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შ ე ს ა ვ ა ლ ი  
 

Savi zRva unikaluri Sigamaterikuli wyalsatevia, romelic 

mxolod bosforis viwro srutiT ukavSirdeba msoflio okeanes. 

igi mniSvnelovnad gansxvavdeba sxva Siga zRvebisagan specifikuri 

hidrologiuri reJimiT da vrceli anaerobuli zonis arsebobiT 

100-150 m siRrmis qvemoT, romlis wylebi Seicavs momwamlav airs — 

gogirdwyalbads.  

saqarTvelosaTvis, iseve rogorc yvela SavizRvispira qveyni-

saTvis, Zalzed aqtualuria Savi zRvis ekologiuri usafrTxoeba 

da misi ekosistemis SenarCuneba, vinaidan Sav zRvas didi socia-

lur-ekonomikuri mniSvneloba gaaCnia Cveni qveynisaTvis. garda 

imisa, rom Savi zRva biologiuri da mineraluri resursebis mniS-

vnelovani wyaroa, mas didi satransporto da rekreaciuli fun-

qcia gaaCnia. aq mdebareobs baTumisa da foTis portebi, romlebic 

evropa-kavkasia-aziis satransporto derefnis mniSvnelovan 

rgols warmoadgenen. maTi meSveobiT xorcieldeba intensiuri sa-

porto operaciebi da sazRvao satransporto gadazidvebi.  

dReisaTvis, Savi zRva aqtiurad asrulebs satransporto de-

refnis rols navTobisa da sxva produqtebis gadatanisas aRmosav-

leTidan dasavleTis mimarTulebiT, xolo axlo momavalSi mosa-

lodnelia Savi zRvis satransporto funqciis kidev ufro gazrda 

anakliis Rrmawylovani sazRvao portis funqcionirebis Semdeg. 

anakliis sazRvao portis aSeneba aseve gazrdis saqarTvelos, ro-

gorc tranzituli da savaWro-ekonomikuri TvalsazrisiT strate-

giuli saxelmwifos mniSvnelobas.  
evropa-aziis satransporto derefnis sruli amoqmedeba da sa-

qarTvelos ekonomikuri ganviTareba didadaa damokidebuli Savi 

zRvis unikalur resursebze, misi sanapiro zolis dacvasa da gamo-

yenebaze. 

mniSvnelovania Savi zRvis roli regionuli klimatisa da amin-

dis formirebaSi. iseve rogorc okeane da atmosfero, Savi zRva da 

atmosfero qmnian erTian hidroTermodinamikur sistemas, sadac 

uwyvetad mimdinareobs energiebisa da sxvadasxva nivTierebaTa 

gacvlis procesebi zRva-atmosferos gamyof sazRvarze.  

Savi zRva ZvelTaganve TamaSobda damakavSirebel rols dasav-

leTsa da aRmosavleTs Soris da bevrjer gamxdara yuradRebis 

obieqti ara marto mkvlevar-okeanologebisaTvis, aramed sazoga-

doebis farTo fenebisaTvis. dReisaTvis, Sav zRvaSi mimdinare hid-
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rofizikuri da bioqimiuri procesebi kargadaa Seswavlili, rac 

nakarnaxevia sufTa samecniero da praqtikuli interesebiT. Savi 

zRvisadmi aseulobiT statia da monografiaa miZRvnili, XIX sau-

kunidan dRemde mravali samecniero eqspediciaa ganxorcielebu-

li. Tanamedrove codna Savi zRvis Sesaxeb mraval mkvlevarTa dau-

Ralavi Sromis Sedegad yalibdeboda ramdenime aseuli wlis ganmav-

lobaSi, magram Savi zRvis okeanografiam gansakuTrebiT didi aR-

mavloba ganicada bolo aTwleulebSi, dawyebuli gasuli saukunis 

80-90-ian wlebidan, rac swrafi samecniero-teqnologiuri progre-

sis Sedegia. Savi zRvis okeanografia Sevida Tavisi ganviTarebis 

axal etapze, rodesac farTo gamoyenebas poulobs Tanamgzavruli 

distanciuri da Tanamedrove kontaqturi dakvirvebis sistemebi 

da zRvis hidrofizikuri procesebis aRmweri maRali garCevisuna-

rianobis mqone maTematikuri modelebi. ganviTarda axali mimar-

Tuleba — Savi zRvis operatiuli okeanografia, romlis didi miR-

wevaa Savi zRvis diagnozisa da prognozis sistemis SemuSaveba [46-

48, 50, 51, 190]. misi funqcionireba operatiulTan miaxloebul re-

JimSi saSualebas gvaZlevs droulad miviRoT mimdinare da momava-

li mdgomareobebis amsaxveli raodenobrivi informacia.  

samwuxarod, mraval eqspertTa SefasebiT Tanamedrove Savi 

zRvis dabinZurebis done navTobis naxSirwyalbadebiT, biogenuri 

elementebiT, mZime metalebiTa da sxva anTropogenuri minarevebiT 

sakmaod maRalia, rac uaryofiTad aisaxeba Savi zRvis ekosistema-

ze [54, 57, 88, 169]. sxvadasxva anTropogenur minarevebs, romlebic 

xvdebian zRvebsa da okeaneebSi, SeuZliaT Seuqcevadi cvlilebebi 

gamoiwvion hidrobiosferoSi da uaryofiTi gavlena iqonion msof-

lio okeanis resursebze, saboloo jamSi, ki moaxdinon negatiuri 

zemoqmedeba adamianis janmrTelobaze.  

sagangaSoa Savi zRvis saqarTvelos sanapiro zolis eroziuli 

procesebis gaaqtiureba bolo wlebSi, rac uaryofiTi ekologiu-

ri SedegebiT mTavrdeba, mimdinareobs aWaris sanapiro infras-

truqturebis ngreva da xmeleTis siRrmeSi zRvis Semosvla [6, 60]. 

cxadia, aRniSnuli faqtorebi kidev ufro aqtualurs xdis Sav 

zRvaSi mimdinare procesebis Seswavlas da maT prognozirebas.   

winamdebare wigni pirveli mcdelobaa gaacnos mkiTxvels mTa-

vari faqtebi da istoriuli cnobebi, rac dakavSirebulia Sav 

zRvasTan, misi specifikuri Taviseburebebi da Savi zRvis okeanog-

rafiis ganviTarebis ZiriTadi etapebi Tanamedrove operatiuli 
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okeanografiis miRwevebis CaTvliT, rac efuZneba axali informa-

ciul-gamoTvliTi teqnologiebis ganviTarebas.  

mkiTxvelTa auditoriis gazrdis mizniT, SevecadeT mravali 

problemis gaSuqebisas gadmocemis stili iseTi yofiliyo, rac ad-

vilad gasagebi iqneboda araprofesionali mkiTxvelisaTvis. am 

mizniT mizanSewonilad miviCnieT, rom wignis ZiriTad nawilSi ma-

Tematikuri aparati praqtikulad ar yofiliyo, ZiriTadi ganto-

lebebi moyvanilia danarTebSi da isic SezRuduli raodenobiT.  

bunebrivia, rom wigni ver moicavda Savi zRvis okeanografiis 

yvela problemas. amitom ganxilvis gareSe darCa iseTi aqtualuri 

sakiTxebi, rogoricaa Savi zRva-atmosferos urTierTqmedeba, 

talRuri procesebi, napirTa erozia da sxv.  
pirvel TavSi mocemulia informacia Savi zRvis morfometri-

isa da misi rTuli geologiuri evoluciis Sesaxeb. igi bevrjer iyo 

tbac da zRvac, Sesabamisad icvleboda misi hidrologiuri reJimi, 

flora da fauna. moyvanilia gasuli saukunis 90-ian wlebSi ameri-

keli geologebis mier SemoTavazebuli hipoTeza Savi zRvis bibli-

ur warRvnasTan kavSiris Sesaxeb.  

aRniSnulia, rom istoriulad Savi zRvis Tematikas mniSvnelo-

vani adgili ekava xelovnebasa da literaturaSi. garkveuli yu-

radReba gamaxvilebulia im faqtze, rom Savi zRva Tavisi geogra-

fiuli mdebareobis gamo, ZvelTaganve udides rols TamaSobda da-

savleTsa da aRmosavleTs Soris sagareo-ekonomikur urTierTo-

bebSi. Savi zRva iyo erT-erTi mniSvnelovani rgoli “didi abreSu-

mis gzisa” da arsebiT rols asrulebda Zveli saqarTvelos savaWro 

da ekonomikur kontaqtebSi berZnul samyarosTan da sxva qveyneb-

Tan, rac legendaruli formiT aisaxa miTSi argonavtebis mogzau-

robis Sesaxeb Zvel kolxeTSi.  

meore Tavi eTmoba Savi zRvis Seswavlis ZiriTad etapebs, 

dawyebuls Sua saukuneebidan dRemde, eqsperimentuli da Teoriu-

li meTodebis gamoyenebiT. Savi zRvis mecnieruli Seswavla gansa-

kuTrebiT intensiuri gaxda me-19 saukunis meore naxevridan, rode-

sac daiwyo didi samecniero eqspediciebis ganxorcieleba. ganxi-

lulia Tanamedrove Savi zRvis okeanografiis miRwevebi, romelTa 

Soris Zalzed mniSvnelovania Savi zRvis diagnozisa da prognozis 

sistemis SemuSaveba bolo aTwleulSi. am sistemis erT-erTi kompo-

nentia aRmosavleT Savi zRvis regionuli prognozis sistema, ro-

melic moicavs Savi zRvis saqarTvelos seqtorsa da mimdebare ak-

vatorias.  
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mesame Tavi eZRvneba Savi zRvis specifikur Taviseburebebs, 

romelTa Soris Zalzed mniSvnelovania zRvis Rrma fenebis da-

WuWyianeba gogirdwyalbadiT, rac gamoarCevs Sav zRvas msoflio 

okeanis sxva regionebisagan. mniSvnelovani yuradReba eTmoba Savi 

zRvis Termoxalinur da cirkulaciur Taviseburebebs da Savi 

zRvisaTvis (saerTod, msoflio okeanisaTvis) iseT aqtualur 

problemas, rogoricaa misi wylebis daWuWyianeba anTropogenuri 

minarevebiT, gansakuTrebiT ki navTobproduqtebiTa da biogenuri 

elementebiT. cxadia, rom Savi zRvis satransporto funqciis gaz-

rda momavalSi mniSvnelovnad gazrdis anTropogenur datvirTvas 

zRvis ekosistemaze, rac aqtualurs xdis Savi zRvis wylebis mdgo-

mareobis monitoringisa da prognozis ganxorcielebas.  

meoTxe TavSi aRwerilia aRmosavleT Savi zRvis regionuli 

prognozuli sistemis struqtura da misi funqcionirebis ZiriTa-

di principebi, romlebic dafuZnebulia maTematikuri modelire-

bis meTodebis gamoyenebaze. moyvanilia sazRvao prognozis gamoT-

vlebis Sedegad miRebuli ZiriTadi hidrofizikuri velebi da Ta-

namgzavrul monacemebTan Sedarebis Sedegebi. ilustrirebulia 

zRvaSi hipoTeturad CaRvrili navTobisa da sxva damaWuWyianebeli 

minarevebis gavrcelebis modelirebis Sedegebi zRvis realuri 

arastacionaruli dinebebis pirobebSi.  

regionuli prognozuli sistema, romelic Savi zRvis diagno-

zisa da prognozis sistemis erT-erTi Semadgeneli komponentia, 

funqcionirebs realurTan miaxloebul reJimSi da saSualebas iZ-

leva gamovTvaloT Savi zRvis saqarTvelos seqtorsa da mimdebare 

akvatoriaSi ZiriTadi hidrofizikuri velebis — dinebis, tempera-

turisa da marilianobis 3 dRiani prognozi 1 km sivrciTi garCevi-

sunarianobiT sxvadasxva horizontebze zRvis zedapiridan fske-

ramde, xolo sagangebo situaciebis dros viwinaswarmetyveloT 

zRvaSi CaRvrili navTobisa da sxva anTropogenuri minarevebis gav-

rcelebis areebi da koncentraciebi [37-44, 150-152].  

danarTebSi mocemulia is ZiriTadi gantolebebi, romlebic sa-

fuZvlad udevs regionul prognozul sistemaSi Semaval maTemati-

kur modelebs, sawyisi da sasazRvro pirobebi.  

 avtorebi, didad madlobelni iqnebian da yuradRebiT miiRe-

ben mkiTxvelTa nebismier SeniSvnas, rac mimarTuli iqneba wignis 

gaumjobesebisa da srulyofisaken.  

avtorebi guliTad madlobas uxdian zRvis hidrofizikis in-

stitutis (q. sevastopoli) TanamSromlebs, ukrainis erovnuli 
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mecnierebaTa akademiis wevr-korespondents, prof. g. korotaevs, 

fizika-maTematikis mecnierebaTa doqtors a. kubriakovs, romleb-

Tanac mravalwlianma, mWidro mecnierulma da kolegialurma Ta-

namSromlobam NATO-sa da evrokavSiris samecniero proeqtebis 

farglebSi didad Seuwyo xeli winamdebare wignSi warmodgenili 

kvlevebis Catarebas. aseve, avtorebs sasiamovno movaleobad miaC-

niaT madloba gadauxadon iv. javaxiSvilis sax. Tbilisis saxelmwi-

fo universitetis m. nodias sax. geofizikis institutTan arsebu-

li saqalaqo seminaris `geofizikuri da ekologiuri procesebis 
maTematikuri modelireba~ monawileebs, romlebTanac wlebis gan-

mavlobaSi mecnierulma TanamSromlobam da sasargeblo rCevebma 

dadebiTi gavlena iqonia wignis momzadebisas. aRsaniSnavia, rom 

wignis ZiriTadi nawili avtorebis mier mravaljer iyo moxsenebu-

li da ganxiluli aRniSnul seminarze.  

avtorebi didad madlierni arian geofizikis institutis yve-

la im TanamSromlisa, romelTa keTilganwyobam da Zalisxmevam 

mniSvnelovani roli iTamaSa, raTa wigni gamocemuliyo.  
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თავი 1

ზოგიერთი ცნობები შავი ზღვის შესახებ 

Savi zRva, romelic evropisa da aziis gzajvaredinze mdebare-

obs da didi satranzito funqcia akisria, atlantis okeanis auzis 

tipuri Sigakontinenturi wyalsatevia (nax. 1.1). igi mdebareobs C. g. 

400 51’ - 460 35’ da a. g. 270 28’ - 410 46’ Soris da 6 qveynis — bulgareTis, 

TurqeTis, rumineTis, ruseTis, saqarTvelosa da ukrainis saerTo 

zRvas warmoadgens.  

nax. 1.1. Savi zRvis regioni 

interesi Savi zRvisadmi gamowveulia ara marto zRvis strate-

giuli mdebareobiTa da misi mdidari resursebiT, aramed didi sa-

erTaSoriso ekonomikuri mniSvnelobiT. mas gansakuTrebiT didi 

socialur-ekonomikuri mniSvneloba gaaCnia SavizRvispira qveyne-

bisaTvis. Savi zRvis ekonomikur rols mniSvnelovnad ganapirobebs 

misi mzardi satransporto funqcia. Savi zRva aris damakavSirebe-

li xidi dasavleTsa da aRmosavleTs Soris navTobisa da sxva tvir-

Tebis gadazidvis TvalsazrisiT. Sav zRvaze gadis saerTaSoriso 

satransporto koridori `traseka~ (TRACECA - Transport Coridor Euro-

pe-Caucasus-Asia) [29].  
geografiuli TvalsazrisiT, igi Caketili zRvis statuss mie-

kuTvneba da warmoadgens msoflios erT-erT udidეს Siga zRvas. Sa-
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vi zRva atlantis okeanes marmarilos, egeosis da xmelTaSua zRve-

bisa da bosforis, dardanelis da gibraltaris viwro sruteebis 

grZeli jaWviT ukavSirdeba. Savi zRva SedarebiT martivi sanapiro 

xaziT xasiaTdeba didi yureebisa da kunZulebis gareSe. erTader-

Ti mniSvnelovani yirimis naxevarkunZuli zRvis Rrmawylovan na-

wils or TiTqmis simetriul nawilebad yofs. Sav zRvaSi mxolod 

ramdenime patara kunZulia, romelTa Soris yvelaze didia kunZu-

li jarilgaCi, romelic karkinatis yureSi mdebareobs da ekuTvnis 

ukrainas. kunZuli dausaxlebelia da misi farTobi daaxloebiT 56 

km2-ia. kunZulze mdebareobs jarilgaCis erovnuli bunebrivi par-

ki, romelic 2009 wels daarsda. aseve, ukrainis teritoriul 

wylebSia kunZulebi berezani (0,5 km2) da zmeini (0,2 km2). kunZuli be-

rezani ukacrielia, magram igi warmoadgens ukrainis erovnuli 

mecnierebaTa akademiis erT-erT istoriul-arqeologiuri nakrZa-

lis nawils, sadac periodulad mimdinareobs arqeologiuri samu-

Saoebi. mkvlevarTa versiiT savaraudoa, rom antikur xanaSi kunZu-

li berezani naxevarkunZuli iyo, sadac arsebobda Zveli berZnuli 

dasaxleba.  

bosforis srutis aRmosavleTiT, daaxloebiT 90 km-is daSore-

biT aris kefkenis kunZuli. ramdenime mcire kunZulia burgasis yu-

reSi (bulgareTi).  

dasavleTiT Savi zRvis wylebs ekvris balkaneTis naxevarkun-

Zulis aRmosavleTi napiri, CrdiloeTiT SemosazRvrulia aRmosav-

leT evropis vakiT, aRmosavleTiT kavkasiis sanapiroTi da kolxe-

Tis dablobiT, xolo samxreTiT — mcire aziis sanapiroTi. viwro da 

wyalmarCxi qerCis srute Sav zRvas azovis zRvasTan akavSirebs.  

Savi zRvis Tanamedrove saxelwodeba `Savi zRva“ (bulg. Черно 

море, Turq. Karadeniz, rumin. Marea Neagra, rus. Черное море, ukr. Чорне 

море), romelic moixsenieba ukve XIII saukunis adreul wyaroebSi 

(qarTul wyaroebSi pirvelad XVI saukuneSia moxseniebuli), ar niS-

navs zRvis Seferilobas, iseve rogorc sxva saxelwodebebi `wiTe-

li zRva~, `yviTeli zRva~, `TeTri zRva~ ar axasiaTeben zRvebis 

fers [120]. Tumca, zogierTi mkvlevaris azriT es saxelwodeba da-

kavSirebulia im faqtTan, rom Stormebis dros zRvis wyali Zlier 

muqdeba. aseve, arsebobs mosazreba, rom Sua saukuneebis Turqul 

enaSi ferebi aRniSnavdnen geografiul mimarTulebebs, xolo `Sa-

vi~ aRniSnavda `CrdiloeTs~. cnobilia aseTi mosazrebac, rom 

wyalSi 150 m siRrmis qvemoT CaSvebuli metalis sagnebi iRebdnen 

Sav fers gogirdwyalbadis zemoqmedebis gamo da amitom zRvamac 
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miiRo saxelwodeba `Savi zRva~. arsebobs sxva hipotezebic Savi 

zRvis am saxelwodebasTan dakavSirebiT [135, 136].  

X-XVI saukuneebis Zvel rusul wyaroebSi gvxvdeba saxel-

wodebac `rusuli zRva~, xolo zogierT wyaroSi “skviTebis zRva~. 

antikur wyaroebSi zRvis saxelwodebaa `pontos aqsinos” (Pontos 

Axeinos), mogvianebiT ki `pontos evqsinos~ (Pontos Evxeinos). I sauku-

nis gamoCenili berZeni istorikosisa da geografis strabonis 

(daax., Zv. w. 64 w — ax. w. 23 w) `geografiaSi~ [221] zRva moixsenieba 

rogorc pontos aqsinos, rac niSnavs arastumarTmoyvare zRvas. 

rogorc straboni varaudobs, aseTi saxelwodeba dakavSirebuli 

iyo zRvaze navigaciis sirTuleebTan da agreTve im faqtTan, rom 

zRvis sanapirosTan mobinadre tomebi mZafr winaaRmdegobas uwev-

dnen berZnebs. mogvianebiT, roca berZnebis mier aTvisebuli iqna 

Savi zRvis napirebi da daarsebuli iqna koloniebi, zRvam miiRo 

 nax. 1.2. Savi zRvis saqarTvelos seqtorSi Camdinare   mdinareebi [107] 
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saxelwodeba `pontos evqsinos~, rac niSnavda stumarTmoyvare 

zRvas. ufro xSirad mas pontoss uwodebdnen. Sua saukuneebSi sa-

xelwodeba `pontos evqsinosi~ TandaTan gandevna `Savi zRvis~ sa-

xelwodebam, romelic amJamad sayovelTao xmarebaSia. uZveles war-

sulSi mas `speris zRvasac~ uwodebdnen, radgan sperebi — qarTuli 

tomebi Savi zRvis mimdebare teritoriaze cxovrobdnen. 

yvelaze didi mdinareebi, romlebic Sav zRvas erTvis, aris du-

nai, dnepri, dnestri, samxreT bugi, kodori, enguri, rioni, kizil-

irmaki, eSil-irmaki da sxv. mxolod saqarTvelos sanapiros mxridan 

Sav zRvaSi   Caedineba 150-mde didi, saSualo da patara mdinare (nax. 

1.2) [107]. maT Soris daaxloebiT 50 mdinares sanapiro zonaSi Semo-

aqvs myari natani, romelic udides rols asrulebs zRvis sanapiro 

xazis dinamikaze da plaJwarmomqmnel procesebze. misi deficiti 

uaryofiTad aisaxeba napirTa stabilurobaze da iwvevs eroziul 

procesebs, rac samwuxarod, aSkarad daikvirveba saqarTvelos sa-

napiro zolSi bolo aTeul wlebSi [5, 6, 60, 108]. myari natanis udi-

des mniSvnelobaze napirTa stabiluri ganviTarebisTvis xazgasmu-

lia zRvebis sanapiro xazis dinamikis cnobili mkvlevaris v. p. zen-

keviCis fundamentur monografiebSi [126-128].  

 

1.1. Savi zRvis morfometria da reliefi  
 

 Savi zRvis auzis morfometria da reliefi erT-erTi ZiriTa-

di okeanografiuli maxasiaTeblebia, romlebic mniSvnelovnad gan-

sazRvraven wylebis cirkulaciur Taviseburebebs da Termoxali-

nur struqturas. sxvadasxva wyaroebSi Savi zRvis morfometriuli 

parametrebi garkveulwilad gansxvavdeba erTmaneTisagan [94, 132, 

202, 218]. [132]-is Tanaxmad, Savi zRvis zedapiris farTobi aris 

416790 km2, xolo moculoba — 535430 km3. zRvis saSualo siRrme, ro-

gorc zRvis moculobis ganayofi zedapiris farobze, 1284 m-ia 

[132]. sxva avtorTa monacemebiT aRniSnuli parametrebi aseTia: 

[202]-is mixedviT zRvis zedapiris farTobi aris 423000km2, [218]-is 

mixedviT — 420000km2, [94]-is mixedviT 406680-423000 km2 diapazonSia. 

[94]- is Tanaxmad, Savi zRvis wylebis moculoba sxvadasxva avtorTa 

monacemebiT 537000-555000 km3-ia. saSualo siRrme [202]-is mixedviT 

1197 m-ia, [218]- is mixedviT, 1300 m-ia, xolo [94]-is Tanaxmad, sxva-

dasxva avtorTa monacemebiT, 1270-1315 m SualedSia.  

eqolotiT gazomvis monacemebis analizis safuZvelze gan-

sazRvruli zRvis maqsimaluri siRrme sxvadasxva wyaroebis mixed-
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viT 2210-2258 m diapazonSi meryeobs [132]. amasTanave, 160 m siRrmem-

de JangbadiT mdidari wylis fenis moculoba Seadgens mTeli mo-

culobis daaxloebiT 10%-s, xolo danarCeni 90% moculoba ukavia 

uJangbado, gogirdwyalbadiT mowamlul siRrmiseul wylebs.  

[132]-is Tanaxmad, Savi zRvis maqsimaluri sigrZe ganeduri mi-

marTulebiT (burgasis yuris wverodan q. qobuleTamde) aris 1180 

km, maqsimaluri sigane meridianuli mimarTulebiT 615 km, xolo mi-

nimaluri sigane - 264 km. [94]-is Tanaxmad, sanapiro xazis sigrZe 

3400-4100 km diapazonSia. [107, 132]-is mixedviT Savi zRvis sanapiro 

xazis sigrZe 4125 km-ia. aqedan, saqarTvelos sanapiro xazi daaxlo-

ebiT 313 km Seadgens.  

iseve rogorc okeaneTa fskeris reliefSi, Savi zRvis relief-

Si mkveTrad gamoirCeva sami ZiriTadi struqtura: Selfi, konti-

nenturi ferdobi da siRrmuli qvabuli (abisaluri vake).  

Selfi aris xmeleTis zedapiris gagrZeleba, romelic wyliT 

aris dafaruli. Savi zRvis Selfuri zona ikavebs fskeris saerTo 

farTobis 25%-mde da saSualod xasiaTdeba 100-120 m siRrmiT. Sel-

furi zona yvelaze farToa zRvis meCxerwylovan Crdilo-dasav-

leT nawilSi, sadac Selfis sigane daaxloebiT 200 km-s aRwevs, xo-

lo minimaluri sigane, e. i. yvelaze cicabo Selfi aRiniSneba kavka-

siisa da CrdiloeT TurqeTis sanapiroebTan. saqarTvelos sanapi-

ro zonaSi Selfis sigane daaxloebiT 15-20 km-ia.  

nax. 1.3.  Savi zRvis Tanamgzavruli foto (NASA) 
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nax. 1.3-ze gamosaxul Savi zRvis Tanamgzavrul suraTze mkafi-

od Cans zRvis Selfuri zona. nax. 1.4-ze naCvenebia Savi zRvis fske-

ris struqturis sqematuri suraTi. kontinenturi ferdobi, rome-

lic ikavebs daaxloebiT 40%-mde farTobs, eSveba daaxloebiT 2000 

m siRrmemde. abisaluri vake (35%) ZiriTadad brtyelia mniSvnelo-

vani reliefuri warmonaqmnebis gareSe, xolo kalTebi cicabo, ro-

melTa saSualo daxriloba 6-80 aRwevs. mxolod, sinopsa da samsuns 

Soris napirisadmi TiTqmis paralelurad gadaWimulia wyalqveSa 

qedebis sistema sigrZiT daaxloebiT 150 km. yvelaze didi wyalqve-

Sa qedi dacilebulia napiridan 60-75 km-ze da gamoyofilia misgan 

calkeuli CaRrmavebebiT [202].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  nax. 1.4. Savi zRvis fskeris struqtura [202]. 
 

saqarTvelos sanapirosTan mimdebare zRvis fskeri sakmaod 

rTuli reliefiT xasiaTdeba da zRvis SelfSi SeWrili wyalqveSa 

kanionebis simravliT gamoirCeva, romlebic ZiriTadad paleoxeo-

bebs, anu Tanamedrove mdinareebis gagrZelebebs warmoadgenen. 

swored es ganapirobebs zRvis sanapiros zogierT monakveTze sa-

porto mSeneblobisaTvis SedarebiT xelsayrel pirobebs. maqsima-

luri siRrme am kanionebSi daaxloebiT 250 metria. aseTi kanione-

bia mdinareebis enguris, rionis, sufsis, bzifis, kodoris, Woroxis 

SesarTavebTan, agreTve baTumis koncxTan [107]. nax. 1.5-ze naCvenebi 

izobaTebi, romlebic agebulia 2003 wels Catarebuli agegmvis sa-

fuZvelze, kargad asaxaven zRvis fskeris reliefis Tavisebure-

bebs q. foTis portis akvatoriaSi mdebare kanioniT [34]. nax. 1.6-ze 
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naCvenebia enguris wyalqveSa kanionis sivrciTi suraTi [1]. wyal-

qveSa kanionebis arseboba daikvirveba Savi zRvis TurqeTis seq-

torSic.  

 nax. 1.5. izobaTebi (metrebSi) da kanioni q. foTis   akvatoriaSi [34] 

nax. 1.6. md. enguris wyalqveSa kanioni [1] 
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nax. 1.7-ze naCvenebia Savi zRvis fskeris reliefis sivrciTi ga-

mosaxuleba anatoliis sanapirodan da CrdiloeTis mxridan. es ga-

mosaxulebebi agebulia avtorTa mier Savi zRvis navigaciuri ruki-

dan aRebuli monacemebis safuZvelze. 

 

(a)         (b) 

 

 

 

 

(a)  
 

 

 

nax. 1.7. Savi zRvis fskeris sivrciTi gamosaxulebebi samxreT  (anatoliis) 
(a) da CrdiloeT sanapirodan (b) 

  

 Savi zRvis sanapiro xazi sustad aris SeWril-SemoWrili. Se-

darebiT metadaa danawevrebuli Crdilo-dasavleTis da Crdiloe-

Tis napirebi, sadac mdebareobs odesisa da karkinitis yureebi. da-

savleT sanapiroze mniSvnelovania burgasis yure, TurqeTis sana-

piroze — sinopis yure, kavkasiis sanapiroze — novorosiiskis ube. 

saqarTvelos sanapiro xazic TiTqmis sworxazovnebiT gamoirCeva, 

mxolod, biWvinTis, soxumis, kodorisa da baTumis koncxebi iWrebi-

an ramdenadme zRvaSi da warmoqmnian farTod gaSlil ubeebs.  

   

1.2. Savi zRvis geologiuri warsuli 
 

Savi zRva yovelTvis ar iyo iseTi, rogoric amJamadaa. am regi-

onma, sadac amJamad Savi zRva mdebareobs, arsebiTi geologiuri 

evolucia ganicada. Savi zRvis Tanamedrove konfiguracia da mor-

fometriuli parametrebi Camoyalibda daaxloebiT 7000-8000 wlis 

winaT. milioni wlebis ganmavlobaSi is araerTxel icvlida Tavis 

saxes, iyo tbac da uerTdeboda msoflio okeanes.  

hidrosfero, romelic klimaturi sistemis erT-erTi kompo-

nentia, mniSvnelovnadaa damokidebuli dedamiwis klimatze. aseve, 

zRvebi da okeaneebi Tavis mxriv aranakleb gavlenas axdenen atmos-

ferul procesebze. warsuli geologiuri epoqebis ganmavlobaSi 

dedamiwaze daTbobisa da acivebis periodebi erTmaneTs enacvle-
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boda [11] da es faqtori (sxva faqtorebTan erTad) mniSvnelovnad 

aisaxeboda hidrosferoze da maT Soris Savi zRvis evoluciaze.  

bosforis geologiuri evoluciis gamokvlevebi, romlebic 

ganxorcielebulia misi fskeris burRvis gziT, gviCvenebs, rom 

bosfori mravaljer damSrala da avsebula wyliT seismuri proce-

sebis Sedegad da Savi zRvis donis cvalebadobis gamo gamyinvarebi-

sa da daTbobis periodebis monacvleobis gavleniT [218]. dReisaT-

vis ar arsebobs Savi zRvis geologiuri transformaciis sruli da 

dasrulebuli Teoria, magram misi istoriuli evoluciis zogadi 

suraTis miReba ZiriTadi etapebis CaTvliT SesaZlebelia [10, 136, 

138, 218].    

nax. 1.8. sarmatiis zRva-tba (5-7 mln wlis win) 

geologiuri gamokvlevebis Tanaxmad, 40-60 milioni wlis winaT 

da ufro adrec dasavleTidan aRmosavleTisaken, samxreT evropisa 

da Sua aziis teritoriebis CarTviT, gadaWimuli iyo didi okeanis 

auzi — mariliani teTisis zRva, romelic dasavleTiT atlantis 

okeanes uerTdeboda, xolo aRmosavleTiT — wynar okeanes. Sem-

dgomSi, dedamiwis qerqis amozidvis Sedegad teTisis zRva Tanda-

Tan mowyda atlantisa da wynar okeaneebs. teqtonikuri procesebi 

gansakuTrebiT aqtiurad mimdinareobda miocenis periodSi, 5-7 mi-

lioni wlis winaT, roca gaCnda mTaTa sistemebi — alpebi, karpate-

bi, balkanebi da kavkasioni. am procesebis Sedegad, teTisis zRva 

Semcirda da momlaSo wyalsatevebad danawevrda. erT-erTi aseTi 

wyalsatevi iyo sarmatiis zRva-tba, romelic centraluri evropi-

dan centralur aziamde iyo gadaWimuli da dRevandeli Savi, azo-

vis, kaspiisa da aralis zRvebs moicavda (nax.1.8). masSi kavkasioni 

kunZulis saxiT iyo. mdinareTa Cadinebis Sedegad okeanes mowyve-

tili sarmatiis zRva Zlier gamtknarebul tbad iqca. sarmatiis 
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zRvam 2-5 milioni weli iarseba da am periodSi Camoyalibda mtkna-

ri wyalsatevis Sesabamisi flora da fauna, romelTa naSTebi Cvens 

dromde Semoinaxa [134].  
 

(a)            (b) 

 

 

 

 

 

 

(g)          (d) 

 

 

 

 

 

 

 

 

nax. 1.9. Savi zRvis istoriuli evoluciis etapebi [134, 202]:                                           
(a) — pontos zRva-tba 1,5 milioni wlis winaT, (b) - Caudinis zRva-tba                       

1 mln-ze naklebi wlis winaT, (g) - Zvelevqsinuri zRva (400-500 aTasi wlis 
winaT), (d) - axalevqsinuri zRva-tba 18-20 aTasi wlis winaT. 

 

2-3 milioni wlis winaT sarmatiis zRvis Semcirebis gamo war-
moiqmna meotiis zRva. am periodSi kvlav damyarda kavSiri okeanes-
Tan, zRvis marilianobam imata da gaCnda zRvis garemos Sesabamisi 
flora da fauna. dRevandeli samxreT kavkasiis teritoriis mniS-
vnelovan nawilze gaCnda xmeleTi.  

nax. 1.9 miaxloebiT asaxavs Savi zRvis Semdgomi evoluciis 

calkeul etapebs, dawyebuls daaxloebiT 1,5-2 milioni wlis winaT. 

arsebuli geologiuri gamokvlevebi migviTiTeben, rom pliocenSi, 

daaxloebiT 1,5-2 milioni wlis winaT, kvlav gawyda kavSiri okea-

nesTan da dRevandeli kavkasiis, Savi da kaspiis zRvebis teritori-

aze Camoyalibda TiTqmis mtknari zRva — tba (pontos zRva, nax. 

1.9a). momavali Savi da kaspiis zRvebi erTdeboda im adgilas, sadac 

dReisaTvis Crdilo kavkasiaa. am periodSi pontos zRva-tbaSi qre-

ba zRvis fauna da yalibdeba mcire marilianobis mqone wyalsatevis 

Sesabamisi fauna. am drois fauna kargadaa Semonaxuli gamtknare-

bul kaspiis zRvaSi.  
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pontos periodis dasasruls, CrdiloeT kavkasiis regionSi 

dedamiwis qerqis amowevis Sedegad TandaTan moxda kaspiisa da Savi 

zRvebis gancalkeveba. am droidan, kaspiisa da Savi zRvebis evolu-

cia damoukidebeli gzebiT warimarTa, Tumca drodadro maT Soris 

kavSiri kvlav aRdgeboda xolme.  

SemdgomSi, gamyinvarebis periodis dadgomasTan erTad (erT 

milionze naklebi wlis winaT) pontos tba-zRva zomebSi TandaTan 

mcirdeboda, aseve icvleboda misi marilianoba da fauna. Savi 

zRvis teritoriaze iyo Zlierad gamtknarebuli tba, izolirebu-

li msoflio okeanidan (Caudinis zRva-tba, nax. 1.9b) da dasaxlebu-

li pontos tipis fauniT.  

gamyinvarebis dasasruls, yinulebis dnobis Sedegad (daaxloe-

biT 400-500 aTasi wlis win) Caudinis zRva-tba gardaiqmneba Zvelev-

qsinur zRvad, romelic napirebis moxazulobiT TandaTan uaxlov-

deba Savi da azovis zRvebis Tanamedrove konfiguracias (nax. 1.9g). 

Crdilo-aRmosavleTiT is uerTdeboda kaspiis zRvas, xolo sam-

xreT-dasavleTis mxridan bosforiT — marmarilos zRvas, romelic 

am dros gamoyofili iyo xmelTaSua zRvidan da ganicdida did gam-

tknarebis process. Zvelevqsinuri zRvis fauna iyo pontos tipis. 

Suagamyinvarebis epoqaSi (100-150 aTasi wlis winaT) Savi zRvis 

istoriaSi dgeba axali etapi — dardanelis srutis warmoqmnis Se-

degad momavali Savi zRva ukavSirdeba msoflio okeanes xmelTaSua 

zRvis meSveobiT. amitom zRvis marilianoba mniSvnelovnad izrde-

ba da misi fauna da flora ufro mravalferovani xdeba.  

amis Semdeg Savi zRva kvlav ganicdida cvlilebebs da kvlav 

gawyda kavSiri okeanesTan, warmoiSva axalevqsinuri zRva-tba. nax. 

1.9d-ze gamosaxuli Savi zRvis konfiguracia Seesabameba 18-20 aTa-

si wlis winandel periods, roca igi axalevqsinur zRva-tbas war-

moadgenda.  

daaxloebiT 7000-8000 wlis winaT kvlav aRsdga kavSiri xmel-

TaSua zRvasTan da msoflio okeanesTan bosforisa da dardanelis 

meSveobiT. daiwyo zRvis wylis gamarilianebis procesi da Seiqmna 

xelsayreli pirobebi zRvis Tanamedrove florisa da faunis Camo-

yalibebisaTvis. 

zogierT specialistTa azriT bosforTan SeerTeba SesaZloa 

momxdariyo uecrad, rac did katastrofas gamoiwvevda [62, 63, 111, 

112]. Sav zRvas ukavSirdeba legenda bibliuri warRvnis Sesaxeb. ga-

suli saukunis 90-ian wlebSi kolumbiis universitetis geologebis 

u. raianisa (Ryan) da u. pitmanis (Pitman) mier wamoyenebuli iqna hi-



 
 

25 

poTeza imis Sesaxeb, rom bibliuri warRvnis arena iyo Tanamedrove 

Savi zRvis teritoria [9, 62, 63]. am faqtma didi interesi gamoiwvia 

samecniero wreebSi. am hipoTezis Tanaxmad, daaxloebiT 5600 wels 

Cvens welTaRricxvamde adgili qonda wylis donis didmasStabur 

katastroful awevas Sav zRvaSi. Savi zRvis done daaxloebiT 140 m-

iT aiwia, ris Sedegadac Savi zRvis farTobi 1,5-jer gaizarda. am 

faqtma safuZveli daudo bibliur legendas msoflio warRvnis Se-

saxeb. wylis masStaburi awevis mizezi gaxda wylebis katastrofu-

li Semodineba xmelTaSua zRvidan Sav zRvaSi, romelic maSin tbas 

warmoadgenda da misi done msoflio okeanis, da maT Soris xmelTa-

Sua zRvis, doneze dabla iyo.  

Zv. w. 5600 wlisaTvis klimatis daTbobisa da yinulebis masiuri 

dnobis Sedegad xmelTaSua zRvis done mniSvnelovnad gaizarda. 

rogorc raiani da pitmani varaudoben, aweuli xmelTaSua zRva sa-

bolood bosforis fuZis kldovan bariers arRvevs da warmoudge-

neli siswrafiT Sav zRvaSi iRvreba. maTi SefasebiT, am movlenam 

155000 km2 farTobi miwa datbora da mniSvnelovnad gaafarTova Sa-

vi zRvis sanapiro zoli, gansakuTrebiT, CrdiloeTiTa da dasavle-

TiT. raianisa da pitmanis mtkicebiT 42 km3 wyali iRvreboda yovel-

dRiurad, rac 200-jer aRemateba niagaras CanCqerze gadmoRvrili 

nax. 1.10. Savi zRvis konfiguracia: Tanamedrove da me-6 aTaswleulis 
dasawyisSi (muqi lurji feriT) Cvens eramde raiman-pitmanis hipoTezis 

mixedviT. 
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wylis moculobas. bosforze warmoqmnil sruteze wyali RrialiT 

mieqaneboda warmoudgeneli siCqariT aranakleb 300 dRis ganmav-

lobaSi. maSin Savi zRvis sanapiro dasaxlebuli iyo da xalxi miwaT-

moqmedebas misdevda. zRvis donis uecarma awevam didi msxverpli 

gamoiwvia, xolo gadarCenilebma datoves sanapiro zona. hipoTezis 

avtorebi am movlenas ukavSireben xalxTa gadasaxlebas. varaudo-

ben, rom es movlena gaxda noes warRvnis legendis safuZveli. nax. 

1.10-ze naCvenebia Savi zRvis konfiguracia Tanamedrove etapze da 

me-6 aTaswleulis dasawyisSi Cvens eramde, anu warRvnamde.  

arqeologTa jgufma cnobili amerikeli okeanografisa da 

wyalqveSa arqeologis robert balardis xelmZRvanelobiT Caata-

ra CrdiloeT TurqeTis Savi zRvis sanapiroze gamokvlevebi, ro-

melTa Sedegebi miuTiTeben raian-pitmanis hipoTezis realurobas 

[14]. aRniSnulma jgufma wyalqveSa robotebis saSualebiT daadgina 

uZvelesi sanapiro xazis moxazuloba Savi zRvis Tanamedrove sana-

pirodan daaxloebiT 20 km daSorebiT 100-150 m siRrmeze mtknari 

wylis lokokinaTa niJarebis, CaZirul mdinareTa xeobebis, namosax-

larebis, adamianis mier Seqmnili struqturebis da sxv. aRmoCenis 

mixedviT. mtknari wylis moluskebis asakis radiokarbonatulma 

daTariRebam aCvena, rom maTi asaki daaxloebiT 7000 weli unda iyos 

[9]. Savi zRvis fskeris danaleqis gamokvleva da sxva gamokvlevebi 

miuTiTeben raian-pitmanis daskvnebis realobas [111, 112]. es hipo-

Teza dRemde aqtiuri ganxilvisa da debatebis sagania arqeologTa 

Soris, romelsac yavs mowinaaRmdegenic.  

Savi zRvis istoriuli evoluciis analizs mivyavarT im das-

kvnamde, rom Tanamedrove Savi zRvis saxe Tavisi konfiguraciiT, 

morfometriuli parametrebiT, floriTa da fauniT mxolod gar-

kveuli etapia zRvis auzis evoluciur gardaqmnaTa grZel jaWvSi.  

1.3. Savi zRva Zvel istoriul wyaroebSi, xelovnebasa 

da literaturaSi 

msoflioSi bevri ar moiZebneba zRva, romelsac xelovnebaSi, 

samecniero da mxatvrul literaturaSi antikuri xanidan moyole-

buli dRemde iseTi yuradReba rgebodes, rogorc Sav zRvas. Savi 

zRvis Tematikam gamoxatuleba pova mTeli rigi mxatvrebis, mwer-

lebisa da poetebis SemoqmedebaSi. magaliTad, sayovelTaod cnobi-

lia XIX saukunis ruseTis gamoCenili mxatvar-peizaJistis i. k. ai-
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vazovskis ferweruli tiloebi, romlebic man Sav zRvas miuZRvna. 

nax. 1.11-ze gamosaxulia aivazovskis erT-erTi ferweruli namu-

Sevari. 

Zveli berZnebi sakmaod kargad 

icnobdnen Sav zRvas da saqarTvelos, 

rac asaxulia maT miTebsa da werilo-

biT teqstebSi (homerosi, herodote, 

straboni, ariane da sxv.). Zvelma ber-

Zenma istorikosma, `istoriis mamad~ 

aRiarebulma herodotem (Zv. w. 484-

425) moinaxula CrdiloeTi SavizR-

vispireTi, igi iyo pirveli mogzauri 

romelmac cotad Tu bevrad mogvawo-

da konkretuli cnobebi Savi zRvis 

Sesaxeb Tavis cnobil naSromSi 

`istoriani~.   

nax. 1.12-ze naCvenebia gamoCenili 
berZeni maTematikosis, astronomisa 
da geografis eratosfenes (daaxl. Zv. 

nax. 1.11.   i. k. aivazovski.  Savi zRva. 1881 w. 

eratosfene                    
(daaxl. Zv. w. 275—195) 
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w. 275—195) mier Sedgenili dedamiwis ruka, sadac kargad Cans Savi
zRvis konfiguracia da bosforis srutiT misi kavSiri xmelTaSua 
zRvasTan. rukaze gamosaxuli Savi zRvis konfiguracia uaxlovde-
ba Savi zRvis Tanamedrove konfiguracias, igive SeiZleba iTqvas 
xmelTaSua zRvis Sesaxeb. Zvel berZnebs mcdarad miaCndaT rom kas-
piis zRva CrdiloeT okeanis yurea, rac asaxulia am rukaze. era-
tosfene Tvlida, rom Savi zRva metad pataraa, romelsac erTvis 
mravali mdinare, romlebsac masSi Slami CaaqvT. amiTve xsnida igi 
Savi zRvis wylebis dabal marilianobas. unda aRiniSnos, rom mis mi-
er Savi zRvis dabali marilianobis aseTi axsna karg TanxvedraSia 
Tanamedrove SexedulebebTan.  

nax. 1.12. eratosfenes mier Sedgenili dedamiwis ruka
(me-3 saukune Cv. w.-mde) 

eratosfenes ruka iyo pirveli ruka im droisaTvis, romelic 
Sedgenili iyo dedamiwis sferoseburi formis gaTvaliswinebiT. am 

rukiT xelmZRvanelobdnen Cv. w. I saukunemde [93]. sainteresoa aRi-
niSnos, rom eratosfene iyo pirveli, vinc SemoiRo paralelebi da 
meridianebi kartografiaSi, igi Tavisi rukis agebisas sargeblob-
da pararelebisa da meridianebis badiT. aseve, eratosfenes didi 
damsaxurebaa pirvelad dedamiwis radiusis gamoTvla, rac sakmaod 
axlos aRmoCnda Tanamedrove monacemebTan.  
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berZenma istorikosma, geografma da filosofosma flavius 

arianem (Arrianus Flavius) (daaxl. ax. w. 95-175), romelic 131-137 ww-Si 
kapadokiis mmarTveli iyo, romis imperator adrianes davalebiT 
131 wels moiara aRmosavleT Savi zRvis sanapiro, kerZod, trapi-
zonidan dioskuriamde mTeli sanapiro xazi. arianes evaleboda Sa-
vi zRvis aRmosavleT sanapiros Sesaxeb dawvrilebiTi angariSis 
Sedgena da am sanapiroze arsebuli mosaxleobis romis mimarT gan-
wyobilebis Sesaxeb moxseneba. man Tavisi mogzaurobis Sedegebi aR-
wera imperatorisaTvis gagzavnil oficialur angariSSi, Semdeg es 
moxseneba literaturulad gadaamuSava da uwoda `mogzauroba 

Savi zRvis garSemo~ (Periplus Pontou Euxeinu) [2].  
sainteresoa, arianes mier wignSi moyvanili md. rionisa (md. fa-

sisis) da Savi zRvis wylebis daxasiaTeba maTi marilianobisa da 
sxva Tvisebebis mixedviT. Tavis wignSi flavius ariane wers: `fasiss 
aqvs metad msubuqi wyali, erTvis zRvas da ereva zRvis wyals. Tu 
zemodan amoixapeba wyali metad mtknaria, Tu vinme WurWels siR-
rmeSi CauSvebs mariliani. Tumca mTeli pontos wyali ufro mtkna-
ria, vidre gareSe zRvisa [xmelTaSua zRvisa]. amis mizezia mdinaree-
bi, romelTa raodenobis da sididis gansazRvra ar SeiZleba. sim-
tknaris sabuTi (Tu ki sabuTi grZnobaTaTvis cxad sagnebsac esaWi-
roebaT) aris is, rom mcxovrebT saqoneli miyavT zRvasTan da iq as-
meven wyals. saqoneli aSkara siamovnebiT svams wyals. amboben, rom 
es sasmeli saqonlisaTvis mtknar wyalze ufro sasargebloa. feri 
fasisisa Taviseburia, gavs tyviiT da kaliT SeRebil wyals. dayene-
bis Semdeg ki is metismetad iwmindeba. amitom araa miRebuli, rom 
fasisSi zRvidan Semsvlelma wyali Tan moitanos aramed, rodesac 
mogzaurni mdinaris kalapotSi Sevlen, gaicema brZaneba xomaldze 
arsebuli mTeli wyali gadaRvaron. winaaRmdeg SemTxvevaSi gadmo-
cemis mixedviT, mogzauroba ar iqneba bednieri. fazisis wyali ar 
Smordeba, aramed 10 welze metad gaufuWebeli rCeba, is ufro me-
tad tkbeba~. 

flavius arianes wigni mniSvnelovani wyaroa II saukunis kolxe-

Tis eTnikuri Semadgenlobis, socialur-ekonomikuri mdgomareo-

bis, istoriis da sxv. sakiTxebis Sesaswavlad. 

