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warmodgenil monografiaSi ganxilulia, atmosferis  mikrocirkuliaciuri proce-

sebis Teoria dedamiwis reliefis gavlenis gaTvaliswinebiT.  Seswavlilia saqarTve-

los calkeul raionebisaTvis mTa-baris, mTa-xeobis cirkuliaciebis buneba. lokalur 

teritoriebze Sefasebulia qaris kinetikuri energia; Seswavlilia amierkavkasis regi-

onze sinoptikuri procesebis talRuri xasiaTi. SemoTavazebulia aqtinometruli para-

metrebis gaTvlis ricxviTi sqema specialuri mikroraionebisaTvis. Teoriulad axsni-

lia da modeluri gaTvlebiT gaanalizebulia, gansakuTrebuli klimaturi Tavisebure-

bebis mqone qvabur adgilebSi dakvirvebuli mikrocirkuliaciuri procesebi. axali mid-
gomiT aris Seswavlili qarborbalas buneba da qaris velis reJimi saqarTvelos calke-

ul qalaqebsa da regionebSi. 

Sedegebs aqvs, rogorc Teoriuli aseve praqtikuli Rirebuleba saqarTvelos 

saxalxo meurneobis sxvsdasxva dargis ganviTarebaSi. monografias gamoiyenebs 

saxvadasxva universitetis atmosferos fizikis, meteorologiis, klimatologiis da 

hidrologiis specialobis studentebi bakalavriaSi, magistraturaSi da 

doqturanturaSi swavlis periodSi. 

  

redaqtorebi: teqnikuri mecnierebis akademiuri doqtori Tengiz cincaZe,  

fizika-maTematikuri mecnierebaTa doqtori, profesori Teimuraz daviTaSvili. 
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winasityvaoba 
 

monografiis mizania mecnierebisa da gamoyenebiTi teqnikis Tanamedrove miRwevebis sa-

ფuZvelze, gadmocemuli iqnas atmosferos qveda fenebSi mimdinare fizikuri movlenebi. 
am fizikuri procesebis gamoyeneba praqtikuli miznebisaTvis da Sesabamisad lokaluri 

amindis prognozis dazusteba. ganxiluli iqneba  mezometeorologiuri procesebi mTa-

gorian teritoriaze, maTi dinamika. Seiswavleba didi qalaqebisa da lokaluri qvaburu-
li regionebis orografiuli efeqti da aixsneba am regionebisaTvis damaxasiaTebeli me-

teorologiuri  Taviseburebani. 

dedamiwa moZraobs ra mzisa da Tavis RerZis garSemo, Tan waitacebs haeris sferos - 

atmosferos. ZiriTadad es moZraoba aris dasavleT-aRmosavleTis mimarTulebiT da ha-

eris sfero win uswrebs myari nawilis brunvas, xSirad aferxebs kidec mas. am perioduli 

moZraobis garda, atmosfero imyofeba dedamiwis zedapiris mimarT rTul moZraobaSi. de-

damiwis zedapirTan urTierTqmedebis, mzidan energiis modenis da Sinagani procesebis 

gavleniT, atmosferosa da misi calkeuli fenebis fizikuri mdgomareoba uwyvetad ic-

vleba. 

kacobriobis cxovrebis Tanamedrove pirobebSi, rodesac mecniereba, gamoTvliTi teq-

nika, procesebis distanciuri Seswavla da marTva saswaulebriv Sedegebs aRweven, sul 
ufro da ufro mniSvnelovani xdeba dedamiwis atmosferoSi mimdinare movlenebis kvleva 

da prognozireba. mzis sistemis planeta dedamiwas  gars artyavs haerovani sfero - at-

mosfero. es mexuTe okeane ar waagavs „moZme“ okeaneebs, mas ara aqvs napirebi, kunZulebi, 

magram gaaCnia RvTaebrivi fskeri -dedamiwa. yvelaze fasian, universalur, yvelaze Rire-

bul materiis formaSi haerSi cxovrobs da moRvaweobs, samyaros umaRlesi  qmnileba - 

adamiani. atmosferoSi mimdinare  mravalmxrivi procesebi ZiriTadad gansazRvraven de-

damiwaze sicocxlesa da adamianis sxvadasxva sameurneo saqmianobas. swored am procese-

bis yovelmxrivi gamokvleva, cvlilebebis mizezebis gansazRvra, prognozireba iyo, aris 

da momavalSic iqneba msoflios mecnier - meteorologebis mTavari interesis  sagani. 

bunebaSi mimdinare yvela procesi ZiriTadad iyofa or jgufad: determinirebuli da 

SemTxveviTi. determinirebulia procesi, romelic ganpirobebulia ukve cnobili faqto-

rebiT. es faqtorebi aRiwerebian maTematikuri gantolebebiT. gantolebebi ki  TavisTa-

vad asaxaven fizikis fundamentalur kanonebs, rogoricaa: energiisa da masis mudmivobis, 

moZraobis raodenobis da impulsis momentis Senaxvis da a.S. determinirebuli procesis 

karg magaliTs warmoadgens planetebis moZraoba.  

SemTxveviTi procesebi ar aRiwereba zusti maTematikuri gantolebebiT, amitom ar Se-

iZleba iyvnen nawinaswarmetyvelni. aseTi SemTxveviT procesebis an movlenebis klasiku-

ri magaliTia, molekuluri brouniseburi moZraoba. mravaljeradi ganmeoradobis Sem-

TxvevaSi aseTi procesebisaTvis, mainc SeiZleba dadgindes albaTuri xasiaTis zogadi 

kanonzomiereba. bunebaSi mravali movlena metad rTulia da ar miekuTvnebian moyvanili 

ori jgufidan arceTs. rac Seexeba atmosferoSi arsebul mravalsaxa movlenebs da maT 

Soris regionalur-lokalur atmosferul procesebs, isini principSi mikuTvneba miTi-

Tebul orive jgufs. 

warmodgenil monografiaSi moyvanilia mecnierTa jgufis mier, avtoris xelmZRvane-

lobiT, wlebis ganmavlobaSi Sesrulebuli gamokvlevebi, romlebic Seexeba regional-

ur-lokaluri atmosferuli procesebis dinamikas da modelur gaTvlebs saqarTvelos 

fizikur-geografiuli pirobebis gaTvaliswinebiT.  

dReisaTvis gansakuTrebul interess iwvevs lokalur-regionaluri movlenebis Ses-

wavla da analizi. amisaTvis aucilebeli xdeba kompleqsuri midgoma,mravali meteor-

ologiuri, klimatologiuri, hidrologiuri da geologiuri mikoroprocesebis gaTva-

liswineba. es procesebi yvelgan Taviseburia, gansakuTrebiT ki iseTi rTuli fizikuri 

reliefis mqone teritoriaze, rogoricaa amierkavkasia da kerZod, saqarTvelo. 
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saqarTvelos mdebareoba, misi fizikuri da geografiuli pirobebi iZleva imis farTo 

saSualebas, rom am teritoriaze Caisaxos da ganviTareba povos Tvisobrivad gansxvave-

bulma meteorologiurma procesebma Sesabamisi Termiul-bariuli veliT. amrigad, yove-

li fizikur-maTematikuri modeli, romelic SeZlebs aRweros calkeul regionebSi gan-

viTarebuli procesebi aris mniSvnelovani Teoriuli da praqtikuli Rirebulebis. naS-

romis mizania atmosferos miwispira fenaSi mimdinare Termo-dinamikuri movlenebisaT-

vis SemuSavdes maTematikuri modeli; Sefasdes orografiuli vertikaluri siCqareebi 

da maTi saSualebiT aramdgradobis energia setya saSiS  regionebze, daxasiaTdes qaris 
velis reJimi saqarTvelos calkeul regionebze energetikuli gamoyenebis miznebisaT-

vis. sayuradReboa, rom mTa-gorian regionebSi xSirad daikvirveba araperioduli, ara-
ordinaluri atmosferuli procesebi. am procesebs Tan sdevs materialuri zarali da 

adamianis msxverplic ki. aRniSnul movlenebs miekuTvneba: qarborbala, mikroreliefu-

ri adgilobrivi qarebi e.w. mTa-xeobis cirkulacia da sxva bunebis  susti da Zlieri mik-

romovlenebi. aseTi sakiTxebi iqneba ganxiluli monografiaSi. yvela movlenisaTvis 

dadgenilia praqtikuli Rirebulebis Sedegebi. miRebulia ramdenime axali analizuri 

damokidebuleba meteorologiuri elementebis cvalebadobaze mTa-goriani teritoriis-

aTvis. moyvanilia rekomendaciebi miRebuli Sedegebis operatiul saqmianobaSi danergvi-

saTvis.  
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Sesavali 
kacobrioba arsebobs da moRvaweobs planeta dedamiwis atmosferos - haeris oke-

anis fskerze. atmosferos roli ganuzomlad didia, uhaerod dedamiwaze sicocxle 
SeuZlebeli iqneboda. haerovani garsis gareSe dRisiT gveqneboda sicxe daaxloebiT 

