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reziume 

 

naSromSi warmodgenili Teoriuli da eqsperimentuli 

kvlevebis Sedegebis kritikuli analizis safuZvelze 

gamotanilia daskvnebi: 

 niadagSi tenis moZraobis saangariSo sqemisa da Teoriuli 

kvlevebis safuZvelze miRebulia niadagis aqtiuri forianobis 

optimaluri mniSvnelobebis saangariSo damokidebuleba;  

 gansazRvrulia niadag-gruntebSi tenis gadaadgilebis siCqare 

mulCirebisa da Ria gruntis pirobebSi; 

 miRebulia filtraciis siCqaris winaaRmdegobis koeficientis 

saangariSo damokidebuleba forianobis gaTvaliswinebiT; 

 gansazRvrulia filtraciis sCqaris sawyisi gradientisa da 

sruli gradientis forianobasTan funqcionaluri kavSiri, ris 

safuZvelzec SesaZlebelia niadagis tenianobis regulireba 

sarwyav miwaTmoqmedebaSi da rwyvis optimaluri reJimebis 

dadgena; 

 miRebulia morwyvis normis saangariSo damokidebuleba niadag-

gruntebis fiziko-meqanikuri maxasiaTeblebis gaTvalisiwnebiT; 

 wveTuri morwyvis SemTxvevaSi Sedarebulia mulCirebuli da 

aramulCirebuli niadagebisTvis miRebuli rwyvis normebi;  

 miRebuli klimaturi da niadaguri monacmeTa analizis 

safuZvelze SemuSaveblia sasoflo-sameurneo kulturebis rwyvis 

optimaluri reJimebi niadag-gruntebis filtraciisa da 

evapotransfiraciis gaTvalisiwnebiT. 
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Abstract 

 

On the base of critical analysis of theoretical and experimental investigations   

presented in the work it’s possible to draw the following conclusions:  

 On the base of alarm scheme of moister movement in the soil and theoretical 

investigations it’s received the reporting attitude of active porosity optimal 

value; 

 The moister movement speed in mulch and open ground condition is 

determined;  

 It‘s received the reporting attitude of filtration speed resistance coefficient on 

dependent porosity;  

 Filtration speed start is determined to gradient and full gradient functional 

connections and on its base is possible to regulate the soil moisture in 

watering agriculture and resolve the optimal regimes    of watering;  

 It’s received the reporting attitude of watering norm by foresee of physic-

mechanic characters of soil;    

 In case irrigation it’s compared the watering norms for mulch and non mulch  

soils; 

 On the base of climate and soil data is worked out the optimal regimes of 

agricultural crops watering on dependent the soil filtration and 

evapotranspiration.  
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Sesavali 

 

Temis aqtualuroba. ukanasknel wlebSi msoflios 

winaSe mkveTrad isaxeba wylis deficitis problema. dadgenilia, 

rom dReisaTvis, wylis ukmarisobas ganicdis dedamiwis 

mosaxleobis  daaxloebiT 1.5 miliardi, xolo 2050 wlisTvis 

maTi raodenoba savaraudod SeiZleba 3.5 miliards miaRwios. 

dReisaTvis, miuxedavad imisa, rom SeiZleba mTlianad 

qveyanaSi wylis resursebi sakmarisi iyos, msoflioSi amJamad 

mainc ar arsebobs soflis meurneobis produqciis mwarmoebeli 

saxelmwifo, romelic ar ganicdides siZneleebs garkveuli 

teritoriebis gawylovanebaSi. iseve, rogorc msoflis mraval 

qveyanaSi, saqaTveloSic gansakuTrebiT rTulia im regionebis 

wyaluzrunvelyofa, romlebic qveynis naxevrad aridul zonaSia 

ganlagebuli, vinaidan aq wyalmoTxovnileba sakmaod didia, 

xolo misi xelmisawvdomoba dabali.  

wyalmoTxovnilebis moculobis mixedviT, wyalTa 

meurneobis dargebs Soris, soflis meurneoba erT-erTi msxvili 

wyalmomxmarebelia, vinaidan arsebuli wylis resursebis 

daaxloebiT 70% sarwyav wyalze modis. eqspertebis mier 

dadgenilia, rom sarwyavi wylis xarjis 10%-iT Semcirebis 

Sedegad gaweuli ekonomia dazogavs met wyals vidre moixmaren 

yvela sxva wyalmoxmareblebi erTad.  

rogorc mravali mecnieris kvleva adasturebs, rwyvis 

teqnologiebs Soris, wylis ekonomiis TvalsazrisiT, yvelaze 

ufro saimedoa wveTuri morwyva, xolo masTan erTad 

polimeruli masalebiT mulCirebis teqnologiis gamoyeneba kidev 

ufro amaRlebs efeqturobas. aRniSnuli meTodebis erToblivi 

gamoyenebis SemTxvevaSic ki, rwyvis reJimis araswori SerCevis 

dros sarwyavi wylis danakargi daaxlovebiT 30%-s Seadgens.  

rwyvis reJimis parametrebis SerCevis dros daSvebuli 

cdomilebebi ZiriTadad ganpirobebulia niadagis tenis dinamikis 

amsaxvel modelebSi niadagis ama Tu im fizikuri an meqanikuri 
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Tvisebebis, wyal-haerovani reJimebis monacemebis, 

evapotranspiraciis, agroklimaturi monacemebis da sxva 

faqtorebis arazusti monacemebis gaTvaliswinebis an/da 

zogierTis srlad ugulvebelyofis gamo. 

gamomdinare aqedan, wylis resursebis optimaluri marTva 

soflis meurneobaSi, rac ZiriTadad gulisxmobs rwyvis reJimis 

optimaluri parametrebis SerCevas gegmiuri da stabiluri 

mosavlis misaRebad garemos ekologiuri wonasworobis 

maqsimaluri SenarCunebiT, iseTi resursdamzogi da ekologiuri 

TvalsazrisiT gamarTlebuli teqnologiebis gamoyenebiT, 

rogorebicaa mulCireba polieTilenis afskiT da wveTuri 

morwyva,  dReisaTvis erT-erT aqtualur problemad rCeba. 

 

samuSaos mizani. sadisertacio naSromis mizania - 

programuli mosavlis miRebis maqsimaluri saimedoobis da 

ekologiuri wonasworobis maqsimaluri SenarCunebis 

gaTvaliswinebiT, resursdamzogi teqnologiebis gamoyenebis 

pirobebSi (mulCireba polieTilenis afskiT da wveTuri morwyva), 

Seqmnil iqnas rwyvis reJimis optimaluri marTvis integrirebuli 

modeli, romelic asaxavs meliorirebadi miwebis sruli 

gajerebisa da aeraciis zonaSi mimdinare fizikur, biologiur 

da meqanikur process. miRebul rekomendaciebze dayrdnobiT 

SemuSavdes optimaluri rwyvis reJimi bunebriv-klimaturi 

pirobebis, niadagis Tvisebebis da sasoflo sameurneo 

kulturebis (pomidori da nesvi) wyalmoTxovnilebis 

gaTvaliswinebiT. 

 

kvlevis obieqti da meTodebi. kvlevis obieqts 

warmoაdgenda saqarTvelos naxvrad aridul regionSi 

ganlagebuli sasoflo-sameurneo savargulebi. eqsperimentuli 

kvlevebi Catarebul iqna diRmis sacdeli poligonis 0,06 ha 

farTobze. 
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dasaxuli miznis misaRwevad gamoyenebul iqna 

hidravlikaSi, hodroteqnikur melioraciaSi, niadagmcodneobaSi 

da agronomiaSi sayovelTaod aRiarebuli samecniero-teqnikuri 

midgomebi da meTodebi.  

kerZod, rogorc resursdamzogi teqnologia, gamoyenebul 

iqna Savi polieTilenis afskiT mulCirebis meTodi wveTur 

morwyvasTan erTad romelTa kompleqsurad moqmedebis 

SemTxvevaSi SesaZlebelia niadagis tenisa da temperaturis 

reJimebis regulireba. 

niadagis fizikuri, meqanikuri, qimiuri da wylovani 

Tvisebebis gansazRvra ganxorcielda nimuSebis aRebiT, 

eqsperimentebis safuZvelze, niadagmcodneobaSi aRiarebuli 

meTodebis gamoyenebiT. kerZod, gamoyenebul iqna iseTi cnobili 

meTodebi, rogoricaa: n. a. kaCinskis, i.v. tiurinis, kapen-

gilkovicis, a. v. sokolovis, kapenis, kirsanovis da sxva. 

niadagis tenianobis gazomva xorcieldeboda speciluri 

sensorebiT, romlebic muSaobs eleqtrogamtarobis gazomvis 

principiT da saSualebas iZleva aRniSnuli maxasiaTeblebis 

sidideebi gazomil iqnas niadagis 1 m-mde siRrmeSi winaswar 

dadgenili da eqsperimentisTvis SerCeuli optimaluri bijiT. 

klimaturi pirobebis, kerZod haeris temperaturis da 

tenianobis, qaris siCqaris da mimarTulebis, atmosferuli 

wnevisa da naleqebis kontroli xorcieldeboda agrarul 

universitetSi arsebuli stacionaluri meteorologiuri 

sadguris meSveobiT, romelic mzis energiiT ikvebeba da 

aRniSnuli monacemebis cvalebadobis uwyveti informaciis 

miRebis saSualebas iZleva.   

   

naSromis ZiriTadi Sedegebi da mecnieruli 

siaxle:  

 niadagSi tenis moZraobis saangariSo sqemisa da Teoriuli 

kvlevebis safuZvelze miRebulia niadagis aqtiuri 
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forianobis optimaluri mniSvnelobebis saangariSo 

damokidebuleba;  

 gansazRvrulia niadag-gruntebSi tenis gadaadgilebis 

siCqare mulCirebisa da Ria gruntis pirobebSi; 

 miRebulia filtraciis siCqaris winaaRmdegobis 

koeficientis saangariSo damokidebuleba forianobis 

gaTvaliswinebiT; 

 gansazRvrulia filtraciis sCqaris sawyisi gradientisa da 

sruli gradientis forianobasTan funqcionaluri kavSiri, 

ris safuZvelzec SesaZlebelia niadagis tenianobis 

regulireba sarwyav miwaTmoqmedebaSi da rwyvis 

optimaluri reJimebis dadgena; 

 miRebulia morwyvis normis saangariSo damokidebuleba 

niadag-gruntebis fiziko-meqanikuri maxasiaTeblebis 

gaTvalisiwnebiT; 

 wveTuri morwyvis SemTxvevaSi Sedarebulia mulCirebuli 

da aramulCirebuli niadagebisTvis miRebuli rwyvis 

normebi;  

 miRebuli klimatur da niadagur monacmeTa analizis 

safuZvelze SemuSaveblia sasoflo-sameurneo kulturebis 

rwyvis optimaluri reJimebi niadag-gruntebis filtraciisa 

da evapotransfiraciis gaTvalisiwinebiT. 

 

Sedegebis gamoyenebis sfero. SemuSavebuli 

optimaluri rwyvis reJimis rekomendaciebi bunebriv-klimaturi 

pirobebis, niadagis Tvisebebis da sxvadasxva sasoflo sameurneo 

kulturebis wyalmoTxovnilebis gaTvaliswinebiT mniSvnelovnad 

Seuwyobs xels saqarTvelos agroseqtoris ganviTarebas da 

kerZod, sarwyavi miwaTmoqmedebis gaumjobesebas.  

calkeuli konkretuli amocanebis Sedegebi did 

daxmarebas gauwevs hidroteqnikur melioraciaSi, hidravlikaSi, 
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niadagmcodneobaSi, agronomiaSi da sxva momijnave dargSi 

moRvawe mecnierebs samomavlo kvlevebis ganxorcielebaSi. 

 

disertaciis moculoba da struqtura. 

sadisertacio naSromi Sedgeba Sesavlis, 3 Tavisa da ZiriTadi 

daskvnebisagan. igi moicavs 100 nabeWd gverds, maT Soris ¿15 

naxazss da ¿10 cxrils; gamoyenebulia¿80 dasaxelebis 

literatura.    
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Tavi I 

 

resursdamzogi teqnologiebis Seswavlis 

Tanamedrove mdgomareoba 

 

1.1. mulCirebis arsebuli teqnologiebis analizi  

 

saadreo da uxvi mosavlis miRebis mizniT mulCiT dafaruli 

sasoflo-sameurneo savargulebis farTobi yovelweliurad 

izrdeba. mulCireba gansakuTrebiT mniSvnelovania iseTi siTbos 

moyvaruli mcenareTaTvis, rogorebicaa pomidori, wiwaka, 

badrijani, simindi, yurZeni, baRCeuli kulturebi da sxva.  

mulCad SeiZleba gamoyenebul iyos nebismieri masala _ 

moTibuli balaxi, qaRaldi, kartoni, Tiva, bze, torfi, naxerxi, 

nafotebi, keramziti, polieTilenis afski, toli, ruberoidi, Savi 

sarai agrilis an lutrasilis tipis da a.S. 

moTibuli balaxi _ mulCis erTaerTi saukeTeso da yvelaze 

xSirad gamoyenebadi saxea. misi gamoyenebis Sedegad niadagSi 

matulobs azotis Semcveloba. moTibuli balaxi unda gaSres 

mzeze erTi an ori dRis ganmavlobaSi misi mulCad gamoyenebamde. 

Tu gamoyenebuli iqneba axlad moTibuli an nedli balaxi, is 

male dalpeba da gaxdeba lorwovani da specipikuri sunis mqone. 

sideratebi – sasuqad moyvenili mcenareebis mwvane masa 

iSleba niadagis zedapirze. gamoiyeneba samyura, mwvane uyvavilo 

sarevelebi, agreTve Zalian karg Sedegs iZleva WinWris 

gamoyenebac. sideratebis gamoyeneba SesaZlebelia iseve, rogorc 

moTibuli balaxi. niadagTan swrafad integraciisTvis misi 

gamoyeneba xdeba nedl mdgomareobaSi, odnav miwaSi CaxvniT. 

Tiva _ kargi mulCaa, magram igi SeiZleba Seicavdes 

sarevelebis Tesls. amitom kargia mis qveS qaRaldis mulCis 

gafena, radgan is xels uSlis sarevelebis aRmocenebas da zrda-

ganviTarebas. 
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Cala _ misi gamoyeneba kargia baRis marwyvis moyvanis 

SemTxvevaSi. 

naZvis da fiWvis wiwvebi _ agreTve kargi mulCaa baRis 

marwyvisa da sxva bostneulTaTvis, magram sasurvelia damatebiT 

Setanil iqnas kiri an nacari. 

torfi _ brwyinvale mulCaa, kargad icavs niadags mzis 

sxivebisagan, xels uwyobs tenianobis SenarCunebas.  msubuqi 

meqanikuri Sedgenilobis niadagebzec ki, xels uwyobs mis 

dastruqturebas da humusis SenarCunebas. torfs iyeneben 

gamafxviereblad: mZime meqanikuri Sedgenilobis niadagebis 

aTvisebis dros igi aumjobesebs mis struqturas. magram TviTon 

torfi ar aris sasuqi da misi gamoyeneba sasuqebis nacvlad ar 

SeiZleba, vinaidan igi Zalian nela ixsneba da misi niadagTan 

integreba Sesabamisad nela mimdinareobs, amasTan igi mJavea. 

naxerxi _ SesaniSnavi mulCaa, magram gamoyenebis win igi 

unda dakompostirdes, winaaRmdeg SemTxvevaSi igi gamofitavs 

niadagis sakveb niaTierebebs da aucilebeli gaxdeba azotovani 

sasuqebisa da kiris damatebiTi dozis Setana. amitom, naxerxs 

winaswar akompostireben.  

nafoti, an qerqi da a.S. _ xSirad gamoiyeneba rogorc 

dekoratiuli safari. aseTi mulCa krgia mJave niadagebis 

moyvarul mcenareTaTvis. sxva mcenareTaTvis sasurvelia 

damatebiT Setanil iqnas kiri an nacari. 

Savi polieTilenis afski, ruberoidi, toli da a.S. _ ar 

aumjobesebebn niadags da ar SeaqvT sakvebi nivTierebebi, 

samagierod isini xels uSlian sarevelebis zrda-ganviTarebas da 

inarCuneben niadagis tenianobas. wvima am masalaSi ver aRwevs, 

amitom gaTvaliswinebuli unda iqnas Tu rogor momaragdeba 

mcenare saWiro wyliT an aucilebeli wveTuri morwyvis 

gaTvaliswineba, romelic afskis qveS unda iqnas ganlagebuli. 

gazafxulze Savi afski Tbeba da aTbobs niadags. Savi afski 

SesaZlebelia Zalian Ggacxeldes mzis zegavlenis Sedegad da 

niadagaSi temperatura Zalian aamaRlos. amitom Tivis an 
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moTibuli balaxis fenis gafena afskis zedapirze xels uSlis 

Savi afskis gadaxurebas. ar SeiZleba gamWvirvale afskebis 

gamoyeneba, ragdgan maT qveS niadagi Zalian Cqara xurdeba. 

grilis an lutrasilis tipis Savi safari masala _ agreTve 

ar aumjobesebs niadags da ar Seaqvs sakvebi nivTierebebi, magram 

is Zalian kargad gamoiyeneba mulCirebis dros. es masala 

atarebs wvimas, magram igi Crdilavs niadags da inarCunebs mis 

tenianobas. niadagia mis qveS «sunTqavs». masala mziT ar Tbeba 

Zlier da ar axurebs niadags. mis qveS ar izrdebian sarevelebi. 

aseTi masala SesaZlebelia darCes mcenareebis qveS 

(kenkrovanebis da kurkovanebis CaTvliT) mTeli savegetacio 

periodis ganmavlobaSi. 

keramziti an aqafebuli Tixa _ brwyinvale neitraluri 

masalaa, romlis gamoyenebac SesaZlebelia ara mxolod niadagis 

zedapirzea, aramed SesaZlebelia misi Cabarva mZime meqanikuri 

Sedgenilobis niadagSi mis Sesamsubuqeblad da wyalJonvadobis 

gazrdisTvis. xSirad gamoiyeneba dekoratiuli daniSnulebiT, 

magram kargad icavs niadags gadaxurebisagan da inaxavs niadagis 

tenianobas. 

zemoT CamoTvlili organuli mulCidan yvelaze 

gavrcelebulia mcenareuli narCenebi. xolo, yvelaze saukeTeso 

organul mulCad unda komposti CaiTvalos, magram misi 

gamoyeneba ar SeiZleba yvela kulturisTvis [1, 2, 3, 4, 5].  

mulCirebis dros xdeba organuli narCenebis daSla 

niadagis zedapirze da misi moqmedeba SeiZleba SevadaroT 

niadagis zedapirze kompostis Setanas. aqedan gamomdinare, 

mulCis Setana unda xdebodes xSirad da Txel fenad, xolo 

ganaxleba ki regularuladaa saWiro, vinaidan sqeli fenis qveS 

SeiZleba warmoiSvas anaerobuli pirobebi, rac Tavis mxriv 

lpobis procesis ganviTarebis sawindaria. lpobis produqtebi 

uaryofiTad moqmedebs mcenareTa fesvTa sistemaze da niadagis 

mraval mikroorganizmze. amitom, mulCis Sres ar unda hqondes 

mpalis suni. 
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hovardis mixedviT, organuli mulCiT niadagis mulCirebis 

dros gaTvaliswinebuli unda iqnas 6 ZiriTadi kanoni: 

1. mulCis Setanis win aucilebelia niadagis aoSva; 

2. mulCi Setanis win unda daqucmacdes; 

3. mwvane maRalteniani masalis Setana SesaZlebelia mxolod 

Txeli fenis saxiT, amitom mas xSiri ganaxleba esaWiroeba; 

4. mSrali mulCi, magaliTad Tiva, SeiZleba ufro sqeli 

feniT iqnas Setanili (2-10 sm), magram SetanisTanave unda 

dainamos; 

5. mulCirebis dros yuradReba unda mieqces im garemoebas, 

rom aRmonaceni an CiTilebi ar iyos dafaruli mulCiT; 

6. mulCi ar unda Seicavdes sarevelebis Tesls da 

gansakuTrebiT mwerebs an  maT Wuprs. 