 

1.4. Savi zRva da saqarTvelo 
 

mTeli Tavisi istoriis manZilze saqarTvelos sagareo-ekono-

mikur urTierTobebSi Savi zRva udides rols TamaSobda [4, 13, 78]. 

Zv. w. XIII-XII saukuneebiT TariRdeba uZvelesi qarTuli saxelmwi-
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fos — kolxeTis samefos (Tanamedrove dasavleT saqarTvelos te-

ritoria) pirveli sazRvao-savaWro kontaqtebi Savi zRvis meSveo-

biT berZnul samyarosTan, romelic legendaruli formiT aisaxa 

miTSi argonavtebis kolxeTSi mogzaurobis Sesaxeb. sayovelTaod 

cnobilia miTi iazonis meTaurobiT  xmelTaSua da Savi zRviT ar-

gonavtebis kolxeTSi mogzaurobis Sesaxeb, saidanac maT miaqvT oq-

ros sawmisi da mihyavT kolxTa mefis aietis asuli medea. oqros 

sawmisi da medea, romlebic dResac aRelvebs moazrovne kacobrio-

bas, mravali xelovnebisa da literaturis nawarmoebis mTavar obi-

eqtad iqca, maT Soris msoflioSi cnobili evripides tragediisa 

`medea~, apolon rodoselis poemisa `argonavtika~ da sxv. aRsaniS-

navia, rom apolon rodoselis `argonavtikaSi~ pirveladaa moxse-

niebuli msoflios erT-erTi uZvelesi qalaqi kutaia (quTaisi). 

kolxTa mefis asuli medea — berZnul miTebSi sayovelTaod cno-

bili `msoflios udidesi jadoqari~, balaxTa da wamalTa mesaidum-

le — medicinis dedamTavrad miiCneva. swored misi saxeli daedo 

safuZvlad sityvas `medicina~.  

argonavtebis laSqroba 
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berZenTa gansakuTrebiT didi daintereseba Savi zRviT ukav-

Sirdeba VII saukunes Cvens welTaRricxvamde, rodesac daiwyo ber-

Znuli koloniebis daarseba Savi zRvis sanapiroebze. aRsaniSnavia, 

rom Zv. w. VII saukunemde berZnebis azriT kolxeTi maTTvis nacnobi 

msoflios ukidures mijnaze mdebareobda.  

Savi zRvis aRmosavleT sanapiros gaswvriv berZnebma daarses 

savaWro centrebi — sinopi (Tanamedrove TurqeTis teritoria), 

fazisi md. rionis SesarTavTan, dioskuria Tanamedrove soxumis 

mimdebare teritoriaze. dioskuria, romelic Zv. w. VI saukuneSi ga-

Senda, ax. w. II saukuneSi, romaelebis epoqaSi, sebastopolis saxe-

liT gaxda cnobili. aqedan xdeboda xe-tyis, selis qsovilisa da 

sxva produqciis eqsportireba saberZneTSi. amavdroulad qalaqi 
regionSi monebiT vaWrobis centrsac warmoadgenda. 

Zv. w. III-II saukuneebSi, elinistur epoqaSi saqarTvelos sazR-

vao vaWrobis moculoba sakmaod intensiuri gaxda. am saukuneebSi 

kolxeTis samefos navsadgurebSi sazRvao gemebze adgilobriv na-

warmTan erTad sparseTis, aRmosavleT aziis qveynebis saqonelic 

itvirTeboda. CineTisa da indoeTis nawarmi saqarTvelos zRvispi-

reTSi `didi abreSumis gzis~ im ganStoebiT CamohqondaT, romelic 

CrdiloeT indoeTze, centralur aziaze da samxreT kavkasiaze ga-

dioda. ukan, aRmosavleTis vaWrebs aziis Soreul qveynebSi saqar-

Tvelos navsadgurebSi zRviT Camotanili berZnuli samyaros pro-

duqcia mihqondaT [4].  

Zveli da axali erebis mijnaze Savi zRva da saerTod SavizR-

vispireTi romis imperiis Semadgenel nawilad iqca. ax. w. III-IV sau-

kuneebSi saqarTvelos Savi zRviT savaWro-ekonomikuri urTier-

Toba romis imperiis dasavleT xmelTaSua zRvispireTis provinci-

ebTanac hqonda.  

Zveli berZnuli samyaros eqsportis umTavres sagans Zvirfasi 

keramika warmoadgenda, romelic zRviT didi raodenobiT saqar-

TveloSi Semodioda. am xanaSi dasavleT saqarTveloSi sazRvao im-

portis erT-erT umTavres sagans marili warmoadgenda, romelic 

yirimidan SemohqondaT. saqarTveloSi marili mxolod zRviT Semo-

dioda rogorc antikur xanaSi, aseve Sua saukuneebSic.  

VI-XII saukuneebSi saqarTvelos mTavar sazRvao partniors bi-

zantiis imperia warmoadgenda. saqarTvelodan bizantiaSi zRviT 

ZiriTadad xe-tye, abreSumi da sxva adgilobrivi nedleuli gahqon-

daT, xolo XI-XII saukuneebSi bizantiaSi saqarTvelos sazRvao eq-

sportSi mniSvnelovani adgili daikava agreTve xelosnurma nawar-
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mma. am periodSi bizantiaSi gansakuTrebiT didi mowonebiT sargeb-

loda qarTuli abreSumis qsovilebi da am abreSumidanve saqarTve-

loSi damzadebuli samoseli, romelsac bizantiis samefo kari ata-

rebda [4].  

XI-XII saukuneebSi saqarTvelo Savi zRviT kievis ruseTTanac 

iyo dakavSirebuli.  

cnobilia, rom XIII-XV saukuneebSi Savi zRviT saqarTvelos sa-

vaWro urTierToba qonda italiis qalaq-saxelmwifoebTan — genua-

sa da veneciasTan. 

XIII-XV saukuneebSi saqarTvelos navsadgurebi msoflio sat-

ranzito vaWrobaSi did rols asrulebdnen. am navsadgurebSi sax-

meleTo gzebiT CamohqondaT CrdiloeT sparseTisa da dasavleT 

kaspiispireTis abreSumi, romelic Semdeg konstantinopolis gav-

liT dasavleT evropaSi mihqondaT.  

qarTuli da ucxoenovani saistorio wyaroebis monacemebiT, 

XVI-XVIII saukuneebSi saqarTvelodan Savi zRviT abreSumi, cvili, 

bewveuli da soflis meurneobis sxvadasxva produqcia gahqondaT, 

xolo saqarTveloSi manufaqturuli nawarmi, marili, civi da 

cecxlsasroli iaraRi, Tofis wamali da fufunebis sagnebi Semoh-

qondaT [4, 78].  

XIX saukunis bolos vaWroba Savi zRvis regionSi aRmavlobis 

gzas daadga, rasac xeli Seuwyo Savi zRvis aRmosavleTiT, kaspiis 

zRvis regionSi, navTobis aRmoCenam. baTumisa da foTis portebis 

daarseba me-19 saukunis meore naxevarSi didi movlena iyo, ramac 

saqarTvelos rogorc tranzituli qveynis roli gansazRvra. kas-

piis navTobisaTvis mTavari saeqsporto marSruti iwyeboda baqo-

dan, misi mopovebis adgilidan, Semdgom igi rkinigziT baTumSi ga-

dahqondaT, bolos ki foTis portidan xdeboda misi gemebiT eq-

sportireba.  

XX saukunis dasasrulsa da XXI saukunis dasawyisSi Savi zRvis 

regioni kvlav evropasa da azias Soris satranzito-ekonomikur 

derefnad iqca, rac mniSvnelovnad ganapiroba sabWoTa kavSiris 

daSlam da postsabWoTa sivrceSi damoukidebel saxelmwifoTa Ca-

moyalibebam.  
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თავი 2 

შავი ზღვის შესწავლა წარსულში და თანამედროვე ეტაპზე 

is codna, rac dRes mecnierebas moepoveba Savi zRvis Tavisebu-

rebebisa da masSi mimdinare hidrologiuri, biologiuri da qimiu-

ri procesebis Sesaxeb, yalibdeboda, ZiriTadad, bolo ramdenime 

aseuli wlis ganmavlobaSi mravali mecnieris dauRalavi Sromis Se-

degad.  

2.1. Savi zRvis okeanografia XVII-XX saukuneebSi 

Savi zRva, romelic tipiur Sigamaterikul wyalsatevs warmo-

adgens, ZvelTaganve iqcevda geografTa da mogzaurTa yuradRebas, 

magram misi sistematuri da intensiuri mecnieruli Seswavla me-19 

saukunes ukavSirdeba. Tumca, manamdec iyo epizoduri gamokvleve-

bi, romelTa Soris Zalzed mniSvnelovania cnobili italieli dip-

lomatis, samxedro moRvawisa da mecnieris luiji ferdinando mar-

silis mier 1679 wels aRmoCenili bosforis qveda da zeda dinebebi 

misi mogzaurobis periodSi veneciidan konstantinepolamde [58, 59, 

61, 64, 170]. Savi zRvis okeanografiis istoriaSi es iyo pirveli um-

niSvnelovanesi gamokvleva, romelic marsilim ganaxorciela 

zRvaze Catarebuli pirdapiri gazomvebiT. man zRvis wylis sim-

kvriveTa uSualo gazomviT da mecnieruli analizis safuZvelze 

daadgina wylis masebis ormxrivi gacvla bosforis meSveobiT Sav 

da marmarilos zRvebs Soris.  

Tavisi aRmoCenis gamyarebis mizniT marsilim ganaxorciela 

bosforis ormxrivi dinebis laboratoruli imitireba [64, 170]. am 

mizniT man gamoiyena yuTi (nax. 2.1), romelic gayofili iyo tixriT 

or nawilad, yuTs fskerTan da zedapirTan gakeTebuli qonda xvre-

lebi. yuTis erT nawilSi marsilma Caasxa Savi zRvis SedarebiT msu-

buqi wyali, xolo meore nawilSi — marmarilos zRvis mkvrivi wyali, 

romelsac is iRebda bosforis qveda dinebidan. qveda xvrelis gax-

snis Semdeg, marmarilos zRvis wyalma moZraoba daiwyo xvrelis 

meSveobiT Savi zRvis wylisaken wnevaTa sxvaobis gavleniT, xolo 

donis awevis gamo zeda xvrelis meSveobiT Savi zRvis wyali amoZ-



34 

ravda marmarilos zRvisaken. es iyo pirveli mniSvnelovani gamok-

vleva Savi zRvis okeanografiaSi. Semdgomma gamokvlevebma aCvena 

bosforis ormxrivi dinebis umniSvnelovanesi roli Savi zRvis 

hidrologiuri struqturis formirebaSi. 1681 wels marsilim ita-

liur enaze gamoaqveyna wigni bosforis orfenovani dinebaze dak-

virvebisa da laboratoriuli eqsperimentis Sesaxeb [61]. 

nax. 2.1. marsilis eqsperimentuli   
danadgari (marsilisi yuTi) 

1699 wels petre I-is brZanebiT qerCidan bosforisaken gaemarTa 

ruseTis gemi `krepost~, romelmac mniSvnelovani da Rirebuli ga-

zomvebi Caatara mimaval gzaze. am monacemebiT Sedgenil iqna zRvis 

ruka da siRrmis niSnulebi. gem `krepost~-ze ganxorcielebuli dak-

virvebebis safuZvelze, romelmac saTave daudo hidrografiul 

kvlevebs, 1703 wels gamoica Savi da azovis zRvebis atlasi [8]. 

XVIII saukuneSi rusma samxedro mezRvaurebma daiwyes azovis 

zRvis hidrografiuli aRwera, xolo saukunis dasasruls — Savi 

zRvisac [133]. es samuSaoebi grZeldeboda me-19 saukuneSic. 1820 

wels franko-rusulma eqspediciam aRwera Savi zRvis sanapiro. 1825-

1836 ww-Si ruseTis samxedro oficrisa da hidrografis e. p. mangana-

ris (1796-1868) mier organizebul eqspediciis dros Catarda Savi da 

azovis zRvebis sanapiroTa detaluri kartireba, ris Sedegadac 

1842 wels gamoica Savi zRvis atlasi [133]. atlasi aqtualuri iyo XX 

saukunis dasawyisamde (sxva hidrografebis mier Setanili mcire 

SesworebebiT).  

luiji ferdinando marsili 
(1658-1730)    
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XIX saukuneSi daiwyo meteorologiuri dakvirvebebi Savi 

zRvis sanapiroze, kerZod, qalaqebSi nikolaevSi, odesaSi, sevasto-

polSi da sxv. saukunis bolos ukve ramdenime aTeuli sanapiro me-

teorologiuri sadguri arsebobda.   

Savi zRvis intensiuri mecnieruli Seswavlis dasawyisad unda 

miviCnioT XIX saukunis meore naxevari [94, 229]. rogorc d. m. filipo-

vi aRniSnavs Tavis cnobil monografiaSi [229], cnobili rusi okea-

nografis n. i. Cigirinis xelnawer SromebSi miTiTebulia sami etapi 

Savi zRvis Seswavlis istoriaSi. pirveli etapi —  XIX saukunis Sua 

wlebidan 1890 wlamde xasiaTdeba ruseTis Savi zRvis flotis ofic-

rebis mier Catarebuli SemTxveviTi hidrologiuri dakvirvebebiT. 

meore etapis dasawyisad unda miviCnioT pirveli Savi zRvis 

Rrmamzomi eqspedicia 1890-1891 wlebSi, romelic ganxorcielda i. b. 

Spindlerisa da f. f. vrangelis mier. mesame etapi iwyeba 1922 wli-

dan, rodesac organizebul iqna azovi-Savi zRvis samecniero-sarewi 

eqspedicia n. m. knipoviCis xelmZRvanelobiT. erTdroulad daiwyo 

mravalwliani okeanografiuli eqspedicia i. m. Sokalskis xelmZRva-

nelobiT. meoTxe etapi, rogorc filipovi Tvlis, daiwyo 1951 wli-

dan, rodesac Catarda pirveli sinqronuli kompleqsuri gadaRebe-

bi. Tanamedrove etapis dasawyisad Savi zRvis SeswavlaSi SeiZleba 

miviCnioT XX saukunis 70-80-iani wlebi [94]. am etapis damaxasiaTebe-

li Tavisebureba, riTac igi mkveTrad gansxvavdeba wina etapebisa-

gan, Cveni azriT, mdgomareobs maTematikuri modelirebisa da ga-

moTvliTi teqnikis farTo gamoyenebaSi Savi zRvis hidrofizikuri 

procesebis Seswavlis mizniT da Tanamedrove distanciuri (Tanam-

gzavruli) da kontaqturi gazomvis meTodebis ganviTarebaSi.  

 Savi zRvis kvlevis pirvel etapze f. f. vrangelis (1879 w.),                 
e. v. maidelis (1884 w.), s. o. makarovisa (1885 w.) da sxvaTa Sromebis 
Sedegad Seiqmna garkveuli warmodgenebi Savi zRvis zedapirul di-
nebaTa Sesaxeb, magram amave dros Camoyalibda arazusti Sexedule-
ba mdinareTa didi rolis Sesaxeb zRvis zedapirul cirkulaciaSi. 
am mkvlevarTa azriT zRvis cirkulaciis aRZvris ZiriTadi mizezia 
mdinareTa Senakadebi, xolo qarisa da adgilobrivi geomorfolo-
giuri Taviseburebebis gavleniT dinebam SeiZleba Seicvalos mi-
marTuleba.  

 am periodis didi miRwevaa ruseTis flotis vice-admiralisa 

da okeanografis s. o. makarovis mier 1985 wels gamoqveynebuli 

cnobili naSromi `Savi da xmelTaSua zRvebis wylebis gacvlis Se-

saxeb“ [174, 175], rac ruseTis mecnierebaTa akademiis premiiT da-

jildovda. Tumca, bosforis zeda da qveda dinebebebi cnobili iyo 
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marsilis mier Catarebuli gamokvlevebis Sedegad, makarovis dam-

saxurebad unda CaiTvalos bosforis dinebaTa detaluri hidro-

logiuri Seswavla da im fizikuri hipoTezis dasabuTeba, romelic 

dakavSirebulia bosforis orfenovani di-

nebis arsebobasTan. makarovma Tavisi ga-

mokvlevebisaTvis gamoiyena TurqeTSi ru-

seTis saelCos gankargulebaSi myofi sam-

xedro gemi `tamani~, romlis ufrosadac 

iyo daniSnuli. man ganaxorciela dakvir-

vebebi wylis temperaturaze, marilianoba-

ze, dinebis siCqaresa da mimarTulebaze 

bosforis sruteSi da dakvirvebaTa anali-

zis safuZvelze damajereblad daasabuTa 

orfenovani dinebis arseboba. aRsaniSna-

via, rom bosforis dinebaTa Sesaswavlad 

makarovi saocrad martiv da maxvilgonier 

xerxs mimarTavda — navidan trosiT CaS-

vebul wyliT savse xuTvedroian kasrs uS-

vebda. `tamanis~ kanjo, saidanac mezRva-

urebi kasrs uSvebdnen, talRebze nela irxeoda da marmarilos 

zRvis mimarTulebiT iwyebda curvas, magram roca kasri did siRr-

mes aRwevda, trosi iWimeboda da kasri kanjos ukve sawinaaRmdego 

mimarTulebiT miaTrevda. 

amgvarad, marsilisa da makarovis gamokvlevebi mniSvnelovani 

movlenaa Savi zRvis hidrologiis kvlevis istoriaSi, romlebmac 

sabolood aCvenes iseTi saintereso da Savi zRvis hidrologiis-

Tvis mniSvnelovani fenomenis arseboba, rogoricaa bosforis zeda 

da qveda dinebebi. aRniSnuli gamokvlevebis Sedegad cnobili gax-

da, rom bosforis zedapiruli dinebiT Savi zRvidan marmarilos 

zRvaSi Sedis naklebad mariliani Warbi wyali, romlis siWarbe ga-

mowveulia mdinareTa mtknari wylis SenakadebiT Sav zRvaSi da ag-

reTve atmosferuli naleqebis metobiT aorTqlebasTan Sedare-

biT. qveda bosforis dinebiT Sav zRvaSi Semodis xmelTaSua zRvis 

ufro Tbili da mariliani wylebi.  

zRvis fizikuri da qimiuri Taviseburebebis Seswavlis parare-

lurad, daiwyo Savi zRvis biologiuri gamokvlevebi. Savi zRvis 

cocxali samyaros SeswavlaSi didi movlena iyo 1871 wels gamoCe-

nili mogzauris, eTnografisa da geografis n. n. mikluxo maklais 

(1846-1888) iniciativiT msoflioSi pirveli biologiuri sadguris 

s. o. makarovi             
(1849-1904) 
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daarseba q. odesaSi, romelic garkveuli drois Semdeg gadatanil 

iqna q. sevastopolSi [79, 133]. XIX saukunis dasasruls sevastopo-

lis biologiuri sadguri Sevida ruseTis mecnierebaTa akademiis 

SemadgenlobaSi. biologiuri sadguris TanamSromelTa mier Cata-

rebuli gamokvlevebis safuZvelze XX saukunis dasawyisSi Seiqmna 

ZiriTadi warmodgenebi Savi zRvis organuli samyaros Sesaxeb, maT 

Soris gamoirkva sicocxlis ararseboba gogirdwyalbadiT daWuWy-

ianebul Savi zRvis Rrma fenebSi. 1963 wels sevastopolis biolo-

giuri sadgurisa da sxva analogiuri dawesebulebebis bazaze daar-

sda samxreT zRvebis biologiis instituti, romelic Sevida ukrai-

nis mecnierebaTa akademiis SemadgenlobaSi. aRniSnulma institut-

ma udidesi wvlil Seitana ara marto Savi zRvis biologiaSi, aramed 

sxva zRvebisa (xmelTaSua, wiTeli 

zRvebi da sxv.) da msoflio okeanis 

calkeuli regionebis biologiuri 

procesebis gamokvlevebSi. am ga-

mokvlevebma safuZveli Cauyara 

zRvis radioekologias da zRvis 

mecnierebaTa sxva mimarTulebebs.  

Savi zRvis hidrologiis kvle-

vaSi mniSvnelovani wingadadgmuli 

nabiji iyo ruseTis geografiuli 

sazogadoebis iniciativiTa da cno-

bili okeanografisa da meteoro-

logis i. b. Spindleris xelmZRvane-

lobiT 1890-1891 ww-Si ganxorcie-

lebuli kompleqsuri okeanografi-

uli Rrmamzomi eqspedicia gemebiT 

— `Cernomoreci~, `doneci~ da 

`zaporoJeci~ [98, 99, 133]. eqspediciaSi monawileobas iRebda hid-

rografi f. f. vrangeli, geologi n. i. andrusovi, qimikosi a. .a le-

bedincevi. 
nax. 2.2-ze naCvenebia eqspediciis marSruti Sav zRvaze. eqspe-

dicia dagvirgvinda didi okeanografiuli aRmoCenebiT. kerZod, 

aRmoCenili iqna civi Sualeduri fena 80C-ze naklebi temperatu-

riT, moulodnelad aRmoCnda aseve, 200 m siRrmis qvemoT Savi 

zRvis Rrma fenebis gogirdwyalbadiT daWuWyianeba da cocxali 

organizmebis ararseboba. bosforis SesasvlelTan aRmoCenil iqna 

maRali marilianobis wyali (34‰), romelic Sav zRvaSi Semodioda 

i. b. Spindleri (1848-1919) 
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Rrma dinebiT marmarilos zRvidan. amiT dasabuTda, rom Savi zRvis 

Rrma wylebi warmoadgens marmarilos zRvisa da adgilobrivi 

wylebis narevs [133]. rogorc [99]-Sia aRniSnuli, es ar iyo gogir-

dwyalbadiT Savi zRvis daWuWyianebis pirveli aRmoCena. 1868 wels 

ruseTis sazRvao saministros hidrografiuli departamentis mier 

organizebuli eqspediciis dros, romlis mizani iyo satelegrafo 

kabelis trasis gamokvleva feodosia-soxumis ubanze, SemCneuli 

iqna gansxvaveba Savi zRvis zedapirul da Rrma wylebs Soris, rac 

gamowveuli iyo gogirdwyalbadis arsebobiT. Spindleris xel-

mZRvanelobiT ganxorcielebuli eqspediciis didi damsaxurebaa, 

rom pirvelad safuZvlianad da didi damajereblobiT iqna gamoik-

vleuli Rrma fenebis gogirdwyalbadiT daWuWyianeba mTlianad Sa-

vi zRvis auzSi.  

 nax. 2.2. Spindleris eqspediciis marSruti (1890-1891) Sav zRvaSi [131] 
 

1890-1891 ww-is eqspediciis damsaxurebaa agreTve Savi zRvis 

topografiuli Taviseburebebis dadgena. aRmoCnda, rom Savi zRva 

warmoadgens qvabuls brtyeli fskeriT da 2245 m-mde maqsimaluri 

siRrmiT. aRmoCnda agreTve, rom wylis temperatura 200 m siRrmi-

dan fskeramde erTgvarovania, daaxloebiT 90C; marilianoba am siR-

rmeebze izrdeba 17‰-dan 22‰-mde. aRsaniSnavia rom es Sedegebi 

saocar TanxvedraSia Tanamedrove monacemebTan. 
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eqspediciis ganmavlobaSi Catarebuli gamokvlevebis Sedegad 

Spindleri mivida im daskvnamde, rom zRvis zedapiruli cirkula-

ciis mTavari mizezi qaria. amave periods ganekuTvneba rudovice-

vis mier Sedgenili Savi zRvis zedapiruli cirkulaciis pirveli 

sqema (ix., [94]). eqspediciis periodSi mopovebul monacemTa anali-

zis safuZvelze Spindlerma gamoitana daskvna, rom Savi zRva SeiZ-

leba warmovidginoT rogorc ori nawilisagan — zedapiruli da 

Rrma fenebisagan Semdgari wyalsatevi, romelTa Soris ar xorci-

eldeba wyalgacvla da Savi zRvis Rrma fenebi mdgar mdgomareoba-

Sia. aseTi azri Savi zRvis okeanografiaSi arsebobda XX saukunis 

30-40-ian wlebamde. Semdgomma gamokvlevebma aCvena am Sexedulebis 

mcdaroba da aRmoCnda, rom Savi zRva warmoadgens erT mTlian sis-

temas, sadac adgili aqvs cirkulacias mTel vertikalur fenaSi 

zedapiridan fskeramde. amasTan dakavSirebiT mniSvnelovania gasu-

li saukunis 40-ian wlebSi cnobili zRvis biologis v. a. vodianic-

kis mier gamoqveynebuli Sroma, sadac biologiuri da hidrobio-

logiuri dakvirvebebis safuZvelze Camoyalibebulia Savi zRvis 

zogadi cirkulaciis vertikaluri struqturis sqema [133]. avto-

ris ZiriTadi debulebaa is, rom Savi zRvis wylebis mTeli sisqe 

warmoadgens erT mTlians, sadac mimdinareobs vertikaluri da ho-

rizontaluri moZraobebi zedapiridan fskeramde, Tumca zedapi-

rul da Rrma fenebs Soris wylis gacvla mimdinareobs nela.  

Spindleris xelmZRvanelobiT ganxorcielebuli eqspediciebi 

1890-1891 wlebSi iyo Savi zRvis hidrologiis sistematiuri Seswav-

lis dasawyisi, ramac arsebiTad gaamdidra codna Savi zRvis Sesa-

xeb da udidesi wvlili Seitana Savi zRvis zogadi hidrologiis 

SeswavlaSi. aRsaniSnavia, rom warmatebiT ganxorcielebuli eqspe-

diciebisa da Savi zRvis okeanografiaSi Setanili udidesi wvlili-

saTvis 1892 wels ruseTis geografiulma sazogadoebam Spindleri 

da vrangeli daajildova mcire oqros medlebiT [99, 216]. 

XX saukunis 20-iani wlebamde didmasStabiani kompleqsuri oke-

anografiuli kvlevebi aRar Catarebula, magram am periodSi iyo 

calkeuli mcire masStabis eqsperimentuli gamokvlevebi. magali-

Tad, 1892 wels a. a. lebedincevis mier Catarebuli iqna odesidan 

baTumamde kveTaSi hidrobiologiuri da hidrologiuri gamokvle-

vebi; l. antonovis mier Seswavlili iyo dinebebi q. baTumis akvato-

riasa da qerCis sruteSi da sxv [99, 171]. 

XX saukunis 20-iani wlebidan Savi zRvis wylebis struqturisa 

da dinamikis kvlevebi ganakuTrebiT farTod ganviTarda. am perio-
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dis kvlevebi dakavSirebulia n. m. knipoviCis, o. m. Sokalskis, n. i. 

Cigirinis, v. a. vodianickis, v. v. Suleikinis da sxvaTa saxelebTan. 

aRniSnul periodSi Catarda mravali samecniero-sarewao, hidro-

logiur-hidrografiuli da sxva eqspedicia.  
1923 wels daiwyo didi okeanogra-

fiuli eqspedicia Sokalskis, xolo 

Semdgom 1928 wlidan Sokalskis mowa-

fis, v. a. sneJinskis xelmZRvanelobiT, 

romelic 1935 wlamde grZeldeboda. 

eqspediciur samuSaoTa programa 

vrceli iyo da igi moicavda standar-

tul hidrologiur gamokvlevebs did 

siRrmeebamde, fskerisa da fskeruli 

naleqebis Seswavlas, hidroqimiur ga-

mokvlevebs, planqtonisa da benTosis 

biologiur gamokvlevebs, baqterio-

logiur samuSaoebs.  

sainteresoa aRiniSnos, rom 1927 

wels Sokalski mowme gaxda ialtis di-

di miwisZvrisa, romlis epicentri im-

yofeboda Sav zRvaSi ialtasTan ax-

los. miuxedavad imisa, rom igi ar iyo 

seismologi, man mogvca miwisZvris detaluri aRwera da ufro sru-

li warmodgena Segviqmna am movlenis Sesaxeb [98, 234]. 1932 wlidan 

eqspedicias saTaveSi Caudga v. v. Suleikini, romlis iniciativiTac 

miRebuli iqna gadawyvetileba Savi zRvis aRmosavleT nawilSic 

dawyebuliyo kompleqsuri okeanografiuli gamokvlevebi wlis 

yvela sezonisaTvis [98].  

eqspediciis funqcionirebis mTeli drois ganmavlobaSi (1923-

1935) ganxorcielda 53 reisi sxvadasxva gemebze, moewyo 1600 hid-

rologiuri sadguri da 2000-mde biologiuri da geologiuri sad-

gurebi. dakvirvebaTa umravlesoba xorcieldeboda zRvis maqsima-

lur siRrmeebamde (2000-2200 m) [98, 130]. eqspediciam Seadgina Savi 

zRvis fskeris reliefis pirveli ruka. dadginda zRvis zogadi 

ciklonuri xasiaTi, dadasturda wina gamokvlevebSi mopovebuli 

Sedegebis samarTlianoba Savi zRvis Rrma fenebis gogirdwyalba-

diT daWuWyianebisa da cocxali organizmebis ararsebobis Sesaxeb. 

qimiuri analizis safuZvelze SesaZlebeli gaxda gamotaniliyo 

daskvna, rom Rrma fenebSi arsebuli gogirdwyalbadis warmoqmna 

o. m. Sokalski (1856-1940) 
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xdeba zRvis wylis sulfatebis aRdgenis gziT organul nivTiere-

baTa naxSirbadiT baqteriaTa monawileobiT. biologiurma gamok-

vlevebma aCvena planqtonis sezonuri cvlileba da benTosis siR-

rmeze ganawilebis Taviseburebebi.  

eqspediciis ganmavlobaSi aRebuli zRvis fskeris gruntis ni-

muSebi gaxda mniSvnelovani safuZveli geologebisaTvis Savi zRvis 

qvabulis agebulebisa da ganviTarebis istoriis Sesaswavlad [133, 

72]. vertikaluri hidrologiuri struqturis kvlevam aCvena, rom 

zeda Jangbadis Semcveli da qveda gogirdwyalbadis Semcvel fe-

nebs Soris Serevis procesi mimdinareobs, Tumca mcire intensivo-

biT. amgvarad, uaryofili iqna hipoTeza zRvis Rrma fenebSi mdga-

ri zonis arsebobis Sesaxeb. gamoirkva, rom zRvis Ria akvatoriaSi 

gogirdwyalbadiT daWuWyianebuli fena 125 m siRrmemdea, xolo na-

pirebTan - 200 m siRrmemde.  

1923-1935 ww-Si ganxorcielebul eqspediciebs didi mniSvnelo-

ba hqonda Savi zRvis okeanografiis SeswavlaSi da unda aRiniSnos 

rom espediciis farglebSi gaTvaliswinebuli samuSaoebi Sevida me-

ore saerTaSoriso polaruli wlis (1932-1933 ww.) samecniero 

programaSi [98]. 

TiTqmis erTdroulad, 1922-1928 ww-

Si ganxorcielda Savi zRvis okeanogra-

fiis istoriaSi erT-erTi mniSvnelovani 

azov-Savi zRvis samecniero-sarewao eq-

spedicia n. m. knipoviCis xelmZRvanelo-

biT. am eqspediciis ZiriTadi amocanebi 

biologiuri xasiaTisa iyo, kerZod, unda 

Seswavliliyo sarewao Tevzis saxeobaTa 

arsebobis pirobebi, magram eqspediciis 

gegmaSi Sedioda hidrologiuri dakvir-

vebebic [205]. eqspediciis kvleviTi-eq-

sperimentuli samuSaoebis areali moi-

cavda azovis zRvas, qerCis srutes da Sa-

vi zRvis aRmosavleT nawilis sanapiro 

wylebs. 

eqspediciis mier mopovebuli iqna metad farTo masala, rome-

lic moicavda fskeris reliefs, zRvis wylis temperaturas, mari-

lianobas da gazur reJims, planqtonisa da benTosis Semadgenloba-

sa da ganawilebas [98]. knipoviCs ekuTvnis pirveli monografia Savi 

zRvis hidrologiaSi, sadac asaxva hpova eqspediciis Sedegebma 

n. m. knipoviCi (1862-1939) 
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[141]. monografiaSi moyvanilia Savi zRvis zedapiruli dinebebis 

sqema, romlis Tanaxmadac Savi zRvis zedapiruli cirkulaciis 

mTavari elementebia ori ciklonuri wrebrunva (e. w. `knipoviCis 

saTvale~) zRvis akvatoriis Ria nawilSi, romlebic ganapirobeben 

simkvrivisa da marilianobis velebis gumbaTovan formas ciklonu-

ri wrebrunvis centrebSi. Semdgomma gamokvlevebma marTlac daa-

dastura hidrofizikuri velebis ganawilebis aseTi xasiaTi. aqve 

unda aRiniSnos, rom miuxedavad n. m. knipoviCis udidesi damsaxure-

bisa Savi zRvis dinamikis SeswavlaSi, mas mcdarad miaCnda, rom 

zRvis Rrma fenebSi (250 m siRrmis qvemoT) vertikaluri cirkula-

cia ar arsebobs. ivaraudeboda, rom Savi zRvis wylebi ori fenisa-

gan Sedgeba, romlebic, faqtobrivad, izolirebulni arian erTma-

neTisagan. rogorc ukve aRvniSneT, Semdgomma gamokvlevebma aCvena, 

rom Savi zRvis mTeli sisqe erT mTlianobas warmoadgens da masSi 

uwyvetad mimdinareobs wylebis Sereva horizontaluri da verti-

kaluri mimarTulebiT zedapiridan fskeramde.  

unda aRiniSnos, rom XIX saukunis bolosa da XX saukunis 20-30-

ian wlebSi Catarebuli eqspediciebis muSaobis Sedegad Savi zRva 

msoflio zRvebs Soris erT-erTi yvelaze ufro Rrmad da mraval-

mxrivad Seswavlil zRvad iqca.  

aRniSnuli periodis gamokvlevebSi mniSvnelovani adgili uka-

via akademikos v. v. Suleikinis mier 1929 wels qacivelSi (yirimi) da-

arsebul Savi zRvis hidrofizikur sadgurSi ganxorcielebul sa-

mecniero-kvleviT samuSaoebs. SemdgomSi, am sadguris bazaze Seiq-

mna zRvis hidrofizikis instituti, xo-

lo TviT sadguri gaxda am institutis 

eqsperimentuli ganyofileba. amJamad, 

zRvis hidrofizikis instituti (q. se-

vastopoli) warmoadgens saerTaSoriso 

mniSvnelobis mqone, maRali donis sa-

mecniero-kvleviT dawesebulebas, sa-

dac aqtiurad mimdinareobs Savi zRvis 

okeanografiuli gamokvlevebi Tana-

medrove Teoriuli da eqsperimentuli 

meTodebis gamoyenebiT.  

v. v. Suleikinis xelmZRvanelobiT 

warmoebuli gamokvlevebi hidrofizi-

kur sadgurze moicavda zRvis okeanog-

rafiul amocanaTa metad farTo 
akademikosi v. v. Suleikini     

(1895-1979) 
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speqtrs. es amocanebi iyo: zRvis dinebaTa dinamika, moqceviTi tal-

Rebis dinamika, zedapiruli da Sinagani talRebis dinamika, zRvis 

Termika, klimatisa da amindis fizikuri safuZvlebi, zRvis optika, 

zRvis akustika da sxv [98]. sainteresoa aRiniSnos, rom 1938 wels 

Suleikinma SeimuSava meTodi, romelic saSualebas iZleoda labo-

ratoriul pirobebSi aerodinamikur wriul arxSi ganxorcielebu-

liyo qarismieri talRebis generirebisa da ganviTarebis fizikuri 

modelireba. v. v. Suleikinma mniSvnelovani wvlili Seitana Savi 

zRvis siTburi balansis kvlevaSi, riTac safuZveli Caeyara zRve-

bisa da okeaneebis siTburi balansis Tanamedrove Teorias [98].  

hidrofizikuri sadguris daaxloebiT aTwliani funqcionire-

bis periodSi mopovebuli samecniero SedegebiT safuZveli Caeyara 

zRvis fizikas. sadguris muSaobis pirveli aTwleulis ganmavloba-

Si mopovebuli Sedegebi ganzogadoebulia Suleikinis cnobil, 

fundamentur monografiaSi `zRvis fizika~, romelic mravaljer 

gamoica yofil sabWoTa kavSirSi [235]. akademikos v. v. Suleikinis 

xelmZRvanelobiT miRebulma samecniero Sedegebma didi aRiareba 

moipova, rac dadasturda im faqtiT, rom 1942 wels okeanografia-

Si Setanili didi wvlilisaTvis akademikos Suleikins stalinuri 

premiis laureatis wodeba mieniWa. 

yofil sabWoTa kavSirSi wamyvan rols Savi zRvis SeswavlaSi 

TamaSobda q. sevastopolSi myofi samecniero-kvleviTi institu-

tebi — zRvis hidrofizikis instituti da samxreT zRvebis biolo-

giis instituti, romlebic aRWurvilni iyvnen samecniero-kvlevi-

Ti gemebiT `mixeil lomonosovi~, `akademikosi vernadski~, `pro-

fesori vodianicki~ da sxv. aseve, mniSvnelovan samecniero-kvle-

viT samuSaoebs axorcielebdnen saxelmwifo okeanografiuli in-

stituti (q. moskovi) da m. lomonosovis saxelobis moskovis saxel-

mwifo universiteti, romelTa samecniero-kvleviTi gemebi bazi-

rebdnen q. sevastopolSi. q. gelenjikSi funqcionirebda ssrk mec-

nierebaTa akademiis SirSovis sax. okeanologiis institutis sam-

xreT ganyofileba, romlebic axorcielebdnen eqspediciebs samec-

niero-kvleviT gemebze `akademikosi SirSovi“ da akademikosi    

`s. vavilovi” Savi zRvis Selfisa da qvabulis geologiuri aRnago-

bis Sesaswavlad [133]. am gamokvlevebis Sedegad Sedgenili iqna Savi 

zRvis ufro zusti baTimetriuli, geofizikuri da geomorfolo-

giuri rukebi. 

XX saukunis 60-iani wlebisaTvis dagrovili codna Savi zRvis 

okeanografiaSi asaxulia a. k. leonovis `regionul okeanografi-
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aSi~ [171] da d. m. filipovis monografiaSi `Savi zRvis wylebis cir-

kulacia da struqtura“ [229]. 

gasuli saukunis 50-60-iani wlebidan Savi zRvis Seswavlam uf-

ro Rrma da yovelmxrivi xasiaTi miiRo. 1957-1959 ww-Si saerTaSori-

so geofizikuri wlis programis farglebSi yofil sabWoTa kavSir-

Si ganxorcielda okeanografiuli eqspediciebi, sadac pirvelad 

Catarda dakvirvebebi poligonebze. aman SesaZlebeli gaxada Savi 

zRvis Termoxalinuri struqturisa da dinebebis mezomasStaburi 

cvalebadobis Seswavla [133]. 

1976-1978 ww.-Si yofil ssrk-Si ganxorcielda Savi zRvis kom-

pleqsuri gamokvlevebis erToblivi programa (СКОИЧ). aRniSnuli 

programis farglebSi Segrovili mdidari samecniero masalis da-

muSavebis, analizisa da Teoriuli ganzogadebis Sedegebi gamoq-

veynebulia mTel rig publikaciebSi. maT Soris pirvel rigSi unda 

movixsenioT a. s. blatovis, n. p. bulgakovisa da sxv. avtorTa mo-

nografia [80], sadac ganxilulia Savi zRvis hidrofizikuri proce-

sebis farTo speqtri. aq pirveladaa gaanalizebuli ZiriTadi hid-

rofizikuri velebis — temperaturis, marilianobis, simkvrivisa da 

dinebaTa velis saSualo mravalwliuri sezonuri cvlilebis Tavi-

seburebani. 

mniSvnelovania bulgarel mecnierTa mier Setanili wvlili Sa-

vi zRvis okeanografiis kvlevaSi, rac mimdinareobs ZiriTadad q. 

varnaSi Tevzis resursebis institutsa da bulgareTis mecniereba-

Ta akademiis okeanologiis institutSi. gamokvlevebi ZiriTadad 

fokusirebulia zRvis dasavleT nawilisa da bosforis raionis 

okeanografiaze. mopovebuli Sedegebi asaxulia bulgarel mecni-

erTa koleqtiur naSromSi [231]. 

rumineTSi Savi zRvis okeanografiaSi kvlevebs ZiriTadad 

axorcielebs grigol antipas zRvis kvlevebis instituti q. kon-

stantaSi. ZiriTadi yuradReba eqceva Selfur zonas da md dunais 

deltas akvatorias. 

Savi zRvis anatoliis sanapiros hidrologiasa da zRvis eko-

sistemis kvlevaSi didi roli ekuTvnis TurqeTis iseT samecniero 

da saswavlo centrebs, rogorebicaa zRvis mecnierebaTa da teqno-

logiebis centri (q. izmiri), Sua aRmosavleTis teqnikuri univer-

siteti (q. ankara) da sxv.  
didia amerikel mecnierTa daintereseba Savi zRviT. gasuli sa-

ukunis 60-iani wlebis bolos da 70-80-ian wlebSi maT mier ganxor-

cielda mTeli rigi okeanografiuli eqsperimentebi Sav zRvaze, 
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romlebic ZiriTadad Savi zRvis geologiur problemebs ukavSir-

deboda [133].  
cxadia, rom mxolod dakvirvebaTa gziT SeuZlebelia miviRoT 

dinebaTa raodenobrivi maxasiaTeblebi mTeli Savi zRvis auzisaT-

vis zedapiridan fskeramde. am SemTxvevaSi aucilebelia mivmarToT 

Teoriuli analizis meTodebs. gasuli saukunis 40-50-iani wlebi-

dan daiwyo fizika-maTematikuri meTodebis gamoyeneba Savi zRvis 

dinamikis SeswavlaSi, xolo gamoTvliTi teqnikis swrafma ganviTa-

rebam 60-70-iani wlebidan mniSvnelovani biZgi misca Savi zRvis fi-

zikuri procesebis ricxviT modelirebas. am sakiTxisadmi miZRvni-

lia mravalricxovani Sromebi (mag., [91, 96, 101, 110, 123, 145, 146, 

185-189, 193, 214, 225, 227]).pirvel etapze, farTo gamoyeneba poves 

dinebaTa gaTvlis dinamikurma meTodebma, romlebic iyeneben dak-

virvebaTa monacemebs hidrofizikuri velebis Sesaxeb. am meTodis 

gamoyeneba moiTxovs nulovani aTvlis zedapiris mocemas garkve-

ul siRrmeze, rac aSkarad amcirebs Sedegebis saimedoobas da zRu-

davs meTodis SesaZleblobebs. dinamikuri meTodiT Savi zRvis di-

nebaTa pirveli ruka miRebuli iyo a. d. dobrovolskis mier Savi 

zRvis aRmosavleT nawilisaTvis [113]. am mizniT gamoiyeneboda oke-

anografiuli eqspediciis Sedegebi, xolo aTvlis zedapiri 200 m 

siRrmeze moicemoda. gamoTvlis Sedegebma daadastura ciklonuri 

moZraobis arseboba zRvis aRmosavleT nawilis zedapirul fenaSi. 

neimanma 1942 wels, gamoiyena ra dinamikuri meTodi da 20-30-ia-

ni wlebis eqspediciis monacemebi, miiRo Savi zRvis cirkulaciis 

Semdegi suraTi [220]: wylebis ciklonuri moZraoba zeda fenaSi ic-

vleboda anticiklonuri moZraobiT siRrmis mixedviT, maqsimalur 

siCqares aRwevda 1000 m siRrmeze, xolo ufro qvemoT sustdeboda 

da fskerTan miaxloebisas siCqare nuli xdeboda. d. m. filipovma 

Tavis monografiaSi [229] gaakritika neimanis mier miRebuli Savi 

zRvis cirkulaciis aseTi suraTi, radgan eWvs iwvevs neimanis me-

TodSi gamoyenebuli nulovani zedapiris gansazRvris saimedooba 

da Rrma fenebSi simkvrivis velis ganawilebis suraTi, radganac ga-

moiyeneboda sxvadasxva wlebis dakvirvebaTa calkeuli monacemebi. 

unda aRvniSnoT, rom Semdgomma gamokvlevebma marTlac daadastu-

ra neimanis daskvnebis mcdaroba. dinamikuri meTodi Savi zRvis di-

nebaTa sistemis gansasazRvravad gamoiyeneboda sxva avtorebis mi-

erac [82, 94]. 