1000celsiusiT, RamiT ki amdenive gradusis yinva. dedamiwis atmosferoSi mimdinare mra-

valsaxa movlenebi da procesebi uwyvet cvalebadobaSi mimdinareobs, ZiriTadad mzidan 

miRebuli energiis xarjze. 

am procesebs (geofizikurs) axasiaTebs ramdenime iseTi Tavisebureba, riTac isini 

mkveTrad gansxvavdebian sxva mecnierebebis Sesaswavli obieqtebisagan. upirveles yov-

lisa unda SevniSnoT, rom atmosferuli  procesebi ar SeiZleba moqceul iqnas Caketil 

sistemaSi - laboratoriaSi. ver vaiZulebT maT Cveni  survilisamebr  marTvas (mcire ga-

monaklisis garda), SeiZleba mxolod garkveul pirobebSi gaZliereba an Sesusteba [1]. 
atmosferuli procesebi mkacrad araerTgvarovani da anizotropiulia sivrcesa da 

droSi. amis mTavari mizezi aris mzidan mosuli energiis araTanabari gadanawileba 

dedamiwis zedapirze.  aRsaniSnavia  is garemoeba, rom atmosferos qveda fenebSi siTbur 

reJims, dedamiwis zedapiridan arekvlili grZeltalRovani  radiacia uzrunvelyofs. es 

zedapiri ki araerTgvarovania, araTanabrad gadanawilebuli xmeleTi da wyali 

dedamiwis naxevarsferoebs Soris, mTa-gorianoba, mdinareTa xeobebi, tbebi da 

myinvarebi. es uswormasworoba sxvadasxva mosilobiTaa dafaruli da iwvevs sinaTlis 

sxivebis sxvadasxva kuTxiT arekvlas, rac iwvevs siTburi velis araTanabar  

ganawilebas. siTburi velis  araTanabroba ki ganapirobebs atmosferuli wnevis 

araTanabrad gadanawilebas, e.w. mudmivmomqmedi „bariuli centrebis“ Camoyalibebas 

(aseTebia islandiis da aleutis minimumi, azoris kunZulebis da havais maqsimumi). 
swored es centrebi uzrunvelyofen haeris  moZraobas dasavleTidan aRmosavleTisaken 

„wamyvani“ nakadis (8-10) m/wm siCqariT da sxva zonalur nakadebs. dedamiwis atmosferos 
qveda fenebSi temperaturis araTanabari gadanawileba da sxvadasxva siZlieris 
lokaluri cirkulaciebis  warmoSoba da adgilobrivi qarebic ganpirobebulia 

moyvanili mizeziT.  
es problemebi Teoriulad unda gadaiWras atmosferos hidroTermodinamikis 

gantolebaTa sruli sistemis gamoyenebiT. aRniSnuli gantolebebi ki warmoadgenen 

fizikis fundamenturi kanonebis maTematikur gamosaxvas. moZraobis  raodenobis Senaxva 

gvaZlevs atmosferoSi haeris masebis moZraobis gantolebebs; energiis mudmivobis 

kanoni - siTbos modenis gantolebas, xolo masis Senaxva - uwyvetobis gantolebas. am 

gantolebebs  Tu amovxsniT Sesabamis sawyis da sasazRvro pirobebSi, atmosferoSi 

Seqmnili procesis Seswavlis mizniT, maSin Sedegi  damakmayofilebeli iqneba. 

miuxedavad aseTi sirTuleebisa, msoflios  meteorologebma SesZles SeeswavlaT 

mravali atmosferuli movlenis ganviTarebis  meqanizmi, rogorc Teoriulad aseve 

praqtikuli gamoyenebis mizniT. dReisaTvis Tanamedrove fizikis, maTematikis, 

gamoTvliTi teqnikis miRwevebis safuZvelze,  Zalian bevri atmosferuli movlenis da 

procesis Taviseburebani aris gamokvleuli da prognozirebulic ki. axla Tamamad 

SeiZleba  gamoiTqvas Semdegi debulebebi:  

1. arcerTi atmosferuli procesi ar SeiZleba Seswavlili da gaanalizebuli iqnas, Tu 

ar gvecodineba atosferuli obieqtebis erTmaneTTan, dedamiwis zedapirTan, 
garemomcvel garemosTan da axlo mdebare kosmosur  sivrcesTan urTierTqmedebis  

rTuli meqanizmi.  

2. yoveli procesi SeiZleba Seswavlili  iqnas, Tu gvecodineba maTi Casaxvis, 

ganviTarebis da kvdomis buneba.  

3. dedamiwis zedapiris forma, fizikuri Tvisebebi da mosiloba, pirvel  rigSi, axdens 

gavlenas atmosferos qveda fenebSi, umTavresad miwispira fenaSi da iwvevs sxvadasxva 

lokalur-regionaluri procesebis warmoSoba-ganviTarebas. 
swored aseTi procesebis Teoriul da modelur Seswavlas eZRvneba warmodgenili 

monografia. monografiaSi Sesulia avtoris xelmZRvanelobiT da uSualo 
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monawileobiT Sesrulebuli samecniero SromaTa cikli. Sromebi Sesrulebuli iqna 
Tbilisis saxelmwifo universitetis geofizikis kaTedraze da saqarTvelos teqnikuri 

universitetis hidrometeorologiur  institutSi  bolo aTi wlis ganmavlobaSi, 

institutis  samecniero Tematikis  mixedviT. 

sxvadasxva sakiTxis Teoriul damuSavebaSi, statistikuri masalis moZieba- analizSi, 

saboloo daskvnebSi, sxvadasxva  doziT monawileobdnen hidrometeorologiis 

institutis, amindis prognozirebis, bunebrivi da teqnogenuri katastrofebis mo-

delirebis ganyofilebis TanamSromlebi: fizika-maTematikis mecnierebaTa doqtorebi T. 

daviTaSvili da d. demetraSvili; mecnierebaTa doqtori m.tatiSvili; mecnier 

TanamSromlebi i.samxaraZe da n. zotikiSvili. 

yvela maTganTan erToblivad Sesrulebuli Sromebi moyvanilia literaturaSi. aseve 

monografiaSi garkveuli doziT, moyvanilia is mecnieruli kvlevebi da Sedegebi, romle-
bic exeba atmosferos mikrocirkulaciur procesebs da Sesrulebuli aqvT avtoris yo-

fil aspirantebs da maZieblebs. eseni arian mecnierebaTa doqtorebi: Teimuraz daviTaS-

vili. anzor daviTaia, berger miqaSaviZe, nini kaWaxiZe, elizbar elizbaraSvili, Tamar bi-

bilaSvili, nino favleniSvili, aleqsandra TofCiSvili, rusudan danelia, amiran Cita-

laZe, darejan CitalaZe, paata janeliZe, Tamar SalamberiZe, eliso TagvaZe, marina gurge-

niZe, Temur xelaZe,  rusudan Caxaia, ramin WeliZe, kote sapicki, avTandil asitaSvili. bo-
lo paragrafis kvlevebi Sesrulebulia geografiul mecnierebaTa doqtor bakur beri-

taSvilTan, naili kapanaZesa da nanuli zotikiSvilTan erToblivi muSaobiT. 

monografiaSi moyvanili mniSvnelovani axali Sexedulebebi, Teoriuli midgomebi da 

modeluri gaTvlebis Sedegebi  gamoqveynebulia infaqt da referetul JurnalebSi: sa-

qarTvelos erovnuli akademiis moambe, Tsu SromaTa krebuli „fizika“, andria pirvelwo-
debulis saxelobis sapatriarqo universitetis qarTuli eleqtronuli samecniero Jur-

nali „fizika“,  hmi-is  periodulad gamocemuli SromaTa krebulebi. garda amisa, moxsene-

bebi gakeTda  aTeul saerTaSoriso da adgilobriv konferenciaze. xolo  ramdenime  re-

komendacia, praqtikaSi gamoyenebis mizniT, gadacemulia Sesabamis saxelmwifo uwyebebs 

da samecniero dawesebulebebs. monografiaSi  SemoTavazebuli atmosferuli mikrocir-
kulaciuri procesebis Teoria da modelireba momavalSi gamoyenebuli unda iyos mete-

orologiis calkeuli kerZo problemebis gadasawyvetad, gansakuTrebiT mTagorian te-

ritoriaze. 

monografia xuTi Tavisgan Sedgeba. aseve aqvs winasityvaoba, Sesavali, saTanado das-

kvnebi da gamoyenebuli literaturis sia. SesavalSi moyvanilia  problemis mokle isto-

ria da Tanamedrove aqtualoba.  

pirvel TavSi gadmocemulia atmosferuli haeris cirkulaciis zogadi Teoria, mezo-
masStaburi atmosferuli procesebis prognozur hidroTermodinamikur gantolebaTa 

sistema da Sesabamisi sawyisi da sasazRvro pirobebi. 

