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angariSis reziume 

aRmosavleT saqarTvelos aqtiuri zemoqmedebis regionebis ekosistemebSi mZime 

liTonebis fonuri koncentraciebis gansazRvra da urbanizaciis centrebSi 

ekologiuri mdgomareobis Sefaseba ricxviTi modelirebiTa   da naturuli 

dakvirvebis saSualebiT 

 Temis programiT gaTvaliswinebuli yvela samuSao Sesrulebulia. 

      angariSSi aRmosavleT saqarTveloSi setyvis Rrublebze aqtiuri zemoqmedebis 

samuSaoebis ganaxlebasTan dakavSirebiT Seswavlilia am regionis niadagebsa da 

zedapirul wylebSi zogierTi mZime liTonis (Cu, Pb, Ag) Semcvelobebi. dadgenilia, rom 

mZime liTonebis Semcveloba wyalsacavebis wylebSi normis farglebSia da dabinZurebas 

adgili ar aqvs. niadagebSi spilenZis da tyviis Semcvelobebi zeda 0-10 sm-ian niadagis 

fenaSi gacilebiT maRalia qveda-10-20 sm fenasTan SedarebiT da xSirad aRemateba 

klarkis Sesabamis mniSvnelobebs. vercxlis Semcveloba ki dabalia  da meryeobs meaTedi 

da measedi  mg/kg farglebSi. 

        damuSavebulia aRmosavleT saqarTvelos centralur nawilSi  atmosferuli 

procesebis evoluciisa da mtvris gavrcelebis maTematikuri modeli. ganxilulia 4 

meteorologiuri situacia: fonuri stacionaluri aRmosavleTis, dasavleTis, 

CrdiloeTisa da samxreTis qarebis SemTxvevebi. dadgenilia, rom mtveri 

koncentrirebulia uSualod dabinZurebis punqtis midamoebSi.  

qalaqebidan atmosferoSi moxvedrili mtvris sivrcul ganawilebaze garkveul 

gavlenas axdens haeris dinebisa da turbulentobis droSi cvlileba. haerSi mtveri 

vrceldeba regionis did nawilze. miuxedavad amisa, 0.1  saSualo dReRamuri zdk-ze 

meti koncentracia miiReba mxolod qq. Tbilisisa da rusTavis uSualo siaxloves. 

mtvris gavrcelebis vertikaluri are SemosazRvrulia atmosferos sasazRvro feniT, 

mis zeviT Tavisufal atmosferoSi damtverianeba miRebulia calkeuli laqebis saxiT. 

 

Report Summary 

Determination of background concentrations of heavy metals in ecosystems and estimation the ecological 

state in the urbanization centers using numerical modeling and natural observations in the regions of 

active impacts of East Georgia 

             All activites envisaged by the program was performed. 

Report reveals in connection with the resumption of work of active exposure to hail clouds in Eastern 

Georgia the content of some heavy metals (Cu, Pb, Ag) in the soils and surface waters of this region was studied. 

It was established that the content of heavy metals in the waters of water bodies is within normal limits. The 

content of copper and lead in soils is much higher in the 0-10 cm layer than in the 10-20 cm and often exceeds the 

value of the corresponding clarke. Silver content is low and it ranges between tenth and hundredths (mg/kg). 

 A mathematical model of the evolution of atmospheric processes and the spread of dust is processed in 

the central part of Eastern Georgia. Four meteorological situations are discussed: background stationary east, 

west, north and south winds cases. It was found that dust is concentrated in the area of the contamination point 

itself. 

 The spatial distribution of urban dust in the atmosphere is influenced to a certain extent by the change in 

time of air flows and turbulence. In the air, dust spreads over a large part of the region. Nevertheless, dust 

concentrations of more than 0.1 of the MPC were obtained only in the vicinity of the cities - Tbilisi and Rustavi. 

The vertical area of dust distribution is limited by the boundary layer of the atmosphere, above it in the free 

atmosphere dust content is obtained only in the form of individual spots. 



3 
 

Резюме  отчета 

Определение фоновых концентраций тяжелых металлов в экосистемах районов активных 

воздействий  и оценка экологического состояния в центрах урбанизации путем численного 

моделирования и натурных наблюдений 

  Все  работы, предусмотренные программой темы, выполнены в польном объеме. 

В  научном   отчете   в связи с возобновлением  работ  активных  воздействий  на  градовые облака 

в Восточной Грузии, изучено  содержание некоторых  тяжелых  металлов (Cu, Pb, Ag)  в почвах и 

поверхностных водах этого региона. Установлено, что содержание тяжелых металлов в водах водоемов 

находится в пределах нормы.  Содержание меди и свинца в 0-10 см слое почвы  значительно выше, чем в 

10-20 см-ом, и  часто превышает  значение соответствующего  кларка. Содержание  серебра 

незначительно и колеблется  в  пределах десятичной  и сотовой доли  мг / кг. 

Разработана математическая модель эволюции атмосферных  процессов и распространения пыли в 

центральной части Восточной Грузии.  Рассмотрены 4 метеорологические ситуации: случаи  фоновых  

стационарных  восточных, западных, северных  и  южных  ветров. Выяснилось, что пыль 

сконцентрирована непосредственно  в области источника загрязнения. Пространственное распределение 

городской пыли в атмосфере в определенной степени зависит от изменения во времени воздушных 

потоков и турбулентности.  В воздухе пыль распространяется на большую часть региона. Несмотря на 

это, концентрации пыли более 0,1 ПДК были получены только в окрестностях городов Тбилиси и 

Рустави. Вертикальная область распространения пыли ограничена пограничным слоем атмосферы, над 

ним в свободной атмосфере запыленность наблюдается только в виде отдельных пятен. 
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eferati 

 

angariSi Seicavs:  105  gverds,  30 cxrils,  79 naxazs,  80 literaturul wyaros. 

 

sakvanZo sityvebi: fonuri  koncentracia, mZime liTonebi, niadagebi, zedapiruli 

wylebi, ricxviTi integrireba, sinoptikuri situacia, mtveri, adveqtiuri da 

adveqciuri gadatana.   

 
      kaxeTis regionSi setyvis Rrublebze aqtiuri zemoqmedebis samuSaoebis 
ganaxlebasTan dakavSirebiT garemos obieqtebSi (niadagi, zedapiruli wylebi) 
gansazRvrulia mZime metalebis da zogierTi damabinZurebeli ingredientis 
koncentraciebi. Ddadgenilia, rom gruntis wylebi xasiaTdeba  maRali 
mineralizaciiT. aRiniSneba mTavari ionebis maRali Semcveloba. xelovnur  
wyalsacavebSi ki mxolod amoniumis ionis Semcveloba aRemateba zRvrulad dasaSveb 
koncentracias; mikrobiologiuri TvalsazrisiT sasoflo-sameurneo Camonadeni 

dabinZurebulia E-coli-iT. mZime liTonebis (Cu, Pb, Ag) koncentracia ki umniSvneloa da 
mxolod zogjer aRwevs an mcired aRemateba Sesabamisi zdk-s mniSvnelobas. 
gansakuTrebiT dabalia vercxlis ionis Semcveloba, rogorc zedapirul wylebSi, 
aseve niadagSi. 

 Mmodelirebuli da Seswavlilia Sida da qvemo qarTlis, samcxe-javaxeTis da 
mcxeTa-mTianeTis regionebSi atmosferuli procesebis ganviTareba da qalaqebSi 
arsebuli mtvrianobis gavrceleba zafxulis sezonSi. Gganxilulia 4 
meteorologiuri situacia: fonuri stacionaluri dasavleTis, aRmosavleTis, 
CrdiloeTis da samxreTis qarebis SemTxvevebi. Mmodelirebisas daSvebulia, rom 
qalaqebis teritoriaze 2 metris simaRleze koncentraciis mniSvnelobebi mudmivia da 
sididiT tolia saSualo wliuri mniSvnelobis. dadgenilia, rom mtveri 
koncentrirdeba uSualod dabinZurebis punqtis midamoebSi da dasaxlebuli punqtidan 
horizontaluri mimarTulebi; haerSi mtveri vrceldeba regionis did nawilze,  
dabinZurebis punqtidan 2 – 4 km manZilze misi koncentracia daaxloebiT 10 jer 
mcirdeba, xolo ufro daSorebiT 20 - 30 km manZilze koncentracia daaxloebiT 102 -

103 jer aris Semcirebuli. მიუხედავად ამისა 0.1 zdk-ze meti koncentracia miRebulia 
mxolod qq. Tbilisisa da rusTavis siaxloves. Catarebulma kvlevebma pasuxi gasca 
aRmosavleT saqarTvelos  meteorologiis mraval sakiTxs. amasTan wamoaCina 
sakiTxebi, romlebic moiTxoven Sedgom dazustebasa da gaumjobesobas.  
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SemsrulebelTa sia 

 

pasuxismgebeli Semsrulebeli: saxeli, gvari xelismowera 

mTavari mecnieri TanamSromeli,                            

fiz.maT. mecnierebaTa doqtori                               
aleqsandre  surmava 

 

mTavari mecnieri TanamSromeli, 

qimiis akademiuri doqtori 
nugzar buaCiZe 

 

mTavari mecnieri TanamSromeli,                            

sof/meurn akademiuri doqtori                             
lali SavliaSvili 

 

Semsruleblebi: 

1 
mTavari mecnieri TanamSromeli,                           

geografiis akademiuri doqtori                       
naTela ZebisaSvili 

 

2 
ufrosi mecnieri TanamSromeli,                            

geografiis akademiuri doqtori                        
nazibrola beglaraSvili 

 

3 
ufrosi mecnieri TanamSromeli,                         

geografiis akademiuri doqtori                        
mariam tabataZe 

 

4 
mecnieri TanamSromeli, 

qimiis akademiuri doqtori 
gulCina kuWava 

 

5 

 

mecnieri TanamSromeli,  

fiz.maT. akad. Doqtori  
giorgi korZaxia 

 

6 mecnieri TanamSromeli                                    ekaterine SublaZe  

7 mecnieri TanamSromeli                                    sofio mdivani  

8 
mecnieri TanamSromeli, 

geografiis akademiuri doqtori                                    
manana kaiSauri 

 

9 
mecnieri TanamSromeli,  

qimiis akademiuri doqtori                                    
naTia gigauri 

 

10 wamyvani iნJineri                                        merab xatiaSvili  

11 wamyvani iნJineri                                        ana giorgiSvili  
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Tavi I.  Sesavali 

 

Eekologiur problemebTan erTad dRes meurne adamians uaRresad did zians 

ayenebs stiqiuri movlenebi, romelTagan setyva erT-erTi yvelaze veragi mteria 

saqarTvelos soflis meurneobisaTvis. 25-wliani iZulebiTi Sesvenebis Semdeg 2015 

wlis gazafxulidan saqarTveloSi amuSavda Rrublebze aqtiuri zemoqmedebis 

samsaxuri, romelsac amJamad samxedro samecniero-teqnikuri centri “delta” 

xelmZRvanelobs. moqmedebis principia setyvis Rrublebze saraketo sistemiT 

zemoqmedeba. raketebSi ganTavsebulia reagenti vercxlis iodidi, romlis gafrqveva 

startidan me-7 wm-ze iwyeba. startidan 41-e wm-ze ki raketa TviTlikvidacias ganicdis. 

Bbunebrivia, ismis kiTxva: ramdenad saSiSia adamianis janmrTelobisa da garemosaTvis 

raketidan gafrqveuli reagenti?Aan ramdenad aucilebelia am samsaxuris amoqmedeba. 

swored am problemas, konkretulad ki aRmosavleT saqarTvelos ekosistemebSi 

(niadagi, zedapiruli wylebi) mZime liTonebis koncentraciebis gansazRvras exeba 

warmodgenili samecniero proeqti. kvleva dawyebulia 2014 wlidan. winamdebare 

angariSi warmoadgens am kvlevebis me-2 nawils (pirveli nawili dasrulda 2016 wels). 

miRebuli Sedegebi SeiZleba CaiTvalos aRmosavleT saqarTvelo regionis 

ekosistemebSi (niadagi, wyali) mZime liTonebis fonur koncentraciebad.  

cnobilia, rom atmosferoSi mimdinare procesebi ganapirobeben warmoqmnili 

Sewonili nawilakebisa da mtvris gavrcelebis areals, rac udaod did rols 

asrulebs damaWuWyianebel nivTierebaTa gadatana - daleqvis procesSi.Aam kuTxiT stu 

hidrometeorologiis institutSi Catarebulia kvlevebi, romlebSic kavkasiaSi 

atmosferuli pocesis ganviTarebis regionaluri modelis gamoyenebiT da pasiuri 

minarevis gadatana - difuziis arastacionaluri samganzomilebiani gantolebis 

ricxviTi integrirebiT, Seswavlilia kaxeTis (2014-2016) da Sida qarTlis (2017-2019) 

teritoriebze mtvris gavrceleba oTxi ZiriTadi sinoptikuri situaciisa da 

dabinZurebis stacionaluri wyaroebis SemTxvevebSi. Catarebulia ricxviTi 

eqsperimentebi. Eeqsperimentebis mizani iyo Seswavlil regionebSi gamokvleuliyo  

beta- da gama - mezomasStabis atmosferuli procesebis ganviTarebis 

hidroTermodinamikuri Taviseburebebi da kinematikiT gamowveuli qalaqebSi gabneuli  

mtvris koncentraciis suraTebi.  

 Catarebulma kvlevebma pasuxi gasca Seswavlili regionebis meteorologiis 

mraval sakiTxs da warmoaCina sakiTxebi, romlebic moiTxoven Semdgom dazustebasa da 

gaumjobesebas.                   

 

1.1 aRmosavleT saqarTvelos Rrublebze aqtiuri zemoqmedebis regionebSi setyvis  

klimaturi maxasiaTeblebis kvleva 

saqarTvelos mosaxleobas setyvianoba odiTganve did zians ayenebda da bunebrivia, 

rom am sakiTxis kvlevas didi xnis istoria aqvs. Sesabamisad, mravalricxovania 

amproblemisadmi miZRvnili literaturac.Aam mimarTulebiT Catarebuli kvlevebi 

farTo speqtrs moicavs, rogoricaa: setyvianobis klimatologia,  setyvis Camoyalibebis 

meqanizmi, setyvis procesebze zemoqmedebis meTodologia da Sedegebi. 
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yuradRebas SevaCerebT setyvis klimaturi maxasiaTeblebis maCveneblebis kvlevaze, 

raTa SevafasoT da davasabuToT aRmosavleT saqarTveloSi moqmedi setyvis 

sawinaaRmdego samuSaoebis marTebuloba. 

setyva did zians ayenebs qveynebis ekonomikas da gansakuTrebiT soflis 

meurneobas. setyva im stiqiur meteorologiur movlenaTa ricxvs miekuTvneba, 

romlebic qmnian sagangebo situaciebs. maTi eqstremalurad anomaluri gadaxrebi 

xSirad katastroful xasiaTs atarebs da arsebiT materialur zarals iwvevs. Aamitom 

amindis msgavsi stiqiuri movlenebisgan mosalodneli negatiuri Sedegebis 

prevenciisTvis mniSvnelovania am movlenebis eqstremaluri da anomaluri 

maxasiaTeblebis intensivobis da ganmeoradobis sivrciTi-droiTi ganawilebis codna.  

setyva gansakuTrebiT saSiSia im raionebSi, romlebic xasiaTdeba reliefis 

sirTuliT, zRvis donidan didi simaRliT, haeris masebis maRali tenianobiT, aseve, 

dedamiwis zedapiris maRali temperaturiT, romelic xels uwyobs konveqciis 

gaZlierebas [1]. 

setyva – sxvadasxva zomis, sferosebri yinulovani masaa, romlis radiusi 

saSualod 5-dan 25mm-mde meryeobs, igi Sedgeba umTavresad gamWvirvale gulisagan, 

romlis garSemoc gamWvirvale da gaumWvirvale yinulovani fenebi cvlian erTmaneTs. 

Setyva warmoadgens yinulovan naleqs, is warmoiSoba Weqa-quxilis grova-wvimis 

Rrublebis wina nawilSi, sadac intensiuria aRmavali denebi. aRniSnul RrublebSi 

xdeba konveqciuri procesebis intensiuri ganviTareba, romlis drosac Tbili haeris 

aRmavali denebis siCqare 10m/wm-ze metia da xSir SemTxvevaSi igi 25-35 m/wm-sac aRwevs. 

setyvis Rrublebis warmoSoba xdeba Rrublebis gadacivebul nawilSi - 0º -iani 

izoTermas zemoT. am zonaSi mimdinareobs Canasaxovan mdgomareobaSi myofi 

gadacivebuli wylis wveTebis da yinulis kristalebis zrda, sawyis fazaSi es procesi 

mimdinareobs kondensaciuri da sublimaciuri, xolo Semdgom gravitaciuli 

koagulaciis gziT. maTi did zomamde damsxvileba xdeba wylis wveTebis mniSvnelovani 

akumulaciis doneze, romelic ganlagebulia im simaRleze, sadac SeiniSneba 

vertikaluri mimarTulebiT aRmavali haeris nakadis maqsimaluri siCqare (Rrublebis 

Sua nawili an cota maRla). rac ufro matulobs haeris vertikaluri siCqare da 

Rrublebis wylianoba, miT ufro intensiurad izrdeba Canasaxovani setyvis zoma. 

vertikaluri siCqarec da Rrublebis wylianobac damokidebulia Rrublebis 

siZliereze, romlis zrdiTac matulobs orive elementis mniSvneloba.  

xSir SemTxvevaSi,  Rrublebidan gamoyofili setyvis marcvlebi vardnis 

procesSi gzaSive dneba da dedamiwaze msxvili wvimis wveTebis saxiT gvevlineba. es 

damokidebulia 0º-ian izoTermas ganlagebis simaRleze, temperaturis vertikaluri 

gradientis sidideze da setyvis marcvlis zomaze. Rogorc gamokvlevebi gviCveneben, 4 

mm radiusis mqone setyvis marcvali SeiZleba mTlianad gadnes Tu 0º-iani izoTerma 

ganlagebulia  2-3 km simaRleze, xolo 8mm-iani radiusisTvis - 4-5 km- ze. 

stiqiur movlenebs Soris saqarTvelosTvis, met wilad misi aRmosavleTi 

nawilisTvisgansakuTrebiT saSiSi movlenaa setyva. amitom setyva uZvelesi droidan 
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ipyrobda mosaxleobis, istorikosebis da mogzaurebis yuradRebas.jer kidev gasuli 

saukunis 50-iani wlebidan mimdinareobda setyvis procesebis aqtiuri Teoriuli da 

eqsperimentuli kvlevebi. saqarTveloSi gansakuTrebiT aRsaniSnavia geofizikis da 

hidrometeorologiisinstitutebSi Catarebuli samuSaoebi, ris safuZvelzec SemuSavda 

setyvis Rrubelze zemoqmedebis efeqturi meTodebi. es meTodebi dainerga setyvasTan 

brZolis specialur samsaxurSi, romelic setyvisgan icavda daaxloebiT 1.2 mln.ha 

farTobze ganlagebul sasoflo-sameurneo savargulebs. aRniSnuli samuSaoebis Sedegad 

zarali Semcirda daaxloebiT 70-80%-iT.sabWoTa kavSiris daSlis Semdeg, 

daufinanseblobis gamo, setyvasTan brZolis samuSaoebi Sewyda, Tumca setyvis problemam 

aqtualoba ar dakarga. piriqiT, Catarebuli gamokvlevebis Tanaxmad, globaluri 

daTbobis pirobebSi SeiniSneba amindis mravali eqstremaluri movlenis gaaqtiureba, rac 

ukve sagrZnobia saqarTvelos ekosistemebisa da ekonomikisTvis (gvalvebis gaxSireba, 

gaudabnoeba, mTis myinvarebis dnoba da sxv.). 

postsabWoTa periodSi dafiqsirebuli Zlieri setyvis da Sesabamisi zaralis 

uamravi magaliTia asaxuli qveynis masStabiT, maT Soris: 2012 wlis 19 ivliss Ramis 

saaTebSi stiqias qonda adgili aRmosavleT saqarTveloSi, Telavis da gurjaanis 

raionebSi. grigalur qarborbalas Tan axlda Zlieri setyva. dazianda Senobebi, mTlianad 

ganadgurda mosavali; 2012 wlis 10 aprils mosulma setyvam Telavis, yvarlis da axmetis 

raionebi daazarala. yvarlis raionSi, kuWatansa da sanavardoSi mTlianad ganadgurda 

mravalwliani nargavebi [2]; 2014 wlis 2 ivniss Zlierma setyvam goris municipalitetis 

aTze meti sofeli daazarala. stiqiis masStaburobidan gamomdinare, zaralma ramdenime 

milions gadaaWarba [3]; siRnaRis raionis soflebSi 2015 wlis 28 maiss mosuli setyvis 

simaRlem zogierT adgilze 30 santimetrs miaRwia. setyvam ramdenime sofelSi mTlianad 

gaanadgura sasoflo-sameurneo kulturebi, qeris da xorblis mosavali, romelic or 

kviraSi unda aeRoT [4]; 2015 wlis 22 ivliss gvian RamiT mosulma setyvam yvarlis raionis 

soflebSi. ramdenime aseul heqtarze venaxebi, sazamTros baRebi, simindis yanebi 70–90%-iT 

gaanadgura. setyvas Tan Zlieri qaric erTvoda [5]; 2015 wlis 20 agvistos mosulma Zlierma 

setyvam yurZeni 100%–iT gaanadgura yvarelsa da mimdebare soflebSi, ganadgurda simindis 

yanebi da sazamTros baRebic [6]. 

setyvisgan miyenebuli zaralis masStabebi damokidebulia mosuli setyvis marcvle-

bis sidideze. sasoflo sameurneo kulturebs mniSvnelovan zarals ayenebs wvrili inten-

siuri setyva, Tumca, gansakuTrebiTsaSiSia 10-15 mmdiametris mqone setyvis marcvlebi, xo-

lo 30-40 mm da meti diametris mqone setyvis marcvlebs SeuZliaT mTlianad gaanadguros 

naTesebi, daxvritos saxlebis saxuravebi, daamsxvrios fanjrebi, daxocos Sinauri frinve-

li da wvrilfexa saqoneli. setyvianobisiSviaT SemTxvevebSi, rodesac setyvis marcvali 

iwonis 100-200g-s da qaTmis kvercxis tolicaa, SeuZlia iyos adamianis daRupvis mizezi. sa-

qarTvelosTvis umetes SemTxvevebSi damaxasiaTebelia wvrili intensiuri setyvis mosvla 

- daaxloebiT 70%; setyvianobis ganmeoradoba, saSualo (20-30 mm) da msxvili (30 mm da meti) 

diametris mqone setyvis marcvlebisa, Seadgens 25-30%-s. amasTan, (30-50mm) diametris mqone 

setyvis marcvlebis mosvlis ganmeoradoba saqarTveloSi Seadgens 10%-s, da bolos, set-

yvianobis SemTxvevaTa 4% modis 50 mm da meti diametris mqone setyvis marcvlebis mosvla-
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ze. Cveulebriv setyva modis grova-wvimis Rrublebidan, Tumca, xSirad setyvis mosvla sxva 

saxis Rublebidanac SeiniSneba, umetesad setyvis mosvla fiqsirdeba dadebiTi haeris 

temperaturis SemTxvevaSi 15-20°С diapazonSi, Tumca, xSiria setyvis mosvlis SemTxvevebi 

10-15 da 21-25 °С diapazonSic. meteosadgurebis dakvirvebaTa monacemebiT, 5°С -ze naklebi da 

30°С -ze meti haeris temperaturisas, setyvianoba iSviaTad gvxvdeba[7]. 

cxrili 1.1 saqarTvelos teritoriaze setyvis mosvlis SemTxvevaTa 

ricxvi (dRe) damiyenebuli zarali (1995-2011 w.w) 

weli SemTxvevaTa ricxvi (dRe) zarali ml.l. 

1995 7 12.7 

1996 11 17.0 

1997 14 35.0 

1998 12 8.5 

1999 9 6.9 

2000 7 5.8 

2001 8 10.4 

2002 8 6.8 

2003 7 6.0 

2004 11 12.5 

2005 19 6.9 

2006 11 6.2 

2007 7 5.0 

2008 5 2.9 

2009 15 9.5 

2010 15 6.9 

2011 14 6.2 

 180 165.2 

setyvian dReTa statistikuri analizi saqarTvelos regionebis mixedviT mocemulia  

cxr. 1.2.-Si. 

cxrili 1.2. saqarTvelos regionebSi saSualo mravalwliur setyvian 

dReTa raodenoba 1961-2006 wlebis  monacemebiT 

 

regioni 

 

farTobi, km2 
setyvian dReTa saSualo wliuri 

raodenoba 

Tbilisi 400 1.6 

afxazeTi 8700 1.48 

samegrelo-zemo svaneTi 7400 0.82 

raWa-leCxumi qv. svaneTi 2500 1.22 

imereTi 6600 0.94 

guria 2000 0.55 

aWara 2900 1.35 
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samcxe-javaxeTi  6400 2.11 

Sida qarTli 3400 1.32 

qvemo qarTli 6900 1.31 

mcxeTa-mTianeTi 6700 1.76 

kaxeTi 12200 2.29 

am cxrilis analizma gamoavlina, rom saSualo mravalwliur setyvian dReTa 

ricxvis maqsimalur gaodenobiT gamoirCeva kaxeTi. 

cxr.1.2-is statistikur analizze dayrdnobiT m.fifias mier Seiqmna setyvian dReTa 

saSualo wliuri raodenobis geoinformaciuli ruka saqarTvelos regionebisTvis, maTi 

municipaluri sazRvrebis farglebSi (nax. 1.1). 

 

nax.1.1 setyvian dReTa saSualo raodenobis wliuri ganawileba 

saqarTvelos teritoriaze regionebis mixedviT. 

cxr.1.3-Si moyvanilia Zlieri setyvis SemTxvevebi, rodesac gansakuTrebiT didi 

farTobebi dazianda kaxeTSi. 

cxrili 1.3. Zlieri setyvis SemTxvevebi kaxeTis regionSi (1877-2012ww) 

weli Tve ricxvi 
dazianebuli 

farTobi, km2 

dazaralebuli teritoriebi, 

udidesi intensiurobis centri 

1877 ivlisi 4 60 gurjaani, vejini, bakurcixe 

1953 ivnisi 19 45 sagarejo 

1978 maisi 28 129 siRnaRi 

1982 maisi 20 34 gurjaani, dedofliswyaro 

1986 maisi 21 30 gurjaani, ruispiri 

1987 maisi 9 121 udabno, nukriani 
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1987 maisi 12 42 nafareuli 

1987 ivnisi 4 18 gavazi 

2012 ivlisi 19 35 Telavi 

 

cxr.1.4-Si mocemulia 100% dazianebuli teritoriis Sesaxeb informacia da 

Sesabamisi zarali setyvianobis zogierTi SemTxvevisas saqarTveloSi, Cans, rom yvelaze 

metad mniSvnelovan teritoriaze setyvianoba aRiniSneba kaxeTSi, ZiriTadad alaznis 

vakeze da civ-gomboris qedze. amasTan, igi sakmaod mniSvnelovan zarals iwvevs, romelic 

iangariSeba ramdenime aTeuli milioni aSS dolariT.  

cxrili 1.4.setyvianobis zogierTi SemTxvevisas 100% dazianebuli teritoriebi 

daSesabamisi zarali 

weli Tve ricxvi 
farTobi,  

km2 

zarali  

mln. aSS 

dolari 

raioni (yvelaze didi 

intensivobis centri) 

1978 V 28 129 21.552 kaxeTi (siRnaRi) 

1982 V 20 34 7.370 
kaxeTi (gurjaani, 

dedofliswyaro) 

1982 VII 5 72 9.360 
samxreT-saqarTvelos 

mTianeTi (axalqalaqi) 

1986 V 21 30 5.840 
kaxeTi (ruispiri, 

gurjaani) 

1987 V 9 121 26.0 kaxeTi (udabno, nukriani) 

1987 V 12 42 9.130 kaxeTi (nafareuli) 

1987 VI 4 18 3.810 kaxeTi (gavazi) 

2012 VII 19 35 30.150 kaxeTi (Telavi) 

 setyvianobis erT-erT mniSvnelovan maxasiaTebels warmoadgens setyvian dReTa 

raodenoba. setyvian dReTa raodenobis ganawileba metwilad damokidebulia mis fizikur-

geografiul pirobebze, gansakuTrebiT orografiasa da zRvis siaxloveze. rTuli 

meteorologiuri, kerZod, konveqciuri procesebis ganviTarebaze did gavlenas axdens 

mTebi, zegnebi da maRlobebi. mTian da maRalmTian raionebSi, winaaRmdegobis daZlevisas 

haeris miwispira SreebSi Zlierdeba turbulentuloba da izrdeba konveqciuri 

Rrublianoba, yvelaferi es gavlenas axdens setyvian dReTa raodenobis ganawilebis 

xasiaTze, rac kargad iyo naCvenebi gamokvlevebSi, romelic warmodgenilia cxr. 1.5-is 

saxiT  [8]. 
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cxrili 1.5. setyvian dReTa raodenoba da setyvis mosvlis periodebi (Tve) 

regioni 

 

dakvirvebaTa 

punqtebi 

simaRle 

z.d.(m) 

saSualo 

dReTa 

raodenoba 

(wliuri) 

udides dReTa 

raodenoba 

(wliuri) 

setyvis 

mosvlis 

periodebi 

(Tveebi) 

kaxeTi 
Telavi 568 2.8 7 III-XI 

sagarejo 802 2.6 5 III-X 

 

cxr.1.5-dan naTlad Cans, rom adgilis simaRlis matebasTan erTad izrdeba setyvian 

dReTa raodenoba. setyvianobis zrda grZeldeba 2500-2800 m-mde, xolo Semdeg mcirdeba. 

Tumca, setyvian dReTa cvlileba simaRlis cvlilebasTan mimarTebaSi, damokidebulia 

konkretuli raionis klimatur Taviseburebebsa da sxva faqtorebze. 

monacemTa analizebi aCvenebs rom kaxeTSi xSirad setyvis 54-76% grZeldeba 10 wuTi, 

gamonaklisia dedofliswyaro, sadac am xangrZivobis, setyvis mxolod 36%-ia (cxr.1.6). 