Savi zRvis kvlevis saqmeSi didi mniSvneloba hqonda kompleqsu-

ri sinqronuli gadaRebebis dawyebas, romlebmac SesaZlebeli gaxa-



46 

da uaRresad mokle drois periodSi (araumetes 5 dRe-Ramisa) Sesru-

lebuliyo hidrologiuri dakvirvebebi zRvis mTel aqvatoriaze 

[94]. aseve, metad mniSvnelovania d. m. filipovis monografia [229], 

romelSic mravalricxovani dakvirvebis monacemTa safuZvelze 

(1922-1957) da dinamikuri meTodis gamoyenebiT gansazRvruli iyo 

Savi zRvis wylebis cirkulaciis ZiriTadi Taviseburebani. mTeli 

zRvis akvatoriisaTvis agebuli iyo Savi zRvis zedapirisa da 100 m 

horizontis saSualo wliuri rukebi da sezonuri rukebi igive ze-

dapirebisaTvis kavkasiis sanapiros mimdebare akvatoriisaTvis. aT-

vlis zedapiri aRebuli iyo 300 m horizontze. unda aRiniSnos, rom 

monografiaSi miRebulma saSualo wliuri cirkulaciis rukam daa-

dastura zedapirul dinebaTa sqema, romelic agebuli iyo knipovi-

Cis mier. sainteresoa agreTve daskvna imis Sesaxeb, rom simkvrivis 

horizontaluri gradientebi mcirdeba siRrmis mixedviT, xolo 

1000 m siRrmeze da qvemoT simkvrive horizontalurad erTgvarova-

nia. zedapiruli cirkulaciis suraTis erT-erT Taviseburebad aRi-

niSneba meridianuli dinebis arseboba yirimisa da anatoliis sanapi-

roebs Soris. CvenTvis metad sainteresoa daskvna imis Sesaxeb, rom 

Savi zRvis ZiriTadi dineba zRvis samxreT-aRmosavleT nawilSi mie-

marTeba napiridan Sors, rac gamowveulia am raionSi lokaluri an-

ticiklonuri grigalis formirebiT. rogorc ukve iyo aRniSnuli, 

filipovis mier damajereblad iqna ukugdebuli hipoteza anticik-

lonuri moZraobis Sesaxeb Savi zRvis Rrma fenebSi.  

2.2. Savi zRvis okeanografia Tanamedrove etapze 

Savi zRvis Seswavlis Tanamedrove etapi, romlis dasawyisad 

gasuli saukunis 70-80-iani wlebi SeiZleba miviCnioT, gamoirCeva 

eqsperimentul meTodebTan erTad Teoriuli meTodebis farTo ga-

moyenebiT. Savi zRvis fizikuri procesebis ricxviTi modelireba, 

romelic dafuZnebuli iyo okeanis hidroTermodinamikis ganto-

lebaTa srul sistemaze, ZiriTadad daiwyo 70-ian wlebSi yofil 

ssrk-Si, kerZod, sabWoTa kavSiris mecnierebaTa akademiis cimbiris 

ganyofilebis gamoTvliT centrSi (q. novosibirski).  

maTematikuri modelirebis meTodi gulisxmobs Sesaswavli 

obieqtis an procesis aRweras diferencialur gantolebaTa saSua-

lebiT, romelTa amoxsna Sesabamisi sasazRvro da sawyisi pirobebis 

gamoyenebiT SesaZleblobas iZleva movaxdinoT bunebaSi mimdinare 

procesebisa da movlenebis imitireba (gamoTvliTi eqsperimenti 
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personalur kompiuterze), SevafasoT sxvadasxva faqtorebis gav-

lena Sesaswavli movlenis ganviTarebaze, da bolos, ganvaxorcie-

loT misi prognozirebac. 

Sav zRvaSi fizikuri procesebis maTematikuri modelirebi-

sadmi miZRvnilia mTeli rigi gamokvlevebi, romelTa mimoxilva da 

analizi mocemulia [148, 220] monografiebSi. [148, 220] asaxavs aR-

niSnuli problemis mdgomareobas gasuli saukunis 80-iani wlebi-

saTvis. am gamokvlevebSi mkafiod gamoirCeva ori saxis modelebi: 

diagnostikuri da prognostikuli. maT Soris SedarebiT martivia 

diagnostikuri modelebi, romlebSic simkvrivis veli ganisazR-

vreba dakvirvebis monacemTa safuZvelze. es gantolebaTa sistemis 

gamartivebis saSualebas iZleva, radganac gamoiricxeba siTbosa 

da marilianobis gadatanis gantolebaTa ganxilvis saWiroeba. mo-

delSi Semavali monacemebis saxiT gamoiyeneboda saSualo mraval-

wriuli sezonuri simkvrivis velebi zRvaSi da atmosferuli wneva 

zRvis zemoT. dinamikuri meTodisagan gansxvavebiT, diagnostiku-

ri modelis gantolebaTa sistema ar moiTxovs aTvlis zedapiris 

mocemas. reliefisa da qaris faqtoris gaTvaliswinebiT modeli 

fizikurad ufro srulyofili da realur pirobebTan ufro miax-

loebuli xdeba. pirveli gaTvlebi diagnostikuri modelis gamoye-

nebiT Catarebuli iyo Savi zRvis Crdilo-dasavleT nawilisaTvis 

stacionaruli barotropuli modelis safuZvelze [225]. diagnos-

tikuri modelis gamoyenebiT Sesrulebuli gamoTvlebi Savi zRvis 

mTeli auzisaTvis warmodgenilia agreTve [74, 91, 92, 110] SromebSi. 

a. s. sarqisianis monografiaSi [213] mocemulia aseTi saxis modele-

bis mimoxilva da analizi. diagnostikuri meTodiT Catarebulma 

gamoTvlebma aCvena, rom zRvis dinebebi ar SemoisazRvreba mxolod 

zeda 300 metriani feniT da Savi zRva moZraobaSia zedapiridan 

fskeramde. vertikaluri siCqaris gamoTvlebma uwyvetobis ganto-

lebis safuZvelze aCvena wylis masebis amosvla zemoT zRvis cen-

tralur raionebSi da qvemoT daSveba zRvis periferiul nawilSi 

10-4 sm/wm rigis siCqariT [74]. 

miuxedavad imisa, rom diagnostikurma modelebma mniSvnelo-

vani wvlili Seitanes Savi zRvis kanonzomierebaTa SeswavlaSi, maTi 

samecniero da praqtikuli Rirebuleba garkveulwilad SezRudu-

lia. diagnostikuri modelebis ZiriTadi naklia maTSi Semavali mo-

nacemebis, qaris tangencialuri daZabulobisa da zRvis fskeris 

reliefis daubalansebloba simkvrivis velTan. am mxriv gacilebiT 

perspeqtiulia prognostikuli modelebi, romlebSic simkvrivis 
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veli moicema ara dakvirvebis monacemebiT, aramed gamoiTvleba mo-

delis gantolebaTa integrirebis procesSi.  

prognostikuli modelebi iyofian erTkomponentian da orkom-

ponentian modelebad. erTkomponentiani modelebi SemoTavazebu-

li iyo [96, 109, 122, 149] SromebSi. [109]-Si siTbosa da marilianobis 

gadatanis gantolebaTa nacvlad gamoiyeneboda gantoleba sim-

kvrivisaTvis, xolo [96, 122, 149]-Si simkvrive ganisazRvreboda mxo-

lod temperaturis veliT. Savi zRvis pirobebSi aseTi daSveba sak-

maod uxeSia, radgan, rogorc cnobilia, simkvrivis veli Sav zRvaSi 

ZiriTadad marilianobis ganawilebis gavleniT formirdeba. er-

Tkomponentiani prognostikuli modelebi warmoadgens pirvel mi-

axloebas hidrofizikuri velebis kvlevaSi.  

srulyofilebis TvalsazrisiT gacilebiT mniSvnelovania or-

komponentiani prognostikuli modelebi, romlebsac safuZvlad 

udevs okeanis hidroTermodinamikis gantolebaTa sruli sistema. 

am SemTxvevaSi simkvrivis veli ganisazRvreba temperaturisa da ma-

rilianobis velebiT. pirveli Sromebi am mimarTulebiT Sesrule-

buli iyo yofil sabWoTa kavSirSi, ssrk mecnierebaTa akademiis 

cimbiris ganyofilebis gamoTvliT centrSi (q. novosibirski, aka-

demqalaqi) g. marCukis, a. korZaZis, a. skibas [188], a. korZaZisa da 

i. n. skibas [156], g. marCukis, a. korZaZis, v. zalesnis [187], g. marCuki-

sa da a. korZaZis [186], a. korZaZis [148] mier. aRniSnul SromebSi Se-

moTavazebuli modelis gantolebaTa sistema formulirebulia 

Termodinamikuri sidideebis gadaxrebisaTvis standartuli ver-

tikaluri ganawilebidan, xolo gantolebaTa sistemis amosaxsne-

lad gamoyenebulia akad. g. i. marCukis mier okeanis da atmosferos 

dinamikisa da ekologiur amocanaTa amosaxsnelad SemoTavazebuli 

gaxleCis orcikliani meTodi rogorc fizikuri procesebis, aseve 

sakoordinato vertikaluri sibrtyeebisa da wrfeebis mixedviT. es 

iyo okeanis dinamikis gantolebaTa srul sistemaze dafuZnebuli 

Savi zRvis dinamikis pirveli prognostikuli modeli, romlis Se-

degebmac kvlav daadastura Savi zRvis cirkulaciis zogadi cik-

lonuri xasiaTi da aCvena reliefis mniSvnelovani roli cirkula-

ciis CamoyalibebaSi, gansakuTrebiT Savi zRvis Crdilo da dasav-

leT nawilebSi. marilianobis maqsimaluri koncentracia miiRebo-

da zRvis centralur nawilSi, xolo periferiebSi SedarebiT mci-

re, rac mowmobs mariliani Rrma wylebis amosvlas ciklonuri 

brunvis centralur areebSi. gamoirkva, rom dinebis ciklonuri xa-

siaTi zRvis Rrma fenebSic SenarCunebulia. naCvenebi iqna agreTve, 
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rom Sav zRvaSi simkvrivisa da marilianobis velebi karg korelaci-

aSia erTmaneTTan, xolo dinebis veli mniSvnelovnad gansazRvravs 

aRniSnuli velebis Taviseburebebs. 

maTematikuri modelirebis meTodis gamoyeneba bunebis ama Tu 

im procesis Seswavlisa da prognozis mizniT, kerZod, zRvis dina-

mikis amocanaTa gadasaWrelad, moiTxovs modelis maTematikur da-

sabuTebas, rac pirvel rigSi gulisxmobs amocanis arsebobisa da 

erTaderTobis sakiTxis ganxilvas. zRvis dinamikis arastaciona-

rul da stacionarul amocanaTa amonaxsnis (rogorc wrfivi, aseve 

arawrfivi dasmiT) arsebobisa da erTaderTobis Teoremebis dam-

tkicebisadmi miZRvnilia m. a. bubnovis [86], m. a. bubnovisa da a. b. ka-

Jixovis [87] da a. a. korZaZis [147] Sromebi.  

aucilebelia aRiniSnos, rom 

gaxleCis meTodebis gamoyeneba ma-

Tematikuri fizikis arastaciona-

ruli amocanebis amoxsnis metad 

efeqturi saSualebaa. akademikos g. 

i. marCukisa da misi mowafeebis Sro-

mebSi am meTodma udidesi gamoyene-

ba hpova, ramac SesaZlebeli gaxada 

SemuSavebuli da realizebuli yo-

filiyo okeanis, zRvisa da atmos-

feros hidroTermodinamikis rTu-

li arastacionaruli modelebi 

[184, 215]. gaxleCis meTodi saSuale-

bas iZleva TiToeul fiqsirebul 

droiT intervalze rTuli arasta-

cionaruli samganzomilebiani amo-

canis amoxsna dayvanil iqnas SedarebiT martiv or da erTganzomi-

lebian amocanaTa simravlis amoxsnebamde [181-183]. amasTanave gax-

leCis Sedegad calkeul etapze miRebuli amocanebi SeiZleba gan-

xilul iqnas, rogorc damoukidebeli modelebi. 

gasuli saukunis 70-iani wlebis gamoTvliTi teqnikis done ar 

iZleoda arastacionaruli sivrciTi amocanebis realizacias sa-

surveli garCevisunarianobiT. amitom, Savi zRvis dinamikis prog-

nostikuli baroklinuri modeli realizebuli iyo Savi zRvis au-

zisaTvis sakmaod uxeS badeze 37 km horizontaluri bijiT, xolo 

vertikalze zedapiridan fskeramde aRebuli iyo 13 saTvleli do-

ne araTanabari vertikaluri bijebiT [148]. 

akademikosi g. i. marCuki            
(1925-2013) 
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SemdgomSi, XX saukunis 80-ani wlebidan, sabWoTa kavSiris mec-

nierebaTa akademiis prezidiumis gamoTvliTi maTematikis ganyo-

filebaSi (amJamad, ruseTis mecnierebaTa akademiis gamoTvliTi ma-

Tematikis instituti, q. moskovi), xolo 90-ani wlebidan ki m. nodi-

as saxelobis geofizikis institutSi ganxorcielda am modelis 

srulyofa ZiriTadi fizikuri faqtorebis gaTvaliswinebis gziT 

da erTdroulad modelis sivrciTi garCevisunarianobis gazrdiT 

rogorc horizontaluri (5 km horizontaluri bijiT), aseve ver-

tikaluri mimarTulebiT (32 saTvleli done). modelis Tanamedro-

ve versia [36, 153-155] iTvaliswinebs Semdeg ZiriTad faqtorebs:   

 fskeris kvazirealuri reliefi da zRvis auzis konfigura-

cia,

 atmosferuli qarisa da Termoxalinuri zemoqmedeba,

 mzis mokletalRovani radiaciis STanTqma zRvis zeda fenis

mier,

 wylis gacvla marmarilos zRvasTan bosforis dinebaTa meS-

veobiT,

 md. dunais Camonadeni,

 turbulenturi siblantisa da difuziis koeficientebis

cvlileba drosa da sivrceSi.

[36, 153-155]-Si modelis safuZvelze Catarebulma gamoTvliT-

ma eqsperimentebma Savi zRvis auzisaTvis damaxasiaTebeli klima-

turi qaris tipebis monacvleobis pirobebSi [45, 73] aCvena, rom ze-

dapiruli cirkulacia mudmiv transformacias ganicdis mTeli 

wlis ganmavlobaSi. Savi zRvis zemoT moqmedi Zlieri atmosferuli 

qarebi gamagluvebel gavlenas axdenen zRvis zedapirul dinebaze 

da grigalwarmoqmnis procesi naklebad intensiuria. aseT SemTxve-

vebSi zRvis dinebis siCqarem SeiZleba gadaaWarbos 100 sm/wm. 

 Savi zRvis dinamikis orkomponentiani prognostikuli mode-

li SemoTavazebuli iyo [219] naSromSic. modelis realizaciisas 

gamoyenebuli iyo braienis ricxviTi sqema [18] da miRebuli iyo hid-

rofizikuri maxasiaTeblebis saSualo wliuri da sezonuri velebi. 

modeluri velebis Sedarebam dakvirvebis monacemebTan aCvena, rom 

modeli damakmayofileblad asaxavs hidrofizikuri velebis Tavi-

seburebebs. amasTanave unda aRiniSnos, rom gaTvlili dinebis sa-

Sualowliur suraTze kargad Cans zRvis wylebis ZiriTadi ciklo-

nuri brunva, magram Sida ciklonuri wrebrunvebi praqtikulad ar 

daikvirveba.  
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 Savi zRvis dinamikis baroklinuri prognostikuli modeli 

ganxilulia agreTve a. girgvlianis SromebSi [24-26]. iseve rogorc 

[36, 153-155]-Si, modelis gantolebaTa sistemis amoxsna ganxorcie-

lebulia gaxleCis orcikliani meTodis gamoyenebiT. modelis sa-

fuZvelze Catarebuli mravalricxovani ricxviTi eqsperimentebi 

mowmoben, rom modeli realurad asaxavs Savi zRvis msxvilmasSta-

biani cirkulaciis zogad Taviseburebebs.  

Savi zRvis okeanografiis SeswavlaSi mniSvnelovani wvlili 

Seitana 1984 wels gamoqveynebulma monografiam [80], sadac ganxi-

lulia hidrofizikuri procesebis farTo speqtri. gaanalizebu-

lia 25000 standartuli okeanografiuli dakvirvebis monacemebi, 

romlebic Seicaven 1974-1977 ww-Si Savi zRvis erToblivi kompleq-

suri okeanografiuli kvlevebis programis (СКОИЧ) farglebSi 

mopovebul masalebsac. monografiaSi pirveladaa mocemuli erTi-

ani warmodgena ZiriTadi hidrofizikuri velebis: temperaturis, 

marilianobis, simkvrivisa da dinebis saSualo mravalwliuri sezo-

nuri cvalebadobis Sesaxeb. Savi zRvis geostrofiuli cirkulaci-

is gaTvlisaTvis avtorebis mier gamoiyeneba dinamikuri meTodi, 

sadac nulovani dinamikuri zedapiri moTavsebuli iyo 300 m hori-

zontze. saSualo wliuri monacemebiT Catarebulma gamoTvlebma 

damajereblad aCvena ciklonuri cirkulaciis arseboba zeda 300 

metrian fenaSi mTeli wlis ganmavlobaSi. igi Sedgeba ori ciklo-

nuri wrebrunvisagan zRvis dasavleT da aRmosavleT nawilebSi. 

naCvenebi iyo, rom gazafxulze Savi zRvis samxreT-aRmosavleT na-

wilSi xdeboda 75-100 km diametris anticiklonuri grigalis for-

mireba, xolo Savi zRvis ZiriTadi dineba gadioda napirebidan mo-

SorebiT.  

 gasuli saukunis 70-80-ian wlebSi Savi zRvis dinamikis mode-

lebSi gamoyenebuli badis horizontaluri biji Seadgens ramdeni-

me aTeul kilometrs, rac ar iZleva mcire masStabis grigalebis 

aRweris SesaZleblobas. Tanamedrove dakvirvebis monacemebi dama-

jereblad aCveneben Savi zRvis sanapiro wylebSi mezo da submezo-

masStaburi grigalebisa da dinebebis arsebobas [23, 125, 207], ro-

melTa identifikacia moiTxovs zRvis dinamikis modelebis maRal 

garCevisunarianobas. gamoTvliTi teqnikis ganviTarebam SesaZle-

beli gaxada 90-ani wlebidan Savi zRvis dinamikis modelebis reali-

zacia momxdariyo gacilebiT maRali garCevisunarianobis badeTa 

gamoyenebiT. gansakuTrebiT intensiurad viTardeba Savi zRvis di-

namikis ricxviTi modelireba ukanasknel 20 weliwadSi da am sa-
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kiTxTan dakavSirebuli publikaciaTa raodenoba izrdeba (mag., [19-

21, 31-33, 56, 65-67, 102-105, 121]). am publikaciebidan SevexebiT zo-

gierT maTgans. 

s. g. diomiSevisa da g. k. korotaevis SromaSi [105] modelirebu-

lia Savi zRvis sinoptikuri cvalebadobis sezonuri svla prog-

nostikuli baroklinuri modelis safuZvelze, sadac gamoyenebu-

li saTvleli badis horizontaluri biji Seadgenda 18 km-s, xolo 

vertikalze ganixileboda 21 done araTanabari bijebiT. naCvenebi 

iqna, rom zogadi cirkulacia ganicdis mniSvnelovan sezonur 

cvlilebebs, miRebul iqna anticiklonuri grigalebi zRvis auzis 

calkeul raionebSi, romelTa mdebareoba kargad emTxveva instru-

mentuli gazomvis Sedegebs.  

T. oguzis, p. malanote-rizolisa da d. aubreis SromaSi [56] gan-

xorcielebulia Savi zRvis qarismieri da Termoxalinuri cirkula-

ciis modelireba saSualo wliuri klimaturi monacemebis gaTva-

liswinebiT prinstonis universitetis (aSS) okeanis modelis (POM) 

safuZvelze. aRniSnul modelSi, romelic aRwerilia a. f. blumber-

gisa da h. i. heringis [15] da a. f. blumbergisa da g. l. meloris [16] 

SromebSi, zRvis zeda sazRvari modelirebulia Tavisufali zedapi-

ris saxiT da ganixileba okeanis hidroTermodinamikis gantolebaTa 

sistema ukumSvadi siTxisaTvis hidrostatikur miaxloebaSi. mo-

delSi gamoyenebulia reliefTan dakavSirebuli   koordinatTa

sistema da napiris konturebTan dakavSirebuli mrudwiruli orTo-

gonaluri sistema. modelSi gamoyenebuli badis horizontaluri 

biji zRvis samxreT napirebTan, sadac fskeris topografia Sedare-

biT mkveTri cvlilebebiT xasiaTdeba, Seadgens 5 km-s, xolo auzis 

Sida nawilSi, sadac zRvis topografia TiTqmis brtyelia, hori-

zontaluri biji aiReba 15 km. modelis safuZvelze Catarda sain-

tereso gamokvlevebi Savi zRvis dinamikaSi calkeuli faqtorebis 

(bosforis qveda da zeda dinebebi, md. dunais Camonadeni, atmosfe-

ros qarismieri da Termohalinuri zemoqmedeba) wvlilis Sefasebis 

mizniT. miuxedavad amisa, unda aRiniSnos modelis zogierTi nak-

lovanebani. rogorc TviT avtorebi miuTiTeben, auzis dasavleT 

nawilis zeda fenebSi yvela faqtoris gaTvaliswinebiT Catarebu-

li ricxviTi eqsperimentis Sedegad miRebulia ararealuri anti-

ciklonuri grigali, romelic instrumentuli gazomvebis Sedegad 

ar daikvirveba. garda amisa, statiaSi moyvanili gamoTvlili dine-

bis suraTebidan 100 m da 300 m siRrmeebze praqtikulad araa gamok-

veTili Sida ciklonuri grigalebi auzis dasavleT da aRmosavleT 

naxevrebSi.  
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k. a. korotenkos, d. e. ditrixisa da m. j. boumanis naSromSi 

[159], sadac ganixileba Savi zRvis cirkulaciisa da navTobis laqis 

gadatanis modelireba, hidrodinamikur bloks safuZvlad udevs 

Savi zRvisaTvis adaptirebuli DieCAST modeli, romlis detaluri 

aRwera mocemulia [22]-Si. [159]-Si horizontaluri biji icvleboda 

ganedis mixedviT 7 km-dan 6.4 km-mde. rogorc statiis avtorebi aR-

niSnaven, modelSi gamoyenebulma horizontaluri da vertikaluri 

turbulenturi siblantis koeficientebis Zalian dabalma mniSvne-

lobebma da me-4 rigis aproqsimaciam sivrciTi cvladebis mimarT 

uzrunvelyo modelis mier sanapiro anticiklonuri grigalebis 

SedarebiT zusti aRwera.  

DieCAST modeli Savi zRvis dinamikis modelirebis mizniT rea-

lizebuli iyo agreTve i. v. stanevas, d. e. ditrixis, e. stanevisa da 

m. j. boumanis mier [68] 9.4 km horizontaluri bijiT. ricxviTi eq-

sperimentebis Sedegebma aCvena, rom modeli kargad aRwers Savi 

zRvis cirkulaciis ZiriTad Taviseburebebs. maRali garCevisuna-

riani Savi zRvis dinamikis modelebi da maTi realizaciis Sedegebi 

ganxilulia agreTve [66, 67] SromebSi. stanevis statiaSi [65] moce-

mulia mimdinare saukunis dasawyisisTvis arsebuli Savi zRvis di-

namikis modelebis mokle mimoxilva.  

[32]-Si gamokvleulia Savi zRvis zedapiris temperaturis 

mgrZnobiaroba wylis simRvrivis mimarT amerikel mecnierTa mier 

SemuSavebuli maRali garCevisunarianobis mqone (sivrciTi bijiT 

~2,3 km) Savi zRvis dinamikis modelis - HYCOM safuZvelze.  

aRsaniSnavia ruseTis mecnierebaTa akademiis gamoTvliTi ma-

Tematikis institutSi SemuSavebuli Savi da azovis zRvebis hidro-

dinamikis ricxviTi modeli, romelic dafuZnebulia primitiul 

gantolebaTa sistemaze  koordinatTa sistemaSi [121]. am koordi-

natebSi gadasvlis Semdeg amoxsnis are zeda Tavisufali zedapi-

riT gadadis erTeulovani simaRlis mqone cilindrSi, xolo evo-

luciuri kinematikuri piroba zeda Tavisufal zedapirze qreba. 

models gaaCnia 4x4km garCevisunarianoba horizontebze da 40 done 

vertikalze. modelSi gamoyenebulia temperaturisa da mariliano-

bis velebis 4-ganzomilebiani variaciuli inicializacia. inicia-

lizaciis algoriTmi dafuZnebulia gaxleCis meTodebisa da SeuR-

lebul gantolebaTa kombinaciaze. Catarebulma prognostikulma 

gamoTvlebma 2008 wlis realuri atmosferuli zemoqmedebis gaT-

valiswinebiT aCvena Savi zRvis ZiriTadi hidrofizikuri maxasia-

Teblebis aRweris adeqvaturoba. mniSvnelovania, rom rogorc av-
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torebi aRniSnaven, Termohalinuri velebis variaciuli iniciali-

zaciis CarTva aumjobesebs marilianobisa da Termuli reJimis 

vertikaluri struqturis aRweras.  

srulyofili da maRali garCevisunarianobis zRvis dinamikis 

modelebis SemuSavebam da dakvirvebaTa sistemebis maRal doneze 

ayvanam (hidrofizikuri velebis didmasStabiani kvazisinqronuli 

gadaRebebi, zRvis zedapiris distanciuri zondireba da sxv.) gaci-

lebiT srulyofili gaxada Cveni codna Savi zRvis dinamikuri pro-

cesebis Sesaxeb da safuZveli Cauyara am procesebis saimedo prog-

nozuli meTodebis SemuSavebas.  

2.3. operatiuli okeanografia —axali etapi Savi 

zRvis okeanografiaSi 

SeiZleba iTqvas, rom daaxloebiT gasuli saukunis bolodan 

msoflio okeanis kvlevaSi radikaluri cvlilebebi ganxorcielda. 

amas xeli Seuwyo im mzardma samecniero-teqnologiurma progresma, 

rac daikvirveba bolo 2-3 aTeuli wlis ganmavlobaSi. dedamiwis xe-

lovnuri Tanamgzavrebidan distanciuri zondirebisa da kontaqtu-

ri dakvirvebis sistemebis ganviTarebam, maRali garCevisunariano-

bis adeqvaturi maTematikuri modelebisa da monacemTa asimilaciis 

meTodebis SemuSavebam, gamoTvliTi teqnikis arsebiTma gaumjobese-

bam, 90-ian wlebSi ukve realuri gaxada msoflio okeanisa da maT So-

ris Savi zRvis uwyveti monitoringisa da prognozis sistemis ganvi-

Tareba, iseTi rogorc amindis diagnozisa da prognozis sistemebia 

[70, 190]. amgvarad, warmoiSva fizikuri okeanografiis swrafad gan-

viTarebadi axali mimarTuleba — operatiuli okeanografia.  

okeanis Tanamgzavruli monitoringisa da operatiuli okeanog-

rafiis safuZvlebis Camoyalibebasa da ganviTarebas jer kidev gasu-

li saukunis 80-ian wlebSi Caeyara safuZveli ukrainis mecnierebaTa 

akademiis zRvis hidrofizikis institutSi (q. sevastopoli), xolo 

misi praqtikuli ganxorcieleba daiwyo 90-iani wlebidan. aRsaniSna-

via, rom msoflio okeanis mdgomareobis globaluri kontrolis 

sistemis prototipi iqmneboda Savi zRvis magaliTze [158, 196]. okea-

nisa da zRvebis mdgomareobis kontrolis sistemis koncefcia emya-

reboda dedamiwis xelovnuri Tanamgzavrebis distanciuri zondi-

rebis meTodebisa da okeanis dinamikis modelebis kompleqsur gamo-

yenebas. 
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operatiuli okeanografiis erT-erTi ZiriTadi safuZvelia Ta-

namgzavruli dakvirvebis sistemis saSualebiT miRebuli informa-

cia. jer kidev 80-90-ian wlebSi, rodesac yofil sabWoTa kavSirSi 

xorcieldeboda okeanografiuli samecniero programa `razrezi 

(Разрезы)~, Tanamgzavruli dakvirvebebi ganixileboda rogorc dak-

virvebiTi sistemis aucilebeli komponenti [190]. kosmosidan okea-

nis distanciuri zondireba amJamad ganixileba rogorc msoflio 

okeanis mdgomareobisa da misi cvalebadobis Sesaxeb informaciis 

uwyveti wyaro.  

SeiZleba iTqvas, rom XXI saukuneSi kacobriobis cxovreba war-

moudgenelia Tanamgzavruli meTodebisa da teqnologiebis gamoye-

nebis gareSe rogorc mecnierebasa da teqnikaSi, aseve yoveldRiur 

cxovrebaSi (televizia, kavSirgabmuloba da sxv.). dedamiwis Semswav-

lel mecnierebebSi Tanamgzavruli teqnologiebis gamoyenebam Se-

saZlebeli gaxada gadavsuliyaviT dedamiwis atmosferoSi, zRvebisa 

da okeaneebis zedapirze da siRrmeebSi calkeuli fragmentuli dak-

virvebebidan planetaze mimdinare geofizikuri procesebis erT 

mTlianobaSi Seswavlasa da dakvirvebebze globalur masStabebSi da 

praqtikulad realur droSi [190, 209]. daaxloebiT bolo ori aTeu-

li wlis ganmavlobaSi dedamiwis xelovnuri Tanamgzavrebidan zRvis 

zedapiris dakvirvebis distanciuri meTodebis ganviTarebam sru-

liad axal dones miaRwia [75, 95, 160, 168, 172, 197]. amJamad, distanci-

uri zondirebis aparatura SesaZleblobas iZleva ganxorcieldes 

sxvadasxva regularuli dakvirvebebi maRali sivrciTi garCevisuna-

rianobiT da droSi maRali sixSiriT. dedamiwis xelovnuri Tanam-

gzavrebma okeanologiaSi gamoyeneba hpoves agreTve rogorc kav-

Sirgabmulobis saSualebebma. xelovnuri Tanamgzavrebis saSuale-

biT xdeba okeanis sxvadasxva regionebSi mcuravi plaTformebis meS-

veobiT gazomili monacemebis retransilacia monacemTa Sekrebis 

centrebSi realuri drois reJimSi. aseve, Tanamgzavrebis meSveobiT 

fiqsirdeba okeaneSi Tavisuflad modreife buebis koordinatebi.  

Savi zRvis dakvirvebiTi sistema, romelic dafuZnebulia de-

damiwis xelovnuri Tanamgzavrebisa da dinamikis modelebis kom-

pleqsur gamoyenebaze, zRvis dinamikis uwyveti monitoringis gan-

xorcielebis saSualebas iZleva [27, 190, 209]. 

saerTaSoriso samecniero TanamSromlobis gaRrmavebam mniS-

vnelovnad Seuwyo xeli Savi zRvis okeanografiis miRwevebs. gasu-

li saukunis bolos da XXI saukunis damdegs Sav zRvaSi mimdinare 

hidrofizikuri da ekologiuri procesebis Seswavlis saqmeSi sul 
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ufro mniSvnelovan masStabebs iZens saerTaSoriso samecniero Ta-

namSromloba, romelSic aqtiurad arian Cabmulni SavizRvispira 

qveynebis — bulgareTis, TurqeTis, rumineTis, ruseTis, saqarTve-

losa da ukrainis wamyvani samecniero organizaciebi, aseve evropis 

zogierTi qveynis okeanografiuli centrebi. am TanamSromlobis 

Sedegia bolo aTwleulSi Savi zRvis okeanografiis udidesi miR-

weva — Savi zRvis diagnozisa da prognozis sistemis SemuSaveba, ro-

melic amJamad funqcionirebs operatiulTan miaxloebul reJimSi 

[46-48, 50, 51, 97]. aseTi sistemis Seqmnas didad Seuwyo xeli evrokav-

Siris saerTaSoriso samecniero-teqnikuri proeqtebis ARENA (Re-

gional Capacity Building and Networking Programme to Upgrade Monitoring and 
Forecasting Activity in the Black Sea Basin), ASCABOS (A Supporting Programme 
for Capacity Building in the Black Sea Region Towards Operational Status of 
Oceanographic Servicews) da ECOOP (European Coastal-Shelf Sea Operational 

Observing and Forecasting System) farglebSi SavizRvispira qveynebis 

wamyvan samecniero okeanografiul centrebs Soris TanamSromlo-

bam. es samecniero organizaciebia: okeanologiis instituti (q. var-

na, bulgareTi), Sua aRmosavleTis teqnikuri universitetis zRvis 

mecnierebaTa instituti (q. erdemli, TurqeTi), zRvis kvlevisa da 

ganviTarebis erovnuli instituti `grigor antipa~ (q. konstanta, 

rumineTi), saxelmwifo okeanografiuli instituti (q. moskovi, ru-

seTi), iv. javaxiSvilis saxelobis Tbilisis saxelmwifo universite-

tis m. nodias saxelobis geofizikis instituti (q. Tbilisi, saqar-

Tvelo), ukrainis mecnierebaTa erovnuli akademiis zRvis hidrofi-

zikis instituti (q. sevastopoli, ukraina). aRniSnul samuSaoebs ko-

ordinacias uwevda zRvis hidrofizikis instituti.  

Savi zRvisaTvis, iseve rogorc msoflio okeanisTvis, didi mniS-

vneloba qonda mudmivmoqmedi globaluri okeanis dakvirvebiTi sis-

temis Seqmnas da ganviTarebas (GOOS – Global Ocean Observing System), 
romelic funqcionirebs iuneskos samTavrobaTaSoriso okeanog-

rafiuli komisiis (IOC) egidiT. msoflios wamyvani qveynebis er-

Toblivi ZalisxmeviT Seqmnilia Tanamedrove dakvirvebis sistema, 

romelic dafuZnebulia Tanamgzavrul da kontaqtur dakvirveba-

Ta kombinaciaze da saSualebas iZleva ganxorcieldes okeanisa da 

zRvis vertikaluri struqturisa da cirkulaciis operatiuli mo-

nitoringi [190, 196]. sistemis daniSnulebaa Seasrulos okeanisa da 

zRvis mdgomareobis Sesaxeb faqtobrivi informaciis ZiriTadi 

wyaros roli. man unda daakmayofilos msoflio sazogadoebis in-

formaciuli moTxovnebi zRvis garemos resursebis usafrTxo da 
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racionalur aTvisebaze da maT optimalur marTvaze, aseve klima-

turi cvlilebebis winaswarmetyvelebaze. okeanis dakvirvebiTi 

sistemis prioritetuli miznebia arsebul dakvirvebaTa optimiza-

cia, monacemTa Sekrebis saSualebaTa srulyofa da modelirebis 

sistemis Semdgomi ganviTareba. dakvirvebis produqtTa efeqturi 

gamoyenebis TvalsazrisiT Zalzed mniSvnelovania momxmareblis-

Tvis dakvirvebis produqciis miwodebis efeqturi sistemis SemuSa-

veba, momxmarebelze orientirebuli saboloo produqciis asorti-

mentis gafarToeba da sxv.  

globaluri operatiuli dakvirvebis sistemis monacemTa asimi-

laciis meTodebis SemuSavebas Seexeba saerTaSoriso samecniero 

proeqti GODAE (Global Ocean Dynamic Experiment) [27].  
operatiuli okeanografiis ganviTarebaSi Zalzed mniSvnelova-

nia evrokomisiis me-7 CarCo programis proeqti “My Ocean”, romlis 

egidiT funqcionirebs msoflio okeanisa da evropis Siga zRvebis 

prognozis sistema yoveldRiur reJimSi. sistemis produqcia xel-

misawvdomia saitze www.myocean.eu. 

2012 wels ruseTis mecnierebaTa akademiisa da ukrainis erovnu-

li mecnierebaTa akademiis iniciativiT Savi zRvis problemebis kom-

pleqsur SeswavlasTan dakavSirebiT SemuSavda proeqti `Savi zRva 

rogorc okeanis imitaciuri modeli~. proeqti iTvaliswinebda ro-

gorc eqsperimentul, aseve Teoriul gamokvlevebs maTematikuri 

modelirebis safuZvelze. ruseTis mxridan proeqtis xelmZRvaneli 

iyo sabWoTa kavSiris mecnierebaTa akademiis ukanaskneli preziden-

ti, akademikosi g. i. marCuki, ukrainis mxridan — ukrainis mecniere-

baTa erovnuli akademiis prezidenti, akademikosi b. patoni. amave 

proeqtSi monawileobis misaRebad miwveuli iyo saqarTvelos mecni-

erebaTa erovnuli akademia, romlis gadawyvetilebiT saqarTvelos 

mxridan xelmZRvaneloba daevala a. korZaZes. aRniSnuli proeqtis 

farglebSi erToblivi TanamSromlobis Sedegad miRebulia mniSvne-

lovani Sedegebi, ramac sagrZnoblad gaaRrmava Cveni codna da war-

modgenebi Sav zRvaSi mimdinare hidrofizikuri da ekologiuri 

procesebis Sesaxeb.  
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თავი 3  

შავი ზღვის ჰიდროლოგიური რეჟიმის თავისებურებები 

3.1. zRvis daWuWyianeba gogirdwyalbadiT 

Savi zRva gamoirCeva zogierTi iseTi specifikuri Tavisebure-

biT, rac mas mkveTrad ganasxvavebs sxva Sigamaterikuli zRvebisa-

gan. es garemoeba TamaSobs arsebiT rols mecnierTa daintereseba-

Si Sav zRvaSi mimdinare procesebiT. specifikur Taviseburebebs 

Soris mniSvnelovania Savi zRvis daWuWyianeba momwamlavi gaziT — 
gogirdwyalbadiT (H2S). zRvis gogirdwyalbadiT daWuWyianeba iSvi-

aTi movlenaa, rac ganasxvavebs Sav zRvas sxva zRvebisa da okeaneebis 

akvatoriebisagan. gogirdwyalbadi ufero, momwamlavi gazia speci-

fikuri suniT, romelic kargad ixsneba wyalSi. Tanamedrove monace-

mebis Tanaxmad, Savi zRvis daaxloebiT 90% Seicavs gogirdwyal-

bads. 100-150 metri siRrmis qvemoT, gogirdwyalbadis maRali kon-

centraciebisa da Jangbadis ararsebobis gamo (anaerobuli zona), 

usicocxlo garemoa. aris mxolod anaerobuli mikroorganizmebi, 

romelTa cxovelqmedebisaTvis Jangbadi araa saWiro.  

gogirdwyalbadi Sav zRvaSi aRmoCenil iqna 1890 wlis ivnisSi               

i. b. Spindleris xelmZRvanelobiT ganxorcielebuli okeanografi-

uli eqspediciis mier [85, 99 194, 211, 229]. eqspediciis periodSi, ro-

melic organizebuli iyo ruseTis geografiuli sazogadoebis mier 

novorosiiskis universitetis privat-docentis n. i. andrusovis 

iniciativiT, 183 m-ze meti siRrmidan aRebuli iqna wylis sinjebi, 

romlebsac qondaT gogirdwyalbadisaTvis damaxasiaTebeli speci-

fikuri suni. zRvis anaerobul zonaSi gogirdwyalbadis pirveli ra-

odenobrivi Sefasebebi miRebuli iyo novorosiiskis universitetis 

qimiis laborantis a. a. lebedincevis mier 1891 wels. pirvelma gamok-

vlevebma aCvena gogirdwyalbadis koncentracia 0,33 ml/l 183 m ho-

rizontze da misi mateba siRrmis mixedviT [211]. Tu miviRebT Tana-

medrove Sexedulebebs anaerobuli zonis zeda sazRvris Sesaxeb, sa-

dac koncentracia Seadgens daaxloebiT 0.05 ml/l, SeiZleba davas-

kvnaT, rom 1891-1892 ww-Si anaerobuli zonis zeda sazRvari iyo 140-

190 m horizontebze [211].  
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Savi zRvis Rrma fenebSi gogirdwyalbadis aRmoCenam maSinve 

mecnierTa didi yuradReba miipyro. gogirdwyalbadis sivrciT-

droiTi ganawilebis SeswavlasTan dakavSirebuli intensiuri samec-

niero-kvleviTi samuSaoebi daiwyo gasuli saukunis 20-ian wlebSi          

n. m. knipoviCisa (azov-Savi zRvis samecniero-sarewao eqspedicia) da 

i. m. Sokalskis xelmZRvanelobiT ganxorcielebul eqsediciebis 

dros [141]. Catarebuli gamokvlevebis Sedegad cnobili gaxda, rom 

gogirdwyalbadis gavrcelebis zeda sazRvari imyofeboda 150 m-is 

zemoT, xolo ciklonuri wrebrunvebis zonaSi gogirdwyalbadis 

mniSvnelovani koncentraciebi daikvirveboda 125 m horizontzec. 

eqspediciebis periodSi mopovebuli monacemTa analizma aCvena, ag-

reTve, rom gogirdwyalbadis gavrcelebis zeda sazRvari araa mud-

mivi da icvleba drosa da sivrceSi, rac ganpirobebulia dinebaTa 

sistemiT da wylebis vertikaluri cirkulaciiT [141, 211].  

Tanamedrove dakvirvebebi mowmobs, rom gogirdwyalbadis kon-
centracia siRrmis mixedviT izrdeba 13-14 ml/l-mde [85]. aq SesaZ-
loa arsebobdnen mxolod anaerobuli baqteriebi. Jangbadis zonas 
ukavia zRvis zeda fena saSualod 120-150 m siRrmemde, romlis sim-
Zlavre varirebs zRvis sxvadasxva raionebSi sezonebis, meteorolo-
giuri pirobebis da dinebebis mixedviT. anaerobuli zonis zeda 
sazRvari farTo diapazonSi meryeobs. zRvis centralur nawilSi 
zafxulis sezonSi igi warmoqmnis Tavisebur amoburculobas zRvis 
zedapiridan 80-100 m-de, xolo kontinentur ferdobze sazRvari ga-
cilebiT Rrmad, 150-170 m siRrmeze mdebareobs. Jangbadisa da go-
girdwyalbadis zonebs Soris formirdeba gardamavali fena, re-
doqs-zona, sadac erToblivad arsebobs Jangbadi da gogirdwyalba-
di. redoqs-zonaSi uwyvetad mimdinareobs gogirdwyalbadis Senaer-
Tebis qimiuri da biologiuri daJangvis procesebi.  

Tanamedrove SexedulebebiT, gogirdwyalbadis arseboba Sav 

zRvaSi, ZiriTadad, ganpirobebulia ori saxis wyaros uwyveti moqme-

debiT: Savi zRvis fskerze miwis qerqis napralebidan da talaxiani 

vulkanis yelidan Sav zRvaSi uwyvetad Semomavali gogirdwyalbadis 

airiT da anaerobuli mikroorganizmebis moqmedebiT gamowveuli 

organul nivTierebaTa destruqciiT, ris Sedegadac sulfaturi 

gogirdi anoqsidur garemoSi aRdgeba sulfidur formamde [85]. sa-

bednierod, Sav zRvaSi gogirdwyalbadis koncentraciebi regulir-

deba bunebrivi procesebiT, rac dakavSirebulia mis daJangvasTan 

zedapirul wylebSi [85, 233]. Jangbadi, romelic gaxsnilia zedapi-

rul wylebSi, qimiur reaqciaSi Sedis gogirdwyalbadTan da miiReba 

gogirdmJava, romelic, Tavis mxriv, reaqciaSi Sedis wyalSi gaxsnil 
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mineralur marilebTan da miiReba sulfatebi. es procesebi mimdina-

reobs erTdroulad, ris Sedegadac Sav zRvaSi myardeba dinamikuri 

wonasworoba gogirdis sulfatur da sulfidur formebs Soris.  

amJamad, mniSvnelovani yurdReba eqceva Sav zRvaSi gogir-

dwyalbadis mravalwliuri cvalebadobis Seswavlas da mis balanss, 

radganac bolo aTeul wlebSi daikvirveba gogirdwyalbadis zrdis 

garkveuli tendencia Sav zRvaSi gaZlierebuli anTropogenuri 

datvirTvis pirobebSi [76, 77, 161-163]. [163, 211]-is Tanaxmad, mzis aq-

tivobis momatebis wlebSi daikvirveba gogirdwyalbadis koncen-

traciebis zrda calkeul horizontebze, xolo mzis aqtivobis Sem-

cirebis wlebSi — koncentraciebis Semcireba. saerTod, Sav zRvaSi 

gogirdwyalbadis mravalwliuri cvalebadobis Seswavla da am cva-

lebadobaSi bunebrivi da anTropogenuri faqtorebis dadgena mo-

iTxovs Semdgom gamokvlevebs da am sakiTxSi meti sicxadis Setanas. 

[162]-Si gaanalizebulia 1924-2001 ww.-is sxvadasxva horizontebze 

gogirdwyalbadis koncentraciebze dakvirvebis masalebi da miRe-

bulia daskvna Sav zRvaSi gogirdwyalbadis Semcvelobis zrdis Sesa-

xeb, gansakuTrebiT bolo aTwleulebSi. garda amisa, gogirdwyalba-

dis biujetSi dominirebuli roli ekuTvnis bunebriv faqtorebs, 

kerZod, mikrobiologiur sulfatreduqcias da dedamiwis wiaRidan 

gogirdwyalbadis Semodinebas. rogorc [162] statiis avtori aRniS-

navs, 1976-2001 ww-Si bunebrivi mdgeneli 2-3-jer aRemateboda an-

Tropogenurs.  

amJamad, msoflioSi aqtualuria ekologiurad usafrTxo da 

energiis ganaxlebadi wyaroebis (qaris, mzis, geoTermuli wylebis) 

gamoyeneba. maT Soris metad mniSvnelovania wyalbadis gamoyeneba 

energetikuli sawvavis saxiT, romelic ekologiurad sufTa energo-

matarebelia [194]. Tanamedrove literaturuli monacemebi mowmobs, 

rom Savi zRva SeiZleba ganvixiloT rogorc msoflioSi erT-erTi 

udidesi gogirdwyalbadis sabado, romlidanac SesaZlebelia wyal-

badis miReba energetikisTvis da gogirdisa — samrewvelo gamoyene-

bisaTvis. bolo aTeul wlebSi gogirdwyalbadi Sav zRvaSi ganixile-

ba erTis mxriv rogorc saSiSroeba ekologiuri usafrTxoebis 

TvalsazrisiT, xolo meore mxriv, rogorc praqtikulad amouwura-

vi, ganaxlebadi energetikuli resursi [85, 180].  

mecnier-energetikosTa mier ganixileba Savi zRvis gogir-

dwyalbadis utilizaciis sxvadasxva meTodebi, romelTa mokle mi-

moxilva moyvanilia [85, 194]-Si. gogirdwyalbadis mopovebam Savi 

zRvidan da misma gadamuSavebam SeiZleba arsebiTi wvlili Seitanos 
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SavizRvispira qveynebis energetikul balansSi. am airis gamoyeneba 

wyalbadis energetikaSi dakavSirebulia wyalbadis gamoyofasTan 

airovani gogirdwyalbadidan an pirdapir energiis gamoyenebasTan 

gogirdwyalbadidan. pirdapir zRvis wylidan gogirdwyalbadis ga-

moyofis da misi utilizaciis meTodebi sakmaod rTulia da dakavSi-

rebulia mniSvnelovan energodanaxarjebTan. amitom am problemis 

gadaWra moiTxovs ara marto masTan dakavSirebuli teqnologiuri 

procesebis detalur damuSavebas, aramed ekonomiuri efeqtianobis 

Sefasebasac, rac Zalzed mniSvnelovania.  

airovani gogirdwyalbadis miRebis meTodebi SeiZleba or jgu-

fad daiyos: gogirdwyalbadis Semcveli zRvis wylis amotana Rrma 

fenebidan zedapirze an uSualod Rrma fenebSi gogirdwyalbadis ga-

damuSaveba. [85]-Si avtorebi upiratesobas aniWeben gogirdwyalba-

dis gamoyofis membranul meTods adgilze, zRvis wylis zedapirze 

amotanis gareSe, xolo Semdgom gogirdwyalbadis transports zeda-

pirze Rrma milsadenis saSualebiT.  

unda aRiniSnos, rom Savi zRvis gogirdwyalbadis utilizaciis 

mcdelobis mravalwliani istoriis miuxedavad, jer kidev ar Semu-

Savebula praqtikulad ganxorcielebadi teqnologia zRvis wyli-

dan gogirdwyalbadis gamosayofad.  

