde 0,6 0,2 0,7
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Methylglyoxal (Acetylformaldehyde)
Hydroxyacetaldehyde
1-Butanol, 3-methyl
1,2-Propanediol
1-Butanol, 2,2-dimethyl
2-Butanone-4-hydroxy
2-Buten-l-ol
n-Pentanal
2-Pentanol
Ketone, Lactone

Acetone
2,3-Butandione
1-Hydroxy-2 -butanone
2-Propanone, 1,3-dihydroxy
2-Propanone, 1-hydroxy
2(3H) Furanone,5-ethoxydihydro
Ethyl glycidyl ether
2-Heptanone, 3-methyl
1,2-Cyclopentanedione
Cyclopentanone,-3-methyl

Pyrane
4-Hydroxy-5,6-dihydro-(2H)-pyran-2-one
3-Hydroxy-2-methylpyran-4-one

Furane
2(3H) Furanone, 5-ethoxydihydro
Furfural
Furfural alcohol
5-Methyl-2-furaldehyde
2,(5H)-Furanone
5-Hydroxymethyl-dihydro-2-(3 H)-
furanone

Sugars
1,4-3,6-Dianhydroglucopyranose
Nav identificéts
Levoglukozans

Lignina atvasinajumi
Phenol
Guaiacyl-

0-Guaiacol
Guaiacol, 4-methyl
Guaiacol, 4-ethyl
Guaiacol, 4-vinyl
Eugenol
Cis-isoeugenol
Trans-isoeugenol
Acetoguaiacone

Syringyl-
Syringol
Syringol, 4-methyl
Syringol, 4-ethyl
Vinylsyringol
Syringol, 4-allyl
Syringol, 4-propenyl (cis)
Syringol, 4-propenyl(trans)
Syringaldéhyde
Acetosyringone
Syringylacetone

13
2,3
0,5
0,7
0,4
1,0
0,7
13
0,4
15,0
1,0
0,2
0,4
0,5
6,3
16
0,7
0,8
17
18
15
15
6,6
0,9
2,5
0,8
0,9
11
0,4

16
0,3
0,4
0,9
23,5
0,7
6,5
12
13
0,4
0,7
0,3
0,4
17
0,5
16,3
2,7
2,6
13
1,0
14
0,6
53
0,4
0,5
0,5
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0,7

31
0,6
0,2
0,1

1,9
0,1

0,2

17
1,6
0,1

0,8
0,3
0,3
02

0,2
0,1

0,1

2.tab, turpin.
13
51
0,5
0,6
0,4
13
0,4
13
0,3
16,0
2,6
0,4
0,6
0,4
6,1
15
0,4
0,8
15
1,7
15
11
0,4
7.4
15
2,7
0,7
0,7
13
0,5

3,7
0,4
0,4
2,9
24,2
0,7
6,7
12
13
0,5
0,9
0,4
0,3
17
0,4
16,8
2,6
2,7
13
1,0
15
0,6
5,6
0,4
0,5
0,6



2.tabula attélots (gazu - Skidrumu hromatografijas dati) gaistoSo produktu sastavs
kondensétam, nezavétas un 2avétas koksnes pirolizém.

Galvenas PE Kimiska sastava izmainas, iegltas bez koksnes ZzavéSanas un ar to, tiek
raksturotas ar tdens, etikskabes un levoglukozana saturu. Udens daudzums PE divu stadiju
rezima apstaklos samazinas par 7,6%, kas praktiski atbilst koksnes sakotnéjam mitrumam.
Etikskabes daudzums samazinas par 2,5%, bet levoglukozana daudzums palielinas par 2%,
iespéjams, pateicoties etikskabes katalizei celulozes depolimerizacijas procesa.

Pirolitisko ellu siltumietilpibas analizes rezultati (3.tabula) parada $1 raditaja palielinasanos no
12MJ/kg (bez ZavéSanas) Iidz 15-16 MJ/kg, Zavéjot koksni un péc tam pirolizéjot.
Acimredzot galvenais faktors, kas ietekmé So raditaju ir pirogenétiska Gdens daudzuma
samazinaSanas no 28% Ilidz 19-21%. Ellas iznakums, pirolizéjot zavéto koksni, nedaudz
palielinas.

Jaatzimé ari pirolitiskas ellas pH palielinaSanas divstadiju procesa, ko var izskaidrot ar
etikskabes izdaliSanu procesa pirmaja stadija.

3.tabula
Lapu koksnes pirolitiskas ellas TpasSibas
lstadija (zavéSana) -
Eksperimenta Atrapirolize - 200"C, 90 min.; Elementara analize
apstakli 550°C 2.stadija (atra (aprékinats uz a.s. vielu)
pirolize) - 550°C

SiltumietilpTba, 12 15-16 C, % 57-58
MJ/kg
Udens daudzums, 28 19-21 H, % 6,5
%
pH 2,5 3,0-3,5 0, % 35-36
Pelnu daudzums, 0,2 0,2-0,25 N, % 0,2
%
Pirolttiskas ellas 58 62

iznakums, %

Pirolttisko ellu elementu analize abos reZzimos paradija identitati (3.tabula). Viens no
galvenajiem iegato pirolitisko ellu raditajs - C daudzums (57-58%) - ir augstaks
saltdzindjuma ar literatras datiem (52%).

Secingjumi

Pamatojoties uz eksperimentalajiem rezultatiem, var secinat, ka 200°C temperatira zaveta
koksne var kalpot ka izejviela pirolitiskas ellas ieguvei atras pirolizes procesa. Ablativa tipa
reaktora, zavéjot koksni un péc tam pirolizéjot, iegGta piroella ar samazinatu pirogenétiska
Odens daudzumu un augstaku siltumietilpTtbu.

Divstadiju atras pirolizes iekartas iegatajai pirolitiskajai ellai palielinas pH, kas ir svarigi,
nemot veéra pirolitisko ellu augsto korozitati, samazinas pirogenétiska tdens daudzums un ir
augsts elementara oglekla saturs.

Summary
The application of renewable energy resources for energy production becomes increasingly
urgent worldwide. In the use of different types of energy raw materials, much attention is
given also to ecological aspects, which are acquiring the legislative level in the framework of
the European Union. Therefore, the use of environmentally friendly fuel, which is obtained by
way of pyrolysis of different types of wood residues such as chips, bark, branches and other
forms of biomass, for example, peat and straw is a promising direction.

20



Fast pyrolysis is one of the trends of obtaining liquid fuel from solid biomass.

The aim of the present study was to investigate the yield, chemical composition, physical
properties and water amount of hardwood pyrolytic oil (PO) depending on the pyrolysis and
pre-treatment conditions in an ablative type reactor.

Raw material: mixed hardwood chips (fraction 0.1 mm, moisture 8-9%).

Pyrolysis: fast pyrolysis was carried out using batch action laboratory equipment. The
equipment consists of two successively joined chambers: 1 - chamber for drying the raw
material; 2 - ablative type operation reactor. Each chamber has its own autonomous heating
and volatile products’ condensation systems. The equipment’s capacity is 150 g of the raw
material in one cycle. Pyrolysis was carried out in two regimes: 1 - without wood drying,
pyrolysis at 500°C; 2 - with wood drying at 200°C and pyrolysis at 500°C.

Chromatography analysis: the chemical analysis of pyrolytic oil was determined with the
help of a gas-liquid chromatograph Shimadzu GC/MS - QP 2010, column RTX-1701, 60m x
0. 25.m x 0.25pm. Library MS Nist 147.L113.

The processes of drying and fast pyrolysis of wood were performed in a 2-chamber reactor,
enabling to decrease the moisture of wood prior to pyrolysis, thereby decreasing the water
amount in the pyrolytic oil and to increase its calorific value.

The temperature range of wood drying is limited by the possibility of the development of
thermal-oxidative reactions, which results in the development of condensation reactions and
the strengthening of bonds in the wood complex. The changes in the properties of wood can
be exemplified by its hydrophobisation at low-temperature thermal modification.

It has been found experimentally that, drying wood at the temperature 200°C, the major
amount of moisture is removed from it. In the condensate volatile products’ composition, also
acetic acid, furfural and hydroxypropanone are identified (Table 2.). These compounds are
characterised for volatile products of wood in the region of low-temperature treatment.

Table 2. shows compositions of volatile products for condensates as well as products of
pyrolysis of non-dried and dried wood.

The main changes in the chemical composition of PO, obtained without and with wood
drying, and characterised by water, acetic acid and levoglucosan contents. The water content
in PO two-stage regime conditions decreases by 7.6%, which practically corresponds to the
initial moisture of wood. The acetic acid amount decreases by 2.5%, while the levoglucosan
amount increases by 2%, obviously owing to the acetic acid catalysis in the cellulose
depolymerisation process.

The results of the analysis of the heat capacity of pyrolytic oil (Table 3.) show an increase in
this parameter from 12 MJ/kg (without drying) to 15-16 MJ/kg, drying the wood, and then
pyrolysing it. Obviously, the main factor that influences this parameter is the decrease in the
amount of pyroligneous water from 28% to 19-21%.

An increase in the pH of the pyrolytic oil in the two-stage process should be noted, which can
be explained by the release of acetic acid in the first stage of the process. These parameters
are important for choosing the material for the pyrolytic oil reactor and storage tanks.

An analysis of the elements of pyrolytic oils in both regimes has shown a full identity in terms
of the water-free product (Table 3.). The main indicator of pyrolytic oils, namely, C amount
(57-58%) is high in comparison with the data available in the literature (52%). Based on the
experimental results, it may be concluded that dried wood may be used as a raw material for
obtaining pyrolytic oil in the fast pyrolysis process.
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ESTIMATION OF HOMOGENEITY STAGE OF BIOMASS MIXTURES
BIOMASAS MAISIJUMU VIENDABIGUMA PAKAPES NOVERTESANA

Aivars Kakitis, Imants Nulle
Institute of Mechanics, Faculty of Engineering,
Latvia University of Agriculture, Jelgava, Latvia
e-mail: Aivars.Kakitis@llu.lv

Abstract. Components of mixtures .have to be in required proportion and homogeneous mixed to
provide good quality (density, durability, and burning properties) of briquettes or pellets. For estimation of
proportion of components and homogeneity several methods can be used: density of briquettes; durability of
briquettes; proportion of the components in a determined volume; visual estimation. Visual estimation is a
picture analyzing when quality tests through processing of digital pictures are performed. Standard deviation of
the visual estimation ofarea occupied by mixture component particles does not exceed 5%. Standard deviation
of the distance between straw particles has good correlation with increased peat proportion. Coefficient of
determination is 0.98.

Keywords: Biomass mixtures, homogeneity, visual estimation.

Introduction

As the fossil fuel resources are decreasing, in future we will have to rely on renewable energy

sources. The main resources for solid biofuel in rural area of Latvia are residues of cereal

crops, peat and emergent vegetation in lakes as common reeds (Phragmites australis). Straw

more than 340 000 t annually can be used for heat production. Besides that more than 230

million tons of peat is available for biofuel production. To provide quality of biomass

briquettes and pellets according Standards mixture of different biomass (straw and peat, reed
and peat) can be used.

Components of composition have to be in required proportion and homogeneous mixed to

provide good quality (density, durability, and burning properties) of briquettes or pellets.

Components of granular mixtures vary in terms of grain dimensions, density, shape, humidity

etc. Those factors have an important influence on the segregation phenomenon concurrent

with mixing process. Homogeneity of mixture is the keystone in selection process of the
mixer type for biomass materials. To define proportion of components in granular mixtures
and homogeneity several methods can be used:

V Density measuring of briquettes or mixture - can be used if components of mixture are
various in densities and changes in proportion of components let detect changes of density
in determined volume of biomass;

V Durability measuring of briquettes - if changes of component substantially influences
durability (shear test, other strength parameters) of briquettes then it could be a qualitative
indicator of quality (proportion and homogeneity) of mixture;

V Proportion measuring of the components in a determined volume - if the components
particles is easy to separate from each other then the mass of component is precise
indicator of mixture quality;

V'  Visual estimation - computer based picture analyzing methods. Visual estimation is a
picture analyzing when quality tests through processing of digital pictures are performed.
It could be realized in different ways, for example, the area occupied by particles can be
determined or distance between particles can be analyzed.

The visual estimation (image processing) of biomass compositions could be good solution for

guality assessment of different color and tonality components mixture. Important condition

for high precision of estimation is the system calibration. The methods of calibration and
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results of image processing of different biomass mixtures using Matlab software is described
in the article.

Materials and methods
Evaluation of visual estimation system was done by imitative picture made in graphical
software. The basic test area contains 49 squares: 25 black and 24 white (Tab. 1). In the every
next sample was added one black square. Precision of visual estimation method for measuring
area ratio between white squares and total area was defined by manually calculated area ratio.

Table 1
Es imation o system
Number of
sample

Type of
sample

To evaluate precision of visual estimation of peat and straw mixtures for briquetting the
specific mixtures were tested. Six different mixtures were made from chopped straw and peat:
100% straw; 80% straw 20% peat; 60% straw 40% peat; 40% straw 60% peat; 20% straw
80% peat; and 100% peat (Table 2.). Particle size of components was 1- 2 mm. Moisture of
components 12%. Mixing of components was done by hands till consummation of
homogeneous mixture.

Table 2.
Samples of peat and straw mixtures
Number of 1 5 3
sample
Image of
sample om
Peat 0 20 40

proportion, %

Mixtures were scanned by regular picture scanner and as the result one size (75 x 70 mm) and
one resolution (200 dpi) pictures were obtained. To increase contrast of mixture components
in the pictures, they were changed in one way using software Corel-PhotoPaint and after that
saved in file type *.png. Picture analyzing was done by software Matlab-Simulink. Matlab
functions used for image analyzing process is showed and explained in the Table 3.

In this case background is area set by darker particles i.e. peat particles, but light particles
what characterize mixture and are further analyzed are straw particles. Pictures were
converted to binary image where each pixel assumes one of only two discrete values: 1 or 0.
Forward variable name BW is used to refer the binary images.

D 1=hweclist(bw, ‘euclidean) computes the Euclidean distance transform of the binary image
BW. For each pixel in BW, the distance transform assigns a number that is the distance
between that pixel and the nearest nonzero pixel of BW. bwdist uses the Euclidean distance
metric by default. BW can have any dimension. D is the same size as BW.

The function bwdist supports several distance metrics, listed in the following Table 4.
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Standard deviation of distance transform for columns of pixels in the picture is calculated by
Matlab. To get overall view about the picture (mixture) average of the standard deviations
was calculated.

Table 3.
Explanation of used Matlab functions [2]

Read and display the image with name

1=imread(*salmi 100.png’) “salmi_100" and file type *.png

background = imopen(l, strel(*disk®, 200)) Estimation the value of background pixels.

12 = imsubtract (I, background)

13 = imadjust(12)

level = graythresh(B)

bw = im2bw (13, level)

Subtract the background image from original
image.

To adjust the contrast of the image.

This function automatically computes an
appropriate threshold to use to convert the
grayscale image to binary.

Function performs the conversion.

This function displays the black and white

figure, imshow(bw) image

[labeled,numObjects] = bwlabel(bw,4) This function determines the number of objects.

This function measures objects or region
properties in an image and returns them in a
structure array.

graindata = regionprops(labeled, basic)

D1=bwdist(bw, tuclidean) Computes the distance transform.

Standard deviation of distance transforms in one

y = std(Dl) column of the pixels.
mean(y) Mean of the standard deviations.
Gives information about variables in the
whos
workspace.
. Gives value of area occupied by one component
G=sum ([graindata.Area]) particles P y P

Second parameter obtained from the pictures was ratio of nonzero pixel occupied area and
background (whole picture) area. If this method satisfies the requirements then ratio of area
have to match with percentage of component.

Standard deviation of area ratio can be calculated:

5 = (1)

where: X, - obtained ratio of area;
p - theoretically obtainable ratio of area;
n - the number of examples.
Standard deviation served to determine the degree of mixing based on Rose’s formula [1]:
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where:

Distance
Metric

Euclidean

City Block

Chessbhoard

Quasi-
Euclidean

So=JpQ-p)

Distance Metric [2]

Description

The Euclidean distance is the
straight-line distance between two
pixels.

The city block distance metric
measures the path between the pixels
based on a 4-connected
neighborhood. Pixels whose edges
touch are 1 wunit apart; pixels
diagonally touching are 2 units apart.
The chessboard distance metric
measures the path between the pixels
based on an 8-connected
neighborhood. Pixels whose edges or
corners touch a 1 unit apart.

The Quasi-Euclidean metric
measures the total Euclidean distance
along a set of horizontal, vertical,
and diagonal line segments.

Illustration

Description

In 2-D, the chessboard distance
between (xby,) and (x2 y2) is

maX (|xi- x2}fei- €2)

In 2-D, the cityblock distance
between (x1L yd and (x2 y2) is

X -X 2.

In 2-D, the Euclidean distance
between (xhy,) and (x2 y2 is

H—X) +(Ti— )
This is the default method.

In 2-D, the quasi-Euclidean
distance between (xb yd and

(X2 ¥2) is
X - x2|+(V2-1)1¢, ., .\
z/ | x,-x2)>|t,- T 2]
(V2-1) I x1- x2F k,->'2]

if\x\ - x2|<|t,-T -1

Results and discussion
To test the precision of visual estimation system area ratio between white pixels and total area
of imitative image was calculated manually and compared with the area ratio obtained by
image analyzing. Fig. 1 shows difference between images analyzes and manually calculated
data of area ratio for pictures from Table 1 Maximal relative error of those data is less than
1% and could be prevent with more particular measuring of image.
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Distance
transform

141 1.0 141
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Growing of standard deviation of distance consistently grows with dispersion of distances
between nonzero pixels or white particles. Changes of area ratio of 25% change the standard
deviation about 50%.

Number of example

Fig.2. Standard deviation of distances between particles

Results of peat and straw mixtures analyze are showed in Fig. 3. In general, the results are
close for image analyze and theoretically obtainable data. Deviation from theoretical line
increases when straw proportion comes close to 100% and peat proportion comes close to
100%. It depends on specific character of color transform of images: conversion of straw
picture to black and white image did not give 100% white color similarly with peat there were
approximately 7% difference of average values (theoretically and image analyze).
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Peat proportion, %

Fig.3. Comparison data of Image analyze and theoretical data

Error of color transform can be substantially decreased by calibration of system and precise
selection of white and black levels on image transformation (Fig. 4). Standard deviation of the
data does not exceed 5%. This is acceptable indicator for biomass material where
homogeneity of mixture depends on so many parameters: particle size, dispersion of particle
size, particle size ratio of components, density of particles, moisture of components, and other
bulk properties. High influence of data accuracy gives particle orientation, if they are thin and
long, then area of particle lateral area is much larger than area of the ends.

Fig. 4. Comparison adjusted data of Image analyze and theoretical data

Standard deviation of the distance between straw particles has good correlation with increased
peat proportion (Fig. 5). Coefficient of determination is 0.98. Considering that for those
experiments homogeneous mixtures were used (Figure 5) for mixture quality described before
assessment can be applied. For example if peat proportion is 20% than standard deviation of
Euclidean distance transform have to be approximately 0.5 for homogenous mixture.
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Fig. 5. Standard deviation (pixels) of the distance between straw particles
in dependence on peat proportion

To estimate influence of picture resolution on standard deviation of distance between straw
particles and mixture proportion in software Corel Photo Paint the resolution of the picture
was changed from 200 to 20 dpi. For fixed straw proportion of the mixture (straw 60% and
peat 40%) standard deviation changes from 0.53 to 0.73 on dependence of image resolution
(Fig. 6). It shows that resolution of picture is important parameter in visual estimation
process.

Fig. 6. Changes of standard deviation and mixture proportion in
dependence on picture resolution

Conclusions
1. Homogeneity of mixture depends on many parameters: particle size, dispersion of particle
size, particle size ratio of components, density of particles, moisture of components, and
other bulk properties.
2. Visual estimation of area ratio of mixture components is recommended to define the
proportion of mixture components. Standard deviation of the visual estimation of area
occupied by mixture component particles does not exceed 5%.
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3. Standard deviation of the distance between straw particles has good correlation with
increased peat proportion. Coefficient of determination is 0.98. Standard deviation of the
distance between straw particles is recommended to define homogeneity of mixture.

4. Standard deviation changes from 0.53 to 0.73 if resolution of picture changes from 200 to
20 dpi. Resolution of picture is important parameter in visual estimation process.
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Abstract. The 2003 reform of the EU Common agricultural policy stimulates farmers to grow more
energy crops, including short rotation coppice and other perennial crops. Peat can be used as additive for
manufacturing ofsolid biofuel, because it improves density, durability ofstalk material briquettes (pellets) and
avoid corrosion of boilers. For these reason herbaceous biomass compositions with peat for solid biofuel
production is recommended. The main conditioning operation before biomass compacting is shredding. It was
stated that common reed stalk material particle size reduction during cutting (shredding) process increased
energy consumption very significantly. The calculation of energy consumption for common reed cutting to sizes
0.6 and 0.5 mm was giving results 31.3 kJ kg*land 43.5 kJ kg'l The shredder cutter bar has to be designed with
friction energy losses decreased to minimum. This aim can to be realized by reducing ofarea ofcutter bar knives
moving into stalk biomass and minimizing biomass pressure (Patent LVV13447) on cutter bar.

Keywords: biofuel compositions, herbaceous biomass shredding.

Introduction

The 2003 reform of the EU Common agricultural policy stimulates farmers to grow more
energy crops, including short rotation coppice and other perennial crops. There are others
resources of bioenergy as agricultural residues and peat. Peat can be used as additive for
manufacturing of solid biofuel, because it improves density, durability of stalk material
briquettes (pellets) and avoid corrosion of boilers. The burning performance of stalk material
biomass fuel if we use peat additive is improved also. If only wood chips or herbaceous
biomass are burned, the sulphur content is low and chlorides are formed. The chlorides then
tend to condense on heat transfer surfaces of the steam boiler, slowing down the heat transfer
and causing the risk of high temperature corrosion. If the sulphur content of the fuel is
increased, e.g. by blending peat with chips or herbaceous biomass, sulphates are formed
instead of chlorides and high temperature corrosion is avoided. For these reason herbaceous
biomass compositions with peat for solid biofuel production is recommended.

Naturally herbaceous biomass is a material of low density (20-60 kg m'3) and not favorable
for transportation on long distances. Straw baling can increase bulk density to 100-200 kg m'3.
This practice is usable for energy crop as reed canary grass (Phalaris arundinacea)
compacting, which would be source for solid biofuel in future. For small scale biofuel
production, as pellets and briquettes, usage of small square bales with size 0.36x0.5x0.8 m is
preferable. The acceptance of the small rectangular baler for straw has come about because
people like the size, shape and density of the bales. Bales are small enough to be stacked by
hand and dense enough for efficient long distance hauling and inside storage.

The main conditioning operation before biomass compacting is shredding. There is necessity
to improve mechanization equipment for biomass shredding for solid biofuel production. The
shredder cutter bar has to be designed with friction energy losses decreased to minimum. This
aim can to be realized by reducing of area of cutter bar knives moving into stalk biomass and
minimizing biomass pressure on cutter bar. There is also possibility to cut down energy
consumption for stalk material shredding by increasing the size of particles for compacting.
Previously for production of straw briquettes it was necessary to reduce size of straw particles
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less than 3 mm. Peat usages as additive improves densification properties of such biomass
composition and let to increase the size of stalk material particles.

Materials and methods
Technology of small square baling causes some orientation of straw stalks. There are stalk
crosscuts on bale sides (Fig. la) and slightly flattened stalks without strong orientation have
been seen on top of bale (Fig. Ib).

a) b)
Fig.l. Orientation of stalks in a straw bale

This stalk orientation in bale has to be taken into account designing a shredder cutter bar.
Former experimentally were stated values for wheat stalks [1] ultimate tensile (118.7 + 8.63 N
mm'2) and shear (8.47 + 0.56 N mm'2) strength, modulus of elasticity (13.1 + 1.34 GPa) and
shear modulus (0.643 + 0.043 GPa) in order to find methods for mechanical conversion with
minimal energy consumption. Reed canary grass stalks (stems) are more useful with delayed
harvesting for fuel production [2] than leaf blades. According this mainly stalk material
cutting properties have to be investigated.

Experimental investigation of common reed stalk conditioning properties as flattening and
cutting can characterize maximum of energy consumption in these operations for all group of
mentioned stalk materials because reeds have higher tensile strength (-200 N mm"2) and
accordingly another strength parameters.

Specific cutting energy per mass unit Esc for stalk material can be calculated using equation:

scq

P
where: Es - specific cutting energy per mass unit, ] m kg'l,

p - reed stalk material density, kg m' .

Specific cutting energy per area unit Esg for reed stalk biomass varies in 8-16 kJ m™",
depending of stalk strength.

Reed stalk material density varies from 500-700 kg m'3. According equation (1) for average
density 600 kg m'3 calculated specific cutting energy per mass unit £iG=13.3-27 J m kg' . The
value of EiG=38 J m kg'lcan be found for alfalfa stalk material [3] cutting energy requirement
calculations. These specific cutting energy values are the same order and can be used for
calculations in cutting equipment design process. The cutting (chopping) energy Ec for stalk

biomass unit (kg) is calculated [4] using equation:

(1)

2
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where: Esc- specific cutting energy per unit mass (J m kg'D;
Lc- length of stalk cut (m).
Ec- cutting energy per unit mass (J kg'D;

Innovative shredder (patent LV 13447) with aim to reduce friction energy losses during
shredding operation has been designed. This aim is realized by reducing of area of cutter bar
knives moving into stalk biomass and minimizing biomass pressure on cutter bar.

Biomass bale 1 is placed into hopper 2, which has reciprocating movement during shredding
operation by means of rolls 3, connected with frame 4. Cutter frame 5 and cutter bar 6 have
height adjustment possibility for bearing base 7 by means of regulate bolts 8. Cutter bar 6
blades is positioned into hopper slots 9. The cutting height h is adjusted with regulate bolts 8.
The shredding reciprocating movement for hopper 2 is provided by means of hydraulic drive
cylinder 10. Experimental shredder with described patented design is shown in Fig. 3.

Fig.3. Experimental shredder
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During laboratory experiments shredder output was determined as function of hopper speed in
reciprocating movement. For this purpose hopper displacement was measured using
displacement transducer and Picolog program. The shredded biomass was weighed on
electronic scales with accuracy Ig.

Results and discussion
Energy consumption for common reed cutting (average specific cutting energy per mass unit
Esc=20 J m kg') according formula (2) illustrates Fig. 4.

Fig.4. Energy consumption for common reed cutting

Reed stalk material particle size reduction during cutting (shredding) process increases energy
consumption very significantly. Wheat straw and switchgrass grinding performance
investigation [5] shows the same order values of energy consumption per mass unit. The
grinds from hammer mill with screen size of 3.2 mm had a large size distribution with a
geometric mean particle diameter 0.64 mm for wheat straw and 0.46 mm for switchgrass
grinds. Corresponding energy consumption for grinding is 11.36 kW h t: (40.9 kJ kg’l) for
wheat straw and 23.84 kW h t: (85.8 kJ kg') for switchgrass. The calculation of energy
consumption for common reed cutting to sizes 0.64 and 0.46 mm is giving results 31.25 kJ kg'
1 and 43.48 kJ kg'l Taking into account that common reeds have higher values of ultimate
tensile and shear strength, this theoretical calculation, without energy losses from friction
during shredding process, is giving feasible results. The shredder cutter bar has to be designed
with friction energy losses decreased to minimum. This aim can to be realised by reducing of
area of cutter bar knives moving into stalk biomass and minimizing biomass pressure on
cutter bar. With these conditions taken into account common reed specific cutting energy per
mass unit Esc- 13.3 - 27 J mkg'L

Determined output of experimental shredder as function of hopper average speed in
reciprocating movement illustrates Fig. 5.

Shredder output is linear function of hopper speed. Speed more than 0.20 m s for hopper is
not recommended because then significant dynamic forces result from reciprocating
movement.

There is possibility to increase shredder output with increasing of cutting height for blades. In
this situation the friction of blades is growing up and more energy is wasted. Optimum of
cutting height adjustment has to be determined during shredding in dependence of biomass
properties.
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Fig. 5. Shredder output

Conclusions
The orientation of biomass stalks in bale has to be taken into account designing a shredder
cutter bar and hopper size.
Reed stalk material particle size reduction during cutting (shredding) process increases
energy consumption very significantly then size is less o .o 1 m.
The common reed specific cutting energy per mass unit is Esc=13.3-27 J m kg'L

Shredder output is linear function of hopper speed.
Speed more than 0.20 m s. for hopper is not recommended because then significant

dynamic forces result from reciprocating movement.

Acknowledgements

The authors gratefully acknowledge the funding from Latvia Board of Science this work
under grant 05. 1598

References
Kronbergs E. Mechanical strength testing of stalk materials and compacting energy evaluation. Industrial
Crops and Products, Elsevier Science B. V., 11 (2000)211-216
Pahkala K., Pihala M. Different plant parts as raw material for fuel and pulp production , Elsevier Science B.
V., 11(2000) 119-128
Persson, S., 1987. Mechanics of cutting plant material. An ASAE Monograph Number 7.
Srivastava A.K., Goering C.E., Rohrbach R.P. Engineering principles of agricultural machines. ASAE
Textbook Number 6. Pamela De Vore-Hansen, Editor, Books&Journals. 1993. p. 601
Mani S, Tabil LG, Sokhansanj S. Grinding performance and physical properties of wheat and
barley straws, corn stower and switchgrass. Biomass and Bioenergy 2004; 27; 339-52

35



LIVING NATURE AS A SOURCE OF IDEAS FOR NEW PRODUCT
o ] SOLUTIONS
DZIVA DABA KA IDEJU A VOTS JA UNAS PRODUKCIJAS IZVEIDEI

Bernd Hill
University of Mlnster (W estféalische Wilhelms-Universitét),
Department of Physics Institute of Technics and Didactics
Wilhelm-Klemm-Str. 10, 49149 Miunster
Ph.: +49 251 83-24393; fax: +49 251 83-25337; mail: hillb@uni-muenster.de

Abstract. Thefuture ofenterprises depends among other things also on its rate of innovation. Particu-
larly for the development ofproduct ideas the innovation potential of living nature is used hardly or insuffi-
ciently during the construction process. Development teams orient themselves still too little at the evolution
regularities and structure principles ofbiological systems. Orienting at the regularities of the evolution of bio-
logical systems as well as at the efficient principles of operation, structure and organization of living nature
could supply various suggestions for new product ideas. For this reason the author of this contribution con-
ceived a construction bionics, which helps the development engineer to use living nature systematically and pur-
posefully as source of inspiration.

Introduction
Among the about 40.000 announced inventions in Germany is also an increasingly rising
number, which are to due to structures of biological systems. This “copying” of nature is not
new, because from ever ago it already accompanied humans in their history of development.
The science bionics helps to get a way to important innovations, as for example the Velcro,
the bulging nose of a ship, self-cleaning surfaces, riblet-foils for airplanes for fuel saving and
many other things. But also with numerous, less spectacular inventions the animated nature
served as a starting point for generating solution ideas.
Over three billion years of evolutionary nature processes brings out a streaming fullness of
biological structures of almost difficult-to-understand diversity, which offer themselves as
suggestions for organization for new products. The evolution as an universal self organization
process, which brings out constantly new species, is an “inexhaustible source of innovation”
and at the same time model for energy and material-saving technology.
Inventions of nature, used for the technology of humans, were already often starting point for
the successful solution of technical problems. In addition, the human inventor spirit in many
cases brought out technical solutions, which, as proved, already existed in nature for millions
of years. Developing costs could be substantially reduced, if the technical designer would use
living nature systematically as a source of idea (HILL 1998). Development teams (engineers,
technical designers, designers...) orient themselves still too little at the evolution regularities
and principles of biological systems. For example insufficient knowledge across biological
systems and ecological connections leads the engineers to the fact that technology and nature
are advised into a contrast. The reasons for the fact are, among other things, that appropriate
information systems about biological structures in the construction process are not yet gener-
ally accessible and available. It is therefore suggested to strength the employment of strategi-
cally oriented proceedings and methodical means for the aim determination of technical de-
velopment tasks and their solution identification on basis of bionic facts. With the solutions,
which nature makes available “free of charge”, the inspiration and creativity of an engineer
can be increased. The central point crux in the construction process is to orient purposeful and
systematic at the streaming fullness and variety of biological structures, brought out in mil-
lions of years of evolutionary nature processes and optimised on defined requirements, to de-
rive promising solution types for future product generations. For this reason the author sug-
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gests establishing a construction bionics. The following remarks point out first attempts for
the structuring of a construction bionics.

Systematic of construction and applied bionics as basis of the construction bionics
The systematic of construction is a methodological science for the solution of constructional
problems. It covers the entire process of “finding” technical solutions, beginning with setting
of tasks and its specifying, coming to the concept identification and the shape definition in the
context of a draft up to the development of the final manufacturing and assembly documents
with for use and disposal instructions of a product. HANSEN says substantial components of
this process are regulations, which “are suitable to control this process rationally” (HANSEN
1974).

Because there is no clear allocation possibility of function and structure of a technical system,
but always a multiplicity of different solution types for a technical problem, during designing
there are no schematically or algorithmically processable steps sample as orientation help for
thinking and acting, which by means of given information and security leads to the aim of a
function-fulfilling structure. To that extent such a proceeding is rather a Heurism, which,
paired with creativity and methods, makes a transition realization possible from one step to
the next. For the solution trail there have to be generated function-fulfilling structures, which
can be won over analogy formation. A possibility for the extension of the analogy search area
exists in the use of biological structures to the solution identification (HILL 1998). Here starts
the applied bionicsl At the beginning of our century OSTWALD (1986), EYTH (1908)
FRANCE (1926) and others already employed themselves with methodical proceedings to the
increase of effectiveness of the process cycle with solving technical problems. Among others
HANSEN (1974), HERRIG (1986), ROLLER (1971), ROTH (1982), MULLER (1990),
PAHL/BEITZ (1972), LINDE (1993) argued with the structuring of the process cycle by heu-
ristically usable orientation models to the systematic of designing.

Bionics presupposes the modelling of biological systems for the purpose of the transmission
on technical constructions. Fundamental method for this is the analogy formation2. In this
connection the analogy width plays a crucial role, because it represents a measure for the
originality of the analogy. The analogy formation and so the release of associations to the so-
lution identification can be more effective, if the proceeding is systematically and purpose-
fully and so creative free spaces will be created. For this purpose catalogs are conceived,
which support the solution identification and lead the intuition in a solution- pregnant direc-
tion. On this way the technical designer receives a fast overview of possible structures and
can select the most suitable solution for his problem. By the use of these association catalogs
users of all technical branches have a rich arsenal of similar solution types for constructional
problems to the choice. They are a solution-generating assistance and make by their employ-
ment a shortening of development times possible. With the help of the analogy method simi-
larly functioning systems from nature are analysed and their structures abstracted, in order to
uncover the underlying principle. This in such a way won principle can be turned into a suit-
able technical solution by variation and/or combination of structural components on the basis
of to be carried out requirements, conditions and desires of technical-technological, economi-
cal, ecological and social character. Applied bionics and systematics of construction form the
basis for a construction bionics.

1bionics as science discipline is concerned systematically with the technical conversion and the use of construc-
tions, procedures and design philosophies of biological systems (NEUMANN 1993).

2 on the basis of a function which can be realized technically, biological systems with similar functions are de-
termined, operation characteristics are compared and afterwards the possibilities of a transmission of structural
characteristics of the biological system for the anticipating technical system is examined.
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Fig.l. Roots of the construction bionics

The construction bionics uses the “patent arsenal” of living nature systematically and pur-
posefully by using analogy formation. To this end the engineer can use memory systems for
biological structure representations, in which he finds suggestions for the solution of technical
problem definitions. A component of the construction bionics is a superordinated strategy
model (signal element sequence / procedure), a method system, which serves the individual
steps in the strategy model of transition realization as well as the above mentioned memory
system of function-fulfilling bio structures.

Strategy model for aim determination and solution identification

Bionic thinking and acting integrated into the construction process can be described as a sys-
tematic way for the development of efficient technical solutions. In this respect this procedure
bases on the necessary knowledge production for the nature-oriented possibility of forming of
technology. Helping methods for the accomplishment of the individual steps and so for the
successful overcoming of thinking barriers are assigned to the strategy model for aim deter-
mination and solution identification. The aim determination ends with the formulation of the
task of development.

Goal settingfor the use ofevolutionary laws and contradiction

The creative transfer of the orientation function - technology using the directional analogy
with the natural world - to current technological solutions (state of technology) makes it pos-
sible to a limited extent to view technology from the point of view of biological evolutionary
laws. It is not about the direct transfer of these laws to the state of technology, but rather,
about gaining stimuli for further development towards greater effectiveness and ecological
efficiency. “The comparative analysis of biological and technical evolution has demonstrated
the existence of many surprising analogies. We should not be surprised that these analogies
can be traced back in part to the same evolutionary factors and laws.” (Reichel, 1984).
Through the examination of analogy, the opportunity arises to transfer insights regarding heu-
ristically useful laws which are abstractable and thereby open to comparison with technology.
This makes it possible to define the future direction of development of the technological sys-
tem being developed and to arrive at promising directions for solutions. We always therefore
start from a point which embodies the most developed state of technology. The heuristic ex-
ploitation of evolutionary laws characterises the following representation.
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Evolutionary laws also serve to find factors affecting effectiveness from the points of view of
manufacturer and user, to confirm the developmental goals from the evolutionary point of
view and to discern rough initial starting points for solutions (Linde /ZHill, 1993).
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Fig.2. Examination of evolutionary status

Factors affecting effectiveness are technical-economic parameters, such as material and en-
ergy consumption, transport-economy, environmental friendliness, user-friendliness, assem-
bly time, efficiency, reliability etc. These parameters should be considered from the points of
view of both user and manufacturer. The basic aim is to raise the effectiveness of a system.
This depends on the parameter xj described above.
E =f (xI, x2, x3,...xn) 1)

Since the effectiveness of the system being developed is to be increased in comparison with
the current state of technology, the values of the parameters show an increase.

ET =f(xI T,x2T,x3T,...xnT) _ (2)
Each effectiveness factor xj is in turn dependent on physical or geometric variables yk.
Xj T=(yk Toryk |) (3)

Using these physical or geometric parameters, contradictions between the requirements can be
found from a table of requirements. Effectiveness factors are target values, which show posi-
tive increases and are directly connected to the directions of increase or decrease of the y sys-
tem parameter.

Functional requirements for problem-solving are derived from the y system parameter. The
functional requirements are assigned to the appropriate basic function (forming, transforming,
storing, blocking, connecting, transferring of materials, energy and information). These pro-
vide the starting point for the determination of significant biological structures from the cata-
logues (see step 2.2 in the strategy model). These insights are demonstrated below by means
of an example.

Goat size | Goal size I!
(requirement A) (requirement B)

Physical parameter for the
fulfillment of the requirement
A and B

Fig.3. Contradictions as core element of goal-setting
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Recognition, formulation and resolution ofcontradictions

Contradictions are uncovered by the human capacity for recognition in both the natural world
and in technology. Ultimately, it comes down to increasing the effectiveness of the system.
The effectiveness of biological structures is understood as the interrelationship between
maximisation of the “survival function” and the related computed minimisation of energy use
and biomass, with the survival function being designated as a complete function and including
necessary sub-functions of reproduction, feeding, defence, movement, nest or burrow build-
ing, information capture, processing and transmission etc. This state of affairs represents a
cost-benefit relationship which consists of keeping the cost in materials and energy in the car-
rying out of life-functions with regard to autogenesis as low as possible. Evolution often
moves in the direction of higher effectiveness and it can be characterised by the effectiveness
factors mentioned above such as reliability, stability, speed, sensitivity, tear-resistance, spatial
requirements, energy use, use of materials, the ability to regenerate warmth etc. These “per-
formance parameters” of biological systems are implemented through efficient structures.
Through the effect of the evolution process, these structures are always constructed as well as
they need to be and generally perform multiple functions 1: principle of multi-functionality.
For this reason, a single effectiveness factor is rarely fully optimised. There can never be an
absolute optimum, since certain life functions can change as a result of changing environ-
mental conditions or adaptation to new habitats. For this reason, biological systems seek a
phylogenetic compromise within the framework of the actual conditions and the totality of the
enviromnental demands placed upon them.

For example, if a blade of grass becomes too long as a result of growth disorders, it will
break. Although a longer blade of grass will be able to take in more sunlight than a shorter
blade, since it would have a larger surface, it will be quicker to break under the effects of the
wind. Flere too, the evolutionary process tends towards a compromise between the contradic-
tory pressures - a blade of grass which has sufficient length and effective resistance to kinking
as a result of a good arrangement of materials.

There is therefore a contradiction between the actual prerequisites of achieving the goal of in-
creasing effectiveness set and the actual unreliability of achieving this goal with these given
prerequisites. That biological structures are suitable for the resolution of contradictions should
not surprise us. Biological structures also fulfil contradictory requirements.

During the evolution of bears and the splitting off of the polar bear from the bear evolutionary
tree, a contradiction can be recognised, which, through the action of the evolutionary process,
has led to a more efficient structure of significance for the new habitat. The requirements of
life in the new habitat were connected with increasing the amount of heat produced and a
change in fur colour. A brown coat proved suitable for heat production, but unsuitable for
melting into the white surroundings in the northern polar regions.

Structure Structure
requirement! requirement Il
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It the progressive trend which leads to minimisation of materials or to a maintenance of the
same quantity of materials alongside a reduction in energy consumption in heat generation is
followed, it can be seen that the difference in temperature between body temperature and
body-like isolation chambers is slight. This is, however, only possible because polar bear
hairs are hollow and serve as light channels, which allow the black skin to be warmed through
absorption (resolution of contradiction).

The light channel system of the polar bear coat can be interpreted as a contradiction between
the requirements of having a white coat for camouflage and simultaneously of using the avail-
able sunlight. These insights are stored in catalogue systems for problem-solving. Through the
complete function storage, transferable structures are arrived at as a starting point for solu-
tions for technical heat insulation systems.

Normal heat insulation systems are aimed at minimising heat loss through radiation from the
buildings outer surface using insulating materials. On the basis of this understanding of the
polar bear’s skin and fur, transparent heat insulation (TUP) was developed. If this is defined
as the state of technology, a low level of efficiency is recognizable.

Fig.5. Polar bear hair functions as a light channel with the sub-functions of light scatter-
ing, luminescence and total reflection (after Tributsch, 1990)

Fig. 6. Determination of contradictions, building facade (with TUP)

For the amount of heat arises:

Q=m =c =At (4)

With a higher temperature difference At between the ambient temperature and the tempera-
ture on the inside of the buildings outer surface, the expenditure for Q will be very large.

To resolve this contradiction, the integrated biological system of polar bear fur and skin was
used as the basic solution for the systematic variation. The start point for a solution from the
natural world could be reached through variation of the mechanism. Solar warmed water with
a low temperature on the inside of the outer wall of buildings obstructs the transport of heat
from the inside to the outside.

41



Fig.7. Transparent heat insulation (Stumpf/YOB, 2003)

Fig.8. Active heat insulation (Stumpf/VOB, 2003)

At on the inside of the outer wall is very small and so, therefore, is the quantity of heating Q.
Conductions ofjust 0.5 to 0.8 W!m2 of cooling area obstruct the transport of heat to the out-
side and allow a doubling of the duration of solar panel utilization.

The application of the nature-orientated innovation strategy with core elements of evolution-
ary laws and contradictions for goal-setting and solution catalogues yields new opportunities
and possibilities for strategic product development. A bionic thought and action process as a
general orientation model of bionics-orientated problem-solving can be inferred from these
insights. The bionic thought and action process provides important stages of abstraction and
actualisation, in order to generate the basic effective principle from the actual biological sys-
tem and then to transfer these across to the relevant technical solution. This process is a com-
ponent of steps 2.2 to 2.4 of problem-solving in the strategy model of the bionics- orientated
construction for systematic and goal-orientated goal-setting and problem solving (see fig. 9).
In this model, goal-setting is of the utmost importance. Bio-strategic means of orientation in
the form of catalogues of laws of biological evolution are used for the derivation of inventive
tasks. It is also not about producing as many variant solutions as possible, but rather that the
requirements for the task are made so exaggerated that contradictions which can lead to in-
ventiveness in problem-solving become apparent.

With the help of the strategy model as a procedure the thought process, which is to lead to in-
novative solutions, is directed purposefully. By this procedure the technical designer organ-
izes his thinking and acting and forms it more effective. By the supporting use of catalogues
for aim determination with evolution regularities of the biological evolution and for solution
identification with biological structure representations he can increase the imaginative power
and promote his creativity at long last.
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Fig. 9: Strategy model of the construction bionics
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Structure catalogues for solution identification

Technology uses the functional analogy with living nature for solution identification. For the
purpose of the systematic solution identification catalogues of biological structures are con-
ceived and used. These support the solution identification. The biological structures are ar-
ranged according to the basic functions like forming, changing, transferring, storing/bulking,
separating/connecting and supporting/carrying of material, energy and information. The
search field for original solutions can be extended by the use of the basic functions. Because
of the advantage of the higher degree of the abstraction of the basic functions, you are not
bound to a special function.
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Fig. 10. Orientation model and catalogue sheets

As above suggested, a technical function can be realised by different technical solution struc-
tures. For example in transmission teachings the technical function “producing a straight- line
to and fro movement from a homogeneously rotating movement” can be realised by different
kinds of transmission, like:

eswinging crank bow,

epush crank transmissions,

esinus-wave generator,

and so on.

Flowever these transmissions have different speed and acceleration conditions, the general
characteristic to be able to transform rotary movement in straight-lined to and fro movement
is all the same.

You can describe these transmissions as transmissions with similar functional characteristics,
while all transmissions mentioned possess the characteristic of forming. If you idealise these
characteristics and extend such principal functional connections on the basis of analogies, you
reach the category of the technical basic functions. As technical basic functions we declare the
abstractions of a class of technical functions, which call out same or similar effects.

44



By its high degree of generalisation each individual basic function includes a multiplicity of
possible building groups as realization variants, without confining itself rashly on one build-
ing group only.

in animated nature similar conditions prevail. For example the tail fins of the fish produce the
function of the propulsion during progressive movement (transferring). This can be achieved
by different tail fin forms. The orientation model contains all necessary basic functions sorted
after the organization characteristics material, energy and information. It represents an over-
view of usable basic functions and contains the appropriate catalogue sheets. In the catalogue
sheets structure representations and operation characteristics of biological systems are shown,
which are to serve for the release from associations for the solution identification.

The technical designer receives a fast overview of possible basic functions by the orientation
model and can select the most suitable structures as the solutions for the available technical
problem. Not at last the use of the strategy model and its catalogue system, full of far diversi-
fied suggestion potential, makes it possible to reach regularness, effectiveness, creativity in-
crease and of course a shortening of product development times, also.
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BIOGAZES RAZOSANAS IESPEJAS LATVIJA
FACILITY OF BIOGAS PRODUCTIONIN LATVIA

Vilis Dubrovskis, Imants Plame, Andis Spidans, Indulis Straume
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e-pasts vilisd@inbox.lv

Abstract. According to increasing of prices for energy resources, increasing interest for renewable
energy resources. As one of the most profitable is biogas production. In this paper is presented potential of
biomassfor biogas production. It ispresented possibility to produce biogas and energy from different recourses
and total 156,9 million m3year. For development ofbiogas production is necessaryfinancial support, increasing
ofresearch works and education.

Key words: biogas, energy resources, biomass.

levads

Sakara ar straujo energijas cenu kdpumu pasaulé un Latvija arvien lielaka vériba tiek veltita
alternativajiem energijas avotiem. Par vienu no perspektivakajiem tiek uzskatita biogaze. Tas
razoSana pédéjos gados strauji attistas ES un it TpaSi Vacija, kur notiek plaSa biogazes iekartu
bavniectba. To kopéjais skaits jau parsniedz 3500. Vacija uzbOvéts arT pasaulé lielakais
biogazes iekartu parks ar 40 bioreaktoriem. Kopéjas izmaksas parsniedz 78 milj. eiro. Tas
panakts ar labveéligu valsts atbalstu. No zalmasas un biogazes razota elektroenergija tiek
subsidéta pat Idz 0,17 eiro/kwh. ArT Latvija jaattista biogazes razoSana, jo atkritumu
biomasas anaeroba parstrade ir loti laba tas utilizacijas tehnologijas tadél, ka samazina vides
piesarnojumu.

Daudzas valstis ir TpaSas biogazes attistiSanas programmas, jo tur jau agrak ir sapratusi Sis
tehnologijas lietderitbu. Latvija to aptvéra jau pirms 20 gadiem, bet tad pielautas
lauksaimniecibas produktu razoSanas samazinaSanas dél laukos visi domaja par privatizéSanas
un izdzivoSanas iespéjam. Biogazes razoSana Sodien neattistas arT informacijas trakuma dél.
Vairums par to maz ko zina un doma, ka ta ir darga un neekonomiska. Faktiski ta jau ir
kluvusi par izdevigu ne tikai no vides saudzéSanas viedokla, jo to ir 1étak sarazot, neka iepirkt
dabas gazi vai koksnes granulas.

Izejvielas
Anaerobajai fermentacijai ir deriga jebkura organiska viela, kas nesatur mikroorganismiem
kaitigas un procesu inhibéjoSas vielas lielakdas koncentracijas ka pielaujams. Ja izveidosies
labvéligi apstakli, mikroorganismi sadalis jebkuras lauksaimniecibas biomasas atkritumus.
Piemérotas izejvielas biogazes razoSanai ir kdatsmésli un lielo lauksaimniecibas produktu
raZzoSanas un parstrades uznémumu atkritumi.
Aprékinos par biogazes iegt8anai potencialo izejvielu daudzumu izmantota CSP, LDC, ZM
un PVD informacija. RazoSanai par izdevigu tiek pienemts, ka mazakais liellopu skaits ferma
ir 100 un ctoku ferma - 1000 chku. Ta ka nav precizu datu, cik katrd ferma ir katra vecuma,
dzimuma un svara liellopu, tad ir pienemts, ka liellops izdala diennakti vidéji 45 kg
ekskrementu, ctka - 4,5 kg. Katra ekskrementu veida ir dala sausnas, no kuras biogazi iegat
nevar. To faktiski ieglst no gaistosas sausnas, t.i., organiskas vielas, kuru mikroorganismi ir
spéjigi mineralizeét.
Energijas potencials no liellopu mésliem Latvijas rajonos paradits 1.attéla.
Anaeroba parstrade, Tpasi, ja notiek termofila reZima, meéslus padara nekaitigus un uzreiz
izmantojamus, tadé| ir TpaSi labi pielietojama cikkopibas kompleksu problému risinaSanai.
Izejvielu potencials un iespéjama biogazes ieguve no ciku mésliem paradita 2.attéla.
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2.attéls. Ciku méslu biomasas energijas potencials, kwh

Putnu mésli péc savam TpaSibam arT ir pieméroti biogazes razoSanai. Tomér tos Sim nolikam

art arzemés izmanto retak sadu apstaklu dél:

« putnu meéslos ir daudz procesu traucéjosu piemaisijumu, pieméram, grants un spalvas var
radit siknéSanas traucéjumus, ja nelieto 1paSus stknus;
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= C/N attiectba nav metanogenézei tik labvéliga, jo daudz N, velams maisit ar liellopu
mésliem vai citu vairak C saturoSu biomasu;

e putnu mésli ir ar lielu sausnas saturu un tapéc vairdk pieméroti sausa méslojuma
gatavoSanai ar vai bez Zavésanas.

Energijas potencials no putnu mésliem paradits 3. attéla.
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rajons

3.attéls. Latvijas rajonu putnu fermu katsméslu biomasas energijas razoSanas
potencials, kWh

Latvija ir arT aitas un kazas, bet nav lielu to turéSanas fermu. Mésli, kas rodas, kad dzivnieki ir
katrs, tiek izmantoti paSu zemnieku vai kaiminu lauku mésloSanai un tadél biogazes
potenciadla aprékina nav ietverti. Kaut arT zirgu fermu skaits pieaug, tomér zirgu skaits katra
ferma nav liels, un Iidz ar to arT sarazoto meéslu daudzums nav liels un tadél arT biogazes
potenciala aprékina nav ietverts.

Péc PVD datiem, Latvija ir 31 oficiali atzits auglu un darzenu parstrades uznémums, 4
kartupelu parstrades uznémumi, 4 iesala razoSanas un s graudu malSanas uznémumi. Tiem
visiem ir atbilstoSi sakartota atkritumu utilizacija, vai nu ievadot notekldenus pilsétas vai
ciemata biologiskajas attirisanas iekartas, vai arT ir lokalas attiriSanas baves. Lielaka dala So
uznémumu ir izvietoti pilsétas vai ciematos, kas apgratina BEI bavi to teritorijas.

Lielakajai dalai S0 uznémumu atkritumu daudzums nav tik liels, lai paSiem batu izdevigi
bavét BEI, un tadél arl interese par $o tehnologiju nav liela. Tadél arT biogazes ieguves
potencials §im atkritumu veidam nav aprékinats. Sos atkritumus labi varétu izmantot
atseviskos gadijumos, kad tuvakaja apkartné kads cits no organisko atkritumu raZotajiem vai
zalmasas audzétajiem planotu uzbavét BEI.

Latvija, péc PVD datiem, ir 122 oficiali atzitie galas ieguves un parstrades uznémumi. Lielaka
dala no tiem ir nelieli uznémumi, un to saraZotie atkritumi tiek utilizeéti un attirtti vietéjas vai
centralizétajas attiriSanas iekartas. Eiropas Parlamenta un EP 03.10.2002. regula
Nr. 177472002 nosaka veselibas aizsardzibas noteikumus attiectbd uz dzivnieku izcelsmes
blakusproduktiem, kuri nav paredzeti cilvéku uzturam, un EK 19.01.2005. regula Nr.92/2005,
ar kuru 1steno biogazes razoSanas tehnologijas iespéjas So produktu parstradé. Tiek atzits, ka
anaeroba fermentacija, ja ta notiek termofilaja procesa jeb mezofilaja ar pasterizacijas iekartu,
kur atkritumus uzkarsé lidz 70°C un iztur 1 stundu, nodroSina nepiecieSamas sanitaras
prasibas.
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Kautuvju atkritumi japarstrada specializétos uznémumos. Péc PVD datiem Latvija tadi ir s un
2 kugi, kas apstrada zvejas produktus. Tie no Siem atkritumiem raZo kaulu miltus. Visus $os
atkritumus ir lietderigi izmantot biogazes razoSanai, jo no tiem ir labs biogazes iznakums.

Neviena gadijuma atkritumu nav tik daudz, lai uznémumam vienam atmaksatos bavét BEI.

Bet, kooperéjoties ar citiem, tas batu lietderigi.

Péc PVD datiem, Latvija ir 47 piena apstrades un parstrades uznémumi. Piena produktu

parstradé ka blakus produkts rodas sUkalas. To utilizacija Idz Sim lielajiem uznémumiem

radija problémas. To lietderigai izmantoSanai tika pielietotas dazadas tehnologijas - gan

acidofilo produktu razoSana, gan arl vienkarSa izbaroSana tuvakajas fermas un lauku

méslodana.

Ta ka sokalas satur daudz sausnas, tas batu laba izejviela biogdzes razoSanai. Tomér to

potencials nav aprékinats vairaku iemeslu del. AS ,,Rigas piena kombinats” un AS ,,Preilu

siers” ir uzsakuSas razotnu bavi, kas, pieméram, RPK dos iespéju sarazot 3800 t stkalu sausa
pulvera.

Latvija ir 3 spirta razotnes, divas no tam razo partikas spirtu, viena - degvielas spirtu. Visu

tris ripnicu razoSanas procesa rodas blakus produkts - 3kiedenis. Skiedenis ir labi piemérota

izejviela biogazes razoSanai.

Dazados partikas parstrades procesos veidojas notekddeni ar lielu organiskas vielas daudzumu.
Notektdenu attirisana izmantojot biologiskos attirisanas procesus, ka blakusprodukts veidojas
notekldenu ddnas. Piesarnojoso vielu daudzums ddnas atkarigs galvenokart no apstradajamo
notekddenu sastava. Dunas var bat laba izejviela biogazes razo3anai.

Cietajos sadzives atkritumos, ko deponé izgaztuves, ir daudz organiskas vielas un no tas

veidojas biogaze. Ir lietderigi to savakt, lai samazinatu SEG izmeSu daudzumu. Mazajas

izgaztuvés biogaze jasadedzina lapa vai japarveido nekaitigos Kimiskos savienojumos.

Lielajas no biogazes var razot elektroenergiju un siltumu.

Kopéjais biogazes razoSanas potencials
Biogazes ieguves potencials Latvija no visam izejvielam paradits 4.attéla un 1.tabula.
Attéla dots energijas potencials no augkopibas - tikai 20 milj. ms biogazes gada, bet tabula
divi rezultati - 20 un 200 milj. ms/gada. Faktiski, ja biogazes razoSanai bls nepiecieSamais
valsts atbalsts, tad bas iespéjams vél lielaks razoSanas apjoms, jo Latvija ir loti daudz
neizmantotas zemes, kur varétu audzéet zalmasu biogazes razo8anai.

1.tabula
Biogazes razoSanas potencials Latvija
N.pk. ReSUrss Biomasas s_austui .B.io_gaze ] Energija_
t/gada milj.ni /gada MWh/gada
1. Liellopu meésli 107300 32,2 193295
2. Caku mésli 44400 20 1188300
3. Putnu mésli 43159 21,6 129478
4. Partikas uznémumu 57500 23 138000
notekadeni
5. BAS danas 23000 7 42000
6. CSA izgaztuves 400000 23 138000
7. Augkopibas atlikumi un 80000 - 800000 20 120000 - 1200000
zala masa
8. Skiedenis 20000 8 64000
9. Kautuviju atkritumi 3500 2,1 12600
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Resursi

4.attéls. Biogazes razoSanas potencials Latvija

Secinajumi

Biomasas apjoms un ieglstamas energijas potencidls no tas ir pietiekoSi liels, lai raZotu
biogazi.
Lai biogazes razoSana sekmigi attistitos ari Latvija, ir nepiecieSams:

izstradat un ieviest Biogazes razoSanas programmui;

izveidot alternativas energijas pétijumu un projektu attistiSanas centru uz LLU TF un citu
zinatnisko laboratoriju bazes;

finansét zinatniski pétnieciskos biogazes tehnologiju, iekdrtu un fermentacijas procesu
optimizéSanas darbus;

izstradat biogazes projektu ievieSanas finansiala atbalsta noteikumus;

turpmakajos gados paredzét budzeta realu finanséjumu biogazes projektu realizétajiem;
laika posma Iidz 2013.gadam paredzét uzbavét 10 BEI pie lielakiem uznémumiem, kas
razo organiskos atkritumus;

izstradat tipveida dokumentaciju galvenajam BE| sastava ietilpstoSajam iekartam;

apgat tipveida iekartu razoSanu Latvija;

LLU izveidot BEI operatoru apmacibu programmui;

veikt potencialo investoru un razotaju informacijas kampanu par BE| bavésanu;

izpétit biogazes razoSanas no augstrazigam kultaram efektivitati Latvijas apstaklos.

Lai plasak Latvija ieviestu Skidras un gazveida biodegvielas razo3anu, batu vélams rikoties
sadi:

Ll

Tehnologiju popularizéSana un potencialo uznémeéju izglitoSana.

BEI baves atbalsta nosacljumu izstradasana.

BEI potencialo bdvéSanas vietu noskaidroSana un projektu priekSlikumu sagatavo3ana
visa Latvija.

Ekonomikas ministrijas paklautiba esoSajai LIAA vajadzétu pieteikumu vértéjuma uz ES
struktaGrfondu naudas sanemSanu izveidot ,zalo koridoru, $adiem projektiem, kas
nodroSina bez tadiem parastiem ieguvumiem ka darba vietu radiSana un infrastruktdras
uzlabo8ana art valstiski loti svarigus ieguvumus ka - vides piesarnojuma partraukSana un
energétiskas neatkaribas un energoapgades drosuma palielinasana, un ari atjaunojamo
energijas resursu izmantosanas palielinasana.
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Pieskirt TpaSu finanséjumu zinatniski pétnieciskajam organizacijam anaerobas parstrades
procesu un tehnologiju pétfjumiem.

Steidzami noskaidrot biogazes raZzoSanas no augstrazigas zalmasas (kukurazas, saulpuku
u.c.) ekonomisko efektu Latvijas apstaklos un, ja tas ir pozitivs, izstradat jaunu
programmu un uzsakt plasu BEI bavniecibu un tai pakartotas infrastruktdras izveidoSanu.
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Abstract. The paper introduces a high-selective oil-shale mining technology and the first results of
surface miner Wirtgen 2500SM tests. The technology allows to decrease oil-shale loses from 10-15% up to 5-
7%. Mining process of the surface miner has a lower disturbing impact, which is topical in open pits and
quarries especially in densely populated areas. The low level of dust and noise emissions and also very’ low
vibration are arguments to mine oil shale with surface miner instead of drilling-blasting operations. The risk
analysisfor testing technology was elaborated.

Keywords: surface miner, Wirtgen 2500SM, high-selective mining.

Introduction
For more than eighty years oil shale has been mined in Estonia. During that period about 950
million t from estimated four billion tonnes reserves have been extracted. About 98% of
electric power and a large share of thermal power were produced from Estonian oil shale.
Mining sector faces challenges to increase the output of mines and to minimize the
environmental impact of mining at the same time. Continuous mining and milling techniques
for the hard rock industry are up to now limited through the hardness of rock material. The
application limits for the future technique will be placed above the limits of bucket wheel
excavating systems with a diggability of normal up to 10 MPa of uniaxial compressive
strength (UCS). This can be expanded with special designed excavators for frozen hard coal
or soft limestone [1]. Horizontal and vertical ripping techniques are currently used for
materials up to 50 MPa UCS, sometimes combined with in-pit crushing systems.
Technological improvements are necessary in this situation and surface miners have
perspectives to offer solutions because there are some experiences of the continuous mining
with surface miners in Estonia. Wirtgen surface miner (SM) was used for limestone mining
from 1989 to 1991. Tests for oil shale mining through in 2004 and 2006 with MANTAKRAF
and Wirtgen surface miners [2]. Surface mining is carried out in open casts with maximum
overburden thickness of 30 m. Draglines with 90 m boom length and 15 ms bucket size are
used for overburden removal. Hard overburden consists of limestone layers and is blasted
before excavation. Oil shale layers are blasted as well or broken by ripping (semi-selective
mining). Disadvantage of ripping is excessive crushing of oil shale by bulldozer crawlers.
Excavated rock is transported with 32-42 or 60 tonnes trucks (Belaz and Euclid) to the
processing or crushing plant depending on opencast.
Aim of the research and in-situ SM testing is to introduce continuous mining technology on
example of Estonian oil shale deposit in areas with arduous layering conditions. The results of
in-situ testing can be used to improve existing situation in EU mining fields with complicated
geological conditions and in densely populated regions.
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Perspective Advantages of Surface Miner technology
Surface miners can find their natural applications in projects where drilling and blasting is
prohibited or where selective mining of mineral seams, partings and overburden is required.
Besides they offer further advantages as for example:
= Less mineral loss and dilution.
< Improved mineral recovery especially in areas sensitive to blasting.
= Less stress and strain on trucks due to minimum impact of the excavated material.
= Primary crushing and fragmentation of mineral rock.
< Reduced capacity requirements for preparation plants.
The most perspective advantage of SM is high-selective mining. Surface miner can cut
limestone and oil-shale seams separately and more exactly than rippers (2-7 cm) with
deviations about one centimeter. It is estimated that due to precise cutting enables surface
miner to increase the output of oil shale up to 1 tonne per square meter. Its mean, that oil-
shale looses on the case of SM technology can be decreased from conventional 12 up to 5
percent. The thickest and harder limestone seam “C/D” has sufficient quality to produce
aggregate for road building and concrete. Separately extracted limestone (C/D and Aj/B) can
be left directly in mine which reduces haul costs and increase run-out oil shale heating value
by 18% without additional processing.
The oil yield increase by 30%, up to 1 barrel per tonne during the oil shale retorting, because
of better quality. The same principle is valid for oil shale burning in power plants because of
less limestone containing in oil shale. Its results higher efficiency of boilers, because up to
30% of energy is wasted for limestone decompose during the burning process. Positive effect
would result in lower carbon dioxide and ash emissions [z ].
Another perspective of surface miner would apparent in places with relative small overburden
thickness (less than 10 m) and near the towns where the removal of hard overburden with SM
should be considered as well instead of overburden blasting. On these cases the SM would
“cut” considerably operating costs of stripping and possibility mine out reserves near the
densely populated areas.

Surface Miner Wirtgen 2500SM
Continuous surface miner, which are designed to cut softer rock materials like sandstone,
clay, bauxite, hard coal, phosphate, gypsum and marl are operating between 10 MPa and 70
MPa compressive strength. Nowadays, road cutting machines are working materials up to
100-110 MPa compressive strength. The very recent developments show that there is a need
for investigations to enlarge the mentioned application limits.
The Wirtgen 2500SM design with a mid-located cutting drum (diameter 1.4 m, cutting width
2.5 m) was expected to be more promising for hard rock (80-110 MPa) applications than the
front-end designs. Here, the whole weight of the machine (100 t) is available for the
penetration process and only a smaller torque resulting from the cutting process (cutting depth
up to 0.6m) has to be counterbalanced. Besides, the surface miner with middle drum concept
moves during the winning process. Due to this great moved mass, much more dynamic mass
forces are possible than during the movement of the small mass of the cutting organ mounted
on a boom.
Modifications and development work for the prototype focused mainly on different cutting
tool location systems, the corresponding cutting drums and specifications of the cutting tools,
different loading technologies (windrowing or direct truck loading) also (Fig. 1 A, B).
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Fig. 1. Windrowing (A.) and direct truck loading with Wirtgen 2500SM

“Narva” open-pit Tests

The Wirtgen 2500SM surface miner was delivered to AS Eesti Polevkivi at the end of 2006.
The testing of SM was beginning at “Narva” oil-shale open pit. The test place “Narva” is
located approx. 200 km north-east of Tallinn near the city of Sillamae in the north-eastern part
of Estonia (N59 15; E27 44). The SM testing was held from 01.01.2007 to 31.01.2007 and
was divided onto three-decade period. The machine was operated in two or three-shift
systems.

During the first decade (03.01.-10.01.2007) 111 total operating hours from 112 available
shift-hours the SM with windrowing method was applied. The average cutting speed during
the real cutting time was 11.5 m/min. During the second decade (11.01.-21.01.2007) 145
total operating hours from 200 available (9.4 m/min) and during the third decade (22.01.-
31.01.2007) 151 from 208 available shift-hours (9.0 m/min) the SM with direct truck loading
was tested. But the real cutting time was 35, 36 and 41% from available shift-hours for the
each period correspondingly. The Figure 2 illustrate the shift-hours distribution graphics for
the while testing period.

Windrowing method Direct truck loading Direct truck loading
03.01.-10.01.2007 11.01.-21.01.2007 22.01.-31.01.2007
17,4% 8,0% 27% 27%

Fig. 2. Shift-hours distribution graphics for three testing decades

Where PPU repairing; real cutting;”U S other downtimes; 0 - manoeuvres;
IS- pick replacement/control; [||T1—maintenance: I > refuelling.

During the first decade registered “other downtimes” is about 1% for the next periods this
number about 27%. Obviously, the main reason is direct truck loading method. Analysis has
shown that by direct truck loading method, truck-waiting downtime decrease real cutting time
by 1.0-1.5 hour per shift and average cutting speed by 20-25%.

Another problem is the oil-shale bed geological characteristics. Estonian oil-shale bed
consists from oil-shale and limestone seams with different thickness and compressive
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strength. Oil shale is relatively soft rock with UCS 15-40 MPa but limestone is 40-80 MPa.
There are also places near the karsts zones with 100-120 MPa compressive strength. During
the cutting process the loads in cutting tools vary greatly due to the differences in rock
physical and mechanical parameters, which lead increased loading of the cutting drum.

The applicants have recently encountered many situations where manufacturers cutting
drum/head designs could be significantly improved upon, as they were not tailored to the
actual geotechnical conditions predominant at the mine. However, without more user-friendly
tools, the opportunity to make such improvements in practice has been limited. Improved
designs have the potential to increase cutting speed and efficiency, reduce pick replacement
costs, reduce machine down time through gearbox failure and pick changing, improve
machine reliability by reducing excessive vibration during cutting, improve loading efficiency
and reduce fine oil shale and dust production. Research program to develop design of cutting
tools/drums to minimise cutting tools consumption and machine down time on the basis of
testing data will be develop. New design of cutting drums will lead to improved tool cutting
(pick) loading efficiency with less fine rock and dust production. The result of this work will
be taken into account for the next SM design.

Rock Breakability Results
To be able to transfer the achieved results to other EU rock mines, it is necessary to identify
the SM and cutting rock parameters responsible for the breakability factor of a deposit. The
development of such a generalised classification system is therefore an important objective of
the project as well.
Applying statistical distribution according to Weibull, the function of size distribution of oil-
shale particles may be assumed as follows:

W= 1- QXpHd/dof] 1)
where do = do.63 is diameter of screen opening to pass 63.2% of broken oil shale; m is
breakability factor.

The results from sieving analysis made for limestone and oil-shale layers show that for
“Narva” open pit test site conditions breakability factor m = 1.1. Hence, the share of oil shale
S passing the 25 x 25-mm screen in the total mine-run shale equals to

825 =0%5=1- exp[5/<3063)1% (2)
where, do.&3 = 20.0 + 2.16S' for SM up-cutting direction (see Figure ); S' is cross-section of
cut, cm2.
In 1968 E. Reinsalu had proposed an approximate relationship between energy consumption
by different methods of breaking and average size of mined oil-shale particles, which was
later completed with the present investigation data (Figure 2).
Concentratibility and trade oil shale grade depend on sizing extracted oil shale, which, in its
turn, is closely related to energy consumption and the selected method of oil shale breaking.
Equation (3) and Figures 3.A, 3.B demonstrates the correlation of the distribution law
parameters and specific energy consumption with the parameters of oil-shale and limestone
particles sizing. The tested SM sizing parameters are inside the areas with number 7 and s
(see Fig.3.A).
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Fig. 3. Effect of method of breakage on specific energy consumption (A.) and the
resulting average oil shale and limestone sizing (B.)

Where, 1 - drilling in limestone; 2 - drilling in oil shale; 3 - cutting machine in limestone; 4 - cutting
machine in oil shale; 5 —cutting of layer B with shearer loader UKR-1; 6 - cutting with shearer; 7 - cutting
with DKS (a mean for measuring cuttability) in limestone; 8 - cutting with DKS in oil shale; 9 - breaking

with ripper (surface mining); Wirtgen 2500SM sizing data (up-cutting direction): © - cutting in oil-shale
complex EF (0.43m); ©-cutting in limestone seams A/B (0.18m) and C/D (0.25m); (D- cutting in oil-shale
complex CB (0.36m).

Risk Analysis of SM Productivity
Risk assessment is the process of deciding whether existing risks are tolerable and risk control
measures adequate. Risk assessment incorporates the risk analysis phases [3; 4].
Main aspects influencing the efficiency of the combine work concern the duration of the
processes. Cutting different layers, track dumper loading (waiting), manoeuvres and
maintenance processes are the most important factors. Investigations have shown that
duration of the processes influence on productivity. The main quantitative approach used in
risk analysis is the fault tree method [4; 5]. This method was selected as the most appropriate
one for the risk analysis of the SM. In the first stage of the project time factor was taken into
consideration. For probability determination the empirical approach was used. The fault tree
indicating the probabilities of the SM processes and spent time. It is possible to select
different variants and to determine the probability of one.
Figure 3 presents the fault tree that allows determining time deviations from the mean value.
Four different test periods (variants; I-1V) of the SM were observed. Three of them was
described above (Fig. 2) and the next one was on the basis of recent experimental data at
“Kivioli” open pit. For determination suitable variants positive numbers were chosen in
comparison analysis with productivity received during the tests. Application of the fault tree
is presented in Table 1 Selected variant of the tests give different value of the probabilities
and deviations from the mean value. Flaving this information, a specialist can come to an
adequate decision and improve the quality of the processes.
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Fig. 1L Fault tree of time deviations from the mean value

Table 1
Different value of the probabilities deviations from the mean value in comparison with
productivity

Test | ] 1l v

Maintenance -0.234 0.095 0.080 -0.128

Cutting -0.015 -0.029 -0.097 0.077

Waiting - -0.141 -0.136 0.011

Manoeuvres 0.007 -0.053 0.019 -0.040

Productivity, % 100 82 78 75
Discussion

Currently Estonia is independent energy producer thanks to existing of Oil-Shale deposit and
favourable mining and processing conditions. Due to environmental restrictions and social
pressure testing of high-productive, environmentally friendly, mechanical mining is needed
for successful continuation of independent energy supply (oil shale) for EU state country,
Estonia. Situation in energy market of EU will be change in the nearest future. Decreasing
need for energy import to Estonia will be very helpful for European energy market. New
flexible and powerful mining technology will guarantee securing independence of Estonian
energy sector [¢]. Development of mining machinery and mining technology by the way of
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selective mining will improve environmental situation in Europe and Baltic Sea region. Effect
can be achieved in decreasing CO: pollution, ash pollution and water pollution.

Selective mining enhances the quality of oil shale. Through the cutting quality the mineral
resource utilisation is more effective and environmental impact is lower. The disturbing
impact of drilling-blasting operations in quarries and open pits next to densely populated
areas causes vibration, dust and noise emissions which are arguments to stop operations
where blasting is used. Surface miner high-selective technology has perspectives due to
reduced dust and noise, non-existent vibration and dust emission levels also.

By extending the applicability of the surface miner/road cutting technology from soft material
into semi-hard and hard rocks with UCS of up to 110-120 MPa, an economically and
environmentally acceptable alternative to drilling and blasting could be available. By taking
into account the rock-mechanical and mine planning aspects of the test application, an
evaluation of the overall economical feasibility and the transfer of the results to other
European hard rock mines can be ensured.

Conclusions

Results which will be obtained by this project can result in applications in different industrial
sectors. The main applications will of course be found in the surface mining and road
construction sectors. Further applications or input can be expected into all those sectors
utilising bits comparable to those tested in the project (e.g. improved underground cutting
head machines or machines for railway construction, rebuilding of concrete/asphalt
pavements of roads and airport runways, water and gas pipeline trenches, underground
installations, etc.). New applications could be seen in zones where rock soils could be
transformed into zones with agricultural capacities.

Fault tree allows determining suitable choice for different tests of surface miner. Surface
miner productivity of test (I) were accepted as 100 %. This high productivity could be
explainable absence of waiting time (different loading technology). Worse result demonstrate
test (I111) where cutting present greatest negative value. Having this information, we can come
to find adequate decision for improve the quality of the processes and achieve high
productivity. For determination of the best productivity is necessary to give attention on
processes with negative value and try to improve their quality.
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THE CHOSEN CLASSICAL AND NON-CLASSICAL ALGORITHMS IN
THE GEODETIC MEASUREMENTS OF DISPLACEMENTS
KLASISKO UNNEKLASISKO ALGORITMU IZVELE DEFORMACIJU
GEODEZISKAJOS MERTJUMOS
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Abstract. The approach to analysing the measurement results of a levelling network which was
established to identify the vertical displacements of the earth dam crone ofa waste pond was presented in the
paper. The obtained measurement results carried out by a precise levelling method were used in determining the
precise displacements ofthe controlled points in the timefunction. The non-linear models ofa kinematic network
were applied to describe the displacements. A numerical evaluation ofperiodic measurement results was carried
out by classical algorithms and neural networks. The neural networks recognized as the sophisticated modelling
techniques were able to copy the non-linearfunctions.

Keywords: non-uniform settlements, kinematic geodetic network, neural networks.

Introduction

The kinematic state of a geodetic measuring-controlling network is determined on the basis of
the estimated parameters values of a given kinematic model. This model describes the points
movement. The kinematic model of a geodetic network differs from the static model because
it also enables to record the object deformation changes in time and in space. The following
three issues have been taken into consideration while analysing the measurement results in the
kinematic way: determination of a hypothetical model structure, estimation of numerical
values, checking the model adequacy (its structure and the estimated values).

The characteristics of a given object

The waste pond, consisting of two chambers, was located on the area of an industrial
establishment. The sketch of a geodetic network consisting of 30 measurement points located
on the earth dam crone of the waste pond was presented in the fig. 1. The points were located
according to the project made by the experts in geotechnics. The measurement periods were
carried out within the years 2001-2004. Calculations were done by the precise levelling
method by the means of a levelling instrument Ni 007 and at the same time the 70 height
differences were observed in each measurement period.

. Gb5-:. 27

28 " 30/
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Fig.l. The sketch of the points arrangement of a measuring-controlling network
The data analysis
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The displacements research was preceded by the data analysis. The simplest protection was
applied to avoid observation errors which had the values severally crossing the limit of

random errors in the form of the loop traverse closing. The error value meh] =2mjn+ri was

assumed as the correctness criterion of the done observations. The value m means a
measurement square error of a single height difference and the values n and n’ mean the
number of the levelling instrument stations in the ,,forward” and ,,backward” direction. The
precise control was carried out on the basis of the correction number ratio to its square mean
error:

\"

L (1)

mv
The diverged observations (M/mv) >2 were eliminated on the basis of the observation

adjustment results done by a least square method within the minimal limitation of the freedom
degrees.

The sensitivity of the displacements model
The application of a definite structure of the displacements model in the description of the
kinematic state of a network requires the precise analysis of the model due to its sensitivity.
The model sensitivity can be calculated by the following scalar coefficient:

a=n" S ) (2)

where: a- sensitivity of a model

00 - mean error of a typical observation

5 - non-centrality parameter ;

Anin- minimal eigenvalue matrix of the normal equation system (M=A PA)
The value of the above-presented coefficient (2) stands for the least absolute deformation
value which may be detected by the given model. The non-centrality parameter is the basis for
calculating the sensitivity of a model. This parameter was calculated according to Gil’s
(Gil, 1995) suggestion in this paper. The non-centrality parameter can be calculated from the
correlation:

6 — (3)

where: AE - the increase of the square norm of the corrections’ vector V determined on the
basis of an observation system adjustment within the minimal limitation of the
freedom degrees and the adjustment fixed on the assumption of the absolute
constancy of the reference points set.
Go- mean error of a typical observation
The maximum value of the non-centrality parameter reached the level of s = 2.0 but
sensitivity of a model reached the level of a=l .4 mm

The geometry of the least square method
The adjustment issues in the linear and non-linear aspects are connected with the knowledge
of the geometrical aspects of a least square method. In the case of a linear model the plane is
the space estimation (fig.2) but in the case of a non-linear model the surface is the space
estimation (fig.3). Minimization of the sum of the second powers corrections V(X) of a linear

model aims at searching for an estimator X of parameters’ vector X in order to place a given

point P(Pi, P2, ..., Pn) located in the estimation space as a vector L = AX as close as possible
to the point L determined by an observation vector ).
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Fig.2. The geometry of the least square method in the linear aspect

In the case of a non-linear model minimization of the sum of errors second powers to
observations V(X) aims at searching for such an estimator L = A(X) in the estimation space
which is located closely to the point determined by an observation vector L{tx12,...,Im)

(fig-3).

Fig.3. The geometry of the least square method in the non-linear aspect

The non-linear feature of the displacements model
The non-linear model can be presented in the general form as:
E(L) = A(X) (4)
where:; E - operator of an expected value (the average value of a random variable L)
L - observations vector
A - non-linear projection which assigns an observation vector L e R m to the
parameters’ vector X e R", provided that m > n
Rm- measurements space
Rn- parameters space
Most of the adjustment tasks were proceeded by the linearization of a non-linear model in the
point of the known approximation Xo in the form of:
E(AL)=0A(X0)AX (5)
where: dA(X) - partial derivatives matrix of A projection
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Fig. 4. Linearization of a non-linear model A(X)

A reference system identification
The correct defining of the displacements model depends on the way the reference system is
defined. Gil’s method of defining a reference system (Gil, 1995) was adopted in the paper.
This method consists of the two stages:
- the preliminary identification,
- the final identification.
The preliminary identification aims at determining the most possible numerous set of points
which can remain the reciprocal constancy within the defined approximation. The idea of the
two adjoing objects (O1) and (O2) represented by the two n-element sets of points {S1} and
{S2} in the space R: was applied to search for an object location (O2) with regard to the object
(O in order to the differences of their geometrical internal features would reach the minimal
value. The optimal solution can be found on the segment between the two points or in the one
of the extreme points. If the numbers of sets points {S1} and {S2} are sorted out provided that
the lengths hj fulfil the conditionh, <h: <....< hn, hence, the function of the sum of absolute

divergences reaches its minimum in the range of hn/2 <x <hn/2+i for the even number of

points (fig.5) but for the odd number of points, the function of the sum of absolute
divergences reaches its minimum in the point x =hfn+])/2 (fig.s ).

Fig.5. Minimum sum of absolute divergences for the even number of points

Fig. 6. Minimum sum of absolute divergences for the odd number of points
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Defining a reference system in the final version aims at doing research on the reaction of an
observation system which is caused by the increase of points number fulfilling the condition
of the absolute constancy in the process of adjustment. The differences values of geometrical
features of points sets {S1} and {S2} can be sorted out according to the increasing absolute

value |wtj<]w2]<....< Jwn] on the basis of the preliminary identification. The consecutive

network adjustment within the absolute constancy of its points can be done provided that the
increase of the number of constant points according to the fixed order is taken into
consideration. This can be done until the increase of the second power of error corrections
norm reaches the critical value AE™,

AEK = -, (m2+-—)In(l - Pk) )
2 r

where: P - probability value
m - mean error of a single observation defined from the adjustment within the
minimal limitation of freedom degrees
r- number of supernumerary observations
k - number of points within the absolute constancy assumption
The way of identification of a reference system for the obtained measurement data was
presented graphically in the fig.7.

points numbers

Fig. 7. Identification of points of a reference system on the basis of a critical value AE®

Finally, the reference system was defined on the following four points 7, s, 9, 13, which
remained the reciprocal constancy in the whole period of measurement process.

The models of kinematic networks
The general form of a kinematic model of vertical displacements of the geodetic points
network shows the following formula:
Ah = Ah(t,x) (7)

where: Ah - change of height difference

t- time (real variable)

X - parameters vector
The following three kinematic models were applied in the paper:

1. Az(t,a) =al+aZX+az2 (s)
2. Ah2(t,a) =«[+«, exp(-ast) 9)
A
3. A/773(t,a)=—al— +13 (10)
a2+t t
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The optimized neural network
The optimized neural network with the circular structure was used in the process of estimation
of parameters of points movements in both the linear and non-linear model. This optimized
neural network was applied to solve a system of equations in the form of (Osowski, 1996):
Ax =1 (1)

where: AeR mn- (m>n) matrix of coefficients of equations system corrections

xeR u- vector of the unknowns

\eR m- vector of absolute terms
The task solutions aimed at defining the coefficients of parameters vector x which was to
meet the condition (12) with the smallest error (Osowski, 1996). Hence, the objective function
can be presented in the following formula:

F(x) = (Ax- Dr (Ax-1) = 1AX- JJ-> minimum (for X e Rn) (12)
In order to minimize the sum of the second power of observation correction, the gradient
method was also applied to solve a differential system of equations written in the matrix form:

o =-pVF(x) =-pAT(AX-1) (13)

t

where: VF(x) = ?F o SFL AT(AXx- 1) -the gradient vector defined by partial
ox, dx2  dxr derivatives of the objective function

with regard to individual variables
p - neural network learning coefficient within the range of (o ,1)

The obtained results
Firstly, the values of points displacements were determined on the condition that the network
was static. The calculations were done by the means of least square method within the defined
reference system based on the points 7, s, 9, 13. The calculated displacements were in the
range of -5,9 - +2,2 mm (fig.s) in the course of the whole measurements periods.

eereen01-02
—  -01-03
- *- . 01-04

Fig.8. The diagram of displacements calculated by a least square method

The model (s) in the form of quadratic polynomial is a linear model according to the
parameters vector x=(ai, ot, o3). The coordinates values of this parameters vector can be
determined either by a classical procedure of the least square method or by a neural network.
As a result of the application of the above-mentioned algorithms the deflection differences
among those three models were within the range of 0,01-0,07 mm. The state of a kinematic
network described by the model (s ) was shown in the fig.9.
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points numbers

Fig.9. The diagram of points displacements for the model (8) defined by a least square
method and by a neural network

The expected results were not achieved in the process of the model linearization (9) in the
form of the exponential function because the mentioned model could not be transformed into
a linear one. Hence, this parameters model were estimated by a hybrid method according to
the following way:

- the estimation of parameters ai and .. of a linear model for (% equalling a given constant,

- the estimation of parameters as of a non-linear model for ai and a2 having the constant

values.
The linear estimator of the vector parameter ogia. was being searched by an iterative

Jacobi’s method. While the non-linear estimator as was determined by the biggest descent

method. The displacements diagram was presented in the fig.10. In the case of neural
networks the problem of estimation of points movements parameters can be solved by a
neural network based on the conjugation gradients method (fig. 11).

. '01-02E0.33
- -« - — 01-03F0.67
01-041=1.00

Fig. 10. The diagram of points displacements for the model (9) calculated by
the hybrid method

Fig.ll. The diagram of points displacements for the model (9) calculated by a neural
network basing on the conjugation gradient method
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The difference in displacements calculated by the exponential model and the polynomial
model was within the limit of 1 mm.

Michaelis-Menten’s modified model (10) was compiled by a neural network with the
application of a bipolar activation function with the fixed value of a slope coefficient p=0,05.
The non-linear activation functions did not generally improve the process of parameters
estimation. The displacements values calculated by this model were graphically presented in
the fig. 12.

Fig. 12. Displacements determined on the basis of the modified Michaelis-Menten’s
model (10) calculated by a neural network with the application of a bipolar
activation function
The general characteristics of this model accuracy and the accuracy of a model in the form of
an exponential function reached the level of a mean error of a single observation mo=0,5-0,6
mm, while the coefficients differences of displacements vectors determined by those two
above-mentioned models and by the polynomial were withinl -h3 mm range.

Conclusions
< The values of mean errors of a single observation mo resulted from the application of a
neural network and classical algorithms were within the range of 0,4 -f 0,6 mm.
= The differences of displacements values determined by the above-mentioned models were
within the range of 1 4 3 mm provided that the whole measurements periods were taken
into consideration.

= A neural network applied in estimation of kinematic models of a vertical measuring-
controlling geodetic network has been an effective tool providing us with authoritative
results.
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PREDICTION OF THE TECTONIC PROCESSES AT ASELECTED
AREAS FOR DISPOSE RADIOACTIVE WASTE
TEKTONISKO PROCESU PROGNOZE IZVELETO RADIOAKTIVO
ATKRITUMU DEPONESANAS VIETAS
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Geophysical Center of RAS
117296, Moscow, GSP-1, Molodeznaja, 3, Russia
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Abstract. The possibility of using deep geological formations to dispose of high-level radioactive waste (HLW)
is a subject raising heated debate among scientists. In Russia, the idea of constructing HLW repository in the
Niznekansky granitoid massif (NKM) in Krasnoyarsk area is widely discussed. To solve this problem we are
elaborating a technology associated with time - space stability prediction of the geological environment, which
is subject to geodynamic processes evolutionary effects. It is based on the prediction of isolation properties
stability in a structural tectonic block of the Earth’s crustfor a given time. The danger is in the possibility that
the selected structural block may be broken by new tectonic faults or movements on a passive faidt may be
activated and thus underground water may penetrate to HLW containers.