meore TavSi aRwerilia atmosferuli procesebis dinamika mTa-gorian teritoriaze; 

orografiuli SeSfoTebis vertikaluri siCqaris gansazRvris axali midgoma; procese-

bis aramdgradobis energiis  gansazRvra reliefis gavlenis gaTvaliswinebiT; mze - de-
damiwis siTburi balansis gantolebis nakaduri wevrebis modeluri gaTvlebi saqarTve-

lis calkeuli regionisaTvis. 

mesame Tavi moicavs lokalur-regionaluri atmosferuli procesebis dinamikas da mo-

delur gaTvlebs mikroreliefis gavlenis gaTvaliswinebiT. miRebulia konkretuli 
daskvnebi da Teoriuli dasabuTebebi operatiul praqtikaSi dakvirvebuli adgilobrivi 

gansakuTrebuli movlenebis bunebaze. 

 meoTxe Tavi eZRvneba saqarTvelos teritoriaze gabatonebuli zogierTi   „fenomenu-

ri“ movlenebis Taviseburebebis axsna-dasabuTebas hidrodinamikuri midgomiT. ganxilu-

lia qarborbala, Tbilisis, alaznis velis, svaneTis, axalcixis  da daviT garejis qvabu-

rebis Taviseburebani.  
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mexuTe TavSi daxasiaTebulia qaris reJimis buneba saqarTvelos sxvadasxva regionze - 

Tbilisi, imereTis regioni, duSeTi bolo 60 wlis klimaturi monacemebis damuSavebis sa-

fuZvelze. pirvelad iqna SemoTavazebuli  qaris siCqaris gradaciuli mdgradobis anal-

izisaTvis, qaosis TeoriaSi miRebuli statistikuri mdgradobis parametrebis gamoyene-

ba. moyvanilia qaris gabatonebuli mimarTulebebis „varduli“ sqemebis dazustebuli va-

riantebi saqarTvelos sxvadasxva regionis qalaqebisaTvis. miRebuli praqtikuli Sede-

gebi moyvanilia calke da agreTve, saTanado paragrafebis bolos. miTiTebulia ramdeni-
me rekomendacia qaris energiis gamoyenebis TvalsazrisiT da qarsacavi zonebis perspeq-

tiuli ganaSenianebis gaumjobesebisaTvis.  

vfiqrobT, rom monografia did sargeblobas moutans atmosferos fizikaSi, meteor-

ologia-klimatologiaSi, hidrologiaSi, geografiaSi momuSave axalgazrda mecnier-

ebs, studentebs, magistrantebs, doqtorantebs da hidrometeorologiis sxva   dargebis  

specialistebs. 

avtori uRrmes madlobas uxdis Tavis  yofil aspirantebsa  da kolegebs, hm  

institutis TanamSromlebs garkveuli saxis keTili SeniSvnebisaTvis. aseve madloba 

redaqtorebs da recenzentebs monografiaze gaweuli SromisaTvis. 
 

problemis mokle istoria da Tanamedrove aqtualoba 

atmosferuli procesebis Casaxvis, ganviTarebis, qrobis meqanizmis Seswavla iyo, aris 

da momavalSic iqneba mravali mecnieris kvlevis aqtualuri sfero. meteorologiuri 

mecnierebis gansakuTrebul interess istoriulad warmoadgenda lokalur-

regionaluri movlenis Seswavla da analizi. amisaTvis aucilebelia mravali 

meteorologiuri, klimatologiuri, hidrologiuri da geologiuri mikroprocesebis 

gaTvaliswineba. naTelia, rom mikroregionaluri procesebi yvelgan Taviseburia, 

gansakuTrebiT ki iseTi rTuli fizikuri reliefis mqone teritoriaze, rogoricaa 

amierkavkasia da kerZod saqarTvelo. Tamamad SeiZleba iTqvas, rom amierkavkasia 

unikaluri ekologiuri poligonia msoflioSi. 
atmosferos zogadi cirkulaciis  gansakuTrebuli da praqtikuli Rirebulebis 

movlenebia mTa-baris, mTa-xeobis cirkulacia, adgilobrivi qarebi, Zlieri 

qarborbalebi, mcire droSi mimdinare didi energiis  mqone atmosferuli movlenebi, 

calkeul qvaburebSi  ganviTarebuli klimaturi Taviseburebani. es movlena SemCneuli 

da cnobilia geografiul aRwerilobaSi da meteorologiur dakvirvebebSi. 

adgilobrivi qari aRwerilia mraval literaturaSi, maT Soris Zalian ZvelSi [2.3.4.], 

sadac ara marto  dafiqsireba xdeboda, aramed iyo maTi axsnis mcdelobac. Semdgomi 

wlebis literaturaSi aRniSnulia, rom es qari gansakuTrebiT SesamCnevia im adgilebSi, 

sadac mTa da mdinaris kalapoti erTmaneTs uaxlovdeba da qmnian xeobas, agreTve  

xeobidan gamosvlis da mTa wveris adgilebSi. ixileT naxazi 1. 

 
 

Nnax.1 

yvelgan,  sadac ki arsebobs mniSvnelovani daxrilobis reliefi, qari amJRavnebs dRe-

Ramuri periodulobis bunebas. dRisiT qari qris ferdobis gaswvriv qvemodan zemoT, Ra-

miT ki piriqiT, zemodan qvemoT. aseTi qari daikvirveba mTa-gorian da mTaTa wina terito-

riaze. es qarebi cnobilia dedamiwis mTel sferoze, tropikebSi mTeli wlis ganmavloba-

Si, zomier sartyelSi - ZiriTadad wlis Tbil periodSi [1.2]. qari aRiZvreba mcire moR-
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rublulobis mdgrad  stratificirebul atmosferoSi, wnevis susti gradientis piro-

bebSi. yvelaze zogadi gagebiT mTa-xeobis cirkulacia aris Tavisufali konveqcia, aR-

Zruli sakmarisad daxril zedapirze, roca misi temperatura ar aris toli misi mosaz-

Rvre haeris masis temperaturisa. 

istoriulad mTa-xeobis cirkulaciis Seswavla  daiwyo alpebSi, Semdeg kalifornia-

Si, samxreT afrikaSi, himalaiSi, iaponiaSi, ruseTSi da mogvianebiT saqarTveloSi [1.2.]. 

rogorc Cans voevikovi iyo erT-erTi pirvelTagani, romelmac cnobil monografiaSi 

„Климаты земного шара в особенности России“ moixsenia mTa-xeobis qarebi. manve aRwera es qa-

ri monografiaSi „Savi zRvis sanapiros Sesaxeb“ [3] da Semdeg „meteorologiis kursSi“ 

[4]. ukanaskneli ori saukunis ganmavlobaSi, rodesac swrafad ganviTarda sinoptikuri 

meteorologia, moxda ciklonebis da anticiklonebis moZraobebis Seswavla da masTan 

dakavSirebuli amindis bunebis dadgena, saWiro gaxda atmosferos vertikaluri struq-

turis gansazRvra. SemoTavazebuli iqna „grigaluri Caxveulebis“ Termiuli da dinami-

kuri Teoria da  amindis prognozirebis safuZvlebi [1.5]. amasTanave mTa-gorian terito-

riaze, atmosferos cirkulaciis analizisaTvis, dakvirvebebis gamoyenebisaTvis aucil-

ebeli xdeba adgilobrivi reliefuri cirkulaciis gaTvaliswineba. mTa-xeobis, mTa-ba-
ris da sxva saxis mTis qarebis Seswavla didi xnis ganmavlobaSi rCeboda da axlac aris 

dRis wesrigSi. aRsaniSnavia birkneis [2.6] gansakuTrebuli wvlili, romelmac SromebSi 

atmosferoSi cirkulaciuri moZraobebis Sesaxeb aCvena, rom baroklinur garemoSi deda-

miwis „gamomsxivebeli“ zedapiris Termiuli araerTgvarovnebisas, izozedapirebi erTma-

neTTan warmoqmnian solenoidebs. aseTi sistema solenoidebisa  iZleva Caxveul cirku-

lacias, romelic solenoidis mTel ares moicavs. mravali gamoCenili mecnieris mier 

hidrodinamikaSi Sesrulebuli kvlevebis safuZvelze, meoce saukunis bolos Seswavli-

li iqna mTa-xeobis cirkulacia dedamiwis sxvadasxva regionze.  maT Soris, Crdilo kav-

kasiis ferdobebze [6], amierkavkasiaze qarTveli mecnierebis  [7], da Sua aziaSi iqauri ko-

legebis mier [2]. metad sayuradReboa sakiTxi, Tu ra manZilze vrceldeba reliefiT war-

moqmnili adgilobrivi qaris gavlena, mTis simaRlesTan kavSirSi. mravaljeradi geod-

eziuri, aerologiuri da meteorologiuri eqsperimentuli masalebis analizis safuZ-

velze miRebulia empiriuli  saxis Semdegi damokidebuleba [1.6.7.13.14.15.16.61]: 