 

3.2. zRvis cirkulacia 
 

Savi zRvis wylebis struqturisa da cirkulaciis kvlevebma 

farTo ganviTareba hpova gasuli saukunis pirvel naxevarSi, rac 

dakavSirebulia n. m. knipoviCis, o. m. Sokalskis, n. i. Cigirinisa da v. 

a. vodianickis saxelebTan. am periodSi, gansakuTrebiT aRsaniSna-

via knipoviCis gamokvlevebi, romelsac ekuTvnis pirveli monogra-

fia Savi zRvis hidrologiaSi [141]. mis mier agebul Savi zRvis ze-

dapiruli cirkulaciis sqemas dResac ar daukargavs mniSvneloba. 

aRniSnuli sqemis mixedviT zRvis mTel akvatorias moicavs ciklo-

nuri xasiaTis dineba, romlis SigniTac gamoiyofa ori ciklonuri 

mimarTulebis wrebrunva zRvis aRmosavleT da dasavleT nawileb-

Si. man pirvelma miaqcia yuradReba imas, rom cirkulaciis aseTi xa-

siaTi ganapirobebs simkvrivisa da marilianobis izozedapirebis 

gumbaTovan formas.  

bolo aTeul wlebSi, hidrologiurma dakvirvebebma [52, 55, 

166, 224], maTematikuri modelirebis Sedegebma [55, 56, 65, 105, 158, 

190] da Tanamgzavrulma monacemebma [23, 100, 158, 190, 209] meti de-
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talebi SesZines knipoviCis mier miRebul Savi zRvis cirkulaciis 

suraTs da garkveulwilad Secvales tradiciuli Sexeduleba Savi 

zRvis zedapiruli cirkulaciis Sesaxeb (ciklonuri xasiaTis Savi 

zRvis ZiriTadi dineba, romelic gars uvlis Sav zRvas, da ori far-

To ciklonuri grigali auzis dasavleT da aRmosavleT nawilebSi). 

Tanamedrove gamokvlevebis safuZvelze SesaZlebeli gaxda Savi 

zRvis cirkulaciis arsebiTi Taviseburebebis dadgena. garda Ziri-

Tadi Sida ciklonuri wrebrunvebisa, romelTa struqtura da in-

tensivoba mniSvnelovan Sidawliur cvlilebebs ganicdis, dadgin-

da, rom periferiebSi adgili aqvs mniSvnelovani kvazistacionaru-

li anticiklonuri grigalebis arsebobas. 

nax. 3.1 Savi zRvis zedapirul dinebaTa sqematuri suraTi [49] 

nax. 3.1 naTel warmodgenas gviqmnis Savi zRvis zedapiruli 

cirkulaciis xasiaTze, sadac naCvenebia gasuli saukunis 90-iani 

wlebidan dawyebuli eqsperimentuli da Teoriuli gamokvlevebis 

Sedegebis safuZvelze agebuli Savi zRvis cirkulaciis ganzoga-

doebuli sqematuri suraTi [49]. naxazidan cxadad Cans, rom Savi 

zRvis cirkulacias mTlianobaSi ciklonuri xasiaTi aqvs, romlis 

damaxasiaTebeli Taviseburebaa Savi zRvis ZiriTadi dineba (SzZd). 

SzZd gars uvlis Savi zRvis auzs periferiaze daaxloebiT konti-

neturi ferdobis zemoT da warmoadgens 40-80 km siganis Wavlur 
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dinebas, sadac siCqareebi daaxloebiT 25-30 sm/wm-ia, magram Zlieri 

atmosferuli qaris dros dinebis maqsimalurma siCqarem SesaZloa 

100 sm/wm-s gadaaWarbos. SzZd daikvirveba mTeli wlis ganmavloba-

Si da Zlierdeba da stabilizirdeba Semodgoma-zamTris periodSi. 

Savi zRvis cirkulaciis mniSvnelovani Taviseburebaa agreTve ram-

denime ciklonuri grigalis formireba zRvis dasavleT da aRmo-

savleT naxevrebis Rrmawylovan nawilSi. SzZd hidrodinamikurad 

aramdgradia da reliefTan urTierTqmedebis Sedegad meandrire-

bas ganicdis, gansakuTrebiT ki Tbil sezonSi, aprilidan noembram-

de, rac dakavSirebulia atmosferuli cirkulaciis SesustebasTan 

da Stiluri mdgomareobebis siWarbesTan Savi zRvis zemoT wlis am 

periodSi.  

nax. 3.2. anticiklonuri da ciklonuri grigalebi [69].        
Ria moyviTalo-mowiTalo feriT naCvenebia sanapiro anticiklonuri 

grigalebi, xolo cisfrad — Siga ciklonuri grigalebis are 

zRvis sanapiro xazis mTel perimetrze yvela sezonis ganmav-

lobaSi SzZd-sa da napirs Soris formirdeba sanapiro anticiklo-

nuri grigalebi, romelTa gansakuTrebiT intensiuri generireba 

daikvirveba Tbil sezonSi. aseTi sanapiro anticiklonuri griga-

lebia sevastopolis, yirimis, bosforis, sinopis da sxv. rogorc 

nax. 3.1-dan Cans, maT Soris mniSvnelovania anticiklonuri grigali 

Savi zRvis samxreT-aRmosavleT nawilSi, romelic literaturaSi 
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baTumis grigalis saxelwodebiTaa cnobili. garda amisa, saqarTve-

los akvatoriaSi q. soxumis maxloblad naCvenebia agreTve mcire 

zomis sanapiro grigali, romelic xSirad formirdeba am raionSi. 

meti TvalsaCinoebisaTvis, [69]-dan moyvanilia nax. 3.2, sadac 
sqematurad naCvenebia Savi zRvis ciklonuri da anticiklonuri 
grigaluri warmonaqmnebi sxvadasxva ferebSi. cisfrad naCvenebia 
ciklonuri wrebrunvis are zRvis Ria nawilSi, xolo Ria moyviTa-
lo-mowiTalo feriT gamosaxulia sanapiro anticiklonuri griga-
luri warmonaqmnebi Savi zRvis sanapiros mTel perimetrze. sanapi-
ro grigalebis maxasiaTebeli zomebi farTo diapazonSia, daaxloe-
biT 20 km-dan 200 km-de, romlebic mniSvnelovan rols TamaSoben sa-
napiro wylebis ventilaciaSi [223].  

maSasadame, SzZd, ramdenime Sida ciklonuri grigali da sanapi-
ro anticiklonuri grigalebi erTobliobaSi gansazRvraven Savi 
zRvis zedapiruli cirkulaciis reJims. Tumca, unda aRiniSnos, 
rom nax. 3.1 da nax. 3.2-ze gamosaxuli Savi zRvis sqematuri cirku-
laciuri suraTebi zogadia da drois garkveul periodebSi zRvis 
cirkulaciuri xasiaTi SesaZloa mniSvnelovnad gansxvavdebodes 
am naxazebze gamosaxuli suraTebisagan.  

winamdebare wignis meoTxe TavSi aRwerilma Cvenma gamokvle-
vebma aCvena, rom Savi zRvis ganapira aRmosavleT akvatoria warmo-
adgens dinamikurad aqtiur raions, sadac nax. 3.1 da nax. 3.2-ze naC-
venebi baTumis anticiklonuri grigalis garda, adgili aqvs sxva-
dasxva masStabis ciklonuri da anticiklonuri grigalebis mudmiv 
Casaxvas, evoluciasa da disipacias mTeli wlis ganmavlobaSi. 

3.3. zRvis Termoxalinuri reJimi 

Savi zRvis kidev erTi Taviseburebaa specifikuri Termoxali-
nuri reJimi, romelic temperaturis, marilianobisa da simkvrivis 
Tavisebur sivrciT ganawilebaSi mdgomareobs. es sakiTxi mravali 
samecniero publikaciis Seswavlis obiqtia [80-84, 106, 132, 142, 143, 
165, 171, 177, 198, 199, 212, 220, 228]. Savi zRvis wylis masebis verti-
kaluri Termoxalinuri struqturisaTvis damaxasiaTebelia mari-
lianobisa da simkvrivis swrafi zrda siRrmis mixedviT [218].  es ga-
mowveulia, erTi mxriv, zedapiruli wylebis mudmivi gamtknarebiT 
mdinareTa mtknari wylebisa da azovis zRvis naklebad mariliani 
wylebis Semodinebis gamo Sav zRvaSi da meores mxriv, marmarilos 
zRvis Zalian mariliani wylebis SemosvliT Savi zRvis Rrma feneb-
Si.  
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Savi zRva warmoadgens wyalsatevs mkveTrad gamoxatuli fe-

nobrivi struqturiT, romelic vertikalze SeiZleba daiyos Sem-

deg ZiriTad fenebad: zeda kvazierTgvarovani Serevis fena, sezo-

nuri Termoklini, civi Sualeduri fena, mudmivi haloklini, Rrma 

fena. nax. 3.3-ze gamosaxulia temperaturisa da marilianobis saSu-

alo klimaturi vertikaluri ganawilebebi Sav zRvaSi agvistosa da 

TebervalSi, sadac Cans am sidideTa fenobrivi struqtura.  

zeda Serevis fenis sisqe saSua-

lod ramdenime metria da meryeobs 

sezonebis mixedviT. am fenaSi inten-

siurad mimdinareobs atmosferosTan 

impulsis, siTbosa da tenis gacvlis 

procesebi. intensiuri turbulen-

turi vertikaluri difuziis gamo 

vertikaluri gradientebi mcirea. 

esaa dinamikurad yvelaze aqtiuri 

fena, romlis sisqe da ZiriTadi hid-

rofizikuri parametrebi mniSvnelo-

van sivrciT-droiT cvlilebebs ga-

nicdis [31, 220].  

 

 

Sav zRvaSi temperaturis vertikaluri ganawilebis Tavisebu-

rebaa sezonuri Termoklinis formireba civi Sualeduri fenis ze-

moT Tbil sezonSi. esaa fena, romelic xasiaTdeba didi vertikalu-

ri temperaturuli gradientebiT. sezonuri Termoklinis formi-

rebis procesi iwyeba mart-aprilSi, xolo Sua aprilSi igi moicavs 

ukve mTel auzs. maisSi temperaturis vertikaluri gradienti 

aWarbebs 0.50C/m-s [94]. Termoklini yvelaze metad gamokveTilia 

zafxulis sezonSi, rac nax. 3.3-ze kargad daikvirveba. magaliTad, 

zafxulSi temperaturis vardna vertikalze am fenaSi saSualod 

Seadgens 150-200C 50 m sisqeSi [80, 218].  

civi Sualeduri fenis arseboba Sav zRvaSi temperaturuli 

stratifikaciis erT-erTi ZiriTadi Taviseburebaa. es fena for-

mirdeba daaxloebiT 50-80 m siRrmeze da moicavs TiTqmis zRvis 

nax. 3.3. temperaturisa (1) da 
marilianobis (2) klimaturi profilebi 

agvistosa da TebervalSi Savi zRvis 
centralur nawilSi [120] 
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mTel auzs. civi Sualeduri fena ganisazRvreba rogorc minimalu-

ri temperaturebis fena, romelic zemodan da qvemodan SemosazR-

vrulia 80C izoTermiT. aRniSuli fenis arseboba daikvirveba maSin, 

roca zRvis zeda fenis temperatura aWarbebs 80-90C temperaturas, 

amitom zamTris sezonSi civi Sualeduri fena ar daikvirveba.  

civi Sualeduri fenis formireba kidev erTi unikaluri Tvi-

sebaa, rac ganasxvavebs Sav zRvas msoflio okeanis sxva regionebi-

sagan. am fenis formirebis fizikuri meqanizmis Seswavlisadmi 

miZRvnilia mravali Sroma (mag., [84, 106, 142, 143, 198, 212]). gasuli 

saukunis 50-ian wlebamde dominirebda konveqciuri hipoTeza, rom-

lis Tanaxmadac civi Sualeduri fenis wylebi formirdebian zam-

Tris konveqciis Sedegad mTel auzSi. 1953 wels a. g. kolesnikovma 

gamoTqva varaudi civi Sualeduri fenis adveqciuri warmoSobis 

Sesaxeb [143]. am Sexedulebis Tanaxmad zRvis Crdilo-dasavleT na-

wilSi zamTris konveqciis Sedegad xdeba civi wylis masebis formi-

reba, romlebic zRvis dinebaTa sistemis meSveobiT vrceldebian 

mTeli auzis masStabiT. Semdgomma eqsperimentulma da Teoriulma 

gamokvlevebma aCvena am konveqciur-adveqciuri meqanizmis marTe-

buloba [84, 148, 229]. civi Sualeduri fenis warmoSoba Sav zRvaSi 

ganpirobebulia zRvis auzis Crdilo-dasavleT TavTxel Selfur 

nawilSi zamTris konveqciuri procesebiT da civi wylis masebis 

adveqciuri gadataniT zRvis Crdilo-dasavleT nawilidan centra-

lur da aRmosavleT akvatoriebSi. zamTarSi Savi zRvis wylebi yve-

laze metad civdeba zRvis Crdilo-dasavleT Selfur nawilSi da-

axloebiT 20-30C gradusamde (zogjer iyineba kidec). konveqciuri 

procesebis ganviTarebis Sedegad zRvis am nawilSi civi wyali eSve-

ba qvemoT daaxloebiT 60 m siRrmeze, xolo Semdgom Savi zRvis zo-

gadi ciklonuri xasiaTi ganapirobebs am civi wylebis adveqciur 

gavrcelebas zRvis danarCen nawilebSi.  

Savi zRva SeiZleba ganvixiloT, rogorc wyalsatevi Semdgari 

hidrologiuri TvisebebiT mniSvnelovnad gansxvavebuli zedapi-

ruli da Rrma fenebisagan, romelTa Soris mdebareobs mudmivi ha-

loklini. esaa fena marilianobis didi vertikaluri gradientebiT. 

am fenis sisqe garkveul sivrciT-droiT cvlilebebs ganicdis. misi 

mdebareobis siRrme damokidebulia vertikaluri turbulenturi 

gacvlis procesebze da izrdeba zRvis Ria akvatoriidan periferi-

ebisaken [220]: marilianoba am fenaSi izrdeba daaxloebiT 17,5‰-

dan 18,3‰-mde, garda zRvis Crdilo-dasavleTi nawilisa, sadac da-
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ikvirveba marilianobis anomalurad dabali mniSvnelobebi did 

mdinareTa mtknari wylebis Semodinebis gamo.  

zedapiruli fena, daaxloebiT 100-150 m siRrmemde, xasiaTdeba 

SedarebiT gamtknarebuli (dabali marilianobiT, daaxloebiT 17-

18‰) wylebiT da Jangbadis maRali SemcvelobiT. Rrma fenisaTvis 

damaxasiaTebelia Jangbadis ararseboba (anaerobuli zona), ufro 

mariliani da mkvrivi wylebi da mudmivi temperatura.   

civi Sualeduri fenis qvemoT daaxloebiT 100 m siRrmidan 

fskeramde adgili aqvs temperaturis Zalian mcire matebas, xolo 

zRvis Rrma fskerTan temperatura Sav zRvaSi daaxloebiT 90C 

Seadgens. sainteresoa aRiniSnos, rom msoflio okeaneSi fskerTan 

wylis temperatura daaxloebiT 50C-ia. cxadia, rom Savi zRvis Rrma 

wylebis temperaturis SedarebiT maRali mniSvneloba garkveul 

kiTxvebs badebs, rac momavali kvlevis sagani SeiZleba gaxdes. Se-

saZlebelia es gamowveuli iyos zRvis fskerTan garkveuli siTbos 

nakadebis arsebobiT an xmelTaSua zRvis Tbili da mariliani wyle-

bis SemodinebiT Sav zRvaSi bosforis srutis meSveobiT.  

haloklinis qvemoT wylis marilianoba mcired, monotonurad 

imatebs da Rrma fenebSi daaxloebiT 22,4‰ aRwevs. marilianobis 

matebasTan erTad wylis simkvrivec matulobs, radganac Savi 

zRvis simkvrive karg korelaciaSia marilianobasTan [35, 148, 220]. 

radganac zedapiruli da Rrma fenebi gansxvavdebian simkvriviT, 

amitom am fenebis Sereva sustia, Tumca es procesi mainc mimdina-

reobs. [88]-Si moyvanili Sefasebebis Tanaxmad yovelwliurad 3000 

km3 wyali Rrma fenebidan adis zedapiramde.  

im dros rodesac okeanisa da zRvebis umetesobas aqvs TiTqmis 

erTnairi da Zalian maRali marilianoba (35‰), Sav zRvaSi es maCve-

nebeli 2-jer dabalia zRvis zedapirul fenaSi (17-18‰), xolo 

Rrma fenebSi aris daaxloebiT 22,4‰. yovelive es aixsneba wyalsa-

tevis hidrologiuri TaviseburebebiT, wylis masebis formirebiT, 

struqturiTa da dinamikiT. kerZod, Savi zRvis susti kavSiri 

msoflio okeanesTan, mdinareTa uxvi Senakadi, susti wyalgacvla 

zeda da qveda fenebs Soris ayalibebs wylebis specifikur qimiur 

Semadgenlobas da maT Soris marilianobis velis Tavisebur reJims.  

miuxedavad imisa, rom bosforis srute warmoadgens sakmaod 

viwro, meCxerwylian srutes, Savi zRvis wylebis gacvla msoflio 

okeanesTan am srutis meSveobiT did gavlenas axdens Savi zRvis 

hidrologiuri da hidroqimiuri reJimis CamoyalibebaSi. nax. 3.4 -
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ze naCvenebia bosforis srutis Tanamgzavruli suraTi. bosforis 

srutis sigrZe daaxloebiT 31 km-ia, maqsimaluri siganea 3,6 km, xo-

lo minimaluri — 730 m. saSualo siRrmea 65 m, maqsimaluri siRrme — 

92 m. amJamad, Savi zRvis done ramdenadme aWarbebs msoflio okeanis 

dones da Sesabamisad xmelTaSua zRvis donesac. amitom,  Savi  zRvis  

zedapiruli wylebi bosforSi daxrilia marmarilos zRvis mxares. 

simaRleTa sxvaoba daaxloebiT 35 sm-ia [218]. es daxriloba xels uwy-

obs bosforis zedapiruli dinebis aRZvras, ris meSveobiTac Savi 

zRvis naklebad mariliani wyali gaedineba marmarilos zRvaSi. ze-

dapiruli dinebis siRrme bosforis sruteSi icvleba wlis sxvadas-

xva droSi da srutis sxvadasxva nawilSi 20-40 metris farglebSia. 

zedapiruli dinebis sakompensacio dinebas warmoadgens bosforis 

qveda dineba, romelsac marmarilos mariliani wyali (daaxloebiT 

36‰) Semoaqvs Sav zRvaSi. am dinebis arseboba gamowveulia mniSvne-

lovani gansxvavebiT bosforisa da Savi zRvis wylebis marilianoba-

Si, rac Tavis mxriv ganapirobebs gansxvavebas simkvriveSi. es ki Crdi-

loeTiT mimarTuli wnevis gradientis Zalebis aRZvris mizezi xde-

ba. [218]-is Tanaxmad, normalur meteorologiur pirobebSi zeda da 

qveda dinebaTa siCqare daaxloebiT 55 sm/wm-ia. wylis masebis gac-

vlis dinamika Sav da marmarilos zRvebs Soris mniSvnelovnadaa da-

mokidebuli wlis periodebze. wlis pirvel naxevarSi, rodesac sag-

nax. 3.4. bosforis srutis 
Tanamgzavruli suraTi 
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rZnoblad izrdeba Sav zRvaSi mdinareTa Camonadeni da zRvis done 

sagrZnoblad maRla iwevs, mariliani wylebis Semosvla Sav zRvaSi 

bosforis meSveobiT mcirdeba. wlis meore naxevarSi, rodesac Savi 

zRvis done dabla iwevs, Savi zRvis naklebad mariliani wylebis ga-

dinebis intensivoba marmarilos zRvaSi zeda bosforis dinebiT 

mcirdeba. [179]-Si moyvanilia a. k. bogdanovas mier Sekrebili da in-

terpretirebuli raodenobrivi monacemebi, romlebic axasiaTeben 

qveda bosforis dinebis gavlenis xarisxs Savi zRvis Rrma wylebis 

Termoxalinuri velebis formirebaze [83]. [83]-Si gakeTebul das-

kvnebs safuZvlad udevs 1958, 1960 da 1961 wlebSi Savi zRvis bosfo-

rispira raionSi Catarebuli specialuri dakvirvebis Sedegebi.  

sainteresoa [179]-Si moyvanili daskvna xmelTaSua zRvis mari-

liani wylebis transformaciis Sesaxeb, romelic SemdegSi mdgoma-

reobs. dardanelis srutis SesasvlelTan egeosis zRvaSi, wylebis 

marilianoba daaxloebiT aris 38‰, xolo Savi zRvidan gamomavali 

zeda bosforis dinebasTan Serevis Sedegad marilianoba TandaTan 

klebulobs da bosforidan gamosvlisas mcirdeba 31‰-mde. marili-

anobis Semdgomi Semcireba Sav zRvaSi 22,4‰-mde gamowveulia Se-

mosuli wylebis SereviT civi Sualeduri fenis wylebTan, romelTa 

marilianoba daaxloebiT 18,5‰-ia. xmelTaSua zRvis wylebis tran-

sformaciis Sedegia agreTve temperaturis TandaTanobiTi Semcire-

ba 14,50C -dan egeosis zRvaSi 120C -mde bosforis SesarTavTan Sav 

zRvaSi. SemdgomSi, Sav zRvaSi civi Sualeduri wylebis SereviT, sa-

dac temperatura daaxloebiT 7,50C -ia, da Rrma fenebSi myardeba da-

axloebiT 8,90C temperatura. [179]-Si moyvanili daskvnis Tanaxmad, 

Savi zRvis Rrma wylebi aris narevi ori gansxvavebuli wylis fenisa, 

sadac 20% xmelTaSua zRvis wylebia, xolo 80% civi Sualeduri fe-

nis wylebi.  

wyalgacvla bosforis saSualebiT gavlenas axdens ara marto 

Savi zRvis wylebis fizikur-qimiur Tvisebebze, agreTve mis plan-

qtonur saxeobaTa Semadgenlobaze. planqtonuri organizmebis saxe-

obaTa mniSvnelovani raodenoba Semodis Sav zRvaSi bosforis qveda 

dinebiT. dadgenilia, rom am dinebiT Sav zRvaSi Semodis xmelTaSua 

zRvis zooplanqtonis daaxloebiT 20 saxeoba. rogorc biologiuri 

gamokvlevebidan irkveva, Semosul saxeobaTagan zogierTi kargad 

egueba Savi zRvis garemos da aq mravldebian kidec, radganac isini 

aRmoCenilia bosforis srutidan Sors Savi zRvis zedapirul fena-

Si, magaliTad, yirimis napirebTan [203]. meore mxriv, marmarilos 

zRvis planqtonuri organizmebis Semadgenlobaze gavlenas axdens 
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planqtonis Semosvla Savi zRvidan marmarilos zRvaSi bosforis ze-

da dinebis saSualebiT.  

Sav zRvaSi simkvrivis vertikalur ganawilebaSi mTavari Tavise-

burebaa mudmivi piknoklinis arseboba, romelic 100-200 m-ze mdeba-

reobs. am fenisaTvis damaxasiaTebelia simkvrivis maRali verti-

kaluri  gradientebi.  am  fenis  qvemoT  simkvrive  mcired  izrdeba  

(a)     (b) 

nax. 3.5. temperaturisa — (a) da simkvrivis — (b) profilebi Savi zRvis Ria 
akvatoriaSi mdebare wertilebSi sxvadasxva wlebsa da TveebSi [69] 

fskeramde. simkvrivis vertikaluri ganawileba, faqtobrivad,  ime-

orebs marilianobis vertikaluri ganawilebis Taviseburebebs da 

piknoklinis mdebareoba emTxveva haloklinis mdebareobas.  

TvalsaCinoebis mizniT nax. 3.5-ze moyvanilia gazomili tempe-

raturisa da pirobiTi simkvrivis vertikaluri ganawilebebi Savi 

zRvis Ria akvatoriis wertilebSi sxvadasxva wlis garkveul dRe-

ebSi [69]. praqtikuli TvalsazrisiT xSirad sargebloben pirobiTi 

simkvrivis cnebiT, romelic Cveulebriv   wylis simkvrivesTan

aseT damokidebulebaSia:  

]1000),,([  PST  (kg/m3). 

Savi zRvis cirkulaciuri xasiaTi mniSvnelovnad gansazRvravs 

Termoxalinuri velebis sivrciTi ganawilebis Taviseburebebsac. 

Sav zRvaSi marilianobis sivrciTi ganawilebis erT-erTi Tavisebu-

rebaa izohalinuri zedapirebis TaRovani forma da marilianobis 
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Semcireba zRvis centraluri nawilebidan periferiebisaken. es ga-

mowveulia ciklonuri grigalebis formirebiT, romlebic ganapi-

robeben aRmaval dinebebs da Sesabamisad ufro mariliani wylebis 

amosvlas Rrma fenebidan zedapirul wylebSi. rogorc mraval-

ricxovani eqsperimentuli monacemebi mowmobs, aseTi TaRovani 

forma, romelsac xels uwyobs ciklonuri cirkulacia, damaxasia-

Tebelia 1000 m siRrmemde [94]. aseTi sivrciTi struqtura Tviseb-

rivad mdgradia mTeli wlis ganmavlobaSi, xolo marilianobis ra-

odenobrivi cvlilebebi dakavSirebulia mtknari da mariliani 

wylebis biujetze, vertikaluri turbulenturi gacvlisa da cik-

lonuri cirkulaciis intensivobaze. yvelaze dabali mariliano-

biT gamoirCeva zRvis Crdilo-dasavleTis Selfuri nawili, sadac 

did mdinareTa Senakadebi (dnepri, dunai, dnestri) gamamtknarebel 

gavlenas axdenen zRvis wyalze. marilianobis velis es Tavisebure-

bebi kargad Cansnax. 3.6-ze, sadac naCvenebia [35]-Si maTematikuri 

modelirebis Sedegad saSualo wliuri klimaturi monacemebis ga-

moyenebiT gamoTvlili marilianobis velis ganawilebis suraTebi 1 

m da 85 m horizontebze.  

 

(a)           (b) 

nax. 3.6. gamoTvlili marilianobis saSualo wliuri veli 1 m (a) da                               
85 m (b) siRrmeebze [35] 

 

nax. 3.6-ze kargad Cans marilianobis velis gumbaTiseburi xasiaTi 

zRvis Ria akvatoriaSi, rac kargad Seesabameba Sida ciklonuri 

grigalebis mdebareobas. yvelaze didi marilianoba daikvirveba 

dasavleT da aRmosavleT ciklonebis wrebrunvis centrebSi — 

18,4‰ zRvis zedapirze, xolo 21,0-21,1 — 85 m horizontze. yvelaze  

dabali  marilianobiT gamoirCeva  zRvis  Crdilo-dasavleTi nawi-

li dunais SesarTavTan, sadac mdinaris mtknari wylebis gavlena 

yvelaze metad igrZnoba.  
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(a)     (b) 

nax. 3.7. gamoTvlili pirobiTi simkvrivis saSualo wliuri veli 1 m (a) da 
85 m (b) siRrmeebze [35]. 

nax. 3.7-ze naCvenebia imave maTematikuri modelis [35] safuZ-

velze gamoTvlili pirobiTi simkvrivis saSualo wliuri veli 1 m 

da 85 m horizontebze. rogorc cnobilia, Sav zRvaSi simkvrivis ve-

lis formireba ZiriTadad ganisazRvreba marilianobis veliT [148, 

220]. swored es faqti ganapirobebs imas, rom simkvrivis velis ho-

rizontaluri ganawileba, faqtobrivad, imeorebs marilianobis ve-

lis ganawilebis Taviseburebebs. am SemTxvevaSic izopiknikur ze-

dapirebs aqvT gumbaTiseburi forma da maTi mdebareoba praqtiku-

lad iseTivea, rogorc nax. 3.6-ze naCvenebi izohalinuri zedapire-

bisTvis.  

nax. 3.8. Savi zRvis marilianobis veli 1992 wlis ivlisSi 
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marilianobis velis horizontaluri ganawilebis xasiaTze na-
Tel warmodgenas gviqmnis agreTve nax. 3.8, sadac warmodgenilia 
1992 wlis ivlisis Sesabamisi Savi zRvis zedapiris marilianobis ve-
li. es suraTi mopovebulia internetidan da miRebulia Sua aRmo-
savleTis teqnikuri universitetis zRvis mecnierebaTa institu-
tis monacemTa bazidan (q. erdemli, TurqeTi). naxazze gamosaxuli 
marilianobis velis mixedviT SegviZlia vimsjeloT Savi zRvis zo-
gadi cirkulaciis xasiaTzec, radganac cirkulaciis xasiaTi mniS-
vnelovnad gansazRvravs marilianobis ganawilebis suraTs: ciklo-
nuri wrebrunvis areebSi ganviTarebul aRmaval dinebas Rrma fe-
nebSi myofi ufro mariliani wyali amoaqvs zeda fenebSi, xolo an-
ticiklonuri wrebrunvis centrebSi ganviTarebuli daRmaval di-
nebas naklebad mariliani wyali Caaqvs qveda doneebze. amgvarad, 
nax. 3.8-ze maRali marilianobis areebs zRvis Ria nawilSi (18,5-

19‰) Seesabameba ciklonuri grigaluri warmonaqmnebi, rac karg 

TanxmobaSia Savi zRvis zogadi cirkulaciis xasiaTTan. rogorc 
nax. 3.8-dan Cans, zRvis saqarTvelos seqtori SedarebiT dabali ma-

rilianobiT xasiaTdeba (daaxloebiT 17,5-18‰), rac SesaZloa miu-

TiTebdes anticiklonuri moZraobis arsebobas akavatoriis am na-
wilSi. naxazze kargad daikvirveba yvelaze dabali marilianobis 
wylebi auzis Crdilo-dasavleT da dasavleT nawilebSi, rac gamow-
veulia did mdinareTa mtknari wylis CamonadeniT.  

zedapirul fenaSi temperaturuli velis formirebas mniSvne-
lovnad ganapirobebs siTbocvla zRvasa da atmosferos Soris da am 
SemTxvevaSi adveqciuri faqtorebis roli meorexarisxovania. zam-
TrobiT zRvis Crdilo-dasavleTi da Crdilo-aRmosavleTi raione-
bis wylebi zogjer civdeba 00-mde da qvemoTac da Selfis Txelwylo-
van ubnebSi Cndeba yinulis safari. zRvis Rrmawylovan raionebSi zam-

TarSi temperatura 50-90C-ia. zafxulSi zRvis zedapiri Tbeba 240C -

270C -mde napirebTan da 210-230C -mde — Rrmawylovan raionebSi.  
bolo aTeul wlebSi Tanamgzavruli dakvirvebis sistemis gan-

viTarebam didad Seuwyo xeli okeaneebis da zRvebis zedapirul 

temperaturaTa Sesaxeb sruli informaciis miRebas. nax. 3.9-ze naC-

venebia Savi zRvis zedapiris temperaturis Tanamgzavruli suraTi 

2006 wlis agvistoSi, rac sakmaod naTel warmodgenas gviqmnis Savi 

zRvis temperaturuli velis ganawilebaze. rogorc Tanamgzavru-

li suraTidan Cans, 2006 wlis zafxulSi ufro maRali temperatu-

rebi aRiniSneboda zRvis aRmosavleT akvatoriaSi dasavleT akva-

toriasTan SedarebiT, rac saerTod damaxasiaTebelia Savi zRvi-

saTvis.  
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nax. 3.10-ze warmodgenilia Savi zRvis zogadi hidrologiuri 

da hidroqimiuri vertikaluri struqtura sqematurad, rac gar-

kveul warmodgenas gviqmnis Savi zRvis vertikalur suraTze zoga-

dad [124]. naxazze warmodgenil temperaturisa da simkvrivis pro-

filebSi kargad Cans zeda Serevis fena, Termoklini da civi Suale-

duri fena temperaturis ganawilebis mrudze da piknoklini, anu 

simkvrivis didi vertikaluri gradientebis fena simkvrivis mrud-

ze. naxazze sqematurad naCvenebia redoqs-zonac, sadac erTdrou-

lad daikvirveba Jangbadi da gogirdwyalbadi. redoqs-zonis qve-

moT gogirdwyalbadis Semcveli wylebia, xolo zemoT JangbadiT 

mdidari wylebi.  

miqceva da moqceva Sav zRvaSi 

sustadaa gamoxatuli — isini mxolod 

xelsawyoebiT registrirdeba da ar 

nax. 3.9. Savi 
zRvis zedapiris 

temperaturis 
Tanamgzavruli 

suraTi
2006 wlis 13 

agvistos. 
miRebulia NOAA 
Tanamgzavridan 

nax. 3.10 Savi zRvis 
hidrologiuri da 

hidroqimiuri reJimis     
vertikaluri struqtura 

[124] 
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aWarbebs daaxloebiT 10 sm-s, radganac xmelTaSua zRvis moqcevis 

talRebi miileva dardanelisa da bosforis sruteebSi, xolo Savi 

zRvis mcire sivrciTi ganfeniloba xels uSlis Zlieri miqceva--

moqcevis ganviTarebas. 

3.4. zRvis klimati. siTburi da wylis balansi 

Sav zRvis dinamikuri procesebis Taviseburebani mniSvnelov-

nadaa damokidebuli zRvis zemoT ganviTarebuli atmosferuli 

procesebis xasiaTze, Savi zRvis mimdebare xmeleTis orografiul 

Taviseburebebze da zRvis sanapiro xazis konfiguraciasa da mor-

fometriul parametrebze. atmosferuli cirkulacia Savi zRvis 

zemoT warmoadgens CrdiloeT naxevarsferoSi ganviTarebuli 

cirkulaciuri procesebis Semadgenel nawils. Savi zRvis klimatis 

ZiriTadi Taviseburebebi, mTlianobaSi, formirdeba makrocirku-

laciuri procesebis gavleniT. klimatisa da amindis formirebas 

Savi zRvis teritoriaze mniSvnelovanwilad gansazRvravs atmos-

feros bariuli centrebis moqmedeba. kerZod, aseTebia: azoris maq-

simumi mTeli wlis ganmavlobaSi da ramdenime bariuli da Termuli 

warmonaqmni, rogorebicaa zamTarSi cimbiris anticikloni da 

xmelTaSua zRvis depresia, xolo zafxulSi Termuli depresia 

Crdilo afrikisa da wina aziis zemoT. garda amisa, Savi zRva ganic-

dis ciklonebis zemoqmedebas, romlebic periodulad gadaadgil-

debian zRvis akvatoriis zemoT, da iwveven SedarebiT mcire droi-

Ti masStabis rxevebs. aRniSnuli meteorologiuri procesebi aya-

libeben garkveul qaris reJims Savi zRvis zemoT, romelic Tavis 

mxriv arsebiT gavlenas axdens Savi zRvis cirkulaciaze. zRvis ze-

dapirze qaris xaxunis tangencialuri daZabulobis zemoqmedebiT 

formirdeba ZiriTadad zRvis zedapiruli dinebis suraTi. dakvir-

vebebi gviCvenebs, rom mTeli wlis ganmavlobaSi Savi zRvis zemoT 

adgili aqvs atmosferuli cirkulaciuri reJimebis uwyvet monac-

vleobas [73], rac mniSvnelovan gavlenas axdens zRvis zedapiruli 

dinebis transformaciaze [153, 154].  

adgilobrivi fiziko-geografiuli Taviseburebebi, ZiriTa-

dad orografia da sanapiros zogierTi monakveTis moxazuloba, 

qmnis mniSvnelovan klimatur gansxvavebas Savi zRvis calkeul re-

gionebs Soris. Savi zRvis teritoriis did nawilSi Savi zRvis kli-

mati msgavsia xmelTaSua zRvis klimatisa (Tbili notio zamTari, 

cxeli da mSrali zafxuli). zRvis samxreT-aRmosavleTi nawili 
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(aWaris sanapiros CaTvliT), romelic garSemortymulia qedebiT, 

xasiaTdeba Tbili subtropikebis klimatiT (naleqebis siuxve, Tbi-

li zamTari, cxeli zafxuli). Savi zRva mniSvnelovan gavlenas ax-

dens samxreT kavkasiis teritoriaze atmosferuli procesebis 

formirebaSi da garkveulwilad gansazRvravs regionuli klimati-

sa da amindis formirebas aRniSnul regionSi [140, 204, 217].  

Savi zRva siTbosa da tenis amouwuravi wyaroa. kavkasia upira-

tesad mTiani regionia, romlis mTavari orografiuli elementi - 

kavkasiis mTavari qedi icavs saqarTvelos CrdiloeTidan SemoWri-

li civi haeris masebisagan. haeris masebi ZiriTadad Semouvlian 

qeds dasavleTidan da aRmosavleTidan, xolo Savi zRvis Tbili 

wylebis zemoqmedebiT saqarTvelos teritoriaze Semodian nakle-

bad civi da notio haeris masebi. is faruli da cxadi siTbo, rasac 

atmosfero iRebs Savi zRvidan, warmoadgens mniSvnelovan fizikur 

faqtors atmosferuli procesebis formirebaSi samxreT kavkasii-

sa da maT Soris saqarTvelos teritoriaze. zRvis saSualo zedapi-

ruli temperatura saqarTvelos sanapiros farglebSi 140C-150C-ia. 

SemodgomiT saqarTvelos Savi zRvis sanapiroze wylis temperatura 

70C-80C-iT aWarbebs gazafxulze wylis temperaturas da temperatu-

ruli sxvaoba haerisa da zRvis temperaturebs Soris Semodgomazea 

yvelaze meti (saSualod 40-50C), amitom, zRvidan atmosfero met 

siTbos Rebulobs SemodgomiT sxva sezonebTan SedarebiT.  
yvelaze teniania aWaris sanapiro zona, sadac naleqebis saSua-

lo wliuri raodenoba 4000 mm-s utoldeba [12, 140]. aseTi uxvi na-

leqebis arsebobas ganapirobebs aWaris SavizRvispireTis mTiani 

reliefi, romelic uSualod zRvispiras eSveba da ganapirobebs da-

savleTidan mosuli teniT gamdidrebuli haeris masebis aRmaval 

dinebebs. es ki Tavis mxriv ganapirobebs wylis orTqlis kondensa-

cias da Rrubelwarmomqmneli procesebis intensivobas.  

Savi zRvis hidrologiuri struqturis CamoyalibebaSi didi 
mniSvneloba eniWeba wylis balanss. Savi zRvis wylis balansis Ziri-
Tadi komponentebia: 

 atmosferuli naleqebi P,

 mdinareTa Camonadeni R,

 aorTqleba zRvis zedapiridan E,

 wylis Semodineba azovis zRvidan,

 wylis Semodineba qveda bosforis dinebiT,

 wylis gadineba zeda bosforis dinebiT.
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Savi zRvis wylis balansi mravali naSromis kvlevis obieqtia, 

magram literaturaSi moyvanili zRvis wylis balansis calkeuli 

komponentebis raodenobrivi Sefasebebi garkveulwilad gansxva-

vebulia. rogorc [132]-Sia aRniSnuli, es Sefasebebi keTdeboda ara 

marto sxvadasxva meTodebiT,  aramed sxvadasxva  droiT  periodeb-

Si. Savi zRvis wylis balansis ufro sruli Sefasebebi mocemulia 

[94]-Si.  

xmelTaSua zRvisagan gansxvavebiT, Sav zRvaSi mTlianobaSi da-

debiTi mtknari balansia, e. i. mtknari wylis Cadineba atmosferuli 

naleqebisa da mdinareTa Canadenebis xarjze Warbobs aorTqlebas. es 

faqtori mniSvnelovnad gansazRvravs auzis saerTo marilianobis 

Semcvelobas da wylebis gadinebis upirates mimarTulebas srutee-

bis meSveobiT.  

Savi zRvis mtknari wylis balansSi mniSvnelovani wili ekuTvnis 

mdinareTa Canadens, gansakuTrebiT gazafxulisa da zafxulis peri-

odSi. Sav zRvaSi daaxloebiT 1000 mdinare Caedineba, romlebic er-

TmaneTisagan gansxvavdeba wylianobiT da auzebis sididiT. maT So-

ris umravlesoba mcire mdinarea da daaxloebiT mxolod 500 mdina-

ris sigrZe aWarbebs 10 km [107]. mdinareTa mtknari wylis jamuri Ca-

monadeni Sav zRvaSi, arsebuli monacemebiT mniSvnelovnad gansxvav-

deba erTmaneTisagan da meryeobs diapazonSi 294 - 474 km3 weliwadSi. 

[107]-is Tanaxmad, Savi zRvaSi yovelwliurad mdinareTa mier Caedi-

neba 348 km3 mtknari wyali. aqedan daaxloebiT 80% modis zRvis au-

zis Crdilo-dasavleT nawilze, sadac Caedinebian yvelaze didi mdi-

nareebi: dunai (200 km3/w), dnepri (50 km3/w), dnestri (10 km3/w). saqar-

Tvelos sanapiros gaswvriv zRvaSi Caedineba 150-ze meti mcire, sa-

Sualo da didi mdinare, romelTagan mniSvnelovania rioni (13,37 

km3/w), Woroxi (8,71 km3/w), kodori (4,17 km3/w), bzifi (3,79 km3/w), eris-

wyali (3,15 km3/w). saqarTvelos teritoriidan Sav zRvaSi mdinareTa 

wylebis Camonadenis jamuri raodenobaa 46 km3  weliwadSi.  

[107]-Si aRniSnulia, rom Savi zRvis mtknari wylebis balansSi 

gaTvaliswinebuli unda iqnas gruntis wylebis Camonadeni, ris Sesa-

xebac zusti monacemebi ar moipoveba. avtoris azriT, miwisqveSa 

gziT Sav zRvaSi Caedineba zedapiruli wylebis Camonadenis daaxlo-

ebiT 5%, da misi moculoba Seadgens daaxloebiT 17 km3 weliwadSi.  

[132]-is Tanaxmad, Tu literaturaSi moyvanili monacemebis mi-

xedviT vimsjelebT, wylis balansis komponentebis saSualo mniSvne-

lobebi Semdegnairad gamoiyureba. mdinareTa mtknari wylis Camona-

deni R=355km3 weliwadSi daaxloebiT tolia aorTqlebiT wylis da-
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nakargze E=-355 km3 weliwadSi. atmosferuli naleqebiT mtknari 

wylis Sevseba aris P=220 km3 weliwadSi. wylis Semodineba sruteebis 

meSveobiT aris 255 km3 weliwadSi, aqedan bosforis srutiT wylis 

Semodinebaa 200 km3. wylebis gadineba Savi zRvidan sruteebis meSve-

obiT Seadgens -460 km3 weliwadSi (mxolod bosforiT — -420km3). sa-

interesoa aRiniSnos, rom am monacemebiT Sefasebuli wylebis ga-

naxleba Sav zRvaSi Seadgens 700 weliwads [132]. es cifri miRebulia 

zRvis auzis moculobis SefardebiT Semosuli wylebis raodeno-

basTan, rac saSualod Seadgens 800 km3/w. 

[132] -is Tanaxmad Savi zRvis mtknari wylis balansi xasiaTdeba 

mniSvnelovnad gamoxatuli Sigawliuri cvalebadobiT, rac or pe-

riodad SeiZleba daiyos: ivlisidan oqtombris CaTvliT balansi 

uaryofiTia ((R + P) < E), rac gamowveulia intensiuri aorTqlebiT 

zafxul-Semodgomis periodSi; noembridan ivnisis CaTvliT balan-

si dadebiTia ((R + P) > E) da maqsimumi modis april-maisSi. gazafxu-

lis maqsimumi gamowveulia mdinareTa adidebiT da minimaluri aor-

TqlebiT. aorTqlebis sivrciTi ganawileba Savi zRvis teritoriaze 

gamoirCeva araerTgvarovnebiT, maqsimaluri aorTqlebis areebi im-

yofeba zRvis Crdilo-dasavleT da Crdilo-aRmosavleT nawilSi da 

Seesabamebian maqsimaluri qarebis zonas.  

naleqebis sivrciTi ganawilebisaTvis zogadad damaxasiaTebe-

lia maTi zrda sanapiro zonebSi zRvis Ria akvatoriasTan SedarebiT 

[140]. mosuli naleqebis maqsimaluri raodenobiT gamoirCeva anato-

liisa da saqarTvelos sanapiroebi, gansakuTrebiT ki aWaris sanapi-

ro zona, rasac xels uwyobs sanapirosTan mimdebare orografia. 

aorTqleba aWarbebs naleqebs Savi zRvis akvatoriis did nawilze, 

garda saqarTvelosa da aRmosavleT TurqeTis sanapiroebze.  

[218]-is Tanaxmad, qerCis srutis meSveobiT azovis zRvidan Sav 

zRvaSi Sedis 53 km3 dabali marilianobis wyali, xolo qveda dinebiT 

Savi zRvidan gadis 30 km3 ufro mariliani wyali. bosforis zeda di-

nebiT Savi zRvidan marmarilos zRvaSi gaedineba 340 km3 naklebad ma-

riliani wyali, xolo qveda dinebiT Sav zRvaSi Semodis 180 km3 gaci-

lebiT didi marilianobis wyali. sainteresoa aRiniSnos, rom wylis 

masebis gacvla bosforis meSveobiT gavlenas axdens ara marto Savi 

zRvis fizikur-qimiur maxasiaTeblebze, aramed planqtonis Semad-

genlobazec. bosforis qveda dinebis meSveobiT planqtonuri orga-

nizmebis mniSvnelovani nawili Semodis Sav zRvaSi, romlebic kargad 

eguebian Savi zRvis garemos da mravldebian kidec [203].  