 

cxrili 1.6. kaxeTis regionSi setyvis xangrZlivobisa da dReRamis ganmavlobaSi mosvlis 

(saaTebi) albaToba (%) 

 

sadguri 

xangrZlivoba, wT dReRamis saaTebi 

10 11-20 21-30 30 da meti 21-06 06-12 12-21 

% % 

axmeta 54 37 9 - 9 3 88 

Telavi 76 20 4 - 14 10 76 

gurjaani 74 26 - - 2 2 96 

yvareli 67 21 12 - 14 8 78 

siRnaRi 69 23 2 6 4 2 94 

sagarejo 74 20 2 4 6 8 86 

dedofliswyaro 36 47 10 7 3 - 97 

 

me-1.6. cxrilidan irkveva, rom setyvis mosvlis udidesi albaToba dReRamis 

ganmavlobaSi 12-21 sT intervalSia da Seadgens 76-97%. umciresi ki 06-12 sT intervalSia (0-

10%), rac aixsneba atmosferos arasakmarisi gaTbobiT dReRamis am periodisTvis da 

konveqciuri denebis ararsebobiT. 

setyvis mosvlis xangrZivoba erT heqtarze Seadgens 3-5 wuTs da setyvis 

warmomqmneli Rrublebi gadaadgildeba saSualod 20-30 km/sT siCqariT [9]. 

cxr.1.7.-Si warmodgenilia setyvian dReTa saSualo da udidesi raodenoba wlis 

ganmavlobaSi kaxeTis regionis municipalitetebisaTvis. 
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cxrili1.7. setyvian dReTa raodenoba kaxeTis regionSi wlis ganmavlobaSi  

(1967-2004) 

raioni simaRle z.d., m 
setyvian dReTa 

saSualo raodenoba 

setyvian dReTa 

udidesi raodenoba 

axmeta 567 2.5 8 

gurjaani 451 3.0 6 

dedofliswyaro 800 1.7 7 

Telavi 562 3.2 13 

lagodexi 435 1.2 6 

sagarejo 802 2.5 5 

siRnaRi 790 2.4 5 

yvareli 448 1.7 5 

rogorc cxrilidan  1.7. Cans, setyvian dReTa yvelaze naklebi saSualo raodenoba 

dafiqsirebulia lagodexis raionSi. aq setyvian dReTa saSualo raodenoba ar aRemateba 

1.2-s. xolo yvelaze meti setyvian dReTa saSualo raodenoba aRiniSneba Telavis raionSi 

da Seadgens 3.2-s. udides setyvian dReTa maqsimaluri raodenoba aRiniSneba agreTve 

Telavis raionSi da Seadgens  13 dRes. 

me-7 cxrilis monacemebis safuZvelze kaxeTisaTvis Sedgenilia setyvian dReTa 

saSualo da udidesi raodenobis geoinformaciuli rukebi  municipaluri raionebis 

sazRvrebis farglebSi (nax. 1.2; 1.3) [10]. 

 

nax. 1.2.  setyvian dReTa saSualo wliuri raodenobis ganawileba kaxeTis raionebis 

mixedviT [10]. 



15 
 

nax. 1.3. setyvian dReTa udidesi wliuri raodenobis ganawileba kaxeTis raionebis 

mixedviT [10]. 

1.2 naxazidan Cans, rom setyvis procesebi yvelaze aqtiuria Telavis raionSi, sadac 

setyvian dReTa raodenoba weliwadis ganmavlobaSi saSualod aRemateba 3-s. gurjaanis 

raionSi setyvian dReTa raodenoba ramdenadme naklebia (2.6-3.0), axmetis, sagarejosa da 

siRnaRis raionebSi ki maTi raodenoba Seadgens 2.1-2.5-s, yvarlisa da dedofliswyaros 

raionebSi - 1.6-2.0-s, xolo lagodexis raionSi raodenoba 1.5-ze naklebia. 

nax.1.3-is Tanaxmad, wlis ganmavlobaSi setyvian dReTa udidesi raodenoba Telavis 

raionSia da Seadgens 13-s, axmetis raionSi 8-s, dedofliswyaros raionSi 7-s, gurjaanisa 

da lagodexis raionebSi 6-s, xolo siRnaRis, sagarejosa da yvarlis raionebSi maTi 

raodenoba ar aRemateba 5-s. 

nax.1.4-ze warmodgenilia setyvis sxvadasxva intensivobis ganmeoradobis histograma 

saqarTvelos sxvadasxva fizikur-geografiul pirobebSi  

 

nax.1.4. setyvianobis sxvadasxva intensivobis ganmeorebadoba raionebis mixedviT. 
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kaxeTis regionisTvis Sefasebulia setyvis saSualo da maqsimaluri intensivobebi 

1983-1991 ww periodis monacemebis mixedviT, romelic warmodgenilia cxr.1.8 [10]. 

cxrili 1.8.kaxeTis regionSi setyvis saSualo da maqsimaluri 

intensivoba raionebis mixedviT 

raionebi 
saSualo 

intensivoba (bali) 

maqsimaluri 

intensivoba (bali) 

axmeta 2.6 5 

Telavi 2.0 5 

sagarejo 2.2 5 

gurjaani 2.5 5 

dedofliswyaro 1.6 3 

lagodexi 1.7 4 

yvareli 2.8 5 

siRnaRi 2.3 5 

cxrili 1.8-dan kargad Cans, rom kaxeTis regionSi setyvis SedarebiT dabali 

intensivoba mxolod dedofliswyarosa da lagodexis raionebSi fiqsirdeba, saSualod 1.6 

da 1.7 bali, xolo kaxeTis danarCen raionebSi setyvis saSualo intensivoba 2-3 balis 

farglebSia, aseTive mdgomareobaa setyvis maqsimaluri intensivobis SemTxvevaSi, kaxeTis 

regionis yvela raionSi, garda dedofliswyarosa da lagodexis raionebisa fiqsirdeba 

setyvis intensivobis maqsimumi - 5 bali, rac aseve mosalodneli iyo. 

cxrili1.8-ze dayrdnobiT Sedgenil iqna kaxeTis regionis raionebis mixedviT 

setyvis saSualo da maqsimaluri intensivobis geoinformaciuli rukebi (nax. 1.5. da1.6) 

 

 

nax.1.5 kaxeTis regionis setyvis saSualo intensivoba raionebis  mixedviT [10]. 
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nax.1.6.  kaxeTis regionis setyvis maqsimaluri intensivoba raionebis mixedviT [10]. 

 

1.2 aRmosavleT saqarTveloSi Catarebuli setyvis sawinaaRmdego samuSaoebis mokle 

daxasiaTeba 

KkaxeTSi 2015 wels daiwyo da kvlav grZeldeba setyvis Rrublebze aqtiuri 

zemoqmedebis samuSaoebi. saangariSo periodSi (2017-2019ww.) setyvisgan dasacavi 

teritoriis farTobi ar Secvlila da Seadgina 800 aTasi ha, maT Soris sasoflo-

sameurneo savargulebis farTobia 565 aTasi ha, anu mTliani farTobis 70%-ze meti. 

dasacav teritoriaze ganlagebuli setyvis sawinaaRmdego raketebis gamSvebi 

danadgarebis saerTo raodenobaa 83, MmaTi ganlagebis sqema mocemulia nax.1.7-ze [11].  

 

 
Nnax.1.7. setyvis  sawinaaRmdego raketebis gamSvebi danadgarebis ganlagebis sqema  
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saangariSo periodSi gamoyenebuli reagentis Sedgeniloba aseTia: 

• aqtiuri naerTi anu Sereuli reagentis reaqtiuli sawvavi–400 gr-ia; 

• aqedan uSualod vercxlis iodidi Seadgens - 50–70 gr-s; 

• 2017 da 2018 wlebSi daxarjuli raketebis raodenobam Seadgina-3790, xolo 

2019 wels- 4 440.   

       raketebis ZiriTadi nawili (daaxloebiT 75%) daixarja gurjaanis, Telavis, 

axmetis, dadofliswyaros da siRnaRis raionebSi (nax.1.8) [11].    

 
Nnax.1.8. setyvisagan dasacavi teritoria kaxeTis mxareSi 

 

setyvis Rrublebze aqtiuri zemoqmedebis paralelurad grZeldeboda kaxeTis 

regionSi garemos obieqtebSi (niadagi, wyali) zogierTi mZime liTonis  (Cu,Pb,Ag) 

Semcvelobis kontroli. amasTan erTad gasaTvaliswinebelia, rom kaxeTi soflis 

meurneobis ZiriTadi regionia, sadac intensiurad gamoiyeneba mineraluri sasuqebi da 

Sxamqimikatebi, amasTan, Nniadagis nayofierebis SenarCunebisaTvis sakvebi elementebis 

anazRaureba xdeba sxvadasxva sasuqis SetaniT. maTTan erTad niadagSi Seitaneba 

mravali toqsikuri nivTiereba. Aase magaliTad, mineraluri sasuqebis sistematiurad 

gamoyenebisas niadagis dabinZureba xdeba Semdegi mZime metalebiT: tyviiT, kadmiumiT, 

dariSxaniT, vercxliwyliT, spilenZiT,  qromiT, TuTiiT, rac garkveul saSiSroebas 

uqmnis adamianebisa da cxovelebis janmrTelobas. aqedan gamomdinare mZime liTonebis 

Semcvelobis kontrols garemos obieqtebSi aqvs didi praqtikuli mniSvneloba. Cveni 

kvlevis Tematikidan gamomdinare vakontrolebdiT spilenZis, tyviisa da vercxlis 

Semcvelobas niadagebsa da zedapirul wylebSi.   

           saangariSo periodSi Catarebuli analizebis Sedegebi mocemulia me-2 TavSi da 

daskvnebSi. Aaq aRvniSnavT mxolod, rom mZime liTonebis, maT Soris vercxlis, 

koncentraciebi zedapirul wylebSi umniSvneloa da arc erT SemTxvevaSi ar aWarbebs 

Sesabamisi zdk-s mniSvnelobas. niadagSi ki mZime liTonebidan prioritetuli 

damabinZurebelia spilenZi, TuTia da tyvia. vercxlis koncentracia niadagis 

nimuSebSi dafiqsirda mxolod kvaluri minarevis doneze.  
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Tavi II. Rrublebze aqtiuri zemoqmedebis regionebis zedapirul wylebsa 

da niadagebSi mZime liTonebis Semcvelobis Sefaseba 

 

2.1. aRmosavleT saqarTvelos Rrublebze aqtiuri zemoqmedebis regionebis 

hidrologiuri qselisa da niadagebis mokle daxasiaTeba 

garemos dabinZureba unda gavigoT, rogorc arasasurveli movlena, romlis Sedegad 

garemoSi iseTi raodenobiT xvdeba ucxo, mavne nivTierebebi, rom icvleba misi fonuri 

koncentracia. garemos dabinZureba arRvevs bunebrivi procesebis Cveulebriv mimdi-

nareobas, ris gamoc cocxal organizmebs arseboba-ganviTarebisTvis eqmnebaT araxelsa-

yreli pirobebi da/an diskomforti. 

kaxeTi soflis meurneobis ZiriTad regionia, sadac intensiurad gamoiyeneba 

mineraluri sasuqebi da Sxamqimikatebi. niadagis nayofierebis SenarCunebisaTvis sakvebi 

elementebis anazRaureba xdeba sxvadasxva sasuqebis SetaniT, maTTan erTad niadagSi 

mravali toqsikuri nivTierebac Seitaneba. ase magaliTad, fosforiani sasuqebis 

sistematurad maRali normebiT gamoyenebisas isini anagvianeben niadags mZime metalebiT-

tyviiT, kadmiumiT, dariSxaniT, vercxliswyliT, spilenZiT, qromiT, TuTiiT, agreTve 

radioaqtiuri elementebiT stronciumiT, uraniT, radiumiT da ToriumiT, rac did 

saSiSroebas uqmnis adamianisa da cxovelTa janmrTelobas. kaliumiani sasuqebis umra-

vlesoba iwvevs garemos dabinZurebas qloriT, natriumiT da mniSvnelovani raodenobiT 

dariSxaniT da mZime metalebiT tyviiT, TuTiiT, qromiT da vercxliswyliT [1].  

gamoyenebuli sasuqebis 50 da pesticidebis 90% ifanteba garemoSi da iwvevs 

ekosistemebis dabinZurebas [2]. gamoyenebul pesticidebSi wamyvani adgili Sabiamans, 

kuprazans, kupervals, irokos, cianidebs da sxv. ukaviaT. maTi umetesobis ZiriTadi 

Semadgeneli komponenti spilenZia, romelic xvdeba haerSi, wyalSi, sakveb produqtebSi da 

adamianis organizmSi.  
spilenZi Warbi raodenobiT cocxal organizmSi maRali toqsikurobiT xasiaTdeba 

da aqtiurad reagirebs aminomJaveebTan da cilebTan, warmoqmnis mdgrad kompleqsebs, 

riTac arRvevs fermentebis katalizur funqcias. garda amisa, zrdis mitoqondriebis 

membranis ganvladobas, Slis eriTrocitebs, iwvevs nervuli sistemis, RviZlis, 

Tirkmelebis disfunqcias, asustebs organizmis imunitets, moqmedebs piris Rrus 

lorwovan garsze, iwvevs gastritebs [3]. 

ტyvia iwvevs cvlilebas nerviul sistemaSi, sisxlSi da qsovilebSi. aqtiurad 

moqmedebs cilebis sinTezze, ujredis energetikul balansze da mis genetikur aparatze. 

ZiriTadad grovdeba TirkmelSi, TmebSi, centralur nerviul sistemaSi.  misi maRali 

Semcveloba arRvevs im reaqciebs, romlis drosac gemoglobini waroiSveba. tyviis 

organuli naerTebi tetraeTil da tetrameTil  tyvia  iwvevs uZilobas, krunCxvebs da 

periferiul nervozs [3]. 
tyviis gazrdili koncentraciebi garda avtotransportis gamonabolqvi airebisa 

SesaZlebelia gamowveuli iyos regionis ekosistemebSi Rrublebze aqtiuri zemoqmedebis 

gavleniT (reagenti - PbI2), romelic intensiurad gamoiyeneboda kaxeTis regionSi gasuli 

saukunis 60-90-ian wlebSi, 1990 wlis Semdeg aRniSnuli samuSaoebi Sewyda [2; 4]. 2015 wlidan 

kaxeTSi ganaxlda setyvis sawinaaRmdego samuSaoebi, sadac reagentad tyviis iodidi (PbI2)  

aRar gamoiyeneba,  amJamad am samuSaoebSi gamoiyeneba vercxlis iodidi (AgI).  amitom  Cvens 

mier dagegmilia sxvadasxva ekosistemaSi sxva elementebTan erTad, vercxlis 

koncentraciebis gansazRvra.  

vercxlis Warbi Semcveloba, ise rogorc spilenZi da tyvia, mavnea rogorc garemos 

obieqtebisaTvis, ise adamianis organizmisaTvis. 
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yovelive zemoTTqmulidan naTlad Cans, Tu raoden aqtualuri da saWiroa mZime liTonebis 

Semcvelobis codna sxvadasxva ekosistemaSi. amitom, Cveni kvlevis mizans Seadgenda 

dagvedgina zogierTi normirebuli, prioritetuli elementis Semcveloba kaxeTis 

regionis niadagebsa da zedapirul wylebSi.  

normirebuli nivTierebebis gavleniT icvleba niadagis buneba, misi qimiuri da 

biologiuri Tvisebebi,  degradirdeba mikroflora da neldeba mcenaris ganviTareba. 
cocxal organizmebSi akumulirebis Semdeg isini xvdebian nivTierebaTa cvlis bioqimiur 

jaWvSi. 
mavne nivTierebebiT niadagis dabinZurebis xarisxis dasadgenad normirebuli 

elementebis Semcvelobas adareben zRvrulad dasaSveb koncentracias, klarks an fonur 

mniSvnelobebs. amave dros, gasaTvaliswinebelia is garemoebac, rom fitotoqsikuri 

zemoqmedeba normirebuli xsnadi (moZravi) formebiT aris ganpirobebuli. swored amitom 
Cvens mier kvlevis obieqtad arCeuliak axeTi, saqarTveloSi soflis meurneobis 
ZiriTadi regioni, sadac intensiurad mimdinareobs sasoflo-sameurneo samuSaoebi da 
sadac 5 welia ganaxlda setyvis Rrublebze aqtiuri zemoqmedebis samuSaoebi, 
romelTa mimdinareobis dros, rogorc ukve aRvniSneT, reagentad gamoiyeneba 

vercxlis iodidi (AgI) [4]. es samuSaoebi aRniSnuli reagentiT daiwyo 2015 wels. soflis 
meurneobis saministros  monacemebis mixedviT es aris warmatebuli proeqti da is 

gagrZeldeba mravali wlis ganmavlobaSi. amitom niadagis nimuSebsa da wylis sinjebSi 
Cvens mier gansazRvruli vercxlis koncentraciebi SeiZleba miviCnioT fonur 

mniSvnelobebad, rac metad metad mniSvnelovania Semdgomi kvlevebisaTvis. 
am faqtidan gamomdinare mizanSewonilad miviCnieT kaxeTis regionSi Cagvetarebina 

zedapiruli wylebisa da niadagebis qimiuri analizi, maTSi damabinZurebel nivTierebaTa 

koncentraciebis gansazRvris mizniT. gansakuTrebul yuradRebas kivaqcevdiT am 

ekosistemebSi mZime liTonebis Semcvelobas. 
Seswavlilia kaxeTis regionis  niadagebis  da zedapiruli wylebi, nimuSebis aReba 

xdeboda weliwadSi orjer: aqtiuri zemoqmedebis da arazemoqmedebis periodebSi 

monitoringis CatarebiT siRnaRisa da gurjaanis municipalitetebSi 2017-2019 wlebSi. 
zedapiruli wylebisa da gruntis wylis sinjebis aRebis adgilebi SerCeulia siRnaRis 

municipalitetis sof.Zveli anagis teritoriis mdelos damlaSebul niadagebze, xolo 

gurjaanis municipalitetSi - mdelos yavisfer niadagebze ganTavsebuli xelovnuri 

wyalsacavi.  

damlaSebuli niadagebisTvis damaxasiaTebelia cudi fizikuri, wylovani, haerovani 

Tvisebebi da sakmaod maRali tute reaqcia. damlaSebuli niadagebi aerTianeben or jgufs: 

1. bic-bicnar (mlaSobebi) da 2. bicob-bicobnar niadagebs [5]. 

damlaSebuli niadagebis reliefi warmodgenilia mTaTaSoris depresiebiT, 

aluviuri vakeebis, daxSuli tbebisa da natbeurebis elementebiT. biciani niadagebi 

ZiriTadad ganviTarebulia depresiuli axalgazrda reliefis elementebze, xolo 

bicobiani - SedarebiT Zveli SemaRlebuli reliefis pirobebSi. niadagwarmomqmneli 

qanebi warmodgenilia aluviuri, proluviur-deluviuri, damlaSebuli nafenebiT da 

damlaSebuli TixebiT. bunebrivi mcenareuli safari warmodgenilia veZianebiT, 

avSnianebiT, avSnian-yarRaniani da uro-avSniani formaciebiT. 

bici da bicnari niadagebi, hidrologiuri pirobebis mixedviT, iyofian 

hidromorful (gruntis wyali 1,5-3 m-mdea) da avtomorful niadagebad (gruntis wyali 

Rrmadaa - 10 m-mde). 

bici da bicnari niadagebi xasiaTdebian mZime meqanikuri SedgenilobiT. 

miekuTvnebian Tixebs. STanTqmul kaTionebSi Warbobs kalciumi. humusis Semcveloba 

dabalia. es niadagebi adviladxsnad marilebs gansxvavebuli raodenobiT Seicavs. bicebSi 
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adviladxsnadi marilebis  Semcveloba zeda fenebSi 1,76 – 3,18 % Seadgens, siRrmeSi ki - 3,5 -

3,6 % aRwevs. bicebi   adviladxsnadi marilebs Seicavs zedapiridanve, bicnarebi - qveda 

fenebis sxvadasxva siRrmidan. 

melioraciuli RonisZiebebidan ZiriTadi qimiuri melioraciaa, risTvisac iyeneben 

TabaSirs, fosforTabaSirs, kalciumis qlorids da sxv. moTabaSirebas Txouloben iseTi 

niadagebi, romlebSic STanTqmuli natriumis Semcveloba > 10 %-ze. 

mdelos-yavisferi niadagebisTvis damaxasiaTebelia mZlavri profili, galebebis 

niSnebi da mZime meqanikuri Sedgeniloba [5]. mdelos-yavisferi niadagebis saerTo farTobi 

Seadgens 1,9 % (130 400 ha). es niadagebi gavrcelebulia qvemo da zero qarTlSi, kaxeTSi 

(alaznis marjvena napiri) da mesxeTSi. mdelos-yavisferi niadagebs ukavia reliefis 

depresiuli nawilebi. niadagwarmomqmneli qanebi warmodgenilia mZime meqanikuri 

Sedgenilobis aluviuri da deluviur-proluviuri naleqebiT, romelTa siRrme zogjer 

100 m aRwevs. klimati zomierad Tbilia. saSualo wliuri temperatura Seadgens 9,9 – 10,6oC. 

naleqebis saSualo wliuri raodenoba 464 – 512 mm farglebSi meryeobs. 

mdelos-yavisferi niadagebi xasiaTdeba susti tute an tute reaqciiT, Rrma 

humusirebiT, humusis fulvatur-humaturi tipiT, zedapiridanve karbonatulobiT, 

STanTqmuli fuZeebis dabali jamiT, ZiriTadi Jangeulebis Tanabari ganawilebiT. 

niadagebi miekuTvneba msubuq da saSualo Tixebs.     

siRnaRis municipalitetSi - sof. Zveli anagis teritoriaze SevarCieT xelovnuri 

wyalsacavebis (Zveli da axali, sadac xdeba sxvadasxva jiSis Tevzebis moSeneba-karpi, 

brtyelSubla, alaznis loqo da sxva), sasoflo-sameurneo Camonadenis da gruntis wylis 

sinjebis aRebis adgilebi. sinjebis aReba moxda Semdegi wertilebidan: axali wyalsacavi, 

Zveli wyalsacavi, sasoflo-sameurneo Camonadeni, qvemo alaznis sarwyavi arxis wyali da 

gruntis wyali. qvemo alaznis sarwyavi arxis wyali zamTris TveebSi iketeba, amitom 

sinjis aReba ver moxerxda. Zveli da axali wyalsacavebi ivseba qvemo alaznis sarwyavi 

arxis wyliT, romelic maragdeba md.alaznis wyliT. 

SerCeuli wyalsacavebis garSemo 20 m-is dacilebiT sxvadasxva adgilebidan moxda 

niadagis nimuSebis aReba 0-10, 10-20; 0-20, 20-40, 40-60, 60-80 da 80-100 sm siRrmeze. 

analogiuri samuSaoebi Catarda gurjaanis municipalitetSi. SerCeul iqna 

xelovnuri wyalsacavi sof.axaSnis teritoriaze, sadac xdeba kalmaxis moSeneba. 

wyalsacavi ivseba aleqsandres wyaros wyliT. wyalsacavidan 20 m-s dacilebiT moxda 

niadagis nimuSebis aReba igive siRrmeebze. 

aRebul niadagis nimuSebSi (0-10 da 10-20 sm siRrmeze) da zedapiruli wylebis wylis 

sinjebSi ganisazRvra zogierTi mZime liToni (Cu, Pb, Ag) Tanamedrove ISO (METHOD 3051A, 

2007) meTodiT plazmur-emisiuri speqtrofotometris ICP-OES saSualebiT. 
sxva dagegmili amocanebis Tanamedrove doneze Sesasruleblad  gamoyenebuli 

iqneba standartebis saerTaSoriso organizaciis (The International Organization for Standards) 

mier SemuSavebulil standartebi-ISO  17025, kerZod [6-14]:  

 

2.2 Qqimiuri analizis Sedegebi 

 analizis Sedegebi (2017w.) warmodgenilia cxr. 2.1-Si. rogorc cxrili 1-dan Cans 

wyalsacavebis wylis pH odnav tutea, meryeobs 8,12-8,42 farglebSi. bunebrivi wylebis erT-

erTi ZiriTadi maCvenebeli aris pH, romelic bunebrivi Tu anTropogenuli faqtorebis 

mixedviT sakmaod cvladia igi gansazRvravs Jangva-aRdgeniT potencials da maszea 

damokidebuli wylis TviTgawmendis unari [2]. 
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cxrili 2.1. alaznis velis zedapiruli wylebis, gruntis wylisა da sasoflo-
sameurneo Camonadenis fizikur-qimiuri da hidroqimiuri analizis Sedegebi, Tebervali, 

2017 

# 
Gazomili 

 ingredientebi 
zdk 

siRnaRi, sof.Zvelianaga gurjaani 

axali 
wyalsacavi 

Zveliwyalsa
cavi 

Gruntis 
wyali 

sasoflo-
sameurneo 
Camonadeni 

s.axaSnis 
xelovnuriw
yalsacavi 

1 temperatura,0C  6.2 6.3 6.5 7.0 6.8 

2 suni, bali  0 0 0 0 0 

3 gamWirvaloba, sm  11 10 12 11 10 

4 pH 
6.5-
8.5 

8.22 8.21 6.58 8.12 8.42 

5 karbonati, mg/l  3.0 3.3 - 2.9 3.1 

6 
naxSirorJangi, 

mg/l 
 - - 0.88 - - 

7 
hidrokarbonateb
i, mg/l 

 217.16 146.40 746.6 113.2 155.4 

8 sixiste, mg.eqv/l  3.92 4.22 11.53 5.24 3.22 

9 amoniumi, mgN/l 0.39 0.562 0.684 - 0.496 0.368 

10 kalciumi, mg/l 180 55.78 55.40 131.4 65.46 51.23 

11 magniumi, mg/l  13.78 17.69 60.5 15.61 14.12 

12 
eleqtrogamtaro
ba, μsms/cm 

 999 887 6030 520.2 645.3 

13 
gaxsnili 
Jangbadi, mg/l 

 6.95 6.01 - 8.5 9.1 

14 Jbm5, mg/l 6.0 4.25 5.75 - 6.0 5.46 

15 nitriti, mgN/l 1.0 <0.001 <0.001 0.267 1.223 0.562 

16 nitrati, mgN/l 10.0 0.003 0.006 - 0.025 0.014 

17 fosfati, mg/l 3.5 0.063 0.020 - 0.124 0.095 

18 ftori, mg/l  0.107 0.133 1.229 0.111 0.075 

19 bromi, mg/l  0.328 0.135 - 0.325 0.124 

20 sulfatebi,  mg/l 500 396.26 606.59 3160.8 324.62 415.34 

21 qloridebi, mg/l 350 41.95 40.83 528.9 37.94 35.61 

22 natriumi, mg/l 200 64.0 280.0 580.0 46.5 36.5 

23 kaliumi, mg/l  2.6 4.5 2.7 2.1 1.9 

24 
mineralizacia, 

mg/l  
791.55 1051.2 5212.3 599.55 678.45 

25 spilenZi, mg/l 1.0 0.0058 0.0044 0.0042 0.0041 0.0029 

26 tyvia, mg/l 0.03 0.0016 0.0036 0.0024 0.0069 0.0017 

27 vercxli, mg/l 0.05 0.0006 0.0006 0.0003 0.0003 0.0002 

 

 mineralizacia axal wyalsacavSi Seadgens 791,55 mg/l, xolo ZvelSi - 1051,2 mg/l. 

gaxsnili nivTierebebis mixedviT (mg/l-iT) wyalsacavebi miekuTvnebian zomier (500-1000 

mg/l) da maRal (>1000-ze) mineralizaciis mqone wylebs [2]. xolo sasoflo-sameurneo 

Camonadenis mineralizacia gacilebiT naklebia da tolia 599,55 mg/l. 
 gurjaanis wyalsacavis wyalSi wylis mineralizacia siRnaRis raionis wylebTan 

SedarebiT naklebia, 2017 wlis monacemebiT mineralizacia Seadgens 678,45 mg/l-s.  

 rac Seexeba gruntis wylebs, misi mineralizacia gacilebiT metia yvela 

wyalsacavis mineralizaciaze (5212,3 mg/l) da is miekuTvneba maRal mineralizirebul 

wylebs. amave dros aRsaniSnavia is faqtic, rom alaznis velze gruntis wyali amosulia 

maRla 1,5-2,5 m-mde da SesaZlebelia maTi Sedineba wyalsacavis wylebSi. aRiniSneba 

natriumis, qlorisa da sulfatebis ionebis maRali Semcveloba, rac imis maCvenebelia, rom 

wyalsacavebi gaSenebulia damlaSebul niadagebze. 
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 biogenuri nivTierebebidan mxolod amoniumis ionebis koncentraciebi aRematebian 

Sesabamis zRvrulad dasaSveb koncentracias da aRniSnul wylebSi meryeobs 0,368-0,684 

mg/l-s farglebSi. amave dros SeiniSneba tendencia, rom amoniumis ionebi ufro meti 

raodenobiT aris Zvel wyalsacavSi, vidre axalSi, xolo gurjaanis wyalsacavSi ar 

aRemateba zRvrulad dasaSveb koncentracias. 

 wylis dabinZurebis Sedegad icvleba misi fizikuri Tvisebebi (feri, suni, 

simRvrive), qimiuri Sedgeniloba (organuli da biogenuri nivTierebebi, mZime liTonebi da 

sxv), mikroflora. wylis baqteriologiur sisufTaves afaseben nawlavis Cxirebis (E-coli) 

raodenobiT 1 litr wyalSi. koli indeqsis maRali mniSvneloba wylis fekaluri 

dabinZurebis maCvenebelia. cxr.2.2-Si mocemulia mikrobiologiuri analizis Sedegebi, 

saidanac Cans, rom Zveli wyalsacavis wyali dabinZurebulia da E-coli- i Seadgens 1,4 zdk-s, 

xolo sasoflo-sameurneo CamonadenSi SedarebiT ufro maRalia da Seadgens 2 zdk-s.  
 

cxrili 2.2. wyalsacavebis, gruntis wylis da sasoflo-sameurneo Camonadenis 
mikrobiologiuri analizis Sedegebi, Tebervali, 2017w. 

 

cxrili 2.3. alaznisveliszedapiruliwylebis, gruntiswylis,sasoflo-sameurneo 
Camonadenisa da qvemo alaznis sarwyavi arxis fizikur-qimiuri da hidroqimiuri 

analizis Sedegebi, agvisto, 2017w. 