 

rogorc mravalma kvlevam daadastura am TvalsazrisiT 

yvelaze usafrTxos polieTilenis afskiT mulCireba 

warmoadgens, romelmac praqtikaSi yvelaze farTo gamoyeneba 

hpova [6, 7, 8, 9, 10].  

polieTilenis afski im polimerul masalebs miekuTvneba, 

romelic maRalmolekuluri naerTebisagan Sedgeba. 

mulCirebis afskis dasamzadeblad farTod gamoiyeneba 

polieTileni ВД. afsks Rebuloben dapresis da eqstruziis 

Sedegad. miRebuli polieTileni farTod gamoiyeneba soflis 

meurneobaSi. 

afskuri viniplasti miiReba suspenziuri da emulsiuri 

poliviniqloridisgan. valcirebis Sedegad warmoiqmneba 0,5-1,0 mm 

sisqis da 600-800 m siganis mqone viniplastis afskebi. 

afskuri plastikati miiReba plastificirebuli 

poliviniqloridis valcirebis da eqstruziis Sedegad. 

gamWvirvale plastikis misaRebad erTmaneTSi ureven 

poliviniqloridis 100, dioktilftalatis 24, dibutilftalatis 

24 da 2 nawils kalciumis stearats. 
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polivinilftoriduli afski gamWvirvalea ultraiisferi 

gamosxivebisTvis da xasiaTdeba sxivis gardatexis maRali 

koeficientiT (1,45). aseTi afskebi inarCuneben mdgradobas 

ramdenime wlis manZilze, amasTan axasiaTebT medegoba sxvadasxva 

qimiuri preparatebis mimarT (mJavebi, tuteebi da a.S). 

polivinilidenftoridis afskebi 1500C-mdea Termomedegi da 

soflis meurneobis garda farTod gamoiyeneba qimiur, sakveb, 

eleqtro warmoebaSi, medicinasa da a.S. 

afskur safarebad, agreTve farTod gamoiyeneba eTilenidan 

miRebuli masalebi, magaliTad polivinilkarbazoli. igi 

gamoirCeva maRali qimiuri medegobiT da kargi dieleqtro 

TvisebebiT. misi simkvrive 1200 kg/m3-ia, Termomedegoba _ 1500C-mdea, 

xolo daSlis temperatura 3000C-s aRemateba. maRali 

temperaturis mimarT medegobiT da eleqtroizolaciuri 

TvisebebiT igi polistirolsac ki sjobnis. 

oratomiani fenolebis polieTerebis da dikarbonatuli 

mJavebis gamoyenebis dros miiReba poliarilaturi afskebi kidev 

ufro maRali TbomedegobiT (2000C-zeviT). isini inarCuneben Tavis 

meqanikur Tvisebebs didi xniT gaxurebis Semdegac (600-1000 sT 

150-10000C-is dros). 

poliarilatebis dieleqtruli Tvisebebi ar icvleba 

temperaturis did intervalSi. amis garda isini didi xnis 

manZilze  medegni  arian  mineraluri  da  organuli  mJavebis 

(gogirdmJavas garda), tuteebis gamxsnelebis mimarT. isini 

agreTve gamoirCevian maRali cecxlmedegobiT. 

ukanasknel periodSi warmoebaSi didi gavrceleba hpova 

polimidur polieTilenis afskebma, romlebic inarCuneben Tavis 

fiziko-qimiur Tvisebebs temperaturis did intervalSi. maTi 

zogierTi saxeoba 5000C-mdea medegi.  

dReisTvis evropaSi farTo gavrceleba hpova ПМ markis 

afskebma, xolo aSS-Si gavrcelebulia kapiton- Н markis afskebi. 

aRniSnuli afskebi TiTqmis ar icvlian Tavis Tvisebebs 10 wlis 
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manZilze. igi ar iwveba, aqvs kargi dieleqtruli Tvisebebi, 

inarCunebs plastikurobas. 

polimeruli afskebis umTavres Tvisebas warmoadgens misi 

speqtruli gamWvirvaleba, romelzec damokidebulia niadagzeda 

haeris mikroklimati da niadagis Tburi reJimi. speqtruli 

gamWvirvalebis mixedviT ganasxvaveben afskis Semdeg tipebs: 

gamWvirvale, naxevrad gamWvirvale (daburuli), gaumWvirvale 

(Savi) da Suqis da siTbos amrekli. 

gamWvirvale afski xasiaTdeba mzis energiis sxivuri 

speqtris didi gamtarobiT, rac mis umTavres Tvisebas 

warmoadgens. eqsploataciis procesSi misi gamWvirvaloba 

TandaTan klebulobs. aseTi afskis mulCad gamoyenebis vada 

mxolod erTi welia. gamWvirvale afsks iyeneben mulCad im 

SemTxvevaSi, rodesac saWiroa gazafxulis periodSi niadagis 

temperaturis gazrda saadreo sasoflo-sameurneo kulturebis 

misaRebad. 

gamWvirvale polieTilenis afski, misi gamoyenebis pirobebis 

da xerxebis mixedviT aregulirebs niadagis Tbur reJims siTbos 

akumulaciis xarjze dRis periodSi. tenis wveTebis kondensati, 

romelic afskis zedapirze warmoiqmneba, niadagis da haeris 

temparaturas Soris sxvaobis gamo, xels uwyobs dRis periodSi 

akumulirebuli temperaturis SenarCunebas niadagSi. 

kvlevebma gamWvirvale da Sav polieTilenis afskebze (sigane 

1,2_1,4 m da  sisqe 0,06_0,08 mm) uCvena, rom gamWvirvale 

polieTilenis afski mosavlianobis xarisxis da raodenobis 

asamaRleblad ufro efeqturia im SemTxvevaSi, Tu gadaWrili 

iqneba sarevelebTan brZolis problema.E 

Catarebuli eqsperimentebis Sedegad miRebulia, rom 120-150 

sm siganis da 0,05-0,1 mm sisqis gamWvirvale polieTilenis afski 

qmnis xelsayrel pirobebs mcenareTa zrda-ganviTarebisaTvis: 

zrdis niadagis temperaturas 10 sm siRrmeze 3,2 gradusiT, da 

niadagispira haeris _ 3,7 gradusiT, aumjobesebs niadagis 

tenianobis reJims da aferxebs niadagis qerqis warmoqmnas. 
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niadagis zedapiridan afski amcirebs tenis aorTqlebas mSral 

amindSi da amcirebs gadatenianebas uxvi wvimebis dros. 

gamWvirvale polieTilenis afskiT mulCirebis dros niadagi 

ukeTesad Tbeba pirveli oTxi-eqvsi kviris manZilze, sanam igi 

sustad iCrdileba mcenareTa vegetatiuri masiT. xelsayreli 

mikroklimati, romelsac qmnis afski, amaRlebs Teslebis 

aRmoceneblobas, amcirebs mas xuTi-Svidi dRiT da xels uwyobs 

maT swraf zrda-ganviTarebas. nayofis momwifeba xdeba 5-13 dRiT 

adre. 

zogierTi mkvlevaris monacemebis mixedviT gamWvirvale afski 

zrdis safaris qveS temperaturas, mxolod dRis saaTebSi, xolo 

Ramis saaTebSi amcirebs. aqedan gamomdinare izrdeba mcenareTa 

dazianebis riski Ramis siciviT. mulCireba agreTve cvlis 

mcenareTa sxva sasicocxlo pirobebs. es cvlilebebi zogadad 

dadebiTad moqmedebs zogierTi baRCeuli kulturebisTvis. 

niadagis mulCireba gamWvirvale fotodamrRvevi  

polieTilenis afskiT farTod gamoiyeneba sxadasxva bostneuli 

kulturebis mosayvanad iaponiaSi, aSS-Si, inglisSi, meqsikaSi, 

poloneTSi, bulgareTSi da a.S. 

fotodamrRvevi afskebi ПЭ-108-70 da ПЭ-108-71 gamosadegia 

mxolod mcire droiT bostneulis, kenkrovanis da kartofilis 

mulCirebisTvis. 

did praqtikul interess imsaxurebs mulCafski, romelsac 

gaaCnia sarevelebTan brZolis unari da icavs niadags 

gadaxurebisagan. aseTi afski mzaddeba polieTilenis markisgan 

108-70 mwvane  411 da 108-70 mwvane 401. mwvane mulCafskis 

gamoyenebis vadaa 2_3 Tve, ris Semdegac igi iSleba. 

naxevrad gamWvirvale (daburuli) afski gamWvirvalobis 

mixedviT Sualedur mdgomareobas ikavebs gamWvirvalesa da Savs 

Soris. misi mulCad gamoyeneba SesaZlebelia ori wlis manZilze, 

radgan mis SemadgenlobaSi Semavali Wvartli stabilizatoris 

rols asrulebs da matebs mdgradobas. 
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naxevrad gamWvirvale afski amcirebs niadagis gaTbobas maTi 

gamWvirvalobis mixedviT. 

niadagis mulCireba daburuli polieTilenis afskiT (30 % 

gamWvirvaleba, 0,05 – 0,07 mm sisqe) mniSvnelovan gavlenas axdens 

mikroklimatze mciregabaritian safarebSi, 3,5 kg/m2-iT da 1,1 kg/m2-

iT gazarda kitris da pomidoris mosavlianoba. 

amerikuli warmoebis afskebi awonasworeben temperaturis 

dReRamuri ryevebis amplitudas dRiuri gadaxurebis Semcirebis 

da Ramis gacivebis SeferxebiT. aseTi afskebi aumjobeseben 

naTesis sinaTlis pirobebs. 

Savi afskis damzadebis drosac polieTilenis masas umateben 

Wvartls (3%). aseT afsks axasiaTebs kargi elastikuroba, magram 

igi ar atarebs sinaTlis sxivebs. am Tvisebis gamo Savi afski 

mkveTrad amcirebs an srulad gamoricxavs aRmocenebuli 

mcenareebis fotosinTezs. amitom, mulCireba Savi afskiT agreTve 

SeiZleba gamoyenebuli iyos rogorc sarevelebTan brZolis 

erTerTi efeqturi saSualeba. cxeli klimatis pirobebSi Savi 

polieTilenis afski icavs niadags gadaxurebisgan. 

Savi polieTilenis afski STanTqavs sxivebs da cxeli 

klimatis pirobebSi 58 gradusamde Tbeba. magram niadagi, aseTi 

mulCis qveS mzian dReebSic ki gacilebiT naklebad Tbeba vidre 

gamWvirvale afskis gamoyenebis dros. niadagis zeda Sris (0_5 sm) 

temperatura SesaZlebelia 1-1,5 gradusiT naklebi iyos, vidre 

aramulCirebuli niadagis Sre. 

Savi afskis qveS niadagis tenianoba yovelTvis ufro metia, 

vidre gamWvirvale da naxevrad gamWvirvale afskebis qveS, 

vinaidan aseTi mulCafskis qveS niadagi naklebad Tbeba. mzis 

sxivebi dRis periodSi acxelebs Sav afsks, magram afsksa da 

niadags Soris arsebuli haeris Sre xels uSlis niadagis 

gaTbobas. amasTan, mulCafski amcirebs niadagidan tenis 

aorTqlebas Ria gruntTan SedarebiT, sadac aorTqlebaze 

gaxarjuli siTbo Sesabamisad metia. Ria gruntis temperatura 

teniani niadagis dros, gacilebiT naklebia, vidre mulCis qveS. 
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aseTi pirobebi iqmneba adre gazafxulze da wvimis Semdeg. 

mulCafski am periodSi mniSvnelovnad aumjobesebs niadagis 

temperaturul reJims. 

aRsaniSnavia, rom Savi afski mTlianad aferxebs sarevelebis 

ganviTarebas, romlebic iRupebian mis qveS sinaTlis ukmarisobis 

da dRisiT gaxurebul afskTan Sexebis gamo. sarevelebTan 

brZolaSi igi herbicidebsac sjobnis, radganac ar gamoirCeva 

amomrCevlobiT sxvadasxva saxis mcenareebis mimarT da ar 

abinZurebs garemos, rac ekologiurad sufTa sasoflo-sameurneo 

produqciis miRebis sawindaria. 

sarevelebis sawinaaRmdegod SemuSavebulia ПЭ-157 markis Savi 

afski, romelic 0,04 mm sisqis pirobebSic ki anadgurebs yvela 

saxis erTwlovan Tu mravalwlovan sarevelebs. am tipis afski 

gamocdilia marwyvis, kenkrovanebis da  xilis plantaciebSi. 

Catarebuli mravalwliani kvlevebis Sedegad dadgenilia, 

rom lokaluri morwyvis da Savi polieTilenis afskiT 

mulCirebis dros pomidoris mosavali 19-20 %-iT matulobs da 

iwvevs nayofis adreul momwifebas da aumjobesebs mis xarisxs. 

floridis StatSi (aSS) mulCirebas pomidorisTvis iyeneben 

daaxloebiT 6 aTas ha-ze. amisaTvis, Cveulebriv, iyeneben 1,25-1,5 mm 

sisqis da 1,6 m siganis Sav polieTilenis afsks. sasuqebis 

Setanis Semdeg afsks afenen manqanis saSualebiT. Semdeg 

damrgveli agregatis meSveobiT erTi gavliT awarmoeben afskis 

perforacias da CiTilebis dargvas (an genplazmis Tesvas). 

rig qveynebSi niadagis mulCirebis dros morwyvas awarmoeben 

lokalurad. am SemTxvevaSi milebs mulCafskis qveS aTavseben. 

poloneTSi Catarebuli cdebiT mulCafskis gamoyenebis dros 

kitris da pomidoris mosavlianoba Sesabamisad 30-50 da 20-50%-iT 

gaizarda, vidre Ria niadagSi. mulCirebisTvis gamoyenebuli iqna 

Savi da ruxi 0,03-0,06 mm-is mqone polieTilenis afski. 

aRsaniSnavia, rom Txeli afski bevrad ekonomiuria. 
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Savi afskebi, umTavresad, gamoiyeneba mravalwlovani 

kenkrovani kulturebisaTvis, Tumca igi gamarTlebulia saadreo 

baRCeuli da bostneuli kulturebis mosayvanadac. 

mulCireba polieTilenis afskiT xorcieldeba xeliT an 

specialuri afskis damgebi manqaniT. SesaZlebelia niadagis 

zedapiris sruli an sxvadasxva siganis zolebiT dafarva. afskis 

napirebis fiqsireba sxvadasxva meTodebiTaa SesaZlebeli, 

ZiriTadad ki niadagis miyriT (6_8 sm). afskis perforacia xdeba 

mis gafenamde an gafenis Semdeg, imis mixedviT, Tu ra 

kulturisaTvis gamoiyeneba mulCi. 

gamomdinare zemoTaRniSnulidan, ama Tu im agroteqnikuri 

RonisZiebis da kerZod, mulCis tipis SerCevisas, aucilebel 

winapirobas warmoadgens sasoflo-sameurneo kulturaTa zrda-

ganviTarebaze moqmed faqtorTa Seswavla-Sefaseba. 

 

1.2. mulCirebis dros sasoflo-sameurneo kulturaTa 

 zrda-ganviTarebaze moqmed faqtorTa Sefaseba 

 

mcenareTa zrda-ganviTarebasa da sasoflo-sameurneo 

kulturebis maRali mosavlis miRebaze did gavlenas axdens 

niadagis mikroklimati. mikroklimatis qveS igulisxmeba is 

ZiriTadi meteorologiuri maxasiaTeblebi, romlebic 

akumulirebulia haeris niadagzeda SreSi da niadagis fesvTa 

SreSi. 

soflis meurneobaSi iseTi hidromelioraciuli 

RonisZiebebis gatareba rogoricaa daSroba, morwyva, drenaJis 

mowyoba da a.S. mcenareTaTvis sasurveli mikroklimatis Seqmnis 

saSualebas iZleva. polieTilenis afskiT niadagis mulCireba 

SeiZleba ganvixiloT rogorc niadagis hidroTermuli 

melioraciis xerxi romelic zegavlenas axdens niadagzeda 

haeris mikroklimatze. upirveles yovlisa es gamoixateba haeris 

tenianobis da tamperaturis cvlilebiT. 



25 
 

mulCirebis Sedegad niadagzeda haeris temperatura naklebad 

icvleba vidre niadagis temperatura. gamWvirvale afskiT 

mulCirebis SemTxvevaSi mzian dRes niadagi axdens siTbos met 

akumulirebas vidre Savi mulCis qveS, magram RamiT mis qveS 

siTbos dakargva metia. 

cdebiT dadgenilia, rom niadagis zedapiridan 50 sm-ze 

haeris temperatura dRis ganmavlobaSi mulCirebul nakveTebSi 1-

3C-iT metia aramulCirebulTan SedarebiT (gansakuTrebiT Savi 

mulCis gamoyenebis dros). Ramis saaTebSi niadagzeda haeris 

temperatura orive SemTxvevaSi erTnairia, magram ganTiadisas, 

uRrublo amindis SemTxvevaSi mulCireba (Ria niadagTan 

SedarebiT) amcirebs niadagzeda haeris temperaturas 0,5-1,5C-iT, 

rac ar fiqsirdeba Rrublian dRes. niadagidan 20 sm simaRleze 

mulCireba Savi  da gamWvirvale afskebiT haeris temperaturas 

saRamos da diliT zrdis 0,5-1,5C-iT da 1-2C-iT dRisiT. RamiT ki 

temperaturaTa sxvaoba mulCirebul da aramulCirebul niadagebs 

Soris dafiqsirebuli ar aris. 

niadagzeda haeris temperatura damokidebulia  haeris 

saerTo tenianobaze 2 m simaRleze, niadagis tenianobaze, 

aorTqlebaze da mcenareTa transpiraciaze. mulCirebul niadagze 

niadagis tenis aorTqleba mcirdeba da niadagzeda haeri 

nalklebad mdidrdeba teniT niadagidan aorTqlebis xarjze, 

Tumca misi Semcveloba niadagSi mulCis qveS maRalia. mSral 

mzian amindSi mulCirebul niadagze haeris tenianoba naklebia 

vidre niadagze mulCis gareSe.  

aRsaniSnavia, rom mulCirebis meTodi SeiZleba ganvixiloT 

rogorc niadgis Tburi melioraciis erTerTi meTodi, romelic 

saSualebas iZleva vareguliroT niadagis fesvTa sistemis 

temperatura. 

niadagis Termuli maxasiaTeblebi gansxvavebuli arian 

sxvadasxva tipis niadagebisaTvis da agreTve icvlebian mocemuli 

tipis niadagisaTvis temperaturis, forianobis, simkvrivisa da 

sinotivis mixedviT. TiToeuli tipis niadags axasiaTebs 
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sxvadasxva forianoba, tipiuri dispersiuloba, da specifikuri 

meqanikuri Sedgeniloba, rac Tavis mxriv ganapirobebs Termul 

maxasiaTeblebs. 

niadagis Termul maxasiaTeblebs ekuTvnis: 

1. niadagis siTbogamtarobis koeficienti, romelic izomeba 

kal/sm. wm. grad-obiT; 

2. niadagis temperaturagamtarobis koeficienti K, romelic 

izomeba sm2/wm-obiT; 

3. niadagis moculobiTi siTbotevadoba, romelic warmoadgens 

kuTri siTbotevadobis namravls simkvriveze  da 

izomeba kal/sm3-obiT; 

4. niadagis siTboSemTviseblobis koeficienti , 

romelic izomeba kal/sm2wm-1/2-ebSi. 