2
R hctg


 , 

sadac R manZilia km-Si, h - mTis simaRle metrebSi,   მTis horizontisadmi daxris 
kuTxea.  

aqtiuri interesi gamoiwvia mecnier-meteorologebs Soris kibelis Sromebma, amindis 

prognozirebisaTvis hidroTermodinamikis gantolebaTa gamoyenebis Sesaxeb [8.9.10], ro-

melic Tavdapirvelad ar iTvaliswinebda miwispira fenis gavlenas, magram saxavda mra-

val perspeqtivas. ufro rTuli aRmoCnda sasazRvro fenaSi lokaluri amindis gansaz-

Rvra, ramac aucilebeli gaxada mTa-xeobis qarebis da saerTod lokaluri cirkulaciis 

modeluri Seswavla. 

kacobriobis sanukvari ocnebis, amindis prognozis sizustis gazrdaSi mniSvnelovani 

roli miekuTvneba swored im movlenebs, romlebic mimdinareobs dedamiwis „gamomsxivebe-

li“  zedapiris maxloblobaSi, roca Tavisufal atmosferoSi SeiZleba  iyos Sedare-

biT erTgvarovani procesebi. miwispira fenaSi mimdinare movlenebis Seswavla-analizi  

udavod gaaumjobesebs arsebul prognozul modelebs  da  ricxviT sqemebs. am midgomis 

ganxorcieleba konkretul  teritoriaze aris  warmodgenili monografiaSi. 

SevniSnoT agreTve, rom Tanamedrove aviaciaSi, maRali teqnikuri aRWurvilobis miux-

edavad, usafrTxo afrena da daSveba moiTxovs zust informacias atmosferos qveda fena-

Si qaris wanacvlebasa da haeris turbulentobis Sesaxeb. aseve, haeris samrewvelo daWuW-

yianebis droiTi - sivrciTi ganawileba, ramac ukanasknel wlebSi miiRo mkveTrad saSiSi 

mdgomareoba, mWidrod aris dakavSirebuli miwispira fenaSi meteorologiur reJimze 

[11,12]. 
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aTeulma qarTvelma mecnierma  miuZRvna sxvadasxva saxis gamokvleva mTa-gorian teri-

toriaze lokaluri cirkulaciis Seswavla-gaanalizebas [1,11], zogierTi maTganis Sroma 

moyvanili iqneba  warmodgenil  monografiaSi.   

mecnierebis da saerTod sazogadoebis did interess iwvevda da iwvevs, zogierTi saer-

To tendenciebidan sagrZnoblad gansxvavebuli atmosferuli reJimis Seswavla, romle-

bic daikvirveba calkeul regionze, raionze an qalaqze.  

regionze qaris reJimis statistikuri da modeluri daxasiaTeba. aseTi sakiTxebic iqna 

ganxiluli monografiaSi. Teoriuli da modeluri gaTvlebiT, yvela „fenomenuri“ mov-

lenisaTvis, dadgenilia praqtikuli Rirebulebis Sedegebi. miRebulia ramdenime axali 

analizuri damokidebuleba meteorologiuri elementebis cvalebadobaze mTa-goriani 

teritoriisaTvis. moyvanilia rekomendaciebi miRebuli Sedegebis operatiul saqmianob-

aSi danergvisaTvis.  
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Tavi 1. atmosferos haeris zogadi cirkulaciis Teoria 

 

1.1. cirkulaciuri procesebis maTematikuri safuZvlebi 
bunebrivia mikrocirkulaciuri procesebi kargad Seswavlili da aTvisebuli rom 

iqnas, sasurvelia vicodeT atmosferos  zogadi cirkulaciis Teoria da misi 

praqtikuli Rirebuleba. marTlac atmosferoSi da okeaneSi mimdinare rTuli da 

mravalsaxa moZraobebis SeswavlisaTvis, aucilebelia Camoyalibebuli iqnas zogadi 

cirkulaciis   Teoria, romelic  Seqmnili  iyo  klasikosi hidrodinamikosebis mier 

[1,5,8,19,33,86]. Teoriuli fizikidan cnobilia, rom cirkulacia dakavSirebulia brunviT 

moZraobasTan da brunviTi   siCqariს mdgenelebi sakoordinato RerZebis mimarT ase 

gamoisaxeba [1.5.33]: 
          

1 1 1
( ); ( ); ( )

2 2 2

y yx xz z
x y z

V VV VV V

y z z x x y
  

   
     

     
, 

sadac x,y,z sakoordinato RerZebia, , ,x y zV V V  siCqaris mdgenelebia Sesabamisi 

RerZebis mimarT.  
grafikulad moZraobis daxasiaTebisaTvis denis xazebTan erTad Semoyvanilia 

brunviTi xazebi da brunvis molis cneba. brunviTi xazi aris xazi, romlis yovel 

wertilSi brunvis kuTxuri siCqaris mimarTuleba emTxveva mxebis mimarTulebas. 

brunviTi xazebis gantolebas aqvs saxe: 
               

x y z

dx dy dz

  
  . 

warmovidginoT moZrav siTxeSi an gazSi nebismieri Sekruli konturi. brunvis xazebi 

gamavali am konturis yovel wertilSi, Seqmnis brunviT zedapirs. am zedapiriT 

SemosazRvrul sivrceSi moTavsebul gazs an siTxes, brunvis moli anu moli ewodeba. 

mtkicdeba, rom dinebisaTvis samarTliania uwyvetobis gantoleba Semdegi saxiT: 

div o  , rac gaus-ostrogradskis formulis Tanaxmad iZleva  n

S

dS o  .  aviRoT 1  da 

2   ganikveTis brunvis  moli, maSin TiToeuli farTisaTvis daiwereba: 
 

1 1 1 1 2 2 2 2

1 2

;n ndS dS         

niSanTa gansxvaveba miuTiTebs, rom erT ganikveTis farTSi gvaqvs Semavali nakadi da 

meoreSi ki gamomavali. uwyvetobis gantolebis Tanaxmad davwerT: 
 

1 1 2 2      ანუ   .const   
 

es gamosaxavs hemgolcis cnobil  Teoremas [12.33.86] brunvis milis intensioba mudmivi 

sididea. molis nebismieri ganikveTisaTvis, hidrodinamikidan cnobilia, rom  siCqaris 

cirkulacia  moicema integraliT: 
      

( ) ( )sC V ds udx vdy wdz       ( 1.1.1) 

 roca mocemulia raime konturi da siCqaris mimarTuleba, maSin mtkicdeba, rom mcire 

elementarul konturebze cirkulaciaTa jami udris cirkulaciას მთელ კონტურზე. ე.ი. 

rotV o . [1,15,72]. cirkulaცiis siCqაre gansაzRvravs bruნviTi rotoris Caxveulobebis 

da misi erTeuli aris fardiTi siCqare kv.m/wm.  cirkulaciis  აCqareba ki 
ganisazRvreba formuliT:  

( , ) . ( )
dC d dV ds

V ds ds Vd
dt dt dt dt

     . 
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Nnax.1.1.1. ɷɑ 

vinaidan sruli  diferenciidan integrali Sekrul konturze nulis tolia, amitom 
2

( ) ( ) .
2

ds V
Vd d o

dt
    

 cirkulaciis aCqarebisaTvis dagvrCeba: 

. ( )
ds dV du dv dw

ds dx dy dz
dt dt dt dt dt

         (1.1.2). 

gamoviyenoT moZraobis gantolebebi nakadis siCqaris komponentebisaTvis  

gamartivebuli saxiT [ 1.15.] 

1 1
2 sin 2 cos ; 2 sin

1
2 cos .

du p dv p
v w v

dt x dt y

dw p
g u

dt z

     
 

 


 
      

 


   



 

sadac u,v,w siCqaris komponentebia; p-atmosferuli wneva;  - haeრis siმkvrive; g- 

simZimis Zalიs aCqaრeba; ɷ - dedamiwis Tavიsi RerZიs garSemo brunvis kuTxurი 

siCqare;   - geografiuli ganedi;  t- dro. SevkriboT Sesabamisi wevrebi da CavsvaT (1.1.2)-

Si. 

2 [( cos sin ) (cos sin )]
dc dp

gdz w v dx u dz dy
dt

    


             ( 1.1.3) 

vinaidan  ( )g g z  e.i  mxolod simaRlis funqcia, amitom gdz o . 