# dasaxeleba zdk 

siRnaRi, sof.Zvelianaga gurjaani 

ax
al

i 

w
ya
l
s
ac

av
i

, 
S
es

as
vl

el
T
an
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s
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Ca
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w
ya
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o
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.a
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x
el

o
vn
u
r
i 

w
ya
l
s
ac

av
i 

1 temperatura,0C  22.0 22.5 22.8 22.5 22.1 23.0 23.5 

2 gamWirvaloba, sm  10 10 9 8 9 11 10 

3 pH 6.5-8.5 8.02 8.12 7.45 7.22 8.05 7.51 7.50 

4 
eleqtrogamtaroba, 
μsms/cm 

 522 543 602 612 341 11522 521 

5 mineralizacia, mg/l  582.4 595.12 584.14 522.08 299.13 12958.0 487.30 

6 karbonati, mg/l  1.23 1.35 - - - - - 

7 naxSirorJangi, mg/l  - - 2.2 1.45 2.09 6.34 1.33 

8 marilianoba, ppt  0.31 0.33 0.29 0.38 0.20 1.89 0.20 

9 sixiste, mg.eqv/l  3.32 4.02 3.17 2.81 2.29 20.22 4.64 

10 amoniumi, mgN/l 0.39 0.735 0.746 0,654 0,555 0,439 0.624 0,435 

11 nitriti,mgN/l 1.0 0.125 0.132 0.251 0.116 0.114 <0.001 0.111 

12 nitrati,mgN/l 10.0 1.423 2.025 1.025 1.412 2.025 0.061 2.489 

13 fosfati, mg/l 3.5 0.122 0.178 0.161 0.142 0.099 <0.001 0.088 

gazomili 

ingredientebi 
zdk 

siRnaRi, sof.Zvelianaga gurjaani 

sof.axaSnisx
elovnuriwya

lsacavi 

axali 

wyalsacavi 

Zveli 

wyalsacavi 
gruntis
wyali 

sasoflo-
sameurneo 
Camonadeni 

totaluri 
koliformebi 

1 dm3-Si 8 000 9 000 5 200 10 200 6 000 

E-coli 1 dm3-Si 5 000 7 000 3 400 9.800 4 500 
fekaluri 
streptokokebi 

1 dm3-Si 600 750 540 850 340 
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cxrili2.3-is gagrZeleba 

14 sulfatebi,  mg/l 500 322.21 333.82 299.89 311.25 39.48 1365.87 74.20 

15 qloridebi, mg/l 350 40.21 45.01 22.78 19.45 11.08 297.24 11.05 

16 ftori, mg/l  0.148 0.111 0.147 0.147 0.088 1.105 0.127 

17 
hidrokarbonatebi, 

mg/l 
 181.5 192.24 174.12 180.22 129.0 253.76 314.08 

18 kaliumi, mg/l  1.1 2.1 1.1 1.4 1.1 6.0 1.3 

19 natriumi, mg/l 200 45.6 40.9 15.5 31.5 8.5 350.0 20.5 

20 kalciumi, mg/l 180 74.12 74.38 69.11 85.41 36.04 295.22 69.15 

21 magniumi, mg/l  15.14 17.15 16.45 18.07 9.48 66.08 19.21 

22 siliciumJava, mg/l  9.5 10.2 10.1 9.2 8.1 11.5 9.5 

23 spilenZi, mg/l 1.0 0.0122 0.0133 0.0147 0.0163 0.0146 0.0220 0.0135 

24 tyvia, mg/l 0.03 0.0068 0.0089 0.0079 0.0064 0.0055 0.0012 0.0022 

25 vercxli, mg/l 0.05 0.0002 0.0002 0.0001 0.0002 0.0002 0.0001 0.0002 

 
cxrili 2.4. alaznis velis zedapiruli wylebisa da gruntis wylis mikrobiologiuri 

analizis Sedegebi. agvisto, 2017w. 

rogorc 2.1  da 2.3 cxrilebidan Cans: 

• wyalsacavebis wylebi miekuTvnebian saSualod mineralizirebul wyalsacavebis 

kategorias. 

• gruntis wylebi xasiaTdebian maRali mineralizaciiT da miekuTvnebian maRali 

mineralizaciis mqone wylebs; aRiniSneba natriumis, qlorisa da sulfatebis ionebis 

maRali Semcveloba, rac imis maCvenebelia, rom wyalsacavebi gaSenebulia damlaSebul 

niadagebze (siRnaRis municipalitetSi). 

•  siRnaRis raionis sof. anagis da gurjaanis raionis sof.axaSnis teritoriaze 
arsebul xelovnur wyalsacavebSi biogenuri nivTierebebidan mxolod amoniumis ionebis 

koncentraciebi aRematebian zRvrulad dasaSveb mniSvnelobebs, amave dros aris 

tendencia, rom maTi raodenoba Zvel wyalsacavebSi metia axal wyalsacavebTan SedarebiT.  

• mikrobiologiuri TvalsazrisiT sasoflo-sameurneo Camonadeni dabinZurebulia 

E-coli1-iT (cxr.2.2 da 24). 

• mZime liTonebis koncentracia umniSvneloa, dafiqsirebulia normis farglebSi da 

ar xdeba am liTonebiT wyalsacavebis dabinZureba. 

cxr. 2.5 da nax. 2.1-2.3 mocemulia mZime liTonebis Semcveloba wyalsacavebis wylebSi. 

rogorc monacemebidan Cans, isini normis farglebSi dafiqsirda da am mxriv 

dabinZurebas ara aqvs adgili (cxr. 2.5, nax. 2.1-2.3). 

 

 

 

 

gansazRvruli 
ingredientebi 

erTeu
-li 

siRnaRi, sof.Zvelianaga gurjaani 
axali 

wyalsacavi, 

Sesasvlel-
Tan  

axali 
wyalsaca

vi, SuaSi 

Zveli 
wyalsac

avi 

sasoflosa
meurneo 

Camonadeni 

qvemo 
alaznis 
sarwyavi 

arxi 

gruntis 
wyali 

s.axaSnisx
elovnu-
riwyal-
sacavi 

totaluriko
liformebi 

1dm3-Si 8000 9500 9500 7500 8500 7000 7500 

E-coli 1dm3-Si 7000 6500 4000 6500 3500 6200 3500 

fekalurist
reptokokebi 

1dm3-Si 550 650 400 550 250 350 450 
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cxrili 2.5. siRnaRisa da gurjaanis raionebis zedapirul wylebSi mZime                  

liTonebis Semcveloba 

nimuSis 

aRebis 

dro 

ingredientebi erTeuli 

qvemo 

alaznis 

sarwyavi 

arxi 

sof. Zveli 

anaga, axali 

wyalsacavi 

sof. Zveli 

anaga, Zveli 

wyalsacavi 

sof. 

axaSnis 

xelovnuri 

wyalsacavi 

02.2017 

spilenZi 

mg/l 

 0.0058 0.0044 0.0029 

tyvia  0.0016 0.0036 0.0017 

vercxli  0.0006 0.0006 0.0002 

08.2017 
spilenZi 0.0146 0.0122 0.0147 0.0135 

tyvia 0.0055 0.0068 0.0079 0.0022 

vercxli 0.0002 0.0002 0.0001 0.0002 

 

 

 
Nnax. 2.1. siRnaRis raionis sof. Zvelianagis axali wyalsacavis nimuSebSi mZime 

liTonebis Semcveloba (2017). 

 

 
Nnax. 2.2. siRnaRis raionis sof. Zvelianagis Zveli wyalsacavis nimuSebSi mZime 

liTonebisSemcveloba (2017). 
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Nnax. 3.3. gurjaanis raionis sof. axaSenis wyalsacavis nimuSebSi mZime 

liTonebisSemcveloba (2017). 

 

niadagis nimuSebSi humusisa da sakvebi elemetebis (N, P, K) SesaTvisebeli formebis 

gansazRvra Zveli anagisa da sof.axaSnis niadagis nimuSebSi 0-20, 20-40, 40-60 sm siRrmeze. 

cxr. 2.6-Si mocemulia humusisa da N, P, K-s miRebuli Sedegebi. 

 

cxrili 2.6. Zveli anagis da sof.axaSnis niadagebSi humusisa da sakvebi elementebis 

SesaTvisebeli formebis gansazRvris Sedegebi (02.2017) 

niadagisdasaxeleba siRrme, sm 
humusi 

% 

SesaTvisebeli 
mg/100g 

hidrolizu
ri 

N mg/100g P2O5 K2O 

sof. Zvelianaga 
0-20 2.36 2.2 50.0 4.6 
20-40 1.46 1.8 43.0 4.0 
40-60 1.11 1.2 30.0 3.8 

sof.axaSeni 
0-20 3.20 3.5 47.8 5.6 

20-40 2.50 3.2 45.0 4.8 

40-60 1.50 1.4 34.0 4.2 

 

cxr. 2.6-dan Cans humusis Semcveloba sof.Zveli anagis niadagebSi zeda horizontSi 

Seadgens  2,36%, siRrmeSi TandaTan klebulobs da 40-60 sm siRrmeze Seadgens 1,11%-s, e.i. es 

niadagebi humusiT naklebad uzrunvelyofili niadagebia. 

• niadagi mdidaria SesaTvisebeli kaliumiT (50,0 mg/100 g niadagSi samagierod mcirea 

SesaTvisebeli fosforis raodenoba). siRrmeSi misi raodenoba klebulobs da Seadgens 

30,0 mg/100 g niadagSi.  

• hidrolizuri azotis raodenoba icvleba humusis Semcvelobis mixedviT, maqsimaluria 

zeda humusian fenaSi da Seadgens 4,6 mg/100 g niadagSi. siRrmeSi misi raodenoba 

klebulobs. es miuTiTebs imaze, rom sakvlev nimuSebSi dabalia hidrolizuri anu 

SesaTvisebeli azotis Semcveloba, e.i. niadagbi iTvlebian dabalnayofier niadagebad. 
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• sof.axSnis niadagebi ukeTesia yvela komponentis mixedviT Zveli anagis niadagebTan 

SedarebiT. 

cxr. 2.7-Si mocemulia niadagis nimuSebSi mZime liTonebis (Cu, Pb, Ag) gansazRvris Sedegebi 

0-10 da 10-20 sm siRrmeze. 

 

cxrili 2.7. xelovnuri wyalsacavebis mimdebare teritoriebis niadagis 

nimuSebSi Cu, Pb, Ag Semcveloba. Tebervali, 2017 w 

 
 
 
 
 
 
 
 
 
 
 
 
 

cxrili 2.8. xelovnuri wyalsacavebis mimdebare teritoriebis niadagis 

nimuSebSi Cu, Pb, Ag Semcveloba. agvisto, 2017w 

# 
ingredientebi siRrme, 

sm 

Cu Pb Ag 

1 

mg/kg 

siRnaRi,  

s.Zveli anaga 

0-10 62.25 18.27 0.25 

10-20 40.05 10.16 0.19 

2 
gurjaani, 

s.axaSeni 

0-10 25.10 6.96 0.30 

10-20 23.06 5.17 0.25 

 

rogorc cxr. 2.7-2.8-dan Cans spilenZis Semcveloba zeda 0-10 sm-ian fenaSi Seadgens 

59,53 mg/kg, xolo qveda 10-20 sm-ian fenaSi Seadgens 29,72 mg/kg-ze. gurjaanis niadagebSi misi 

Semcveloba Sesabamisad Seadgens 21,45-27,68 mg/kg. spilenZis Semcveloba klarkSi Seadgens 

47, xolo niadagSi misi saSualo Semcveloba  - 20 mg/kg. rogorc miRebuli Sedegebidan Cans, 

spilenZis Semcveloba aRemateba rogorc klarkis ise niadagSi mis saSualo Semcvelobas. 

gurjaanis niadagebSi spilenZis Semcveloba naklebia Zveli anagis niadagebTan SedarebiT. 

tyviis Semcveloba mxolod zeda 0-10 sm-ian fenaSi aRemateba mis saSualo mniSvnelobas 

niadagSi. vercxlis Semcveloba normis farglebSia. 

rogorc nax. 2.4 da 2.5-dan Cans: niadagSi mZime liTonebidan prioritetuli 

damabinZurebeli elementia spilenZi. siRnaRis raionSi saangariSo periodSi 

niadagiszeda 0-10 sm-ianfenaSi dafiqsirebulia spilenZis maqsimaluri raodenoba, 

romelicSeadgens 62 mg/kg, xolo tyviisSemcveloba 18 mg/kg-ze, gacilebiT naklebia maTi 

Semcveloba gurjaanis raionSi. niadagis 10-20 sm-ian fenaSi aRiniSneba mZime liTonebis 

ufro naklebi Semcveloba. 

 

# ingredientebi 
siRrme,    

sm 
Cu Pb Ag 

mg/kg 

1 

 
siRnaRi, s.Zveli anaga 

0-10 59.53 14.05 0.53 

10-20 29.72 8.63 0.24 

2 gurjaani, s.axaSeni 

0-10 21.45 5.45 0.51 

10-20 27.68 5.72 0.24 

20-30 30.23 5.23 0.29 

30-40 40.04 6.67 0.38 

40-50 29.05 5.88 0.39 
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nax. 2.4. siRnaRi, s.Zveli anaga,xelovnuri wyalsacavebis mimdebare teritoriebis  

niadagis nimuSebSi Cu, Pb, Ag Semcveloba, Tebervali, agvisto 2017 w. 

 

 
nax. 2.5. gurjaani, sof. axaSeni, xelovnuri wyalsacavebis mimdebare teritoriebis  

niadagis nimuSebSi Cu, Pb, Ag Semcveloba, Tebervali, agvisto 2017 w. 

 

2018 wels Catarda ori eqspedicia. 

siRnaRis municipalitetSi - sof. Zveli anagis teritoriaze aRebulia niadagisa da 

wylis sinjebi Semdegi wertilebidan: sasoflo-sameurneo Camonadeni, axali wyalsacavi, 

Zveli wyalsacavi da gruntis wyali. 

niadagis nimuSebis aReba moxda 0-10, 10-20, 0-20, 20-40, 40-60, 60-80, 80-100 sm siRrmeze  

wyalsacavebis garSemo 20 m-is dacilebiT. 

analogiuri samuSaoebi Catarda gurjaanis municipalitetSi, sof. axaSnis 

teritoriaze wyalsacavidan moxda wylis sinjis aReba, xolo wyalsacavidan 20 m-s 

dacilebiT moxda niadagis nimuSebis aReba igive siRrmeebze. 

dagegmili iyo wylis sinjebSi adgilze mobiluri aparatis saSualebiT gazomvebis 

Catareba kerZod, temperaturis, pH, gaxsnili Jangbadis da marilianobis [9]. xolo 

laboratoriaSi maTSi ganisazRvra hidroqimiuri da mikrobiologiuri parametrebi (ix. 

cxrilebi 2.9, 2.10). 
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cxrili 2.9. alaznis velis xelovnuri wyalsacavebis, gruntis wylisa da sasoflo-

sameurneo Camonadenis fizikur-qimiuri da hidroqimiuri analizis Sedegebi, Tebervali, 
2018 w 

 

cxrili 2.10. xelovnuri wyalsacavebis, gruntis wylis da sasoflo-sameurneo Camonadenis 

mikrobiologiuri analizis  Sedegebi, 02.2018 w. 

cxr. 2.9 da 2.10-Si mocemulia 2018 wels aRebuli nimuSebis qimiuri analizis 

Sedegebi. rogorc cxrilis monacemebi gviCvenebs: 

# 
gazomili 

parametrebi 
erTeuli 

siRnaRi, Zveli anaga 
gurjaani 

axali 
wyalsacavi 

Zveli 
wyalsacavi 

sasoflo-
sameurneo 
Camonadeni 

gruntis 
wyali 

sof. axaSnis 
xelovnuri 
wyalsacavi 

1 suni bali 0 0 0 0 0 

2 gamWirvaloba sm 9 9 10 12 11 

3 pH mg/l 7,95 8,12 8,02 6.70 7,65 

4 karbonati mg/l - 2,1 1,92 - - 

5 naxSirorJangi mg/l 1,06 - - 0.95 1,15 

6 hidrokarbonati mg/l 129,32 197,64 149,24 785.1 137,81 

7 sixiste mgeqv./l 2,36 4,57 3,01 12.25 2,45 

8 amoniumi mgN/l 0.124 0.778 0,854 0,358 0,623 

9 kalciumi mg/l 32,58 62,99 29,35 202.3 41,02 

10 magniumi mg/l 8,99 17,32 9,37 58.5 5,28 

11 eleqtrogamtaroba μsms/cm 213,5 365,2 252,2 5896 240,6 

12 gaxsnili Jangbadi mg/l 9,54 9,98 9,20 - 9,41 

13 Jbm
5
 mg/l 1,02 1,36 0,95 - 1,15 

14 nitrati mgN/l 0,535 0,233 0,325 0.253 0,500 

15 nitriti mgN/l 0,019 <0,001 0,085 <0,001 0,002 

16 fosfati mg/l 0,167 0,254 0,135 0,053 0,248 

17 ftori mg/l 0,065 0,056 0,044 0,179 0,068 

18 bromi mg/l 0,133 0,339 0,140 <0,001 0,120 

19 sulfatebi mg/l 20,50 90,25 35,88 3256.8 26,22 

20 qloridebi mg/l 4,49 8,13 3,21 498,5 4,28 

21 natriumi mg/l 7,0 16,5 10,0 524,5 8,5 

22 kaliumi mg/l 0,9 1,1 1,1 4,1 1,2 

23 siliciummJava mg/l 4,1 7,1 3,7 11,0 3,8 

24 mineralizacia mg/l 206,21 364,97 258,98 6011.9 238,85 

25 spilenZi mg/l 0,0082 0,0029 0,0045 0.0053 0,0032 

26 tyvia mg/l 0,0029 0,0038 0,0021 0.0019 0,0019 

27 vercxli mg/l 0,0038 0,0002 0,0003 0.0002 0,0005 

 
gansazRvruli 
ingredientebi 

erTeuli 

siRnaRi, sof.Zveli anaga gurjaani, 

s.axaSnis 
xelovnuri 
wyalsacavi 

axali 
wyalsacavi  

Zveli 
wyalsacavi 

gruntis 
wyali 

sasoflo-
sameurneo 
Camonadeni 

totaluri 
koliformebi 

1 dm3-Si 5500 6500 6000 7000 6 500 

E-coli 1 dm3-Si 5 000 6 000 4000 7 500 6000 

fekaluri 
streptokokebi 

1 dm3-Si 400 600 500 650 400 
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• wyalsacavebis wylebi miekuTvnebian saSualod mineralizirebul wyalsacavebis 

kategorias. 

• gruntis wylebi xasiaTdebian maRali mineralizaciiT da miekuTvnebian maRali 

mineralizaciis mqone wylebs; aRiniSneba natriumis, qlorisa da sulfatebis ionebis 

maRali Semcveloba, rac imis maCvenebelia, rom wyalsacavebi gaSenebulia damlaSebul 

niadagebze (siRnaRis municipalitetSi). 

• siRnaRis raionis sof. anagis da gurjaanis raionis sof. axaSnis teritoriaze arsebul 
xelovnur wyalsacavebSi biogenuri nivTierebebidan mxolod amoniumis ionebis 

koncentraciebi aRematebian zRvrulad dasaSveb mniSvnelobebs, amave dros aris 

tendencia, rom maTi raodenoba Zvel wyalsacavebSi metia axal wyalsacavebTan 

SedarebiT.  

• mikrobiologiuri TvalsazrisiT sasoflo-sameurneo Camonadeni gansakuTrebiT 

dabinZurebulia E-coli1-iT. 

• mZime liTonebis koncentracia umniSvneloa, dafiqsirebulia normis farglebSi da ar 

xdeba am liTonebiT wyalsacavebis dabinZureba. 

 

cxrili 2.11. alaznis velis xelovnuri wyalsacavebis, gruntis wylis, sasoflo-
sameurneo Camonadenisa da qvemo alaznis sarwyavi arxis wylis fizikur-qimiuri da 

hidroqimiuri analizis Sedegebi, agvisto, 2018w. 

# 
gazomili 

parametrebi 
erTeuli 

siRnaRi, Zveli anaga 
gurjaani 

axali 
wyalsac

avi 

Zveli 
wyalsa
cavi 

qvemo al-
aznis sar-
wyavi arxi 

sasoflo-
sameurneo 
Camonadeni 

gruntis 
wyali 

sof. axaSnis 
xelovnuri 
wyalsacavi 

1 suni bali 0 0 0 0 0 0 

2 gamWirvaloba sm 9 9 9 11 11 10 

3 pH mg/l 8,23 7,98 8,40 7,82 8,12 8,77 

4 karbonati mg/l 1,25 - 2,1 - 1,5 1,5 

5 naxSirorJangi mg/l - 2,82 - 1,23 - - 

6 hidrokarbonati mg/l 197,64 229,36 192,76 142,27 272,33 200,1 

  7 sixiste mgeqv./l 4,92 7,21 3,82 2,92 15,22 3,32 

8 amoniumi mgN/l 0.356 0.688 0.345 0,543 0,355 0,578 

9 kalciumi mg/l 75,48 116,47 55,35 28,25 397,20 67,52 

10 magniumi mg/l 14,02 16,99 12,88 9,11 71,0 28,67 

11 eleqtrogamtaroba μsms/cm 630 835 360 302 3156 455 

12 nitrati mgN/l 0,479 0,015 0,635 1,235 1,675 0,876 

13 nitriti mgN/l 0,005 0,045 0,034 0,123 0,458 0,056 

14 fosfati mg/l 0,183 0,090 0,040 0,145 0,197 0,190 

15 ftori mg/l 0,293 0,250 0,335 0,098 0,098 0,045 

16 bromi mg/l 0,924 0,042 0,095 0,045 0,123 0,089 

17 sulfatebi mg/l 130,89 207,18 63,31 52,30 1349,5 111,45 

18 qloridebi mg/l 28,41 30,52 7,28 8,20 178,5 11,98 

19 natriumi mg/l 78,5 125,5 14,5 10,5 366,8 15,7 

20 kaliumi mg/l 1,6 4,0 1,2 1,2 9,5 1,5 

21 siliciummJava mg/l 6,1 10,2 4,5 4,5 7,5 7,5 

22 mineralizacia mg/l 627,83 827,07 350,21 351,76 3296 479,82 

23 spilenZi mg/l 0.0018 0.0060 0.0025 0,0086 0,0060 0,0069 

24 tyvia mg/l 0.0088 0.0068 0.0109 0,0019 0,0020 0,0056 

25 vercxli mg/l 0.0052 0.0009 0.0035 0,0002 0,0003 0,0003 
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• agvistoss Tvis monacemebis mixedviT, bunebrivi wylebis erT-erTi ZiriTadi maCvenebeli 

aris pH, romelic  bunebrivi Tu anTropogenuli faqtorebis mixedviT sakmaod cvladia 

(7,82-8,77). igi gansazRvravs Jangva-aRdgeniT potencials da maszea damokidebuli wylis 

TviTgawmendis unari. 

• mineralizacia axal wyalsacavSi Seadgens 627,83 mg/l, xolo ZvelSi - 827,07 mg/l. 

gaxsnili nivTierebebis mixedviT (mg/l-iT) wyalsacavebi miekuTvnebian zomieri (500-1000 

mg/l) mineralizaciis mqone wylebs. xolo sasoflo-sameurneo Camonadenis 

mineralizacia gacilebiT naklebia da tolia 351,76 mg/l. 

• gurjaanis wyalsacavis wyalSi wylis mineralizacia siRnaRis raionis wylebTan 

SedarebiT naklebia da Seadgens 479,82 mg/l.  

• rac Seexeba gruntis wylebs, misi mineralizacia gacilebiT metia yvela wyalsacavis 

mineralizaciaze (3296 mg/l) da is miekuTvneba maRal mineralizirebul wylebs. amave 

dros aRsaniSnavia is faqtic, rom alaznis velze gruntis wyali amosulia maRla 1,5-2,5 

m-mde da SesaZlebelia maTi Sedineba wyalsacavis wylebSi. 

• rogorc cxr. 2.11-dan Cans, aRiniSneba natriumis, qlorisa da sulfat-ionebis maRali 

Semcveloba, rac imis maCvenebelia, rom wyalsacavebi gaSenebulia damlaSebul 

niadagebze. 

• biogenuri nivTierebebidan mxolod amoniumis ionebi aRematebian Sesabamis zRvrulad 

dasaSveb koncentracias da aRniSnul wylebSi meryeobs 0,345-0,688 mg/l-s farglebSi. 

amave dros SeiniSneba tendencia, rom amoniumis ionebi ufro meti raodenobiT aris Zvel 

wyalsacavSi, vidre axalSi, xolo gurjaanis wyalsacavSi  yovelTvis ar aRemateba 

zRvrulad dasaSveb koncentracias. 

• rac Seexeba mZime liTonebis Semcvelobas wyalsacavebis wylebSi, isini normis 
farglebSi dafiqsirda da am mxriv dabinZurebas adgili ar aqvs 

 

cxrili 2.12. xelovnuri wyalsacavebis, gruntis wylis da sasoflo-sameurneo 

Camonadenis mikrobiologiuri analizis  Sedegebi,  agvisto, 2018 w. 

gansazRvruli 
ingredientebi 

erTeuli 

siRnaRi, sof. Zveli anaga gurjaani, 

s.axaSnis 
xelovnuri 
wyalsacavi 

axali 
wyalsacavi 

Zveli 
wyalsacavi 

gruntis 
wyali 

sasoflo-
sameurneo 
Camonadeni 

totaluri 
koliformebi 

 1 dm3-Si       3 500 4 500 5 500 6 400 4 000 

E-coli  1 dm3-Si       2 000 6 000 5 500 6 500 5 000 

fekaluri 
streptokokebi 

 1 dm3-Si         250 300 550 500 200 

 
Nnax. 2.6. siRnaRis raionis sof. Zvelianagis axali wyalsacavis 

nimuSebSi mZimeliTonebis Semcveloba (2018). 
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naxazi 2.7. siRnaRis raionis sof. Zvelianagis Zveli wyalsacavis 

nimuSebSi mZime liTonebis Semcveloba (2018). 

 

 
naxazi 2.8. gurjaanis raionis sof. axaSenis wyalsacavis nimuSebSi 

mZime liTonebisSemcveloba (2018). 

 

laboratoriaSi Camotanili niadagis nimuSebSi Catarda qimiuri analizebi: 

gaSroba, dafxvna-daqucmaceba, dafqva, gacra da a.S.,   0-10 da 10-20 sm siRrmeze ganisazRvra 

mZime liTonebis (Cu, Pb, Ag) Semcveloba (cxr. 2.13, 2.14). 

 

cxrili 2.13. xelovnuri wyalsacavebis mimdebare teritoriebis  

niadagis nimuSebSi Cu, Pb, Ag Semcveloba. 28.02. 2018 

# ingredientebi siRrme, 
sm 

Cu Pb Ag 

mg/kg 

1 
 

siRnaRi, 

s.Zveli anaga 

0-10 60.24 17.18 0.45 

10-20 28.52 9.22 0.20 

2 
gurjaani, 

s.axaSeni 

0-10 31.35 8.25 0.59 

10-20 26.82 5.89 0.31 
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cxrili 2.14. xelovnuri wyalsacavebis mimdebare teritoriebis 

niadagis nimuSebSi Cu, Pb, Ag Semcveloba 

agvisto, 2018 

 

# ingredientebi 
siRrme, 

sm 

Cu Pb Ag 

mg/kg 

1 
 

siRnaRi,  

s.Zveli anaga 

0-10 98.24 35.66 0.52 

10-20 52.41 11.78 0.22 

2 
gurjaani, 

s.axaSeni 

0-10 48.63 29.33 0.49 

10-20 35.21 15.47 0.28 

 

 
nax. 9. siRnaRi, s.Zveli anaga,xelovnuri wyalsacavebis mimdebare teritoriebis  

niadagis nimuSebSi Cu, Pb, Ag Semcveloba, Tebervali, agvisto 2018 w. 

 

 
nax.10. gurjaani, sof. axaSeni,xelovnuri wyalsacavebis mimdebare teritoriebis niadagis 

nimuSebSi Cu, Pb, Ag Semcveloba, Tebervali, agvisto 2018 w. 



34 
 

grafikebidan Cans, rom 2018 wlis Tebervlis Tvis niadagSi mZime liTonebidan 

prioritetuli damabinZurebeli elementia spilenZi. siRnaRis raionSi saangariSo 

periodSi niadagis zeda 0-10 sm-ian fenaSi dafiqsirebulia spilenZis maqsimaluri 

raodenoba 60,24 mg/kg, xolotyviis Semcveloba 9,22-17,18 mg/kg-is farglebSi meryeobs,  

SedarebiT naklebia spilenZis Semcveloba gurjaanis raionSi da Seadgens 31,35 mg/kg 

niadagis zeda fenaSi, xolo tyvia meryeobs 5,89-8,25 mg/kg-is farglebSi. niadagis 10-20 

sm-ian fenaSi aRiniSneba mZime liTonebis ufro naklebi Semcvelobebi.  

nax. 2.9 da 2.10-dan Cans, rom agvistos Tvis niadagSic mZime liTonebidan 

prioritetuli damabinZurebeli elementia spilenZi. siRnaRis raionSi (s.Zveli anaga) 

saangariSo periodSi niadagis zeda 0-10 sm-ian fenaSi dafiqsirebulia spilenZis 

maqsimaluri raodenoba 98,24 mg/kg, xolo tyviis Semcveloba Sedgebs 35,66 mg/kg, SedarebiT 

naklebia spilenZis Semcveloba gurjaanis raionSi (s.axaSeni) da Seadgens 48,63 mg/kg 

niadagis zeda fenaSi, xolo tyvia-29,33 mg/kg. niadagis 10-20 sm-ian fenaSi aRiniSneba mZime 

liTonebis ufro naklebi Semcvelobebi. vercxlis Semcveloba rogorc Zveli anagis, ise 

axaSnis niadagebis zeda fenaSi umniSvneloa da Sesabamisad Seadgens 0,52 da 0,49 mg/kg 

niadagze agvistos TveSi. siRrmeSi vercxlis Semcveloba kidev ufro mcirea. 

aRsaniSnavia niadagis dabinZureba spilenZiT, vinaidan sasoflo-sameurneo 

savargulebSi gamoyenebuli qimikatebi Seicaven spilenZs. pesticidebSi wamyvani adgili 

Sabiamans, kuprazans,  kupervals, irokos, cianidebs da sxvas ukaviaT. umetesobis ZiriTadi 

Semadgeneli komponenti spilenZia, romelic xvdeba haerSi, wyalSi, sakveb produqtebSi 

da adamianis organizmSi; xolo tyviis gazrdili koncentraciebi SesaZlebelia 

gamowveuli  iyos alaznis velis niadagebsa da mcenareul sakveb produqtebSi 

avtomanqanebis gamonabolqviairebiT da Rrublebze aqtiuri zemoqmedebis gavleniT 

(reagenti PbI2), Tumca es reagenti aRar gamoiyeneba setyvis sawinaaRmdego samuSaoebis 

Catarebis dros, amJamad am samuSaoebSi gamoiyeneba vercxlis iodidi (AgI).  niadagSi 

koncentraciis mixedviT spilenZis Semdeg meore adgilzea tyvia da bolos vercxli. maT 

mier niadagis dabinZureba ar xdeba. 