 

am oTx fizikur sidides Soris arsebobs Semdegi saxis 

maTematikuri damokidebuleba: 

       

rogorc cnobilia, niadagis zedapiri mzis sxivur 

energias ara marto Rebulobs, aramed nawils areklavs an 

gamoasxivebs. amitom niadagis temperatura damokidebulia ara 

marto mis mier miRebul mzis radiaciis raodenobaze, aramed 

gamosxivebuli da areklili radiaciis raodenobazec, anu 

radiaciis balansze. radiaciis balansis gantolebas Semdegi  

saxe aqvs: 

   

sadac: R aris radiaciis balansi; 

 Q _ mzis radiaciis jami; 

 S _ areklili radiacia; 

 V _ dedamiwis efeqturi gamosxiveba (gansxvavdeba 

sakuTriv dedamiwis gamosxivebasa da 

atmosferos Semxvedr gamosxivebas Soris). 

cC 

cb 
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radiaciis dadebiTi balansi iwvevs niadagis da 

atmosferos gaTbobas, uaryofiTi ki gacivebas. 

radiaciuli balansis gaTvaliswinebiT a. f. Cudnovis mier 

SemoTavazebuli iqna Tburi balansis damokidebuleba, romelsac 

Semdegi saxe aqvs: 

   

sadac: R aris radiaciis balansi; 

 TB _ siTbos turbulenturi nakadi (niadagis 

zedapirsa da haers Soris siTbos 

ganawilebis meqanizmi);   

 TT _ tenis transpiraciaze da mis fizikur 

aorTqlebaze gaxarjuli siTbo; 

 Tn _ siTbos gadasvla niadagis erTi fenidan 

meoreSi. 

 

Tburi balansis analizi gviCvenebs, rom polieTilenis 

afskiT mulCirebis Sedegad aorTqlebaze siTbos daxarjva 

orjer, haerSi turbulenturi Tbogadacema 17%-iT mcirdeba, 

xolo niadagSi siTbos nakadi 25%-iT izrdeba. es 

gansakuTrebulad mniSvnelovania gazafxulze, rodesac 

aucilebelia niadagSi SevinarCunoT siTbo da teni. 

mulCirebis zegavlenis Seswavlas niadagis Termul da 

wylovan reJimebze mravali mecnieris kvleva mieZRvna, romelTa 

Soris aRsaniSnavia: a. b. iofe, i. o. musso, n. a. nekrasovi da n. a. 

reini, v. z. celiki, m. p. petrovi, n. m. kozulini, m. i. guSini da i. 

n. boiko, v. g. gavriSi, s. s. ilini, g. d. deSovixi, v. i. edelSteini 

da s. v. krilovi, n. n. banaseviCi, n. i. makarevski, h. f. dobriakovi, 

g. b. nadaraia, m. a. gogoliSvili, beiveri, Sou, kingi, koli da 

siueli, stebensoni da Susteri, grinxemi, Smidti, flinti, v. s. 

mezencevi, i. v. novikova, i. g. yruaSvili, e. kuxalaSvili, T. 

odilavaZe, m. loria da sxv. 

,0 nTB TTTR
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niadagis Tbur reJimze zegavlena SesaZlebelia mulCirebis 

afskis Sesabamisi SerCeviT misi gamWvirvalobis, bunebriv-

klimaturi pirobebis  da mosayvani sasoflo-sameurneo 

kulturebis moTxovnebis gaTvaliswinebiT. 

mravali kvlevebiT dadgenilia, rom niadagis temperaturis 

udidesi cvlileba xdeba gamWvirvale polieTilenis afskiT 

mulCirebis SemTxvevaSi. Ria gruntis SmTxvevaSi niadgi mulCis 

qveS sagrZnoblad metad Tbeba vidre mulCis gareSe. am 

SemTxvevaSi siTbos miwodeba 40-46%-iT metia. aseTi mulCis qveS 

ukve meore dRes niadagis temperatura izrdeba 50 sm siRrmeze. 

gansakuTrebuli sxvaoba mulCirebul da aramulCirebul 

niadagebis zedapirze SeimCneva dRis saaTebSi. dilis saaTebSi  

20 sm siRrmeSi mulCis qveS temperatura TiTqmis orjer 

aRemateboda temperaturas Ria niadagTan SedarebiT. 50 sm 

siRrmeSic ki mulCirebuli niadagis temperatura 1,5-2C-iT 

aRemateboda. 

naxvretebis farTobis zrdasTan erTad mulCis gavlena 

temperaturaze klebulobs. 

Tburi balansis analizi gviCvenebs, rom polieTilenis 

afskiT mulCirebis Sedegad aorTqlebaze siTbos daxarjva 

orjer, haerSi turbulenturi Tbogadacema 17%-iT mcirdeba, 

xolo niadagSi siTbos nakadi 25%-iT izrdeba. es 

gansakuTrebulad mniSvnelovania gazafxulze, rodesac 

aucilebelia niadagSi SevinarCunoT siTbo da teni [11, 12, 13, 14, 

15, 16, 17, 18]. 

vegetaciis periodSi mcenareebi niadagidan moixmaren wylis 

did raodenobas. wylis ukmarisoba, rogorc misi siWarbe 

uaryofiTad moqmedebs mcenaris zrdaze da mosavlis 

raodenobaze. tenis ukmarisobis dros mcenaris wvrili fesvebis 

sicocxlisunarianoba klebulobs, isini ver iwoven wyals da 

mcenare iwyebs Wknobas. zedmeti teni ki xels uSlis normaluri 

biologiuri procesebis ganviTarebas niadagSi da Jangbadis 

miwodebas fesvebisTvis. 
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a. a. rode mcenaris mimarTebaSi niadagis tens yofs xuT 

kategoriad:  

1. absoluturad auTvisebeli teni (e.w. niadagis mkvdari 

maragi), romelic daaxloebiT eTanadeba myarad 

SekavSirebuli wylis maqsimalur Semadgenlobas. 

2. sakmaod Znelad misawvdomi teni. es aris fxvierad 

SekavSirebuli wylis nawili mkvdari maragidan Wknobis 

sinotivemde, romlis drosac mcenare ganicdis tenis 

mZafr deficits. 

3. pirobiTad Znelad misawvdomi teni. es sidide imyofeba 

Wknobis sinotivesa da kapilaruli gawyvetis sinotives 

Soris. es tenis is kategoriaa, romlis drosac 

Camokidebuli teni, aorTqlebis procesSi kargavs 

gadaadgilebis Tvisebas asaorTqlebeli zedapirisaken. 

4. saSualod misawvdomi teni xasiaTdeba gadaadgilebiT da 

moTavsebulia kapilaruli gawyvetis sinotivesada 

mindvris (umciresi) wyaltevadobas Soris. umciresi 

wyaltevadoba aris absoluturi wyaltevadoba. mindvris 

wyaltevadoba Tixnari niadagebisaTvis saSualod tolia 

170-190 mm, qviSnarebisTvis 160-180 mm da qviSisaTvis 80-120 

mm produqtiuli tenisa niadagis 1m-ian fenaSi. 

5.  advilad misawvdomi teni mdebareobs umcires 

wyaltevadobasa da srul wyaltevadobas Soris. es 

ukanaskneli warmoadgens tenis im maqsimalur sidides, 

romelic SeuZlia daikavos niadagma misi forebis 

sruli Sevsebisas. tenis es done xasiaTdeba 

gadaadgilebis maqsimaluri SesaZleblobiT, magram am 

dros SezRudulia niadagSi Jangbadis gadaadgileba. 

 

niadagis mulCireba polieTilenis afskiT erTerTi 

saSualebaa romelic xels uwyobs sasurveli wylis reJimis 

Camoyalibebas. vinaidan polieTilenis afski wyalgaumtaria, igi 

aferxebs aorTqlebis process. 
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rac ufro naklebi manZilia mulCis zolebs Soris da metia 

mcenareTaTvis naxvretebis farTi, miT naklebia aorTqleba da 

matulobs wylis maragi niadagSi. 

afskiT mulCirebas, rogorc wylis reJimis gamaumjobesebel 

saSualebas didi mniSvneloba aqvs gvalvian regionebSi [19, 20, 21, 

22, 23]. 

Tu mulCirebis win niadagi kargad ar iyo mosworebuli, 

maSin rekomendebulia mulCis centrSi mTel sigrZeze 2-3 m 

daSorebiT gakeTdes 0,5 sm diametris naxvretebi, raTa ar moxdes 

wylis dagroveba.      

gamWvirvale mulCis qveS niadagi ufro swrafad Sreba vidre 

Savi afskis qveS. 

cdebiT dadgenilia, rom mulCis qveS niadgis tenianoba 50 sm 

sirRmezec ki 2-5%-iT meti, vidre niadagisa mulCis gareSe [24, 25, 

26, 27, 28, 29]. 

niadagis meqanikur damuSavebas, niaRvrul wvimebs da sxva 

gare faqtorebs mivyavarT fesvTa sistemis SemWidrovebasTan, rac 

iwvevs mcenaris zrdis Seferxebas da mosavlis Semcirebas. 

amitom niadagis nayofierebis SesanrCuneblad mniSvnelovania im 

RonisZiebebis Catareba, romlebic daicaven niadags misi 

struqturis daSlisa da SemWidrovebisgan. erTerT aseT 

RonisZiebas warmoadgens niadagis mulCireba polieTilenis 

afskiT. 

mulCirebis gavlenas niadagis fizikur da qimiur Tvisebebze 

ikvlevdnen m. g. varZelaSvili, t. a. akulova, v. v. iosava, b. g. 

karnauxovi, n. v. axvlediani, n. k. kluevi, e. i. Silova, l. i. kaci, 

v. v. iakovlevi, boleri da stefensoni, olbrexti, magruderi, van 

doreni da Stauferi. 

kvlevebis Sedegebis analizis safuZvelze miviReT, rom 

dargvidan mosavlis aRebamde niadgis simkvrive 0-20 sm siRrmeze 

ar icvleba im dros, rodesac farTobze mulCis gareSe niadagis 

moculobiTi wona 0,05-0,08 gr/sm3-iT izrdeba [30, 31, 32, 33, 34, 35, 

36]. 
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umTavres faqtors, romelic ganapirobebs biologiuri 

procesebis msvlelobas, warmoadgens temperaturis reJimi. 

cnobilia, rom mravali niadagis mikroorganizmisTvis 

optimaluri niadagis temperaturas warmoadgens 20-30. 

gazafxulze niadagis temperatura mikroorganizmebisaTvis 

optimalurze naklebia, rac aferxebs maT sicocxlisunarianobas. 

biologiuri procesebis intensivobaze ki didad aris 

damokidebuli mcenaris uzrunvelyofa sakvebi nivTierebebiT, 

kerZod azotiT. 

adreul  gazafxulze mniSvnelovania niadagSi nitrifikaciis 

procesis daCqareba, rasTanac dakavSirebulia mcenaris azotiT 

kvebis gaumjobeseba. mulCirebul niadagSi intensiurad mimdinare 

biologiuri procesebi aCqareben organuli nivTierebebis 

mineralizacias, ris Sedegadac niadagSi matulobs sakvebi 

nibTierebebis raodenoba [37, 38, 39, 40, 41]. 

gamomdinare zemoTaRniSnulidan, mulCirebis dadebiTi 

mxareebi SeiZleba Semdeg punqtebad CamovayaliboT: 

1. organuli mulCa warmoadgens niadagis mikroorganizmebis 

sakvebs da aZlierebs maT aqtivobas; 

2. mulCa iwvevs moZravi sakvebi elementebis ganaviTarebas, xolo 

garkveuli pirobebis dros ki naxSirorJangis gamomuSavebas; 

3. ganapirobebs niadagis xelsayreli koStovani struqturis 

Camoyalibebas; 

4. icavs niadags gadaSrobisgan, inarCunebs mis tenianobas; 

5. aregulirebs niadagis temperaturas; 

6. aferxebs sarevelebis ganviTarebas; 

7. xels uSlis eroziuli procesebis ganviTarebas da sakvebi 

elementebis gamorecxvas; 

8. xels uwyobs bunebrivi damcavi nivTierebebis warmoqmnas, 

romlebsac mcenareebi iTviseben. 
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1.3. mulCirebis gavlena evapotranspiraciaze da 

niadagis wylovan Tvisebebze (filtraciaze)   

 

tenianobis ukmarisoba, xSirad warmoadgens sasoflo-

sameurneo kulturebis  produqtiulobis Semcirebis ZiriTad 

faqtors. aridul da naxevrad aridul regionebSi maRali 

mosavlis miReba SesaZlebelia mxolod racionaluri 

gasarwyavebis pirobebSi, romelic uzrunvelyofs gegmiuri 

mosavlis miRebas da garemos ekologiuri wonasworobis 

SenarCunebas. 

morwyvis racionaluri reJimis formireba SeuZlebelia 

sasoflo-sameurneo kulturebis morwyvis vadebis gansazRvris 

gareSe. morwyvis vadebis gansazRvris arsebuli meTodebidan 

yvelaze zustia niadagis tenianobis kontoli Termostatul-

woniTi meTodi. amasTan, es meTodi warmoadgens yvelaze 

Sromatevads, xolo Sedegebis miReba xdeba dagvianebiT, rasac 

mivyavarT aradroul morwyvamde gansxvavebuli normebiT. 

ukanasknel periodSi farTo gavrceleba hpova sarwyavi 

normis saangariSo meTodebma, romelTa Teoriul safuZvels 

warmoadgens is, rom mcenareTa optimaluri wyaluzrunvelyofis 

dros myardeba mWidro urTierTkavSiri aorTqlebasa da 

atmosferos energetikul resursebs Soris, romlis Sefasebac 

xdeba iseTi kompleqsuri maxasiaTeblis meSveobiT, rogoricaa 

aorTqlebadoba anu potenciuri evapotranspiracia. xolo jamuri 

wyalmoxmareba anu evapotranspiracia aris wylis is moculoba, 

romelic ixarjeba mcenareTa transpiraciaze da niadagidan 

aorTqlebaze [42]. 

rogorc cnobilia, jamuri wyalmoxmarebisa 

(evapotranspiracia) da jamuri aorTqlebis sxvaobas 

wyalmoxmarebis deficiti warmoadgens 

,0 ETETE   

sadac: ET0 aris evapotranspiracia an sasoflo-sameureno 
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kulturis wyalmoxmareba saangariSo 

periodSi (mm);   

 ET _ jamuri aorTqleba bunebrivi gatenianebis 

pirobebSi (mm). 

 

am gantolebaSi ET0-is mixedviT xdeba kulturis 

wyalmoTxovnilebis gansazRvra maRali mosavlis misaRebad, 

xolo jamuri wyalmoxmarebis ufro zusti monacemebis miReba 

xdeba savele kvlevebis safuZvelze. aseTi kvlevebi warmoebs 

sxvadasxva sasoflo-sameurneo kulturebze 

bolo 50 wlis manZilze mTels msoflioSi, mecnierTa mier 

SemuSavebulia  ETo-is gaangariSebis uamravi meTodi sxvadasxva 

klimaturi monacemis mixedviT. am meTodebs, xSirad adgilobrivi 

xasiaTi aqvT da maTi gamoyeneba sxvadasxva regionebSi 

SeuZlebelia. ama Tu im meTodis gamocda sxva pirobebSi sakmaod 

Sromatevadi procesia, xolo ETo-is gansazRvra unda moxdes 

swrafad. am problemis gadasawyvetad FAO-s mier SemuSavebl iqna 

ETo-s gansazRvris Semdegi meTodebi [43]: 

1. radiaciuli; 

2. penmanis meTodi; 

3. meTodi amaorTqlebliT; 

4. penmanis dazustebuli meTodi.    

 

sxvadasxva klimatur pirobebSi ama Tu im meTodis Sedegebis 

Sefasaba ganxorcielda irigaciisa da wyalmoxmarebis komitetis 

(aSS) mier. paralelurad kvlevebi tardeboda evrokavSiris 

kvleviTi institutebis mier. am kvlevebis Sedegebze dayrdnobiT 

FAO-s mier rekomendebuli iqna penman-monteinis meTodi, rogorc 

evapotranspiraciis gansasazRvris erTaderTi standartuli 

xerxi.  

1948 wels penmanma energetikuli balansis Teoria gaaerTiana 

masis gadatanis meTodTan da miiRo Ria wylis zedapiridan 

aorTqlebis saangariSo gantoleba standartuli klimaturi 
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pirobebisTvis: mzis ganaTeba, temperatura, tenianoba da qaris 

siCqare. es e.w. kombinaciuri meTodi ganvrcobili iqna sxvadasxva 

mkvlevaris mier da morgebul iqna daTesil farTobebisTvis 

winaRobis faqtorebis gaTvaliswinebiT. 

penman-monteinis saangariSo damokidebulebas Semdegi saxe 

aqvs: 

).(γΔ

)(
T

γG)(RnΔ.

ETo
u

eeu as

2

2

3401

273

900
4080








 , 

sadac: ЕТо aris normatiuli evapotranspiracia (mm.dRe-1); 

 Rn _ kulturis zedapirze radiacia netto 

(MJм-2 dRe-1); 

 G _ niadagis Tburi nakadis simkvrive (MJм-2 

dRe-1); 

 T _ saSualo dRiuri temperatura 2 m 

simaRleze (0C); 

 u2 _ qaris siCqare 2 m simaRleze (ms-1); 

 Δ  _ gajerebuli orTqlis wnevis mrudis 

qanobi (kPa oC-1); 

 γ  _ fsiqometriuli mudmiva (kPa oC-1); 

 ea _ orTqlis faqtiuri wneva (kPa); 

 es _ gajerebuli orTqlis wneva (kPa); 

 es- ea  gajerebuli orTqlis wnevis deficiti 

(kPa). 

 

aRniSnul meTodTan erTad, sarwyav miwaTmoqmedebaSi, 

udidesi gamoyeneba hpova evapotranspiraciis gamoTvlis 

bioklimaturma meTodma jamuri aorTqlebis biologiuri 

koeficientebis gaTvaliswinebiT (a. m. alapatievi). am meTods 

safuZvlad udevs kavSiri wyalmoxmarebas, haeris tenianobis 

deficitsa da mosarwyavi kulturis biologiur Tavisuberebebs 

Soris. es kavSiri gamoisaxeba damokidebulebiT: 
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,;; 000 mEtd EKETtKETdKET     

sadac: Kd, Kt, 

KE  

aris kulturis wyalmoxmarebis biologiuri 

(bioklimaturi) koeficienti, 

damokidebulia vegetiaciis periodze. 