Semdgomi gamartivebis mizniT gadavideT koordinatTa axal sistemaze, romelic miiReba 

Zveli sistemis  kuTxiT Semobrunebisas. cxadia, rom   
1

1 1

sin ( )sin ( sin cos )

; sin cos .

y AБ AB AГ ВГ y z

dy sim dy cod dz V V W

   

   

     

   
 

1 1 1 1; ; ; sinx x dx dx u u z z      

 

miRebulis gaTvaliswinebiT (1.13)- dan miviRebT: 

1 1 1 12 ( )
dc dp

v dx u dy
dt




         (1.1.4) 

gamosaxuleba 1 1 1 1( )v dx u dy   aრis mocemუli elemenტaluri konturis ekvაtoris 

sibrtyeSი cvlileba drois erTeუlSi. იntegrali ki iqnebა mTeli konturis 

cvlileba igive sibrtyeSi. აქedaნ gamomdinare (1.1.4) ase gadaiwereba: 
 

1

2
dc dp ds

dt dt



       (1.15). 
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nax. 1.1.2. 

miRebuli gantoleba aris cirkulaciis Teoriis ZiriTadi gantoleba. ganvixiloT 

ramdenime kerZo SemTxveva. 

1) atmosfero (okeane)  barotropiuli garemoa e.i. ( )P f   , maSin (1.1.5) –is marjvena 

mxareSi integrali nulis toil gaxdeba da dagvrCeba 
1

2
dc ds

dt dt
        (1.1.6) 

2) Tu ganvixilavT uZrav dedamiwas, maSin gveqneba: 

dc dp

dt 
        (1.1.7). 

3) aRebuli garemo baroklinuria, maSin (1.1.5)-Si integrali warmodgeba elementaluri 

solonoidebis raodenobis mixedviT. 
1

2
dc ds

N N
dt dt

        (.1.1.8). 

 N   da  NdadebiTi da uaryofiTi solenoidebis ricxvia Sesabamisad. am TeoriiT 

Seiswavleba okeanis, zRvis, atmosferos cirkulaciuri moZraobebi. აmave TeoriiT da 

saTanado მeteorologiუri situaცiis gaTvaliსwinebiთ aixsneba, sxvadasxva xasiaTis 

adgilobrivi qarebi, rogoricaa zRva-xmeleTis brizეbi, mTa-xeobis qari, qvaburebSi 
aRZruli lokaluri qarebi, foni da sxva. 

ganvixiloT atmosferoSi warmoqmnili cirkuliaciuri procesis sami yvelaze 

gavrcelebuli SemTxveva. 

a) vTqvaT elementaluri cirkulaciuri konturi Sedgeba ori izobarisa da ori 

izoqorisagan, uZravi dedamiwis SemTxvevaSi. 

 
 

 

nax. 1.1.3. 
 

gamovTvaloT konturuli integrali (1.1.7) -is mixedviT. 

12341 4321 43 32 21 14

( ) ( ) ( )( ) .

dc
dp dp dp dp dp dp

dt

p p p p p p p
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amrigad, am SemTxvevaSi  cirkulaciis siCqaris individualuri cvlileba droSi, 

mocemuli konturis gaswvriv proporciulia wnevis da  xvedriTi moculobis (
1




 ) 

cvlilebis namravlis. 

b) vTqvaT  konturi Sedgeba ori izobarisa da ori izoTermisagan. 

 
 

nax.1.1.4. 
 

am SemTxvevaSi haeris mdgomareobis gantolebis  P RT gamoyenebiT gveqneba: 

ln
dc RT T P

dP RT P
dt P R

 
    , 

aq T – absoluturi temperaturaa; R -gazebis universaluri mudmiva. 

vinaidan ln( ) ln(1 )
P P P P

P P P

  
   . miviReT, rom ganxilul SemTxvevaSi cirkulaciis 

siCqaris individualuri cvlileba droSi proporciulia wnevisa da temperaturis 
cvlilebis namravlisa.   

g) gvaqvs ori izobara da ori vertikaluri simaRle  

 
nax.1.1.5. 

 

aq gamoviyenebT ra statikis gantolebas dP g dz    gveqneba: 

43 129,8[( ) ( )]
dc dP

gdz H H
dt 

       

miviReT, rom  cirkulaciis siCqaris individualuri cvlileba droSi proporciulia 

Sesabamis geopotencialur simaRleTa sxvaobisa. 

vinaidan dedamiwis atmosfero, gansakuTrebiT misi qveda fenebi turbulenturi 

bunebisaa, amitom cirkulaciur Caxveulebebs SeiZleba hqondes sxvadasxva zoma. qveda mi-

wispira fenaSi xSirad daikvirveba grigaluri struqturis mcire cirkulaciebi. aseTi 
lokaluri movlenebisaTvis damatebiT xdeba saWiri statistikuri xasiaTis kanonzomie-

rebis gamoyeneba. aseTi midgomebi iqneba gaTvaliswinebuli monografiaSi. 
 

1.2. atmosferos mezomasStaburi moZraobis aRmweri hidrodinamikur  gantolebaTa 
sistema 

lokaluri procesebis yoveli kvleva-Seswavla ZiriTadad emsaxureba amindis mezo-

dinamikuri prognozis dazustebas, rac mniSvnelovania aRebul regionze sxvadasxva ra-

ngis saxalxo meurneobis ganviTarebisaTvis. mezometeorologiuri procesebi miekuT-

vneba iseT atmosferul procesebs, romelTa horizontaluri masStabia aTeuli da ase-

uli kilometri. mezoprocesebis Tanamedrove TeoriaSi miRebulia Semdegi klasifi-

kacia: mezo -  - masStabi {200-2000) km; მezo-  -maსStabi (20-200); mezo- - მasStabi (2-
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20)km. pirvels miekuTvneba frontaluri, tropikuli ciklonebi da sxva. meores oro-
grafiuli SeSfoTebebi, xeobaTa Rrublebi da sxva; mesames calkeuli grova Rrub-
lebi, garkveuli tipis gravitaciuli talRebi da sxva; lokaluri prognozis Teo-
ria damuSavebuli iyo i.a. kibelis mier [9]. Mmanve Camoayaliba Sesabamisi ganto-
lebaTa sistema, romelsac aqvs saxe:   

1

1

,

,

du u
lv k u k

dt x z z

dv v
lu k v k

dt y z z





  
     

  

  
     

  

 

1

1

1 1
1

1

1 1
1

1

,

,

1
( ) ( ) [ ( )],

1
[ ( )].

a l a

p

q q

dw w
T k w k

dt z z z

u v w
w

x y z

dT T
E E k T k

dt c z z

dq q
w E k q k

dt z z










   


 


  
     

  

  
  

  

 
       

 

 
     

 

         (1.2.1) 

aq da Semdeg yvelgan ( ), ( ), ( ). ( )T z p z z q z  arიs am sididეebis fonovani ganაწileba 

simaRlis mixedviT, romelic SeiZleba mocemuli iyos, magaliTad klimaturi monace-
mebiT an gansazRvruli iyos farTomasStabiani prognozuli sqemebiT. StrixebiT mo-

cemuli sidideebi asaxaven fonuri mniSvnelobebidan gadaxras,   -Sesabაmisi sidi-

dis vertikaluri gradientia, 
cp

g

T
   - Sეtivtiვეbis koeficieნtia; wevrი 1T  gansaz-

Rvrავს arqimedes ZaliT gamოwveul vertikalუr siCqares;, 
1

,cr

p
RT

p
   

1, ,k k  -turbu-

lentobis koeficientebia horizontaluri da vertikaluri mimarTulebiT; , ,i eFE E E  

aris sxivuri, fazuri da efeqturi gamosxiveba. miRebuli procesebis kvazistati-

kurobis piroba aseTia: /p z g     

(1.2.1)  gantolebaTa sistema miRebulia hidrodinamikis sruli sistemis safuZvelze e.w. 

konveqciuri Teoriis gamartivebiT. uwyvetobis gantoleba miRebulia bgeriTi  talRis 

gaTvaliswinebis gareSe. Tanamedrove Sexedulebis (1.2.1) sistemas uwodeben Rrma 

konveqciis gantolebebs. Tu (1.2.1) sistemaSi miviRebT , ,T const const q const   , 

maSin sistemas ewodeba patara(mcire) konveqciis gantolebaTa sistema (gamoiyeneba 3 km 

fenisaTvis), radgan miRebulia daSveba / z o   , amitom sistemas aradrekadi kon-

veqciis  გაntolebebsaც uwodeben. Tu uwyvetobis gantoლeba srulაd aiRebა, maSin gve-

qneba drekadi konveqciis gantolebebi. mravაl modelSi სiTbos mოdenis gantolეba 

iwereba potenციaluri temპეraturisaTვis. Kkonkretul modelebSi sidideebi SeiZle-
ba ar iqnas gaTvaliswinebuli. roca saWiro xdeba dedamiwis e.w. qvefenis gavlenis 
da atmosferoSi minarevebis gavrcelebis gaTvaliswineba, maSin (1.2.1.) sistemas emate-
ba Sesabamisi gantolebebi [17]. 