 
 

79 

Savi zRvis siTburi balansi ganxilulia mTel rig SromebSi 

(mag. [94, 132, 202, 218]), magram am SemTxvevaSic, iseve rogorc wylis 

balansis ganxilvisas, misi Semadgeneli komponentebis raodenob-

rivi Sefasebebi garkveulwilad gansxvavebulia. [132]-Si calkeul 

SromebSi warmodgenili siTburi balansis komponentebis analizis 

safuZvelze Sefasebulia calkeuli komponentebis saSualo mniS-

vnelobebi: radiaciuli balansi, romelic warmoadgens mosuli 

mzis radiaciisa da efeqturi grZeltalRovani gamosxivebis sxvao-

bas, R=100 vt/m2, cxadi siTbos turbulenturi nakadi H=13 vt/m2, 

faruli siTbos turbulenturi nakadi LE=64 vt/m2. radiaciuli ba-

lansi maqsimaluria ivnisSi [94], xolo zogierTi wyaros mixedviT 

ivlisSi [117], minimaluria dekemberSi. marti-agvistos periodSi 

zRva atmosferosagan iRebs siTbos (H +LE), xolo seqtembridan Te-

bervlis CaTvliT zRva gadascems siTbos atmosferos. zRvidan at-

mosferoSi siTbos gadacema yvelaze metia Semodgomaze. rogorc 

[132]-Sia aRniSnuli, sxvadasxva avtorebis mier gakeTebuli Sefase-

bebi Savi zRvis akvatoriaze siTburi balansis komponentebis siv-

rciTi ganawilebis Sesaxeb gansxvavebulia. zRvis akvatoriaze ja-

muri siTburi balansis ganawilebis aseTive gansxvavebuli Sefase-

bebia gakeTebuli literaturaSi, Tumca, ganawilebis zogadi sura-

Ti TiTqmis erTnairia — zRva saSualod weliwadSi iRebs siTbos 

zRvis samxreT nawilSi da gascems CrdiloeT nawilSi. [94]-is Tanax-

mad, siTburi balansis niSnis Secvlis sazRvari gadis C. g. 440-ze, 

romelic zRvas daxloebiT or tol nawilad yofs, Tumca, litera-

turaSi aqac ar aris erTiani azri.   

 

3.5 Savi zRvis daWuWyianeba anTropogenuri 

minarevebiT  
 

civilizaciis ganviTarebis Tanamedrove etapze garemos da-

binZurebam globaluri xasiaTi miiRo. zRvebsa da okeaneebSi buneb-

rivi da anTropogenuri warmoSobis minarevebis gavrcelebis Ses-

wavlas didi mecnieruli da praqtikuli mniSvneloba gaaCnia da Ta-

namedrove okeanologiis erT-erTi umniSvnelovanesi amocanaa. aR-

niSnuli problemisadmi interesi gansakuTrebiT gaZlierda gasu-

li saukunis meore naxevridan, rac dakavSirebulia msoflio okea-

nis ekologiuri mdgomareobis gauaresebasTan.  

gansakuTrebul ekologiur datvirTvas ganicdian okeaneebisa 

da zRvebis sanapiro zonebi, sadac msoflios mosaxleobis daaxlo-
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ebiT 60% cxovrobs am teritoriebze. sanapiro zona warmoadgens 

materikebis viwro wagrZelebul nawils, romelic moicavs zRvis 

donidan 200 m zemoT da 200 m qvemoT mdebare zols [158]. sanapiro 

Selfur zonebSia Tavmoyrili biologiuri, energetikuli da mine-

raluri resursebis ZiriTadi nawili.  

amJamad, yovelwliurad aseeulobiT tona sxvadasxva sayo-

facxovrebo, sasoflo-sameurneo da samrewvelo narCeni xvdeba 

zRvebsa da okeaneebSi uSualod an atmosferodan. damaWuWyianebel 

nivTierebaTa Soris Zalzed didia navTobisa da navTobprodute-

bis wili [57, 100]. [100]-Si moyvanili monacemebis Tanaxmad, navTobis 

yovelwliuri mopoveba 2002 wlisaTvis Seadgenda 3 miliard 47 mi-

lion tonas, romelTagan 3/5 modioda sazRvao gadazidvebze tanke-

rebis meSveobiT, xolo 2/5 — milsadenebiT transportirebaze, e. i. 

2 miliard 84 milion tonaze meti gadaizideboda zRviT da itvir-

Teboda terminalebSi. zRvebis saerTo daWuWyianebis 12% modioda 

navTobiT daWuWyianebaze misi transportirebis, terminalebSi 

gadmotvirTvisas da avariebis dros.  

mravali SefasebiT msoflio okeaneSi yovelwliurd xvdeba 30 

aTasze meti sxvadasxva qimiuri naerTi, romelTa saerTo masa Sead-

gens daaxloebiT 1,2 miliard tonas. garda navTobproduqtebisa, 

Zalzed saSiSi toqsikuri damabinZurebeli nivTierebebia pestici-

debi, mZime metalebi, gansakuTrebiT, vercxliswyali [119]. qimiuri 

daWuWyianeba seriozul saSiSroebas warmoadgens ara marto zRvebis 

ekosistemisaTvis, aramed adamianTaTvis, romlebic gamoiyeneben 

zRvis biologiur, mineralur da rekreaciul resursebs. 

okeanesa an zRvaSi moxvedrili nebismieri warmoSobis mqone (bu-

nebrivi an anTropogenuri) minarevis koncentraciis velis formi-

reba da evolucia rTuli procesia da zogadad igi ganpirobebulia 

erTdroulad ramdenime faqtoris moqmedebiT. es faqtorebia: fi-

zikuri (sxva agregatul mdgomareobaSi gadasvla, koagulacia, ad-

sorbcia, radioaqtiuri daSla da sxv.), qimiuri (qimiuri daSla, qimi-

ur reaqciaSi Sesvla sxva nivTierebasTan da sxv.), biologiuri (aku-

mulacia da nivTierebis gadatana cocxali organizmebis mier) da 

hidrodinamikuri. hidrodinamikur faqtorebs ganekuTvneba zedapi-

ruli talRebi, nivTierebis gadatana dinebis mier (adveqcia) da di-

fuzia, ganpirobebuli turbulenturi grigalebis arsebobiT.  

zRvis garemoSi moxvedrili sxvadasxva fizikur-qimiuri Tvise-

bebis mqone minarevi seriozul safrTxes uqmnis zRvis ekosistemas 

[54, 57, 88, 100, 208]; maT SeuZliaT gamoiwvion Seuqcevadi procesebi 
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hidrobiosferoSi da uaryofiTi gavlena iqonion zRvis resurseb-

ze, saboloo jamSi ki adamianTa janmrTelobaze. garda amisa, zRvis 

zedapiris intensiurma daWuWyianebam SeiZleba gamoiwvios okeanesa 

da atmosferos Soris urTierTqmedebis Sesusteba, ramac SesaZle-

belia garkveuli cvlileba Seitanos atmosferuli procesebis bu-

nebriv ganviTarebaSi [206]. cnobilia, rom zRvis an okeanis zedapir-

ze yovelTvis aris kontinentebidan motanili mtveri da navTobis 

afskebi, romelTa arseboba xSir SemTxvevaSi ganpirobebulia anTro-

pogenuri faqtorebiT. gamokvleulia, rom navTobis afski zRvis ze-

dapirze amcirebs aorTqlebas da zRvis marilis nawilakebis mox-

vedras atmosferoSi [164], romlebic Tavis mxriv TamaSoben krista-

lizaciis centrebis rols RrubelTa warmoqmnis procesebSi. amgva-

rad, zRvebis da okeaneebis zedapirebis daWuWyianebam seriozuli 

cvlilebebi SeiZleba Seitanos atmosferuli tenis balansSi da bu-

nebrivi hidrologiuri ciklis darRveva gamoiwvios. am cvlilebaTa 

raodenobrivi Sefaseba da prognozi seriozuli da sakmaod rTuli 

mecnieruli problemaa, romlis gadawyvetac dakavSirebulia erTis 

mxriv daWuWyianebis koncentraciebis da maTi okeanis zedapirze ga-

nawilebis zust codnasTan, xolo meores mxriv, atmosferos hidro 

da Termodinamikuri procesebis didi sizustiT aRwerasTan atmos-

feros zogadi cirkulaciis maTematikuri modelebis saSualebiT.  

minarevebis gavrceleba Sav zRvasa da msoflio okeanis sxva re-

gionebSi Seiswavleboda da Seiswavleba eqsperimentuli da Teoriu-

li meTodebis gamoyenebiT. am sakiTxisadmi miZRvnilia v. a. kaganisa 

da v. a. riabCenkos [137], g. i. marCukis [181], r. v. ozmidovis [200], a. s. 

moninisa da r. v. ozmidovis [192], b. a. nelepos [195] cnobili monogra-

fiebi.  

Savi zRvisadmi interesi gansakuTrebiT gaizarda bolo aTeul 

wlebSi, romlis erT-erTi mizezia Savi zRvis wylebis mzardi da-

WuWyianeba sxvadasxva anTropogenuri minarevebiT. mraval eqsper-

tTa SefasebiT, Savi zRvis ekologiuri mdgomareoba sagangaSoa da 

misi daWuWyianebis done TandaTan izrdeba. kargadaa cnobili, rom 

Savi zRva msoflio okeanis erT-erTi yvelaze dabinZurebuli auzia 

[100, 159, 169]. es gamowveulia arsebuli anTropogenuri datvirTviT 

da zRvis auzis specifikuri hidrologiuri TaviseburebebiT. Savi 

zRva metad mgrZnobiarea gareSe anTropogenuri datvirTvebis mi-

marT, radgan igi TiTqmis Caketili wyalsatevia da mxolod bosfo-

ris viwro srutiT ukavSirdeba msoflio okeanes. damaWuWyianebel 

wyaroebs Soris mniSvnelovania didi mdinareebis mier zRvaSi Semo-
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tanili sxvadasxva anTropogenuri ingredienti. Sav zRvaSi Camdina-

re mdinareTa auzebi 22 qveynis miwebs aerTianebs. amitom am qveynebis 

samrewvelo, sasoflo-sameurneo da sayofacxovrebo narCenebi mdi-

nareTa meSveobiT Zler abinZurebs zRvas. evropis uamravi qveyana 

uSvebs Tavis narCenebs Sav zRvaSi mdinareebis dunais, prutis da 

dnepris meSveobiT, gansakuTrebiT didi datvirTva modis zRvis au-

zis Crdilo-dasavleT meCxerwylovan Selfur nawilze, sadac Savi 

zRvis cocxali organizmebis daaxloebiT 65% -ia.  

evropis saparlamento asambleis mier momzadebul erT-erT do-

kumentSi [54] moyvanilia monacemebi, romlis Tanaxmadac 2008 wlis 

mdgomareobiT mxolod md. dunais yovelwliurad Sav zRvaSi Cahqon-

da 280 t kadmiumi, 60 t vercxliswyali, 900 t spilenZi, 6000 t cinki, 

1000 t qromi, 50000 t naxSirwyalbadebi da sxv. danarCen mdinareebs, 

romlebic Sav zRvas erTvian, zRvaSi yovelwliurad CahqondaT 87 t. 

kadmiumi, 1500 t. spilenZi, 2600 t. cinki. gamaWuWyianebel minarevebs 

SeuZliaT gamousworebeli ziani miayenon zRvis florasa da faunas, 

amitom Savi zRvis wylebis mdgomareobis kontroli da prognozi Sa-

vi zRvis okeanografiis erT-erTi umniSvnelovani amocanaa.  

gansakuTrebuli presis qveSaa Savi zRvis sanapiro zona, sadac 

adamianis sayofacxovrebo da sameurneo saqmianoba garkveul saSiS-

roebas uqadis zRvis sanapiro ekosistemas. sanapiro zonis Seswav-

lis aucilebloba dakavSirebulia aqtiur naosnobasTan, sxvadasxva 

hidroteqnikur nagebobaTa da teqnologiur platformaTa mSeneb-

lobasTan, navTobis, bunebrivi airis da sxva bunebrivi resursebis 

mopovebasTan, maRal biologiur produqtiulobasTan, sanapiro zo-

nis rekreaciul funqciasTan da sxv. ukanasknel wlebSi mniSvnelov-

nad gaaqtiurda adamianis sameurneo-yofiTi saqmianoba saqarTve-

los sanapiro zonaSi, sadac yovelwliurad matulobs turistTa na-

kadi da sanapiro zonis rekreaciuli funqcia sul ufro aqtualuri 

xdeba qveynisaTvis; izrdeba Sesabamisi sanapiro infrastruqturac. 

aq mdebareobs aRmosavleT SavizRvispireTis erT-erTi udidesi ba-

Tumisa da foTis portebi, romlebic arsebiT rols TamaSoben qvey-

nis sagareo-savaWro kavSirebSi. qveynis udidesi portis — anakliis 

Rrmawylovani portis aSenebis SemTxvevaSi, kidev ufro gaizrdeba 

Savi zRvis satranzito mniSvneloba qveynisaTvis. sameurneo saqmia-

nobis gaaqtiureba sagrZnoblad zrdis saqarTvelos zRvis sanapiro 

zonis dabinZurebis saSiSroebas navTobproduqtebiTa da sxva toq-

sikuri elementebiT. 
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3.5.1. zRvis navTobproduqtebiT daWuWyianeba  

Savi zRvisaTvis, iseve rogorc msoflio okeanisaTvis, navTobi 

da navTobproduqtebi yvelaze gavrcelebuli da saSiSi ingredien-

tebia zRvis ekosistemisaTvis. amJamad, msoflio okeaneSi TiTqmis 

ar moiZebneba iseTi regioni, romelic ar ganicdides wylebis nav-

TobproduqtebiT daWuWyianebis gavlenas. Tanamedrove Sefasebe-

biT msoflio okeaneSi sxvadasxva wyaroebidan yovelwliurad 1,7-

8,8 milioni tona navTobi xvdeba [167].  

navTobi warmoadgens blant zeTovan siTxes, romelic muqi ya-

visferia da damaxasiaTebeli suni aqvs. nedli navTobi sxvadasxva 

nivTierebaTa rTuli narevia, romlis ZiriTadi komponentebia nax-

Sirwyalbadebi (80-90%). navTobi zRvaSi SeiZleba moxvdes rogorc 

bunebrivi (mag., zRvis fskerze talaxis vulkanebis amofrqvevebi), 

aseve xelovnuri (navTobis mopoveba, sazRvao gadazidvebi, mdina-

reTa Canadeni) gziT.  

navTobis laqebis gavrceleba zRvaSi rTuli procesia da bevr 

faqtorzea damokidebuli. es faqtorebia rogorc garemos mdgoma-

reoba, aseve TviT nivTierebis fizikur-qimiuri Tvisebebi. navTo-

bis gavrcelebisa da koncentraciebis cvlilebis meqanizmi zRvis 

garemoSi sakmaod detaluradaa aRwerili [89, 118, 159]-Si. zRvis ze-

dapirze navTobis daRvris Semdeg, gravitaciuli, siblantisa da 

zedapiruli daWimulobis Zalebis gavleniT formirdeba navTobis 

afski, romlis sisqe daaxloebiT 20-30 mkm aRwevs [89], Tumca lite-

raturaSi sxva Sefasebebic aris. ganirTxmeba ra zRvis zedapirze, 

navTobis afski iwyebs dreifs, icvlis zomebs da konfiguracias qa-

ris, dinebis, talRebisa da turbulenturi difuziuri procesebis 

gavleniT. amave dros navTobis koncentraciebi icvleba sxvadasxva 

fizikuri da bioqimiuri faqtorebis gavleniT. es faqtorebia nav-

Tobis aorTqleba, dispergireba, emulgireba, biodegradacia, se-

dimentacia da sxv.  

aorTqlebis siCqare ZiriTadi maxasiaTebeli parametria nebis-

mieri saxeobis navTobisTvis da igi damokidebulia rogorc navTo-

bis fraqciul Semadgenlobaze da zedapirze ganRvrili navTobis 

farTobze, aseve gareSe pirobebze — zRvis temperaturasa da qaris 

siCqareze. navTobi warmoadgens naxSirwyalbaduri SenaerTebis na-

revs da misi daRvris Semdeg dabali duRilis temperaturis mqone 

aqroladi komponentebi swrafad orTqldeba. amitomaa, rom aor-

Tqlebis intensivoba mniSvnelovnadaa damokidebuli navTobis Se-
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madgenlobaze. [89]-is Tanaxmad, saSualod, aorTqlebis Sedegad 

navTobis masis 1/3-dan 2/3-mde ikargeba navTobis CaRvridan ramde-

nime saaTidan 24 sT-mde drois periodSi.  

dispergireba warmoadgens wylis zedapiridan navTobis moci-
lebis process da navTobis mcire wveTebis gaCenas wylis sisqeSi 
zedapiruli talRebisa da turbulenturi difuziis zemoqmede-
biT. rac ufro didia talRuri energia, miT metia dispersiis siCqa-
re. dispersiis siCqareze gavlenas axdens agreTve navTobis siblan-
te, romelic mcirdeba navTobis maRali siblantis SemTxvevaSi. 
dispergirebuli navTobi wylis sisqeSi arsebobs mcire wveTebis 
saxiT, romelTa diametri 1-50 mikrometr diapazonSi icvleba. maTi 
vertikaluri ganawileba, garda turbulenturi difuziisa, gani-
sazRvreba navTobis wveTebis zomebiTa da simkvriviT.  

emulgireba dispergirebis sawinaaRmdego procesia, rodesac 
talRebis meqanikuri zemoqmedebis Sedegad wylis wveTebi ereva 
navTobis laqas da warmoiqmneba emulsia `wyali navTobSi”. emulgi-
rebis process, iseve rogorc aorTqlebas, Tan axlavs navTobis 
siblantis gazrda. navTobis afski emulgirebul mdgomareobaSi Se-
iZleba Seicavdes 70%-mde wyals, xolo misma simkvrivem SesaZloa 
100 da 1000-jer gadaaWarbos sawyisi navTobis simkvrives [89].  

navTobis zogierTi komponenti kargad ixsneba wyalSi da xdeba 
zRvis wylis nawili, magram es unda ganvasxvavoT dispergirebisagan, 
rodesac xdeba navTobis wveTebis warmoqmna wyalSi.  

biodegradacia neli procesia, rodesac warmoebs navTobis nax-
Sirwyalbadebis daSla sxvadasxva mikroorganizmebis gavleniT.  

fotodaJangva mniSvnelovani procesia, romelic iwvevs navTobis 
afskis erozias da cvlis mis Tvisebebs navTobis daJangvis Sedegad 
warmoSobili produqtebis gavleniT. 

navTobis sedimentacia iwyeba maSin, rodesac aorTqlebisa da 
emulgirebis Sedegad navTobis simkvrive wylis simkvriveze meti xde-
ba da xdeba navTobis daleqva zRvis fskerze.  

aorTqleba, dispergireba, emulgireba da navTobis gaxsna wyalSi 
xdeba navTobis CaRvridan pirvel dReebisa da kvireebis ganmavloba-
Si, da mniSvnelovnad cvlis navTobis fizikur Tvisebebs (siblante, 
simkvrive). biodegradacia, foto da TviTdaJangva, sedimentacia uf-
ro xangrZlivi drois Semdegaa SesamCnevi da navTobis CaRvridan pir-
vel xanebSi maTi wvlili navTobis transformaciis procesSi umniS-
vneloa.  

garda imisa, rom zRvis zedapiris dafarva navTobis laqebiT 

mniSvnelovnad moqmedebs zRva-atmosferos urTierTqmedebis da-
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maxasiaTebel parametrebze, navTobiT daWuWyianeba arsebiT gavle-

nas axdens mTel rig hidroqimiur da hidrobiologiur procesebze 

zRvebsa da okeaneebSi. jer kidev gasuli saukunis 70-80-ian wlebSi 

novorosiiskis biologiur sadgurSi Catarebulma gamokvlevebma 

aCvena, rom novorosiiskis yuris navTobiT daWuWyianebam gamoiwvia 

garkveuli cvlilebebi zRvis mcenareTa da cxovelTa saxeobebis 

ganawilebaSi [100]. magaliTad, wyalmcenareTa saxeobebma zosteram 

da cistozeram, romlebic didi raodenobiT viTardebodnen zRvis 

yvelaze meCxerwylovan nawilSi, daixies siRrmeSi ramdenime ase-

uli metriT. midiebma, romlebic mravlad iyo ubis Sua nawilSi, ga-

dainacvles zRvis Ria, Rrma nawilSi, sadac wyali naklebad daWuWy-

ianebulia. navTobproduqtebi arsebiT gavlenas axdenen Savi zRvis 

zooplanqtonze. gamorkveulia, rom 2 mg/l navTobis koncentraci-

is dros garkveuli saxeobis zRvis kiboebis lifsitebi iRupebian 

daaxloebiT 4 dRe-Ramis ganmavlobaSi. moluski 10 mg/l koncen-

traciis dros 2 dRe-Ramis Semdeg iRupeba, xolo 5 mg/l koncentra-

ciis dros — 13 dRe-Ramis Semdeg [100]. Tevzebi, romlebic cxovro-

ben wyalSi, romelic Seicavs 0,6 mg/kg-ze met navTobproduqts, iRe-

ben navTobis specifikur suns. navTobis zRvrulad dasaSvebi kon-

centracia TevzebisaTvis aris wyalSi navTobis Semcveloba pro-

porciiT 1:10000.  

[159]-Si moyvanili monacemebis Tanaxmad navTobis yovelwliu-

ri Cadineba Sav zRvaSi 2003 wlisaTvis Seadgenda 110000 t-s. nav-

TobproduqtebiT zRvis garemos daWuWyianebis ZiriTadi wyaroe-

bia mdinareTa, sayofacxovrebo da samrewvelo Canadenebi, sapor-

to operaciebi Savi zRvis portebSi, tankerebis mosalodneli ava-

riebi da arasanqcirebuli CaRvrebi, navTobis gadineba terminale-

bidan, saidanac xdeba gemebis datvirTva navTobproduqtebiT. gar-

da navTobis gadazidvis tradiciuli meTodebisa, momavalSi mosa-

lodnelia Savi zRvis fskerze navTobis milsadenebis gayvana, rac 

ekonomikurad momgebiania da TiTqos usafrTxoc, magram ara aris 

gamoricxuli navTobis avariuli gadineba am SemTxvevaSic. 

ukanasknel wlebSi Sav zRvaSi momxdar navTobis CaRvris maga-

liTebs Soris SeiZleba davasaxeloT 1999 wlis noemberSi q. novo-

rosiiskTan momxdari avariuli CaRvra, rodesac terminalis dazia-

nebis gamo 39 t navTobi CaiRvara zRvaSi [159].  

gansakuTrebiT didi masStabis avariul CaRvras qonda adgili 

2007 wlis 10 da 11 noembers qerCis sruteSi, sadac Stormis Sedegad 

dazianda da CaiZira mravali gemi, daiRupnen adamianebi da zRvaSi 
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CaiRvara didi raodenobiT navTobi [57, 114]. am dros qaris siCqarem 

30 m/wm-s gadaaWarba, xolo zRvis talRebis simaRle 4 m aWarbebda. 

es SemTxveva detaluradaa aRwerili Savi zRvis daWuWyianebisagan 

dacvis komisiis (Commision for the Protection of the Black Sea Against 

Pollution) mier momzadebul wignSi [57]. es iyo uprecedento SemTxveva 

Savi da azovis zRvebisaTvis, romlis drosac erT dReSi 4 gemi Cai-

Zira, kidev 6 gemi meCeCs Seejaxa, dazianeba miiRo orma tankerma. 

maT Soris, dazianebuli tankeridan `volgoneft-139~ zRvaSi CaiR-

vara 2000 tonaze meti mazuTi, xolo CaZirul xomaldebze imyofe-

boda 7000 t gogirdi. 

nax. 3.11. navTobis laqebi qerCis sanapiroze (tuzlas naxevarkunZuli).
12 noemberi 2007 w [57] 

didi zarali miadga florasa da faunas. daaxloebiT 2000 frinve-

li daiRupa maSinve, xolo 30000 frinveli sruliad daisvara nav-

TobiT, rac umravles SemTxvevaSi frinvelTa daRupviT mTavrdeba. 

ekonomikurma zaralma, oficialuri monacemebiT Seadgina 6,5 mi-

liardi rubli. mxolod frinvelebiTa da Tevzebis daRupviT ga-

mowveuli zarali Sefasda daaxloebiT 4 miliardi rubliT. nax. 

3.11 da 3.12-ze naCvenebia 

2007 wlis 12 noembers nav-

TobiT daWuWyianebuli 

qerCis sanapiroebi [57]. 

nax. 3.12. frinveli 
navTobiT daWuWyianebul 

sanapiroze   
port kavkazTan [57] 
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ukanaskneli 50 wlis ganmavlobaSi Sav zRvasa da gansakuTrebiT 

bosforis sruteSi moxda gacilebiT didi masStabis navTobis ava-

riuli CaRvrebi, vidre es iyo 2007 wlis noemberSi qerCis sruteSi. 

1960 wlis dekemberSi saberZneTisa da iugoslaviis gemebis Sejaxe-

bisas bosforis sruteSi 18000 t navTobi CaiRvara; 1977 wlis oq-

tomberSi bosforis sruteSi sabWoTa kavSiris tankeris dazianebi-

sas 20000 t navTobis CaRvra moxda. yvelaze masStaburi iyo 64000 t 

navTobis CaRvra bosforis sruteSi rumineTisa da saberZneTis 

tankerebis Sejaxebisas 1979 wlis noemberSi [57]. SedarebiT mcire 

masStabis avariul CaRvrebs qondaT adgili bolo 20 weliwadSi 

bulgareTis, rumineTis, ruseTisa da ukrainis sanapiro wylebSi 

gemebis avariisas. 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax. 3.13. navTobis naxSrwyalbadebis Semcveloba zRvis wyalSi                           
gonio-natanebis monakveTze (2009 w.) [3] 

 

2008-2009 wlebSi Savi zRvis saqarTvelos seqtoris akvatoria-

Si, kerZod, baTumi-gonios monakveTze Catarebulma gamokvlevebma 

aCvena, rom navTobis naxSirwyalbadebis Semcveloba 0,04-1,74 mg/l 

diapazonSi icvleboda [3]. maqsimaluri mniSvneloba 1,74 mg/l md. 

barcxanas zRvasTan SesarTavis raionSi aRiniSna. baTumis portis 

Sida akvatoriaSi dafiqsirda 0,52 mg/l. miRebuli monacemebis sa-
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fuZvelze Sedgenili navTobis naxSirwyalbadebis ganawileba naCve-

nebia nax. 3.13-ze. 

[3]-Si Catarebulma gamokvlevebma aCvena aseve, rom gamokvle-

ul mdinareTa Soris navTobis naxSirwyalbadebiT zRvis ZiriTadi 

damabinZureblebia: barcxana, yoroliswyali, sufsa da xobi. 2009 

wlis monacemebiT md. yoroliswyalSi navTobis naxSirwyalbadebis 

koncentracia 161-jer aRemateboda dasaSveb normas — 0.3 mg/l-s. 

3.5.2. Tanamgzavruli radiolokacia da navTobiT 

daWuWyianebis monitoringi  

Savi zRvis ekosistema ganicdis mzard anTropogenur zemoqme-

debas, rac mniSvnelovnadaa dakavSirebuli navTobis transporti-

rebasTan, amitomac Savi zRvis ekologiuri monitoringis erT-

erTi ZiriTadi amocanaa (iseve rogorc sxva zRvebisaTvis) Tanam-

gzavruli radiolokaciuri monitoringis sistemis ganxorciele-

ba, rac operatiulad moaxdens daWuWyianebis areebisa da Sesabami-

sad wyaroebis identifikacias mTeli auzis masStabiT. am mizniT 

Tanamedrove kosmosuri radiolokacia warmoadgens metad efeq-

tur saSualebas, radganac mas iseTi mniSvnelovani dadebiTi mxare-

ebi gaaCnia, rogorica maRali garCevisunarianoba, did farTobze 

monitoringis erTdrouli ganxorcieleba nebismieri amindis pi-

robebSi da sxv. zedapirze daRvrili navTobis mier warmoqmnili 

afski (iseve rogorc sxvadasxva zeTebisa da zedapirulad aqtiur 

nivTierebaTa mier warmoqmnili afskebi) axSobs qariT inducire-

bul zedapiruli talRebis mokle masStabian komponentebs da war-

moqmnis gagluvebul areebs (slicks), laqebis an zolebis saxiT, rom-

lebic vizualurs xdis navTobiT daWuWyianebul zRvis zedapirebs. 

radiolokaciur gamosaxulebebze es gluvi zedapirebi muqi toniT 

Cans. amasTanave, unda aRiniSnos, rom Tanamgzavruli radioloka-

ciis gamoyeneba zRvis daWuWyianebis monitoringis mizniT efeqtu-

ria qaris siCqaris 3-8 m/wm diapazonSi [169]. susti qaris dros (1-2 

m/wm) navTobis laqebi ar ganirCeva muqi zRvis zedapiris fonze, xo-

lo Zlieri qaris dros (10-12 m/wm), navTobis afski zRvis zedapirze 

qreba intensiuri talRuri Serevis gamo. nax. 3.14-ze warmodgeni-

lia kaspiis zRvis akvatoriis Tanamgzavruli radiolokaciuri su-

raTi, sadac muqi feriT kargad Cans navTobis laqebi zRvis zeda-

pirze [169]. nax. 3.15-ze gamosaxulia Tanamgzavridan dafiqsirebu-

li gemis moZraobis traeqtoriis gaswvriv navTobis CaRvris kvali.  
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(a)            (b)  

 

 

 

 

 

 

 

 

 

 

 

nax. 3.14. navTobis laqebis radiolokaciuri gamosaxulebebi  (kaspiis 
zRva) Tanamgzavrebidan —ERS-1 12 maiss (a) da ERS-2 13 maiss, 1996 w (b) [169] 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax. 3.15. gemis moZraobis traeqtoriis gaswvriv navTobis CaRvris kvali 
Tanamgzavr ERS-1-idan miRebul radiolokaciur gamosaxulebaze 

(20.05.1994, 14:20 UTC) [197] 
 

Savi zRvis akvatoriis Tanamgzavruli dakvirvebebis Sedegad 

2009-2011 ww-Si gamovlinda zRvis zedapiris navTobiT daWuWyiane-

bis 600-ze meti SemTxveva gemebis mier ganxorcielebuli CaRvrebis 

Sedegad. nax. 3.16-ze naCvenebia [191]-Si moyvanili ganzogadoebuli 

ruka-sqema Savi zRvis akvatoriaSi dafiqsirebuli gemebidan nav-

Tobis CaRvrebiT gamowveuli daWuWyianebuli adgilebisa, romle-

bic miRebulia Tanamgzavruli radiolokaciuri monacemebis damu-
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Savebis gziT. rogorc mosalodneli iyo, gemebidan CaRvrebi kon-

centrirebulia ZiriTadi sanavigacio trasebis gaswvriv: stambu-

li-novorosiiski, stambuli-odesa, da stambuli-tuafse. 

nax. 3.16. 2009-2011 ww-Si Tanamgazavruli radiolokaciis monacemebis 
safuZvelze aRmoCenili gemebis mier Sav zRvaSi ganxorcielebuli 

navTobSemcveli CaRvrebis ganzogadoebuli ruka [191] 

amJamad, operatiuli Tanamgzavruli monitoringis sistema 

warmatebiT muSaobs msoflio okeanis sxvadasxva regionebSi, maT 

Soris Savi zRvis ruseTis seqtorSi, baltiis zRvis samxreT-aRmo-

savleT nawilSi, kaspiis zRvis CrdiloeT nawilSi da sxv [75, 160, 

167, 168, 172]. 

3.5.3. zRvis daWuWyianeba mZime metalebiTa da 

pesticidebiT 

toqsikologiuri SefasebebiT mZime metalebi ikavebs meore 

adgils damaWuWyianebel nivTierebebs Soris pesticidebis Semdeg 

[176]. mZime metalebi aris qimiuri elementebis jgufi 50-ze meti 

atomuri masiT, romlebsac garkveuli koncentraciis dros SeiZ-

leba qondeT toqsikuri moqmedeba. mZime metalebs miekuTvneba da-

axloebiT 40 qimiuri elementi, romelTagan yvelaze saSiSia ver-

cxliswyali (Hg), tyvia (Pb), kadmiumi (Cd), kobalti (Co), nikeli (Ni), 

vanadiumi (V), dariSxani (As), cinki (Zn). maTi moxvedra biosferoSi 

dakavSirebulia teqnologiur procesebTan; esaa Savi da feradi 
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metalurgiis maRaltemperaturuli teqnologiebi, mineraluri 

sawvavis wva, pesticidebis maRali dozis Semcveli mineraluri sa-

suqebis gamoyeneba, metalurgiul sawarmoTa narCenebis Camona-

recxi. Sedegad, xdeba niadagisa da wylis obieqtebis daWuWyianeba 

mraval aseul kilometrebze [90]. mZime metalebi xvdeba atmosfe-

roSic da gadaitaneba haeris dinebebis mier Sor manZilebze. isini 
did safrTxes warmoadgens zRvis florasa da faunisaTvis da, cxa-

dia, adamianisTvisac.  

wylis organizmebi kargi bioindikatorebia zRvis mZime meta-

lebiT daWuWyianebis Sesaswavlad, maT Soris zRvis wyalmcenareebi 

da moluskebi yvelaze xSirad gamoyenebadi indikatorebia [30]. es 

organizmebi biofiltrebia, romlebic axdenen wylidan mcire nawi-

lakebis akumulirebas da amitom maT qsovilebSi damaWuWyianebeli 

ingredientebis Semcveloba zRvis garemos daWuWyianebis maCvene-

belia. mZime metalebis bioakumulacia mniSvnelovani faqtoria 

kvebiT jaWvSi. Tevzebi, romlebic mniSvnelovani kvebis wyaroa ada-

mianTaTvis, kvebiT jaWvSi bolo safexurze dganan. ase rom, sabo-

lood mZime metalebi adamianis organizmSi xvdeba.  

gamokvlevebi aCvenebs, rom Savi zRvis daWuWyianeba mZime meta-

lebiT sagangaSoa [30, 71]. mZime metalebi Sav zRvaSi xvdebian did 

mdinareTa meSveobiT, atmosferodan da samrewvelo narCenebis 

pirdapir zRvaSi CaSvebiT. garda amisa, [226]-Si aRniSnulia, rom Sa-

vi zRvis dasavleT akvatoriis danagvianeba qimiuri narCenebiT 

xdeba gemebis mier qimiuri nivTierebaTa zRvaSi CaRvriT. daWuWyia-

nebis ZiriTadi wyaro mdinareebia. [71]-Si moyvanili Sefasebebis Ta-

naxmad, 1992 wlisaTvis yovelwliurad Sav zRvaSi Cadioda 90000 t 

rkina, 12000 t cinki, 45000 t tyvia, 80 t vercxliswyali, 2800 t spi-

lenZi da 1500 t qromi. bulgareTis sanapiroze 17 mdinaresa da 3 

tbas mniSvnelovani wvlili Seaqvs Savi zRvis daWuWyianebasa da ev-

trofikaciaSi [53]. Savi zRvis ekosistemis mZime metalebiT daWuWy-

ianebis Sefaseba xdeba mZime metalebis Semcvelobis gansazRvriT 

danaleqebSi, zRvis wyalsa da organizmebSi [30]. fskerul danale-

qebSi metalebis Semcveloba Sav zRvaSi sakmaod maRalia da es mniS-

vnelovan saSiSroebas warmoadgens zRvis cocxali samyarosaTvis; 

metalebi danaleqebidan kvlav zRvis wylis fenebSi brundebian da 

amgvarad fskeruli danaleqebi `meoreuli~ daWuWyianebis wyaros 

rolSi gamodis. zRvis cocxal organizmebSi mZime metalebis kon-

centraciebis Seswavla saimedo informacias gvaZlevs zRvis gare-

mos mZime metalebiT dabinZurebis Sesaxeb.  
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ruseTis mecnierebaTa akademiis SirSovis saxelobis okeano-

logiis institutis mecnierTa mier 2013 wels Catarebuli kvleve-

bis Sedegad gamoirkva, rom Savi zRvis regionebSi zRvis zedapiri 

dafarulia afskiT, romelic Seicavs mZime metalebis did koncen-

traciebs. Tanac, daikvirveba afskis zrdis tendenciebi. rogorc 

gamoirkva aseT afskSi tyviis koncentracia 100-jer metia, vidre 

Cveulebriv zRvis wyalSi [90].  
[226]-Si Savi zRvis TurqeTis akvatoriaSi Catarebuli gamok-

vlevebis Sedegad gamoirkva, rom akvatoriis dasavleT nawilis ze-

moT atmosferoSi mravali qimiuri elementis koncentracia 2-jer 

meti iyo vidre aRmosavleT akvatoriis zemoT atmosferoSi. gamok-

vlevebma agreTve aCvena, rom Savi zRvis zemoT atmosferoSi an-

Tropogenuri metalebiT daWuWyianebis mTavari wyaroa evropis 

qveynebi. droTa ganmavlobaSi qiniuri nivTierebebi atmosferodan 

xvdebian zRvis akvatoriaSi. 

Savi zRvis Crdilo-dasavleT nawilSi 1981-1985 ww-Si ganxor-

cielebuli monitoringis Sedegebma aCvena mZime metalebis Semdegi 

koncentraciebi sanapiro danaleqebSi: vercxliswylis — 30-160 

ng/g, kadmiumis — 0.04-31,8 mg/g, tyviis — 2,3-60 mg/g. ufro maRali 

koncentraciebi daikvirveboda md. dunais mimdebare akvatoriaSi 

da bosforTan, SedarebiT dabali koncentraciebi daikvirveboda 

spilenZisaTvis — 2-49 mg/g.  

mravaljeradi gamokvlevebi aCvenebs, rom Savi zRva mdidaria 

kadmiumiT, kobaltiT, spilenZiT da nikeliT [30], iseve rogorc 

sxva regionuli zRvebi. 

[3]-Si Catarebulia Savi zRvis saqarTvelos seqtoris akvato-

riis da masSi Semaval mdinareTa sakmaod detaluri ekologiur-ge-

oqimiuri kvleva, ramac mniSvnelovani warmodgena Segviqmna fske-

rul naleqebSi sxvadasxva liTonTa Semcvelobis Sesaxeb. kvlevis 

Sedegebi iZlevian safuZvels davaskvnaT, rom md. rionis fskerul 

naleqebSi liTonTa Semcveloba stabiluria. gamonaklisia TuTia, 

romelic sayofacxovrebo dabinZurebis erT-erTi indikatoria. 

mas axasiaTebs migraciis maRali unari da Sesabamisad, koncentra-

ciis farTo diapazoni.  

md. rionis natanSi da misi SesarTavis mimdebare zRvis fske-

rul naleqebSi arsebuli manganumis da dariSxanis anTropogenur 

wyaros warmoadgens sasargeblo wiaRiseulis sabadoebi, gadamamu-

Savebeli samTo-gamamdidrebeli kombinatebi da metalurgiuri sa-

warmoebi. manganumi da dariSxani zRvis SesarTavSi aRwevs gaxsnili 
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formiT, Setivnarebuli masalis da fskeruli naleqis saxiT. md. 

rionis fskeruli da Setivnarebuli natani manganums daaxloebiT 

erTnairi raodenobiT Seicavs, xolo dariSxanis raodenoba Setiv-

narebul nivTierebebSi orjer metia, fskerul naleqebSi mis Sem-

cvelobasTan SedarebiT.  

md. Woroxis SesarTavisa da q. baTumis akvatoriis fskeruli 

naleqebi gamoirCeva spilenZis, TuTiisa da dariSxanis gazrdili 

maCveneblebiT.  

pesticidebi mcenareuli samyaros mavneblebisa da avadmyofo-

bisagan dacvis qimiur da biologiur saSualebaTa saerTo saxelwo-

debaa. wylis garemo binZurdeba pesticidebis Semdegi saxeobebiT: 

fugicidebiT, herbicidebiT da gansakuTrebiT insekticidebiT. 

marTalia pesticidebis gamoyeneba soflis meurneobaSi did ekono-

mikur efeqts iZleva, magram maTi gamoyeneba usafrTxoebis wesebis 

dacvis gareSe iwvevs garemos, maT Soris wyalsatevebis, dabinZure-

bas da saboloo jamSi, adamianis janmrTelobis dazianebas. kvebiT 

jaWvSi moxvedrili pesticidebi ganapirobeben adamianis organiz-

mze xangrZliv zemoqmedebas da zrdian mravali daavadebis ganviTa-

rebis risks. pesticidebis zegavleniT xdeba bunebaSi cocxali or-

ganizmebis populaciebis Semcireba da ekosistemebis mTlianobis 

darRveva. Turqi mecnierebis mier Catarebulma gamokvlevebma Savi 

zRvis TurqeTis akvatoriaSi aCvena, rom pesticidebis Semcveloba 

akvatoriis aRmosavleT nawilSi metia, vidre dasavleT nawilSi. es 

aixsneba am regionis mosaxleobis mier pesticidebis aqtiuri gamo-

yenebiT soflis meurneobaSi. erT-erTi gamokvlevisas (1974-1975 

ww.) pesticidebi aRmoCenili iqna Savi zRvis sxvadasxva saxeobis 

Tevzebis qsovilebSi [226].  

 

3.5.4. ekologiuri problemebi da ixtiofauna 

 
sanapiro zRvis ekosistemebi ar arian mudmiv, mdgrad mdgomare-

obaSi, maTi produqtiuloba da saxeobiTi Semadgenloba uwyvetad 

icvleba da damokidebulia mraval gareSe faqtorze, rogorc buneb-

rivze aseve anTropogenurze. dReisaTvis, sazogadoebisaTvis eWvs 

ar iwvevs is faqti, rom zRvis resursebi da, saerTod, bunebrivi re-

sursebi ar aris amouwuravi da maTi eqspluatacia da sazogadoebi-

saTvis sasikeTod gamoyeneba gonivrul safuZvels unda emyarebo-

des. racionaluri bunebaTsargebloba moiTxovs bunebrivi resur-

sebis moxmarebis optimizacias rogorc ekonomikuri, aseve ekolo-
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giuri kriteriumebis gaTvaliswinebiT. cnobilia, rom mecnierulad 

dausabuTebel da aragonivrul urTierTqmedebas sxvadasxva eko-

sistemebTan sazogadoebis mxridan, xSirad mivyavarT aseTi sisteme-

bis bunebrivi wonasworuli mdgomareobis darRvevisaken da maTi 

pirvandeli mdgomareobis aRdgena mniSvnelovan danaxarjebTan aris 

dakavSirebuli [230].  

biomravalferovnebis TvalsazrisiT Savi zRva, xmelTaSua 

zRvasTan SedarebiT, mwiria. amas ganapirobebs iseTi faqtorebi, ro-

gorebicaa Savi zRvis wylebis dabali simlaSe, wylis SedarebiT da-

bali temperatura da uJangbado, momwamlavi gogirdwyalbadiT da-

WuWyianebuli 100-150 m siRrmis qvemoT mdebare fenebi. amitom, siT-

bos moyvaruli da wylis maRal marilianobasTan Seguebuli Rrma 

wylis organizmebi, romlebic mravladaa xmelTaSua zRvaSi, Sav 

zRvaSi ar gvxvdeba.  

daaxloebiT gasuli saukunis 70-iani wlebidan adamianis sameur-

neo saqmianobam da mdinareebma Savi zRvis biomravalferovnebas se-

riozuli safrTxe Seuqmna. zRvis populaciebi sagrZnoblad Semcir-

da gadametebuli TevzWeris, aramkvidri organizmebis SemoWris da 

dabinZurebis gamo.  
Savi zRvis sarewao mniSvneloba ganisazRvreba rogorc Tevze-

bis, ise sxva biologiuri resursebiTac: wyalmcenareebiT, moluske-

biT, kibosnairebiT da sxv. yvela SavizRvispira qveynisaTvis zRvis 

bunebrivi resursebi da maT Soris TevzWera sanapiro zonis ganviTa-

rebis mniSvnelovani mxarea da didi socialur-ekonomikuri mniSvne-

loba gaaCnia am qveynebisaTvis. intensiurma TevzWeram krizisul 

maCvenebels miaRwia msoflio okenis bevr regionSi. cnobilia, rom 

gadaWarbebuli TevzWera qmnis ekologiuri situaciis gamwvavebis 

maRal risks. zRvis sanapiro ekosistemebis produqtiuloba da saxe-

obiTi Semadgenloba SesaZloa Zalian mgrZnobiare aRmoCndes adami-

anis mxridan zRvis biologiuri resursebis gadametebuli eqsplua-

taciisadmi. erT-erTi Zireuli sakiTxi Tevzis maragis warmatebuli 

da mdgradi eqspluataciisaTvis aris resursebis moxmarebis marTva 

iseTi saxiT, rom SenarCunebuli iyos gonivruli balansi resurse-

bis moxmarebis siCqaresa da maT aRdgenis siCqares Soris. am mxriv 

mniSvnelovania [158]-Si gamoTqmuli azri imis Sesaxeb, rom TevzWera 

rogorc saxalxo meurneobis dargi unda iyos sanapiro zonis mar-

Tvis erTiani sistemis Semadgeneli nawili, raTa uzrunvelyofili 

iyos sanapiro zonis mdgradi, stabiluri ganviTareba.  
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Sav zRvas, sadac Tevzebis daaxloebiT 184 saxeoba binadrobs, 

mniSvnelovani Tevzsarewi potenciali gaaCnia, romelic metad 

mgrZnobiarea gareSe faqtorebis mimarT. bolo aTeulwlebSi, Tev-

zebis calkeul saxeobaTa gadametebuli eqspluataciis gamo, pir-

vel yovlisa stavridis, skumbriis, qafSias, Sprotis da sxvaTa gam-

ravlebisaTvis araxelsayrel abioturi da bioturi faqtorebis 

fonze, daikvirveba maTi ricxovnobis mkveTri Semcireba [115]. situ-

acia mwvavdeba agreTve intensiuri sameurneo saqmianobiT Savi zRva 

— azovis regionSi, rac iwvevs saerTo ekologiuri mdgomareobis ga-

uaresebas — akvatoriis daWuWyianebis zrdas, evtrofikacias, hid-

robiotis maragis Semcirebas, rac sakvebi bazaa sarewi Tevzebis-

Tvis. samwuxarod, ukanasknel wlebSi Savi zRvis daWuWyianebis Sede-

gad TevzWera ramdenimejer Semcirda. Savi zRvis daWuWyianeba sayo-

facxovrebo da Camdinare wylebiT ixtiofaunis Semcirebis erT-er-

Ti mniSvnelovani faqtoria. amis damasabuTebeli magaliTia [115]-Si 

moyvanili informacia Tevzebis zogierTi saxeobis, kerZod, skum-

briisa da Tinusis maragis mkveTri Semcirebis Sesaxeb Sav zRvaSi imis 

gamo, rom am saxeobis Tevzebis yovelwliuri migraciis gzaze marma-

rilos zRvidan Sav zRvaSi bosforze gavliT isini awydebian `qimiur 

bariers~ — 15-milioniani q. stambulis mWidrod dasaxlebul Zvel 

ubnebSi praqtikulad ara aris efeqturi gamwmendi saSualebani da 

sayofacxovrebo wylebi pirdapir Caedineba zRvaSi. amis gamo Tevze-

bis am saxeobebma SezRudes Tavisi gadaadgileba bosforis mimarTu-

lebiT. es ar aris mxolod q. stambulis problema da esaa saerTo 

problema mravali SavizRvispira qalaqisaTvis [115]. 

kidev erT-erTi mniSvnelovani faqtori, rac seriozul gavle-

nas axdens Savi zRvis ixtiofaunis Semadgenlobaze da garkveulwi-

lad cvlis zRvis ekosistemas, esaa zRvis biologiuri daWuWyianeba, 

anu Savi zRvis faunisaTvis ucxo, zogierT cxovelur saxeobaTa Se-

moWra Sav zRvaSi msoflio okeanis sxva regionebidan [115, 158, 236]. 

isini xSirad moyvebian gemebs, tankerebs balasturi wylebis meSveo-

biT. zogierTi maTgani, romelic axali pirobebisadmi adaptaciis 

unariT gamoirCeva, mkvidrdeba axal garemoSi da iwyebs gamravlebas. 

aseT SemTxvevebSi, am saxeobebma SesaZloa daarRvion Savi zRvis eko-

sistemisTvis damaxasiaTebeli bunebrivad Camoyalibebuli kvebiTi 

jaWvi da safrTxe Seuqmnan zogierT adgilobriv saxeobas.  