 Σd _ haeris tenianobis saSualo dReRamuri 

deficitis jami (mb);  

 Σt _ haeris saSualo dReramuri temperaturis 

jami gansaxilvel periodSi (0C); 

 Em _ maqsimalurad SesaZlebeli aorTqleba 

(mm). 

 

am meTodis sizuste damokidebulia wyalmoxmarebis 

bioklimaturi koeficientebis raodenobriv mniSvnelobaze, 

romlis dazusteba mizanSewonilia mravalwliani savele 

kvlevebis safuZvelze sxvadasxva sasoflo-sameurneo 

kulturebisTvis. 

biologiuri (bioklimaturi) koeficienti asaxavs mosarwyavi 

kulturis wyalmoxmarebis Taviseburebebs da misi gamoTvla 

xdeba jamuri aorTqlebisa (vegetaciis garkveul monakveTSi) da 

meteorologiuri monacemebis safuZvelze. s. m. alapatievis 

mixedviT, bioklimaturi koeficientis gamosaTvlelad aRebulia 

aorTqleba, romelic iangariSeba haeris tenianobis deficitis 

mixedviT: 

.



d

E
K

f
 

a.r. konstantinovis meTodis mixedviT meteorologiur 

maxasiaTeblad miRebulia haeris temperatura da absoluturi 

tenianoba [44]: 

.
0E

E
K

f
  

d. b. ciprisis mixedviT – haeris temperatura: 
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 
,

5.22 0 Ct

E
K




f
 

sadac: Ef aris faqtiuri jamuri aorTqleba dekadaSi (mm); 

 E0 _ aorTqleba dekadaSi. ganisazRvreba haeris 

temperaturisa da absoluturi tenianobis 

mixedviT (mm); 

 Σd _ haeris saSualo dReRamuri tenianobis 

deficitis jami dekadaSi (pa);  

 t _ haeris saSaulo dReRamuri temperatura 

dekadaSi (0C). 

 

wyalmoxmarebis deficitis saangariSo damokidebulebis 

meore nawili, anu ET, axasiaTebs bunebrivi gatenianebis dones. 

bunebrivi gatenianeba warmoadgens, saangariSo periodis 

dasawyisSi da boloSi arsebuli atmosferuli naleqebisa da 

niadagis tenis maragis jamis sxvaobas. rig SemTxvevaSi, 

SesaZlebelia damatebiTi kveba teniT, gruntis wylebis 

meSveobiT, Tu igi maRal donezea ganlagebuli. am SemTxvevaSi, 

jamuri aorTleba bunebrivi gatenianebis pirobebSi, nebismier 

saangariSo periodSi Seadgens:   

  ,21 jam.gr VVWWPET   

sadac: P aris efeqturi atmosferuli naleqebi (mm); 

 W1 da 

W2 

_ niadagis aqtiuri fenis tenianoba 

saangariSo periodis dasawyissa da 

boloSi (mm); 

 Vgr _ mcenareebis mier gamoyenebuli gruntis 

wylebis raodenoba (mm); 

 Vjam _ zedapirisa da niadagqveSa Camonadenis 

jami (mm). 

 

bunebriv gatenianebaSi monawile komponentebs Soris 

atmosferuli naleqebi warmoadgens yvelaze advilad Sesaswavl 
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maCvenebls da monacemebis aReba SesaZlebelia hidrometeo 

sadgurebis meSveobiT. niadagis wylis maragis gansazRvrac, 

agreTve, SesaZlebelia agrometeorologiuri sadurebis 

meSveobiT.  

niadagis tenis maragis gansazRvris eqsperimentaluri 

meTodebi imdenad rTul da Sromatevad process warmoadgens, 

rom mravali mkvlevari upiratesobas saangariSo meTodebs 

aniWebs. bunebrivi gatenianebis pirobebSi, jamuri aorTqlebis 

maxasaiTeblebis gansasazRvravad mizanSewonilia v. s. mezencevis 

hidrologo-klimaturi gaangariSebisa meTodis gamoyeneba, 

romlis mixedviTac, jamuri aorTqleba iangariSeba:   

   /nn

mm )/EWWP(EET
1

211


 , 

sadac, n parametric ganisazRvreba faqtiuri aorTqlebisa 

(optimaluri tenuzrunvelyofis pirobebSi) da maqsimalurad 

SesaZlebeli aorTqlebis fardobiT. 

maqsimalurad SesaZlebeli aorTqleba, yoveli wlis 

saangariSo intervalebisTvis, gamoiTvleba radiaciuli balansis 

SefardebiT orTqlwarmomqmnel xvedriT siTbosTan: 

,/ LBEm   

sadac L aris orTqlwarmomqmneli xvedriTi siTbo, 0.539 

kkal/sm2; 

 B _ radiaciuli balansi, kkal/sm2. 

 

radiaciuli balansis monacemebis aReba xorcieldeba 

aqtinometriul sadgurebze. amitom, Tburi balansis elementebis 

arasakmarisi monacemebis gamo, saWiroa gaxda radiaciuli 

balansiT gamowveuli maqsimaluri aorTqlebis saangariSo 

empiriuli damokidebulebis gamoyvana meteorologiur 

faqtorebtan kavSirSi. 

amisaTvis dadginda kvSiri radiaciul balanssa da saSualo 

dReRamur temperaturas Soris:  
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aprili-ivnisi 46.30093.0  tB ; 

ivlisi-seqtemberi 38.10132.0  tB . 

 

gamomdinare aqedan, wylis balansis gantolebis monacemebis 

mixedviT, wyalmoxmarebis bioklimaturi koeficientebis 

meSveobiT xorcieldeba dekaduri an yovelTviuri 

wyalmoxmarebis deficitis gansazRvra. Tu ar xdeba mcenaris 

mier gruntis wylebis gamoyeneba, maSin wyalmoxmarebis 

deficitis gaangariSeba Semdegi damokidebulebebiT 

xorcieldeba: 

   /nn

mmd )/EWWP(EdkΔE
1

211


  ; 

   ;1
1

21

/nn

mmd )/EWWP(EtkΔE


   

  .)/)((1
/1

21

nn

mEm EWWPKEE
 . 

 

wyalmoxmarebis deficitis gansazRvra warmoebs dekadebis an 

Tveebis mixedviT dakvirvebebis safuZvelze. gansazRvruli 

waylmoxmarebis deficiti jamdeba sasoflo-sameurneo 

kulturebis savegetacio periodebis mixedviT. monacemTa 

statistikuri damuSavebis Sedegad vlindeba wyalmoxmarebis 

deficitis 5%-iani, 25, 50, 75 da 95-5-iani uzrunvelyofa. amasTan 

5%-iani wyalmoxmarebis deficitis uzrunvelyofa Seesabameba 

Zalian mSral periods, 25 – saSualod mSral, 50 – saSualos, 75 

– saSualod tenians da 95 – tenians. 

mulCirebis gavlena evapotranspiracize zedmiwevniT iqna 

Seswavlili or warmatebul proeqtSi Glen/Bonheim da 

Glen/Swartland ekotopebSi (Botha, Anderson, Van Staden, Van Rensburg, 

Beukes, & Hensley, 2001; Van Rensburg et al., 2002). miRebulma Sedegebma 

aCvena, rom sxva faqtorebs Soris (I)  mulCirebis tipi Tavis 

mxriv igivenairad axdens zegavlenas aorTqlebis koeficientze 

da (II) procentulad miwis es safarveli aris zedapiris 
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mniSvnelovani maxasiaTebeli, romelic akontrolebs niadagis 

zedapiridan wylis aorTqlebas (Es) [45].  

evapotranspiraciis klasikurma Seswavlebma naTlad aCvena, 

rom aorTqleba, romelic damokidebulia tenianobaze, 

temperaturasa da qaris siCqareze, mniSvnelovani, angariSgasawevi 

faqtorebia. samxreT afrikaSi Catarebulma kvlevebma aCvena, rom 

Srobis ciklis xangrZlivoba aseve mniSvnelovani faqtoria 

mulCirebis unarianobis gansazRvrisas aorTqlebis 

Sesamcireblad.  hoffmanma (1997) daaskvna, rom mulCireba kargavs 

wylis konservaciis upiratesobas, roca naxevrad gvalvian 

garemoSi, Srobis cikli miwis daumuSavebel periodSi 15-20 dRes 

aWarbebs.  Berry & Mallett (1988) aRmoaCines, rom simindis narCenebi, 

romelic zedapiris 70%-ze mets faraven, mniSvnelovnad amcireben 

aorTqlebas qve-notio pirobebSi da Srobis periods amcireben 14 

dReze qvemoT.  

naxevrad gvalvian fazaSi, ZiriTadad dominirebs 

aorTqlebis ori procesi. es niSnavs, rom Es farTod 

kontroldeba niadagis matriqsis hidravlikuri maxasiaTeblis 

mier (Hillel, 1972). Hoffman (1997) acxadebs, rom saerTo aorTqleba 

izrdeba Tixisa da Slamis Semcvelobis gazrdiT. meores mxriv, 

Stroosnijder & Kone –s (1982) mier SemoTavazebuli da  Stroosnijder (2003) 

mier damowmebuli martivi modeli gviCvenebs, rom niadagis 

hidravlikuri Tvisebebi sxva faqtorebTan SedarebiT ar aris 

mTvari mniSvnelobis, rogoricaa pirenciuri evapotranspiracia, 

foTlis farTobis indeqsi da Srobis ciklis xangrZlivoba. maT 

gamoiyenes konstanta, romelmac brwyinvaled imuSava niadagis 

farTo speqtrze, romelic martiv modelSi klasificirebuli iyo 

qviSidan TixnarSi, raTa winaswar gansazRvruliyo saerTo 

aorTqleba. 

Tanner & Sinclair (1983) da Chapman, Hammer & Meinke (1993) –is  mier 

SemoTavazebuli procedurebiT miRebuli iqna Ev gamoTvla. 

transpiraciis efeqturobis koeficienti simindsa da 

mzesumziraze aRebuli iqna 9.5g m-2 mm-1 da 4.5g m-2 mm-1 Sesabamisad.  
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K–sididis gamoyeneba iZleva or (ET) martiv da efeqtur gzas, raTa 

evapotranspiracia daiyos Tavisi ori konponentiT - Es da Ev. 

evapotranspiracia Sefasda niadagSi wylis balansis 

gaTanabrebiT gamomSrali niadagis mosavlianobisTvis, gruntis 

wylis moZraobis gareSe. 
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Tavi II 

 

resursdamzogi teqnologiebis gamoyenebis dros 

rwyvis optimaluri reJimis dadgenis Teoriuli 

aspeqtebi 

 
3.1.  niadagis wyalgamtarobisa da filtraciis 

Taviseburebani niadag-gruntebSi 

 

sasoflo-sameurneo kulturis wyalmoTxovnilebis 

optimaluri produqtiuli wyliT uzrunvelyofa da savegetacio 

periodSi wylis aucilebeli normiT dakmayofileba uamrav 

urTierTmarTvad faqtorTan aris dakavSirebuli da niadag-

gruntebSi wylis migraciisa da gadaadgilebis TaviseburebaTa 

gaTvaliswinebas saWiroebs. 

filtraciaze danakargebis kanonzomierebis Seswavlis 

sakiTxebma, miuxedavad praqtikisaTvis miRebuli Sedegebisa, ver 

miiRo dasrulebuli saxe da movlenis arsze niadag-gruntebis 

struqturul-funqcionaluri hidrofizikis maxasiaTeblebis 

kompleqsis gavlenis kanonzomierebis Seswavlas saWiroebs [46]. 

zemoT aRniSnulidan gamomdinare, SemoTavazebulia modeli, 

romlis safuZvelze niadag-gruntis realuri modeli 

warmodgenilia idealuriT, romlis yvela fori erTmaneTis 

paralelur cilindrul milsadenTa sistemas Seicavs. aseTi 

milovani sistemiT Sedgenili niadagis calkeuli milisaTvis 

nakadis dinebis saSualo siCqaris saangariSod miRebulia 

saangariSo damokidebuleba [47]:  

 
,

3

1

3

2
1

2

0

2

0

2




















R

r

R

riR
V




 (2.1.1.) 

sadac: V aris idealur niadag-gruntebSi wylis 

filtraciis siCqarea (m/wm); 
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



2

2iR
 

_ forovan milSi wylis moZraobis 

saSualo siCqare (m/wm); 

 R _ forovani milsadenis radiusia (m); 

 r0 _ forovan milsadenSi Zvris sawyisi 

winaRobis eqvivalenturi radiusia (m). 

 

SemoTavazebuli modelis Sesabamisad, filtraciis 

mimarTulebiT  cocxali kveTis farTobisa da x milsadenis 

SemTxvevaSi, calkeuli milis x cocxali kveTis farTobi iqneba: 

 
.

x
x


  (2.1.2.) 

Sesabamisad, calkeuli milsadenis wylis xarji tolia: 

 
.

2

2

x
m

iR
Q







mil  (2.1.3.) 

warmodgenil (2.1.3.) damokidebulebaSi 









R

r
fm 0 , da misi 

gansazRvra Zalze rTulia da specialur kvlevebs saWiroebs.  

radgan 




2

2iR
U   warmoadgens wylis moZraobis saSualo 

siCqares forovan milsadenSi, misi cocxali kveTis farTobi x 

SeiZleba ganisazRvros damokidebulebiT: 

 
.

x
mx


  (2.1.4.) 

(2.1.4.) damokidebulebis mixedviT 


 xx , warmoadgens gruntis n 

forianobas da Sesabamisad: 

 
.

3

1

3

2
1 0

2

0



















R

r

R

r
mn  (2.1.5.) 

 

Tu (2.1.5.)-s gaviTvaliswinebT (2.1.1.)-Si, maSin forovani milis 

saSualo siCqare toli iqneba: 

 mUV  .  (2.1.6.) 
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e.i. filtraciis saSualo siCqare calkeul forovan milSi 

wylis moZraobis saSualo siCqarisa da niadag-gruntis 

forianobis koeficientis namravlis tolia. 

(2.1.5.) saangariSo damokidebulebidan m-is gansazRvra Zalze 

rTulia da specialur kvlevebs saWiroebs. aqedan gamomdinare, 

SemoTavazebulia grafikuli damokidebuleba 









R

r
fm 0 , nax. #2.1.1. 

miRebuli (2.1.6.) saangariSo damokidebuleba amyarebs 

kavSirs fiqtiur da idealur niadag-gruntSi wylis V fiqtiur 

siCqaresa da forovan milSi U saSualo siCqares Soris. 

 

nax. # 2.1.1. 









R

r
fnm 0 damokidebulebis grafiki 

Tu mxedvelobaSi miviRebT, rom energiis danakargi forovan 

milSi hdan-is tolia, maSin SeiZleba davweroT: 

 
,

24

2

g

U

R
h


dan  (2.1.7.) 

sadac:  aris hidravlikuri winaRobis koeficienti; 

 g _ simZimis Zalis aCqareba (m/wm2); 

 ℓ  forovani milis sigrZe (m). 
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(2.1.7.) saangariSo damokidebulebidan hidravlikuri qanobi I 

reinoldsis Re ricxvisa da siblantis   kinematikuri 

koeficientis gaTvaliswinebiT SeiZleba ganisazRvros 

damokidebulebiT: 

 
.

Re

8 3

22

gR
I


  (2.1.8.) 

 

(2.1.8.) damokidebulebis gardaqmnisa da uganzomilebo 

kompleqsis –Ti aRniSvnis safuZvelze, romelic filtraciaSi 

filtraciis ricxviT aris cnobili, miviRebT: 

 
,

2

3



IgR
  (2.1.9.) 

  
.Re

8

2

R


  (2.1.10.) 

Sesabamisad, Catarebuli gardaqmnebis safuZvelze 

hidravlikuri winaRobis koeficienti  reinoldsis ricxvTan 

kavSirSi miiRebs saxes: 

 
.

Re

8
2

R


  (2.1.11.) 

Tu SemoviRebT aRniSvnas n

RA  2Re , maSin: 

 
.

Re 2 n

R

A


  (2.1.12.) 

(2.1.12.) damokidebulebis gatolebiT (2.1.11.)- Tan miviRebT: 

 
.Re

8

n

R

A
  (2.1.13.) 

-s mniSvnelobis gaTvaliswinebiT (2.1.13.)-Si, miviRebT: 

 
.
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URAIgR
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 (2.1.14.) 

(2.1.14.) damokidebulebidan SeiZleba ganisazRvros forovan 

milSi wylis moZraobis saSualo siCqare: 

 

n

n

n

n

n R

A
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 (2.1.15.) 
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laminaruli filtraciis SemTxvevaSi filtraciis siCqare, 

roca n=1, aris: 

 



28 R

A

gI
U  .  (2.1.16.) 

Tu mxedvelobaSi miviRebT, rom     , g



  , (2.1.16.) 

saangariSo damokidebuleba miiRebs saxes: 

 

A

IR
U



 28
 . (2.1.17.) 

(2.1.17.) damokidebulebaSi Tu SemoviRebT aRniSvnas 
A

R
K

2
' 8
 : 

 
.I

K
U



 
  (2.1.18.) 

(2.1.18.) damokidebulebis gaTvaliswinebiT (2.1.16.)-Si, gveqneba: 

 
.



 IKn
V


  (2.1.19.) 

(2.1.19.) saangariSo damokidebuleba warmoadgens wylis 

filtraciis saangariSo damokidebulebas idealur niadag-

gruntebSi. wylis filtraciis Seswavlisas maRaldispersiul 

gruntebSi (Tixa, torfi) dadgenil iqna, rom filtracia iwyeba 

mas Semdeg, rodesac dawnevis gradienti gadaaWarbebs garkveul 

sidides, e.i., kritikuli dawnevis mniSvnelobis Sesabamisi 

wertilis Sesatyvis gradients. pirobiTad es gradienti 

SesaZlebelia miCneul iqnas sawyis gradientad [48]. 

funqcionaluri kavSiris zogadi xasiaTi filtraciis siCqaresa 

da gradients Soris sxvadasxva niadag-gruntisaTvis SeiZleba 

Caweril iqnas damokidebulebiT: 

 
,1 0










I

I
KIVreal  (2.1.20.) 

sadac: K aris filtraciis koeficientia; 

 I _ sruli gradientia; 

 I0 _ sawyisi gradienti. 
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(2.1.20.) damokidebulebis SefardebiT (2.1.19.)-Tan, roca 

filtraciis koeficienti 


K
nK


1  tolia, realuri 

gruntisaTvis filtraciis siCqaris saangariSo damokidebulebas 

eqneba saxe: 

 
.1 0

1 
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
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I

I
IKKVreal  (2.1.21.) 

Tu SemoviRebT aRniSvnas: 


 00

0       1
K

K
I

I
KnK 








 da , 

maSin miviRebT: 

 .KIV real  (2.1.22.) 

(2.1.21.)-e damokidebulebaSi K
I

I
nK 








 0

0 1  warmoadgens 

wyalgamtarobis koeficients da aqvs farTobis ganzomileba, 

xolo K realuri gruntis filtraciis koeficients warmoadgens. 

kvadratuli turbulenturi filtraciis SemTxvevaSi, roca n=2, 

gveqneba: 

 
.

8
I

A

gR
U   (2.1.23.) 

zogierTi gardaqmnisa da gamartivebis safuZvelze 

filtraciis siCqare realuri gruntisaTvis SeiZleba gamovsaxoT 

Semdegnairad 
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 .  (2.1.24.) 