2019 wlis Tebervlisa da agvistos TveebSi Catarda eqspediciuri samuSaoebi 

siRnaRisa da gurjaanis municipalitetebSi. aRebuli iyo bunebrivi wylis sinjebi da 

niadagis nimuSebi sakvlevi obieqtebidan. lamoratoriaSi moxda  saWiro ingredientebis 

gansazRvra, miRebuli Sedegebia mocemulia Sesabamis cxr. 2.15-2.20 da nax.2.11-2.15. 
 

cxrili 2.15. alaznis velis xelovnuri wyalsacavebis, gruntis wylisა da sasoflo-

sameurneo  Camonadenis fizikur-qimiuri da hidroqimiuri analizis Sedegebi, Tebervali 

  gazomili  
   parametrebi 

erTeuli 

siRnaRi, Zveli anaga gurjaani 

axali 
wyalsacavi 

Zveli 
wyalsacavi 

sasoflo-
sameurneo 
Camonadeni 

gruntis 
wyali 

sof. axaSnis 
xelovnuri 
wyalsacavi 

pH mg/l 7,26 7,85 7,91 7,05 7,35 

karbonati mg/l - 1,3 1,25 - - 

naxSirorJangi mg/l 1,15 - - 0.85 1,05 

hidrokarbonati mg/l 132,56 186,23 152,42 822,25 142,35 

sixiste mgeqv./l 2,22 3,26 2,85 11,88 2,49 

amoniumi mgN/l 0.251 0.524 0,613 0,333 0,521 

kalciumi mg/l 35,41 59,12 31,54 198,58 44,25 
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cxrili 2.15-is gagrZeleba 

magniumi mg/l 11,02 16,54 10,23 17,11 7,19 

eleqtrogamtaroba μsms/cm 240,15 389,33 268,49 6124,5 256,9 
gaxsni 
li Jangbadi 

mg/l 10,51 10,25 11,14 11,46 10,35 

Jbm
5
 mg/l 0,95 0,86 0,74 1,28 0,65 

nitrati mgN/l 1,125 0,827 0,741 0.522 0,419 

nitriti mgN/l 0,012 0,022 0,061 0,124 0,043 

fosfati mg/l 0,135 0,148 0,148 0,085 0,178 

ftori mg/l 0,111 0,087 0,064 0,041 0,102 

bromi mg/l 0,161 0,228 0,214 0,189 0,174 

sulfatebi mg/l 45,12 102,14 42,84 3876,23 32,17 

qloridebi mg/l 6,05 10,45 6,25 512,36 6,47 

natriumi mg/l 15,20 22,15 12,33 615,23 12,36 

kaliumi mg/l 1,5 1,9 2,1 6,5 2,1 

siliciummJava mg/l 5,5 9,1 4,5 10,1 4,1 

mineralizacia mg/l 239,18 390,45 260,78 6222,52 261,48 

spilenZi mg/l 0,0059 0,0046 0,0065 0.0041 0,0049 

tyvia mg/l 0,0022 0,0019 0,0030 0.0024 0,0017 

vercxli mg/l 0,0005 0,0003 0,0004 0.0001 0,0002 

 

cxrili 2.16. xelovnuri wyalsacavebis, gruntis wylis da sasoflo-sameurneo Camonadenis 

mikrobiologiuri analizis  Sedegebi, Tebervali, 2019 w. 

gansazRvruli 

ingredientebi 
erTeuli 

siRnaRi, sof. Zveli anaga gurjaani, 

s.axaSnis 

xelovnuri 

wyalsacavi 

axali 
wyalsacavi 

Zveli 
wyalsacavi 

gruntis 
wyali 

sasoflo-
sameurneo 
Camonadeni 

totaluri 
koliformebi 

 1 dm3-Si 4 000 5500 5000 6500 5 500 

E-coli  1 dm3-Si 4500 4 000 3500        6000 4000 

fekaluri 
streptokokebi 

 1 dm3-Si 200 300 450         550 200 

 

• wyalsacavebis wylebi miekuTvnebian saSualod mineralizirebul wyalsacavebis 

kategorias. 

• gruntis wylebi xasiaTdebian maRali mineralizaciiT da miekuTvnebian maRali 

mineralizaciis mqone wylebs; aRiniSneba natriumis, qlorisa da sulfatebis ionebis 

maRali Semcveloba, rac imis maCvenebelia, rom wyalsacavebi gaSenebulia damlaSebul 

niadagebze (siRnaRis municipalitetSi). 

• siRnaRis raionis sof. anagis da gurjaanis raionis sof. axaSnis teritoriaze arsebul 
xelovnur wyalsacavebSi biogenuri nivTierebebidan mxolod amoniumis ionebis 

koncentraciebi aRematebian zRvrulad dasaSveb mniSvnelobebs, amave dros aris 

tendencia, rom maTi raodenoba Zvel wyalsacavebSi metia axal wyalsacavebTan 

SedarebiT.  

• mikrobiologiuri TvalsazrisiT sasoflo-sameurneo Camonadeni dabinZurebulia E-

coli1-iT. 

• mZime liTonebis koncentracia umniSvneloa, dafiqsirebulia normis farglebSi da ar 

xdeba am liTonebiT wyalsacavebis dabinZureba. 
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cxrili 2.17. alaznis velis xelovnuri wyalsacavebis, gruntis wylis, sasoflo-

sameurneo Camonadenisa da qvemo alaznis sarwyavi arxis wylis fizikur-qimiuri da 

hidroqimiuri analizis Sedegebi, agvisto, 2019 

  gazomili  
   parametrebi 

erTeuli 

siRnaRi, Zveli anaga gurjaani 

axali 
wyalsacavi 

Zveli 
wyalsacavi 

qvemo al-
aznis sar-
wyavi arxi 

sasoflo-
sameurneo 
Camonadeni 

gruntis 
wyali 

sof. 
axaSnis 

xelovnuri 
wyalsacavi 

pH mg/l 8,55 8,25 8,61 7,75 7,45 8,56 

karbonati mg/l 0,85 0,74 1,22 - - 1,12 

naxSirorJangi mg/l - - - 1,05 1,14 - 

hidrokarbonati mg/l 128,19 156,32 202,55 125,84 322,84 153,23 

sixiste mgeqv./l 3,21 4,14 2,25 1,88 11,12 2,46 

amoniumi mgN/l 0.422 0.581 0.411 0,623 0,284 0,485 

kalciumi mg/l 69,25 99,48 66,89 33,45 412,48 59,78 

magniumi mg/l 10,22 12,45 9,48 10,47 65,22 30,41 
eleqtrogamtaroba μsms/cm 436 625 425 455 5425 336 

nitrati mgN/l 1,885 1,326 0,842 1,322 1,478 0,975 

nitriti mgN/l 0,012 0,048 0,043 0,147 0,321 0,111 

fosfati mg/l 0,105 0,122 0,059 0,105 0,096 0,057 

ftori mg/l 0,055 0,023 0,065 0,038 0,101 0,027 

bromi mg/l 0,115 0,047 0,024 0,115 0,109 0,122 

sulfatebi mg/l 159,02 245,12 76,49 67,32 1486,23 202,45 

qloridebi mg/l 36,89 45,18 11,46 19,69 210,23 15,48 

natriumi mg/l 75,89 134,51 16,78 11,47 435,62 20,15 

kaliumi mg/l 1.1 3.5 1,5 1,5 10,5 1,1 

siliciummJava mg/l 7,1 8,5 3,1 3,5 8,1 7,5 

mineralizacia mg/l 440,55 630,40 420,48 460,12 5405,23 339,78 

spilenZi mg/l 0.0084 0.0056 0.0084 0,0080 0,0059 0,0071 

tyvia mg/l 0.0035 0.0029 0.0045 0,0035 0,0031 0,0025 

vercxli mg/l 0.0005 0.0004 0.0001 0,0005 0,0002 0,0003 

 

cxrili 2.18. xelovnuri wyalsacavebis, gruntis wylis da sasoflo-sameurneo Camonadenis 

mikrobiologiuri analizis  Sedegebi,  agvisto, 2019 

gansazRvruli 

ingredientebi 
erTeuli 

siRnaRi, sof. Zveli anaga gurjaani, 

s.axaSnis 

xelovnuri 

wyalsacavi 

axali 
wyalsacavi 

Zveli 
wyalsacavi 

gruntis 
wyali 

sasoflo-
sameurneo 
Camonadeni 

totaluri 
koliformebi 

 1 dm3-Si 3 200 5 500 5 000 5600 3500 

E-coli  1 dm3-Si 1500 5 000 4000 5300 2 000 
fekaluri 
streptokokebi 

 1 dm3-Si 150 250 350 250 100 

 

• agvistoss Tvis monacemebis mixedviT, bunebrivi wylebis erT-erTi ZiriTadi maCvenebeli 

aris pH, romelic  bunebrivi Tu anTropogenuli faqtorebis mixedviT sakmaod cvladia 

(7,45-8,61). igi gansazRvravs Jangva-aRdgeniT potencials da maszea damokidebuli wylis 

TviTgawmendis unari. 

• mineralizacia axal wyalsacavSi Seadgens 440,55 mg/l, xolo ZvelSi - 630,40 mg/l. 

gaxsnili nivTierebebis mixedviT (mg/l-iT) wyalsacavebi miekuTvnebian zomieri (500-1000 

mg/l) mineralizaciis mqone wylebs. xolo sasoflo-sameurneo Camonadenis 

mineralizacia  tolia 460,12 mg/l. 
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• gurjaanis wyalsacavis wyalSi wylis mineralizacia siRnaRis raionis wylebTan 

SedarebiT naklebia da Seadgens 339,78 mg/l.  

• rac Seexeba gruntis wylebs, misi mineralizacia gacilebiT metia yvela wyalsacavis 

mineralizaciaze (5405 mg/l) da is miekuTvneba maRal mineralizirebul wylebs. amave 

dros aRsaniSnavia is faqtic, rom alaznis velze gruntis wyali amosulia maRla 1,5-2,5 

m-mde da SesaZlebelia maTi Sedineba wyalsacavis wylebSi. 

• biogenuri nivTierebebidan mxolod amoniumis ionebi aRematebian Sesabamis zRvrulad 

dasaSveb koncentracias da aRniSnul wylebSi meryeobs 0,284-0,623 mg/l-s farglebSi. 

amave dros SeiniSneba tendencia, rom amoniumis ionebi ufro meti raodenobiT aris Zvel 

wyalsacavSi, vidre axalSi, xolo gurjaanis wyalsacavSic  aRemateba zRvrulad 

dasaSveb koncentracias. 

• rac Seexeba mZime liTonebis Semcvelobas wyalsacavebis wylebSi, isini normis 

farglebSi dafiqsirda da am mxriv dabinZurebas adgili ar aqvs. 

 

 
nax. 2.11. siRnaRis raionis sof. Zvelianagis axali wyalsacavis 

nimuSebSi mZime liTonebis Semcveloba (2019). 
 
 

 
 

nax. 2.12. siRnaRis raionis sof. Zvelianagis Zveli wyalsacavis 

nimuSebSi mZime liTonebis Semcveloba (2019). 
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nax. 2.13. gurjaanis raionis sof. axaSenis wyalsacavis nimuSebSi 

mZime liTonebis Semcveloba (2018). 
 

cxrili 2.19. xelovnuri wyalsacavebis mimdebare teritoriebis  

niadagis nimuSebSi Cu, Pb, Ag Semcveloba 

Tebervali, 2019 

# ingredientebi siRrme, 
sm 

Cu Pb Ag 

mg/kg 

1 
 

siRnaRi, s.Zveli 
anaga 

0-10 41.20 28.15 0.36 

10-20 25.22 11.24 0.28 

2 gurjaani, s.axaSeni 
0-10 36.21 15.27 0.42 

10-20 24.11 9.22 0.29 
 

cxrili 2.20. xelovnuri wyalsacavebis mimdebare teritoriebis 

niadagis nimuSebSi Cu, Pb, Ag Semcveloba 

agvisto, 2019 

# ingredientebi 
siRrme, 

sm 

Cu Pb Ag 

mg/kg 

1 
 

siRnaRi, s.Zveli 
anaga 

0-10 56.31 37.29 0.45 

10-20 23.63 13.54 0.31 

2 gurjaani, s.axaSeni 
0-10 39.59 20.19 0.51 

10-20 29.13 11.45 0.30 

 

 
nax. 2.14. siRnaRi, s.Zveli anaga,xelovnuri wyalsacavebis mimdebare 

teritoriebisniadagis nimuSebSi Cu, Pb, Ag Semcveloba, Tebervali, agvisto 2019 w. 
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nax. 2.15. gurjaani, sof. axaSeni,xelovnuri wyalsacavebis mimdebare  

teritoriebisniadagis nimuSebSi Cu, Pb, Ag Semcveloba,  

Tebervali, agvisto 2019 w. 

2019 wels, rogorc cxr. 2.19; 2.20-dan da nax. 2.14; 2.15-dan Cans, niadagis nimuSebSi 

spilenZis Semcveloba siRnaRis Tebervlis Tvis monacemebis mixedviT Seadgens 41,20 zeda 

0-10 sm-ian fenaSi, xolo 10-20 sm-ian fenaSi - 25,22 mg/kg, rac naklebia klarkis 

mniSvnelobaze. analogiurad naklebia spilenZis Semcveloba gurjaanis niadagebSi (36,21 – 

24,11). Sesabamisad icvleba tyviis Semcveloba, SedarebiT maRalia zeda da naklebia qveda 

horizontebSi. 

agvistos TveSi orive komponentis mateba SesamCnevia. spilenZis Semcveloba 

siRnaRis niadagSi aRemateba rogorc klarkis, ise mis saSualo mniSvnelobas, Tumca 

gurjaanis niadagSi misi mniSvneloba naklebia klarkis mniSvnelobaze. umniSnelod 

izrdeba  vercxlis mniSvnelobebi. 

 

2017-2019 ww saerTo Sedegebis mimoxilva 

 nax. 2.16-2.21-ze mocemulia siRnaRisa da gurjaanis municipalitetebSi ganTavsebuli 

xelovnuri wyalsacavebis  da maT mimdebare teritoriebze arsebuli niadagebis 

ekologiuri mdgomareobis Semajamebeli monacemebis grafikuli gamosaxva. 

 

 
naxazi 2.16. amoniumis ionis cvlilebis dinamika siRnaRisa da gurjaanisxelovnuri 

wyalsacavebis wylebSi, Tebervali, agvisto, 2017- 2019. 
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 nax. 2.16-ze mocemulia amoniumis ionebis Semcveloba wyalsacavebis wyalSi 2017-

2019 ww-Si, saidanac naTlad Cans, rom axali wyalsacavis wyalSi amoniumis ionebis 

koncentracia zogierT SemTxvevaSi aRemateba zRvrulad dasaSveb koncentracias (2017w), 

maSin roca Zveli wyalsacavis wyalSi misi koncentracia, 2017-2019 ww ganmavlobaSi 

yovelTvis aRemateba zdk-s. maqsimaluri raodenoba aRiniSneba zamTris TveebSi da 

Seadgens 0,70-0,78 mg/l (1,8-2 zdk). siRnaRis Zveli wyalsacavis identuria gurjaanis 

wyalsacavis monacemebi, aq maqsimaluri mniSvneloba Seadgens 2018 w-is Tebervlis TveSi 

0,62 mg/l  (1,6 zdk).  amoniumis ionebis Warbi Semcveloba wyalsacavebis wylebSi bunebrivia, 

vinaidan maTSi xdeba Tevzis moSeneba sarealizaciod da maT mier xdeba fekaliebis 

gamoyofa.garda amisa, xSiria am wylebSi evtrofikaciis procesebis mimdinareoba. 

 

 
naxazi 2.17. mineralizaciis cvlilebis dinamika siRnaRisa da gurjaanisxelovnuri 

wyalsacavebis wylebSi, Tebervali, agvisto, 2017- 2019. 
 

 nax. 2.17-dan Cans, rom siRnaRis axali wyalsacavis wylis mineralizacia icvleba 

200-780 mg/l-is, xolo Zvelis - 380-1050 mg/l-is farglebSi. axali wyalsacavis wylis 

mineralizacia gacilebiT naklebia Zveli wyalsacavis wylis mineralizaciasTan 

SedarebiT. wyalsacavis wylis mineralizaciis cvlileba  ganpirobebulia sxvadasxva 

periodSi maTSi qvemo alaznis sarwyavi arxis wylis CaSvebiT. rogorc cnobilia, arxis 

wyali zamTris TveebSi iketeba, amitom wyalsacavis wylis mineralizacia zamTris TveebSi 

maRalia. amave dros, Zvel anagaSi wyalsacavebi ganTavsebulia damlaSebul niadageze, 

sadac xdeba maRali mineralizebuli gruntis wylebis Sedineba. magaliTad,  wyalsacavis  

mineralizaciis sidide 2017 wlis Tebervlis TveSi Seadgens 1050 mg/l.zafxulis TveebSi, 

rodesac xdeba   wylis ganzaveba, mineralizacia daaxloebiT Seadgens 500-800 mg/l,  Tumca 

2018-2019ww-Si mineralizacia agvistos TveSi aRemateba Tebervlis Tvis monacemebs. 

gurjaanis wyalsacavi ganTavsebulia aradamlaSebul niadagebze, amitom misi 

mineralizacia siRnaRis axal, ise Zvel wyalsacavebTan SedarebiT naklebia. misi 

maqsimaluri mniSvneloba Seadgens 2017 w-is Tebervlis TveSi 640 mg/kg.gaxsnili 
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nivTierebebis mixedviT (mg/l-iT) wyalsacavebi miekuTvnebian zomier (500-1000 mg/l) da 

maRal (>1000 mg/l) mineralizaciis mqone wylebs. 

 

 
naxazi 2.18. spilenZis koncentraciis cvlilebis dinamika siRnaRis raionis sof. Zveli 

anagis xelovnuri wyalsacavebis mimdebare teritoriebis niadagebSi Tebervali, agvisto, 

2017- 2019. 

 

 
naxazi 2.19. tyviis koncentraciis cvlilebis dinamika siRnaRis raionis sof. Zveli anagis 

xelovnuri wyalsacavebis mimdebare teritoriebis niadagebSi Tebervali, agvisto, 2017- 
2019. 

 

 
naxazi 2.20. spilenZis koncentraciis cvlilebis dinamika gurjaanis raionis sof. axaSnis 

xelovnuri wyalsacavis mimdebare teritoriis niadagebSi  

Tebervali, agvisto, 2017- 2019. 
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naxazi 2.21. tyviis koncentraciis cvlilebis dinamika gurjaanis raionis sof. axaSnis 

xelovnuri wyalsacavis mimdebare teritoriis niadagebSi  

Tebervali, agvisto, 2017- 2019. 

 

nax. 2.18-2.21-ze mocemulia spilenZis da tyviis  koncentraciebis mniSvnelobebi sof. 

Zveli anagis da axaSnis niadagebSi. rogorc monacemebidan Cans, Zveli anagis niadagebSi 

spilenZis Semcveloba zeda 0-10 sm niadagis fenaSi gacilebiT maRalia qveda-10-20 sm 

fenasTan SedarebiT. misi maqsimaluri mniSvneloba Seadgens 100,00 mg/kg-s 0-10 sm fenaSi 2018 

w-is agvistos TveSi, rac 2-jer aRemateba klarkSi da 5-jer  niadagSi  mis  saSualo 

Semcvelobas.  sof. axaSnis niadagebSi spilenZis maqsimaluri mniSvneloba Sedgens 49,0 

mg/kg, e.i.2,5 -jer aRemateba mis saSualo mniSvnelobas niadagSi.spilenZis Semcveloba 

klarkSi Seadgens 47, xolo niadagSi misi saSualo Semcveloba  - 20 mg/kg [2]. sof. Zveli 

anagis niadagSi tyviis Semcvelobis maqsimaluri mniSvneloba Seadgens 37,00 mg/kg-s, rac 

2,3-jer aRemateba klarkSi da 3,7-jer  niadagSi  mis  saSualo Semcvelobas. sof. axaSnis 

niadagebSi tyviis maqsimaluri mniSvneloba Sedgens 29,0  mg/kg, e.i.1,8 -jer aRemateba  

klarkis da 2,9-jer mis saSualo mniSvnelobas niadagSi. tyviis mniSvneloba klarkSi 

Seadgens 16, xolo niadagSi misi saSualo Semcveloba - 10 mg/kg [2]. 

vercxlis Semcveloba dabalia orive tipis niadagSi da meryeobs meaTedi da measedi 

mg/kg-is farglebSi. 
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Tavi III. qarTlis, mcxeTa-mTianeTis, samcxe-javaxeTis klimatisa da 

atmosferos dabinZurebis Seswavlis ricxviTi modelebis mokle 

daxasiaTeba 

3.1 regionis geografiuli daxasiaTeba 

qarTli saqarTvelos centraluri regionia. is Sedgeba ori mxarisagan – Sida 

da qvemo qarTlisagan (nax. 3.1). Sida qarTlis farTobi 6.2 aTasi km2ia, mosaxleoba - 

63.4 aTasi adamiani. qvemo qarTli mdebareobs, Sida qarTlis samxreTiT. misi farTobi 

6.9 aTasi kv. km-ia, mosaxleoba – 432.3 aTasi adamiani. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax. 3.1   qarTlis, mcxeTa-TianeTisa, samcxe-javaxeTisadministraciuli ruka.  

 

Sida qarTlis administraciuli centria q.gori, administarciuli erTeulebi – 

xaSuris, goris, qarelis da kaspis municipalitetebi. Sida qarTlis CrdiloeTi 

nawili Sedis yofili samxreT oseTis olqSi da duSeTis municipalitetSi. Qqvemo 

qarTlis administraciuli centria q. rusTavi. masSi Sedis 6 municipaliteti  - 

gardabnis, marneulis, bolnisis, dmanisis, TeTri wyaros da walkis. 

Sida qarTlis aRmosavleTiT mdebareobs mcxeTa-mTianeTis administraciuli 

erTeuli. Mmisi farTobi 6.7 aTasi kv.km-ia, mosaxleoba - 125 aTasi kaci. MmcxeTa-

mTianeTis SemadgenlobaSia duSeTis, TianeTis, mcxeTis da yazbegis municipalitetebi, 

administacili centria q.mcxeTa.  

samcxe-javaxeTi mdebareobs saqarTvelos samxreT nawilSi. Mmisi farTobi aris 

6.4 aTasi kv.km, mosaxleoba 208 aTasi. samcxe-javaxeTis mxaris SemadgenlobaSia 6 

administraciuli erTeuli: axalcixis, axalqalaqis, adigenis, aspinZis, borjomis da 

ninowmindis municipalitetebi. administraciuli centria q.axalcixe.  

aRmosavleT saqarTvelos aRniSnul regions CrdiloeTiT esazRvreba ruseTis 

federaciis avtonomuri respublikebi, samxreTiT – azerbaijani, somxeTi da TurqeTi, 

dasavleTiT - imereTi, guria da aWaris avtonomiuri respublika, aRmosavleTiT 

kaxeTi.  
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regions kargad gamokvetili bunebrivi sazRvari gaaCnia (nax.3.2).  CrdiloeT 

sazRvari iwyeba kavkasionis mwverval zekarasTan da gasdevs mTavari kavkasionis qedis 

wyalgamyof Txems kaxeTis kavkasionamde. samxreTi sazRvari mdebareobs mcire 

kavkasionis wvrilmTian-vake-dablob tertoriaze. is iwyeba qvemo qarTlis vakidan da 

gadis  samsaris, arsianis da aWara-imereTis qedebze. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ნახ. 3.2. qarTlis, mcxeTa-TianeTisa, samcxe-javaxeTistopografiuli ruka. 

 

dasavleTi sazRvari kveTs TrialeTis qeds, vrceldeba borjomis xeobamde da 

misdevs lixis qeds.Llixis qedi aRmosavleT saqarTvelos bunebriv sazRvars 

warmoadgens. aRmosavleTiT sazRvari gasdevs TrialeTis qedis aRmosavleT nawils da 

gadis md.mtkvris gaswvriv mdebare eldaris dablobsa da qarTlis vakeze. amrigad, 

Tavisi orografiiT aRmosavleT saqarTvelos qarTlis regioni atmosferos qveda 

fenebSi daculia CrdiloeTidan da samxreTidan haeris SemoWrisagan da Riaa 

samxreTisa da samxreT-aRmosavleTis dinebebisaTis, rac mniSvnelovnad gansazRvravs 

regionis klimats.  

Sida qarTlis CrdiloeTi nawili ganlagebulia kavkasionis mTavar qedze da 

xasiaTdeba naklebi simaRliT. mis samxreTiT ganTavsebulia qarTlis vake. vakis 

samxreT nawilSi mdebareobs md.mtkvris xeoba, romelic warmoadgens viwro, 2-7 km 

siganisa da 90 km sigrZis zols. regionSi mdebareoben SedarebiT mcire zomis 

farTobis tirpon-muxranis, saamilaxvrosa da muxran-saguramos vakeebi. xeobas 

CrdiloeTidan miuyveba mcire qedebisa da serebis zoli.Qqvemo qarTli ganlagebulia 

naxevrad udabno, mSrali suptropikuli da maRalmTiani alpiuri zonis sazRvrebSi, 

mcxeTa-mTianeTis mxare ki - mTavari kavkasionis qedis samxreT kalTaze. Mmisi reliefi 

xasiaTdeba maRali, CrdiloeTidan samxreTisaken mimarTuli qedebiT. calkeuli mTebis 

simaRle aRwevs 3.5 - 5 km-s. 
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samcxe-javaxeTis reliefi rTulia. is  mTagoriania da kldovani mxarea. misTvis 

damaxasiatebelia vakisebri terasebi, gorak-borcvebi da vulkanuri warmoSobis mTebi. 

reliefi daserilia xeobebiT da mdinareebis kalapotebiT. javaxeTis zedapiri 

talRovani vakea. regionis CrdiloeTiT TrialeTis qedis samxreTi kalTebia, 

aRmosavleTiT aRmarTulia abul-samsaris qedi.    

 

3.2 regionis klimatis mokle daxasiaTeba 

aRmosavleT saqarTvelos teritoriisaTvis damaxasiaTebel klimats misi mdeba-

reoba da reliefis sirTule gansazRvravs [1-4]. Yyvelaze dabal adgils warmoadgens 

md.mtkvris xeoba. regionis samxreT-dasavleTi, Crdilo, centraluri da aRmosavleTi 

nawilebi daxrilia  mtkvris xeobisaken - dasavleTisken, samxreTisken, CrdiloeTisa 

da samxereT-aRmosavleTisken. samxreTi nawili, javaxeTis zegani, erTgvar tafobs war-

moadgens (borjomis, axalqalaqis, dmanisis platoebi). yvelaze dabali adgilia minge-

Cauris wyalsacavis mimdebare teritoria. iq reliefis simaRle zRvis donidan daax-

loebiT 70 m-ia. yvelaze maRal raions warmoadges mTavari kavkasionis qedi, sadac 

calkeuli mwvervalis simaRlezRvis donidan 3.5-5 km-s aRwevs. amasTan, is Savi da kas-

piis zRvebis mxridan daSorebulia daaxloebiT 150 da 200 km-iT. zRvebTan siaxlove, 

misi qedebiT SemosazRvruloba qarTls, mcxeTa-mTianeTs, samcxe-javaxeTs hidromete-

orologiur Taviseburebasa da maxasiaTebel regionalur klimats uqmnis. 

Qqvemo qarTlis barisaTvis damaxasiaTebelia mSrali suptropikuli hava. Qis 

Riaa aRmosavleTis mxridan, amitom misTvis damaxasiaTebelia aRmosavleTis civi da 

mSrali haeris SemoWra. Mmeores mxriv, mtkvris xeobis arseboba xels uwyobs samxreT 

– dasavleTis notio da Tbili haeris Semodinebas qarTlis teritoriaze. Aam proce-

sebTan aris dakavSirebuli uxvi naleqebi, elWeqi da setyva. Hhaeris saSualo wliuri 

temperatura 12 °C–ia, ianvris Tvis -  0.2 °C.   yvelaze cxeli Tvebia ivlisi – agvisto. 

Aam Tveebis saSualo temperatura icvleba intervalSi 23 – 25°C. absoluturi mini-

maluri temperatura -20 - -25°C -is farglebSia. absoluturad maqsimaluri – 40 – 41°C. 

Sida qarTlis klimati kontinenturia, hava zomierad Tbili da teniania (zogan 

mSrali). saSualo wliuri temperaturaa 11oC, SesaZlebeli maqsimaluri temperaturaa 

42oC, minimaluri - -32oC. [5] 

mcxeTa-mTianeTis mxaris klimati miekuTvneba zomierad notio subtropikul  

pavas. აქ zafxuli ცხელია, zamTari –zomierad civi. haeris saSualo wliuri 

tremperaturaa 10,8 °C, ianvris -1,1 °C. naleqebi 590 mm weliwadSi. muxran-saguramos 

qvabulSi qarebs mniSvnelovani siCqare aqvT (wliuri saSualo daaxloebiT 3,6 m/wm). 

samcxe-javaxeTis umetes nawilSi mTiani velebis havaa. zamTari civi da 

mcireTovliania, xolo zafxuli xangrZlivi da Tbili. ufro maRal zonaSi, mesxeTis 

qedze, zRvis notiodan zomierad notio kontinenturze gardamavali havaa. haeris 

saSualo temperatura -3o C gradusidan +9o C gradusamde meryeobs. regionisaTvis 

damaxasiaTebelia saSiSi da stiqiuri hidrometeorologiuri movlenebis farTo 

speqtri. q.TbilisSiMmaRali temperatura (>35o C) daikvireba uwyvetad 6 da 8 saaTis 

ganmalobaSi ivlisis da agvistos TveebSi, Sesabamisad. qvemo qarTlis mniSvnelovani 

teritoria ganekuTvneba gvalvis Zalian maRali riskis regions. Sida qarTlis 

dasavleTi nawili, md mtkvris xeoba da axalcixis qvabuli - gvalvis saSualo riskis 

raionia. qvemo qarTlSi zemkacri gvalvis albaToba maRalia. Aaxalcixis 
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teritoriisaTvis misi albaToba icvleba 14%-dan aprilSi, 80% -mde seqtemberSi [3]. 

samxreT saqarTvelos mTianeTisa da qvemo qarTlis terotoriis calkeul mcire 

nawilebSi grigalurma qarebma SeiZleba maiRwion da gadaaWarbon 50 m/wm. AaseTi 

raionebia zekaris, goderZis da mamisonis  ureltexilebi, faravani, dmanisi da mTa-

sabueTi. aRmosavleT saqarTveloSi setyvis mosvla dakavSirebulia dasavleTidan da 

aRmosavleTidan haeris masebis SemoWrisTan, an talRur aRrevaTan (nax.3.3, cxr.3.1). 44% 

SemTxvevaSi setyva dakavSirebulia civi frontis SemoWrasTan, 22%-Si talRur 

aRrevasTan, 17%-Si Sidamasiur procesebTan da 15%-Si frontalur okluziasTan [6]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax. 3.3. setyvis warmoSobis kerebi da setyvaTcvenis traeqtoriebi aRmosavleT 

saqarTveloSi  [2]. 