1947 wels novorosiiskis portis maxloblad aRmoCenili iqna 

moluski rapana (Rapana thomasiana) iaponiis zRvidan. axali garemo 

misTvis xelsayreli aRmoCnda, radgan bunebrivi mtrebi ar aRmoaC-
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nda da daxvda mdidari sakvebi baza xamanckebisa da midiebis saxiT. 

Savi zRvisaTvis am ucxo saxeobam iwyo elviseburi gamravleba, xolo 

xamanckebis populacia praqtikulad mTlianad gaanadgura [236]. ase-

ve, daikvirveba midiebis biomasis sagrZnobi Semcireba Sav zRvaSi. 

1982 wels Savi zRvis CrdiloeT nawilSi SemCneuli iqna medu-

zismagvari saxeoba, romelic aqamde am akvatoriaSi ar daikvirvebo-

da. es aRmoCnda savarcxlura mnemiopsisi (mnemiopsis leidyi), romlis 

samSoblo atlantis okeanea. mnemiopsisi planqtoniT ikvebeba da 

amitom misma gamoCenam Sav zRvaSi ZiriTadi sakvebi baza mouspo 

qafSiasa da Sprots. mnemiopsisis masiurma gamravlebam 1980-iani 

wlebis bolos gamoiwvia qafSias raodenobis mkveTrad Semcireba 

Sav zRvaSi. 

kidev erTma aramkvidrma savarcxluram, saxelwodebiT Beroe 

ovata, romelic pirvelad 1997 wels SeniSnes da, savaraudod, aseve 

gemebs Semoyva Sav zRvaSi, Mnemiopsis leidyi-ze daiwyo nadiroba.  

garda amisa, SeimCneva Savi zRvis sxva SemTxveviTi mosaxlenic, 

romelTa samSoblo msoflio okeanis sxva regionebia. es faqtebi 

magaliTia imisa, Tu rogor moqmedebs aramkvidr saxeobaTa SemoWra 

Savi zRvis ekositemaze.  

3.5.5. Savi zRvis daWuWyianeba sayofacxovrebo nagaviT 

Sav zRvaSi wyalqveSa gamokvlevebi aCvenebs kidev erT samwuxaro 

garemoebas, rac saboloo jamSi uaryofiTad aisaxeba zRvis ekosis-

temaze. sanapiro akvatoriebis fskeri xSir SemTxvevaSi savsea sayo-

facxovrebo nagaviT — boTlebiT, bankebiT, plastikuri narCenebiT 

da sxv [236]. am saxis danagvianebis wyaroa: gemebidan zRvaSi Cayrili 

nagavi; mdinareebis sanapirosTan myari narCenebis nagavsayrelebi, 

romlebic wyaldidobebis dros mdinareebs zRvaSi CaaqvT; sakuror-

to sezonSi zRvis sanapiroebze dagrovili narCenebi. zRvis wyalSi 

sayofacxovrebo nagavi ixrwneba wlebis da aTwleulebis ganmavlo-

baSi, xolo plastikuri narCenebi — aswleulebis ganmavlobaSi. maTi 

gaxrwnis saboloo produqtia toqsikuri nivTierebebi. garda amisa, 

mcuravi plastikuri narCeni zRvis organizmebis mier aRiqveba, ro-

gorc sakvebi produqti, rac xSir SemTxvevaSi organizmebis daRup-

viT mTavrdeba. 

arsebuli ekologiuri situacia moiTxovs racionaluri bune-

baTsargeblobisa da iseTi zomebis gatarebas, rac Seamcirebs an-

Tropogenur zewolas ixtiofaunaze. am mizniT mniSvnelovania mWid-
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ro saerTaSoriso samecniero-teqnikuri TanamSromloba samecnie-

ro kvlevebis ganviTarebisa da praqtikuli sakiTxebis gadawyvetis 

mizniT ekologiis, garemos dacvisa da meTevzeobis sferoSi.  

3.5.6. evtrofikacia 

Savi zRvis (aseve, sxva zRvebis) ixtiofaunisaTvis erT-erTi sa-

SiSroebaTagania biogenuri elementebis intensiuri Cadineba zRvaSi 

mdinareebisa da gruntis wylebis meSveobiT, rac gamowveulia didi 

raodenobiT biogenuri elementebis — azotis, fosforis da sxva ma-

Ti Semcveli sasuqebis gamoyenebiT soflis meurneobaSi. maT bioge-

nebi an biogenuri elementebi ewodebaT, radgan isini mkvebavi nivTi-

erebebia mcenareTaTvis.  

am qimiuri elementebis uwyveti da didi raodenobiT Cadineba 

zRvaSi iwvevs evtrofikacias, rac mdgomareobs biogenuri elemen-

tebis koncentraciis mkveTr zrdaSi da wyalmcenareTa intensiur 

`ayvavilebaSi~. sityva `evtrofikacia~ berZnuli sityvaa (eutrophia), 
rac karg kvebas niSnavs. biogenuri elementebis zRvaSi Semodinebis 

pirdapiri Sedegia wyalmcenareTa zrdis intensifikacia, xolo Sem-

dgom cxoveluri organizmebisa. biogenuri elementebis koncentra-

ciis zrda zRvis wyalSi xels uwyobs wyalmcenareTa swraf ganviTa-

rebas, pirvel rigSi fitoplanktonis swraf zrdas da mikrowyal-

mcenareTa intensiur gamravlebas. amave dros swrafad izrdeba zo-

oplanqtonis biomasa, radganac zooplanqtoni ikvebeba fitoplan-

qtoniT. moixmaren ra didi raodenobiT Jangbads, wylis mikroorga-

nizmebi qmnian Jangbadis deficits, rac zRvis ixtiofaunaze dam-

Rupvelad moqmedebs. aseve, wylis gamWvirvaloba mkveTrad ecema da 

mzis radiaciis SeRwevadoba siRrmeSi mcirdeba. es iwvevs fskeris 

wyalmcenareTa masiur daRupvas sinaTlis deficitis gamo da Jan-

gbadis gamomuSavebis, praqtikulad, Sewyvetas. amas moyveba zRvis 

cxoveluri organizmebis daRupvac, romelnic sakvebad moixmaren 

fskerul wyalmcenareebs. garda amisa, didi biomasis mqone mkvdari 

organizmebi adre Tu gvian eSvebian wyalsacavis fskerze, sadac xde-

ba am organizmTa da fskeruli mkvdari organizmebis lpobis proce-

si — mimdinareobs daJangvis procesi baqteriebis monawileobiT. es 

procesi iwvevs gaxsnili Jangbadis mkveTrad Semcirebas fskerul 

fenebSi, rac damRupvelia fskeruli cocxali organizmebisaTvis. 

wylis Rrma fenebSi formirdeba anoqsia, rodesac SesaZlebelia mxo-

lod anaerobuli baqteriebis arseboba [116].  
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wyalsatevisaTvis evtrofikacia normaluri bunebrivi proce-

sia, romlis droiTi masStabebi geologiuri droiTi masStabebis Ta-

nazomadia, magram anTropogenuri evtrofikacia am droiT masSta-

bebs amcirebs ramdenime aTeul wlamde da naklebadac [229].  

Savma zRvam da gansakuTrebiT misma Crdilo-dasavleT meCxer-

wylovanma nawilma, rogorc intensiuri anTropogenuri zemoqmede-

bis obieqtma, jer kidev gasuli saukunis 60-ian wlebSi miipyro spe-

cialistTa yuradReba, radganac mkveTrad gaZlierda evtrofikacia 

da anTropogenuri datvirTvis sxva saxeebi zRvis am nawilis ekosis-

temaze. zRvis Crdilo-dasavleT akvatoriaSi, sadac Caedineba didi 

mdinareebi — dunai, dnestri da dnepri, aRmoCnda azotisa da fos-

foris SenaerTebisa da fitoplanqtonis ujredebis maRali koncen-

traciebi, ramac 70-ian wlebSi gamoiwvia zRvis am akvatoriis sruli 

evtrofikacia [88, 158, 173]. damaWuWyianebeli nivTierebebis da maT 

Soris biogenuri elementebis gadametebulma zRvaSi Cadinebam gamo-

iwvia zRvis am akvatoriis farTomasStabiani evtrofikacia da hi-

poqsia, gogirdwyalbadiani zonebis warmoqmna da mTlianobaSi, bio-

cenozebis degradacia. fitoplanqtonis intensiuri ayvavilebis Se-

degia sarewi Tevzebis raodenobisa da sanapiros rekreaciuli po-

tencialis mkveTri Semcireba. gasuli saukunis 90-iani wlebis mona-

cemebis Tanaxmad, md. dunais gamoyenebam sarwyavi miznebisaTvis ga-

moiwvia azotisa da fosforis zRvaSi Cadinebis mkveTri zrda. md. 

dunai warmoadgens biogenebis yvelaze mZlavr wyaros, romlebsac 

Sav zRvaSi SemoaqvT daaxloebiT 60000 tona fosfori weliwadSi, 

rac warmoadgens mTlianad zRvaSi Cadinebuli fosforis daaxloe-

biT 66%-s. araorganuli azotis wili md. dunais CamonadenSi aris 

daaxloebiT 340000 t weliwadSi, rac 2-jer da metad aRemateba ana-

logiur maCvenebels md. reinSi [158].  

[173]-Si gakeTebulia 2000-2012 ww-Si Catarebuli Savi zRvis 

Crdilo-dasavleT nawilis ekologiuri mdgomareobis monitorin-

guli kvlevis Sedegebis analizi. wylebis evtrofikaciis xarisxis 

Sefasebis TvalsazrisiT mniSvnelovan interess iwvevs biogenuri 

datvirTvis raodenobrivi da Tvisebrivi maCveneblebis Sefaseba. bi-

ogenebis ZiriTadi wyaroa mdinareTa biogenuri Canadeni. 2012 wels 

md. dunais erT-erTi deltis (e. w. qiliis deltis) biogenurma dat-

virTvam weliwadSi Seadgina: fosfatebisTvis 6,0 aTasi t, saerTo 

fosforisa — 16,5 aTasi t, nitritebisa — 5,2 aTasi t, nitratebisa 

210,0 aTasi t, amoniumis azotisa — 24,7 aTasi t, saerTo azotisa — 

423,3 aTasi t. evtrofikacia da masTan dakavSirebuli Jangbadis re-
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Jimis darRveva warmoadgens erT-erT yvelaze arasasurvel faq-

tors zRvis Crdilo-dasavleT nawilis ekosistemaSi. Jangbadis de-

ficiti Rrma wylebSi arsebiTad arRvevs meCxerwylovani Selfis 

ekosistemas. amitom Jangbadis Semcveloba zRvis wyalSi evtrofika-

ciis xarisxis ZiriTadi indikatoria. Catarebulma gazomvebma aCve-

na, rom gaxsnili Jangbadis Semcveloba zRvis Crdilo-dasavleT na-

wilis zedapirul wylebSi 2008-2012 ww-Si icvleboda 4,9-dan 16,2 

mg/dm3-mde, rac ekologiuri situaciis gaumjobesebaze miuTiTebs, 

Tumca fskerTan mimdebare fenebSi daikvirveboda hipoqsiis maCvene-

beli lokaluri areebi [173]. 

SemaSfoTebeli faqtia, rom fitoplanqtonis saerTo biomasa 

1971-1988 ww-Si gaizarda 720 mg/m3-dan 4780 mg/m3-mde rumineTis sana-

piro wylebSi da daaxloebiT 10-jer gaizarda bulgareTis sanapi-

ros gaswvriv [158].  

 

 

nax. 3.17. aTwleulebSi gasaSualoebuli fitoplanqtonis biomasis 
cvlilebis dinamika Savi zRvis Crdilo-dasavleT Selfur nawilSi [173] 

 

ukanasknel 10-15 weliwadSi SeimCneva zRvis Crdilo-dasavleT 

nawilis ekosistemis gaumjobesebis calkeuli niSnebi, rac gamow-

veulia garkveuli bunebadacviTi RonisZiebebis gatarebiT saxel-

mwifo da saxelmwifoTaSoriso doneze [158, 173]. zRvis Crdilo-da-

savleT nawilis wylebis evtrofikaciis xarisxis Semcirebze miu-

TiTebs nax. 3.17, saidanac TvalnaTliv Cans fitoplanqtonis bioma-

sis mkveTri zrda gasuli saukunis 70-ian da, gansakuTrebiT, 80-ian 

wlebSi da misi mniSvnelovani Semcireba bolo or aTeul weliwadSi. 

Tumca, isic unda aRiniSnos, rom Tanamedrove pirobebSi, roca ada-

mianis sameurneo saqmianobis gaaqtiureba daikvirveba, mosalodne-
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lia anTropogenuri datvirTvis gazrda zRvis ekosistemaze. zRvis 

garemos mdgomareobis Semdgomi gaumjobeseba damokidebulia mdi-

nareebis mier zRvaSi Semotanil mkvebav nivTierebaTa TandaTano-

biT Semcirebaze, rac SesaZlebelia uzrunvelyofil iqnes SavizR-

vispira da dunaispira qveynebis erToblivi ZalisxmeviT.  

2008-2009 ww-Si Savi zRvis saqarTvelos seqtorSi Catarebuli 

ekologiur-geoqimiuri kvlevebis Sedegad dadginda, rom amJamad 

am akvatorias evtrofikacia ar emuqreba da wyalSi gaxsnili Jan-

gbadis Semcveloba normis farglebSia.  

nax. 3.18-ze naCvenebia zRvis wyalSi gaxsnili Jangbadis Semcve-

loba gonio-natanebi-xobis monakveTSi 2008 wels Catarebuli ga-

zomvebis Sedegad. gonio-natanebis monakveTSi gaxsnili Jangbadis 

Semcveloba saSualod aris 8,2 mg/l, rac axloa mravalwliur saSu-

alo monacemebTan [3]. natanebidan foTamde akvatoriis monakveTSi 

gaxsnili Jangbadis SedarebiT mcire Semcvelobebi napirTan axlos, 

mdinareebis SesarTavebTan aRiniSneba.  

(a) (b) 

nax. 3.18. gaxsnili Jangbadis Semcveloba zRvis wyalSi. seqtemberi, 2008.    
(a) — gonio-natanebis monakveTi, (b) —natanebi-xobis monakveTi [3] 

evtrofikacia seriozul ekologiur problemas warmoadgens 

zRvebis, wyalsatevebisa da mdinareebisTvis, rac did saSiSroebas 

uqmnis cocxal samyaros. am problemasTan brZolas emsaxureba iu-

neskos okeanografiuli samTavrobaTaSoriso komisiis wylebis `ay-
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vavilebis~ specialuri programa (IOC UNESCO Harmful Algal Bloom 

Program http://www.ioc.unesco.org/hab/), romlis mizania koordinacia ga-

uwios sxvadasxva qveynebs Soris wylis `ayvavilebis~ movlenebs.  

3.5.7. radioaqtiur da toqsikur nivTierebaTa namarxebi  

Savi zRvisTvis mniSvnelovan problemas warmoadgens toqsikur 

nivTierebaTa namarxebis identifikacia da gauvnebelyofa. Savi 

zRva, iseve rogorc zogierTi Sigamaterikuli zRva, gamoiyeneboda 

toqsikur nivTierebaTa samarxad aramarto meore msoflio omis 

dros, aramed omis Semdgom wlebSic [119, 158]. zogierTi qveyana, ro-

melsac Sav zRvaze gasasvleli gaaCnia, Sav zRvas iyenebs sxvadasxva 

masalis da nivTierebis, kerZod, mrewvelobis narCenebis, samSeneb-

lo nagavis, toqsikur nivTierebaTa, radioaqtiur narCenebis da sxv. 

samarxad (dampingi). konteinerebi, romlebSic inaxeba, sxvadasxva sa-

xis toqsikuri nivTierebebi, droTa ganmavlobaSi iSleba liTonis 

korpusis koroziis gamo da did safrTxes uqadis ara marto zRvis 

ekosistemas, aramed mosaxleobasac. aseTi samarxebi warmoadgenenen 

`neli moqmedebis bombebs~, romlebsac SeuZliaT udidesi ziani mia-

yenon zRvis ekosistemas da seriozuli safrTxe Seuqmnan adamianTa 

janmrTelobas. magaliTad, 1998 wlis 22 dekembris gazeT `izves-

tiaSi~ (ruseTi) gamoqveynebulia informacia specialuri samecnie-

ro-kvleviTi eqspediciis mier aRmoCenili Savi zRvis Crdilo-aRmo-

savleT nawilis fskeris radionuklidebiT — cezium-147 da stron-

cium-90-iT daWuWyianebis Sesaxeb, rac gama-gamosxivebis mniSvnelo-

van wyaros warmoadgens. rogorc Cans, es iyo 1986 wlis aprilSi Cer-

nobilis atomur eleqtrosadgurze momxdari avariis Sedegad amof-

rqveuli radioaqtiuri nivTierebebiT Savi zRvis daWuWyianebis Se-

degi. am nivTierebaTa zRvaSi moxvedra SesaZlebelia zRvaSi Camdina-

re mdinareTa da atmosferuli naleqebis meSveobiT. garda amisa, eq-

spediciis mTavari mizani iyo aRmoeCinaT Savi zRvis fskerze meore 

msoflio omis Semdeg damarxuli qimiuri iaraRi da asafeTqebeli 

nivTierebebi, ris Sesrulebac eqspediciam nawilobriv SesZlo, rad-

ganac am namarxebis zusti koordinatebi ucnobia. aseTi eqspediciis 

ganxorcielebis mTavari safuZveli iyo is faqti, rom bolo wlebis 

ganmavlobaSi meTevzeebi xSirad poulobdnen mkvdar delfinebs da 

mocurave konteinerebs Zlier momwamlavi nivTierebiT, ipritiT. 

delfinebis daRupvis mizezi specialist-qimikosebis azriT qimiuri 

momwamlavi nivTiereba iyo.  
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3.5.8. radioaqtiuri daWuWyianeba 

zRvaSi moxvedril anTropogenur minarevebs Soris erT-erTi 

yvelaze saSiSia radioaqtiuri minerevebi, romlebic zRvaSi xvdebi-

an Txevadi, myari da airovani formiT. es nivTierebebi zRvebsa da 

okeaneebSi aRmoCdnen birTvuli iaraRis gamocdebisa da birTvuli 

sawvavis gadamuSavebis Sedegad gemebze, atomur eleqtrosadgu-

rebze da sxv. radioaqtiuri narCenebi zRvis cirkulaciiTa da tur-

bulenturi SereviT gadaitanebian mTeli akvatoriis masStabiT, rac 

fonuri radioaqtiuri donis momatebiT aRiniSneba zogierT re-

gionSi.   

msoflio okeanis daWuWyianeba radioaqtiuri minarevebiT Ziri-

Tadad mdinareebidan da atmosferodan xdeba. atmosferodan daleq-

va ori gziT mimdinareobs: aerozolebis gravitaciuli daleqviT 

(`mSrali daleqva“) da atmosferuli naleqebiT (`sveli daleqva”). 

radioaqtiurma analizma aCvena, rom evropis Siga zRvebis radioaq-

tiur minarevTa koncentracia (maT Soris Savi zRvis) mniSvnelovnad 

Warbobs okeanis wylebis koncentraciebs [195]. zogierTi avtori 

mcirewylovan auzebisa da Sida zRvebis am Taviseburebas xsnis e. w. 

“SemosazRvruli fenis efeqtiT”. es imas niSnavs, rom radioaqtiu-

roba ver vrceldeba siRrmeebSi auzis mcirewylovanobis an verti-

kaluri Serevis mcire siCqareebis gamo, ris Sedegadac zedapiruli 

koncentraciebi maRalia. 

xelovnuri izotopebi bunebriv garemoSi gaCnda 1945 wlidan, 

rodesac moxda uranis atomis birTvis gaxleCa. im droidan moyole-

buli uwyvetad mimdinareobs bunebrivi garemos daWuWyianeba radi-

oaqtiuri minarevebiT. Tavdapirvelad daWuWyianebis ZiriTad wya-

ros warmoadgenda birTvuli iaraRis gamocdebi bunebrivi garemos 

sxvadasxva obieqtebSi [210]. msoflio okeanis da maT Soris Savi 

zRvis daWuWyianeba radioaqtiuri nivTierebebiT gansakuTrebiT aq-

tualuri gaxda XX saukunis 50-60-ian wlebSi, rodesac intensiurad 

mimdinareobda birTvuli iaraRis gamocdebi atmosferoSi. bir-

Tvulma afeTqebebma gamoiwvies bunebriv garemoSi — atmosferoSi 

niadagsa da okeaneebSi radionuklidebis didi raodenobiT gamoyo-

fa. maTma gavlenam florasa da faunaze katastrofuli xasiaTi mii-

Ro. aman kacobrioba miiyvana atmosferoSi, kosmossa da wyalqveS 

birTvuli gamocdebis akrZalvis Sesaxeb moskovis 1963 wlis xelSek-

rulebamde, romelsac xeli moaweres ZiriTadma birTvulma saxel-

mwifoebma — sabWoTa kavSirma, amerikis SeerTebulma Statebma da 

didma britaneTma. 
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gaCnda axali problema — bunebrivi garemos radioaqtiuli da-

WuWyianeba da Sesabamisad geofizikis axali mimarTulebebic — bir-

Tvuli hidrofizika [137] da birTvuli meteorologia [222]. sain-

teresoa, rom hidrosferoSi gamoyofil radionuklidebs SeuZliaT 

Seasrulon traserebis roli bunebrivi procesebis Seswavlis saq-

meSi. traserebs uwodeben sxvadasxva saxis zRvis wylis fizikur pa-

rametrebsa da qimiur komponentebs, romlebic gamoiyeneba zRvebsa 

da okeaneebSi calkeuli movlenebis identifikaciisa da Seswav-

lisTvis. kerZod, traserebis gamoyenebam xeli Seuwyo okeaneebisa 

da zRvebis cirkulaciis Taviseburebebis, turbulentobis, Sinagani 

talRebis da sxva movlenaTa ukeTesad gagebas da Seswavlas [137, 139, 

195].  

moskovis xelSekrulebis dadebis Semdeg, birTvuli afeTqebe-

bis roli garemos radioaqtiur daWuWyianebaSi mkveTrad Semcirda, 

magram am xelSekrulebas ar aRmoufxvria garemos radioaqtiuri 

daWuWyianebis safrTxe. 70-iani wlebis bolosa da 80-iani wlebis da-

sawyisSi kvlav aqtualuri gaxda aRniSnuli problema birTvuli 

energetikis swraf ganviTarebasTan dakavSirebiT. am droidan iz-

rdeboda atomuri eleqtrosadgurebis, atomuri reaqtorebisa da 

birTvuli sawvavis gadamamuSavebel sawarmoTa roli garemos radi-

oaqtiur dabinZurebaSi.  

Savi zRvis radioaqtiuri minarevebiT daWuWyianebis eqsperimen-

tuli Seswavla daiwyo 1959 wlidan [144, 201, 210, 232]. radioaqtiuri 

daWuWyianebis donis indikatorad aRebuli iyo radioizotopi 

stroncium-90 (Sr90), romelic mudmivad Tan axlavs xelovnur radi-

oaqtiurobas da misi daSlis naxevarperiodia 28 weli. 1960 wels Sa-

vi zRvis radioaqtiuri daWuWyianebasTan dakavSirebiT ganxorci-

elda samecniero eqspediciebi zRvis CrdiloeT da Ria nawilebSi 

(bosforis mimdebare raionis CaTvliT) samecniero-kvleviTi gemiT 

`mixeil lomonosovi~, sadac aRebuli iyo zRvis wylis sinjebi 

Rrma fenebidan. stronciumis radiaqtiurobam zRvis Ria nawilis 

zedapirul wylebis 100 litrze Seadgina 44-46 daSla/wT. siRrmis 

mixedviT stronciumis Semcveloba mcirdeboda, magram bosforis 

mimdebare raionSi 100 m siRrmeze daikvirveboda mniSvnelovani 

koncentraciebi, rac maCvenebeli iyo imisa, rom aseTi radioaqtiu-

roba damaxasiaTebeli iyo marmarilos zRvis wylebisTvis, romle-

bic bosforis srutis gavliT Sav zRvaSi Semosvlisas swrafad eS-

vebian qvemoT Savi zRvis wylebTan mniSvnelovani Serevis gareSe 

[144].  
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1961-1962 ww-Si birTvuli iaraRis gamocdebi ufro intensiu-

rad tardeboda, ris Sedegadac dedamiwis zedapirze da maT Soris 

Savi zRvis zedapirzec adgili qonda didi raodenobiT radioaqti-

uri izotopebis daleqvas. 1964 wlis zafxulsa da Semodgomaze Ca-

tarebulma gamokvlevebma gemiT “mixeil lomonosovi” kavkasiis, yi-

rimis da anatoliis akvatoriebSi, aseve centralur da sruteebis 

mimdebare akvatoriebSi aCvena stroncium-90-is gacilebiT maRali 

koncentraciebi, vidre es iyo 1960 wels. es ganpirobebuli iyo bir-

Tvuli iaraRis Sedegad warmoSobili xelovnuri radioaqtiuri 

produqtebis daleqviT atmosferodan zRvis zedapirze da mdina-

reTa mier zRvaSi SemotaniT.  

gasuli saukunis 60-70-ian wlebSi Sav zRvaSi radioaqtiur izo-

top stroncium-90-is koncentraciis gazomvebma aCvena zRvis radi-

oaqtiuri daWuWyianebis mniSvnelovani zrdis tendencia [144]. nax. 

2.16-ze naCvenebia Savi zRvis zedapirul fenaSi Sr90-is ganawilebis

ruka, romelic miRebulia 1965-1973 ww-Si Catarebuli gazomvebis 

Sedegad. [144]-Si am rukis Sedarebam analogiur rukasTan, romelic 

agebuli iyo 1960-1965 ww-Si Catarebuli gazomvebis Sedegad aCvena, 

rom Sr90 —is Semcvelobam Sav zRvaSi da misi sivrciTi ganawilebis

xasiaTma 70-iani wlebis dasawyisSi mniSvnelovani cvlilebebi gani-

cada. aRniSnuli radioizotopis koncentracia saSualod 4-5-jer 

gaizarda. rogorc nax. 3.19-dan Cans, zRvis Crdilo-dasavleT na-

wilSi stroncium-90-is aqtivobam saSualod Seadgenda 100 litrze 

250-280 daSla/wT., zRvis samxreT-aRmosavleT nawilSi md. Woroxis 

deltasTan - 200-250 daSla/wT.   

nax. 3.19. Sr90- is ganawilebis ruka Sav zRvaSi 1965-1973 ww-Si [144]
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radioaqtiuri izotopebis uprecedento wyaro gaxda 1986 

wlis 26 aprils Cernobilis atomur eleqtrosadgurze momxdari 

avaria, romlis drosac ramdenime saaTis ganmavlobaSi atmosfero-

Si gamoifrqva radioaqtiuri nivTiereba 50 mln kiuris toli aqti-

vobiT. Cernobilis avariis Semdeg Turqi mecnierTa mier sami wlis 

ganmavlobaSi regularulad xdeboda adamianTa sakveb racionSi Se-

maval TevzebSi radionuklidebis Semcvelobis gamokvleva [226]. 

yovelkvireulma da yovelTviurma sinjebma aCvena radionuklide-

bis mniSvnelovani raodenoba Tevzebis gamosakvlev nimuSebSi. maga-

liTad, 1986 wlis maisSi dafiqsirda gama-gamosxivebis maRali done 

(iodi-131, ruTeniumi-106, cezium-134 da cezium-137) Tevzebis or-

ganizmSi 37-65 bekereli/kg diapazonSi. Cernobilis avariis Semdgo-

mi 3 Tvis ganmavlobaSi radioaqtiurobis saerTo done Tevzebis 

qsovilebSi TandaTan Semcirda. Cernobilis radionuklidebi aRmo-

Cenili iqna agreTve midiebSi, zRvis qsovilebSi da makrowyalmce-

nareTa sxvadasxva saxeobebSi. gamokvlevebma aCvena, rom mTliano-

baSi Savi zRvis TurqeTis akvatoriis aRmosavleT nawili ufro da-

binZurebuli iyo Cernobilis radionuklidebiT, vidre dasavleT 

nawili. 

3.5.9. saerTaSoriso TanamSromloba Savi zRvis 

ekologiuri usafrTxoebis mizniT 

zRvebis ekosistemebis dacva da ekologiuri usafrTxoeba 

msoflio sazogadoebis yuradRebis obieqti gaxda ukve gasuli sa-

ukunis 50-iani wlebidan. pirveli saerTaSoriso xelSekruleba, 

romelmac garkveuli movaleobebi daakisra saxelmwifoebs zRvis 

garemos dacvis mizniT, iyo 1954 wlis londonis konvencia zRvis 

navTobiT daWuWyianebis Tavidan acilebis Sesaxeb.  

Savi zRvis ekosistemis SenarCunebisa da masze anTropogenuri 

zemoqmedebis Semcirebis mizniT gasuli saukunis 90-iani wlebidan 

xorcieldeba farTo saerTaSoriso TanamSromloba SavizRvispira 

qveynebs (bulgareTi, TurqeTi, rumineTi, ruseTi, saqarTvelo, uk-

raina) Soris samTavrobaTaSoriso doneze [158].  

saqarTvelom, mas Semdeg rac damoukidebloba moipova, gasuli 

saukunis 90-iani wlebidan aqtiurad monawileobs saerTaSoriso 

garemosdacviT TanamSromlobaSi da aris mravali konvenciisa da 

xelSekrulebis wevri saxelmwifo. 1993 wels saqarTvelo gaxda iu-
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neskos samTavrobaTaSoriso okeanografiuli komisiis (sok) wevri 

[7]. saqarTvelo aris, agreTve, xomaldebis mier zRvis dabinZure-

bisagan dacvis saerTaSoriso konvenciis (marpolos konvencia) wev-

ri. konvencia iTvaliswinebs kompleqsur RonisZiebebs zRvis eq-

sploataciisa da avariebis Sedegad navTobiTa da sxva nivTierebe-

biTa da narCenebiT dabinZurebis winaaRmdeg, agreTve xomaldebi-

dan sahaero sivrcis dabinZurebis winaaRmdeg. konvencia Seicavs 

garkveul valdebulebebs saxelmwifoebis mier, romelTa droSis 

qveSac curaven gemebi da romelTa wylebSic xorcieldeba curva.  

1990 wels miRebuli iqna `navTobis daRvraze mzadyofnis, rea-
girebisa da TanamSromlobis saerTaSoriso konvencia”, romelic 

cnobilia rogorc OPRC konvencia. konvencia avaldebulebs mis 

monawile qveynebs, maT Soris saqarTvelos, uzrunvelyon mzadyof-

na navTobis daRvris SemTxvevebisaTvis da moaxdinon saTanado rea-

gireba. OPRC konvenciiT gaTvaliswinebuli valdebulebebis Ses-

rulebis mizniT, saqarTvelos mTavrobam 2016 wlis aprilSi miiRo 

`zRvaSi navTobis daRvraze reagirebis erovnuli gegma~, romelic 

warmoadgens sawyis samoqmedo versias da drodadro aucilebeli 

iqneba misi, rogorc maregulirebeli dokumentis ganaxleba da mas-

Si garkveuli cvlilebebis Setana.   
1992 wels q. buqarestSi (rumineTi) eqvsi SavizRvispira qveynis 

mier miRebuli iqna ZiriTadi saerTaSoriso dokumenti, romelic 

Savi zRvis dacvis sakiTxebs aregulirebs, esaa Savi zRvis daWuWyi-

anebisagan dacvis konvencia (buqarestis konvencia [133]). am konven-

ciis mizania Savi zRvis ekosistemis karg ekologiur mdgomareoba-

Si SenarCuneba, Savi zRvis biologiuri mravalferovnebis stabi-

luri dacva da xelsayreli pirobebis uzrunvelyofa, iSviaTi saxe-

obebis dacva da sxv. konvenciis Tanaxmad, SavizRvispira yvela qve-

yana movalea daamyaros urTierTTanamSromloba sxva zRvispira 

qveynebTan, romlis mizanicaa Savi zRvis ekologiuri garemos dac-

va sagangebo da avariuli mdgomareobebiT gamowveuli dabinZure-

bisgan, dabinZurebis Semcireba da mis winaaRmdeg brZola. 

1994 wlis ivnisSi avstriis, bulgareTis, xorvatiis, CexeTis, 

germaniis ungreTis, moldaveTis, rumineTis, slovakeTis, sloveni-

is, ukrainisa da evrokavSiris warmomadgenelebis mier q. sofiaSi 

xelmowerili iqna konvencia md. dunais dacvisa da mdgradi ganvi-

Tarebis mizniT TanamSromlobis Sesaxeb. am konvenciis Sedegi iyo 

Savi zRvis dacvis komisiis daarseba, romlis Stab-bina q. stambul-
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Si (TurqeTi) mdebareobs da md. dunais dacvis komisia (q. vena, av-

stria). 

1996 wlis 31 oqtombers stambulSi SavizRvispira qveynebis ga-

remos dacvis ministrebis konferenciaze xelmoweril iqna Savi 

zRvis dacvis RonisZiebaTa strategiuli gegma. SavizRvispira 

qveynebis erToblivi gadawyvetilebiT es TariRi dawesda rogorc 

`Savi zRvis saerTaSoriso dRe~, rac yovelwliurad aRiniSneba Sa-

vizRvispira qveynebSi [236]. 
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თავი  4 

აღმოსავლეთ შავი ზღვის რეგიონული  

პროგნოზის სისტემა  

XXI saukunis dasawyisis Savi zRvis operatiuli okeanografiis 

udidesi miRwevaa Savi zRvis diagnozisa da prognozis operatiuli 

sistemis SemuSaveba [28, 46-48, 50, 51, 97], rac SesaZlebeli gaxda ga-

suli saukunis 80-90-iani wlebidan dawyebuli mecnierul-teqno-

logiuri progresis Sedegad. Savi zRvis diagnozisa da prognozis 

sistema warmoadgens kompleqsur sistemas, romelic dafuZnebulia 

Tanamedrove informaciul-gamoTvliT teqnologiebze. sistema 

moicavs distanciur da kontaqtur dakvirvebebs, monacemTa Sekre-

basa da damuSavebas, monacemTa asimilacias, zRvis hidrofizikis 

institutis (zhi, q. sevastopoli) Savi zRvis dinamikis maTematikur 

models mTlianad Savi zRvis masStabiT da maRali garCevisunarian 

regionul modelebs zRvis calkeuli sanapiro regionebisaTvis.  

nax. 4.1-ze, romelic aRebulia [51]-dan, naCvenebia bulgareTis, 

rumineTis, ukrainis, ruseTisa da saqarTvelos regionuli areebi, 

nax. 4.1. Savi zRvis sanapiro regionebi, sadac gamoiTvleba dinamikuri 
velebis prognozi maRali garCevisunarianobiT [51]
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sadac gamoiTvleba zRvis regionuli prognozi maRali garCevisuna-

rianobiT. naxazze TiToeuli regionisaTvis naCvenebia saTvleli ba-

deebis horizontaluri kvanZebis raodenoba, magram unda SevniSnoT, 

rom saqarTveelosTvis gankuTvnil regionul areSi arasworadaa mi-

TiTebuli badis kvanZebis raodenoba, rac qvemoT iqneba moyvanili.  

rogorc nax. 4.1-dan Cans, Savi zRvis diagnozisa da prognozis 

sistemis erT-erTi komponentia Savi zRvis mdgomareobis regionu-

li prognozis sistema Savi zRvis aRmosavleT nawilisaTvis, rome-

lic moicavs saqarTvelos sanapiro zonas da mis mimdebare akvato-

rias [37-44, 150-152]. regionuli prognozis sistema SemuSavebulia 

evrokavSiris saerTaSoriso samecniero-teqnikuri proeqtebis 

ARENA da ECOOP farglebSi iv. javaxiSvilis saxelobis Tbilisis 

saxelmwifo universitetis m. nodias saxelobis geofizikis insti-

tutSi. sistemis Semdgomi srulyofa da gafarToeba ekologiuri 

amocanebiT ganxorcielda SoTa rusTavelis erovnuli samecniero 

fondis grantis farglebSi (2013-2015). 

 

4.1. prognozuli sistemis struqtura da Teoriuli 

safuZvlebi 
 

regionuli prognozis sistema emyareba maTematikuri modeli-

rebis Tanamedrove meTodebis gamoyenebas. sistemis Semadgeneli 

calkeuli modulebi warmoadgens zRvaSi mimdinare procesebis aR-

mwer maTematikur modelebs, xolo modelebis gantolebaTa amox-

sna efuZneba arastacionarul diferencialur gantolebaTa amox-

snis sasrul-sxvaobiTi meTodebis gamoyenebas. 

nax. 4.2-ze warmodgenilia aRmosavleT Savi zRvis regionuli 

prognozis sistemis struqtura da prognozis are. prognozis are 

SemosazRvrulia kavkasiisa da TurqeTis sanapiro xaziT da a. g. 

39.080-ze gamavali Txevadi pirobiTi sazRvriT. regionuli progno-

zis sistema Sedgeba hidrodinamikuri da ekologiuri blokebisa-

gan. hidrodinamikuri blokis ZiriTadi birTvia m. nodias saxelo-

bis geofizikis institutis maRali garCevisunariani Savi zRvis di-

namikis regionuli maTematikuri modeli, xolo ekologiuri blo-

kis Semadgeneli nawilebia zRvis garemoSi navTobisa da sxva dama-

WuWyianebel nivTierebaTa gavrcelebis ori da samganzomilebiani 

maTematikuri modelebi, romlebic gamoiyeneben zRvis dinamikis 

regionuli modeliT gamoTvlil dinebis velis prognozul mniS-

vnelobebs.  
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nax. 4.2. regionuli prognozis sistemis struqtura da prognozis are [44] 

Savi zRvis dinamikis regionuli modeli miRebulia Savi zRvis 

auzis masStabis dinamikis modelis [36, 153-155] adaptirebis gziT 

zRvis ganapira aRmosavleT akvatoriisaTvis da sivrciTi garCevi-

sunarianobis gazrdiT 5 km-dan 1 km-de. TviT Savi zRvis auzis mas-

Stabis dinamikis modeli warmoadgens gasuli saukunis 70-ian wleb-

Si SemuSavebuli zRvis dinamikis ricxviTi modelis [148, 157, 186-

188] gaumjobesebul versias. zRvis dinamikis regionuli modelis 

gantolebaTa sistema Sesabamisi sasazRvro da sawyisi pirobebiT 

moyvanilia danarT 1-Si.  
regionuli modeli dafuZnebulia okeanis hidroTermodinami-

kis gantolebaTa srul sistemaze hidrostatikur miaxloebaSi, ro-

melic bunebis sami fundamenturi kanonis — impulsis, masisa da 

energiis mudmivobis kanonebis maTematikuri gamoxatulebaa. mas 

emateba agreTve zRvis wylis mdgomareobisa da marilebis gadata-

nis gantolebebi. modelis saTvleli bade 1 km sivrciTi bijiT Cad-

gmulia zhi-is Savi zRvis auzis masStabis dinamikis maTematikur 

modelis 5 km sivrciTi garCevisunarianobis saTvlel badeSi. aq ga-

moyenebulia calmxriv Cadgmul badeTa meTodi (one-way nesting), rac 

uzrunvelyofs auzis masStabis procesebis zemoqmedebas regio-

nul procesebze Txevadi pirobiTi sazRvris meSveobiT. garda ami-
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sa, zRvis dinamikis regionul modelSi gaTvaliswinebulia Semdegi 

ZiriTadi faqtorebi: 

 atmosferuli qarismieri da Termuli zemoqmedeba, 

 atmosferuli naleqebi, 

 aorTqleba zRvis zedapiridan, 

 mzis mokletalRovani radiaciis STanTqma zRvis zeda fenis mi-
er, 

 zRvis fskeris reliefi da napirebis konfiguracia, 

 horizontaluri da vertikaluri turbulenturi siblantisa 
da difuziis koeficientebis sivrciT-droiTi cvalebadoba 
(ix., danarTi 2 ), 

 saqarTvelos ZiriTadi mdinareebis — bzifis, kodoris, eriswya-
lis, enguris, xobis, rionis Camonadenebi. 

regionuli prognozis gamoTvlebisaTvis saWiro modelSi Se-

mavali yvela monacemi miiReba yoveldRiurad operatiulTan miax-

loebul reJimSi zhi-dan internetis meSveobiT. es monacemebia: 

 dinebis, temperaturisa da marilianobis samganzomilebiani 
sawyisi velebi, 

 dinebis, temperaturisa da marilianobis organzomilebiani 
prognozuli velebi dasavleTis Txevad sazRvarze, 

 prognozuli meteorologiuri velebi zRvis zedapirze — qaris 
xaxunis tangencialuri mdgenelebi, siTbos nakadi, atmosferu-
li naleqebi da aorTqleba zRvis zedapiridan. 

 hidrofizikuri velebi dasavleTis Ria Txevad sazRvarze war-

moadgens zhi-is zRvis auzis masStabis dinamikis modeliT [105, 158] 

gamoTvlil prognozul mniSvnelobebs, xolo meteorologiuri ve-

lebi zRvis zedapirze aris atmosferos regionuli modeliT 

ALADIN gamoTvlili prognozis Sedegebi. regionuli modeli 

ALADIN [17], romelic adaptirebulia Savi zRvis regionisaTvis 24 km 

sivrciTi bijiT, funqcionirebs rumineTis erovnul meteorologi-

ur administraciaSi (q. buqaresti).  

yvela zemoT CamoTvlili prognozuli monacemi, romelic mii-

Reba cifruli masivebis saxiT (‘dat’ formatiT), mocemulia zhi-is 

modelis saTvlel badeze 5 km sivrciTi bijiT da 1 sT-iani droiTi 

bijis sixSiriT 4 dRe-Ramis tol droiT intervalze. am monacemTa 

gamoyeneba maRali garCevisunarian zRvis dinamikis regionul mo-

delSi moiTxovs maT gadayvanas 1 km sivrciTi bijis badeze, rac xor-

cieldeba wrfivi interpolaciis meTodis gamoyenebiT yovel dro-
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iT bijze regionuli modelis kompiuteruli realizaciis proces-

Si. maSasadame, pirobiT Txevad sazRvarze, yovel droiT bijze 

gvaqvs dinebis siCqaris komponentebis, temperaturisa da marilia-

nobis prognozuli mniSvnelobebi, romlebic gamoiyeneba sasazRvro 

pirobebis saxiT regionuli modelis gantolebaTa integrirebisas. 

regionul modelSi Semavali monacemebi uzrunvelyofen mode-

lis gantolebaTa integrirebas 4 dRe-Ramis xangrZlivobiT, magram 

Cven vixilavT 3-dRian prognozs (integrirebis me-2 dRidan). mxedve-

lobaSi viRebT im faqts, rom pirveli 24 sT-is ganmavlobaSi xdeba 

uxeS badeze mocemul (5 km garCevisunarianobiT) monacemTa adapti-

rebis procesi ukeTesi badis (1 km garCevisunarianobiT) mimarT [39].  

Savi zRvis diagnozisa da prognozis sistema Semdegnairad fun-

qcionirebs (ix., nax. 4.2): rumineTis erovnul meteorologiur admi-

nistraciaSi (q. buqaresti) gamoiTvleba atmosferos moklevadiani 

prognozi Savi zRvis auzis zemoT atmosferos modelis ALADIN sa-

fuZvelze. zRvis zemoT gamoTvlili atmosferos parametrebis (qa-

ri, temperatura, naleqebi da sxv.) prognozuli mniSvnelobebi ope-

ratiulTan miaxloebul reJimSi igzavneba internetis saSualebiT 

zhi-Si. aq es sidideebi gamoiyeneba zRvis zedapirze sasazRvro pi-

robebSi zhi-is zRvis dinamikis modelSi, romlis realizacia xdeba 5 

km sivrciTi bijiT mTlianad Savi zRvisaTvis.Sedegad, gamoiTvleba 

zRvis ZiriTadi dinamikuri velebis — dinebis, temperaturis, mari-

lianobisa da zRvis donis prognozi 4 dRis winaswarobiT mTeli au-

zis masStabiT. unda aRiniSnos rom es aris rTuli kompleqsuri amo-

cana, sadac gamoiyeneba ara marto atmosferos prognozis Sedegebi, 

aramed kontaqturi da Tanamgzavruli dakvirvebis monacemebi, aseve 

dakvirvebis monacemTa asimilaciis meTodebi [51, 158].  

zhi-Si sazRvao prognozis gamoTvlis damTavrebisTanave xdeba 

nax. 4.1-ze warmodgenili sanapiro regionebisaTvis gankuTvnili 

prognozuli informaciis ganTavseba Sesabamis saitebze, maT Soris 

saqarTvelosaTvis gankuTvnil saitze. yoveldRiurad, operati-

ulTan miaxloebul reJimSi, m. nodias sax. geofizikis institutSi 

miiReba yvela is monacemi, rac saWiroa zRvis dinamikuri velebis 

gaTvlisaTvis zRvis aRmosavleT akvatoriaSi ufro maRali garCe-

visunarianobiT, kerZod, 1 km sivrciTi bijiT. am monacemebis mor-

geba maRali garCevisunariani saTvleli badisaTvis xdeba avtoma-

tizirebulad, interpolaciuri meTodebis gamoyenebiT, regionu-

li modelis gantolebaTa integrirebis procesSi. Sedegad, gamo-

iTvleba dinebis, temperaturisa da marilianobis moklevadiani 

sazRvao prognozi 1 km sivrciTi garCevisunarianobiT Savi zRvis 



 
 

113 

saqarTvelos seqtorisa da mimdebare akvatoriisaTvis. gamoTvle-

bis damTavrebisTanave, xorcieldeba prognozuli velebis vizua-

lizacia da maTi internetSi ganTavseba. 
ekologiur blokSi Semavali minarevebis gavrcelebis ricxvi-

Ti modelebi dafuZnebulia or da samgamzomilebian gadatana-di-

fuziis gantolebebze arakonservatiuli minarevisaTvis.  

prognozul sistemaSi Semavali ricxviTi modelebis gantole-

baTa amoxsna efuZneba, ZiriTadad, erTian meTodologiur midgo-

mas, kerZod, atmosferosa da okeanis amocanaTa amoxsnis mizniT         

g. i. marCukis mier SemoTavazebul gaxleCis orcikliani meTodebis 

gamoyenebas [148, 181-183], rac uzrunvelyofs ganxilul amocanaTa 

aproqsimacias meore rigis sizustiT droiTi cvladis mimarT (ara-

komutaturi operatorebis SemTxvevaSi). gaxleCis meTods safuZ-

vlad udevs amocanis ZiriTadi operatoris warmodgena ufro mar-

tivi operatorebis saxiT.  

regionuli prognozuli sistemis programuli uzrunvelyofa 

warmoadgens erTian kompleqsur programul pakets, romelic Se-

muSavebulia algoriTmul enaze `fortrani~. programuli paketi 

Sedgeba calkeuli modulebisagan, romlebsac garkveuli funqci-

onaluri datvirTva gaaCniaT.  
 aRmosavleT Savi zRvis regionuli prognozis sistema saSua-

lebas iZleva gamovTvaloT Savi zRvis saqarTvelos seqtorsa da 

mimdebare akvatoriaSi ZiriTadi hidrofizikuri velebis — zRvis 

dinebis, temperaturisa da marilianobis 3-dRiani prognozi 1 km 

sivrciTi garCevisunarianobiT sxvadasxva horizontebze zRvis ze-

dapiridan fskeramde, xolo sagangebo situaciebis dros viwinas-

warmetyveloT agreTve zRvaSi CaRvrili navTobisa da sxva minare-

vebis gavrcelebis areebi da koncentraciebi. 

amJamad, regionuli prognozis sistema muSaobs operatiulTan 

miaxloebul reJimSi da hidrofizikuri velebis — dinebis, tempe-

raturisa da marilianobis 3 dRiani prognozis Sedegebi zRvis ze-

dapirze, 20 da 50 m siRrmeebze Tavsdeba internetSi misamarTebze: 

www.ig-geophysics.ge da www.oceandna.ge. 