 

Tu SemoviRebT aRniSvnas 
A

gR

I

I
B

8
1 0









 , miviRebT: 

 

 IBmV  , (2.1.25.) 

sadac: B aris empiriuli koeficienti; 

 m _ forianobis koeficienti. 
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SemoTavazebuli modelis safuZvelze realuri gruntisaTvis 

miRebulia filtraცiis siCqaris, filtraciis koeficientis, 

wyalgamtarobisa da forianobis saangariSo damokidebulebebi. 

ganxiluli amocanebi warmoadgens wylis moZraobis kerZo 

SemTxvevas forovan garemoSi da mas, garda wylis resursebis 

marTvis optimizaciisa, gansakuTrebuli roli eniWeba rogorc 

sxvadasxva sainJinro sakiTxebis gadawyvetis, ise irigaciaSi 

morwyvis normis, sarwyavi normisa da sxva maxasiaTeblebis 

dadgenis dros. 

 

2.2. milsadenTa sistemebSi wylis moZraobis sakiTxebis 

Teoriuli Seswavla da morwyvis normis dadgena  

 

niadag-grunti, romelic sxvadasxva rigis mikro da makro 

zomis nawilakebiT aris warmodgenili Tanamedrove SexedulebiT 

dispersiul-hidravlikur forovan sistemas warmoadgens da igi 

marcvlovan forovan sistemas ganekuTvneba. mis myar nawilakebs 

Soris wylis gansxvavebuli kategoriebis moxvedra da formireba 

sxvadasxva gziT xdeba. vinaidan, niadagis forebi 

mikrokapilaruli zomebiT aris warmodgenili, mis tanSi 

migrirebuli wyali sxvadasxva Tvisebebs iZens da amis gamo misi 

Sefaseba saerTo forianobis mixedviTaa SesaZlebeli. 

wyalgamtari forebis formis, xvedriTi zedapirisa da sxva 

maCveneblebis Sefasebis sirTule garkveul gavlenas axdens 

niadag-gruntis filtraciuli maxasiaTeblebis dadgenaze. 

miuxedavad imisa, rom saerTod forianoba ar SeiZleba iyos 

niadag-gruntSi mimdinare makro procesebis ganmsazRvreli 

postulati, filtraciis xarisxobrivi mxaris Sefasebisas 

yuradReba forebis zomas, formas, urTierTkavSirs, danawevrebis 

xasiaTs, Caketilobas da sxva maxasiaTeblebs unda daeTmos. 

gamomdinare aqedan, niadg-gruntis mravalmxrivi kvlevebis 

safuZvelze Semotanili iqna forianobis Sefasebis 
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diferencirebuli, kapilaruli da sxva saxis cnebebi. rac Seexeba 

forianobas, igi niadag-gruntis tanSi wylis ama Tu im 

kategoriis formirebis ganmsazRvrelia [49, 50, 51, 52, 53, 54]. 

niadag-gruntis tanSi wylis moZraobis ganmsazRvreli am Tu 

im hidrodinamikuri parametris dadgenisa da hidravlikuri 

kvlevebis mizniT SemoTavazebulia modeli, romlis safuZvelzec 

SesaZlebeli iqneba wylis filtraciis arsebul anomaliebTan 

dakavSirebuli sakiTxebis Seswavla. 

rogorc cnobilia, niadag-gruntis forianoba milsadenTa 

sistemiT aris warmodgenili. milsadenTa sistemis calkeuli 

milis Sida perimetrze sxvadasxva bunebis energetikuli velebis 

meSveobiT adgili aqvs Tavisufalisagan gansxvavebuli Tvisebebis 

mqone adsorbciuli bmuli wylis afskebis formirebas [55].  

 

 

 

nax. # 2.2.1. milsadenSi wylis moZraobis  

saangariSo sqema. 

 

afskis konstraqcia milsadenis Sida zedapirze mas aniWebs 

kvazi myari sxeulis Tvisebebs, romlis moZraobaSi moyvana 

Sesabamisi sagradiento rgr Sris arsebobas saWiroebs. 

gamomdinare aqedan, wylis moZraoba SeiZleba warmodgenili iyos 

rigi TaviseburebebiT da Sesabamisad, milsadenis ganivi cocxali 

kveTi daiyos or zonad. aseT SemTxvevaSi wylis moZraobis 

r0 

R 

y 

 

Vmaqs 

rgr Vy 
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analogad SesaZlebelia gamoyenebuli iyos kvazi-myari sxeulis 

moZraoba – Svedov-bingamis ganzogadebuli modelis saxiT. 

Tu mxedvelobaSi miviRebT, rom r0 aris R radiusiani 

milsadenis bmuli wyliT Sevsebis ganivi kveTis radiusi, bmuli 

wylis Tvisebebidan gamomdinare, roca r0=R wylis moZraobas 

milsadenSi adgili ar aqvs da igi myarad aris mimagrebuli 

milsadenis perimetrze. milsadenSi wylis aseTi ganivi kveTiT 

arseboba SeiZleba CaiTvalos pasiur sicarieled, romelic 

filtraciis procesSi ar monawileobs, xolo rodesac r0=0, maSin 

nakadis kveTSi mTliani sagradiento SriT moZraobas eqneba 

adgili. e. i. milsadenis cocxali kveTi SeiZleba warmodgenili 

iyos ori zoniT: aqtiuri sicocxlis zona, romelSic nakadis 

sagradiento Sris gavrcelebas aqvs adgili da meore zona 

(nakadis guli), romelzedac xdeba sagradiento Sris mierTeba.  

gamomdinare aqedan, aqtiuri sibrtyiTi forianoba SeiZleba 

warmodgenili iyos fomuliT:  

 
𝑛აქტ. =

𝜋𝑅2 − 𝜋(𝑅 − 𝑟გრ)
2

𝜋𝑅2
= 2 (

𝑟გრ

𝑅
) − (

𝑟გრ

𝑅
)

2

. (2.2.1.) 

 

pirveli gantolebis (
𝑟გრ

𝑅
) fardobis mimarT amoxsnis Sedegad 

gveqneba:  

 
(

𝑟გრ

𝑅
) = 1 − √1 − 𝑛აქტ. (2.2.2.) 

 

(2.2.2.) formulis analizi gviCvenebs: roca 𝑛აქტ = 0, 𝑟გრ 𝑅 = 0⁄  

xolo, roca 𝑛აქტ = 1, 𝑟გრ 𝑅 = 1⁄ , saangariSo sqemis mixedviT, 𝑟გრ =

𝑅 − 𝑟0 da Sesabamisad, (3.2.2.) damokidebulebas eqneba saxe:  

 
(

𝑟0

𝑅
) = √1 − 𝑛აქტ. (2.2.3.) 

 

zogadad, roca milsadenis Sida kveTi aqtiur da pasiur 

sicarieleTa jamiT aris warmodgenili, maSin milsadenis sruli 

sicarielis, n-is saangariSod gveqneba:  
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 𝑛 = 𝑛პას + 𝑛აქტ. (2.2.4.) 

(2.2.4.)–is gaTvaliswinebiT (2.2.2.)–Si miviRebT  

 
(

𝑟გრ

𝑅
) = √1 −

𝑛პას

𝑅
. (2.2.5.) 

 

radgan pasiuri sicarielis farTobi 𝜋𝑟0
2 -is tolia, sruli 

sicarielis farTobi 𝜋𝑅2, maSin pasiuri forianobis sidide iqneba 

𝑛პას = (
𝑟0

𝑅
)

2

. Sesabamisad, (2.2.5.) damokidebuleba miiRebs saxes:  

 

(
𝑟გრ

𝑅
) = 1 − √1 − 𝑛 + (

𝑟0

𝑅
)

2

. (2.2.6.) 

 

 milsadenis ganivi kveTis sicarielis is nawili, sadac 

wylis Seuferxebel moZraobas aqvs adgili, SeiZleba CaiTvalos 

aqtiur forianobad. aqtiuri foranobis optimaluri 

mniSvnelobis dadgena SeiZleba ganxorcieldes rogorc 

grafikuli meTodiT, ise (2.2.2.) da (2.2.3.) gantolebebis gatolebis 

safuZvelze. 

 

nax. # 2.2.2.  
r0

R
= f(nაქტ) da 

rგრ

R
= f(nაქტ)  

damokidebulebis grafiki.   
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grafikuli meTodis gamoyenebis SemTxvevaSi vagebT 
𝑟0

𝑅
=

𝑓(𝑛აქტ) da 
𝑟გრ

𝑅
= 𝑓(𝑛აქტ) damokidebulebis grafikebs (nax. # 2.2.2.).  

Tu aqtiuri forianobis mniSvnelobas 𝑛აქტ = 0.75 SevitanT 

me-(2.2.3) damokidebulebaSi miviRebT, rom 
𝑟0

𝑅
= 0.5, anu, pasiuri 

sicarielis radiusis fardoba sruli sicarielis radiusTan 0.5-

is tolia. 

roca nakadis safiltracio moednis farTobi X milovani 

sistemiT aris warmodgenili, misi sidide SeiZleba ganisazRvros 

formuliT: 

  𝜔 = 𝑋𝜔მილ. (2.2.7.) 

(2.2.7.) damokidebulebis mixedviT calkeuli milis cocxali 

kveTis farTobia:  

 
𝜔მილ =

𝜔

𝑋
. (2.2.8.) 

saSualo siCqaris mixedviT, nakadis xarji calkeuli 

milisaTvis SeiZleba gaangariSebuli iyos formuliT:  

 
𝑄მილ =

𝛾𝑖𝑅2

2𝜇
(1 −

𝑟0

𝑅
)

2

(
2

3
−

1

3

𝑟0

𝑅
)

𝜔

𝑋
. (2.2.9.) 

 

Tu SemoviRebT aRniSvnas 𝑚 = (1 −
𝑟0

𝑅
)

2

(
2

3
−

1

3

𝑟0

𝑅
), calkeuli 

milsadenisTvis wylis saangariSo xarji iqneba:  

 
𝑄მილ =

𝛾𝑖𝑅2

2𝜇

𝜔

𝑋
𝑚. (2.2.10.) 

 

saangariSo damokidebulebaSi (2.2.10.) m-is gansazRvris 

mizniT vagebT grafikul damokidebulebas 𝑚 = 𝑓 (
𝑟0

𝑅
) (nax. # 2.2.3).  
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nax # 2.2.3. m = f (
r0

R
) grafikuli damokidebuleba.  

 

damokidebulebaSi (2.2.10.), radgan 
𝛾𝑖𝑅2

2𝜇
 milSi wylis moZraobis 

saSualo siCqares warmoadgens: 

   𝑄მილ

𝑉მილ
=

𝜔

𝑋
𝑚. (2.2.11.) 

e. i. 𝜔მილ𝑋 = 𝜔𝑚. 

 

radgan,  farTobi wylis gasatarebeli moednis farTobia:  

      𝜔მილ𝑋 = 𝑚
𝑄

𝑉საშ
. (2.2.12.) 

 

damokidebulebaSi (2.2.12.) wylis xarjis sidide filtraciis 

xarjis tolia da Sesabamisad: 

      
 𝜔მილ𝑋 = 𝑚

𝜔𝑉ფ

𝑉საშ
. (2.2.13.) 
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radgan 𝜔მილ 𝑋 𝜔⁄
 warmoadgens gasatarebeli wylis farTobis 

forianobაs (2.2.13.) damokidebulebით, SeiZleba ganisazRvros 

nakadis filtraciis siCqare:   
      

𝑉ფ =
𝑛

𝑚
;     𝑉საშ =

𝑛

𝑚
 
𝑄ფ

𝜔
 .   (2.2.14.) 

 

rogorc zemoT iyo aRniSnuli, roca aqtiuri forianoba 

n=0.75 da ¾3/4-is tolia, maSin pasiuri forianoba npas=1-3/4=1/4 e.i. 

miRebuli Sedegebis safuZvelze SegviZlia davadginoT m-is 

mniSvneloba: 
5

24
m  .  

m-is mniSvnelobas Tu SevitanT (2.2.14.) damokidebulebaSi, 

gveqneba:  

      
𝑉ფ =

24

5
𝑛 

𝑄ფ

𝜔
 .   (2.2.15.) 

(2.2.15.) damokidebulebis mixedviT filtraciis xarjebi 

iqneba:  

      
𝑄ფ =

5

24
 
𝜔

𝑛
𝑉ფ.   (2.2.16.) 

arasworxazovani filtraciis SemTxvevaSi:  

        
𝑄ფ = 𝑉ფ (1 −

𝐼0

𝐼
) 𝜔.   (2.2.17.) 

Tu (2.2.17.)–s gavutolebT (2.2.16.)–s, gveqneba:  

        𝐼0

𝐼
= 1 −

5

24𝑛
.   (2.2.18.) 

sarwyav t periodSi, wylis saWiro xarji SeiZleba 

gansazRvrul iyos formuliT:  

        
𝑄 =

𝛼𝜔𝑚

𝑡
.  (2.2.19.) 

(2.2.19.) damokidebulebis mixedviT ganisazRvreba:  

        
𝑚 =

𝑄𝑡

𝛼𝜔
=

𝑉ფ(1−
𝐼0
𝐼

)𝜔𝑡

𝛼𝜔
=𝑉ფ (1 −

𝐼0

𝐼
)

𝑡

𝛼
= 

 = 𝐾𝐼 (1 −
𝐼0

𝐼
)

𝑡

𝛼
= 𝐾𝐼

5

24𝑛
 

𝑡

𝛼
=

5

24
 
𝐾𝐼

𝑛
 

𝑡

𝛼
 , 

(2.2.20.) 

sadac: K aris filtraciis koeficienti; 
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 n _ forianoba; 

 I _ dawnevis gradienti; 

 t _ morwyvis xangrZlivoba; 

 α _ kulturis mier dakavebuli farTobi. 

 

morwyvis norma niadagis garkveul A wyaltevadobidan, 

maqsimaluri (βmax), minimaluri (
0 ) tentevadobasTan da mcenaris 

ganviTarebis aqtiur H fenis siRrmesTan kavSirSi gamoisaxeba 

formuliT:  

         max 0m AH   
.
 (2.2.21.) 

 

zemoT aRniSnulidan gamomdinare, SeiZleba ganisazRvros 

aqtiuri fenis siRrme:  

        
𝐻 =

5

24
 
𝐾𝐼

𝑛

𝑡

𝛼𝐴(𝛽𝑚𝑎𝑥−𝛽0)
.   (2.2.22.) 

 

SemoTavazebuli modelis safuZvelze dadgenilia aqtiuri 

da pasiuri forianobis cvlilebis diapazonebi da optimaluri 

mniSvnelobebi, romelTa gaTvaliswinebiT wylis filtraciis 

procesSi gamoyvanilia filtraciis siCqaris, sawyisi gradientisa 

da morwyvis normis saangariSo damokidebulebebi.  

rogorc (2.2.22.) damokidebulebidan Cans, aqtiuri fenis 

sidide am Sris filtraciis koificientis, moqmedi gruntis, 

forianobis, wyaltevadobis, morwyvis xangrZlivobis, niadagis 

maqsimaluri wyaltevadobisa da mcenaris mier dakavebuli 

farTobis funqcias warmoadgens. 
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2.3. niadag-gruntis forovan sisitemaSi wylis moZraobis  

siCqaris gansazRvra 

 

Tixian niadag-gruntis forebSi, ise rogorc sxva danarCen 

forovan kapilarul sistemebSi wylis moZraobis gaნmapirobebel 

faqtors moqmedi Zalebis intensivoba, forovani sivrcis 

aqsonometria da wylis reologiuri maxasiaTeblebi warmoadgens. 

moqmedi Zalebis intensivobiT xdeba filtraciuli parametris 

formireba da niadag-gruntis nawilakebis xvedriT zedapirze 

bmuli wylis afskebis warmoqmna [56]. TavisTavაd arsebiTi da 

uaRresad mniSvnelovania Tu ra mniSvneloba eniWeba forebis 

diametrze garSemortymul wylis afskis sisqes, mcenaris mier 

gamoyenebuli produqtiuli wylis moculobas, sairigacio 

sistemis xarjebis, morwyvis normisa da sarwyavi normis 

gansazRvraSi. niadag-gruntis forovani sistemis calkeul milSi 

wylis saangariSo damokidebulebas aqvs saxe [57]: 

 2

08
1

R
V n

A

  
   

  ,
 (2.3.1) 

sadac:   aris wylis moculobiTi wona (kg/m3); 

   _ 
siblantis dinamiuri koeficienti  

2

/ .kg seq

m

 
 
 

;  

 n

 
_ niadag-gruntis forianoba; 

 R  _ forovani sistemis milsadenis radiusi (m); 

   _ siCqaris sruli gradienti; 

 
0

 

_ sawyisi Zvris winaaRmdegobis Sesabamisi 

siCqaris gradienti; 

 A
 

_ koeficientia da igi hidravlikur 

winaaRmdegobis da reinoldcis ricxvis 

funqcias warmoadgens 2Re nA r . 
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zemoT moyvanil (2.3.1) saangariSo damokidebulebaSi Tu 

SemoviRebT aRniSvnas  0 2 08 1 /
xn

K R
A

   , romelsac farTobis 

ganzomileba aqvs. Tavisi SinaarsiT igi milsadenis ganivi kveTis 

farTobis im nawils warmoadgens, sadac wylis Tavisufal 

dinebas aqvs adgili da igi filtraciis TeoriaSi 

wyalRvradobis koeficientis saxelwodebiT aris cnobili 

milsadenis wriuli kveTis SemTxvevaSi SeiZleba davweroT: 

        2 0
0 0 8 1K R

A




 
   

 
 .                                                    (2.3.2.)  

e.i.    

     08 1
A




  
  

 
 .                                                    (2.3.3)  

filtraciasa da niadag-gruntSi wylis gaJonvis procesis 

SefasebaSi sawyiss gradients gansakuTrebuli mniSvneloba 

eniWeba im TvalsazrisiT rogoria fizikuri raobiT igi da 

ZiriTadad romel parametrTan gaaCnia mas SedarebiT mWidro 

koreliaciuri kavSiri. 

zemoT aRniSnulidan gamomdinare, (2.3.3.) damokidebulebis 

gardaqmnebiTa da gamartivebiT miviRebT:  

          
2

0 0,392 Re
1

nr

n

 
 

 
 .                                         (2.3.4) 

 

(2.3.4.) saangariSo damokidebulebaSi, roca 1n   da 

Sesabamisad hidravlikuri winaaRmdegobis koeficientebis 

mniSvneloba icvleba sazRvrebi  0,011 0,019 0,015    -s miviRebT:  

          0 0,0099Re
1

r

n


 

 
  .                                                  (2.3.5) 

roca n =2 –s, gveqneba:  

         0 0,059
1

n


 

 
  .                                                           (2.3.6) 
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xSirad, sarwyavi farTobidan mcenareze misawodebeli 

produqtiuli wyali saWiroebs forovani sistemis milsadenTa im 

radiusis codnas, romlis Sedegad xdeba wylis iseTnairad 

modificireba, romlis dros igi kvazi-myar sxeulis Tvisebebs 

uaxlovdeba [58, 59, 60]. aseT pirobebSi siTxe avlens srul 

anomalias fizikuri konstantebis mimaraT. forovani sistemis 

milsadenTa wyalgamtarianobidan gamomdinare SegviZlia 

davweroT:  

   
 0

0

2,55 1 /
1r R

R

  
  
 
 

 .                                 (2.3.7) 

 

roca n =1              01 0,04 1 /r R       .                                      (2.3.8) 

 

roca 2n              02,55
1 1r R



  
    

   

 .                                      (2.3.9) 

 

pirvel saangariSoO damokidebulebaSi filtraciis koeficientsa 

da wyalJonvilobis koeficients Soris kavSirs aqvs saxe:  

       
0K K



   .                                                       (2.3.10)        

(2.3.10) damokidebulebidan SeiZleba gansazRvruli iqnas 

milsadenis radiusi filtraciis koeficientTan kavSirSi:  

 

roca 1n              
 0

8
1 /

K
R

n




   
 .                                     (2.3.11)         

 

roca 2n            
 08 1 /

K
R

K n




  
 .                                   (2.3.12) 

 

agreTve milsadenis radiusi SeiZleba gansazRvruli iqnas 

wyalJonvadobis koeficientTan kavSirSi.      
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roca 1n            
 

0

0

8

1 /

K
R

n


  
 .                                       (2.3.13) 

 

roca 2n          
 

0

01 /

K
R

n


  
 .                                   (2.3.14) 

 

miRebuli milsadenebis radiusis saangariSo 

damokidebulebis mixedviT sawyisi Zvris winaaRmdegobis 

Sesabamisi eqvivalenturi radiusi SeiZleba gansazRvruli iqnas 

Semdegi damokidebulebebiT.  