Key words: tectonic, radioactive waste, evolution of Earth’ crust, modern stress, faults, GPS.

The technology comprises the following complex of research methods.

1. Structural geology, engineering geology and geomorphology methods of fault block
tectonics.

2. Heterogeneous finite-element modeling of stress fields distribution in structural blocks.

3. Paleotectonic reconstruction of stress - strain state of the areas under investigation for a
period of time of up to 1 million years.

4. Zoning of the area and separation of deep linear zones from geological and geophysical
data that can be potential zones of tectonic faults on the basis of artificial intelligence
methods.

5. GPS-observations of modern movements of the Earth’s crust.

6. The method of rock destruction time calculation on the basis of the kinetic theory of solid
bodies’ strength.

Introduction

Scientists have heated discussions on the possibility of using deep geological formations to
dispose of high-level radioactive waste (HLW). In Russia the possibility of construction a
HLW repository in the NKM in the area of city Krasnoyarsk is being widely debated
(Anderson, 2001). The major problem is the required prognosis of the geological environment
isolation characteristics persistence for a long interval of time such as 104—105 years. In such
a period of time, geodynamic processes are able to make radical changes in engineering
geology and hydrogeology features (variation of groundwater level, water-bearing horizon
head, new infiltration channels formation and others) and result in the destruction of HLW
repository with disastrous impacts on the environment. Solving this problem, we are
developing a technology to predict the stability in time and space of the geological
environment, which is subject to evolutionary effects of geodynamic processes (Morozov V.
N., 1996, 2004). It is based on the use of a combination of methods having the final goal to
make a prognosis of structural tectonics blocks destruction of the Earth’s crust.

Any area of the Earth’s crust in which a repository could be planned to be located is a system
of blocks limited with surfaces of tectonic dislocations of various hierarchy levels. The
technique of selecting sites suitable for HLW repositories construction is based on the search
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in stable geological areas for structural tectonic blocks having the least density of faults in

maximum volume. At the same time, evidently, there are no areas free of dislocations in the

crust and the separated blocks are relatively less dislocated; local stress fields, which are non-
stationary with time, surround them. The blocks get destroyed, and new channels of ground
water infiltration are formed.

The elaboration of prognosis technology (fig.l) is based on the following prerequisites:

1. The evolution of the Earth’s crust is determined by the intensity of tectonic process
development in the region. The process velocity depends on the level of effective tectonic
stresses and physical and mechanical characteristics of rocks.

2. Tectonic stresses field retaining the inherited tendencies of the region tectonic evolution
varies in time and space.

3. Modern stress - strain state in combination with the inherited tendency of
time - space variation of tectonic stress local fields is a basis of the destruction processes
development in structural tectonic blocks.

4. Inherited directions depending on the effective tectonic stress tensor determine the
direction of new tectonic faults formation and the old faults activation.

5. Local areas of increased stress concentration are the most likely places to initiate
destruction of the geological environment and the structural block.

Fig.l. The basic stages of technology

From practical viewpoint, it is reasonable to predict crustal blocks evolution of NKM in
Russia where work is being carried out to select a site of underground laboratory construction.
The urgency of work in that region is caused by the fact that now a decision is to be made on
the underground laboratory construction (this stage is obligatory in compliance with the
concept of HLW repositories construction). Thus the prediction of geological environment
evolution will allow us to avoid unjustified financial loss and to decrease the risk of
radionuclide pollution of the environment if the selected sites do not meet safety standards.
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Results of researches
Multifactoral structure-tectonic model ofNKM
NKM is a single, independently formed and synorogenic bathylite (fig.2).

Fig.2. NKM area geological structure scheme
1- geiss (AR); 2 - amphibolite, quartzite and marble (AR-PR); 3 - contour of NKM granitiods: a -
diorite of 1-st stage; b-granite of 2-nd stage; 4 - dikes; 5 - terrigenous-volcanic deposits (PZ2); 6-
terrigenous deposits (J); 7 - mylonite areas; 8 - main faults; 9-grike orientation diagram; 10 - rock
position elements; 11 - areas of detailed research (from south-east to north-west: “Kamenniy”,
“Itatskiy”, “Eniseiskiy™).

Top edge morphology

Massive top edge morphology analysis is important because the surface of top edge is its
depth geodynamical activity “mirror”. NKM occupies a floor space of 2000 sgq. km. Its length
amount to 60 km. in the north-west direction and its width amount to 23-35 km. Top edge
densely desiccated with present erosion processes. Vary of absolute elevation is amount 250
m. with a maximum elevation more than 500 m.

Relief flattering action, which was added by present elevation average thickness diminution
from of loose deposits in amount of 50 m, was applied for the revealing of general regularity
for NKM top edge structure. Scheme on fig. 3 is a result of this transformation. Its analysis
shows that east roof half is raised and has enough simple rolling relief with smooth isolines
and minimum number of areas with harsh grade of isolines massif roof.

72



Fig.3. Scheme of NKM top edge morphology
1-NKM contour; 2-main faults; 3-contour lines of NKM top edge

Fig. 4. Relief desiccate density map
1- granites, 2-isolines of KWP; 3- “Kamenniy”, “Itatskiy”, “Eniseiskiy” areas contours

The Tectonicfeatures ofRelief

Relief is a second element of NKM structure-tectonic model, because it describes its present
tectonic activity. Relief density dissection scheme is the integral characteristic of activity.
This scheme built in Cir isolines (fig.4). This coefficient was estimated by clusters with 4x4
km. sliding window, like a dependence of difference between minimum and maximum
absolute elevation to unit area. Cir reflects type of vertical ECPM and present endogen area
activity. Level of C® rises when rate elevation becomes density.
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Right side of NKM, situated to the east from Maliy Itat river, defines by more density
elevation (Qr ~ 200-M00). Area with maximum values of Cir situated on the territory with
maximum roof elevation. In this area Kan river changes its course direction from meridional
to latitudional and valley becomes deeply incised into massif. Just at that place occurs
maximum thickness of granites. Another part, situated to the west from M. Itat river, defines
by low Cir amount (~ 150M00) and that gives an tectonic stability evidence of this area.
“Eniseiskiy” block situated in rather unsafe area, which one contacts in the west to the
maximum Cir level area. Blocks “Kamenniy”, “ltatskiy” situated within the stable part of
NKM. This part of NKM slowly rises on the present stage of region tectonic evolution.

Analysis ofblock morphostructures and cleavage

Morphostructural relief analysis of 1:200 000 scale enabled creating detailed block
composition of the area. This included revealing relief faults and blocks of varied height (fig.
5) into ten block levels with 50 m hypsometric gaps and 580 to 230 m height range. They are
mainly isometric 2 to 8 km in diameter with often intra-block faults that could not be referred
to as inter-block due to different height of their sides. The Eastern part of NKM features
higher hypsometric level with blocks absolute height of 530 to 380 m. The Western part has
lower blocks ranging 430 to 280 m.

Bonee 680 m 580-530 m 430-380 m 230-180 m

680-630 m 530-480 m 380-330 m <180 m

630-580 m 330-230 m

Fig.5. Structural and tectonic blocks of NKM
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Finding structural non-uniformities and sign of tectonic activity

The described NKM model can be substantially improved and adjusted based on the survey of
geophysical field, which enable identifying and tracing deep-earth geodynamic zones. In these
terms, the data of airborne magnetic survey shall be processed through Euler inverse filtering
with RODIN and KRISTALL artificial intelligence algorithms. See details in (Mikhailov,
2003).

Fig. 6 displays interpretation of anomaly magnetic field for n=3,0 and pattern 15 (center of
mass for anomaly-forming objects). Application of cluster analysis enabled identifying
isometric structure blocks dominating the NKM structure with average size of 6 to 9 km.
Linear zones of different height found could be large tectonic faults.

Simulating stress-deformed state

The aforementioned results of structural-tectonic and cluster analysis were used as the basis

for SDS simulation through isoparametric rectangular finite elements of the finite elements

method. Reconstructing the tectonic conditions of the area directed and measured the main

stress activities (NE - SW).

Distributing the stress fields identified the following specificities:

1. Linear zones that can be geodynamic zones of faults through elongated zones of increased
</ and 2y values, with dominating orientation 45° to the main stress direction.

2. The fault system of the central part of the area generally contributes to unloading a rock
mass with average stress field of 10 to 25 mega Pascal.
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Fig. 7. SDS simulation, rxy component

Monitoring the modern earth crust movements with GPS

Monitoring of the modern earth crust movements is a crucial step when forecasting how safe
the isolation features of geologic formations will be. No geodynamic mode can be researched
without definition of the rate the main tectonic deformations within the area of 100-200 km
radius have. Analyzing the entire database, including space-geological images, geological and
geophysical data, different tectonic maps and real topography of the area enabled
identification of GPS points and optimizing the geodynamic network. Fig. 8 displays location
of 1- and 2-tier geodynamic network points.

Fig.8. GPS point location

The main problem was selecting the place meeting the following criteria for survey:
1. No forest and radio wave deflector within 15 m from each mark.
2. Exposure of bedding rocks or a building with secure basement.
3. Transportation availability of the survey site.
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Meeting all the requirements above was not feasible for the NKM area, because almost no
exposures found. This is why uneven configuration of the network is intended to optimization
and density increasing. Survey is planned to be carried out twice a year in a 5-6 year term.
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Abstract. The processes of immediate roofexfoliation and pillars collapse accompanies by significant
subsidence of the ground surface. Ground surface subsidence causes soil erosion and flooding, swamp
formation, agricultural damage, deforestation, changes in landscape, ground water level decreasing and the
formation unstable cavities. During experimental measurement of immediate roof absolute deformation on
"Estonia" mine three earthquakes were registered. The main reason of investigation has served jumping
characteristic of absolute deformation near a pillar after earthquake. Method offinal elementsfor analysis of
deformation modelling is used. Seismic risk assessmentfor underground constructions stability is presented in
this study.

Keywords: earthquake, mining block, pillar, roof stability, risk estimation.

Introduction

Processes in overburden rocks and pillars have caused unfavourable environmental side
effects accompanied by significant subsidence of the ground surface. Ground surface
subsidence causes soil erosion and flooding, swamp formation, agricultural damage,
deforestation, changes in landscape, ground water level decreasing and the formation unstable
cavities. It is a large number of technical, economical, ecological and juridical problems.
Nowadays underground oil shale production obtained by room-and-pillar method with
blasting. 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 various oil shale and limestone seams are quite different. The strength of the rocks
increases in the southward direction. Ground surface subsidence result of pillars collapse.
Depth of subsidence depends on extracted seam thickness. The first spontaneous collapse of
pillars and surface subsidence in an Estonian oil shale mine took place in 1964. Up to the
present, 73 collapses has been recorded [1].

The Problem Overview

During the period of three last years the oil-shale mining at “Estonia” mine introduced with
new blasting technology with great entry advance rates (EAR). With such improved
technology the EAR reached 3.8 m, that is two times greater than conventional technology
can guarantee. The width of the room is determined by the stability of the immediate roof. As
a result of such greater EAR the situations with unsupported room width x length up to 7 x
5.5 m with decreasing the stability of immediate roof can be expected. The analysis of
immediate roof stability based on an in-site underground testing by the leaving bench-mark
stations and convergence measurements (see Fig. 1; 2).

During the short period 21.01.2005-04.02.2005 in Baltic region, three earthquakes were
registered. The main parameters for two of them presented on the table below (Table 1). Basic
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precondition to consideration of this paper has served jumping characteristic of absolute
deformation near pillar after earthquake which characterised bottom line presented on figure
1

21.09.2004 in the second part of afternoon in Tallinn area registered earthquaking shocks. It
has also registered in Poland, Belorussia, Russia, Austria, Latvia, and Lithuania with
earthquake magnitude 4.4 [8]. The Kaliningrad earthquake parameters are: date = 21-Sep-
2004; 11:05:03.3; lat = 54.78 lon = 20.29; depth = 15km; ms: 4.1/2; mb: 5.7/3.Geophysicist of
Estonian Center of Geology Olga Heinlo said DELFI, that earthquake magnitude in Estonia
could be about 3. It was registered two epicentres of earthquaking shocks in Kaliningrad area
with magnitude 5.2. Director of Latvian State Service of Geology Maris Seglinsh have made
statement that significant earthquake magnitude observed in north-western part of Estonia at
16.45.

Tablel.
Data of earthquakes during 21.01.2005-04.02.2005

Magnitude: mb 3.8 mb 4.3

. BALTIC STATES - BELARUS - NW  BALTIC STATES - BELARUS - NW
Region: RU RU
Date Time: 29.01.05 at 13:17:48.0 UTC 27.01.05 at 14:07:26.7 UTC
Location: 58.96 N ; 22.70 E 57.23 N; 25.15 E
Depth: 25 km 25 km
References: 128 km W Tallinn ; 5 km SW 73 km NE Riga ; 12 km SW Cesis

Kéardla

Fig.l. Roof-to-floor convergence curves

Where, G- immediate roof deformation, mm; t- period in days; earthquakes in
Kaliningrad (21.09.04); in Riga area (27.01.05) and in Tallinn area, near the island Hijumaa (29.01.05)

The bench-mark station 6/2 has been installed (16.09.04) on distance about meter from the
working face (see Fig 2). After blasting work (21.09.04) the roof instant deformation in this
point made 3 mm (measured before earthquake), and then after earthquake (22.09.04) the roof
“‘jumping” up to zero mark (see Fig. 1, bottom line).

During analysis two hypothesis of given situation was considered. The first one is direct
influence of earthquake, the second one is usual phenomenon caused by redistribution of roof
deflections after the next blasting.
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Fig. 2. Inspection area scheme
Where, face position marked with dotted line and date.

Influence of Earthquake
Knowing velocity of massive fluctuations (acceleration) at which there are the pressure
causing infringements or collapse in mining developments, it is possible to judge comparative
stability at unitary influence on them of seismic loadings, and seismo-explosive shock waves
outside of operative range. On such data it is possible to estimate admissible and critical peak
particle velocity at which mining development stability is lost.
By the researches results of Ural University admissible peak particle velocity at supporting by
the timbering, strengthened by anchors makes 0.9 m/s and critical 1.2 m/s [7]. On Estonian
standards, the same requirements shown as well for railway tunnels and subway overpass [2].
Critical peak particle velocity on USSR standards for underground constructions with service
life up to t = 4-10 years make no more than 0.12 m/s, and for t <3 years no more than 0.48
m/s [3]. In Estonia, the maximal resolved peak particle velocity for open-casts boards makes
0.48 nvs.
Knowing the basic rock physic-mechanical properties, such for example as velocity of
longitudinal waves distribution Vp, ultimate extension strengthar, Young module E, it is

possible to calculate critical peak particle velocity Vd under the formula [4]:
W =VpxarlE Q)

According data from Institute of Oil-shale during the experiment at ,,Tammiku” mine (mining
block Ne2) the velocity of longitudinal seismic waves was 1700 nv/s [5]. According to
measured velocity of longitudinal seismic waves by experts of Japanese firm KOMATSU in
2002 on "Narva" open-pit the separate industrial layers velocity was from 1039 to 2000 m/s
[6]. According to the report of Institute of Oil-shale, the Young module for layer C (one of the
weak) is E&7100 MPa and ar«2.5-3.5MPa.

Vd =VpxcjrlE =1053x2500000/7100000000 = 0.37 "1

_ 0.4-0.8, m/s
vd =Vpxar/E =1700x3500000/7100000000 = 0.84 i

Hence, critical velocity of massive displacement for industrial layer in conditions of Estonian
oil-shale deposit will make 0.4 - 0.8 nmvs.
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Richter Magnitude and TNT Equivalent
The Richter magnitudes based on a logarithmic scale (base 10). It’s means that for each next
number you go up on the Richter scale, the amplitude of the ground motion recorded by a
seismograph goes up ten times. By the data of Michigan Technological University, magnitude
8 earthquake releases as much energy as detonating 6 million tons of TNT [9]. This statement
is based on the empirical formula:

log (E) = 1.5M )]

Where, M- magnitude and E- energy [10].
The calculation offered by the American Institute of Makers of Explosives (IME), USA,
based on the following formula to recalculation of TNT equivalent [11]:

L) ST, S (3)
4,186x1090

The blasting energy of Nobelit 2000 ONobeiit 2000 = 2600 kJ/kg, and Qtnt =1090 kcal/kg or
4.186*1090 ki/kg. Then to one kg of TNT corresponds about 1.6 kg of Nobelit 2000.

Determination of the Peak Particle Velocity
It is obvious, that peak particle velocity PPV is in direct dependence on such parameters, as
distance up to explosion, quantities blasted explosives on delay unit, the basic physical and
mechanical properties of the rock. Formula PPV, which apply practically all over the world,
in a general view looks as follows:

PPV = A D , mm/s  (4)
AJw.
Where, A- degree of damping of PPV; n- exponent depending on explosive properties;
W- explosive quantity, and D- distance.
According to work of MSc. Tomberg for blasting in Estonian underground conditions
(ammonite 62V) factors have following values A=1748; n =1.25 [2].

Stability Analysis
Last earthquakes in Estonia territory have been recorded in area of islands Hiiumaa and
Osmussaare, and distance from them up to Estonia mine about 250 km. We shall determine
earthquake magnitude in area of these islands, capable to influence stability of underground

constructions.
-1.25

/
250x10°
PPV = 1748 &~ vd = 0.12 nvs (5)

v a/9x 108,

Using the formula PPV received W= 9* 108 kg that corresponds to magnitude ~7.5. It is
necessary to note that fact, that the given formula is rather conservative at distance more than
30m. The formula application for greater distances can lead to probable deviation more than
5%. For the more exact estimation, it is necessary to consider such basic earthquake
characteristics as depth of epicentre, amplitude, frequency, structure of overburden and
mechanical parameters of the rocks.

By the calculation result, we can conclude that probability of earthquake influence on
underground construction during the experiment can be excluded.

Seismic Risk Evaluation

Every 100 years in Estonian territory occur about 12 earthquakes with magnitude 2.38 <2.7 <
3.02 (p=0.95) and 1-2 with magnitude 3.5-3.9 [12].
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1670-2005

Fig. 3. Map of registered earthquakes from 1670 to 2005,
Region within: N 57°-60° E 22°-30°

'tF ' - earthquake in Riga area 27.01.05 and near Hiiumaa island 29.01.05.

By the data of Institute of Seismology in Helsinki, explosive activity of open-casts in Estonia
territory corresponds to magnitude about 2.

For estimation the probabilities of the events in Figure 4 were taking into account the
statistics in Estonia received on the last 100 years, because no clear calculation models have
been available for these events. The estimation of risk probabilities is based on calculation of
blasting energy in comparison with earthquake magnitude using the formulas (3) and (4).
According to calculated data, using the formula PPV received explosive quantity W= 9*108
kg that corresponds to magnitude ~1.5. Based on statistic information earthquake with
magnitude 1-3 could occur 12 times per 100 years P=0.12 and magnitude 3-4 with P=0.02.
Ratio of critical magnitude -1.5 for underground construction to possible earthquake
magnitude, using the formula to recalculation of TNT equivalent, give probability of critical
loading. Final risk probability received by multiplying magnitude on critical loading. Fig 4.

Critical loading Risk
P-1.2*10E-8
0.1*1 OE-6
Magnitude 1-3
P=0,12 No loading
n
Earthquake
During Critical loading Risk
P-0.6 10E-7
100 years 0.3*1 OE-6
Magnitude 3-4
No loading

P=0,02

Fig. 4. Event tree for earthquake during 100 years
Roof Deformation Modelling by the Final Elements Method

The immediate roof on Estonian oil-shale mines from building mechanics point of view is a
multilayered compound plate. Without anchor supporting occur the plate exfoliation between
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the layers. The top layers can also to preload underlaying layers. In current of time, occur
increasing of deformations under influence of rheological and technological factors and after
critical value achieving the collapse of lower layers beginning.

For receive the exact decision of influence of next chambers and pillars, it is necessary to
consider deformation of continuous plate with complex configuration, receiving statically
indeterminate system. The decision of this problem at transition from beams theory to the
plate’s theory in such statement demands the account of many factors.

For modelling simplification, unsupported roof like compound plate is considered. The
available influence of pillars deformation on modelled roof was not taken into account. By
data of analyzed exfoliation levels the roof plate thickness h =1.0 m was accepted [14]. For
the FEM modelling demo version of “FEMmodels” software was used [13].

Results of Modelling
Results of modelling presented in the form of immediate roof deformation isolines at different
face positions in the chamber 6. From figures received during modelling it is visible that roof
deformation in benchmark 6/2 (16.09.04) could make 2 mm. On 21.09.04, because ofjointing
with cross-section chamber at the left and in loadings redistribution, deformation increased up
to 9 mm, and 22.09.04 has decreased for 1 mm and has made 8 mm (Fig.5)

Face situation 22.09.04

Fig.5. Roof deformation in benchmark 6/2
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From the point of view of continuous plate, deformation with complex configuration exists
opportunity “draw in" already deformed roof as result of roof sag redistribution (possible
unloading effect) after the next blasting and additional roof exposure.

Conclusion
By the made calculation of PPV, earthquake influence on underground construction
during the experiment can be excluded.
The main quantitative approach used in risk analysis is the event tree method. This
method was selected as the most appropriate one for the risk analysis of the available
earthquake influence on Estonian underground construction. Risk probability during 100
years period made P=0.6*10E-7 for quake magnitude 3-4 and P=T.2*10E-8 for 1-3,
respectively.
Deformation with complex configuration exists opportunity “draw in" already deformed
roof - result of roof sag redistribution after the next blasting and additional roof exposure.
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MINERALATKRITUMU PARSTRADES PROCESU OPTIMIZACIJAS
PAMATOJUMS
BASIS OF OPTIMAL MINERAL INORGANIC WASTE PROCESSING
METHODS

Gotfrids Noviks
Rézeknes Augstskola
AtbrivoSanas aleja 90, Rézekne, LV 4601; e-pasts: Gotfrids.Noviks@ru.lv

Abstract. Inorganic waste materials are important part of total waste amount in the world and must be
utilized in the best optimal way. Among the inorganic materials there are such different materials as quarry by-
products from screening, settling ponds, baghouse fines, coal fly ash, sewage sludge ash and so on. Any
proposal to incorporate a waste or by product materials into technologies requires engineering evaluation. At
first, it is necessary to analyze chemical composition of waste materials, then- structure and particle size
distribution, chemical and physical properties. The paper presents results ofanalyzes and collection ofchemical
and structural characteristics mentioned above inorganic materials and by-products. The presented data will
servefor next investigations infinding better wayfor their utilization.

Keywords: inorganic waste materials, by-products, ash, sewage sludge, technogenic resources.

levads
Cieto atkritumu un attiriSanas iekdrtu nogulSnu parstradasanas tehnologiju attistiba
galvenokart notiek 8o atkritumu organiskas sastavdalas utilizacijas virziena [1]. Taja pat laika
zinams, ka atkritumu neorganiskd sastavdala - tehnogénie mineralatkritumi - satur sevi
vértigus komponentus, kuri ir potenciali izmantojami derigas produkcijas razoSanai vai tiesa
veida, vai kompleksa ar citiem savienojumiem [2].
Mineralizejvielu parstradasana pamatojas uz fizikalo lauku un vielu iedarbibu, ka rezultata
rodas jaunas stabilas TpaSibas mineralu agregatos. Jebkuras parstradasanas rezultatd $im
izmainam jabat vérstam uz lietderigas un augstas kvalitates produkcijas iegtSanu.
Tapéc, lai izstradatu mineralizejvielu parstradasanas tehnologiju, vajag noteikt:
a) galéjas produkcijas veidu;
b) galvenos $is produkcijas kvalitates Kkritérijus;
¢) mineralvielu sakotnéjas Tpasibas;
d) mineralvielu parvérSanas no sakotnéja stavokla galéja produkcija Iidzeklus;
e) galvenos procesus, kuri veic o pareju, un to norises likumsakaribas.
Mineralvielu pirmatnéjas fizikali kimiskas Tpasibas pilnigi nosaka to utilizacijas iespéjas un
veidus. Ta, pieméram, mineralatkritumu izmantoSanas iespéjas dazadu celtniectbas materialu
izstradei ir atkarigas no kompleksiem kimiska sastava raditajiem [3]:
a) malainibas raditajs:

Al203
" ai203 MgO +Ca0 + 2Fe20 32Fe0
b) kalkaimbas raditajs:
H = CaO
AI20 3+MgO +Ca0 +2Fe20 3+2Fe0

c) silicija raditajs:
47 Na20 +K20

Si =Si0,
Al20 3

d) dzelzs oksidacijas pakapes raditajs:
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_ Fe20l
Ox = ’
FeO +Fe203-

e) baziskuma koeficients:
_ (Ca0O +0,93MgO +0,6PC2PO) - 0,55A1203+0,35Fe2Q, +0,7SQ3+xBnOm

be:~ 0,93Si0%R,,0m

Ja 1,6 - vielai piemtt hidrauliska aktivitate, var izmantot ka saistvielu.
Ja Kbaz= 1,2-1,6 - vaja hidrauliska aktivitate, var izmantot ka piedevu cementam.
Ja Kbdz < 0,8 - nav hidrauliskas aktivitates, bet var izmantot augstu temperatdru iedarbibas
tehnologijas (keramikas razosana).
Optimals ir tads stavoklis, kur visi mineralatkritumi ir sistematizéti un klasificéti péc savam
TpaStbam un 81 informacija ir sakopota kompakta veida un pieejama jebkuram lietotajam. Tas
atver perspektivas uznémumu kooperacijai mineralvielu kompleksa izmanto3ana.
Masu pétijumi deva iespéju izdalit no daudzveidigas un neviennozimigas informacijas par
mineralvielam to galveno bazes 1paSibu kompleksu, kur$ ir nepiecieSams un pietiekams, lai
raksturotu mineralvielu spéjas fizikali kimisko lauku iedarbibas rezultata parveidoties par
derigu produkciju. ST informacija ir apvienota vielas fizikali kimiskaja pasé. lzstradata
mineralatkritumu pase tiek rekomendéta izmantoSanai mineralatkritumu apsaimnieko$anas
tehnologiju izveidei un pamatojumam. Apvienojot mineralatkritumu pases kada konkréta
regiona, var sastadit ST regiona mineralatkritumu kadastru. Ta nozime klGst visai svariga, kad
rodas iespéjas dazadiem uznémumiem kooperéties atkritumu savstaipéjas izmantoSanas joma,
izveidojot ekotehnologiskos parkus.

Mineralatkritumu pases galvenas sastavdalas ir Sadas [4]:

1. Mineralatkritumu avoti. Katrs avots dod savus atkritumus, kuru TpaSibas un sastavs krasi
atsSkiras no citiem. Turklat §T informacija lauj prognozét atkritumu izsmelamibas pakapi un
to parstradasanas apjomus.

2. Mineralatkritumu sastavs. Tas nosaka iespé&jamo iedarbtbu rezultatus uz atkritumiem.

3. Mineralatkritumu struktlras parametri. Atkritumu praktiska izmantoSana ir atkariga no
cieto vielu gabalu izmériem, to granulometriska sastava un dalinu formas. Ja atkritumi ir
smalkas masa veida, tad to parstradaSana var bat veikta, iedarbojoties tikai uz visu masu.
Ja atkritumi ir lielu gabalu veida, tad ir iesp&jams tos izmantot tieSa veida.

4. Mineralatkritumu raksturigas 1paSibas. Rekomendéjamaja pasé ir ieklautas tas TpaSibas,
kuras, pirmkart, raksturo izejvielas kvalitati un spéj atbildét uz jautajumu, vai ir iespéjams
8Is vielas izmantot tieSa veidd vai ar nelielu apstradaSanu kaut kada tautsaimniecibas
nozaré; otrkart, noteic iespéjamo fizikalo vai kimisko iedarbibu uz vielam un tas
rezultatus.

5. Produktu sastavs, kuri veidojas iedarbtbas procesa uz mineralatkritumiem. Fizikalo vai
kimisko lauku iedarbiba dazkart dod papildus vielas - gazes, Skidrumus, cietas paliekas -
otras pakapes atkritumus.To daudzums un ietekme uz apkartéjo vidi var bat vél lielaka ka
primarajiem atkritumiem.

PaSreizéja pétijuma meérkis - izstradat mineralatkritumu apzinasanas, izpétes un parstrades

metodologiju, dod praktiskus risindgjumus atkritumu parstrades tehnologiju izveide. ST

pétijuma kartéja posma rezultati izklastiti Saja publikacija un ir saistiti ar mineralatkritumu
apzinaSanu un to izmantoSanas iespéju izvértésanu.

Materiali un metodes
Atkritumi, kuri satur neorganiskos komponentus, var bat iedaliti trijas grupas atbilstoSi So
komponensu daudzumiem.
I grupa - atkritumi sastav tikai vai gandriz pilnigi no neorganiskajam komponentém (80-
100%). Latvijas apstaklos pie Siem atkritumiem var bat pieskaititi Sadi:
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1. Celtniecibas un remontdarbu paliekas, gruzi un atstradatais materidals - betona un

dzelzsbetona materials, veco jumtu parsegumi (81feris, keramika, azbesta platnes).

Derigo izraktenu ieguves blakus produkts - tukSie iezi, atmetumi.

Stikla rapniecibas un stikla izmantoSanas procesa atkritumi.

Keramikas atkritumi.

Metalurgijas un metalapstrades atkritumi.

DedzinaSanas ( t.sk. atkritumu) paliekas - pelni, izdedZi.

Gaisa un gazu attiriS8anas rezultatd nogulsnétie putekli skruberos, ciklonos, elektrofiltros

u.c.

Visi Sie atkritumi var bat talak parstradati un izmantoti ka attiecigie mineralresursi atbilstoSi

to sastavam un TpaSibam praktiski bez organiskas komponentes iepriekséjas izdaliSanas.

Il grupa - neorganisko komponendu daudzums atkritumu masa sastada 60-80%. Tie var bat:

1. Celtniecibas procesa paliekas un atkritumi, saturoSie organiskas komponentes, t.sk. asfalta
paliekas.

No o khwn

2. Komunalie atkritumi (dalé&ji).

3. Dazadu industrialo tehnologiju atkritumi.

4. Kauadras ieguves procesa atkritumi (dalgji).

So atkritumu sagatavo$ana parstradei var bat veikta ar $adiem panémieniem:

= organiskas komponentes izdaliS$ana ar mehaniskam, fizikali kimiskam vai biologiskam
metodém un talaka neorganikas izmantoSana ka pirmaja grupa;

« atkritumu masas sadedzinaSana, ka rezultatd veidojas tikai neorganiskie atkritumi,
attiecinami uz pirmo grupu;

< kompostmaterialu veidoSana - Saja procesa tiek ieklautas ka organiskas, ta arl
neorganiskas atkritumu dalas bez to separacijas.

Il grupa - neorganisko komponensu daudzums ir mazaks par 60%. Tie var bat:

1. Notekadenu biologiskas attirisanas iekartu nogulsnes, dulkes un danas.

Komunalie atkritumi.

Partikas produktu parstrades tehnologiju atkritumi.

Kddras ieguves procesa atkritumi.

Dazadu industrialo procesu atkritumi, kuru tehnologija saistita ar biologiskas produkcijas

un organisko vielu izmanto3anu.

Darba ka pétijuma objekti bija panemtas tris atSkirigas atkritumvielu grupas:

1. Mehaniskas izejvielu sagatavoSanas rezultatd izveidojuSies atkritumi - smalkais
tehnologiskaja procesa neizmantojamais materials, putekli, skalo3anas dulkes. Siem
atkritumiem ir raksturigs kimiskais un minerélais sastavs, kas ir identisks vai tuvs
apstradajamam materialam.

2. DedzinaSanas rezultata izveidojuSies atkritumi - pelni. To kimiskais un elementarais
sastavs ir pilnigi at3kirigs no izejmateriala sastava.

3. Citu tehnologisko procesu, saistito ar dazaddu fizikalo lauku izmantoSanu, rezultata
veidojusies atkritumi. Tie tiek savakti gazu, gaisa un notekdenu attirisanas iekartas un
ieklauj sevT ka paSas izejvielas, ta art izgatavota produkta sastava 1pasitbu pazimes.

Pétljumam pirmaja grupa tika panemti derigo izraktenu ieguves un to parstrades procesa

atkritumi: drupinato ieZzu - diabaza, granita, trahita, kvarcita un kalkakmens sijasanas,

skaloSanas un atputekloSanas paliekas.

Otraja grupa tika izskatitas akmenoglu, cieto komunalo atkritumu un notekddenu dinu

dedzinaSanas palieku (pelnu) 1paSibas.

TreSaja grupa cementa un kalku razoSanas procesa apdedzinasanas paliekas.

Statistiskais materials iegats, apkopojot publicétos informacijas avotus un rapnicu laboratoriju

analizes par 8o palieku parametriem. Pétijumi par mala un kalkakmens atkritumu parstrades

iespéjam tika veikti laboratorija ar standarta aparatdru.

ok~ wn
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Rezultati un to izvértéSana

SijaSanas procesa atkritumi. Rupja izméra celtniectbas materiadlu izstrades gaita péc
drupinaSanas sijaSanas rezultata parasti tiek atdalitas frakcijas ar izmériem, mazakiem par 3-
3,5 mm, kuras itin bieZi talak vairs netiek izmantotas [5].
Tika izpétits krama, kvarca, diabaza, granita, kalkakmens sijaSanas palieku granulometriskais
sastavs. Neskatoties uz 5o ieZzu sastava, struktdras un stipribas atSkiribam, smalko frakciju
granulometriska sastdva diagrammas kramam, trahitam un kalkakmenim izradijas visai tuvas
un ir precizi (R2~1) aprakstamas ar vienadojumu (1.attéls):

V=3,8+46d-5d2’°(%) @
kur V - dalinu ar diametru d (mm) un mazaku kumulativais procents

SijaSanas paliekas (krams, trahits, kalkakmens)

100
90
80
70
60

V,%
50
40
30
20
10

0
0 0,5 1 15 2 2,5 3 3,5
d,mm

lattéls. Drupinatd krama, trahtta un kalkakmens sijaSanas palieku granulometriska
sastava ltknes

Diabaza un granita sijaSanas palieku granulometriska sastava Itknes arT var bat precizi
aproksimétas ar kvadratvienadojumu (2.attéls):

Sijasanas palieku granulometriskais
sastavs (diabazs, granits, kvarcits)

2.attéls. Diabaza, grantta un kvarcita sijaSanas palieku granulometriska sastava Itknes
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V=12+48,5d- 6,7d2 2
Toties kvarcTtta Itknes vienadojums ir logaritmiskais (skat. 2.attélu), kas ir saistits ar &7 ieZa
lielam stipribas TpaSibam un elastibas parametriem:

V=254Ln d2+ 67,7 3

SkaloSanas procesa atkritumi. SkaloSanas procesa paliekas ir dulkes ar zemu cietas
komponentes koncentraciju. Lidz 95% no to cietds masas sastada dalinas ar izmériem
mazakiem par 0,15 mm. Savukart no tiem ap 80% dalinu izmérs neparsniedz 0,075 mm [6].
Granulometriska sastava Itknes Siem produktiem pat ar visai dazadam mehaniskajam
TpaSibam - diabazam un dolomitizétajam kalkakmenim (3.attéls) - var bat aprakstitas ar
vienadojumu:

V= 42,8+531,1d-1148d2 (@)
Kvarca skaloSanas produktu Iiknei ir S-veida raksturs un ar1, tapat ka kvarcita sijaSanas
procesa paliekam, analttiski ta var bat izteikta ar logaritmisko ITkni.

3. attéls. Kvarca, dolomitizétad kalkakmens un diabaza skaloSanas produktu
granulometriska sastava liknes

AtputekloSanas procesa  atkritumi. Produkcijas sagatavo$anas gaita talakajam
tehnologiskajam procesam tiek veikta tas atputekloSana. Rezultata veidojas puteklprodukts,
kura sastava ir puteklu dalinas ar izmériem no 0,075 Idz 0,001 mm un mazak.
Granulometriska sastava ltknes Siem puteklproduktiem ir atkarigas no materiala veida un
atkariba no ta mehaniskajam TpaSibam analitiski aprakstamas ar dazadiem vienadojumiem

(4.attéls).
Granits:

V =21 +21241d2+ 2896,9d (9
Kvarcs:

V =40Ln(d) + 295,7 (6)

Kalkakmens paliekam granulometriskd sastava Iikne ir S-veida un aprakstama ar
vienadojumu:

V = 36353d2 - 493500d3 + 1383d - 0,5 @)
Novérojama puteklu minerala (1.tabula) un kimiska (2.tabula) sastava at3kirtba dazadas
frakcijas ir saistita ar dazadu mineralu, no kuriem sastav iezis, atSkirigajam mehaniskajam un
kristalografiskajam TpaSibam. Parasti vismazak stiprie minerdli mehaniskas apstrades
procesos sairst ITdz smalkakam dalinam un ir vairadk parstavéti smalkajas frakcijas.
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AtputekloSanas paliekas

4.attéls. Kalkakmens, granita un kvarca atputekloSanas palieku granulometriskais

sastavs
1. tabula
Palieku mineralais sastavs
Oksidi Sija_éanas Nogulsnes atputekloSanas procesa
paliekas kopéjais vidgjais +0,106 mm -0,106 mm

Kvarcs 23,0 25,1 31,5 20,9

Kalija 35,0 33,7 27,1 38,0

laukSpats

Plagioklaze 39,2 35,7 31,1 38,7

Muskovits 14 3,7 8,7 0,0

Biotits 14 0,9 1,6 0,4

Diopsids 0,0 1,2 0,0 2,0
2. tabula

Puteklu kimiskais sastavs procentos
Nogulsnes atputekloSanas procesa

. Sija_éanas . . P?!iﬂu ar Dalinu ar izmériem -
Oksidi paliekas kopéjais vidéjais |zmer|$nmm+0,106 ’ ’0,106 mnm
Si02 75,25 74,98 77,44 73,37
ai2o3 13,63 13,31 12,43 14,16
K20 5,34 5,01 4,57 5,30
Na20 3,00 2,81 2,49 3,02
CaO 1,28 2,07 1,00 2,77
Fe20 3 1,22 1,28 1,28 1,27
MgO 0,33 0,44 0,40 0,47
MnO 0,07 0,03 0,03 0,04

Akmenoglu dedzinaSanas procesa pelni. Akmenoglu dedzindSanas paliekas - pelni var bat
iedaltti 2 grupas:
a) pelni, kas paliek kurtuvés, sakrajas tajas un periodiski tiek izvakti;
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b) pelni, kas ar izplastoSajam gazém nonak ar dimiem attiriSsanas iekartas un tajas
nogulsnéjas.

Atkartba no kurtuves tipa pelnu struktdra un to sadalifjums var bat dazadi.

Kurtuvés, kur pelnu akumulacija noris sausa veida uz ardiem, apméram 80% pelnu nokldst

izvadamas damgazés [7,8].

Parejie 20% - pelni, kas paliek kurtuvé. Tie ir tumsi peléki, poraini, izmérd mazaki par

12 mm. Ja kurtuve ir ar mitro pelnu uztverSanu, ar gazém izplast apméram 50% pelnu. Pargjie

paliek kurtuve.

Ciklona tipa kurtuveés paliek 70-80% pelnu un ar izplades gazém izplast tikai 20-30% pelnu.

Sauso kurtuvju pelni ir granulétas dalinas ar loti porainu virsmas teksttru. 50-90% dalinam ir

izméri 4,75 mm; 10-60% - 0,42 mm; 0-10% - 0,075 mm. Kurtuvju pelnu granulometriska

sastava ITknes paraditas 5.attéla.

Kurtuvju pelni

5.attéls. Ciklona tipa un ardu kurtuvju pelnu granulometriska sastava likne

Ardu kurtuvju pelnu granulometriska sastava likne analitiski aprakstama ar logaritmisko
vienadojumu:

V=T 8Ln(d)+67,5 (8)
Ciklona tipa kurtuvju pelnu dalinu izméri atrodas diapazona no 5 Iidz 0,5 mm.
Granulometriskais sastavs analitiski var bat izteikts ar vienadojumu:

V=50,2d-6,ld2-2,2 9)
Pelniem nepiemit plastiskums, dalinu blivums arda kurtuvju pelniem sastada 2100-2700
kg/m3, ciklona tipa kurtuvju pelniem - 2300-2900 kg/m3. Tilpummasa attiecigi ir 720-1600
un 960-1440 kg/m3. Optimalais mitrums parasti zeméaks par 20% (8-20%), dabiska nobiruma
lenkis - 38-42%, Gdens filtracijas koeficients - 10~2-10~3 cm/s. Adsorbcijas spéja nav liela un
sastada 0,3-2%.
Pelnu kimiskas Tpasibas ir atkarigas no akmenoglu veida. Pelni, kas izveidojas lignita vai maz
bitumizéto oglu degSanas procesd, satur vairak kalcija salidzindjuma ar antracita un
bitumizéto oglu pelniem (6.attéls). Toties bitumizéto akmenoglu pelniem ir lielaks alumtnija
saturs.
Putekluztvéréjos sakratie pelni ir daudz smalkaki - pulverveidigie, dalinu forma, galvenokart,
sfériska ar diametru mazaku ka 0,075 mm. Dalinu bltvums parasti ir no 2100 Itdz 3000 kg/m3,
Tpatnéja briva virsma no 170 Itdz 1000 m2/kg. Pelnos var bat nesadegusas oglekla dalinas -
kvépi. Lidz ar to pelnu krasa var maintties no gaiSi pelékas I1dz melnai. Kimiskais pelnu
sastavs paradits 3.tabuld, salidzinajumam 7.attéla doti vidéjie skaitli.
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80

70
60
50
/0 40
30
20 N
10 ‘o fS
0a Si02 AI203 Fe304 ca0o MgO Na20 K20
O bitumi 53,6 28,3 58 0,4 42 1 0,3
m dalbit1 471 28,3 10,7 0,4 5,2 0,8 0,2
O lignitsl 45,4 19,3 9,7 15,3 31 1 0
O bitum2 ; 70 15,9 2 6 1,9 0,6 0,1
m lignits2 40,5 13,8 14,2 22,4 56 17 11

6.attéls. Dazada sastava akmenoglu pelnu Kimiskais sastavs oksidu izteiksmée
1- Arda kurtuvju pelni; 2- Ciklona tipa kurtuvju pelni
(bitumizétas, daléji bitumizétas ogles, lignits)
3.tabula
Kimiskais pelnu sastavs

Dalgji bitumizétas

Komponente Bitumizétas ogles Ligmts
ogles

Si0: 20-60 40-60 15-45
Al20s 5-35 20-30 10-25
Fezos 10-40 4-10 4-15
CaO 1-12 5-30 15-40
MgO 0-5 1-6 3-10
S03 0-4 0-2 0-10
Na20 0-4 0-2 0-6
K20 0-3 0-4 0-4

7.attéls. Putekluztvéréjos sakrato akmenoglu pelnu kimiskais sastavs

94



Cieto komunalo atkritumu dedzindSanas pelni. Cieto komunalo atkritumu dedzinasanas

iekartas veidojas atseviSkas pelnu plasmas. Tas ir: ardu pelni, atbirumi, boileru pelni,

skruberu pelni un maisa filtru pelni.

Ir divas dedzinaSanas iekartu sistémas:

- neSkiroto cieto atkritumu dedzinaSana, kuras mérkis ir likvidét atkritumus, samazinat to
apjomu,

- energeétiska atkritumu dedzinasana RDF iekartas, kuras atkritumi noklGst péc tam, kad no
tiem tiek izdaltti metali.

Lidz ar to pelnu Tpasibas abas Sajas tehnologijas ir atSkirigas [9]. Pelnu blivums ir mazaks par

dabiskas grunts blivumu - 1500-2200 kg/m3 (iezos 2600-2800 kg/m3), pelniem piemit

ievérojama adsorbcijas spéja (5-17% - smalkakajam frakcijam un 4-10% - rupjam frakcijam).

Dalinu izmérs galvenokart ir ap 4,75 mm. (4.tabula).

4.tabula
Tipiskais komunalo atkritumu dedzinasanas ie
Elementi Ardu pelni Kopejie pelni
Si 16,8-20,6 13,8-20,5
Ca 7,15-7,69 5,38-8,03
Fe 2,11-9,35 2,88-7,85
Mg 1,05-1,18 0,9-1,84
K 0,84-1,02 0,84-1,15
Al 4,27-5,55 3,26-5,44
Na 3,51-4,10 2,0-4,62

Notekidenu dinu dedzinaSanas pelni. Notekidenu donu dedzinasanas pelni veidojas,
sadedzinot atlidenotas dinas atkritumu dedzinaSanas iekartas. NotekGdenu ddnu pelnu dalinu
raksturigos lielumus un TpaSibas ietekmé ne tikai dlnu sastavs, bet ari dedzinaSanas iekartas
konstrukcija un tie kimiskie reagenti, kuri tika ievaditi notekiidenu attiriSanas procesa. Tiek
izmantotas divas dedzinasanas tehnologijas - daudzslanu ardu krasnis un verdo$a slana
krasnis.

NotekOdenu ddnu pelni ITdz 90% sastav no dalindm, kas mazakas par 0,075 mm [10; 11].
Pelnos var atrasties neliels organisko vielu daudzums.

Péc kimiska sastava danas galvenokart sastav no silicija, dzelzs un kalcija (8.attéls).

Pelnu adsorbcijas spéja 1,6%, blivums - 2006-2990 kg/m3. Tilpummasa - 1270-1480 kg/m3,
filtracijas koeficients - (1-4) 10"4cm/s.

ApdedzinaSanas procesa paliekas. Cementa un kalka razoSanas procesd, kad rotéjosas
krasnis tiek apdedzinati mineralmateriali (mals, kalkakmens),veidojas apdedzina3anas putekli.
Putekli tiek uztverti un sakrati gaisa attirisanas sistémas (ciklonos, elektrofiltros, maisa filtros
u.c.).

Ir divas cementa raZoSanas tehnologijas - mitrd apdedzinasana, kad izejmaterials tiek padots
krasnt Gdens maistjuma veida, un sausa, kad sagatavota Sihta sausa veida tiek ievadita krasnr.
Kalka razoSanas ceplu putekli péc fizikalam TpaSibam ir tuvi cementa putekliem, bet péc
kimiskajam - atkarigi no ta, kadda izejviela tiek izmantota - kalkakmens vai dolomits, kas tiek
razots - Kkalciju saturoSais kalkis vai dolomizétais kalkis - attiecigi. Pirmaja gadijuma
puteklos ir daudz CaO, otraja - MgO. Lidz ar to pirmajiem putekliem piemtt augsta
reaktivitate ar tdeni.

Cementa krasns puteklu maksimalie izméri ir 0,3 mm (75% - mazaki par 0,03 mm). Tpatnéja
briva virsma - 460-1400 m2/kg, bltvums - 2600-2800 kg/m3.

Kalku ceplu puteklu dalinu izméri - maksimalais 2 mm (75% - mazaki par 0,03 mm),
Tpatnéja briva virsma - 130-1000 m2/kg, blivums 2600-3000 kg/ma3.
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8.attéls. Elementara kimiska sastava un oksidu satura salidzindjums notektdenu ddnu
dedzinalanas paliekas

Cementa puteklu Kimiskais sastavs gandriz pilnigi sakrit ar razotad potrlandcementa kimisko
sastavu. Galvenie kimiskie elementi - Ca, Fe, Al
CaO saturs kalka razoSanas puteklos ir daudz augstaks (Ildz 40%) nekd cementa puteklos.
Galvenie kimiskie elementi ir Ca un Mg (9.attéls).

50
40
% 30
0J . brivais
Si02 AI203 Fe203 CaO MgO S03 Na20 K20 kakis
O cem.put.s 14,5 4,1 2 40,5 1,55 6,5 0,44 4,66 4,4
ECem.put.kr. 11,7 3,18 2,16 31,4 097 8,24 0,13 1,65 0
O kalka p.sv 2,46 0,74 0,94 31,2 23,5 2,8 0 0,09 5,1
O kalka p.k. 1,74 0,71 1,3 31,2 23,3 3,5 0 0,03 0

9.attéls. Kalka un cementa rapniecibas pelnu kimiskais saturs
Cem.put. sv - svaigie cementa putekli no apdedzinaSanas krasns ; cem.put.kr. - cementa putekli no puteklu
kratuves; kalkap.sv. - svaigie putekli no kalka apdedzinaSanas krasns ; kalkap. k - kalkaputekli no puteklu
kratuves.

lespéjamo parstrades veidu izvértejuma metodika
Jebkuru mineralatkritumu izmantoSanas problémas risinaSana var but veikta divos virzienos.
Pirmais - produkta izmantoSanas meérkis ir noteikts, un tas ir eso8a tradicionali izmantojama
produkta (vai izejvielas ta izgatavoSanai) aizvietoSana ar attiecigi pielagoto mineralatkritumu.
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SinT gadijuma pétijumu programmai jasastav no $adiem etapiem:

>

vV Vv

precizi tiek noteiktas pamatprasibas un ipaSibas (P), kuram jaatbilst raZojamajam
galaproduktam;

tiek izpétitas mineralvielas Tpasibas (M);

tiek noteikta So 1paSibu savstarpéja atbilstiba (M~P);

ja nav atbilstibas, precizé, kados tieSi parametros ir neatbilstiba un, nemot par pamatu
fizikalo efektu datu bazi, izvérté iespéjamos darbibas veidus, kuru rezultata varétu iegat
vajadzigo Tpasibu;

organizé eksperimentu planosanu;

veic eksperimentus;

izpéta ieghta materiala TpaSibas péc eksperimenta un tagadéjo to atbilstibu prastbam
(M'~P);

nepiecieSamibas gadijuma turpina eksperimentus ar citiem fizikalajiem laukiem
(10.attéls).

10.attéls. Mineralatkritumu iespéjamo parstrades virzienu izvértéjuma algoritms

Otrais virziens - mineralatkritumu iespéjamo izmantoSanas veidu mekléSana, t.sk. pilnigi

jaunas, originalas produkcijas izgatavo$anai.

>
>

Saja gadijuma noteico3ais faktors ir mineralatkritumu struktdra, sastavs un Tpasibu komplekss.
Turklat informacijai par pédéjo jabut péc iespéjas maksimali pilnai.
Optimala risingjuma iegOSanai nepiecieSama:

izmantoSanas iespéju datu baze;
iespéjamo mineralatkritumos fizikalo un kimisko efektu datu baze.
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Apvienojot So informaciju un salidzinot ar atkritumvielu struktdru, sastavu un Tpastbam, var
izdalit iespéjamos risindjumu variantus, ar kuriem bds nepiecieSams veikt talakos
eksperimentalos pétijumus [12].

Sajos pétijumos var bat izvéléti art divi celi - pirmais saistits ar dezintegraciju - kaut kadas
derigas komponentes izdaliSanu no kopéjas masas un tas izmantoSanu; otrais - ar integraciju -
attieciga sastava maisijuma veidoSanu, kurs ir spéjigs fizikalo, kimisko vai biologisko procesu
iedarbibas rezultatd parversties par derigo produkciju (11.attéls).

11.attéls. Mineralatkritumu parstrades tehnologiju pamatojuma pétijumu izvéles
algoritms
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Nakamais etaps - izanalizétd un tehniski iespéjama atkritumu parstrades varianta izpétiSana
no ekologiska un ekonomiska lietderiguma un iespéjamibas viedokla - attiecigo ierobezojoso
ramju uzlikSana un ekologiski tehnologiski ekonomiski iespéjama lauka izdalisana. Sis
metodes matematiskais aparats un pielietojuma piemeri ir izanalizéti masu iepriek8éja darba
[13].

NoteicoSie tehnologiskas, ekologiskas un ekonomiskas iespé&jamibas parklajumu varianti
paraditi 12.attéla.

tehnol ekol

ekon
Ekol+ekon+tehnol

tehnol

ekon

tehnol
ekon

12.attéls. Atkritumu parstrades tehnologiskas, ekologiskas un ekonomiskas iespéjamibas
parklajumu varianti

Varianti a, b un ¢ nav konflikta varianti, jo 8ajos gadijumos ir atrodami lauki, kur sakrit visi
tris nosacijumi. Varianti d un e ir pretrunigi, jo pieprasa atrisinat konfliktu starp vides
aizsardzibas prastbam un ekonomiskajiem radrtajiem.

Variants f norada uz to, ka piedavatais tehnologiskais risindjums neatbilst ne ekonomiskajam,
ne ekologiskajam prasibam un lidz ar to nevar bat pienemts Tsteno$anai.

Secinajumi
Atkritumvielu neorganiskas komponentes ir vértigs tehnogénais resurss, kura racionala
izmantoSana dazadas tautsaimniecibas nozarés ir ekologiski efektiva un ekonomiski izdeviga
vienlaikus.
Paslaik So resursu izmantoSanas realizéjamas metodes galvenokart saistitas ar celtniecibas
materialu izgatavoSanu. Raksturigi, ka arT 8aja virziend nav izsmeltas visas mineralatkritumu
izmantoSanas iespéjas.

99



Mineralatkritumu izmantoSanas iespéju paplaSinaSanu norobezo nepilniga informacija par to
fizikalajam un kimiskajam Tpasibam, to izmainu likumsakaribam un fizikalajiem efektiem
dazadu energétisko lauku iedarbibas rezultata.

Praktiska un eksperimentéala materiala analizes rezultata un, balstoties uz autora personigajiem
fizikalo lauku iedarbibas uz minerdlam videm pétijumiem, izstradata mineralatkritumu
pasportizacijas principiald struktdra, uz kuras bazes var sastadit mineralatkritumu kadastrus
ka pa regioniem (teritorijas variants), ta arT pa razosanas sféram (tehnologiskais variants).
Izstradati mineralatkritumu parstrades optimalo variantu izpétes algoritmi divos gadijumos -
kad mineralatkritums tiek mérktiecigi izvértéts esosa resursa aizstaSanai un kad tiek izpétiti
principiali jauni iespéjamie ta izmantoSanas veidi.

Daudzos gadijumos mineralatkritumu izmanto$anad noteicosa ir to granulometriska struktdra,
citos - mineralais un kimiskais sastavs.

Darba no 31 viedokla izskatitas mineralatkritumu tris grupas - izejvielas sijaSanas, skaloSanas
un atputekloSanas paliekas, dedzinaSanas paliekas un klinkera un kalku apdedzinaSanas
paliekas.

Rezultati rada, ka tuvas materialu apstrades tehnologijas granulometriska sastava Itknes var
bat aprakstitas analitiski ar lielu precizitati, kas dod iespéju prognozét palieku parametrus
katra tehnologija.

Analizéjot palieku kimisko sastavu, noskaidrots, ka tas péc attiecigas korekcijas var bat
atbilstoss celtniecibas materialu raZzo3anas Sihtu sastavam.

Talakds mineralatkritumu izmantoSanas iespéjas ir cieSi saistitas ar datu un fizikalo efektu
bazes paplasinasanu un mineralo atkritumu kadastra izveido$anu, Iidz ar to ekotehnologisko
parku izveidi.

Summary
Inorganic wastes are very important technogenical resources and their rational processing in
many branches of national economy may become ecologically effective and profitable.
At the same time there are not many achievements in this field may be except civil
engineering, where these materials have application in production of binders or building
materials in some cases.
One of the obstacles is insufficient information about physical, chemical, and structural
properties as well as about physical phenomena and impact of energetic fields on this kind of
waste.
According to these problems in the paper is developed principal structure of inorganic waste
certification by their physical and structural parameters. Such certificates will be useful for
creation inorganic waste cadastres - territorial and technological.
Paper presents two developed algorithms for investigation and technological control optimal
versions of inorganic waste utilization.
First algorithm is for the case, when inorganic waste is detended to replace convention
materials, second one - for searching new original sorts of products.
In mane cases the determinant in usefulness of inorganic waste are their chemical and
structural composition.
In the paper on the basis of previous investigations are analysed and worked out algebraically
equations of size grading curves for different materials- coal fly ash, scrubber material, quarry
by -products, municipal solid waste combustor ash, sewage sludge ash, cement and lime
production dust.
Mathematical equations of size grading distribution curves show that there is possibility to
prognoses these properties between similar technological processes precise.
Chemical properties of waste are function of raw origin material composition and their
processing methods.
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The results of experiments proved that many materials have chemical composition nearly he
same that it is necessary for binding materials mixture.

The next prospective of inorganic wastes utilization are connected with necessity to widen
data basis about their properties and physical effects on them and to create cadastre of wastes.
It will give impulse for cooperation between enterprises and establishing ecoindustrial parks.

10.

11

12.
13.
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Abstract. Municipal solid waste landfills are one of the most dangerous environment ‘point™ polluters.
The main polluter in landfills is leachate, which arise mainly ofwaste moisture and precipitations. Leachate is very
contaminated wastewater and all landfills operators have problems in leachate treatment sector, because
composition of leachate contaminants and concentrations very changed in time. It is very problematic task for
selection of leachate treatment method or methods. Normally, in leachate treatmentpractice combination of different
treatment methods are used. In this paper composition of leachate in two biggest Latvia landfills are described.
Leachate treatment investigations were achieved with coagulation and sorbtion methods. In researches leachate with
coagulants AI2(SOf3 and FeCl3 and peat as sorbent are treated. Researches showed that peat is very effective
sorbentfor heavy metals removingfrom leachate.

Keywords: coagulation, leachate, peat, sorbtion, waste landfill.

levads

Latvija vides aizsardzibas joma ka vienu no prioritatém ir izvirzijusi atkritumu apsaimniekoSanu,
kas aptver gan atkritumu savakSanas servisa pakalpojumu uzlaboSanu, gan atkritumu SkiroSanu,
gan to apglabaSanu poligonos, nodroSinot apkartéjas vides nepiesarnoSanu. PaSreiz galvenais
apkartéjas vides piesarnotdjs ir atkritumu apglabaSanas vietas - izgaztuvés /poligonos - radies
infiltrats. Savaktais infiltrats ir jaattira, jo tas nevar bezgaligi tikt savakts un uzkréats. Infiltrata
attiriana ir viena no poligonu apsaimniekotaju aktualakajam problémam visa pasaulé un ITdz ar
to art Latvija. Infiltrats ir loti koncentréts notektdens, kura sastavs un attiriSanas metozu izvéle ir
batiski atkariga no poligona vecuma, apglabato atkritumu sastava, poligona apsaimnieko$anas
veida un citiem faktoriem. Turklat ta sastavs mainas loti plasa intervala gan 1sa laika posma, gan
sezonali, tapéc ir neiespéjami piemérot vienu infiltrata attirisanas tehnologiju visiem poligoniem.

Eiropas Savieniba nosaka stingras prasibas infiltrata attiriSanai, kuras jaunas dalibvalstis nav
spéjigas nodrosinat, neveicot infiltrata sastava un ta attiriSanas izpéti. Tapéc tika veikti pétijjumi,
kas saistiti ar Getlinu sadzives atkritumu (SA) apglabaSanas poligona infiltrata sastava analizém
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péc pirmas attiriSanas pakapes un ta talaku attiriSanu ITdz normam, kuras ir jasasniedz, novadot
infiltratu apkartéja vidé - virszemes Gdenos. Darbs vérsts uz divu metoZzu - koagulacijas un
sorbcijas - pétifjumiem infiltrata attiriSanas joma.

Ka viens no iespéjamajiem risinajumiem sorbcijas pielietoSana tiek apskatits kodras sorbentu
pielietojums infiltrata attiriSand. Kadra ir Latvija plaSi izplatits dabas resurss, turklat ka sorbents
tas ir léts un viegli pieejams. Ka rada pétijumi, tad pat bez TpaSas apstrades jau ir iespéjams
izmantot kadru ka sorbentu smago metalu aizvakSanai no infiltrata. Veicot kddras papildus
apstradi jeb sagatavoSanu, tas sorbcijas TpaSibas iespéjams daudzkart uzlabot [1].

Koagulacijas metodes izmantoSanas pétijumi infiltrata attiriSana ir veikti vairakas valstis, bet,
nemot véra katra poligona individualo infiltrata kimisko sastavu, bez detalizétiem pétijumiem ar
S0 metodi nav iespéjams universali attirit visu SA poligonu infiltratu. Lidz ar to tika veikti SA
poligona ,,Getlini” infiltrata pétijumi ar mérki noteikt nepiecieSamas koagulantu devas infiltrata

attirisanai. Pétljumos ka koagulanti izmantoti Fe un Al sali.

Materiali un metodes
Tipiska sadzives atkritumu apglabaSanas poligona infiltratam raksturigs augsts organisko vielu
saturs, lielas slapekla savienojumu koncentracijas un paaugstinatas smago metalu (Zn, Fe, Cr, Ni,
Cu, Mn, Cd, Pb, Co, Hg) koncentracijas. Biologiska tdens attirisana veiksmigi tiek pielietota, lai
samazinatu organisko vielu un slapekla savienojumu koncentracijas, tau nespéj no infiltrata
atdaltt smagos metalus. Turklat to klatbGtne traucé biologisko Gdens attiriSanu, tadél tiek pétita

iespéja Latvijas kadru izmantot ka efektivu smago metélu sorbentu infiltrata attiriSanas procesa.

ltabula
Piesarnojoso vielu koncentracijas SA poligona ,,Getlini”” infiltrata (gada vidéjas vértibas)
’ [2]

Parametrs Mervieniba 2003. 2004. 2005. 2006.
pH 6,59 7,78 7,64 7,79
Elektrovadrtspéja pS/cm 9400 17470 10120 20450
Suspendétas vielas mg/1 109 59
1z8Kidus3as vielas my/1 11400 15300 9400 14000
KSP mg/1 9200 7900 5500 5450
BSPs my/1 2200 6400 2800 1800
NNHf mg/1 160 1015 750 1400
N_kop. mg/1 245 1290 810 1630
P_kop. mg/1 13 31 3,6 7,3
Zn mg/1 3 1,7 0,22 0,19
Fe mg/1 44 32 10 3,9
Cr mg/1 0,17 0,19 0,36 0,82
Ni mg/1 0,085 0,12
Cu my/1 0,08 0,04 0,02 0,02
Mn my/1 3,8 4,3 0,42 0,55
Cd mg/1 0,01 0,0028 0,00046
Pb mg/1 0,0022 0,062
Co mg/1 0,05 0,023 0,025
Hg Py 0,23 0,1 0,14
cr mg/1 1100 2250 1500 2200
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Izanalizéjot 1ltabuld attélotos rezultatus, redzams, ka infiltrata kimiskais sastavs laika gaita
diezgan batiski mainas. KSP un BSPs vértibam ir tendence samazinaties, kas norada uz organisko
vielu satura kriSanos infiltrata. Vienlaikus pakapeniski pieaug hloridu un slapekla savienojumu
saturs, kas varétu liecinat par atkritumu pilnigaku sadaliS8anos. Kopuma infiltrata samazinas art
izSkiduSo vielu saturs, kas norada, ka viegli SkistoSie un sadalamie atkritumi tiek izskaloti pirmo
paris gadu laika péc noglabaSanas, bet turpmakajos gados notiek atkritumu sadaliS8anas un sliktak
SkistoSo savienojumu iznese. Turklat izSkiduSo vielu saturs infiltrata krasi svarstas pa sezonam.
levérojami augstakas vértibas ir konstatétas vasaras sezona péc ilgaka sausuma, ka art ziema péc
ilgstoSa aukstuma, kad nenotiek sniega kuSana. Zinamu ietekmi uz infiltrata sastavu
nenoliedzami rada jauno atkritumu SOnu pieslégSana infiltrata savakSanas sisttmai un nedaudz
at8kiriga sastava infiltrata no jaunajam 3Sonam piepltde sistéma [ ].

2.tabula
Infiltrata sastavs SA poligona ,,Daibe”
Parametrs Meérvieniba 2006. gada 8. marts
As Pyl 649
BSP5 mg/1 9400
Ca mg/i 1026
Cd Pyl 3,9
cr mg/1 5000
Cr mg/1 08
Cu mg/1 0,4
Elektrovaditspéja pS/cm 24900
Felkqp mg/1 24
Hg pg/L 0,46
K mg/l 1637
Co Pyl 14
Mg mg/1 1008
Mn mg/1 76
nh4+ mg/1 958
Na mg/1 2193
Ni Py/L 121
Nap mg/l 757
Pb Py 58
Pip mg/1 15,4
Zn mg/1 2,1
pH 6,47
KSP mg/1 15800

Saltdzinot SA poligonu ,,Getlini” un ,,Daibe” (skat. 1. un 2.tabulu) infiltrata sastavu, redzams, ka
dazadu infiltrata parametru izmainas ir loti lielas, pieméram, KSP vértibas 2006.gada ,,Daibes”
poligona ir gandriz 3 reizes augstakas neka ,,Getlinu” poligond. Turklat BSPs vértibas starpiba ir
vél lielaka. Tas izskaidrojams ar poligonu vecumu un apglabato atkritumu daudzumu. SA
poligons ,,Getlini” infiltratu savac gan no vecas atkritumu kratuves, gan no jaunajam atkritumu
apglabasanas kratuvém, kur gala rezultata biologiskas attirisanas iekartas infiltrats nonak jau sava
starpa sajaucies. Toties SA poligona ,,Daibe” gadijuma runa ir par ta saukto ,jauno” infiltratu, jo
poligons darbu ir uzsacis tikai 2004.gada un tiei ,,jaunajam” infiltratam ir raksturigs organisko
vielu saturs taja. ArT smago metadlu koncentracijas ,,Daibes” poligona ir augstakas neka
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,Getlinos”, ko varétu izskaidrot ar dazddo apglabajamo atkritumu saturu, kas katrd no regioniem
ir stipri vien atskirigs.

Dotais poligonu, arT Latvijas robezas, infiltratu salidzinajums uzskatami parada, cik loti dazads
var bat infiltrats un cik liela individuala vértba to attiriSand ir japievéers poligona
apsaimniekotajam. Sajos pétijumos izmantots SA poligona ,,Getlini” infiltrats.

Lai izprastu un noveértétu kadras ka sorbenta TpaSibas, sakotnéji ar klidras paraugiem tika veiktas
analizes, izmantojot modelskidumus. Kddras sorbcijas spéju novértéSanai tika izmantoti
FeClss Hzo modelSkidumi ar Fe3+jonu koncentraciju 100 mg/1 un 200 my/l1 ar pH robezas 2,5-
2,6. Lai tuvinatu Skidumu realiem apstakliem, FeCk-CFLO 3SkidindSanai netika izmantots destiléts
Gdens, bet gan NaCl Gdens Skidums ar koncentraciju 0,1 mol/1. Eksperimenti notika ka statiskos,
ta art dinamiskos apstak|os.

Statiskos apstaklos méginajumi veikti ar divu dazadu kadras purvu paraugiem: no Livanu purva
un Liela Aknistes purva. Kadras paraugiem ar masu 0,1 g tika pievienoti 10 ml FeJ+ Skiduma ar
koncentraciju 100 ng/l Sagatavota sisttma uz vienu stundu tika ievietota maisitaja, péc tam
nofiltreta un fotometriski noteikta Fe3™koncentracija.

Dinamiskas sorbcijas pétiSana tika veikta kolonnas tipa iekarta, sorbenta (kddras) masa 32 g,
tilpums 157 cm3. Modelskiduma plasma (Fe3H) kolonna tika iereguléta atrumam 1 /h

Infiltrata attiriS3ana ar koagulacijas metodi izmantotie koagulanti bija ANCSO”™ un FeClI3.
Eksperimentos izmantotas koagulanta Ai(Sos)s koncentracijas bija no 3 Iidz 10%, bet
koagulantam FeCls - 2,5 Idz 4%. Infiltrata attiriSanas efektivitate ar koagulantiem tika noteikta
neattiritam infiltratam uzreiz pie koagulantu dazadam koncentracijam un tilpumiem [3].

Koagulacijas efektivitates izvertéSanai tika analizéts KSP pirms un péc infiltrata attiriSanas.

Rezultati un to izvértéjums

Péc statiskas sorbcijas metodes veiktajiem pétijumiem, Fe3+jonu koncentracija Livanu purva
kOdras parauga bija 19,14 ng/l1 un Lielda Aknistes purva kadras parauga - 7,28 ng/ljeb adsorbéti
attiecigi 80,86 % un 92,72 % no sakotnéja Fe3+daudzuma. Rezultati lava noteikt kiidras sorbcijas
spéju, kas attiecigi ir 8,1 un 9,3 mg FelJ+/g kadras.

Veicot eksperimentadlos pétijumus dinamiskaja sorbcijas rezima, iegdta sorbcijas Itkne (skat.
l.att.) lava noteikt sorbenta pilno dinamisko kapacitati (PDK). Veicot aprékinus, PDK ir 13,2 mg
FelJ+/g kadras.

Sorbcijas likne

V, | Fe3*

l.attéls. Kadras sorbcijas spéjas dinamiska rezima
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Lai izvértétu koagulacijas metodes pielietoSanu infiltrata attirisana un novértétu izplatitako
koagulantu ANSCfi™ un FeCls efektivitati, visos eksperimentos tika nemts vienads daudzums
koagulanta un tas sastadija 550 ml. Visos paraugos infiltrata sakotnéja KSP vértiba bija 4627

mg/..

2.attéls. Infiltrata attiriSana ar

Eksperimentali iegatie dati koagulacijas efektivitates (A, %) izvértéjumam infiltrata attiriS8ana
paraditi 2. un 3.attéla. No iegUtajiem rezultatiem redzams, ka AL (S0. s dotaja gadijuma ir
efektivaks koagulants nekd FeCb. Tomér gan viena, gan otra koagulanta devas ir loti lielas, un
tapéc tieSai infiltrata attiriSanai ST metode ir loti darga. Tapéc pirms koagulacijas pielietoSanas
infiltrata attiriSanai irjaveic infiltrata priek3attirisana.

2.attéls. Infiltrata attiriSana ar FeCb
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Secingdjumi

1. Smago metalu un biologiski grati noardamo organisko savienojumu aizvakSana no infiltrata ir
viena no aktualakajam problémam visos atkritumu apglabaSanas poligonos.

2. Veiktie eksperimenti pierada, ka kddra pat bez TpaSas apstrades var tikt izmantota ka efektivs
smago metalu sorbents, kas arl redzams no pétijumos iegQtajiem rezultatiem, kur statiskas
sorbcijas metodes izpété adsorbéti ap 90% no Fe3Honu sakotnéjas koncentracijas Skiduma.

3. Dinamiskaja sorbcijas rezima kadras pilna dinamiska kapacitate sastadija 13,2 mg Fes:+/g.

4. Koagulacijas metode, kur ka koagulanti izmantoti ANSO/pft un FeCft, var tikt pielietota tikai
jau ieprieks dalgji attiritam infiltratam, pretéja gadijuma koagulantu devas ir loti lielas un
metode, skatoties no ekonomiska viedokla, klGst neizdeviga.

5. Pie infiltrata sakotnéjas KSP veértibas 4627 ng/1 un vienada izmantotd koagulanta daudzuma
550 ml pie dazadam koagulantu koncentracijam efektivaks koagulants bija AUCSO”, kuram
infiltrata attiriSanas efektivitate sastadija ss-ss %. Mazak efektivs koagulants bija FeCft,

kuram infiltrata attiriSanas efektivitate sastadija 83-84,5%.

Summary

Normally, in leachate treatment practice combination of different treatment methods are used.
The main methods are biological oxidation (mostly - sequence batch reactor (SBR)), reverse
osmosis and some chemical methods. Mainly all these methods separately are only pretreatment
methods and leachate required treated with other methods to concentrations that in legislations
are prescribed. Usually, leachate after pretreatment contains high level of COD and heavy metals.
Results of investigations shows that in using different concentrations of coagulants and peat as
sorbent, is possible to remove pollutants until parameters what in legislations are prescribed.

At this moment peat in Latvia is low-cost and commercially available material that have good
sorbtion property. In combination with other leachate treatment methods, this one is very
perspective. Peat as sorbent and coagulation are leachate treatment methods that can be very
effective for small landfills and also as tercial treatment methods.
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LIMESTONE - AN INERT MODEL SYSTEM OF CEMENT?
KALKAKMENS - SAISTVIELU INERTO SISTEMU MODELIS?

Ghada Bassioni
Chemistry Department, Faculty of Engineering, Ain Shams University, Cairo, Egypt
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Abstract. The adsorption ofsmall organic anions like those ofbenzoate, tartrate, citrate and glutamate
on Portland composite cements CEM Il and CEM IlI can be influenced by the present limestone (industrial
CaCOs3). Therefore, the replacement of ordinary Portland cement CEM | is not a trivial matter, although using
these materials reduces the cement production and hence the C02emission providing the solution ofan up-to-
date environmental problem. A systematic study is shown here by zeta potential determination on the CaC03
suspension containing the organic anions. The effect of increasing pH leas'further considered and correlated to
the adsorption on CaCO03surface. The study gives an insight on the compatibility between cement and organic
additives inpresence of limestone that has very similar surface properties to cement.

Keywords: adsorption, carboxylic acids, zeta potential.

Introduction

The arising request for modem building materials that show better workability and durability
can only be fulfilled by the application of different construction-chemical admixtures.
Although some very good recipes have been developed e.g. for dry mix mortars, problems of
compatibility between cement and organic admixtures have arisen. Substitution of CEM | by
CEM Il and CEM Il cements, which clearly possess different chemical-mineralogical
compositions, results in changes in the reaction behavior. A common admixture in that field
resembles limestone (industrial CaCO3). Its interaction with organic matter was ignored and
its inertness was taken for granted. Therefore, a systematic study seemed necessary. For this
purpose, the interaction of some organic molecules with different functionalities on a model
system like CaCO3 was studied. The results should give some fundamental understanding in
how far the cement industry can reduce the production of cement clinker by replacing it with
limestone as admixture and consequently the Co 2 -emission will be reduced, which is of high
environmental interest.

In aqueous suspension, calcitic limestone develops a positive zeta potential. Its surface
properties are very similar to the properties of cement hydrate phases such as ettringite or
calcium aluminium monosulfate. Numerous works have been published on adsorption of
small organic anions such as salicylate and succinic, phthalic and maleic acid on CaCOs3 [1,
2,]. Surface complexation occurs between the carboxylate groups of these molecules and
hydrated calcium atoms located on the CaCO3 surface which is exposed to the liquid phase
[3]. Structural parameters influencing the interaction of numerous low molecular weight
organic acids with goethite surface has been studied extensively by surface complexation
modeling [4].By comparing the adsorption behavior of phthalate, salicylate and p-
hydroxybenzoic acid on an a- PerOs surface, Gu et al. [5] have found that a second -COOH
group in ortho position of a molecule greatly increases the adsorbed amount in comparison to
the same compound with an -OH or -COOH group inpara position. Similarly, Das et al. [s]
have shown that on a-alumina, phthalate adsorbs higher than benzoate because of the two
adjacent -COOH groups in phthalate. For small organic anions on a given positive surfaces,
the adsorbed amount and ratio between adsorbed and dissolved anion (adsorption
equilibrium) generally depends on the functionality of the adsorbate molecule. Benzoate,
tartrate and citrate were used because of their carboxylate functionality and their widespread
use to retard cement hydration in concrete and dry-mix mortars containing limestone powder.
Glutamate was studied because of its additional N-functionality which might lead to a
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different adsorption behavior. For this purpose, adsorption isotherms, as well as zeta
potentials of CaCCb suspensions containing these anions were determined at pH = 9 (native
pH of the CaCCb slurry) and pH = 12.5, respectively.

Materials and methods
The experiments were performed with aqueous suspensions of CaCCb (SCHAEFER Precal
18, Schaefer Kalk GmbH & Co KG, Diez, Germany). Its medium particle size Djo was 12.58
pm and the specific surface area was 0.283 m /& (BET method) and 0.345 m A (BLAINE
method), respectively. The density was found to be 0.2688 g /m3. Sodium benzoate, di-
sodium tartrate dihydrate, tri-sodium citrate dihydrate and sodium L-glutamate monohydrate
(all from Merck) were used without further purification.
Adsorption measurements on CaCos were carried out at 20°C by determining the unadsorbed
organic carbon content in the centrifugate via High TOC Il analyser (Elementar). 0.1 - 5%
bwoCaCos of the organic salts were added to the aqueous CaCos suspension (water/CaCo s
ratio = 0.413) and mixed thoroughly with the help of a test tube shaker (VWR International)
for 1 min. The suspension was then centrifuged for 20 min at 8500 rpm. Adsorption
measurements performed over 4 h confirmed that the state of equilibrium was fully attained
after . min.
Zeta potential of aqueous CaCos suspensions containing different concentrations of the
anions were measured at different pH using Model DT-1200 Electro-acoustic Spectrometer
(Dispersion Technology, Inc.). The following mixing procedure was used to prepare the
CaCCL suspensions: 400 g of CaCo: were added to 165.2 g water within 1 min. This slurry
was let sit for one more minute. Afterwards, the mixture was vigorously stirred for 2 min in a
casserole with a spoon. Filtration gave the mother liquor for the measurement of the ionic
background of the CaCos suspension that was subtracted from the zeta potential values of the
CaCo s slurries containing the organic anions.

Results and Discussion
Adsorption
The adsorbed amounts of benzoate, tartrate, citrate and glutamate on CaCos: surface
determined at dosages of 0.1- 5.0 % bwoCaCo.s and at pH = 9 are shown in Figure 1. As can
be seen, the adsorbed molar amount of all organic anions increases with dosage. Benzoate
shows the highest adsorbed molar amount and citrate the lowest. Because citrate possesses
three carboxylic groups, it achieves compensation of the surface charge at lower dosages than
anions with only two or one carboxylic function. No saturation points of adsorption were
obtained at the dosages tested here. Zeta potential measurements described later showed that
saturation points were achieved at dosages between 10-20 mMol anion/ m: CaCo s surface.
The adsorbed molar amounts of tartrate and glutamate are nearly the same.
For Ca-citrate, the ratio between adsorbed and the total amount added has been reported to
range from 19-52%, depending on dosage [7]. This is in good accord with our findings for
Trisodium citrate showing that about 20% of citrate is adsorbed. Adsorption of disodium
tartrate onto CaCo s was found to correspond to a Type Il isotherm [s]. In the vast majority of
cases, physical adsorption gives rise to a Type Il isotherm. In this case, only the forces
between the adsorbent and the adsorbate molecules (vertical interactions) are considered,
whereas the forces between neighboring adsorbate molecules on the surface (horizontal
interactions) are neglected. Considering the nature of such intermolecular forces, adsorbate-
adsorbate interactions must be taken into account when a layer is approaching the saturation
point of adsorbed anion and the distance of adsorbed molecules becomes small in relation to
their size [s].
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Effect ofpH on adsorption behavior

To investigate the effect of pH on the adsorbed amount of anion, the pH of the CaCCb
suspension was adjusted to 12.5 with NaOH. The dosage of the anions added varied from 0.1
to 5% bwoCaCCR The results are displayed in Figure 1. Surprisingly, adsorption of the
organic anions depends very little on the pH. An increase in pH to 12.5 causes only a slight
increase in the amount of adsorbed benzoate, tartrate, citrate and glutamate, due to further
deprotonation of the hydroxyl groups. Interestingly, no saturation point for adsorbed amount
is observed even at concentrations as high as 5 % bwoCaCCR

B benzoate pH=9
O  benzoate pH=12.5
tartrate pH=9

E o tartrate pH=12.5

D A citrate pH=9 O
S A citrate pH=12.5

o ¢ glutamate pH=9 a
5E 0 glutamate pH=12.5

C

=)

0

E

[00]

i

X!

0

©

<

Dosage [% bwoCaCOJ

Fig. 1. Comparison of dosage dependent adsorbed molar amounts of benzoate, tartrate,
citrate and glutamate on CaCCH surface at pH = 9 and 12.5, respectively

Zetapotential measurements

Zeta potential measurements were performed to determine the surface charge of the calcium
carbonate particles in presence of varying dosages of the anions. Generally, charge, spatial
arrangement and conformation play an important role in the adsorption behavior of the
anions. Solvent, temperature and ionic strength can influence adsorbent structure and
properties. This is reflected by the zeta potential of the particle. Calcium carbonate particles
suspended in water containing an organic salt form a STERN layer of adsorbed ions while
hydrated ions remain in solution. Further organic molecules may be adsorbed on the STERN
layer. In consequence, a diffuse electric double layer (EDL) surrounds the particle. The
concentration of ions oppositely charged to the STERN layer decreases exponentially with
increasing distance from the CaCCss particle. In the vast majority of previous zeta potential
measurements, highly diluted suspensions with water/CaCCs =1 to 1000 were used. In many
practical applications such as dry-mix mortars, however, highly concentrated CaCCs
suspensions with water/CaCCb <1 are commonly used. Therefore, a CaC03 suspension with
water/CaCCh = 0.413 was studied by using the electroacoustic method which allows to obtain
results that correspond to practical conditions in building materials.
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First, the zéta potential of the CaCC-: suspension was measured at pH = 9 to pH = 12,5 by
adding dilute sodium hydroxide solution. As seen in Figure 2, the zeta-potential at pH = 9 is
+40 mV. The surface potential decreases to negative values as the pH of the suspension
increases. This effect is caused by the adsorption of hydroxide ions on the initially positive
surface. At pH = 12.5, the surface charge of CaCCU is -15 mV.

Fig. 2. Zeta potential of the CaCCs3 suspension at pH =9 to 12.5

Secondly, the CaCCs: suspension with pH = 9 was treated with 0.1 - 5% bwoCaCCs: of
benzoate, tartrate, citrate and glutamate. Untreated CaCCU shows a zeta potential of +40 mV.
Addition of increasing amounts of organic anions results in a decrease of the zeta potential as
shown in Figure 3.

60- I benzoate
+  glutamate
40-1 * citrate
] - tartrate
> 20- . e ————— 1 1 1
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R ¢
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Fig. 3. Zeta potential of aqueous CaCo3 suspensions at pH = 9, treated with 0-100 mMol
anion/ m2 of benzoate, tartrate, citrate and glutamate
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The decrease is most strong for tartrate and less strong for citrate and glutamate. Benzoate
shows the least change in zeta potential with dosage. For example, addition of 20 mMol/m: of
benzoate decreases the zeta potential only to approximate +20 mV whereas the same amount
of tartrate produces a zeta potential of about-70 mV.

At pH = 125 (Figure 4), the zeta potential of the initial CaCCs: suspension without further
additives is -15 mV. In the case of benzoate, the zeta potential value decreases towards the
isoelectric point with increasing dosage of the anion. Glutamate shows almost no effect of
dosage on the zeta potential whereas citrate as well as tartrate initially causes a sharp decline
to highly negative zeta potential values. This effect can be explained by desorption of initially
adsorbed hydroxyl anions from the CaCCb surface. Both citrate and tartrate can load more
negative charge per unit area onto the CaCCb surface than OH' anions. At higher
concentrations, the zeta potentials of citrate and tartrate treated CaCo: suspensions become
slightly less negative.

Dosage [mMol Anion/m2

Fig. 4. Zeta potential of agueous CaCO3 suspensions, treated with 0-140 mMol/m of
benzoate, tartrate, citrate and glutamate at pH = 12.5

Conclusion

The adsorption behavior of salts of carboxylic acids is greatly influenced by the number of
carboxylate functions in the molecule. High numbers of carboxylate groups require a less
molar amount of the organic anion to achieve charge compensation on the CaCO3 surface.
This is also shown in zeta potential measurements. The pH has practically a very slight effect
on the adsorption behavior of the anions studied here because their deprotonated salts were
used. With respect to construction applications, the results confirm that limestone powder
which is now being used as a supplemental constituent in Portland composite cements (e.g.
CEM 1l Z/A-LL) has the potential to adsorb significant quantities of anionic admixtures such
as polycarboxylate superplasticizer or sodium gluconate retarder.
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Abstract. Preparation offlax raw material - retted straw - is becoming more and more problematical
since the straw is prepared by way of dew-retting, because this run under the open sky andfully couldn’t be
controlled, and this concludes in insufficientfibre quality. Besides of this, during theflax pulling process part of
the stems is caught by the belts of the pulling combine LKV-4T and consequently is damaged (crushed). Thus
fibre separation in this part of the stem usually runs more quickly and the quality offlax fibre along the stem
becomes uneven. Top-part of the stem is damaged by thrashing apparatus. Furthermore, we should remember
that the shape offlax stem is a cone, and dew-retting process atflaxfoot part takes much longer than at the top
or at the strongly damaged middle part of the stem. The influence ofcrushing offibre flax stems and desiccation
was investigated at the Upyte Research Station ofLIA in 2003. Special crushing apparatus was assembled on the
flax combine LKV-4T. Desiccated with glyphosate and non-desiccatedflax stems were crushed during pulling.
The quality offibre after stem crushing was higher.

Keywords: dew-retting, crushing, fibreflax, fibre separation index, flax pulling combine, straw.

Introduction
During the flax pulling process part of the stems is caught by the belts of the pulling combine
LKV-4T and consequently is damaged (crushed). Thus fibre separation in this part of the stem
usually runs more quickly and the quality of flax fibre along the stem becomes uneven. Top-
part of the stem is damaged by thrashing apparatus. Furthermore, we should remember that
the shape of flax stem is a cone, and dew-retting process at flax foot part takes much longer
than at the top or at the strongly damaged middle part of the stem.
The main producers of flax harvesting machines in Europe are Belgium, France, Russia and
partly Czech Republic. Flax pulling machines produced in Belgium and France are fitted to
the so called “western flax harvesting technology” when flax is pulled and spread on the
ground in swaths for retting with capsules and the capsules are thrashed some time (about :
week, depending on weather conditions) later in the same time returning the swath. Recent
flax pullers produced in those countries have crushing tool for the root-end of the straw to
accelerate ground-retting.
Currently over 90 % of flax pulling machines in Lithuania are of Russian origin. Flax is
pulled by flax pulling combines when de-capsuling is carried out at the same time as flax
pulling.
The Plant of Agricultural Enginery in Bezheck (Russia) had produced following types of flax
pulling machines: LKV-4 T, LKV-4A, LK-4T, LK-4A, Rus’ (Pycb), Rusich (Pycun4), Rusich-
M (Pycnu-M), KLP-1.5 [Chernikov, 1999]. The latest flax pulling combines have a crushing
tool, however, such combines are still not available in Lithuania.
Russian researchers’ experimental evidence suggests that a more homogenous dew-retting
process along the stem, homogeneity of fibre colour could be achieved after crushing of the
root-part of the straw [Boyarchenkova et all.,, 1995; Bykov & Motorina, 1985; Kovaliov et
all.,, 2000; Kovaliov & Kozlov, 2002]. More intensive flax straw crushing trials in Russia
were started in 1980, and several makes of crushing apparatus have been tested since then
[Kovaliov & Kozlov, 1999; Kovaliov et all.,, 2000, Kozlov, 2000; Kozlov, 2001; Kozlov.,
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2001: Kovaliov & Kozlov, 2001]. The threshing of the foot-part of the stem (about 1/3)
affords for better aeration (drying of the stem at first) and better development of the fungus
taking part in the dew-retting process. In Russia the best results were achieved when green
flax stems had been crushed at flax harvesting (the lowest force was required) [Kovaliov &
Kozlov, 2002].