 

cxrili 3.1. setyviani dReebis saSualo da maqsimaluri wliuri mniSvnelobebi 

 

meteosadguri 

dReTa ricxvi 

saSualo maqsimaluri 

Tbilisi 

Aaxmeta 

Telavi 

nafareuli 

winandali 

zegaani 

gurjaani 
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kardanaxi 
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1.4 

1.6 
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1.8 

2.1 

3.0 

1.3 

7 

4 

5 

5 

5 

5 

6 

8 

6 

4 

amrigad, armosavleT saqarTvelos ganxiluli regioni xasiaTdeba metad 

saintereso da mravalferovani lokaluri klimatiT. Tu gaviTvaliswinebT imas, rom 

is warmoadgens saqarTvelos sasoflo-sameurneo da saeqsporto daniSnulebis 

produqtebis warmoebis erT-erTi ZiriTad raions, misi hidrometeorologiuri da 

ekologiuri problemebis Seswavlas gaaCnia mniSvnelovani praqtikuli da Teoriuli 

mniSvneloba.  
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3.3. regionaluri da lokaluri atmosferuli da ekologiuri procesebis ricxviTi 

modelebis mokle daxasiaTeba 

maTematikuri modelireba aris amindis prognozirebis, lokaluri da 

regionaluri atmosferuli procesebis kvlevis erT-erTi yvelaze ufro efeqturi 

saSualeba. is emyareba   , da   mezmasStaburi modelebis farTo gamoyenebas. maTSi 

ganxorcielebulia atmosferos hidroTermodinamikis samganzomilebiani 

arastacionaluri arawrfivi gantolebaTa sistemebis ricxviTi integrireba 

Tanamedrove cxadi da aracxadi ricxviTi sqemebis saSualebiT.  

lokaluri masStabis regionebSi atmosferuli procesebis evoluciis 

Teoriuli kvlevis ori mimarTulebaa gamokveTili:  

 I – kvleva, romelic tardeba amindis moklevadiani da zemoklevadiani 

prognozis operatiuli prognozirebis sqemebis funqcionrebisas  miRebuli Sedegebis 

analizis saSualebiT; 

 II – kvlevebi, romlebic tardeba konkretuli teritoriebisaTvis specialurad 

damuSavebuli  da  mezo masStabis procesebis hidroTermodinamikuli  modelebis 

saSualebiT. 

      orive mimarTulebiT miRebulia mniSvnelovani Teoriuli Sedegebi.   

dReisaTvis, hidrometeorologiuri kvlevebis TvalsazrisiT wamyvan samecniero 

centrebSi damuSavebulia da operatiulad gamoiyeneba aTamde regionaluri 

prognostikuli sistema (cxr.3.2).  

mezometeorologiuri masStabis operatiuli prognozuli sistemis 

eqspluataciisa da gaumjobesobisaTvis evropis qveynebis meteorologiuri 

samsaxurebi daiyvnen ramdenime jgufad. es jgufebia: 

- ALADIN (Aire Limited Adaptation dynamique Developpement Inter-National)-sistemis 

damuSavebel ZiriTad qveyanas warmoadgens safrangeTi-avstria. ungreTma, rumineTma, 

slovakeTma, sloveniam, CexeTma da xorvatiam Seqmnes ALADIN-is qvejgufi LACE (Limited 

Areamodellingin Central Europe). Qvejgufis centri mdebareobs q. praRaSi;  

- COSMO (Consortium for Small-scale Modelling) — sistemis ZiriTadi Semqmneli qveyanaa 

germania. poloneTi da rumineTi erTdroulad monawileobdnen ALADIN- is aseve 

COSMO-sSeqmnis procesSi. 

- HIRLAM (High Resolution Limited Area Model) — sistemis ZiriTad Semqnelia 

skandinaviuri qveynebi da espaneTi. proeqtis damuSavebaSi monawileobs safrangeTic. 

 

cxrili 3.2. atmosferos operatiuli regionaluri modelebis daxasiaTeba 

2007 w. dasawyisisaTvis [3]. 

qveyana 
gverdiTi sasazRvro  

da sawyisi pirobebi 
modeli Bbadis biji, km 

HIRLAM ISF 
HIRLAM 

UK708 
5-20 

Ddidi britaneTi UM NAE38 12 

ruseTi GFS 

L31 

MM5 

Z-model 

75 

15 

10 

aSS GFS NAML60 12 
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 NMML60 5-8 

safrangeTi 
ARPEGE/ 

ALADIN 
AROMEL41 2.5 

germania 
GME 

COSMO-EU 

COSMO-EUL40 

COSMO-DEL50 

7 

2.8 

Sveicaria ISF 
COSMO-7L60 

COSMO-2L60 

6,6 

2,2 

iaponia 
GSM 

RSM 

PSMl40 

MSML50 

20 

5 

 

didi britaneTi damoukideblad Tavisi ZalebiT amuSavebs prognostikul 

sistemebs. is amasTanave TanamSromlebs sxva qveynebTan da sistemebTan. 

ruseTis hidrometeorologiuri komiteti 2007 wlidan imyofeba COSMO-

sSemadgenlobaSi da monawileobs prognostikuli sistemis gaumjobesobaSi. 

aRniSnuli prognostikuli sistemebi Sedgeba 6 tolfasovani qvesistemebisagan. 

es sistemebia: 

- dakvirvebaTa qvesistema; 

- telekomunikaciuri qvesistema; 

- gamoTvliTi qvesistema; 

- monacemTa aTvisebis qvesistema; 

- atmosferoSi niadagsa da okeaneSi (zRvaSi) mimdinare procesebis qvesistema; 

- procesebis Semdgomi qvesistema;  

yvela am qvesistemis muSaobaze erTnairada damokidebuli miRebuli Sedegebi. 

ruseTis hidrometeorologiuri samsaxuri 2009 wlidan gaxda konsorcium 

COSMO-s wevri da konsorciumis wesdebis Sesabamisad ruseTisaTvis daaamuSava 

COSMO-Ru  varianti. dReisaTvis Seqmnilia  COSMO-Ru7  versia [9] (nax. 1.4.)  dReisaTvis 

rushidrometis gamoTvliTi sistemebisaTvis moskovsa da novosibirskSi eqspluatirebs 

mezometeorologiuri prognozirebis xazebi [10]. 
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nax. 3.4. COSMO-Ru –s integrirebis are: a) COSMO-Ru1 (soCa),  ) COSMO-Ru2- (centraluri 

federaciuli olqi, soCa 2, ) COSMO-Ru7 (wiTeli xaziT SemosazRvruli are); b) 

COSMO-RuEna  (mTeli are) da COSMO-RuSib (Sida are). 
 

COSMO-Ru-s ricxviTii integrirebisaTvis gamoiyeneba g.i.marCukis mier 

damuSavebul gaxleCis meTodi [11]. sivrciTi horizontaluri bijebi sxvadasxva 

versiebSi icvbleba ramdenime aTeuli km-dan ramdenime km-mde, vertikaluri - km-dan 

ramdenime aseul metramde, droiTi bijebi - ramdenime aTeuli wm-dan ramdenime wm-mde. 

magaliTad, gamoTvlebs 78 sT-iani prognozirebisaTvis SGI ICE-X  superkompiuterze 288 

birTvis paraleruli gamoyenebiT, 40×620×700  wertilebisagan Semdgar badeze 

horizontaluri bijiT 7 km, sWirdeba 50 wT fizikuri dro.  

prognostikuli modelebis gamoyenebiT Catarebuli kvlevebiT miRebulia  

saintereso Sedegebi. maTi gaTvaliswineba iZleva prognostikuli sistemebis Semdgomi 

gaumjobesebis da ricxviTi modelebis srulyofis saSualebas.  

    mezometeorologiuri modelebi, romlebic miznad ar isaxaven amindis prognozi-

rebas, damuSavebulia sxvadasxva hidrometeorologiuri procesebis warmoSobis da ev-

oluciis kanonzomierebis kvlevebisaTvis. gansakuTrebuli yuradReba eTmoba rTuli 

reliefis pirobebSi mezomasStabis procesebis ganviTarebis modelirebas. amocana 

rTulia da misi gadawyveta pirdapiraa dakavSirebuliadinamikuri meteorologiis 

sxvadasxva preoblemebTan -  maTSoris sxdasxva masStabis atmosferuli turbulento-

bis ganviTarebasTan mTian regionebSi. mTian teritoriebze atmosferos sasazRvro fe-

nis Seswavla ZiriTadad fokusirebulia maT globalur Tvisebebze. iseTebze, rogori-

caa atmosferos Termiuli stratifikacia, sasazRvro fenis sisqis cvlileba. ukanas-

knel periodSi Catarebul zogierT naSromSi [7, 8] Seswavlilia mTian teritoriaze 

turbulentobis struqtura, turbulentobiskinetikuri energis ganawileba. modelire-

bis da dakvirvebis monacemebis analizma aCvena, rom rTuli reliefis teritoriaze 

warmoSobili turbulentobis struqtura  mniSvnelovnad gansxvavdeba klasikur kon-

veqciur sasazRvro fenis struqturisagan. kvlevebma aCvena. rom mizanSewonilia miRe-

buli Sedegebis  Semdgomi ganzogadoeba sxvasxva siganisa, orientaciis xeobebisaTvis 

da mTagoriani teritoriisaTvis. 
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naSromebSi [12-15] rTuli reliefis mqone teritoriebze modelirebulia region-

aluri lokaluri cirkuliaciebis ganviTareba da damabinZurebeli nivTierebebis 

gavrceleba. modelirebisaTvis gamoyenebuliaria regionaluri masStabis atmosferu-

li procesisa da mezomasStabis sasazRvro fenis ricxviTi modelebi. modelirebiT 

gamokvleulia lokaluri cirkulaciis Taviseburebebi da atmosferos damabinZurebe-

li nivTierebebis gadatanis traeqtoriebi, Sefasebulia niadagze daleqili damabinZu-

rebeli nivTierebebis zedapiruli koncentraciebi.  

 Aamindis prognozirebis damuSavebuli maTematikuri da ricxviTi  modelireba 

gamoiyeneba hidrometeorologiuri velebis misaRebad atmosferoSi aerozolebis gavr-

celebis kanonzomierebis kvlevisa da dabinZurebis prognozirebisaTvis. dReisaTvis 

damuSavebuliა modelebi, romelebic SeiZleba sistematizirdes oTxi jgufis saxiT: 

gausis, empiriuli, lagranJis da eileris modelebi. 

gausis stacionaluri da arastacionalur modelebi [16-17] gvaZleven  amonafr-

qvevis SleifSi koncentraciis sivrculi ganawilebis analizur gamosaxulebas. isini 

eyrdnobian daSvebas, rom dabinZurebis RrubelSi koncentraciis ganawileba axlosaa 

gausis normalur ganawilebasTan da warmoadgenen difuziis gantolebis analizur am-

oxsnas im SemTxvevaSi, rodesac qaris siCqare mudmivia drosa da sivrceSi. difuziis 

koeficientebi araa damokidebuli koordinatebze da ingredientis adveqtiuri gaedat-

ana  minarevis gavrcelebis mimarTulebiT gacilebiT Zlieria difuziur gadatanaze.  

empiriuli modelebi miRebulia mravalricxovani eqsperimentაluri gazomvebisa 

da naturuli dakvirvebis masalebis ganzogadebis bazaze. isini analizuri funqciebis 

saSualebiT gamosaxaven damabinZurebeli ingredientebis koncentraciis ganawilebas 

sivrceSi qaris fiqsirebuli  da mudmivi mniSvnelobis, regionis klimaturi zonis ma-

xasiaTebeli da amofrqvevis wyaros geometriuli, Termiuli parametrebis gamoyenebiT 

[18-19]. empiriuli modelebi farTod gamoiyeneba garemoze zemoqmedebis donis Sefase-

bis da zRvrulad dasaSvebi amonafrqvevebis raodenobis gansazRvrisaTvis. empiriuli 

modelebi ZiriTadad asaxaven lokaluri difuziis procesebs.   

lagranJis modelSi koncentraciis saSualo mniSvneloba sivrcis mocemul wer-

tilSi da drois gansazRvrul momentSi ganisazRvreba rogorc droiTi da sivrciTi 

integrali haeris moculobis albaTobis funqciis da wyaros maxasiaTebeli funqcieb-

is namravlidan [20-22]. lagranJis modelebi ZiriTadad gamoiyeneba didmasStabiani di-

fuziis procesebis SeswavlisaTvis. 

gansakuTrebuli gavrceleba hpova atmosferos dabinZurebis prognostikulma da 

diagnostikurma eileris qimiurma modelebma [23-25]. maTSi damabinZurebeli nivTiereb-

ebis koncentraciebi ganisazRvrebian minarevebis atmosferoSi gadatana-difuziis gan-

tolebis ricxviTi integrirebiT. Tanamedrove modelebi iTvaliswineben atmosferoSi 

arsebuli minarevebis qimiuri gardaqmnis, radiaciuli daSlis, fotodisipaciis, aer-

ozolebis gamorecxvas, daleqvas da sxva fizikuri, Tu qimiuri kinetikis procesebs. 

qimiuri modelebi integrirebulia amindis Tanamedrove maRali garCevis unaris mqone 

hidrostatikur da arahidrostatikur mezometeorologiur modelebSi. isini warmoad-

genen Tanamedrove rTul gamoTvliT sistemebs. maTi realizacia xorcieldeba mZlavr 

superkompiuterebze da eqspluatacia moiTxovs specialurad momzadebul personals. 

atmosferos dabinZurebis prognostikuli sistemebis garda Seqmnilia mTeli ri-

gi diagnostikuri modelebi, romlebic gamoiyeneba kvleviTi samuSaosa da calkeul 
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praqtikuli amocanebis gadasawyvetad [26-32]. TiToeuli modeli damuSavebulia garkve-

uli hidrometeorologiuri pirobebis da dabinZurebis konkretuli situaciebisaTvis.  

kavkasiaSi, saqarTvelosa da mis calkrul raionebSi atmosferos dabinZurebis 

problemis Sesaswavlad damuSavebulia aerozolebis gavrcelebis diagnostikuri re-

gionaluri da lokaluri [33-39] modelebi.  isini eyrdnobian atmosferos hidroTermo-

dinamikis arastacionaluri arawrfivi samganzomilebiani kvazistatikur gantolebaTa 

sistemasa da atmosferoSi nivTierebis gadatana–difuziis gantolebis erTobliv in-

tegrirebas rTuli reliefis teritoriebisaTvis. modelebSi reliefis adekvaturi aR-

werisaTvis gamoyenebulia reliefis mimyoli koordinatTa sistema. integrireba gan-

xorcielebulia ricxviTi sqemebis saSualebiT f.Sumanis cxadi da g.marCukis mier da-

muSavebuli aracxadi gaxleCis meTodis gamoyenebiT. modelirebiT gamokvleulia dama-

binZurebeli nivTierebebis gadatanis traeqtoriebi, meridianulad D paralelebis gas-

wvriv mimarTuli qedebis gavlena regionalur dinebebze da pasiur dabinZurebel niv-

TierebaTa gadatanaze, maTi saSualebiT Sefasebulia niadagze daleqili damabinZure-

beli nivTierebebis zedapiruli koncentraciebi, aerozolebis lokaluri da region-

aluri difuziis sxva Taviseburebebi.  
 

3.4.  saqarTvelos centralur nawilSi mezomasStabis atmosferuli procesebis 

ganviTarebis maTematikuri modeli 

Aamocanis maTematikuri dasma. imisaTvis, rom SeviswavloT lokaluri 

hidrometeorologiuri procesebis ganviTareba saqarTvelos centralur 

nawilSiteritoriaze ganvixiloT are zomebiT 236 km×180 km. Are, romlis centrSi 

moTavsebuliaqarTlis, mcxeTa-TianeTisa, samcxe-javaxeTis regionebi. nax. 3.5–ze 

naCvenebia maTematikuri modelirebisaTvis gamoyenebuli reliefi, saidanac Cans, rom 

regions CrdiloeTidan esazRvreba mtkvari, kavkasionis qedi, samxreTidan - mcire 

kavkasioni, dasavleTidan kolxeTis dablobi da guriis qedi, xolo-aRmosavleTidan 

ivris zegani, alaznis da qarTlis vakeebis reliefi metad rTulia da misi simaRle 

icvleba 77 m-dan 3.4 km-mde. 
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nax. 3.5 modlirebis teritoriis reliefi. 
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ZiriTad gantolebebs, romlebic aRweren meteorologiuri velebis da pasiuri 

damabinZurebeli nivTierebis koncentraciis cvlilebas  garemoSi aqvT Sedegi saxe: 

 

а) atmosferosaTvis [19, 20] : 
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b) niadagis aqtiuri fenisaTvis [21, 22]: 
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  , sadac soil0 Zz  ;             (2) 

sadac t droa; x, ydazaRmosavleTiT, CrdiloeTiT da vertikalurad zeviT mimarTuli 

dekartes kordinatTa RerZebia; h/)z(  −=  ganuzomadi vertikaluri kordinataa; 

)y,x(δ=δ 0 miwispira fenis simaRlea; 
0
 reliefis simaRlea;  h = H- ; 

),,( yxtH tropopauzis simaRlea;u , v, wdaw~ qaris siCqaris mdgenelebiax, y, zda RerZebis 

gaswvriv; T/T = da )z(P/P= temperaturisa da wnevis analogebia; K300T = ; T  , 

Ptemperaturis da wnevis gadaxrebia maTi standartuli vertikaluri 

ganawilebebidan zTzT  −=)( da )(zP ;  - temperaturis standartuli vertikaluri 

gradientia;  da   temperaturis analogismezomasStaburi dafonuri Semadgeneli 

nawilebia;  −= ; q da Q wylis orTqlis da fonuri masuri nawilebia;mdaMRrublis 

wylis da fonuri masuri nawilebia; soilT da seaT  niadagisa da zRvis wylis 

temperaturebia;  catmosferos damabinZurebeli pasiuri nivTierebis koncentraciaa;  V 

niadagSi wylis moculobiTi Semcvelobaa;  (z) da sea mSrali haeris simkvrivis 

standartuli vertikaluri ganawileba da zRvis wylis  simkvrivea;  gTavisufali 

vardnis aCqarebaa; R universaluri gazuri mudmivaa mSrali haerisaTvis; pC mSrali 

haeris kuTri siTbotevadobaa mudmivi wnevis pirobebSi;  S Termuli mdgradobis 
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parametria; L kondensaciis faruli siTboa; 
con kondensaciis siCqarea; 

 da horizontaluri da vertikaluri turbulentobis koeficientia;  t/N   - 

naleqebis mosvlis intensivobaa; DniadagSi wylis difuziis koeficientia; E  - niadagis 

filtraciis koeficientia; I zRvaSi mzis jamuri radiaciis nakadia; 
soilK  

niadagistemperaturagamtareblobis koeficientia .  da gansazRvrulia Semdegi 

formulebiT[39,40]: 
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sadac x da y -horizontaluri bijebia , z - vertikaluri bijia. 

(1), (2)-Si arsebuli kondensaciis siCqaris, statikuri mdgradobis, difuziisa da 

filtraciis koeficientebi ganisazRvrebian cnobili formulebiT [41-43]: 
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,    (4) 

sadac, 
m
  temperaturis notio adiabaturi gradientia; 

sat
q najeri wylis orTqlis 

masuri wilia, romelic  ganisazRvreba formuliT [44] 

P/))8.31T/()2.273T/(5.17(exp(622.0q
sat

−−= .   (5) 

 niadagSi wylis difuziis da filtraciis koeficientebi ganisazRvreba 

formulebiT [45]: 
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sadac 
max

D ,
max

E difuziisa da filtraciis koeficientebis cnobili maqsimaluri 

mniSvnelobebia; 
con

C ,
por

C - niadagSi bmuli wylis moculobiTi Sencveloba da nidagis 

forianobaa, Sesabamisad. 

naleqebis intensivoba ganisazRvreba formuliT: 








=





max

maxmax

m m

 mm)/δ/δ  (m-m

t

N

 Tu             0  

   Tu     

 
 (7) 

sadac 
max

m wylis maqsimaluri wilia RrubelSi; t - naleqis mosvlis droiTi 

intervalia.  

(1), (2) da (3) gantolebaTa sistemebisaTvis ganvixiloT Sesabamisi sawyisi da 

sasazRvro pirobebi.  

davuSvaT, rom drois sawyiss 0t =  momentSi saZiebeli funqciebi  

)T,T,C,h,m,q,,v,u( soilsea cnobili sidideebia. maT konkretul mniSvnelobebs 

ganvsazRvravT qvemoT ricxviTi eqsperimentis ganmartebis dros. 

sawyisi da sasazRvro pirobebi.  amocanis amoxsnis aris gverdiTsazRvrebze miviRoT 

Semdegi sasazRvro pirobebi: 
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vertikaluri sasazRvro pirobebi Semdegia: 

(1) gantolebaTa sistemisaTvis: 
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U , v   v,  u  u  m, 10m 10 == , m 2   =  , m 2q  q =  , 0  m = roca 0= .           (11)  

sadac ),y,x,t(   wnevis analogis fonuri mniSvnelobaa;  - tropopauzaze 

temperaturis analogis gradientia; 


T - qvefenili zedapiris 

temperaturaa; 2mm 210mm10 q  ,    ,    v,  u   mocemuli funqciebis mniSvnelobebia atmosferos 

miwispira fenis 10 da 2 m simaRleebze. 


q - wylis orTqlis masuri wilia qvefenil 

zedapirze:  





= zedapirze niadagis   

zedapirze zRvis        

porsat

sat

C/Cq

q
q ;  

2mm 210mm10 q  ,    ,    v,  u    funqciebis mniSvnelobebi ganisazRvrebian atmosferos 

miwispira fenis parametrizaciuli modelis saSualebiT [lazrievi], romelic 

aRiwereba Semdeg gantolebaTa sistemis saSualebiT; 
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
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sadac 2 2 0.5( )u v= +u qaris siqaris modulia; *u xaxunis dinamikuri siCqarea; 

* da *q potencialuri temperaturisa da wylis orTqlis moculobiTi Semcvelobaa 

xorklianobis doneze;  karmanis mudmivaa; 0z da uz  xorklianobis parametria qaris 

siqarisa da temperaturisaTvis; LsigrZis masStabia; Tg /= konveqciis 

parametria; )(u , )( , ),( uuf  , and ),(f 0 universaluri funqciebia[46]. 
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(2) da (3) gantolebaTa sistemebisaTvis vertikaluri sasazRvro pirobebi 

)y,x(z =  zedapirze da 
g

Zz =  doneze Semdegia: 
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  sadac, indeqsi ,,
g
” aRniSnavs ,,sea  ”-s zRvis zedapirisTvis da ,,soil ”-s – xmeleTis 

zedapiris SemTxvevaSi; JII
sumg

−= ; 
sum

I  aris qvefenil zedapirze jamuri radiaciis 

nakadi, romelic gamoiTvleba formuliT:       


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
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−
=


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iSemTxvevaS zRvis , 

 iSemTxvevaS niadagis ,            

)zradexp(I)A1[(r

I)A1(r
I

sum
,        (14) 

sadac, r  aris atmosferoSi RrublianobiT gamowveuli jamuri radiaciis 

nakadis Semcirebis koeficienti; I - mokletalRuri radiaciis nakadi; J - dedamiwis 

efeqturi gamosxivebis nakadi; rad -jamuri radiaciis zRvis wyalSi STanTqmis 

koeficienti.  

funqcia r gamoiTvleba formuliT [14] 

)HL(05,0H08,01r
ccc

−−−= ,       

      sadac 
c

H  da 
c

L aris maRali da dabali Rrublianobis bali. 

I nakadis gamosaTvlelad gamoiyeneba albrextis formula, romelic daxrili 

zedapirisaTvis Caiwereba Semdegi saxiT [15]: 
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sadac, 
s

h  aris mzis zenituri kuTxe,  - mzis mixriloba;  - geografiuli ganedi, 

12/)121( −= - mzis saaTobrivi kuTxe; +
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y
/
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(arctg

a
 aris reliefis 

normalis horizontalur zedapirze proeqciis azimuti, romelic aiTvleba meridianis 
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zedapiridan (is iTvleba dadebiTad samxreTis mimarTulebidan saaTis moZraobiT 

aTvlisas); 
2/122

g
))

y
()

x
((arctg




+




= -zedapirze mzis sxivebis dacemis kuTxea; 

0
a da 

0
b  cnobili mudmivi sidideebia.  

 J gamoiTvleba brentis cnobili formuliT [47], romelSic gaTvaliswinebulia 

efeqturi gamosxivebis damokidebuleba reliefis simaRlisagan kavkasiis 

regionisaTvis: 

 )qBA(Tf))(1(J 5,0

ccggstbol
−+=  , 

sadac, 
c

A  da 
c

B  aris empiriuli mudmivebi; 
stbol

 stefan-bolcmanis mudmivaa; 
g

f  

parametriT ganisazRvreba Tu ramdenadaa niadagis zedapiri ruxi; parametri )(  

asaxavs efeqturi radiaciis clilebas reliefis simaRlis mixedviT. is gamoTvleba, 

naSromSi [48] moyvanili cxrilebis gamoyenebiT miRebuli, kvadratuli 

interpolaciuri formulebis saSualebiT.   

 Aamrigad amocana mdgomareobs (1), (3) gantolebaTa sistemis amoxsnaSi (8) sawyisi 

da (9) - (13) sasazRvro pirobebis gamoyenebiT. 

amocanis ricxviTi integrirebis algoriTmi. Aatmosferos hidroTermodinamikis 

amocanis ricxviTi integrirebis optimaluri sqemis SesarCevad saWiroa 

gaTvaliswinebuli iyos rogorc zogadi, aseve konkretuli meteorologiuri procesis 

damaxasiaTebeli hidrodinamikuri kriteriumebi. kerZod, sqema unda iZleodes talRe-

bis gavrcelebisa da urTierTqmedebis, didi gradientebis mqone velebis droSi 

evolucis aRweris saSualebas mniSvnelovani xelovnuri siblantis da arawrfivi, 

aramdgradi mokle fiqtiuri talRebis inducirebis gareSe, awarmoebdes integrirebas 

sakmaod didi drois ganmavlobaSi, iyos Tvlis drois mxriv ekomoniuri da sxva. erT-

erT aseT sqemas warmoadgens  

f. Sumanis da j. hovermeilis mier damuSavebuli ricxviTi sqema [49, 50]. is aris 

dispersiuli da aradisipaciuri, akmayofilebs zeviT moyvanil zogierT Tvisebebs da 

amasTan, aris metad mosaxerxebeli ricxviTi gamokvlevebis CatarebisaTvis. aRniSnuli 

sqemis gamoyenebiT Sesrulebulma gamoTvlebma aCvenes, rom is inaxavs sistemis srul 

energias daaxloebiT 5% sizustiT.aRniSnulis Sesabamisad, (1) sistemaSi moZraobis, 

siTbosgadatanis da uwyvetobis gantolebebi ixsneba f.Sumanis cxadi ricxviTi sqemiT 

[49, 50].  sinotivis, wylianobis, mtvris koncentraciis gadatana-difuziis da (2), (3) 

gantolebebi ixsneba krankl-nikolsonis aracxadi sqemiTa da gaxleCis meTodis 

gamoyenebiT. (12) gantolebaTa sistemis integrirebisaTvis gamoyenebulia [46]-Si 

mocemuli meTodika.  

 atmosferoSi sasrul sxvaobaTa bade Sedgeba 3190118  wertilisagan, NniadagSi 

da zRvaSi - 2090118   wertilisagan. horizontaluri bijebia 2 km, vertikaluri 

bijebia 1/31. niadagSi da zRvaSi vertikaluri biji udris 10 sm-s, droiTi biji 10 wm-

ia. 

CamovayaliboT amocanis integrirebis ricxviTi sqema. atmosferoSi amocanis 

gansazRvris are davfaroT Semdegi droiTi – sivrciTi badiT: 
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da (1) gantolebaTa sistemis aproqsimacia (15) badeze movaxdinoT Semdegi algoriTmis 

saxiT:  
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uwyvetobis gantolebis integrirebisa da vertikaluri siCqaris analogis 

gansazRvrisaTvis gamoviyenoT siCqareTa barotropuli da baroklinuri mdgenelebad 

daSlis meTodi. am mizniT SemoviRoT aRniSvnebi:  
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maSin, (1) sistemis meoTxe gantolebidan da (10) vertikaluri sasazRvro pirobis 

gamoyenebiT miviRebT: 
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warmovadginoT (17) da (18) sasrulsxvaobiani analogebi Semdegi saxiT:  
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(16) da (19) algebrul gantolebebSi integralebi gamoiTvlebian trapeciis 

formuliT da gamoyenebulia Semdegi aRniSvnebi: 
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atmosferoSi orTqlis, wylisa da mtvris gadatana-difuziis gantolebis ricxviTi 

integrirebisaTvis gamoviyenoT gaxleCis meTodi. amisTvis CavweroT es gantolebebi 

operatiuli formiT 

 

,   roca t = 0.     (21) 
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w
~~  = w~  orTqlisa da Rrublis wylisaTvis da hww / w- ~~~

0=  mtvris SemTxvevaSi.   

(21) - (23) -is aproqsimirebisaTvis gamoviyenoT krank - nikolsonos sqema da 

gantolebis sivrculi koordinatebis mimarT gaxleCvis meTodi. maSin, integrirebis 

algoriTmidrois nebismieri mcire intervalisaTvis 1nn  t  t t +   operatuli formiT 

SeiZleba Caiweros Semdegi saxiT:  
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 , da  - Sesabamisi diferencialuri operatorebis sasrul sxvaobiani 

analogebia, romlebic uzrunvelyofen sqemis monotonurobasa da ganisazRvrebian 

Semdegi formulebiT: 
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(2) gantolebaTa sistemis aproqsimacia xdeba krank - nikelsonis aracxadi ricxviTi 

sqemiT, mudmivi bijis mqone erTganzomilebian sivrciT badeze: 
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(8) – (13) sawyis da sasazRvro pirobebSi warmoebulebi aproqsimirdeba 

centraluri sxvaobiT. gantolebaTa sistema (12) aproqsimirdeba da ricxobrivad 

integrirdeba meTodikiT romelic mocemulia [46]-Si. 

     (16), (19), (22) algebrul gantolebaTa sistemebs aproqsimireben Sesabamis 

diferencialur gantolebaTa sistemebis droisa da sivrcis mixedviT meore rigis 

sizustiT, (23) drois mixedviT meore rigis sizustiT, xolo sivrculi kordinatis 

mixedviT pirveli rigis sizustiT. Aaproqsimaciis Sedegad miiReba algebrul 

gantolebaTa sistemebi, romlebic gamoiTvlebian pirdapirian faqtorizaciis meTodiT.  

amocanis ricxviTi realizacia ganxorcielebulia 180236 km
2
farTobis kavkasiis 

regionSi 3190118   wertilisagan Semdgar badeze.  modelSi gamoyenebul parametrTa 

mniSvnelobebia: R= 287 m 3 s 2−
/

0
K;   g= 10 ms −2

; l = 10 −4
 s

−1
; t = 60 s; = 10 −4

m
3−

; 

K270T 0

0
= ; T =20 0 c; == yx 50000 m;   K=26;   L=24; 

042= ; M=16; C400= ; 

8

max
105,1E −= m/wm; 

8

max
1015D −= m

2
/wm; 

2

0
10−= ; M

4

max
102m −= ; 

6

sea
1015K −=  

m
2
/wm; 

7

soil
103K −=  m

2
/wm; =

sea
1,1g/sm

3
; 

3

0
10396,1a = vt/m

2
; 

3

0
102094,10b =  

vt/m
2
; 15,0A =


zRvisa da 2,0A =


 niadagis SemTxvevaSi; 1,1A

q,
=


; 6,1A

u
= ; 

39,0A
e
= ; 058,0B

e
= ; 9,0f

g
= ; 3,0C

por
= ; 01,0C

con
= ; 1ZZ

seasoil
== m; 

0023,0rad = m
1−
; 05,0z = sm; ;16/3

1
= 100

0
= m;  

3

p
10005,1c = j/kg grad; 

4,0c
soil
= kal/sm

3
grad; 09,4c

sea
= j/g grad; 

6105,2L = j/kg; mzis daxriloba 

022= rac Seesabameba ivnisis Tves. 

ganxilulia zafxulis uRrublo amindi, romlis drosac regionSi qris fonuri 

dasavleTis qari. Sesabamisad, ricxviT eqsperimentSi gamoyenebulia meteorologiuri 

sidideebis G Semdegi sawyisi da fonuri  mniSvnelobebi: 

y) ,x(δ-12000=y)  x,,t(h 1 ; 0m),y,x,0(q === ; 
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∫
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+ TR/10*)x V+yU(=) y,   x,,t(φ   ;                                 (24) 

0),y,x,t(M = ; -x)59(TΔ+180-y)/90(TΔ+T+273=) z y,   x,,0(T soil,xsoil,y0soil    ; 
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;P/E622.80.0Q = ;1011.6100E 1.31t

2.273t
62.7

−

−

=  

Cpol = C0, pol , roca (x,  y) townΩ ∈  da C =0 roca,(x,  y) townΩ  
 

sadac, C0,pol  qalaqebSi 2m simaRleze mtvris koncentraciaa, townΩ haeris 

damabinZurebeli qalaqis teritoriaa. T0, xTΔ , yTΔ , sea,xTΔ , sea,yTΔ  , 
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soil,xTΔ soil,yTΔ atmosferostemperaturis saSualo Tviuri mniSvneloba  da fonuri 

temperaturis gradientebis mniSvnelobebia wylis da niadagis zedapirebze,  

 ( sea,xTΔ = soil,xTΔ =0; sea,yTΔ = soil,yTΔ =6*!0-6*OC*m-1); FonU , FonV fonuri qaris zonaluri da 

meridianuli mdgenelebis mniSvnelobebia tropopauzaze. mocemuli Termobariuli 

velis Sesabamisi fonuri qaris zonaluri mdgeneli,  

,     l/)
 x

 z
)q61.01(g
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
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


=            (25) 

zemoT moyvanili parametrebis mniSvnelobebis Sesabamisad,  (24) da (25) 

formulebiT gamoTvlili vfunqciebi gansazRvraven meteorologiuri velebis sawyis 

da fonur mniSvnelobebs.    