 

roca cnobilia filtraciis koeficienti:  

 

roca 1n              
 

0
0

0

1 0,004 1
1 /

K
r

n

    
    

      
 .                 (2.3.15) 

 

roca 2n          
 

0
0

0

2,55
1 1

1 /

K
r

n






  
    

       

 .               (2.3.16) 

 

wyalJonvadobis koeficientTan kavSirSi:  

 

roca 1n            
 

0 0
0

0

8
1 0,04 1

1 /

K
r

n

   
    

     
 .                         (2.3.17) 

 

roca 2n           
 

0 0
0

0

2,55
1 1

1 /

K
r

n




  
    

      

 .                   (2.3.18) 

 

milsadenSi wylis moZraobis saSualo siCqaris damokidebulebas 

aqvs saxe:   

          
 

2

08 1 /

R K
V

n

 
 

  
 .                                     (2.3.19)  
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radgan milsadenSi wylis Tanabari moZraobis siCqare

V C R   (2.3.16.) damokidebuleba roca 1n   miiRebs saxes: 

                 

3

0
4

08
1

K
C

n

 
 

   
 
 

 .                                      (2.3.20)       

xolo roca 2n       

                 
8

C
C

 
  .                                                 (2.3.21)    

(2.3.20) da (2.3.21) saangariSo damokidebulebiT SeiZleba 

gansazRvruli iqnas siCqaris koeficientis sidide.  

rogorc miRebuli damokidebulebebis analizi gviCvenebs, 

siCqaris koeficienti pirdapirproporciul damokidebulebaSia 

wylis moculobiTi wonis, filtraciis koeficientis, sawyisi da 

sruli gradientis sididesTan, xolo forianobisa da siblantis 

dinamikuri koeficientis gazrdiT igi mcirdeba.  

 

2.4. niadagis tenis regulireba sarwyav  

miwaTmoqmedebaSi 

 

niadagis aqtiur fenaSi wylis moZraobasTan dakavSirebiT 

filtraciul kapilaruli anomaliebis warmoSoba xSirad 

niadagis hidrofizikuri Tvisebebis cvalebadobis mizezi xdeba 

da hidroekologiis erT-erT ZiriTad amocanas warmoadgens. 

zemoT aRniSnulidan gamomdinare, zedapiruli movlenebis 

gaTvaliswineba procesis arsSi SesaZleblobas mogvcems niadagis 

aqtiur fenaSi tenianobis dinamikis SeswavlasTan erTad moxdes 

mikrobiofizikuri procesebis prognozireba. es sakiTxi kidev 

ufro did interess iwvevs mravalkomponentian forovan-

kapilarul Tixa-gruntebSi, romlebic ganasakuTrebuli 

hidrofizikuri procesebiT da anomaliebis farTo speqtriT aris 

warmodgenili. aqedan gamomdinare, hidrogeologiuri saangariSo 

parametrebis, kerZod, niadag-gruntebis forebSi wylis migracia, 
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moZraobis kanonzomiereba da tenis regulireba moiTxovs 

rogorc mTeli rigi hidrofizikuri Tvisebebis cvalebadobis 

kanonzomierebis codnas, aseve reologiuri indeqsis gansazRvras. 

rogorc arsebuli kvlevebi adasturebs, Tixa niadag-

gruntebSi filtaraciuli procesis kanonzomiereba ver Tavsdeba 

niutoniseburi siTxeebisaTvis damaxasiaTebeli kanonis CarCoebSi 

da TavisTavad movlenis fizikuri suraTis asaxvisaTvis ufro 

zogadi modelebis gamoyenebis, kerZod filtraciis siCqaresa da 

hidravlikur qanobs Soris darsis xazovani kanonisagan 

gansxvavebuli modelis gamoyenebis aucileblobaze miuTiTebs 

[61, 62, 63]. 

unda aRiniSnos, rom dRemde arsebuli yvela filtraciuli 

xarjis saangariSo damokidebuleba, kerZod arxebSi, kaSxlebidan, 

zRudarebidan, hidroteqnikur nagebobebis fuZeebidan upiratesad 

filtraciis xazovan kanons emyareba. arsebuli warmodgenebiT 

anomaliuri filtracia emyareba postulats, romlis mixedviT 

siTxes Tavisufal moculobaSi gaaCnia winaaRmdegoba Zvris 

deformaciis mimarT sawyisi gradientis saxiT. 

nakadis moZraobis mimarTulebis marTob sibrTyeSi mxebi 

Zabvebis ganawilebis xazovani kanonidan, r radiusiani “Txevadi 

moris” gverdiT zedapirze moqmedi winaRobis (xaxunis) Zalis da 

tixarebze moqmedi wnevis Zalebis wonasworobis pirobidan 

gamomdinare sawyisi Zvris winaaRmdegobis Zabva SeiZleba 

ganisazRvros ∆𝑂𝐴1𝐵1 da  ∆𝑂𝐴𝐵-s samkuTxedebis  msgavsobis 

safuZvelze [64]:  

 𝜏0 = 𝛾𝑖𝑟. (2.4.1) 

kapilarSi siTxis moZraobasTan xarisxobrivi modelis 

gamoyenebiT, gveqneba: 

 
𝜏 = 𝜏0 + 𝐾 (

𝑑𝑢

𝑑𝑦
)

𝑛

. 
(2.4.2) 

mxebi Zabvis vertikalze ganawilebis Sesabamisad, SegviZlia 

davweroT: 
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𝛾(𝑅 − 𝑦 − 𝑟) = 𝐾 (

𝑑𝑢

𝑑𝑦
)

𝑛

. 
(2.4.3) 

(2.4.3) gantolebis integrebiT kapilarSi siCqaris vertikalze 

ganawilebas eqneba Semdegi saxe: 

 

𝑉𝑦 = (
𝛾𝑖

𝐾
)

1
𝑛 𝑛

𝑛 + 2
[(𝑅 − 𝑟)

𝑛+1
𝑛 − (𝑅 − 𝑟 − 𝑦)

𝑛+1
𝑛 ]. 

(2.4.4) 

 

roca 𝑦 = 𝑅 − 𝑟, siCqaris maqsimaluri mniSvneloba iqneba: 

 

𝑉𝑚𝑎𝑥 = (
𝛾𝑖

𝐾
)

1
𝑛

(𝑅 − 𝑟)
𝑛+1

𝑛 . (2.4.5) 

 

adgilobrivi siCqaris maqsimalurTan fardoba iqneba: 

 𝑉𝑦

𝑉𝑚𝑎𝑥
= 1 − (1 −

𝑦

𝑅 − 𝑟
)

𝑛+1
𝑛

. 
(2.4.6) 

 

saSualo siCqare kapilarul milSi uwyvetobis pirobidan 

ganisaZRvreba da Semdegi saxe aqvs: 

 

𝑉𝑒𝑣𝑔 =
𝑛

𝑛 + 1
(

𝛾𝑖

𝐾
)

1
𝑛

(𝑅 − 𝑟)
𝑛+1

𝑛 (1 −
𝑛

2𝑛 + 1

𝑅 − 𝑟

𝑅
), (2.4.7) 

sadac: n aris moZraobis indeqsis maCvenebeli; 

 γ _ wylis moculobiTi wona; 

 K _ konsistenciis koeficienti; 

 R _ kapilaris milis radiusi; 

 r _ sveli “moris” radiusi. 

 

(2.4.7) damokidebuleba Sinaarsobriv gansxvavebulia yvela 

sxva analogiuri da kerZod Tixis suspenziebisTvis miRebuli 

damokidebulebebisagan [65]. rogorc (2.4.7) damokidebulebis 

analizi gviCvenebs, aq  erT-erT sirTules moZraobis indeqsis 

maCveneblis gansazRvris sakiTxi warmoadgens, da igi specialuri 

kvlevebis Catarebas saWiroebs.  
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 sakiTxis gadawyvetis mizniT, siCqaris epiuridan 

gamomdinare daSvebis safuZvelze sagradiento SreSi Tu 

ganawilebas aRvwerT parabolis gantolebiT, gveqneba: 

 𝑌 = 𝛼𝑉𝑦.
2 (2.4.8) 

siCqaris epiuris farTobi Semdeg saxes miiRebs: 

 
𝑆 = 𝑉𝑚𝑎𝑥 (1 −

𝑅 − 𝑟

3𝑅
). (2.4.9) 

(2.4.9) da (2.4.7) damokidebulebebis gatolebiT moZraobis 

indeqsis maCvenebeli, roca siCqaris vertikalze ganawilebis 

parabolas saxe aqvs 𝑛 = 1. e.i. roca n-is mniSvneloba utoldeba 1-

s, xdeba araniutonuri siTxis moZraobis Svedov-bingamis blant-

plastikur modelSi gardasaxva. n-is mniSvnelobis 

gaTvaliswinebiT saSualo da maqsimaluri siCqareebis 

formulebSi fardoba 𝑉𝑒𝑣𝑔 𝑉𝑚𝑎𝑥⁄  toli iqneba: 

 𝑉𝑎𝑣𝑔

𝑉𝑚𝑎𝑥
= 1 − 0.33

𝑅 − 𝑟

𝑅
. 

(2.4.10) 

siCqaris xarisxobrivi funqciis saangariSo modelSi, Tu 

gaviTvaliswinebT n-is mniSvnelobas, Sesabamisad saSualo da 

maqsimaluri siCqareTa mniSvnelobebi toli iqneba: 

 
𝑉𝑎𝑣𝑔 =

1

2

𝛾𝑖

𝜇
𝑅2 (1 −

𝑟

𝑅
)

2

(1 −
1

3

𝑅 − 𝑟

𝑅
). 

(2.4.11) 

 
𝑉𝑚𝑎𝑥 =

1

2

𝛾𝑖

𝜇
(𝑅 − 𝑟)2 (1 −

𝑟

𝑅
)

2

. 
(2.4.12) 

cilindruli nimuSis RerZis orTogonalur sibrtyeSi 

ganlagebuli x raodenobis wyalgamtari milebis SemTxvevaSi 

mTliani xarji iqneba: 

 𝑄 = 𝑉𝑎𝑣𝑔𝜋(𝑅 − 𝑟)2𝑥. (2.4.13) 

Tu me-(79) gantolebas SevitanT me-(81)-Si, miviRebT: 

  
𝑄 =

𝜋𝛾𝑖

2𝜇
𝑅2 (1 −

𝑟

𝑅
)

2

(1 −
1

3

𝑅 − 𝑟

𝑅
). 

(2.4.14) 

 

roca kapilarul milSi siCqare filtraciuli siCqaris 

tolia e.i.: 
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𝑉𝐹 =

𝛾𝑖𝑅2

2𝜇
= 𝐾𝐼. 

(2.4.15) 

x milsadenis SemTxvevaSi: 

 
𝑄 = 𝑉𝐹𝜋𝑅2𝑥 (1 −

𝑟

𝑅
)

4

[1 −
1

3

𝑅 − 𝑟

𝑅
]. (2.4.16) 

Tu gaviTvaliswinebT, rom warmodgenili idealuri 

modelis gamoyenebiT filtraciis siCqares saxe aqvs: 

 𝑉𝐹 = 𝐾(𝐼 − 𝐼0), (2.4.17) 

maSin xarji toli iqneba: 

 𝑄 = 𝐾(𝐼 − 𝐼0)𝜔. (2.4.18) 

roca wylis siCqare filtraciis siCqaris tolia 

filtraciis koeficientis saangariSo damokidebuleba miiRebs 

saxes: 

 
𝐾 =

𝛾𝑅2

2𝜇
(1 −

𝑟

𝑅
)

4

(1 −
1

3

𝑅 − 𝑟

𝑅
). 

(2.4.19) 

roca 𝑟 = 0, me-(87) saangariSo damokidebulebas eqneba saxe: 

 
𝐾 = 0.08

𝜌𝑔𝑟2

𝜇
. 

(2.4.20) 

roca 𝑟 = 𝑅, maSin 𝐾 = 0. 

radgan x-s milsadenisTvis xarjs aqvs saxe: 

 
𝑄 = 𝑉𝐹𝜋𝑅2𝑥 (1 −

𝑟

𝑅
) (1 −

1

3

𝑅 − 𝑟

𝑅
). (2.4.21) 

sTu (2.4.18) damokidebulebas gavutolebT (2.4.21)-s fardoba 

sawyis gradientsa da siCqaris gradients Soris toli iqneba: 

 𝐼0

𝐼
= 1 − 𝑛 (1 −

𝑟

𝑅
)

2

(1 −
1

3

𝑅 − 𝑟

𝑅
). (2.4.22) 

miRebuli (2.4.22) saangariSo damokidebulebidan naTlad 

Cans, rom sawyisi gradientis fardoba srul gradientTan 

forianobis funqcias warmoadgens da misi gazrdiT fardoba 

mcirdeba.  
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Tavi III 

 

resursadamzogi teqnologiebis rwyvis reJimze 

gavlenis savele-eqsperimentuli kvleva  

  

3.1. savele kvlevebis Catarebis meTodika 

 

mcenaris zrda ganviTarebis procesSi uamravi Sida da 

gare faqtorTa Soris wyals rogorc erT-erT aucilebel 

komponents prioritetuli mniSvneloba gaaCnia. aqedan 

gamomdinare, rwyvis reJimis optimaluri parametrebis SerCevas 

wylis deficitis pirobebSi gansakuTrebuli mniSvneloba eniWeba 

[66, 67, 68, 69, 70, 71].  

sadisertacio naSromis miznebidan gamomdinare kvlevis 

obieqts warmoadgenda saqarTvelos naxvrad aridul regionSi 

ganlagebuli sasoflo-sameurneo savargulebi.  

sacdel nakveTze gavrcelebulia mdelos yavisferi 

niadagi, romelic xasiaTdeba mZime Tixnari meqanikuri 

SemadgenlobiT da fizikuri Tixis maRali SemcvelobiT (70% 

meti) [72]. 

haeris saSualo mravalwliuri temperatura poligonis 

teritoriaze 110 aRemateba. savegetacio periodis xangrZlivoba 

210 dRes, aqtiur temperaturaTa jami 30000C–s, rac bostneuli 

kulturebis siTboTi uzrunvelyofaze migviTiTebs [73]. 

diRmis sacdeli meurneobis teritoriaze mosuli 

atmosferuli naleqebis raodenoba mcirea da 505 mm-s Seadgens, 

datenianebis koeficienti ivlisi-agvistos TveebSi 0,29 da 0,19 

Seadgens, rac imis maCvenebelia, rom zafxulSi adgili aqvs 

Zlier gvalvas da bostneuli kulturebis mosavlis 

malimitirebel ZiriTad faqtors morwyva warmoadgens.  

vinaidan, wveTuri morwyva rwyvis erT-erTi progresuli 

xerxia mSral klimatur zonaSi baRebis, venaxebis, bostneulisa 
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da farTo rigTaSorisi mindvris kulturebis mosarwyavad, 

amitom, rogorc resursdamzogi teqnologia, Cvens mier 

gamoyenebul iqna Savi polieTilenis afskiT mulCirebis meTodi 

wveTur morwyvasTan erTad romelTa kompleqsurad moqmedebis 

SemTxvevaSi SesaZlebelia niadagis wylis da temperaturis 

reJimebis saimedo regulireba [74]. 

zogadad, wveTur sarwyav sistemaSi, sarwyav milsadenebs 

Soris manZili damokidebulia mcenareTa rigebs Soris manZilze. 

xolo milsadenebis rigebSi 40-50 m-dan 200 metramde SeiZleba 

meryeobdes. sarwyavi milsadenebis diametri 6-20 mm-s Seadgens, 

xolo mwveTebis ganlagebis sixSire niadagis saxezea 

damokidebuli magaliTad TixnarebSi igi 2,0 – 2,5 m-s Seadgens, 

xolo qviSnarebSi 1,2-1,5 m-s mwveTaris xarjis cvlilebis 

diapazoniT 0,9_7,6 /s-T sazRvrebSia moTavsebuli. aseTi xerxiT 

rwyva savegetacio periodSi ganuwyvetliv mimdinareobs, xolo 

sistemis profilaqtikisaTvis Sesvenebebi SeiZleba 

ganxorcieldes 100-200 saaTi muSaobis gasvlis Semdeg.  

qviSnar niadagebSi ufro efeqturia rwyvis warmoeba 

yoveldRiurad an dRegamoSvebiT, xolo Tixa niadagebSi – 

kviraSi orjer. umetes SemTxvevaSi mizanSewonilia 

yoveldRiurad erTxel morwyva. ganuwyveteli rwyvis 

aucilebloba iSviaTia-mxolod gamomSrali niadagis 

gasatenianeblad zRvrul tentevadobamde. wylis miwodeba 

mcenareze zustad unda eTanabrebodes mis mier yoveldRiur 

wyalmoTxovnilebas [75, 76]. 

rwyvis norma da xangrZlivoba, Cveulebriv, ganisazRvreba 

wina dRis an wina xuTdRiuris (kviris) aorTqlebis mixedviT. 

misawodebeli wylis raodenoba Seadgens evapotranspiraciis 

(SesaZlebeli maqsimaluri jamuri aorTqlebis) 60-70%-s, vinaidan 

niadagidan aorTqleba TiTqmis gamoricxulia da wyali 

ZiriTadad transpiraciaze ixarjeba. 
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nax. 3.1.1. wveTuri morwyvis sistemis sqema. 