Summarizing the results of the investigations in Russia, carried out at The Flax Institute in
Torzhok (BT1MW) and Mechanization Institute in Tver’ (FTHY BHWIMNTWMJ/I), we can point
out the following benefits of flax straw crushing:

= It shortens dew-retting by 3-10 days;

= Makes shuchability of the straw more even along the length;

< Increases straw quality;

< Increases fibre output by 1.1-2.5 %;

= Increases the quality of the fibre.

About 400 of Russian flax pulling combines available in our country have no crushing tool.
Our aim was to try to assemble a crushing tool on the flax pulling combine LKV-4T and to
investigate possible benefits of this tool on fibre parameters and on shortening of dew-retting.
The main parameters of the crushing apparatus are presented in Table 1, the scheme in the
Figure 1

Table 1L
Main parameters of the crus ling apparatus AP-1A
Crushing force 3-4 KN
The frequency of rollers rotation 2,7s1
The required power 0,50 KW
Dimensions: mm
Length 1100 MM
Width 370 mm
Height 650 mm
The mass 150 kg
Serving time-span Not less than 7 years

Fig. 1 The scheme of flax stem crushing apparatus AP-1A: 1- upper leading roller; 2 -
bottom squeezing roller; 3 - squeezing device; 4 - gear

Some authors point out to the desiccation of the straw in the field before harvesting as to the

mean accelerating dew-retting process [Easson & Long, 1992; Kozlowski, 1992; Mukhin,
1992] thus some of our treatments were also focused on this.
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Materials and methods
The trial was conducted on a Eutri-Endohypogleyic Cambisol [Buivydaite et al., 2001]. The
content of P.Os in the soil plough layer was 160 mg kg'l content of K20 - 193 mg kg
(determined in A-L extraction), pHicci level - 7.0 (potentiometrically), humus content - 1.74
% (by Thyurin method). In the field rotation flax followed winter wheat. Each treatment had a
flax plot of 30 m. replicated four times. Randomised plot design was used.
Flax cv. Hermes was sown at the beginning of May by a sowing machine SL-16 at a seed rate
of 22 million viable seed per hectare at 10 cm row spacing. Insecticide Fastac 10 EC (alfa-
cipermetrine 100 g F1) 100 ml ha: was applied at seedling stage, herbicide Glean® 75 DF
(chlorsulphurone 750 g kg'l)) 7 g ha_ I+ KemiwettIM S (ethohilate alcohol) 0.1 % - when flax
was s-10 cm in height.
Before harvesting flax samples from 1 m (0.25 m from 4 randomly chosen places m each
plot) for the evaluation of biological yield were prepared.
Flax was harvested at an early-yellow ripening stage in the treatments 1-3 (on the 13th of
August) and 2 weeks later in the treatments 4 and 5 (waiting until desiccation shows an effect)
(see trial design). Flax stem crushing was done in treatments 3 and 5.
Trial design:
1. Check (Flax was pulled by hand);
2. Flax pulling by combine LKV-4A, without crushing;
3. Flax pulling by combine LKV-4A, with crushing;
4. Desiccation*, flax pulling by combine LKV-4A, without crushing;
5. Desiccation*, flax pulling by combine LKV-4A, with crushing.
*Desiccation was done by spraying on flax stand Glyphosate 1.08 kg ha 1 (Roundup Classic 3
1ha'l) with 300 1ha: of water.
Flax swath was returned several times by DEHONDT returner.
The weather conditions were suitable for flax dew-retting for three weeks after harvesting, but
during this period dew-retting process was not completed. Since the beginning of September
the weather became dry, and the dew-retting process continued throughout September (Table

2).

Table 2.
Mean weather temperature, precipitation and air humidity during flax vegetation and
dew-retting periods (Upyte, 2003)

May June
Date . Air Date . Air
' Rainfall - ' Rainfall, .
Jten-day ! ’ Toav, humidity, ten-day Toa/ ’ humidity,
. mm C . mm C
period % period %
| 10.2 12.1 - | 4.0 16.8 -
] 22.4 12.5 - ] 13.9 13.6 -
i 6.0 16.2 - 1 25.8 15.2 -
Per month 38.6 13.6 - Per month 43.7 15.3 -
July August
Date, . Air Date, . Air
ten-day Rl Tan o idity,  tenday  Ranfall o Tave ity
. mm °C . mm C
period % period %
I 21.9 17.8 - | 5.0 19.2 69.4
1 28.0 19.7 - | 20.7 17.1 77.7
11 25.8 22.8 - i 53.7 14.4 88.5
Per month 75.7 20.1 - Per month 79.4 16.9 78.5
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September October

Date, Rainfall, Tav, Air Date, Rainfall, Tav - Air
ten-day mm °c humidity, ten-day mm °C humidity,
period % period %

| 15.8 115 86.7 | 40.6 8.5 93.9

I 0 13.7 82.9 I 10.9 4.3 91.8

Il 19.9 11.9 84.1 Il : : -
Per month 35.7 12.4 84.6 Per month : -

When flax straw became grey (because of dew-retting process) fibre separation analyses were
started by a tool OOV [Patarimai linininkui, 1975]. Since 9th of September (27 days under
dew-retting conditions in the field) to 14t of October a weekly sample of 100 dew-retted
straws was tested in 4 replications from each treatment. Fibre separation was measured in
three places of the flax stem (top, middle and foot) cutting out 10 cm length segments.

Also dew-retted flax straw was breaked up by machine tool SMT-200, fibre was hackled
using combs number 9 and 13. Number of long fibre was determined organolepticaly in the
laboratory, flexibility - by a device G-2, the strength - by a device DK-60.

The data were analysed by ANOVA, and means of LSD at P=0.05 are presented
[Tarakanovas, 1999].

Results and discussion
Crop density was not sufficient (1201-1306 plants, m"2) because of the great surge of flea-
beetles at flax germination period. This also had influence on flax yield: it was 3.4-4.4 t ha'l
of un-retted straw and 0.65-0.84 t ha'lof seed.
Dew-retting period. Already 12 days after the beginning of dew-retting process the upper side
of flax straw swath in the treatments 1-3 changed the colour and in 18 days (since the middle
of September) all swath became greyish, thus the evaluation of fibre separation index was
started. Desiccated straw (treatments 4 and 5) stayed yellow, un-retted for a long time. When
organileptically evaluating schuched fibre weekly, even after 27 days of dew-retting fibre was
grey in the treatments 1-3, but still had impurities. After crushing the fibre was cleaner
(treatment 3) when compared with that in treatments 1 or 2. Fibre in treatments 4 and 5 was
grey-yellowish, contained impurities. The same tendency was noticed on all testing dates -
9th 16th 23 of September. On 30th of September the fibre in the treatments 4 and 5 became
greyer when compared to the previous samples and even more greyer on 7th and 14th of
October but still had yellow-brown shade and impurities. Visually fibre was cleaner after
crushing (treatments 3 and 5).
Fibre separation index. According to the experience of Russian scientists, flax straw is fully
dew-retted when fibre separation index is within the range of 4.0-7.0. But in our trials after
schutching the fibre contained impurities even at this level of fibre separation index, thus we
continued retting trial until the meteorological conditions allowed to do this. Generally, it is
very difficult to decide when the dew-retting is completed, because after scucthing fibre was
not very homogenous. Also it is noteworthy that the straw in the treatments 4 and 5 was retted
by 2 weeks shorter.
As the data in Table 3 show, fibre separation index was the highest in the middle of the stem
where the belt had damaged flax stem during the pulling. In the treatment 1 where flax was
pulled by hand, dew-retting ran more gradually along the stem, e.g. fibre separation index was
more similar between the top, middle or foot part of the straw.
When analysing data sampled on 9th of September, 27 days after starting of dew-retting, fibre
separation index (FSI) in the treatments 1, 2 and 3 was over 4.0. Fibre separation index after
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flax pulling by a combine was significantly higher than after pulling by hand. FSI in the
treatments after flax desiccation (4 and 5) (but dew-retted only 14 days) was close to 4.

A similar situation was on 16th of September, 34 days from the beginning of dew-retting for
treatments 1, 2 and 3 and 21 days for treatments 4 and 5. Fibre separation index after stem
crushing was a little higher than that after pulling without crushing and significantly higher
than after pulling by hand.

On 23 of September no significant differences of FSI between treatments 1, 2 and 3 were
found. IFS in the treatments after desiccation was significantly lower compared with that in
the check (after pulling by hand). IFS was a little higher in the treatments after crushing
(compared treatments 3 to 2 and 5 to 4), but the differences were insignificant.

On the 30thof September IFS differences between treatments were insignificant.

In a weekly period (from 30th of Sept, to 7thof Oct.) average fibre separation index increased
sharply (rainy weather) and was close to that in the check. IFS was insignificantly higher after
crushing compared to that of un-crushed straw.

Table 3.
The dynamics of fibre separation index at the different places of the stem (Upyte, 2003)
Sampling date

Treatment Place 9thSep  16thSep 23mSep 30thSep T Oct  14“ Oct

1. Check Top 4.4 4.4 5.6 6.0 6.7 6.4
(Flax was pulled by hand) Middle 6.4 6.0 8.1 7.6 7.6 7.9
Foot 6.4 6.3 7.2 7.8 7.1 6.7

aver. 5.7 5.6 6.9 7.1 7.2 7.0

2. Flax pulling by Top 52 6.2 4.0 6.1 6.4 6.6
combine LKV-4A, Middle 7.5 7.7 7.7 8.4 8.4 8.4
without crushing Foot 6.9 6.8 7.1 8.1 8.0 8.1
aver. 6.6 6.9 6.3 75 7.6 7.7

3. Flax pulling by Top 5.2 6.8 6.0 6.7 7.7 8.1
combine LKV-4A, Middle 7.0 8.0 7.8 7.7 8.7 9.0
with crushing Foot 7.0 7.1 75 75 7.8 8.3
aver. 6.4 7.3 7.1 7.3 8.1 8.5

4. Desiccation, flax Top 34 3.9 3.5 4.2 4.8 5.2
pulling by combine LKV-  Middle 4.7 4.6 6.2 6.6 7.4 7.7
an, _ Foot 4.0 4.2 4.2 5.0 6.8 7.6
without crushing aver. 4.0 4.2 4.6 5.2 6.3 6.8
5. Desiccation, flax Top 2.4 2.6 3.8 3.7 5.6 51
pulling by combine LKV-  middle 4.4 4.0 5.4 5.1 7.1 7.3
aA, _ Foot 4.5 4.4 5.1 5.4 75 7.4
with crushing aver. 3.8 3.7 4.8 4.7 6.7 6.6
LSD Top 1.14 1.37 2.00 1.42 1.60 1.48
Middle  0.89 0.90 1.71 1.36 0.57 0.99

Foot 0.61 1.35 1.62 0.85 1.54 1.06

aver. 0.66 1.02 1.46 0.92 0.94 0.70

On 14th of October the straw in the treatment 3 seemed to be over-retted - IFS was 21 %
higher than that after pulling by hand and by 10 % higher than after pulling without crushing.
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Average fibre separation index data are presented in Figure 2.

Fig. 2. The dynamics of the average fibre separation index
1. Check (Flax was pulled by hand); 2. Flax pulling by combine LKV-4A, without crushing; 3. Flax pulling
by combine LKV-4A, with crushing; 4. Desiccation, flax pulling by combine LKV-4A, without crushing; 5.
Desiccation, flax pulling by combine LKV-4A, with crushing.

The dynamics of long fibre number (Table 4). Long fibre number in the treatments 4 and 5
was significantly lower till the 30th of September (fibre had impurities). Later the differences
disappeared. The same tendency of higher number after straw crushing could be noticed.

The correlation between number value and fibre separation index (FSI) was calculated and
reliable (99 %, Fisher’s test) relation was found. The determination coefficient R2 was 0.61
for the linear type of correlation (Y = -4.92225 + 1.05374X).

The highest determination coefficient (R2= 0.78) among the other types of correlation had
Quadratic regression type (Y = -84.098+ 16.532X-.749XA2).

Table 4.
The dynamics of long fibre number (Upyte, 2003)
Sampling date
Treatment 9th 16h  23d 30t uh 14th
Sep. Sep. Sep. Sep. Oct. Oct.
1. Check 115 115 11.0 11.3 10.5 10.8

(Flax was pulled by hand)

2. Flax pulling by combine LKV- 115 11.0 11.5 11.4 11.0 111
4A, without crushing

3. Flax pulling by combine LKV- 11.9 11.3 12.0 11.8 10.9 11.1
4A, with crushing

4. Desiccation, flax pulling by 9.3 9.0 9.3 9.1 10.9 10.5
combine LKV-4A, without crush.
5. Desiccation, flax pulling by 9.0 9.0 9.1 9.4 10.8 10.5

combine LKV-4A,with crushing
LSDos  0.42 0.49 0.77 0.60 1.04 0.57

The dynamics of long fibre tenacity (Table 5). Fibre tenacity in the treatments 4 and 5 was

significantly higher till 16th of September (fibre was not well-retted). The strongest fibre was
obtained from the samples on 23 of September. Later fibre tenacity tended to decrease, but

119



in the treatments 2 and 3 it was going more sharply (over-retting). Significant differences in
fibre tenacity between crushed and not crushed straw were not observed.

Table 4.
The dynamics of long fibre tenacity (kg F) (Upyte, 2003)
Sampling date
Treatment 9th 16Ne 23 30t 14t
Sep. Sep. Sep. Sep. Oct. Oct.

1. Check 12.2 111 14.6 11.7 9.8 6.1
(Flax was pulled by hand)
2. Flax pulling by combine LKV- 12.9 11.0 12.8 9.8 7.9 6.0
4A, without crushing
3. Flax pulling by combine LKV- 12.4 11.2 13.8 9.9 7.7 6.1
4A, with crushing
4. Desiccation, flax pulling by 16.2 13.8 13.9 135 10.5 8.6
combine LKV-4A, without crush.
5. Desiccation, flax pulling by 15.9 14.2 14.8 14.1 10.5 8.0

combine LKV-4A,with crushing
LSDos  2.37 1.68 2.69 1.78 1.98 1.00

The correlation between fibre tenacity and fibre separation index (FSI) was calculated and
reliable (99 %, Fisher’s test) relation was found. 62.26 % of all cases were under the linear
type of correlation-regression (Y = 10.48289 - 0.36656X). Paired regression type Modified
Power (Y = 12.60627 «0.93903/1X) showed the highest determination coefficient (R2= 0.76).

Conclusions

1. In the treatment where flax was pulled by hand dew-retting ran more gradually along the
stem, e.g. fibre separation index was more similar between the top, middle or foot part of
the straw

2. After crushing flax fibre at the foot-part of the straw was cleaner (had less impurities) and
was more homogenous.

3. The significant correlation between long fibre number and fibre separation index as well
as between fibre tenacity and fibre separation index was found.
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THE GRAIN CROP YIELD IN DIFFERENT CROP ROTATION AND
EFFICIENCY OF HERBICIDES AND FUNGICIDES TREATMENT
DAZADAS SEJUMU STRUKTURAS AUGSEKU UN PESTICIDU IETEKME
UZ GRA UDAUGURAZU

Andris Lejins, Biruta Lejina
Agency of LAU, Agricultural Research institute,
Skriveri, Aizkraukle district, Latvia; e-mail an.drisleiins@inbox.lv

Abstract. Complex field experiments were carried out in Agricultural research institute in 1969. The
field trials includedfive different crop rotation systems. In each 6-field rotation system the specific percentage of
cereals (%) variedfrom 50 to 100%, perennial grass (clover+ timothy) - 16.7 to 33.3%. The highest winter rye
yields were obtainedfrom crop rotation systems with cereal proportion up to 66%. Including buckwheat in the
crop rotation winter rye cultivation is highly productive in crop rotation systems with cereal proportion even up
to 83%. Yield of winter rye in long-term monocultural sowings decreases even up to 0.74ha~‘. Winter rye
treatment with herbicide Grodil increases itsyield up to 0.40 ha'l Foreplants ofbarley according to their good
influence on barley yield (descending): buckwheat, oats, winter lye. Barley yield in long-term monocultural
sowings decreasesfor up to 1.17 tha'l
Oats in crop rotation systems with cereal proportion up to 83% had very low yield amount alterations after
differentforeplants. Essential oat yield decreasement was noticed in perennial monocultural sowings. The best
foreplantsfor spring wheat are buckwheat and lupine. The highestyield of buckwheat is getfrom monocultural
sowings, but using potatoes as buckwheatforeplant gives essential yield decreasement. Distribution ofperennial
weeds, especially quickgrass, is 7,4 times more in crop rotation systems with high cereal proportion than in
systems where also buckwheat and potatoes are cultivated. Treatment of herbicides and fungicides is more
effective in monocultural sowings than in crop rotational systems, however increasement of crop yield after
pesticide treatment is less remarkable than if we follow right crop rotation and choose optimal foreplants for
each culture. Latest results from years 2002 to 2004 are shown in this article and are considered to be an
addition to previous publications.

Key words: crop rotation, percentage ofcereals, foreplants, grain crops, herbicides, fungicides.

Introduction
Farmers are forced by market economy to become highly specialized on one or few cultures.
Different harmful phytosanitary conditions are caused to cultivating technologies of the rest
plants. Protractedle cultivation of related cultures in the same place causes breeding of
specific weeds and diseases. That is why importance of correct crop rotation and efforts of
fighting with specific weeds and diseases increases. Significance of mentioned problems and
their solutions are most visible in stationary field trials. Certain experience and results of
investigations regarding crop rotation are gained in a long-term stationery crop rotation field
trial in Latvia Agricultural University's Agency: Scientifical Institute of Agriculture in
Skriveri. Structure of this field trial as well as main results are summarized in publications of
D.Lapins, B.Lejina (1997); A.Lejins, B.Lejina (2000); A.Lejins, B.Lejina (2002); A.Lejins,
B.Lejina (2003). Latest results from years 2002 to 2004 are shown in this article and are
considered to be an addition to previous publications.

Object and methods of research
Complex crop rotation research was started in Scientifical Institute of Agriculture on 1969, it
has expanded in time and space and now consists of five variously structured crop rotations.
In different combinations proportion of cereals is 50-100%, perennial grasses - 16.7-33.3%.
Characterization of soil: poorly podzolic swad, cultivated with pH 5.4-6.3, content of organic
material 19-22 g/kg'l, easy absorbable phosphorus 21-23 mg/ kg'l and potassium 87-99
mg/kg'l Grading composition of the soil is sandy loam. Following sorts of cultivated plants
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were used in researches: winter rye ‘Voshod’, barley ‘Ruja’, oats ‘Selma’, spring wheat
‘Planeta’, buck wheat ‘Anita Beloruskaja’. Total area of the field of one crop rotation is 354.4
m2, area of split field is 59 m2. Yield of each field was collected with harvester Sampo500,
weighted and equalled to 14% moisture. Differences between variants were evaluated
mathematically by variance analysis. Weed follow-up was made in 100 points in each variant,
occurance of each weed sort was calculated in % and afterwards modified in pieces per
sg.meter (Rasins A., Taurina M., 1982).

Results

The highest winter rye yields are collected from crop rotations where proportion of cereals is
66%. Including lupine and buck wheat in the same crop rotation, winter rye is highly
productive in crop rotations where proportion of cereals is 83%. The greatest decreasement -
even until 0.74 t ha l(table 1) of winter rye yield is in monocultural variants and where winter
ryes are grown repeatedly. Usage of herbicide Grodil provides on average 0.40 t hayield
increasement of winter rye. Same herbicide provides yield increasement of winter rye in
monocultural variants even 0.83 t ha'l, but that does not recompense the amount of yield
which can be get by cultivating winter rye in correct crop rotation (table 2).

Table 1
Winter rye yield t ha'lafter different : oreplants

Number ofcrop As compared to 1-stfield rotation
rotation and

. . .
proportion ofcereals Preceding crops Yield tha'l +/-1ha'l %
in crop rotation.
1-50 Clover+timothy 11 4.89 100
2-66 Clover+timothy Il 4.49 -0.4 92
2-66 Rye - barley 4.74 -0.15 97
3 - 83 Buckwheat - barley 4.93 +0.04 101
4-83 Lupine- spring wheat 5.38 +0.49 110
5-100 Barley+ peas 4.34 -0.55 89
5-100 Rye - rye 4.29 -0.6 88
5-100 Rye (monoculture) 4.15 -0.74 85
Y 005=0.41 tha 1
Table 2.

Winter rye yield t ha-1 under influence of herbicide Grodil
Number ofcrop

rotation and Preceding crops (i/\(/)irt]ft;)(zjlt_ Grodil 30 g ha-1+ MCPA 1.0 I ha-1 at
pro_portlon ofce_:reals herbicides tillering
Incrop rotation

Yield t ha-1 Yield t ha -1 +/-1lha -1 %
2 - 66 Clover+timothy Il 4.63 5.00 +0.37 108
2-66 Barley 4.58 4.89 +0.31 107
3 - 83 Barley 4.67 5.47 +0.80 117
4-83 Spring wheat 5.33 5.43 +0.10 102
5-100 Rye grown 3.99 4.82 +0.83 121

repeatedly

Average 4.60 5.00 +0.40 109

y 0.05 =0.34 t ha -1

Evaluation of barley foreplants descending (starting from the best) - buck wheat, oats, winter
rye (table 3).
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Table 3.
Barley yield ha -1 after different foreplants
Proportion of As compared to 1-stfield

Number o f cereals in crop Preceding Control rotation
crop rotation . crops Yield tha -1

rotation +/-tha-1 %
1 50 O ats 3.93 100
2 66 Rye 3.06 -0.87 92
3 83 Buckwheat 3.91 -0.02 99
4 83 Rye 3.22 -0.71 82
4 83 O ats 3.61 -0.32 92
5 100 O ats 3.89 -0.04 98
5 100 Rarley 3.64 -0.29 93
5 100 Barley grown 2.45 -1.48 62

repeatedly

Y0.05 = 0.34 tha -1

Repeated cultivation of barley gives yield decreasement even until 1.48 t ha-1(decreases for
38%). Usage of herbicide Grodil gives lasting yield increasement - average 21%. Usage of
fungicides increases yield even more - for about 29%. Same as for winter rye also in barley
monoculture the greatest yield increasement: 1.39 t ha -1 (for 79%) is get by complex usage
of herbicides and fungicides. Although this does not recompense barley cultivation in correct
crop rotation.

Table 4.
Barley yield t ha -1 after usage of herbicides and fungicides
crop rotation crops Yield tha -1 Yieldtha-1 +/-1ha -/ %
W ithout Grodil 30 g ha-l+ MCPA 1.0 1ha-1 at tillering
herbicides
2 Rye 2.71 3.42 +0.71 126
3 Buckwheat 3.48 4.35 +0.87 125
4 Rye 2.91 3.54 +0.63 122
4 Oats 3.34 3.87 +0.53 116
Average 3.11 3.75 +0.64 121
Without Tango 0.8 1ha at stalk-shooting
fungicides
1 Oats 3.13 4.34 +0.81 123
5 Oats 3.09 4.69 +1.60 152
5 Barley 3.39 3.89 +0.50 115
Average 3.34 4.30 +0.96 129
Without Grodil 30 g ha-I+ MCPA 1.01 ha-1 at tillering +
pesticides Tango 0.8 lha stalk-shooting
5 Barley grown 1.76 3.15 +1.39 179
repeatedly

Y0.05 = 0.43 tha-1 for herbicides; Y 0.05 =0.46 t ha -1 for fungicides

The highest oat yields are when cultivating them after potatoes. A remarkable oat yield
decreasement is orbserved cultivating them after winter rye in crop rotations with cereal
proportion 66%. Our perennial researches show that in monocultural sowings decreasement of
oat yield reaches 1.62 tha-lor 43% .(tableb).
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Oat yield t ha -1 after different foreplants

Table 5.

Number pf Preceding crops vield tha -1 As compared to 1-stfield rotation
crop rotation +/-tha-1 %
1 Potatoes 3.79 100
2 Rye 2.98 -0.81 78
4 Barley 3.32 -0.47 87
5 Rye 3.59 -0.2 95
5 Oats grown repeatedly 2.17 -1.62 57

y 0.05 =0.41 tha-1

Usage of mix of herbicides Grodil and MCPA increased oat yield for 0.28 t ha -1 or 9 %.
Usage of fungicides in oat sowings increased yield even more - for 0.57 t ha -1 or 18%.
Complex usage of herbicides and fungicides in monocultural oat sowings, just like in other
cereal cultures, cannot cover yield loses if we compare to cultivating them in correct crop
rotation (table 6).

Number o f
crop rotation

2
4

Average

1
5

Average

y 0.05 = for herbicides 0.21 t ha -

Number of
crop rotation

1

(SIS, B ]

Oatyield t ha -1 by various usage of pesticides
Treatment with pesticides

Preceding

crops

Rye
Barley

Potatoes

Rye

Oats grown

repeatedly

Weedyness (pcs/sq.meter) of oats after different foreplants

Preceding
crops

Potatoes
Rye

Barley

Rye

Oats grown

repeatedly

Control

Yield tha -1

Without
herbicides
2.80
3.12
2.96
Without
fungicides
3.34
3.19
3.26
Without
pesticides

1.74

; for fungicides -

Number of
weeds total

46
147
169
123

383

Yield ofoats t

ha -1

Table 6.

As comperated to control
+/-tha—

%

Grodil 30 g ha-1+ MCPA 1.01 ha-1 at tillering

3.05
3.44
3.24

+0.25
+0.32
+0.28

109
110
109

Tango 0.8 l1ha at stalk-shooting

3.93
3.75
3.84

+0.59
+0.56
+0.57

118
117
118

Grodil 30 g ha-I1+ MCPA 101 ha-1 attillering +

Tango 0.8 l1ha stalk-shooting

0.33 tha-1

annual weeds

13
57
58
11
96

+0.60

including
perennial
weeds
34
84
111
112
287

135

Table 7.

including
couchgrass
29
61
106
100
278

Essential increasement of weed, especially perennial weed, quantity is observed in repeated
sowings of all cultures. Main weed is Elytrigia repens (L)Nevski here.
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Cultivating spring wheat in crop rotation gives yield increasement for 0.76 - 1.05 t ha-1 if
compared to repeat cultivating in the same place. Usage of herbicide Monitor in spring wheat
sowings in crop rotation gives yield increasement 23%. Complex usage of herbicide Monitor
and fungicide Tango in repeated spring wheat sowings gives yield increasement even 114%,
but this yield is still less than it can be get from sowings with correct crop rotation. By
repeated cultivation of spring wheat we observed increasement of quantity of perennial
weeds, especially Elytrigia repens (L) Nevski.

Table 8.
Spring wheat yield t ha-1 in various crop rotations after various oreplants
Proportion of

cereals in crop Preceding crops  Grainyield t ha-1 +/- tha-1 %
rotation

66 Buckwheat 3.39 +0.76 129

83 Lupine 3.68 +1.05 140

100 Spring wheat 2.63 100

grown repeatedly

y 0.05 = 0.30 t ha-1

Table 9.
Weedyness (pcs/sq.meter) of spring wheat after various foreplants
. Number o fweed Including . .
Preceding crops . including
plants annual weeds perennial weeds
couchgrass
Buckwheat 124 61 63 21
Lupine 127 104 23 19
S. wheat grown 142 74 74 33
repeatedly
Table 10.
Spring wheat yield
Preceding crops Control —without herb. Monitor 0.02 kg ha-1 at 2-3 leafstage
tha-1 % tha-1 +/-1ha-1 %
Buckwheat 3.05 100 3.72 +0.67 122
Lupine 3.30 100 4.06 +0.76 123
Average 3.17 100 3.89 +0.72 123
Control - without Monitor 0.02 kg ha-1 at 2-3 leaf stage
herbicides and fungicides +tango 0.8 1ha-1 at stalk-shooting
S. wheat grown 1.67 100 3.58 +1.91 214

repeatedly

The highest buck wheat yield can be get from repeated sowings, but remarkable yield
decreasement - 0.25 t ha-1 - cultivating buck wheat after potatoes. Explanation can be that
both these cultures are exacting potassium consumers and this way - each others competitors.
Usage of herbicides Betanal AM and Butizan 480 in buck wheat sowings increased yield of
nutlets in all cases and is advisable in sowings.
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Table 11.

Buckwheat foreplants' influence on yield in crop rotation stationery 2002-2004

. Nutlets yield o fbuckwheat
Preceding crops

tha-1 +/-1ha-1 %
Rye 1.76 -0.04 98
Potatoes 1.55 -0.25 86
Buckwheat, reiterated growth 1.80 100
y 0.05 = 0.21 t ha-1
Table 12.

Yield of buckwheat nutleltst ha-1 in some variants of herbicide usage
Herbicides, dosage ofherbicides

Control without
ontro’ Withol tha-1 +/-1ha-1 %

Preceding crops herbicides
Betanal AM 2.5 1ha-1 for buckwheat at 2-3 leaf stage
Rye 1.56 1.95 +0.39 125
Butizan 1.5 1ha-1 before shoots
Potatoes 1.40 1.68 +0.28 120
Buckwheat, 1.64 1.89 +0.25 115

reiterated growth
Average 1.54 1.84 +0.30 119
y 0.05 = 0.19 t ha-1

Conclusion
1. The highest winter rye yields are getting from crop rotations where cereal proportion is
66%. Including lupine and buck wheat in the same crop rotation, winter rye is highly
productive in crop rotations where proportion of cereals is 83%
2. The greatest decreasement - even until 0.74 t ha-1(1.table) of winter rye yield is in
monocultural variants and where winter ryes are grown repeatedly.
3. Usage of herbicides and fungicides in monocultural sowings of all researched cultures give
remarkable yield increasement, but that does not recompense yield that can be get by
practising correct crop rotation.
4. In barley and oat sowings yield increasement was bigger after usage of fungicides that after
herbicides.
5. Including buck wheat in crop rotation provides high yields of cereal cultures.
6. The highest buck wheat yield can be get from repeated sowings, just like other years -
cultivating buck wheat after potatoes give yield decreasement.
7. Essential increasement of Elytrigia repens (L)Nevski quantity is in crop rotations where
cereal proportion is 83%, especially in repeated sowings.

Kopsavilkums
Tirgus ekonomika piespieZ zemnieku saimniecibas Sauri specializéties, tapéc tur strauji
samazinds audzéjamo kultGraugu skaits. llgstoSi viend vieta audzéjot radnieciskus
kultdraugus, parasti savairojas specifiskas nezales un augu slimibas. To labi var novérot
ilgstoSos augseku izméginajumos Lai skaidrotu jautijumus par dazddu augmainas nozimi,
Zemkopibas zinatniskaja institata 1969.uzsakti kompleksie augseku pétijumi Tiek salidzinatas
piecas dazadas seSlauku augsekas ar dazadu séjumu struktdru, kur graudaugi varié no 50 Iidz
100%, daudzgadigas zales - 16,7-33,3%, ruSinamaugi - 0-16,7%. Raksta atspoguloti dati, kas

augsekas ar graudaugu Tpatsvaru Iidz 66%. leklaujot augsekd grikus un lupinu, tos var
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sekmigi audzét augsekas ar graudaugu Tpatsvaru lidz 83%. Ziemas rudzi bezmainas séjumos
dod batisku razas samazindjumu Itdz 0,74 t ha'l Herbicida grodila lietoSana ziemas rudzos
dod lidz 0,4 t ha'llielu raZzas pieaugumu. MieZu priekSaugi péc ietekmes uz graudu razu
lejupslidosa sectba sarindojami $adi: griki, auzas, ziemas rudzi. Miezi atkartota audzéSana dod
batisku raZzas samazindjumu Itdz 1,17 t ha'l. Auzas augsekas ar graudaugu Tpatsvaru Iidz 83%
maz readéja uz to izvietojumu péc dazadiem priekSaugiem. Batisks razas samazinajums ir
variantos, kur tas audzé atkartoti. Augstakas vasaras kvieSu razas ir péc grikiem un lupinas.
Visaugstakas griku razas ieglst atkartotas audzeéSanas varianta, bet bdtisks razas
samazinajums noveérojams tur, kur tie audzéti péc kartupeliem. Bultisks daudzgadigo nezalu
skaita pieaugums, it seviski loZznu varpatas, novérojams augsekas ar lielu graudaugu Tpatsvaru,
un ta atseviSkas kultdras ir 7,4 reizes vairak ka augsekas, kur audzéja kartupelus un grikus.
Graudaugu bezmainas séjumos herbicidu un fungicidu efektivitate ir vislielaka, bet to
lietoSana nekompensé razu, ko dod, kultiraugus audzéjot augseka vai augmaina.
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BAVAHWE JINTHWHHBIX TNMPEMAPATOB HA
SACYXOYCTONUHNMBOCTb 3EPHOBbLIX KYJ1IbTYP
LIGNINA PREPARATU IETEKME UZ GRAUDAUGU SAUSUMIZTURIBU

ManunHa I'Ie6e,qual, NHa AI'ICI/IHHZ', ManunHa Tenbu_ueBal
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Abstract. Basing on model experiments it wasfound, that lignosilicon compounds (LSi), synthesized in
the Institute of the Wood Chemistry on the basis hydrolysis lignin, which has been used asfertilizer and growth
activator for the cereals in the microfield and field environments, help plants to adapt for the soil water
deficiency. Increase of drought resistance is explained by the plants ability toform the powerful root system on
the background of the lignosilicon compound, which provides them with better water supply and nutrition. The
weight of aboveground part of oats and wheat after the 15-day water stress experiment exceeded control values
for up to 32% and 10% correspondingly. Due to LSi addition aboveground part of oats had better water
retention, lesser water deficiency and transpiration intensity. Oats had shown better water retention comparing
to control values, wheat - on the same level, as control. In total on the background of LSi wheat and oats
revealed higher drought resistance than in the case of lignin application. The most antistress effects were
observedfor oats.

Keywords: drought resistance, cereals, lignosilicon compounds

BeepneHue

3acyxa 1 onycTbIHMBaHME €XEerogHo NPUBOAAT K MNOTEPSIM B CE/TbCKOM X03AACTBE B MMPOBOM
MacwTabe Ha AecaTKU MApA, gonnapos. OgHMM U3 Hambonee 3GOEKTUBHbLIX HamnpaBieHUM
3alUTbl MOCEBOB OT 3acyXW SIBASIETCA YCWU/IEHME €eCTEeCTBEHHOM 3acyX0YyCTOMYMBOCTU C/X
pacTeHUn. Begylive XMMMYECKME KOMMAHUW MUpa 3aHATbl MOWCKOM MpenapaTtos -
yCUNTeNen 3acyxoyCcTomumBocTn. [ns pelleHUs 3To NpobneMbl MccnefoBatenu yaensoT
MOBbILLIEHHOE BHMMaHWe MPUPOAHLIM PerynaTopamM pocTa pacTeHU C aHTUCTPECCOBLIMU U
MMMYHOMPOTEKTOPHbLIMW CBOMCTBaMM, T.K. 061agas NONNMPYHKUMNOHa/IbHbIM AeACTBUEM Ha
pacTeHusi, OHM He OKa3blBalOT BPEAHOr0 BAMSHUA Ha MOYBY M OKpyXawuwyto cpeay [1]. B
nnTepaType OonucaHo MPUMEHeHMe B CTPECCOBbIX CUTyauusax Bbcogepikawjmx COefMHEHWUIA.
YCTaHOBMEHO, 4TO, MPW BHECEHUM B MouBy 8l- cogepkaliux COeAMHEHWUI, CMOCOGHbLIX
MepexoamTb B MOYBEHHbIA pPacTBOP, MOBbILLIAETCA 3aCyXOYCTOMYMBOCTb pacTeHUIA B
pe3ynbTate akKyMy/MPOBaHWUS KPEMHUS B MeMbOpaHe KNeTOK anupepmuca INCTbeB, TeEM
cambIiM NpefoxpaHsas pacTeHne oT M3BbITOYHOro UcrapeHus Bnarn [2-4].

JInrHokpemHueBble npenapaTbl (B81), cMHTe3npoBaHHble B VIHCTUTYTE XUMUU APEBECUHbI Ha
OCHOBE [PEBECHOr0 TUAPOJINZHOIO JIMTHUHA N MNPUMEHEHHbIE B KauyecTBe YA0OpeHU W
aKTMBATOPOB pPOCTa MNPV BblpallMBaHUWN 3/1aKOB B MWKPOMOJEBLIX W MOJIEBbIX YCNOBUSX,
OKasann 6naronpusTHOE AeCTBME Ha pasBMTUE pacTeHUin (0BEC, KyKypy3a) B 3acyLUMBble
rogel [5-7]. BnaronpuaTHoe AelicTBMe MMTHOKPEMHUEBBLIX MPenapaToB Ha pasBUTMe pacTeHui
M Ha yBeNnmyeHue UX NPoAyKTUBHOCTM OOBACHEHO MepexofoM B MOYBEHHbLIV pacTBop U3
BeLecTB, 0b6nagarolmx ayKCMHOMOA0O6HOM aKTUBHOCTLIO [8] M MONOXMUTENbHO BAMSAIOWMX Ha
MUKPOBMONOrMYECKYIO, (DEPMEHTATUMBHYH) aKTMBHOCTb MOYBbI WM Ha MOABVKHOCTH B Hel
MaKpo- W  MWKPO3/IeMEHTOB NuTaHMsa [9]. AHanu3 pacTuTenbHOW  6Guomaccbl U
MWKPOCKOMWUYECKMe  UCCNefoBaHUSA  CPe3oB  CTebna  3epHOBbLIX  KynbTyp  [6,7,9]
CBMAOETENbCTBYOT 06 YBEIMUEHUN COAEPXaHUSA KPEMHUS B 6uomacce U GonbLUeil cTeneHwu
OAPEBECHEHHOCTM HAPYXXHbIX CNOEB CTE6/A NPW BHeceHMM B mouBy LSi, uTo cnocobcTByeT
nydlieil OBOAHEHHOCTU CTebNsA, MeHbLUeMYy MWCNapeHUo BOAbl M 6ONbLUE YyCTOMUMBOCTU
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pacTteHWiAi K noneraHuo. PesynbTaTbl MofenbHbiX [10] v nonesbix onbiToB [5, 7, 11] ¢
3epHOBbLIMU Ky/bTypamu Mokasanu, 4to LSI Ha paHHMX 3Tanax OHTOreHesa MOBbIWIAET
aKTUBHOCTb  (DEPMEHTHOM U FOPMOH&/IbLHOW  CUCTEM pacTeHuiA, CTUMYINpYyeT
KopHeob6pa3oBaHMe. CNOCOOBHOCTb PacTeHU MPOTUBOCTOSATL CTPeccaM CBfi3aHa He TOJ/IbKO C
MHAOYKUMER BUOXMMNYECKNX MEXAHU3MOB, HO U C HAIMYMEM Y PacTeHUIA MOLLIHOM KOPHEBOW
cuctembl. MpPoOAYKTUBHOCTL 0BCa, MLUEHULUbLI M APYTUX 3N1aKOBbIX KyNbTyp TECHO CBs3aHa C
YBE/IMYEHVMEM MOLLHOCTU KOPHEBOW CUCTEMbI W BO3pacTaHMeM €& U3N0I0rNYecKon
aKTUBHOCTW.

Llenb gaHHOM paboTbl - OLEHUTb B YCNOBUAX MOAENbHbIX OMbITOB BAUSIHWE NIUTHUHHBIX
npenapatos, B TOM 4ucie WU cofepxawlero kpemHwmin (LSI, 5%Si), Ha yCTOMYMBOCTb
TECTMPYEMbIX Ky/IbTYp K He40CTaTKy Bnarn B rouee.

MaTepwvans! 1 meToabl
JIrHWHHBbIE NpenapaTtbl: TMAPONN3HbLIA AUTHUH (L) M NUTHOKPEMHMEBLIV MpenapaT Ha ero
OCHOBe C cofilep>XXaHneM KpeMmHusa 5% (LSI).
TecTupyeMble KynbTypbl: oBéc (Avena sativa) copta «Mara» m copta «Jumbo», sipoBas
nweHuua (Triticum vulgare) copta «Bjarne». BblGOp KynbTyp Obll 06YCNOBAEH WX
pa3NYHO 3aCyX0YCTOMYMBOCTbIO.
[na oueHKM aKTmBMpYylowero aercTtena LSi Ha pa3BUTUE KOPHEBOW CUCTEMbI PacTeHU Ha
paHHUX 3Tanax OHTOreHesa MOCTAaB/IEH MOAE/bHbIA OMbIT B OYMaXHbIX «KOHBEpPTax» C
ucnosb3oBaHMEM oBca copta «Mara», Ha KOTOPOM paHee B TOfIeBbIX YCNOBUAX B
3aCyLUNMBLIA rof Obla1 MOMYyYeH XOPOLUWMIA ypoXaii 3epHa Npu BHECEHUWN NIMTHOKPEMHUEBOTO
rnpenapara COBMeCTHO C ceMeHamMu BO Bpems cesa [12, 13].
OnbIT B BYMa>KHbIX «KKOHBEPTax».
OOGbeKT nccnefoBaHUA: pacTeHUA oBca copta «Mara.
OnbIT npoBogunn B TepmMo6noke npu Temnepatrype 20-22°C, nog NHOMUHECLEHTHbIMU
namnamy (oceeléHHocTb 2500 Lx). MpogomkKnTenbHOCTb SKCNEPUMEHTA - 14 AHEN.

Puc. 1. ByMa>KHbIi «KOHBEPT» B MOJSIN3ITUIEHOBOM MaTpoHe, Ha 1/3 o6béma
3aro/IHEHHOM BOAOW. MofenbHbI onbIT

Mcnonb3oBann OyMmadKHble «KOHBEPTbI» (puc. 1), CNoXeHHble TakmMm 06pa3om, 4TOGbI B
CKIafKy B BEPXHEl 4aCTM «KOHBEpPTa» MOXHO Obl/I0 BHECTWM JIMTHUHHbLIA Npernapar, a 3aTem
cemeHa. Mecta crmboB «KOHBepTa», B KOTOpble TMOMeLaIN CeMEHa, WUMenn OTBEPCTUSA
(amameTp okosno 0.1 mm). LLIMpuHa «koHBepTa» 12.5 cM, ANMHA B C/IOXKEHHOM BuAae - 14.0 cm.
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JINrTHWHHBIE NpenapaTbl BHOCWUN B CKaAKy OYMa)KHOro «KOHBEpPTa», MomeLliann ceepxy 5
CeMsIH N BYMaXKHbI «KOHBEPT» BCTABMANN B NPO3PaYHbIA MONUSTUNEHOBBIA NATPOH.
MaTpoHbl 3aKpennsAM  Ha [OepeBsAHHbIX LwWTatuBax W npuamBaan Bogy (/3 o06bEma
NnoAN3TUNEHOBOIrO NaTpPoHa).

Jlo3a IMrHUHHbBIX NpenapaToB: 35 Mr 1 70 Mr Ha 5 cemsaH (Macca 5 cemsiH paBHa 0.085 r), uto
COOTBETCTBYET BHECEHMIO Ha ra, COOTBETCTBEHHO, 80 Kr u 160 Kr npenapara.

MOBTOPHOCTL OMbLITOB 4-X KpaTHas.

CneKTpbl CAMPTOBbLIX BbITSXEK W3 /INCTbEB pacTeHU cHuMann Ha LAMBDA 25, UV/VIS
Spektrometer Perkin Eimer instruments.

KOpHEBYIO CUCTEMY pPacTeHWA TecTUPOBaIM Ha KaimbpoBaHHOM cKaHepe STD-1600+ c
ncnonb3oBaHuem nporpammbl Win Rhizo 2002 C.

BereTayMoHHbIV 3KCNEPUMEHT B 5 /1 cocyax.

O6beKkTamu uccnefoBaHUS ABNS/INCE pacTeHUs 0Bca copTa «Jumbo» m ApoBOM MLUEHULbI
copTa «Bjarne».

BeretauVOHHbIA ONbIT 3a/10KeH B Tenauue EnraBckoro ¢/X yHuBepcuTeTa B 51 cocydax
MwuTuepnmxa Ha TopthsHom cybcTpaTe, 060raléHHOM MaKpo- M MUKPO3/ieMeHTaMy NUTaHusA
pacTeHnii. CybcTpart: BepxoBoi Topd, npomssoautens «Laflora», Matsusa; pH 5.5, N 100-140
mr/n; P2Os 110-170 mr/n; K2O 190-290 mr/n. VicxofHas BNaXHOCTb cybcTpata 70%.
JINrHMHHbIE NpenapaTbl: BHOCUAW B MOBEPXHOCTHLIW CNoW cybcTpaTa nepes NoCeBOM CEMSIH:
3 r a.c. npenapara Ha 5 n cocyp (skemBaneHTHO 1000 kr/ra).

[MoceB ocyuwlecTBiann cyxmmu cemeHamu - 15 WITYK Ha cocypj. Vicnonb3oBann cemeHa u3
ypoXxas npeabiaywero roga, BCXOXeCcTb CcemsH: 96-98%. UYepes 20 pgHer BCxoAbl
NMPOPEXUBASIM U OCTaBAS/IN B COCYyAaXx MO 10 PacTEHUIA.

IMoBTOpPHOCTL ONbITOB 10-TU KpaTHas.

Temnepartypa Bo3gyxa B Tenauue: gHEM 25£3°C, Houbto 15+3°C M BIAXXHOCTb MOYBEHHOrO
cybcTpata nogaepXmMBasincb aBTOMaTUYECKOW CUCTEMOM ynpasneHUs. BNaXXHOCTb N3MEPSNU
CTaHAApPTHbIM MeTOAO0M BbicyLIMBaHMA npyn 105°C. MouBy nocse onpegeneHns BaXHOCTU
BO3BpaLlanv B cocyfbl.

PacTeHns oBca U MNLUEHWULbI BbIpaWMBA/IN NPU COAEepPXaHUU Bfarn B TOPAISIHOM cybeTpate
paBHOW, COOTBETCTBEHHO, 78-80% 1 80-82% ana dpas pasBuTus: KyuleHue (21-22), BbIXod B
TPYOKy (31-33) 1 KonoweHwue (52-58).

MCKyCCTBEHHYIO 3aCyXy co3faBasiv MpeKpalleHeM Nonmea pacteHUin B ctagmmn 31-33. Yepes
15 cyTOK nocse npekpawieHUs NonuBea cofep>kaHue Bnarn B cybctparte nog pacteHUsMM OBca
(ctagns passmTma 52-55) M nweHuubl (cTagmsa passutua 55-58) cHM3KAOCL B CpefHeEM,
COOTBETCTBEHHO, ¢ 78% pno 15%, nc 82% po 17%.

3acyxoyCcTOMUYMBOCTb pacTeHWiA OUeHMBaNM MO  CAeAyloWUM OCHOBHbIM MapamMeTpam:
BOAOYAEPXKMBaAKOLWAsA COCOOBHOCTb, MUHTEHCMBHOCTL TPaHCNMpaunum n oBOAHEHHOCTD.
OnpeaeneHne BOAOYAepPXXMBatOLLLEA CMOCOOHOCTU OCYLWECTBAANM no ApnaHgy [12, cTp.67-
68].

MHTEHCMBHOCTL TpaHCcnMpauun Orpenenssin BeCOBbIM MeTOAOM, OCHOBAHHOM Ha Y4YéTe
noTepn BOAbl MPU UCMIAPEHUN C eAMHULBI IUCTOBOM MOBEPXHOCTU B eANHULY BpeMeHun [13,
cTp.52-52].

OBOAHEHHOCTb NINCTLEB OLEHUBANU MOC/e BbicyLmMBaHus npu 105°C [14, cTp.49].

Jedourunt Boabl onpegensnn no [13, cTp. 18].

JedrumnTt OTHOCUTENBHOW OTHOCUTENIbHOM TyprecueHTHocTu (AOT) paccumTbiBanm no [13,
cTp.48-49].

CraTnctmnyeckyro 06paboTKy pe3y/ibTaToB NPOBOAUM MO nNporpamme Anova.
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Pe3ynbTaTbl U UX 06CY>KAeHME

Pe3ynbTaTbl MOLENbHOTO ONblTa B OyMa>kHbIX «KOHBEPT ax» MoKasanu, YTo Yepes 7 AHel
nocfie Hadana 3KCMepuMeHTa pasBUTME Ha3eMHOM 4acTu pacTeHWIA OBca B BapuaHTax ¢
JMTHUHHBIMW NpenapaTtaMmy He OT/IMYaIoCb OT KOHTPOJIbHOro BapmaHTa. KOpHW pacTeHui B
BapuaHTax C SIMFTHUHHLIMX NpenapaTaMyv Mo CPaBHEHUIO C KOHTPOJIbHbIM BapuaHTOM 6bln
60/ee pa3BeTBEHHLIMU N UMeNN 60/bLLEe MEeNIKUX KOPHEA.

Uepes 14 aHeii mocne Hadana 3KCrepMMEHTa OTMEYEHO MOJIOXNTEeNbHOe BNnSHMe bb! B go3e
35 Mr/«KOHBEpPT» Ha pasBUTUe pacTeHWi, MPOSABASAIOLLEeCS KaK B Jly4ylleM pasBUTUn
KOPHEBOM CUCTEMbI, TaK W HA3eMHOM 4acTu: NUCTbA UMeNu 605ee 3eNEHYH0 OKpPAackKy,
60NbLUYI0 NOWaAb NUCTOBOM NNacTUHKU N BOMbLUYIO Maccy, YeM B KOHTPO/SIbHOM BapuaHTe
M BapuaHTe C NUrHUHOM (puc. 2). Y pacTeHUin Ha hoHe 1251 nosiBUACA BTOPOW JINCT, B TO
BPEMS KaK B KOHTPO/ie ero He 6bl1s10.

Puc. 2. BNmaHne NUrHUHHbIX NpenapatoB (35 Mr / «KOHBePT») Ha pa3BUTUE PacTEHU
oBca copTa «Mara» 4epe3 14 gHeln nocne Havana aKcnepuMeHTa.

[Ona pacteHuin oBca Ha poHe b81 35 MIr/«KOHBEPT» MO CPABHEHUIO C KOHTPOMEM Macca
HaseMHO YacTm ysenmumsanacb ¢ 0.46r go 0.61 r v kopHevi ¢ 0.39 r go 0.45 r, COOTHOLLIEHNE
MacCbl Ha3eMHOM 4YacTM K Macce KopHei ¢ 1.24 go 1.77. Bonbline A[03bl JIMTHUHHbBIX
npenapatos (70 Mr) He crnoco6CTBOBaNN YBETUYEHMNIO MACChbl pacTeHUs.

Pe3ynbTaTbl TECTUPOBAHMS KOPHEBOM CUCTEMbI pPacTeHW A Ha Ka/MOpOBaHHOM CKaHepe
rnokasaauy, 4To Ha poHe B81 (35 Mr) MO cpaBHEHWIO C KOHTPOJEM B 2 pasa YBenmumnocb
UMCNO0 KOHYMKOB KOpHein: ¢ 84 go 176 mn KonmyecTBo pasBeTBneHuin: ¢ 97 go 194. O6was
ONMHa KOpHel OoAHOro pacteHuMs yBenmuunace ¢ 35.7cm go 43.4 cMm, 06bEM KOPHEBOW
cuctembl - ¢ 0.053 cms go 0.060 cm3. Ha choHe B Takxke yBe/IMUMIOCL UYMCNO KOHUMKOB
KopHel (140WT.) N KONNYeCTBO pPas3BeTB/EHMI (177wWT.), 0AHAKO, 06L1an A/IMHa ocTasach Ha
YPOBHE KOHTPO/IbHOIO BapmaHTa (34.2cM), a 06bEM KOPHEBOM CUCTEMbI BblN faXe HECKOJSIbKO
HWXe, YemM B KOHTposne (0.043 cm3). PeaynbTaTbl CKAHMPOBAHUS KOPHEBOW CUCTEMbI XOPOLLO
KOpPPEenMpyTcsa ¢ MOPMOSIOTMYECKMMU MOKasaTeIiMy Pa3BUTUS pPacTeHMid oBca Ha (hoHe
JITHNHHBIX nNpenapatoB: b npenapar He akTuBuposBas, a b8l akTMBMpoOBan passuUTHe
pacTeHUin Ha HayasibHbIX 3Tamax OHTOreHesa. AHa/M3 CMEKTPOB CMMPTOBLIX BbITSXKEK U3
NINCTbEB OBCa MOKasas, 4To Ha (poHe B8l MO CpaBHEHUIO C KOHTPO/IbHLIM BapuvaHTOM W
BapuUaHTOM Ha (POHE JINTHWUHA YBEIMYUIIOCL codepXXaHue xnopodmnna (665; 616 HMm),
KapoTuHonaos (434Hm) [15,cTp. 108] v nonudpeHonos (335 HM; 269 HM) [16,cTp.163], uTO
cBUAeTeNIbCTBYET 06 akTUBaLMM (DOTOCUHTETUYECKNX MPOLLECCOB Ha OHe bs I
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PesynbTaTbl MOAENbHOrO OMbiTa MNOATBEPAUAN TMOMlyYEHHbIE HaMW paHee [AaHHble O
CTUMY/IMPYIOLLEM AecTBUM LSi Ha pacTeHUs 0BCa, BbIPALLEHHOro Ha 6MoNorMyYeckoM rose:
JINCTbS MO CPaBHEHUIO C KOHTPOJIEM UMeNu 60/ee LUMPOKYHO SIMCTOBYHO MacTUHKY U Honee
APKYIO 3eNEHYI0 OKpacKy. CTaTUCTMYECKM [OCTOBEPHbI ObLIM pa3nnymsa 3HayvyeHWin Macchbl
Ha3eMHO YacTu U afcopompytoLein NOBEPXHOCTU KOPHeW B ¢haze MOMOYHOW CNesiocTy oBca.
O6uwas agcopbupytollass MOBEPXHOCTb KOPHEWM oBca B BapuaHTe ¢ 40 kr/ra LSi B 4.3 pasa
npesblWana KOHTPOsb [s, 7].
Pe3ynbTaThbl 3KCNepMMeHTOB B 51 BereTaunmoHHbIX cocyfax ( Tabnuua 1 mn 2) nokasanu,
YTO JIUTHUHHbIE nMpenapaTbl, BHECEHHbIE B BEPXHWUW CAOM TopgsiHoro cy6cTparta,
oborawéHHOro Makpo- U MUKPO3/IeMEHTaMU MUTaHWUSA, He OKa3a/In BAUSHUA Ha BCXOXECTb
CeMsH OBCa W SIPOBOI MLUEHMLbI, KOTOpasi KaK U B KOHTPOJ/1e 6bisia Ha YpoBHe 96-98%.
Mpn onTumManbHOM BOLHOM pe>XXume Ao chasbl KonoweHus (52-55) pasnuuus B passuUTum
Ha3eMHOIA YacTu pacTeHWA 0BCa Ha ooHe U 6e3 IMTHUHHbLIX NpenapaToB He BbISIB/IEHbI.
B chase konowleHMs macca HaseMHOW 4acTu oBca Ha qooHe L v LSi npeBblllana KOHTPOSIb,
COOTBETCTBEHHO, Ha 12% w1 18%. [ns aToi dhasbl pasBUTUS Y pacTeHu Ha doHe L 1 LSi 6bin
MeHbLUe fednumt Bogbl U OOT. Pasnnuua 3HayeHWid nepeyuncrieHHbIX MoKaszaTeneil 6biin
CTaTUCTNYECKN JOCTOBEPHBI (Tabnuuya 1).
MHTEHCMBHOCTb TPaHCMMpauMn M BOAOYAEpPXXMBaKOLLas CMNOCOOHOCTb pacTeHMn Ha (hoHe
JIMTHUHHBIX MpenapaTos 6blna Ha YPOBHE KOHTPOJIbHOIo BapuaHTa A0 hasbl KOMOLWEHUS.
Mpy NOHUXKEHHOM BOAOOGECMNEeYEeHUN NPOSIBNSETCS 61aronpUATHOE AECTBME JIMTHUHHbIX
npenapaToB Ha pas3BuUTUE pacTeHUi 0Bca. PacTeHus oBca B (pase KoOMoLWeHUs nocne
rnepeHecéHHOro BOAHOrO cTpecca Ha (poHe NUFHUHHbLIX NpernapaTtoB Obiin 60nee 3enéHble,
MIMeNN MeHbLLUe XENTbIX W 3aCOXLWWX NNCTbeB. Macca Ha3eMHO 4YacTu B BapuaHTax c L mc
LSi npeBblllana KOHTPO/Ib, COOTBETCTBEHHO, Ha 14% 1 Ha 32%. HaseMHasi 4yacTb pacTeHUIA B
BapnaHTe ¢ LSi umena camylo BbICOKYH OBOAHEHHOCTb: cofepXkaHWe BOAbl B JINCTbAX
coctaBuno ansa LSi, L, n KoHTpons, cooTBeTcTBEHHO, 62.5%, 56.3%, 56.9%, T.e. B BapmaHTe C
LSi copgep>kaHme BOAbl B IMCTbAX MPEBbILLIA/IO KOHTPO/b Ha 10%, B TO BpeMs Kak B BapuaHTe
c L cogep>xaHue BOAbl 6bI/I0 Ha YpPOBHE KOHTpons. OeduvuymT Boabl B BapmaHTax ¢ L mn LSi
6blN1 MEHbLLIE, YeM B KOHTPO/IE, COOTBETCTBEHHO, Ha 9.1% 1 13.3%.
Bogoypep>kmBaroLasi CrioCOOHOCTb pacTeHMid B BapuMaHTax C JIMFTHWHHLIMW MpenapaTamm
NPaKkTUYeCcKU OfMHAaKOBa U MpeBblllana KOHTPosb Ha 30 %. VIHTeHCUMBHOCTbL TpaHcnupauum
Ha ¢poHe L m LSi 6bina MeHblLUe, YeM B KOHTPOSE, COOTBETCTBEHHO, Ha 13.5% wun 20.8%
(Tabnuua 1).

Ta6bnnua 1.
BAnaHwme NMMrHUHHBLIX NpenapaTtoB Ha nokasaTenm BoLoo6ecrnev4eHHOCTU pacTeHUIA OBca

«Jumbo» B haze konoweHUA. Noces 12.04.2006.

Macca c MHTeHCUB-
= opepxa- BogoypepxuBawwas Cnoco6HOCTb, %
I 3eneHu, AOYAEP t ! HOCTb
© HUVe C.B. B Aedbunuynt AOT,
s cblpas T, . TpaHCcnu-
po HaseMHO 1.0 BOAblI, % %
o OAHO 0 0.5 yaca 1.5 yaca 2.0 uyaca pauun, r/m2

vyacTtum, % yac
*
pacteHune yac

®as3a pa3BuTuA 52 -55; onTumanbHoe Bogoob6ecnevyeHmne; 02.06.2006.

C 18.42 15.78 5.70 7.21 8.36 9.57 16.17 16.32 155.24
L 20.60 16.76 5.54 7.61 8.90 10.04 11.70 11.89 154.99
LSi 22.82 15.23 6.54 8.76 9.93 10.90 12.06 12.70 170.33
RSdb 1.118 1.43 0.895 1.392 1.782 2.122 3.027 3.060 24.930
® asza passuTtma 52 -55; oTcyTtcTBmue nonmsa 15 cyTok; 02.06.2006.

C 6.55 43.14 0.92 1.63 2.45 3.16 30.08 30.99 20.24
L 7.46 43.69 0.70 1.15 1.73 2.21 27.34 28.22 17.50
LSi 8.63 37.48 0.52 0.94 1.57 2.19 26.09 27.00 16.01
RS()05 1.123 3.035 0.370 0.606 0.906 1.060 3.219 3.530 3.552
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Takum  06pasoM, JIMTHOKPEMHMEBbLI  MpenapaT MO  COBOKYMHOCTW  MoKasaTesiei
3aCyX0yCTOMYMBOCTM OKasa/n Ha pacTeHUs OBca aHTMCTPECCOBOe [AelicTBue, 60/bluee, 4eEM
JINTHWH.

Mpy oNTUMaNIbLHOM BOAHOM pPeXXUMe, HauuHas ¢ (pasbl BbiXOAa B TPYOKy, BbIsiB/EHA
TEHAEHUMA  YBE/IMYEHUA MacCbl Ha3eMHOW 4acTu pacTeHUr SAPOBOM  MLUEHUUbI 1
BOAOYAEPXXMBAOLLEA CNOCOOHOCTU Ha (POHE MMTHUHHbLIX Npenapartos. AdedwvuuTt Boabl, 4OT
M UHTEHCMBHOCTb TpaHcnMpaumm 6bi1n Ha YPOBHE KOHTPOs (Tabnuua 2 ).

Ta6bnunua 2.
BnuvsiHne NUrHMHHBLIX NpenapaToB Ha NokKasaTesnn BoA006ecreyYeHHOCTU pacTeHUM
APOoBOI MNeHUUb! «Bnarve» B gpase KonowleHus. Moces 12.04.2006 T.

Macca MHTeHCUB-
- Copepxa- BoAOyAepXmnBawL an cnoco6HOCTb, %
T 3efieH U, Aoyhep t ! HOCTb
© HUue C.B. B Aedwvunt AOT,
s cblpas r, - TpaHcnwn-
% Ha3eMHOW 1.0 BoAbl, % %
o oAHoO 0 0.5 yaca 1.5 uaca 2.0 uaca pauuu, r/m2

yactun, % yac
pacteHue eyac

® aza pa3BuTma 55 -58; onTumanbHoe BopgoobecneveHune; 02.06.2006.

C 15.67 21.53 3.89 5.00 5.91 6.84 8.60 8.75 138.07
b 15.62 21.54 3.58 4.83 5.61 6.64 12.15 12.41 117.24
b81 17.87 21.57 4.43 5.31 6.28 6.83 6.29 6.40 132.60
1006 3.567 2.014 0.912 0.992 1.052 1.053 2.026 2.211 32.231
® a3za pa3sutua 5 -58; oTcyTcTBue nonmea 15 cytok; 02.06.2006.

C 7.04 44.46 0.78 1.14 1.50 1.96 45.27 46.33 49.79
b 7.77 43.21 0.91 1.60 2.12 2.62 42.36 43.52 36.63
b81 7.75 37.55 1.02 1.64 2.12 2.61 34.74 35.53 29.18

K30® 1.167 5.433 0.599 0.866 1.022 1.106 8.770 8.950 16.128

B dchase konoweHus (55-58) Ha hoHe IMTHMHHBLIX MPenapaTtoB MO CPaBHEHUIOD C KOHTPOJIEM
yBeNn4ymniacb Macca Ha3eMHOI 4YacTu pacTeHWUIA APOBOI MileHUUbl Ha 10%. OeduuuT Boabl U
AOT 6bin MeHbLLE, YeM B KOHTPOJIE TO/LKO A8 BapmaHTa ¢ bb!, cooTBeTCTBEHHO, Ha 27.0%
n 26.8%. Bopgoyaep>kmBarollas CMOCOOHOCTb WM MHTEHCMBHOCTb TPaHCAMpauMK pacTeHWUIA
nweHUUbl B (oa3e KOMOLUEHUA Ha OHe JIMTHWHHBLIX MpenapaToB OblM  Ha YpPOBHe
KOHTPOJIbHOI0 BapuaHTa.

Mpy NOHV>KEHHOM BoAo06GecneveHUN NPosiBASETCS 61aronpuATHOe AeNCTBME NIMTHUHHBIX
npenapaTtoB Ha pPasBUTUM PacTeHUIA SAPOBOM MLUEHWUUbI, Npu4YéM 6onee APKO, Yem Ha
pacTeHUaX OBca.

PacTeHus nweHWUbl B ha3e KOMOLIEHUS, MNoOc/e MNepeHecEHHOro BOLHOro cTtpecca Ha hoHe
b81 No cpaBHEHUIO C KOHTPOMEM M BapuaHTOM b OTAMYanNuCb Nydllen COXPaHHOCTbIO: Obln
6onee 3enéHble, MMeNN MEHbLLE XXENTbIX M 3acOXLUMX CTebnein n nuctbeB. Ha doHe b8l
pacTeHns 6blIM MNOYTU B 1.2 pPasa Bbllle, YeM B KOHTPOJe, Macca Ha3eMHOM YacTu pacTeHuii B
BapunaHTax ¢ b 1 b81 npeBbillana KOHTPOJIb Ha 10 %; Ha3eMHas YacTb pacTeEHMI B BapuaHTe C
b81 nyuile ypaep)kueana BOAYy, YeM B BapuaHTe C b M B KOHTPO/e: cofep)kaHue BOoAbl B
JNINCTbAX pPaBHO, COOTBETCTBEHHO, 62.5%, 56.8%, 55.5%. Copep>kaHme BOAbl B JINCTbAX B
BapvaHTe ¢ b81 npeBbilano KOHTPO/b Ha 12.5%, B TO BpeMs Kak B BapuaHTe ¢ b 6b110 Ha
YpoOBHe KOHTpons. Adedununt Boapl n 4OT B BapmaHTe ¢ 1[]1 6611 MeHbLUE, YeM B KOHTPO/E Ha
23.3%, B TO BpeMsa KaK B BapuaHTe C b 3TKW nokasaTenu OblIN NPaKTUYECKU Ha YPOBHE
KOHTPONS.

MHTEHCUBHOCTL TpaHcupaumm Ha qoHe b n b8l Oblna MeHblLUe, YeM B KOHTPOSe,
COOTBETCTBEHHO, Ha 26.4% 1 41.4%.

BofoynepymsatoLL,as crnocobHOCTb pacTeHU MLUeHULUbl B BapmaHTax ¢ b v ¢ b81 6blna Ha
YPOBHE KOHTpONs (Tabnuua 2 ).
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TakMm  06pasoMm, JIMTHOKPEMHMEBbIA  MnpenapaT MO  COBOKYMHOCTWM  MoOKasaTesiel
3aCyXOYyCTOMUYMBOCTM Ha PacTEHUSIX MLUEHMLbI, TaKke KaK M Ha pacTeHMsX OBca MoKasa
6onee CUbHOE aHTUCTPECCOBOE AENCTBUE, UEM JIUTHUH.

BbiBOAbI
Pe3ynbTaTbl MOAENbHbIX OMbITOB MOKa3aJn, 4YTO JSIMTHOKPEMHMEBLIM MpernapaT MoMOraeT
pacTeHMsIM 3epPHOBbIX Ky/bTyp afjanTUpoBaTbCA K TMOYBEHHOMY BOAHOMY CTpeccy.
MoBbILLIEHNE AHTUCTPECCOBOW YCTOMYMBOCTU OOYC/MOBNEHO CMOCOOHOCTHID  PACTEHUIA
doopMmpoBaTh Ha hOHe TUTHOKPEMHMEBOrO npenaparta 605ee MOLLHYI KOPHEBYH CUCTEMY,
obecrneumBaloLLylo Nydllee BOAOCHabXeHUEe W NMUTaHWe pacTeHWii. Macca Ha3eMHOW 4acTu
pacTeHWiA oBca W nNweHUUpbl, Ha cioHe LSi nocne 15-TM CyTOYHOro BOAHOrO CTpecca
npesblasia KOHTPO/b, COOTBETCTBEHHO, Ha 32% u 10%.
Ha coHe LSi HasemHas 4yacTb pacTeHWIA OBCa W MLUEHMLbI Nydlle yaep>Xusana Bogdy, Obin
MeHblWe  AedpMuMT  BOAbI M MHTEHCUMBHOCTb  TpaHcnupauun. Bogoyaepkusatoulas
CMOCOBHOCTL pacTeHUin OBca Oblfa Bbille, YeM B KOHTPOJIE; Y PaCTEHMI MLUEHULbl - Ha
YPOBHE KOHTPONS.
JINTHOKPEMHMEBBLIA MNpenapaTr MO COBOKYMHOCTM MoKasaTefneid 3acyXOyCTOMYMBOCTM Ha
pacTeHMsAX TMLUEHULbl, TakKXKe Kak W Ha pacTeHUsX OBca, Mokasan 60/ee cunbHoe
aHTUCTPECCOBOE AeCcTBUE, YEM JIUTHUH.

Summary
Every year drought and desertification leads to billiard dollar agricultural losses in the whole
world. One of the most efficient ways of the crops protection is the promotion of their natural
drought resistance. The aim of many leading chemical production companies is the research
of the compounds, providing this plant ability enhancement. The high attention is being
drawn to the natural plant growth regulators with the antistress and immunity protection
properties, since they have no negative influence on the soil and environment [1]. It is
described in literature, that Si-containing compounds can be used for enhancement of plant
resistance towards different stresses. It was found, that placement into the soil of Si-
containing compounds, able to be transferred into the soil solution, increases drought
resistance due to silicon accumulation in the leaf epidermis cell membranes, which prevents
excessive water evaporation.
Lignosilicon compounds (LSi), synthesized in the Institute of the Wood Chemistry on the
basis of hydrolysis lignin, which has been used as fertilizer and growth activator for the
cereals in the microfield and field environments, has shown favorable influence on the plants
development (oats, wheat) in the dry years.
The purpose of current work was to evaluate lignin compounds, including silicon containing
ones, on the plants tolerance towards water deficiency in soil on the model experiments basis.
The following lignin compounds were used: hydrolysis lignin (L) and the lignosilicon
compound, synthesized on its basis (LSi, 5% silicon). The following agricultural cultures
were tested: oats (Avena sativa), “Mara” brand, spring wheat (Triticum vulgare), “Bjarne”
brand.
Results of the model experiments in the paper “envelopes” have shown positive influence of
the LSi on the aboveground part and root system development of oats after 14 days
experiment. Weight of aboveground part has increased from 0.46 g to 0.61 g and roots from
0.39 gto 0.45 g for single plant in average.
Testing of the oats root system using calibrated scanner has shown, that on the background of
LSi number of root tips has increased almost twofold, from 84 to 176, and number of forks
from 97 to 194 comparing to control. Total root length of the single plant increased from 35.7
cm to 43.4 cm, root system volume - from ¢ 0.053 cms to 0.060 cm3.
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On the background of L number of root ends (140) and forks (177) increased as well, though
total length was on the same level as for control (34.2 cm), and root system volume was even
lower (0.043 cm'). Scanning results are in good correlation with morphological indices of
oats plant development on the background of lignin compounds - L did not activate plants
development on the first ontogenesis stages, but LSi did.

The favorable influence of lignin compounds on the oats and wheat was evident at the
decreased water supply (no watering for 15 days). At the earing stage oats grown on the
background of lignin compounds were greener, had less yellow and withered leaves. Weight
of the aboveground part was higher than for control by up to 14% and 32% for L and LSi
correspondingly. Aboveground part in the case of LSi had the highest water contents, water
contents in leaves was 62.5%, 56.3%, 56.9%, for LSi, L and control correspondingly. This
means, that in the case of LSi water content was 10% higher than that for control, though for
L it stayed on the same level. Water deficiency in the case of L and LSi was 9.1% and 13.3%
lower than in control, correspondingly. Water retention ability was 30% higher in comparison
with control for both lignin compounds. Transpiration intensity for L and LSi was 13.5% and
2 0 .8 % lower than that for control, correspondingly.

The favorable influence of lignin compounds at the decreased water supply conditions was
more prominent for wheat than for oats.

At the earing stage wheat grown on the background of LSi were greener, had less yellow and
withered leaves after water stress, than for L and control. At the background of LSi plants
were almost 1.2 times taller, than control ones, weight of aboveground part in the case of L
and LSi was 10% higher than for control; in the case of LSi aboveground part had better
retention that it was found for L and control - water contents in leaves was 62.5%, 56.8% and
55.5% correspondingly. In the case of LSi water contents in leaves was 12.5% higher than for
control, but was on the same level for L. Water deficiency and relative turgescence deficiency
were 23% less for LSi than for control, but these indices were practically on the control level
for L. Transpiration intensity for L and LSi was 26.4% and 41.4% lower than for control,
correspondingly.

Thus in has been shown on the model experiment level that lignosilicon compounds help
plants to adapt to water stress. Increase of antistress tolerance is explained by the plants
ability to form the powerful root system on the background of the lignosilicon compound,
which provides them with better water supply and nutrition. The weight of aboveground part
of oats and wheat after the 15-day water stress experiment exceeded control values for up to
32% and 10% correspondingly. Due to LSi addition aboveground part of oats had better water
retention, lesser water deficiency and transpiration intensity. Oats had shown better water
retention comparing to control values, wheat - on the same level, as control. In total on the
background of LSi wheat and oats revealed higher drought resistance than in the case of lignin
application. The most antistress effects were observed for oats.

NnTteparypa

1 Mpycakosa J1.4., ManesaHHad H.H., BenonyxoB C.J1., BakyneHko B.B. Perynstopbl pocTa pacTeHWid ¢
AHTUCTPECCOBBLIMM 1 MMMYHOMPOTEKTOPHbLIMM cBOcTBaMU. Arpoxmmust, 2005, Ne 11, c. 76-86.

2. BopoHkoB M. T., 3enuaH . U., JlykeBuy, 3.9. KpemHWIA U >XM3Hb. Buoxmmus, chapmMakosiorna u
TOKCUIKO/IOMMS COEAMHEHUIA KpeMHUS. Pura: 3nHatHe, 1978. 587 c.

3. AnéwmH H.E. KpeMHmeBoe nutaHme puca. CenibCKoe X035CTBO 3a pybexkomM. 1982, Ne2, c¢. 9-14.

1. 4.Aston M.J., Jones M.M. A study of the transpiration surfaces of Avena sterilis L. var. algerian leaves
using monosilic acid as a tracer for water movement. Planta. 1976. V. 130. Ne2. pp. 121-129.

4. Lebedeva G.N., Telysheva G.M.. Efficiency of the use of lignosilicon fertilizers and growth activators in
cerials cultivation. - In: Proc. 2rd Scientific Practical Conference “Earthworms and Soil’s Fertility”,
Vladimir, Russia, March 17-19, 2004, chapter 111, pp. 204-207.

5. Telyseva G. Lebedeva G., Dizhbite T., Viesturs U.. A prospektive product for biological agriculture
obtained from the wood chemical processing waste. 2nd World Conference on biomass for Energy, Industry
and Climate Protection, 10-14 May 2004, Rome, Italy, pp.1639-1661.

139



10.

11.

12.
13.

14.

15.

Serge L, Biteniece G., TeliSeva G., Lebedeva G., Lielpetere A. Application of lignosilicon and
azotobacterine for biological agriculture. - In: Proc. 4th Intern. Scientific and Practical Conference, Latvia,
Rezekne, June 26-28, 2003, pp.238-243.

Telysheva G., Dizhbite T., Lebedeva G., Rossinskaya G., Jurkjane V., Treikale O., Viesturs U., Daugavietis
M. Lignin-based soil amendment stimulating phytoremediation. - Acta Biotechnologica, 2002, 22, N1-2,
pp.167-173.

Telysheva G., Lebedeva G., Dizhbite T., Zaimenko N., Ammosova J., Viesturs U. The use of silicon-
containing products for in-situ soil bioremediation.- In: Remediation of Hazardous Waste Contaminat ed
Soils, Section 11-3 - Soil Specific Bioremediation Techniques, Marcel Dekker, 2000, pp. 699-727.
Ne6epeBa ., TenbiweBa [., 3ammeHko H. [MpeagnoceBHast 06paboTKa CEMSH  JIMTHOKPEMHMEBLIMUA
ypobpeHusaMU. - 6. Me>kagyHapogHast KOH. «Perynsatopbl pocTa 1 pasBUTUS PacTeHUIn B BUMOTEXHOMIOMNSX
», MockBa, Poccusa, 26 - 28 moHs, 2001 r., ¢. 106-107.

Sparnina M., Rancane S., Lebedeva G., TeliSeva G.. Lignosilicija pielietoSana biologiska lauksaimnieciba
ziemas rudzu séjumos. 5.Starptautiska zinatniski praktiska konference “Vide. Tehnologija. Resursi*, Latvija,
Rézekne, 2005., 16.-18. janijs, 123.-128.1pp.

MeToabl OLEHKW YCTOMYMBOCTU PacTeHN K HEGIaronpuATHBLIM YC/IoBUSAM cpefpl. og pen. YposeHko IM.B.
M.: Konoc, 1976. 318 c.

MpakTnKym Mo dmsmnonormm pacteHuii. Mopg pea. TpeTbsikoBa H.H. M.: Konoc, 1982. 271c.

JunarHoctrka ycTo4MBOCTU PacTeEHMIA K CTPeccoBbIM BO3AeicTBUAM. (MeToamnyeckoe PyKOBOACTBO). J1.,
1988.226 c.

EpmakoB A.U., ApacmmoBud B.B., Apow H.IMN. n gp. MeToabl 6MOXMMMYECKOT0 WCCNEA0BaHUST PacTeHUIA.
Mog pen. Epmakosa A.W. J1.: ArponpommusgaTt, 1987. 430 c.

Brnaxein A., LLyTbiii J1. deHoMbHbIE COEANHEHNS PacTUTENBHOINO NpomcxoxkaeHns. M.: Mup, 1977. 239 c.

140



LIGNOSILICIJA IZMANTOSANA SARKANA ABOLINA (TRIFOLIUM
PRATENSE L,) AUDZESANA
APPLICATION OF LIGNOSILICONIN GROWING OF RED CLOVER
(TRLFOLIUMPRATENSEL.)
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1 LV Koksnes kimijas instithts, Dzérbenes 27, Riga, LV-1006, Latvija
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LLU agentdra ,,Zemkopibas zinatniskais institGts”, Zemkopibas inst. 7, Skriveri-1,
Aizkraukles raj., LV-5126, Latvija
Talr.: +(371)5197524, fakss: +(371)5197512, e-pasts: tiliviia@inbox.lv

Abstract. Red clover Trifolium pratense is one of the most popular legumes feed crops in North

America and Europe. It is being sown infield andforage shifts ofcrops as such and mixed with cereals. Among
the cultivated clover types (white, rose, crimson and red) the red one is the most widespread in Latvia.
Thefield tests of lignosilicon (LSi), biologically active compound developed and synthesized in the Latvian state
institute of Wood Chemistry has shown itsfavorable action when used in biological farmingfor oats and rye
growth with red clover undersow. Years 2004-2006 tests infield conditions have proved LSi prolonged influence
on red clover growth and development: green mass, dry matter content in it and protein content in crop
significantly increase beginning with the first year of LSi application. Chemical analysis of roots and
aboveground part ofplants has shown increase in boron content in buds on the background 0f240 kg/ha ofLSi.
At the same time, increase in silicon, iron, manganese and copper content has been observed in roots. After one
year cultivation of clover “Divaja” brand on the background of LSi, an enrichment of soil with organic
substances and nitrogen in comparison with control was observed.

Keywords: DM yield quality, growing intensity, lignosilicon, nodules of Rhisobium, organic farming,
red clover.

levads
Sarkanais abolins Trifolium praiense L. ir vértigs Z-Amerikd un Eiropa plasi izplatits
taurinzieZzu dzimtas lopbaribas augs, kuru audzé tirumu un lopbaribas augu augsekas tirséja un
maistjumos ar stiebrzalém. Latvija sarkanais abolins ir izplatitaks par citam abolina sugam,
ka, pieméram, balto abolinu vai bastardabolinu.
Sarkanais abolin$ ir ar proteinu bagats augs, tam ir spéciga saknu sistéma, kas uzlabo augsnes
strukthru, simbiozé ar Rhisobium gints baktérijam bagatina augsni ar biologiski saistitu
slapekli, I1dz ar to veicinot augsnes mikrobiologisko aktivitati kopuma.
Biologiskaja lauksaimniectba sarkano abolinu audzé ka zalméslojuma vai paséjas kultdru tiesi
biologiska slapekla saistisanai un organiskd méslojuma nodrosinasanai augsné, bet plavu un
ganibu zelmenos maistijumos ar stiebrzalem sarkano abolinu pievieno 50% un vairak, lai
apgadatu stiebrzales ar tam nepiecieSamo slapekli.
Lauka izméginajumu rezultati paradija lignosilicija (LSi) - biologiski aktiva preparata, kas
izstradats un sintezéts Koksnes kimijas institGta - izmantoSanas perspektivu biologiskaja
lauksaimniectbd, audzéjot auzas un ziemas rudzus ar sarkana abolina paséju. lestradajot
augsné nelielas lignosilicija devas (40-120 kg ha'l) reizé ar auzu un sarkana abolina séju, ka
ari reizé ar sarkana abolina séju agri pavasari zem ziemas rudziem, tika novérota virsauga un
sarkana abolina saknu sistémas attistibas veicinaSana preparata ietekmé. Sarkanajam abolinam
tika novérota gan saknu masas palielinaSanas, gan guminu skaita pieaugums [:; 2 ].
Tas deva impulsu turpinat izméginajumus ar lignosiliciju, un ST pétljuma mérkis ir novertét
lignosilicija preparadtu ietekmi uz sarkana abolina augSanu un attistibu, zalmasas un sausnas
raZzu un tas kvalitates raditajiem.
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Metodika

Siltciju saturoSie preparati ir sintezéti no dabiska organiskd materiala; izméginajumos

pielietotie preparati:

= lignosilicijs - sintezéts no koksnes lignocelulozes kompleksa ar 5% silicija saturu
(turpmak teksta LSi);

= Dbiosils - jauns silicija preparats ar silicija saturu 5% (turpmak teksta BM Si), sintezéts uz
preparata, kas ieglts no koksnes mehaniskas apstrades atkritumiem fermentativas
konversijas cela, - Biomasa (turpmak teksta BM) - bazes. Silicija saturs uzradits absolGti
sausa masa.

Kontroles varianta lignosilicija preparati netika izmantoti.

Izméginajumi veikti ar divam sarkana abolina Skirném (selekcionétas Latvija LLU agentdra

»Zemkopibas zinatniskais instithts™):

= sarkanais abolins ‘Divaja’ - Véla, tetraploida Skirne, izturiga pret saknu vézi un fuzariozi,
veido spécigu ceru un labi nomac nezales;

= sarkanais abolins ‘Jancis’ - jauna, perspektiva, vidéji véla, diploida Skirne, ar augstu séklu
razu un noturibu zelmenT vismaz 3 gadus, ar labu slimibizturtbu.

Vegetacijas trauku un atklata lauka izméginajumi bija iekartoti LLU agentdras ,,Zemkopibas

zinatniskais institats” izméginajumu laukos Augsnes raksturojums: velénu podzoléta vidéja

smilSmala augsne, pHKci - 5,3-5,6, organiskas vielas saturs - 4,2%, K:O nodroSinajums -

videéjs, P.Os nodroSinajums - vidéjs.

Lai vértétu lignosilicija preparatu ietekmi uz augsnes raditajiem, atklata lauka izméginajumos

pirms izmeégindjumu iertkoSanas un divas reizes vegetacijas perioda tika nemti augsnes

paraugi aramkarta (ar augsnes zondi vairakas vietas katra varianta) un veikta to analize. Tika

noteikts: augsnes reakcija (pHjcci), organiskas vielas saturs (%), kopslapekla (%) un nitratu

(NOs, mg kg') saturs, K20, P-0Os un Ca saturs (mg kg'D [3].

Augu saknu sistema tika testéta uz kalibréjoSa skenera STD-160CT, izmantojot programmu

Win Rhizo 2002C.

Vegetacijas trauku izméginajumi (05.07.2004.-19.09.2004.) tika iekartoti 6,5 1tilpuma podos,

tie atradas atklata lauka apstaklos. Trauku pildisanai augsne tika sijata caur 5x5 mm sietu.

Augsné netika iestradati mineralmeésli. Siliciju saturoSos organiskos preparatus iestradaja

3,0+0,3 cm dzili augsnes virskarta, preparatu deva - 10 g uz 1 trauku. Katra trauka tika iesétas

50 séklas, péc 30 dienam séjumu izretinaja, atstajot 7 augus. Katrs variants tika ierikots 4

atkartojumos.

Atklata lauka izméginajumos ar sarkana abolina $kirném ‘Jancis’ (09.07.2004.-21.07.2005.)

un ‘Divaja’ (23.07.2005.-19.07.2006.) viena laucina platiba bija 5 m2, sarkana abolina izséjas

norma - 20 kg ha'l, rindstarpu attalums - 15 cm. Lignosilicijs iestradats vadzinas ar rokam

pirms sarkand abolina séjas, devas - 40kgha"l, 120kgha" un 240kgha'l Mineralais

meéslojums netika izmantots.

Zalmasas razas noteikSanai katra varianta tika nogriezti augi, izmantojot 0,25 m. ramiti, 4

atkartojumos. Tika veiktas razas kimiskas analizes, nosakot sausnas, proteina un kokskiedras

saturu, ka arT zales botaniskas analizes, nosakot lapu - stiebru attiectbu [4].

Auga saknu masa izrakta ar lapstu péc pirmas zales noplauSanas, laukuma platiba - 420 cm*®.

Saknés noteikts makro - un mikroelementu saturs [4].

Meteorologisko apstaklu raksturojums [5]

2004.gads. Vegetacijas perioda sdakums - 15.aprili. Aprila beigas naktis bija vésas, 26. un

27.aprilt novérotas salnas. NokriSnu vegetacijas sakuma maz, aprilis bija ceturtais sausakais

meénesis 80 gadu laika. Temperatlra maija nedaudz zemaka par normu, novérotas salnas. Ar1

janija I un Il dekade bija vésa, salnas Skriveros atzimétas vél s . un 9.janija. Janija 111 dekade

Skriveros nolija 62% no méneSa normas. Jalija laika apstakli tuvu normai. Augusts un

septembris bija silts un lietains.
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Klimatiskie apstakli vegetacijas perioda bija labvéligi augu aug$anai un attistibai.

2005. gads. Vegetacijas perioda sdakums - 15.aprili. No 1. lidz 18.aprilim vidéja diennakts
temperatira parsniedza normu. 2. .aprill strauji pazemindjas temperatdra, un naktl sals
Skriveros bija I1dz -s — s°C. NokriSni apr1lT sastadija tikai 50% no normas. Maija | un Il
dekade bija vésaka par normu, novérojamas salnas. Maija |11 dekadé bija lielas temperatiras
svarstibas - no +30°C lidz +10°C. Nokridni maija bija ap 70% no normas. Janija sakums un
beigas bija vésas, paréja dala temperatdra bija +18- +25°C. NokriSnu daudzums janija bija s %
virs normas. Jalijs atnaca karsts un saulains, +27- +29°C, atseviSkas dienas parsniedza +30°C.
Nokrisni jalija bija tikai puse no méneSa normas. Augusta temperatdra bija tuva normai, tacu
nolija 180% no méneSa normas.

Vegetacijas perioda sakums bija nelabvéligs augu aug$anai un attistibai kraso temperattras
svarstibu dél, taCu klimatiskie apstakli kopuma atbilda augu augSanas prasibam.