 Catarebulma ricxviTi eqsperimentma aCvena, rom gamoTvlebis dawyebidan 

daaxloebiT 5 saaTis ganmavlobaSi mimdinareobs adaptaciis procesi.  

adaptaciis procesis ganmavlobaSi dedamiwis zedapirze jamuri radiaciis nakadi 

mudmivia da misi sidide udris adgilobrivi droiT 0 saaTis Sesabamis mniSvnelobas. 

adaptaciis intervalis dasasruls, gamoTvlebiT miRebul C,TT,m,q , h,  v,u, 
sea,soil


 

saZiebel funqciaTa mniSvnelobebi ganixileba sawyisad da integrireba grZeldeba (14) 

gamosaxulebiT gansazRvruli jamuri radiaciis cvlilebis pirobebSi.  
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Tavi IV. Sida da qvemoqarTlis, mcxeTa-mTianeTis da samcxe-javaxeTis 

regionebSi mezomasStabis atmosferuli procesebis da damtverianebis 

modelirebis Sedegebi 

4.1  hidroTermodinamikuri velebis da mtvris droiTi da sivrciTi evolucia fonuri 
aRmosavleTis qaris dros 

modelirebuli da Seswavlilia Sida da qvemo qarTlis, samcxe -javaxeTis da 

mcxeTa - mTianeTis  regionebSi atmosferuli procesebis ganviTareba da qalaqebSi 

arsebuli mtvrianobis gavrceleba fonuri aRmosavleTis qaris dros zafxulis 

sezonSi. parametrebi ufon= - 23.2 m/wm; vfon=0; =TΔ x 0; =TΔ x -7,5*10-6 grad/m; fonuri qaris 

siCqare gamoTvlilia geostrofiuli qaris gantolebebiT da  misi mniSvneloba 

izrdeba 5 m/wm-dan 25 m/wm-de 10 m simaRlidan tropopauzis doneze. gamoTvlebiT 

miRebuli meteorologiuri velebis sivrciTi da droiTi ganawilebebis suraTebi 

roca t = 12 sT naCvenebia nax. 4.1-4.10-ze.  

nax. 4.1–ze mocemulia qaris siCqaris veqtoris da siCqaris modulis ganawileba  

miwis zedapiridan z = 10 m simaRleze. naxazidan Cans, rom miwispira qaris siCqare 

mTel teritoriaze icvleba 1-dan 5 m/wm-mde. reliefis zemoqmedeba iwvevs 

mezomasStabis talRebis warmoSobasa da haeris nakadis gayofas or nawilad samxreT-

aRmosavleTisa da Crdilo-aRmosavleTis nakadebad. Hhaeris masis nakadebad gayofa 

xdeba TrialeTis qedis aRmosavleT nawilSi. samxreT aRmosavleTis nakadi Sida 

qarTlis vakis gavliT gadaedineba lixis qeds da vrceldeba dasavleT saqarTveloSi. 

Crdilo-aRmosavleTis qari vrceldeba javaxeTis zeganze. mis moZraobis 

mimarTulebas gansazRvravs samsarisa da javaxeTis qedebi da md. Mmtkvris xeobis 

orientacia. Aadgili aqvs, agreTve, ori lokaluri nakadis warmoSobas regionis 

samxreT-aRmosavleT nawilSi. isini iwyebian   qvemo qarTlis vakis teritoriaze da 

miemarTebian mdinareebis xramisa da araqsis xeobebis gaswvriv. 

   nax. 4.2–ze naCvenebia gamoTvlebiT miRebuli qaris siCqaris veqtoris da 

modulis ganawileba miwis zedapiridan z = 100 m simaRleze t = 12 sT-Tvis. am 

naxazidan Cans, rom Q100 m simaRleze qaris siCqaris sivrculi ganawileba 

Tvisobrivad analogiuria 10 m simaRleze miRebuli ganawilebis. gansxvaveba 

raodenobrivia, gansakuTrebiT Sida qarTlis vakis aRmosavT nawilis da lixis qedis 

midamoebSi. am teritoriebze qaris siCqare aRwevs 12-14 m/wm-s da daaxloebiT 2-jer da 

metad aRemateba 10 m simaRleze miRebul siCqareebs.  

 atmosferos sasazRvro fenis zeviT, Tavisufal atmosferoSi reliefis gavlena 

qaris siCqaris sivrcul ganawilebaze mniSvnelovnad mcirdeba (nax. 4.3). Mmiwis 

zedapiridan daSorebisas siCqaris sidide izrdeba, mimarTuleba ki uaxlovdeba fonur 

mimarTulebas. zRvis donidan 3 km simaRleze qaris siCqare 7 m/wm - 15 m/wm-is 

farglebSia, 6 km-is zeviT -  12 m/wm - 17 m/wm-is farglebSi. erTsa da imave doneze 

qaris zedapiruli ganawileba araerTgvarovania. 3km simaRleze qaris siCqare didia 

javaxeTis zeganze samsaris qedis midamoebSi da naklebia javaxeTis zeganis qarpira 

da qarzurga mxares. Ddedamiwis zedapiridan 6 km simaRleze ki piriqiT. QsiCqare 

SedarebiT naklebia samsaris qedis midamoebSi da metia javaxeTis zeganis aRmosavleT 

da centraluri nawilebis Tavze. 
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nax 4.1. regionis releifi, miwispira qaris veqtori – (a) da moduli – (b) dedamiwis 

miwis zedapiridan 10 m simarleze, roca t = 12 sT. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Nnax. 4.2 regionis reliefi, miwispira qaris veqtori – (a) da moduli – (b) dedamiwis 

miwis zedapiridan 100 m simarleze, roca t = 12 sT. 
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nax. 4.3. qaris siCqaris veqtori da moduli zRvis donidan 3 km (a) da 6 km 

simaRleze (b), roca t = 120 sT. 
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nax. 4.4.  qaris siCqaris ganawileba XOZ sibrtyeSi (a) roca (Y = 20) da YOZ 

sibrtyeSi Y(X= 60 – (b), roca t = 12 sT. 
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nax. 4.4-ze naCvenebia qaris siCqaris ganawileba XOZ da YOZ sibrtyeebSi. naxazidan 

Cans, rom adgili aqvs haeris nakadis mier reliefis garsdenis movlenas, romelsac 

Tan axlavs zonalur nakadSi qedebis da maRlobebis midamoebSi talRuri SeSfoTebis 

warmoSoba. rasac calkeul punqtebSi Tansdevs lokaluri masStabis vertikaluri 

grigaluri struqturebis warmoSoba mcire qedebis qarzurga mxares. qaris siCqaris 

vertikaluri grigalebi aseve miRebulia meridianul kveTebSi (nax. 4.4b). mxolod im 

gansxvavebiT, rom isini formirebulni arian troposferos Sua nawilSi. zeda maTi 

zomebi aRematebian paralelis gawvriv atmosferos sasazRvro fenaSi miRebul 

grigalebis zomebs. vertikaluri grigalebis arseboba reliefis garsdenis dros 

Teoriulad miRebuli iyo adre ara erTi mkvlevaris mier [1, 2]. 
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nax. 4.5. qaris siCqaris zonaluri gaswvrivi mdgenelis ganawileba XOZ sibrtyeSi  

roca Y = 60 da t = 12 sT. 
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nax. 4.6. qaris siCqaris ganawileba meridianalur YOZ sibrtyeSi  roca  

X= 60  da t = 0 sT. 
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 nax. 4.5 da 4.6-ze naCvenebia qaris siCqaris zonaluri da meridianuli mdgenelebi 

zRvis donidan 3 km simaRlemde. Nnaxazidan Cans, rom fonuri qaris orografiasTan 

urTierTqmedebis gamo atmosferos sasazRvro fenaSi warmoiSvebian zonaluri da 

meridianuli talRebi da mezomasStabis grigaluri sistemebi. maTi horizontaluri 

zomebi damokidebulia orografiuli winaRobis zomebze.  

Nnax.4.7 da 4.8-ze naCvenebia gamoTvlebiT miRebuli temperaturisa da miwispira 

wnevis sivrculi ganawileba. Nnaxazebidan Cans, rom miwispira temperatura 

maqsimaluria qvemo qarTlis aRmosavleT nawilis, kaxeTis da kolxeTis dablobis 

midamoebSi. am raionebSi temperatura icvleba 21-29oC intervalSi. qarTlis vakeze 

miwispira temperatura 21-25 oC-ia. temperatura minimaluria samsarisa da javaxeTis 

qedebis mwvervalebis midamoebSi. iq temperatura dRis 12 sT-Tvis icvleba 5-9oC 

intervalis farglebSi.Mmiwispira wneva maqsimaluria kaxeTis, qarTlis vakisa da 

kolxeTis dablobis midamoebSi. 
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nax. 4.7 temperaturis (a, oC ) da wnevis (b, mb) ganawileba z =2 m simaRleze roca t 

= 12 sT. 

 

temperaturis vertikaluri sivrculi ganawileba icvleba simaRlis zrdasTan 

erTad. 1 km simaRleze temperatura SedarebiT dabalia regionis centralur nawilSi 
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(Sida qarTlis teritoriaze) da maRalia regionis Crdilo-dasavleT (kolxeTis 

dablobis) da samxreT-aRmosavleT (qvemo qarTlis vake) nawilebSi. 3, 5 da 7 km 

simaRleebze temperaturis gradienti ZiriTadad mimarTululia CrdiloeTisken.Aamave 

dros aRiniSneba reliefis gavleniT gamowveuli temperaturis ganawilebis 

lokaluri Tavisebureba. 
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Nnax. 4.8. temperaturis ganawileba zRvis donidan z=1–(a), 3-(b), 5-(c) da  

7km - (d) simaRleebze, roca t =12sT. 

 

 nax. 4.9-ze naCvenebia gamoTvlebiT miRebuli vertikaluri siCqaris 

veli.naxazidan Cans, rom mas gaaCniaγ-mezomasStabis struqtura, romelSic erTmaneTs 

enacvlebian aRmavali da daRmavali dinebebi. Qqvemo qarTlis vakis, am mdinareebis 

alaznis, ioris, mtkvaris gaswvriv da civ gomboris qedis midamoebSi vertikaluri 

siCqareebis mniSvnelobebi 0.3 m/wm-is farglebSia. mTavari kavkasionis qedis calkeul 

xeobebis da qedebis midamoebi vertikaluri siCqaris modulebi 1 m/wm-de aRweven. 

 

 

 

 

 

 



69 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Nnax. 4.9. vertikaluri siCqaris ganawileba zRvis donidan z =1–(a), 3-(b), 5-(c) da 

7km -(d) simaRleebze, roca t =12sT. 
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Nnax. 4.10. Rrublebis wylianoba (g/kg) z=3-(a) da 5 km (b) simaRleebze.  

M 

modelirebul SemTxvevaSi warmoiSvebian Rrublebi, lokalizirebulni qvemo 

qarTlis vakis, q.Tbilisis mimdebare teritoriis, regionis CrdiloeT sazRvaris da 

oriode mcire punqtis midamoebSi. Rrublebis wylianobis suraTi warmodgenilia 

nax.4.10-ze. 
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regionis damtverianebis ZiriTad adgilobriv wyaros warmoadgens 22 

dasaxlebul punqtSi ganlagebuli samrewvelo obieqtebi (nax.4.11) da avtotransporti. 

es qalaqebia: Tbilisi, mcxeTa, rusTavi, kaspi, cxinvali, qareli, xaSuri, agara, 

duSeTi, gori, Borjomi, axalcixe, vale, axalqalaqi, walka, TeTeri wywro, bolnisi, 

Mmarneuli, dmanisi, gardabani, sagarejo, ninowminda. Qq.q.Tbilissa da rusTavSi mtvris 

koncentraciis mniSvnelobebi gansazRvrulia garemos erovnuli saagentos mier 

regularuli naturuli dakvirvebebis monacemebiT [3; 4], xolo danarCenSi 

gansazRvrulia mosaxleobis raodenobis mixedviT [5]–is Sesabamisad. dasaxlebul 

punqtebSi koncentraciis sidideebi 2m simaRleze mudmivia da ricxviTi integrirebis 

dros ar icvleba.isini aRebulia gamoTvlebis sawyis mniSvnelobebad.Nnax.4.11-dan Cans, 

rom regionis damtverianebis ZiriTad obieqtebs warmoadgenen qq. Tbilisi da rusTavi. 

am qalaqebis damtverianebis done aRwevs 5-7 saSualo sadReRamiso zRvrulad dasaSveb 

koncentraciebs (sszdk). sxva qalaqebSi da raionul centrebSi koncentraciebis 

mniSvnelobebi 1-2 zdk-s farglebSia.   
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NAnax. 4.11. atmosferos damamtverianebeli qalaqebis da raionuli centrebis 

ganlageba da sawyisi koncentraciebis mniSvnelobebi (sszdk-erTeulebSi). 

 

Nnax.4.12-ze naCvenebia ricxviTi modelirebiT miRebuli mtvris koncentraciebis 

sivrculi ganawileba dRis 12 saaTisaTvis aRmosavleTis saSualo siCqaris qaris 

SemTxvevaSi. naxazidan Cans, rom atmosferos miwispira fenis qveda doneebze (z =2,10m) 

mtveri koncentrirebulia uSualod dabinZurebis punqtis midamoebSi da dasaxlebuli 

punqtidan horizontaluri mimarTulebiT mxolod mcire manZilze aris gavrcelebuli. 

ufro did manZilebze miRebulia mtvris mcireodeni kvali, sadac koncentracia 100-

jer naklebia zdk-ze.  
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nax. 4.12. mtvris koncentraciebi sszdk erTeulebSi atmosferos sasazRvro fenaSi 

dedamiwis zedapiridanz = 2 –(a), 10 –(b), 100 (c) - da 600 –(d) metr simaRleebze roca t = 

12 sT. 
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nax. 4.13. mtvris koncentraciebi sszdk erTeulebSi atmosferos sasazRvro fenaSi 

dedamiwis zedapiridanz = 2 –(a), 10 –(b), 100 (c) - da 600 –(d) metr simaRleebze, t=24 sT. 

 

1 0 3 0 5 0 7 0 9 0 1 1 0

1 0

2 0

3 0

4 0

5 0

6 0

7 0

8 0

a )

1 0 3 0 5 0 7 0 9 0 1 1 0

1 0

2 0

3 0

4 0

5 0

6 0

7 0

8 0

b )

c )

d )

1 0 3 0 5 0 7 0 9 0 1 1 0

1 0

2 0

3 0

4 0

5 0

6 0

7 0

8 0

1 0 3 0 5 0 7 0 9 0 1 1 0

1 0

2 0

3 0

4 0

5 0

6 0

7 0

8 0



72 
 

 dabinZurebis punqtidan 2 km – 4 km manZilze misi koncentracia daaxloebiT 10-jer 

mcirdeba, xolo ufro daSorebiT 20 - 30 kmmanZilze koncentracia daaxloebiT 102 -103 

jer aris Semcirebuli. atmosferos miwispira fenaSi damabinZurebeli nivTierebis 

vertikaluri turbulenturi Ggadatana  upiratesia horizontalur gadatanasTan 

SedarebiT. amitom, atmosferos miwispira 100 m fenaSi mtvriT dabinZurebuli 

vertikaluri struqtura faqtiurad ucvlelia. is mcired aris gafarToeuli mxolod 

horizontaluri mimarTulebiT. atmosferos sasazRvro fenaSi (z = 600m) damtverili 

zonis horizontaluri zomebi mniSvnelovnad izrdeba rogorchaeris dinebis, aseve 

misi marTobuli mimarTulebiTac, rac, Tavis mxriv, miuTiTebs horizontaluri 

turbulentobis mniSvnelobaze mtvris horizontaluri gadatanis procesSi. mtveri 

ZiriTadad gaditaneba md.mtkvris gaswvriv, javaxeTis zeganze ki - Crdilo dasavleTis 

mimarTulebiT. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax 4.14. regionis relifi da miwispira qaris veqtori da moduli – (b) dedamiwis 

miwis zedapiridan 10 m (a, b) da 100 n (c, d) simarleebze, roca t = 24 sT. 

 

atmosferos dReRamuri radiaciuli reJimis cvlilebis Sesabamisad icvlebian 

qaris siCqaris ganawileba da meteorologiuri velebi. Sesabamisad xdeba mtvris 

gavrcelebis cvlilebac. kerZod, atmosferos miwispira fenaSi, mcirdeba qaris 

siCqare md. mtkvris marjena sanapiros gaswvriv ganlagebuli qedebis qarpira mxares 

(nax. 4.14) da mcirdeba mtvris gavrcelebis areali nax. 4.13. rac Seexeba mtvris 

sivrcul ganawilebas, roca z metia an tolia 100m, qaris sididis cvlileba mcirea da 

mcirea aseve mtvris sivrculi ganawilebis cvlilebac.  
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dedamiwis zedapiridan 1km-ze  da ufro maRal doneebze (nax.4.15) koncentraciis 

mniSvneloba swrafad mcirdeba da misi sidide naklebia 0.01-0.001 zdk-ze. amitom, 0.001 

zdk SeiZleba miRebuli iyos aRmosavleT saqarTvelos centraluri nawilis 

damtverianebis fonur koncentraciad. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax. 4.15. mtvris koncentraciebi sszdk erTeulebSi dedamiwis zedapiridan z = 1 

da 3 km metr simaRleebze, roca t = 24 sT. 

 

amrigad Catrebulma ricxviTma gamoTvlebma mogvca saSualeba SeviswavloT 

atmosferos meteorologiuri velebis sivrciTi da droiTi ganawileba fonuri 

aRmosavleTis dinebebis dros. reliefis fonur dinebaze zemoqmedebis Sedegad 

atmosferos sasazRvro fenaSi miRebulia mezomasStabis dinebis gaswvriv mimarTuli  

talRa. modelirebiT gamokvleulia temperaturuli velis cvlilebis suraTi rogorc 

atmosferos sasazRvro fenaSi, aseve Sua  da zeda troposferoSi, Seswavlilia 

temperaturis vertkaluri ganawilebis Tavisebureba atmosferos sasazRvro fenaSi. 

atmosferos sinotivisa, Rrublianobisa da naleqebis sivrculi ganawileba, 

gansazRvrulia miwispira wnevis veli. 

Seswavlilia regionis ZiriTadi urbanul teritoriebSi atmosferoSi 

gafrqveuli mtvriT gamowveuli regionis haeris damtverianebis kinematika. naCvenebia, 

rom atmosferos miwispira fenaSi damteverianebis zona, romelSic koncentracia metia 

0,1 zdk-ze, ar aRemateba 10-20 km-is siganis ares qq. Tbilisisa da rusTavis midamoebSi, 

da 1-2 km-is sisqis rgolur ares  mcire qalaqebis irgvliv. mtveris difuziuri da 

adveqtiuri gadataniT miRebuli damtverianebuli mTeli sivrce warmoadgens didi 

farTobis mqone, daaxloebiT 3 km-mde sisqis ares saqarTvelos regionis centralur 

nawilSi. igi orientirebulia samxreT-aRmosavleTidan Crdilo-aRmosavleTisaken. am 

sivrcis umetes nawilSi mtvris koncentracia 0.001 sszdk–ze naklebia. 

 

4.2 hidroTermodinamikuri velebis da urbanuli mtvris droiTi da sivrciTi 
evolucia fonuri dasavleTis qaris dros 

modelirebuli da Seswavlilia aRmosavleT saqarTvelos centralur nawilSi 

atmosferuli procesebis ganviTareba da qalaqebis mtvris gavrceleba fonuri 
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dasavleTis qaris dros zafxulis sezonSi. parametrebi ufon=25m/wm; vfon=0; =TΔ x 0; 

=TΔ y 7,5*10-6 grad/m.  

fonuri qaris siCqare gamoTvlilia geostrofiuli qaris gantolebebidan. misi 

mniSvneloba icleba 5 m/wm-dan (10 m isimaRleze) 25 m/wm-de tropopauzaze.  

nax.4.16-4.25-ze naCvenebia gamoTvlebiT miRebuli lokaluri meteorologiuri 

velebis sivrciTi da droiTi ganawilebebis suraTebi. 2.16 -ze naCvenebia qaris 

siCqaris veqtori da moduli z = 10 m – a), b) da z = 100 m simaRleebze – c), d), 

Sesabamisad, roca t= 12 sT. naxazebidan Cans, rom qaris siCqare flugeris doneze 

mTel teritoriaze icvleba 0-dan 2-3 m/wm-mde. TrialeTis qedisa da javaxeTis zeganis 

aRmosavleT ferdobebis midamoebSi qaris siCqare daaxloebiT 1-1.5 m/wm-is 

farglebSia.Aam teritoriis Crdilo-aRmosavleTis da samxreT-dasavleTis 

mimarTulebiT qaris siCqare metia da Seadgens daaxloebiT 3 m/wm-s. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax. 4.16. qaris siCqaris veqtori da moduli z = 10 m – a), b) da z = 100 m 

simaRleebze – c), d), Sesabamisad, roca t= 12 sT. 

 

miwispira fenis zeda sazRvarze (z = 100 m) regionis vake teritoriebze qaris 

siCqare izrdeba. misi saSualo mniSvneloba izrdeba da icvleba 4-8 m/wm intervalSi. 

regionSi miRebulia, aseve, mcire zonebi sadac qaris siCqareebi aRwevn minimalur (2 

m/wm, kolxeTis da qvemo qarTlis dablobebi) da maqsimalur (10 m/wm, kavkasionis 

samxreTi ferdobi, samsaris qedi) mniSvnelobebs.  

regionis dasavleT nawilSi modelirebiT miRebuli qari ZiriTadad 

dasavleTisaa (nax. 4.16 a) da c)). aRmosavleTiT gadadgilebisas qari icvlis 

mimarTulebas, md.mtkvris xeobasa da mis mimdebare teritoriaze miRebulia siCqaris 

konvergencia da qmnis Crdilo-dasavleTis qars, romelic miuyveba mtkvris xeobas.  

 atmosferos sasazRvro fenis zeviT reliefis gavlena qaris siCqaris sivrcul 

ganawilebaze mcirea (nax.4.17). Mmiwis zedapiridan daSorebisas siCqaris sidide 

izrdeba, mimarTuleba ki uaxlovdeba fonur mimarTulebas. zRvis donidan 3 km 

simaRleze qaris siCqare 8-14 m/wm-is farglebSia, 6 km-is simaRleze – 10 - 16 m/wm-is 

farglebSi.  
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nax.4.17 qaris siCqaris velebi z = 3 km - a) da 6 km simaRleze – b). 
 

qaris siCqaris zonaluri (nax.4.18 a), b)) da meridianuli (nax.4.18 c), d)) mdgenelebis 

sivrculi ganawilebis analizi gviCvenebs, rom fonuri qaris reliefTan 

urTierTqmedeba warmoSobs fonuri qaris gaswvriv mimarTul mezomastabur talRebs. 

talRis amplituda damokidebulia orografiuli winaRobis simaRleze. is 

maqsimaluria mTavari kavkasionis, samsaris, javaxeTisa da TrialeTis qedebis 

midamoebSi da mcirea sxva dabali qedebis Tavze. aseve, atmosferos sasazRvro fenaSi, 

warmoiSveba qaris Caketili grigaluri sistema.  

 

 

 

 

nax.4.18. qaris siCqaris veqtoris paralelis gaswvriv mimarTuli gegmili XOZ  

sibrtyeSi roca y = 60–(a) da 30-(b), da meridianuli mdgeneli YOZ sibrtyeSi, roca x= 

60 (c) da 90 –(d), roca t = 12 sT. 
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Qqaris siCqaris meridianul mdgenels gaaCnia rTuli vertikaluri 

ganawileba.Mmeridianuli mdgenelis velSi erTmaneTs enacvlebian aRmavali da 

daRmavali nakadebi.Qqaris zonaluri mdgenelidan gansxvavebiT zeda troposferoSi 

formirebulia qaris siCqaris meridianuli grigalebi. 

nax.4.19 da 4.20-ze naCvenebia qaris siCqaris zonaluri da paralelis gaswvriv 

mimarTuli veqtorebi atmosferos sasazRvro fenaSi. Aam naxazebze naTlad Cans 

niadagis siaxloves formirebuli vertikaluri zonaluri, meridianuli grigalebi da 

zonaluri talRuri SeSfoTebebi. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax.4.19. qaris siCqaris veqtoris paralelis gaswvrivi mimarTuli gegmili XOZ  

sibrtyeSi atmosferos sasazRvro fenaSi  (0-3km) roca y = 60 dat = 12 sT. 
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nax.4.20. qaris siCqaris veqtoris meridoianis gaswvrivi mimarTuli gegmili YOZ  

sibrtyeSi atmosferos sasazRvro fenaSi (0-3km) simaRleze, roca x= 60 dat =12 sT. 
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nax.4.21 da nax.4.22-ze naCvenebia gamoTvlebiT miRebuli Termobariuli veli roca t 

= 0 sT. naxazebidan Cans, rom niadagis temperatura dRis 12 sT-Tvis maqsimaluria 

kolxeTis dablobis da TrialeTis qedis aRmosavleT nawilebSi, qarTlis vakis da 

kaxeTis teritoriaze. am adgilebSi niadagis temperatura icvleba 32-340C farglebSi. 

miwispirahaeris temperaturayvelaze ufro maRalia qvemo qarTlis vakisa da md. 

mtkvris samxreT aRmosavleT mawilebSi. amteritoriebze haeris temperature icvleba 

21-250C intervalSi. atmosferos100 m fena roca t = 12 sT xasiaTdeba mcire 

vertikaluri gradientiT.Mmaqsimaluri temperature mirebulia qvemo qarTlis 

dablobis mcire nawilSi, xolo minimaluri samsarisa da javaxeTis qedebis 

teritoriaze.Aam raionebSi temperature niadagis zedapiridan 100m simarleze 1-50C 

farglebSia. 

 

atmosferos sasazRvro fenasa da troposferoSi temperaturuli veli 

horizontaluri mimarTulebebiT naklebad cvalebadia (nax.4.22), misi gradienti 

mimarTulia samxreTiT da udris daaxloebiT 2oC-s 100 km-ze. aRmosavleTis fonuri 

qaris SemTxvevisagan gansxvavebiT, dasavleTis fonuri qaris dros, troposferoSi 

meridianuli temperaturuli gradientis mimarTuleba ar icvleba. gamoTvlebiT 

miRebuli miwispira wnevis veli Tvisebrivad analogiuria aRmosavleTis fonuri qaris 

dros miRebuli miwispira wnevis veilis. raodenobrivi TvalsazrisiT maT Soris 

gasxvaveba sxvadasxva wertilebSi 1-2 mb-is farglebSia. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax.4.21 temperaturuli veli (0C) qvefenil zedapirze – a), niadagis zedapiridan 2 m – 

b), 100 m - c) simaRleebze da miwispira wnevis (mb veli – d)), roca t = 12 sT. 
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atmosferos sasazRvro fenasa da troposferoSi temperaturuli veli 

horizontaluri mimarTulebebiT naklebad cvalebadia (nax.4.22), misi gradienti 

mimarTulia samxreTiT da udris daaxloebiT 2oC-s 100 km-ze. aRmosavleTis fonuri 

qaris SemTxvevisagan gansxvavebiT, dasavleTi fonuri qaris dros, troposferoSi 

meridianuli temperaturuli gradientis mimarTuleba ar icvleba. gamoTvlebiT 

miRebuli miwispira wnevis veli Tvisobrivad analogiuria aRmosavleTis fonuri 

qaris dros miRebuli miwispira wnevis velis. raodenobrivi TvalsazrisiT maT Soris 

gasxvaveba sxvadasxva wertilebSi 1-2 mb-is farglebSia. 

vertikaluri siCqaris sidideebi 100 m simaRleze, vakeE da dablobi teritoriebis 

farglebSi,  icvleba - 0.3 m/wm-dan 0.3 m/wm-mde ise, rom aRmavali da daRmavali 

dinebebis viwro zonebi enacvlebian erTmaneTs (nax.4.23). aRmavali moZraoba ZiriTadad 

miRebuli qedebis  qarispira, xolo daRmavali - qarzurga mxares. aRniSnul zogad 

suraTs troposferoSi, mTebisa da qedebis Tavze zed edeba erTmaneTis monacvleobiT 

ganlagebuli 2-10 km-is diametris vertikaluri konveqtiuri ujredebi.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax.4.22. temperaturuli veli (0C) niadagis zedapiridan  1km – a), 3 km – b),  

5 km –c) da 7km – d) simaRleebze, roca t = 12 sT. 