2

2

2 2

2 2

,

a a a a a
x y a

T T

t c z

s s w s ss
k k k E

t z x y z x





  

 

 


 

    
    

     

       (1.2.2) 

  

sadac   niadagis siTbogamtarobis koeficientia,    - niadagis სimkvrive, c - niadagis 

siTbotevadoba, as - minarevis moculobiTi koncentracia, aE - minarevis warmoSobis da 
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gaqrobis siCqare,  ,x yk k  turbuleნtobis koeficientebi, romlebic aRweren minarevis 

tuრbulentur pulsacias  sakoordiნato RerZebis mixedვiT, 
aw - minაrevis sakuTari 

vertikaluri სiCqare. SevniSnoT, rom turbulentobis koeficientebisaTvis SeiZleba 
gamoyenebuli iqnas sxva gantolebebic, magaliTad, turbulenturi pulsaciis 
energiis balansis gantoleba [15,29]. moyvanili gantolebaTa sistema Caketilia da 
principSi iZleva saZiebeli sidideebis gansazRvris saSualebas.  
 
1.3. lokaluri atmosferuli moZraobebis saprognozo ricxviTi-modeluri midgoma, 

sawyisi da sasazRvro pirobebi 
es amocana  yvelaze farTo gagebiT dasmuli iyo i.a. kibelis mier [1.9.10.11.14.15]. 

detaluri lokaluri procesebis prognozireba xdeba farTomasStabiani 
prognozuli sqemis saSualebiT, miRebuli fonuri mniSvnelobebis gamoyenebis 
safuZvelze. es fonuri sidideebi miiReba lokaluri movlenebisaTvis sawyis 
mniSvnelobebad im daSvebiT, rom sawyis momentSi mezometeorologiuri SeSfoTebebi 

ar aris. aseT pirobebSi sawyisi monacemebi iwereba Semdegi saxiT: 

roca 1 1 1 1 1

0 , ( ), ( ),t t u u z v v z T q T o            (1.3.1) 

vertikaluri siCqare unda akmayofilebdes uwyvetobis gantolebas. principSi 
SeiZleba ar gamoviyenoT farTomasStabiani ricxviTi sqemebi da  sawyisi mniSvnelobebi 

aRebuli iqnas sinoptikuri dakvirvebebidan, aseve SeiZleba sawyisi velis sidideebi 

mopovebul iqnas specialuri mezometeorologiuri dakvirvebebiT, Tumca es gza metad 

rTulia. lokaluri procesebis dinamikis SeswavlisaTvis sakvlevi are-garemo SeirCeva 

praqtikuli moTxovnilebis mixedviT. zomebi horizontalur sibtyeze aTeuli km-ia,  

vertikaluri mimarTulebiT z H  maqsimaluri simaRle SeiZleba iyos 2-10 

kilometri, qveda sazRvari  dეdamiwis „gamomsxiveბeli“ zეdapirი ( ,z x y ). zogjer 

saWiro xdeba dedamiwis (wylis) 1d  m siRrmis fenis fizikuri parametrebis codna.  

CamovayaliboT sasazRvro pirobebi, pirvel  rigSi,  gverdiTi sasazRvro (miviRoT, 

rom sakvlevi regioni aris  sworkuTxovani garemo). SesaZlebelia mravali varianti. 

erT-erTi umartivesia imis daSveba, rom  mTeli saprognozo drois ganmavlobaSi 

mezometeorologiuri procesebis SeSfoTeba ar aris. fonuri sidideebi ki 

ganisazRvreba farTomasStabiani modeluri sqemebiT. meore SemTxvevaSi elementebis 

SeSfoTeba sazRvarze ganisazRvreba sakvlevi aris Signidan, dauSvaT samarTliania 

Semdegi damokidebulebiT [ 15]: 
1 1

L n

f f
c o

t n

 
  

 
      (1.3.2), 

sadac L - sakvlevi aris sazRvaria, n –aris marTobi, nc  SeSfoTebuli saZiebeli 

sididis gadaadgilebis siCqare, romelic ganisazRvreba ares Siga nawilSi drois 
sxvadasxva momentSi:  

1
1, , ,

f
z H w o f o w o

z


   


    (1.3.3) 

dedamiwis zedapirze miiReba siCqaris nulTan toloba, an 

,z o u v w o                (1.3.4) 

im SemTxvevaSi, Tu dedamiwis zedapiri uswormasworo reliefisaa simaRliT ( , )z x y , 

maSin miiReba garsdenis piroba, romlis Tanaxmadac[1,12,15,17]: 

( , ), .z x y w u v
x y



 


 
  

 
         (1.3.5). 

garda amisa, dedamiwis „gamomsxivebel“ zedapirze miiReba haeris temperaturis da 

niadagis (wylis) temperaturis toloba, agreTve siTburi balansis Sesrulebis piroba: 
roca   

4

00( ), , (1 ) ( ) 0a

T
z z T T A s G T B LQ H

z
     

           


   (1.3.6), 
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sadac A - gamomsxivebeli zedapiris albedoa, S da G mzis  mokle da grZeltalRovani 

radiaciis daRmavali nakadebi, 0T - ტemperatუris siდide ,
T

B
z




  


 - siTburi nakadi 

dedamiwis zedapirze, ganpirobebuli niadagis (wylis) Rrma fenebis siTbogacvliT, 

q
Q k

z



 


- siTbos nakadi gamoწveuli aorTქlebiT (kondეnsaciiT), H
x- anTropoge-

nuri faqtorebiT warmoSobili siTburi nakadi.  

mezometeorologiuri SeSfoTebebisaTvis (1.3.6)  piroba Rebulobs Semdeg saxes: 
roca   

1
1 1 1 1 1 1 1 1

0 00( ), ;(1 ) 0a

T
z z T T T A S G T B LQ H

z
   

           


  (1.3.7), 

sadac,  

0

4
3( )

4
T T

d T
T

dT


 


    

miRebisas gamoyenebuli iqna niutonis binomiseburi miaxloveba, Semdegi saxiT: 
4 1 4 4 3 1

0 0 0 0 0 0( ) ( 4 ....)T T T T T T       , romelic 1T T  pirobiT didi sizustiT 

sruldeba. amocana Caketili xdeba niadagis (wylis) temperaturisaTvis sasazRvro 
pirobiT:  
roca  

1, ( 0)z d T const T        (1.3.8). 

siTbos, tenis da impulsis turbulenturi nakadi iTvleba monin-obuxovis TeoriiT 

[9.14.15]. roca keTdeba atmosferuli minarevebis prognozi, maSin iwereba sasazRvro 

pirobebi: 
roca 

, 0( 0)
s

z H s k
z


  


, 

roca 

0, 0z s  , an  
a a

s
k w s s f

z



   


   (1.3.9), 

sadac  -koeficienti iTvaliswinebs ,,gamomsxivebeli” zedapiris mier minarevis 

nawilobriv STanTqmas; ( , )f f x y  aris dedamiwis zedapirze minarevis wyaro. wylis 

zedapirisaTvis ki mirebulia piroba: 0, 0az s  . 

Tanamedrove mezometeorologiur modelebSi dedamiwis reliefis gavlenis  

gaTvaliswineba ufro detalizirebulia. ganixileba are-garemo, romlis qvemodan 

dedamiwis araswori reliefi  ( , )z x y  (ixileT nax..1.3.1 ),xolo zemodan sibrtye. 

atმosferos aseTi gamoyofili nawilisaTvis SemovitanoT koordinatTa Semdegi, e.w. 
orografiuli sistema:  

 
 

Nnax.1.3.1. 
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orografiuli koordinatebi 

1 1 1 1, , ,
z

x x y y t t z H
H






   


     (1.3.10) 

cxadia , rom                    

1z H

z H 




 
      (1.3.11) 

imisaTvis, rom Zveli x,y,z,t sistemidan gadavideT axal 
1, 1 1 1, ,x y z t  sistemaze, visargebloT 

cvlaTa Secvlis cnobili wesiT: 

1 1 1 1

1 1 1 1 1 1 1

; ; ;
z z z z

x x x z y y y z t t t z z z z

             
      

              
    (1.3.12) 

ganvsazRvroT vertikaluri siCqare axal  sistemaSi: 

1 1 1 1 1
1

1

z z z z z
w u v w

t t x y z

    
    
    

 

 (2.10)-(2.12) damokidebulebis gaTvaliswinebiT, SeiZleba daiweros:  

1 1 1 1 1 1

2 2
0, , ( ) . ; .

( ) ( )

z z z z H z z HH zH H H H H

t z H x H H H x H H x y H H y

   

     

       
      

            
 

koordinatTa axal sistemaSi vertikaluri siCqare iqneba; 

1 1
1

1

[ ( )]
z z HH

w w u v
t H H x y

 

 

   
   
    

       (1.3.13) 

Semoklebuli variantiT davweroT moZraobis gantolebebi, magaliTad x -

koordinatisaTvis Semdegi saxiT; 

du
lv

dt x


  


 

miRebuli damokidebulebebis gamoyenebiT moZraobis gantolebebi ase Caiwereba: 

1
1

1 1 1 1 1 1 1

1
1

1 1 1 1 1 1 1

;

;

z Hdu u u u u
u v w lv

dt t x y z x H z x

z Hdv v v v v
u v w lu

dt t x y z y H z y

  



  



      
       
       

      
       
       

 

analogiurad Caiwereba mezometeorologiis yvela gantoleba. (1.3.10)-is Tanaxmad axal 

sistemaSi gveqneba:  

roca 1, 0z z  ,  xolo, roca  1.z H z H   amis Sesabamisad, sasazRvro pirobebi axla 

Seesabameba doneebs: 

1 0( )z z     და  1 ( )z H z H   

mezometeorologiuri procesebis aRmweri gantolebebi ukve integrirdeba garemoSi, 

romelic SemosazRvrulia  zemodan da qvemodan sibrtyeebiT. 