2006. gads. Vegetacijas perioda sakums - 17.aprili. Aprilt nokrisnu daudzums sastadija 71%
no normas. Temperatlra normas robezas vienmérigi visu meénesi, bet naktis ilgstoSi bija
salnas. Maija nokrisni Skriveros bija normas robeZas, parsvard gazienveida lietus. Maija
pirma puse bija silta, bet no maija vidus temperatra pazeminajas un naktis bija salnas. Véss
laiks saglabajas I1dz pat 1l.janijam, temperatdra - +9- +17°C. Jlnija otraja dala temperatQra
pieauga pat It1dz +29- + 30°C. Janija Il un Il dekadé Skriveros praktiski nebija nokriSnu un
sausums saglabajas I1dz augusta sakumam, kad divas dienas bija lietus. 17.augusta nolija véra
nemams nokrisnu daudzums - 31 mm. Tad praktiski arT Skriveros beidzas ieilguSais sausuma
periods. Temperatra art septembrT un oktobrT vél bija augsta, parsniedzot normu.

2006.gada vegetacijas periodu varétu saukt par ekstremalu liela mitruma deficita dél jalija un
augusta, sarkanais abolin$ dienas karstakaja laika vita. Tapéc tika analizéts tikai pirmais
sarkana abolina plavums, jo sausuma un karstuma radttais stress nelava augiem pilnvertigi
augt un attistrties.

Rezultati un to izvértéjums

2004.gada veiktie izméginajumi vegetacijas traukos neuzradija lignosilicija preparatu
stimuléjoSo iedarbibu uz sarkana abolina ‘Divaja’ séklu didzibu, kas Ilidzigi ka kontrolei bija
60-62% robeZzas.
TaCu pieradijas, ka abi siliciju saturoSie preparati var tikt izmantoti sarkand abolina
audzésana, tikai LSi salidzinajuma ar kontroli un BM, BMSi variantiem daudz stimuléjosak
iedarbojas uz sarkana abolina augSanu un attistibu, kas izpaudas k& saknu un auga virszemes
dalas daudz straujaks pieaugums. Veértéjot saknu sistemas attistibu ar kalibréjoSo skeneri
ménesi péc séjas, bija redzams, ka Si saturoSie preparati stimulé saknu sistémas attistibu un
guminbaktériju koloniju veidoSanos uz tam. Guminu skaits saltdzindjuma ar kontroli pieauga
no 32 Iidz 39 un 53 attiecigi variantiem BMSi un LSi. Sarkanad abolina augi variantos ar
siliciju saturoSajiem preparatiem bija ar spécigu, labi attistitu saknu sistému - liels daudzums
saknu spurgalinu un sansaknisu (: .tabula).

1 tabula

Si saturoSo preparatu ietekme uz sarkana abolina ‘Divaja’ saknu sistémas attistibu
meénesi péc séjas, 05.07.2004.-05.0£1.2004.

Saknu Saknu .
. . ] Saknu " Sazarojumu
L Guminu skaits, sistémas L spurgalinu .
Varianti . sistémas . skaits,
gab. kopéjais . skaits,
tilpums, m3 gab.
garums, cm Sab.
Kontrole 32 260,9 0,18 964,0 1796,9
BM 28 263,5 0,17 1190,4 1734,4
BMSi 39 368,8 0,23 1276,6 2388,0
LSi 53 327,5 0,23 13715 2571,5
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Sarkana abolina raZas analizes 2,5 méneSus péc s€jas paradija, ka zalmasas raza, salidzinot ar
kontroli, pieauga 1,7-1,8 reizes. Lieldka sausnas raZa bija varianta ar LSi - pieaugums 14
reizes, salidzinot ar kontroli, savukart LSi fona proteina saturs pieauga no 16,5% Ilidz 18,0%.
Analizéjot dabigi mitru sarkand abolina saknu masu, ta praktiski neatSkiras no kontroles
varianta, iznemot BM variantu, tau saknu sausd masa visos variantos ar siliciju saturoSiem
lignopreparatiem 1,3-1,4 reizes parsniedza kontroli (2.tabula). Saknu mikroelementu satura
analize uzradija silicija satura pieaugumu no 1,5% lidz 1,97%, ka ar1 palielinajas mangana,
dzelzs, cinka un molibdéna saturs.

2. tabula

Si saturoSo preparatu ietekme uz sarkana abolina ‘Divaja’ razu un tas kvalitati 70
dienas pec s€jas, 05.07.20(L .-19.09.2004.

Viena auga .
. Viena auga saknu
virszemes dalas Sausnas saturs
N . masa, g Sausnas saturs
Varianti masa, g auga virszemes _
. = o . saknes, %
dabigi o dala, % dabrgi o
- Zavéta . Zavéta
mitra mitra
Kontrole 5,8 1.0 17,2 12,8 0,9 71
BM 3,9 0,7 17,9 6,7 0,7 10,5
BMSi 9,1 1.6 17,6 11,6 1.2 10,2
LSi 8,4 2.1 25,0 12,5 1,3 10,2

1 un 2. tabula sniegti 20 augu testu vidéjie raditaji.

legltie rezultati apstiprinadja iepriek$ izdartto hipotézi, ka silicija ievadiSana lignocelulozes
masa rada jaunas Tpasibas, un iegatais produkts var tikt izmantots dazadu lauksaimniecibas
kultru audzésana, ka efektivs augu attistibu stimul&joSs meéslojums.

Vegetacijas trauku izméginajumi atklata lauka apstaklos paradija, ka organiskas izcelsmes
siliciju saturoSie preparati uz sarkana abolina augu attistibu, neizmantojot mineralo
méslojumu, atstaj batisku iespaidu art 40-70 dienas péc séjas. Sakara ar to, ka sarkanais
abolins strauji veido spécigu saknu sisttmu un 2-2,5 méneSus péc S€jas nevar turpinat
pilnvéertigu attistibu vegetacijas traukos, izméginajumi tika turpinati atklata lauka apstaklos un
tika vértéta siltciju saturoSo preparatu ietekme uz sarkana abolina razu un tas kvalitati.
2004.gada iesétie atklata lauka izméginajumi ar sarkana abolina Skirni ‘Jancis’ paradija, ka
lignosilicija preparati neietekméja séklu didzibu, kas Itdzigi ka kontroles varianta bija 70-
72%. 40 dienas péc s&jas vislabak, vizuali vertéjot, attistijas augi pie preparata LSi devas 240
kg ha'l

Sarkana abolina augu analizes 40 dienas péc séjas (1l.attéls) paradija, ka vidéja viena auga
zalmasas raZza LSi fond bija 1,5 reizes lielaka nekd kontroles variantd, guminu skaits uz
sakném par 28% parsniedza kontroli (no 67 guminiem Iidz ss guminiem). Saknu sistéemas
analizéSana ar kalibréjoSo skeneri deva 3adus rezultatus - saknu kopéjais garums pieauga no
400 cm Iidz 521 cm, saknu tilpums pieauga no 0,23 cms Iidz 0,31 cm3, salidzinot ar kontroli,
ka arT pieauga saknu zaro$anas un spurgalinu skaits.

70 dienas péc séjas guminu skaits uz sarkana abolina ‘Jancis’ augu sakném pie LSi devas 240
kg ha : parsniedza kontroli par 37%, saknu kopéjais garums - par 65%, saknu tilpums - par
63%. Saknu spurgalinu skaits un saknu sazaroSanas lignosilicija ietekmé 2 reizes parsniedza
kontroli. Rezultati lauj secinat, ka LSi atstdj ilgstoSu stimuléjoSu ietekmi uz sarkana abolina
saknu sistéemas attistibu, jo kontroles varianta ménesi péc pirma saknu testa turpmakais saknu
pieaugums bija neliels, kamér LSi fona saknu pieaugums bija daudz nozimigadks neka
pirmajas 40 dienas péc séjas; kontroles varianta 30 dienu laikd guminu skaits pieauga par 7,
bet LSi ietekmé palielindjas par 16 guminiem, saknu tilpums attiecigi par 0,253 cms un par
0,478 cm3.
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l.attéls. Lignosilicija ietekme uz sarkana abolina ‘Jancis’ (40 dienas péc séjas) saknu
sistémas attistibu. Atklata lauka izméginajumi 09.07.04.-16.08.04.
C - kontrole, LSi - iestradats lignosilicijs

Guminu skaits variantos ar lignosiliciju 40 dienas pec sejas parsniedza kontroli par 19
guminiem, bet péc 70 diendm par 28 guminiem, attiecigi saknu tilpums lignosilicija ietekmé
saltdzindjuma ar kontroli pieauga par 0,07 cm un 0,305 cm .

2005.gada pavasari, 10 méneSus péc séjas, tika veiktas augsnes analizes, tas uzradija, ka
augsnes aramkarta pieaudzis organiskas vielas saturs no 4,7% kontroles varianta Itdz 5,0% un
5,1% attiecigi pie LSi devam 120 kg ha: un 240 kg hal

Lauka apstaklos 40 kg ha . LSi iestrdde augsnes virskarta nedeva sarkana abolina razas
pieaugumu, bet pie LSi devam 120 kg ha: un 240 kg ha: zalmasas razas pieaugums bija
attiectgi 5% un 13%, bet sausnas raZai attiecigi 16% un 22%. Pie LSi devas 240 kg ha:
proteina raza salidzinajuma ar kontroli pieauga par 29% (3.tabula).

3.tabula

Dazadu LSi devu ietekme uz sarkana abolina ‘Jancis’
razu un tas kvalitati 2005. gada, 2 plavumi
Botéanisko analtZu rezultati

Varianti | -S1 deva. Raza, tha'l Kopproteina zalmasa, %
kg ha 1l raza, thal L C .
zalmasa sausna Lapas + ziedi stiebri
Kontrole 0 57,8+1,3 13,4%1,2 1,440,2 35+1 65+1
LSi 40 52,615 13,1+1,2 1,4+0,1 33+4 6714
LSi 120 60,7+1,4 15,5+0,9 1,6%0,1 40+3 60+3
LSi 240 65,3+1,2 16,4+1,0 1,8%0.2 39+2 61+2

2005. gada tika iekartoti Itdzigi atklata lauka izméginajumi ar sarkana abolina skirni ‘Divaja’.
Pie LSi devam 120 kg ha : un 240 kg ha: bija redzams, ka vienmérigadk sadiga un attistijas
augi LSi variantos.

2006. gada iegdts viens sarkana abolina ‘DTvaja’ plavums, jo mitruma deficita radttais stress
péc pirma plavuma, autoruprat, nelava objektivi spriest tieSi par lignosilicija ietekmi uz
sarkana abolina atala ataugSanu.
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40
20
0
kontrole LSi240 LSi 120
Zalmasas raza RS0,05=8,337
200. 097 e 1,05 20,00 968 14.00 ......... H,44..n
1,00 10,00 U |
0,00 0,00
kontrole LSi240 LSi 120 kontrole LSi240 LSi120
Proteina raza, RS0,05=0,248 Sausnas raza RS0,06=2,624

2.attéls. Sarkana abolina ‘Divaja’ 1. zales zalmasas, sausnas un proteina raza
lignosilicija preparatu ietekmé, t ha'119.07.2006.

2. attéla redzams, ka pie lignosilicija devas 240 kg ha : iegats batisks visu razas komponentu
pieaugums gan salidzindjuma ar kontroles (zalmasas pieaugums par 30%, saushas - par 50%,
proteTna - par 60%), gan lignosilicija 120 kg ha: variantu (zalmasas pieaugums par 22 %,
sausnas - par 27%, proteina - par 31%).

Analizéjot sarkana abolina ‘Divaja’ saknu masu péc pirmas zales noplausanas (3.att.), tika
konstatéts, ka pie lignosilicija devas 240 kg ha: ta salidzinajuma ar kontroli pieaugusi par
22%.

3.attéls. Lignosilicija ietekme uz sarkana abolina ‘Divaja’ (gadu péc séjas) saknu
sistémas attistibu; atklata lauka izméginajumi 23.07.2005.-19.07.2006.
C - kontrole, LSi - iestradats lignosilicijs

Augu zalas masas un saknu makro- un mikroelementu analize uzradija, ka makroelementu
saturs lignosilicija preparatu ietekmé salidzinajuma ar kontroli nav atSkirigs. Batiskas
izmainas paradijas, nosakot mikroelementu saturu (4.tabula) - lapas un ziedgalvinas LSi fona
salidzindjuma ar kontroli dzelzs saturs bija pieaudzis par 30-40%, bet bora saturs - par 40%.
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4.tabula
Silicija un citu mikroelementu saturs sarkana abolina ‘Divaja’ pirma plavuma biomasa
pie LSi devas 240 kg ha"1 19.07.2006.

. . Fe, Mn, Zn, Cu,
Variants Si, % malkg malkg malkg ma/kg Mo, mg/kg B, mg/kg
Ziedgalvinas

Kontrole 0,14+0,01 68+3,4 33%1,6 30+1,5 6,0£0,3 0,60+0,03 19+1,9

Si 0,14+0,01 89+4,5 27+1,2 33+1,6 6,2+0,3 0,58+0,03 28+2,8
Lapas

Kontrole 0,28+0,03 80+4,0 56+2,8 27+1,3 7,0£0,3 0,50%+0,02 2020

LSi 0,24+0,02 102+5,1 48+2 4 25+1,2  6,8+0,3 0,40+0,02  28+2,8
Stiebri

Kontrole 0,09+0,01 35+1,7 10+0,5 8+0,4 3,4+0,2 0,65+0,03 16+1,6

LSi 0,14+0,01 79+4,0 1140,5 9+0,4 5,0+0,2 0,60+0,03 1717
Saknes

Kontrole 1,67+0,20 556+27,8 39+1,9 19+1,0 6,6+0,3 0,90+0,04 9,0+1,0

LSi 4,64+0,50 1578+50,0 71+35 24+12 8,8+0,4 1,20+0,06 s,0%*0.s

Uzmaniba tika pievérsta arT 3-5-kartigam dzelzs satura un 2-3-kartigam silicija satura
pieaugumam saknés, ko varétu skaidrot ar aktivaku guminbaktériju darbibu lignosilicija
preparatu ietekmé, kas veicina augsné esoSo mikroelementu uznemsanu auga.

2006.gada pavasarl, atsakoties vegetacijai, tika nonemti augsnes paraugi visos pétamajos
variantos un konstatéts, ka salidzindjuma ar kontroli pieaudzis organiskas vielas saturs no
3,9% Idz 4,4% LSi 120 kg ha : varianta un I1dz 5,1% LSi 240 kg ha-: varianta (5.tabula).

5.tabula
Lignosilicija preparatu ietekme uz augsnes kvalitates raditajiem
sarkana abolina ‘Divaja’ audzéSanas rezultata
LSi Organiskas Kopslapekla Ca Pi(h K20
Variants deva, vielas saturs, pHKa saturs, "X
kg ha'l % % mg kg'
Kontrole 0,0 3,9*/4,2**  56*/57* 0,17*/0,18** 1610/1760 112/72 112/98
LSi 120 4,4%/4.6%*  52%/54* 0,23*/0,22** 1960/1860 130/72  88/77
LSi 240 5,1*/52%*  53%/52*% 0,25*/0,24* 1890/1840 117/90  100/74
RSo.0s , 0,385 0,321 0,035 402 47 24

* - augsnes analizu rezultati 10 méneSus péc séjas (16.05.2006.)
**_. augsnes analizu rezultati 16 méneSus péc séjas (03.10.2006.)

2006.gada rudeni atkartoti nemto augsnes paraugu analizu rezultati apstiprindja pavasara
rezultatu tendences, ka, izmantojot lignosiliciju sarkana abolina audzéSana, batiski pieaug
organiskas vielas daudzums aramkarta salidzindjuma ar kontroli (5.tabula). To var skaidrot ar
lignosilicija spéju aktivéet saknu sisttmas un auga attistibu, 11dz ar to lielaka ir arT augu atlieku
ienese augsné, kas veicina organiskas vielas satura palielinaSanos aramkarta.

Jau sakotngjie izméginajumi ar sarkano abolinu vegetacijas traukos uzskatami paradija, ka
lignosilicija preparati veicina auga un guminbaktériju simbiozi. To apstiprina arT 5.tabula
redzamie kopslapekla satura raditaji, kur lignosilicija variantos tie ir batiski augstaki neka
kontroles varianta. Salidzinajuma ar kontroli LSi pielietoSanas variantos samazinajies nitratu
formas (NO:) slapekla daudzums aramkarta, kas liecina par augu spéju patérét biologiski

saistito slapekli.
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Izméginajuma netika iestradats mineralméslojums, tas varétu izskaidrot fosfora un kalija
daudzuma samazinaSanos aramkarta visos variantos.

Atklata lauka izmeéginajumus ar lignosilicija preparatiem nepiecieSams turpinat, lai iegGtu
vismaz tris gadu datus un pétitu preparatu ietekmi uz sarkana abolina séklu razu.

Secinajumi
Vegetacijas trauku izméginajumi ar Si saturoSiem preparatiem paradija, ka tie veicina sarkana
abolina virszemes dalas un saknu sistemas attistibu, aktivé auga un guminbaktériju simbiozi.
Atklata lauka izméginajumi apstiprinaja LSi preparata ilgstoSo iedarbibu uz sarkana abolina
augSanu un attistibu, td novérojama pie zalmasas, sausnas un proteina razas batiska
pieauguma art pirmaja izmantoSanas gada.
Sarkanais abolin§ ‘Jancis’ un ‘Divaja’ vislielakds raZzas deva pie LSi devas 240 kg ha'l.
Lignoslicija variantd ar devu 240 kg ha: saushas raza abolinam ‘Jancis’ un ‘Divaja’
salidzindjuma ar kontroli pieauga attiecigi par 22% un 50%, savukart proteina raZza parsniedza
kontroli attiecigi par 29% un 60%.
Auga virszemes dalu un saknu Kimiska analize uzradija, ka pie LSi devas 240 kg ha:
salidzinajuma ar kontroli pieaug bora saturs ziedgalvinas (Bo ir svarigs mikroelements séklu
veidoSanas procesa) un silicija, dzelzs, mangana un vara saturs saknés.
Gadu péc sarkand abolina ‘Divaja’ séjas Lsi méslojuma fona tika novérota augsnes
bagatinaSanas ar organisko vielu un slapekli.
legttie rezultati liecina, ka Lsi preparatus var sekmigi izmantot biologiskaja lauksaimnieciba
augu augsanas un attistibas, ka arf augsnes mikrobiologiskas aktivitates veicinasanai.

Summary
Red clover Trifolium pratense L. is one of the most popular legumes feed crops in North
America and Europe. Among the cultivated clover types (white, rose, crimson and red) the red
one is the most widespread in Latvia. Red clover is known for its high protein contents. It has
developed root system, which symbiosis with Rhisobium soil bacteria improves soil structure,
enriches it with nitrogen and promotes total microbiological activity. In the biological farming
red clover is used for supplying other cultures with nitrogen and organic fertilizer. The field
tests of lignosilicon (Lsi), biologically active compound developed and synthesized in the
Latvian state institute of Wood Chemistry have shown Lsi favorable action when used in
biological farming for oats and rye growth with red clover undersow.
The aim of the current work was to evaluate influence of lignosilicon compounds on the
development of red clover, yield of green mass and its quality.
The results of experiments of the year 2004 in the vegetation pods on the open air have shown
considerable difference in the “Divaja” variety plants development on the background of the
Lsi without addition of mineral fertilizers: in 2.5 months of cultivation plant green mass
increased in 1.7-1.8 times, the dry matter was 1,4 times higher in comparison with control and
protein content in crop was increased from 16,5% to 18%. Red clover plants, grown with
addition of Lsi, possessed high developed root system with more root nodules and forks.
In the year 2004 field experiments, it was observed that after 40 days from sowing the green
mass of “Jancis” variety clover plants growing on the background of 240 kg/ha Lsi was 1.5
times higher, nodules amount was 28% higher than in control. Analysis of root system using
scanner STD-1600+ (software Win Rhizo 2002C) has shown increase of roots total length,
volume, nodules and forks comparing to control.
After 70 days amount of nodules in the “Jancis” variety clover, grown on the background of
240 kg/ha Lsi addition, was 37% higher than in control, total roots length was 65% and
volume was 63% higher, than in control. Amount of root nodules and level of branching was
2 times higher on the background of Lsi.
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On the second vegetation year clover plants “Jancis” grown in the field conditions in the Lsi
presence differed with better quality indices than control plants. Year 2005 analysis of soil has
shown the increase of organic matter content from 4.0% to 4.4% and 5.1% for 120 kg/ha and
240 kg/ha Lsi dosages correspondingly.

A set of field vegetation experiments with red clover “Divaja” started in 2006 year confirmed
the effects observed previously: plants developed better and more uniformly in variants with
Lsi application. After the first hay harvest, an increase in green dry phytomass of crop, protein
content and total root weight by 30%, 50%, 60% and 22%, respectively, was detected for
plants grown on the background of 240 kg Lsi per ha. Content of iron in roots increased 3-5
times and content of Si increased 2-3 times in comparison with control. These data could
indicate increasing absorbing ability of plant root system and increase in mobility and
availability of soil minerals under Lsi influence, that was discussed in the previous
publications. Macroelements contents was the same as in control, but microelements was
much higher on Lsi background; contents of iron in the leaves and buds was 30-40% higher
comparing to control, boron - more than 40% higher.

Both clover varieties investigated (“Jancis” and “Divaja”) shown positive response on Lsi
application. On the background of Lsi dosage of 240 kg/ha their crops increased by 22 and
50% and protein content in crops was higher than in control by 29 and 60%, respectively.
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MESLOJUMA UN KALKOSANAS IETEKME UZ AUGSNES
AGROKIMISKAJIEM RADITAJIEM UN BARIBAS ELEMENTU
ZUDUMS AR DRENU UDENI
INFLUENCE OF FERTILIZERS AND LIMING ON THE AGROCHEMICAL
PARAMETERS OF SOIL AND LOSSES OF PLANTNUTRIENTS THROUGH
DRAIN WATER

Janis Vigovskis, Aivars Jermuss, Agrita Svarta

LLU agentdra “Zemkopibas Zinatniskais institats”
Zemkopibas institats 7, Skriveri 1, Aizkraukles raj., LV 5126
Talr. 5197529, fakss 5197512, e-pasts: vigovskis@apollo.lv

Abstract. The aim of the research was to study the influence of mineralfertilizers and liming on yields
offield crops and agrochemical parameters ofsoil and loss ofplant nutrients through drain water. Since 1982,
long-term field trials were carried out under crop succession with long-term grass, grain (rye, triticale, spring
wheat, barley, oat), potatoes and rape. Annuallyfrom soil thought drains were leached about 3.0 - 21.9 kg ha'l
nitrogen, 0.1 - 0.5 kg ha'land 0.6 -1.7 kg ha'lpotassium. Application o fPOand P3led to thefurther decrease of
phosphorus content asfar as 0-6 mg kg  especially in limed soil. Significant increase ofphosphorus content
was observed only using phosphorus rate P9, Positive NPK balance in limed trial plots was achieved with
annual inputs 090 kg ha"1N, 100 kg ha"1lP20 sand 90 Kg ha'1K20.

Key words: mineralfertilizers, liming, field crops, plant nutrients, drain water.

levads
Augsnes kalkoSanas un laukaugu mésloSanas problému izpétei Skriveros ir vairdk k& 46 gadus
ilga vésture. Pavisam Zemkopibas zinatniskaja institGta Skriveros ir veikti desmitiem svarigu
pétljumu par augsnes iekultivéSanas un laukaugu mésloSanas jautajumiem, sagatavotas
simtiem publikaciju un aizstavetas 9 disertacijas par agrokimiskajiem pétijumiem. PaSreiz
LLU Zemkopibas zinatniskaja institata 81 raksta autori péta laukaugu mésloSanas un augsnes
auglibas jautadjumus divos ilggadigajos lauka izmégindjumu stacionaros un vairakos lauka
izméginajumos.
TpaSu vietu paréjo agrokimisko pétijumu vidd Skriveros ienem ilggadigais lauka drenazas
stacionars. Stacionaru 1981.gada izprojektéja un ierikoja Dr.habil.agr. Juris Stikans [1, 2, 3].
Skriveros eksperimentalaja lauka drenadzas stacionara jau vairak ka divdesmit piecus gadus
tiek pétita kalku un mineralméslu normu ietekme uz laukaugu razam, augsnes agrokimisko
raditaju izmainam un augu baribas vielu izskalo3anos. Sajos izméginajumos ir uzkrata vertiga
pétljumu rezultatu datu baze, kas ietver sevi plaSu informaciju par augsnes agrokimisko
TpasSibu raditajiem, to savstarpéjam sakaribam un izmainu dinamiku melioréta drenéta velénu
podzoléta smilSmala augsné [4, 5, ¢]. Dati par laukaugu razibu un tas izmainam pétamo
faktoru ietekmé dod iespéju veikt dzilu un vispusigu dazadu agrokimisko likumsakaribu
izvértéjumu un auglibas parametru modeléSanu. Turklat iepriek$ejo komplekso pétijumu
rezultati izmantojami augu baribas elementu bilances aprékiniem un augsnes un Gdenu
ekologisko jautdjumu risinasanai.
Stacionara iesadkto pétijumu meérkis ir noskaidrot augu bartbas elementu (slapekla, fosfora,
kalija, kalcija un magnija) aprites likumsakaribas ilgtspéjiga lauksaimniecibas sistéma,
ekonomiskas un kvalitativas laukaugu raZas nodroSinaSanai, ievérojot augsnu un Gdens
aizsardzibas prasibas. Pétljumu galvenie uzdevumi ir:
= noteikt laukaugu razas ITmeni dazados méslojuma un kalkoSanas fonos;

< noskaidrot augu baribas elementu izskaloSanas zudumus ar drenu noteci un iznesi ar razu;
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= izpétit galveno augsnes auglibas raditdju izmainas daZzados mésloSanas un kalkoSanas
variantos;

= sastadit augu baribas elementu bilanci dazados méslojuma un kalko3anas variantos.

Saja publikacija atspoguloti galvenie pétljumu rezultati par augu baribas elementu apriti

Skriveru lauka drenazas stacionara.

PétTjumu objekts un metodes

Lai atrisinatu minétos uzdevumus, Skriveros 1981.gada tika izbGvéts specials pétijlumu
objekts - eksperimentélais lauka drenaZas stacionars 1,6 ha platiba. Stacionaru projektéja un
taja veicamo zinatnisko pétijumu programmu izstradaja Dr.hab.agr. Juris Stikans. Vina vadiba
tika veikti ar7 stacionara izbGves darbi. Stacionara vajadzibam vispirms tika iertkotas drenu
caurulu sisttmas ar 16 drenu atzariem zem visiem kalkoSanas un meésloSanas variantu
lauciniem. Varianti tika izprojektéti un iekartoti ta, ka katram laucinam (platums 15 m,
garums 50 m) pa vidu 0,9-1,0 m dziluma izvietotos mala caurulu drena. Katra varianta drenas
izteka ievadita speciali izbGvéta kontrolaka, kas lauj izmérit drenu noteces un savakt tGdenus
kimiskajam analizém.

Eksperimentalais lauka drenazas stacionars ierikots jaunapgata, neiekultivéta velénpodzoléta
glejota smilSmala augsné, kas vairdk ka 20 gadus nebija izmantota lauksaimnieciba. Pirms
izméginajuma iekartoSanas augsnes aramkartai bija $adi agrokimiskie raditaji: humusa
saturs - 19-21g kg : (péc Tjurina), pHkci - 4,7-4,9, kustigais fosfors (P-0s) - 10-15 mg kg'l
apmainas kalijs (K:0) - 40-60 mg kg 1 (péc Egnera - RTma). lzméginajumos tika audzéti sadi
kultdraugi: graudaugi (rudzi, tritikale, kvieSi, mieZi, auzas), kartupeli, vasaras rapsis un
daudzgadigas zales. 1zméginajums iekartots péc divfaktoru shémas 4x4, kas lauj izpétit cetras
kalku devas (0, 2,85, 5,7 un 11,4 t/ha: CaCO03) un Cetras mineralméslu normas (No.PoKaOo,
NasP3oKas, NeoPsoKso, N13sPsoK 135). Augsnes kalkoSanai tika izmantoti Igaunijas degakmens
pelni ar $adu kimisko sastavu: CaO - 41,54%, MgO - 44%, K20 - 2,1%, P.0s- 0,21%, SO0s -
7,6%. Lai neitralizétus augsnes paskabinaSanos, 1994.gada tika veikta augsnes uzturosa
kalkoSana. Mineralmeésli katru gadu doti amonija nitrata, granulétd vienkarsa superfosfata un
kalija hlorida veida augsnes pirmsséjas apstrades laikd. Visa pétijumu perioda tika nemti
augsnes un razas paraugi, ka art noteikta drenu darbibas intensitate un nonemti drenu Gdens
paraugi, un veiktas to kimiskas analizes atbilstoSi pienemtajam metodikam. Tika veikta datu
matematiska apstrade, izdarot raZzas datu dispersijas analizi un NPK bilances linearas
regresijas analizi. Par stacionara veikto pétijumu rezultatiem aizstavéta viena disertacija [7],
pétijumu rezultati apkopoti divas gramatas [1, 2] un sagatavotas 9 zinatniskas publikacijas
starptautiskajos izdevumos. Skriveru lauka drenazas stacionara makets eksponéts un guvis
atzinibu starptautiskaja izstade Pragd 1985.gada, un atziméts ar Zelta medalu Maskavas
Tautas saimniecibas sasniegumu izstadé 1987.gada. Par stacionara veiktajiem pétijumiem
1996.gada sanemts LR Zemkopibas ministrijas konkursa “Séjéjs” diploms.

Rezultati un to izvertéjums

Veicot parmitro zemju melioraciju un mazaugligo augdnu iekultivéSanu un meésloSanu,
pastiprinas augu bartbas vielu izskaloSanas procesi. Turpreti, iertkojot daudzgadigo zalaju
séjumus ar augstu Gdens patérinu no augsnes un intensivaku transpiraciju, baribas elementu
migracijas procesi tiek ievérojami paléninati. ArT laukaugu audzéSana un bartbas elementu
iznesa ar razu mazina to nelietderigos zudumus no augsnes. Lai apzinatu augu baribas vielu
migracijas un izskaloSanas procesu galvenos célonus, apmeérus, tendences un ietekmi uz
augSnu auglibu, ka arT apkartéjas vides un GOdenu piesarnoSanu, eksperimentalaja lauka
drenazas stacionara ir veikti ilggadigi kompleksi pétijumi par kalku un mineralméslu devu
ietetkmi uz augu baribas elementu izskaloSanos ar drenu notecém ilggadiga laukaugu
mésloSanas perioda.
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Augu baribas elementu izskaloSanas. Izméginajumu perioda eksperimentalaja lauka drenazas
stacionara drenu notece lielakoties bija novérojama pavasari. Noteces kopégjais tilpums pa
gadiem bija dazads - no 17 Iidz 254 mm jeb 6-37% no kopéja gada nokriSnu daudzuma 647-
693 mm. Augsnes bazu zudumi ar drenu GOdeniem péc augsnes kalko3anas, parrékinot uz
CaCC>s, vidéji gada bija no 245 kg ha: Iidz 555 kg ha: atkartbd no lietotajam kalku un
mineralméslu devam. Jaatzimé, ka augsnes reakcija kalkotajos variantos bija pH 5,4- 6,1.
Fosfora un kalija zudumi no augsnes ar drenu notecém bija nelieli. Gada no 1 hektara
mazaugligas velénpodzolétas glejotas augsnes izskalojas ap 0,1-0,5 kg fosfora un 0,6-1,7 kg
kalija. Slapekla izskaloSanas zudumi no augsnes bija lielaki un gada sastadija 3,0-21,9 kg/ha.
Slapekla bilance. Mineralméslu slapekla izmantoSanu un bilanci ilgsto3a laika posma labi
atspogulo lauka drenadzas stacionara veikto pétijumu rezultati. Pédéjo gadu slapekla bilance,
lauka drenazas stacionara audzéjot tritikali, vasaras rapsi, vasaras kvieSus, kartupelus un
miezus, paradita.

1.tabula
Slapekla bilance lauka drenazas stacionara
NPK norma, . _ . , N iznese ar razu un drenu Bilance,
kghal N zudumi ar drenu adeni, kg ha'l adeni, kg ha'1gada kg ha'l
Nekalkota augsne
NoPoKo 55 27,1 -27,1
N asPsoKas 7,2 66,2 -21,2
NsoPsoKoo 8,1 75,9 +14,1
N135PooK 135 11,8 98,5 +36,5
Kalkota augsne

NOPOKo 6,5 34,4 -34,4
N45P30Kas 7,5 64,9 -19,9
NooPsoKso 9,5 92,9 -2,9
N 135 PooK3s 11,2 100,4 +34,6

Izméginajumu rezultati rada, ka kontroles varianta (bez mineralméslu un kalku lietoSanas)
izveidojies 27,1 kg ha-: liels slapekla deficits, kuru augsnes kalkoSana palielindja Iidz 34,4 kg
ha"l. Ik gadus iestradajot 45 kg ha-: lielu slapekla méslojumu, augsné ir saglabajies 19,9-21,2
kg ha: liels slapekla deficits. Neskatoties uz to, ka neliela slapekla norma - 45 kg ha: -
nodroSindja salidzinoSi augstu kultdraugu razibu, Sads slapekla daudzums nav iesakams
sakara ar negativu slapekla bilanci augseka (20 kg ha: gada), kas pakapeniski samazina
augsnes auglibu.

Lietojot vidéjas slapekla devas (90 kg ha"), nekalkotos laucinos veidojas pozitiva slapekla
bilance - 14,1 kg ha"l, tau kalkotos variantos noveérots neliels slapekla defictts - 2,9 kg ha'l
Lai iegOtu bezdeficita slapekla bilanci, eksperimentdlaja lauka drenazas stacionara
nepiecieSams regulari iestradat 90-100 kg ha-: slapekla méslojuma.

Regulara 135 kg ha-: slapekla méslojuma iestradaSana gan kalkota, gan nekalkota augsné
nodrosindja pozitivu slapekla bilanci - atbilstosi 34,6 un 36,5 kg ha: apméra. Jaatzimé, ka
Saja varianta slapekla izskaloSanas zudumu palielinaSanas drenazas Gdenos praktiski netika
noveérota. Slapekla savienojumu parpalikumi veicinaja augsnes auglibas palielindSanos. Tacu
no ekonomiska viedokla iepriekSminéta slapekla meéslojuma norma nav pamatota, jo
palielinats slapekla meéslojums lielakai dalai kultdraugu nenodroSindja batisku razas
pieaugumu, tikai palielinaja razoSanas izmaksas.

Fosfora bilance. Fosfora iznesa ar razu un ta bilance augsné paradita 2.tabula. 1zméginajumu
laika fosfora iznesa ar kultGraugu razu vidéji sastadija 7,2 kg ha-: kontroles varianta un 33,6
kg ha-: gada varianta ar 90 kg ha-: lielu fosfora normu. Kalkota augsné kultiraugu raziba, ka
arm fosfora iznesa bija lielaka - nemeéslotos laucinos ta sastadija 9,7 kg ha"l bet, lietojot
augstas mineralmeéslu normas, - 35, 9 kg ha"1l

152



2.tabula
Fosfora iznese ar razu un bilance augsné, lietojot dazadas mineralméslu devas

NPK norma kg ha'l P.O:iznese ar razu kg ha'l Bilance P|OI, kg ha'l

Nekalkota augsne

No Po Ko 7,2 -7,2

NesPsoKas 23,0 7,0

NooPso Koo 25,2 34,8

N13sPooK 135 33,6 56,4
Kalkota augsne

No Po Ko 9,7 -9,7

NasPsoKas 24,3 5,7

NosoPso Koo 33,3 26,7

N135Poo Kiss 35,9 54,1

Skistoso fosfora savienojumu migracijas procesi velénpodzoléta augsné norit saméra Iéni, kas
veicina aktivu to fiksaciju mazak kustigos savienojumos. Tadéjadi fosfora izskaloSanas no
augsnes ar drenu Gdeniem sastada niecigu dalu kopéja bilancé. Stacionara vaji iekultivétaja
augsné fosfora zudumi neparsniedza 0,1-0,5 kg ha. (P-Os) gada. Fosfora mineralméslu
normas palielinaSana praktiski neietekméja fosfatu jonu koncentraciju drenu Gdenos.

Pétljumu rezultati rada, ka kontroles varianta bez méslojuma un augsnes kalkoSanas fosfora
deficits bija 7,5 kg ha'l Ik gadu lietojot 30 kg ha 1 lielu fosfora méslojumu, veidojas pozitiva
fosfora bilance - 5,7-7,0 kg ha':1 P.Os. lestradajot vidéjas un lielas fosfora normas (60 un 90
kg ha'l), gan kalkota, gan nekalkota augsné veidojas ievérojams fosfora parpalikums; fosfora
bilance attiecigi - 26,7-34,8 kg ha : un 54,1-56,4 kg ha'l

Kontroles varianta (bez méslojuma) novérota pakapeniska fosfora krajumu samazinaSanas
augsné, turklat kalkota augsné Sis process notika straujak. Lietojot nelielu méslojuma
daudzumu (NssPs0Kiss), gan kalkotd, gan nekalkota augsné fosfora satura samazinaSanas
augsné novérota tikai pédéjos gados. Fosfora normas 60 kg ha 1 ietekmé novérota neliela ta
satura palielindSanas, bet 90 kg ha: ietekmé kustiga fosfora saturs augsné pastavigi
palielindjas. Lietojot Sadu fosfora meéslojuma daudzumu, vidéjais fosfora saturs augsné
pétijumu laika nekalkota augsné palielinajas Idz 32-36 mg kg'l bet kalkotd augsné Iidz 36-
90 mg kg'L

Kalija bilance. lzmégindjumu laika, regulari lietojot kalija mineralo méslojumu, augsné
novéerotas apmainama kalija satura izmainas. Kalija savienojumi saméra labi saistds augsné,
tapéc art kalija izskaloSanas zudumi ar drenu Gdenu noteci tikai nedaudz parsniedza fosfora
zudumus un gada sastadija 0,6-1,7 kg ha'l Kalija mineralméslu normas palielindSana tikai
nedaudz palielinaja kalija jonu koncentraciju drenu Gdenos.

Variantos bez mineralméslu lietoSanas, ka ar1 iestradajot zemako meéslojuma normu
(NsPsoKas), kalija (K:O) daudzums augsné saglabajas iepriekséja ITment - 50-60 mg kg'l
Kalija méslojuma normas 90 kg ha : ietekmé kalija saturs augsné sasniedza 115-146 mg kg'],
bet 135 kg ha: liela kalija méslojuma norma palielindja ta saturu Iidz 160-215 mg kg :
augsnes. Kalija satura dinamika augsné un ta bilance ir paradita 3.tabula.

Konstatéta kalija bilance liecina par to, ka bez kalija méslojuma, vai lietojot tikai nelielas ta
normas, augsné saglabajas kalija deficits. Lietojot vidéjas kalija méslojuma devas- 90 kg ha'l,
veidojas pozitiva kalija bilance (4,8-21,1 kg ha: gada), bet augsta méslojuma norma (135 kg
ha'l) pozitivo kalija bilanci palielinaja lI1dz 36,6-45,0 kg ha 1 gada, veidojot saméra lielu kalija
uzkrajumu augsne.
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3.tabula
Kalija (K20) saturs un bilance augsné

NPKnorma K20 saturs augsné, mgkg'l K20 iznese ar razu, kg ha'l Bilance
kg ha'l K20, kg ha'l
Nekal <ota augsne
No Po Ko 51 21,3 -21,3
NasPsoKas 67 49,6 -4,6
NsoPso Koo 146 68,9 211
Ni135Pso K135 160 90,0 45,0
Kalkota augsne
No Po Ko 64 28,1 -25,4
NasPsoKas 65 57,1 “12.1
NsoPso Koo 115 85,2 4,8
N 13BP0K 35 215 108,4 36,6

NPK bilances linearas regresijas analize. Lai noteiktu kopsakaribas cieSumu starp NPK
meéslojuma normam un bilanci un noteiktu, péc kadas likumsakaribas mainas rezultativa
pazime, tika veikta iegGto datu linearas regresijas analize. . .attéla paraditas regresijas taisnes
slapekla bilancei kalkotd un nekalkota augsné. Sakaribu starp slapekla méslojuma normu un
slapekla bilanci nekalkota augsné apraksta regresijas vienadojums: y = 0,9044x - 44,645.
Determinacijas koeficients R: = 0,9419 rada, ka 94% gadijumu no rezultativas pazimes
izkliedes var aprakstit ar So regresijas vienadojumu.

Nekalkota augsné Kalkota augsné

1.attéls. Slapekla bilances lineara regresija

Savukart slapekla bilanci kalkotd augsné apraksta vienddojums: y = 0,896x - 50,45.
Determinacijas koeficients R: = 0,9441 rada, ka arT kalkotd augsné 94% gadijumu var
aprakstit ar So regresijas vienadojumu.

Sakaribu starp fosfora méslojuma normu un fosfora bilanci kalkotd augsné atspogulo
regresijas vienadojums: y = 0,8496x - 23,28, turklat determinacijas koeficients R: = 0,9843
rada, ka 98% gadijumu no rezultativas pazimes izkliedes var aprakstit ar So regresijas
vienadojumu.

Savukart fosfora bilanci nekalkotd augsné apraksta vienadojums: y = 0,8744x - 20,97.
Determinacijas koeficients R: = 0,9863 rada, ka kalkota augsné 99% gadijumu var aprakstit ar
So regresijas vienadojumu.

Sakartbu starp kalija méslojuma normu un kalija bilanci nekalkotd augsné apraksta regresijas
vienadojums: y = 0,8984x - 34,87. Determinacijas koeficients R: = 0,9926 rada, ka 99%
gadijumu no rezultativas pazimes izkliedes var aprakstit ar So regresijas vienadojumu.
Savukart fosfora bilanci kalkotd augsné apraksta vienadojums: y = 0,8116x - 39,605.
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Determinécijas koeficients R2= 0,9572 rada, ka 96% gadijumu var aprakstit ar So regresijas
vienadojumu.

Kopuma varétu teikt, ka lietota lineara regresijas analize ir labi piemérota izméginajumos
iegito datu matematiskajai analizei, jo rezultativo pazimi Sie vienadojumi apraksta vismaz
94% gadijumos pie 95% ticamibas.

Secingjumi

Skriveru eksperimentalaja lauka drenazas stacionara veiktie pétijumi un to rezultatu
izvértéjums rada, ka veléenpodzolétas skabas augsnes kalkoSana un sabalansétu mineralméslu
lietoSanas rezultata izskaloSanas zudumi pie sabalansétam mineralméslu devam nerada drenu
Gdenu piesarnojumu un neapdraud apkartéjo vidi, jo vidéji no hektara gada izskalojas 0,1-0,5
kg fosfora, 0,6-1,7 kg kalija un 3,0-21,9 kg slapekla. Péttjumu rezultati rada, ka pozitiva NPK
bilance stacionara kalkotajos izméginajumu variantos veidojas, katru gadu iestradajot 90-100
kg ha'lslapekla, 30 kg ha'lfosfora un 90 kg ha'lkalija.

lesdktos pétfjumus Skriveru eksperimentalaja lauka drenaZzas stacionara butu nepiecieSams
modernizét un paplaSinat. Turpinot pétijumus Skriveru stacionara, ari turpmak varés iegat
vértigu informaciju par to, ka palielinat Latvija izplatito podzoléto augSnu auglibu atbilstoSi
masdienu ilgtspéjigas lauksaimniecibas un vides aizsardzibas prasibam.

Summary
In Skriveri have been carried out complex research on long term (1981- 2006) drainage field
trial, investigated on sour again mastered low cultivated Soddy- podzolic soil for study of
influence of mineral fertilizers and liming on a yield of field crops, agrochemicals parameters
of soil and loss of plant nutrients by a drain water.
The drainage stationer was carried out on too factors to the circuit 4x4, allowing to study laws
of action and interaction 4 dozes of lime (in shares hydrolytic acidity of soil 0; 0,5; 1,0 and
2,0) and 4 dozes of complete mineral fertilizer - NoPOKO; N4sP30Kas; NooPeoKoo; N135sPsoKss.
(P in the form P20s, K in the form K:0). Established, that the soil liming combination 5.7 t
ha'l CaCCfi with annual entering of average dozes of mineral fertilizers NsoPsoKoo the
optimum crop grain 3.99-5.49 t ha'lis provided. The top yield of grain cultures (4.03-5.52 t
ha'l) is received at a combination liming and annual entering of mineral fertilizers
N135P90K135.
About 3.0- 21.9 kg ha'lnitrogen, 0.1- 0.5 kg ha'l phosphorus and 0.6- 1.7 kg ha' potassium
were leached annually from soil thought drains of our experimental drainage system.
To receive sufficient balance of nitrogen on an experimental field drainage stationer, the
regular entering of nitric fertilizers in account of 90-100 kg ha'lof nitrogen is necessary.
At annual entering of phosphorus Pso not the large positive balance of phosphorus - 5.7-7.0 of
kg ha"1P:0s was formed. In stationer in this variant the initial low level of the contents of
phosphorus in ground - 15 mg kg'lwas kept. The entering into ground of average and high
norms of phosphorus (Pso and Pso) has ensured as well positive balance of phosphorus
(accordingly 26.7-34.8 kg ha'l and 54.1-56.4 kg ha'l), as increase of the contents of
phosphorus in ground.
Without potassium fertilizers and at deposit of low norm Kis in ground the deficiency
potassium was kept, at entering average norms of potassium fertilizers (Kso) not the large
positive balance of potassium (4.8-21.1 kg ha"lper one year) was formed, and at entering high
norms (Kiss) the positive balance potassium has reached 36.6-45.0 kg ha'lper one year.
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NCTOJIbSOBAHUWE TOP®AHOI O 3J/TIMKCUPA B NOCEBAX
APOBOI'O PATCA N1 KAPTO®ENA AN1A YBEJTMHEHNA
YPOXXANHOCTU N KAYECTBA MPOAYKLINM
USE OF PEATY ELIXIR ON SPRING RAPE AND POTATO SOWINGS FOR
IMPROVEMENT OF PRODUCTION FERTILITY AND QUALITY

Jlnnna boposko
NaTBUICKUIA Ce/TIbCKOX03AMCTBEHHbIN YHUBEPCUTET, HayUHbIA MHCTUTYT 3eM/iefenus
MHCTUTYT 3emnenenns 7, Ckpueepu - 1, AU3KpayK/ICKUii p-H, JlatBuns
e-mail borovko@e-apollo.lv

Abstract. Our research target was to investigate how the Latvian-made humin substance for harvest
and production quality can influence the seed-tuber pre-sowing treatment and the sprinkle o fvegetative plants of
spring rape and potatoes. Using the Peaty elixir under conditions of biologic farming for the pre-sowing
treatment of spring rapeseeds provided a remarkable increase in the seed yield 0,19-0,31 t ha ‘. The crude
intent within the seeds increased, on average, to 1,01-2,26%, and crude fat to 1,57-1,88%. Treatment of the
spring rape vegetative plants resulted the increase in the seed yield to 0,37 t ha ', increasing the crude fat
content in the seeds to 1,45%>. The treatment ofseed-tubers and vegetative potato plants provided a remarkable
yield increase, and increased the starch content, decreasing nitrates in the production. Most effective the Peaty
elixir, however, is when used together with mineralfertilizers.

Key words: seed yield, spring rape, potato, tuber yield.

BeepneHue

B HacTofiLLee BpeMS BaXXHEMLUMM HarnpasfeHneM padboThbl YUEHbIX 1 CNELUANNCTOB B 06/1aCTU
Cesib,CKOro X035IMCTBa SAB/MSAETCA MOUCK U pa3paboTka Takmx NPUEMOB, KOTOPble MOru Obl
MOBbLICUTb YpPOXal Ky/bTYPHbIX pacTeHWIA 6e3 yBeNnYeHUs f[03 YyA0OpeHUr, a Takxe
YAYULNTb KayeCTBO CEe/IbCKOXO3AMCTBEHHOW npogykumn. OAHMM U3 TaKMX HanpasieHWUi
ABNSeTCS «BMONOrnyeckass KOppeKLus» pocTa 1 pasBUTUA pacTeEHUIA, KOTopas Harnpas/ieHa Ha
MOBbILLUEHNE  YPOXAMHOCTU  CEe/IbCKOXO3AMCTBEHHbIX  KynbTyp. OpHUM U3  Hambonee
3P hEKTMBHbIX cpeacTs 610/10rNYECKOM KoppeKuum sABNseTcA 06paboTKa
CeNbCKOXO3AMCTBEHHbIX KYy/NbTyp pacTBopaMy TFYMWHOBbIX MpenapaTtoB. [YMWHOBbIE
BeLlecTBa 06servaroT MocTyrnjaeHne N nepeaBukeHne NUTaTeNbHbIX BELWECTB B KY/NbTYPHbIX
pacTeHuUsAX, BCAeACTBME Yero ONTUMM3NPYEeTCA (DOTOCMHTE3, W pacTeHUs 60nee MNOMHO
MCMO/b3YHOT BHECEHHbIE B MOYBY YAOOPEHUS, MPU 3TOM U YA0O6PEHUI BbIMbIBAETCA MEHbLLE
(nHave roeops, BO3pacTaeT KOahdhnLMeHT MCNO/b30BaHUSA ya06peHuin
CEeNbCKOXO3AMCTBEHHLIMU KyNbTypamu). N'YMUHOBbIE BELLLECTBA Y/y4LUIAlT POCT U pasBuUTUe
pacTeHuii, CTUMYAUPYIOT 06pa3oBaHMEe KOPHEBOM CUCTEMbl, MOBbLILLIAKT  K/ETOYHO-
MeMOpaHHYyH0 MPOBOAMMOCTb, aKTUBU3MPYHOT (DEPMEHTbI, Y/yudllalT AblXaHWe pacTeHuid,
CMOCOBCTBYHOT CHUXKEHUID HUTPaATOB B npoaykumn. O6pabaTbiBass ceMeHa pacTeHWMi
NYMWHOBbLIMU BeLLECTBAMU, YKPEMJISETCHS WMMYHHas cuUcTeMa pacTeHWM, MNOoBbILLAeTCs WX
YCTOMYMBOCTb NPOTUB FPUOKOBLIX 3a6oneBaHnin [1,2,3,4]. BHeKopHeBas 06paboTKa pacTeHWUiA
MOXET TMPOU3BOANTLCA Ha J060M CcTaguu UX pPasBUTUSA, HO MaKCUMasibHbIA  adchekT
JoCcTUraeTcsl NpyU HeoAHOKPATHOM 06paboTKe pacTeHWIA Ha pasHbiX pasax MX pasBUTUSA, a
TaKKe B MOMEHTbl MPEOAOSEHUS PACTEHMSIMU CTPECCOBbIX CUTyauui (3aMOpPO3KM, 3acyxa,
nacMypHas noroga, 4eumT MMKPO3/IEMEHTOB, U36bITOYHASA B/IAXKHOCTb MOYBHI).

3afaveil HaluMx unccnefoBaHWIA OblI0 U3YYeHUE BAUSAHUSA NPeAnoceBHOM 06paboTKU CeMSsH
SPOBOr0 panca ryMMHOBbLIM MpernapatoM TopgsaHOM 3nuKcmp, NPou3Bo4MMbIM B JlaTBuK, Ha
ypoXah U Ka4yecTBO CeMsH parca, a TakXke B/MsHUE MpeanoceBHOM 06paboTKU Ky6HeN
KapTod)ens N OMpbICKMBAHUS BEreTUPYHOLWMX PacTeHUIA Ha ypoXkall KNyobHel 1 KayecTBO
NpoayKUnn.
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MeToabl 1 MaTepuasbl
lMoneBble OMbITbl MO M3YUEHUID B/USHUSA TYMUHOBbIX BELLECTB Ha YypOXXal SpOBOro parnca
npoeBoAuAncL B HayyHOM MHCTUTYTe 3emnefennsa B CKpueepu ¢ copTom Ofbra B YCNOBUAX
6rnonornyeckoro nosns (6e3 NPUMEHeHUST MUHePa/IbHbIX YA06peHM). OCHOBHbIE MOKa3aTenu
nousbl: pHicci 6,3, cogepXXaHue opraHuyeckoro BewectBa 29 r Kr', P2Os -123 mr kr'l, K20 -
149 wmr kr'l obwwuin asoT - 1,2 Kr'l lNpeawecTBEHHUK - APOBOMA siuMeHb. WMcnonb3oBasncs
rYMWHOBBIA  npenapaT TopgsiHOA  a/MKCUP  MecTHOFo  MpPoOu3BOACTBa  (copepXkaHue
rYMUHOBbIX Kn1cnot ao 10 r/n, doyNnbBOBOW KMUCAOTbI A0 2 /N + MUKPO3eMEHTbI ). V3yyanumch
cnegytowime HOpMbl AN NPeanoceBHOM 06paboTKM ceMsaH sposoro panca: 10, 15 n 20 wi/l
Kr ceMsiH. [Nns npuroTosreHnsa paboyero pacteopa - 10, 15, 20 M KOHUeHTpaTa passBogunimn B
1 nnTpe Boabl. Hopma 06paboTku ceMsiH - FOOMAJSIKT CeMsH.
MN3yuyeHne BAMSIHNA BHEKOPHEBOM 00pabOTKM pacTeHui parnca pacTBOPOM TFYMUHOBbIX
BELLLECTB U MUKPOYLOOPEHUAMU Ha YypoXaih ceMsH WM KayeCcTBO MPOBOAMAIUCL Ha [AePHOBO-
noA30/IUCTOM MoYBe, rAae rnaBHble arpoxXuMMuU4veckme rnokasatenu Obinn cnegytowine: pHka
6,0, cogep>xaHne opraHmnyeckoro Beuiectsa 32 1 Kr'l, P.Os - 233 mr kr'l, K20 - 190, Mg -
120, Ca- 1120 mr kr1, Mg - 267, Ca- 1367, Cu-2,1, Mn -55, Zn- 8,0, B - 1,07 un S-S0s
- 3,7 mr Kr'l MNMpeawecTBeHHUK - 3epHOBbIe. Vcnonb3oBanuck yaobpeHusa: CYMNI0 MUNKPO
Ansa panca (KOHUEHTpaT MarHUa U MUKPO3NemeHToB) - 1,5 n ra: + 5 Kr ra: kapé6ommaa,
donnkape 10-5-40 + MUKpOanemeHTbl - 3 Kr ra'l, TopdgsHon anmkemp - 15 n ra'l
OnpbICKMBaHWNA Npoussogmunucs B hasy 5-6 nucta, yepes 10-12 gHeid u B hasy obpasoBaHms
6yTOHOB. ONbITbl NPOBOAN/INCE Ha OAMHAKOBOM (poHe yaobpeHuii - N110, P.Os 60 un K20
150 kr ra'l OnbITbl NPOBOAVANCL Ha MOceBax rmbpuga spoBoro parnca Teppa.
Ypoxaih CeMsIH MepecunTaH Ha s % BMaXXHOCTb. MaTeMaTmnueckasi 06paboTKa ypoxkas ceMsH
nposefeHa MeTOL0M AMUCCMNEPCUOHHOIO aHanusa.
B 2005-2006 rr. B Mepcpare Ha [AepHOBO-MOA30/AMUCTOM MecyaHoi nouBe pUKka 6,0,
coAep)XaHme opraHmyeckoro Bewlectsa 28 r Kr'l, P20s - 430 mr Kr: (Bbicokoe), K20 - 99 mr
Kr' Huskoe), Ca -940 wmr kr'l, Mg -156 wmr kr'l, o6wwuin asot - 0,8 Kr'l, npoBoannnCb
PEKOrHECLMPOBOYHbIE OMbITbl MO MU3YYEHWUIO BAUAHUA TOPQISHOIO aMKcMpa Ha ypoxai u
KauecTBO KapTodhensa CaiTte. M3yuyanuch creayolme BapuaHTbl: KOHTPO/b (6e3 06paboTKu m
yaobpeHuin); yoobperme NPK 10-10-20 - 500 kr ra'l, npegnoceBHast o6paboTka KnybHen n
[BOIHOE OMNpbICKMBaHWE BEreTUPYIOLLMX pacTeHni TophaHbIM anuKenpom; yaobpeHne NPK
+ 06paboTKa Ky6Hel N ABOWMHOE OMNpPbICKMBaHWE BEreTUPYHOLWMX pacTeHU. [na o6paboTkum
KyGHel ncnonb3osann paboumnii pacteop (10 mn Ha 1 n Boabl) TopdsiHoro anukcupa. Hopma
06paboTkn - 100 M/l Kr kaptodens. MepBoe OMPbICKMBAHME BEFETUPYHOLLIMX pPacTeHU
NMpoBOAMNN NPW BbiCOTe pacTeHMin 10-12 cm, BTOpoe nepeq uBeTeHMeM - 300 n ra : paboyero
pactBopa (5 M KoHUeHTpata /1 1 BoAbl).

PesynbTaTbl U gMCcKyccnA

MeTeoponoruyeckue ycroBUs B rofbl MpoBefeHUs UCCeA0BaHUM OblN He 610ronpusTHbIe
ana aposoro panca. B 2005 r. 4OXANMBLIA Mepuog, B aBrycte OCTaBuU/ HeraTMBHOE BANSHME
Ha co3peBaHVe ceMfAH. Panc co3pesas MeA/IeHHO U HepaBHOMepHO. »Kapa u 3acyxa B 2006 T.
BO BpeMms LBETEHUA W CO3pPeBaHMSA HEraTMBHO MOBAUAMA Ha (OPMUPOBaHME YPOXKas.
O6pa3oBaHMe OOKOBbIX CTebne 6bL10 cnaboe, nepBble LBETbl Ha [/1aBHOM CcTebsne
Heonno40TBOPU/INCE M OCbINaNNCh. B cTpyykax ceMeHa Obliv pasHOro pasBuUTUSA, HEKOTOPbIE
ceMeHa OTCYTCTBOBasIN.

MNprMeHeHVEe TYMWHOBbLIX BELLECTB B Buae TopchsaHoro anukcupa Ans npeanoceBHOM
06paboTKM CEMSAH APOBOro parnca, 06ecnevunsno 3Ha4nTeNbHY Npnbasky ypoxkasa cemsiH 0,19-
0,31 T ra: (HCPos 0,13 T ra'l) no cpaBHeHUIO ¢ KOHTponem (6e3 o6paboTkn). Hambonee
BbICOKUI YpOXal CeMSH B YCNOBUAX 6Guonoruyveckoro nona - 1,57 1 ra'l, rge npubaska
ypoxas Ha 24,6% Bblle KOHTPO/ISA, NOYYEH NPU MCNONb30BaHUN HOPMbI -10 M/ 1 KI CEMSIH.
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Tabnuuya 1
YpoxKaii ceMsiH, XMMUYECKUIA COCTaB CeMSIH U BbIXOZ, CbIPOro »Kmpa ApoBoro parca
copTa Onbra (B cpegHem 3a 2005-2006 rr., Ckpusepwn)

BapuaHTbl Ypoxkaii ceMsiH, Cbipoli npotenH  CbIpoii >xup,  CbIpoii >kup,
(Hopma 06paboTKM) Tra"l % % Kr ra"l
1. KoHTposb 1,26 18,33 47,50 551
2. 10 MIZKI CEMSH 1,57 20,59 49,07 709
3.15 mn/Kr cemsiH 1,52 19,71 49,38 691
4. 20 mn/Kr ceMsH 1,45 19,34 49,17 656
HCPo,05 0,13

B cpefHeM cogepykaHue CbIpOro npoTemHa B CeMeHax ApOBOro parca nosbicuaocb Ha 1,01-
2,26 % wn cblporo xupa Ha 1,57-1,88 %. B 3aBUCMMOCTU OT HOPMbl 06paboTKM ceMsiH, cbop
CbIPOro »upa coctasmn 656-709 Kr ra"l, 4To NpeBbICUNO KOHTPOsIb Ha 105-158 krra'l
MpeagnoceBHast 06paboTkKa cemMaH TOPGAHbLIM 3/IMKCUPOM MO3UTUBHO MNOBAMAMNA Ha pasBUTUE
MU CTPYKTYPY pacTeHMs SPOBOro parnca. YBeNUYUIOCbL 4YMCNO OGOKOBbIX MNoberos Ha 1-2,
KOJ/INYECTBO CTPYYKOB - 18-21, KO/MYECTBO CeMSAH B CTpyyke - 3-4, macca 1000 cemsaH Ha
0,12-0,24 r. Pe3ynbTaTbl OMbITOB MNOATBEPXKAAKT, UTO MUCNOMb30BaHME TOPGAHOro anMKcmpa
Ansa  npegnoceBHOM 06paboTKM CceMsiH SpoBOr0  panca B YCNOBUAX OMONOrMYecKoro
X039MCTBOBaHUA 3P(EKTUBHO.
Pe3ynbTaTbl MOMeBbIX OMbITOB MOATBEPXAAIOT, UTO MPUMEHEHWE BHEKOPHEBOM MOAKOPMKMU
pacTBOPOM TFYMWHOBbLIX BeLWECTB W MUKPOINEMEHTAMU 4epe3 JIUCTbSA, MOJIOXKUTENBHO
MOB/IUSINO Ha ypoXKaih ceMsiH APOBOro parica (tabnuua 2 ).

Tabnnua 2
Ypo>kaih ceMsiH, XMUMWYECKUIA COCTaB CEMSAH U BbIXO[, CbIPOro »XmMpa ApoBoro parnca Teppa

(B cpeaHem 3a 20()5-2006 rr., CK]pmBepn)

Yporkai ceMsiH, Cblpom Coblipoli >xuvp,  CbIpoii XXup,

BapuaHTe! 2 ra'l I'IpOTeslH, % i % i Er ra"l P
1. KOoHTpO/b 1,86 21,98 46,60 796
2. CYTINIO MUKPO pns 210 22,91 47,30 913
panca
3. donvkape 2,12 23,12 48,77 941
4. TopdsiHOM anukcmp 2,23 22,30 48,05 986
HCPo.05 0,10

B cpefHeMm 3a ABa rofa B 3aBUCUMOCTU OT BUAa JIMCTOBOrO yAo6peHUs ypoxkaid macnocemsiH
yBenuuuncs Ha 0,24-0,37 T ra-: N0 CPaBHEHUIO C KOHTPOnAeM. Hanbonblimii NnpmMpocT ypoxxs
nonyyeH Npu npumeHeHn TopdsiHoro anukenpa- 0,37 Tra'l

B 3aBMCUMOCTM OT MPUMEHEHHOIO /IMCTOBOrO YAOOGPEHMUS COAEPXKaHWe CbIporo npoTemHa B
cemMeHax parica nosbicunioce Ha 0,32 -1,14 %, cbiporo xupa Ha 0,70 - 2,17 %, uto
obecneumno yeenn4veHue cbopa cbiporo macna Ha 117-190 kr ra"l Hambonee BbICOKOe
cogep>kaHne CbIporo >Xumpa B cemMeHax, obecrieumno npumeHeHue donunkape- 48,77 % wn
TopgosiHoro anukcupa - 48,05 %. B cBsAsn ¢ 60nee BbICOKUM YPOXKaeM Mac/ioceMsiH, 6onee
BbICOKMIA BbIX0g 986 Kr ra-: noslyyeH Ha BapuaHTe, rfae B BUE BHEKOPHEBOM MOAKOPMKU
vcnons3osanu TopsaHOM annkemp.

OKOHOMUYECKNIA pacyeT rnokasbIiBaeT, YTO NpuUMeHeHUe TOpgAHOro afiMKcupa no cpaBHEHUIO
C APYTMMN MUKPOYA06peHMsaMU (Mpy peannsauMoHHoM UegHe panca 130 J1aT 3a TOHHY CEMSIH)
6onee adpheKTUBHO 1 0bGecneymBaeT YNCTbIM goxoa - 14 flart ra"l

MpegnoceBHass 06paboTka KAy6GHel M [ABOWHOe OMpPbICKMBaHWE BErETUPYIOLLMX pacTeHWUI
kapTodens TopsHbIM 3/IMKCUPOM B 3aBUCMMOCTU OT rofa MOBLICUIO YPOXaMHOCTb Ha 18-
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104 %. B cpegHem 3a ABa roga Ha MeJIKOAENSAHOYHbLIX OMblTax Mony4veHa 3HaunTesbHas
npubaeka ypoxasa - 0,81 kr M'2, To ecTb Ha 62% Bblille KOHTPONSA W Ha 46 % Bbiwe OT
npumeHeHus ygobpeHnia (tabnuua 3).

Tabnuua 3
Ypoxkali Kny6Hein kaptodensa Cainte ¢ 1 mr(Mepcparc)
BapyaHTi 2005 . 2006 . B cpenHem 3a 2 roga
wT Kr T Kr T Kr t
KOHTpO/ib 42 1,35 24 1,25 33 1,30 -
NPK 30 2,00 26 1,53 28 1,77 0,47
TopdsHOW anMKCnp 36 2,75 27 1,47 32 2,11 0,81
TopdsHow annkenp + NPK 52 4,13 33 2,24 43 3,18 1,88
HCPOjs 65 0,48 0,49

Hanb6onee athdeKTVBHbIM OKa3asiocb KOMMMIEKCHOE MPUMEHEHWE YA06peHuid n TopdsiHoro
3aIMKenpa, obecneymsllee Hamboslee BbICOKYIO MPUOaBKY ypoxas KapTodens - 1.ss Kr M',
T.e. Ha 145 % BbllWe MO CpaBHEHMIO C KOHTposieM. Kpome npubaBkn ypoxkasi, NpuMeHeHue
TopsHOro anukcmpa yckopuno Ha 4 -5 fgHell npoxoXaeHwue unsnonornyecknx as
KapTodens, OTMeYeHO MOBbILWEHNE YCTOMUMBOCTU K doutodpTope. CpegHwniA BeCc OAHOrO
KTyOGHS Ha KOHTPOMbHOM BapuaHTe cocTaenan 39 I, Npy BHECEHUW YA0OpPeHUi - 63 1, npu
06paboTke TOpPMAHLIM 3IUKCUPOM - 66 I, & NPU KOMMJEKCHOM MpuMeHeHUU TopdsaHoro
3/INKCMpa U yA0OPEHU -74 1. BUOXMMUYECKNIA aHann3 Ky6GHeid nokasas, YTo B BapuaHTe,
r4e VCrosb3oBaiv TONbKO TOPMSAHOW 3NMKCUP cofdepxXaHue Kpaxmana rnosbicnnocb Ha 0,8-
2,0 % no cpaBHEHWUIO C KOHTPONeM. B ocTanbHbIX BapMaHTax OHO CHU3W/OCL. NpuMeHeHMe
TophaHOro anukcupa B ABa pasa CHU3WIO cofepXXaHMe HUTPATOB B KNYOHAX kapTodiens.

BbiBOAbI
MprmeHeHMe TopthsaHOro annkKcmMpa nNpm 06paboTKe CeEMSAH parica nepes nocesom, B YC/10BUAX
61010 MYECKOr0 X03MCTBOBAHUSA, OKa3blBAeT MOMNOXUTENbHbIA 30(PeKT Ha POCT N pa3BUTUE
pacTeHWnin, ypoXamHOCTb U KAaUeCcTBO CEMSIH.
Mcnonb3oBaHne TOPMSAHOro anukeupa ans «6monornvyeckoin Koppekumm» pocta U passuTus
pacTeHWiA sipoBoro pamnca 3dEKTVUBHO M CMOCOOCTBYET YBE/IMYEHUIO YPOXKAAHOCTU W
KavecTBy MpPOAYKLUMUN.
O6paboTKa KNyOHEN W BereTUpPyWNMX pacTeHUin kKapTtodena TopsaHbIM  3/TMKCUPOM
obecreynBaeT 3HauUUTENbHYIO MPUbaBKy YypoXas, YyBe/luU4YeHUEe COLepXaHUsA Kpaxmana W
CHWDKEHWE HUTPATOB B Npoaykumn. Hambonee adhheKTMBHO NPUIMEHEHME €0 B KOMIIEKCe C
MUHepPabHbIMW YA0GPEHUSAMM.

Summary

Currently, the main scientific trend in the area of agriculture is to search and apply such
methods that raise the yield of cultivated plants and production quality without increasing a
mineral fertilizer dosage. One of the trends is the biologic correction of plant growing and
development. Effective means of the biologic correction is treating the plants with humin
preparation solutions. Our research target was to investigate how the Latvian-made humin
substance for harvest and production quality influenced the seed-tuber pre-sowing treatment
and the sprinkle of vegetative plants of spring rape and potatoes.

We applied the humin preparation - the domestically produced Peaty elixir (containing humin
substance to 10g/l, + microelements). The portion of pre-sowing treatment of the spring
rapeseed was as studied: 10, 15 and 20 ml/ 1 kg seed. To prepare the technological solution
we dissolved 10, 15, 20 ml of the concentrate within 1 litre of water. The dose for the seed
treatment: 100 ml/ 1 kg seed.
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The pre-sowing treatment of the spring rapeseed with humin substance solution Peaty elixir,
under conditions of biologic field, increased the seed yield to 0,19-0,31 t ha I as compared to
the control (without treatment). The highest seed yield under biologic field conditions was
1,57 t ha-1, when yield increment was 24,6% higher than the control - and was gained when
applying the dose - 10 ml /1 kg seed. The contents of crude fat in spring rapeseeds increased
to 1,57-1,88%, and crude protein to 1,01-2,26%. The pre-sowing seed treatment with the
Peaty elixir positively influenced the spring rapeseed plant development and structure.
Number of the shoots increased to 1-2, number of the legumes - 18-21, the seed number in
the legumes - 3-4, the gross of 1000 seeds to 0,12-0,24 g. The results of the trial confirm the
following: the use of the Peaty elixir in pre-sowing spring rapeseed under biologic agriculture
has been effective.

Thrice-repeated sprinkle of vegetative plants of spring rapeseed with humin preparation
solution (Peaty elixir - 1,5 1 ha -1) and micro-fertilizers (SUPLO MICRO for rape - the
magnesium and microelement concentration) - 1,5 1ha 1, Folicare 10-5-40 + microelements -
3 kg ha _1) increased the yield to 0,29-0,34 t ha _1 depending on the growing conditions. The
very highest increase in the seed yield, however, was gained when applying the Peaty elixir -
0,37 t ha "1 The highest crude fat content in the seeds was provided by the use of Folicare -
48,77%, and the Peaty elixir - 48,05%. Higher seed yield led to higher contents of crude fat -
986 kg ha -1 - was gained when as an external nutrition was applied the Peaty elixir.
Pre-sowing tuber treatment (technological solution - 10 ml for 1 1 of water), the treatment
dose - 100 ml /1 kg of potatoes) and twofold sprinkle (300 1/ha of technological solution - 5
ml of the concentrate / 1 1 of water) of vegetative plants of potatoes Sante with the Peaty
elixir, depending on the season, increased the yield to 18-104 %. During two year
experimental plotting we gained, on average, a remarkable increase in yield - 0,81 kg m",
which means 62 % more than the control and 46 % more than in the case when fertilizers
(NPK 10-10-20 - 500 kg ha _1) were used. Most effective, however, proved the compound use
of fertilizers and the Peaty elixir that provided the highest increase in the potato yield 1,88 k'2,
which means 145 % more when compared to the control. The use of the Peaty elixir
accelerated the process of the potato physiological stages for 4 - 5 days; and there was
marked a progressive steadiness to fitophthoros as well. Biochemical analysis of potato tubers
that were grown using the humin preparation proved that stark content increased to o ,s -2 ,0 %.
In other cases, it decreased. Nitrate content in the potato tubers decreased twofold when the
Peaty elixir was used.
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MYCOTOXIN PREVENTION AND CONTROL IN LINSEED
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Abstract. The present paper analyses mycotoxin contamination in six oilflax seed of theflax varieties
differing in the length of the growing season. The flax seed grown in precision field trials was analyzedfor
mycotoxin contamination at harvesting and during storage period.

The analyses done at harvesting revealed the traces of aflatoxin were identified only in the seed
samples of cvs. Lu-5 and Gold Merchant, while those of ochratoxin A (2.3 pg kg'} in the seed sample of cv.
Szaphir. All the seed samples tested were found positive for DON contamination, exceptfor cv. Blue Chip, but
the levels identified were very low. After 8 months of storage the levels of aflatoxin and ochratoxin A inflax
seed samples increased. Mycotoxin increasing immediately concerned with seed fungi contamination. These
indicators could be determining by moisture control such as seed drying.

Key words: Linum usitatissimum, linseed, fungi, mycotoxin, variety.

Introduction

Flax {Linum usitatissimum. L.) is unique in its high alpha-linolenic fatty acid content in seeds.
Alpha-linolenic fatty acid is an omega-3 fatty acid, which contributes to good human and
animal health (Wensing et ah, 1999). Flax seeds have been long-used in multi-grain cereals
and snack foods they are increasingly used as an ingredient in feeds for improved animal and
fish nutrition. The benefits of omega-3 fatty acids to pigs, cattle, horse ant other animals may
be in preventing young animals from developing infections (Wirths et al., 1985;
Mukhopadhyay, Ray, 2001; Ponter et al., 2006).

The quality of crop production produce during growing and storage is determined by the
natural conditions and anthropogenic factors. The diversity of fungi occurring on oil flax seed
is largely dependent on the growing conditions, however, some fungi species of
Colletotrichum, Fusarium, Rhizoctonia, Alternaria, Aspergillus, Penicillium genera occur in
all flax-growing countries (Mercer, Hardwick, 1991; Paul et al., 1991; Simay, 1994; Kumud
et al, 1997).

Oil flax seed coat contains about 5.1-11.7 % carbohydrate-mucilage substances, cotyledons
contain on average 25-45 % fat and up to 30 % protein. Apart from these substances, flax
seed contains carbohydrates, phosphorus compounds, that are similar to fat in their
composition, pigments, carotene, glycoside linamarine, enzymes (lipase, protease etc.) and
other substances (Stramkale et al, 2003). Flax seed is very hygroscopic, which makes it a
good medium for the occurrence of various fungi. During storage flax seed fungal
contamination level can vary due to various factors, such as moisture, changes or variations in
heat regime and other factors. With the spread of fungi the chances of mycotoxin formation in
food and feed occur. Mycotoxins are produced by fungi species of Fusarium, (De Nijs et al,
1996), Peniciliium, (Larsen et al, 2001), Alternaria (Stinson et al, 1980), Aspergillus
(Abarca et al, 1994) genera. Mycotoxins are detrimental to human and animal health (Fink-
Gremmels, 1999). These toxins in agricultural products cause health hazards to people and
animals and economical problem. Prevention measures of mycotoxin contamination in flax
seed are different. To design strategies for the reduction or elimination of mycotoxins,
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knowledge about their fungal sources is needed. The growth of fungi in crops and agricultural
products is the main cause of toxin formation and related to the concentration of the toxic
substances. Many factors are involved in enhancing the formation of mycotoxins. They are
plant susceptibility to fungi infestation, suitability of fungal substrate, temperate climate,
moisture content and physical damage of seeds, etc. (Semple et al.). The knowledge on
variety influence on seed mycotoxin contamination is limited.

Materials and methods
The oil flax tested was grown in a crop rotation at the Upyté Research Station of the
Lithuanian Institute of Agriculture in 2005. The six varieties with different maturity were
tested in the trial -Helmi (early), Szaphir (medium early), Symphonia (early), Gold Merchant
(medium early), Blue Chip (medium late), Lu-5 (late).
Fungal infection level of flax seed was analysed at the laboratories of the Lithuanian Institute
of Agriculture and the Upyté Research Station.
Analyses of seed microflora were done following Samson R.A. et al. (1992), Mathur S.G.,
Kongsdal O. (2003) methodology. Identification was carried out using Malone J.P., A.E.
Muskett (1997), CatTtoH 4. et al., (2002), Mathur S.B., Kongsdal O. (2003) descriptors.
Seed samples were analyzed by the ELISA (enzyme-linked immunosorbent assay) method
(Bennet et ah, 1994; Wilkinson et ah, 1992). The Veratox® aflatoxin, Veratox® DON 5/5,
Veratox® ochratoxin A test kits (Neogen, USA) were used for the analysis. Mycotoxin
extraction and tests were performed according to manufacturer s instructions. Multiskan MS
was used for the reading of immunoenzymic micro strips.

Results and discussion

Oil flax was sown on May s in 2005. The plants of oil flax varieties Symphonia, Blue Chip,
Szaphir, Gold Merchant, Lu-5 and Helmi started to emerge on May 13-18, and fully emerged
on May 20-25 (Table 1). All the tested cultivars matured at different time. The cultivars
Helmi, Symphonia and Szaphir reached yellow maturity stage the earliest, on August 3, and
their growing period lasted for 82 days. At that time cvs. Blue Chip, Gold Merchant and Lu-5
were at green maturity stage. The flax of cvs. Helmi, Blue Chip and Gold Merchant was
harvested on August 18, when most of the capsules had matured until yellow maturity. The
cultivar LU-5 matured the latest, on August 23, and the length of its growing period was 100
days (Table 1).

Table 1.
The data on the growing period of oil flax varieties (Upyte, 2005)
Growth stage Length of
. Start of . Green Yellow Pulling growing
Cultivar . . Flowering . . . -

germination* maturity maturity time period (days)
Blue Chip 18 05 09 07 19 07 15 08 18 08 92
Gold Merchant 17 05 09 07 19 07 14 08 18 08 93
Helmi 13 05 06 07 15 07 18 08 18 08 97
Lu-5 15 05 13 07 22 07 23 08 23 08 100
Symphonia 13 05 07 07 18 07 03 08 03 08 82
Szaphir 13 05 07 07 18 07 03 08 03 08 82

* - All cultivars were sown on May 6

Having analysed the seed for internal contamination at harvesting, we identified fungal
propagules of Alternaria, Fusarium, Pénicillium and Aspergilus genera (Figures 1-3). The
most abundant fungi were of Alternaria genus (from 20.0 to 42.5 % of infected seed) (Figure
1) and Fusarium genus (infected up to 50.0 % of seed) (Figure 2). The highest infection level
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with these fungi was identified on the seed of cv. Lu-5, although seed surface contamination
level was low. The seed of cv. Helmi had the lowest content of Fusarium propagules (7.5 %).
Of the other fungi identified in seed the following ones are worth mentioning: Coletotrichum

lini, Drechslera sp., Rhizoctonia sp., Botrytis cinerea, however, their total content did not
exceed 5 %.

m At harvesting 0O After 8 months of storage

551
51,5

'‘Blue Chip' 'Gold
Merchant'

'Helmi' 'Lu-5' 'Symphonia’ 'Szaphir'

Variety

Figure 1L The level of Alternaria spp. on flax seed at harvesting and during storage
Upyte 2005-2006

m At harvesting O After 8 months of storage

60

'‘Blue Chip' 'Gold 'Helmi' 'Lu-5' 'Symphonia' 'Szaphir’
Merchant'

Variety

Figure 2. The level of Fusarium spp. on flax seed at harvesting and during storage
Upyte 2005-2006
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m Aspergillus spp. at harvesting
M Pénicillium spp. at harvesting
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Figure 3. The level of Aspergillus sp. and Penicilium sp. on flax seed at harvesting and
during storage
Upyte 2005-2006

Flax seed was stored for s months in dry and cool premises and seed contamination tests were
done again in the spring of 2006. Seed surface contamination increased during storage. For
some varieties it increased especially markedly: in the seed of cv. Szaphir by 89.7 %, in
Symphonia by 92.8 % (Figure 1-3). It is noteworthy that fungal seed contamination of later-
maturing flax cultivars Blue Chip and Gold Merchant increased by 30.4 and 41.2 %,
respectively.

Analysis of seed contamination with fungi capable of producing mycotoxins of the six oil flax
cultivars at harvesting and during storage suggests that fungal contamination of seed was
more dependent on the weather conditions at harvesting and was less dependent on the
genotype of variety.

In 2005 flax seed contamination with mycotoxines at harvesting was low. Traces of aflatoxin
were identified only in the seed samples of cvs. Lu-5 and Gold Merchant, ochratoxin A
(2.3pg kg']) in the seed sample of cv. Szaphir (Table 2). DON was identified in all samples
tested, except for cv. Blue Chip, but the contents identified were very low.

Table 2.

Mycotoxin contamination of flax seed of various flax cultivars at harvesting and during
storage (LIA, 2005)
Mycotoxins jug kg'l

Cultivar At harvesting After 8 months ofstorage
DON Aflatoxin (total) Ochratoxin A Aflatoxin (total) Ochratoxin A
Blue Chip 0 0 0 trace 11
Gold Merchant trace trace 0 1.2 0
Heimi trace 0 trace 0 11
‘Lu-5’ trace trace 0 2.1 0
Symphonia trace 0 0 U 1,0
Szaphir trace 0 2,3 2,5 1.2
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Aflatoxin content in flax seed increased after s months of storage. The highest content of
aflatoxin (2.5jag kg'l) was identified in cv. Szaphir seed (Table 2). During storage ochratoxin
A contamination level in seed increased. Small contents of ochratoxin A were identified not
only in the seed samples of cv. Szaphir (1.2 pg kg']) but also in those of Blue Chip (1.1 pig kg'
") and Symphonia (1.0 pg kg"J).

The contents of mycotoxins identified in the flax seed of various cultivars were very low;
however, mycotoxin increasing trends were identified during storage. Mycotoxin increasing
immediately concerned with seed fungi contamination. In our opinion we can decrease
mycotoxin content when stop fungus spreading on seed during storage. However, these
indicators could be determining by seed moisture control at drying.

Conclusions
1. The flax cultivars Symphonia and Szaphir matured the earliest, the length of their growing
period was 82 days. The cultivar LU-5 was found to be the latest-maturing; the length of its
growing period was 100 days.
2. Analyses of flax seed internal fungal infection level at harvesting and during storage
showed the fungi of Alternaria genus (up to 42.5 % of seed infected) and Fusarium genus (up
to 50.0 % of seed infected) to be the most prevalent ones.
3. Fungal contamination of seed was more dependent on the weather conditions at harvesting
and was less dependent on the genotype of variety
4. Seed surface and internal infection with fungal propagules increased during the eight
months of storage. Seed surface contamination increased by 89.7 % and 92.8 %, respectively
of early-maturing cvs. Szaphir and Symphonia. Seed surface contamination increased by
30.4-67.9 % of later-maturing cvs.
5. The contents of mycotoxins identified in the flax seed of various cultivars were very low;
however, mycotoxin increasing trends were identified during storage.
s . If we suspend fungus spreading on seed during storage mycotoxin content would be lower.
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VAIRAKU BIOLOGISKI AKTTVU VIELU GENOTOKSICITATES
PETISANA
EVAIUATION OF THE GENOTOXIC EFFECTS OF SOME BIOLOGICALY
ACTIVE SUBSTANCES

Jekabs Raipulis, Malda Maija Toma
Latvijas Universitates Mikrobiologijas un biotehnologijas institats
Kronvalda bulv 4, Riga iekabs.raipulis@rpiva.lv

Abstract. There are more and more substances coming in contact with people and environment, they
have got genotoxic features, which cause hereditary illnesses and tumors. Though cancer treatment becomes
more and more effective, still the amount of deaths from tumors caused by harmful substances are increasing
from year toyear. To reduce the effects ofthese harmful substances, they should be detected and avoided
To perfom experiments using Saccaromyces cerevisiae mutagenicity testsystem and Escerichia coli SOS
chromotest to find out biologicaly active substances used in labs and industry, also its mixture or separate
compounds possessing genotoxicity with other substances. The genotoxic properties of 11 substances were
studied. Results showed thatformaldehyde, urethane, acridine orange, acridine yellow, furazolidone, nalidixic
acid, hidrogen peroxide, potassium bichromate, was a strong inducers of the genotoxic disorders.

Keywords: genotoxins, genotoxicity, mutagens, carcinogens, E.coli SOS chromotest.

levads
Veicot eksperimentus zinatniskajas laboratorijas un analizes medicinas un raZoSanas
laboratorijas, iznicinot mikroorganismus - virusus, baktérijas, sénites un vienStnus - tiek
izmantotas vielas ar augstu biologisko, taja skaitd mutagéno un kancerogéno (genotoksisko)
aktivitati [1]. Kontakta ar SIm vielam atrodas saméra daudz cilvéku. DiemZél par daudzam no
tam trdkst informacijas, kadas novirzes cilvékam tas izraisa. Galvena 3o vielu izmantoSanas
bistamiba ir saistTta ar to genotoksicitati (mutagenitati, kancerogenitati un teratogenitati), kura
neizpauzas taltt, bet gan péc gadu desmitiem vai tikai nakamajas paaudzés.
Talu ne tikai darbinieku saskarsmes dé| ar laboratoriju kimiju tas ir japéta. Genotoksicitates
parbaudes nepiecieSamibu nosaka vél sadi aspekti:
1) Qdenu un citu vides substratu piesarnoSana, kuros nonak laboratoriju kimija [2,3];
2) eksperimentu klidu veidoSanas, lietojot fiksatorus genétiska materiala izmainu pétisanai,
kuri pasi izraisa genétiskas izmainas [:1];
3) vielu ar dezinficéjoSam TpaSibam izmantoSana medicina, partikas produktu un kosmétikas
materialu pasargaSanai no infekcijam [3];
4) vairaku no Sim vielam izmantoSana plasaka razoSana (formaldehida, kalija dihromata,
OdenraZa peroksida u.c.), no kurienes tas nonak apkartéja vide [4,1].
Sis vielas jau ilgaku laiku ir zinatnieku uzmanibas centra, bet vél pilnigi drosi noteikt to
bistamibas pakapi cilvekam nevar. Neviena no Iidz Sim pielietotajam genotoksicitates
noteikSanas metodéem nedod 100 % atbildi par to, vai attieciga viela ir genotoksiska cilvékam,
vai nav. Ar visbiezdk izmantojamajam ekspresmetodém - Ames testu (Salmonella
tiphymurium testkulttiras) un Escherichia coli SOS hromotestu- iegdtie pozitivie rezultati 60-
70% sakrit ar So vielu kancerogenitati ziditajiem. Tacu, ja viela neuzrada genotoksisko
aktivitati ar minétajam testkultGram, tas vél nenozimé, ka tai nav Sadas iedarbibas uz
ziditajiem un cilvéku. It TpaSi tas attiecas uz vielam, kuras ziditdju organisma aktivé
citohroma P-450 sisttma. So vielu genotoksicitates izvértédanu un bistamibas noteik3anu
apgratina arT tas, ka vairums no tam aktivitati uzrada saméra Sauras pH, temperattras un
koncentraciju robezas. Masu darba mérkis bija vairdku sadzivé un laboratorijas izmantojamo
vielu parbaude uz genotoksisko aktivitati ar mikroorganismu testsistemam.
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Materiali un metodes

Darba izmantotas rauga Sacharomyces cerevisiae Peterhofas XII rases genétiskas linijas, no
kuram iegatas adenina deficitas (auksotrofas) diploidas ade2 géna heteroalélas H9 un H10
kultdras, ar kuram pétita spontanas un inducétads konversijas bieZuma rasanas un elpoSanas
defictto mutantu veidoSanas. Uzskaitot inducétds konversijas bieZumu un elpoSanas deficTtos
mutantus, analizéta formaldehida un wuretdna genotoksicitate [5]. Tapat izmantojam
konkrétajiem pétiSanas apstakliem loti jutigo un art precizi kalibréjamo Escherichia coli SOS
hromotesta metodi. Metode balstas uz divu fermentu - P-galatozidazes, kuras aktivitati
ietekmé DNS bojajumi, un DNS bojajumu neinducéjama fermenta - sarmainas fosfotazes
aktivitaSu spektrofotometriskas noteikSanas metodi [s]. Inducéjama fermenta P-galatozidazes
aktivitates palielinaSanas pret neinducéjama fermenta - sarmainas fosfotazes - aktivitati,
iedarbojoties ar analizéjamo vielu, liecina par bojajumu raSanos DNS molekula, t.i.,
genotksicitati. P-galatozidazes un sarmainas fosfotazes aktivitatates apréekina péc Kvaolarda
un Hofnunga metodes [7]: vienibas=A.420xI03/ (A::0=0ptiska blivuma vientbas= A420xI03/
pie 420 nm; t- substrata parveidoSana minadtés). Indukciju augstdku par 1,5 uzskata par
robezu, virs kuras pétama agenta iedarbiba ir izraisijusi genétiskas izmainas. Ar E.coli SOS
hromotesta metodi analizéjam vairaku laboratorijas un medicinas iestddés izmantojamo
dezinfekcijas vielu (kalija dihromatu, formaldehidu, Gdenraza peroksidu, furezolidonu),
fiksatorus, gatavojot citologiskus preparatus hromosomu aberaciju pétisanai (glutaraldehidu,
formaldehidu), preparatu krasvielas (akridindzeltenais, akridinoranzais), antibiotisko vielu
(nalidiksinskabi). Péttjam vielas, kuras izmanto olbaltumvielu izdaliSanai un liptdu SkelSanai
(hloroformu, acetonu), k& art vairakas anestézijas vielas, kuras Sobrid tiek izmantotas, veicot
kirurgiskas operacijas vai citas mediciniskas proceddras. Pétljumi veikti LU Mikrobiologijas
un biotehnologijas institGta.