 

4.2. dinamikuri velebis prognozis magaliTebi 
 

regionul prognozul sistemaSi Semavali maTematikuri mode-

lebis kompiuteruli realizaciis mizniT zRvis aRmosavleT akva-

toriaSi prognozis are dafarulia sivrciTi badiT, romlis para-
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metrebia: vertikalze 30 saTvleli done araerTgvarovani bijebiT 

2, 4, 6, 8, 12, 16, 26, 36, 56, 86, 136, 206, 306,..., 2006 horizontebze; TiTo-

eul horizontze badis kvanZebis raodenobaa 215x347; sivrciTi ho-

rizontaluri bijia 1 km; droiTi bijia 0,5 sT. 

nax. 4.3-ze naCvenebia modelirebisa da prognozis aris topogra-

fiis sivrciTi gamosaxulebebi dasavleTisa da samxreT-aRmosavle-

Tis mxridan, rac gamoyenebulia regionul prognozul sistemaSi.  

nax. 4.3. modelebSi gamoyenebuli Savi zRvis saqarTvelos seqtorisa da 
mimdebare akvatoriis topografiis sivrciTi gamosaxulebebi 

prognozuli sistemis validacia ganxorcielda 2005 wlis iv-

lisSi, rodesac pirvelad Savi zRvisaTvis Catarda piloturi eq-

sperimenti Savi zRvis diagnozisa da prognozis sistemis funqcio-

nirebis gamocdis mizniT operatiulTan miaxloebul reJimSi. pi-

lotur eqsperimentSi monawileobda yvela SavizRvispira qveyana. 

aRmosavleT Savi zRvis prognozuli sistemis Sedegebis Sedarebam 

dakvirvebis monacemebTan aCvena gamoTvlili prognozuli velebis 

kargi Tanxmoba dakvirvebis monacemebTan [46].  

SemdgomSi, zedapiruli temperaturis mniSvnelobebi Sedare-

buli iqna Tanamgzavrul monacemebTan. Sedarebam aCvena, progno-

zuli da dakvirvebuli velebis kargi Tvisebrivi da raodenobrivi 

damTxveva [39].  

ilustraciis mizniT, nax. 4.4-ze naCvenebia regionuli progno-

zuli sistemis safuZvelze gamoTvlili zRvis zedapiris tempera-

turuli velebi da NOAA dedamiwis xelovnuri Tanamgzavrebidan 

miRebuli zRvis zedapiruli temperaturis suraTebi Savi zRvis 

aRmosavleT akvatoriisaTvis, romlebic Seesabamebian 2010 wlis 6, 

7 agvistos da 26 oqtombers. prognozuli velebis Sedareba xdebo-
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da im Tanamgzavrul suraTebTan, romlebic daaxloebiT Seesabame-

bodnen prognozuli velebis Sesabamis drois momentebs. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax. 4.4. prognozuli (marcxniv) da NOAA Tanamgzavrebidan miRebuli 
zRvis zedapiris temperatura (marjvniv) Savi zRvis ganapira aRmosavleT 

nawilSi 2010 wlis 6, 7 agvistos da 26 oqtombers [39] 

 
Tanamgzavruli suraTebis miReba SesaZlebeli iyo ukrainis 

erovnuli kosmosuri saagentos Savi zRvis monacemTa arqividan 

(http://dvs.net.ua/mp). Sedarebis mizniT SeirCa is dReebi, roca Savi 

zRvis aRmosavleT akvatoriis zemoT ca TiTqmis Tavisufali iyo 

RrubelTa safarisagan. 26 oqtombers mcire moRrubluloba daik-
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virveboda mxolod gansaxilveli teritoriis centralur da Crdi-

lo-dasavleT nawilSi. nax. 4.4-dan, Cans rom gamoTvlili velebi 

karg TanxmobaSia dakvirvebis monacemebTan da modelirebuli ve-

lebi da Tanamgzavruli suraTebi TiTqmis erTnairad asaxaven tem-

peraturuli velis Taviseburebebs. magaliTad, nax. 4.4-dan SeiZle-

ba SevniSnoT, rom 2010 wlis 6 da 7 agvistos rogorc prognozuli, 

aseve Tanamgzavrul temperaturis velebSi daikvirveboda napiris 

gaswvriv SedarebiT maRali temperaturebi da dabali temperatu-

rebi gansaxilveli aris centralur nawilSi. 26 oqtombers ki Se-

samCnevi iyo wylis gacivebis saerTo tendencia saqarTvelos napi-

rebidan zRvis siRrmisaken. rac Seexeba raodenobriv Tanxvedras, 

ganxiluli aris udides nawilSi temperaturuli sxvaoba progno-

zul da dakvirvebul sidideebs Soris ar aRemateboda 0,60—0,70C, 
mxolod zogierT wertilSi gansxvaveba meti iyo. 

ganvixiloT regionuli prognozis sistemis safuZvelze ga-

moTvlili dinamikuri velebis prognozis zogierTi magaliTi Savi 

zRvis aRmosavleT akvatoriaSi.  

magaliTi 1. prognozuli intervali: 00:00 GMT (saSualo grin-

viCis dro), 6-9 agvisto 2010. rogorc zemoT iyo aRniSnuli, mode-

lis gantolebaTa integrireba iwyeboda 24 sT-iT adre, e. i. 00:00 

GMT, 5 agvistos, radganac, rogorc ukve aRiniSna, pirvel dRes 

mimdinareobs velebis adaptirebis procesi maRali garCevisunari-

an saTvleli badis mimarT.  

nax. 4.5-ze naCvenebia dinebis veli aRmosavleT akvatoriaSi 

sxvadasxva siRrmeebze gantolebaTa integrirebis sawyis momentSi 

(00:00 GMT, 5 agvisto 2010). 

naxazidan naTlad Cans, rom regionuli cirkulaciis mTavari 

elementia anticiklonuri grigali diametriT daaxloebiT 150-200 

km, romelic faravs ganxiluli modelirebis aris udides nawils. 

esaa okeanografiul literaturaSi kargad cnobili baTumis griga-

li [49, 69], romelic ufro metad damaxasiaTebelia wlis Tbil sezon-

Si Savi zRvis samxreT-aRmosavleT nawilisaTvis. rogorc naxazidan 

Cans, baTumis grigalis struqtura praqtikulad ucvlelia zeda 

fenaSi, mxolod dinebis siCqareebi siRrmis mixedviT TandaTan mcir-

deba. aq ganxilul magaliTSi dinebis maqsimaluri siCqare Semcirda 

24 sm/wm-dan 11 sm/wm-de zedapiridan 200 m siRrmemde. Rrma fenebSi 

baTumis grigali TandaTan transformirdeba da daikvirveba ufro 

mcire masStabis grigaluri warmonaqmnebis formireba.  
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(a) 

 
 

(b) 

 

(g) 

 

(d) 

 
 

  

nax. 4.5. dinebis veli 0 m (a), 50 m (b), 200 m (g) da 500 m (d) horizontebze 
gantolebaTa integrirebis sawyis momentSi: 00:00 GMT, 5.08.2010 

 

nax. 4.6 da 4.7-ze mocemulia temperaturisa da marilianobis ve-

lebi zRvis zedapirsa da 100 m horizontze modelis gantolebaTa 

integrirebis dasawyisSi. zedapiruli temperaturis horizontalu-

ri ganawileba tipiuria wlis zafxulis sezonisaTvis. ufro Tbili 

wylebi zRvis zedapirze daikvirveba kavkasiis sanapiros mimdebare 

akvatoriaSi. z=100 m horizontze kargad daikvirveba civi Sualedu-

ri fena (es fena SemosazRvrulia 80C izoTermiT) akvatoriis mniS-

vnelovan nawilSi.  
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(a) (b) 

nax. 4.6. temperaturis veli 0 m (a) da 100 m (b) horizontebze
gantolebaTa integrirebis sawyis momentSi: 00:00 GMT, 5.08.2010 

baTumis grigali mniSvnelovan gavlenas axdens marilianobis ve-

lis ganawilebaze. marilianobis velis ZiriTadi Taviseburebaa is, 

rom SedarebiT naklebad mariliani wylebi baTumis grigalis centra-

lur nawilSia, xolo grigalis periferiul nawilSi marilianoba ma-

tulobs (nax. 4.7). marilianobis ganawilebis aseTi xasiaTi advilad 

aixsneba cirkulaciuri TaviseburebebiT, anticiklonuri grigalis 

centralur nawilSi formirebul daRmaval dinebas SedarebiT daba-

li marilianobis wyali Camoaqvs zeda fenebidan qveda fenebSi.  

(a) (b) 

nax. 4.7. marilianobis veli 0 m (a) da 100 m (b) horizontebze
gantolebaTa integrirebis sawyis momentSi: 00:00 GMT, 5.08.2010 



 
 

119 

qaris xaxunis tangencialuri daZabulobis velebis analizma 

aCvena, rom mocemul prognozul intervalSi zRvis zemoT atmos-

feruli cirkulacia mniSvnelovnad icvleboda. 

zRvis dinamikis regionuli modeliT gamoTvlili zRvis zeda-

piruli dinebis veli 24 da 72 sT-is Semdeg (dro aTvlilia progno-

zis sawyisi momentidan — 00:00 GMT, 6 agvisto 2010) warmodgenilia 

nax. 4.8-ze, xolo zhi-is modeliT gamoTvlili igive velebi imave 

drois momentebSi naCvenebia nax. 4.9-ze. nax. 4.8 da nax. 4.9-is Sedare-

biTi analizi aCvenebs, rom orive modeliT miRebul prognozul ve-

lebs saerTo Tvisebebi gaaCniaT, magram amave dros daikvirveba gan-

sxvavebanic. saerTo  damaxasiaTebeli  Taviseburebaa is rom  orive 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

nax. 4.8. zRvis dinamikis regionuli modeliT miRebuli zedapiruli 
dinebis prognozuli veli t = 24 sT (a) da t = 72 sT (b) momentebisaTvis. 

prognozuli intervalia 00:00 GMT, 6-9 agvisto, 2010 
 

modelis Tanaxmad baTumis grigali aris sakmaod mdgradi warmo-

naqmni, romelic daikvirveba mTeli prognozuli intervalis gan-

mavlobaSi mniSvnelovani cvlilebebis gareSe, atmosferuli ze-

moqmedebis arastacionarulobis miuxedavad. mTavari gansxvaveba 

aRniSnuli modelebiT prognozirebul cirkulaciis velebs Soris 

aris is, rom kavkasiis sanapiros gaswvriv daaxloebiT 20-25 km siga-

nis viwro zonaSi dinebaTa sistema regionuli modelis Tanaxmad 

xasiaTdeba Zalian mcire zomis sanapiro aramdgradi grigaluri 

struqturebis formirebiT da aq dinebis arastacionaruli xasia-

(a)  t = 24 sT 

 
 

(b)  t = 72 sT 
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TiT, rac zhi-is modeliT miRebul cirkulaciur suraTebSi nakle-

bad daikvirveba, am zonaSi dineba gagluvebulia da praqtikulad 

stacionaruli xasiaTi aqvs. magaliTad, zhi-is institutis mode-

lisagan gansxvavebiT, nax. 4.8b-ze kargad Cans mcire zomis griga-

luri formireba 15-20 km diametriT q. soxumis  mimdebare  akvato-

riaSi.  es  mcire grigali daikvirveba t=24 sT momentisaTvis, magram 

(a) t = 24sT ( b)  t = 72 sT 

nax. 4.9. zhi-is zRvis dinamikis modeliT miRebuli zedapiruli dinebis 
prognozuli veli t = 24 sT (a) da t = 72 sT (b) momentebisaTvis.  

prognozuli intervalia 00:00 GMT, 6-9 agvisto, 2010 

ufro mkveTradaa gamoxatuli t=72 sT momentSi. aseve, q. foTsa da q. 

xofas Soris sanapiro akvatoriaSi daikvirveba Zalian mcire zomis 

grigalis formirebis procesi t=24 sT momentisaTvis, magram t=72 

saaTisaTvis es grigali aRar daikvirveba, radgan moxda misi maleve 

disipacia. analogiuri submezomasStaburi sanapiro grigalebis 

formireba damaxasiaTebelia Savi zRvis sanapiro zonaSi, rac aR-

niSnulia sxva avtorebis mierac [103, 125]. aseTi mcire masStabis 

mqone grigaluri warmonaqmebis identifikacia SesaZlebelia maRa-

li garCevisunarianobis maTematikuri modelebiT, rac uzrunvel-

yofilia Cvens regionul modelSi.  

regionuli modelis Tanaxmad, mcire grigaluri formirebebis 

viwro sanapiro zona garkveul gavlenas axdens baTumis grigalis 

konfiguraciaze da Sesabamisad siCqareTa ganawilebaze grigalis 

SigniT. es zona TamaSobs Semaferxebeli faqtoris rols baTumis 

grigalis marjvena periferiuli dinebisaTvis uSualod miaRwios 
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saqarTvelos sanapiros. magaliTad, nax. 4.8-dan Cans, rom q. soxumis 

maxloblad formirebuli submezomasStaburi grigali moqmedebs, 

rogorc garkveuli dabrkoleba baTumis grigalis periferiuli 

dinebisaTvis, romelic aq miedineba soxumis submezomasStabur da 

grigalsa da baTumis grigalis centrs Soris moTavsebul `viwro 

arxSi~. amitom aq warmoiSoba maRali siCqareebis are, sadac dineba 

aRwevs 30-32 sm/wm. dinebis es Tavisebureba zhi-is modelis mier Se-

umCnevelia.  

  

 (a)    t = 24 sT   (b )   t = 72 sT 

 

nax. 4.10. zRvis dinamikis regionuli modeliT miRebuli temperaturis 
prognozuli veli t = 24 sT (a) da t = 72 sT (b) momentebisaTvis z = 10 m 
horizontze. prognozuli intervalia 00:00 GMT, 6-9 agvisto, 2010 
 

nax. 4.10 da nax. 4.11.-ze naCvenebia zRvis dinamikis regionuli 

modeliT gamoTvlili temperaturisa da marilianobis prognozu-

li velebi, Sesabamisad. igive velebi, romlebic gamoTvlilia zhi-

is zRvis dinamikis modeliT, naCvenebia, Sesabamisad nax. 4.12 da nax. 

4.13-ze. orive SemTxvevaSi Termoxalinuri velebi warmodgenilia z 

= 10 m horizontze 24 da 72 sT-is Semdeg prognozis sawyis momenti-

dan. nax. 4.10 da nax. 4.12-is Sedareba aCvenebs garkveul gansxvavebas 

ori modeliT gamoTvlil temperaturis velebs Soris. naxazebidan 

Cans, rom orive SemTxvevaSi baTumis grigalis centralur nawilSi 

wylebi ufro civia, vidre periferiul nawilSi. nax. 4.11 da nax. 4.13 

Sedareba cxadad aCvenebs modelis maRali garCevisunarianobis sa-

Wiroebas dinamikuri velebis realurad aRweris mizniT marilia-
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nobis velis modelirebis magaliTze. nax. 4.11-dan mkafiod ikveTeba 

maRali marilianobis wylebis SemoWra zRvis Ria nawilidan saqar-

Tvelos sanapiro zonaSi baTumis anticiklonuri grigalis perife-

riuli dinebiT. zhi-is modeli, romelic iyenebs uxeS bades, ver aR-

wers mkafiod am fenomens, maSin roca es Tavisebureba cxadad aRi-

wereba maRali garCevisunariani badis mqone modeliT.  

nax. 4.11. zRvis dinamikis regionuli modeliT miRebuli marilianobis 
prognozuli veli t = 24 sT (a) da t = 72 sT (b) momentebisaTvis. prognozuli 

intervalia 00:00 GMT, 6-9 agvisto, 2010 

baTumis anticiklonur grigalTan dakavSirebiT unda aRvniS-

noT Semdegi. Savi zRvis kvazistacionarul anticiklonur warmo-

naqmnebs Soris, baTumis anticikloni yvelaze mniSvnelovani griga-

luri warmonaqmnia misi intensiurobisa da stabilurobis Tval-

sazrisiT. igi SeiZleba Caisaxos wlis nebismier sezonSi, magram 

dakvirvebaTa statistika gviCvenebs, rom es grigali regularu-

lad formirdeba wlis Tbil sezonSi mart-aprilidan oqtomber-

noembramde. [158]-Si misi formirebis mizezad qari miiCneva. Cvens mi-

er [19]-Si Catarebuli ricxviTi eqsperimentebi m. nodias sax. geofi-

zikis institutis Savi zRvis dinamikis modelis [36, 153, 154] safuZ-

velze klimaturi saSualo wliuri monacemebis gamoyenebiT safuZ-

vels gvaZlevs  vivaraudoT, rom  baTumis  anticiklonuri  grigalis  

 (a)   t = 24 sT  (b)   t = 24 sT  
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nax. 4.12. zhi-is zRvis dinamikis modeliT miRebuli temperaturis 
prognozuli veli t=24 sT (a) da t=72 sT (b) momentebisaTvis z=10 m 

horizontze. prognozuli intervalia 00:00 GMT, 6-9 agvisto, 2010 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax. 4.13. zhi-is zRvis dinamikis modeliT miRebuli marilianobis 
prognozuli veli t=24 sT (a) da t=72 sT (b) momentebisaTvis z=10 m 

horizontze. prognozuli intervalia 00:00 GMT, 6-9 agvisto, 2010 
 

formirebis mizezi Termoxalinuri pirobebia, anu temperaturisa 

da marilianobis velebis ganawilebis specifikuri xasiaTi. gamoir-

kva, rom erTi da igive qaris zemoqmedebis pirobebSi zRvis sam-

xreT-aRmosavleT nawilSi baTumis anticiklonis formireba damo-

kidebulia zeda sasazRvro pirobebad  gamoyenebul  zRvis  zedapi- 

 (a) t = 24sT 

 
 

(b) t = 72 sT 

(a) t = 24 sT 

 

(b) t = 72 sT 
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nax. 4.14. dinebis veli 0 m — (a), 50 m — (b), 200 m — (g), 500 m — (d) 
horizontebze gantolebaTa integrirebis sawyis momentSi:       

00:00 GMT, 25.10.2010 

ris temperaturisa da marilianobis velebisa da maTi fonuri ver-

tikaluri profilebis TaviseburebebTan. [19]-Si aRweril ricxviT 

eqsperimentebSi gamokvleuli iyo cirkulaciuri procesebis 

mgrZnobiaroba sasazRvro pirobebis saxiT modelSi Semaval zRvis 

zedapiris temperaturis da marilianobis velebisa da maTi profi-

lebis mimarT. ganixileboda Cvens xelT arsebuli ori saxis saSua-

lo wliuri klimaturi monacemebi temperaturisa da marilianobi-

saTvis, romlebic miRebuli iyo sxvadasxva avtorTa mier sxvadas-

xva wlebSi Catarebul dakvirvebis monacemTa analizis safuZvel-

ze, amasTanave qaris tangencialuri daZabulobis veqtoruli veli 

(a)  (b)  

(g) (d) 
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erTnairi iyo orive ricxviT eqsperimentSi. ricxviTma eqsperimen-

tebma aCvena baTumis anticiklonis formireba erTi saxis Termoxa-

linuri velebis SemTxvevaSi, xolo meore saxis velebis gamoyenebi-

sas baTumis grigali ar daikvirveboda. amgvarad, miRebuli Sedegi 

safuZvels gvaZlevs gamovTqvaT mosazreba, rom baTumis grigalis 

formirebis mizezi temperaturisa da marilianobis velebis Tavi-

seburi ganawilebaa.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

magaliTi 2. prognozuli intervali: 00:00 GMT, 26-29 oqtombe-

ri 2010. wina SemTxvevis analogiurad, modelis gantolebaTa in-

tegrireba iwyeboda erTi dRiT adre, e. i. 00:00 GMT, 25 oqtombers. 

nax. 4.14-ze naCvenebia dinebis veli zogierT horizontebze ganto-

lebaTa integrirebis sawyis momentSi. sainteresoa aRiniSnos, rom 

rogorc nax. 4.14 da nax. 4.8 Sedarebidan Cans, regionuli cirkula-

cia sruliad gansxvavdeba 2010 wlis 5 agvistos arsebuli cirkula-

ciisagan. regionuli cirkulaciis zogadi struqtura 00:00 GMT, 
25 oqtombers xasiaTdeboda mcire zomis ciklonuri da anticik-

lonuri grigalebis formirebiT. aseTi struqtura Tvisebrivad 

SenarCundebulia Rrma fenebamde dinebis maqsimaluri siCqaris 

TandaTanobiTi SemcirebiT 32 sm/wm-dan zRvis zedapirze 4 sm/wm-

mde 500 m siRrmeze. Sesabamisad, temperaturisa da marilianobis 

velebis horizontaluri ganawileba (nax. 4.15 da nax. 4.16) gansxvav-

(a) (b) 

 

nax. 4.15. temperaturis veli 0 m (a) da 100 m (b) horizontebze 
gantolebaTa integrirebis sawyis momentSi: 00:00 GMT, 25.10.2010 
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deba igive velebis ganawilebisagan 2010 wlis 5 agvistos (ix., nax. 

4.10 da nax. 4.11).  

geofizikis institutis regionuli modeliT gamoTvlili 

prognozuli zedapiruli cirkulaciis veli warmodgenilia nax. 

4.17-ze, xolo zhi-is institutis zRvis dinamikis modeliT gamoT-

vlili igive veli naCvenebia nax. 4.18-ze 24 sT da 72 sT Semdeg prog-

nozis sawyis momentidan. am ori naxazis Sedareba aCvenebs, rom re-

gionuli modeliT prognozirebuli  cirkulacia  xasiaTdeba  mezo- 

 
 

 

 

 

 

 

 

 

 

 

 

 

nax. 4.16. marilianobis veli (‰) 0 m (a) da 100 m (b) horizontebze 
integrirebis sawyis momentSi: 00:00 GMT, 25.10.2010 

da submezomasStaburi grigaluri warmonaqmnebis intensiuri for-

mirebiT, evoluciiTa da disipaciiT (daaxloebiT 15-40 km diamet-

riT), rac SedarebiT naklebadaa gamoxatuli zhi-is institutis mo-

deliT prognozirebul dinebis velSi. es faqti kidev erTxel 

gvarwmunebs im azrSi, rom ricxviTi modelis maRali garCevisuna-

rianoba warmoadgens mTavar faqtors mcire aramdgradi grigale-

bis saimedo identifikaciisaTvis, romelTa formireba uwyvetad 

mimdinareobs saqarTvelos sanapiros gaswvriv viwro zolSi.  

zRvis dinamikis regionuli modeliT gamoTvlili temperatu-

risa da marilianobis prognozuli velebi naCvenebia nax. 4.19 da 

nax. 4.20-ze, xolo zhi-is modeliT gamoTvlili igive velebi - nax. 

4.21 da nax. 4.22-ze. aRniSnuli velebi naCvenebia z = 10 m horizontze 

24 da 72 sT-is Semdeg prognozis sawyisi momentidan. orive mode-

liT miRebuli Termoxalinuri velebis SedarebiTi analizi mow-

mobs, rom am velebis ZiriTadi Taviseburebani msgavsia da Tviseb-

(a) (b) 
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rivad axlosaa erTmaneTTan, magram daikvirveba garkveuli gansxva-

vebani velebis calkeul niuansebSi. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax. 4.17. zRvis dinamikis regionuli modeliT miRebuli zedapiruli 
dinebis veli t=24 sT (a) da 72 sT (b) momentebisaTvis. (prognozuli 

intervali: 00:00 GMT, 26–29 oqtomberi, 2010) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

nax. 4.18. zhi-is modeliT miRebuli zedapiruli dinebis veli t=24 sT da 
72sT (b) momentebisaTvis. (prognozuli intervali: 00:00 GMT,                        

26–29 oqtomberi, 2010) 

(a)    t = 24 sT  (b)    t = 72 sT 

 
 

(a)  t = 24 sT 

 
 

(b)   t = 72sT 
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(a) t = 48 sT (b) t = 72 sT 

nax. 4.19. zRvis dinamikis regionuli modeliT miRebuli temperaturuli 
veli (0C) z=10 m horizontze t=48 sT (a) da t=72 sT (b) momentisaTvis. 

prognozuli intervali: 00:00 GMT, 26–29 oqtomberi, 2010 

(a)  t = 48 sT (b)   t = 72 sT 

nax. 4.20. zRvis dinamikis regionuli modeliT miRebuli marilianobis 

veli (‰) z=10 m horizontze t=48 sT (a) da t=72 sT (b) momentisaTvis. 
prognozuli intervali: 00:00 GMT, 26–29 oqtomberi, 2010 
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 (a)  t = 48 sT 

 
 

(b) t = 72 sT 

 

 

nax. 4.21. zhi-is zRvis dinamikis modeliT miRebuli temperaturuli veli 
(0C) z=10 m horizontze t=48 sT (a) da t=72 sT (b) momentisaTvis.  

prognozuli intervali: 00:00 GMT, 26 –29 oqtomberi, 2010 

 

 

 (a)   t = 48 sT 

 
 

(b)   t = 72 sT 

 

nax. 4.22. zhi-is zRvis dinamikis modeliT miRebuli marilianobis veli 

(‰) z=10 m horizontze t=48 sT (a) da t=72 sT (b) momentisaTvis. 
prognozuli intervali: 00:00 GMT, 26–29 oqtomberi, 2010 
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4.23. zedapiruli dinebis prognozuli velebi t=24 sT (a, g) da                
t=48 sT (b, d) momentisaTvis. (a), (b) — regionuli modeliT miRebuli;

(g), (d) — zhi-is modeliT miRebuli. prognozuli intervalia 00:00 GMT,    
25-28 ivlisi, 2011 

magaliTi 3: prognozuli intervali: 00:00 GMT, 25-28 ivlisi 
2011. wina SemTxvevis analogiurad, modelis gantolebaTa integri-

reba iwyeboda erTi dRiT adre, e. i. 00:00 GMT, 24 ivliss. nax. 4.23-
ze naCvenebia zedapiruli dinebis velebi 24 da 48 sT-is Semdeg 

prognozis sawyisi momentidan — 00:00 GMT, 25.07.2011. nax. 4.23a da 
nax. 4.23b-ze warmodgenili dinebis velebi prognozirebulia regi-
onuli dinamikis modeliT, xolo zhi-is dinamikis modeliT prog-
nozirebuli igive velebi warmodgenilia nax. 4.23g da nax. 4.23d-ze. 
nax. 4.23-dan naTlad Cans orive modeliT prognozirebuli baTumis 
grigali, romelic, ZiriTadad, gansaxilveli aris samxreT nawilSi 
mdebareobs da regionuli cirkulaciis ZiriTadi elementia. Ziri-
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Tadi gansxvaveba ori modeliT prognozirebul dinebis velebs So-
ris saqarTvelosa da TurqeTis sanapiros (daaxloebiT q. rizemde) 
gaswvriv sanapiro zolSi SeimCneva. regionuli modelis Tanaxmad, 
am zolSi mkafiod SeimCneva mcire sanapiro grigalebis formirebis 
tendencia da dinebis arastacionaruli xasiaTi, maSin roca zhi-is 
modeliT gamoTvlili dineba am zolSi praqtikulad stacionaru-
li da gagluvebulia. aqve SeiZleba aRiniSnos, rom am SemTxvevaSi 
sanapiro submezomasStaburi grigalebis zoli ufro farToa, vid-
re es iyo 2010 wlis agvistoSi (ix., magaliTi 1). rogorc nax. 4.23-dan 
Cans, aseTi sanapiro zolis formireba mniSvnelovan gavlenas ax-
dens baTumis grigalis konfiguraciaze da xels uSlis baTumis 
grigalis marjvena periferiul dinebas uSualod axlos Cauaros 
saqarTvelos napirs (nax. 4.23b). 

garkveuli gansxvavebani SeimCneva ori modeliT prognozire-
bul Termoxalinur velebSic. ilustraciis mizniT, nax. 4.24-ze naC-

venebia marilianobis veli z=20 m horizontze prognozis sawyisi 
momentidan 24 da 48 saaTisaTvis. iseve rogorc pirvel ganxilul 
magaliTSi, orive modeliT prognozirebuli marilianobis ZiriTa-
di Taviseburebaa dabali marilianobis wylebis formireba baTumis 
grigalis centralur nawilSi, rac gamowveulia am areSi formire-
buli daRmavali dinebiT. baTumis grigalis periferiuli dineba 
xasiaTdeba SedarebiT maRali marilianobis wylebiT, romelTa Se-
modineba daikvirveba zRvis Ria nawilidan. es faqti ufro mkveTra-
daa gamoxatuli regionuli modeliT miRebul velebSi (ix., nax. 
4.24a da b). 

Savi zRvis saqarTvelos seqtorsa da mimdebare akvatoriisaT-
vis dinamikuri velebis moklevadiani prognozis gamoTvlebma, rac 
regularulad mimdinareobs m. nodias sax. geofizikis instititSi 
2010 wlidan, SesaZlebeli gaxada Seqmniliyo ZiriTadi hidrofizi-
kuri velebis — dinebis, temperaturisa da marilianobis samganzomi-
lebiani velebis sakmaod mdidari monacemTa baza. aRniSnuli vele-
bis analizi aCvenebs, rom Savi zRvis ganapira aRmosavleT akvatoria 
warmoadgens dinamikurad metad aqtiur regions, sadac uwyvetad 
mTeli wlis ganmavlobaSi mimdinareobs ciklonuri da anticiklo-
nuri xasiaTis mezomasStaburi da submezomasStaburi grigalebis 
Casaxva, transformacia da disipacia.  

ilustraciis mizniT, nax. 4.25-4.29-ze naCvenebia regionuli 

prognozuli sistemis safuZvelze gamoTvlili Savi zRvis zedapi-

ruli dinebis velebi 2012-2016 ww-Si sxvadasxva sezonSi Savi zRvis 

saqarTvelos seqtorsa da mimdebare akvatoriaSi, romlebic garkve-
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ul warmodgenas gviqmnis mocemul regionSi ganviTarebul cirku-

laciuri procesebis Sigawliur da welTaSorisi evoluciis xasiaT-

ze. erT-erTi zogadi kanonzomierebaa is, rom zRvis zeda fenis dina-

mikuri struqtura garkveulwilad gansxvavebulia wlis Tbil (apri-

li-oqtomberi) da civ periodebSi (noemberi-marti). ase magaliTad, 

daaxloebiT martidan, aRmosavleT akvatoriis samxreT-dasavleT 

nawilSi Casaxvas  iwyebs  baTumis  anticiklonuri grigali,  romelic 

nax. 4.24. marilianobis prognozuli velebi z=20 m horizontze t=24 sT 
(a, g) da t=48 sT (b, d) momentisaTvis. (a), (b) — regionuli modeliT 

miRebuli; (g), (d) — zhi-is modeliT miRebuli. 
prognozuli intervalia 00:00 GMT, 25-28 ivlisi, 2011 
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(a) 

 
 

(b) 

 

(g) 

 
 

(d) 

 

nax. 4.25. zedapiruli dinebis prognozuli velebi Savi zRvis saqarTvelos 
seqtorsa da mimdebare akvatoriaSi 2012 wels: (a) — 7 ianvari, (b) - 14 marti, 

(g) — 27 agvisto, |(d) — 6 oqtomberi 
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 (a) (b) 

(g) (d) 

nax. 4.26. zedapiruli dinebis prognozuli velebi Savi zRvis saqarTvelos 
seqtorsa da mimdebare akvatoriaSi 2013 wels: (a) — 9 ianvari, (b) — 27 maisi, 

(g) — 23 ivnisi, (d) — 19 oqtomberi 
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(a) 

 
 

(b) 

 

(g) 

 
 

(d) 

 

nax. 4.27. zedapiruli dinebis prognozuli velebi Savi zRvis saqarTvelos 
seqtorsa da mimdebare akvatoriaSi 2014 wels: (a) — 5 ianvari, (b) — 17 

aprili, (g) — 18 ivnisi, (d) — 22 oqtomberi 
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nax. 4.28. zedapiruli dinebis prognozuli velebi Savi zRvis saqarTvelos 
seqtorsa da mimdebare akvatoriaSi 2015 wels: (a) — 19 Tebervali, (b) — 18 

maisi, (g) — 20 ivlisi, (d) — 18 oqtomberi 

(a) (b) 

(g) (d) 
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(a) 

 

(b) 

 

(g) 

 
 

(d) 

 

nax. 4.29. zedapiruli dinebis prognozuli velebi Savi zRvis saqarTvelos 
seqtorsa da mimdebare akvatoriaSi 2016 wels: (a) — 25 Tebervali, (b) — 19 

aprili, (g) — 12 ivlisi, (d) - 3 oqtomberi 
 

SemdgomSi SesaZlebelia iqces ufro mZlavr da mdgrad grigalur 

warmonaqmnad, romelic ikavebs mniSvnelovan teritorias ganxi-

lul regionSi. es grigali TiTqmis yovelTvis daikvirveba wlis 

Tbil sezonSi, xasiaTdeba cvladi intensivobiT da umravles peri-

odSi regionuli cirkulaciis mTavari elementia wlis am sezonSi. 

baTumis grigali vertikalze moicavs daaxloebiT 300-400 m sisqis 

fenas. dinebis velebis analizi aCvenebs, rom baTumis grigali sxva-
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dasxva wlebSi Tavisi intensivobis maqsimums aRwevs sxvadasxva Tve-

ebSi. magaliTad, 2012 wels es grigali maqsimalur zomebs (180-200 

km diametriT) aRwevda oqtomberSi (ix., nax. 4.25d), xolo 2010 da 

2011 wlebSi — zafxulSi. baTumis grigalis ganviTarebis maqsima-

lur stadiaSi marilianobis velis ganawilebis specifikuri sura-

Ti yalibdeba: grigaluri cirkulaciis centralur nawilSi for-

mirdeba dabali marilianobis wyali, xolo grigalis periferiuli 

dineba xels uwyobs ufro mariliani wylebis SemoWras zRvis Ria 

nawilidan saqarTvelos akvatoriaSi. xSirad oqtomber-noemberSi 

baTumis grigali TandaTan sustdeba da adgili aqvs mis TandaTa-

nobiT transformacias ufro mcire zomis grigaluri warmonaqmne-

bis saxiT.  

wlis civ sezonSi dominirebuli grigaluri warmonaqmni xSi-

rad ar daikvirveba da regionuli cirkulacia xasiaTdeba Sedare-

biT mcire zomis ciklonuri da anticiklonuri grigaluri warmo-

naqmnebis formirebiT, daaxloebiT 40-60 km diametriT. saintere-

soa aRiniSnos anticiklonuri grigali q. soxumis mimdebare akva-

toriaSi, romelic arc Tu iSviaTad daikvirveba. es mcire zomis 

grigali SeiZleba arsebobdes nebismier Tves, magram SedarebiT 

xSirad formirdeba wlis Tbil sezonSi.  

dinebis velebis analizi aCvenebs agreTve, rom Savi zRvis akva-

toriis zemoT moqmedi Zlieri qarebi Semaferxebel rols TamaSo-

ben grigalwarmomqmneli procesebis mimarT da gamagluvebel gav-

lenas axdenen zedapirul dinebaze. am dros dinebis siCqareebi sag-

rZnoblad izrdeba da SesaZloa 100 sm/wm gadaaWarbos. dinebis su-

raTi 2013 wlis 19 oqtombers (nax. 4.26d) Seesabameba SemTxvevas, ro-

ca aRmosavleT Savi zRvis zemoT Zlieri qari iyo gabatonebuli. 

rogorc naxazidan Cans qarma gamagluvebeli gavlena moaxdina di-

nebaze da grigaluri warmonaqmnebi am SemTxvevaSi aRar daikvirve-

ba. dinebis maqsimaluri siCqare am dRes 60 sm/wm aRwevda da gansa-

xilveli aris did nawilSi dineba mimarTuli iyo dasavleTidan aR-

mosavleTisaken.  

4.3. minarevebis gavrcelebis maTematikuri 

modelireba 

rogorc ukve aRiniSna, regionuli prognozuli sistemis eko-

logiuri bloki Seicavs zRvis garemoSi navTobisa da sxva minareve-

bis gavrcelebis or da samganzomilebian modelebs, romlebic iye-
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neben zRvis dinamikis regionuli modeliT gamoTvlil arastacio-

narul dinebis vels. arakonservatiuli minarevis gadatana-difu-

ziis arastacionaruli samganzomilebiani gantoleba Sesabamisi 

sawyisi da sasazRvro pirobebiT mocemulia danarTSi 3. gantoleba 

iTvaliswinebs minarevis koncentraciis cvlilebebs, rac gamowve-

ulia Semdegi ZiriTadi faqtorebis moqmedebiT:  

 hidrodinamikuri — adveqcia da turbulenturi difuzia,  

 minarevTa fizikuri da bioqimiuri transformacia,  

 gravitaciuli daleqva,  

 daWuWyianebis wyaros moqmedeba.  

gadatana-difuziis gantolebis organzomilebiani versia ga-

moiyeneba zRvis zedapirze navTobis laqis gavrcelebis modelire-

bisa da prognozisaTvis. mas Semdeg rac gravitaciuli, siblantisa 

da daWimulobis Zalebis gavleniT zRvis zedapirze formirdeba 

navTobis laqa, misi Semdgomi transformacia SeiZleba aRiweros 

gadatana-difuziis gantolebiT. navTobis fena iwyebs migracias da 

icvlis konfiguraciasa da zomebs hidrodinamikuri faqtorebis 

gavleniT. erTdroulad zRvaSi moxvedrili navTobi ganicdis fi-

zikur da bioqimiur transformacias. radganac Cveni mizania nav-

TobiT daWuWyianebis gavrcelebis prognozis gamoTvla sami dRis 

winaswarobiT, fizikur da bioqimiur faqtorebs Soris ufro mniS-

vnelovania navTobis aorTqleba zRvis zedapiridan. aorTqlebuli 

navTobis raodenoba damokidebulia rogorc navTobis Tvisebebze, 

aseve gareSe pirobebze — wylis temperaturasa da qaris siCqareze, 

aseve daRvrili navTobis ganfenilobaze zRvis zedapirze. Sefase-

bulia, rom saSualod aorTqlebis Sedegad ramdenime saaTidan 24 

sT-mde orTqldeba daRvrili navTobis masis 1/3-dan 2/3-de.  

navTobis gavrcelebis organzomilebiani modeli CarTulia 

prognozul sistemaSi calkeuli modulis saxiT, romlis saSuale-

biT SesaZlebelia navTobis koncentraciebisa da daWuWyianebis zo-

nis gavrcelebis 3-dRiani prognozis gamoTvla realuri cirkula-

ciuri pirobebis gaTvaliswinebiT. am mizniT Sesabamis programul 

modulSi Seiyvaneba wyaros koordinatebi, daRvrili navTobis rao-

denoba da CaRvris xangrZlivoba. integrirebis droiTi bijia 0.5 sT 

da yovel droiT doneze gamoiyeneba zRvis dinamikis regionuli mo-

deliT prognozirebuli zedapiruli dinebis veli. im faqtis gaTva-

liswinebiT rom aorTqleba arsebiTia pirvel dRe-Rames, arakonser-

vatulobis parametri aiReboda Semdegnairad:  1,6.10-5 wm-1 roca   
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t  12 sT, rac Seesabameba CaRvrili navTobis masis 50% - is aor-

Tqlebas 1/2 dRe-Ramis ganmavlobaSi, xolo  2,3.10-6 wm-1 danarCe-

ni 2 dRe-Ramis ganmavlobaSi. im faqtis mxedvelobaSi miRebiT, rom, 

Cveulebriv, navTobis daWuWyianebis zRvrulad dasaSveb koncen-

traciad miRebulia 0.05 mg/l, navTobis gavrcelebis modelirebis 

eqsperimentebSi Tu gamoTvlili koncentracia 0,001 mg/l-ze nak-

lebia, koncentracia nulad iTvleba.  

nax. 4.30-ze warmodgenilia zedapiruli dinebisa da navTobis 

laqis gavrcelebis prognozis Sedegebi 2011 wlis 25-28 seqtembers 

(00:00 GMT), rodesac 50 t navTobis hipoTeturi avariuli CaRvra 

xdeboda 2 sT-is ganmavlobaSi. pirvel ricxviT eqsperimentSi (nax. 

4.30) CaRvris wertili koordinatebiT 157 x  , 142 y  ( x  , y  ba-

dis bijebia) mdebareobda anticiklonuri grigalis centris siax-

loves daaxloebiT 45 km-ze q. foTis sanapirodan. meore ricxviT 

eqsperimentSi (nax. 4.31) CaRvris wertili wanacvlebuli iyo 20 km-

iT saqarTvelos napirebisaken da wyaros koordinatebi iyo 177 x  , 

142 y  .

rogorc nax. 4.30-dan Cans, ganxilul prognozul intervalSi Ca-

moyalibebulia specifikuri dinamikuri reJimi: mocemuli akvato-

riis mniSvnelovan nawils ikavebs ori anticiklonuri grigali dia-

metrebiT daaxloebiT 60-70 km da centrebiT samxreT-dasavleT na-

wilsa da aRmosavleT naxevris SuaSi. garda amisa, saqarTvelosa da 

TurqeTis napirebis gaswvriv formirebulia viwro zona, sadac daik-

virveba submezomasStaburi aramdgradi grigalebis generaciisa da 

disipaciis arsebiTad arastacionaruli procesebi. anticiklonuri 

grigaluri struqturis gavleniT orive SemTxvevaSi navTobis laqis 

dreifi mTlianobaSi samxreT mimarTulebiT xorcieldeba. erTdro-

ulad xdeba navTobis laqis gafarToeba difuziuri procesebis gav-

leniT, xolo navTobis koncentraciebi TandaTan mcirdeba laqis ga-

farToebisa da im fiziko-qimiuri faqtorebis gavleniT, rac mode-

lSi arakonservatulobis parametriT gaiTvaliswineba. nax. 4.31-dan 

kargad Cans, rom navTobis laqa, romelic gadaadgilebisas TandaTan 

iWimeba ganedis mimarTulebiT, iRebs nalisebur formas. mocemuli 

naxazis analizi aCvenebs, rom navTobis laqis deformaciis xasiaTi 

mniSvnelovnadaa damokidebuli dinebis velis araerTgvarovnebaze 

im areSi, romelsac ikavebs navTobis laqa. 
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(a) t = 4sT  

 
 

(b)  t = 24sT  

 

(g) t = 48sT  

 

(d) t = 72sT  

 

nax. 4.30. modelirebuli zedapiruli dineba da navTobis laqis 
gavrceleba naxazze miTiTebul drois momentebSi (dro aTvlilia 

navTobis hipoTeturi CaRvris momentidan) wertilebSi koordinatebiT 

157 x  , 142 y   prognozuli intervalia: 25-28 seqtemberi, 2011w. 
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(a)  t = 4sT  (b)  t = 24sT 

(g)  t = 48sT  (d)  t = 72sT  

nax. 4.31. modelirebuli zedapiruli dineba da navTobis laqis             
gavrceleba naxazze miTiTebul drois momentebSi (dro aTvlilia

navTobis hipoTeturi CaRvris momentidan) wertilebSi koordinatebiT 

177 x  , 142 y  ). prognozuli intervalia: 25-28 seqtemberi, 2011w.
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am ricxviT eqsperimentebSi ganxiluli cirkulaciuri reJimi-

sa da daWuWyianebis wyaroebis adgilmdebareobis SemTxvevaSi nav-

Tobis laqa garkveul manZilze uaxlovdeba saqarTvelos napirebs, 

magram napirebTan mimdebare wylebs ar emuqrebaT daWuWyianebis 

safrTxe, radganac anticiklonuri grigali, romelic prognozu-

li intervalis ganmavlobaSi ganicdis mniSvnelovan arastaciona-

rul transformacias, garkveul manZilze imyofeba napiridan. ro-

gorc Cans, submezomasStaburi grigaluri struqturebis generi-

rebis procesebi napirisgaswvriv sanapiro zolSi xels uSlis gri-

galis aRmosavleT tots uSualod miuaxlovdes saqarTvelos napi-

rebs da Sesabamisad aferxebs sanapiros wylebis daWuWyianebas.  