 
1.4. mezometeorologiuri procesebis safuZvelze qalaqebis, mikroregionebis 

klimaturi Taviseburebebis axsnis Teoriuli midgoma. 
meteorologiuri elementebis dReRamuri svlis xasiaTis gansazRvraSi SeiZleba 

gamoyenebuli iqnas adgilobrivi fizikur-geografiuli pirobebi. ZiriTadad es exeba 

did qalaqebs da lokalur adgilebs, sadac dedamiwis zedapiri dafarulia SenobebiT, 

betonuri konstruqciebiT, buCqnariT, moSiSvlebuli Tixa qanebiT da ase Semdeg [18.19.20]. 
cxadia  es moqmedebs  dedamiwis gamomsxivebeli zedapiris  fizikur bunebaze da masTan 

mdebare miwispira atmosferos fenis Tvisebebze. zedapiris aseTi mosiloba, pirvel 

rigSi, zrdis albedos sidides 0,2-dan 0,4-mde da mosilobis parametrs 0,1-dan 1 metramde 

da metze; fardobiT tenianobas, temperaturul gamtareblobas niadagis zeda nawilSi, 

mniSvnelovnad izrdeba haeris daWuWyianeba. sxvadasxva samrewvelo moqmedebebiT  am 

teritoriebze izrdeba warmoqnili siTburi nakadi 250 vt/kv.m-mdec ki. siTbos es nakadi 
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xels uwyobs  haeris turbulentur Serevas, romelic Semdeg vrceldeba miwispira  

fenaSi da zrdis  mis temperaturas. 
mezometeorologiuri reJimis kvlevisaTvis lokalur areebSi SemuSavebulia  

specialuri modelebi. ganvixiloT erT-erTi maTgani [11.12], Tu miviRebT meteoro-
logiuri velis erTgvarovnebas gansaxilvel regionze da reliefis gavlenas ar 

gaviTvaliswinebT. amasTanave kvazistatikurobas Tu davumatebT vertikaluri dinebis 

ar arsebobas da haeris uSualo gaTbobas an gacivebas, am faqtorebis gavlenas 

gamovricxavT (cxadia, saqarTvelos lokaluri regionebisaTvis am pirobebis 

umravlesobis daSveba SeuZlebelia), davtovebT mxolod turbulentur Serevas, maSin 

mezoprocesebis modelur-prognozur gantolebaTa sistema ase gamoiyureba [17]: 

( ) ;

( ) ;

; ; ;

1
; ,

g

g

u u
l v v k

t z z

v v
l u u k

t z z

p q q
g k k

z t z z t z z

T T
p RT

t c z z

 


 


 


 

  
  

  

  
   

  

      
   

      

  
 

  

      (1.4. 1) 

sadac ,g gu v  geostrofiuli qaris mdgenelebia da iTvleba mudmivad lokaluri 

prognozis mTeli drois ganmavlobaSi.  

      gantolebaTa (1.4.1) sistemis integrireba xorcieldeba 24 saaTian droiT intervalSi, 
atmosferos fenaSi dedamiwis zedapiridan   z=H=1600 m. simaRlemde da niadagis erT 

metriani  sisqis fenisaTvis (sasurvelia gamoyenebuli  iqnas zafxulis  periodisaTvis). 

miiReba Semdegi  sasazRvro pirobebi : 

  roca , 0, , ,g g

u v q
z H u u const v v const

t t t t

   
        

   
wneva H simaRleze aris 850 mb. 

 =295k, q= 6,7%. roca   , 0, .
T

z d T
t





   


  

0 0 0

4

0

0

, , , ( ),

(1 ) 0,

(0,947 0,063 )sinh

m

a

L

z o u v o T T T q q fq T

T
A S G T LQ H

z z

S S


  








      

 
       

 

 

       (1.4. 2), 

sadac 0( )mq T  wylis orTqlis masiuრi  wili 0T  temperaturis dros; f -dedamiwis zeda-

pirze fardobiTi tenianoba; 0S -mzis mudmiva; h-mzis სimaRle; L - linkes atmosfeრos 

simRvriვis faqtori, romliTac xdeba modelSi teმperaturaze gaWuWyianebis gavle-

nis gaTvaliswinebა; atmosferos Semxvedri gamosxiveba moicema brentis formuliT  
4

0 ( )G T a b e   aq e – aris wylis orTqlis parcialuri wneva;  a  da  b – 

koeficientebi. 

ganvixiloT  miwispira  atmosferos  qveda h=50 metris simaRlis fena, romelSic   

siTbos, tenis da impulsis vertikaluri nakadebi mudmivia. ganvsazRvroT am fenaSi 

meteorologiuri sidideebi turbulentobis  koeficientis CaTvliT, romelic moicema 

a.moninisa da a.obuxovis TeoriiT. dedamiwis mosilobis parametri 0z  iTvleba 

cnobilad. sawyis pirobad miRebulia Semdegi:  

roca                                
0 1

0 0 1 10, 295 , ; ;

( ) , ( ) .

b z b z

g g

t k u a e c v a e c

u H u v H v

  
     

 
     (1.4. 3), 
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sadac 0 0 0 1 1 1, , , , ,a b c a b c  koeficientebia.miwipira fenis zemoT miRebulia turbulentobis 

koeficientis wrfivad Semcireba simaRlis mixedviT, anu 
roca 

                               , ( ) (1 )h

z h
z h k z k

H h


  


      ( 1.4. 4). 

dasmuli amocana amoixsneba sasrulo sxvaobaTa meTodis gamoyenebiT, winaswar 

SerCeuli badis  da bijis mixedviT. meTodi ganxorcielebuli iqna ramdenime didi 

qalaqisaTvis da miRebuli SedegebiT micemuli  iqna ramdenime praqtikuli rekomendacia, 

meteorologiuri situaciebis prognozis  dazustebisaTvis. 

saerTo samecniero literaturuli monacemebiT [16,17] ZiriTadad  aRsaniSnavia 

Semdegi: albedos da haeris daWuWyianebis gazrda qalaqSi iwvevs gadacivebas, romelic 

ufro SesamCnevia dRisiT; Senobebis gamo zedapiris „mosilobis“ gazrdas mosdevs haeris 

temperaturis Semcireba dRisiT da mcired  momateba RamiT, rac  gamowveulia haeris 

turbulentobis da temperaturuli stratifikaciis cvlilebiT dRe-Ramis ganmavlo-

baSi; qalaqSi fardobiTi tenianobis Semcireba dRisiT praqtikulad temperaturaze ar  

moqmedebs, RamiT ki aZlierebs gadacivebas;  niadagis temperaturuli gamtareblobis 

cvlilebac praqtikulad ar moqmedebs temperaturaze. temperaturis cvlilebaze yvela-

ze didi gavlena aqve antropogenur zemoqmedebas, romlis ZiriTadi nawili turbulen-

turi SereviT gadaecema atmosferos. amis Sedegad haeris temperatura SeiZleba gaiz-

ardos 5 gradusiTac ki. 
lokaluri procesebis kidev erTi mniSvnelovani Sedegia antropogenuri siTburi 

nakadis gazrda. siTburi nakadis zrda iwvevs riCardsonis ricxvis Semcirebas 

[17,21,22,23]. 

2 2

( )

( ) ( )

a

g

TRi
u v

x z

 


 


 

aq yvela sidide cnobilia, riCardsonis ricxvis Semcireba gamoxatavs 

atmosferos aramdgradobis gazrdas, rac TavisTavad zrdis setyvisa da Tavsxma wvimis 

mosvlis albaTobis zrdas. aseTi procesebi daikvirveba saqarTvelos sxvadasxva 

qvaburebSi. 

saboloo jamSi qalaqis an gansakuTrebuli reJimis lokaluri regionis fizikur-

geografiuli kompleqsi iwvevs e.w. „siTbos kunZulis“ Seqmnas, ris  gamo haeris 

temperatura qalaqSi ramdenime gradusiT metia, vidre garemomcveli garemosi. dRisiT 

SedarebiT mcire, RamiT ki didia 7-8 gradusiT. temperaturis aseTi gansxvaveba simaRlis 

zrdis mixedviT mcirdeba, magaliTad, Tu dedamiwis zedapirze sxvaoba 3,5 gradusia, 

maSin  100 da 300 metrze Sesabamisad iqneba 2,5 da 2 gradusi. 

bunebrivia, moyvanili Teoriis prdapiri gamoyeneba saqarTvelos qalaqebsa da loka-

luri regionebisaTvis miuRebelia. CvenTvis saintereso teritoriaze aucilebelia, 

gaTvaliswinebuli iqnas orografiuli faqtori, dauSvebelia aRmavali  nakadis 

ucvleloba. saWiro xdeba orografiuli vertikaluri siCqaris konkretul pirobebSi 

gamoTvla, aseve qalaqis an regionis mikro meteorologiuri parametrebis Sefaseba.  

wignis Semdgom TavebSi aRniSnulis gaTvaliswinebiT, yoveli qalaqisa da sasurveli 

regionisaTvis, gamoTvlili iqneba orografiuli efeqtebi, mikrocirkulaciis buneba da 

Sesabamisi modeluri amocanis  gadawyvetiT, gaecema pasuxi yvela im meteorologiur 

klimatur Taviseburebebs, romlebic arsebobs sakvlev teritoriaze. 