Rezultati un to izvertéjums

Izmantojot E.coli SOS hromotesta metodi, més parbaudijam 11 laboratorijas saméra plasi
izmantotas vielas: krasvielas - akridindzelteno un akridinoranzo, fiksatorus - glutaraldehidu,
formaldehidu, dezinfekcijas un laboratoriju trauku mazgaSanas Itdzeklus - kalija dihromatu,
formaldehidu, GOdenraza peroksidu, Skidinatadjus - acetonu, hloroformu un medicina un
razoSana izmantojamo uretanu un nalidiksinskabi.

Indukciju, augstaku par 1,5, kas ir robeza, virs kuras vielu uzskata par genétiskas izmainas
izraisoSu, masu eksperimentos uzradija furazolidons, formaldehids, nalidiksinskabe, Gdenraza
peroksids, kalija dihromats, akridinoranzais un akridindzeltenais (1.tabula). Zem S$1s robeZas,
tatad neizraisa ticamas genétiskas izmainas - acetons, glutaraldehids, hloroforms un uretans

1.tabula
Ar E.coli SOS hromotesl u analizéto vielu genoto csicitate
N.p.k Viela Koncentracija, mg/ml Indukcija

1 Acetons - (CH3):CO 0,50 0

2 Akridindzeltenais 0,30 4,0

3 Akridinoranzais 0,25 1.8

4 Formaldehids - HCHO 30 2.2

5 Furazolidons 2,05 10,7

6 Glutaraldehids 0.10 0

7 Hloroforms 0,20 0

8 Kalija dihromats - K:CT:0O~ 0,20 1,7

9 Nalidoksinskabe 1,104 12,8

10 Uretans 0,50 0

11 UdenraZa peroksids - H-O: 1,10-4 3,3
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Par uretanu jau varéja prognozét negativu rezultatu, jo uretans ir metaboliski aktivéjama viela,
tatad genotoksisko aktivitati ieglst eikariotu S0nas, kuras ir citohroma cit-450 sistéma, kas
metabolizé ksenobiontus. Visaugstako indukcijas pakapi - 12,8 - uzradija nalidiksinskabe,
furazolidons - 10,7, citas zemaku. Genotoksicitates noteikSanai izmantotas vielu
koncentracijas ir zeméakas par letalitati izraisoSajam.

Formaldehida genotoksicitate tika noskaidrota, arT izmantojot S.cerevisiae mutaciju
noteik3anas sistému. Izmantoto formaldehida koncentraciju robezas no Ipg/ml lidz 70pg/ml,
rauga 3$unu izdzivotiba kritas no 99,8% Iidz 0. Sajas koncentracijas proporcionali
formaldehida devas pieaugumam palielinds alélas konversijas bieZzums, tacu elpoSanas
mutantu raSanas bieZzums ir niecigs. Formaldehids nelielas koncentracijas ir dabisks Sdnu
metabolits. lespéjams, tadé| ir ierobeZota tieSo punktveida mutaciju raSanas raugam.

» tabula ir apkopoti literatiras dati par masu pétito vielu genotoksicitati citas mutaciju
uzskaites sistémas.

2.tabula
Analizéto vielu genotoksicitate dazadas testsistémas
Vielas nosaukums Izrpan- Ames h?(?rr?o Z.Td_itaj_u Kaqce_rogéns Gongdo-
toSana tests sistémas cilvékam toksisks
tests
Acetons Skidinatajs
Akridindzeltenais Krasviela + +
Akridinoranzais Krasviela + +
Dihrom ats O ksidants + + Mikronukl ugr.
kancerogens
Formaldehids Fiksators, + + Klastogens 2.B gr.
dezinfekc. DNS kancerogéns
parravumi
mut. lim f.
Furazolidons Dezinfekc. + + M utageéns N av pétijumu Spermato-
toks.
Glutaraldehids Fiksators + - - - Embriotoks.
Hloroforms Skidinatajs - - +
Udenraza O ksidants + - +
peroksids
N alidoksinskabe Dezinfekc. + + N av Nav inform.
inform.
Uretans M edic. - - M utagéns Kancerogeéns

Formaldehida mutagéna aktivitate ir konstatéta daudzas organismu grupas no baktéerijam Iidz
ziditajiem (2.tabula) [8;4]. Formaldehidam ir konstatéts arT sinergiskais efekts mijiedarbiba ar
jonizéjoSo radiaciju un N-metilurinvielu eksperimentos ar Kinas karnisu plausu fibroblastu
Sanam [9]. Formaldehidam ir arT kancerogénais efekts ziditaju modelsistémas [10]. Lietojot
formalinu dezinfekcijai koncentracija (3,7%), tas izraisa DNS bojajumus analizéto augu un
sénu Sonas [1]. Tapat formaldehida kancerogenitate ir konstatéta epidemiologiskajos
pétijjumos cilvéku grupas, kas atrodas regularda saskaré ar formaldehidu. Noskaidrots, ka,
formaldehidu lietojot ka fiksatoru biologisko preparatu pagatavos$ana, tas izraisa hromosomu
parravumus. Tatad iegltie rezultati par kada faktora ietekmi uz hromosomu struktdru var
neatspogulot Tsteno sakaribu, jo preparata sagatavosana bads raditi bojajumi.

Rauga S.cerevisiae testsisttma uretana iedarbibas rezultatd palielinas gan alélas konversijas
biezums, arT elpoSanas deficito mutantu raSanas biezums, kas parliecinoSi apstiprina uretana
genotoksicitati eikariotu sisttmas. Zemakajas uretdana koncentracijas konversijas biezuma
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pieaugums ir proporcionals uretana koncentracijas pieaugumam. Tacu, sasniedzot noteiktu
uretana koncentraciju, konversijas biezums nepalielinas. So efektu var izskaidrot ar to, ka
uretana genotoksiska aktivitate ir atkariga no Stnas metaboliskds uretana parveidoSanas par
epoksietilkarbamidu [11]. Ja uretana koncentracija ir augstaka par to, ko spéj parveidot
metaboliskas aktivacijas sistema, konversijas bieZums nepalielinds. Uretanu izmanto
farmakologisko preparatu sastava, taja skaita ari ka pretvéZza Kimiskas terapijas Idzekli.
Uretana genotoksiskd aktivitate liek uzmanigi izturéties pret Sis vielas izmantoSanu
mediciniskajos preparatos un nonakSanu kontakta ar cilvéku. Tafu E.coli SOS hromotesta
eksperimentos uretans neuzrada genotoksisko aktivitati (1.tabula). Eksperimentali parbaudot
vairaku vielu genotoksisko efektu ar Saccharomyces cerevisiae konversijas inducéSanas testu
un E.coli SOS hromotestu, tika konstatéta abu testsisttmu zinama atSkiritba jutiba uz
noteiktdm genotoksiskajam vielam. Ta, pieméram, formaldehids un uretans, kuri loti efektivi
inducéja genétiskas izmainas S.cerevisiae testa, ar E.coli SOS hromotestu uzradija tikai vaju
genoioksicitati. Ja uretana iedarbibas atSkirtbas var izskaidrot ar citohroma P-450 trOkumu
E.coli SOnas - uretans ir metaboliski aktivéjamais genotoksins, tad formaldehida jutibas
atskirtbai irjameklé cits izskaidrojums.

Uretana un formaldehida vienlaiciga iedarbiba deva aditivo, t.i., summéjoSu konversijas
biezumu inducéjoSo efektu. Ta ka formaldehidam bija konstatéts sinergeétiskais efekts ar
daZziem citiem mutagéniem, to varéja sagaidit arT mijiedarbiba ar uretanu. Tomér Sis efekts
izpalika.

Parbaudot vairaku medikamentu iespéjamo genotoksicitati ar SOS hromotestu, konstatéjam,
ka preparats furazolidons izraisa ievérojamu mutaciju daudzuma pieaugumu. Furazolidons -
N-(5-nitro-2furfulidium)-3 - aminooksizolidons 2. Sastopams arT ar nosaukumu Diafurons,
Furosons, Neftins, Neokolens, Nifulidons u.c., dzeltens vai zalgandzeltens pulveris, bez
smarzas, ar raogtenu gar3u. Efektivs pret grampozitivdm un gramnegativam baktérijam. Lieto
galvenokart zarnu infekciju (dizentérijas, védertifa, paratifa) un partikas toksisko infekciju
arstéSanai. Lieto arT lambliozes un trihomonozes arstéSanai. Vaji iedarbojas uz strutainam un
anaerobam infekcijam. Izmanto alkoholisma arstéSanai, jo tas iedarbojoties caur
monoaminooksidazi (MAO) izraisa riebumu pret alkoholu. Furozolidonu izmanto ka
dezinfekcijas ITdzekli laboratorijas. Furazolidona kancerogénais efekts ir konstatéts pétijumos
ar zivim [12]. Ta genotoksicitates dél, cilvékiem vajadzétu censties izvairities no saskarsmes
ar to.

Antibiotiska viela - nalidiksinskabe, kam ir plaSs baktericidais iedarbibas spektrs un ko lieto
ka dezinfekcijas Iidzekli, uzrada augstu genotoksisko aktivitati mdsu pétijjuma ar SOS
hromotesta metodi, tdpat arT pétijumos ar Ames testu [2]. DiemZél literatdra nav atrodami
pétijumi, kuros §T viela batu parbaudita ar citam testsistémam eikariotu sistémas.

No laboratorijas izmantojamajiem citostatikiem, preparatu fiksatoriem, preparatu
krasvielam - dihromats. Gdenraza peroksids, akridinoranzais. PlaSi izmantojamais Gdenraza
peroksids ka spécigs oksidants veido hidroksila radikalu, kurs$ iedarbojas uz Stnu lipidiem,
olbaltumvielam un DNS. E.coli SOS hromotesta minétas vielas uzrada genotoksisko
aktivitati. Literatdras avotos ir atrodama informacija, ka kalija dihromatam un Gdenraza
peroksidam ir genotoksiska aktivitate augstako organismu testsisttmas (. .tabula) [14].

No apgrozibas hloroforms ka anestézijas Iidzeklis ir iznemts ta toksicitates dél. SOS
hromotestd hloroforms neuzrada genotoksisko aktivitati. Tagad hloroformu lieto galvenokart
laboratorijas lipidu SkidinaSanai un olbaltumvielu izdaliSanai, kur tas nonak saskaré arl ar
pétniekiem. Hloroforms rodas ari dzerama 0Gdens hloréSanas rezultata. Hloroforms ir
kancerogéns un gonadotoksisks augstakajiem organismiem [13]. Diemzél hloroforma
gentoksicitates noteikSana, taja skaita arT Gdeni, ir saistita ar vairakam problémam.
Hloroforma genotoksicitati var parbaudit, tikai iz8kidinot to ellas. Atkariba no ta, kada ella ir
skidinats hloroforms, izmainas ta genotoksicitate. Tadél hloroforma, kur§ veidojas dzeramaja
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Gdent hloréSanas rezultata, genoioksicitati pétit ir grati. Hloroforms turklat neizraisa
genétiskas izmainas mikroorganismu testsisttmas (Ames testa un Escherichia coli SOS
hromotestd), jo janotiek td metaboliskajai aktivéSanai. Augstako organismu 3anas hloroforms
tiek parversts par fosgénu, kur$ art izraisa genétiskos bojajumus [15]. Acimredzot hloroforma
testéSanai ar mikroorganismiem ir jaizstrada ta aktivacijas sistéma.

Ar E.coli SOS hromotestu parbaudijam art tris Sobrid medicind izmantojamos anestézijas
Iidzeklus - ketalaru, etomidatu un rekofolu. Ketalaram ar SOS hromotetstu tika konstatéta
genotoksiska  aktivitate. Ketalars -  2-(orto-horfenil)-2-(metilamino)-cikloheksanona
hidroksids, zinams arT ar nosaukumu kalipsols, ketamins, vetalars u.c. - ir balts, kristalisks
muskuli. Etomidats un rekofols atseviski neizraisija genotoksisko efektu. Tacu ketalara,
etomidata un rekofola maisijums deva : reizes augstaku genotoksisko efektu, neka lietojot
ketalaru vienu paSu. Tatad etomidats un rekofols, nebddami ar genotoksisko aktivitati,
palielina ketalara genotoksisko efektu. Sis fenomens vél irjapéta sikak

Genotoksicitates noteikSanas rezultati vienmér ir saistiti ar dazadu blakus faktoru ietekmi,
tadél dazados pétijumos, stradajot pat ar vienu un to paSu testsistému, nereti ir atSkirigi
rezultati. Svarigi, kddas vielas vienlaicigi ar parbaudamo vielu atrodas maisijuma. Pieméram,
H:0: genotoksisko aktivitati ievérojami paaugstina dzelzs jona klatbatne [16]. Vai arT C
vitamTnam nav genotoksiskas aktivitates, bet vara klatbatné ta paradas. Acimredzot abos
gadijumos veidojas aktivie skabekla radikali, kas arT izraisa DNS bojajumus. Formaldehids
tird veida nav izteikti genotoksisks, bet fiksatoros kopa ar etanolu izraisa ievérojami vairak
DNS bojajumu. Formaldehids klast genotoksiskaks arT pie pH 3 un 40°C, salidzinot ar
aktivitati pie pH 7 un istabas temperatra. Mdsu pétijuma iegatie rezultati liek loti rapigi
izvertét tas vielas un reagentus, ar kuriem laboratorijas un sadzivé biezi nonakam saskaré, ja
tie uzrada genotoksisko aktivitati jau mikroorganismu testsisttmas. Tomér galigos
secingjumus var izdarit tikai tad, ja ir veikti ne tikai pétijumi, bet arT ar apkopoti
epidemiologiskie materiali [17].

Summary

In this day pollution by organic compounds in the environment extends widely and the effects
on human health are feared. More substances coming in contact with people and environment
have got genotoxic features, which cause hereditary illnesses and tumors. Though cancer
treatment becomes more and more effective, still the amounts of deaths from tumors caused
by harmful substances are increasing from year to year. To reduce the effects of these harmful
substances, they should be detected and avoided. Determination of genotoxic pollution and it
dangerousness for living being is possible only with using biological methods. Unfortunately,
there is no one universal system what lets us to determine the genotoxicity of some chemicals,
which are widely used in laboratories (for scientific and practical purposes) as organic
solvents, cytostatics, disinfectants and at al.

The researches are based on the yeast Saccharomyces cerevisiae and SOS chromotest of the
bacteria Escherichia coli test systems. Saccharomyces cerevisiae diploids H9 and H10 were
obtained from Peterhoff genetic lines of XII race yeast. Heteroallelic diploids are adenine-
deficient, and they accumulate red pigment in their cells. The number of secondary white
colonies estimates the frequency of conversion. [5] Genotxicity assays were carried out using
SOS chromotest. This test is base on using the genetically modified Escherichia coli PQ37
strain, in which the lacZ is under the control of the sfiA gene. [¢] Genotoxicity in samples
was detected measuring the activity of SOS response of tester organism by evaluating fi-
galactosidase and alkaline phosphates activities were calculated according to Quillardet and
Hofnung [7] unites=As20x1lo 3t (A«z20=0ptical densisty units= As20xI034 at 420 nm; t- substrate
conversion time in min). The SOS chromotest has been successfully applied for estimation of
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chemical compounds, which are industrially important, and widespread in the environment
and in our food.

To perform experiments using SOS chromotest to find out biologically active substances used
in labs - acetone, acridine orange, acridine yellow, chloroform, formaldehyde, furazolidone,
glutaraldehyde, hydrogen peroxide, nalidixic acid, potassium dichromate and urethane.

The induction efficiency of gene conversion as well as the induction of respiratory-deficiency
mutants of mutagens’ both weak with expressed carcinogenity - urethane and strong with
indistinct carcinogenity - formaldehyde where analyxed with help of Saccharomyces
cerevisiae gene ade-: lines adopted for the registration of gene conversion and respiratory-
deficiency mutants. It was found that the activity of gene conversion induction depending on
the substance concentration increases when the amount of yeast cell treatment substance
grows. Increasing the amount of uretane more, the linear relationship disappears. It is known
that the genotoxicity of uretane depends on its’ metabolic activation. Therefore these results
show that enzymes that metabolize urethane are able to convert only certain amount of
urethane. Urethane induces respiratory-deficiency mutants as well.

Formaldehyde is an extremely reactive chemical that interacts with proteins, DNA and RNA
in vitro. Formaldehyde is bactericidal, sporicidal and virucidal.

Formaldehyde induces the increase of conversion frequency as well. It takes place in formalde
sublethal doses. The fact that formaldehyde induces gene conversion well and it causes the
formation of respiratory-deficiency mutants at test that formaldehyde has carcinogenic
activity. The genotoxic properties of 11 substances were studied using SOS chromotest.
Results showed that furazolidone, nalidixic acid, hydrogen peroxide, potassium dichromate,
acridine orange and acridine uellow was strong inducers of the SOS-repair system in strain of
E.coli PQ37. The maximum values of IF coefficient of nalidixic acid influence was 12,8 at a
dose 1.10. of furazolidone - was 10,7 at a dose of 12,5 nmol per sample. Therfore, nalidxic
acid and furazolidone undoubtly is a genotoxic compounds. The hydrogen peroxide IF
coefficient was 3,3 at a dose 1.10'4. Hydrogen peroxide is a widely used biocide for
disinfection, sterilization, and antisepsis. H:0: is considered environmentally friendly,
because it can rapidly degrade into the innocenous products water and oxygene. H:0: act as
an oxidant by producing hydroxyl free radicals which attack essential cell components -
lipids, proteins, and DNS.

Furazolidone is a synthetic nitrofuran with a broad spectrum of antimicrobial actions and has
been widely used as bacteriostatic drug in both humans and animals. Although the genotoxic
activity of 5-nitro-furans, including furazolidone has been documented, their mechanism of
action still remains unclear. The genotoxic effects of furazolidone are assumed to be due
mainly to the products of its oxido-reductive metabolism, formation of incomplete reduction
products (hydrogen peroxide and hydroside radicals). Furazolodone has carcinogenic effect
on fishes. [12]

Our results suggest the necessity to follow strict rules while working with the tested
chemicals.

Secinajumi

1. Ar rauga Saccharomyces cerevisiae mutaciju uzskaites metodi un Escherichia coli SOS
hromotesta metodi analizéta dazu medicinas preparatu un laboratorijas izmantojamo vielu
genotoksicitate.

2. Ar SOS hromotesta metodi genotoksiskd aktivitate tika konstatéta krasvielam
akridindzeltenais un akridinoranzais, dezinfektoriem - formaidehidam, kalija dihromatam,
OdenraZa peroksldam, furazolidonam, antibiotiskajai vielai nalidiksinskabei un anestézijas
Iidzeklim ketalaram.
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10.

11.

12.

13.

14.

15.

16.

17.

Ar rauga Saccharomyces cerevisisae mutaciju uzskaites metodi genotoksicitate konstatéta
formaldehidam un uretanam.

Ar SOS hromotesta metodi netika konstatéta genotoksiska aktivitate acetonam,
glutaraldehidam, hloroformam un uretanam, kuram rauga mutaciju uzskaites sistéma ir
izteikta genotoksiska aktivitate.

Salidzinot rezultatus, kas iegdti, dazadam vielam nosakot genotoksicitati ar SOS
hromotesta metodi, rauga S.cerevisiae metodi un literatira atrodamajam vél citam
metodém, jasecina, ka ar dazadam metodém iegatie rezultati ne vienmér sakrit, kas
apliecina, ka jaizmanto vairdkas metodes, lai varétu parliecinoSi apstiprinat vai noliegt
kadas vielas genotoksicitati arT attiectba uz cilvéku.
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CHEMICAL COMPOSITION OF TILE GLAZE AS POTENTIAL
SOURCE OF SOIL CONTAMINATION
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Abstract. The paper deals with the chemical composition of coloured glaze of 16 tilesfrom restored
furnace of BirZai castle. It demonstrates that glaze is enriched with different elements compared to soil and
therefore can be one of the multiple contamination sources of soil, especially in the old urban quarters. High
variability of element contents in glaze is predetermined by its colour. However, Bi, Sb, Ag, Pb, Sn, Cu are
elements-indicators ofcoloured glaze chemical composition. 1 g ofcoloured glaze added to 1 kg ofsoil causes at
least medium level of local contamination.

Keywords: colour, contamination indices, glazed tiles, heavy metals, historical quarters, urban soil

Introduction

Intensive anomalies of heavy metals and (or) other toxic chemical elements are often found in
the old urban quarters, e.g. in Senamiestis and Naujamiestis districts of Vilnius [1]. Some
anomalies there can be explained by historical development, when the old constructions are
ruined and their debris becomes soil constituent. The breakage of coloured glazed ceramics is
a frequent ingredient of old cultural layers. The aim of research was to determine the
elements-indicators of the coloured glaze of tiles and to find out if coloured glaze can be the
source of local anomalies of heavy metals and other toxic chemical elements in urban soil.

Materials and methods
The analytical results of glaze of 16 tiles from restored furnace of Birzai castle were used for
evaluation. There were 10 different colours of glaze: sky blue (2 samples), white (3 samples),
black (4 samples), blue, turquoise, green, yellow, brown, purple and colourless (1 sample of
each). AES analysis was done in laboratory the Institute of Geology and Geography
(Lithuania). The real total contents of the following elements were determined: Ag, As, B, Ba,
Bi, Co, Cr, Cu, Ga, Mn, Mo, Ni, P, Pb, Sb, Sn, Ti, V, Y, Zn, Zr, and W. Quality control of
laboratory is assured by its participation (since 1997) in “International Soil-analytical
exchange” program organised by WEPAL. For evaluation of the relative enrichment of
chemical elements in glaze compared to soil, the coefficients of concentration (Kk) were
calculated. Their values for most elements were computed in comparison with Lithuanian soil
background values [2], except for Sb, Bi and W, the soil background values of which
(1 mg/kg, 0.2 mg/kg and 1.7 mg/kg, respectively) were based on investigations in other
countries. Mean values of Kk were calculated for sky blue, white and black glaze in order to
compare with glaze of other colours. Only 13 elements, i.e. Ag, As, Bi, Co, Cu, Mn, Mo, Ni,
Pb, Sb, Sn, Zn, W were chosen for characterization of glaze, because their Kk (or mean Kk)
were higher than 10 in at least one glaze colour. For each colour the elements were subdivided
into groups according to the following intervals of Kk (or mean Kk): | (Kk>10000);
I1 (10000>Kk>1000); Il (1000>Kk>100); IV (100>Kk=>10). In each group the elements were
listed according to descending values of their Kk (As and W were mentioned only when their
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content was above the detection limit). Also additive accumulation indices Za were calculated
for each colour by summing up Kk of 11 elements (except for As, W). For each of these
elements and each glaze colour the mass of this glaze added to 1 kg of soil and resulting in the
element content in contaminated soil higher than maximum permitted concentration (MPC)
was calculated. Possible contamination level of 1 kg of soil by 1 g of each glaze colour was
also estimated according to the same 1: elements.

Results and discussion
According to Za the glaze of different colour can be arranged in the following way: blue >
purple > white > yellow > brown > black > sky blue > turquoise > colourless > green (Fig. 1).

Fig. 1. Average additive accumulation indices (Za) of various colour glaze

Enrichment in Bi, Sh, Ag, Pb, Sn, Cu is observed in glaze of all colours (Table 1). Therefore
these s elements are indicators of glaze. Arsenic is also found in almost all glazes, except for
colourless, green and brown. Besides, some colours are characterised by specific elements:
blue glaze by Co(Kk=20380), Ni(327), Mo(149), purple by W (441), Mn(64) and Zn(12),
brown by W (403), Mn(l 10), Co(31), Zn(19), black by W (155) and Mn(l 10).

Table 1
Distribution of elements among groups in glaze of different colour
Glaze I (Kk>10000) 11 (10000>Kk>1000) 111 (1000>Kk>100) IV (100>Kk>10).
Blue Bi>Co>Pb Ag>Sn>Sb>/is Cu>Ni>Mo -
Purple Bi>Sn Pb Ag>Sh>W>/ts>Cu Mn>Zn
White Bi, Sn, Ag Pb Sb, Cu
Yellow Sh, Pb Sn Ag, Bi, As Cu
Brown Pb, Ag Bi Sb, W, Sn, Mn Co, Cu, Zn
Black Bi Pb, Ag, Cu, Sb Sn, W, As, Mn :
Sky blue Sn, Pb Sh, Ag Bi, Cu, As
Turguoise Sn Pb, Cu, Ag, Bi Sh, As -
Colourlessc Pb Ag Sb, Sn Bi, Cu
Green - Pb, Ag, Cu, Bi Sb Sn

The group of coloured glaze with Za>100000 is predetermined by the highest enrichment
(Kk>50000) in Bi, followed by Sn, Pb (Kk>5000) (Fig. 2), the group with Za from 25000 to
50000 is - by high enrichment (Kk>5000) in Pb in different combinations with Sb, Sn, Bi, Ag
depending on the colour (Fig. 3) and the group with Za<25000 - by the highest accumulation
(Kk>5000) of Pb and Ag, for green colour also with high Kk (>1000) of Cu and Bi (Fig. 4).
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Fig.2. Enrichment of elements in coloured glaze group with highest (>100000) Za

Fig. 3. Enrichment of elements in coloured glaze group with medium (25000-50000) Za

Fig.4. Enrichment of elements in coloured glaze group with lowest (<25000) Za
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There is distinct grouping of white and black graze samples, but not sky blue samples
according to s elements-indicators (Fig. 5). Also the group of the colours with the highest
enrichment in 11 elements (blue, purple and white glaze) is well separated from other colours.

Tree Diagram for 16 Cases
W ard's method

Euclidean distances

Fig.5. Cluster analysis results of glazes according to enrichment of Bi, Sb, Ag, Pb, Sn, Cu
Explanation: “turquois” - turquoise, “skyblue” - sky blue, “colourle” - colourless, the colour is followed by the
number.

For most of the above-mentioned 11 elements (except for Mn), the median concentration
coefficients in all analysed glazes are higher than 1, indicating enrichment of glaze in these
elements (Fig. ). Six elements-indicators of glaze (Pb>Sn>Ag>Bi>Sb>Cu) have much
higher median enrichment compared Zn, Co, Ni and Mo.

Fig.6. Median enrichment of elements in all investigated glaze
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Two indices are used in Lithuania for evaluation of soil quality in residential districts:
coefficient of danger Ko and total (additive) contamination index Zd [3]. The first one is
calculated as a ratio of element content in soil to maximum permitted concentrations (MPC)
in soil. The index Zd depends on the number of contaminants and sum of their concentration
coefficients, which are calculated by dividing the element concentration in soil by its
background value. Investigations in Russia [4] and later in Vilnius [5] have shown that Zd
index is related to sick children rate. The same four categories of danger can be determined
according to each index: allowable (A), medium dangerous (MD), dangerous (D) and
extremely dangerous (ED). Soil quality is estimated by choosing the more dangerous category
from two different categories (according to Ko and according to Zd). Medium dangerous,
dangerous or extremely dangerous categories of soil contamination will be called hazardous
contamination.

To show the possibility of the above-mentioned 11 elements to form anomalies in urban soil
contaminated with breakage of glazed tile, the following estimation has been done. For each
element and each glaze colour the minimum mass of glaze, the addition of which to 1 kg of
soil results in element soil content higher than its MPC, was calculated (Table 2). When
element content exceeds MPC, soil contamination is hazardous. While Bi has no MPC, the
limit of its 16 background values was chosen instead of MPC. This is because when the
concentration coefficient of an element exceeds 16, the element alone causes hazardous soil
contamination. The limit of 16 background values was chosen also for W, as it has no defined
MPC values. The following classification of masses was chosen: <1 g extremely low mass, 1-
10 g - low mass, 10-100 g - medium mass, 100-500 g - high mass, >500 g - not realistic
mass.

It is obvious that the elements-indicators of glaze pollution (Pb, Sn, Ag, Bi, Sb and Cu) can
create hazardous soil contamination. Very low mass of whatever glaze colour added to 1 kg of
soil creates hazardous soil contamination by Pb (Table 2). Hazardous soil contamination by
Sn can be created by very low mass of most glaze colours (except for brown, black, colourless
and green) or medium mass of whatever glaze colour. Hazardous soil contamination by Ag
can be formed by low mass of most glaze colours (except for yellow, purple, sky blue and
turquoise) or medium mass of whatever glaze colour. Hazardous soil contamination by Bi can
appear due to very low mass of blue, purple, white or black glaze, medium mass of most glaze
colours (except for yellow and colourless) or high mass of yellow glaze. Hazardous soil
contamination by Bi from colourless glaze is not realistic. Hazardous soil contamination by
Sb can be caused by very low mass of yellow glaze, low mass of blue, black or sky blue glaze
or medium mass of whatever glaze colour. Hazardous soil contamination by Cu can be caused
by low mass of black, turquoise or green glaze, medium mass of blue, purple or sky blue
glaze or high mass of white or yellow glaze. Hazardous soil contamination by Cu from brown
and colourless glaze is not realistic.

Hazardous soil contamination by other 5 elements (Zn, Co, Ni, Mo and Mn) is either not
realistic at all (Zn) or can be formed only by some colours of glaze (Co - by very low mass of
blue glaze or high mass of brown glaze, Ni and Mo - by medium mass of blue glaze, Mn - by
medium mass of purple, brown or black glaze).

Some glaze colours are enriched with As or W. Medium mass of purple or brown glaze will
result in hazardous soil contamination by W. Low mass of blue, medium mass of purple,
yellow, sky blue or turquoise glaze result in hazardous soil contamination by As.

While each colour of glaze is enriched with many elements, even very low mass of glaze can
create hazardous soil contamination. The theoretical contamination levels were calculated for
1 kg of soil contaminated by 1 g of different colour glaze (Table 3). It is obvious that even
very small mass : @) of each glaze colour creates at least medium dangerous category of
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contamination. This is because in all cases at least one element (Pb) exceeds its MPC. The
MPC values of Sn are also often exceeded, in blue glaze - of Co and in yellow glaze - of Sh.
The categories of soil contamination due to exceeding MPC values are usually medium
dangerous (except for Co in blue glaze and Pb in brown glaze, which cause dangerous
category of soil contamination). The final category of soil contamination is predetermined by
Zd index, which ranges from 17 for green glaze to 235 for blue glaze. Blue or purple glaze
causes extremely dangerous category of soil contamination, white, yellow, brown, black or
sky blue - dangerous and turquoise, colourless or green - medium dangerous. All this proves
that chemical composition of tile glaze is potential source of soil contamination.

Table 2.
Estimation of the mass of different colour glaze to be added to 1 kg of soil for creating
hazardous soil contamination

Pb Sn Ag Bi Sb Cu Zn Co Ni Mo Mn

Soil background (mg/kg) 151 . 0.065 0.2 1 89 281 46 ... 0.67 390

Soil MPC (mg/kg) 100 10 2 10 100 300 30 75 5 1500

16 background values (mg/kg) 242 32 1 3 16 142 450 74 202 1 6240
Element content (mg/kg) in glaze

Glaze colour Pb Sn Ag Bi Sb Cu Zn Co Ni Mo Mn

Blue 187500 10000 350 37500 2250 7250 55 93750 4125 100 213

Purple 150000 25000 63 25000 525 1400 350 450 625 5.8 25000

White 133333 26667 833 16675 177 540 40 2.2 85 05 93

Yellow 214286 11429 43 29 28571 400 74 74 143 11 34

Brown 285714 714 1000 243 571 214 543 1429 529 54 42857

Black 93533 803 384 3149 2377 45580 219 172 301 34 42763

Sky blue 162500 26667 150 106 6797 2457 37 327 171 0.8 9%

Turquoise 142857 21429 143 243 300 21429 157 371 371 13 271

Colourless 235294 235 353 6 565 118 176 o8 224 0.6 71

Green 88889 133 333 300 444 27778 33 14 104 0.6 89

Mass of glaze (grams) to be added to 1 kg of soil in order to exceed soil MPC or limit value

Glaze colour Pb Sn  Ag Bi Sb Cu Zn Co Ni Mo Mn

Blue 045 080 556 o1 402 127 0.27 154 456

Purple 057 032 320 0.1 175 701 5438 1693 5773  47.2

White 0.64 030 233 0.2 540 207

Yellow 040 070 474 118 032 304

Brown 030 114 194 125 160 797 1120 225 10103  26.8

Black 091 .. 5.07 10 380 .00 26.9

Sky blue 052 030 131 291 133 387 9525

Turquoise 059 037 137 125 310 427 3556

Colourless 036 355 551 1118 162 5162

Green 096 649 584 ... 207 329

Explanation: not realistic mass of glaze, which is necessary to add to 1 kg of soil for creating its hazardous
contamination is indicated in bold. As Bi has no defined MPC values, the value equal to its 16 background
values was used as a limit value for determination of hazardous soil contamination.

Of course the mobility of contaminants in glaze should be studied. It is only known that
elements in overglaze-decoration are mobile, because acid leaching 24-h tests with 4% acetic
acid applied to overglaze-decorated porcelain dinnerware manufactured in European and
Asian countries before the mid-1970s showed that half of the samples released lead in
concentrations exceeding the US allowable maximum of 3.0 pg/ml and that there were dishes,
which released Cd, Zn, Co, Cu and Cr [s].
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Table 3.
Estimation of soil contamination level, when 1 g of glaze is added to 1 kg of soil

. . . Contamination categories
Element Kk in contaminated soil 9

Colour zd according to

Po Sn Ag Bi Sb Cu zZn Co Ni Mo Mn zd Ko Both
Blue 134 «, 64 18 32 .. 10214 13 .. 10 235 ED D(Co),MD(Pb, Sn) ED
Purple 109 135 ., 126 15 :>. 10 10 10 .o .: 150 ED MD(Pb,Sn) ED
White 98 143 138 843 .. :: 10 10 10 .o 10 119D MD(Pb,Sn) D
Yellow 152 67 17 .. 295 10 10 10 10 10 10 50 D MD(Pb,Sn, Sh) D
Brown 199 14 164 .. .5 10 10 10 10 10 .. 38 D D(Ph) D
Black 72 14 69 167 34 .. 10 10 10 10 .. 37 D MD(Pb) D
Sky blue 117 143 33 15 78 13 10 10 10 10 10 35 D MD(Pb,Sn) D
Turquoise 105 11.7 32 .. 13 34 10 10 10 10 10 27 MD MD(Pb,Sn) MD
Colourless 166 .. 64 10 ., 10 10 10 10 10 10 23 MD MD(Pb) MD
Green 69 1. 1 25 14 41 10 10 10 10 10 17 MD MD(Pb) MD

Possible categories of danger according to KG A - allowable (Ko<1), MD - medium dangerous (1<K.<3), D -
dangerous (3<Ko<10), ED - extremely dangerous (K.>10). Possible categories of danger according to Zd: A -
allowable (Zd<16), MD - medium dangerous (16<Zd<32), D - dangerous (32<Zd<128), ED - extremely
dangerous (Zd>128).

Conclusion

The elements with the highest median accumulation in the coloured glaze of tiles compared to
soil background are Pb>Sn>Ag>Bi>Sb>Cu. They are indicators of chemical composition of
all colours of glaze. High enrichment of glaze in As is also usual. The contents of the
elements in glaze are related to their colour, so high enrichment in Co, W, Ni, Mn, Mo, Zn is
characteristic of some colours. Different glaze colours can cause unequal level of soil
contamination. For some elements (especially Pb and Sn, in some of glaze colours also Bi,
Sb, Co), even 1 g of glaze added to 1 kg of soil can create hazardous soil contamination by
this element. While each colour of glaze is enriched with many elements, this mass of glaze
always creates hazardous soil contamination. So it is obvious that glazed tile breakage can
form local heavy metal anomalies in urban soil. Such anomalies can also be found in the sites
of manufacturing of ceramics. For explanation of anthropogenic anomalies in soil it is
recommended to take interest in urban history. It is not recommended to bury the breakage of
glazed multicolor ceramics in the ground of the garden, especially if it is used for vegetable-
growing, horticulture or other agrarian purposes.
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BARIBAS PIEDEVAS BIOLOGISKAJA KAZKOPIBA
FEED ADDITIVES INNUTRITION OF ORGANIC GOAT
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Abstract. Goatsfed on high quality and valuable forage provide the production of high quality milk
and dairy product Improper and poor feeding during lactation period reduce milk yield, weaken animal’s
organism, has an influence on breeding andfertility ability and metabolic processes in goats. The goal of our
research was to assess the influence of differentfeed additives on organic goat milk productivity and quality
indices. In Latvian local goatfeeding of sunflower cake and buckwheat meal increased milk yield by 7,3%,
reducedfeed units by 3,8% and by 5,2% reduced consumption ofdigestible protein as well as increased milkfat
and protein content in goat milk by 10% and 4,74 respectively compare to control. Feeding ofwheat bran and
buckwheat meal increased milkyield by 54%> reducedfeed units by 1,5% and by 3,0% reduced consumption of
digestible protein as well as increased protein content in goat milk by 3,0% compare to control. Results of milk
analysis on milk cells cytology and immunity indices show thatfeed additives used, and particularly sunflower
cake and buckwheat meal, have a beneficial effect on immunity in animal organism.

Keywords; Immunity, organic goat, nutrition.

levads

PaSreizéja situacija Latvijas lauksaimnieciba liek zemnieku saimniectbdm meklét iespéjas
jaunu biznesa veidu attistiSanai, un ka vienu no tiem varétu minét biologiskas
lauksaimniecibas virzienu - kazkopibu. Oficiali biologiska lauksaimnieciba un arT kazkopiba
Latvija sevi ir pieteikusi kop$ 1991.gada, tacu par nopietnu nodarbo8anos ilgi netika uzskatrta.
Tikai pédejos piecos gados kazkopibas biologiski razotie produkti sidk biezak paradities
Latvijas tirgh. Pircéjam vispirms ir japarliecinas, ka tie vinu veselibai ir vislabakie, un tikai
abpuséja izpratne patérétaja un razotaja starpa veicinas 8is partikas izplatibu tirgt. Kazkopibas
produkcijas raZotdjiem un patérétajiem paliga janadk zinatnei, kas pieradis So produktu
droSumu, veseligumu, ka arT rentablas raZzoSanas iespéjas.

Saja darba més novértéjam, ka dazadas baribas piedevas ietekmé kazu veselibu, vinu
imunitates sistemu un piena produktivitati un kvalitati. DiemZél ir loti maz darbu, kuros ir
pétiti kazu piena citologiskie un imunologiskie faktori [1]. Kazu imunitates sistéma realizé
organisma aizsardzibu no virusiem un vielam, kuras nes sveSu genétisko informaciju [2]. T-
.B- limfoctti un A - Sdnas ir imunitates sisttmas galvenie faktori. Kopa ar tiem organisma
aizsardzibd piedaldas imanglobulini, taja skaitd cirkul&joSie imankompleksi (CIK), k& art
piedalas ta saucamie organisma aizsardzibas nespecifiskie (dabiskie) faktori - fagociti un
humorélie faktori (lizocims u.c.) [3]. Nosaukto imunitates komponentu izmekléSana var
atspogulot un atspogulo ne tikai kazu organisma veselibu, bet arT eksogéno un endogéno
faktoru ietekmi uz to.

Materiali un metodes
Izmégindjumu veicam Talsu rajona zemnieku saimnieciba “Bérzi”, izméginajuma periods -
184 dienas. SagatavoSanas periods, kurs ilga divas nedélas, édinasanas, turéSanas un kopsanas
apstakli visam izmeéginajuma ieklautajam Latvijas vietéjam kazam bija vienadi. Pirmo cetru
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izmégindjuma meneSu shéma paradita l.tabula. Pétljuma grupas tika ieklauti 2. lidz 4.
laktacijas kazas ar I1dzigu miesas uzbdvi un barojuma pakapi.

1tabula
Izméginajuma shéma
Dzivnieku -
Grupas skaits grupa Baribas deva
1.kontroles 10 Ganibu zale + siens + auzu milti + kvieSu milti + griku
milti(PB)
2 .izméginajuma 10 PB (ganibu zale + siens + auzu milti + kvieSu milti +
griku milti) + 0,2 kg kviesu klijas
3.izméginajuma 10 PB (gantbu zale + siens + auzu milti + kvieSu milti) +

0.1 kg griku milti + 0.1 kg saulespuku rausu

Baribas vielu vajadzibu dzivniekiem noteicam atbilstoSi kazu dzivmasai un izslaukumam,
vadoties péc Latvija pienemtajiem normativajiem noteikumiem [4].

Baribas vienibu, kopproteina, sagremojama proteina, kalcija, fosfora, karotina un galveno
biologiski aktivo vielu daudzuma pirmas, otras un tre$as grupas kazu baribas devas bija
praktiski I1dzvértigas (2., 3., 4. tab.), nemot véra lopbaribas katalogu vid€jos radttajus.

2.tabula
Diennakts baribas deva pirmas kontroles grupas kazam
i, i, . Daudzums, Baribas Sagremojamais P, Karotins,
Baribas lidzek]i kZ vienibas, kg groteir{s, g Ca. g Z mg
Ganibu zale 5,0 1,0 83 8,5 4,0 125
Siens 1,0 0,47 45 8,9 7,2 30
Auzu milti 0,8 0.8 72 0,8 2,4 -
KvieSu milti 0.1 0.1 12 0,1 0,3 -
Griku milti 0,2 0.,2 40 1,2 1.8 -
Kopa X 2,57 252 195 10,7 155
3.tabula

Dienna cts baribas t eva otras izmégindjumu grupas kazam

_ - . Daudzums, Baribas Sagremojamais P, Karotins,
Baribas lidzekl; kZ vienibas, kg groteir{s, g Ca g S mg
Ganibu zale 50 1.0 83 8,5 4,0 125
Siens 1,0 0,47 45 8,9 2,2 30
Auzu milti 0.8 0,80 72 0,8 2,4 -
KviesSu injas 0,2 0,20 26 0,2 1,2 -
KvieSu milti 0.1 0,10 12 0.1 0,3 -
Griku milti 0.1 0,10 20 0.1 0,3 -
Kopa X 2,67 258 18,6 10,4 155

Ar pirmo oktobri visu grupu kazas saka sanemt 3 kg skabsiena un 1,5 kg siena un augstak
minétas piedevas.

Tad pirmas kontroles grupas kazu baribas deva bija 2,82 baribas vientbas, 311 g sagremojama
proteina, 14,6 g kalcija, 10,6 g fosfora un 105 mg karotina. Otras izméginajumu grupas kazu
baribas deva bija 2,92 baribas vienibas 17 g sagremojama proteina, 14,7 g kalcija, 10,3 g
fosfora un 105 mg karotina. TreSas izmégindjuma grupas kazu baribas deva bija 3,02 baribas
vienibas, 312 g sagremojama proteina, 15,1 g kalcija, 10,7 g fosfora un 105 mg karotina.
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4 .tabula
Dienna cts barTbas deva tre$as izméginajuma gru pas kazam

Baribas Iidzekli Daudzums, _Ba_rTbas Sagrem(_)jamais Ca, g P, Karotins,
KS vienibas, kg proteins, g Z mg
Ganibu zale 5,0 1,0 83 8,5 4,0 125
Siens 1,0 0,47 45 8,9 2,2 30
Auzu milti 0.8 0.8 72 0.8 2,4 -
KvieSu milti 0,1 0.1 12 0,1 0,3
Griku milti 0.1 0.1 20 0,6 0,9
Saulespuku rausi 0.1 0,12 21 0.1 1,0
Kopa X 2,59 253 14,0 10,8 155

Visu grupu kazam bija pieejams mineralvielu un mikroelementu laizamais bloks
“CODIBLOCUARB?” biologiskajam saimniectbam, kas satur: 14% Ca, 5% P, 3% Mg, J - 60
mg 1 kg, ZN - 5000 mg/kg un Se - 15 mg/kg.

Izméginajumu gaita katras kazas izslaukums tika izmérits ar precizitati I'dz + 0,05 kg. Piena
tauku, olbaltumvielu, laktozes saturu un somatisko SGnu daudzumu noteicam péc dienas
vidéja parauga vienu reizi ménesT ar aparata Milko Lcen 133 palidzibu. Kazu piena viena mkl
tika saskaitTti leikocTti, tika noteikta fagocitozes reakcija [5]. Verifikola graduéta tika izdaltti
limfociti [¢]. Shnas tika resuspendétas Igla barotné lidz koncentracijai 5 x 10" 3/mkl un,
izmantojot Garajeva kameras palidzibu, tika saskaititas. T un B 380nu noteik3anai tika
pielietota rozetes veidoSanas metode [7], pirms reakcijas tas stimuléjot [s], fagocitozes
noteikSanai pielietojam Zimozanu [5], bet A Sanas tika noteiktas ar imtnadherensa reakcijas
metodi [9]. Visus uz stikliniem sagatavotos SGnu preparatus krasoja ar Majgrinvalda krasu uz
mentola bazes 7 mindtes. Sagatavotie preparati tika novértéti ar imersijas palielinajumu
10x90.

LU Biologijas institdta Dzivnieku biokimijas un fiziologijas laboratorija kazu piena tika
noteikt lizocims [10] un cirkuléjoSo imano kompleksu (CIK) daudzums [1].

Aminoskabju sastavu kazu piena paraugos noteica, izmantojot jonu apmainas metodi
olbaltumvielu hidrolizei ar ¢ NHC1 inerta atmosféra ar automatiskd analizatora T 339
(Microtechna Praha) palidzibu.

Rezultati un to izvértéjums
Izméginajuma laika no kontroles grupas kazam tika izslaukti 3720 kg piena vai 372 kg piena
no katras kazas, t.i., 2,02 kg diena (5.tab.).

5.tabula
Izslaukums izméginajuma laika, kg
Izméginajuma grupas

Raditaji 1.kontroles  2.izméginajuma  3.izméginajuma
Izslaukums izméginajuma laika (184 3720 3920 3990
dienas)
Uz 1 kazu izméginajuma laika 372 392 399
Izslaukums diena 2,02+0,18 2,13+0, 7 2,17+0,19
% salidzinajuma ar kontroles grupu 100,0 105,4 107,3

Vislielakie izslaukumi tika sasniegti no treSas izmeéginajuma kazu grupas, kur uz visu kazu
grupu izméginajuma laika tika izslaukti 3990 kg piena, no katras kazas - 399 kg piena vai
2,17 kg diena, t.i., par 7,3% vairak salidzinajuma ar kontroles grupu.
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Izméginajuma laika tresas grupas kazu piend, kuras ka piedevu sanéma griku miltus un
saulespuku rausus, salidzingjuma ar kontroles grupu tauku saturs palielindjas par 0,41% un
olbaltumvielu saturs par 0,14%, kas norada, ka griku milti un saulespuku rausi ar auzu un
kviesu miltiem ir pilnvértiga baribas piedeva biologiskaja kazkopiba, kura ievérojami uzlabo
kazu piena kimisko sastavu, ka arT ta barotajvértibu (s .tab.).

6. tabula
Kazu piena kimiskais sastavs,%
0 - 0 0
Grupas Tauki % pret. Olb'altum %op ret_ Laktoze % pret_
kontroli vielas kontroli kontroli
1 .kontroles 4,08+0,31 100,0 3,00+0,19 100,0 4,40+0,06 100,0

2 .izméginajuma  4,04+0,46 99,0 3,09+0,22  103,0  4,37+0,10 99,3
3.izméginajuma 4 49+0,38 110,0 3,14+0,28 104,7  4.36+0,09 99,1

Izméginajuma laika otras izmégindjuma grupas kazu pienad salidzinajuma ar kontroli tauku
saturs samazinajas par 0,04%, bet olbaltumvielu saturs palielindjas par 0,09%, ka ar1 par
0,03% samazinajas laktozes saturs.

Kazu, it Tpasi to, kuras sanémusas kazam paredzéto pilnvértigo baribu, piens satur praktiski
visas aizvietojamas un neaizvietojamas aminoskabes (7.tab.).

7.tabula
Aminoskabju daudzums kazu piena vidéjos paraugos, g/l00g

Aminoskabes l.ké)rntf;gles 2 .izméginajuma grupa  3.izméginajuma grupa
Asperginskabe 0,220 0,220 0,220
Treonins 0,140 0,140 0,140
Serins 0,140 0,130 0,140
Glutaminskabe 0,690 0,650 0,660
Prolins 0,330 0,310 0,310
Glicins 0,029 0,030 0,028
Alanins 0,083 0,085 0,080
Valins 0,120 0,130 0,130
Metionins 0,084 0,084 0,084
Izoleicins 0,110 0,110 0,110
LeicTns 0,280 0,280 0,270
Tirozins 0,150 0,140 0,140
Fenilalanins 0,170 0,150 0,140
Histidins 0,057 0,060 0,060
Lizins 0,210 0,200 0,210
Arginins 0,150 0,60 0,120

Aminoskabju kopéja 2,083 2,879 2,842

summa

Kopéja aminoskabju summa lielaka bija pirmaja kontroles grupas kazu piena - 29,83 g/kg,
otras izmeéginajuma grupas kazu piena - 28,79 g/kg, viszeméaka tre$as izmeéginajuma grupas
kazu piena - 28,42 g/kg.

Baribas vientbu un sagremojama proteina patérin$ 1 kg piena razoSanai paradits s .tabula.
Vismazak bartbas vienibu un sagremojama proteina 1 kg piena razoSanai izmantoja otras un
tre$as izméginajumu grupu dzivnieki (kazas).
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8.tabula
Baribas vienibu un sagremojama proteina patérins 1 kg piena razoSanai

Izméginajuma  Vid. dzivmasa, = Diennakts Baribas vienibas Sagremojamais proteins
grupas kg izslaukums, kg kg % g %
1 .kontroles 56,5 2,02 1,31 100,0 134 100,0
2 .izméginajuma 58,0 2,13 1,23 98,5 130 97,0
3.izméginajuma 59,5 2,17 1,26 96,2 127 94,8

Toties vislabakie rezultati bija tresas izméginajuma grupas kazam, kuras ka piedevu sanéma
saulespuku rausus, izmantojot 1 kg piena razoSanai 1,26 baribas vientbas un 127 gramus
sagremojama proteina.

Labi radrtaji tika sasniegti arT otraja izméginajuma grupa, kur 1 kg piena razoSanai kazas
patéréja 1,29 baribas vienibas un 130 gramus sagremojama proteina.

Par to, ka uznemto baribu kazas labi izmantojusas un ta ir bijusi pilnvéertiga, liecina tas, ka
kontroles grupas kazas 1 kg piena razoSanai patéréja 1,31 bartbas vientbu un 134 gramus
sagremojama proteina.

Somatisko S0nu daudzums Latvijas vietéjo kazu piena atbilst Latvija pienemtajam normam,
tomeér jaatzime, ka mazaks tas bija izméginajumu grupu kazu piena (9.tab.).

9.tabula
Somatisko Stnu skaits kazu piena
Grupas Somatisko é_unu daudzums, % pret kontroli
tOkst.
1 .kontroles 446+120 100,0
2 .izmeéginajuma 444+95 89,5
3.izméginajuma 388+77 78,2
Kazu piena ekologisko izmekléjumu dati uzradtti 10.tabula.
10.tabula
Kazu piena citologiskie raditaji, X + Sx
Grupas Sinas, Putainas, Segment- Limfociti, Monociti,  Histociti, vE_piteIij-
ImkI % kodolu, % % % % Sanas, %
1.kontroles 240464 3,8+0,4 79,0+6,4 10,0f1,1 4,0+0,4 1,6 %0,6 1,4+0,7
2 |Zn]ég 227165 2,0%0,8 78,0+5,8 14,5+5,0 3,3x0,4 0,8%0,2 1,5+0,6
3.izmeg. 231472 50408 775#23  3,0#£23 3,008 o+ 1,440,

Attieciba starp segmentkodolu Sanadm, leikocttiem un limfocitiem kazu pienad norada uz kazu
organisma labvéligo reakciju uz dazadam baribas piedevam (kvieSu Kkliju granulas, griku
milti, saulespuku rausi). Kazu piena citologiskie raditaji atradas normas robezas, par to liecina
mikroorganismu prombadtne un labi diferencéjamas Stnas.

11.tabula uzradrti kazu piena imunologiskie raditaji: T-, B-, A- S0nu relativais skaits un
fagocitoze.

11.tabula
Kazu piena imunologiskie radttaji, %
Grupas T-limfoctti B-limfoctti A-Slnas Fagocitoze
1 .kontroles 10,0%0,8 6,%o0,8 5,0+0,8 9,0+0,4
2 .izmeginajuma 13,015 8,0+1,9 6,0+1,5 11,0%1 2
3.izmeéginajuma 16,0+1,0* 10,0+1,5 50t 14,01,7

* p<0,05.
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Otraja un tre$aja izmeéginajuma kazu grupa T-SOnu raditaji bija augstdki neka pirmaja
kontroles kazu grupa, statistiski ticami tie bija treSaja izmeéginajuma kazu grupa (p<0,05).
TreSaja kazu izméginajuma grupa B- Stnu un A- 80nu relativie raditaji art bija augstaki neka
1.kontroles kazu grupa pie statistiski ticamiem (p <0,05) fagocitozes raditajiem.

Augstak minétais liecina par labdku imuansistémas funkcionalo stavokli un makroorganisma
aizsargspéju, it pasi tresaja izméginajuma kazu grupa.

Dzivnieku dabiskas rezistences raditaji - lizocims un cirkuléjoSie imanie kompleksi (CIK) -
raksturo humoralas imunitates stavokli. Lizocims izdalas starpStnu telpa galvenokart no
makrofagiem un neitrofiliem, ka art atrodas dazados biologiskos Skidumos.

Ferments lizocims piedalas SGnu membranas polisaharidu komponenta molekulas glikozidu
hidrolizé. Lizocims sagrauj mikrobu membranu fagocitozes pédéja etapad un ta nodroSina
organismu (agras stadijas) aizsardzibu (: - .tab.).

12.tabula
Kazu piena nespecifiskas rezistences radrtaji (X + Sx)
Lizocims, . CIK ekstrakcijas %pret
Kazu grupa mkg/ml %pret kontroli vientbas x 150 konetroli
1 .kontroles 14,00+3,16 100,0 8,44+1,60 100,0
2 .izméginajuma 18,50+2,67 132,1 3,33+1,01 39,4
3.izméginajuma 22 7542 91+ 162,5 2,43+0,88* 28,8

Otras un tre$as izmeéginajuma grupas kazu piena lizocTma raditaji bija augstaki neka pirmaja
kontroles kazu grupd, turklat treSaja grupa tie bija statistiski ticami (p<0,05), tas liecina par
labadku imunitates funkcionalo stavokli un organisma aizsargspéju. TreSas kazu izméginajuma
grupas fagocitozes un lizocima raditaju palielinaSanas, no vienas puses, un CIK raditaju
samazinaSanas (p<0,05), no otras puses, norada uz baribas piedevas - griku miltu un
saulespuku raudu - labvéligo imansistémstimuléjoso efektu.

Saltdzinot SinT darba ieghtos imunologisko izmekléjumu rezultatus ar masu iepriek$gjiem
iegOtajiem rezultatiem [:, 11], var atzimét, ka pétijumos pielietotais kazu piena citologiskie
un imunologiskais metozu komplekss irjutigs un informativs un lauj novertét kazu imunitates
stavokli un kazu veselibu. Veselo kazu piena imunologiskie raditaji mainas atkariba no
bartbas sastava, ka arT no kazu Skirnes un gada laika [12, 13].

Secinajumi

1 Bez iedzimtam TpaSibam un dzivnieku izlases un atlases, kazu pienigumu stipri ietekmé
pareiza un pilnveértiga édinasana biologiskaja lauksaimnieciba. Ar tas palidzibu saméra isa
laika iespéjams ietekmét ne tikai dzivnieku miesas stavokli, bet arT veselibu un, galvenais,
panakt kvalitativa, biologiski pilnvértiga piena razoSanu.

2. Latvijas vietéjam kazam, izeédinot ka piedevu griku miltus un saulespuku rausus,
salidzingjuma ar kontroles grupu palielinaja piena izslaukumu par 7,3%, samazinaja par
3,8% baribas vientbu un 5,2% sagremojama proteTna patérinu, k& ari palielinaja par 10%
tauku un 4,7% olbaltumvielu saturu kazu piena.

3. Kviesu kliju un griku miltu izédinasana Latvijas vietéjam kazam (2.izméginajuma grupa)
saltdzingjuma ar kontroles grupu palielindja piena izslaukumu par 5,4%, samazindja
baribas vienibu izlietojumu par 1,5%, sagremojama proteina patérinu par 3,0%, ka arn
samazindja par 1% tauku un palielinaja par 3,0% olbaltumvielu daudzumu kazu piena.

4. Péc kazu piena citologiskajiem un imunologiskajiem raditajiem visas eksperimentalas
kazu grupas atrodas laba veselibas stavokli, kas liecina par biologiski pilnvértigu sanemto
bartbu.
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5. Kazu piena imunologiska aina paradija izteiktu imanstimulaciju: imdnkompetento $tnu,
lizocima aktivaciju un CIK ITmena palielinaSanos kazam izraisija pétamas baribas
piedevas.

s . Griku miltu un saulespuku rausu piedeva kazu édinaSana vislabak uzlabo kazu imunitates
funkcionalo stavokli.

Summary
Goats fed on high quality and valuable forage provide the production of high quality milk and
dairy product Improper and poor feeding during lactation period reduce milk yield, weaken
animal’s organism, has an influence on breeding and fertility ability and metabolic processes
in goats. Goat milk yield is determined by energetic potential, level of feeding and health
status of an animal. Feeding is a significant factor, as it has direct influence on both
productivity and health of goats. One of major nutrients in goat feed is crude protein and
digestible protein. The goal of our research was to assess the influence of different feed
additives on organic goat milk yield, milk biochemical composition, immunological and
cytological indices.
The feeding trial was carried out in goat farm “Berzi”. During accounting period, which last
184 days, goats of the 1¢ group (control) were fed by basal feed (BF), produced in the farm
(pasture grass, hay, oat, wheat und buckwheat meal). Goats of the 2rdtrial group received BF
supplemented with wheat bran. The goat feed of the 3rdtrial group was supplemented with
sunflower cake as feed additive.
In Latvian local goat feeding of sunflower cake and buckwheat meal increased milk yield by
7,3%, reduced feed units by 3,8% and by 5,2% reduced consumption of digestible protein as
well as increased milk fat and protein content in goat milk by 10% and 4,7% respectively
compare to control. Feeding of wheat bran and buckwheat meal increased milk yield by 5,4%,
reduced feed units by 1,5% and by 3,0% reduced consumption of digestible protein as well as
increased protein content in goat milk by 3,0% compare to control. Results of milk analysis
on milk cells cytology and immunity indices show that feed additives used, and particularly
sunflower cake and buckwheat meal, have a beneficial effect on immunity in animal
organism.
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RHIZOBIUMLEGUMINOSARUM CELMU EFEKTIVITATES
NOVERTEJUMS DAZADOS SAIMNIEKAUGOS
THE EVAL UATION OF EFFECTIVENESS OF RHIZOBIUM
LEG UMINOSAR UM STRAINS IN DIFFERENT HOST PLANTS

Ina Alsina, Anita AnSevica, Laila Dubova, Inta Dudare, Maiga Niedrite,
Vilhelmine VSteinberga
Latvijas LauksaimniecTbas universitates Augsnes un augu zinatnu institats
Strazdu iela 1, Jelgava, LV-3004, Latvija
Tel. +(371)3010612, e-pasts: Ina.Alsina@,llu.lv

Abstract. Pot experiments were carried out to investigate the effectiveness of six Rhizobium
leguminosarum strains stored at the collection ofLatvia University of Agriculture. Three ofthem are included at
international Rhizobium data base. The obtained results showed that all Rhizobium strains were active and
inoculated plants formed nodules on the roots. Inoculation with Rhizobium strains increased the proportion
between shoots and root weight. The dry matter content of inoculated plants increased in comparison with
untreated ones. The negative correlation between the plant weight and nitrogen content in the dry mater of
shoots was observed. The host plant specificity was observedfor tested Rhizobium leguminosarum strains.

Keywords: Pisum sativum, Rhizobium leguminosarum, Viciafaba.

levads
Tikai prokariotiem piemit spéja izmantot slapekla rezerves, kas atrodas gaisa.
Guminbaktérijas {Rhizobium), veidojot uz auga sakném guminus, simbiozé ar taurinzieziem
parveido gaisa esoso inerto slapekli (N:) organiskaja forma, kas ieklaujas auga olbaltumvielu
sastava.
Augu vegetacijas perioda beigas péc augu atmirSanas augsne katru gadu bagéatinas ar slapekli,
kas ir robezas no 100-300 kg uz ha [1].
Augsnes bagatinaSanos ar simbiotiski saistito slapekli novéroja jau sen. To labi var redzét,
pielietojot dazadus agrotehniskos panémienus (papuve, augu seka), un So paradibu saka
apzinati izmantot lauksaimnieciba. Simbiozé augs nodroSina baktérijas ar baribas vielam
(galvenokart cukuriem) un rada labvéligus apstaklus to dzivei guminos. Kad augi atmirst,
augsné atgriezas daudz vairdk dzivotspéjigu baktériju, nekad tas bdtu, ja neveidotos &I
simbiotiska asociacija. Slapekla saistiSana notiek bakterioldos, un 95% saistita slapekla
amonija jonu veida nonak saimniekauga citoplazma [1, 2 ].
Viena no guminbaktériju (Rhizobium) TpaSibam ir simbiozé ar taurinzieziem veidot guminus
uz auga sakném un saistit atmosféras slapekli. Ar1 intensivas kimizacijas apstaklos biologiska
slapekla saistiS8anas probléma paliek joprojam aktuala. Pozitlvas simbiozes gadijuma saistitais
slapeklis ieklaujas auga olbaltumvielu sintézé un cel ne tikai augu raZibu, bet arl paaugstina
razas kvalitati. Simbiozi nosaka guminbaktériju attiecksme pret konkréto saimniekaugu.
Taurinziezu raZibas celS8ana svariga nozime ir pirms séjas séklu apstradasana ar aktiviem
guminbaktériju celmiem. Efektiva guminbaktériju celmu pielietoSana lauksaimnieciskaja
praksé ir ekonomiski izdeviga. Rh. leguminosarum celmu simbiotisko efektivitati izsaka ar
auga masas pieaugumu.
Pétljuma meérkis ir parbaudit Rhizobium leguminosarum celmu, kas atrodas Latvijas
Lauksaimniecibas universitates Augsnes un augu zinatnu institita kolekcija, efektivitati.

Materials un metodika

Izméginajumi iekartoti Latvijas Lauksaimniecibas universitates Lauksaimniecibas fakultates
Augsnes un augu zinatnu institGta Augu biologijas un aizsardzibas nodalas siltumnica 5 L
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Mitcerliha tipa vegetacijas traukos, kas piepilditi ar skalotu upes smilti, kura samaisita ar
Kemira GrowHow NPK 0-12-24-(1,5 Mg) -(13 S) ar mikroelementiem. Slapeklis iestradats
augsné amonija nitrata veida - 0,024 g uz 1kg smilts.

Vegetacijas traukos ieséti zirni (Pisum sativum), lauku pupas (Vicia faba). Séklas pirms
séSanas apstradatas ar Sadiem guminbaktériju Rhizobium leguminosarum celmiem: 23, 109,
113, 408, 501, 505. Celmi nr. 23, 109 un 113 ieklauti starptautiskaja datu bazé ,,IBP World
Catalogue of Rhizobium Collections” [3]. Kontroles varianta augi nav apstradati ar
guminbaktériju tirkultdru, bet sanémusi 10 reizes lielaku slapekla devu, t.i., 0,24 g amonija
nitrata uz . kg smilts.

Izméginajums veikts 4 atkartojumos.

Visi vegetacijas traukos kultivétie augi atradas siltumnica, kuras temperattra diena svarstijas
20-25°C robeZas, naktis nenokrita zem 12°C. Sakot ar oktobri, augiem tika nodroSinats 14 h
fotoperiods, rita un vakara stundas ieslédzot papildapgaismojumu.

Izméginajums likvideéts, lauku pupam sasniedzot 62.-64.attistibas stadiju péc vacu skalas vai
203.attistibas stadiju péc britu BCPC skalas, bet zirniem - 76.-78.attistibas stadija péc vacu
vai 205.attistbas stadija péc britu BCPC skalas [4].

Izmégindjumus likvidéjot, skaidrota guminu veido$anas uz augu sakném, noteikts augu
virszemes un saknu masa, sausnas saturs un augos akumulétais slapekla daudzums. Augos
akumulétais slapekla daudzums noteikts LLU Agronomisko analizu zinatniskaja laboratorija
ar Kjeldala metodi.

Rezultati un to izvértéjums

Guminbaktériju celmu aktivitati raksturo razas un saistita slapekla daudzums.

Ka redzams l.attéla, vislielaka augu masa, salidzinot ar kontroli, ir iegQta variantos, kuros
izmantots 113.guminbaktériju celms. Zirniem aktivi izradijuSies arT 109. un 501.celms, kur
attiecigi Sie varianti parsniedz kontroli par 13,8 un 7,6%. SalidzinoSi vismazako masu veidoja
taurinzieZi, kuru séklas apstradatas ar 23.guminbaktériju celmu, kur zirnu masa, salidzinot ar
kontroli, samazinajas par 6,1%, bet lauku pupu masa par 16,4%. Zirniem mazaktivs izradijas
art 501.celms, kur augu masa, salidzinot ar kontroli, bija par 8,9% mazaka. Datu matematiska
apstrade liecina, ka neviens no izmantotajiem guminbaktériju celmiem nav batiski palielinajis
vai samazinajis zirnu un lauku pupu virszemes dalas masu.
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guminbaktériju celms

1 att. Augu masas atkariba no izmantota guminbaktériju celma, % no kontroles
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guminbakteriju celms

2. att. Zirnu un lauku pupu virszemes un saknu masas attieciba

Augu virszemes un saknu masas attieciba ir atkariga no augu sugas. Vidégji zirni veido 2,5
reizes lielaku virszemes masu neka saknu, bet pupam Sie lielumi ir ITdzvertigi. Noskaidrots, ka
zirniem séklu inokulacija veicina virszemes masas veidoSanos. Vislielaka attiectba zirniem
starp virszemes dalu un saknu masu novérojama 109.guminbaktériju celma ietekmé. Lauku
pupam péc ST parametra visaktivakais izradijies 408.guminbakteriju celms.

RSo.0szirni 2.45
RSo.05pupasO.75

guminbakteriju celms

3. att. Sausnas saturs zirnos un lauku pupas

Sausnas saturs ir atkarigs no auga sugas, attistibas fazes un augSanas apstakliem.
Eksperimentos noskaidrots, ka augi, kuri sanémusi 10 kartigu minerald slapekla devu, satur
mazak sausnas. Vislielakais saushas saturs ir novérots augiem, kas apstradati ar 23. un
408.guminbaktériju celmu. Zirniem, salidzinot ar kontroli, ar Siem celmiem apstradatie augi
satur vidéji par 15% vairak sausnas, bet lauku pupam attiecigi par 11% vairak. No
inokulétajiem augiem vismazadk sausnas ir tajos, kuri pirms séjas apstradati ar
109.guminbaktériju celmu. Datu matematiska apstrade pierdda inokulacijas batisko ietekmi
Uz sausnas saturu augos.
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kontrole 23 109 113 408 501 505

guminbakteériju celms rsoos 0.42
4. att. Vienas zirnu paksts vidéjais sausnas daudzums, g

Eksperimentos noskaidrots, ka zirnu inokulacija ar guminbaktérijam veicina sausnas
akumulaciju zirnu pakstis. Visvairdk sausnas uzkrajusi zirni, kuri inokuléti ar 109.baktériju
celmu. DiemZzél datu matematiska apstrade guminbaktériju celmu ietekmes batiskumu uz 1
sausnas saturu pakstr neapstiprina.

Dzimni
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kontrole 23 109 113 408 501 505

guminbakteériju celms

5. att. Kopéjais slapekla daudzums % augu sausna

Eksperimentos noskaidrots, ka lauku pupu sausné ir 1,8 reizes vairak slapekla neka zirnos.
Slapekla daudzums augu sausné ir atkarigs no izmantotd guminbaktériju celma. Visefektivak
slapekli saistijusi tie zirni, kuri inokuléti ar 501.guminbaktériju celmu, bet lauku pupam
visefektivaka simbioze izveidojusies ar 23.guminbaktériju celmu. Novéro vidéji cieSu
negativo korelaciju starp augu masu un tajos akumuléto slapekla daudzumu (korelacijas
koeficients zirniem -0,71, lauku pupam -0,49).

Visi izméginajumos ieklautie guminbaktériju celmi bagatigi veidoja guminus uz
parbaudamajiem saimniekaugiem (Pisum sativum un Viciafaba). legatie rezultati liecina, ka
parbaudamie Rhizobium celmi uzrada specifiskumu attieciba pret saimniekaugu, ko var
noverot gan sausnas satura izmainas, gan augos akumulétaja slapekla daudzuma. Péc uzkrata
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slapekla daudzuma zirniem vislabakos rezultatus uzrada Rh. leguminosarum celms 501., bet
pupam 23. Zemu efektivitati zirniem uzradija 23.guminbaktériju celms, bet lauku pupam 109.,
kas liecina par specifisku attieksmi pret saimniekaugu.

WD

Secinajumi
Vislielakd augu masa, salidzinot ar kontroli, ir iegQta variantos, kuros izmantots
113.guminbaktériju celms. Zirniem aktivi izradijuSies arT celmi 109. un 501. Salidzinosi
vismazako masu veidoja taurinziezi, kuru séklas apstradatas ar 23.guminbaktériju celmu.
Seklu inokulacija ar Rhizobium leguminosarum palielina attiecibu starp virszemes un
saknu masu.
TaurinzieZi, kuru séklas nav inokulétas ar guminbaktérijam, satur mazak sausnas.
Slapekla daudzums augu sausnd ir atkarigs no izmantota guminbaktériju celma.
Visefektivak slapekli saistijusi tie zirni, kuri inokuléti ar 501.guminbaktériju celmu, bet
lauku pupam visefektivaka simbioze izveidojusies ar 23.guminbaktériju celmu.
Novéro vidgji cieSu negativo korelaciju starp augu masu un tajos akumuléto slapekla
daudzumu.
Guminbaktérijam piemit spilgti izteikts specifiskums attieciba uz saimniekaugu.
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VASARAS KVIESU SEKLU RAZAS KVALITATES FIZIOLOGISKIE
ASPEKTI ATKARIBA NO MINERALELEMENTU PIEGADES CAUR
LAPAM
PHYSIOLOGICAL ASPECTS OF WHEAT YIELD QUALITYIN
DEPENDENCE ON MINERAL SUPPLY THROUGH LEA VES
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Abstract. Spring wheat is a significant crop in Latvia. The fertilisation influences the crop yield and
the quality greatly.

The main task of experiments: to test the effect of micronutrients (DDMn) and macronutrients
(Phosific) supplied through leaves for the modeling environment protecting high yield and grain quality
technology’. The grain yield, the quality and the physiological activity were detected.

The mineral supply through leaves during the wheat heading phase increased yieldfor more than 0.2 -
0.4 tha'lin comparison with the control. The physiological activity ofgrains is higher, but there is no significant
influence on the quality ofgrains.

Key words: fertilisation through leaves, spring wheat, yield, seed germination.

levads
KvieSi (Triticum L.) Latvija ir nozimiga graudaugu kultdra. Kvalitativus kvieSu graudus
izmanto galvenokart partika miltu raZzoSanai.
Vasaras kvieSu raZzibas un raZzas kvalitates formésana lidzas meteorologiskajiem un augsnes
apstakliem nozimigs faktors ir méslojums. Augiem baribas elementu nepiecieSamibu parasti
nodroSina ar organisko un mineralméslojumu, to iestradajot augsné. Ta ka augiem
mineralelementu izmantoSanas efektivitate nav augsta, raciondla meéslojuma pielietoSana ir
viens no patlaban aktualakajiem 81s problémas risinajumiem.
Viena no tddam pieejam, kas lauj piegadat mineralelementus atrak un palielina mineralmeéslu
izmantoSanas efektivitati, ir to migloSana caur lapam. Mineralelementi lapas audos ieklGst
caur kutikulas hidrofiliskajam poram, kuru diametrs ir mazaks par Inm [:], nondk apoplasta,
tad pa plazmodesmam ieklOst 30nas, pa simplastu parvietojas uz citam lapas parenhimas
Sonam un iesaistas metabolisma vai nonak vadaudos [:, 2 ].
Vielu uznems$anu caur lapam ietekmé auga ontogenézes etaps, lapu anatomiska uzbive,
mésloSanas Itdzekla kimiskas TpaSibas un koncentracija, meteorologiskie apstakli un citi
faktori [2, 3, 4, 5].
Kaut arT mineradlelementu uznemsSana caur lapam nevar aizstat augu mineralo baroSanos no
augsnes caur saknéem, tomeér tai ir priek3rocibas [5, 2]: iespéjams atri piegadat augiem tieSi
attiecigaja attistibas perioda visvairak nepiecieSamos elementus un tada veida regulét
augSanas un attistibas procesus; atri un efektivi novérst fiziologiskos traucéjumus, kuri
raduSies minerdlelementu trdkuma rezultdtda; vajadzigs neliels daudzums attiecigo
savienojumu; samazinas augsnes piesarnosana ar kimikalijam.
Pétljuma meérkis: dodot lapu méslojumu, izveidot videi nekaitigu vasaras kvieSu audzéSanas
tehnologiju augstu un kvalitativu graudu razu ieguvei.
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Pétijuma objekts un metodes
Pétijums veikts Latgales Lauksaimniecibas zinatnes centrd un Latvijas Universitates
Biologijas fakultaté 2005. un 2006.gada.
Pétljuma objekts - vasaras kvieSu Skirne 'Jasna’.
Izméginajumos izmantots lapu méslojums DDMn (mikroelementi) un Phosific
(makroelementi). Lapu méslojuma sastava patents pieder Somijas firmai Kemira GrowHow
un Fortum Oil and Gas. Mikroelementu méslojums DDMn ir pulverveida viela, viegli Skist
Gdent, ar kimisko sastavu Mn:zZn:Cu:Mo:B = 4:0,010:0,020:0,001:0,010. Makroelementu
méslojums Phosific ir Skidrais méslojums ar kimisko sastavu NLLNC/PiOs~"CkSCb =
10:15:5:30, pH- 1,8-2. Masa- 1,333 kg f1
Lauka izméginajums iekartots péc randomizéto bloku metodes 4 atkartojumos. Laucina
kopéja plattbha 2m x 10 m = 20 m . Uzskaites platiba 1.s m x 10 m = 16 mr. Izolacija starp
variantiem 0,4 m, starp atkartojumiem - 0,5 m. Izméginajuma kopéja platiba - 1600 m2.
Lauks ir drenéts, reljefs izlidzinats, augsnes noveértéjums - 48 balles. Lauka izméginajums
iekartots tridaina podzoléta glejaugsné. Augsnes pHjcci- 6,45, organisko vielu saturs - 5,2%.
Mineralelementu saturs augsné (mg f1): N- 100, P - 730, K - 140, Ca- 13625, Mg - 2500,
S - 23, Fe - 2800, Mn - 125, Zn - 5, Cu - 8,5, Mo - 0,08, B - 1,20. NodroSindjums ar
fosforu, kalciju, magniju un dzelzi ir loti augsts; ar slapekli, varu, molibdénu - augsts; ar
manganu, cinku, boru - optimals un ar séru un kaliju - zems.
PriekSaugs - lini. Pamatméslojuma kompleksie minerdlmeésli 5:10:25 3cha: un
papildméslojuma amonija salpetris - 1 ¢ ha'l
Augsnes apstrade un mésloSana. Rudent lauks uzarts. PavasarT veikta augsnes sagatavoSana
séjai ar kombinéto apstrades agregatu Laumetris. Kompleksais mineralméslojums iestradats
augsné dienu pirms séjas kultivacijas laika, devas - saskana ar metodiku. Pirms séjas lauks
pievelts.
Séja veikta 3.maija ar séjmasSinu SN-16. Izséjas norma 250 kg ha'l Péc séjas lauks pievelts.
Séjumu kopSana. TreSaja janija veikta migloSana ar fungicidu Mentors - 0,35 1 ha: +
Cikocels - 1 1ha: + Arats - 150 ml ha: + Kemivits - 100 ml ha'lL Slimibu apkaro3anai
29.janija lietots fungicids Tango Super - 1,5 1ha'l kaitéklu apkaroSanai lietots Fastaks - 150
ml ha'l Septitaja jaonija dots slapekla papildmeéslojums 60 kg ha'l Pirmaja jalija kvieSu
varpoSanas sakuma dots lapu méslojums DDMn - 0,6 kg ha 1 un Phosific - 2 kg ha'l Vasaras
kvieSi novakti ar kombainu Sampo-130 31 .augusta.
Meteorologisko apstaklu raksturojums: 2005.gada maija gaiss iesila pamazam. Maija
1.dekade gaisa vidéja temperattra 2,4°C zemaka par normu, bet nokriSnu daudzums 4,9 reizes
parsniedza normu. ArT maija 2.dekadé laika apstakli bija lidzigi. Laika apstakli pozitivi
ietekméja kvieSu digSanu un augu attistibu. JOnija vidéja gaisa temperatira 14°C jeb 0,9°C
zemaka par normu. Nokrisnu daudzums - 65 mm jeb 87% no normas. Jalija bija silts laiks,
vidéja diennakts temperattra par 1,7°C parsniedza normu un nokrisnu daudzums - 65 mm jeb
80% no normas. Laika apstakli labvéligi ietekméja augu augSanu un attistibu. Augusta vidéja
diennakts temperatdra bija tuvu normai, bet nokrisSnu daudzums 1.dekddée 4,6 reizes
parsniedza normu. Parmérigais mitrums negativi ietekméja graudu kvalitati.
AS "Rigas Dzirnavnieks" laboratorija ar Infratex 1241 noteikta graudu kvalitate, proteinu,
lipekla un cietes saturs, Zeleny indekss un kriSanas skaitlis.
Laboratorijas izméginajumos séklas diedzétas 20°C temperatGra. Séklas ievietotas starp
filtrpapira lapam Petri traukos un novietotas tumsa. Lai séklas neizzatu, katra Petri trauka
filtrpapira ripa ar papira tiltinu savienota ar destiléta Gdens trauku. Udens iztvaiko$anu
ierobezo Petri traukam uzliktais vacins, atstajot spraugu gaisa ventilacijai. Séklu digsana
noteikta ik péc s stundam. Atkartojumu skaits - 4. Katra atkartojuma 100 séklas.
Seklu digSanas dinamika noteikta, uzskaitot normali sadigusas seklas digSanas laika.
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Digsanas energija noteikta, apskatot séklu digSanas Iikni, kurd atrod digSanas maksimuma
punktu (visvairdk sadigusas séklas laika vientbd) un digSanas beigu punktu. Abu So raditaju
attiectha (%) ir digSanas energija. Séklu digtspéja izteikta procentos, normali sadiguso séklu
skaitu attiecinot pret kopéjo digtspéjas analizé ieklauto séklu skaitu [s, 7].

Datu matematiska apstrade (standartklGda, robeZstarpibas aprékini) un attélu izveide veikta ar
datorprogrammu MS Excel.

Rezultati un to izveérteéjums
Vasaras kvieSu graudu raZza paradita 1ltabula. Veicot razas datu statistisko apstradi,
noskaidrots, ka, neskatoties uz izméginajuma lauka potenciali augsto auglibu, lapu méslojums
ir nodrosingjis batiskas razas izmainas (1 .tabula).

l.tabula
Vasaras miezu 'Jasna’ graudu raza
o o I Graudu raza 1000 seklu masa
Méslojuma varianti - 0
tha +1lha % g
1. Kontrole 8,43 - 100 40,4
2. DDMn 8,63 0,20 103 40,8
3. Phosific 8,83 0,40 105 43,2

Yo.05=a,17

VarpoSanas sakuma fazé, kvieSus miglojot ar mikroelementiem DDMn, graudu raza
palielinajusies par 3%, sasniedzot 8,63 t ha'l, bet makroelementu Phosific ietekmé - par 5%,
sashiedzot 8,83 t ha'l

Lielais nokridnu daudzums augusta iespéjams ir veicingjis mineralelementu izskaloSanos no
augsnes un apgratinajis to uznemSanu caur augu sakném. Tapéc sabalanséts arpussaknu
meéslojums pozitivi ietekméjis metabolisma procesu norisi kvieSu lapas, ka ari sekméjis
sintezéto organisko vielu atpladi uz generativajiem organiem. Péc vairaku autoru domam,
augstu graudaugu razu ieguvé liela nozime ir visu baribas elementu koncentraciju
sabalansétibai, tas ir, vienlaicigi visu elementu optimuma nodroSinasanai augam [s, 2, 9, 10,
11

Mikroelementu lapu méslojums batiski nav ietekméjis 1000 graudu masu. Makroelementu
ietekmé 1000 graudu masa palielinajusies par 6,9%. Makroelementi augos ir organisko vielu
sastava, bet mikroelementiem manganam, cinkam, varam, molibdénam un boram ir
katalitiskas funkcijas augos [8,2]. Tapéc masu pétijuma Phosific méslojumam ir tieSa ietekme
uz graudu masu, bet DDMn méslojuma ietekme izpauZas netieSi, ietekmeéjot metabolisma
procesu norisi auga.

Graudu kvalitate. KvieSu raZai noteikti graudu kvalitates raditdji, kas svarigi to izmantoSana
partika: protetna, lipekla un cietes saturs, Zeleny indekss, krisanas skaitlis un tilpummasa
(> -tabula).

2.tabula
Kviesu skirnes ‘Jasna’ graudu kvalitates raditaji atkartba no lapu méslojuma
_ . . Zeleny . KriSanas .
Varianti Proteins Lipeklis indekss Ciete skaitlis Tilpummasa
% % mi % S kghf

1. Kontrole 14,0 £0,06 26,2 + 0,06 55,4 +0,07 63,6 +0,09 312 +5,25 82,6 + 0,06
2. DDMn 13,6 +0,03 25,4+ 0,07 52,9 0,06 63,7 £0,03 310,5 3,75 81,6 +0,03
3. Phosific 13,9 +0,06 26,0 +0,06 56,1 £0,09 64,0 £ 0,06 311 £6,00 82,1 £0,07

Batiska nozime kvieSu graudu kvalitates raksturoSanai ir proteina saturam. Literatdra ir

norades, ka proteina saturs kvieSu graudos var svarstities no 7-8% Ilidz pat 18-20%. Jo
augstaks proteTna saturs graudos, jo kvalitate ir labaka [12].
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Masu pétfjuma lapu méslojums proteina saturu nav batiski ietekméjis. Vérojama tendence, ka
lapu méslojuma ietekmé protetna saturs pat nedaudz samazinajies (- .tabula).

Lipekla saturs graudos lapu méslojuma ietekmé nav batiski mainijies. Izméginajuma iegato
graudu lipekla saturs ir augsts-----26%. Uzskata, ka maizes un maizes produktu razoSanai
izmantojamos kvieSu graudos optimalais lipekla saturs ir 22-28% [13, 12].

Zeleny indekss raksturo graudu proteina kvalitati. 1zméginajuma iegtto kvieSu graudu Zeleny
indekss ir augsts. Lapu meéslojuma ietekme uz Zeleny indeksu nav batiska. Literatara ir
norades, ka viszemakais Zeleny indeksa raditajs, ar kuru kvieSu miltus vél var izmantot
cepSanai, irzo [12].

Batiska nozime kvieSu graudu raksturoSanai ir cietes saturam tajos. Cietes saturs
izméginajumos iegGtajiem graudiem ir 63,6-64,0%. Lapu méslojuma ietekme nav
konstatéjama.

Cietes skaldiSanas procesu intensitati raksturo KkriSanas skaitlis. KriSanas skaitlis
izméginajumos iegltajiem graudiem parsniedz optimalo 220-260 sekunZu robeZu.
Visaugstaka kriSanas skaitla vértiba graudiem ir kontroles varianta.

Specifisks graudu kvalitates raditajs ir tilpummasa. Lielaka tilpummasa nodroSina lielaku
miltu izndkumu parstrades procesd. KvieSu graudu tilpummasa izméginajumos iegttajiem
graudiem ir augsta 81,6-82,6 kg hl'l

Péc vairaku autoru domam [2, 14, 10], séklu kvalitati bez méslojuma batiski ietekmé arT visi
augsnes agrokimiskie un meteorologiskie apstakli. Augusta kvieSu varpoSanas un
nogatavoSanas faze nokriSnu daudzums 4,6 reizes parsniedza normu. Parmeérigs mitrums
negativi ietekméja graudu nogatavoSanos un kvalitati.

Seklu fiziologiskas Tpasibas - dig$anas atrums, digtspéja, digsanas energija - ir batiski graudu
kvalitates raditaji. KvieSu séklas, kas iegltas no augiem ar dazadu lapu méslojumu, diedzéja
laboratorijas apstaklos. Seklas saka digt 40.stunda péc eksperimenta iekartoSanas (1.attéls).
Pozitiva lapu méslojuma ietekme uz séklu digSanu vérojama visa eksperimenta gaita.

— -- Control
-DDMn
& Phosific

1.attéls. KvieSu seklu digSanas dinamika atkariba no lapu méslojuma

Eksperimentd novérots, ka lapu méslojums batiski ietekmé nakamas paaudzes séklu digSanas
energiju un digtspéju (2., 3.attéls).
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2.attéls. Lapu méslojuma ietekme uz kvieSu 3.attéls. Lapu méslojuma ietekme uz séklu
séklu digSanas energiju digtspéju

Visaugstaka digsanas energija ir séklam, kas iegttas no augiem, kuri virpoSanas fazé migloti
ar makroelementiem. Makroelementu lapu méslojums pozitivi ietekméjis arT séklu digtspéju.
Phosific varianta seklu digtspéja ir 100%.