 

wveTuri morwyvis sistema zogadad Sedgeba Semdegi 

ZiriTadi elementebisagan (nax. 3.1.1.): wyalmimRebi da dawnevis 

Semqmneli kvanZebi, filtri, marTvis pulti, magistraluri 

ganmanawilebeli da sarwyavi milsadenebi, mwveTarebi, rwyvis 

moTxovnilebis gadamwodi, samarTavi armatura, marTvis pultsa 

da samarTav armaturas Soris kavSiris arxebi. 

sistemaSi wylis miwodeba da saWiro dawnevis SeqmnisaTvis 

ufro xSirad gamoiyeneba mcire simZlavris centridanuli 

tumboebi. saWiro dawnevis SemTxvevaSi icvleba 7-28 m-is 

farglenSi. sistema kargad muSaobs dabali dawnevis pirobebSi. 

am SemTxvevaSi SeiZleba gamoyeneba ufro iafi milebisa da did 

diametriani mwveTarebis, romlebic naklebad nagviandeba, magram, 

meore mxriv, dabali dawnevis dros misma mcireodenma cvlilebam 

SeiZleba gamoiwvios mwveTaras xarjis mkveTri cvlileba da 

aqedan gamomdinare, rwyvs teqnikis elementebis Seusabamoba. 

wveTuri rwyvis teqnikis elementebs miekuTvneba: 

gatenianebis kera, gatenianebuli laqa miwis zedapirze, 

gatenianebis konturi, mwveTaras xarji, gatenianebis keraSi 
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wylis miwodebis wertilebis ganlagebis sqema da raodenoba, 

mwveTarebis mier sarwyavi wylis ganawilebis siTanabre, 

mwveTarebis ganlageba sarwyav farTobze, gatenianebis farTobi 

da sxv. 

gatenianebis kera ganisazRvreba gatenianebuli laqis 

sididiT miwis zedapirze da gatenianebis konturis siRrmiT. 

gatenianebis keris forma da zomebi damokidebulia niadagis 

hidrofizikur Tvisebebze, rwyvis wina tenianobaze, miwodebuli 

wylis xarjze, rwyvis xangrZlivobaze, aorTqlebis 

intensivobaze, wylis miwodebis wertilebis ganlagebaze 

gatenianebis keraSi. gatenianebis damaxasiaTebeli konturebi 

naCvenebia naxazze 3.1.2. 

 

 

naxazi 3.1.2. wveTuri morwyvis sistemis sqema. 

1. ganmanawilebeli milsadeni; 

2. sarwyavi milsadeni; 

3. sawveTurebi 

 

wveTuri morwyvis dadebiT mxares warmoadgens: 

 wyliT mcenaris ganuwyveteli momaragebis SesaZlebloba 

moTxovnilerbis Sesabamisad, mniSvnelovani gadaxrebis 

gareSe, rac uzrunvelyofs mcenaris zrda-
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ganviTarebisaTvis saukeTeso wylovan, sahaero, kvebiT da 

mikrobiologiuri reJimebis Seqmnas da mosavlianobis 

gadidebas (20-60%-iT); 

 sarwyavi wylis mniSvnelovani ekonomia - saSualod 50 % da 

wvimebasTan SedarebiT da 2-3-jer zedapirul morwyvasTan 

SedarebiT, daxarjuli wylis erTeulze metad maRali 

mosavlis miRebis SesaZlebloba; 

 niadagis lokaluri gatenianeba mxolod fesvTa sistemis 

gavrcelebis zonaSi, rac aadvilebs mSralad darCenili 

mwkrivTaSorisebis meqanizebul damuSavebas da amasTan 

erTad zRudavs sarevela mcenareebis gavrcelebas; 

 araa aucilebeli farTobis zedapiris moSandakeba da 

SesaZlebelia cicabo ferdobebis morwyva ise, rom eroziis 

saSiSroeba ar iqmneba; 

 rwyvis sruli avtomatizaciis SesaZlebloba; 

 morwyvasTan erTad sasuqebisa da pesticidebis lokalurad 

Setana niadgSi (fertigacia) mcire dozebiT, saWiro 

vadebSi, ganapirobebs maTi kargad SeTvisebas da ekonomias; 

 advilia mowyobilobis eqspluatacia da remonti; 

 araa aucilebeli drenaJi; 

 ara aqvs adgili mcenaris meqanikur dazianebas. 

 

wveTuri morwyvis gamoyeneba pirvel rigSi 

rekomendirebulia Semdeg pirobebSi: 

 rTul reliefian raionebSi (mTian, mTiswina); 

 Zliergamtar niadagebSi (msubuqi meqanikuri Sedgenilobis, 

qviani da a.S.); 

 aridul da naxevrad aridul zonebSi; 

 wylis mwvave deficitian raionebSi; 

 maRalSemosavliani kulturebisTvis - xexilis, venaxis, 

kenkrovnebis, citrusebis da a.S. ZiriTadad mravalwliani 

nargavebisaTvis; 
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 melioraciis xelsayrel miwebze, rodesac damlaSebas ara 

aqvs adgili da sarwyavi wyali araa mniSvnelovnad 

mineralizebuli. 

 

Cvens mier savele kvevebis Casatareblad SerCeuli iqna 

diRmis eqsperimentuli poligoni, romelic 0,06 ha farTobze iyo 

ganlagebuli. 

wveTuri morwyvis sistema Sedgeboda magistraluri, 

ganmanawileblebi da sarwyavi milsadenebisgan. sarwyavi sistemis 

kvebis wyarod gamoyenebuli iyo milsadenSi gamavali xarji.  

sarwyavi qselis gegmaSi ganlagebis mizaniT SerCeuli iqna 

nakveTis adgilmdebareoba da Sesabamisad topografiul 

gadaRebis safuZvelze dadgenili iqna farTobis reliefuri 

pirobebi (nax. 3.1.3), Sesabamisad qselis ganlagebis TvalsazrisiT 

SerCeuli iqna saproeqto kulturebi pamidorisa da nesvis saxiT. 

sarwyavi qseli warmodgenili iyo Cixuri sqemiT  (nax. 3.1.4.) 

xolo magistraluri milsadeni - polieTilenis milebiT. iyo 

warmodgenili. 

sarwyavi wylis optimalurad gamoyenebis mizniT 

eqsperimentuli poligonis farTobis garkveuli nawili 

daTmobili iyo resursmzogi teqnologiebiT niadagis 

polieTilenis afskiT dafarvas, romelTa napirebis fiqsireba 

ZiriTadad niadagis miyriT iyo gaTvaliswinebuli, xolo 

perforacia mis farTobze ganfenis Semdeg aris 

gasaTvaliswinebeli. magistraluri milsadenis sigrZe, romlis 

diametric 50 mm-Seadgenda iyo 100 m-is toli, xolo qanobSi i = 

0,0768. milsadenebi sawveTurebiT, romlis diametric Seadgenda 16 

mm-s sacdel poligonze 12 zoliT iyo warmodgenili L=12. 30=360m-

s milsadenis kedlis sisqe  0,6 mm, xolo sawveTuris xarji Q =1,1 

l/sT. sawveTuris Soris manZili 0,4 m-s TiToeul milsadenze 

ganlagebuli iyo 75 sawveTuri. 
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eqsperimentuli poligonis adgilmdebareobis sqema 
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nax. 
3.1.3. 
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naxazi 3.1.4. 

wveTuri morwyvis sistemis ganlageba 
eqsperimentul poligonze 

 
 

0,20 0,25 

p o m i d o r i 

1,80 

2,30 

3,0 

1,40 

sensorebis ganlageba 

sensorebis ganlageba 

30,0 

n e s v i 

0,25 

0,20 

magistraluri milsadeni d=30mm 

wylis xarjis maregulirebeli saketebi 

ganmanawilebeli milsadenebi d=16mm 

p o m i d o r i 

n e s v i 

10,0 10,0 

sensorebis ganlageba 

sensorebis ganlageba 

8,0 3,0 3,0 4,0 3,0 3,0 

1,40 1,40 1,40 1,40 1,40 1,40 

farTobze pomidoris 
ganlageba L=0,40m  
(wveTovanebs Soris) 

farTobze nesvis 
ganlageba L=0,80m  
(wveTovanebs Soris) 

1,0 8,0 2,0 8,0 1,0 

L 

L 

wyalmzomi 

1,0 

13,5 

1,0 

1,0 

13,5 

nax. 1 
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morwyvis sistemiT aRWurvili iyo 0,06 ha farTobi, 

romelic dayofili iyo 4 nawilad.DTiToeuli nawili Seadgenda 

0,015 pa-s. milebi erTmaneTidan daSorebuli iyo 1,4 m-s manZiliT. 

poligonis mTliani 0,06 ha farTobidan Savi poieTienis afskiT 

mulCirebuli iyo 0,03 ha farTobi, aqedan pomidors ekava 0,015 da 

nesvs 0,015 ha farTobi. kulturebiT aseTive ganlagebas adgili 

hqonda aramulCirebul farTobze.  

kvlevebis miznebisa da amocanebis mixedviT niadagis 

tenianobis gansazRvra xdeba saxnavis fenis sxvadasxva Sreebze an 

fesvTa sistemis ganviTarebis mTel siRrmeze mcenareTa 

ganviTarebis fazebis an agroteqnikuri RonisZiebebis 

ganxorcilebis etapebis mixedviT.  

arsebobs niadagis tenis ganszRvris ramdenime meTodi, 

romelTa Soris sakmaod martivi da xelmisawvdomi woniTi 

meTodia. 

am SemTxvevaSi tenianobis gansasazRvravad niadagis 

nimuSebis aReba velze xdeba specialuri nemsa burRiT, romlis 

meSveobiT aRweven niadagis Sris sasurvel siRrmemde. CaRmavebis 

donis fiqsacia xdeba burRis gare mxareze datanili niSnulebiT. 

amis Semdeg xdeba burRis 1-2 jer datrialeba saaTis isris 

mimarTulebiT da misi amoReba niadagidan masSi moTavsebuli 

niadagiTurT, romelsac aTavseben winaswar awonil WiqaSi, 

axuraven Tavsaxurs da wonian. Tu savele pirobebSi ar aris misi 

awonis saSuelba, maSin igi saswrafoT gadaaqvT laboratoriaSi 

da wonian sasworze 0,01 gr. sizustiT [77, 78]. 

amis Semdeg Wiqas xdian xufs da aTavseben saSrob 

karadaSi gamosaSrobad. gamoSroba xorcieldeba 1050C-ze 

mudmiv wonamde. 

qviSa niadagebis gamoSroba SeiZleba ganxorcieldes 150-

1600C-ze. gamoSrobis xangrZlivoba damokidebulia niadagis 

tenianobasa da saSrob karadaSi arsebul temperaturaze. 

niadagis pirveli awonva xorcieldeba 6 saaTiani 

gamoSrobis Semdeg. risTvisac Wiqebi niadagiT gamoaqvT 
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saSrobi karadidan, axureben saxuravs  da aTavseben 

eqsikatorSi gasaciveblad. rodesac Wiqebi gacivdeba oTaxis 

temperaturamde xdeba maTi awonva. 

Semdeg sakontrolo gaSrobis mizniT isev aTavseben 

saSrob karadaSi. 1-2 saaTis mere xdeba ganmeorebiTi awonva. 

pirvel da meore awonvas Soris masaTa sxvaoba ar unda 

aRematebodes 0,05 grams. 

rodesac damyardeba mudmivi wona awonvis procesi 

wydeba. 

niadagis wylis reJimi didad aris damokidebuli 

niadagis wylovan Tvisebebze: wyalJonvadobaze, wyaltevadobaze 

da wyalawevaze. am maxasiaTeblebis sidide ganisazRvreba 

niadagis meqanikuri da qimiuri SedgenilobiT, misi 

stuqturobiT da simkvriviT. 

niadagis wylovani Tvisebebis Seswavla. rogorc wesi, 

xdeba savele pirobebSi, Tumca kvlevebis Catareba SesaZlebelia 

yril miwaze laboratoriaSi.  

wyalJonvadobis Tviseba, es niadagis is Tvisebaa, romlis 

meSveobiTac igi CaiJonavs da gaatarebs wyals. es procesi or 

nawilad iyofa: SeJonvis faza da filtraciis faza. 

pirvel fazaSi xdeba niadagis Tavisufali forebis 

mimdevrobiTi Sevseba wyliT simZimis Zalis, dawnevis da 

meniskuri Zalebis gavleniT romelic warmoiqmneba dasvelebis 

zRvarze. am procesis siCqare mkveTrad icvleba droSi. 

meore fazaSi dawnevis gradientis gavleniT xdeba wylis 

moZraoba ukve srulad saves forebSi. es procesi mcired 

icvleba droSi. 

wyalJonvadoba ganisazRvreba ori maxasiaTebliT _ 

wylis raodenoba, romelic CaiJoneba niadagis mocemul SreSi 

da dro, romlSic wyali gaedineba niadagis garkveul 

horizontSi. 

rogorc cnobilia, niadagis wylis reJimis 

regulirebisTvis mniSvnelovan niadagur Tvisebas wyaltevadoba 
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warmoadgens. am Tvisebis meSveobiT mas SeuZlia daakavos wylis 

garkveuli raodenoba. ganasxvaveben ramdenime saxis 

wyaltevadobas: sruli wyaltevadoba _ niadagis forebi 

sruladaa Sevsebuli wyliT; kapilaruli wyaltevadoba _ 

niadagis tenianobis is mdgomareobaa, rodesac wyliT aris 

gavsebuli mxolod mcire zomis forebi (kapilarebi); zRvruli 

savele wyaltevadoba _ aris wylis is maqsimaluri raodenoba, 

romlis Sekavebis unari aqvs niadags bunebriv pirobebSi 

gravitaciuli wylis (Tavisufali wyali) mocilebis Semdeg. 

aRsaniSnavia, rom savele pirobebSi, xelsawyoebis arqonis 

dros, niadagis tenianobis gansazRvra SesaZlebelia 

organoleptikuri meTodiT. magram es meTodi gamosadegia 

mxolod maSin, rodesac saWiroa niadagis tenianobis zogadi 

monacemebis gansazRvra, magaliTad niadagis dasamuSaveblad 

optimaluri pirobebis SerCevis dros da a.S. 

am meTodis mixedviT ganisazRvreba niadagis tenianobis 5 

stadia: 

 sveli niadagi _ niadagidan xelSi moWeris dros Jonavs 

wyali; 

 notio niadagi _ niadagis xelSi moWeris dros wyali ar 

Jonavs, magram xelis guli sveldeba, niadagi ganicdis 

deformacias, 1 metri simaRlidan vardnis dros niadagis 

gunda ar iSleba; 

 teniani niadagi _ filtris qaRaldis midebisas igi 

sveldeba, xolo 1 metri simaRlidan vardnis dros niadagis 

gunda iSleba mcire nawilebad; 

 nedli niadagi _ niadagi civia, 1 metri simaRlidan vardnis 

dros igi iSleba msxvil nawilebad, xelebze ar ekvris, 

xolo xelSi mosresvis dros ar imtvereba; 

 mSrali niadagi _ gasresvisas mtveriandeba. 

Cvens SemTxvevaSi niadagis tenianobis gazomva 

xorcieldeboda specialuri sensorebiT, romlebic muSaobs 

eleqtrogamtarobis gazomvis principiT da saSualebas iZleva 
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aRniSnuli maxasiaTeblebis sidideebi gazomil iqnas niadagis 1 

m-mde siRrmeSi winaswar dadgenili da eqsperimentisTvis 

SerCeuli optimaluri bijiT.  

 

3.2. sacdeli poligonis niadagebis agroqimiuri 

daxasiaTeba da sasoflo-sameurneo kulturebis 

ganoyierebis sistema wveTuri morwyvis dros 

  

Cvens mier diRmis sacdeli poligonis mdelos yavisferi 

niadagis agroqimiuri daxasiaTebisaTvis aRebuli iqna niadagis 

Sereuli nimuSebi 0-20 da 20-40 sm-is siRrmeze, romlebSic 

Catarda laboratoriuli gansazRvrebebi. analizis Sedegebi 

mocemulia cxrilSi # 3.2.1.  

 

diRmis sacdeli poligonis mdelos yavisferi niadagis 

agroqimiuri daxasiaTeba. 

  cxrili # 3.2.1. 

N 

ni
mu

S
is

 

#
  siRrme 

sm-iT 

pH wylis 

gamonawurSi 

CaCO3 

% 

hidrolizuri 

azoti 

moZravi 

fosfori 

gacvliTi 

kaliumi 

Mmg-iT 100 gr niadagSi 

1 

2 

0-20 

20-40 

7.45 

7.55 

2.95 

3.9 

6.05 

4.25 

4.5 

1.4 

34.2 

29.8 

 

rogorc cxrili 3.2.1.-dan  Cans, mdelos yavisferi niadagi 

xasiaTdeba susti tute ares reaqciiT.  pH maCvenebeli 0-20 sm-ian 

horizontSi 7.45 c Seadgens, misi raodenoba qveda 20-40 sm-ian 

horizontSi umniSvnelod izrdeba. 

diRmis mdelos yavisferi niadagi hidrolizuri azotis 

Semcvelobis mixedviT mcire uzrunvelyofis kategorias 

miekuTvneba rogorc zeda horizontSi 6.05 mg 100 gr niadagSi ise 

qveda fenaSi 4,25 mf 100 gr niadagSi. aqedan gamomdinare, 

pamidoris mosavlis mTavar malimitirebel elements azoti 

warmoadgens. moZravi fosforis raodenoba am niadagSi 
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gadidebuli raodenobiTaa da 4.5 mg-s aRwevs. qveda horizontSi 

mcire raodenobiTaa 1,5 mg. 100 gr niadagSi. rac Seexeba gacvliT 

kaliums, misi raodenobac gadidebuli SemcvelobiTaa niadagis 

orive fenaSi da Sesabamisad Seadgens 34,2 da 29,8 mg-s 100 gr. 

niadagSi.  

niadagis bonitetis Sefasebis mizniT gaangariSebuli iqna 

sakvebi elementebis SesaTvisebeli formebis maragi, riTac 

dadginda, Tu ra raodenobis pamidoris mosavlis mocema SeuZlia 

ganoyierebis gareSi diRmis mdelos yavisfer niadags. sakvebi 

elementebis SeasTvisebeli formebis maragis gaangariSebis 

Sedegebi motanilia cxrilSi #3.1.2.-Si, saidanac Cans, rom azotis 

SesaTvisebeli formebis raodenoba mdelos yavisfer niadagSi 43 

kg Seadgens, fosforis 31 kg-s, kaliumis 147 kg-s. sasuqebis 

gamoyenebis gareSe niadagSi arsebul azotis marags SeuZlia 15.3 

t pomidoris mocema, fosforis marags 31 t pomidoris, kaliums 

33 tonis.  

Tu gavaanalizebT cxril # 3.2.2.-Si moyvanil monacemebs, 

diRmis mdelos yavisfer niadagSi arsebuli azotis maragiT 4,5- 

jer dabali mosavali miiReba dagegmil 80 tonasTan SedarebiT. 

fosforis da kaliumis maragiT 2,4-jer naklebi pamidoris 

mosavali miiReba. riTac erTxel kidev dasturdeba pomidoris 

maRali mosavlis misaRebad sasuqebis gamoyenebis aucilebloba.  

sasuqebisa da sarwyavi wylis erToblivi normirebuli 

gamoyeneba maRali da xarisxiani sasoflo-sameurneo kulturebis 

moyvanis pirobebis optimizaciis organizacul, teqnologiur da 

ekologiur safuZvels warmoadgens da mis realizebas sxvadasxva 

morwyvis sistemebis gamoyeneba SeiZleba daedos safuZvlad. 

amasTan, sistema irigacia-fertigacia saSualebas iZleva Setanil 

iqnas azotis, kaliumis da sxva elemntebis dabalansebuli 

raodenoba mcenreTa zrda-ganviTarebis fazebis gaTvaliswinebiT 

da daregulirebul iyos optimaluri niadagis tenianoba [79, 80].  
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sakvebi elementebis SesaTvisebeli formebis maragi diRmis 

sacdeli poligonis mdelos yavisfer niadagSi 

cxrili # 3.2.2. 