Semdeg ricxviT eqsperimentSi, sadac ganixileboda prognozu-

li intervali 2-5 ianvari, 2014 w. (00:00G MT), navTobis hipoTeturi 

CaRvris adgili igive iyo, rac meore ricxviT eqsperimentSi, magram 

cirkulaciuri reJimi mniSvnelovnad gansxvavdeboda. mocemul 

prognozul periodSi zRvis dineba gamoirCeva intensiuri griga-

luri struqturiT. nax. 4.32-ze naCvenebia gamoTvlili zedapiruli 

dineba da navTobis laqis gavrceleba avariuli daRvridan sxvadas-

xva drois momentebSi. am naxazidan kargad Cans, rom am SemTxvevaSi 

navTobis laqis qceva Seesabameba cirkulaciur pirobebs, da nav-

Tobis laqa, wina SemTxvevebisagan gansxvavebiT, Sordeba saqarTve-

los sanapiros.  

Semdegi ricxviTi eqsperimenti, romelic Seesabameba progno-

zul intervals: 6-9 dekemberi, 2014 w., navTobis daWuWyianebis gav-

rcelebis ilustracias axdens im pirobebSi, roca Savi zRvis zemoT 

ganviTarebuli iyo Zlieri qarebi (nax. 4.33). Zlierma qarma gamoiwvia 

praqtikulad ugrigalo dineba zRvis zedapirze, sadac 7 dekembers 

zRvis dinebis maqsimalurma siCqarem 100 sm/wm-s gadaaWarba (nax. 

4.33b). hipoTeturi avariuli daRvra ganxorcielda Semdegi scena-

riT: 30 t navTobi 2 sT-is ganmavlobaSi iRvreboda daaxloebiT 20 km 

manZilze q. foTis sanapirodan. wyaros koordinatebi iyo: 180 x  , 

132 y  . aseTi cirkulaciuri reJimis pirobebSi navTobiT daWuWyia-

nebis sivrciT-droiTi ganawilebis Taviseburebebi arsebiTad gan-

sxvavdeba wina ganxiluli SemTxvevebisagan. zRvis Zlier dreiful 

dinebas navTobis laqa gadaaqvs Sors CaRvris wertilidan Crdilo--

dasavleT mimarTulebiT, amave dros navTobis laqa ikavebs Sedare-

biT did teritorias, vidre wina ganxilul SemTxvevebSi. 3 dRe-Ramis 

ganmavlobaSi navTobis laqa gadaadgilda daaxloebiT 120-140 km-iT 

da amave dros ganicada mniSvnelovani deformacia.  
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(a)   t = 4 sT (b)  t = 24 sT 

(g)  t = 48sT (d) t = 72sT 

nax. 4.32. igive, rac 4.31-ze, mxolod prognozuli intervalia:  
2-5 ianvari, 2014 w.  
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nax. 4.33. igivea, rac nax.4.31-ze, mxolod zRvaSi CaRvris koordinatebia: 

180 x  , 132 y  . prognozuli intervalia: 6-9 dekemberi, 2014 w.  

 

SevniSnoT, rom aq ganxilul ricxviT eqsperimentSi modelire-

buli navTobis laqis gavrceleba Zlieri qaris pirobebSi warmodge-

nilia zRvis Relvianobis gaTvaliswinebis gareSe. savaraudoa, rom 

SemdgomSi qarismieri zedapiruli talRebis gaTvaliswineba mniS-

(a)   t = 4 sT 

 

(b)   t = 24 sT 

 

(g )   t= 48 sT 

 

(d)   t = 72 sT 
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vnelovan koreqtivebs Seitans navTobis afskis gavrcelebis pro-

cesSi. 
zRvis garemoSi minarevis 3-ganzomilebiani modeli, romelic 

calkeuli modulis saxiT CarTulia regionul prognozul siste-

maSi, saWiroebis SemTxvevaSi SesaZlebelia gamoyenebuli iqnas Sav 

zRvaSi sxvadasxva gziT moxvedrili (atmosferodan, mdinareebis 

mier Semotanili da sxv.) anTropogenuri minarevis koncentracie-

bisa da daWuWyianebis zonis gavrcelebis prognozis mizniT. ilus-

traciis mizniT, nax. 4.34-ze demonstrirebulia mdinareebis rioni-

sa da Woroxis mier Sav zRvaSi Semotanili pirobiTi minarevis gav-

rcelebis modelirebis Sedegebi zRvis zedapirze zRvaSi minarevis 

Semotanidan 4, 24, 48 da 72 sT-is Semdeg, xolo nax. 3.35-ze naCvenebia 

minarevis ganawileba 12 da 56 m horizontebze (nax. 4.35 a, b) da Se-

sarTavTan maxlobel vertikalur kveTebSi (nax. 4.35 g, d) t=72 sT 

momentisaTvis. minarevebis koncentraciebis gavrcelebis modeli-

rebisas gamoyenebuli dinebis veli igive iyo, rogorc wina ricxviT 

eqsperimentSi, e. i. Seesabameboda prognozul intervals: 00:00 

GMT, 6-9 dekemberi, 2014 w.

miiReboda, rom drois erTeulSi md. Woroxs zRvaSi Semohqonda 

hipoTeturi minarevi 100000 erTeulis raodenobiT, md. rionis sam-

xreT tots — 5000 erTeuli, xolo CrdiloeT tots — 10000 erTeuli. 

arakonservatulobis parametris mniSvneloba SeirCeoda ise, rom mi-

narevis sawyisi koncentraciebi 2-jer mcirdeboda 10 dRis ganmav-

lobaSi sxvadasxva faqtorebis gavleniT (qimiuri, fizikuri, biolo-

giuri). nax. 4.34 da nax. 4.35-dan Cans, rom cirkulaciis veli mniSvne-

lovnad gansazRvravs minarevis sivrciT-droiTi gavrcelebis Tavi-

seburebebs.koncentraciebis veli mdinareTa SesarTavebTan Tanda-

Tan farTovdeba difuziuri da adveqciuri faqtorebis gavleniT da 

ikavebs sul ufro met teritorias. mocemul prognozul interval-

Si arsebuli dinebis reJimi ganapirobebs daWuWyianebis zonis gav-

rcelebas ZiriTadad CrdiloeT mimarTulebiT. minarevis koncen-

traciis samganzomilebiani velis analizi aCvenebs, rom minarevi 

vrceldeba vertikaluradac vertikaluri turbulenturi difuzi-

isa da mcire vertikaluri dinebis gavleniT. Sefasebebi aCvenebs, 

rom mocemul ricxviT eqsperimentSi 3 dRe-Ramis ganmavlobaSi kon-

centraciebi daaxloebiT 150 m siRrmemde vrceldeba (nax. 4.35 g, d).  
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nax.4.34. modelirebuli zedapiruli dineba da mdinareebis mier zRvaSi 
Semotanili pirobiTi minarevis ganawileba naxazze miTiTebul drois 

momentebSi (dro aTvlilia minarevis zRvaSi Semotanis momentidan). 
prognozuli intervalia: 6-9 dekemberi, 2014 w.  

 

 

 

 

 

 

 

(a)  t = 4 sT 

 

(b)  t = 24 sT 

 
(g) t = 48 sT 

 
 

 (d) t = 72sT  
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nax. 4.35. pirobiTi minarevis koncentraciebis ganawileba z=12 m (a) da             
z=56 m (b) horizontebze da vertikalur kveTebSi (g, d) t=72 sT 

momentisaTvis. dinebis veli Seesabameba 2014 wlis 9 dekembers, 00:00 GMT 

(a) (b) 

(g) (d) 
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4.4. regionuli prognozis sistemis ganviTarebis 

perspeqtivebi 
 

aucilebelia aRiniSnos, rom ganxiluli regionuli prognozu-
li sistema ar warmoadgens saboloo versias da samecniero-kvlevi-
Ti samuSaoebi misi srulyofisa da gafarToebisaTvis axali amocane-
bis CarTvis gziT kvlav grZeldeba. regionuli sistemis Semdgomi 
srulyofa dakavSirebulia zRvis donis cvalebadobisa da qarismie-
ri zedapiruli talRebis prognozis modelebis, aseve sxvadasxva 
ekologiuri da sainJinro-hidroteqnikuri amocanebis CarTvasTan 
prognozul sistemaSi, rac uTuod aamaRlebs sistemis samecniero 
da praqtikul Rirebulebas.  

garda amisa, SemuSavdeba prognozuli sistemis gacilebiT uf-
ro maRali garCevisunarianobis mqone versia (sivrciTi bijebiT da-
axloebiT 100-150 m), romelic gamoyenebuli iqneba saqarTvelosaT-
vis umniSvnelovanesi aWara-foTi-anakliis sanapiro akvatoriisaT-
vis. aRniSnuli sanapiro prognozis sistemis Zalian maRali garCevi-
sunariani versia CairTveba arsebul regionul prognozul sistema-
Si qvesistemis saxiT. amgvarad, qvesistemis funqcionireba SesaZle-
beli iqneba mxolod ukve arsebul ZiriTad regionul sistemasTan 
erToblivad. nax. 4.36-ze naCvenebia prognozis are 1 km garCevisuna-
rianobiT, romelic moicavs Savi zRvis saqarTvelos seqtorsa da 
mimdebare akvatorias da baTumi-foTis akvatorias, sadac gamoiT-
vleba prognozi 100-150 m garCevisunarianobiT.  

 

 

 

 

 

 

 

 

 

 

 

 

 

nax. 4.36. regionuli da sanapiro prognozis areebi                                                    
Savi zRvis aRmosavleT nawilSi 
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amgvarad, Seiqmneba kompleqsuri operatiuli regionuli prog-

nozis sistema, romelic gaaerTianebs 1 km garCevisunarian progno-

zul sistemas da 100-150 m garCevisunarian prognozul qvesistemas 

aWaris sanapiro zonisa da foTi-anakliis mimdebare akvatoriisaT-

vis. 

aRniSnuli gaumjobesebuli prognozuli sistemis SemuSavebas 

didi mniSvneloba eniWeba misi praqtikuli gamoyenebis Tvalsazri-

siT. maRali garCevisunariani sanapiro prognozuli sistemis fun-

qcionireba operatiul reJimSi saSualebas mogvcems uzrunvelvyoT 

sazRvao prognozebiT iseTi saxalxo-sameurneo dargebi, romelTa 

funqcionireba zRvasTanaa dakavSirebuli. amgvarad, mizanSewoni-

lad migvaCnia daarsdes zRvis mdgomareobis prognozis centri, 

romlis mizani iqneba xeli Seuwyos saporto operaciebis optimalu-

rad warmarTvasa da usafrTxo sazRvao navigaciis ganxorcielebas 

Savi zRvis saqarTvelos seqtorsa da mimdebare akvatoriis wyleb-

Si. garda amisa, centri sazRvao prognozebiT uzrunvelyofs Tev-

zsarew, sainJinro-hidroteqnikur da sxva samuSaoebs, romelTa 

srulfasovani ganxorcieleba saWiroebs operatiul informacias 

Savi zRvis mdgomareobis Sesaxeb.  
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დანართი 1  

zRvis dinamikis regionuli modelis gantolebaTa 

sistema. sasazRvro da sawyisi pirobebi 
 

zRvaSi mimdinare hidroTermodinamikuri procesebi aRiwereba 

Semdegi gantolebaTa sistemiT dekartis marTkuTxovan koordi-

natTa sistemaSi (x RerZi mimarTulia dasavleTidan aRmosavle-

Tisaken, y RerZi — samxreTidan CrdiloeTisaken, z RerZi vertika-

lurad qvemoT zRvis zedapiridan): 

 

moZraobis gantoleba x RerZis gaswvriv 

 

div
t


 

u 




u


=
 

 1
+vu

0 x

p
l








zz

u 
u





  , 

 

moZraobis gantoleba y RerZis gaswvriv 

 

div
t

 
 

 v 



u


,
 

 v

 
v=

 

 1
+u+v

0 zzy

p
l















 
 

hidrostatikis gantoleba 

 

, 
 

  






g
z

p
 

 

uwyvetobis gantoleba ukumSvadi siTxisaTvis 

 

div u


= 0 , 

 

siTbos gadatanis gantoleba  

 

, 
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marilebis gadatanis gantoleba  

div
t 

S 





u


 ,
t 

S 

z  

  

z 

 S 

z 

 
 S=w+  S SS

SSS 









 




zRvis wylis mdgomareobis gantoleba [177, 178] 

,  )]35()002,0802,0(

 +00469,00735,0152,28[10  1  ) ,( = 2-3



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TTSTf

romelsac gawrfivebis Semdeg aseTi saxe aqvs  

sadac

),0025.000938.00035.0(10 3 ST
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S 
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
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
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aRniSvnebi:  

u, v, w - zRvis dinebis siCqaris veqtoris komponentebi x, y da z 
RerZebis gaswvriv, Sesabamisad; 

  ,,, pST  - temperaturis, marilianobis, wnevisa da simkvrivis 

gadaxrebi Sesabamisi standartuli vertikaluri ganawilebidan 

,,, PST  ; 

dydlyll /,0    - koriolisis parametri; 

0,, cg - simZimis Zalis aCqareba, wylis kuTri siTbotevadoba, 

wylis saSualo simkvrive, Sesabamisad; 

ST ,,   - horizontaluri siblantisa da difuziis koeficientebi 

siTbosa da marilebisaTvis, Sesabamisad; 

ST ,,   - vertikaluri siblantisa da difuziis koeficientebi siT-

bosa da marilebisaTvis, Sesabamisad; 

0I  - mzis mokletalRovani radiaciis nakadi zRvis zedapirze 0z ; 

A – zRvis zedapiris albedo; 

0h  - mzis zenituri kuTxe;  

  - geografiuli ganedi; 

  - mzis mixrilobis kuTxe; 

  - parametri, romelic aRwers Rrublianobis gavlenas srul 

radiaciaze; 

baba
~

,~,, - empiriuli parametrebi; 

 - mokletalRovani radiaciis STanTqmis koeficienti. 

mocemuli gantolebaTa sistema amoixsneba Semdegi sasazRvro da 

sawyisi pirobebis gamoyenebiT: 

 

zRva-atmosferos sazRvarze z = 0 
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zRvis fskerze z = H(x, y) 

 u = v = w = 0, ,0



z

T
,0




z

S

gverdiT myar sazRvrebze 

u = v = 0, ,0



n

T
,0




n

S

gverdiT Txevad sazRvrebze (mdinareTa SesarTavebTan da dasavle-

Tis Txevad sazRvarze)  

.
~

,
~

,v~v,u~u SSTT 

sawyis t = 0 momentSi  

.,,vv,uu 0000 SSTT 

sasazRvro da sawyis pirobebSi gamoiyeneba Semdegi aRniSvnebi: 

yx  ,  - qaris xaxunis tangencialuri daZabulobis veqtoris

komponentebi, Sesabamisad, x  da y  RerZebis gaswvriv;

n – gverdiT zedapirisadmi gare normali; 

QT - siTbos turbulenturi nakadi zRvis zedapirze;

PR - atmosferuli naleqebi; 

EV- aorTqleba zRvis zedapirze; 

ST
~

,
~

,v~,u~ - dinebis siCqaris komponentebis, temperaturisa da 

marilianobis cnobili mniSvnelobebi Txevad sazRvarze (aRniS-

nuli sidideebi dasavleTis Txevad sazRvarze zhi-is institutis 

zRvis dinamikis modelis safuZvelze gamoTvlil prognozul 

mniSvnelobebia, xolo mdinareTa SesarTavebTan - saSualo klima-

turi mniSvnelobebi).  
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დანართი 2 

turbulenturi velis parametrizacia 
 

horizontaluri siblantisa da difuziis (temperaturisa da 

marilebisTvis) koeficientebi T,S , 
 
ganisazRvreba Semdegi for-

muliT [129] 

yx .  
 

 
2 +

 

 

 

 
 + 

 

 
2
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
























y

v

x

v

y

u

x

u













, T
Tc

 , 

S

S
S c

  , 

sadac x  da y  badis horizontaluri bijebia x  da y  RerZebis 

gaswvriv, Tc da Sc mudmivebia, romelTa mniSvneloba gamoTvlebSi 

aiReboda 10-is tolad.  
vertikaluri turbulenturi difuziis koeficientebi siT-

bosa da marilebisTvis ST , gamoiTvleba obuxovis modificire-

buli formulis mixedviT Semdegnairad [189]:  

zz

v

z

u
hST  

 g
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








 . 

aq h aris zeda turbulenturi fenis siRrme, romelic 

ganisazRvreba im mz donis mixedviT, sadac sruldeba piroba: 
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)05.0( STm z
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
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 













 , 120

, 1  scmST  

vertikaluri siblantis koeficienti 

  










mzscm

mzscm

55,/10

55,/50
2

2

  

aramdgradi stratifikaciis SemTxvevaSi ( 0 
z  

  



), rac SesaZ-

loa warmoiSvas gantolebaTa integrirebis procesSi romelime 

vertikalur svetSi, aramdgradobis realizaciis mizniT modelSi 

gaTvaliswinebulia turbulenturi difuziis koeficientis ST ,
 

20-jer gazrda Sesabamis svetSi zedapiridan fskeramde. 
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დანართი 3 

minarevis gavrcelebis difuziuri modeli. 

gantoleba, sasazRvro da sawyisi pirobebi 

arakonservatuli minarevis gadatana-difuziis gantolebas 

cilindruli formis   areSi S gverdiTi zedapiriTa da H(x, y) 
siRrmiT Semdegi saxe aqvs:  

. 
z

 
 

 

 
  

 

 
  

 
  

)(
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 v
  

 x

u  
  

 

 

f
z

yyxxz

ww

t
G









































u, v da w – s mimarT vTvliT, rom isini akmayofileben uwyvetobis 

gantolebas: 

.0  
y 

 v
 

 x

u  
 










z

w

garda amisa,  

w = 0, roca z = 0, H  

un = 0, S-ze 

sasazRvro da sawyisi pirobebi: 

, 0  z/   roca z = 0, 

,   z/    roca z = H(x, y), 

0  












Qb
n

a   S - ze, 

,  0    roca t = 0. 

aRniSvnebi: 

 - minarevis moculobiTi koncentracia; 

Gw - nawilakTa sakuTari gravitaciuli siCqare;

 ,  - horizontaluri da vertikaluri turbulenturi difuziis

koeficientebi, Sesabamisad; 
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n - gareSe normali S gverdiTi zedapiris mimarT; 

0T ln2/    – arakonservatulobis parametri, romelic aRwers mi-

narevis koncentraciis cvlilebas fizikuri da bioqimiuri faqto-

rebis gavleniT; 0T warmoadgens droiT intervals, romlis ganmav-

lobaSic minarevis sawyisi koncentracia mcirdeba orjer; 

a, b –koeficientebi, romlebic iReben mniSvnelobebs 1 an 0; 

 ,   - parametrebi, romlebic aRweren minarevis urTierTqmedebas 

zRvis fskerTan an gverdiT zedapirTan, Sesabamisad; 

zogadad, f aRwers wyaros simZlavris sivrciT-droiT ganawile-

bas, romelic wertilovani wyaros SemTxvevaSi SeiZleba warmovad-

ginoT dirakis delta funqciis saSualebiT 
 

 ,)()(  )x-(x   Q  000 zzyyf    

sadac 0x , ,0y  0z wyaros mdebareobis koordinatebia, xolo Q 

wyaros simZlavrea.  
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The Black Sea Oceanography in the Past 
and at Current Stage 

Avtandil Kordzadze, Demur Demetrashvili 

S u m m a r y   

The Black Sea, which is located at the border of Europe and Asia, is a unique 
inland water body connected with the World ocean only to the narrow Bosporus. 
Influence of the Black Sea on a socio - economic state of Georgia is very important as 
for all the Black Sea riparian countries. Besides that the Black Sea is a source of 
biological and mineral resources, it has an essential recreational and transport value 
for Georgia. In addition, the contribution of the Black Sea to formation of weather 
and regional climate is especially important. The Black Sea and the atmosphere may 
be considered as a uniform hydrodynamic system, where processes of an exchange 
of energy and substances between the sea and atmosphere continuously take place.  

This book is the first attempt to introduce the main facts and historical 
information related to the Black Sea, its specific features and milestones in the 
development of the Black Sea oceanography from the middle ages to the present 
including the achievements of the modern Black Sea oceanography, which are based 
on the new data-computing technologies.  

 In chapter 1 basic facts concerning the Black Sea are presented. Throughout 
its geologic history, the Black Sea experienced major changes accompanied by 
severe environmental modifications, including geomorphologic parameters. Over 
millions of years of its history, the Black Sea several times became the lake and the 
sea. Accordingly changed its flora and fauna. During 20000-8000 years back there 
was no connection with the Mediterranean Sea and on the place of the Black Sea, 
there was almost freshwater lake-sea. According to [112], the level of the 
Mediterranean Sea about 8000 years ago, exceeded the level of the Black Sea on 
100-120 m. About 7000-8000 years ago, again restored the link between the Black 
and Mediterranean Seas. According to some experts, the connection to the 
Bosphorus could happen suddenly, which would cause a great catastrophe. This 
phenomenon is linked to the legend of the biblical flood (Noah’s flood). In the 1990s 
geologists from Columbia University W. B. Ryan and W. C. Pitman have suggested 
the scientific hypothesis that the scene of the biblical flood was the territory of the 
modern Black Sea. At the break of the Bosphorus Strait isthmus and the formation of 
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giant waves - tsunami hit the coast and flooded all the lowland. It had to happen 
around 5600 BC [62, 63]. archaeological studies of the Black Sea coast confirm the 
hypothesis of Ryan-Pitman [14, 111, 112], but this hypothesis has opponents, too.  

The ancient Greeks very well knew the Black Sea and Georgia. The information 
about them is preserved in the myths and tales of ancient Greeks (Homer, 
Herodotus, Strabon et. al.). The famous Greek historian, geographer, philosopher 
and military commander Flavius Arrian on behalf of the Roman Emperor in the year 
131 AD traveled to the east coast of the Black Sea from Trabzon to Dioscuria (at 
present Sokhumi). his journey he described in the book “Periplus of the Euxine Sea” 
[2]. It is interesting that in this book he presents the characteristics of waters of river 
Phasis (Rioni) and Black Sea on salinity and other properties. The book by Flavius 
Arrian is a very important historical source for the study of Colchis of the second 
century. 

Since the ancient times, the Black Sea has played a major role in Georgia’s 
forein economic relations. Georgia established its first trade contacts within the 
foreign countries in the second millennium BC. First sea-trade contacts of the 
ancient Georgian state of Colchis (the current territory of western Georgia) with 
Ancient Greece is dated by XIII-XII centuries BC. These relations are reflected in the 
legendary form in the myth of the Argonauts. It is well known the myth on the 
Argonautic expedition in Colchis to secure the Golden fleece from Aeetes, King of 
Colchis. They carried away with them the Golden Fleece and Medea, the daughter of 
the King. The Golden Fleece and Medea, symbolizing the spiritual and medicine 
knowledge of Georgian people, so far excite all minding humanity.  

From the 7-6th centuries BC, i. e. from the founding of the ancient Greek 
colonies along the Georgian Black Sea coast, Georgia’s trade via the Black Sea with 
neighbouring or distant countries became regular. The character and scale of 
Georgia’s sea trade varied over the centuries. In some periods Georgia established 
the direct economic Links, via the Black Sea, with countries of the Mediterranean 
Sea. At other times, sea trade was limited only by the countries of the Black Sea area 
and Constantinople (Istanbul) [4, 13, 78]. 

In VI-XII centuries AD the main partner was the Byzantine Empire. From 
Georgia to Byzantium mainly exported timber, silks, local craft products, etc. 
Especially a great success had Georgian silk and silk clothes, which were worn by the 
Byzantine aristocratic society [4].  

In XIII-XV centuries Georgia contacted with the Trabzon Empire, Byzantium, 
Mamluks’ Egypt, Venice and Genoa. In this period Georgia’s harbours played a major 
role in East-West transit trade [13].  
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At the end of the XIX century construction of the Batumi and Poti ports and 
Caspian oil discovery led transit function of the Black Sea and Georgia.  

In chapter 2 the basic stages of the history of the Black Sea Oceanography are 
considered from the middle ages to the present.  

Systematic study of the Black Sea began in the second half of the XIX century, 
when it launched large-scale scientific expeditions. Before that there were episodic 
researches, among which it is very important the discovery of the Bosporus upper 
and lower currents in 1679 by famous Italian diplomat and scientist of the XVII 
century Luigi Ferdinando Marsili. In the history of the Black Sea Oceanography it was 
the first major study that he carried out by direct measurements. In addition, Marsili 
carried out laboratory simulation of Bosphorus flows, too [58, 59, 61, 64, 170]. 

In 1885 famous oceanographer and the vice-admiral of the Russian fleet C. O. 
Makarov has carried out detailed hydrological research of Bosporus two-layer 
current and thoroughly has established, that less salty water of the Black Sea by the 
upper current enters into the Sea of Marmara, and more salty water of the Sea of 
Marmara by the deep current enters into the Black Sea [174, 175].  

Great contribution to the study of the Black Sea hydrology made complex Black 
Sea depth-measuring expedition which was led by Russian oceanographer and 
meteorologist I. B. Shpindler in 1890-1891. During the expedition were made great 
discoveries, such as: 1) the cold intermediate layer at a temperature below 80C, 2) 
contamination of deep layers of the Black Sea by hydrogen sulfide and the absence 
of fauna, 3) waters with high salinity (34‰) at the Bosphorus flowed into the Black 
Sea with deep current from the Sea of Marmara. With this, it became clear that the 
deep layers of the Black Sea are a mixture of waters of the Marmara and Black Seas, 
4) It has been proven that the bottom of the central part of the sea like a flat bowl
with the greatest depth of up to 2245 m, 5) monotonous growth of temperature and 
salinity from depth 200 m to the bottom up to 90C and 22,3‰, respectively.  

Since 1920s study of the structure and dynamics of the Black Sea have received 
very widespread development. In 1923-1935 a large oceanographic expedition was 
carried out, which was led by Russian scientist and oceanographer O. M. Shokalski, 
and then - under the guidance of his disciple V. C. Snezhinski. Since 1932, V. V. 
Shuleikin has become the leader of the expedition. During the expedition large-scale 
studies of hydrochemical, biological and hydrological processes of the Black Sea have 
been conducted, the first Black Sea relief map was made up, the general cyclonic 
character of the Black Sea has been established. 

almost at the same time one of the most significant expeditions in the history 
of the Black Sea oceanography carried out in 1922-1928 – Azov-Black Sea research 
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fishery expedition under the leadership of N. M. Knipovich. The first monograph on 
the Black sea hydrology belongs to N. M. Knipovich [141]. In his monograph the 
scheme of the surface circulation of the Black Sea is given, according to which the 
main elements of the surface circulation are two cyclonic eddies in the open part of 
the sea basin. (so-called “Knipovich’s glasses“) and the cupola-shaped form of 
salinity and density fields at the centers of these eddies were established. The 
subsequent researches have confirmed the basic conclusions given by Knipovich. 

It is necessary to note the large contribution to the many spheres of the Black 
Sea oceanography of the Academician V. V. Shuleikin. In 1929 he has based the 
hydrophysical station of the Black sea (Kaciveli, Crimea). Further, on the basis of this 
station the Marine Hydrophysical Institute was based (MHI, Sevastopol).  

Since 40-50s of the last century wide use of physical and mathematical 
methods in study of the Black sea dynamics began, but fast development of 
computer facilities considerably has promoted numerical modeling of hydrophysical 
processes since 60-70s. The review of articles on numerical modeling and state of 
this problem by 80s of the last century are given in the monographs [148, 220].  

The first scientific works on numerical modeling of dynamic processes of the 
Black Sea on the basis of a complete system of the ocean hydrothermodynamics 
equations were executed in the Computer Center of the Siberian Branch of the 
Academy of Sciences USSR [146, 148, 187, 188]. To solve the problem a splitting 
method with respect to physical processes, coordinate planes and lines was used. 
The splitting method was offered by Academician G. I. Marchuk for solution of 
nonstationary problems of ocean and atmospheric dynamics and enables to reduce 
solution of complex nonstationary problems to solution more simple 2D and 1D 
problems [181-183].  

Further, in process of fast development of computer facilities since 1990s the 
opportunities for development of numerical models with high resolution have 
appeared [19-21, 31-33, 36, 56, 65-67, 102-105, 121, 151, 153], which have allowed 
reproducing dynamic processes in the Black Sea by the greater adequacy.  

Approximately during last two decades the Black Sea ceanography achieved 
significant successes. Development of in-situ and remote sensing methods and 
effective data-computing systems promoted creation of the Black Sea 
Nowcasting/Forecasting system, which is the large scientific and technical 
achievement of the Black Sea operative oceanography [46-48, 50, 51, 97]. Such 
system allows carrying out continuous control over the current state of the Black Sea 
and its change for some days forward. At present the Black Sea no-
wcasting/forecasting system is functioning in the near-real time and provides the 
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short-range forecast of basic hydrophysical fields – the current, temperature, salinity 
and sea level. The main components of this system are basin-scale model of the 
Black Sea dynamics of MHI and some high-resolution models of coastal dynamics. 
One of them is the regional model of sea dynamics for the easternmost Black Sea 
water area developed at M. Nodia Institute of Geophysics of I. Javakhishvili Tbilisi 
State University [39].  

In chapter 3 the main features of the Black Sea Hydrology are discussed among 
which is very important hydrogen sulfide contamination of Black Sea waters. The 
significant attention is paid to circulating and thermohaline features of the Black Sea 
and its pollution by anthropogenous impurity, especially by oil products and biogenic 
elements. 

Hydrogen sulfide in deep layers of the Black Sea has attracted the attention of 
scientists since its discovery in 1890.The study of spatial - temporary distribution of 
this poisoning gas has become especially intensive since 1920s. During expeditions 
headed by N. M. Knipovich and I. M. Shokalski it became clear, that the upper 
boundary of hydrogen sulfide contamination is observed on horizon of 125 m at the 
centers of cyclonic vortexes [141]. The analysis of data assembled during these 
expeditions has shown, that the upper boundary of spreading of hydrogen sulfide is 
not invariable and changes in time and space, which is caused by system of currents 
and vertical circulation of waters [141, 211].  

According to modern observations, the hydrogen sulfide concentration grows 
with depth till 13-14 ml/l [85]. Here only anaerobic bacteria can exist. The oxygen 
zone occupies the upper layers of the sea up to 120-150 m of depth. Thickness of 
this layer changes in different areas of the Black Sea depending on a season, 
meteorological conditions and circulation. The upper border of the anaerobic zone in 
summer season has the original cupola-shaped form on the depth about 80-100 m 
from the sea surface, but above the continental slope the border between oxygen 
and anaerobic zones much deeply are available up to 150-170 m. Between these 
zones the transitive zone – redox-zone is formed, where an oxygen and hydrogen 
sulfide coexist. In the redox-zone continuously there are processes of chemical and 
biological oxidation of sulfurated compounds.  

Now, large attention is paid to study the long-term variability of hydrogen 
sulfide concentrations in the Black Sea and its balance, as last decades the tendency 
of growth hydrogen sulfide is observed in conditions of anthropogenic loading [161, 
162]. In [162] The long-term variability and estimation of balance of the hydrogen 
sulfide in the Black Sea is analyzed.  



 
 

181 

At present, the problem of search alternate, ecologically clean sources of 
energy is a very urgent problem for many countries. With this purpose the hydrogen 
can be used. One of the possible ways of reception of hydrogen is to use technology 
of its production from hydrogen sulfide of deep layers of the Black Sea [85, 194]. 
Hydrogen sulfide in the Black Sea is considered as practically the inexhaustible raw 
material for production of energy and sulfur. 

In [85] the offered methods of sulphuretted hydrogen selection from deep 
water are critically considered. According to the authors only the membrane method 
of gaseous sulphuretted hydrogen extraction without lifting out of waters on a sea 
surface is perspective for practical realization.  

It is necessary to note, that despite several decades of history of attempts of 
utilization hydrogen sulfide of the Black Sea, till now practically implemented 
technologies of allocation of the hydrogen sulfide from sea water are not developed.  

The Black Sea circulation is one of the major factors determining distribution of 
thermohaline fields and some substances of anthropogenic and natural origins. In 
the last years hydrophysical observations [55, 166, 224], results of mathematical 
modeling [55, 56, 65, 105, 158, 190] and satellite data [23, 100, 158, 190, 209] 
promoted better understanding of the Black Sea circulation. Fig.3.1 gives a clear 
picture of the nature of the Black Sea surface circulation: the main Black Sea current 
(the Rim Current) by a cyclonic ring, which covers whole basin and some cyclonic 
circulations in the west and east parts of the open water area.  

The Rim Current flows approximately over the continental slope and has a 
width of about 40-80 km, where currents are about 25-30 cm/s. At strong 
atmospheric winds sea current speed can be more than 100 cm/s. The Rim Current is 
observed throughout the year and is amplified and stabilized in the autumn and 
winter seasons. It is hydrodynamicaly unstable eddy and is meandering. The 
meandering promotes generation of coastal anticyclonic eddies between the Rim 
Current and the coast. Such coastal eddies are: Bosphorus, Sevastopol, Crimea, 
Caucasus, Sakaria, Sinop eddies, etc. Among these eddies is the Batumi anticyclonic 
eddy, which is more intensive and stable formation, especially in the warm season.  

one of the Specific features of the Black Sea is also a specific thermohaline 
regime that is being studied in many publications [80-84, 106, 132, 142, 143, 165, 
171, 177, 198, 212, 220, 228]. The Black Sea is a strongly stratified water body and is 
characterized with rapid increase with depth of salinity and density. This is due to 
permanent freshening of sea surface waters because of inflow of fresh river waters 
and less salty waters of the Sea of Azov into the Black Sea.  
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The Black Sea on a vertically can be divided into the following layers: quasi-
homogenous mixed layer, seasonal thermocline, cold intermediate layer, permanent 
halocline and deep layer.  

The seasonal thermocline, which is formed in March-April, is characterized with 
high vertical temperature gradients. Change of temperature in thicker 50 м in 
summer is 15-200C. Cold intermediate layer can be observed throughout the Black 
Sea on depth about 50-80 m and 80C isotherm marks its upper and lower 
boundaries. This layer is formed due to winter cooling in the North-West area of the 
Black Sea. In winter waters of this area become cold up to 2-30C (most sometimes 
freeze). Because of convective processes the cooled surface waters fall down up to 
depth approximately 60 м and further general cyclonic character of the Black Sea 
circulation causes transfer of these waters to other areas of the sea [148, 220]. 
Permanent halocline is a layer with high vertical gradients of salinity. Salinity in this 
layer increases approximately from 17,5‰ to 18.3‰ , except for the north-western 
part, where anomalous low values are observed due to the increased river inflow. In 
deep layer below 200-300 m the temperature and salinity are highly homogeneous 
on horizontal direction and a minor increase of both temperature and salinity with 
increasing depth can be observed.  

Isosurfaces of salinity and density in the upper layers have a convex form. The 
salinity and density fields are in good correlation with one another. Fields of salinity 
and density are also well correlated with the circulation [35]. In difference of salinity 
and density the distribution of temperature in a smaller degree is correlated with 
circulation. It means that in formation of temperature field the advective factors do 
not play a large role in comparison with eddy diffusion and sea-atmosphere thermal 
interaction.  

In recent decades, an intensive pollution of several regions of the World ocean 
with oil products and other highly toxic substances of anthropogenic origin takes 
place. In this regard, a special place is held by inland water bodies, which are 
particularly sensitive to anthropogenic loads due to their low water exchange with 
the World ocean.  

Primarily, the aforementioned fact may be referred to the Black Sea, where the 
pollution progresses significantly. It is well known that the Black Sea is one of the 
most contaminated basins of the World ocean due to anthropogenic impact and 
hydrological features. For the Black Sea, as well as for other seas, oil and oil products 
are the most common and dangerous pollutants.  

According to the data given in [159], the annual quantity of oil emissions into 
the Black sea (for 2003) was 110000 tons. In one of the documents prepared by the 
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Parliamentary Assembly of the Council of Europe [54], where the contribution of 
large rivers to the Black Sea pollution is quantified, it is mentioned that only the 
Danube annually carries out into the sea 50000 tons of oil products. Nowadays the 
Black Sea plays a role of corridor for oil transportation from the East to the West, 
and in the coming years this transportation is expected to increase. This fact creates 
a sufficient potential threat of even greater ecosystem pollution with oil products.  

Among the major emergency oil spills in the Black Sea over the past decades 
include the following. in October 1977 in Bosporus Strait as a result of damage to the 
Soviet tanker 20000 tons of oil spilled into the sea. in November 1979, as a result of 
the collision of the Romanian and Greek tankers 64000 tons of oil spilled into the 
sea. Large emergency spill occurred in the Kerch Strait as a result of the storm of 10 
and 11 November 2007. A strong storm hit the Kerch Strait located between Ukraine 
in the West and Russia in the East, and linking the Sea of Azov with the Black Sea. 
Extremely severe conditions lasted 9 hours. Winds exceeding 30 m/sec produced the 
over 4 meter-high waves. A strong storm resulted in thirteen vessels being sunk, 
stranded or damaged and the incident caused loss of life, or property, and 
environmental harm. According to the data provided by the Ukrainian Ministry of 
Transport, the total amount of the immediate spillage was 1300 tonnes of heavy fuel 
oil, 2,3 tonnes of oil lubricants, 25 tonnes of marine diesel fuel oil and 5,5 tonnes of 
heating oil.  

Studies carried out in Batumi-Gonio coastal zone (Georgian Sector of the Black 
Sea) in 2008-2009 [3] showed that the concentration of petroleum hydrocarbons 
were within 0,04-1,74 mg/l. These studies also showed that major polluters of the 
Black Sea by oil products are rivers Bartskhana, Korolistskali, Supsa and Khobi.  

With the purpose of ecological monitoring of the Black Sea the modern satellite 
radiolocation has great importance. The satellite radiolocation is very effective tool 
to identify oil pollution zones and sources in basin scale operatively [169, 172, 209]. 
As a result, satellite monitoring in 2009-2011 identified more than 600 cases of 
pollution of the Black Sea by ships.  

For the fish fauna of the Black Sea biogenic elements (nitrogen, phosphorus, 
silicon, etc.) are one of the dangers of sea pollution, which fall into the sea through 
rivers, groundwater, etc. These elements are the nutrients for algae. Inflow of such 
substances in large quantities in the Black Sea causes eutrophication. Eutrophication 
causes Intensive breeding and the growth of phytoplankton, which resulted in a 
sharp decrease in commercial fish and recreational potential of the Black Sea. The 
Danube River is the most powerful source of nutrients. From the river about 60000 
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tons phosphorus and 340000 tons of inorganic nitrogen per year flows into the sea 
[158].  

Striking example of violation of the marine ecosystem as a result of 
eutrophication is the north-western shelf of the Black Sea in the 60-70s of the last 
century. Many experts regarded eutrophication as the most significant cause of the 
destruction of the marine environment of the Black Sea, starting from the 1960s. 

Radionuclide and heavy metals are the major part of anthropogenic pollutants 
in the Black Sea marine ecosystems. The main sources of Black Sea pollution are 
atmospheric fallout, the big rivers run-off as well as local pollutant emissions. The 
Chernobyl accident resulted in a great amount of radionuclide impact on Black Sea 
marine ecosystems and especially radionuclide accumulation processes in biota. The 
increase of technogenic and natural nuclide concentrations in seawater leads to a 
change on the natural background of the marine environment and affects the living 
organisms.  

The determination of anthropogenic pollutants is of great importance because 
it is involved in biological cycle and has a high impact on marine ecosystems. The 
fishes represent the last trophic level of the aquatic food chain and an important 
food source for people. Therefore heavy metals in the aquatic environments are 
transferred through the food chain to humans [30]. 

In order to reduce the anthropogenic load and preserve the ecosystem of the 
Black Sea, broad international cooperation has established among the Black Sea 
countries since the 1990s. 

In chapter 4 a regional operational forecasting system of the easternmost part 
of the Black Sea developed within the international scientific–technical EU projects 
ARENA and ECOOP is considered [37-44, 150-152]. The regional system is one of the 
main components of the Black Sea Nowcasting/Forecasting system. The regional 
forecasting system consists of hydrodynamic and ecological blocks. The 
hydrodynamic block includes M. Nodia Institute of Geophysics high-resolution 3D 
regional model of the Black Sea dynamics with 1 km resolution (RM-IG), which is 
nested in the basin-scale model (BSM) of the Black Sea dynamics with 5 km 
resolution of Marine Hydrophysical Institute (MHI, Sevastopol). There is applying 
one-way nesting which provides forcing of basin-scale processes on the coastal 
processes via the open boundary. 

The parts of the ecological block are 2D and 3D models of spreading of 
polluting substances in the sea environment.  

The basis of RM-IG is a complete system of hydrodynamics equations written in 
a rectangular Cartesian Coordinate System. The following basic factors are 
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considered in the model: 1) wind effect and the flows of heat and salt; 2) bottom 
relief and configuration of the sea basin; 3) shortwave radiation absorption by the 
upper layer of the sea; 4) spatial-temporal variation of viscosity and diffusion 
coefficients; 5) streamflow of Georgia’s rivers.  

The 2D and 3D models of spreading of polluting substances are based on 
solution of advection-diffusion equations for non-conservative impurity. These 
models use sea current fields predicted from the RM-IG. 

All required input data with one hour time step frequency corresponding to 3 
days’ forecasting time period are available in near operative mode from MHI via 
Internet. These data provide initial and boundary conditions for the RM-IG.  

The two-cycle splitting methods are used to solve the problems included in the 
regional forecasting system [181-183]. This method substantially simplifies the 
implementation of complex physical models and enables us to reduce solution of 
nonstationary problem to solution of more simple 2D and 1D problems.  

The regional forecasting system provides 3 days’ forecast of main hydro-
physical fields – the current, temperature and salinity with 1 km spacing in the 
Georgian sector of the Black Sea and surrounding water area, but in accidental 
situations – also the forecast of spreading oil and other polluting substances. 

With the purpose of demonstrating the functioning of the coastal forecasting 
system some results of marine forecasts are discussed.The regional area, which is 
limited to the Caucasian and Turkish coastal lines and the western liquid boundary 
coinciding with a meridian 39,080E, is covered with a grid having on horizons 215 x 
347 points with step equal to 1 km. On a vertical the non-uniform grid with 30 
calculated levels on depths: 2, 4, 6, 8, 12, 16, 26, 36, 56, 86, 136, 206, 306, …, 2006 m 
are considered. The time step is equal to 0.5 h. The software of the problems 
involved into the forecasting system is developed on the basis of the algorithmic 
language “Fortran”.  

In July 2005 a pilot experiment on functioning of the Black Sea Nowca-
sting/Forecasting system in the near-real time mode was carried out for the first 
time in the Black Sea region. Comparison of calculated forecasts of the hydrophysical 
fields (flow, temperature, salinity) in the Georgian Black Sea coastal zone to the 
natural data has shown ability of the RM-IG to predict really dynamical processes in 
the Georgian coastal zone. Furthermore, we carried out comparison of simulated sea 
surface temperature (SST) with satellite images SST derived from NOAA 
(http://dvs.net.ua/mp). The analysis of results of comparison show that the 
quantitative difference in many cases does not exceed 0,6-0,70C [39].  
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There are considered three examples of the forecast corresponding to 6-9 
August 2010, 26-29 October 2010 and 25-28 July 2011. The analysis of the 
forecasted fields shows that in many cases the main element of the regional 
circulation in the easternmost water area of the Black Sea is the anticyclonic eddy 
(the well-known Batumi eddy). The Batumi eddy is well-known among all coastal 
eddies of the Black Sea because of its intensity. This eddy is observed most of all in a 
warm season, but it can be formed also in winter. This eddy is quite stable and it 
covers 300-400 m vertically. In different years the Batumi eddy reaches its maximum 
intensity in different months. Numerical experiments carried out in [19] on the basis 
of the basin-scale model of the Black Sea dynamics of M. Nodia Institute of 
Geophysics at different climatic input data show that generation of the Batumi eddy 
in the south-eastern part of the Black Sea depends on thermohaline conditions, i. e. 
on some peculiarities of temperature and salinity fields.  

The main feature of the regional circulation in 2010 was the existence of the 
Batumi eddy practically throughout the summer. It was a rather steady formation 
which achieved maximal intensity with diameter 150-200 km in August and covered 
a significant part of the considered regional area. The Batumi anticyclonic eddy 
essentially influences on distribution of salinity field (Fig. 4.11). In the central part of 
the Batumi eddy the zone of relatively lower salinity is observed. This low salinity 
zone is provided by descending currents developed in the anticyclonic eddy, which 
transfer relatively fresh waters from the upper layer downwards. From Figure is also 
well visible that the peripheral current of the Batumi eddy provides penetration of 
waters with relatively high salinity through the open boundary from the central part 
of the Black Sea to the Georgian coastal area. This phenomenon more evidently is 
expressed by results of high-resolution RM-IG than by BSM of MHI.  

The comparative analysis of predicted fields by both RM-IG and BSM of MHI 
show that to use the model with high resolution is very important factor for 
identification of coastal eddies of small sizes and in general for exacter reproduction 
of coastal dynamic processes.  

During the functioning of the regional forecasting system in the near-real time 
a significant volume of the results of modeling and 3-day forecasts of dynamic 
processes for 2010-2016 are accumulated in the easternmost Black Sea. In Figs. 4.25-
4.29 the computed surface-fields for 2012-2016 are shown.  

The analysis of the material cumulated for the registered period shows that the 
Georgian coastal zone and its surrounding water area is a dynamically very active 
zone where is a continuous formation of different circulating processes considerably 
distinguished from each other, throughout the year, the continuous generation, 
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deformation and disappearance of the cyclonic and anticyclonic vortex formations 
occur in the easternmost part of the sea.  

The transport models of oil (2D task) and other substances (3D task) are 
included in the forecasting system as a separate modules and enables to calculate 
and forecast pollution zones and concentrations in special cases. With this purpose it 
is required to input in the calculated program written on Fortran the following 
parameters: coordinates of source location, amount of emission, duration of 
emission and the parameter describing the change of pollution concentrations due 
to physical and biochemical factors depending on the type of polluting substance.  

Figs. 4.30-4.33 illustrate forecasted regional circulation in the easternmost part 
of the Black Sea and drifting of oil slick in case, when an hypothetical emergency oil 
emission in 50 or 30 tons quantity occurred during 2 hrs. Calculations carried out in 
different locations of hypothetical sources at real circulating modes show a 
significant role of dynamic processes in formation of the spatial-temporary 
distribution of pollution.  

Figs. 4.34-4.35 illustrate results of 3D simulation of the distribution of the 
nonconservative impurity which has been discharged into the sea from rivers 
Chorokhi and Rioni in the following amount per 1 s: from river Chorokhi – 100000 
reference units, from river Rioni – 10000 reference units, respectively. The current 
field corresponded to the forecasting interval: 6-9 December 2014.  

Further improvement of the forecasting system is connected with inclusion 
into system the models of forecast of wind driven surface waves, biochemical 
processes, etc. In addition, the new very high-resolution version of the coastal 
forecasting system will be elaborated for Adjara coastal zone and Poti water area 
(with horizontal grid steps 100-150 m). The functioning of this version will be 
possible jointly with the main version of the forecasting system. Thus, the complex 
regional forecasting system will be developed, which will combine the forecasting 
system for the Georgian coastal zone with 1 km resolution and the forecasting 
subsystem for Adjara and Poti water areas with 100-150 m resolution.  
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