Secinajumi

1. Lapu meéslojuma DDMn (mikroelementi) un Phosific (makroelementi) ietekmé vasaras
kvieSu Skirnes 'Jasna' graudu raZa palielinas par 0,2-0,41ha'l

2. 1000 graudu masu mikroelementu lapu méslojums batiski neietekmé, bet makroelementu
ietekme ta palielinas par 6,9%.

3. KviesSu graudu kvalitate (proteina, lipekla, cietes saturs, Zeleny indekss, krisanas skaitlis
un tilpummasa) lapu méslojuma ietekmé batiski nemainas.

4. Lapu meéslojums pozitivi ietekmé séklu digsanas dinamiku, digSanas energiju un
digtspéju.

5. Lapu meéslojuma izmantoSana kvieSu séjumos ir efektiva: palielinds graudu raza un séklu
fiziologiska aktivitate, tiek sekméta mineralelementu uznemsana augos un notiek vides
saudzéeSana.

Summary
Wheat (Triticum L.) is utilised mostly for food. Characteristic qualitative indices for wheat
crop are the physiological activity of grains and protein, gluten and starch content in the
grains.
Field tests and laboratory tests were carried out with wheat variety 'Jasna'. During the heading
phase plants were sprayed with solution of micronutrients - DDMn (Mn:Zn:Cu:Mo:B =
4:0.010:0.020:0.001:0.010) and solution of macronutrients - Phosific (NLUNC”PiCUKIO:
S03=10:15:5:30).
The field tests were carried out in the Latgale Scientific Agricultural Centre in Eastern Latvia,
but the laboratory tests in the Department of Plant Physiology the faculty of Biology the
University of Latvia.
Field tests were performed in the year 2005. The field tests were organised according to the
method of random blocks with 4 repetitions. The total area for a block was 2 m x 10 m = 20
m2. The total space of the test was 1600 m2. There was humus podzolic gley soil. The content
of organic substances in the soil was 5.2%, pHjcci- 6.45. Micronutrients in soil (mg 1!): N —
100, P - 730, K - 140, Ca - 13625, Mg - 2500, S — 23, Fe - 2800, Mn - 125, Zn - 5, Cu -
8.5, Mo - 0.08, B - 1.20. Pre-plant was flax. As a basic fertiliser "Kemira Grow How"
complex mineral nutrition 5:10:25 3 ¢ ha"l, mineral supplement was ammonium nitrate - 1c
ha"l (the recommendations of the supplier). In field tests the yield of wheat was determined.
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The wheat was cropped according to the grain ripening phase by grain combine harvester
Sampo-130.

Grain quality indices - protein, gluten and starch content, Zeleny index and Falling number -
were detected in the laboratory of ,,Rigas Dzirnavnieks” with Infratex 124.

In the laboratory (in the year 2006) tests the grain were germinated in dark at 20°C in a Petri
dish. The percentage of germinated grain was determined every 6 hours. A grain with at least
1 mm of protruded radicle was detected as germinated. The number of repetitions - 4. The
number of grain in every repetition was 100. In the laboratory experiments were determined
germination, germination power and germination energy.

As a result the mineral supply through leaves during the heading phase increases grain yield
for 3-5%. Macronutrients Phosific 0.4 t ha"lwere the most effective. There was no significant
influence of the fertilisation through leaves on the quality of grain, but germination,
germination energy and germination power were greatly increased. The rational use of the
nutrients has a positive effect on the environment.
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NESASPIEZAMA SKIDRUMA PLUSMAS SKAITLISKA
MODELESANA CAURULE VIRPULLAUKA IETEKME
NUMERICAL MODELLING A STREAM OF NOT COMPRESSED LIQUID IN
A PIPE UNDER INFLUENCE OF A VORTICAL FIELD
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Abstract. The article features the system of three partial differential equations, which describes the
stream stationary axial - a symmetric incompressible liquid in a pipe. The developed technique allows reduce

the system of PDE to the difference equations which have been solved due to the grid method. Using computer
program MAPLE different values ofpressures difference in the following cases were calculated: a) a smooth
pipe; b) the liquid ispoured in inside a pipe through the reduced part ofa pipe; c) the liquid ispoured in inside
a pipe through a ring. The liquid’s flux modeling in a pipe is investigated at different values ofparameter Re
(Reynolds number), T (parameter of rotation) and A (whirlwind’s intensity). The considered technique is
applicable in specific targets and processes offormation ofwhirlwinds, for example, a stream ofa liquid or gas
in pipelines,, in automobile mufflers, etc.

Keywords: difference equations, grid method, parameter of rotation, Reynolds number, stationary axial
- a symmetric incompressible liquid, whirlwind’ intensity

levads

Modernas tehnologijas pieprasa arvien efektivakas, kompaktakas, videi draudzigakas
tehniskas iekartas. Tas pilna meéra attiecinams art uz energétikas iekartam. Ta ir kompakta,
efektiva un ekologiski tira iekarta elektroenergijas parvérSsanai siltuma, kuras matematiskais
modelis apskatits publikacijas [1; 2]. Pédgéja desmitgadé paradas energétikas iekartas, kuras
konstruétas péc daba sastopama tornado (hurrican) principa [3]. Péc lidziga principa darbojas
darbos [4; 5] modeléta iekarta, kura turbulentu plasmu, laizot to caur speciali konstruétu
galigo cilindru sistému, izveido virpulu virkni un tadéjadi samazina frontéalo pretestibu.

PétTjuma objekti un metodes
Modelgjot stacionaras aksiali simetriskas nesaspiezama viskoza Skidruma pldsmas galiga
caurulé, cilindriskas koordinatés (r,(p,z) apskata Sadu parcialo diferencialvienadojumu sistému
(Navjée-Stoksa vienadojumi) bezdimensiju forma [2; 5; 7]

-r2ee=Vz+r(r INBr,0<r<1,0<z<| 1)
Re M(co) = cazz + r"3(r3anr+ r'4Re E2 (w2)zHpr"], (2)
Re M(w) = wzz+ r(r" wnr, 3)

kur M(g) =v gz+ u gr- konvektivie locekli (g=w;co), (v= vr(r,z), v<p(r,2),

u = vzr,z)) - atruma komponentes, i = \I/(r,2) - hidrodinamiska stravas funkcija vai plasmas
funkcija (v=r'1 W, u=- r'1\iz), ©=0(r,z)=0@pr'1( G(p=uz v r- virpulu funkcija), w=w(r,z)=r vqa
Re=Uoa/v - Reinoldsa skaitlis, E=V0/ Uo - rotacijas parametrs, f(p=(Fr )z(Fz)r - aréjo spéku
(Fr, F2 rotora komponente, Uo - vienmérigas plasmas atrums caurules ieeja (z=0), a -
caurules radiuss, v - kinematiska viskozitate, Vq- linearais rotacijas atrums caurules ieeja
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(Vo=a Qo, kur £20 - lenkiskais atrums. Plismas raksturoSanai caurule uzdod caurteci, t.i.,
pldsmu caur caurules Skérsgriezumu z=const forma [7].

Q =2d |rv,dr (@)
0
vai vidéjo atrumu Qi = Q/(7ra2) = 2(\I/(a,z0) -vI/(0, zo)/ a2 (bezdimensiju forma Qi=l, ja a=l,
\/(a,20)=0,5, /0, z0) =0).
Skaitliskai modeléSanai cauruli parklaj ar vienmérigu rezgi:

rj=0,5hi + (i-hHhi, i=1,.. ., n, Zj=(G-Hh2j=1,...m,
kur nhi=I, mh2=I, un apzimé tuvinatas nezinamo funkciju \\i, co, w vértibas rezga punkta (r,. z,)
ar \ij, cojj, Wijj (hi, h2- reZzga soli).

Uz caurules ass (r=0) simetrijas nosacijumi ir forma

Y= W= cor=wr= w=0. (5)
Caurules izeja (z=I) apskatisim ,,mikstos” (plisma klGst paraléla z asij) nosacljumus

Yz = coz= wz=0.

Caurules ieeja (z=0) atkartbda no Skidruma ietecéSanas reZzima caurulé uzdodam Sadus
nosactjumus:
1) gludas caurules atrisinajums (Skidrums iepldst visa caurulé, Puazeila plisma [5])

¥(r)=r2- 0,54, co(r) =4, w(r) = Q2r2, (6)

kur 0.1 ~ cilindriskas virsmas (r=1) lenkiskais rotacijas atrums;
2) gludas caurules gredzena (0 < ro < r < 1) atrisinagjums (Skidrums ieplGst pa gredzenu,
caurules ieejas dala r < ro ir slegta)
N/ =- r2(In r -0,5)/ g +(r4d In rO+ r@(g-In r0)) Z(2g(r02-1)) - r2n ro/(g(rc2-1)),
co(r) = 2(r'2- 2 In ro/(r2 -1))/g, w(r) =(r2(fi2-Gir®@)- r2(n 2-0i))/(I-r®@), (7)
kurg=Inro(ro2+ 1) + 1- r02, 0 2 ,H| - atbilsto3i virsmu r=I un r=r0lenkiskie rotacijas atrumi;
3) saSaurinatas caurules (r < ro) atrisinajums (Skidrums ieplQst no saSaurinatas caurules,
caurules ieejas dalaro< r < 1ir slégta)

v/ = (r/r0) 2- 0,5 (r/r0) 4, co(r) = 4r0'4, w(r) = Gi r2. (8)
levérojot Skidruma pielipSanas nosacijumus pie cietam virsmam (atrums tur ir nulle),
iegldstam robeZnosacijumus uz caurules virsmas (r=1)

W= 0,5, ilA=0, w=0, aFds,
kur asir virpulu funkcijas sadallfjums uz virsmas (9).

Pétot atrumu sadalljumu pie caurules virsmas (r=I-hi) posma (lj < z < 12) tiek pievadtti
papildus rinkveida punktveida virpuli ar uzdotas funkcijas

G(2) = Asin1000(71k(z-1i)) palidzibu, kur k= N/(12 - f), N - rinkveida virpulu skaits (arpus
segmenta [L, 2] G(2)=0), A - virpulu intensitate (amplitada). Funkcijas vértibas G(zj)= A (ar
precizitati 10'15), kur zj =1t + (2j-1)(12-1i)/(2N). Ja z + Z , tad G(z) < 10'D5 (praktiski 0). Ja A
<0, tad virpuli grieZas uz pretéjo pusi.

Sos virpulus var realizét divéjadi:

1) tiesi pieskaitot G(z) funkcijas @ robeznosacijumam 0% ,ja r=I,

2) netiesi, uzdodot lokali aréjo spéku, pieméram, ja Fr =-4Az, Fz =-Ar, tad f(p=-3A, no (2)
seko co=Ar, no (1) - \I/=ArY/15, tatad skaitliskos eksperimentos vienadojuma (2) funkcija fpir
forma fp= -3G(z2).

Lai iegatu virpulu funkciju oos uz robezas, lieto Teilora rindas izvirzijumus funkciju vértibam
v|/(1-0.5hi, z), co(l-0.5hi,z) punktu (l,z) apkartné (z - fikséts) [5].

legtstam modificétos Vudsa nosacijumus forma (2. kartas aproksimacijas) [3, 4]

s =-(12 h]'2NA -N/9+0,5 conj)/(1-0,75 hi), 9)
kur oos, V&ir co, Vvertibas, ja r=1, z=zj.

Analogi var iegat robeznosactjumus virpulu funkcijai pie ieejas (z=zi=h2), ja tas dalu aizsedz
cieta virsma, proti
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ooji = - 3 hzw2 rf2(NA2 -\J/,i) -0,5a2 (10)
Diferencialvienadojumus (1-3) aizstaj ar diferenu vienadojumiem, lietojot centralas
diferences kopa ar monotono-eksponentu aproksimaciju (Patankars [2, s -3 ]).

Aproksiméjot izteiksmi R=r(r_1gnrass tuvuma (r=ri=hi/2) vienadojumos (1, 3)
(g=w; W), ievéro nosactjumus (5), t. i., g05 =0, g0j =gij un ka r 1gr-> gm, ja r->0. Lidz ar to
ieghst

R=rihri(n/:hri(g2)- glj) - shf2 gl)) + o (hl2).

Aprékinot hidrodinamiska spiediena p=p(r,z) sadalljumu uz ass (p(0,z)), lieto norméto
kustibas vienadojumu z-ass virziena (v=vz, u=vr)

pz=ri(rvnr+ vZ- Re(v vz+ uvz). (11)
levérojot (1), (5), un r''(r vjr-*-2(q- \ymz, vz-> \\imZl, ja r->0, u=0, ieglst
pz0,z)=-2co(0,z) - 0,5 Re N\M)z. (12)

Aproksiméjot atvasinajumus ar vienpusigam diferencem (©nr(0,z)= \I/nr(0,2)=0)

WU(0,Z)) =(81 ¥ij - V2 )/Ohj2 + 0(h,3),
ekstrapolejot funkcijas © vértibas uz caurules asi

fl(0,Z)) =(9 ©ij —o 24)ss + 0(hi4)
un izmantojot aritmétiskas vidéjas funkciju vertibas, ar 2. kartas aproksimaciju iegast formulu
Pz(0,Zj.0,5 =-(9©ij - ©2j + 9 ©ij-i - ©2j-iyss - Re(8L(il/Zij - \iij_i ) - (y2) - y2li))/(18hzhi2).
Integréjot So sakaribu tuvinati ar vidéjo taisnstira formulu segmenta [0,1], ieglst spiediena
sadalTjumu gar caurules asi

p(0,Zj) =p(0,0)+h2 Y ,Pz(0,z* os),j=1,...,m, (13)
k=\

kur p(o 0 )= s 1- spiediena kritums (11(r) =p(r, )- p(r, 1) =81 neatkarigi no r) gluda caurulé ar
garumu 1 Skaitlisko eksperimentu mérkis ir no (13) izskaitlot 11(0) atkartba no Skidruma
ietecéSanas reZzima caurulé, no skaitla Re lieluma un no doto papildus rinkveida virpulu
intensitates A. Ta ka fikseto vértibu \I/(0,2)=0, vi/(0,2)=0,5 de| caurtece Qi caurulé ir konstanta
(Qi =1), tad no spiediena krituma izmainam varés spriest par caurules pretestibas un atruma
izmainam - samazinoties 11(o) Vvertibam, atbilstoSi palielinasies Skidruma pldsmas atrums
caurulé un otradi.

Rezultati un to izvértéjums
Skaitliskie aprekini tika veikti ar parametriem N=4, 1i=0,5, 12=2,5, 1=4, Re=I1;10;20;500,
T=0;2, r0=0,475, A=+ 500;1000;2000; 106; 0, n=20, m=80. Cetri rinkveida virpuli (k=2) ir
sakoncentréti punktos zi=0,75, z2=1,25, Z3=1,75, Z4=2,25 (r =0,95). Diferencu vienadojumi
tika realizéti ar apak3éjas relaksacijas palidzibu (relaksacijas koeficientu veértibas no 0,3 I1dz
0. 9.
1. Skidruma plasma gluda caurulé (6), T=0, Re=500, Q2=0.
Atkariba no parametra A ieglstam dazadas spiediena kritumu vértibas (l.tab.) un spiediena
sadalljumu uz cilindra ass (Pielikuma l.att.: A=0, 2. att.. A= - 2000) (1.-3.att. un 9.att. uz
horizontalas ass atlikta z koordinate, bet uz vertikalas - spiediens).
2. Slgidruma plisma no caurules saSaurinatas dalas plasakaja (8), T=0, Re=I;10;20,
Qi=0, A=0.
Atkariba no parametra Re ieglstam daZzadas spiediena kritumu vértibas (gluda caurulé ar
radiusu ro un garumu 1- 1)1(0)= 8 r04 1=628,60) (2.tab.). Spiediena un plasmas funkcijas
sadalljumus dots attiecigi 3. un 4.attéla (Re=10) (4.-8.att. un 10.-16.att. uz vertikalas ass
atlikta z koordinate, bet uz horizontaldas - caurules radiuss). Eksperimentali iegats, ka,
palielinoties Reinoldsa skaitlim Re, virpulu zona paplaSinas. Realizéjot virpulus ar lokalu
aréjo spéku palidzibu (4 rinkveida virpuli caurules gredzenveida paplaSinajumos), tika
novérots, ka spiediena sadalljums uz ass batiski nemainas, bet plisma virpulu zona mainas
(5.att.. A=106, 6.att.. A=-106). Pie parametru vérttbam Qi=Il, F=2, Re=10 A=0 spiediena
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kritums ir n(0)=270, bet pie A=106 un A=-106- atbilstoSi fl(0)=267 un n(0)=272. PlGsmas
ITnijas (A=0, A=106) ir redzamas 7. un 8.attéla.

3. Skidruma plasma gar caurules malam caur gredzenu (7), r=0, Re=T00, fii=0, 0.2=0,
A=0. Saja gadijuma 9. un 10.attéla redzamas attiecigi nemonotonas spiediena izmainas ar tam
atbilstoSo plasmas sadallfjumu gluda caurulé. Spiediena izmainas ir mazas, ja virpulu
intensitate ir A=+ 106 (pozitivdam veértibam spiediena kritums ir par 5 mazaks neka
negativam). 11. un 12.attéla redzamas plasmas ITnijas, ja A>0 un A<0. Rotacijas gadijuma
(r=2, f2i=0, 0 2=1, A=0) aina ir Iidziga 10.attélam, bet ja A=+ 106, tad - 11 un 12.attélam
(vérojamas nelielas izmainas, ja Di=I, F~-0). Jaatzimé, ka plisma nav atkariga no rotacijas
virziena mainas (Di, 02 ar pretégjam zimém), jo vienddojuma (2) ir saskaitamais ar w2.
Funkcijas w ITmenu ITnijas (A=0) gadijuma, ja fZi=0, Q.=1 un Qi=I, ~2=0 ir redzamas
atbilstoSi 13. un 14.attéla, bet 15. un 16.attéla - virpulu funkcijas o limenu linijas, ja fii=0,
0 2=\ unn,= n2=0.

Secinajumi

1. Rinkveida virpulu realizacija caurules iekSpusé pie virsmas paatrina plGsmas atrumu
caurules iekSpuseg, ja virpulu grieSanas notiek pulkstena raditdja kustibas virziena (A>0).

2. Plasma caurulé ir atkariga no parametra Re (Reinoldsa skaitlis), T (rotacijas parametrs) un
A (virpulu intensitate) vérttbam.

3. Plasma caurulé ir atkariga no ietecéSanas reZima caurulé.

4. Aprékini ir saistiti ar konkrétiem virpulu lietojumiem energétika [3-5]. Darba aplokota
metodika lauj modelét un pétit daba sastopamas virpulauku (tornado) paradibas, Skidrumu
un gazu plastamibu cilindriskas vidés, pieméram, gazes vai naftas vados, automobilu
izpQtéjos u.c.

Summary
The stream stationary axial - a symmetric incompressible liquid in a pipe is modeled. Process is
characterized by system of the partial differential equations (equations N awe-Stock) given in the
dimensionless form in cylindrical coordinates (r, cp, z) (1), (2), (3) [1, 2]
where M (g) = v gz + u gr - convective parts (g= w;co), (v= vr (r,z), v<p(r,z) , u= vz(r,z)) - velocity
components, /= \|/(rz) - hydro dynamical flux function (v= r'1\\f#, u = - r'1\Jz), co= co(r,z)= coPpr'l (cop
=uz-vr-function ofa whirlwind (circulation)), w=w (r,z)= r vp, Re=UO0a/v- Reynolds number, F= V 0/
UO0- parameter of rotation, f9 = (Fr )z - (Fz)r- a component of a rotor of external forces(Fr, Fz), UO -
velocity of a uniform flux at an input in a pipe (z=0), a - radius of a pipe, v - kinem atics viscosity, V 0-
linear speed of rotation at an input in a pipe (V0=a QO0>Do - angular speed). For the characteristic of a
stream in a pipe, the channel is defined, i.e. flux resembling through cross section z=const in the form
(4) [1] or average velocity Qi = Q/(7ta2)= 2(\]|/(a,zo) -\|7(0, zoV a2 (in dimensionless form Qi = 1, if a=1,
v|/(a,Zo)=0.5, v]/(0, Zo) =0). For numerical modeling the pipe becomes covered by a uniform grid.
On an axis of a pipe (r=0) conditions of symmetry are submitted in the form (5). On an output of a
pipe (z=1) we shall consider "soft" conditions (the stream is established parallel to an axis - z) vpz = coz
= wz=0. On an input of a pipe (z=0) depending on a mode of flowing ofa liquid in a pipe we lay down
the following conditions:
1) The solution of a smooth pipe (the liquid is poured in inside all pipe, Puasel’s flux [1]) (6), where
fi2 - angular speed ofrotation of a cylindrical surface (r=1); 2) The solution of aring of a smooth pipe
(0 < r0< r < 1) (the liquid is poured in inside a pipe through a ring where the entrance part of a pipe is
closed atr < ro) (7), where g= in r0 (r02 + 1) + 1- r02, 02, F2r angular velocities of rotation accordingly
for surfaces r=1 and r=ro. 3) The solution of the reduced pipe (r < ro) (the liquid is poured in inside a
pipe through the reduced partofa pipe where the entrance partofa pipe is closed atr0< r < 1 (8).
Taking into account conditions of sticking of a liquid to firm surfaces (there velocity is equal to zero),
we receive boundary conditions on a surface of a pipe (r=1) w= 0.5, A =0, w=0, m=cos, where cosis a

distribution ofthe whirlwind function on a surface ofa pipe.
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Boundary conditions for a whirlwind function on the surface are in the form (9), but near an input
(z=zi=h2) (at the closed input) - in the form (10).

The pressure’s function on z -axis is in the form (11 - 12), the corresponding pressure’s distribution -
(13) and the pressure’s difference is (J1(r) =p(r,0)- p(r, 1) =81. The numerical calculations were
processed by parameters N =4, li=0.5, 12=2.5, 1=4, Re=1;10;20;500, T=0;2, ro=0.475, A=
+ 500;1000;2000; 106; 0, n=20, m=80. Four whirlwinds are placed in the points zi=0.75, z2=1.25,
z3=1.75, 24=2.25 (r =0.95).

Different values of pressure’s difference [1(r) in the following cases were received: a) a smooth pipe(0
<r<1)(6), T=0, Re=500, fz2=0 (Fig. 1.,2); b) the liquid is poured in inside a pipe through the reduced
part of a pipe, (r < r0) in a part (0 < r < 1) (8), T=0, Re=1;10;20, Th=0, A=0 (Fig. 3. - Fig. 8.); c) the
liguid is poured in inside a pipe through a ring (0 < r0< r < 1) in a part (0 < r < 1) (7), T=0, Re=100,
«1=0, Q2=0, A=0, (Fig. 9. - Fig. 16.).

Conclusions: 1. Acceleration of a stream of a liquid at a wall of a pipe is achieved by creation the
vortical stream on a clockw ise direction.

2. Character of a stream of a liquid in a pipe in many respects depends on values of the parameters Re,
T and A.

3. Character of a stream of a liquid in a pipe in many respects depends on a mode of liquid’s pouring
in inside of a pipe.

4. The considered technique is applicable in specific targets and processes of formation of whirlwinds,

for example, a stream of a liquid or gas in pipelines, in automobile mufflers, etc.
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PIELIKUMS

1 tabula
Spiediena krituma [I(0) atkariba no parametra A vértibam
A 0 500 1000 2000 -500 -1000 -2000
11(0) 32 22 18 12 38 46 53
2. tabula
Spiediena krituma JI(0) atkariba no parametra Re vértibam
Re 0 1 10 20
n(0) 69 82 283 440
l.attéls. Spiediena sadalijums uz 2_.&_1tté|s. Spiediena_sadaITjutns uf
cilindra ass gluda caurulé (A=0) cilindra ass gluda caurule (A=-
2000)
2.attéls. Spiediena sadaltjums uz 4 .attéls. Plasmas sadaltjums gluda
cilindra ass gluda caurulé (Re=10) caurulé (Re=10)
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5.attéls. Plasmas sadaltjums caurulé ar
saSaurinatu ieeju un rinkveida virpuliem
(A=106)

7.attéls. Plasmas sadalijums gluda
caurulé ar saSaurinatu ieeju (A=0)

9.attéls. Spiediena sadalijums uz ass
plidsmai caur gredzenu gluda caurulé

6.attéls. Pldsmas sadaltjums caurulé ar
saSaurinatu ieeju un rinkveida virpuliem
(A= -106)

8.attéls. Plidsmas sadalijums caurule ar
saSaurinatu ieeju un rinkveida virpuliem
(A= 106)

10.attéls. Plasmas sadaltjums caur
gredzenu gluda caurulé
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11.attéls. Plismas sadalijums caur
gredzenu ar rinkveida virpuliem (A>0)

13.attéls. Rotacijas funkcijas w sadaltjums
plidsmai caur gredzenu (A=0, fzi=0, 02=1)

15.attéls. Virpulu funkcijas @ sadalijums
pldsmai caur gredzenu (A=0, Oi=0, 02=1)
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12.attéls. Plasmas sadalljums caur gredzenu
ar rinkveida virpuliem (A<0)

14.attéls. Rotacijas funkcijas w sadalljums
plasmai caur gredzenu (A=0, Oi=1, fZ2=0)

16.attéls. Virpulu funkcijas oo sadaltijums
plismai caur gredzenu (A=0, Oi=0, 02=0)



DATA PREPROCESSING METHODS FOR INTERVAL BASED
NEURAL NETWORK PREDICTION
DATU PIRMAPSTRADES METODES INTER VALU BAZETAI
PROGNOZESANAI AR NEIRONU TIKLIEM

Aleksejs Zorins
Rézeknes Augstskola
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Abstract. The paper examines a task of forecasting stock prices of Riga Stock exchange by the use of
interval value prediction approach, which is carried out by modified Kohonen neural network learning algorithm.
The data preprocessing methods are analyzed and implemented here to solve stock prices prediction task. The
proposed data preprocessing methods has been experimentally tested with two types of artificial neural networks.

Keywords: artificial neural networks, interval value prediction, Kohonen neural networks, time series
transformation methods

Introduction
Neural networks is a very popular direction of artificial intelligence which has found a large
number of implementations in such fields as finance, medicine, engineering, geology and
physics. Different kinds of network architectures and learning algorithms have been
discovered so far. The most popular among them are backpropagation, EIman’s, recurrent,
counterpropagation networks and Kohonen self-organizing maps [2, 3, 5]. The hybrid
networks which combine genetic algorithms, fuzzy logic and neural networks are also being
introduced.
One of the tasks, which can be successfully solved by neural networks, is financial forecasting
or prediction. Forecasting the behavior of a given system follows two approaches which are
trying to predict future values of time series by extracting knowledge from the past. One
common approach is to relate the changes in one time series to other phenomena in the
economy. Other approach also adopted in this paper, states that stock exchange indexes
embody all the knowledge that is necessary to predict future behavior. The experiments
presented here are based on the assumption, that the past values of the indexes contain all the
knowledge that is necessary to predict future behavior.
Next, there are two possible ways of prediction. Most often a person needs precise or exact
values as a prediction result, however, in many cases such a prediction has quite big error and
can be replaced with the interval value prediction, when we obtain value (index) change
intervals. Varying the length of such intervals, one may obtain required forecasting precision.
The paper examines a task of forecasting stock prices of Riga Stock exchange by the use of
interval value prediction approach, which is carried out by modified Kohonen neural network
learning algorithm. The data preprocessing methods are analyzed and implemented here to
solve stock prices prediction task. The proposed data preprocessing methods has been
experimentally tested with two types of artificial neural networks.

Materials and methods
The interval value prediction is based on the partitioning of time series into number of
intervals, which may represent factor changes in absolute values or percentage. The simplest
case allows using standard windowing method for input value preparation; however, better
results are possible with time series transformation methods.


mailto:alex@ru.lv

Proper time series transformation can substantially improve performance of the prediction
system and reduce learning time. There are different kinds of time series transformation, for
instance, Fourier transformation, Wavelets and piece-wise linear approximation [1,4, 7].

The paper discusses the last one of the methods, which is based on the time series
approximation with N straight lines (Fig. 1).

b)

Time period

Fig.l. Time series (a) and its piece-wise linear approximation

In most cases N<n (n - number of time series data points), therefore, the time series
transformation method allows to process data more efficiently. The time series transformation
methods have been initially implemented in data mining, but, as it will be shown later, they
may be successfully used as data preparation tool for neural networks.
The goals of the time series transformation (sometimes also called segmentation) may be
different [6]:
time series best representation with fixed number of segments N;
time series representation in such way, that maximal approximation error for each
segment does not exceed initially defined threshold;
- time series representation in such way, that maximum total approximation error for all
segments does not exceed initially defined threshold.
There are number of time series transformation (segmentation) algorithms. The experiments
presented in this paper deals with three most popular: sliding window, top-down and bottom-
up algorithms [4]. The flowchart of the sliding window algorithm is shown in the Figure 2.
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Fig. 2. Sliding window algorithm flowchart

Fig.3. Top-down algorithm flowchart

Sliding window algorithm starts from the first time series data point, gradually increasing size
of a segment and calculating approximation error for each variant of a segment. When the
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Emax limit is reached, algorithm creates segment from i-1 time series data points and the
process repeats until all time series values are transformed into segments.

The main advantage of this algorithm is its simplicity and possibility to its implementation in
on-line regime. There are numbers of possible improvements for this algorithm. For example,
it is possible to increase initial step (size of a segment) and use not 1, but k-size step.
Experiments show that with k=I5 algorithm is 15 times faster and performance
(approximation quality) is still good [4].

Figure 3 shows the next time series segmentation algorithm.

The next segmentation algorithm “Top-Down” initially split the time series into 2 equal
segments, and then analyze each of them, calculating approximation error. Each of the
segments may be split many times, until the desired error threshold is reached. The last time
series algorithm, which was used in the experiments, is Bottom-Up. Its flowchart is shown in
Figure 4.

Fig. 4. Bottom-Up algorithm flowchart

All three algorithms perform piece-wise linear approximation, which could be calculated in
two ways:

linear interpolation (method simply connects two endpoints of a segment);

linear regression (segment approximation line is obtained using least square regression).
Linear interpolation requires less calculation and uses less processor time, therefore it is better
for on-line segmentation, when time factor is in first place. Linear regression is more time
consuming, but allows obtaining better segmentation precision.
In the experiments presented here the time factor is not crucial, and the use of the linear
regression instead of the linear interpolation is more appropriate. Regression line is calculated
as follows:

XiH =a + bXh 1)

where
a and b are approximation lines coefficients.
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b coefficient is calculated as follows:
n

nliLx.y.
h= A~ A
- (2)

2o .
nI;Ezlx. %m)Z

where

y, - independent variable;

Xj- dependent variable;

n - number of data points.

The next part of the paper shows an implementation of these three algorithms in practical
example. All methods are based on the linear regression approximation. Approximation mean
square error is used as a benchmark.

Results and discussion
The experiments presented here use the data from Riga Stock Exchange server. The dataset
consists of five time series, which represents five Latvian enterprises. Each time series
contains 523 data point, therefore allowing testing segmentation algorithm performance.
Figures 5 and 6 show the dataset of the task.
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Fig.5. Time series of Latvian enterprises: a - Latvijas Gaze, b - Ventspils Nafta
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Fig.6. Time series of Latvian enterprises: a - Grindex, b - Latviajs Balzams, ¢ - Kaija
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As an additional quality measure for segmentation algorithm the correlation coefficient value
will be used. The correlation coefficient in our case shows how well regression line fits data.
This coefficient between x andy values is calculated as follows [9]:

n J— p—

£(X v_X)O l_y)

1=1

n

ECe-yf J(x,-x)2

1H 1A

\% n \ n
where
Xj - actual time series value;
Y, - approximated value;

X,y -mean ofthe correspondent values;
n - number of data point in time series.

Table 1 summarizes the experimental results on different datasets with different time series
transformation algorithms. Additional performance measure here is mean absolute percentage
error (MAPE).

Table 1
Time series transformation results

_ _ Sliding Window Top-Down Bottom-Up

Time series MAPE r  MAPE r  MAPE 1
Ventspils Nafta (VNFT) 2.42 0.77 2.54 0.72 2.61 0.69
Latvijas Gaze (GAZE) 2.35 0.75 2.28 0.81 2.32 0.73
Kaija (KAL) 2.21 0.85 2.31 0.81 2.28 0.82
Grindex (GRDX) 2.39 0.69 2.29 0.72 2.25 0.75
Latvijas Balzams (BALZ) 2.33 0.81 2.47 0.77 2.31 0.82

Table 1 shows, that none of the methods are better than others in all time series cases. As an

additional comparison criteria the number of approximated segments for each time series is

used (the less the better).

The best approximation results are possible in the “Kaija” time series with Sliding window

algorithm (correlation coefficient r=0.85). The other time series are also transformed rather

well.

The time series transformation results may be interpreted in two ways [8]:

1. Use real time series values from created segments of transformed time series. This
approach is similar to windowing approach, but the length of segments may be different.

2. Use as input data from Table 2.
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Table 2.
Description of neural network inputs for interval value prediction

Identifier label Description
AC Linear regression coefficient a for each approximated segment
BC Linear regression coefficient b for each approximated segment
LS Length of a segment (in data points)
SS Starting point of a segment
ES End point of a segment
CL Class identifier

As a result the input vector used in training may be different. Some possible variants are
shown in Figure 7.

Input vector describes 1 segment

Class id VeCtor l
AC BC SSs ES LS cL
Input vector describes 3 segments Vector 2
Segmenti Segment 2 Segment 3

AC! BC! SSi ES! LS, ac2 bc2 552 ESZ I52 A O BCS SS3 E53 LSS CLS

Input vector describe n segments using their data points

Vector 3
X i X2 X3 Xn CL

Fig. 7. Neural network input vectors for the experiments

Let us denote first vector type from the Figure 7 as ,,Vector 1”, the second as ,,Vector 2” and
the third as ,,Vector 3”. The ,,Vector 1” input type one time series segment. In this case input
vector consists of regression equation coefficients, segment starting and ending point, length
of a segment and a class identifier.

The experiments show that an input from only one segment does not give enough information
for the neural network proper training; therefore it is better to use “Vector 2” kind of input
with several segments descriptions and a class identifier.

At this moment we have all information required for the experiments. Table 3 presents
Kohonen neural networks performances with different input preparation methods.
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Table 3.
Neural networks performances with different input preparation methods

Correctly classified Correctly classified

Inputpreparation method objectsfor the training objectsfor the test
set (%) set )
Vector 1 75 65
Vector 2 (two segment description) 79 72
Vector 2 (three segment description) 91 80
Vector 2 (four segment description) 85 75
Vector 3 82 63
Conclusions

The proper data preparation methodology is required for its implementation. The time series
transformation methods, earlier used in data mining, can also be used in the neural network
training experiments for time series prediction.

The table 4 proves that the best results are obtained with Vector 2 data preparation method
(when three simultaneously described segments are used in neural network learning). The
“common” Vector 3 approach, when the standard windowing method is used, is strongly
outperformed by the Vector 2 method. Therefore the data preprocessing method presented
here may be till 10% more effective than the standard approach.
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THE ESTIMATION OF ERRORS OF AREA MODELS DESCRIBED BY

THE SHAPE FUNCTIONS BY THE MEANS OF NEURAL NETWORKS
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MODELI
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Abstract. The article deals with the issue of estimation of the area models errors determined on the
basis of a discrete points set with the given values ofspace coordinates (x, y, z). The object was assumed to be
described by shape functions in theform of the elliptic paraboloid and the hyperbolic paraboloid. The digital
task accomplishment consisted in the statistic verification oferrors of the models determined by neural networks
and by the accomplishment of adjustment tasks. Modeling by the means of neural networks was carried out by
the unidirectional multilayer networks with the application of gradient methods of optimalization and by
Resilientback Propagation algorithm (RPROP). The obtained results were compared with the following results
of approximation of the second and the third degree of polynomial, the b-spline function and the kriging’s
method.

Key words: neural networks, gradient methods ofoptimalization, approximation method

Introduction
The problem of specifying the form of a surface over a particular set of points can be
discussed from the geodesic point view in terms of statistical verification in two cases,
namely [3,4]:
e points F (i=1,2,...,.m), which hale been assigned theoretical coordinates

(i=h2,..m),
e points B (i - with empirical coordinated xt,yt,z; (i =\,2,...m).
If we put forward the hypothesis that the form function with n parameters assumes the form

F(x,y,z) =0,
then for points with theoretical coordinates estimation of errors of the model consists in
solving the problem of minimization

m m

min X rfi »

where VA (/=1,2,....m) represents the differences between the value of the function specified
on the basis of theoretical coordinates and the value of the function obtained from the process
of minimization.
When we consider empirical coordinates of points we will deal with an equalization task in
the general form

m

va1‘2 +vy% +VZf2

i\
at that

F(x°bs +vxi,y°bs +Vy,z?bs +vzj)= 0 for PI,..., Pm.

In this case errors of empirical coordinates are particularly important in terms of modeling
objects.
In order to analyses estimation of errors of the model we have been trying to find the
minimum function spread over the assigned set of points with theoretical coordinates. Two
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cases of estimation of errors model obtained from the solution of the equalization task with
regard to basis form functions have been analysed:

equations of elliptical paraboloid z=X +V . (fig .1a),
a2 b2

equations of hyperbolical paraboloid z = (fig. Ib).

Fig. la  Fig. Ib
Fig.l. The elliptic paraboloid and the hyperbolic paraboloid for a=4 and b=4

The solution of this problem facilitates a critical analysis of the effectiveness and precision of
the representation of the terrain model by means of neural networks, which are a universal
approximation system reflecting multidimensional data sets without the necessity to formulate
a form function. However, the use of neural networks requires a suitable network structure, a
particular number of learning standards for a general number of points and choice of a
suitable activation function (it can be different in the hidden layer and output later).

Materials and methods

Artificial neural networks are systems in the form of configurations of neurons, whose
computing power makes it possible to achieve a representation from input space to output
space [2,5].

The basis for the algorithms applied for teaching the network is an objective function (an
energy function), defined by means of the Euclides algorithm as the sum of the squares of
differences between the current values of input signals of the network and the allocated values
in the form:

1 i=1 Z =1 7=1
where:
p - number of input vectors,
M - number of coordinates of the input vector,

y-j - coordinate of the input vector(/ = 1,2,...,p), (j =1,2,...,M),

dj - coordinate of the allocated vector(z = 1,2,...,p), (j =1,2,..., M).

On the assumption that the objective function is continuous and gradient optimisation
methods are used, the adaptation of the vector of weights is carried out according to the rule:

wf ™ =wf) + AwW 2)

where k is the number of a subsequent iteration.
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In the process of the minimization of the objective function and the sigmoidal activation
function adopted, the increase of coordinates of the vector of weights
Aw =- i)p{w) ©)

de
where p{w) = d ~ is a direction in the multidimensional space w, and 4 is the learning
w

coefficient.

In order to obtain similarities with the optimum solution the following quasi Newtonian
methods have been used: the method of a quasi-Newton algorithm, conjugate gradients, and
the Levenberg - Marquardt method.

The algorithm carried out via the quasi-Newton method uses information on the curve of the
objective function being minimized. In quasi-Newton methods the hessian matrix is
approximated by means of the difference of first rank derivatives. This method does not
require the difficult-to-satisfy (in general) condition of the positivity of the hessian in each
iteration, which facilitates the practical implementation of the algorithm. We will be looking

for a stationary point w* of the minimum of the objective function E(w) in the direction
)
and the reverse matrix of the approximated hessian V~ [G(wfk) as a matrix modified

from the previous iteration (the starting value V° =1) has been described with the Davidon -
Fletcher - Powell recurrent dependence [5]

r(k) _ I’(k— O+s (5)
where and r'k) denote respectively the increase of the vector of weights w and the
gradient g(H’) in two subsequent iterations, - WKA =g(wfk*- g(wfk 'm

The Levenberg - Marquardt method is very similar to the quasi-Newton method, which also
uses the square calculation of the objective function E(w) and an approximated value of the
Hessian G (n’) including a regularization factor. When the objective function is defined as (1)
the approximated matrix of the Hessian has the form

G(w)= j(w)rj(w)+ Jl(w) (6)
where:
j(w) - Jacobian of the function (1)
7”wW>) - summands of the expansion of the exact value of the hessian H(w) by

means of the regularization factor r1 (or rl).
After introducing the regularization factor into the formula (6) we obtain a form of the matrix
of the hessian equivalent to the expression (6)

G(w)™ =j(w)™ j(wjk+rwl (7
The efficiency of the algorithm depends on the choice of the scalar coefficient r * | . At the
beginning of the learning process, when the value of the function E{w) is great, the

regularization factor r”~ | assumes great values. As error is reduced and the solution gets

closer the parameter r~ | is reduced down to zero.
The method of connected gradients uses the square model of the objective function without
the necessity to use a number of matrix calculations in each iteration. The directions

p{,p2,...,pn are called directions connected to the symmetrical, strictly positive matrix G , if



p,TGpj =0 i*j (@=zj=12..,n) (8)
Directions of the connections are generated on the basis of information about new derivatives

and former directions. Using concise notation including the assumption (8), the direction
vector in the klh iteration

<> - £ ( ., , ) « ( 9 )
where:
g (w fk™ - gradient vector,
J¥k~" - connection coefficient.
The coefficient J3k~" should be chosen in such a way that the direction p” is connected to

the direction p~k ~. The best known theorem for specifying the coefficient J3{R‘"ﬁ (a method
by the Polish scientist Riebiere) is expressed with the formula [5]:

o) = g(WE 1(a()@ ~g(wikd)) (10

The essence of the RPROP algorithm (Resilient Backpropagation algorithm) consists in
updating weights according to the sign of only the summands of the gradient, regardless of its
value [1,5].
Correction of weights is effected according to the dependence

-?2/7hsgn(v.E(w')M), (12)
where the learning coefficient ~ depends on the sign of the gradient. The coefficient  is

chosen in each cycle for each weight w individually. The value of this coefficient increases
when the sign of the gradient in two subsequent iterations is the same, if not it decreases.
Thus

miniy * )27min) dla VE{wKVE(w){ k >0
77« =m max pijfk),7lmex) dla VE(w)@V E(hi)(*_i) <0 (12)
7)) w innym przypadku

The symbols a and b in the formulas are constants: a =1.2, 6 =05 and 7ijn and r]max

denote respectively the minimum and maximum value of the learning coefficient, equal in the
ROROP algorithm respectively 10’6 and 50 [5,6]

Results and discussion
The representation of surfaces described by means of form functions - elliptical paraboloid
and hyperbolical paraboloid has been effected for a training set of 20 points, a test set of 320
points (fig. 2a and 2b) for a network with the architecture 2 5 1 and 2101 with the use of
the bipolar activation function in the form

y = f(net) = 1- exp(- Anet) As 0 (13)

1+ Q\p{-Anet) "’
In the learning process the change of the learning terror of two consecutive iterations le-10
and the number of iterations on the level of 20000 have been adopted as the criterion for the

termination of the minimization process.



Fig.2. The layout of training set points - the elliptic paraboloid (2a)
and the hyperbolic paraboloid (2b)

The results of learning and testing the network in the form of the mean error
mSE =-~jrJdi-yi)2 (14)

and the results of obtained by means of spline and kriging approximations have been
compared in table 1 and 2 an represented graphically in fig. 3.

Table 1
The results of the area models projection - the networks architecture 2 5 1
The elliptic paraboloid The hyperbolic paraboloid
The approximation method error RMSE [m] error RMSE [m]
training set testing set training set testing set
RPROP algorithm 0.04 0.07 0.06 0.07
Backpropagation algorithm 0.65 0.78 0.72 0.79
Conjugate gradient algorithm 0.17 0.19 0.25 0.28
Quasi-Newton algorithm 0.01 0.00 0.02 0.00
Levenberga - Marquardta 0.02 0.02 0.01 0.01
Spline approximation 0.02 0.03 0.01 0.02
Kriging approximation 0.07 0.10 0.07 0.08
Table 2.

The results of the area models projection - the networks architecture 2 10 1
The elliptic paraboloid The hyperbolic paraboloid

The approximation method error RMSE [m] error RMSE [m]
training set  testing set  training set testing set
RPROP algorithm 0.02 0.04 0.05 0.06
Backpropagation algorithm 0.53 0.64 0.62 0.65
Conjugate gradient algorithm 0.12 0.14 0.20 0.24
Quasi-Newton algorithm 0.00 0.00 0.00 0.00
Levenberga - Marquardta 0.00 0.00 0.00 0.00
Spline approximation 0.02 0.03 0.01 0.02
Kriging approximation 0.07 0.10 0.07 0.08
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Fig.3. The errors values RM SE [m] for the testing set
depending on the approximation method and the networks architecture

Conclusions
The approximation of the square form of three real numbers x,y,z (elliptical paraboloid and

hyperbolic paraboloid) by means of second and third rate polynomials and by means of one
direction multi - layer networks taught by means of the Levenberg - Marquardt changeable
metric method brings the best results in terms of quality. Slightly greater errors are obtained
by the use of the heuristic algorithm RPROP and spline and kriging approximation. At this
point it is necessary to add that the algorithm RPROP requires approximation 10 times more
iterations in order to achieve convergence than basic gradient methods. The worst results have
been obtained by the use of the method of the greatest fall, because of linear convergence and
slow progress of minimization around the optimum point.

On the basis of the results obtained it is possible to say that the approximation of surface
models described by means of basic form functions does not differ in terms of quality form
the approximation obtained by means of traditional methods. It is merely necessary to meet
all the requirements concerning the obtainment of the local minimum, located near the global
minimum.
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INFORMACIJAS TEHNOLOGIJU IZMANTOSANA BERNA
PSIHOFIZIOLOGISKA STAVOKLA NOVERTESANA UN UZVEDIBAS
KOREKCIJA
THE USE OFINFORMATION TECHNOLOGIES IN THE ASSESMENT OF
CHILD S PSYCHOPHYSIOLOGICAL STATEAND CORRECTION OF
BEHAVIOUR
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Abstract. The paper deals with the information technology methods of earley diagnostics and
correction of nervous system disorders. The effective method which allows to improve the psychoemotional
sphere ofpeople with differentfunctional disorders of nervous system and to make correction work with them is
functional bioregulation with biofeedback. 24 hyperactive children were observed in current investigation. The
assessment ofpsychophysiological state of children was carried out. The analysis ofbehaviour of children was
organised as a computer game. Electroencephalograms of children were registered and their individual
peculiarities were estimated. The behaviour correction of hyperactive children with attention deficiency by the
method offunctional bioregulation with biofeedback was carried out. The results of investigation showed that
functional bioregulation training procedures normalise the bioelectrical activity of hyperactive children brain,
decrease behaviour impulsiveness, improve abilities to concentrate attention and make better work capabilities.

Keywords: computer games, electroencephalogram, functional bioregulation with biofeedback,
hyperactive children, labyrinth.

levads

Pédéjos gados gan Latvija, gan arT citds Eiropas valstis vérojama bérnu psihiskas veselibas
pasliktinaSanas [1]. Pieaug bérnu skaits ar intelektualas attistibas traucéumiem,
psihosomatisko patologiju, paaugstinadtu neirotizacijas un psihopatizacijas Itmeni, k& art
hiperaktivo bérnu daudzums. Bérnu veselibas problémam ir vairaki iemesli: tehniska progresa
sekas, starojums, socialie faktori, iedzimtiba, gratniecibas toksikozes, stress [2].

Neirologisko slimibu pieaugums bérniem un pusaudziem prasa jaunu metozu izstradi agrino
smadzenu traucéjumu diagnostika un korekcija. Efektivu metoZu un tehnologiju ievieSana
medicTniskajd praksé dos iespéju veikt aktivaku un mérktiecigaku darbu jaunas paaudzes
veselibas saglabasanai. Spélu situaciju izmanto3ana ir viens no efektivakajiem Iidzekliem, lai
attistitu bérnu uzmanibu, atminu un visparéja intelekta ITmeni [3]. Sim nolukam ir izstradatas
datorprogrammas, lai pétitu bérna kognitivas funkcijas, kd arT veiktu atklato kognitivo
funkciju traucéjumu korekciju. Efektlva metode, ar kuras palidzibu iespéjams uzlabot cilvéka
psihoemocionalo sféru un veikt korekciju pie dazadiem nervu sisttmas funkcionaliem
traucéjumiem, depresijas, psihosomatiskam slimibam, patologiskam atkaribdm un citiem
traucéjumiem, ir funkcionala bioregulacija ar bioatgriezeniskas saites (FB ar BAS) palidzibu
[4]. FB ar BAS palidzibu ir tieSa centralas un periferas nervu sisttmas apmacibas metode,
kuru pielieto ar mérki normalizét to darbibu. FB ar BAS metode ir vérsta uz labaku organisma
notiekoSo procesu izpratni un regulaciju, relaksacijas spéju paaugstindSanu un organisma
funkcionala stavokla uzlaboSanu, izmantojot fiziologiskos signalus no sava organisma [5].

FB ar BAS realizé ,.fiziologiska spogula” principu, kura lomu veic speciala aparatfira un
izstradatas datorprogrammas. Pateicoties tdm, pacients iegOst spéju redzét un dzirdét tadus
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fiziologiskos procesus kd kermena temperatlra un adas elektrovaditspéja, muskulu elektriska
aktivitate, smadzenu bioelektriska aktivitate, sirdsdarbibas ritms, asins pldsma daZados
organos u.c. Pateicoties Sadai atgriezeniskai informacijai, rodas iespéja apmacibai bez apzinas
Ildzdaltbas. Ta rezultata var meérktiecigi vélamaja virziend ietekmét organisma regulatoro
sisttmu funkcionéSanu [5, 6].

FB ar BAS metode palidz uzlabot organisma nervu sistémas regulacijas funkciju un organu
sisttmu funkciondlo mijiedarbtbu. Metode ir vérsta uz organisma regulatoru sistému
rehabilitaciju. FB ar BAS metodi var izmantot ne tikai pieaugu$ajiem, bet arT bérniem, sakot
jau no 5 - 7 gadu vecuma. Metodei nav negativu blakusefektu. Tomeér nepareiza FB ar BAS
metodes pielietoSana var pasliktinat organisma funkcionalo stavokli, tdpéc nepiecieSama
augsta funkcionalas bioregulacijas specialistu sagatavotiba. Metodes iedarbtbu iespé&jams
dozéet atkariba no cilvéka individualajam Tpatnibam, ta ir saistita ar personas aktivu
iesaistiSanos rehabilitacijas procesa [5].

Tiek izdaltti vairdki FB ar BAS palidzibu proceddru veidi: péc elektroencefalogrammas
parametriem, péc organisma vedetativajiem raditajiem (kermena temperatlra, elposana, asins
plasma, adas elektriska pretestiba, sirds sarauSanas biezums), péc elektromiogrammas (EMG)
parametriem. Galvena EEG proceddru pielietoSanas sféra ir neirologija, pediatrija, psihiatrija,
psihoimunologija. Otra FB ar BAS palidzibu proceddru grupa tiek izmantota pie dazadiem
psihosomatiskiem traucéjumiem, kuru célonis biezi vien ir hronisks stress. EMG procediras
tiek izmantotas ka relaksacijas nolika pie psihosomatiskiem traucéjumiem, ta art lai atjaunotu
un nostiprinatu dazadu muskulu grupu funkcionalo stavokli [7].

Liela FB ar BAS palidzibu metodes priekSrociba ir ta, ka to var pielietot ne tikai pie
atseviskam slimibam, bet pie daZadiem organisma regulatoro funkciju (centralas, periferas,
vegetativas nervu sistémas, humoralds un imansistémas) traucéjumiem. Rezultata gandriz
ikvienu organisma funkcionéSanas traucéjumu (iznemot infekcijas rakstura, vai ja
nepiecieSama kirurgiska iejauksanas) var korigét ar FB ar BAS metodi. Traucéjumu saraksts,
pie kuriem konstatéts FB ar BAS palidzibu metodes arstnieciskais efekts, ir visai iespaidigs
un pétijumu rezultatd arvien papildinas. lzmantojot S0 metodi, cilvéks iemacas regulét sava
organisma fiziologiskos procesus (pieméram, sirdsdarbibas ritmu, elpo$anu, muskulu tonusu,
smadzenu bioelektrisko aktivitati) un Itdz ar to uzlabot organisma funkcionalo stavokli [4, 5].
FB ar BAS metode palidz uzlabot organisma nervu sistémas regulacijas funkciju un organu
sisttmu funkcionalo mijiedarbibu.

Darba mérkis bija noskaidrot FB ar BAS treninu ietekmi uz hiperaktivo bérnu kognitivajam
funkcijam, smadzenu bioelektrisko aktivitati un uzvedibu.

Péttjuma objekti un metodes
Pétijuma tika apsekoti 24 bérni vecuma no 7 lidz 10 gadiem, kurus skolu psihologi bija
novértéjusi ka bérnus ar hiperaktivitati un uzmanibas deficttu.
Bérniem tika veikta psihofiziologiska stavokla novértéSana ar datorprogrammu, ka ari datoru,
funkcionalas bioregulacijas aparatiras ,,Reakor” un elektroencefalografa palidzibu [8].
Izstradatd bérna psihofiziologiska stavokla novértéSanas programma sastav no diviem
blokiem: | testéSanas bloka, kas ietver 1) instrumentalo uzvedibas analizes metodi dazadu
gratibas pakapju slegtos labirintos; 2) kvantitativas elektroencefalografijas metodi;
Il korekcijas bloka: smadzenu bioelektriskas aktivitates vadiSsana ar funkcionalas
bioregulacijas ar bioatgriezenisko saiti metodes palidzibu.
Instrumentala uzvedibas analizes metode labirintos ir organizéta datorspéles veida - bérns
orientéjas dazadu gratibas pakapju slégtos labirintos. Parbaude tika veikta ar datora palidzibu
péc speciali izstradatas datorprogrammas. Situacijas atrisindjuma atraSana noteikta laika,
izmantojot péc iespéjas mazaku gajienu skaitu, ir smadzenu analizatoras darbibas un
funkcionala stavokla raditajs. Tika novertétas bérna smadzenu darbibas individualas Tpatnibas
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un bérna uzvedibas stratégija - uzdevuma izpildes efektivitate, kltdas, veicot uzdevumu,
lemuma pienemsSanas algoritma veidoSana.

Labirintam ir 5 gratibas pakapes. Bérns sak orientéties ar pirmas gratibas pakapes labirintu.
OrientéSanas sakas no starta laucina. Bérna uzdevums ir atrast celu Iidz pirmajam
galamérkim, péc tam lidz otrajam galamérkim un tad iziet no labirinta. Ja bérns noklast
aizliegtajos laucinos, par to vin$ sanem soda punktus. Pirms gajienu uzsakSanas atlauts
iepazities ar labirintu, méginat to atceréties, tatu péc gajienu uzsakSanas labirints nozad no
ekrana un bérnam jaizdara géjieni péc atminas. Ja tiek sasniegts galamérkis vai sanemti soda
punkti, tad laucins, kur$S sasniegts paradas datora ekrana. Kad pirmas gratibas pakapes
labirints iziets, tad bérns pariet uz otras gratibas pakapes labirintu, un ta talak. OrientéSanas
labirinta tiek izbeigta, kad kadu no gratibas pakapes labirintiem bérns vairs nespgj iziet (vins
apmaldas, sak darboties haotiski un partrauc spéli). Tiek registréts izdarito gajienu skaits,
laiks, kas patéréts gdjiena veik3anai, orientéSanas laiks labirintd, sanemtie soda punkti, cik
gratibas pakapes labirinti tiek izieti. lespéams novértét, vai bérns meklé celu labirinta
meérktiecigi, vai arT darbojas haotiski. Péc orientéSanas labirintd tika novértéta bérna spéja
koncentrét uzmanibu, vina atmina un uzvedibas stratégija determinéta vidé.

Bérniem tika registrétas elektroencefalogrammas (EEG) un noveértétas to individualas
Tpatnibas. EEG tika registréta péc standartveida monopolaras registracijas metodes [9, 10].
EEG registréja, bérnam atrodoties nomoda, miera stavokll. EEG struktdra tika izvértéta péc
bioritmiem. Tika novértéta art EEG atbilstiba vecuma biologiskajai normai.

Funkcionalds bioregulacijas ar bioatgriezenisko saiti proceddru trenini tika veikti péc
smadzenu bioelektriskas aktivitates parametriem. Tika izmantoti divi treninu veidi:
1) relaksacija péc EEG parametriem - proceddra, kas vérsta uz a (alfa) ritma daudzuma
palielinaSanu; 2) EEG ritmu attiecibu izmainas - procedira, kas vérsta uz P (beta) ritma un 9
(téta) ritma daudzuma attiecibas palielinaSanu.

Katram bérnam tika veikti 12-15 treninu seansi. Viena trenina seansa ilgums bija 20 - 30
mindtes. Treninu seansi tika atkartoti katru otro dienu, tadéjadi FB ar BAS trenini katram
bérnam ilga apméram meénesi. Seansu laikd gan pacients, gan arT arsts varéja kontrolét
organisma fiziologisko reakciju izmainas (l.att). FB ar BAS treninu laika hiperaktivajiem
bérniem ar uzmanibas deficitu nekada medikamentoza arstéSana netika veikta.

Noteiktu fiziologisko parametru

registracija

l.attéls. Funkcionalas bioregulacijas ar bioatgriezenisko saiti metodes visparéja shéma
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Rezultati un to izvértéjums
Hiperaktivajiem bérniem ar uzmanibas deficttu orientéSanas labirintad radija lielas gratibas.
Viniem bija grati atrast logisku celu, ka virzities uz labirinta galamérki. Hiperaktivie bérni,
orientéjoties labirinta, veica lielu skaitu lieku gajienu un pielava daudz KklGdu. Pareja jauna
labirinta gratibas pakapé viniem radija satraukumu, par ko liecina tas, ka So bérnu darbiba
biezi kluva haotiska. Vairums hiperaktivo bérnu ar uzmanibas deficTtu izgaja tikai otro /treSo
labirinta gratibas pakapi.
Hiperaktivajiem bérniem EEG tika konstatétas vairakas izteiktas novirzes no normas:
1. EEG tika registréts samazinats a ritma daudzums galvenokart lielo puslozu garozas
pakauSa daivas. Hiperaktivajiem bérniem ar minétajam smadzenu bioelektriskas aktivitates
novirzém tika konstatétas gratibas macibas, traucéta spéja koncentrét uzmanibu, samazinats
atminas apjoms un pasliktinatas visparéjas darbaspéjas.
2. Tika konstatéts ievérojams lénd 9 ritma daudzuma pieaugums EEG uz dezritmijas fona.
Léno vilnu frekvence bija galvenokart 5-6 Hz. Siem bérniem tika konstatéta visparéjas nervu
sisttmas darbibas noturibas samazinaSanas un lielo pusloZzu garozas pieres daivu aktivitates
samazinasanas. Hiperaktivajiem bérniem ar minétajam smadzenu bioelektriskas aktivitates
novirzém tika konstatéta atra nogurdinamiba, gratibas kontrolét savu uzvedibu un regulét
kustibu aktivitati, darbaspéju samazinasanas.
3. EEG bija izmainijudas 9 un beta ritmu kvantitativas attiecibas. Siem bérniem EEG bija
palielinats 9 un samazinats p ritma daudzums. Hiperaktivajiem bérniem 9 un beta ritmu
kvantitativas attiecibas salidzinajuma ar veseliem bérniem visvairak bija izmainitas lielo
pusloZzu garozas centrdlajos un paura rajonos. Hiperaktivajiem bérniem ar minétajam
smadzenu bioelektriskas aktivitates novirzém tika konstatétas gratibas macibas, pasliktinata
atmina, nespéja koncentrét uzmanibu.
Vadoties péc EEG analizes datiem, bérni tika sadaliti divas grupas: pirma grupa - 14 beérni,
kuru EEG raksturigdka Tpatniba bija samazinats p ritma daudzums un palielinats 9 ritma
daudzums salidzinadjuma ar vecuma normu, un otrd grupa - 19 bérnu, kuru raksturigaka
Tpatniba bija samazinats kopégjais a ritma daudzums saltdzindjuma ar vecuma normu. Pirmas
grupas bérniem tika veikta funkcionalas bioregulacijas treninu sérija ar mérki palielinat p
ritma un samazinat 9 ritma daudzumu EEG, bet otras grupas bérniem tika veikta funkcionalas
bioregulacijas treninu sérija ar mérki palielinat a ritma daudzumu EEG.
Funkcionalas bioregulacijas trenini tika organizéti datorspélu veida. Trenin§, kursS vérsts uz P
ritma daudzuma palielindSanu, tika veiks péc 3$adas programmas: datora ekrana tika
demonstréta multiplikacijas filma. Samazinoties p ritma daudzumam, ekrans kluva tumsaks
un attéls zaudéja asumu, bet, pieaugot P ritma daudzumam, attéls ekrana atkal atguva
apgaismojumu un asumu. Par cik bérnam interesé skatities multiplikacijas filmu, vinam visu
laiku jakoncentré uzmaniba, kas vienlaikus izraisa p ritma daudzuma palielinaSanos EEG un 9
ritma daudzuma samazinaSanos EEG. Filmas demonstracijas starplaikos bija atpGtas briZzi.
Lielakai dalai bérnu, kuriem tika veikts funkcionalas bioregulacijas trenin§ péc Sadas shémas,
no desmitd Iidz divpadsmitajam trenina seansam P ritma daudzums bija ievérojami
palielinajies un tuvojas vecuma normai. Treninu laikd ar aparatCras palidzibu tika registréti
tadi parametri ka 9 ritma daudzuma indekss, pi un P2 ritmu summa, P un 9 ritmu attiecibas
(2.att.).
Trenin§, kurS vérsts uz a ritma daudzuma palielinaSanu, tika organizéts $ada veida: bérns sez
krésla ar aizvértam acim un klausas muaziku. Samazinoties a ritma daudzumam, EEG rodas
troksni, kas traucé klaustties maziku, bet, palielinoties a ritma daudzumam, trokSni paztd un
uzlabojas mazikas kvalitate. Mauzikas klausiS8ands seansu starplaikos ir atptas briZi.
Lielakajai dalai bérnu, kam trenin$ tika veikts péc Sadas shémas, a ritma ievérojams
pieaugums EEG tika konstatéts no septita It1dz desmita trenina laika, bet daZziem bérniem jau
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otra vai tre$a trenina laika ievérojami palielinajas a ritma daudzums EEG un tuvojas vecuma
normai.

....... Fiziologisko radttaju dinamiku
SkursFails Treuiiijs Alufa 2, trenirg

Téta ritma daudzuma indekss %

Beta uti ieta ritmu attieciba

2.attéls. Smadzenu bioelektriskas aktivitates parametru registracija funkcionalas
bioregulacijas ar bioatgriezenisko saiti treninu procedaras laika
Registréti $adi parametri: 0 ritma daudzuma indekss; pi un [32 ritmu summa; P un 0 ritmu attiectba

Péc trenina proceddram hiperaktivo bérnu spéja orientéties dazadas gratibas pakapes
labirintos bija uzlabojusies - vinu darbiba bija mérktiecigaka un mazak haotiska neka pirms
funkcionalas bioregulacijas treninu proceddram. Vairums bérnu péc trenina proceddram
izgéja treSo I1dz ceturto labirinta gratibas pakapi.

Péc funkcionalas bioregulacijas ar bioatgriezenisko saiti trenina proceddram skolu psihologi
turpindja novérot hiperaktivo bérnu uzvedibu. Skolu psihologi atziméja, ka hiperaktivajiem
bérniem péc treninu seansiem ir samazinajusies uzvedibas impulsivitate, palielinajusies spéja
koncentrét uzmanibu macibu darbam skola, paaugstinajies paSvértéjums, ka art uzlabojies
kontakts ar citiem bérniem un vecakiem.

Secingjumi
1. Hiperaktivie bérni, orientéjoties labirinta, pielauj daudz kladu un veic lielu skaitu lieku
gajienu. Parejot jauna labirinta gratibas pakapé, vinu darbiba biezi klGst haotiska.
Funkcionalas bioregulacijas ar bioatgriezenisko saiti trenini uzlabo hiperaktivo bérnu
spéju orientéties labirinta.
2. Hiperaktivajiem bérniem ar uzmanibas deficttu EEG tika konstatétas raksturigas izmainas:
samazinats a ritma daudzums galvenokart lielo pusloZu garozas pakauSa daivas,
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ievérojams léna 9 ritma daudzuma pieaugums, palielinats 0 un samazinats p ritma
indekss, galvenokart lielo pusloZzu garozas centralajos un paura rajonos.

3. Funkcionalas bioregulacijas ar bioatgriezenisko saiti treninu seansi normalizéja
hiperaktivo bérnu smadzenu bioelektrisko aktivitati: palielindja p ritma un samazinaja 9
ritma indeksus, ka art palielindja a ritma daudzumu elektroencefalogrammas.

4. Funkcionalas bioregulacijas ar bioatgriezenisko saiti treninu rezultata samazinajas
hiperaktivo bérnu uzvedibas impulsivitate, palielindjas spéja koncentrét uzmanibu macibu
darbam skola, paaugstinajas pasSvertéjums, ka art uzlabojas kontakts ar citiem bérniem un
vecakiem.

5. Funkcionala bioregulacija ar bioatgriezenisko saiti ir efektiva infonnacijas tehnologiju
metode, kuras pielietoSana dod iespéju uzlabot hiperaktivo bérnu ar uzmanibas deficttu
funkcionalo stavokli.

Summary
Becoming worse of psychycal health of children is observed in Latvia and other European
countries. The increase of children’s neurological diseases requires to develop new methods
in earley diagnostics and correction of nervous system disorders.
The effective method which allows to improve the psychoemotional sphere of people with
different functional disorders of nervous system and to make correction work with them is
functional bioregulation with biofeedback. Patients find out the way how to regulate the
physiological processes of their organism using this method. It gives ability to improve the
functional state of organism. Functional bioregulation with biofeedback training is a method
for becoming more aware of, and gaining more conscious control of bodily processes in order
to increase relaxation, relieve pain, and develop healthier, more comfortable life patterns,
enhancing both functioning and performance by using physiological signals from the body.
Functional bioregulation with biofeedback is providing real time information from
psychophysiological recordings about the levels at which physiological systems are
functioning. Electronic biofeedback devices are designed to record physiological functions
non-invasively. The information recorded by surface sensors is frequently sent to a computer
for processing and then displayed on the monitor and/or through speakers. The person being
recorded and any therapist or coach who may be present can attend to the display of
information and incorporate it into what ever process they are attempting to perform. The
device does not send anything directly back into the person being recorded. The loop is
completed only when the person being recorded attends to and uses the displayed information.
24 children at the age of 7 until 10 years, assesed as children with hyperactivity and attention
defficiency by school psychologists, were observed in current investigation. The assessment
of psychophysiological state of children using computer programs, computer, biofeedback
equipment “Reacor” and electroencephalograph was carried out. The program for assessment
psychophysiological state of child consists from two blocks: I. Testing block which includes:
1. Instrumental behaviour analyse method in labyrinth with various levels of difficulties. II.
Block of correction: the management of brain bioelectrical activity with the method of
functional bioregulation with biofeedback.
The analysis of behaviour of children was organised as a computer game. Estimation was
carried out using computer with special computer program. The child’s ability to pay
attention, his memory and strategy of behaviour in determined environment was evaluated
from the results of orientation in labyrinth. Labyrinth has five levels of difficulties. When the
previous level is passed child goes to the next. Orientation is interrupted when child is not
able to pass one of the levels of labyrinth.

230



Electroencephalograms (EEG) of children were registered and their individual peculiarities
were estimated. The structure of EEG was estimated by biorhythms. The accordance of EEG
to the child’s biological age was determined.

The behaviour correction of hyperactive children with attention deficiency by the method of
functional bioregulation with biofeedback was carried out. Two kinds of trainings were used
to hyperactive children depending from the parameters of brain bioelectrical activity of child:
1) relaxation from the parameters of EEG (procedure directed to the increase of a rhythm in
EEG); 2) changes of the rhythm ratio in EEG (procedure directed to the increase of ratio
between quantity of @and 9 rhythms. 12-15 training performances were carried out to every
child. The endurance of one performance was 20 - 30 minutes.

The results of investigation showed that hyperactive children with attention deficiency made
many mistakes during orientation in labyrinth. They had difficulties to find the shortest way
to reach the goal of the labyrinth. Pass to the next more difficult level of labyrinth caused
anxiety for hyperactive children. Often their actions became chaotic in this situation. The
majority of hyperactive children reached second or third level of difficulty in labyrinth.

The main deviations from the norm in the EEG of hyperactive children were following:

1. The decreased quantity of a rhythm mainly in the occipital lobes. Difficulties in study
process at school and attention concentration, decreased level of memory and declined work
abilities have hyperactive children with these changes in EEG.

2. The considarable increase of slow 0 rhythm in EEG was observed. General decrease of
stability of nervous system functioning and decrease of activity of forehead lobes were
observed to these children. Quick exhaustion, difficulties to control behaviour and regulate
movement activity and decrease of work abilities were find out to hyperactive children with
these changes in EEG as well.

3. The quantitative ratio among 0 and P rhythms were observed. Increased quantity of 9
rhythm and decreased quantity of P rhythm were found out for hyperactive children mainly in
the central and top of the head regions of the brain hemispheres. Difficulties in study process,
decreased level of memory and attention concentration were observed to hyperactive children
with these changes in EEG.

Functional bioregulatin with biofeedback procedures directed to the increase of ratio between
qguantity of P and 0 rhythms was carried out by the following program. An animated cartoon
was demonstrated on the monitor of computer. If the quantity of p rhythm decreased in EEG
the picture on monitor became darker and lost contrast. If the quantity of p rhythm increased
in EEG the picture on monitor got back colour and contrast. The majority of hyperactive
children who trained by this scheme had significant increase of the quantity of P rhythm and
EEG got closer to the characteristic age norm at the 10thtill 12thtraining performance.
Functional bioregulatin with biofeedback procedure directed to the increase of a rhythm in
EEG was carried out by the following program. Child was sitting in the armchair and listened
music. If the quantity of a rhythm decreased in EEG there were sounds which troubled
listening music but if the quantity of a rhythm increased in EEG the sounds disappeared and
the quality of music improved. The majority of hyperactive children who trained by this
scheme had the significant increase of a rhythm at the 7th till 10th training performance but
some of them had increase of a rhythm already at the 2rdor 3rdtraining performance.

After functional bioregulation with biofeedback training procedures a repeated estimation of
cognitive functions of hyperactive children by observation their abilities to orientate in
labyrinth with various levels of difficulties was carried out. The results of investigation
showed that after training procedures the quantity of mistakes as well as chaotic movements
was decreased for hyperactive children. The majority of hyperactive children reached the third
or the fourth labyrinth’s level. There was observed a decrease of behaviour impulsiveness, an
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improvement of abilities to concentrate attention to the work at school, an increase of self-
estimation and an improvement of coming into contact with other children and parents after
training procedures of functional bioregulation with biofeedback.

Conclusions: 1. During orientation in labyrinth hyperactive children make many mistakes and
perform a great number of unnecessary processions. After getting over to the next level of
labyrinth their activities often become chaotic. The training performances of functional
bioregulation with biofeedback improve the abilities of hyperactive children to orientate in
labyrinth with various levels of difficulties 2. The characteristic changes in EEG of
hyperactive children were following: decreased level of a rhythm mainly in the occipital lobe,
increased level of slow 9 rhythm as well as increased level of 0 rhythm index and decreased
level of p rhythm index mainly in the central and top of the head regions of the brain
hemispheres. 3. The training performances of functional bioregulation with biofeedback
normalise the bioelectrical activity of hyperactive children brain: increase the level of P
rhythm index and decrease the level of 9 rhythm index as well as increase the quantity of a
rhythm in EEG. 4. As a result of training procedures of functional bioregulation with
biofeedback a decrease of behaviour impulsiveness, an improvement of abilities to
concentrate attention to the work at school, an increase of self-estimation and an improvement
of coming into contact with other children and parents of hyperactive children was observed.
5. Functional bioregulation with biofeedback is an effective method of information
technologies which applying gives ability to improve functional state of hyperactive children
with attention deficiency.
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Abstract. The results ofempirical studies on Kuznets environmental curves are discussed in the article
as well as economic implications of findings of these studies. The relationship of economic growth and
environmental impact has spurredfierce debates between growth optimists referring to the phenomenon of the
environmental Kuznets curve, and pessimists referring to the limits to growth. The article draws some hintsfrom
a critical assessment of the literature on the environmental Kuznets curve. In particular it is argued that the
optimistic implications of this literature on the sustainability management are not granted. However,
environmental Kuznets curves analysis allows clarification of a few basic conditions to achieve pollution
reduction with economic growth. These conditions can be met by implementing a systematic and strict
environmental policy strategy aimed at shifting Kuznets relations downward.

Keywords: economic growth, environmental Kuznets curve, environment, sustainable development.

Introduction
Discussions of recent years on the dissociation of previously positive relationship between
economic growth and resource utilisation (environmental degradation) are markedly related to
research of environmental Kuznets curves, where resource degradation will increase initially
with per capita income growth and then eventually decline, thus exhibiting the characteristic
an inverted U-shaped relationship between income and emissions known as the
“environmental Kuznets curve”, where emissions initially worsen but ultimately improve with
income.
The research objective of the article is to analyse the results of empirical studies on Kuznets
environmental curves and discuss the economic implications of these studies findings.
The tasks. In order to fulfil the objective, the following research tasks had to be
accomplished:

= to analyse the essence of environmental Kuznets curves;
* to analyse results and findings of empirical studies on Kuznets environmental curves;

= to define economic implications of the results and findings of empirical studies.

The methods of the research. Logic abstraction, which encompasses generalisations on
economic and management theories and thoughts, according to the conclusions and reasoning
of scientists from other countries, comparison and analysis of Kuznets curves research were
used in the article.

The essence of the environmental Kuznets curve concept

During most of the course of industrial development, economic growth entailed parallel
growth in resource consumption and environmental degradation. Though this relationship still
holds, experience of the last decades indicates that economic growth and increases in
resources consumption and environmental degradation can be de-linked to a considerable
extent. The path to environmental sustainability lies in maximising this de-linking process.
So, the theoretical explanation of the environmental Kuznets curves plays a central role for the
theoretical foundation of sustainable growth.
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Some relative data on environmental quality and natural resources utilisation and income per
person, allows us to make a presumption that environmental quality worsens with low-income
level. But the situation improves with the increase of income level, which reflects “the
pressure of dissociating environment with economic growth” (Simonis, 1989). This
relationship - as the income of an economy grows over time, emission level grows first,
reaches a peak and then starts declining after a threshold level of income has been crossed -
was first suggested in the early 1990s and has thereafter been subject to intensive research.
The inverse relationship between pollution and per capita income has been explored for a
variety of pollutants, such as nitrogen oxide, sulfur dioxide, suspended particulate matter,
carbon monoxide, lead, and for deforestation, biological oxygen demand and others (List,
Gallet, 1999; Selden, Song, 1994; Stem, et al. 1996; World Bank, 1992, Panayotou, 1997,
Grossman, Krueger, 1995). The empirical literature about environmental Kuznets curves,
which studies the empirical relationship between per capita income, generally interpreted as a
proxy of the stage of development, measured on the horizontal axis, and environmental
deterioration, measured on the vertical axis by different indexes: total environmental
deterioration, or more often its per capita value or its value per unit of income, extensive
critical survey is given in (Stem, et al., 1996; Borghesi, 2001).

This interrelation between the national income per person and the concentration level of
industrial waste by P. Dasgupta ir K.-G. Maler (1995) is called the environmental Kuznets
curve, analogous to traditional curve, proposed by Simon Kuznets (1955), which
demonstrates a similar relationship between actual income per person and income inequality
(Figure 1). (As is well known, S. Kuznets observed that inequality tends to increase during the
early stages of growth to decrease later on, describing an inverted-U shaped relationship
between per capita income (on the horizontal axis) and income inequality (on the vertical
axis). This relationship, called Kuznets curve after the name of the author, was very popular
during the 1970s when it was taken as an empirical regularity of the economy).

Figure 1. The dependence of environmental quality from income level

Most commonly, the studies of environmental Kuznets curves have taken econometric
approaches using data based on cross-sections of countries, and sometimes combining this
with time series data. Historical approaches to the environmental Kuznets curve or other
emission patterns, such as studies of individual countries’ historical emissions trajectories,
have been taken relatively seldom. Environmental Kuznets curve studies for single countries
most often address developing countries (e.g. Patel et al.,, 1995; Vincent, 1997). Rare
exceptions addressing industrialized countries include (De Bruyn et al., 1998; Friedl, Getzner,
2003). But, as shown by M. Lindmark (2002), historical studies of individual countries offers
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an advantage over cross-section approaches in bringing the analyses closer to the dynamics
that cause the environmental Kuznets curve pattern. An investigation of the time-series data of
a single country may be able to account for historic experience such as environmental policy,
development of trade relations, and exogenous shocks such as the oil crisis (Stern et ah,
1996).

Results of empirical studies
A number of survey articles (Ekins, 1997; Stern, 1998) prompted several clarifications
concerning both the actual development of various pollutants and the methodology used to
explain the environmental Kuznets curve patterns. The literature has mostly considered
environmental Kuznets curve as an empirical phenomenon and examined the presence or
otherwise of significant statistical association between the level of economic activity and
environmental degradation without explicitly discussing the nature of causation between these
variables. A principal explanatory factor is income based on assumptions of initially high, but
falling marginal utility of consumption and initially low, but increasing disutility of emissions
as incomes rise (Di Vita, 2004). Thus, it is presumed that the relationship between income and
pollution is one of unidirectional causality with income causing environmental changes - viz.
a change in the level of economic activity/per capita income causes a consequent change in
the environmental quality and not vice versa. Additionally, technological and structural
changes, including trade patterns, may also influence an environmental Kuznets curve
pattern. These changes may in turn interact withprice changes.
Grossman (1995) plotted Kuznets curves for sulphur dioxide and suspended particulate matter
on multi-national basis, and also analysed suspended particulate matter on a multi-national
basis, and also analysed suspended particulate matter, airborne lead, sulphur dioxide, carbon
monoxide, and nitrogen dioxide on a country basis for the United States. Shafik (1994)
developed curves for the following ten environmental parameters: lack of safe water, lack of
urban sanitation, annual deforestation, total deforestation, dissolved oxygen in rivers, faecal
coliform in rivers, suspended particulate matter, ambient sulphur dioxide, municipal slid
waste per capita, and carbon emission per capita.
Environmental Kuznets curves generally exhibit one of three shapes. The first represents an
environmental benefit that improves continually with increasing per capita income, as the
example in the case of “lack of safe water” (Shafick, 1994). The second shape is showing the
continuous increase of pollution (municipal waste per capita, C02 emissions) with rising
income and can be represented in the form of “N”.
The mostly discussed shape of environmental Kuznets curve is inverted “U” shape and has
been used to predict air quality as related to economic development. Similar shaped curves
have been reported for sulphur dioxide and particulate matter) by several researchers,
although they reported different levels of income for the “turning points”. Grossman (1995)
calculated that the turning point for both pollutants was approximately 5000 USD; Shafic
(1994) placed the top of the curves between 3000 and 4000 USD and Selden and Song (1994)
calculated turning points at 10391 USD for sulphur dioxide and 12275 USD for suspended
particulate matter. Stem and Common (2001) estimated the turning point at over 100000
USD. Markandya et al (2004) find different turning points for different countries analysed
(between 5000 and 140000 USD. Besides that in the same study for all 12 European countries
analysed the two turning points were identified (on 7000 USD and 25000 USD). The analysis
of implemented environmental regulations performed in the article indicated that all the
implemented regulations did shift Kuznets curve down.
Situation with regard of global pollutants (such as CO:), which have a limited direct impact
on population is quite different (Cole et al., 1997). C 02emissions cause problems on a global
scale, and the social costs of global warming accrue both across time and nations. Therefore,
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free-rider behavior might lead to a close relationship between carbon emissions and income at
all levels of per capita income (Arrow et ah, 1995). In line with this argument, a linear
relationship for CO: emissions and GDP ner capita was confirmed in early studies (Shafik,
1994).

But the international nature of global warming is not the only reason that prevents de-linking
greenhouse gas emissions from economic growth. The intergenerational nature of the negative
impact of greenhouse gas emissions may have also been an important factor preventing the
implementation of greenhouse gas abatement measures in the past. For water quality the
evidence is more mixed, with studies giving conflicting results on the shape, position and
peak of the curve according to the different indicators used. As for the other indicators of
environmental degradation, the environmental Kuznets curve hypothesis receives very little
corroboration. Environmental problems that have a direct and strong impact on the population
(such as access to urban sanitation and clean water) tend to improve steadily with the process
of development, while environmental problems that can be transferred elsewhere (such as
municipal solid wastes) do not exhibit any clear tendency to diminish with development (see
Rothman, de Bruyn, 1998).

So, per capita income, in turn, affects inequality and environmental degradation through
several channels, as suggested by the literature on the environmental Kuznets curve. Although
the findings regarding to “environmental Kuznets curve'” are not conclusive (mentioned
survey gives only limited support to the environmental Kuznets curve hypothesis), most
empirical studies have generated very high income turning points beyond the maximum
income level of the data they used in their analysis, and beyond the level of affluence to
which most developing countries might realistically achieve in the foreseeable future. For
example, Holtz-Eakin and Selden (1995) generate an out-of-sample turning point of $ 35000
per capita (1986 US$) that indicates that substantial economic growth would be required
before C02 emissions begin to decline. De Bruyn (1997) provides a survey of the empirical
studies.

Therefore environmental Kuznets curves do not explicate on the systems’ consequences of
environment utilisation, therefore they should not be further used as a proof or a critical
argument in grounding the statement that economic growth is sufficient to achieve
environmental improvement. Thus, considering all arguments, the environmental Kuznets
curve should be viewed as the hypothesis on the interrelation between economic growth and
environmental quality.

It must be mentioned, that recent studies have also tested for a possible third order polynomial
relationship between emissions and income (Markandya et al, 2004; Moomaw, Unruh, 1997).
Flowever, they conclude that neither the inverted “U” nor an A cubic (i.e. “N”-shaped)
relationship between CO: emissions and income provide a reliable indication of future
behavior. Hence the use of environmental Kuznets curve models to forecast future emissions
may not be appropriate. From other hand, Jones and Manuelli (1995) using an overlapping
generations model shown how the interaction of individual optimal decision making and
collective regulation may lead to an environmental Kuznets curve, but also a N-shaped
curvature is possible. A N-shaped relationship between Austria GDP and CO: emissions is
found to fit the data most appropriately for the period 1960-1999 in the research, done by
(Friedl, Getzner, 2003) too.

Economic implication of environmental Kuznets curve
M.Pasche (2002) showed that the sources of an environmental Kuznets curve can be
summarized into two groups: (a) the structural change to service and information-based
economic activities which are less pollution intensive than physical production; and (b) the
growing ecological efficiency of production and consumption by means of a “greening”
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technical progress. The driving forces behind these two determinants may be a change of
preferences favouring environmental goods or at least a sufficiently high income elasticity of
demand for environmental goods on the one hand, and regulating activities like e.g. technical
standards, legal restraints, environmental taxation on the other hand.

From the other hand, within the extensive body of literature that has been published in recent
years concerning the environmental Kuznets carve, two main theoretical arguments have been
formulated to account for the fact that beyond a particular level of per capita income, the
relationship between economic growth and environmental quality becomes a “virtuous” circle
(Roca, 2003). Both arguments concern the changes in levels of relative demand that occur as
per capita income varies.

The first argument suggests an endogenous change in the demand structure for goods and
services. According to this first argument, the sectors that become increasingly important as
per capita income increases are those, which have less environmental impact. The evidence
that generally underlies this position is the increasing demand directed at the service sectors at
the expense of demand directed at the industrial sector. However, much more empirical
research needs to be done on the assumptions this argument is based on: some activities that
are regarded as services may have as much or more environmental impact (direct and/or
indirect) as others involving the industrial sector (consider, for example, long-distance
tourism). In any case, this argument would only explain a reduction in environmental
pressures per unit of GDP as income increases; it would not explain a reduction of these
pressures in absolute terms unless we suppose that the sectors that are most environmentally
problematic produce inferior goods. In fact, this is not at all likely (Torras and Boyce, 1998).
In other words, if we apply the distinction made by de Bruyn and Opschoor (1997), the
change in demand structure could account for a “delinking” of economic growth and (some)
environmental pressures in the “weak (or relative) sense” but not in the “strong (or absolute)
sense”.

The second argument, as mentioned by J.Roca (2003), is also based on individual preferences
and changes in relative demand that occur as income increases. In this case, however, it is not
the changes in the relative demand for different goods and services acquired in the market that
are crucial, but those between the consumption of marketable goods and services on the one
hand, and environmental quality on the other. According to Lopez (1994), the relation
between the level of pollution and the income level then depends on the elasticities of
substitution of goods and the risk preference of the households. And a high “income elasticity
of demand for environmental quality” could potentially explain the delinking of economic
growth and environmental pressures in the “strong sense”.

In other words, under the environmental Kuznets curve hypothesis, with growth of income,
the status of emission as an item of consumption gradually changes from a necessary to an
inferior good (thus reflecting a clear preference for a cleaner environment at higher levels of
living).

In the original definition of sustainable development, suggested by the Brundtland
Commission (WCED, 1987): “sustainable development is development that meets the needs
of the present without compromising the ability offuture generations to meet their own
needs”, inequality and environmental deterioration are conceived as equally important and
interdependent conditions of sustainability. The recent process of globalisation of
international markets has managed to sustain the economic growth of the countries that have
actively participated in this process. The available empirical evidence suggests, however, that
it has been accompanied by a worldwide increase in environmental degradation and economic
inequality. Therefore, there is growing concern that these features of the globalisation process
may jeopardise its social and environmental sustainability.
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As pointed out in the paper of S.Borghesi and A.Vercelli (2003), environmentally sustainable
globalisation requires a policy strategy directed to shift the relationship between
environmental Kuznets curve relations downwards. Within the process of globalisation it is
possible to modify the shape and position of the environmental Kuznets curves, thus
improving social and ecological conditions. In the case of the environment, public opinion
can influence environmental quality not only through the voting system, but also through the
market: “greener” consumer demand contributes to a shift in production and technologies
towards less polluting activities. Globalisation may increase competition and thus strengthen
public opinion pressure for environmental quality. In a more competitive market consumers
are likely to have more alternatives to polluting products and thus more chances to express
their environmental demand. This positive impact of globalisation on the environment,
however, crucially depends on the actual capacity of globalisation to increase competition. If
greater market concentration comes together with globalisation (as occurs in some sectors),
then the opposite might be true and environmental-friendly consumers might end up with
fewer opportunities to express their preferences. S.Borghesi and A.Vercelli (2003) conclude,
therefore, that globalisation might contribute to a more sustainable development by enhancing
the impact of public opinion pressure on government and market decisions and thus shifting
the environmental Kuznets curve relations downwards. The implementation of strict
environmental policies in developed countries and knowledge and know-how in new
technologies sharing with developing world are the main drivers to reduce pollution on global
scale.