 

atmosferoSi orTqlisa da Rrublebis ganawilebis analizma aCvena, rom, rom 

wylis orTqlis Semcveloba metia regionis Crdilo - dasavleT nawilSi kavkasionis 

da lixis qedebis midamoebSi. am regionebSi miRebulia aseve Rrublebis 2 zona 

(nax.4.24). maT gaaCniaT fonuri qaris mimarTulebiT wargrZelebuli elifsis magvari 

forma. warmoSobili Rrublebis maqsimaluri wyliamoba ara didi da Seadgens 

daaxloebiT 0.19 g/kg.   
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nax.4.25 da nax.4.26-ze naCvenebia gamoTvlebiT miRebuli mtvris ganawileba 

atmosferos sasazRvro fenaSi da troposferoSi. atmosferos miwispira fenaSi 

miRebulia damtverianebis erTiani Rrubeli, romelSic miRebulia koncentraciis 

momatebuli areebi. isini koncentrirebulni arian ZiriTadi damabinZurebeli 

qalaqebis teritoriaze da maT maxloblobaSi. maTgan gansakuTrbiT Zleri 

damtverianebaa q.q. Tbilisisa da rusTavis midamoebSi. adveqciisa da horizontaluri 

turbulentobis gamo atmosferoSi gaferqveuli mtveri, garda qq. Tbilisis da 

rusTavisa, gadatanilia aRmosavleTis mimarTulebiT, xolo qq. rusTavisa da 

Tbilisis mtveri samxreT-aRmosavleTis mimarTulebiT. miwis zedapiridan 2m 

simaRleze mtveris koncentracia q. Tbilisisa da rusTavis midamoebSi mcirdeba 0.1 

zdk-is mniSvnelobamde daaxloebiT 2 km manZilze, 0.01 zdk-mde ki 60-80 km-ze. 10 m 

simaRleze mtvris gavrcelebis areali ufro didia.am doneze q.Tbilisis mtveri qaris 

mimarTulebiT vrceldeba daaxloebiT 20 km manZilze da am manZilze koncentracia 5 

zdk-dan ecema 0.1 zdk-mde.  miwis zedapiridan 100 m simaRleze mtveri gavrcelebulia 

mniSvnelovnad met areze. Aam doneze Ddamtverianeba qmnis erTian Rrubels, romelic 

ZiriTadad gavrcelebulia aRmosavleTisa da samxreT-aRmosavleTis mimarTulebiT. 
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nax.4.23. vertikaluri siCqaris veli (0 C) niadagis zedapiridan z = 1km 

1 km – a), 3 km – b), 5 km –c) da 7 km – d)m simaRleebze, roca t = 12 sT. 
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nax.4.24. wvimis wylis masiuri Semcvelobis ganawileba vertikaluri  

zedapiridan z = 3 –(a) da 5 km – (b) simaRleebze roca t = 12 sT. 
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nax.4.25 atmosferoSi mtvris koncentraciis ganawileba niadagis zedapiridan  

2 - (a), 10 - (b), 100 - (b) da 600 - (d) simaRleebze, roca t = 0 sT. 
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nax.4.26. atmosferoSi mtvris koncentraciis ganawileba niadagis zedapiridan  

3 - (a) da 5 km simaRleebze, roca t = 0 sT. 
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simaRlis zrdasTan erTad koncentracia swrafad mcirdeba. q.q. Tbilisis  da 

rusTavis Tavze miwis zedapiridan 600 m – 1 km simaRleze  gamoTvlili koncentraciis 

maqsimaluri mniSvnelobebi aRweven 1 zdk-s, isic metad mcire areSi. danarCen 

teritoriaze koncentraciis mniSvelobebi 100 jer naklebia zdk-ze. miwis zedapiridan 

3 km simaRleze koncentracia 1000 jer, da ufro metad, naklebia zRvrulad dasaSveb 

mniSvnelobaze.  

hidrometeorologiuri velebiromlebic gamoTvlilia roca t = 24 sT naCvenebia 

nax. 4.27 - 4.32 –ze. Qnax.4.27-ze moyvanilia qaris veqtorisa da modulis  ganawileba  

miwis zedapiridan z = 10 m –a), b) da 100 m – c), d) simaRleebze. Nnaxazidan Cans, rom 

qaris zedapiruli ganawileba rTulia. regionis dasavleT nawilSi miRebulia 

dasavleTis qari, romelic ganicdis konvergencias qalaq Tbilisis midamoebSi, 

TrialeTis qedze arsebul sam xeobaSi da warmoqmnili haeris nakadebi miemarTebian 

jeiranis dablobisaken.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax.4.27qaris siCqaris veqtori da moduli z = 10 m – a), b)  

da z = 100 m simaRleebze – c), d), Sesabamisad, roca t = 24 sT. 

 

Aanalogiuri mimarTulebis qari formirdeba kaxeTis regionis teritoriaze. 

qaris siCqare 10 m doneze araa didi, regionis umetes nawilSi is ar aRemateba 3 m/wm-s. 

miwis zedapiridan 100 m simaRleze (nax.4.27c) qaris veqtoris sivrculi ganawileba, 

msgavsia miwispira qaris veqtoris ganawilebis. amave dros, arsebobs rigi 

gansxvavebebi: ufro mkveTradaa gamoxatuli qaris divergenciis zona rogorc 

TrialeTis qedis maxloblobaSi.  

100 m simaRleze qaris sidide icvleba farTo farglebSi (nax.4.27d). regionis 

centralur nawilSi, jeiranis dablobis, civ gomboris qedis midamoebSi, mTavari 

kavkasionis qedis da misi CrdiloeTi ferdobis garkveul nawilebSi qaris siCqare ar 

aRemateba 5 m/wm-s. amasTan erTad, am teritoris calkeul mcire nawilebSi miRebulia 

Stilis zonebi. 10 m/wm qaris siCqare miRebulia javaxeTis zeganis midamoebSi. 

Tavisufal atmosferoSi orografiisa da qvefenili zedapiris Termiuli 

zemoqmedeba zonaluri talRuri SeSfoTebebis warmoSobasa da vertikaluri 
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meridianul sibrtyeSi mezomasStabis grigallebis formirebaSi (nax.4.28).Aatmosferos 

sasazRvro fenaSi, rogorc zonalur aseve meridianul kveTaSi, moRebulia 

vertikaluri cirkulaciuri sistemebi, romelTa horizontaluri masStabebi 

damokidebulia orografiis araerTgvarovnebis zomebze. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax.4.28 qaris siCqaris veqtoris da modulis velebi z = 3 km 

simaRleze, – a) da 6 km simaRleze – b). qaris siCqaris veqtoris zonaluri mdgenel 

XOZ  sibrtyeSi – c) da meridianuli  mdgeneliYOZ sibrtyeSi – d), rocat= 24 sT. 

 

dinebebis zogadi  suraTi iseTia, rom atmosferos sasazRvro fenis qveda 

nawilSi, qedebsa an maRlobebs Soris arsebul dablob teritoriebze, haeris 

moZraobas aqvs urTierT sapirispiro mimarTuleba da warmoSobs ciklonuri an 

anticiklonuri tipis vertikalur cirkulaciur sistemebs. arsebul efeqts adgili 

aqvs mxolod im SemTxvevaSi Tu msxvilmasStabiani fonuri mozraobis siCqare 1-3 m/wm-

is farglebSia. 3 m/wm-ze meti qaris siCqaris SemTxvevaSi miwispira fenis 

damamuxruWebeli moZraoba ver warmoSobs vertkalur grigalebs da formirebuli 

mezomasStaburi qaris mimarTuleba emTxveva fonuri qaris mimarTulebisaa, 

romelzedac zed edeba sxvadasxva sigrZis mcire amplitudis talRuri SeSfoTebebi. 

talRuri SeSfoTebis amplituda didia didi daxrilobis orografiuli 

araerTgvarovnebis areSi da mcirdeba dablob da vake teritoriebis Tavze. 

nax.4.29-ze naCvenebia gamoTvlebiT miRebuli temperaturisa da wnevis velebi. 

Nnaxazidan Cans, rom modelirebis areSi niadagis temperatura icvleba 5 - 21oC 

farglebSi. temperaturis maqsimaluri mniSvnelobebi  13-17oC miRebulia md. mtkvris 

gaswvriv arsebul vake da dablob teritoriebze da kolxeTis dablobis 

nawilSi.miwispira wnevis mniSvnelobebi 760 mb – 1000 mb-is farglebSia. troposferoSi 

temperatura simaRlis zrdasTan erTad ecema daaxdloebiT 0.65oC-iT 100 m-ze ise, rom 
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misi horizomtaluri gradienti mimarTulia samxreTidan CrdiloeTisaken da 

daaxloebiT udris 1oC/50 km.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax.4.29 temperaturuli veli (0 C) qvefenilzedapirze – a), niadagis zedapiridan 2 

m – b), 100 m - c) simaRleebze da miwispira wnevis (mb veli – d)), roca t = 24 sT. 

 

atmosferos sasazRvro fenis zeviT araa formirebuli mkafiod gamoxatuli 

vertikaluri moZraobis areebi. vertikaluri moZraoba aq ufro lokalur xasiaTs 

atarebs da dakavSirebulia reliefis lokalur araerTgvarovnebasTan. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax.4.30. atmosferoSi mtvris koncentracia z = 2, 10, 100 da 600 m simaRleebze, 

roca t = 14 sT. 
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nax.4.31 atmosferoSi mtvris koncentracia miwis zedapiridan  

z = 1  da 3km simaRleebze, roca t=24 sT. 

 

nax.4.30 da 4.31-ze naCvenebia gamoTvlebiT miRebuli mtvris ganawileba 

atmosferos sasazRvro fenaSi da troposferoSi, roca t = 24 sT. naxazebidan Cans, 

rom damtverianeba gavrcelebulia ufro nakleb teritoriaze vidre iyo miRebuli 

fonuri aRmosavleTis qaris dros. 2m simaRleze damtverianebis zonebi mcire 

qalaqebis midamoebSi  warmoadgenen calkeul mcire teritoriebs. 10 m simaRleze es 

teritoriebi erTiandebian da qmnian dabinZurebis erTian Rrubels.miRebul 

RrubelSi mtvris koncentraciebi >0.01 zdk lokalizirebulia fonuri qaris 

gaswvriv orientirevul mcire zomis sivrceSi, romelTa sigrZe 2-4 km-is farglebSia. 

2 m simaRleze koncentracia 0.1 zdk –1 zdk miRebulia mxolod qalaqebis 

teritoriebze da maT uSualo siaxloves. 0.01 zdk-is sazRvari q.q Tbilisis da 

rusTavis irgvliv qalaqis teritoriidan daaxloebiT 20-40 km manZilzea.100m 

simaRleze maqsimaluri koncentracia 1-2 zdk formirebulia mcire sivrceSi 

q.Tbilisidan samxreT-aRmosavleTis mimarTulebiT. ufro met simarleze mtvris 

koncentracia swrafad mcirdeba da 3 km simaRleze is mxolod mcire kvalis saxiT 

aris warmodgenili.   

 

4.3  hidroTermodinamikuri velebis da urbanuli mtvris droiTi da sivrciTi 

evolucia fonuri samxreTis qaris dros 

modelirebuli da Seswavlilia aRmosavleT saqarTvelos centralur nawilSi 

atmosferuli procesebis ganviTareba da qalaqebis mtvris gavrceleba fonuri 

samxreTis qaris dros zafxulis sezonSi. parametrebi  ufon=25m/wm; vfon=0; =TΔ x 0; 

=TΔ y 7,5*10-6 grad/m; fonuri qaris siCqare gamoTvlilia geostrofiuli qaris 

gantolebebidan. misi mniSvneloba icleba 5 m/wm-dan (10 m simaRleze) 25 m/wm-de 

(tropopauzaze).  

nax. 4.32 - 4.36 - ze naCvenebia gamoTvlebiT miRebuli lokaluri meteorologiuri 

velebis sivrciTi da droiTi ganawilebebis suraTebi. nax.4.32-ze naCvenebia qaris 

siCqaris veqtori da moduli z = 10 m – a), b) da z = 100 m simaRleebze – c), d), roca, t= 

12 sT. naxazebidan Cans, rom qaris siCqare flugeris doneze mTel teritoriaze 

icvleba 0-dan 1 m/wm-mde. 100m simaRleze qaris siCqare aRwevs 15 m/wm-s. reliefis 

zemoqmedeba fonur dinebaze iwvevs qaris mimarTulebis da sididis mniSvnelovan 
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cvlilebas. MmTavari kavkasionis qedis samxreTiT, kolxeTis dablobis aRmosavleT 

nawilze, qarTlis vakis, kaxeTis teritoriaze da TrialeTis qedis aRmosavleT 

ferdobis midamoebSi samxreTis qari icvlis mimarTulebaze da formirdeba Crdilo-

aRmosavleTis qari. aRniSvuli qari xvdeba samxreTis fonur qars da warmoSobs qaris 

siCqaris konvergenciis zols viwro zols, romelic gasdevs mcire kavkasionis 

Crdilo da aRmosavleT nawils.  

regionis CrdiloeT nawilSi, kavkasionis qedis samxreT kalTaze, qari ZiriTadad 

aRmosavleTisaa (nax.4.32 a) da c). qaris siCqaris modelirebiT miRebuli rTuli 

ganawileba dakavSirebulia kavkasionis qedis dinamikur zemoqmedebasTan.  maRali qedi 

ewinaaRmdeba haeris gavrcelebas CrdiloeTis mimarTulebiT da ucvlis mas 

mimarTulebas. Dinamikuri winaaRmdegoba imdenad Zlieria, rom is atmosferos 

miwispira fenaSi warmoSobs Zlier aRmosavleTis qars.  

 atmosferos sasazRvro fenis zeviT reliefis gavlena qaris siCqaris sivrcul 

ganawilebaze mcirea (nax.4.33). Mmiwis zedapiridan daSorebisas siCqaris sidide 

izrdeba, mimarTuleba ki uaxlovdeba fonur mimarTulebas.zRvisdonidan 3 km 

simaRleze qaris siCqare 6-13 m/wm-is farglebSia, 6 km-is simaRleze – 13–19 m/wm-is 

farglebSi.  
a ) c )

b ) d )
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nax.4.32 qaris siCqaris veqtori da moduli z = 10 m – a), b) da  

z = 100 m simaRleebze – c), d), Sesabamisad, roca t= 12 sT. 

 

qaris siCqaris zonaluri (nax.4.33 a), b) da meridianuli (nax.4.34 c), d) mdgenelebis 

sivrculi ganawilebis analizi gviCvenebs, rom fonuri qaris reliefTan 

urTierTqmedeba warmoSobs fonuri qaris gaswvriv mimarTul mezomastabur talRebs 

da grigalur sistemebs. Qqaris siCqaris meridianul mdgenels gaaCnia rTuli 
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vertikaluri ganawileba.Mmeridianuli mdgenelis velSi erTmaneTs enacvlebian 

aRmavali da daRmavali nakadebi. 
a )

b )
d )

c )
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nax.4.33 qaris siCqaris velebi z = 3 km - a), 6 km simaRleze – b a), 

zonalur XOZ -c) da meridianul YOZ -d) sibrtyeebSi, roca y =50, x=60 da t=12 sT. 

 

nax. 4.34 da n4.35-ze naCvenebia qaris siCqaris zonaluri da meridianuli veqtorebi 

atmosferos sasazRvro fenaSi.Aam naxazebze naTlad Cans niadagis siaxloves 

formirebuli vertikaluri zonaluri, meridianuli grigalebi da zonaluri 

talRuri SeSfoTebebi. moZraobis grigaluri xasiati, gansakuTrebiT qarTlis vakis 

da kavkasionis qedis samxreT ferdobebis Tavzea gamoxatuli. 

nax.4.36-ze naCvenebia gamoTvlebiT miRebuli Termobariuli veli roca t = 12 sT. 

naxazebidan Cans, rom niadagis temperatura dRis 12 sT-Tvis maqsimaluria md.mtkvris 

gaswvriv mdebare jeiranColis velis, ivris zeganisa da Siraqis velis midamoebSi. am 

adgilebSi niadagis temperature icvleba 32-34°C farglebSi. miwispira haeris 

temperatura yvelaze ufro maRalia qvemo qarTlis vakisa, md. mtkvris samxreT 

aRmosavleT nawilebSi da kolxeTis dablobis teritoriebze. am teritoriebze haeris 

temperature icvleba 21-29°C intervalSi. atmosferos miwispira 2 m fena, roca t = 12 

sT xasiaTdeba mcire vertikaluri gradientiT. 2-dan 100m fenaSi temperaturis 

vertikaluri gradienti daaxlobiT 5°C-ia 100m-ze. 
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nax.4.34 atmosferos sasazRvro fenaSi (3 km) qaris siCqaris veqtoris  

zonaluri gegmili XOZ  sibrtyeSi, roca y = 50 –(a) dat = 12 sT. 
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nax.4.35 atmosferos sasazRvro fenaSi (3 km) qaris siCqaris veqtoris  

meridianuli gegmili YOZ  sibrtyeSi roca, x = 60 –(a) dat = 12 sT. 

 

gamoTvlebiT miRebuli miwispira wnevis veli Tvisobrivad analogiuria 

aRmosavleTis da dasvleTis fonuri qarebis dros miRebuli miwispira wnevis velis.  
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nax.4.36 temperaturuli veli (°C) qvefenilzedapirze – a), niadagis zedapiridan 2 

m – b), 100 m - c) simaRleebze da miwispira wnevis (mb veli – d)), roca t = 12 sT. 

 

nax.4.37 da 4.38-ze naCvenebia gamoTvlebiT miRebuli mtvris ganawileba 

atmosferos sasazRvro fenaSi da troposferoSi. atmosferos miwispira fenaSi, 2 m 

simaRleze, damtverianebis zonalokalizirebulia uSualod qalaqebis mimdebare 

teritoriaze. damtverianeba maRalia q.q. Tbilisisa da rusTavis maxlobel 

teritoriebze. q. Tbilisis SemTxvevaSi koncemtracia 0.1-1 zdk miRebulia daaxloebiT 

10 km manZilze, q. rusTavis SemTxvevaSi ki 2-4 km manZilze. kocentracia 0.1-0.01 zdk 

miRebulia qq. Tbilisis, ruTavis, gardabnis, marneulis, bolnisis da mcxeTis 

mimdebare 40 km siganisa da 60 km sigrZis marTkuTxedis formis erTian areSi. 

qalaqebis SemTxvevaSi koncentracia 0. 01 zdk miRebulia qalaqebidan daaxloebiT 2km 

manZilze. 

10m simaRleze mtvris gavrceleba Tvisobrivad analogiuria 2m simaRleze 

miRebuli suraTis (nax.4.37 b). Ggansxvaveba, mxolod damtverianebis zonis zomebSia. 

simaRlis zrdasTan erTad koncentracia swrafad mcirdeba. Mmiwis zedapiridan 100 

manZilze miRebuli koncentraciis maqsimaluri mniSvneloba aRwevs 2zdk-s, 3km-ze 

1zdk-s. 6km simaRleze miRebulia damtverianebis metad mcire koncentracia 

0.001zdk.qaris miRebuli formirebuli veli gansazRvravs damtverianebis gavrcelebis 

mimarTulebas. Qq. Tbilisis mimdebared arsebuli qalaqebis mtveri atmosferos qveda 

100m fenaSi gadaitaneba samxreT-dasavleTisa da samxreTis mimarTulebiT.modelirebis 

regionis dasavleT nawilSi ganlagebuli qalaqebis mtveri gadaitaneba CrdiloeTis 

mimarTulebiT. 100m-is zeviT mtvris gavrceleba xdeba erTiani Rrublis saxiT 

Crdilo-dasavleTis mimarTulebiT (nax.4.38). 
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nax.4.37 atmosferoSi mtvris koncentraciis ganawileba niadagis zedapiridan  

2 - (a), 10 - (b), 100 - (c) da 600 - (d) simaRleebze, roca, t = 12 sT. 
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nax.4.38atmosferoSi mtvris koncentraciis ganawileba niadagis zedapiridan  

3 - (a) da 6 - (b) km simaRleebze, roca t = 12 sT. 

 

4.4 hidroTermodinamikuri velebis da urbanuli mtvris droiTi da sivrciTi 

evolucia fonuri CrdiloeTis qaris dros 

 

modelirebuli da Seswavlilia kaxeTis teritoriaze atmosferuli procesebis 

ganviTareba da qalaqebSi arsebuli mtvrianobis gavrceleba  CrdiloeTis fonuri 
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stacionaluri qaris dros zafxulis sezonSi. amisaTvis, parametrebi ufon=0;  vfon= - 23.2 

m/wm; =TΔ x 7,5*10-6 0grad/m; =TΔ y 0; 

fonuri wneva gansazRvrulia kvazistatikis gantolebiT, xolo Sesabamisi  

fonuri qaris siCqare gamoTvlilia geostrofiuli qaris gantolebebidan da misi 

mniSvneloba icleba 5 m/wm-dan  10 m simaRleze, 20 m/wm-mde tropopauzaze, Sesabamisad.  

nax.4.39-4.45-ze naCvenebia gamoTvlebiT miRebuli lokaluri meteorologiuri 

velebis sivrciTi da droiTi ganawilebebis suraTebi roca t = 12 sT. 

nax. 4.39-ze  naCvenebia qaris siCqaris veqtori da moduli z = 10 m – a), b) da z = 

100 m simaRleebze – c), d), Sesabamisad. naxazebidan Cans, rom reliefis zemoqmedebam 

fonuri CrdiloeTis qarze atmosferos miwispira fenaSi, gamoiwvia  siCqaris velis 

mniSvnelovani cvlileba kavkasionis mTavar qedsa da TrialeTis qeds Soris arsebul 

teritoriaze. CrdiloeTis qari miRebulia mxolod mTavari kavkasionis qedis samxreT 

kalTebze da TrialeTis qedis nawilze, romelic mdebareobs modelirebis aris 

samxreT aRmosavleT nawilSi. danarCen teritoriaze miRebulia samxreT-dasavleTis, 

dasavleTis da Crdilo dasavleTis susti qarebi. aRsaniSnavia, kavkasionis 

mTavariqedis samxreT kalTis midamoebSi mtkvris xeobis gaswvriv, mkveTrad 

gamoyofili haeris nakadis warmoSoba. aRniSnul teritoriaze qaris siCqare araa 

didi. 10 m simaRleze ZiriTadadmiRebulia susti qari, romlis sidide ar aRemateba 1 

m/wm-s.100 m simaRleze qaris siCqaris maqsimaluri mniSvneloba 15 m/wm-ia.  miwis 

zedapiridan 10 m da 100 m  simaRleze (nax. 4.39 c) da d) qaris siCqaris sivrculi 

ganawileba erTmaneTis msgavsia. miwispira fenaSi qaris mimarTulebis da sididis 

cvlileba analogiuria planetaruli sasazRvro zonisaTvis damaxasiaTebeli  

cvlilebis. 

 Tavisufal atmosferoSi qari inarCunebs fonuri qaris mimarTulebas (nax. 4.40). 

simaRlis zrdasTan erTad icvleba qaris siCqaris modulis zedapiruli ganawileba. 3 

km simaRleze qaris siCqare maralia mTavari kavkasionis qedis samxreT kalTebisa da 

javaxeTis zeganis midamoebSi.Aam raionebSi siCqare aRwevs 13 m/wm-s. siCqare 

SedarebiTnaklebia md. mtkvris gaswvriv mdebare areSi. miwis zedapiridan 6 km 

simarleze qaris ganawileba gansxvavebulia 3 km simarleze miRebuli ganawilebis. is 

maqsimaluria (19-20 m/wm) TrialeTis qedis samxreT aRmosavleT kalTis 

midamoebSi.orografiis garsdenis movlenisaTvis damaxasiaTebeli talRuri da 

grigaluri moZraobebis warmoSoba, rogorc sasazRvro fenaSi, aseve Tavisufal 

atmosferoSi warmodgenilia nax. 4.40 c), d)  da nax. 4.41– 4.42-ze. 

atmosferos sasazRvro fenaSi vertikaluri grigalebi ufro mkafiod arian 

gamosaxuli, vidre talRebi Tavisufal atmosferoSi. fonuri dinebis gaswvriv 

mimarTulL(meridianul) sibrtyeSi miRebulia daaxloebiT 40 km siganisa da 1 km sisqis 

ciklonuri grigali. is formirebulia kavkasionis qedis samxreT kalTisa da 

qarTlis vakis Tavze arsebul sivrceSi. aseve miRebulnia mcire zomis calkeuli 

meridianuli da zonaluri grigalebi, uSualod qvefenili zedapiris mimdebare 

sivrceSi. 
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nax. 4.39. qaris siCqaris veqtori da moduli z = 10 m – a), b) da 

 z = 100 m simaRleebze – c), d), Sesabamisad, roca t = 12 sT. 
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nax. 4.40. qaris siCqaris veqtoris da modulis velebi z = 3 km 

simaRleze, – a) da 6 km simaRleze – b). qaris siCqaris veqtoris paralelis gaswvrivi 

mdgenel XOZ  sibrtyeSi , roca  Y= 50 – c) da meridianuli  mdgeneli Y 

YOZ sibrtyeSi, roca X=60 – d), roca t = 12 sT. 
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nax. 4.41. qaris siCqaris veqtoris zonaluri gegmili  atmosferos sasazRvro 

fenaSi   XOZ  sibrtyeSi  ≤z 3 km simaRleze  y = 50 da roca 20  ≤ x  ≤ 40 – a),  40  ≤  x  ≤ 60 

– b) da  60  ≤  x  ≤ 80 – c), roca t = 12 sT. 

 

 

niadagis temperatura icvleba 19-36oC farglebSi (nax.4.43). temperaturis 

maqsimaluri mniSvnelobebi  miRebulia kolxeTis dsablobis teritoriaze (34-36oC),  qq. 

Tbilisi, rusTavi gardabnis mimdebare teritoriebze da md alaznis midamoebSi (30-

32oC). mimimaluri temperatura mirebulia 9-13oC miRebulia javaxeTis qedis midamoebSi. 

2m simaRleze temperatura axlosaa niadagis temperaturasTan. mniSvnelovani 

gasxvaveba atmosferos temperaturebs Soris miadagis zedapiridan 2-dan da 100m 

simaRleebze. 100 m simaRleze minimaluri temperatura Seadgens -12oC da isini 

miRebulia mTavari da mcire kavkasionis qedebis midamoebSi. Tavisufal atmosferoSi 

temperaturis zogadi meridianuli ganawileba deformirebulia qvefenili atmosferos 
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sasazRvro fenasa da qveda troposferoSi mimdinare adveqtiuri da turbulenturi 

siTbogadatanis procesebiT. am efeqtebiT gamowveuli temperaturis mateba 

daaxloebiT 2–4oC-is intervalSia. 
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nax. 4.42. qaris siCqaris veqtoris meridianuli gegmili  atmosferos sasazRvro 

fenaSi YOZ  sibrtyeSi  ≤z 3 km simaRleze  x = 60 da  20  ≤ y  ≤ 40 – a),  40  ≤ y  ≤ 60 – b) da  

60  ≤ y  ≤ 80 – c), roca t = 0 sT. 
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nax. 4.43. temperaturuli veli (oC) qvefenilzedapirze – a), niadagis 

zedapiridan 2 m – b), 100 m - c) simaRleebze da miwispira wnevis (mb) veli – d)), 

 t = 12sT. 
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nax. 4.44. atmosferoSi mtvris koncentracia z = 2, 10, 100  

da 600 m simaRleebze, roca t = 0 sT. 
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nax. 4.45. atmosferoSi mtvris koncentraciis ganawileba niadagis zedapiridan  

3 - (a) da6- (b) km simaRleebze, roca t = 12 sT. 

 

 

miwispir wneva damokidebulia orografiisagan da misi mniSvneloba icvleba 750-

1000mb-is farglebSi. 

regionis rTuli hidrodinamika axdens gavlenas mtvris gavrcelebaze 

atmosferoSi. miwispira fenaSi 2m simaRleze md. mtkvris gaswvriv mdebare qalaqebis 

xaSuri, gori, kaspi, cxinvali, Tbilisi da rusTavis mtveri vrceldebian 

aRmosavleTis mimarTulebiT, xolo samcxe - javaxeTis qalaqebis mtveri vrceldeba 

aRmosavleTis da samxreTis mimarTulebiT. 100 da 600m simarleze mtvris 

aRmosavleTiT gadatanasTan erTad prioritetulia mtvris gavrceleba samxrTiT. 3km-

is zeviT mtveri ZirTadad vrceldeba samxreTis mimarTulebiT, Tumca am simaRleebze 

koncentracia mcirea da ar aRemateba 1 zdk.  
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daskvnebi 

Catarebuli qimiuri analizis ZiriTdi Sedegebi SeiZleba ase Camoyalibdes 

1. wyalsacavebis, sarwyavi arxis, gruntis da sasoflo sameurneo Camonadenis wylis pH  

meryeobs 6,70-8,61 farglebSi. bunebrivi wylebis erT-erTi ZiriTadi maCvenebeli aris pH, 

romelic bunebrivi Tu anTropogenuli faqtorebis mixedviT sakmaod cvladia. igi 

gansazRvravs Jangva-aRdgeniT potencials da maszea damokidebuli wylis 

TviTgawmendis unari. 

2. siRnaRis axali wyalsacavis wylis mineralizacia icvleba 239,18-791,55 mg/l-is, xolo 

Zvelis - 390,45-1051,2 mg/l-is farglebSi. axali wyalsacavis wylis mineralizacia 

gacilebiT naklebia Zveli wyalsacavis wylis mineralizaciasTan SedarebiT.  gaxsnili 

nivTierebebis mixedviT (mg/l-iT) wyalsacavebi miekuTvnebian zomier (500-1000 mg/l) da 

maRal (>1000 mg/l) mineralizaciis mqone wylebs. 

3. sasoflo-sameurneo Camonadenis mineralizacia gacilebiT naklebia da tolia 200 -650 

mg/l.  

4. qvemo alazmis sarwyavi wylis mineralizcia Seadgens 299,13-420,48 mg/l. marilebis 

zRvruli dasaSvebi Semcveloba wyalSi, romelic gamoiyeneba sasoflo-sameurneo 

kulturebis sarwyavad Seadgens 1g/l, amitom qvemo alaznis sarwyavi arxis wyali 

SeiZleba CaiTvalos sarwyavad vargisad. amoniumis ionebis raodenoba umniSvnelod 

aRematebian zdk-s zogierT SemTxvevaSi. 

5. gurjaanis wyalsacavis wyalSi wylis mineralizacia siRnaRis raionis wylebTan 

SedarebiT naklebia da meryeobs 238,85-678,45 mg/l farglebSi  da miekuTvnebian zomieri 

(500-1000 mg/l) mineralizaciis mqone wylebs. xolo amoniumis ionebis koncentracia  

TiTqmis yvela SemTxvevaSi maRalia zRvrulad dasaSveb koncentraciaze, magram misi 

Semcveloba ar aRemateba 0,7 mg/l-s (1,8 zdk).  gurjaanis wyalsacavis wyali  umetesad  

sufTaa,  E-coli-is  mniSvneloba TiTqmis yvela SemTxvevaSi dabalia zdk-ze. 

6. gruntis wylebis mineralizacia gacilebiT metia yvela wyalsacavis mineralizaciaze 

(5212,3-12958,0mg/l) da is miekuTvneba maRal mineralizirebul wylebs. amave dros 

aRsaniSnavia is faqtic, rom alaznis velze gruntis wyali amosulia maRla 1,5-2,5 m-mde 

da SesaZlebelia maTi Sedineba wyalsacavis wylebSi. 

7. aRiniSneba natriumis, qlorisa da sulfatebis ionebis maRali Semcveloba, rac imis 

maCvenebelia, rom wyalsacavebi gaSenebulia damlaSebul niadagebze. 