# 
adgilmdeba-

reoba, 
niadagis tipi 

s
iR

r
me
 s

m-
iT

 

hi
d
r
o
l
iz

u
r
i 

az
o
t
i 

po
mi
d
o
r
is

 
S
es

aZ
l
o
 m
o
s
av
al

i 
t
-i
T
. 

 

mo
Zr

av
i 
f
o
s
- 

f
o
r
i 

po
mi
d
o
r
is

 
S
es

aZ
l
o
 m
o
s
av
a 

l
i 

c
-i
T
 

g
ac

vl
iT

i 
ka
l
iu

mi
 

po
mi
d
o
r
is

 
S
es

aZ
l
o
 m
o
s
av
al

i 
c
-i
T
 

2 yulari 0-20 49 17.5 31 31.0 147 33.0 

 

sasuqebis xsnaris miwodeba, sarwav wyalTan erTad, iwvevs 

mis SedarebiT Tanabar ganawilebas dasatenianebel teritoriaze. 

amasTan, fertigaciis dros wylis miwodeba xdeba uSualod 

fesvTa sistemaSi, rac Tavis mxriv, iwvevs sarwyavi wylis 

mniSvnelovan ekonomias da aRmofxvravs qimiuri nivTierebebis 

farTo teritoriaze gavrcelebis risks. 

aRsaniSnavia, rom sufTa wyalTan sasuqebis SereviT 

matulobs wylis koncentracia, rac Tavis mxriv gavlenas axdens 

rogorc rwyvis normebze, agreTve sistemis parametrebze.  

pomidori yvelaze maRal moTxovnilebas ayenebs fosforiT 

kvebaze. gadidebul moTxovnilebas azotze da kaliumze. 

rogorc cnobilia, pomidoris mier niadagidan sakvebi 

elementebis gamotana didi ar aris da damokidebulia niadagis 

nayofierebaze, mosavlis doneze, klimatur pirobebze, 

gamoyenebuli sasuqebis formebze, normebze, Setanis vadebze da 

sxva. mis erT centrs saSualod gamoaqvs 0,28kg N, 0,10 kg  P2O5   da 

0,4 kg  K2O.  

gamotanili sakvebi elementebis kompensireba SesaZlebelia 

mxolod organuli da mineraluri da sasuqebis racionaluri 

gamoyenebiT. 

pomidoris qveS Sesatani sakvebi elementebis normebic 

cvalebadobs niadagis nayofierebis, mosavlis da 
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agroteqnologiuri RonisZiebis donis, niadagur-klimaturi 

pirobebis mixedviT.  

Cvens mier gaangariSebuli wveTuri morwyvis dros saWiro 

sakvebi elementebis normebi da sasuqebis fizikuri wonebi 

mdelos yavisfer niadagze pomidoris – 80t mosavlis dagegmisas 

mocemulia cxrilebSi # 3.2.3., 3.2.4., 3.2.5., 3.2.6., 3.2.7.     
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wveTuri kvebis dros saWiro sakvebi elementebis normebi da sasuqebis fizikuri wonebi mdelos yavisfer niadagze 

pomidoris – 80t mosavlis dagegmisas diamofoskas Setanisas 

cxrili # 3.2.3. 

 

# 

sakvebi elementebis 

normebi 

m i n e r a l u r i   s a s u q e b i  kg/ha 

ZiriTadi ganoyiereba gamokveba 

xvnis 

win 
dargvis win Rrma kultivaciis dros  I II III IV 

N 

 

P2O5 

mona 

ceme 

biT 

K2O 
nakeli 

t-iT 

diamo 

foska 

N-10 

P-26 

K-26 

 

darCenili 

20kg 

fosforis 

Sesatanad 

saWiro 

amfosi 

diamo 

foskiT 

da 

amfosiT 

Setanili 

N 

 

ramdeni kg 

azotia 

Setanili 

 

N 

Aamoniumis gvarjila  

N 

Aamoniumis 

gvarjila 

1 185 170 150 50 
150 

577 
20 

40 
58+2=60 185-60-80=45 132 

20 

59 

20 

59 

20 

59 

20 

59 

 

mricxvelSi sakvebi elementebis normebi 

mniSvnelSi sasuqis fizikuri wonebi 
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wveTuri kvebis dros saWiro sakvebi elementebis normebi da sasuqebis fizikuri wonebi mdelos yavisfer niadagze 

pomidoris – 80t mosavlis dagegmisas diamofoskas Setanisas 

cxrili # 3.2.4. 

 

# 

sakvebi elementebis 

normebi 

m i n e r a l u r i   s a s u q e b i  kg/ha 

ZiriTadi ganoyiereba gamokveba 

xvnis 

win 
dargvis win Rrma kultivaciis dros  I II III IV 

N 

 

P2O5 

mona 

ceme 

biT 

K2O 

 

 

 

nakeli 

t-iT 

diamo 

foska 

N-10 

P-26 

K-26 

 

darCenili 

20kg 

Fosforis 

Sesatanad 

saWiro 

ormagi 

super 

fosfati 

 

diamo 

foskiT 

Setanili 

N 

 

  

 

N 

Aamoniumis gvarjila 

 

N 

A 

amoniumis 

gvarjila 

1 185 170 150 50 
150 

577 

20 

48 
58 185-58-80=47 138 

20 

59 

20 

59 

20 

59 

20 

59 

 

mricxvelSi sakvebi elementebis normebi 

mniSvnelSi sasuqis fizikuri wonebi 
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wveTuri kvebis dros saWiro sakvebi elementebis normebi da sasuqebis fizikuri wonebi mdelos yavisfer niadagze 

pomidoris – 80t mosavlis dagegmisas (martiv sasuqebze gadaangariSebiT) 

cxrili # 3.2.5. 

 

 

# 

o
r
g
an
u
l
i 

t
/h
a 
x
vn
is

 w
in

 

sasuqis norma kg/ha s a s u q i s  d o z a  kg/ha 

 

mineraluri 

ZiriTadi ganoyiereba gamokveba 

  amoniumis gvarjila 

xvnis win 
Tesvis 

win 
    

N 

amoni 

umis 

gvar 

jila 

orma 

gi 

super 

 

kali 

umis 

qlo 

ridi 

 

 

orma 

gi 

fosf 

ati 

kaliumis 

qloridi 

 

N 

amoniumis 

gvar                           

jila 

 

I 

gam. 

 

II 

gam. 

 

III 

gam. 

 

IV 

gam. 

2 50 
185 

544 

170 

404 
150 

268 404 268 
105 

309 
20 

59 

20 

59 

20 

59 

20 

59 

 

mricxvelSi sakvebi elementebis normebi 

mniSvnelSi sasuqis fizikuri wonebi 
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wveTuri kvebis dros saWiro sakvebi elementebis normebi da sasuqebis fizikuri wonebi mdelos yavisfer niadagze 

pomidoris – 80t mosavlis dagegmisas amfosis Setanisas 

cxrili # 3.2.6. 

 

# 

sakvebi elementebis 

normebi 

m i n e r a l u r i   s a s u q e b i  kg/ha 

Z i r i T a d i   g a n o y i e r e b a gamokveba 

xvnis win dargvis w i n a   R r m a kultivaciis dros I II III IV 

N 

 

P2O5 

mona 

ceme 

biT 

K2O 

 

nakel

i 

t-iT 

K2O 

kali 

umis 

qlo 

ridi 

 

amo 

fosi 

N-11 

P-50 

 

amo 

fosi 

N-11 

P-50 

 

amofo 

siT 

Setani 

li 

N 

dasamate 

beli 

azotis 

raodeno 

ba 

amonium

is 

gvarji

la 

 

N 

Aamoniumis gvarjila 

1 185 170 150 50 150 

268 
170 

340 

170 

340 64.6 40.4 119 
20 

59 

20 

59 

20 

59 

20 

59 

 

mricxvelSi sakvebi elementebis normebi 

mniSvnelSi sasuqis fizikuri wonebi 

 



83 
 

wveTuri kvebis dros saWiro sakvebi elementebis normebi da sasuqebis fizikuri wonebi mdelos yavisfer niadagze 

pomidoris – 80t mosavlis dagegmisas diamofosis Setanisas 

cxrili # 3.2.7. 

 

# 

sakvebi elementebis 

normebi 

m i n e r a l u r i   s a s u q e b i  kg/ha 

Z i r i T a d i   g a n o y i e r e b a gamokveba 

xvnis win dargvis w i n a   R r m a kultivaciis dros I II III IV 

N 

 

P2O5 

mona 

ceme 

biT 

K2O 

 

nakel

i 

t-iT 

K2O 

kali 

umis 

qlo 

ridi 

 

diamo 

fosi 

N-19 

P-50 

 

amo 

fosi 

N-11 

P-50 

 

diamof

o 

siT 

Setani 

li 

N 

N  

 
 

N 

Aamoniumis gvarjila 

 

N 

 

amonium

is 

gvarji

la 

1 185 170 150 50 150 

268 
170 

340 

170 

340 64.6 40.4 119 
20 

59 

20 

59 

20 

59 

20 

59 

 

mricxvelSi sakvebi elementebis normebi 

mniSvnelSi sasuqis fizikuri wonebi 
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nakelis da ZiriTadi sakvebi elementebis normebi pamidoris 

kulturisaTvis diRmis sacdeli poligonis mdelos yavisferi niadagze 

80 t pomidoris mosavlis dagegmisas 

cxrili # 3.2.8 

 

niadagis tipi 

dagegmili 

mosavali 

t/ha 

ZiriTadi sakvebi 

elementebis normebi 

kg-ha 

nakeli an 

komposti 

sargav 

kvalSi 

t/ha 
N P2O5 K2O 

diRomi. mdelos 

yavisferi  

niadagi 

80 185 170 150 50 

 

cxrilSi # 3.2.8. mocemulia pomidoris qveS Sesatani 

nakelisa da ZiriTadi sakvebi elementebis normebi.  

 

3.3. savele kvlevebis Sedegebi da analizi 

 

Cvens mier Catarebuli savele kvlevebi miznad isaxavda 

programuli mosavlis miRebis maqsimaluri saimedoobis da 

ekologiuri wonasworobis maqsimaluri SenarCunebis 

gaTvaliswinebiT, resursdamzogi teqnologiebis gamoyenebis 

pirobebSi, Seqmniliyo rwyvis reJimis optimaluri marTvis 

integrirebuli modeli, romelic asaxavs meliorirebadi miwebis 

sruli gajerebisa da aeraciis zonaSi mimdinare yvela process.  

aRniSnuli miznis realizaciisTvis sacdel poligonze 

Catrebul iqna Semdegi samuSaoebi: 

 poligonis topografiuli rukis da generaluri gegmis 

Sedgena (nax. # 3.1.1. da 3.1.2); 

 poligonis sarwyavi wyliT uzrunvelyofa, wyalmimRebis 

mowyoba; 

 poligonis mowyoba resursdamzogi teqnologiebiT. kerZod, 

Savi polieTilenis mulCisa da wveTuri morwyvis sistemis 

parametrebis SerCeva da montaJi (sur. # 3.3.1. da 3.3.2); 
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 sasoflo-sameurneo kulturebis SerCeva – SerCeuli iqna 

pomidori da nesvi (sur. # 3.3.3 da 3.3.4);  

 agroteqnikuri RonisZiebebis Catareba; 

 klimaturi pirobebis (haeris temperatura, tenianoba da 

sxv.) Seswavla. 

 niadagis fizikuri, meqanikuri, qimiuri da wylovani 

Tvisebebis kompleqsuri Seswavla; 

 niadagis tenianobis dinamikis suraTis dadgena; 

 niadagis fizikuri da meqanikuri Tvisebebis tenianobasTan 

kavSiris dadgena; 

 jamuri wyalmoxmarebis (evapotranspiraciis) gansazRvra 

bioklimaturi meTodiT; bioklimaturi koeficientis 

gansazRvra vegetaciis mTeli periodisTvis (cxrili # 3.3.1, 

3.3.2. nax. # 3.3.1., 3.3.2, 3.3.3., 3.3.4.); 

 agroklimaturi maxasiTeblebis (aorTqlebis foni amindis 

cvalebadobasTan kavSirSi da sxv.) gansazRvra; 

 miRebuli eqsperimentuli Sedegebis Sejereba da rwyvis 

reJimis parametrebis dazusteba; 

 

 

sur. # 3.3.1. wveTuri morwyvis sistema. 
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sur. # 3.3.2 da 3.3.3 mulCireba Savi polieTilenis afskiT. 
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sur. # 3.3.4 da 3.3.5. SerCeuli kulturebi – pomidori da nesvi 

(sacdeli poligoni 2011 weli). 
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evapotranspiraciis cxrili savegetacio periodisTvis  

(pomidori) 

cxrili # 3.3.1 

pomidori 

wveTuri morwyva 
wveTuri morwyva da 

mulCireba 

დღეები ET0 Kc ETc დღეები ET0 Kc ETc 

118 3,0 1,0 3,0 118 3,0 0,1 0,4 
128 3,3 1,1 3,6 128 3,3 0,2 0,5 
138 3,8 0,7 2,7 138 3,8 0,2 0,6 
148 3,8 0,8 3,3 148 3,8 0,2 0,7 
158 4,7 0,9 4,1 158 4,7 0,4 2,0 
168 4,9 0,9 4,4 168 4,9 0,7 3,4 
178 4,7 1,0 4,9 178 4,7 0,9 4,4 
188 5,5 1,1 6,2 188 5,5 1,0 5,6 
198 5,0 1,1 5,8 198 5,0 1,0 5,0 
208 4,2 1,2 4,8 208 4,2 1,0 4,2 
218 3,7 1,2 4,3 218 3,7 1,0 3,7 
228 3,7 1,1 4,2 228 3,7 1,0 3,7 
238 3,5 1,1 4,0 238 3,5 0,9 3,3 
248 3,2 1,1 3,6 248 3,2 0,9 2,8 
258 2,8 0,9 2,7 258 2,8 0,8 2,2 

 

 

nax. # 3.3.1. 𝑬𝑻𝒄 = 𝒇(𝒕) damokidebulebis grafikebi (pomidori). 
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wveTuri morwyva mulCireba
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nax. # 3.3.2. 𝑲𝒄 = 𝒇(𝒕) damokidebulebis grafikebi (pomidori). 

 

evapotranspiraciis cxrili savegetacio periodisTvis  

(nesvi) 

cxrili # 3.3.2 

 nesvi 

wveTuri morwyva 
wveTuri morwyva da 

mulCireba 

დღეები ET0 Kc ETc დღეები ET0 Kc ETc 

138 3,8 0,7 2,7 138 3,8 0,2 0,6 

148 3,8 0,8 3,3 148 3,8 0,2 0,6 

158 4,7 0,8 3,7 158 4,7 0,2 0,8 

168 4,9 0,8 3,9 168 4,9 0,4 2,0 

178 4,7 0,9 4,3 178 4,7 0,6 3,1 

188 5,5 1,0 5,6 188 5,5 0,9 4,9 

198 5,0 1,1 5,4 198 5,0 0,9 4,6 

208 4,2 1,1 4,4 208 4,2 0,9 3,8 

218 3,7 1,1 4,2 218 3,7 0,9 3,4 

228 3,7 1,1 3,9 228 3,7 0,9 3,4 

238 3,5 1,0 3,7 238 3,5 0,9 3,1 

248 3,2 0,8 2,6 248 3,2 0,8 2,5 
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nax. # 3.3.3. 𝑬𝑻𝒄 = 𝒇(𝒕) damokidebulebis grafikebi (nesvi). 

 

nax. # 3.3.4. 𝑲𝒄 = 𝒇(𝒕) damokidebulebis grafikebi (nesvi). 
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nax. # 3.3.5. 𝑲𝒄𝒃 = 𝒇(𝒕) damokidebulebis grafikebi  

(Ria niadagisTvis, pomidori) 

 

 

nax. # 3.3.6. 𝑲𝒄𝒃 = 𝒇(𝒕) damokidebulebis grafikebi  

(mulCirebuli niadagisTvis, pomidori) 
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nax. # 3.3.7. 𝑲𝒄𝒃 = 𝒇(𝒕) damokidebulebis grafikebi  

(Ria niadagisTvis, nesvi) 

 

Catarebuli eqsperimentaluri kvlevebisa da Sesabamisi 

cxrilebisa da grafikebis analizis safuZvelze vRebulobT, rom 

pomidoris SemTxvevaSi savegetacio periodSi ETc-is saSualo 

mniSvneloba 4.04 mm-s Seadgens Ria gruntis SemTxvevaSi, 

polieTileniT mulCirebis dros ki igi 2.83 mm-is tolia, rac 29.4 

% naklebia.  

gamomdinare aqedan SegviZlia davaskvnaT, rom pomidoris 

gegmiuri mosavlis misaRebad mulCirebis gamoyenebiT sarwyavi 

wylis ekonomia, da Sesabamisad morwyvis normis Semcireba mTeli 

vegetaciis periodSi daaxloebiT 30 %-s Seadgens.  

nesvis SemTxvevaSi savegetacio periodSi ETc-is saSualo 

mniSvneloba 3.98 mm-s Seadgens Ria gruntis SemTxvevaSi, 

polieTileniT mulCirebis dros ki igi 2.73 mm-is tolia, rac 31.4 

% naklebia.  
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Sesabamisad nesvis gegmiuri mosavlis misaRebad mulCirebis 

gamoyenebiT sarwyavi wylis ekonomia, da Sesabamisad morwyvis 

normis Semcireba mTeli vegetaciis periodSi daaxloebiT 31 %-s 

Seadgens.  
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zogadi daskvnebi 

 

naSromSi warmodgenili Teoriuli da eqsperimentuli 

kvlevebis Sedegebis kritikuli analizis safuZvelze SeiZleba 

gavakeToT Semdegi daskvnebi: 

 niadagSi tenis moZraobis saangariSo sqemisa da Teoriuli 

kvlevebis safuZvelze miRebulia niadagis aqtiuri 

forianobis optimaluri mniSvnelobebis saangariSo 

damokidebuleba;  

 gansazRvrulia niadag-gruntebSi tenis gadaadgilebis 

siCqare mulCirebisa da Ria gruntis pirobebSi; 

 miRebulia filtraciis siCqaris winaaRmdegobis 

koeficientis saangariSo damokidebuleba forianobis 

gaTvaliswinebiT; 

 gansazRvrulia filtraciis sCqaris sawyisi gradientisa da 

sruli gradientis forianobasTan funqcionaluri kavSiri, 

ris safuZvelzec SesaZlebelia niadagis tenianobis 

regulireba sarwyav miwaTmoqmedebaSi da rwyvis 

optimaluri reJimebis dadgena; 

 miRebulia morwyvis normis saangariSo damokidebuleba 

niadag-gruntebis fiziko-meqanikuri maxasiaTeblebis 

gaTvaliswnebiT; 

 wveTuri morwyvis SemTxvevaSi Sedarebulia mulCirebuli 

da aramulCirebuli niadagebisTvis miRebuli rwyvis 

normebi;  

 miRebuli klimaturi da niadaguri monacemTa analizis 

safuZvelze SemuSaveblia sasoflo-sameurneo kulturebis 

rwyvis optimaluri reJimebi niadag-gruntebis filtraciisa 

da evapotranspiraciis gaTvalisiwinebiT. 
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