M.Pasche (2002) showed that under reasonable assumptions about technical progress a
positive sustainable growth rate fails to exist. The argument is that a growing part of income
has to be spent for continuing technical progress in order to compensate the pollution effects
of growth. Hence in the long run either the sustainability condition will be violated or the
growth rate must decline to zero. Furthermore, in finite time the level of wealth will decrease
despite growing income and a constant pollution level, thus further growth is no longer
reasonable. Similar arguments also hold for the environmental effects of structural change
favoring less pollution-intensive economic activities, when the part of pollution-intensive
production can decrease while less pollution-intensive services or information-based
production increases. Hence, the level of output can rise with constant or reduced emissions.
An evolutionary change of goods and production technology may shift the limits of growth
and is hence a prerequisite for a long-run environmental Kuznets curve. But the possibilities
of a rational sustainability policy seem to be limited.

Several empirical studies of the 1980s and 1990s give a optimistic view: in industrialized
countries many pollution indicators decreased despite a growing per capita income, while in
less developed countries growth yields increasing pollution. Therefore, economic progress
with less impact on the environment seems to be possible. The idea that economic growth is
ultimately beneficial for the environment has caused some authors to maintain that only
economic growth is necessary, because the surest way to improve the environment is to
become rich (Beckerman, 1992). This viewpoint implies that environmental problems are a
temporary phenomenon since economic growth and technological innovation will resolve
these problems in due time.

But the fact that nations which formerly had or currently have low per capita income are
experiencing increasing pollution while industrialized countries are successful in abating
emissions does not imply that economic development will solve environmental problems
guasi automatically. It is possible to make only one statement: the research results have
proved the presumption that economic growth can be conformed to environmental
improvement, if accordingly a specific policy is worked out. The key policy conclusion is that
even if such a curve characterized past growth, there is no reason for developing countries
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passively to accept “historical determinism” along their future development path. In effect,
lower-income countries could learn from the experience of wealthier nations and adopt
policies that permitted them to “tunnel” DE (Figure 1) through the curve (Munasinghe, 1999).
But, in no case can it be expected that public environmental problems will automatically be
solved as a result of economic growth, without the need for environmental policy (Arrow et
al., 1995). If we deny the need for environmental policy, we are renouncing the mechanism
through which higher income could lead in some cases to reduced environmental impact. And
some recent studies show that economic and social policy may have a very important role in
determining the emergence of the downward sloping part of the environmental Kuznets curves
(Panayotou, 1995; Grossman, 1995; Torras, Boyce, 1998; Spangenberg et al, 2002; Bosquet,
2000).

Conclusions
Discussions on dissociation of growth and environmental degradation are based on
environmental Kuznets curves. Applying critical scientific argumentation, it can be stated that
environmental Kuznets curves must be viewed as a hypothesis on the interface between
economic growth and environmental quality.
A principal explanatory factor of environmental Kuznets curve is income. Additionally,
technological and structural changes, including trade patterns, may also influence an
environmental Kuznets curves pattern. These changes may in turn interact with price changes.
The process of globalisation may render world development more sustainable simply by
pushing the world economy towards the decreasing part of the bell-shaped environmental
Kuznets curves.
Environmental technical progress and structural change can lead to positive growth rates with
a constant or even decreasing level of pollution. Hence the results are compatible with an
environmental Kuznets curves. But this can only be a temporary phenomenon since in the
long term either the condition of a non-increasing emission level is violated (the
environmental Kuznets curves becomes N-shaped).
It is unrealistic to expect that economic growth per se would reduce environmental pressures.
The main drivers turning the inverted “U” curves down in developed countries are strict
environmental policies adopted in EU and being considered in the rest of the world, i. e. the
EU Thematic Strategy on air pollution COM (2005) 446 final) sets the reduction targets for
2020 to the base year 2000 to reduce S02 emissions by 82%, suspended particulates
emissions by 59%, NOx - by 60% etc.,, the EU Communication on an energy policy for
Europe proposed to cut GHG emissions by at least 20% from 1990 level by 2020.
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DABAS RESURSU EKONOMISKA ANALIZE VIDZEMES REGIONA
RAJONOS
ECONOMIC ANALYSIS OF THE NATURAL RESOURCES IN THE DISTRICTS
OF VIDZEME REGION

LTga Vindele, Veronika Bugina
LLU Ekonomikas fakultate
Svétes iela 18, Jelgava, LV 3001, talr. 3021041, e-pasts: liiga-v@inbox.lv

Abstract. Economic analysis of the Natural resources gives information about nature values of the
existing territory what is a precondition for e successful farther development of territory. Society pays attention
to restrictedness problem of natural resources more and more; in the whole world scientists searches for
different solutions, how to combine our wills and provide reserves of natural resourcesfor next generations.

In our article we have analysed one of the most important natural resources (Forests and agricultural used
land) economicaly, whose reasonable use provides a successful development ofeconomy in the region.

The fallowing research methods were used: abstractly logical, graphical, monographic, document analysis,
deduction, synthesis and statistical methods.

Keywords: Cadastre value, economic analysis, land, marketprices, theoretical research

levads

Dabas resursu ekonomiska analize sniedz informaciju par teritorija esoSajam dabas vértibam,
kas ir priekSnosactjums teritorijas talakai veiksmigai attistibai. Sabiedriba arvien vairak
pievérS uzmanibu dabas resursu ierobezotibas problémai, visa pasaulé zinatnieki meklé
dazadus risindjumus, ka savienot masu vélmes un nodrosinat, lai dabas resursu pietiktu art
nakamajam paaudzém. Saja rakstd autori ir ekonomiski izanalizéjusi vienus no
vissvarigakajiem dabas resursiem (meZus un lauksaimnieciba izmantojamas zemes), kuru
pareiza izmanto$ana nodrosina veiksmigu tautsaimniecibas attistibu regiona.
Hipotéze - dabas resursi Vidzemes regiona rajonos ir daudzveidigi un to racionala
izmantoSana ir tautsaimniecibas attistibas pamats.
Meérkis - ekonomiski izanalizét esoSos dabas resursus Vidzemes regiona rajonos un izstradat
priekSlikumus to labakai izvértéSanai.
Ar darba mérki saistitie uzdevumi:
« izstradat témas teorétisko pamatojumu;
= veikt meZu un lauksaimnieciba izmantojamo zemju ekonomisko analizi Vidzemes regiona

rajonos un izstradat priekslikumus to labakai izvértéSanai.

Materiali un metodes
Pétljumu uzdevuma risinaSanai izmantoti LR likumi, LR Vides ministrijas dati, Valsts zemes
dienesta, publikacijas un speciala literatGra. Pétijuma tika pielietotas Sadas metodes: abstrakti
logiska, grafiska, monografiska, dokumentu analizes, dedukcijas, sintézes un matematiskas
statistikas metodes.

Rezultati un to izvértéjums
Dabas resursu teorétiska izpéte
Vards ‘zeme’ apzimé tas dabas dotas davanas, kas mums ir pieejamas, lai apmierinatu masu
vélmes, tas ir, augsnes dabiska augliba, minerali zemes dzilés u.c. [1]. Dabas resursu pla3aja
kopuma izdala zemi un tas dzilu bagatibas. Nevar aizmirst meZu un ta daudzveidigo floru,
Odenus - no strautina ITdz okednam, augus un dzivnieku valsti [2].
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Dabas resursi ir dabas dalas, arT zeme, augsne, zemes dziles, gaiss, tGdens, flora un fauna,

kuram ir ekonomiska, sociala vai kultiras vértiba [3]. Dabas resursus raksturo noteikti

apstradajamo gabalu (atradnu) izméri (apjomi), klimatiskie apstakli, fizikalas un kimiskas

Tpasibas, izmanto3anas pieejamiba utt. [4].

Dabas resursus var iedalit:

= neizsmelamajos (saules, véja energija);

e atjaunojamajos (augi, dzivnieki);

< neatjaunojamajos (lielaka dala Zemes dzilu resursu) [5].

Atjaunojamie dabas resursi ir resursi, kuri var tikt atjaunoti vai papildinati dabisko procesu

gaita vai arT ar cilvéku darbibu [6].

Dazi vides aspekti, pieméram, augsnes augliba, spéja videi asimilét piesarnojumu un saglabat

ekologiski tTru sistému, tiek dévéti par daléji atjaunojamiem dabas resursiem, jo tos iespéjams

atjaunot loti 1éni, vairaku paaudzu laika [6].

Intensiva zemes izmantoSana partikas ieguvei ir izraistjusi zemes degradaciju. Ar S0 problému

saskaras daudzas pasaules valstis. Ka vienu no labakajiem risindjumiem, lai novérstu $o

problému, ir papuvju sistéma, tas nozimé, ka ik péc noteikta laika zemei ir jaatpdsSas, lai to

atkal varétu intensivi izmantot tautsaimnieciba [7].

Minerali un no zemes dzilém iegatais kurinamais tiek uzskatits par neatjaunojamiem dabas

resursiem, jo to atjaunoSana var notikt vienigi geologiska, nevis cilvéku dzives laika méroga

[6].

Pec izmantoSanas rakstura dabas resursus var iedaltt divas dalas:

< nedzivad daba - dabas faktori, kurus cilvéks ar savu darbibu praktiski nevar izmainTt
(reljefs, klimats, geografiskais stavoklis, zemes platibas);

e dziva daba - dabas faktori, kurus cilvéks var batiski izmaintt (mezi, kGdra, tdens krajumi)
[5].

Zemi ka razoSanas faktoru izmanto tris veidos:

= apstradei (lauksaimniecibai, meZsaimniecibai);

= ieguvei (derigie izrakteni, energija);

= saimnieciskajai darbibai (zeme ir vieta uznémuma darbibai, transportam, dzivojamam
majam, komunikacijam u.c.) [5].

lenémumi no dabas resursiem ir rente. Rentes pamata ir zemes gabalu dazada augliba un

atraSanas vieta attieciba pret produkcijas noieta vietam [8].

J.H von Thanen ir izstradajis Zemes izmanto8anas teoriju, kuras kodols ir lauksaimniecisko

razotaju atraSanas vietas diferenciala rente. So atra3anas vietas renti samazina ar atraSanas

vietas pieaugo$o attalumu no patérina centra un izraisa zemes izmantoSanas intensitates un

veidu telpisku diferencéSanu [9].

Platibas vienibas atraSanas vietas rente (pieméram, uz 1 ha) rodas no tirgus cenas, kurad

novértéta 1 ha raza, atskaitot razoSanas un transporta izmaksas. Tirgus cena veidojas patérinu

centra, pamatojoties uz pieprasijumu un piedavajumu [9].

Liels pieprasijums péc tirgum tuvam zemém ar augstu atraSanas vietas renti izsauc zemes

cenu paaugstinasanos. Telpiski diferencéeta zemes rente izraisa telpiski diferencétu zemes cenu

[91.

Dabas resursu plGsmai izmanto novérojuma metodi, kas balstas uz vielu un energijas

nezddamibas likumu, proti, ekonomiskaja sisttma ievaditais dabas resursu daudzums ir

Ildzvertigs saimnieciskas darbibas raditajam uzkrajumam, atkritumu un emisijas daudzumam

(1.attels) [10].
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1.attéls. Novérojuma metode, kas balstas uz energijas nezidamibas likumu [10]

Lai nodroSinatu ticamu un salidzinamu datu ieguvi, Eiropas Komisijas statistikas birojs ir
izstradajis vienoto metodologiju, kas detalizéti izklastita Eurostat 2001. publikacija [10].
Novérojuma metode lauj analizét resursu daudzumu, kas Skérso vides un tautsaimniecibas
nozaru robezas, uzskaita valstt iegltos un importétos resursus, kas nondk razoSana un tiek
parstradati vai izmantoti. Ta ka dala resursu kalpo ilgaku laiku, tie veido uzkrajumus, izejoSo
pldsmu veido eksports, emisija un atkritumi (2.attéls) [10].

leejoSaplisma Saimnieciska aprite Izejosa plusma

Ar ieguvi un importu
saistTtas sléptas
pldsmas

Ar eksportu saistitas
sléeptas pasmas

2. attéls. Dabas resursu bilances visparéja shéma [10]

Péc Sis pieejas plasmas bilancé Gdens un gaiss netiek nemti véra, lai gan tie rada lielu
neatbilsttbu starp ieejoSo un izejoSo plasmu [10].

Latvija So metodi izmanto tikai valsts ITmena datu apkopoSana. Eksperti atzist, ka dabas
resursu bilances sastadiSanu apgratina trakstoSi vai nepilnigi resursu ieejo$as un izejosas
pldsmas dati. Rajonu ITmenTt 3T dabas resursu bilance netiek izmantota.

Dabas resursu ieguve ir dabas resursu atdaliSana no to dabiskas vides un iesaistiSana
(apstradata vai neapstradata veida) saimnieciskaja darbiba [11].

Dabas resursu lietoSana ir dabas resursu izmantoSana, ari zemes dzilu derigo TpaSibu
izmantoSana, iestknéjot geologiskajas struktGras dabasgazi vai siltumnicefekta gazes, un
piesarnojosu vielu emitéSana vide [11].

Dabas resursu ieguve ir atkariga no iedzivotaju vajadzibam un makas tos efektivi
apsaimniekot. llgtspéjiga dabas resursu izmantoSana nozimé augstu ekonomisko raditaju
sasniegSana, nekaitéjot dabai un videi, taupigu neatjaunojamo resursu izmantoSana, kur
iespéjams tos aizstat ar atjaunojamiem resursiem, savukart atjaunojamo resursu ieguve
nedrikst parsniegt atjaunoSanas iespéjas.

Dabas resursu ieguve un ar to saistita raZzoSana, parstrade un patérins ir pamats ne tikai
cilvéku saimnieciskajai darbtbai, bet arT rada dazadas vides un veselibas problémas, taja skaita
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klimata parmainas, Qdenstilpju eitrofikaciju, bistamu kimisku vielu uzkrdSanos dzivajos
organismos, atkritumu daudzuma palielinaSanos, ainavu un biotopu izmainas [10].

EsoSo dabas resursu ekonomiska analize Vidzemes regiona rajonos
Lai varétu pastavét ilgtspéjiga teritorijas attistiba, loti svarigi ir noskaidrot un ekonomiski
izanalizét teritorija esoSas dabas vértibas. 1.tabula ir apkopota informacija par dabas resursu
Tpatsvaru Vidzemes regiona rajonos 2005.gada.
1.tabula
Dabas resursu Tpatsvars Vidzemes regiona rajonos 2005. gada
Aldoksnes Césu  Gulbenes Madonas Valkas Valmieras Vidzemes

rajons rajons rajons rajons rajons rajons regions
Me5i ha 127851 154601 106932 147356 129671 100889 767300
% 57 52 57 44 53 41 50
L1z ha 67290 101085 58156 125253 78646 91334 521764
% 30 34 31 37 32 37 34
Zem ha 6729 8919 7129 9735 4802 8724 46038
GUdeniem o 3 3 4 3 2 4 3
PUIVi ha 8972 8919 7692 20094 10765 4942 61384
% 4 3 4 6 4 2 4
Kramaji ha 2243 5946 1877 13651 3433 3541 30692
% 1 2 1 4 1 1 2
Paréjas ha 11215 17839 5814 18811 16800 36943 107422
zemes % 5 6 3 6 7 15 7

Kopa ha 224300 297310 187600 334900 244117 246373 1534600

Avots: Autoru aprékinipec Vidzemes attistibas agentdras datiem, 2005

Ka redzams péc l.tabulas datiem, vismezainakie ir Altksnes un Gulbenes rajons (57%), bet
vismazak mezu ir Valmieras rajona (41%). Visvairak lauksaimniecibd izmantojamas zemes ir
Madonas rajona un Valmieras rajona (37%), bet vismazak - Aldksnes rajona (30%). 4% no
Valmieras rajona aiznem 0deni, kas ir vislielakais raditajs pétamaja teritorija, savukart Valkas
rajona zem 0Odeniem atrodas tikai 2% no visas rajona teritorijas. Vislielakais purvu Tpatsvars
veérojams Madonas rajona (6%), bet vismazakais - Valmieras rajona (2%). Kramaji visvairak
sastopami Madonas rajona teritorija (4%), bet vismazak - Gulbenes rajona.

MezZi

MeZa resursi pieskaitami pie nozimigakajiem dabas resursiem. Pétamas teritorijas kopéjais
mezZainums ir 50%. Lai gan visa Vidzemes regiona teritorija ir bagata ar meZziem, Tpasi
izdalama ir ta ziemelaustrumu dala ar lieldkajiem vienlaidus meza masiviem starp Valku,
Vijciemu, Strenfiem un Aldksnes rajona VireSu pagastu un Gulbenes rajona Lejasciema
pagastu.

Teritorijas mezos dominéjoSa koku suga ir priede, egle un siklapu koki, parsvard bérzi.
Lielako dalu mezu veido vidéja vecuma audzes, kuras konstatéts arT lielakais koksnes
daudzums (kopé€jais koksnes daudzums ir 104,1 milj.m ).

Dalu mezu nav atlauts izmantot intensivai saimnieciskajai darbibai, jo tie atrodas TpaSi
aizsargajamas dabas teritorijas (Teicu, Krustkalnu rezervati, Gaujas Nacionalais parks) vai art
ir meza zinatnes pétijumu objekti

MezZsaimniecibas zemes kadastralas vértibas paraditas 2.tabula.
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2.tabula
limniecibas zemes kadastra as vértibas Vit zemes regiona rajonos 2Cl105.gada,

Teritorija V_id_éja Mi?imala Malfsi_mala Moda
vértiba vértiba vértiba
Aluksnes rajons 92 75 115 76
Césu rajons 120 61 161 146
Gulbenes rajons 108 86 121 117
Madonas rajons 116 86 143 105
Valkas rajons 111 57 136 103
Valmieras rajons 111 66 151 136
Vidzemes regions 110 57 161 115

Avots: Autoru aprékini péc Valsts zemes dienesta datiem, 2005

Ka redzams péc 2.tabulas datiem, vidéja mezsaimniecibas zemes kadastrala vértiba ir
110 Ls/ha. Minimala kadastrala vértiba ir 57 Ls/ha, kas ir noteikta Valkas rajona. Maksimala
vértiba ir Césu rajond - 161 Ls/ha. VisbieZzak sastopama mezZsaimniecibas zemes kadastrala
vértiba Vidzemes regiona rajonos 2005.gada bija 115 Ls/ ha. Analizéjot So informaciju rajonu
griezuma, ir redzams, ka visaugstaka vidéja zemes kadastrald vértiba ir Césu rajond (120
Ls/ha), talak seko Madonas rajons (116 Ls/ha), bet viszemaka vidéja vértiba ir AlGksnes
rajona (92 Ls/ha).

MeZzsaimniecibas zemju tirgus cenas 2005.gada paraditas 3.attéla.
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Avots: Autoru aprékini, izmantojot Valsts Zemes dienesta datus, 2005

3.attéls. Mezsaimniecibas zemju tirgus cenas Vidzemes regiona rajonos 2005.gada, Ls/ha

Ka redzam péc 3.attéla datiem, visaugstaka vidéja mezsaimniecibas zemes tirgus cena
2005.gada ir bijusi Césu rajona - 876 Ls/ha. Visaugstaka tirgus cena par 1 hektaru
mezsaimniecibas zemes ir bijusi 4368 Ls/ha (Césu rajond), bet vismazaka tirgus cena -
35 Ls/ha (Altksnes rajona). Lielakd amplitida vérojama Césu rajona - 4329 Ls.

Kopuma vérojams mezsaimniecibas zemju tirgus cenu pieaugums, pieméram, salidzinot
2005.gadu ar 2002.gadu, gandriz visos rajonos vérojams tirgus cenu pieaugums. Gulbenes un
Aldksnes rajona vérojams cenu samazindjums. Gulbenes rajona 2002. gada - 475Ls/ha, bet
2005.gada - 328 Ls/ha un Aluksnes rajond 2002.gada - 465 Ls/ha un 2005.gada - 430 Ls/ha.
Tas izskaidrojums ar koksnes importa palielindSanos no Krievijas. Visstraujakais pieaugums
vérojams Césu rajona (2002.gada - 370 Ls/ha un 2005.gada - 876 Ls/ha)

Rajonu mezi ir bagati ar meZa dzivniekiem, un Sis aspekts lauj attistities medibu
saimniecibam.
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Lai teritorija spétu veiksmigi attistities, ir jaatrod kompromiss starp velmi attistit mezizstradi
un nepiecieSamibu saglabat mezZu resursus nakamajam paaudzém.

Lauksaimnieciba izmantojama zeme (L1Z)

Lauksaimniecibas zemes ir nozimigs regiona tautsaimniecibas resurss, to augliba ir loti
svarigs priekSnosacijums lauksaimniecibas attistibai, augligas un nepiesarnotas augsnes ir
ilgtspéjigas lauksaimniecibas razoSanas pamats.

Vidzemes regiona rajonos ir 521 764 ha LIZ. Visvairak ir aramzeme - 67% (349 582 ha),
talak seko ganibas - 19% (99 135 ha), plavas - 13% (67 829 ha), bet vismazak ir augludarzi,
kas ir tikai 1% (5218 ha).

Lauksaimnieciba izmantojamas zemes kadastralas vértibas un noveértéjums ballés 2005.gada
dots 3.tabula.

3.tabula
Lauksaimnieciba izmantojamas zemes kadastralas vertibas un novértéjums ballés
2005.gada

Videja Minimala  Maksimala Vidéja

Teritorija Vertiba, Vvértiba, veértiba, Moda Ls/ha Veértiba,

Ls/ha Ls/ha Ls/ha ballés
Aludksnes rajons 148 33 625 185 33
Ceésu rajons 249 31 909 200 33
Gulbene rajons 126 36 484 127 36
Madonas rajons 225 44 727 186 33
Valkas rajons 286 41 1364 111 37
Valmieras rajons 251 32 1011 116 39
Vidzemes regions 224 31 1364 188 35

Avots: Autoru aprékini, izmantojot Valsts zemes dienesta datus, 2005

Ka redzams péc 3.tabulas datiem, vidéja lauksaimnieciba izmantojamas zemes kadastrala
vértiba bija 224 Ls/ha, minimala kadastrala vertiba - 31 Ls/ha (Césu rajona), maksimala
vértiba - 1364 Ls/ha (Valkas rajona) un visbiezak sastopama LI1Z kadastrala vértiba Vidzemes
rediona rajonos 2005.gada bija 188 Ls/ha. Vidéja vertiba ballés ir 35 balles. Analizéjot
iegutos datus rajonu griezuma, ir redzams, ka visaugstdka vidéja lauksaimnieciba
izmantojamas zemes cena ir Valkas (286 Ls/ha) un Valmieras rajond (251 Ls/ha), bet
viszemakas - Gulbenes rajond, kaut arl vidéja vértiba ballés Saja rajonad ir virs vidéja
Vidzemes regiona.

Lauksaimnieciba izmantojamo zemiju tirgus cenas 2005.gada paraditas 4.attéla.

Avots: Autoru aprékini, izmantojot Valsts Zemes dienesta datus, 2005

4.attéls. MeZsaimniectbas zemju tirgus cenas Vidzemes regiona rajonos 2005.gada, Ls/ha
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Ka redzam péc 4.attéla datiem, visaugstaka vidéja LIZ tirgus cena 2005.gada ir bijusi
Valmieras rajona - 541 Ls/ha. Visaugstaka tirgus cena par 1 hektaru LI1Z ir bijusi 2609 Ls/ha
(Valkas rajons), bet vismazaka tirgus cena - 31 Ls/ha (Gulbenes rajons). Lielaka amplitada
vérojama Valkas rajona - 2560 Ls. Kopuma visos rajonos Vvérojams LIZ tirgus cenu
pieaugums. Regdiona jau tradicionali ir labi attistita lauksaimniecibas zinatne un pétnieciba -
Priekulos darbojas selekcijas stacija un Lauksaimniecibas maSinu testéSanas centrs.
Lai noskaidrotu, kurd no Vidzemes regiona rajoniem eso$aja pagasta ir vislabvéligaka
ekonomiska situacija majsaimniectbam un uznémumiem, tika analizéta dabas resursu vértibu
ietekme uz Vidzemes regiona pagastu ekonomisko situaciju.
Tika veikta rangu korelacija, kur par pamatu tika nemti $adi kritériji:

LIZ vidéja kadastrala véertiba 2005.gada, Ls/ha (R1);

LIZ vidéjais novértéjums ballés 2005.gada (R2);

mezsaimniecibas zemes vidéja kadastrala vértiba 2005.gada, Ls/ha (R3);
- bezdarbs 2005.gada, % (R4);

iedzivotaju ienakuma nodoklis 2004.gada, Ls (R5);

demogréfiska slodze 2005.gada (R6);

individudlo mara bavju vidéja vértiba, Ls/m (R7);

1.zonas Bv 601, Ls/m2(R8).
legltie rezultati apkopoti 5.attéla.

5. attéls. Vidzemes regiona pagastu ekonomiska situacija

Ka redzams 5.attéla, vislabvéligdkd ekonomiska situacija majsaimniectibam uznémeéjiem ir
Ceésu rajona Priekulu pagasta (summarais rangs - 34, péc 2 kritérijiem ienem Ll.vietu), talak
seko Valmieras rajona Vaidavas pagasts (summarais rangs - 158) un Valmieras rajona
Kocénu pagasts (summarais rangs - 168).

Secinajumi

1. Dabas resursu ieguve ir atkariga no iedzivotaju vajadzibdm un makas tos efektivi
apsaimniekot.

2. llgtspéjiga dabas resursu izmantoSana nozimé augstu ekonomisko raditaju sasniegSanu,
nekaitéjot dabai un videi, taupigu neatjaunojamo resursu izmanto8anu, kur iespé&jams tos
aizstat ar atjaunojamiem resursiem, savukart atjaunojamo resursu ieguve nedrikst
parsniegt atjaunoSanas iespéjas.

3. Lai varétu pastavét ilgtspéjiga teritorijas attistiba, loti svarigi ir noskaidrot un ekonomiski
izanalizét teritorija esoSas dabas vértibas.
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4. Vidéja meZsaimniecibas zemes kadastrala vértiba 2005.gada bija 110 Ls/ha. Visaugstaka
vidéja zemes kadastrala vertiba - Ceésu rajona (120 Ls/ha), talak seko Madonas rajons
(116Ls/ha), bet viszemaka vidéja vértiba ir Altksnes rajona (92Ls/ha).

5. Visaugstaka vidéja mezsaimniecibas zemes tirgus cena 2005.gada ir bijusi Césu rajona -
876 Ls/ ha.

6. Kopuma vérojams mezZsaimniecibas zemju tirgus cenu pieaugums, tikai Gulbenes rajona
un Aldksnes rajona vérojams cenu samazindjums. Gulbenes rajona 2002.gada - 475
Ls/ha, bet 2005.gada - 328 Ls/ha, Aluksnes rajond 2002.gada - 465 Ls/ha un 2005.gada -
430 Ls/ha). Tas izskaidrojums ar koksnes importa palielinaSanos no Krievijas.

7. Vidéja lauksaimniecibad izmantojamas zemes kadastrala vértiba 2005.gada bija 224 Ls/ha.
Vidéja vértiba ballés bija 35 balles.

8. Visaugstaka vidéja LI1Z tirgus cena 2005.gada ir bijusi Valmieras rajona - 541 Ls/ha.

9. Kopuma visos rajonos vérojams LIZ tirgus cenu pieaugums.

10. Veicot rangu korelaciju, ir redzams, ka vislabvéligaka ekonomiska situacija
majsaimniecibam un uznéméjiem ir Césu rajona Priekulu pagasta, talak seko Valmieras
rajona Vaidavas pagasts un Valmieras rajona Kocénu pagasts.

Priekslikumi

1. Visu dabas resursu uzskaitei ieviest Eiropas Komisijas statiskas biroja izstradato vienoto
metodologiju (Dabas resursu bilances vispariga shéma).

2. lzstradat metodiku, ar kuras palidzibu varétu veikt dabas resursu ekonomisko analizi.

3. Precizi uzskaitit un ekonomiski izanalizét teritorija esoSos dabas resursus, tas ir
priekSnosactjums ilgtspéjigai teritorijas attistibai.

4. Atrast kompromisu starp vélmi attistit teritoriju un nepiecieSamibu saglabat dabas resursus
nakamajam paaudzém.

Annotation
The theme of the scientific article is “Economic analysis of the Natural Resources in the
districts of Vidzeme Region”. Hypothesis: Natural resources in the districts of Vidzeme
region are multishaped and their efficient use is a base of economy development. Aim: to
analyse in the districts of Vidzeme region existing natural resources and work out proposals
for their better evaluations. Tasks connected to aim of work: firstly, to work out a theoretical
motivation and secondly, to do economic analysis of forests and agricultural used land in the
districts of Vidzeme region and work out proposals for their better evaluation.
Scientific article consist of 2 parts: in the first (Theoretical Research of Natural Resources),
there is worked out a theoretical motivation of the theme and second (Economic Analysis of
existing natural resources in districts of Vidzeme region) is done economic analysis of forests
and agricultural used lands - one of the most important natural resources.
The word “land” means those presents witch are given from nature, they are accessible to
satisfy our wills, they are natural fertility of land, minerals in the ground etc.
Natural resources are parts of nature - ground, land, air, water, flora and fauna that have an
economical social or cultural value.
Natural resources are characterized by dimensions of certain processed places, climatic
conditions, physical and chemical qualities, accessibility of use.
It is possible to group natural resources:
= inexhaustible (energy of the san, wind);
= renewable (plants, animals);
= not possible to renew (the most part of entrails of the earth).
Natural resources possible to renew are natural resources, which could be revolved or added
during natural cause or with action of people.
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There are two groups of natural resources based on their character of use:

« lifeless nature - nature factors practically which are not changed by action of people
(relief, climate, geographical situation, land areas)

= alive nature - nature factors, which people can change essentially (forests, peat, water
resources).

Land is used as a production factor in three ways:

= for processing (agriculture, wood industry)

< for output (entrails of the earth, energy)

< for economic action (land is a place for action of companies, transports, living houses,
communications).

Incomes from nature resources are rent. In the base of the rent is a different fertility of land

pieces and location in proportion to sale places of production.

Output of natural resources - it is to separate surroundings and include in economic action

(treated or not treated way).

Use of natural resources - it is to use natural resources as well as use of suitable qualities of

entrails of the earth pumping nature or hothouse effect gas into geological structures and issue

of pollution in surroundings.

Output of natural resources depends on requirement of inhabitants and their knowledge to

manage it. Long-term use of natural resources means to achieve high economic index not to

harm nature and surroundings, economical use of resources which are not possible to renew,

where it is useful to substitute them to resources which are renewed, it their turn output of

renewed resources mustn’t exceed options to renew.

It is important to clarify and analyse existing nature values of territory to promote a long-term

development of territory.

Forests resources belong to the most important natural resources. Common woodland of

explored territory is about 50%. Although the whole territory of Vidzeme region is rich in

forests, its northeast part is extra distributed with the biggest tracts of forests between Valka,

Vijciems, Stren€i and VireSi village in Aldksne district and Lejasciems village in Gulbene

district.

A pine-tree, a fir-tree and small leaves trees in prevalence birches are the dominant in the

forests of territory. The most part pf the forests consist of average growth in which is

established the biggest number of wood-pulp (common number of wood-pulp about 104.1

million m3).

An average cadastre value of wood industry land is 110 Ls/hectare. A minimal cadastre value

is 57 Ls/hectare it is in Valka district. A maximum cadastre value is 161 Ls/hectare in Ceésis

district. The most frequently cadastre value of wood industry land in the districts of Vidzeme

regions in 2005 was 115 Ls/hectare. When we analyse the information based on districts, it is

for all to see, that the highest average cadastre value is in Césis district (120 Ls/hectare) then

fallows Madona district (166 Ls/hectare), but the lowest cadastre value is in AlGksne district

(92 Ls/hectare).

The highest average market price of wood industry land in 2005 has been in Césis district 876

L/hectare. The highest market price of 1 hectare wood industry land is noticed in Césis district

4368 Ls/hectare, but the lowest market price in Aliksne district - 35 Ls/hectare. The biggest

amplitude was in Césis district 4329 Ls.

In total it is observed the growth of market prices in wood industry lands, for example,

comparing 2005 with 2002 almost in all district, but in Gulbene and Aluksne districts

reduction of prices. In Gulbene district 475 Ls/hectare (2002), 328 Ls/hectare (2005) and in

AlUksne district 465 Ls/hectare (2002), 430 Ls/hectare (2005). The explanation is expansion

of wood import from Russia. The fastest growth is observed in Césis district 370 Ls/hectare

(2002) and 876 Ls/hectare (2005).
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It must be found a compromise between the will to develop wood industry and the necessity
to keep up forest resources for next generations for a successful development of territory.
Agriculture lands is a relevant economic resource of the region, their fertility is very
important precondition for development of agriculture, a base of a long-term agriculture
production - a fertile ground without pollution.

An average cadastre value of agricultural used land in 2005 was 224 Ls/hectare. A minimal
cadastre value is 31 Ls/hectare (Césis district), a maximum value 1364 Ls/hectare (Valka
district), the most frequently cadastre value of agricultural used land in 2005 in the districts of
Vidzeme region was 188 Ls/hectare. An average value in points is 35 points. When these
facts are analysed based on districts it is observed, that the highest average price of
agricultural used land is 268 Ls/hectare (Valka district) and 251 Ls/hectare (Valmiera
district), but the lowest in Gulbene district, however an average value in points in this district
is above average in Vidzeme region.

The highest average market price of agricultural used land has been in Valmiera district
541 Ls/hectare (2005). The highest market price of 1 hectare of agricultural used land in Valka
district 2609 Ls/hectare, but the smallest market price 31 Ls/hectare in Gulbene district. The
biggest amplitude is observed in Valka district 2560 Ls. In fact in all districts is observed the
growth of market prices of agricultural used land.

There is traditional well developed science and research of agriculture in the region, in
Priekuli works a selection station and testing center of agricultural machines.
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EKOLOGISKA EKSPEDICIJA KA EFEKTIVA VIDES IZPETES UN
EKOLOGISKAS AUDZINASANAS DARBA FORMA
ECOLOGICAL EXPEDITION AS EFFECTIVE FORM OF ENVIRONMENTAL
RESEARCH AND ECOLOGICAL EDUCATION

Ivars Matisovs
Rézeknes Augstskolas Inzenieru fakultate
AtbrivoSanas aleja 76, Rézekne, LV 4600, Latvija
Talrunis: +(371)26453990, e-pasts: ivars.matisovs@ru.lv

Abstract. The paper deals with ecological expedition as effective form ofenvironmental research and
ecological education. Since 1997 Rézekne Higher education institution organizes ecological expeditions for
study programme “Environmental engineering” students in the Eastern Latvia region. Students realize
integrated assessment of environmental quality with different methods. Article summarize experience of 10-
years long period. Also show main goals and tasks of ecological expeditions, describe field research methods
and camera! processing ofdata.

Keywords: ecological expedition, ecological education, environmental researches, Eastern Latvia
region.

levads
Masdienu sabiedriba, kas tiek orientéta uz ilgtspéjigas attistibas principu iedzivinaSanu
ikviena dzives sféra, batiska loma ir vides zinatnei, kas ietver ari geografiskas vides vispusigu
izpéti cilvéka un dabas mijiedarbibu kopuma skatijuma, antropogénas ietekmes noveéertéjumu
un pamatproblému uzstadijumu. Ne mazak svarigs jautajums ir arT vides izglitiba, kas
likumsakarigi ietver sabiedribas ekologiskas audzina$anas dazadus aspektus.
Geografiskas vides izpéte ir bijusi aktuala visos laikos un viscaur pasaulé. Vides parametri ir
loti mainigi laika un telpa, dabiskaja un antropogénaja vidé izmainas norisinas nepartraukti.
Nav iznémums arl Austrumlatvijas regions, kura geografiskas vides izpéte vél nebGt nav
pabeigta. Loti aktuala ir hidrografiska tikla un Odens objektu (ezeru, upju, strautu, avotu)
geografiska izpéte, kas ietver plasu pétijumu kompleksu: hidrometriskos un hidrologiskos
mértjumus, Odens sastava fizikali kimiskas analizes, ainavas kvalitates novértéjumu sateces
baseina, vides kvalitates bioindikaciju u.c. pétijumus. ArT cilvéka saimnieciskd darbiba atstaj
batisku ietekmi uz vides kvalitati, tapéc geografiskajos pétijumos nevar iztikt bez
antropogéno procesu norises analizes un ietekmes izvérté§juma uz konkrétajiem
hidrografiskajiem objektiem.
Ekologiska ekspedicija ir efektiva vides izpétes un ekologiskas audzinasanas darba forma, jo
integré gan tiri akadémisku pieeju vides pétnieciba, gan sekmé videi draudzigas attieksmes
veidoSanos ekspedicijas dalibnieku vidq.
Ekologiskas ekspedicijas mérkis ir apght apkartéjas vides ekologiskas kvalitates pétijumu
lauka metodes ekspedicijas apstaklos, So pétijumu rezultatu kameralo apstradi un sagatavot
prezentaciju ekspedicijas atskaites konference.
Ekspediciju gaita tiek veikti daudzpusigi vides pétijumi Gdens ekosisttmas un tam
pieguloSajas teritorijas, kas aptver gan dazadu vides parametru meérijumus, gan vides
kvalitates kompleksu novértgjumu. Tiek fikséts izpétes aredla ainavas ekologiskais stavoklis
un noteikts ainavas transformacijas virziens.
Studenti praktiski apglst apkartéjas vides izpétes lauka darbu metodes, péc ekspedicijas
nosléeguma veic ieglto datu kameradlu apstradi un sagatavo zinatniskas atskaites. Tadejadi
nepartraukti tiek papildinata RA vides raditaju datu baze un radits pamats turpmakajiem vides
izpétes projektiem. lepazistot Latvijas ainavu kraSnumu un daudzveidibu, neuzkritosi tiek
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audzinats jaunieSu patriotisms un veidojas pozitiva emocionala attieksme pret dzimto novadu
un ta dabu.

Raksta ir apkopota Rézeknes Augstskolas pieredze vides izpété aizvaditaja desmitgadé (1997-
2006), ka arT atsegta ekologisko ekspediciju nozime vides izglitiba un studentu ekologiskaja
audzinasana.

Materiali un metodes

Ekologiskas ekspedicijas kopéjais ilgums ir 2 nedélas, kas ietver vairakus secigus posmus:
ekspedicijas sagatavoSanu, ekspedicijas norisi, savakto materialu analizi laboratorijas, datu
kameralo apstradi, zinatniskas atskaites sagatavoSanu un atskaites konferenci.
Ekologiskas ekspedicijas marsruti tiek planoti Austrumlatvijas upju un ezeru sistémas. Vienas
dienas marsruta garums atkariba no sarezgitibas pakapes ir 20-35 km. Katra studentu grupa
lauka pétljumus ekspedicijas apstaklos veic 3-4 diennaktis. Ik gadu ekspedicijas norise tiek
planota viena noteikta laika perioda- jalija pirmaja pusé. RA ekologisko ekspediciju atskaites
konferences notiek oktobrT, un tikai péc $1 pasakuma norises ikgadéjo ekspediciju var uzskatt
par noslégtu.

Ekspedicijas uzdevumi:

1. Veikt detalizétu vides kvalitates novértéSanu, kas ietver upes / ezera krastu stavokla
apsekoSanu, to degradacijas dabisko un antropogéno faktoru ietekmé noteikSanu,
apsaimnieko$anas ITmena un kvalitates, ka arT biologiskas daudzveidibas novértésanu.

2. Visa marSruta garuma veikt regularas (5-7 reizes diennaktl) Gdens paraugu fizikali
kimiskas un organoleptiskas analizes, veikt augsnes un gaisa kvalitates pétijjumus.

3. Apgat zinatniskas aparatQras un meériericu lietoSanas prasmes un analizu veik8anas
metodiku lauka apstaklos.

4. Veikt 0dens tilpju morfometriskos mérfjumus un noteikt hidrologiskos parametrus.

5. Fiksét ekspedicijas norisi un pétamas teritorijas ainavas foto un videomaterialos, novértét
ainavas vizuali estétisko un ekologisko kvalitati.

6. Ekspedicijas norisi un apkartéjas vides novérojumus detalizéti atspogulot novérojumu
Zurnala.

7. legdt novadpétnieciska rakstura informaciju no vietéjiem iedzivotajiem.

8. Apguat airéSanas tehniku, iemacities vadit laivu un parvietoties dazkart art ekstremalos
apstaklos, pilniba veicot paredzéto marsrutu.

9. lemacities dzivot cie$a saskarsmé ar dabu.

10. Apgat prasmi stradat grupa.

Ekologiskas ekspedicijas lauka pétijjumu pamatkomplekts [1] ietver Gdens, augsnes un gaisa

kvalitates pétijumus, ka art upes Zezera un to krastu parametru mérfjjumus.

Udens pétijumi:

= Udens temperattaras noteik3ana dazados dzilumos.

= Udens pH, Tpatnéjas elektriskas pretestibas, elektrodu potenciala Eh noteik$ana.

= Udens kimiska sastava noteik3ana (Cl, Fe, karbonatjoni, amonjaks, nitrati, nitriti, cietiba).

< Organoleptisko TpaSibu noteikSana (0dens smarza, garSa, krasa, caurspidigums,
dulkaintba).

= Udens kvalitates bioindikacija péc adens augiem (Iécas) un dzivniekiem.

Augsnes pétijumi:

= Augsnes strukturalo parametru un mineralogiska sastava noteikSana ar lauku ekspress
metodém.

= Augsnes paraugu sagatavo$ana turpmakajai analizei RA lietiskas ekologijas un dabas
resursu zinatniskaja laboratorija.

= Augsnes piesarnotibas ITmena vizuala novértésana.
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Gaisa kvalitates pétijumi:

= Gaisa organoleptisko radttaju noteikSana (smarza, puteklainiba, dami).

= Bioindikacijas veik3ana, izmantojot lihenoindikacijas un prieZzu skuju dzives cikla
noteik3anas metodes.

Upes/ezera un krastu parametru meérijumi: dzilums, straumes atrums, kritums, krastu erozija,

eitrofikacijas pakape, Gdens te€u aizsprostojumi, biodaudzveidibas [Tmena novértéSana u.c.

Kameralais darbs péc ekspedicijas:

= legOta materiala sakartoSana un matematiska apstrade.

< Augsnes analiZzu veikSana RA laboratorijas.

e Rezultatu izvértéSana un pamatoSana, secinajumu izstradaSana un priekSlikumu
sagatavoSana.

< Ekspedicijas zinatniskas atskaites noforméSana un demonstracijas materidla atskaites
konferencei izstrade.

< Publikaciju sagatavoSana, informacijas ievietoSana internéta.

Pilnvértigu pétijumu programmu nav iespéjams Tstenot bez masdieniga zinatniska aprikojuma

un atbilstoSa materiali tehniska nodroSindjuma, tapéc katru gadu tiek atjauninata un

pilnveidota ekologiskajas ekspedicijas izmantotd zinatniska aparattra, pielietotas precizakas

un daudzveidigakas vides izpétes metodes.

Geografiskas vides izpéte miasdienas nav iedomajama bez globalds pozicionéSanas sistémas

(GPS) ieritu izmantoSanas un preciza kartografiskd nodroSinajuma. Pétamo objektu un

paraugoSanas vietu péc iespéjas precizaka kartografiska piesaiste ir viens no vides izpétes

pamatpostulatiem. Tuvakaja nakotné paredzéts izmantot art GIS piedavatas iespéjas.

Rezultati un to izvértéjums
Rézeknes Augstskolas Inzenieru fakultate ikgadéjas studentu ekologiskas ekspedicijas pa
Austrumlatvijas regiona upém un ezeriem riko kop$ 1997.gada. Saja laika perioda ekspediciju
dalibnieki 76 diennaktis laivas veikusi 1520 kilometrus pa regiona Gdensceliem, apsekojot 7
upes un vairak neka 20 ezerus (skat.l.tab.). Ekspedicijas kopuma piedalijuSies vairak neka
170 studiju programmas ,Vides inZenieris” pirma kursa studenti un 10 augstskolas
macTibspéki.
Ekspediciju marsSruti katru gadu tiek planoti pa atSkirigam GOdenstecém un Gdenstilpném,
aptverot péc iespéjas plasaku izpétes aredlu un daudzveidigakus dabas ¢eografiskos
kompleksus. Ar RA ekologisko ekspediciju marsrutiem iepazistina 1.attéls.
Ekspediciju pa noteiktu marSrutu veicot atkartoti péc vairdkiem gadiem, ir iespéjams izsekot
vides kvalitates izmainam dotaja teritorija, tadéjadi realizéjot savdabigu vides monitoringu.
Tomeér jaatzimé, ka upju hidrologiskais rezZims gadu no gada atSkiras- vérojamas visai lielas
Gdens ITmena un caurpliGduma svarstibas, atSkiriga Gdens temperatra utt. Lai iegltu ticamus
datus, nepiecieS8ama novérojumu veikSana noteiktos punktos ilgstosa laika perioda. DiemZzél
ekspedicijas to nodroSinat nespéj, jo fiksé vides stavokli konkréta laika momenta.
Ekologisko ekspediciju marsSruti tiek planoti pa ainaviski augstvértigiem apvidiem-
Austrumlatvijas upju zemém un ezerainém, kuras uzskatamas par vieniem no vértigakajiem
ainavu kompleksiem Latvija. lepazistot mdsu zemes ainavu kraSnumu un daudzveidibu,
studentiem veidojas pozitiva emocionala attieksme pret dzimto novadu, tadéjadi neuzkritoSi
un dabiski veicinot patriotisma jatu attistibu. Tas ir loti svarigi tieSi muasdienas, kad
globalizacijas procesa un tradicionalo vértibu devalvacijas iespaida biezi vien jaunieSos
veidojas bezsaknu izjata un nacionals nihilisms.
Ekspedicijas gaitd studenti daudz pamatigak, nekd tas iespéjams lekciju procesa, apglst
Latvijas vides geografiju, jo nesteidzigad ekspedicijas norise veicina apkartéjas vides un tas
daudzveidibas rapigadku iepaziSanu. Unikala ir iespéja iepazit ainavas daudzveidibu no
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neierasta skatu punkta, jo laiva esoSam cilvékam pat pazistamas apkartnes véroSana var

sagadat nebijusus iespaidus.

Gads

1997.

1998.

1999.

2000.

2001.

2002.

2003.

2004.

2005.

2006.

Rézeknes Augstskolas InZenieru fakultates studiju programmas
,Vides inZenieris” eko ogiskas ekspedicijas 1997.-2006.gada

Ekspedicijas
marsruts

Kaunata - Lubans
Lubans- Plavinas

Dridzis- Livani

Jasezers- Spogi

MalteCka- Plavinas

Pededze- Plavinas

Dridzis- Livani

Jasezers - Spogi

Zosna - Lubans

Daugavas augstece
un vidustece no
Indricas Idz
Spungéniem

Veiktais
attalums
(km)

115

115

150

110

230

220

150

110

140

177

Upes

Rézekne

Aiviekste

Dubna

Rusenica,
Tartaks

Malta,
Rézekne,
Aiviekste
Pededze,
Aiviekste
Dubna

Rusenica,

Tartaks

Rézekne

Daugava

Ezeri

Kaunatas, Lubans

Dridzis, Ots, Ardavs,
Stvers, Lejs, Carmins,
Sakovas, Aksjonovas
JaSezers, Bicanu,
Kategrades, Zolvu, Rusons,
Geranimovas llzas,
Kapinu, llzs, CiriSs, CiriSa
HES tdenskratuve,
Pakalna, Visku, Luknas
Lubans

Dridzis, Ots, Ardavs,
Stvers, Lejs, Carmins,
Sakovas, Aksjonovas
JaSezers, Bicanu,
Kategrades, Zolvu, RuSons,
Geranimovas llzas,
Kapinu, llzs, CiriSs, CiriSa
HES utdenskratuve,
Pakalna, Visku, Luknas
Raznas, Kaunatas, Lubans

1. tabula

Norises
laiks

03.-08.
jalijs
07.-12.
jalijs
05.-13.
jalijs

04.-12.
Jalijs

03.-11.
jalijs

02.-10.
jalijs
03.-11.
Jalijs

04.-12.
Jalijs

04.-
08.jalijs
03,- 09.
jalijs

Ekologiskas ekspedicijas gaita spilgti saskatama cilvéka darbibas ietekme uz apkartéjo vidi un
ainavu, kas lauj novértét antropogéno procesu pozitivos un negativos aspektus. Priecé upju un
ezeru krastu sakoptiba, dabiskaja vidé ar rOpigu darbu iekopta un par ilgtspéjigas attistibas
iespéjamibu arT Latvijas laukos liecinoSa kultdrainava. No dabiskiem materialiem baOveétas
dzivojamas un saimnieciskas €kas, kas atspogulo vietéjas bdvniecibas tradicijas, senatnigi
koku stavi, sakartotas pirtinas, laipas un laivu piestatnes, vietéjo iedzivotdju nesteidzigais
dzives ritms un saskana ar apkartéjo vidi neatstaj vienaldzigu nevienu ekspedicijas dalibnieku,

bet gan rosina ar1 paSiem 1stenot Itdzigu dzives modeli.
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Toties atSkirigas emocijas izraisa daudzviet vérojama postaZza- iedzivotaju jau sen pamestu
maju ar kromiem un nezalém cauraugusi gruvesi, sabrukusi tilti un straumes izrautas laipas.
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VEéja un bebru gazto un upei parkrituso koku raditie aizsprosti lejpus apdzivotajam vietdm
daudzviet ir kluvusi par Tpatnéjam sadzives atkritumu izgaztuvéem, kur straume bieza slant ir
sanesusi cilvéka vieglpratigi izmesto drazu- plastmasas pudeles, vecas gumijas bumbas, laipu
parpalikumus un pat miruSus dzivniekus. Dazkart $adas upju izgaztuves atrodas pat visuma
sakoptu pagastu un pilsétu teritorijas.

Jaatzimé, ka pédéjo gadu laika atseviSki upju posmi cilvéka darbibas rezultata ir izmaintjusSies
Ildz nepaziSanai. Pieméram, vél 1999.gada vasard Dubnas augStece vietumis atgadindja
mezonigu kalnu upi ar pamatigu straumes atrumu un iespaidigam krastu nogazém, bet jau
2003. gada varéja vérot, ka Dubnas nevaldamo tecéjumu ir iegrozojusi 4 mazo HES aizsprosti,
padarot upi tdens taristiem visai neinteresantu un prognozéjamu. Fikséjot ekspedicijas norisi
un marsruta sastopamas ainavas fotoattélos un videomaterialos, iespéjams izsekot dabas vides
un antropogéno ainavu transformacijas procesam laika gaita.

Lielaks piesarnojoSo vielu daudzums upés salidzindjuma ar fona ITmeni tiek konstatéts
apdzivotajas vietas un lejpus tam, ka arT ezeru piekrastés bliva apdzivojuma rajonos. Udens
ekosistémas jatigi reagé uz jebkadu vides piesarnojumu, tomeér, pateicoties CGdenstecu
paSattirisanas spéjam, piesarnojums izkliedéjas un upju tiriba atjaunojas. Ezeri $aja zina ir
neizdevigaka stavoklr, jo tie kalpo k& savdabigi piesarnojuma akumulacijas baseini. Tomér
kopuma Gdens, augsnes un gaisa kvalitate ekspediciju gaita apsekotajas teritorija ir salidzinosi
augsta.

Udenu piesarnojums negativi ietekmé tajos dzivojo$os organismus gan tie$a veida- sasniedzot
koncentraciju, kas ir kaitiga organismu eksistencei, gan ar1 netieSi- veicinot eitrofikaciju, kas
rada izmainas Gdenstilpés un var izraisit GOdenstilpes aizaugSanu. Ari vidéjas un mazajas
Latgales upés, 1pasi Dubna un Rézekné, ka arT daZos ezeros, vérojamas eitrofikacijas pazimes,
jo vasaras vidi iespaidigi sakuplojusas Gdensaugu vegetacijas dél atseviski upju posmi un pat
ezeri klast laivam grati izbraucami.

2004. gada vienlaikus ar ekologisko ekspediciju izpétes areala norisindjas ar1 folkloras
ekspedicija, kuru 1stenoja Rézeknes Augstskolas Humanitaro un juridisko zinatnu fakultates
(HJZF) macibspéki un studenti. Tadéjadi veiksmigi tika Tstenota kompleksa teritorijas
novadpétnieciska izpéte, kas, apvienojot dazadu zinatnes nozaru pétnieciskas metodes, lauj
iegat vispusigu informaciju par konkrétu regionu, Tstenojot masdienas tik nepiecieSamo
holistisko pieeju, vienota kopsakard veicot dabas un cilvéka, kd arT to mijiedarbibas
pétijumus.

2007.gada ekologiskaja ekspedicija pirmo reizi dosies ari HIZF profesionalas studiju
programmas ,,Geografijas un socialo zinatnu skolotajs vidusskola” studenti. TopoSie skolotaji
iegls vértigu pieredzi, kas laus tiem vides izglttibas principus un pétnieciskas metodes
iedzivinat pedagogiskaja prakse, tadéjadi sekméjot skolénu zinatniski pétnieciska un
novadpétnieciska darba kvalitates uzlabosanos regiona skolas.

Ar RA ekologisko ekspediciju pieredzi plasaka auditorija tikusi iepazistinata vairakas
starptautiskajas zinatniski praktiskajas konferencés [2,3]. Ekspediciju norise regulari tikusi
atspogulota vietéjos preses izdevumos un radio raidijumos. Sakot ar 2007.gadu, ekologisko
ekspediciju vides izpétes rezultati tiks ievietoti Tpasa internéta majas lapa, tadejadi iegata
informacija bOs pieejama un noderiga gan dabas tdristiem, gan zinatniekiem un citiem
interesentiem. Informacija péc katras ekspedicijas tiks papildinata, ietverot arvien plasaku
Latgales novada geografisko, ekologisko un kultarvésturisko raksturojumu.

RA ekologisko ekspediciju zinatnisko vadibu nodrosSina pieredzéjusi augstskolas macibspéki.
Profesors Gotfrids Noviks ir bijis 8T pasakuma iniciators un visu ekspediciju daltbnieks,
izstradajis ekologiskas ekspedicijas metodiskos noradijumus [1]. Gandriz visas ekspedicijas
piedalijusies docents Andris Martinovs, lektors Ivars Matisovs un Edmunds Teirumnieks.
Nosléguma gribétos citét izcila latvieSu rakstnieka un dabas drauga Jana Jaunsudrabina
vardus, kas iekalti akmenT Plavinu pilsétas- vairaku RA ekologisko ekspediciju marSrutu
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galapunkta- parka: “Mus visus vieno dabas varenums un skaistums. Saule, gaiss, Gdens, zeme
ir tie, kas mdZam atjaunojas un atjauno”.

Secinajumi

1. Ekologiska ekspedicija ir viena no visefektivakajam vides izglitibas, ekologiskas
audzinadSanas un novadpétniecibas darba formam.

2. Rézeknes Augstskolas Inzenieru fakultaté ir uzkrata ievérojama ekologisko ekspediciju
organizéSanas un 1stenoSanas pieredze, izstradats atbilstoSs metodiskais nodroSinajums. Ta
rezultata kop$ 1997.gada Austrumlatvijas regiond kopuma sekmigi norisinajusas jau 10
RA rikotas studentu ekologiskas ekspedicijas.

3. RA pieredzi ekologisko ekspediciju organizéSana efektivi var parnemt ari citas augstakas
izglitibas iestades ar radniecigam studiju programmam (dabas aizsardziba, vides zinatne,
geograéfija, vides inZenierzinatnes u.c.)

4. Salidzinajuma ar 10 gadus senu pagatni RA ekologisko ekspediciju zinatniskais un
materiali tehniskais nodroSindjums ir nesalidzinami pilnveidojies. Tas lauj daudz
sekmigak Tstenot ekspedicijas mérkus un uzdevumus, paaugstinot topoSo vides inZenieru
zinaSanu ITmeni un pilnveidojot prasmes veikt plasa spektra vides pétijjumus.

5. RA ir izveidojusies atbilstoSa un pietiekami nokomplektéta ekspediciju materiala baze
(laivas, tdrisma inventars, zinatniskd aparattra, laboratoriju aprikojums u.c.), kas lauj
ievérojami samazinat ekspedicijas finansiala nodroSinadjuma slogu.

6. Peétijumu programmas sekmiga realizacija un vides izpétes darba turpinasana, nakotné
aptverot arvien jaunas teritorijas un paplaSinot pétijumu loku, lauj izveidot pietiekami
apjomigu datu bazi, kuru var izmantot studiju darbu un zinatnisko referatu izstradei, ka art
RA Latgales ilgtspéjigas attistibas pétljumu institGta vajadzibam.

7. Ar ekspediciju gaita veikto pétijjumu rezultatiem, izmantojot masu sazinas Iidzeklu
(internéta, preses izdevumu, TV un radio) iesp€jas, regulari tiek iepazistinata plaSaka
sabiedriba, tadéjadi izplatot aktualu informaciju par vides kvalitati regiona un veicinot
sabiedribas noturigu interesi par vides problemam.

8. Ekologiskas ekspedicijas nodroSina atgriezeniskas saiknes izveidoSanos starp Rézeknes
Augstskolu un Austrumlatvijas regiona iedzivotajiem, kas sekmé ari studét griboSo skolu
jaunieSu piesaisti mdsu augstskolai.

Summary
The paper deals with experience of ecological expeditions organized by Faculty of
Engineering of Rézekne Higher education institution since 1997. The first- year students of
professional bachelor study program “Environmental engineering” together with professors
and lecturers of Department of Nature sciences take part in ecological expeditions in the
Eastern part of Latvia (Latgale and Vidzeme) every summer in the beginning of July. In 10-
years long period (1997- 2006) about 180 participants take part in the expeditions, travelers
overcome 1520 km of waterways (7 rivers and more than 20 lakes) for 76 days.
Main goals of ecological expeditions are: 1) to realize the complex researches of
environmental quality in the study area; 2) acquiring of practical skills and research methods
by students in the field. Students also acquire skills to cooperate and work in team, learn how
to camp environmental friendly. Ecological expeditions are effective form of environmental
research and ecological education.
Field research (5- 7 times per day) include chemical water tests, measurements of water
physical parameters, hydrometric researches, organoleptic tests of water, measurements of
granulometric structure of soils and content of humus, estimation of air quality by
bioindication methods, assessment of biodiversity and landscape quality in the study area.
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Cameral processing of data include mathematical and statistical processing of obtained data,
aggregate information in the final report and add new information about expedition in home
page. The closing meeting of expedition organize in autumn. Ecological expedition is
unforgettable event of study years for every participant.
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CAMELINA SATIVA AS A CROP FOR DIVERSIFICATION OF
AGRICULTURE AND AS A PRODUCER OF HIGH QUALITY OIL
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DAZADOSANAI UNA UGSTAS KVALITATES ELLAS IEGUVEI
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Abstract. ‘Camelina sativa’ is one of the oldest oil crops in Europe. Growing areas were reduced

dramatically in 20-40-ties of the last century. Low price of rape oil and unclear composition of camelina oil
were primary reasons of this process. Nevertheless, last years ‘Camelina sativa' attracted a great interest of
scientists and oil processors as a crop for diversification of agriculture and, in the same time, for producing of
the high quantity and quality oil for biofuel, feeding, food, and pharmacy (source of a-linolenic acid, linoleic
acid and vitamins, especially E). In Latvia ‘Camelina sativa' is spread as a wildform butfor the agriculture it is
a new crop.
The potential of me of ‘Camelina sativa’ in the Latgale region as an alternative oil crop and a new plant in the
crop rotation was investigated. We compared the oil content and it composition in ‘Camelina sativa’seedsfrom
plants of variety ‘Ligena’ grown in different conditions (Latvia and Germany). We also are looking for a
possibility to use biotechnology methodsfor obtaining additional camelina breeding source material. For this
purpose we applied calli culture methodfor producing plants-regenerants.

Keywords: calli culture, camelina sativa, iodine value, oil content, vitamins

Introduction
Camelina (Camelina sativa), wide known as False Flax or Gold of Pleasure, is a very old
oilseed crop that was cultivated in Europe during the Iron and Bronze Ages. In early 1940’s
commercial production of camelina was ceased with the introduction of oilseed rape; the lack
of knowledge on the value of oil content was the main cause of decrease of interest in
camelina [1]. Furthermore, it is generally believed that camelina growing needs lower input
than oilseed rape because high disease und pest resistance and good competitive ability
against weeds. Camelina seeds produce golden-colored oil with a delicate, almond-like
flavour, containing up to 45% omega-3 alpha-linolenic acid and approximately 15% of
omega-6 linolenic acid. Camelina oil may contain up to 110 mg/100 g vitamin E, while
linseed oil contains only trace (0.5 - 2 mg/100 g) amounts of this vitamin [2, 3], what makes
camelina oil very stable and resistant to heat, rancidity and long storage. These fatty acids (a-
linolenic, linoleic) are known to reduce the LDL (low density lipoprotein) cholesterol level in
the blood and are good for heart and cardiovascular health [4]. Omega-3 fatty acids are
essential for normal human growth and may play a role in the prevention and treatment of
diabetes and some inflammatory and autoimmune disorders [2, 5].
Some derivatives for non-food application, such as industrial chemicals, pharmaceuticals, and
cosmetics, could be produced in addition to food products (salad and cooking oil) from
camelina oilseed. It has been suggested that camelina oil may be a cheaper source of biodiesel
than oilseed rape. Camelina could produce acceptable yield when grown in relatively poor
conditions and can be grow with lower input of nutrients and pesticides than required for oil-
seed rape [6, 7].
Camelina sativa is spread in Latvia as a wild plant, but it is a new crop for agriculture.
Therefore the goal of this study was to determine the usefulness of Camelina sativa as an
alternative oil crop and a new plant in the crop rotation in the Latgale region of Latvia.
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At present there is not cameline breeding program in Latvia. For potential breeding it is
important to obtain good quality breeding source material in short time. It is known that after
cultivation in calli culture regenerated plants could perform higher genetic variation, so-called
somaclonal variation. Somaclonal variation has been described for many plant species as a
method for obtaining new breeding source material [s, 9, 10, 11] but we did not find reports
about establishment of camelina calli culture. Therefore an additional task of our work was to
check a possibility of inducing viable camelina calli culture.

Materials and methods
Material
We used camelina seeds yielded from plants of variety ‘Ligena’ grown in Germany during the
summer 2002 and in Latvia (Agricultural Science Centre of Latgale) during the summer 2004.
Oil content and biochemical analyses
The oil content in seeds was measured by the Soxhlet extraction: 10 g seeds were milled and
the oil was extracted by hexane during two hours, extraction was repeated two times. Cold-
pressed camelina oil (produced by mechanical pressing of clean seed material) was used to
determine balance of unsaturated fatty acids. lodine value was determinate by the Kaufman’s
method [::].
Biochemical analyses of seeds were done in the Laboratory of Animal Biochemistry and
Physiology of the Institute of Biology, University of Latvia. Content of Bj, B., C and E
vitamins, P-carotines, xanthophylls, selenium, zinc, copper and iron was determined.
Calli culture establishing
Seeds of variety ‘Ligena’ produced in Latvia were used to establish calli culture. A method
elaborated earlier for oil flax [13] was applied. Plantlets were grown from seeds placed on the
MS or Bs basal medium with addition 10mg/l or without AgN03. Different parts of plantlets
on two leaves stage were used as explants (leaves, 3-5 mm stem fragments and apex). As calli
induction medium were used the MS or Bs basal mediums with 15 or 2.0 ng/l 2,4-
dichlorphenoxyacetic acid (2,4-D) (added after autoclaving) adjusted to pH 5.8 (Table 1).
After every four weeks of cultivation calli were transferred on the fresh MS medium
supplemented with 1.5 mg/1 2,4-D. Cultures were grown in the light conditions.

Table 1
Number of expiants placed on different calli induction mediums
Plantlets
growing B5+AgNO03 B5 MS+AgNO03 MS Bs
Media .

! Calli BS+2,4D B5+2,4D MS+2,4D MS+2,4D BS+2,4D
induction 1,5 mg/1 1.5 mg/1 1.5 mg/1 2 mg/l 2 mg/l

Expiants Leaves 71 . 15 38 18

gpe Stem 195 44 24 56 70

Apex 35 - 10 - -

Results and discussion

The yield of Camelina sativa in the Latvian climatic conditions (2004) was 2.0 t/ha. The yield
of spring-sown camelina in different EU countries ranged from 2.0 to 2.5 t/ha [1].

Oil content in seeds grown both in Latvia and Germany was approximately 30% and it is in
accordance with data reported in literature (29 - 39%) [14]. The iodine value was 153 for oil
from seeds grown in Latvia and 127 for oil from German seeds. Oil from Latvian seeds was
more unsaturated than oil from German seeds. It could be related with different growing
conditions and with the fact that seeds from Germany were two years older than produced in
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Latvia. Compared these results with iodine values in literature (144-155 [14]) we could
noticed that oil produced from seeds yielded in Latvia was rather rich with unsaturated fatty
acids.

Results of biochemical analysis of camelina seeds are presented in the Table 2. Camelina
seeds produced in Latvia were richer with vitaminsBi, E and copper and iron than seeds
produced in Germany. Seeds from Germany had more xanthophylls and zinc.

Table 2.
Biochemical composition (mg/kg) of camelina seeds

Country of seeds origin

Component Germany Latvia
Vitamin Bi 3.68 7.04
Vitamin B: 1.05 1.23
Vitamin C 34.60 33.50
Vitamin E 250.00 325.00
3-carotene 0 0
Xanthophylls 21.99 13.90
Selenium 0.08 0.09
Zinc 60.00 40.00
Copper 8.60 10.50
Iron 145.00 151.30

Camelina seeds placed on both basal mediums (MS and Bs) with and as well without AgNCL
formed plantlets suitable as source of different type of explants for calli culture establishment.
Nevertheless calli were obtained only from stem explants. Calli formation started two weeks
after culture establishment. Optimal concentration of 2,4D was 1.5 mg/l. Explants from
plantlets grown on medium supplemented by AgNCE formed not viable (necrotic) calli.
Formation of regeneration zones started only after four months of calli cultivation. Producing
of plants-regenerants is in the progress at the moment.

Conclusions

Latgale climate conditions are acceptable for camelina growing. Camelina have good disease
und pest resistance and good competitive ability against weeds. The seed yield and
biochemical analysis of seeds produced in Latgale region shown that Camelina sativa is a
perspective alternative oil crop for Latvia and could be used here in the crop rotation for
agriculture diversification. Camelina sativa has excellent quality of oil for different use,
especially for food and pharmacy as a source of unsaturated fatty acids and vitamin E.
Establishing of camelina calli culture open a possibility to obtain additional genetic variation
for breeding purpose.
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PILSETVIDES AINAVAS TRANSFORMACIJA LATGALES REGIONA
20.- 21. GADSIMTU MIJA
TRANSFORMATION OF URBAN LANDSCAPEIN LATGALE REGION ON
CHANGE OF 20- 21 CENTURIES
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Abstract. The paper deals with transformation of urban landscape in the 2 cities and 12 towns of
Latgale region on change of 20-21 centuries, in the periodfrom 1990 to 2007. Article provides information
aboutfactors and social economics processes that have influence on urban landscape structure and quality. The
paper have a look at changes of land use structure, demographical processes, urban environmental quality,
dynamics of urban transportation system and intensity ofconstruction works in the cities and towns ofLatgale
region. The results establish disparities between scopes and directions of urban landscape transformation
among different ranks ofurban settlements.

Keywords: landscape, urban landscape, transformation of urban landscape, Latgale region.

levads
Ainava ir telpd un laika orientéta zemes virsma, ko nosaka dabas vides TpaSibu attistiba,
vésturiska un pasreizéja integracija socialajos procesos. Urbanizétas ainavas specifiska iezime
ir t4, ka Seit cilvéks visintensivak parveido dabas apstaklus sev piemérotas dzives vides
radiSanai. Pilsétvides ainava ir viens no svarigakajiem pilsetu kd maksligu ekosistému
raksturojoSajiem vides parametriem, kas sevT integré gan pilsétas dabiskas pamatnes (reljefs,
adeni, klimats, vegetacija), gan antropogénas izcelsmes (ielu tikls, ékas, inZeniertehniskas
komunikacijas, dazadi artefakti) elementus [1].
Telpiskas ainavu struktiiras pilsétas parasti analizé no vésturiska, morfologiska, funkcionala
un zemes lietojuma aspekta. Teritorialos planotdjus un pilsétbavniekus interesé ar1 tadi
pilsétvides ainavas raksturojumi ka tas veésturiska ¢genéze, kultOrvésturiskais mantojums,
arhitektoniski strukturdla uzbiOve, vizualas infonnacijas kapacitate, vides arhitektoniski
telpiskas un ekologiskas kvalitates [2].
Galvenie telpiskds vides attistibas planojuma elementi ir: 1) teritorija; 2) iedzivotaji;
3) apblve; 4) pakalpojumi; 5) razoSana; 6) transports; 7) inZeniertehniskas komunikacijas;
8) rekredcija; 9) dabas elementi un to aizsardziba [3]. Sekmigu So elementu funkcionéSanu
virza ekonomika, politika un pareiza administréS8ana. Neatkarigi no apdzivojuma telpiska
méroga Itdzsvarots un ilgtspéjigs teritoriala planojuma socialais, ekonomiskais un vides
komplekss gala rezultata fokuséjas teritorijas vizualaja téla.
Masdienu kultOrainavas, tatad art pilsétvides ainavas, uzdevums ir gan optimali atbilst tai
izvirzitajam sociali ekonomiskajam un ekologiskajam funkcijam, gan arT bat apveltitai ar
estétiskajam kvalitatém, jo viens no dzives vides kvalitates batiskakajiem komponentiem ir
pievilciga ainava, kas lield mera ietekmé dzives vietas izveéli, ka arT veicina taristu piesaisti.
Pilsétvides ainavas veidoSanas un transformacijas process ir nepartraukts telpa un laika, Idz
ar to likumsakarigi mainas ar1 ainavas estétiska un ekologiska kvalitate. Tpasi strauji tas notiek
pilsétu saimnieciska uzplaukuma vai lejupslides periodos, kad batiski mainas pilsétu
ekonomiskais potencials un sociali demografiska situacija. Sajos laika periodos butiski
mainas art bavniecibas apjomi un tendences, notiek vérd nemamas izmainas pilsétu vizuali
estétiskaja veidola un sociali psihologiskaja telpa [1].
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Atjaunotaja Latvijas valstl ka teorétiskaja, ta arT praktiskaja darba priekSplana izvirzama
pilsétu un lauku apdzivoto vietu arhitektoniski makslinieciskd veidola probléma. Pilsétvides
veidols ietver sevi tas aréjo izskatu, tas ir materializéts telpisks komplekss, ko emocionali
uztver cilvéks. Ekas vai celtnes individualas arhitektoniski telpiskas kvalitates specifiku
pilntba var raksturot tikai tad, ja ir izprasta tas vieta un loma pilsétvidé kopuma- kvartala,
mikrorajona vai pilséta [3] .
Pilsétu arhitektoniski kompozicionalo vidi liela méra veido vésturiski izveidojuSas telpiskas
struktdras, apbives kompleksi un atseviski objekti, kas kopuma iemieso vietéjas tradicijas,
kultdru, bavmakslu, celtnu mérogus un proporciju izjatu. Tomér pieaugosa kultdrainavu, jo
Tpasi pilsétvides ainavu, unifikacija masdienu globalizétas socialas un ekonomiskas attistibas
ietekmé atstdj iespaidu arT uz sabiedribu un veicina cilvéku vietas piederibas saiSu izirSanu-
cilvéki neizjat savu piederibu, I1dz ar to mazinas vinu atbildibas sajata un rdpes par apkartni
[4].
Cilvéka dzivesvietas ainavas uztveres pétijumi ir batiski jebkura ITmena teritoriju attistibas
projektu izstradé un vértéSana, ir batisks instruments sabiedribas iesaistiSana projektu
apsprieSana un T1stenoSana. Kaut gan Latvija postpadomju perioda ir notikuSas butiskas
izmainas ainavas vizualaja veidola, to ietekmes uz sabiedribu un individu nav pétitas [5].
Pilsétas fiziskd struktdra veidojusies ilglaicigd procesd. Arealais novietojums un majoklu
veids ir veidojies vésturiski atbilstoSos socialas situacijas nosacijumos. Strukturalas parmainas
tautsaimnieciba un pieaugoSa iedzivotaju mobilitate ir izmainTjuSas pilsétu attistibas
perspektivas. Pédéjos gados ieziméjusas izmainas pilsétas socialajd un fiziskaja telpa, jo
arvien vairak materiali labi nodroSinatu pilsétnieku dod priekSroku individuadlo privatmaju
bavniecibai pilsétas periférija vai piepilsétas zona, par ko liecina straujais zemesgabalu cenas
pieaugums $ajos rajonos.
Arpilsétas ainavas- to transformacija no ruralas uz urbanizétu vidi, ka art to izkliedétas
apblves raksturs- ir nepastavigas, tapéc tas tiek dévétas par efeméram ainavam. Arpilsétas
ainavas raksturs mainas Iidz ar pilsétu attistibas procesu, tomér to pagaidu stavoklis dazadu
politisku un sociali ekonomisku apstaklu, dazkart zemes TpasSnieku vai attistitaju subjektivas
ricibas dél var ilgt daudzu gadu garuma [6].
Sobrid Latvija, arT Latgales regiona, socialas strukturédanas procesi ir loti dinamiski. Latvijas
lieldkajas pilsétas notiek socidlo grupu telpiskd diferencidcija. Mazajas pilsétas, kur socidlo
grupu daZadiba ir daudz ierobeZotdka un sabiedriba nav tik elastiga, Sis process ir vajak
izteikts. Socialie procesi Latvijas pilsétas un to attistiba norit Iidz ar ekonomisko apstaklu
izmainam valst1, ka arT saistiba ar pasaulé notiekoSajam sociali ekonomiskajam parmainam
[7].
Pec kardinalo politiski socialo izmainu izsauktas ekonomiskas krizes, kas musu valsti, un jo
1pasi Latgalé, bija vérojama 20.gadsimtu noslédzoSaja desmitgadé, pédéjos gados, neskatoties
uz vél joprojam izteikto depopulaciju, arT Latgales pilsétas vérojama noturiga ekonomiska
augSupeja. Lidz ar to atsacies pilsétvides ainavas transformacijas process, kas it seviski
pastiprinajies I1dz ar Latvijas pievienoSanos Eiropas Savientbai un globalizacijas tendencu
straujaku iendkSanu masu dzives telpa.
2001.gada tika izstradata ,Latgales pilsétu attistibas stratégija”, kuras pamatnostadnes
ieklautas arT ,,Latgales regiona teritorijas planojuma” (2006), kas paredz:
- attisttt policentrisku un Itdzsvarotu apdzivojuma sistému;
< veidot ilgtspéjigu un labi funkcionéjoSu pilsétu tiklu, kas balstitos uz sadarbibas un
papildinatibas principiem;
= nodroSinat pilsétas pievilcigu dzives vidi gan iedzivotajiem, gan investoriem, mazinat
telpiskas un dzives ITmena atskiribas [8].
Saimniecisko procesu analize rada, ka pilsétu ekonomiska aktivitate un dinamika ir atSkiriga.
Pieaug mazo pilsétu ka apkalpes centru nozime, it ipaSi izglitibas, socialas aprapes, kultdras,
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tirdzniecibas un citu pakalpojumu joma. Tapéc ierobeZotas finanséSanas apstaklos batu
nepiecieSams valsts atbalsts un investiciju piesaiste tieSi periferajam mazajam pilsétam [9].
Gandriz visas Latgales pilsétas, iznemot Daugavpili un Rézekni, atbilstoSi Ministru kabineta
noteikumiem Nr. 637 2004,- 2006.gada ir bijusas ieklautas TpaSi atbalstamo teritoriju saraksta
[10]. Jaiebilst, ka tieSi Latgales regiona mazpilsétas nu jau tradicionali noslédz Latvijas
pilsétu attistibas rangu sarakstu.

Materiali un metodes
Pilsétai ka vienotam telpiskam organismam piemtt dinamisms, jo pilséta atrodas nemitiga
parmainu procesa, ko nosaka sabiedribas attistiba, tds ekonomiskds un tehniskas bazes
izaugsme. Tadéjadi pilsétvides ainavas transformacija ir daudzdimensidls process, kura
izvértéjumam nepiecieSams izmantot kompleksu pieeju, jo tikai ta spé sniegt pietiekami
objektTvu un ticamu 8T sareZgTta procesa kopainu.
Latgales pilsétvides ainavas transformacijas process tiek aplUkots postpadomju perioda,
aptverot laika posmu no 1990.gada, kad Latvija atguva valstisko neatkaribu, Iidz pat
muasdienam- 2007.gadam.
Apkopota informacija par visam 13 Latgales kultlrvésturiska novada pilsétam:
= 2 regiona lielpilsétam, ar1 valsts paklautibas pilsétam Daugavpili un Rézekni;
« 7 vidégji lielajam pilsétam (Balvi, Kraslava, LTvani, Ludza, Preili), kas, iznemot Livanus, ir
art lauku administrativo rajonu centri;
< 5 mazpilsétam (Dagda, Karsava, Varaklani, Vilani, Zilupe).
Pateicoties iespéjai ieglt daudzpusigaku, regulari publicétu un tapéc vieglak pieejamu
informaciju, Tpasa uzmaniba veltita regiona lielpilsétu Daugavpils un Rézeknes ainaviskas
telpas teritorialajai diferenciacijai un transformacijas procesiem.
Pilsétvides ainavu raksturojoSo elementu kopumam batu jaietver: a) pilsétainavai specifiskie
apbidves, tas funkcionala lietojuma un vizuala téla raksturojumi; b) vides tiribas un
labiekartojuma kvantitativie raditaji; c) pilsétniekus un vinu darbtbu $aja ainava raksturojoSie
raditaji un pazimes [11].
Vissvarigakais pilsétvides ainavas elements, kas nosaka tas specifiku uz saméra ilgu laika
periodu, ir konkrétd vesturiska laikposma apbOve ar tai raksturigo blivumu, planojumu,
stavainibu, arhitektOras stilu un funkcionalo lietojumu Tapéc nozimigs pilsétvides ainavas
transformacijas raditajs ir bdvniecibas apjomi, to dinamika un jaunbidvju funkcionala
lietojuma veidu proporcijas.
Pilsétvides ainavas transformacijas procesu ietekmé daudzi faktori to savstarpéja
mijiedarbiba: demografiskie, socialie, ekonomiskie, ekologiskie u.c. K& nozimigakie pilsétas
attistibas raditaji, kas ietekmé uz pilsétas ainavisko veidolu, batu minami:
= pilsétu teritoriala izaugsme un zemes lietojuma veidu struktras izmainas,
= iedzivotiju skaita dinamika un citi demogeografiskie procesi,
« bavniecibas apjomi un pilsétas telpas sociali areadla diferenciacija,
= pilsetas ekonomiska attistiba un saimniecibas parstrukturizacija,
= transporta infrastruktQras attistiba, transporta Iidzeklu skaita un kustibas intensitates
pieaugums,
- pilsétvides ekologiskas kvalitate, pastavo$as un nakotné iespéjamas vides problémas.
Kompleksam pilsétvides ainavas transformacijas procesa izvértéjumam Latgales rediona
pilsétas parsvara tika izmantota Latvijas Republikas Centralas statistiskas parvaldes apkopota
un publicétda informacija. Izmantotas Latvijas ainavzinatnieku- geografu, ainavu arhitektu,
teritorijas un attistibas planoSanas u.c. specialistu-jaunakajos pétijumos atrodamas atzinas, ka
arl periodikd publicétd informacija par pilsétvides transformacijas procesa aktualitatém
Latgales regiona.
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Ainavas kvalitates novertéjuma prieksSroka tika dota vizuali estétiskajai pieejai, izmantojot
raksta autora izveidoto ainavas uztveres un novértéjuma matricu, kas ietver 11 ainavas
parametrus [1]. Ainavas ekologiskas kvalitates novértéjumam tika analizéta vides institGciju
apkopotad informacija. lzmantoti arT transporta kustibas intensitates mérjjumu, kas Rézekné
tiek veikti kopS 2000.gada, rezultati. Ainavas kvalitates kompleksa novértéjuma veikSana un
transporta plismas mérijumos dazadas Latgales pilsétas tika iesaistiti nozimigako rediona
augstakas izglitibas iestdzu- Daugavpils Universitates un Rézeknes Augstskolas- studenti.
Regulari apmekléjot visas Latgales regiona pilsétas, to ainava tiek fiksétas fotoattélos, radot
iespéja izsekot ainavu transformacijas procesa dinamikai un virzieniem. Masdienas tas ir
kluvis seviski aktuali, jo ITdz ar ekonomikas atveseloSanos tieSi pédéjos gados sakusies strauja
tradicionalas pilsétvides ainavas transformacija, Tpasi regiona lielpilsétas un rajonu centros.

Rezultati un to izvértéjums
Visparéja informacija
Latgales regiona platiba ir 14 547,2 kvadratkilometri jeb 22,5% no valsts teritorijas. Latgalé
2006.gada sakuma dzivoja gandriz 360 takstoSi iedzivotaju jeb 15,9% no Latvijas iedzivotaju
kopskaita. Japiebilst, ka 207 tdOkstoSi jeb 57,6% Latgales iedzivotaju 2006.gada bija
pilsétnieki, turklat 40% regiona iedzivotaju koncentréjas novada lielpilsétas Daugavpill un
Rézekne.
Lidz Latvijas valstiskas neatkaribas atjaunoSanai Latgales kulthrvésturiskaja novada bija 12
pilsétas. Postpadomju perioda pilsétas tiesibas ieguva bijuSais pilsétciemats Dagda (1992),
savukart paréjie regiona pilsétciemati Malta, Kuprava un Ziguri izvéléjas lauku apdzivotas
vietas statusu.
Latgales pilsétas veido vairdkus funkcionalus pilsétu tiklus, kas parsniedz rediona robezas.
Centralo pilsétu tikla atbalsta karkasu veido pilsétu trijstaris- Daugavpils, Rézekne un
Jekabpils, kas ir nozimigakais mezgla punkts virziena no Latgales uz valsts galvaspilsétu. Sis
pilsétas ir tieSa veida saistttas ar nozimigiem transporta koridoriem un veido Latgales regiona
policentrisko struktru un nakotné nodroSinas visplaSdko dazadu funkciju un augstas
kvalitates pakalpojumu klastu [8].
Pilsétu trijstira centra atrodas Preili, uz t& malam Livani, Vilani, Varaklani, savukart
austrumu pilsétu tiklu veido Balvi, Vilaka, Karsava, Ludza, Zilupe, Dagda un Kraslava. STs
apdzivotas vietas, kuru loma un funkcijas ir saistitas ar pierobezas vartu lomu un tdrisma
attistibu, sasaista ,,Austrumu stiga”- perspektivais nacionalas nozimes transporta koridors.
Kops 1990.gada Latgales rediona pilsétu robezu izmainas nav notikusas, tadéjadi pilsétu
aiznemta teritorija palikusi nemainiga- ta sastdda 162,3 km2jeb aptuveni 1,1% no Latgales
regiona kopplatibas. ArT zemes lietojuma veidu struktlra Latgales pilsétas batiski nav
mainijusies (skat. l.tab.)

1.tabula
Zemes lietojuma veidu struktdra Latgales pilsétas 1999.gada 12]
E”S_e.tfis Izetrf‘d“ Apbiivets Zalie Visparejas
N opejapiatiba pbuvetas apstadijumi Udeni lietosanas
Teritorija pilsétas zemes . . .
<= un mezi zalie masivi
robezas
ha % ha % ha % ha % ha %
Daugavpils 7248 100 2911 40,2 2065 285 982 13,5 1784 24,6
Rézekne 1748 100 1411 80,7 214 12,2 74 4,2 189 10,8

Latgales 16228 100 7499 46,2 3340 20,6 1598 9,8 2262 139
pilsétas
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Batiski atSkiras zemes lietojuma veidu struktlra abas regiona lielpilsétas, jo apbdvéto zemiju
Tpatsvars Rézekné, kur tas ir lielakais visa Latgales regiona, 2 reizes parsniedz So raditju
Daugavpilt, savukart zalas un zilas zonas Tpatsvars Rézekné ir 2,5 reizes mazaks. Tadéjadi
ievérojami atSkiras arT abu pilsétu ainaviskais veidols, ka arl ainavas transformacijas
iesp&jamie virzieni un mérogi.

Daugavpill ir daudz lielakas iespéjas izvérst dzivojamo nhamu un raZoSanas objektu
bavniecibu, intensificéjot un optimizéjot pilsétas zemju izmantoSanu, savukart Rézekné
sociali ekonomiskas attistibas process draud ,,iziet” arpus pilsétas administrativajam robezam,
palielinot spiedienu uz pilsétai piegulo3ajam lauku teritorijam Visparéjas lietoSanas zalo
masivu salidzinoSa parpilniba Daugavpilt liecina par pilsétas rekreativo potencialu, ka art
ievérojami uzlabo vides kvalitates ekologiskos raditajus.

Demografiska situacija Latgales regiona pilsétas
2.tabula

ledzivotaju skaita dinamika Latgales regiona postpadomju perioda (1990-2006)
(sastadits un aprékinats péc [13])

Pilséta ledzivotaju skaits 2006.gada % pret
1990 2000 2006 1990.gadu
Daugavpils 126 575 115 574 109 482 86,5
Rézekne 42 832 39 430 36 646 85,6
Kraslava 12 434 11 412 10 781 86,7
Ludza 11 853 10 822 10 005 84,4
Livani 12 263 10 368 9413 76,8
Preili 9421 8909 8 376 88,9
Balvi 9 340 8 655 8 051 86,2
Vilani 4 608 4 049 3652 79,3
Dagda 3325 2 820 2 649 79,7
Karsava 3 110 2722 2 505 80,5
Varaklani 2798 2413 2224 79,5
Zilupe 2 441 1953 1848 75,7
Vilaka 2 152 1850 1692 78,6
Latgales pilsétas 243 152 220 977 207 324 85,3
kopuma
Urbanizacijas ITmenis 57,5 57,3 % 57,6 Praktiski bez
Latgalé (%) izmainam

Postpadomju perioda pilnigi visas Latgales pilsétds secigi un noturigi ir samazinajies
iedzivotaju skaits. Kopuma pilsétnieku skaits samazinajies par aptuveni 36 takstoSiem cilvéku
jeb 15% no pilsétu iedzivotaju kopskaita 1990.gadd. Visstraujak depopulacijas process
norisindjies regiona mazpilsétas un padomju laika hipertrofeti attistitaja rGpniecibas centra
Livanos, kur iedzivotaju skaits sarucis vairak neka par piektdalu. Toties rajona centros, arl
abas Latgales lielpilsétas, iedzivotaju skaita samazinajums bijis relativi mazaks- caurméra par
10-15%.