8. biogenuri nivTierebebidan mxolod amoniumis ionebi aRematebian Sesabamis zRvrulad 

dasaSveb koncentracias da aRniSnul wylebSi meryeobs 0,368-0,78 mg/l-s farglebSi. 

amave dros SeiniSneba tendencia, rom amoniumis ionebi ufro meti raodenobiT aris Zvel 

wyalsacavSi, vidre axalSi.  amoniumis ionebis Semcveloba axali wyalsacavis wyalSi 

2016-2017 ww-Si,   zogierT SemTxvevaSi aRemateba zRvrulad dasaSveb koncentracias 

(zdk), maSin roca Zveli wyalsacavis wyalSi misi koncentracia, 2017-2019 ww-is 

ganmavlobaSi yovelTvis aRemateba zdk-s. maqsimaluri raodenoba aRiniSneba zamTris 

TveebSi da Seadgens 0,70-0,78 mg/l (1,8-2 zdk).  

9. mZime liTonebis Semcveloba wyalsacavebis wylebSi normis farglebSi dafiqsirda da 

am mxriv dabinZurebas adgili ar aqvs. 

10. wylis dabinZurebis Sedegad icvleba misi fizikuri Tvisebebi (feri, suni, simRvrive), 

qimiuri Sedgeniloba (organuli da biogenuri nivTierebebi, mZime liTonebi da sxv), 

mikroflora. wylis baqteriologiur sisufTaves afaseben nawlavis Cxirebis (E-coli) 

raodenobiT 1 litr wyalSi. koli indeqsis maRali mniSvneloba wylis fekaluri 

dabinZurebis maCvenebelia. Zveli wyalsacavis wyali dabinZurebulia da E-coli-i 



99 
 

Seadgens 1,4 zdk-s, xolo sasoflo-sameurneo CamonadenSi SedarebiT ufro maRalia da 

Seadgens 2,7 zdk-s.   

11. Zveli anagis niadagebSi mSrali naSTi meryeobs 1,800-2,000 %-is farglebSi. amave dros 

siRrmeSi misi Semcveloba TandaTan matulobs da maqsimums aRwevs 60-80 sm siRrmeze. es 
niadagi ekuTvnis saSualod da siRrmeSi Zlier da metad Zlier damlaSebuli niadagis 

kategorias. xolo gurjaanis sof.axaSnis niadagebSi mSrali naSTi meryeobs 0,060-dan 

0,250 %-mde. niadagi, romlis mSrali naSTi <0,3%-ze, ekuTvnis daumlaSebeli niadagebis 

kategorias, rasac miekuTvneba Cveni sakvlevi niadagi. 

12. humusis Semcveloba sof.Zveli anagis niadagebSi, zeda horizontSi Seadgens  2,36%, 

siRrmeSi TandaTan klebulobs da 40-60 sm siRrmeze Seadgens 1,11 %-s, e.i. es niadagebi 

humusiT naklebad uzrunvelyofili niadagebia. 

13. niadagi mdidaria SesaTvisebeli kaliumiT (50,0 mg/100 g niadagSi, samagierod mcirea 

SesaTvisebeli fosforis raodenoba). siRrmeSi misi raodenoba klebulobs da Seadgens 

30,0 mg/100 g niadagSi.  

14. hidrolizuri azotis raodenoba icvleba humusis Semcvelobis mixedviT, maqsimaluria 

zeda humusian fenaSi da Seadgens 4,6 mg/100 g niadagSi. siRrmeSi misi raodenoba 

klebulobs. es miuTiTebs imaze, rom sakvlev nimuSebSi dabalia hidrolizuri anu 

SesaTvisebeli azotis Semcveloba, e.i. niadagbi iTvlebian dabalnayofier niadagebad. 

15. Zveli anagis niadagebSi spilenZis Semcveloba zeda 0-10 sm-ian niadagis fenaSi 

gacilebiT maRalia qveda-10-20 sm fenasTan SedarebiT. misi maqsimaluri mniSvneloba 

Seadgens 100,00 mg/kg, rac 2-jer aRemateba klarkSi da 5-jer  niadagSi  mis  saSualo 

Semcvelobas. sof. axaSnis niadagebSi spilenZis maqsimaluri mniSvneloba Sedgens 49 

mg/kg, e.i.2,5 -jer aRemateba mis saSualo mniSvnelobas niadagSi.  

16. sof Zveli anagis niadagSi tyviis Semcvelobis maqsimaluri mniSvneloba Seadgens 36,00 

mg/kg-s, rac 2,3-jer aRemateba klarkSi da 3,6-jer  niadagSi  mis  saSualo Semcvelobas. 

sof. axaSnis niadagebSi tyviis maqsimaluri mniSvneloba Sedgens 29,0  mg/kg, e.i.1,8 -jer 

aRemateba  klarkis da 2,9-jer mis saSualo mniSvnelobas niadagSi.  
17. vercxlis Semcveloba dabalia orive tipis niadagSi da meryeobs meaTedi da measedi  

mg/kg farglebSi 
Catarebuli ricxviTi modelirebis ZiriTadi etapebi ase Camoyalibda:  

18. atmosferos hidroTemodinamikis da nivTierebis gadatana-difuziis gantolebebis, 

niadagSi temperaturis gavrcelebisa da sinotivis gatolebis, wylis areSi 

temperaturis gavrcelebis gantolebebis da Sesabamisi sawyisi da sasazRvro 

pirobebis gamoyenebiT damuSavebulia aRmosavleT saqarTvelos centralur nawilSi  

atmosferuli procesebis evoluciisa da mtveris gavrcelebis maTematikuri 

modeli. 

19. arastacionaluri, arawrfivi samganzomilebiani gantolebebis ricxviTi 

integrirebisaTvis gamoyenebulia cxadi Sumanis da aracxadi, gaxleCis meTodze 

dafuZnebuli ricxviTi reaalizaciis meTodebi. 

20. damuSavebulia modelis realizaciis algoriTmi, Sedgenilia ricxviTi 

integrirebis kompiuteruli programa kompiuterul enaze “VIZUAL FORTRAN”. 

21. gansazRvrulia integrirebis are. aris horizontaluri zomebia 236km×180km×9km 
atmosferoSi, da 236km×180km×2 m qvefenili niadagisaTvis. horizontaluri 

mimarTulebiT sivrculi bijebi 2 km-ia, vertikaluri mimarTulebiT daaxloebiT 300 

m atmosferoSi da 0.1 m nidagSi. droiTi biji udris 10 wm-s. 
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22. Catarebulia ricxviTi eqsperimentebi. eqsretimentebis mizani iyo 

gamokvleuliyosaqarTvelos centralur nawilSi β da γ mezomasStabis 

atmosferuli procesebis ganviTarebis hidroTemodinamikuri Taviseburebebi da 

kinematikiT gamowveuli qalaqebSi gabneuli mtvris gavrcelebis SesaZlo suraTebi. 

23. ganxilulia 4 sinoptikuri situacia: fonuri stacionaluri dasavleTis, 

aRmosavleTis, CrdiloeTisa, samxreTis qarebis SemTxvevebi. modelirebisas 

daSvebuli iyo, rom qalaqebis teritoriaze 2 m simaRleze koncentraciebis 

mniSvnelobebi mudmivia da sididiT tolia saSualo wliuri mniSvnelobis. 

Seswavlilia, mtvris gavrceleba   stacionaluri dasvleTis qaris dros 

arastacionaluri mtvris wyaroebis pirobebSi.  

24. atmosferos sasazRvro fenaSi, rogorc zonalur aseve meridianul kveTaSi, 

warmoiSveba mezomasStabis vertikaluri  cirkulacouri sistemebi, romelTa 

horizontaluri zomebi damokidebulia orografiisaraerTgvarovnebaze.  

25. atmosferos sasazRvdro fenis qveda nawilSi, qedebsa an maRlobebs Soris arsebul 

dablob teritoriebze, haeris moZraobas aqvs urTierT sapirispiro mimarTuleba da 

warmoSoben ciklonuri an anticiklonuri tipis vertikalur da horizontalur 

orografiul cirkulaciur sistemebs. arsebul efeqts adgili aqvs im SemTxvevaSi 

Tu msxvilmasStabian fonur mozraobis siCqare 1-3 m/wm-is farglebSia.  

26. 3 m/wm-ze meti qaris siCqaris SemTxvevaSi miwispira fenis damamuxruWebeli moZraoba 

ver warmoSobs vertkalur grigalebs. dineba fonuri siCqaris mimarTulebisaa, 

romelzedac zed edeba sxvadasxva sigrZis talRuri SeSfoTeba. talRuri 

SeSfoTebis amplituda didia didi daxrilobis orografiuli araerTgvarovnebis 

areSi da mcirdeba dablob da vake teritoriebis Tavze 

27. Tavisufal atmosferoSi orografiisa da qvefenili zedapiris Termiuli 

zemoqmedebis gavlena fonuri qarze siCqareze vlideba zonaluri talRuri 

SeSfoTebebis warmoSobasa da vertikaluri meridianul sibryeSi mezomasStabis 

grigallebis formirebaSi.  

28. vertkaluri grigaluri struqturebi, romlebic warmoiSvebian mTagorian areSi 

miwispira temperaturul velTan erTad rogor aZliereben, aseve asusteben Temiuli 

reJimiT gamowveul mTa-goris qarebs.  

29. miwispira qaris siCqareebis ganawileba aCvenebs, rom Termiuli reJimis dReRamurma 

cvlilebam SeZleba gamoiwvios qaris vertikaluri ganawilebis cvlileba – 

minimaluri miwispira temperaturis dros formirebuli Stiluri mdgomareoba 

Seicvalis araStiluri  situaciiT miwispira maqsimaluri temperaturis dadgomis 

momentisaTvis, da piriqiT.  

30. β- mezomasStabis vertikaluri saiCqareebis velis ganawileba atmosferos  

sasazRvro fenaSi metad rTuli saxisaa. is erTis mxriv damokidebulia fonuri 

dinebis da reliefis urTierT orientaciaze, formirebuli miwispira qaris 

siCqareze da temperaturul velze atmosferos miwispira fenaSi. 

31. temperaturis ganawileba atmosferos miwispira fenis zeviT ZiriTadad 

damokidebulia temperaturis fonur ganawilebaze. masze garkeul zegavlenas 

axdens siTbos gacvla atmosferos miwispira fenasa da mis zeviT arsebil ares 

Soris. calkeul SemTxvevaSi es gavlena iwvevs temperaturis gradientis 100 km-ze 1 

- 3  gradusiT cvlilebas. fonuri aRmosavleTis qaris dros 3 km simaRleze 

temperaturis gradienti mimarTuliaA CrdiloeTidan samxreTisaken. 6 km simaRleze 
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temperatura maqsimaluria regionis centralur nawilSi da mcirdeba rogorc 

samxreTis aseve CrdiloeTis mimarTulebiT. 8 km simaRleze temperatururis 

gradient mimarTulia samxreTidan CrdiloeTisken.  

32. miwispira temperaturis droiTi da sirciTi ganawileba ganisazRvreba lokaluri 

reliefiT da temperaturis dReRamuri cvlilebiT. gamokveTilia regionis 

damaxasiaTebeli miwispira temperaturis ganawileba momatebuli da Semcirebuli 

temperaturebis zonebiT. temperaturis dReRamuri cvlileba iwvevs miwispira 

fenaSi vertikalur Termiul da dinamikuri mdgradobis cvlilebas. cvlilebi 

zomebi damokidebulia konkretul teritoriaze da misi zomebi gansxvavdeba 

erTmaneTisagan. 

33. Seswavilia aRmosavleT saqarTvelos centralur nawilSi damtverianebis 

dReRamuri cvlileba 4 ZiriTadi meteorologuri situaciis SemTxvevaSi. 

gamokvleulia mtvris gadatan-difuziis rogorc saerTo kanonzonierebani aseve 

calkeul situaciebisaTvis damaxasiaTebeli Taviseburebebi: 

34. mtveri koncentrirebulia uSualod dabinZurebis punqtis midamoebSi da 

dasaxlebuli punqtidan horizontaluri mimarTulebiT mxolod mcire  manZilze 

aris gavrcelebuli. dabinZurebis punqtidan 2 km – 4 km manZilze misi koncentracia 

daaxloebiT 10 jer mcirdeba, xolo ufro daSorebiT 20 - 30 km manZilze 

koncentracia daaxloebiT 102 - 103 jer aris Semcirebuli. damabinZurebeli 

nivTierebis vertikaluri turbulenturi Ggadatana atmosferos miwispira fenaSi 

aris upiratesi horizontalur gadatanasTan SedarebiT. amitom, atmosferos 

miwispira 100 m fenaSi mtvriT dabinZurebuli aris vertikaluri struqtura 

faqtiurad ucvlelia. is horizontaluri mimaarTulebiT mxolod mcirediT aris 

gafarToeuli. atmosferos sasazRvro fenaSi (z = 600 m –1000 m) damtverili zonis 

horizontaluri zomebi mniSvnelovnad izrdeba rogorc haeris dinebis 

mimarTulebiT, aseve misi marTobuli mimarTulebiTac, rac, Tavis mxriv, miuTiTebs 

horizontaluri turbulentobis mniSvnelobaze mtvris horizontalur gadatanis 

procesSi.  

35. haeris dinebisa da turbulentobis droSi cvlileba axdens gavlenas atmosferoSi 

qalaqebidan moxvedrili mtveris sivrcul ganawilebaze. haerSi mtveri vrceldeba 

regionis did nawilze. miuxedavad amisa, 0.1  saSualo dReRamuri zdk-ze meti 

koncentracia miiReba mxolod qq. Tbilisis da rusTavis uSualo siaxloves. 

danarCen nawilSi koncentracia gacilebiT naklebia 0.1 zdk-ze. mtveris 

gavrcelebis vertikaluri are SemosazRvrulia atmosferos sasazRvro feniT, mis 

zeviT Tavisufal atmosferoSi damtverianeba miRebulia calkeuli laqebis saxiT. 

 

  amrigad, Catarebulma kvlevebma pasuxi gasca aRmosavleT saqarTvelos  

meteorologiis mraval sakiTxs. amasTan wamoaCina sakiTxebi, romlebic moiTxoven 

Sedgom dazustebasa da gaumjobesobas. mizanSeconia kvlevis Semdgomi ganvrcoba 

ufro didi garCevis unaris mqone γ mezomastabis ricxviTi modelebis gamoyenebiT 

sxvadasxva simZlavrisa da mimarTulebis fonuri situaciebisaTvis.  

 

 

 

 



102 
 

literatura 

Tavi pirveli  

1. kotaria a., meteorologiis safuZvlebi. Tsu gamomcemloba. 1992.  

2. http://enqisblogi.blogspot.com/2012/09/blog-post_2.html 

3. http://www.humanrights.ge/index.php?a=main&pid=17780&lang=geo 

4. http://www.ick.ge/photogalleries/22014-i.html 

5. http://www.ick.ge/rubrics/society/22928-i.html 

6. http://www.ick.ge/rubrics/economics/23371-i.html 

7. Опасные гидрометеорологические явления на Кавказе. Под ред. Сванидзе Г.Г. и Цуцкиридзе 

Я.А., Л.:,”Гидрометеоиздат”, 1980. 

8. Элизбарашвили Э. Ш.; Амиранашвили А.Г.; Варазанашвили О.Ш.; Церетели Н.С.; 

Элизбарашвили М.Э.; Элизбарашвили Ш.Э.; Пипия М.Г. Градобитие на территории Грузии 

European Geographical Studies, Vol. 2, No. 2, pp. 55-69, 2014. 

9. Сулаквелидзе Г. К. Венашвили М. Г. Шахулова Л. А. Районирование територии Грузи. 

10. fifia m. setyvianobis klimatologia aRmosavleT saqarTveloSi. i.gogbaSvili 

saxlobis Telavis saxelmwifo univeriteti, 2016. 

11. სახელმწიფო სამხედრო სამეცნიერო-ტექნიკურ ცენტრი „დელტა“ 

Tavi meore 

1. a.TxeliZe, r.liparteniani, n.mumlaZe, x.xomasuriZe, g.danelia - soflis meurneobis 

qimizacia da garemos dacva - Tbilisi, agraruli universitetisgamomcemloba,186 gv., 

2009. 

2. g.supataSvili - garemos qimia (ekoqimia) - Tbilisi, universitetis gamomcemloba, 187gv., 

2009.  

3.  q.laferaSvili - sursaTis uvnebloba - saqarTvelos strategiuli kvlevebisa da 

ganviTarebis centri, biuleteni #110, gv.3-91, 2008.  

4. a.amiranaSvili, o.varazanaSvili, m.fifia, n.wereTeli, m.elizbaraSvili, 

e.elizbaraSvili - zogierTi monacemebi setyvianobaze aRmosavleT saqarTveloSi da 

misgan miyenebul ekonomikur zaralze - iv.javaxiSvilis saxelobis Tbilisis 

saxelmwifo univrsiteti, m.nodias geofizikis institutis 80 wlisadmi miZRvnili 

samecniero konferenciis Sromebi, Tbilisi, gv.,145-150, 2014. 

5. T.uruSaZe - saqarTvelos ZiriTadi niadagebi - „mecniereba“, Tbilisi, 267 gv.,1997; 

6. sakvlev regionSi niadagis saanalizo nimuSebis aReba, wertilebis inventarizacia, 

romelic ganxorcielda ISO 10381-1 da 10381–2-is mixedviT; 

7. niadagis nimuSebis winaswari damuSaveba da Sesabamisad misi momzadeba (gaSroba, daf-

xviereba, gacradasxva) qimiuri analizisaTvis (ISO-11464, ISO-565); 

8. wylis saanalizo sinjebis aRebis da transportirebis ganxorcieleba ISO- 5667-4:1987  
standartebis Sesabamisad; 

9. savele e.w. pirveli dRis analizis fizikur-qimiuri maCveneblebis  (gaxsnili Jang-

badi, pH, temperatura, marilianoba) gansazRvra uSualod adgilze mobiluri 
aparatiT; 

10. saanalizo sinjebis laboratoriuli gansazRvra, kerZod:kaTionebi, anionebi, bioge-
nuri elementebis gansazRvra (ISO 10304-1 :2007, ISO 7150-1, ISO 9964, ISO 6059), Jbm5 

(ISO5815-1:2010); 

11. niadagis nimuSebSi humusis kolorimetruli meTodiT gansazRvra (ГОСТ 26213-91); 

12. niadagis nimuSebSi sakvebi elementebis  SesaTvisebeli formebis (N,P,K) gansazRvra ISO 
103041 :2007 da ISO 9964-3 :2010; 



103 
 

13. mZime liTonebis (Cu, Pb da Ag) Semcvelobis dadgena ICP-OES -aqsialuri induqciuri 
plazmis  speqtrometriT ISO 11885:2007standartebze dayrdnobiT; 

14. mikrobiologiuri komponentebidan totaluri koloformebis, E-coli-s da fekaluri 

streptokokebisgansazRvra ISO 7899-2, ISO 9308-1:2000 standartebze dayrdnobiT. 

Tavi mesame 

1. m. korZaxia. saqarTvelos hava. saqarTvelos mecn. akad.Ggamom., saqarTvelo, 

Tbilisi, 1961, 240 gv. 

2. Климат и климатические ресурсы Грузиию Под ред. В. П. Ломинадзе, Г. И. Чиракадзе. 

Гидрометеорологическое издательство. СССР, Ленинград, 1971, 384 с. 

3. e. elizbaraSvili. saqarTvelos hava. saqarTvelos teqnikuri universitetis 

hidrometeorologiis inst. gamomc., saqarTvelo, Tbilisi, 2017. 360 gv. 

4. saqarTvelo shava, t.5. Sida qarTli, e. elizbaraSvilis, r. samukaSvilis, j. 

vaCnaZis, g. melaZis red. hidrometeorologiis inst. Sromebi,t. 122, 2016. 

5. http://shidakartli.gov.ge/ge/pages/index/17. 2019, (Semowmebulia 29.06.2019). 

6. Гигинеишвили В. М. Градобития в Восточной Грузии. Госкомгидромет, Россия, Ленинград, 1960. 

7. A. P. Weigel, F. K. Chow and M. W. Rotach, “On the nature of turbulent kinetic energy in a    steep and 

narrow Alpine valley,” Boundary-Layer Meteorology Springer Science-Business Media B.V. 2006, DOI 

10.1007/s10546-006-9142-9. 

8. S. Kirkwood, M. Mihalikova, T. N. Rao, and K. Satheesan, “Turbulence associated with mountain waves 

over Northern Scandinavia – a case study using the ESRAD VHF radar andthe WRF mesoscale model,” 

Atmospheric Chemistry and Physics Discussions, vol. 9, 2009,  pp. 20775–20817. 

9. Г. С. Ривин, И. А. Розинкина, Р. М. Вильфанд, Д. Ю. Алферов, Е. Д. Астахова, Д. В. Блинов, А. Ю. 

Бундель, Е. В. Казакова, А. А. Кирсанов, М. А. Никитин, В. Л. Перов, Г. В. Суркова, А. П. 

Ревокатова, М. В. Шатунова, М. М. Чумаков.Система COSMO-Ru негидростатического 

мезомасштабного краткосрочного прогноза погоды Гидрометцентра России: второй этап 

реализации и развития. 2015, Метеорология и гидрология.  № 6, с. 58-67. 

10. Г.С. Ривин. Современные системы мезомасштабного прогноза погоды: состояние и 

перспективы .http://method.meteorf.ru/publ/books/80_years/rivin.pdf.  20 c. 

11. Г. И. Марчук Методв вычислителной математики. М., Наука, 1980, 608 с. 

12. Пененко В.В., Алоян А.Е. Модели и методы для задач охраны окружающей среды. 

Новосибирск: Наука, 1985. 256с.  

13. Шлычков В.А. Расчет влияния выбросов Экибастузской ГРЭС на загрязнение территории 

Западной Сибири в результате дальнего атмосферного переноса // Оптика атмосф. и океана. 

1998. Т. 11. № 6. С. 598-601. 

14. Шлычков В.А., Мальбахов В.М., Леженин А.А. Численное моделирование атмосферной 

циркуляции и переноса загрязняющих примесей в Норильской долине . // Оптика атмосферы и 

океана. 2005. Т. 18. № 05-06. С. 490-496.  

15. Шлычков В.А. Численная модель пограничного слоя атмосферы с детализацией конвективных 

процессов на основе вихреразрешающего подхода // Аэрозоли Сибири. Новосибирск: Изд-

воСОРАН, 2005. 612с. 

16. R. W Boubel, Donald L. F, D. B. Turner and A. C. Stern. Fundamentals of Air Pollution - (Third Edition). 

Academic Press, 1994. 574 pp. www.sciencedirect.com/science/book/9780080507071 

17. AERMOD: Latest Features and Evaluation Results. United States. Environmental Protection Agency.EPA-

454/R-03-003.2003, p. 41.  https://www3.epa.gov/scram001/7thconf/aermod/aermod_mep.pdf  



104 
 

18. M. E. Berliand: Modern problems of atmospheric diffusion and atmospheric pollution. Leningrad, Russia, 

(1975). 

19. M.E. Berliand: Forecast and adjustment atmospheric pollution. Leningrad, Russia, (1985). Methods of 

Calculating Pollutant Concentrations in Atmospheric Air as Present in Factory Discharges.OND-86. 

Leningrad, Russia, (1987).  

20. Schwere, S., A. Stohl and M. W. Rotach, 2002: Practical considerations to speed up Lagrangian stochastic 

particle models. Computers & Geosciences Vol. 28, 143-154. 

21. Tinarelli, G., D. Anfossi, M. Bider, E. Ferrero and S. T. Castelli, 2000: A New High Performance Version of 

the Lagrangian Particle Dispersion Model SPRAY, Some Case Studies. NATO challenges of modern society 

Vol. 23A, 499-508. 

22. Wilson, J. D. and B. L. Sawford, 1996: Review of Lagrangian stochastic models for trajectories in the 

turbulent atmosphere. Boundary-Layer Meteorology Vol. 78, 191-210. 

23. Суркова Г.В., Кирсанов А.А., Кислов А.В., Ревокатова А.П., Ривин Г.С. Прогноз концентрации 

загрязняющих веществ с помощью объединенной модели COSMO-RU7-ART . Труды 

Гидрометеорологического научно-исследовательского центра Российской Федерации. 2014. № 

352. С. 115-138. 

24. Greel G. A., Prkham S. E., Schmitz R., McKeen S. A. Fully coupled ,,online” chemistry within the WRF 

model: description and applications. Atmospheric Environment. 2005, v. 39, Issue 37, p. 6957-6975. 

25. Grell G. A., Emeis S., Stockwell W. R., Schoenemeyer T., Forkel R., Michalakes J., Knoche R., Seide W. 

Application of a multiscale, coupled MM5/chemistry model to the complex terrain of the VOTALD valley 

campaign. Atmos. Env. 2000, vol. 34, p. 1435-1453.  

26. Karsholm U. S., Baklanov A., Gross A., Mahura A., Sass B. H., Kaas E. Online coupled chemical wheather 

forecasting based on HIRLAM – overview and prospective of Enviro – HIRLAM. HIRLAM Newsletter, 

2008, No. 54. 

27. G.I Marchuk: Mathematical modeling in the environmental problem. Leningrad, Russia, (1982).  

28. V. V. Penenko, A. E. Aloyan: Models and methods for environmental protection tasks. Novosibirsk, Russia, 

(1985).  

29. A. E. Aloyan: Modeling of dynamics and kinetics of gaseous admixtures and aerosols in the atmosphere. 

Moscow, Russia, (2008).  

30. A. M. Grishin: Mathematical modeling of forest fires and new methods of struggle against them. 

Novosibirsk, Russia, (1992).  

31. A. E. Aloyan: Modeling of aerosols dynamics during forest fires. Izvestiya, Atmospheric and Oceanic 

Physics, 45, (2009), 62-75.  

32. V. A. Shlichkov, V. M. Malbakhov, A. A. Leghenin: (2005). Numerical modeling of atmospheric circulation 

and transfer of contaminating impurities in Norilsk valley.Atmospheric and Oceanic Optic. 18 (5-6), (2005), 

490-496.  

33. Сурмава А. А. Кваарацхелия Д. У., Кухалашвили В. Г. О возможных траекториях облаков 

загрязнения в атмосфере Кавказского региона. Сборник трудов Ин-та геофизики им. М. З. 

Нодиа. 2008, т. LX. с. 179-185. 

34. Surmava A. A., Mishveladze B. A.,  Davitashvili T. Numerical modeling of the pollution transfer in the 

Caucasus atmosphere from hypothetical source in the case of the background western wind. J. 

GeorgianGeoph. Soc., 2009.v. 13(b), pp. 15-21. 

35. A. Surmava. Numerical investigation of the modeling of transportation and deposition of the radioactive 

pollution in the Caucasian Region in case of the hypothetical accident on the Armenian Nuclear Power Plant. 

Journal of the Georgian Geophysical Society, Issue B, Physics of Atmosphere, Ocean and Space Plasma, 

v.15, 2011/2012, pp. 32-45. 



105 
 

36. A. A. Kordzadze, A. A. Surmava, V. G. Kukhalashvili.Numerical investigation of the air possible pollution  

in case of large hypothetical accidents in some industrial territories of the Caucasus. Journal of the Georgian 

Geophysical Society, Issue B, Physics of Atmosphere, Ocean and Space Plasma, v.16B, 2013, pp. 13-23. 

37. a. korZaZe, a. surmava. Savi da kaspiis zRvebis sanapiro zonebSi damabinZurebeli 

nivTierebebis avariuli amofrqvevebis SemTxvevebSi haeris SesaZlo dabinZurebis 

ricxviTi modelireba. m. nodiasgeofizikis institutis 80 wlistavisadmi 

miZRvnili saiubileo konferenciis Sromebi.  2014.. გვ. 3–10. 

38. Сурмава А. А., Мишвеладзе Б. А. Моделирование загрязнения воздушного бассейна г. Рустави. 

Труды ЗакНИГМИ (для сл. пользования). вып.2, 1985. с. 92-105. 

39. Мишвеладзе Б. А., Сурмава А.  А. Математическое моделирование загрязнения атмосферы 

Кавказа в результате аварииного выброса из гипотетического источника расположенного в 

окрестностях г. Поти. 2010. С. 139-143. Зилинтикевич С. С., Монин А. С. Турбулентность в 

динамических моделях атмосферы.  Л.: Наука, 1971, 44 с.  

40. Марчук Г. И.,  Кочергин В. П., Саркисян А. Ш. И др.  Математические модели циркуляции в 

океане.  Наука: Новосибирск, 1980.  288 с. 

41. Пененко В. В., Алоян А. Е. Модели и методы для задач охраны окружающей среды. 

Новосибирск: Наука, 1985, 256 с. 

42. Дымников В. П. О параметризации балла неконвенктивной облачности в задачах фонового 

прогноза погоды и общей циркуляции атмосферы. Тр. ЗСРНИГМИ, 1974, вып. 11, с. 62-68. 

43. Белов П. Н., Борисенков Е. П., Панин Б. Д. Численные методы  прогноза погоды. Л.: 

Гидрометеоиздат, 1989, 376 с. 

44. Гандин Л. С., Данович А. М., ЛайхтманД. Л., Мельников И. И., Рузин М. И., Соцопко Е. А., 

Шленева М. В. Задачник  по динамической метеорологии. Л.: Гидрометеоиздат, 1967б, 218 с. 

45. Чудновский А. Ф. Теплофозика почв. Москва: Наука. 1976. 352 с. 

46. Казаков А. Л., Лазриев Г. Л. О параметризации приземного слоя атмосферы и деятельного слоя 

почвы. Изв. АН СССР. Физика атмосферы и океана, 1978, т.14,№ 3, с. 257-265. 

47. Марчук Г. И. Математическое ьмоделирование в проблеме окружающей среды. Л.: 

Гидрометеоиздат, 1982, 320 с. 

48.  [31] Таварткиладзе К. А. Учёт влияния высоты местности при вычислении эффективного 

излучения. Тр. ЗалНИГМИ, 1970, вып. 35, с. 10-41. 

49. Шуман Ф. Многоуровенная модель по польным уравнениям. Лекции по численным методам 

прогноза погоды. Л.: Гидрометеоиздат, 1969, с. 481-498. 

50. Shuman F. G., Hovermale L. R. An operational six-layer primitive equation model.J. Appl. Mech. 1968. V. 

7. No 4. P. 525-547. 

Tavi meoTxe 

1. Деметрашвил Д. Инестационарная задача о мезомасштабных процесах в свободной атмосфере 

над орографически неоднородной поверхностью земли. Изв. АН СССР. Физика атмосферы и 

океанаб т. 15, № 7, 1979, с. 699-709. 

2. Сохов Т. З. О нелинейных орграфических волнах в атмосфере. Изв. АН СССР. Физика 

атмосферы и океанаб т. 6,  №  2, 1970, с. 115-126. 

3. saqarTvelos teritoriaze atmosferuli haeris weliwadeuli. 2015. www.nea.gov.ge 

4. mokle mimoxilva saqarTvelos garemos dabinZurebis Sesaxeb.www.nea.gov.ge 

5. Руководство по контролю загрязнения атмосферы. РД 52. 04. 57-95. 

 

 