Pilsétu un lauku iedzivotaju sadalljuma mainas var liecinat par batiskam socialo un
ekonomisko procesu tendencém. Tomeér, neskatoties uz batiskiem sociali ekonomiskas
transformacijas procesiem postpadomju perioda, urbanizacijas ITmenis Latgales regiona
kopuma palicis praktiski nemainigs, turklat lidziga tendence vérojama art valstt kopuma.
ledzivotaju dabiskas kustibas raditaji Latgales pilsétas pédéjas desmitgades laika nav batiski
mainTtjuSies, turpinoties izteiktam depopulacijas procesam. Ta, pieméram, dabiskais
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pieaugums Daugavpili 1998.gada bijis -6,6% 0, bet 2005.gada - -6,9% 0, savukart Rézekné Sie
raditaji bijusi attiecigi -7,1% o UN -6,3%o0.

Loti daudzi darbaspéjas vecuma iedzivotaji no Latgales pilsétam devusies labak atalgota
darba mekléjumos uz Rigas regionu, bet kop$ 2004.gada arT uz ES vecajam dalibvalstim,
seviski Iriju, Lielbritaniju un Vaciju. Daudzi migranti nav deklaréjusi dzives vietas izmainas,
tapéc joprojam tiek uzskatiti par pilsétu patstavigajiem iedzivotadjiem. Lidz ar to var apgalvot,
ka statistikas dienestu apkopota informacija par Latgales pilsétu iedzivotaju skaitu un
demografisko struktliru nav preciza. Japiebilst, ka depopulacija un iedzivotaju strukttras
izmainas tieSa un netiesa veida atstdj ietekmi art uz pilsétvides ainavisko veidolu.

Vides kvalitate

Lidz ar rapnieciskas razoSanas apjomu strauju samazinaSanos 20.9s.90.gados un ekonomikas
parstrukturizaciju vides kvalitate Latgales regiona pilsétas postpadomju perioda ir batiski
uzlabojusies. Arl pédéjos gados VEerojama gaisa piesarnojuma apjoma pakapeniska
samazinasSanas (skat.3.tab.)

3.tabula

Stacionaro gaisa piesarnojuma avotu izmési atmosféra Latgales pilsétas, t/gada 12, 14]
Pilséta 1998.gads 2003. gads ~ 2004. gads 2005. gads
Daugavpils 8044 1340 969 911
Rézekne 2669 1368 1522 1317
Kraslava 576 552 472
Ludza 215 240 226
Preili 355 200 137
Balvi 315 322 38

Tomeér satraucosi ir tas, ka kaitigo vielu izmete atmosféra no stacionariem avotiem vidéji uz
lha pilsétas zemju 2005.gadd Rézekné sastadija 753 kg, kas ir bijis pats lielakais
piesarnojuma apjoms valstl. Daugavpill attiecigais raditajs bija 6 reizes mazaks- tikai
126 kg/ha. Pie tam batiski atSkiras izmeSu struktdra: ja Rézekné 67,7% izmeSu sastadija SO:,
tad Daugavpili 8is vielas Tpatsvars ir tikai 8,6%, jo tur dominé CO un NOXx, kas kopuma veido
69% kaitigo izmeSu no stacionariem avotiem.

Pilsétvides ainavas ekologisko kvalitati batiski palidz uzlabot pareja uz videi draudzigaku
kurindmo. Ta, pieméram, pédéjos gados mazutu un akmenogles kd nozimigako kurindma
veidu Rézekné un Preilos ir nomainijusi ekologiski tiraka dabasgaze, savukart Balvos, Ludza
un visas regiona mazpilsétds apkuré dominé atjaunojamie energoneséji- koksnes Skelda,
malka un kddra.

Katlu maju Tpatsvars stacionaro avotu radita gaisa piesarnojuma zina Rézekné parsniedz 90%,
toties Daugavpill katlu majas rada 65% izmeSu, savukart rdpniectbas uznémumi- paréjos
35%. Japiebilst, ka jaudigas vidi piesarnojoSas razotnes Rézekné atrodas arpus pilsétas
administrativajam robezam, tapéc industrialais piesarnojums Saja pilséta noteikti ir lielaks.

Ja staciondro avotu izmeSu daudzums atmosféra Latgales rediona pilsétas pakapeniski
samazinas, tad tikpat noturigi palielinas vides piesarnojums ar transporta Itdzeklu raditajam
izplides gazém un dazadiem Kkaitigiem mehanismu ekspluatacijas blakusproduktiem.
Transporta ietekmi uz pilsétvides ainavu un tas kvalitati uzskatami parada automobilu skaita
dinamika Latgales regiona (skat.4.tab.)

Automobilizacijas ITmenis Latgales pilsétas ir zemaks neka valsti kopuma. Registréto vieglo
automobilu skaits uz 1000 iedzivotajiem 2005.gada Latvija kopuma sastadija 324 vienibas,
savukart Rézekné tas bija 278, bet Daugavpili- tikai 223 vienibas. Tomér, salidzinot ar 10
gadus senu pagatni, automasinu skaits uz 1000 iedzivotdjiem Latgales regiona pilsétas Sodien
ir dubultojies.

271



4 tabula
CSDD registréto automobilu skaits Latgales lielajas pilsétas [13]

1998. gads 2005. gads
Teritorija Kravas.  Autobusi Vieglie' _ Kravas.  Autobusi Vieglie. _
automobili automobili automobili automobili
Daugavpils 2841 469 17790 3506 378 24566
Rézekne 1613 363 7154 1763 310 10212
Latgales 12 428 1690 59130 14373 1489 89409

regions

Likumsakarigi palielindjusies arT automasSinu kustibas intensitate Latgales pilsétu ielas,
pieméram, Daugavpill un Rézekné rita un vakara stundas reiz€m veérojami auto sastrégumi.
Pilsétas ainavisko vidi ietekmé ar1 aizvien lielakais autostavvietas, pagalmos un ielu malas
novietotais automaSinu skaits, autotransporta raditais troksnis, vibracija un pieaugosa
nedroSibas sajlta gan gajéju, gan ari pasSu transporta Itdzeklu vaditaju vidd. Joprojam loti
augsts ir celu satiksmes negadijumos cietuSo un boja gajuSo skaits, TpaSi gados jaunu
autobraucéju un motociklistu vida.

Rézeknes Augstskolas studenti kopS 2000.gada veic transporta kustibas intensitates ikgadgéjus
novérojumus galvenajas Rézeknes pilsétas ielas un krustojumos (AtbrivoSanas aleja, Darza
iela, Latgales iela). legQtie dati liecina, ka transporta lidzeklu kustibas intensitate Rézekné
2000.-2006.gada laika perioda palielinajusies par 32,5%. Noslogotakos AtbrivoSanas alejas
krustojumus darba diends stundas laikd Skérso vairak nekd 1000 transporta Iidzekli,
galvenokart vieglas automaSinas un mikroautobusi, savukart videi visdraudzigakais
parvietoSanas lidzeklis velosipéds Rézekné sastdda tikai 0,5-1% no uzskaitito transporta
ITdzeklu daudzuma.

Automobilizacija veicina pilsétu telpisko izpleSanos un urbano aredlu paplasindSanos. Sajas
teritorijads dzivo daudzi cilvéki, kas regulari dodas uz pilsétu stradat, macities, iepirkties,
apmeklét kultiras pasdkumus. Ta, pieméram, Daugavpils urbanaja areald dzivo vairdk neka
16 tOkstoSi iedzivotdju jeb 12,4% no pilsétas patstavigo iedzivotaju kopskaita, savukart
Rézeknes- 3,5 tokstosi (7,9%) [15]. Tas liecina, ka art Latgales regiona lielpilsétam raksturigi
suburbanizacijas (piepilsétu augSanas) un ruralizicijas (lauku apvidu pilsétnieciskoSanas)
procesi.

Sie procesi batiski ietekmé pilsétas un apkartéjo lauku teritoriju saskares zonas ainavisko
veidolu. Latgales pilsétam raksturigi tas, ka lepnako savrupmaju rajoni un puduri veidojas
arpus pilsétas robezam uz apkartéjo pagastu zemes (ievérojami mazaki nodokli u.c. finansiali
atvieglojumi). BieZi vien ielas, kas atrodas tieSi uz pilsétas un pagasta robeZas, atrodas
katastrofala stavoklt, jo neviens nav ieintereséts ieguldtt ITdzek|us ielu seguma remonta.
Interesanta aina vérojama Liepu iela Rézekné- valsts svétkos vai atceres dienas karogi tiek
izkarti tikai un vienigi pie padomju laikd celtdm dzivojamajam majam ielas pilsétas puse,
savukart ielas Griskanu pagasta pusé valsts karogs nav redzams ne pie vienas 20.-
21.gadsimtu mija celtas lepnas savrupmajas. STs ainavas vérotajam var rasties prieksstats, ka
vin$ atrodas nevis pie pilsétas un pagasta, bet gan kaiminvalstu robezas.

Bavnieciba un tas apjomi

PilsétbGvniecibas stratégiskos mérkus nosaka valsts realizéta politika, pilsétu labiekarto$ana
kalpo iedzivotaju kopéjam vajadzibam, savukart atseviSki objekti- fizisko un juridisko
personu interesém [16.]. Pilsétvides ainavas transformacijas raksturu un intensitati loti liela
meéra ietekmé bavniecibas apjomi, realizéto projektu arhitektoniska risindjuma un bavdarbu
izpildes kvalitate.
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Kop$ 1997.gada bavdarbu apjoms Latgalé nepartraukti palielinds (skat.5.tab.) 2005.gada
bhvdarbu kopapjoms regiona salidzindjuma ar 1997.gadu bija pieaudzis 6,4 reizes.
5.tabula
Izpilditais bavdarbu apjoms Latgales regiona lielajas pilsétas [12, 13]
(2005.gada salidzinamas cenas, milj. Ls)

Teritorija 1997 1998 1999 2000 2001 2002 2003 2004 2005 ]é%%;-
Daugavpils 5,2 12,2 13,3 19,7 243 8,3 26,0 16,2 19,0 14472
Rézekne 55 6,2 6,8 3,2 0,6 2,8 4,6 7,3 7,6 44.6
Latgales 134 22,6 258 44,0 40,7 44,8 66,6 74,2 858 4179

regions

Latvijas 2000.gada tautas skaitiSanas rezultati uzrada, ka tikai 5,8% Latgales regiona pilsétu
iedzivotdji dzivo majoklos, kas uzcelti 1990.-2000.gada. Dazas pilsétas Sis raditajs ir
ievérojami zemaks, pieméram, Vilanos 20.gadsimta pédéja desmitgadé uzceltajos majoklos
mit tikai 0,7% iedzivotaju, Varaklanos- 1,2%, Zilupé- 2,0%, Livanos- 2,3%, savukart
visvairak jaunu namu uzcelts Preilos, kur 9,4% iedzivotaju dzivo postpadomiju perioda
jaunbaves [17]. Jaatzimé, ka majoklu bavnieciba visas Latgales pilsétas 90.gadu 2.pusé
praktiski bija apstajusies, jo tikai 1054 iedzivotdji jeb 0,5% no pilsétnieku kopskaita dzivo
1996.-2000.gada celtajos namos.

Lidz pat 2002.gadam lielakd dala bavdarbu Latgales regiona tika veikti Daugavpill un
Rézekné. 1997.-2005.gada perioda abu lielpilsétu Tpatsvars regiona kopéja blvdarbu apjoméa
sastadija 45,2%, savukart dzivojamo plattbu nodoSana ekspluatacija- tikai 28,2%. Tas liecina,
ka Daugavpill un Rézekné ievérojami vairak neka citds Latgales regiona pilsétds un lauku
apvidos tikusSi bavéti razoSanas un pakalpojumu objekti. Dzlvojamo maju bavniecibas apjomi
Latgales lielpilsétas salidzinajuma ar Pierigas regionu ir niecigi. Ta, pieméram, 2005.gada
RTga uzcelts 24 reizes (!) vairak dzivojamo platibu neka Daugavpill, savukart Rézeknes
atpaliciba no Rigas ir pat 150-kartiga (!).

Dzivojamais fonds uz 1 iedzivotaju Daugavpill (21,0 m2) un Rézekné (22,5 m") ir
vismazakais valstt (vidéji 24,8 m2), atpaliekot gan no citam lielajam pilsétam, gan no lauku
administrativajiem rajoniem, tapéc jau tuvakaja nakotné Latgales regiona lielpilsétas
prognozéjams dzivojamo namu celtniecibas bums. Tas noteikti atstds iespaidu arT uz
pilsétvides ainavisko veidolu.

Pédéjos gados Latgales regiona sakusas ieplist ievérojamas arvalstu un paSmaju investicijas,
daudz Itdzeklu Seit rodas ari no arzemeés stradajoSajiem Latgales iedzivotajiem, viegli
pieejami kluvusi banku izsniegtie krediti. Tapéc jau paSlaik intensivi notiek jaunu éku
bavésana, nolietojuSos éku renovacija un tiek izstradati daudzi jauni bdvniecibas projekti. Tas
seviski jatams Daugavpill, kur uznémeéji iegulda savus Itdzeklus arT daudzdzivoklu namu
celtniectba. Rajonu centros un mazpilsétds nekustamais TpaSums aktivak attistas dzivojamo
namu rekonstrukcijas joma.

Péc Latvijas iestaSanas ES nepieredzéti straujos tempos ir kapuSas nekustama TpaSuma cenas
ari Latgales regiona. Pieméram, Daugavpill 2005.gada laika privatméajas sadardzinjusas
vairak nekad par 50%, komerciala nekustama TpaSuma cenas kapuSas 2 reizes, bet dzivoklu
cenas palielindjudas aptuveni 4 reizes. Lield méra tas izskaidrojams ar to, ka jaunais
dzivojamais fonds top loti Iénam, tapéc biezi vien dzivokli daudzstavu namos maksa pat
vairak neka privatmajas pilsétas nomalés.

Spilgti ieziméjusies dzivojamo platibu tirgus cenu teritoriala diferenciacija. Pieméram, 2-
istabu dzivoklis 103.sérijas nama Daugavpils centra un Gajoka 2006.gada pavasarl maksaja
Ls 32 000, Jaunblvé un Esplanadé- Ls 30 000, Jaunaja Forstaté- Ls 24 000, Rugelos un
Kimiku ciematd- Ls 17 000, Vecstropos- Ls 12 000, savukart pilsétas visattalakaja nomalé-
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KriZzos- mazak par Ls 10 000 [18]. Tadéjadi, pieaugot attalumam no Daugavpils centra,
dzivoklu cenas proporcionali samazinas.

Pédéjos 5 gados Latgales pilsétds vérojama intensiva tirdzniecibas un pakalpojumu sféras
objektu bavnieciba, jo tos ir vieglak uzbGvét un arT normativi nav tik sarezgiti. Pieméram,
Rézekné salidzino8i 1sd laika posma nodoti ekspluatacija 8 jauni lielveikali, Daugavpilt Iidz
nepazisanai izmainijies pilsétas tirgus rajons. Daugavpils ainavisko veidolu tuvakajos gados
jatami transformés 20-stavigu augstceltnu un multifunkcionala sporta kompleksa bavnieciba
Esplanadé, kas atrodas lidzas pilsétas vésturiskajam centram. Regiona vidéjas un mazajas
pilsétas bdvniecibas apjomi ir daudz mazaki un pamanamakas jaunbdves pagaidam ir
galvenokart turigako iedzivotdju savrupmajas, veikali un degvielas uzpildes stacijas.

Problémas un perspektivas
Péc padomju laika planveida ekonomikas sabrukuma daudzi Latgales regiona rapniecibas
uznémumi ievérojami saSaurinaja razoSanu, parprofiléjas vai arl bankrotéja. Tapéc Latgales
rapniecisko centru, it seviSki Daugavpils, Rézeknes un Livanu, pilsétvides ainavai raksturigas
vesturiski izveidojuSas industridlas teritorijas, kuru apbdves vizualais téls Sobrid nerada
estétisku baudtjumu. Tam raksturigi lieli asfaltéti laukumi, masveidigi neestétiski bavapjomi,
monoliti dzelzsbetona Zogi un izstieptas caurulvadu komunikacijas. Ekas ir nolietoju$as,
pamestas vai nepabeigtas, biezi vien uz sienam ieraugami parsvard nekvalitativi grafiti
paraugi vai dazada satura uzraksti, galvenokart krievu un anglu valoda. BijuSo industridlo
teritoriju sakartoSana ir neatliekams uzdevums, kura izpilde ir nozimiga pilsétvides ainavas
kvalitates paaugstinaSanai Latgaleé.
leziméjot pilsétvides ainavas talakas transformacijas virzienus Latgal€, tiek sniegts ieskats
Daugavpils pilsétas teritoridlaja planojuma 2006.-2018.gadam [19], kura akcentéta pilsétas
veésturiska veidola, zalas zonas un atpatas vietu saglabasana. Planojuma paredzéts, ka tuvakaja
nakotné par aktivas celtniecibas zonu jaklast Daugavas kreisa krasta teritorijam Grivai un
Niderkaniem, pilsétas periférija esoSajiem mikrorajoniem Viduspogulankai un Vecstropiem,
ka arf vésturiskas apbives rajoniem- Jaunbavei un Vecajai Forstatei. Sajos mikrorajonos tiks
izveidoti centri ar uzlabotu infrastruktdru, sakartotiem celiem un transporta mezgliem.
Padomiju laika nepabeigto dzivojamo masivu Rugelus, kas bija paredzéts planotas Daugavpils
HES celtniekiem un darbiniekiem, papildinds rindu majas un daudzstiavu ékas. Kadreizéja
amatniecibas centra slavu jaatgist Gajokam, kur planots pagarinat dambi un celtniecibas
ITniju gar Daugavu. Kalkdni un Kimiku mikrorajons art turpmak bas industridlas zonas, kuras
tiks attistitas, savukart pilsétas zalajam zondm MeZciemam un Jaunajiem Stropiem ir
izstradats 1pass infrastruktdras attistibas un rekreacijas plans.

Secinajumi

1. Pilsétvides ainavai ir batiska loma vietas téla veidoSana un identitates nostiprinasana, ta
var klat par nozimigu pilsétas ekonomiskas izaugsmes stimulu, cita starpa veicinot ari
tarisma pldsmu piesaisti.

2. Ainavas attistibas planoSana jarespekté pilsétas kultlrvésturiskais mantojums, kas ietver
ari pilsétas arhitektoniski kompozicionalo veidolu un tradicionalo zemes lietojuma veidu
struktdru.

3. Sodienas ainavu raksturu Latgales pilsétas liela méra nosaka tie apstakli, kas pastavéja
padomju varas gados un noteica cilvéka darbibas ietekmju veidus. No padomju laika
mantota etnosocialas vides ietekme izpauzas gan daudzdzivoklu namu mikrorajonos, gan
individualas apbaves teritorijas, vizuali ieziméjot pilsétnieku estétiskos priekSstatus un
tradicijas.

4. Ainavas kvalitates novértéjuma rezultati Latgalé uzrada, ka visaugstaka pilsétvides
ainaviska kvalitate ir regiona rajonu centros un mazpilsétas- Balvos, Kraslava, Preilos,
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Dagda un Varaklanos. Lielajas pilsétas Daugavpili un Rézekné pastav izteikta ainavas
vizualas un ekologiskas kvalitates iek$éja teritoriala diferenciacija.

Prognozéjot pilsétvides ainavas transformacijas iespéjamos virzienus, ieziIméjusas
batiskas atSkiribas starp atseviskam Latgales regiona pilsétam. Dinamiskaks pilsétvides
transformacijas process raksturigs tieSi lielakajam pilsétam, ko veicina apjomiga
investiciju plisma uz nozimigakajiem ekonomiskas aktivitates centriem. Pazeminoties
pilsétu rangam, vajak izteiktas k|ast ainaviskas vides parmainas.

Latgales lielpilsétas Daugavpill un Rézekné tiek sarazoti aptuveni 55% regiona
kopprodukta, arT darba raZzigums ir ievérojami augstaks neka citas Latgales pilsétas.
Straujaka ekonomiska izaugsme veicina bavniecibas apjomu pieaugumu, zemju lietojuma
veidu izmainas, teritorijas izmantoSanas intensitates paaugstinaSanos un izteiktaku
pilsétvides ainavas transformaciju tieSi Daugavpill un Rézekné.

Tiek prognozéts, ka jaunas daudzstavu majas tiks bOvétas galvenokart Latgales
rapniecibas centros Daugavpill un Rézekné, savukart paréjas regiona pilsétas dominés
individualo 1 vai 2 stavu dzivojamo namu un rindu maju bdvnieciba. Pilsétu centros
parsvara tiks bavéti jauni darfjumu centri, biroju telpas, kultdras, socialas un sporta
infrastruktdras objekti, savukart majoklu bavnieciba izvérsisies pilsétu periferajas zonas,
art arpus pilsétas administrativajam robezam.

Latgales regiona pilsétu arhitektdrai ir individuals raksturs un sava Tpatnéja vides telpa,
taCu attistibas gaita regionalas un lokalas formas un vide pamazam transforméjas un
unificéjas, jo masdienas daudzas valstis lieto praktiski vienas un tas paSas industrialas
konstrukcijas, blvdetalas un apdares materialus.

Latgales regiona pilsétu telpiskas arhitektGras veidoSana maksimali jaiesaista reljefs,
Odensteces un Odenstilpes, esoSie un projektéjamie apstadijumi. Pilsétu arhitekttras
ekologiskajam prasibam jaklast arvien diferencétdkam, jo So prasibu nivelésana ir liels
drauds pilsétvides ainaviskajai savdabibai.

Javeic dazada méroga bavniecibas projektu saskano$ana, obligati noskaidrojot pilsétnieku
viedokli par viena vai otra projekta realizacijas lietdertbu. Sabiedriskaja apsprieSana
noteikti batu jaieklauj jautajumi par planota objekta iedertbu pilsétas ainaviskaja veidola
un saskanu ar pastavoso pilsétvides arhitektoniski telpisko kompoziciju.

Nemot vérd nekustama TpaSuma tirgus cenu straujo kapumu, aizvien lielaka nozime
javelta jau esoSo apbdvéeto teritoriju arhitektoniskajai un ainaviskajai rehabilitacijai.
Industrialo mantojumu iespéjams parveidot ne tikai par dzivojamo apbavi, bet arT par
taristu piesaistes objektiem.

Pilsétvides ainavas talaku transformaciju ietekmé arvien intensivaka urbanas un ruralas
telpas mijiedarbiba pilsétu un lauku teritoriju saskares robezjoslas. Lauku telpiska vide ir
paklauta sadrumstaloSanas riskam un identitates zudumam urbanas vides spiediena
rezultata, tapéc ir javeic integréta pilsétu un lauku teritoriju attistibas planoSana un
optimala telpiski kompozicionala veidola veidoSana. Jacer, ka valstl realizéjama
administrativi teritoridla reforma veicinds pilsétu un lauku teritoriju Itdzsvarotu un
ilgtspéjigu attistibu.

Summary

The paper deals with transformation of urban landscape in the 2 cities and 12 towns of
Latgale region on change of 20- 21 centuries, in period from 1990 to 2007. Article provides
literary overview about specifics of urban landscape and factors, that have influence on
transformation of urban landscape structure and quality. Complex character of urban
landscape stressed equally impressive very different factors that includes demographic, social
economic, visual aesthetic, ecological and cultural historical aspects.

275



Significant indicators of urban landscape transformation are changes of population and
another demographic parameters in urban areas, changes of land use structure, urban
environmental quality, dynamics of urban transportation system and volume of construction
works.

Urban landscape play essential role in making of place image and in consolidation of local
identity. Landscape quality can be significant factor of urban economic development and are a
resource of tourism business. Present view of urban landscape in Latgale region are mainly
inherit from Soviet times. Transformation of urban landscape became more intensitive in
period afterjoin Latvia in EU. Unification of urban landscape is threatening process, what can
reduce urban landscape quality.

Results establish disparities between scopes and directions of urban landscape transformation
among different ranks of urban settlements. Changes of landscape are more expressive and
intensitive in the cities of Latgale region Daugavpils and Rézekne, in which exist territorial
differentiation of visual aesthetic and ecological quality of urban landscape. Comperatively
higher quality of urban landscape is in the district centres and small towns of region- in Balvi,
Kraslava, Preili, Dagda, Varaklani. Results have practical importance on process of urban
development planning, in optimization of urban land use structure and to increase of urban
landscape quality in Latgale region.
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SABIEDRIBAS LOMA VIDES PROBLEMU RISINAJUMOS
THE ROLE OF SOCIETY IN THE MEASURE OF ENVIRONMENT
PROTECTION
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Talr.: +(371)29412245, e-pasts: dzintra.atstaja@ba.lv
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Abstract. The paper analyzes preconditions of launching the environment education in Latvia. Since
the environment has become a social priority, policies of sustainability have come toform a part of the agenda
in modern society. Universities play a vital role in the success of these policies and are a keyfactor, alongside
political and economicfactors, in guaranteeing sustainable development.

The study develops an alternative formula expert method that integrates evaluation and evaluation, maximizes
fairness, broadly encompasses the key tree, tree-environment and tree-human traits, and accords realistic
monetary value.

The influence of universities is confirmed by the extent to which society needs a human capital that is able to
meet the challenge of sustainability. However, it should be understood that Universities create opinions and
methodological paradigms that should lead the social progress.

Keywords: economy, environment, analyze, sustainability.

levads
Industrializétaja pasaules dala izveidojies ideologisks konflikts starp vides aizsardzibu un
sabiedribas tehnologiskas attistibas nodrosinasanu. Pastiprinata vides ideologija samazina
videi bistamu darbibu veikS8anu. Savukart tehnologijas ideja ir vérsta uz to, ka vienigi arvien
sarezgitaka tehnologija var panakt planétas aizsardzibu [1,7].
Latvija ir mazs iedzivotaju blilvums un zema raZo8anas intensitate, valstT eso3a vides kvalitate
ir labdka nekad vairuma ES dalibvalstu. Latvija lielas teritorijas sastopamas citas ES valstis
retas vai izzuduSas dzivnieku sugas un dzivotnes, turklat piekrastes purvi, mitrie meZi,
dabigas plavas, ka arT citas dabas bagatibas ir starptautiski atzitas vértibas.
Latvijas Republikas Vides ministrijas Latvijas ilgtspéjigas attistibas indikatoru parskata
noradits, ka masdienu pasaules ilgtspéjigas attistibas stratégiju pamata ir ekonomiskas
labklajibas pieauguma nodroSinaSana, vienlaicigi samazinot materialas patérina vajadzibas un
resursu patérinu.
Raksta autori parada ekspertu metodes praktisko pielietojumu, lai raksturotu sabiedribas lomu
vides problému risinaSana. Lai novértétu sabiedribas iesaistiSanas iespéjas vides jautajumu
risina8ana, autori noskaidrojusi, ka uznémumi iesaistas vides aizsardziba un kada ir vides
politikas ietekme uz uznémumu.
Lai aptvertu plaSaku aptaujato uznéméju loku, autori 3o jautdjumu ieklauj bakalaura
programmas studentu prakses programma. Autori analizé Banku augstskolas studentu atbildes
no 2002.gada Iidz 2006.gadam no iesniegtajiem studentu prakses parskatiem un aizpilditajam
anketam. Rezultata iegltas 668 aptaujas vienibas. Datu ticamibai 2006.gada aptaujati vel 112
eksperti.

Pétijuma objekti un metodes
Cilvéks sava darbiba nepartraukti saskaras ar nepiecieSamibu izvéléties labakos risinajumus
atbilstoSi konkrétajam prasibam. Tas pilna meéra attiecas arT uz dabas resursiem. lzglttojot
sabiedribu, iespéjams rast veiksmigakus vides jautajumu risindjumus un rezultatus. Piesarnota
dabas vidé rodas nepiecieSamiba lietot papildus materialos, finanSu un darba resursus, kas
sadardzina produkciju, izraisa disproporcijas, ietekmé dzives kvalitates ITmeni.
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llgtspéjiga attistiba ir normativs jédziens, kas orientéts uz tadiem uzvedibas un vértibu
standartiem, kuri ir jarespekté, jo cilvéku sabiedribai ir jaapmierina savas izdzivoSanas
prasibas un labklajibas vajadzibas [3,1]. Eiropas vidi vajadzétu aplikot konteksta ar
socialekonomiskajam aktualitatéem, pieméram, ar Lisabonas procesu un ilgtspéjigu attistibu,
kam ir arl spéciga globald dimensija. Vides aizsardziba un ilgtspéjigas attistibas
nodroSindSana svarigi atrast savstarpéji izdevigus risindjumus, lai sasniegtu stabilus
rezultatus. Sadi risinajumi ietver konkurétspéju un inovacijas, socialo un teritorialo
saliedétibu, ka arm nedaudzo dabas resursu un vértigo ekosistému aizsardzibu un uzturésanu.

Raksta autoriem ir pieredze darba ar topoSajiem uznémeéjiem, tadel izdevies apkopot

informaciju, ka mainds uznéméju un sabiedribas attieksme pret vides vértibam un vides

aizsardzibas jautajumiem. Aptaujati uznémumu vadoSie darbinieki un rezultati salidzinati
vairaku gadu garumd, izmantojot ekspertu metodi. Klienta atbildes mehanismi, atbildes
skala - slégtas atbildes - dod iespéju:

e noveértét apmierinatibas intensitati;

= kvantét atbildes;

« izmantot intervijas;

< veikt laika kontroli intervijas.

ValstT vides politika tiek veidota un pienemti Iémumi, kas var ietekmét vidi vai cilvéku

veselibu, ievérojot Sadus vides aizsardzibas principus:

1) princips “piesarnotajs maksa” - persona sedz izdevumus, kas saistiti ar tas darbibas dél
radita piesarnojuma novertéSanu, novérsanu, ierobezoSanu un seku likvidésanu;

2) piesardzibas princips - ir pielaujams ierobeZot vai aizliegt darbibu vai pasdkumu, kurs var
ietekmét vidi vai cilvéku veseltbu, bet kura ietekme nav pietiekami izvertéta vai zinatniski
pieraddita, ja aizliegums ir samérigs Itdzeklis, lai nodroSinatu vides vai cilvéku veselibas
aizsardzibu. Principu neattiecina uz neatliekamiem pasakumiem, ko veic, lai noveérstu
kaitéjuma draudus vai neatgriezenisku kaitéjumui;

3) novérSanas princips - persona, cik iespéjams, novér§ piesarnojuma un citu videi vai
cilvéku veseltbai kaitigu ietekmju raSanos, bet, ja tas nav iesp&jams, novérs to izplatiSanos
un negativas sekas;

4) izvértéSanas princips - jebkuras tadas darbibas vai pasakuma sekas, kas var batiski
ietekmét vidi vai cilvéku veselibu, jaizverté pirms attiecigas darbibas vai pasdkuma
atlauSanas vai uzsakSanas. Darbiba vai pasakums, kas var negativi ietekmét vidi vai
cilvéku veselibu art tad, ja ievérotas visas vides aizsardzibas prasibas, ir pielaujams tikai
tad, ja paredzamais pozitivais rezultats sabiedribai kopuma parsniedz attiecigas darbibas
vai pasakuma nodartto kaitéjumu videi un sabiedribai.

Veidojot vides politiku un pienemot Iémumus, ievéro arT Regionalas attistibas likuma

noteiktos regionalas attistibas pamatprincipus [2,2]. Sabiedribai - topoSajiem uznéméjiem,

ikvienai privatpersonai, ka arT personu apvientham, organizacijam un grupam - ir tiesibas:

1) prasit, lai valsts iestades un paSvaldibas, amatpersonas vai privatpersonas izbeidz tadu
darbibu vai bezdarbibu, kas pasliktina vides kvalitati, kaité cilvéku veseltbai vai apdraud
vinu dzivibu, likumiskas intereses vai TpaSumu;

2) atbalstit vides aizsardzibas pasakumus un sadarboties ar valsts iestadém un paSvaldibam,
lai nepielautu tadu darbtbu veikSanu, arT tadu Iéemumu pienem3anu, kas var pasliktinat
vides kvalitati vai ir pretruna ar vides normativo aktu prasibam;

3) sniegt informaciju valsts iestddém un paSvaldibam par darbtbam un pasakumiem, kas
ietekmé vai var ietekmét vides kvalitati, ka arT zinas par vidé novérotajam negativajam
parmainam, kas radusas $adu darbibu vai pasakumu dél;

4) iesniegt valsts iestadém un paSvaldibam priekSlikumus par tiesisko reguléumu un
izstradatajiem dokumentu projektiem vides joma.
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Autori izmanto atbilzu variantus piecu gradaciju skala (Likerta formats), kas pieprasa
klientam sniegt aprakstu (lielumu, frekvenci). ApstiprinoSas un noliedzo8as atbildes ir
izslegtas. Datu sanemSana analizei - tiek pielietota bazes veidlapa, autori manuali ievada
datus bazes programma, katram klientam pieSkirot noteiktu kodu. Pie datu ievadiSanas tiek
nodroSinata:

= athilzu redigésana un interpretésana;

« atbildes ievadiSana datora;

= atbilZu tiriSana (datoram saprotama).

Pie datu uzglabaSanas tiek nodroSinats, lai no klientu kodiem var parslégties atpakal pie
vardiem.

Rezultati un to izvértéjums
No iepriek$S aprakstita autori secina, ka nepiecieSams iesaistit sabiedribu dabas aizsardzibas
procesu ievieSand un videi nedraudzigu pasakumu apturéSana. Lai parliecinatu atbildigas
instithcijas un sabiedribu par nepiecieSamibu veikt apkartéjas vides piesarnojuma ekonomisko
novértéjumu, sakartot piesarnoto vietu datu bazi, bez sabiedribas atbalsta neiztikt. Lai panaktu
kvalitativu rezultatu, nepiecieSams parliecinaties par sabiedribas informétibu par vides
jautajumiem un situaciju organizacijas, iestadés, regiona un valstr.
Autori analizé aptaujas rezultatus par vides politikas ietekmi uznémumu un organizéaciju
darbtba, formulé secindjumus par situaciju Latvijas tautsaimnieciba un respondentu
iepriekséjas sagatavotibas ietekmi uz atbilzu kvalitati.
Pirms statistiskds novéroSanas uzsakSanas tika atrisinati vairdki metodologiskie jautajumi
[4,67]:
= statistiskas novéroSanas objekta noteik3ana;
= statistiskas novéroSanas vienibas noteikSana;
= statistiskds novéroSanas uzdevumu formulé3ana;
= statistiskds novéroSanas pazimju izraudzisana.
Atbilsto$i grupésanas galvenajiem uzdevumiem autori izmanto tipologisko grupésanu -
statistiskos datus grupé péc ekspertu iepriekSéjas sagatavotibas un organizacijam, ko eksperti
pétijusi.
Vides aizsardzibas stratégija ir nopietns arguments, uz ka balstities sarunas ar potencialajiem
ieguldritajiem, jo pierada, ka Latvija ir droSs sadarbibas partneris, kurS zina, ko grib. Ta dod
iespéju novirzit Iidzeklus neatliekamako problému risinaSanai, ka arT pamatot projektu
nepiecieSamibu. 1.attéla autori parada cilvéku un vides mijiedarbibu.

l.attéls. Cilvéka un vides mijiedarbiba

Vides problému risindjumos sabiedribai vienlidz svarigi ir visi mijiedarbibas elementi:
= vide (gaiss, Gdens, notekdeni, izmesi, troksnis u.c.);
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= cilvéks (daZzadu individu un kolektivu ietekmju un intereSu kopums, kas atstaj ietekmi uz
vidi);

< masina (razoSanas uznémumi, organizacijas, firmas, kas saimnieciskas darbibas rezultata
veic piesarnojo8as darbibas).

Sts mijiedarbibas ekonomiskais noveértéjums laus pamatot un panakt dabas aizsardzibas

pasakumu ievieSanu un efektivitati un sabiedribas attieksmi, iesaistoties vides jautajumu

risinasana.

Rezultatu interpretéSanu autori veic:

= nosakot ticamibas intervalu un pielaujamas klldas variacijas lielumu ap vidéjo veértibu;

= nosakot statistiskds nozimibas ITmeni - vai divu pétijumu rezultati ir atSkirigi, ievérojot
pielaujamas kladas;

= noskaidrojot, vai izmainas ir arpus ticamibas ITmena robezam.

Par jautajumiem, kuriem nav dotas atbildes, pienemts:

= svitrot klientus, kas sniegusi nepilntgus datus;

« ievietot trakstoSaja ailé kopéjo vidéjo vértéjumu;

= ievietot trakstoSaja ailé klienta vidéjo vértéjumu par paréjiem jautajumiem.

2.attéla paraditas aptaujato uznémeéju parstavétads nozares. Autori izvélgjusSies nepilnigi

aizpilditas anketas izmantot uznémumu salidzinajuma pa gadiem:

= nosakot, kas ir izmainijies, kops$ iepriek$&jas vértéSanas,

< saltdzinot ar iepriek3éjas aptaujas datiem.

SIA pec darbibas veida

60

2.attéls. Aptaujato uznémeju parstaveéto nozaru atspogulojums

Lai atdalttu vairak svarigas paradibas no mazak svarigam, tika izmantota datu ranzeéSanas
proceddra. Informacijas ranzéSana ir viens no vienkarSakajiem informacijas apstrades
panémieniem [4,29]. Lai noveérstu izkroplojumus parametru vértéSanas rezultatos, anomalo
informaciju autori izsledz.

Matematiski apstradati ekspertu aptaujas rezultati ir apkopoti.

Pétljuma rezultati - ,,Ka JOsu uznémumu ietekmé vides politika, kadus dabas aizsardzibas
pasakumus veic?”:
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b)

€)

aptaujati 2002.-2006.gada Banku augstskolas pédéjo kursu bakalaura programmu
studenti - topoSie uznemeéjdarbibas vaditaji, struktarvientbu vaditaji, Tpasnieki, darbinieki,
neatkarigi eksperti, praktikanti;

studenti, kas apguvusi studiju kursu ,,Vides ekonomika”, jautajumus par vidi un dabas
aizsardzibu izklastija siki un detalizéti, izstradajot priekSlikumus, ko vél varétu
uznémumos uzlabot, savukart studenti, kas nebija apguvusi kursu ,,Vides ekonomika”, uz
So jautajumu vai nu neatbildéja, vai sniedza nenoteiktu atbildi (piem., nav informacijas,
uznémums jauns un pagaidam neiesaistas, nav iesaistiti);

visbiezak uz jautajumu par vides aizsardzibu izvairas atbildét valsts iestazu (ministrijas,
Valsts kases, VID u.c. daZzadu Iimenu darbinieki);

pie pasakumiem, ko veic, visbiezak minéti: maksd DRN, ievéro ES prasibas, ievies
kvalitates sistemu, Ifgumi ar apsaimniekotaju organizacijam, piedalas apkartnes
labiekartosana;

vakara un neklatienes studentiem ir nopietndka interese par vides aizsardzibu un dabas
aizsardzibas pasakumu ievieSanu.

Saimnieciskas darbibas ietekmes uz apkartéjo vidi novértéSanu ierobezo:

fakts, ka uznémuma darbibas ekologiskdas un ekonomiskas efektivitates nosaka péc
daudziem Kritérijiem, bet nepastav vienots - sintez&joss raditajs;

razoSanas objektu projektu novértéSana parsvard ir normativi un ierobeZzojumi, bet ne
stimuléjoSie parametri;

uznémumiem nav konkrétas metodikas, ka aprékinat un prognozét ekonomisko efektu, ko
dos investicijas resursus saudzéjosas, ekologiskas un bezatkritumu tehnologijas;
nepiecieSamiba veidot vienotu metodisko pamatu rezultativai savstarpéjai mijiedarbibai
starp valsts institicijam un uznémumiem saimniekojoSo subjektu sociali ekonomiska
ieguldijuma apkartéjas vides saglabasana un atjaunoSanas noteikSana un stimuléSana.

Secinajumi

Izglttota sabiedriba aktivi iesaistas vides jautajumu aktualizéSana. Sabiedribai jaizmanto
tiestbas piedalities tadu lemumu pienemsSana un planosanas dokumentu sagatavoSana, kuri var
ietekmét vidi. Sabiedriba Sis tiestbas var Tstenot, pirms ir pienemts attiecigais Iemums vai
dokuments, tai skaitd attieciba uz:

1)

2)

3)
4)

5)

planoSanas dokumentiem - saskana ar normativajiem aktiem, kas reglamenté teritorijas
planosanu, stratégisko ietekmes uz vidi novértéjumu vai konkrétu vides jomu, uz ko
attiecas dokuments, ari tadiem planoSanas dokumentiem, kuri izstradati saskana ar
normativajiem aktiem, kas reglamenté:

a) atkritumu apsaimniekoSanu, art bistamo atkritumu apsaimniekoSanu,

b) bateriju un akumulatoru apsaimniekoSanu,

c) iepakojuma apsaimniekoSanu,

d) gaisa kvalitati,

e) Gdens resursu aizsardzibu, arT pret lauksaimnieciba lietoto nitratu piesarnojumui;
paredzétu darbtbu - saskana ar normativajiem aktiem, kas reglamenté ietekmes uz vidi
novértéSanu un bavniecibu;

iecerétu bavniecibu - saskana ar bavniecibu reglamentéjoSiem normativajiem aktiem;
piesarnojoSu darbtbu - saskana ar normativajiem aktiem, kas reglamenté piesarnojoSu
darbibu veikSanu un attiecigu atlauju izsniegSanu;

genétiski modificétu organismu izplatiS$anu vidé - saskand ar normativajiem aktiem, kas
reglamenté darbibas ar genétiski modificétiem organismiem.

Sabiedribai ir tiesibas sniegt priekSlikumus vai izteikt viedokli pirms attiecigd Iémuma
pienemsSanas vai dokumenta galigas redakcijas sagatavoSanas [2,4].
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Pétljuma rezultata autori secina, ka:

1) salidzinot atbildes piecu gadu perioda, pozitivi mainds sabiedribas attieksme par labu
vides aizsardzibas risinajumiem;

2) uzneméji, kas studiju laikd apguva studiju kursu ,Vides ekonomika”, ir nopietnaka
attieksme, formuléjot atbildes;

3) gadu no gada atkartoti aptaujajot uznémumus, mainas pétdma uznémuma vadibas
attieksme - rapigak un detalizétak tiek sagatavota un sniegta informacija, ka uznémumi
iesaistas vides aizsardzibas pasakumos, ka tiek iesaistiti darbinieki un apkartéja sadarbiba
(visbiezak minéts projekts ,,Pédas”, talkas, teritorijas labiekartoSana u.c.).

Daudzi uznémumi ar labiem rezultitiem vides aizsardziba vélas informét par saviem

sasniegumiem plasaku sabiedrtbu un intereSu grupas. Tapéc tie brivpratigi publicé sabiedribai

pieejamus vides parskatus, kuros apraksta uznémuma radito ietekmi uz vidi, k& arT norada uz
savu veikumu vides stavokla uzlabo$ana un akcenté paveikta darba konkrétos rezultatus. Sada
veida parskati tomeér jaatskir no tiem, kurus pieprasa vides institticijas dazadas valstis. Vides
institGcijam iesniedzamie parskati ir obligati un nav domati plaSakai sabiedribai. Savukart
uznémumu vides parskatu sastddisana ir brivpratiga, un tajos sniegta informacija domata

plaSam interesentu lokam [6,48].

Vairums uznéméju uzskata, ka efektivaku rezultdtu var panakt ar redlam soda sankcijam,

nevis pozitivo piemeéru popularizéSanu. Autore turpinas analizét faktorus, kas mainttu

sabiedrtbas attieksmi par labu videi draudzigiem risinajumiem, veicinot sabiedribu
informéjoSus un izglitojoSus pasakumus, izskaidroSanas darbu. Sabiedribai un dazadam
organizacijam ir iespéjas Itdzdarboties ietekmes uz vidi novértéjuma procesa.

Resume
Since the environment has become a social priority, policies of sustainability are forming a
part of the agenda in modem society. Universities play a vital role in the success of these
policies and are a key factor, alongside political and economic factors, in guaranteeing
sustainable development. The influence of universities is confirmed by the extent to which
society needs a human capital that is able to meet the challenge of sustainability. However, it
should be understood that Universities create opinions and methodological paradigms that
should lead the social progress.
According to the world experience in carrying out of an environment policy use of economic
tools is extending in Latvia. Natural resources using in general should be such to promote
reduction of costs and increase arrived in a social production.
It is a necessary to search for new approaches to the decision of environmental problems of
industrial production. Ecological management should take all aspects of work in attention and
should define rational attitude between a consumption level, development of manufacture and
ecological factors.
The importance of environmental protection has entered the spotlight of global attention.
Humans, society, and nature have mutually interacted since the beginnings of time, and it is
crystal clear now that economical concerns should never prevail over the environmental
protection
The purpose of the Law on Environmental Protection is to promote sustainable development
in the field of environmental protection, to create and ensure an effective environmental
protection system, the functions of which are the following:
1) to conserve, protect and improve the quality of the environment;
2) to protect human health;
3) to ensure environmental protection from the impacts created by anthropogenic loads;
4) to conserve biological diversity;
5) to promote the sustainable utilization of natural resources and energy;

282



6) to ensure the inclusion of an environmental protection requirement in the regulatory
enactments, conceptions, plans and program’s regulating other sectors;
7) to ensure public participation in the observation of environmental protection principles
and the implementation of environment policies; and
8) to ensure that the public has the opportunity to freely receive environmental information.
State environmental policy is formed by observing the principle of sustainable development,
the “polluter pays” principle, the precautionary principle and the assessment principle. They
specify:
1) the sustainable development principle - the State and the public shall establish such a
system of social and economic conditions, which provides for the sustainable utilizations of
natural resources, ensures improvement in the quality of life and the satisfaction of current
needs without creating a threat to the satisfaction of the needs of future generations, and
ensures the conservation of biological diversity for an unlimited time period;
2) the “polluter pays” principle - natural persons and legal persons shall cover all the costs,
which are related to the assessment, reduction or rectification of the pollution caused as a
result of their activities;
3) the precautionary principle - a natural or legal person has a duty to reduce to the extent
possible the anthropogenic load, which occurs or may occur as a result of their activities. The
initiator of an activity has a duty to ensure that the activity conforms to regulatory enactments
regarding environmental protection and the State environmental policy; and
4) the assessment principle - any activity or measure, which may impact on the quality of the
environment, shall be allowed only in such case, if the positive result achieved by the relevant
performer of the activity and the public as a whole exceeds the adverse result caused by the
activity to the quality of the environment or the harm done as a result of such an activity or
measure to the environment and the public.
The people of Latvia have the right to live in a qualitative environment and to request that
competent State authorities, legal persons and their officials, as well as natural persons
terminate such actions or inaction as causes this environment to deteriorate.
Every natural person and legal person, as well as unions, organizations and groups thereof
(hereinafter - the public) have the right to perform concrete measures for improvements in
enviromnental quality and environmental protection, previously co-coordinating these with
the territorial (regional) environmental protection and local government authorities; request
from competent State authorities and officials information regarding the environmental
impact of the objects to be designed and to be constructed, and to express their objections and
proposals; request that competent State authorities publish and notify the results obtained
from surveys regarding environmental problems; in accordance with the procedures provided
for by the Constitution and other laws, take part in referendums on laws and draft laws
pertaining to environmental protection and the utilizations of natural resources, as well as in
the discussions by the people of these laws and draft laws; in accordance with the procedures
specified by the laws of the Republic of Latvia, organize public protests, meetings and other
mass events against economic and any other type of activity that is dangerous to the
environment; in accordance with the procedures specified by regulatory enactments apply to
law enforcement institutions in relation to issues regarding the actions or non-actions of State
and local government authorities, which affect the interests of the public in the field of the
environment, as well as in accordance with the procedures specified by regulatory enactments
dispute or appeal the decisions taken by State administrative institutions and local
governments on such issues; Submit to the environmental consultative council proposals and
recommendations regarding the regulation of environmental protection standards, as well as
regarding prepared environmental protection plans, programs and projects.
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The analysis of the environmental management practice lets us conclude that it is necessary to
improve the existing procedure of establishment and regulation of ecologically- economical
efficiency in order to make optimal nature protection agreements in enterprises.

The traditional schemes of environment evolution, motivation and restriction, depending on
the influence of integrated quality and quantity of company’s economical activity have
several drawbacks and several relevant questions nave not been observed:

the ecological and economical efficiency of the company’s activity is stated according to
many criteria, but there doesn’t exist a united one - a synthesizing index;

norms and restrictions but not stimulating parameters dominate the evolution of
production unit projects;

companies do not have certain methods for calculating and prognosticating the economic
effect which will be given by investment resources protecting, ecological and waste-free
technologies;

the necessity to form a united the beneficial methodical basis for the beneficial mutual
interaction between government institutions and companies.
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VIDES PARVALDIBA UN LIDZSVAROTA ATTISTIBA
PASVALDIBAS : INTEGRACIJAS UN SISTEMIZACIJAS PRAKSE
TALAKIZGLITIBAS PROCESA
MUNICIPAL ENVIRONMENTAL MANAGEMENTAND SUSTAINABLE
DEVELOPMENT : INTEGRATIONAND SYSTEMIZATION PRACTICE FOR
FURTHER EDUCATION

Raimonds Ernsteins, Diana éulga, Daiga Stelmahere, Sarmite Grundsteina
Latvijas Universitates Vides zinatnes un parvaldibas institts
Raina bulv. 19, Riga, LV 1586, Latvija, talr.: +(371)7034575, fakss: +(371)7034572

Abstract. Grounded environmental management training / education basic principles and approaches
e.g.: complexity and wholity ofspectrum for environmental management content, particularly nature and social
environment interaction; interlinkage of biotic, abiotic, anthropological and communicational structures;
complimentarily of state / public, household and municipal and corporate, as well as regional and international
environmental management dimensions; functionality of strategic / policy and planning, programming and
projecting (4P) levels of environmental management; disciplinarization and integration of environmental
management realizations; necessity of environmental awareness development of specialists and public through
environmental communication - information, education, participation and environmentally friendly behavior,
applicability of monitoring, evaluation, planning and decision making realization functions of environmental
management.

Keywords: environmental management, sustainable development, municipal training and distance
education, self-experience development, integrative and systemic approaches.

levads

Sabiedribas lidzsvarotas un ilgtspéjigas attistibas sekmigas nodroSinaSanas pamatus nosaka
tas realizacija iedzivotdjiem vistuvakaja parvaldes limenT - vietéjas paSvaldibas. Lidzsvarotas
attistibas principu integraciju un starpsektoru sadarbibas sekméSanai paSvaldibas tiek
izstradatas Lokalas Agenda 21 (LA 21) jeb Lidzsvarotas attistibas ricibas programmas
(LARP) vietgjiem vai regionalajiem Iimeniem, kas notiek obligata un tieSa sabiedribas
konsultaciju procesa. AtbilstoS§i ANO pienemtas starptautiskas Agenda 21 paSvaldibu
28.nodalas ieteikumiem I1dz 1996.gadam visu valstu paSvaldibas vajadzéja uzsakt
konsultativo procesu ar iedzivotajiem, tomér Sis véléjums bija parak optimistisks.

Jauna cilvékresursu kapacitate un inovacijas lidzsvarotas attistibas planoSana un praktiskaja
pieméroSana, kas vispirms batu attistams, nozimé esoSo specialistu papildu vispusigu
(sistemisku) praktisko apmacibu, lai tie spétu interaktiva sadarbiba ar citu sektoru un
organizaciju parstavjiem planot un risinat kompleksas (integrativas) dabas vides un sociali
ekonomiskas vides mijiedarbtbas problémas paSvaldibas. Pédéjo gadu laika, pieaugot Latvijas
paSvaldibu pieredzei, rodas arvien vairak iespéju izmantot vietéjo paSiniciativu un
paSpieredzi un svarigi ir izvéléties Sodienas attistibas apstakliem atbilstosus un konkrétus
pirmos solus LA 21 procesam, tdpéc nepiecieSams attistit ka teorétiskas, tad ari praktiskas
pieejas vides parvaldibas izglitiba, t.sk. paSpieredzes veidoSanas kopumu - paSaktivas
darbibas pieeja, projektu pieeja, sabiedribas Ilidzdalibas pieeja, intereSu grupu pieeja un
vietéjo iniciativas iesaistes pieeja, komandu pieeja un vides komunikacijas pieeja [2;6].
Lidzsvarotas attistibas koncepcijas un vides parvaldibas teorijas, TpaSi integracijas un
sistemizacijas paradigmatiskd principa, konteksta batu veidojami tadi izglitibas procesa
nosacijumi, lai varétu savstarpéji sasaistit vietéjo cilvékresursu paSpilnveides izglttojosas
funkcijas realizaciju ar paSaktivas planoSanas un projektéSanas funkciju paSvaldibas ikdienas
praksé. Minéto funkciju apvienoSanu nodroSina municipalas talakizglitibas programma
»Vides parvalde un Iidzsvarota attistiba paSvaldibas”, kas tiek realizéta talmacibas forma ar
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originalu macibu kursu Itdzeklu palidzibu visu sektoru un Iimenu pasvaldibu specialistiem, ka
art saistitajiem vides aizsardzibas un arodizglitibas specialistiem.

Pamatojoties uz 2000.gada talakizglitibas pilotprojekta sekmigajiem rezultatiem, lai talak
tiktu veidoti priekSnosacijumi mérktiecigai, vidi sargajosai darbibai vietéjo un regionalo
padvaldibu Iiment, Latvijas Universitates Vides zinatnes un parvaldibas institats (VZPI)
sadarbiba ar Luneburgas Universitates Vides komunikacijas instititu, pateicoties Vacijas un
Latvijas vides fondu atbalstam, izstradaja un abas valstis realizéja (2001-2005) uz vides
zinatnes teorétiskajiem atzinumiem un ilgtspéjigas attistibas principiem balstitus, bet
padvaldibu ikdienas praksé orientétus talakizglitibas kursus tadlmacibas forma.

Problémsituacijas parskats
Uzkrata pieredze lidzsvarotas attistibas modelprojektu realizacija Latvija lauj izdarit vairakus
batiskus rezuméjumus, un, galvenais, Latvijas pa3valdibas jau praktiski aprobétas visas
galvenas sastavdalas Iidzsvarotas attistibas planosana [5;6], t.sk.:
sabiedribas lidzdaliba veiktas paSvaldibu starpsektoru integrativas situaciju analizes un
izstradatas pirmas pasvaldibu lidzsvarotas attistibas koncepcijas un stratégijas,
izstradatas un aprobétas dazadas jaunas paSvaldibu aktivitates ierosinaSanas, sabiedribas
iesaistiSanas u.c. metodikas,
izstradatas un aprobétas metodikas sabiedribas ierosinatu ltdzsvarotas attistibas indikatoru
sagatavo$ana,
veikta pasvaldibu un to apvienibu ilgtspéjigas attistibas stratégiska un ricibas planoSana
un projektorientétas realizacijas izstrade,
ierosinatas un daudzviet sekmigi darbojas vairakas jaunas sabiedribas iniciativas un
intereSu grupas, ka arT aktivi tiek izmantota starptautiska pieredze,
- tiek aprobéts arT ‘zala’ pagasta attistibas modelis,
- izstradati pirmo llgtspéjigas attistibas ricibas programmu (IARP) modelu varianti daZzada
ITmena pasvaldibas un aprobéti praksé.
Lai nodroSinatu Latvijas paSvaldibas Itdzsvarotas attistibas talaku attistibu, nepiecieSama vél
traucéjoSo problému novérSana un Sadi priekSnosactjumi:
radot nepiecieSamo informativo, apmacibas un konkréto pieméru analizes nodroSinajumu,
psihologisko un komunikativo barjeru parvarésana, t.sk. par Lokalas Agenda 21 ka tadu
specialu arpus pasvaldibu ikdienas prakses un nepiecieSamibas pastavoSu darbibu,
- meérktieciga paSvaldibu vadttaju un potencialo LA 21 koordinatoru informacija un
apmacrtba praktiskai darbibai, ka arT pasSvaldibu sadarbibas apvienibu veidoSanas.
Talak janoveérté art vides parvaldibas izglitibas attistibas aspekti Latvija, vispirms teorija un
tad tas piemérojums talakizglitibas praksé. Videszinatniskas izglitibas (V1) ieguves procesa
veidoSanai un vadisanai [3] piemérojama integracijas un disciplinarizacijas universala
paradigmatiska pieeja, kas nodroSina vides izzinas un parveides konkrétas funkcionalas
struktdras tematisko un célonu - seku mijsakartbu noskaidroSanu un to savstarpéji sistéemisku
integréSanu, izveidojot struktOras saturu td talakai disciplinarai vai integrativai apguvei.
Integrétu saturu veido sistémiska un problémiska kopuma pieeja vides izzinas un parveides
studijas, un satura apguves limeni nodroSina paSas personibas aktivitates izpausmes un
vajadzibu apmierinaSanas process. Vides pedagogija ir zinatne par vides izzinas un parveides
zinaSanu un izpratnes, prasmju un attieksmju apguves, videi draudzigas ricibas un vides
apzinas veidoSanas procesu, didaktiskajam teorijam un metodéem.
Vides izzinas un parveides studiju sisttma videszinatniskas izglitibas ieguvei izveidojama
katra izglitibas pakapé un to savstarpéja sistémiska saistiba gan izglitibas politikas un studiju
satura sistematizacijas attistibai, gan vides politikas nepiecieSamajai humanizacijai un
individualizacijai (sabiedribas ilgtspéjigai attistibai). Galvenas jomas vides parvaldibas
studijas - vides zinatne, vides politika un planoSana, vides parvaldes teorija un vadiba,
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lietisSka vides parvalde. Programmatiskas prasibas: apgat vides parvaldibas teoriju un tas
pielietojumu dazados planoSanas un parvaldes ITmenos un vides sektoros; apgdt zinaSanas un
prasmes stradat multidisciplinaras vides parvaldibas (projektu) komandas un risinat dabas un
socialas vides mijsakartbu kvalitates parvaldibas problémas, izmantojot vides sisttmanalizes
interdisciplinaro pieeju un nodroSinot nepiecieSamo vides politiku un planu izstradi, ka art
atbilstoSas vides parvaldes realizaciju; apgat akadémisku un lietiSku pétijumu veikSanu vides
parvaldiba, izstradajot individualos kursa projektu un grupas pétnieciskos kursa darbus.
Talakizglttibas procesa attistibas konteksta un tieSi vides parvaldibas izglitibas veidoSanai
svarigi veicinat akadémisko diskusiju par vides parvaldibas konceptu, integrativo un
sistemisko pieeju u.tml. Vides zinatne (Environmental Science) ir interdisciplinara zinatne [3]
par dabas vides un socialas vides / sabiedribas mijiedarbibu, integrativas sistémas izzinu un
parveidi. Vides parvaldiba (Environmental Management) ir péctecigi cikliska vides
problemsituaciju risindjumu politikas izstrade un to praktiskas realizacijas planoSana, rictbu
programmésana un konkrétu projektu 1stenoSana to sistémiskaja kopveseluma, kas nodroSina
galveno vides parvaldibas funkciju pieméroSanu - valsts un municipalaja, sadzives un
korporativajad parvaldé cieSa sadarbtbd starp visam atbilstoSajam sabiedriskajam un
profesionalajam intereSu un mediatorgrupam. Galvenas funkcijas vides parvaldé: konkréto
dabas un socidlas vides mijiedarbibas radito vides problému noveéertéSana, alternativo
risindjumu projektéSana, pienemta Iémuma planoSana; izpildes un kontroles funkcijas.

LU VZPI, sagatavojot jaunai akreditacijai vides parvaldibas magistra studiju programmu,
2003./2004.g. izstradaja noveértéjumu un atbilstoSi art rictbas programmu priekSlikumus VI
attistibai gan nacionalas stratégijas iztrikumam, gan talakizglitibas un talmacibas attistibas
konteksta, ka art macibu materidlus nepietiekamajam satura un metozu daudzveidibai.
Vispirms bdtu pieminami 8adi pastavoSie attistibas ierobeZojumi: nepietiekami izstradata
“integréSanas” metodologija, ka arl maz attiecigu ievieSanas metozu piedavajuma (parsvara
starptautiski projekti), neattistitas “starpdisciplinaras” maciSanas tradicijas skolas un
izglitibas sisttma kopumad, vienlaikus maz izmantojot ‘zalo’ skolu u.c. projektu pieredzi, VI
attistibas parskatu un pétijumu, ka ari to atbilstoSas publicitates un materialu izplatisanas
trdkums, nepietieckams pieprasijums ,no augSas” (starptautisks un nacionals) un
piedavajums ,,no apak3as” (skolotadji, NVO, plaSsazinas Iidzekli u.c.), IZM ir pienémusi
vadlinijas par integracijas ka vienigo VI realizacijas pieeju (iznemot sakumskolu);
nepietieckams VI un apzinas limenis (akadémiskas attistibas kapacitate) 1ZM un tai
paklautajas institdcijas, visparéjas izglitibas ekspertiem.

Savukart macibu materialu un macibu gramatu trakumu raksturo $ada situacija: nav atseviska
VI macibu priekSmeta skolu méacibu programmas un integracijas pieejas neskaidriba, ka art
nepietieckama V|1 Tstenosana (integréSana) eso$ajos macibu priekSmetos - nav izpratnes par
V1 saturiski metodisko procesu skola, domingjosas monodisciplinaras skolotaju izglitibas
programmas parasti sagatavo tikai viena divu macibu priekSmeta macisanai skola, 1ZM
apstiprindja vadlinijas VI integracijai esoSajos macibu priekSmetos, nevarot piedavat
atbilstosu pilna profila macibu lidzeklu nodroSinajumu, vélams visiem priekSmetiem,
kapacitates trakums IZM jaunu un inovativu (interdisciplinaru) iniciativu ievieSanai, t.sk.
metodisko un originalgramatu izdo$ana, trokst atbalsta zinatniskiem pétijjumiem VI, t.sk.
gan vietéjam, gan globalam vides probléemam Latvijas konteksta, ka ari VI metodiku
apmacibai, ,,citu” macibu priekSmetu skolotaji nav sagatavoti vides izglitibai - ne sakotngja,
ne, vairuma gadijumu, arT talakizglitibas posma.

Saja nodala, Tpasi ievérojot VI sisttmas un citu veicinodu faktoru iztrikumu, svarigi atzimét
atseviski vél nesen tikai teorétisku, bet Sobrid jau arT praksé aprobétu [1;2;5] pieeju vietéjas
iniciativas un, Tpasi, tieSi ta saucamas paSpieredzes (caur stimulétu paSa individa aktivu
darbtbu apgtu pieredzi, vienlaikus to liekot uzreiz lieta taldkas pieredzes apguvé -
R.EmSteins, 2000.) veidoSanu. Arvien vairak pasaulé un, patikami, ka arT Latvija, tiek izdoti
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dazadi paligmateriali un, TpaSi svarigi, paraugprojekti un paraugdarbi par sekmigas vietgjas
darbtbas nodroSinaSanas pieredzi - skatit dazadus LU VZPI, LR VARAM, REC u.c.
materialus - un tapat tiek realizéti t.s. modelprojekti. Masu pieredzé (pilniba piekrttot
VARAM formuléjumiem) galvenais secinajums ir dartt visu, kas palidzétu veidot pozitivu
attieksmi pret jaunievedumiem jeb inovacijam padvaldibas, lai iedroSinatu vietéjos
specialistus un iedzivotajus pienemtjaunas idejas un iespéjas.

Ja meés uzdotu pavisam vienkarSus jautdjumus par cilvéka izzinas pamatuztveri, Tpasi
apmacibu procesa, tad, apskatot gan informacijas uztverSanas, gan masu maciSanas spéjas
praktiskai darbibai, més loti viegli varam izdarit secindjumu, ka viens no efektivakajiem
veidiem ir “mactties darot”, t.sk piemérojot So pieeju arT studiju procesam pasvaldibas u.c.
specialistu talakizglitiba.

Metodika un pielietojums
Kursa programmas realizacijas gaita tika piemérotas tradicionalds pétnieciskas metodes -
dokumentu analize, anketéSana un intervijas, daléji strukturéts novérojums. Minétas metodes
atbilstoSi izstradajot un piemérojot komplementari un dotas talmacibas programmas ka
pétnieciska fenomena realizacijas konteksta, tika izveidots t.s. problémsituacijas jeb gadijuma
analizes integrativais koppétijums (case study research).
Aptaujas piedalijas gandriz visi 4 reizes péctecigi realizétas LU Vides zinatnes un parvaldibas
institta talmacibas studiju programmas “Vides parvalde un Iidzsvarota attistiba pasvaldibas”
dalibnieki, galvenokart paSvaldibu darbinieki, no dazadiem Latvijas novadiem, parstavot visa
veida pasvaldibas. Talmacibu kursus apmekléjusi galvenokart domes priek3sédétaji, attistibas
un teritorijas planotdji, ka arT vides aizsardzibas un citu sektoru darbinieki. Lielaka dala
daltbnieku bija vecuma virs 30 gadiem un 2/3 bija sievietes. Gandriz puse no aptaujatiem
pasvaldibas strada saméra neilgu laiku - Iidz 5 gadiem.
Turpat pusei paSvaldibu agrak ir tikusi izstradati sociali ekonomiskas attistibas plani un/vai
teritorijas attistibas plani, bet tikai 4 pilsétu paSvaldibas izstradati ar1 vides politikas plani.
Planu izstradaSana aktivakas ir pilsétu paSvaldibas, bet turpat 15% paSvaldibas vispar nav
izstradati nekadi plani.
PaSvaldibu darbinieki apmekléjusi [7] kursus tadél, ka vélas paplaSinat savu redzesloku,
zinaSanas nepiecieS8amas darba pienakumu veik8anai, ka ar1, lai konkurétu darba tirga.
Respondentiem nosaucot vismaz 3 svarigakas vides problémas, kuras batu visaktualakas Jasu
pagastd vai pilséta, ieglstam rezultatu, ka pagastu paSvaldibas dominé 0Gdens apgades,
notekddenu attiriSanas, atkritumu apsaimniekoS8anas, ka art lauku ainavas (aizaugusi lauki) un
resursu (mezZu izcirSana) izmantoSanas problémas. Savukart pilsétas aktuala ir atkritumu
apsaimniekoSana, Gdens saimniectbas, gaisa piesarnojuma un ar infrastruktGru un planojumu
saistitas problémas.
Respondenti atbildéja uz jautajumu par to, kas un kam batu konkréti jadara, lai atrisinatu Sis
u.c. vides problémas (1.tabula).
Ka problému iespéjamie risinajumi minéti konkréti pasakumi, kas batu veicami pasvaldiba,
ka arT organizatoriski un politiski pasdakumi valsts ITmeni. Gan pagastu, gan pilsétu
paSvaldibas ka viens no vides problému risinaSanas instrumentiem minéti iedzivotaju
informéSanas un izglitoSanas pasakumi. Ka liecina atbildes, tad vides probléemas batu jarisina
paSvaldibam sadarbibd ar iedzivotdjiem, uznémumiem, citdm organizacijam, valsts
institdcijam un masu medijiem.
Vienlaikus lielaka dala (52%) respondentu atzist, ka domes darbinieku zindSanas vides
jautajumos nav pietiekamas un tas batu japapildina gan ar tiri tehniskam zinaSanam konkréta
joma, gan tadam, kas lauj saskatit kopsakaribas. Ka liecina atbildes, tad paSvaldibu
darbiniekiem trakst informacijas par aktualitatéem vides jautajumos un likumdoSana. Savukart
pasi darbinieki bieZzi vien nav ieintereséti un motivéti zinaSanu apgusana - ta lielaka dala
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respondentu (52%) nav parliecinati, ka vinu kolégi apmeklés lekcijas par vides jautajumiem,
jo, ja tas neskar konkrétus darba pienakumus, tas neinteresé.

1. tabula
Vides problému risinaSana pagastu pasvaldibas [7]
Kas batu jadara? Kam butu jadara?

Udenssaimnieciba
Jauzlabo Odens kvalitate, jarealizé projekts Gdenssaimn. sakarto3ana Pasvaldibai
Javeic inZeniertehnisko iekartu rekonstrukcija Padvaldibai, valsts, uznéméjiem
Jaizstrada pagasta tdens ricibas programma Pagastam
Jaizveido kompleksa pagasta Gdensapgade PaSvaldibai
Atkritumu saimnieciba
Jaievie§ visaptveroSa atkritumu savakSanas sistéma, jasleédz Itigumi Padvaldibai un piesarnotajiem
Atraka atkritumu poligona izveide, jaizbave iekartas, japopularizé Valstij, paSvaldibai
centralizéta atkritumu savakSana
Bezatlikumu kokapstrade, jaievie$ tehnologijas koksnes atkritumu 4Jzneémumiem, padvaldibai
parstradei
Energosaimnieciba, gaisa piesarnojums
Jaizmanto kokapstrades atkritumi siltumapgadée
Jaatrisina gaisa kvalitates problémas Padvaldibai kopa ar uznéméjiem
Ainava, resursi
Beidzotjasak “rakt” talak Padvaldibai kopa ar iedzivotajiem
Jaizmanto ES Itdzekli PaSvaldibai + attistibas agentram
Apmactbas par alternativam lauksaimn. metodém Lauks. kons. centram
Normalas /s platibas izveide Valstij + paSvaldibai
Samazinat lietkoksnes izcirSanas daudzumu AS ,,Latvijas valsts mezi”
ledzivotaju atbildibas palielinaSanas Pagasta sabiedribai kopa
Partraukt kokoglu ceha darbibu Ceha vadibai
ledzivotaju informétiba, izglTtoSana
Jaizgltto meZa Tpasnieki PaSvaldrbai, MeZa dienestam
Jainformé un jaizgltto iedzivotaji, sabiedriba Vides parvaldei + pasvaldibai, ZAAO
Organizatoriskie, ITdzeklu piesaistes pasakumi
Jaizstrada pagasta attistibas plans Pagastam + VARAM
Vairak jastrada pie projektu izstrades Pagastam
Japiesaista I1dzekli So problému risinasanai, PaSvaldrbai un vides aizsardzibas

iestddém
Japiesaista cilveki pie STm problémam PaSvaldibai + valstij
Jaizstrada apsaimniekoSanas plans Zemes TpasSniekiem
Kontroles ievieSana, motivéta 1/s attistiba Padvaldibai, valstij, politikiem
Jaizstrada ITdzeklu piesaistes plans, un tas jarealizé Pa3valdibai
Jarada jaunas darba vietas- jauni uznémumi, atjaunoti vecie, atjaunotie Pa3valdibai

Galvenas atbildes uz jautajumu par to, kdadas zinaSanas Jums pietrakst visvairak:
- teorétiskas - planoSana, komunikacija, tas, kuras apgdstu talmacibas kursos, vides
stavokla objektiva novertéSana, projektu izstrade un to TstenoSana;
- tehniskas par stavokli katra sektora kopuma, zinasanas ir visparéjas;
vides problému kopsakaribas, kura probléma izriet no kuras, lai varétu pievérsties pasai
problémas ,,saknei” (esoSajiem specialistiem nav zinaSanu par vides jautajumu
risinaSanu). Ka noteikt prioritates?
trakst informacijas no Vides parvaldes jaunako Iémumu un saistoSo rikojumu operativai
sanemsanai, iespéjas, jaunumi likumdoSana, par vides jautajumu sakartoSanu.
Ne visas paSvaldibas ir pietiekama sadarbiba ar citam organizacijam, lai kopigi risinatu vides
jautdjumus. Vislabaka sadarbiba paSvaldibam ir ar virsmezniecibam, mezniecibam, TpasSi
pagastu pasvaldibam, tapat ar Regionalo vides parvaldi un Rajona padomi. Labakai sadarbibai
vajadzétu bat ar Lauksaimniecibas parvaldi, Lauku atbalsta dienestu, Pieaugu$o izglitibas
centriem (PIC), NVO un SO, ka arf ar Regionalo vides parvaldi. Laba sadarbiba ar PIC ir tikai
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pilsétu paSvaldibam. Labaka sadarbiba ar citam paSvaldibam ir tam, kuras ir iesaistijusas
dazadas pagastu un pilsétu apvienibas un realizé kopigus sadarbibas projektus, savukart 29%
uzskata, ka sadarbiba varétu bat labaka, bet 20% no aptaujatam paSvaldibam doma, ka
sadarbiba ir slikta. Ne visas paSvaldibas ir laba sadarbiba ar vietéjiem uznémumiem - 52%
uzskata, ka ta varétu bat labaka.

Pasi paSvaldibu darbinieki uzskata, ka 38% ir maz un loti maz informéti un 48% - vidégji
informéti par vides stavokli sava pagasta, iedzivotajiem nav pieejama visaptveroSa
informacija par vides stavokli paSvaldiba, un paSi arl to nemeklé. PaSvaldibu sniegta
informacija vides jautajumos 90% aptaujato paSvaldibu ir nepietiekama vai varéja bat labaka.

ledzivotajiem ir jaiesaistas Iéemumu pienemsana, to apliecina 93% respondentu, jo tie batiski
ietekmé iedzivotajus un palielinatu iedzivotaju atbildibu par to realizéSanu. Paslaik
iedzivotdju Itdzdaltba IEmumu pienems3ana ir nepietiekama (56%) un varéja bat labaka (38%),
kas vispirms esot saistits ar informacijas un izglitibas trikumu un neieinteresétibu.

Pétljuma par programmas realizacijas kvalitati [8] tika izmantotas $adas sociologiskas
metodes: anketas, daléji strukturétas intervijas un telefonintervijas. Puse respondentu atzina
izglitibas ieguSanu talmacibas kursa veida ka kaut ko jaunu. Gandriz visi respondenti ieteiktu
talmacibas izglitibu saviem kolégiem un draugiem. Kursu dalibnieki uzskata, ka kursa
jautajumi ir svarigi Latvijas vides aizsardzibai un ilgtspéjigai attistibai, ka arT ir lietderigi vinu
profesionalaja dzive.

Galvenie respondentu secinajumi par kursu norisi. Kopuma talmacibas kurss tika
novértéts ka loti labs un labs, bet par apmierinoSu to sauca mazadk ka 12% respondentu.
Lielakd respondentu dala véletos apgat Iidzigus talmacibas kursus un uzskata par
nepiecieSamu veicinat vairak talmacibas kursus pasSvaldibas. Lidzdaltbu kursos partraukusie
dalibnieki galvenokart mingéja Sadus iemeslus - darba un personigos apstaklus, kursu saturu
atsSkirtbu no iedomata un personigo nesagatavotibu vides studijam. Apgalvojumu ,,Pateicoties
talmacibas kursam, manas izredzes darba ir uzlabojusas” par atbilstoSu atzina vairak ka 85%
respondentu, un, pat vairak, dala respondentujau bija uzlabojusi savu poziciju darba vieta.

Rezultati un to izvertéjums
PaSvaldibu specialistu papildu sistemiska teorétisko un praktisko aspektu komplimentara
apmaciba, lai tie spétu interaktiva sadarbiba ar citu sektoru un organizaciju parstavjiem risinat
integrativas vides probléemas (dabas vides un socidli ekonomiskas vides mijiedarbibas
problémas), veicinas Latvijas lauku pa3valdibam tik nepiecieSamo cilvékresursu kapacitati un
inovacijas Itdzsvarotas attistibas planoSana un ricibprogrammeésana.
Talakizglttibas kursi ,,Vides parvalde un ITtdzsvarota attistiba pasSvaldibas” tiek realizéti
talmacibas forma un ir adreséti galvenokart pasvaldibu darbiniekiem, t.i., vides parvaldibas
un citu sektoru attistibas planotajiem un pasvaldibu uznémumu darbiniekiem, ka arT ar vides
parvaldibas tematiku saistitajiem arodpedagogiem un vides aizsardzibas specialistiem ar
vidgjo, vidéjo specialo vai augstako izglitibu.
Par talmacibas kursu nepiecieSamibu liecina LU Vides zinatnes un parvaldibas institGta
veiktie pétijumi un uzkratd pieredze sadarbiba ar dazadam lauku pasSvaldibam, kas lauj
secinat, ka Latvijas paSvaldibam, jo sevisSki lauku paSvaldibam, ir nepiecieSami vispusigi
izglttoti specialisti ar kompetenci municipalaja vides parvaldé, vides aizsardziba un lauku
attistiba. Kursu saturs (skat. 2.tabulu) ir izstradats Latvijas Universitates Vides zinatnes un
parvaldibas institita sadarbitbd ar Lineburgas Universitati Vacija, un tie tiek realizéti
sadarbiba ar Latvijas PaSvaldibu savientbu un Latvijas Vides aizsardzibas fondu.
Programmas saturu veido, pirmkart, obligatie moduli, lai nodroSinatu municipalas dabas vides
un sociali ekonomiskas vides attistibas jautajumu pilna spektra, t.i., savstarpéji integrétu un
sistémisku, parskatu un teorétiski praktisko apguvi to pieaugoSaja integrétibas pakapé -
PasSvaldibu projektu parvaldiba, Vides un paSvaldibu attistibas planoSana, PaSvaldibu vides
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parvaldiba, PaSvaldibu Iidzsvarota attistiba (paSvaldibu Iidzsvarotas attistibas ricibas
programmajeb Local Agenda 21.

2. tabula
Talmacibas kursu saturs un realizacijas strukttra

Klatienes ievadseminars Nr. 1

1. modulis. PaSvaldibu projektu parvaldiba
1.1 .Vides projektu pieteikumu sagatavoSana
1.2. Mérkorientétu projektu izstrade un vadiSana
2. modulis. Vides un pasvaldibu attistibasplanoSana
2.1.Vides un padvaldibu attistibas plano3ana
2.2. Vides un padvaldibu attistibas planoSana
3. modulis. PaSvaldibu vides parvaldiba
3.1. Vides politikas attistiba
3.2. Vides parvalde pasvaldibas
n 4. modulis. Pasvaldibu Itdzsvarota attistiba
4.1. Sabiedribas ITdzdaltba un apzina
4.2. L1dzsvarota municipala attistiba (padvaldibu rictbas programma)

>

a olwer
a woe
hQir

S

Klatienes seminars Nr. 2

5. modulis. Lauku attistibas parvaldiba
5.1 .Kultarvide un sociala attistiba

9 5.2.Biologiska lauku un mezu saimnieciba
5.3.Regionu un piekrastes teritoriju attistiba
R 5.4.Vietéjas uznémejdarbibas attistiba

6. modulis. Dabas resursu parvaldiba
6.1. Dabas resursu parvaldiba

@0 Ik 6.2 Dabas resursu parvaldiba

J13 SS 7. modulis. Energosaimniecibas parvalde, gaisa un klimata aizsardziba
-S| 7.1. Energosaimniecibas parvalde, gaisa un klimata aizsardziba
hd 7.2. Energosaimniecibas parvalde, gaisa un klimata aizsardziba
s pasvaldibas

8. modulis. Atkritumu saimniecibas parvaldiba
8.1. Atkritumu saimniecibas parvaldes pamati
8.2. Atkritumu apsaimniekosanas tehnologijas
9. modulis. Udens saimniecibas parvaldiba
9.1. Udens saimniecibas parvaldes pamati
9.2. Udens saimniecibas tehnologiju pamati

Klatienes seminars Nr. 3

Vides un attistibas integrativa prakse

A./\% R 10, modulis. Dabas aizsardziba un ekotarisms
& A 11. modulis. Vides audits un pasvaldibu vides parvaldes sistémas
ﬁ S ¥5 12. modulis. Vides sazina un sabiedribas attistiba (LA 21 parvaldiba)
S&Em
£ £ R

Projekta darba izstrade savas PASVALDIBAS un to aizstave$ana

Kursu dalibniekiem ir svarigi apgat arl tds pieejas un panémienus, ka izzinat, novertét un
kvalificéti izmantot savas konkrétas pasvaldibas pieméru (atkritumu saimniecibas,
kultarvides, teritorijas planojuma utt. tematiku) attiecigi katra kursa patstaviga darbu izpildé.
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Otrkart, paSvaldibu specialistiem tiek piedavati izvéles moduli, lai katru no vides un art
attistibas témam skatitu atseviSki un detalizéti - disciplinaras tému studijas. Vispirms par
lauku attistibas jeb sociali ekonomisko parvaldibu, tiesa, noteikti ari vértéjot attiecigos
sektorus vides konteksta - Kultdrvide un sociala attistiba, Biologiska lauku un mezu
saimnieciba, Regionu un piekrastes teritoriju attistiba, Tarisma attistiba, Vietéjas
uznémeéjdarbibas attistiba un ekonomikas dazadoSana, bet tad arT detalizéti par temam, kuras
attiecas tieSi uz vides sektoru - Dabas resursu parvaldiba, Energosaimniecibas parvalde,
Gaisa un klimata aizsardziba, Atkritumu saimniecibas parvalde, Udens saimniecibas
parvalde - visa So téemu daudzpusiba jaiedzilinas ir katram klausttajam, bet to specialisma -
tikai attiecigajiem interesentiem.

Talmacibas programmas turpinajuma daltbnieki atkal skata municipalas vides un attistibas
temas to integrativajad vienotiba savas konkrétas paSvaldibas (pagasta, novada, pilsétas,
rajona) konteksta, apguastot izvéles modulu bloku ,,Vides un attistibas integrativa prakse
paSvaldiba” - Dabas aizsardziba un ekotdrisms, Vides audits un paSvaldibu vides parvaldes
sisttmas, Vides sazina un sabiedribas attistiba {Local Agenda 21 parvaldiba). Talakizglitibas
programmas nosléguma kursu daltbnieki izstradd projekta darbu - savas konkrétas (!)
paSvaldibas konkréta sektora attistibas ricibas programmu, kura, protams, ir ievéroti, t.i.,
integréti, visi citu paSvaldibas sektoru programmu un projektu aspekti, ka arT kaiminu
pasvaldibu, iestaZu un organizaciju u.tml. saisto3a darbiba.

Secinajumi

1. NepiecieSams mijsakariba attistit vides parvaldibas un ilgtspéjigas attistibas izglitibas
sistemiskas integracijas kopumu (skat. principu un pieeju paketi [4;5]).

2. Tomér noslégt pilnu vides izglitibas situacijas izvértéjumu un izstradat atbilstoSus
nacionalos izglitibas politikas un tas ricibprogrammeésanas dokumentus, balstoties uz
integrativas pieejas un ar1 (!) disciplinaras pieejas imperativo komplimentaritati.

3. Nepietiekami attistita sadarbiba un dialogs starp dazadam ilgtspéjigas attistibas (I1A)
procesa iesaistitajam sabiedribas mérkgrupam nereti ir galvenais iemesls sabiedribas
atbalsta trokumam un sabiedriba vérojamajai neizpratnei. Vides komunikéacija ka
daudzpuséja vides informacijas (t.sk izglitibas) apmaina un sadarbiba starp pasvaldibu,
valsts parvaldes institocijam, sabiedribu un tas mérkgrupam ir viens no paSiem
batiskakajiem nosaciljumiem un instrumentiem IA dialoga un sabiedribas Itdzdalibas un
apzinas veidoSanas nosacijumiem.

4. Atbilstosi veidojot nepiecieSamas inovacijas - disciplinaras komunikacijas dimensijas -
publisko un sadzives vides komunikaciju, municipalo un Kkorporativas vides
komunikaciju, ka ar1, 1pasi, meditativo vides komunikaciju, talakie pétijumi un praktiska
aprobéacija batu padvaldibas piemérojama (un vienlaikus jau izmantojama uz vietas)
sadarbibas pétniectbas (collaboration research) veida.

Summary

Performed surveys (2000 and 2004) has been covering all information resources in the field
(for both municipal employees and general public) available in Latvia and empirical data
collected by designed questionnaires and semi-structural interviews (2003 and 2005) of
municipal and education specialists. Useful additional information was received by analysis
of Local Agenda 21 projects, processes and related education programs in all three Baltic
States, particularly in the growing co-operation within developing framework and action
programs of Baltic Sea region countries Agenda 21 (Baltic 21).

Detailed results of analysis and conclusions drown are leading to the next basic statements for
further/adult education development. There is still an urgent need for further
education/training on environmental management ought to be theoretically and practically
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combined with Local Agenda 21 contents and processes in municipalities for both general
system as well as specialized training programs. Very careful place based preparation is
needed, particularly in the relation to the specific target groups and practical experiences to
learn from - still required are resource materials in Latvian with both - Latvian expertise and
international ones. Distance education, including internet resources, are successfully
developing (institutions, computerization, local centers etc.) in Latvia and will have major
influence in further education for municipalities in coming years.
Particularly practical long term experience in municipal training/education as well as results
of our Local/regional Agenda 21 project implementations in Latvia do allow to formulate
following principles and approaches for environmental management/Local Agenda 21
training/education, e.g. which shall be:
1. Planned and realized in close interlinkage and mandatory integration with territorial
/regional development requirements Zinterests.
2. Particularly with emphasizing, facilitating and spin-off developing of Local Agenda 21
action programs and sustainable development concept in general, (especially sustainable
development for coastal municipalities /sub- and interregional territories).
3. Targeted very precise towards following main municipal target groups - politicians and
elected municipal councilors; senior specialists, especially executive directors and planners as
well as co-coordinators and administrators of municipal associations; environmental
specialists from municipalities and regional environmental boards; municipal employees;
municipal interest groups e.g. NGOs, entrepreneurs, media, education, culture and health
institutions, etc.; teachers and students; specialized municipal interest groups (land and forest
owners, renters of municipal services, etc.); general public (youth, women and retired
persons, etc.).
4. Designed and implemented in co-ordination with existing environmental and municipal
training programs and institutions, including incorporation within developed/developing
different education and communication strategies etc. (e.g. National Environmental
Communication and education Strategy by Env. Min. etc.)
5. Practical development oriented for local conditions - based on using_best available
practices and applying / developing local case studies in Latvia (including guidelines,
guestionnaires, block schemes, etc.)
6. Designed and implemented with appropriate proportion of:

academic (analysis, system-thinking etc.) and professional / practical content

development,

combination of traditional and modem methods and technologies e.g. interactive

seminars, brochures and distance education tools,

local and central geographical location,

region /territory or free application based.
7. Particularly prepared taking into account local traditions / background in general
terminology (titles etc.) and specialized marketing.
8. Designed for implementation with home /self-dependent task_performance requirement
to be based on local problem / situation analysis and eventual project development (e.g.
project ideas, descriptions, particular elaboration etc.).
9. Taking into account (when using regional training approach) particular differences of
urban, semi-urban and rural conditions, production / services and nature protection
specialization of territories as well as records of already realized training courses /programs /
projects and ongoing current activities.
10. Considering training content and methods specifications when approaching specialized
professional training according to the former (initial or transactional and practice based)
education background of participants.
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11. Grounded on environmental management training / education basic principles and
approaches e.g.:
complexity and wholity of spectrum for environmental management content,
particularly nature and social environment interaction,
interlinkage of biotic, abiotic, anthropological and communicational structures,
complimentarily of state / public, household and municipal and corporate, as well as
regional and international environmental management dimensions,
functionality of strategic /policy and planning, programming and projecting (4P) levels
of environmental management,
disciplinarization and integration of environmental management realizations,
necessity of environmental awareness development of specialists and public through
environmental communication - information, education, participation and environmentally
friendly behavior,
applicability of monitoring, evaluation, planning and decision making realization
functions of environmental management.
12. Finally, of course, it should be summarised, that all 11 conclusions above shall be
considered as coherent whole and realised into practice when approaching new training
developments.
These conclusions are prepared for further training developments in municipalities, but could
be also easily adapted for adult education in general.
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