 

 

 

 

 

 



 21 

Tavi 2. atmosferuli moZraobis dinamika lokalur masStabebSi 

 
2.1. orografiuli SeSfoTebebiT  gamowveuli talRuri  moZraoba da misi 

gavlena atmosferul movlenebze 
sakiTxis Seswavla-analizisaTvis, gamoviyenebT ra lokaluri atmosferuli 

procesebis aRmwer hidroTermodinamikur gantolebebs, vimoqmedebT maTze standa-
rtuli wesiT[1,24,25,27]. miviRebT brunvis siCqaris gantolebas, romelSic gaviT-
valiswinebT dedamiwis reliefis paralelisa da meridianis gaswvriv daxris 
maxasiaTebeli parametrebis gavlenas [1,11,29,30,31]. am gantolebebis gawrfivebis 

proceduris Catarebis Semdeg,   denis funqciisTvis miiRebs saxes [1,29]: 

1 1( )( ) ( ) ( , )x y x x yu v a b l b a F x y
t x y


  
            

  
    (2.1.1), 

sadac 1  ;  - rosbis parametria, 
9

zp

p
  ; zp - wnevიs mniSvnelobaa z  simaRleze, 

0p - wnevis standartuli sidide; l -koriolisis parametria; x   da  
y  aris denis 

funqciis warmoebuli ox  da oy  sakoordinato RerZebis mimarT, 
ln

a
x


 


 da  

ln
b

y


 


  reliefis gavlenis maxasiaTebeli parametrebia. 

SemovitanoT aRniSvna 1
[ ( )]x ya b


       da gantoleba (2.1.1) CavweroT ase: 

1 1( ) ( )x x yu v l b a
t x y


  
       

  
     (2.1.2) 

mecnierTa mTel pleadas, dawyebuli rosbidan [29,32,34,35], Seswavlili aqvT atmo-

sferuli SeSfoTebebis gavrceleba brtyeli talRis saxiT, roca talRa vrceldeba  

mxolod erTi mimarTulebiT.   efeqtis gaTvaliswinebiT Sesabamisi gantoleba 

Semdegi saxisaa [29,34,35]:  

( ) 0u
t x x


  
  

  
     (2.1.3) 

amoxsna ase warmodgeba: 
 

2 2
cos ( )cosA x ct y

L D

 
      (2.1.4), 

sadac  
2

m
L


  და  

2
n

D


  arian talRუri ricxvეbi,  Sesabamisad  ox da oy 

sakoordinato RerZebis gaswvriv. SeSfoTebis are ki ganisazRvreba rosbis 
formuliT [32]: 

2 2

2 2 2
.

4

L D
c u

L D




 


       (2.1.5) 

 
 stacionaluri SeSfoTebisaTvis (c=0) talRis sigrZe ganisazRvreba formuliT: 

 
2

2
(1 )

2s

L
u

DL 




                  (2.1.6) 

cnobilia, rom talRuri SeSfoTebebi  gaiTvaliswineba fazuri siCqaris  kompleqsuri 

warmodgeniT. marTlac davweroT, raime fizikuri sididisaTvis brtyeli talRa ase: 

        ( )ik x ctf Ae   , sadac r ic c ic    e.i. ( )ir ik x c tkc t
f Ae e


  

aq ganixileba sami varianti: 
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a)  ic o   - xdeba talRebis gaZliereba; 

b)  0ic   - neitraluri an mdgradi talRebi; 

g)  ic o  - qrobadi talRebi. 

realur pirobebSi aiReba mxolod namdvili nawili da amitom gadamwyvet mniS-

vnelobas iZens mamravli rkc t
e -is Sefaseba. es Teoriuli meTodika da  procedurebi 

SeiZleba gamoviyenoT mTa-gorian teritoriisaaTvis, Semdegi faqtorebis gavlenis  
gaTvaliswinebiT: 
1) atmosferuli  procesebis SeSfoTebuli  talRa brtyeli bunebisaa; 
2) haeris nakadSi miviRoT  Sinagani xaxunis Zalis  gavlena im daSvebiT, rom igi 
proporciulia ara siCqarisa, aramed siCqaris gradientisa, an siCqaris grigalis 
intensivobisa; 
3) moviTxovoT - qaris siCqaris grigalze garegani Zalis moqmedeba im pirobiT, rom 
es Zala iwyebs moqmedebas, maSin roca haeris masa imyofeba gansaxilvel  regionze. 
am Zalis bunebiT SeiZleba warmovidginoT lokaluri regionis saxe, romlis 
gavlena daemateba saZiebeli sididis fonur  mniSvnelobas da mogvcems saSualebas  
dazustdes  mikroprocesebis buneba.  
amrigad (2.1.2) gantolebis amoxsna veZeboT Semdegi brtyeli talRis saxiT: 

( ) ( , )i mx ny tEe g x y              (2.1.7) 

sadac E -amplitudaa,  ( , )g x y  aRwers gare Zalebis moqmedebis gavlenas; m da n  

talRuri ricxvebia Sesabamisad sakoordinato RerZebis gaswvriv,   fazuri siCqare. 
(2.1.3)-is (2.1.2)-Si CasmiT fazuri siCqarisaTvis miviRebT:   

2 2 2 2 2 2

1 1 1

4 2 4 2

2 2 2 2 2 2
1 1 1] 1

4 2 4 2

[ ( ) ( ) ] [ ( )

( ) ( )

[ ( ) ( ) ( ) [ ( )]

( ) ( )

l mb na um vn l am bn m u aum bvn mn av bu

am bn am bn

l nb na um vn l am bn m am bn l aum bvn mn av bu
i i

am bn am bn

  

 

  

 

         
 

   

          


   

   

          aq 2 2 2m n   ; ( , )g x y funqciisaTvis ki miiReba gantoleba:  
3 3 2 2 2 2 2

1 1 13 3 2 2 2 2
( ) ( ) ( ) ( , )

g g g g g g g g g g
u v l au bv av bu l a F x y

x y x y x y x y x y x


         
          

          
 (2.1.8) 

amocanis fizikuri Sinaarsidan gamomdinare, fazuri sixSiris mxolod realuri 

nawili unda aviRoT. am pirobis Sesruleba moiTxovs dakmayofildes garkveuli 

Tanafardoba reliefis maxasiaTebel parametrebsa da talRur ricxvebs Soris[1,29], 

kerZod , 

0amm bn    
m b

n a
       (2.1.9) 

es piroba adgens talRuri procesebis gavrcelebis Taviseburebebs konkretuli 
regionisaTvis. Tu mTis masivs mocemul teritoriaze warmovadgenT romelime mis-
Tvis msgavsi geometriuli figuris saxiT, magaliTad samkuTxa piramida an wakveTi-
li trapecia, maSin ganisazRvreba mTis gavlenis  maxasiaTebeli sidideebi. amisaT-
vis saWiroa mocemuli gvqondes mTis paralelisa da meridianis gaswvriv gavrcele-
bis sigrZe, siganis mniSvnelobebi. gavTvaloT es parametrebi mTlianad amierkavka-
sis teritoriisaTvis, amisaTvis warmovadginoT didi kavkasioni samkuTxa piramidis 

saxiT, romlis sigrZe paralelis gaswvriv aris xL =1500 km, xolo meridianis mimar-

TulebiT0 kmRebaardobamelicasabuTebsierkavkasiis  teritoriaze sinoptiku-
ritikidan  debulebas: „atmosferuli procesebimierkavkasiaze ZiriTadad 
vrceldebian paralelismimarTulebiT mTagrexilisgaswvriv“. aseTi Teoriu-
liSedegi miRebulia pirvelad1,11] da didiraqtikuli Rirebuleba aqvs. 

ganvixiloT calkeuli SemTxvevebi; 1)garegani Zalis qmedeba ar gvaqvs e.i.  
( , ) ; , ,F x y o k o u v    maSin 

1 1

2 2
( ) [ ( )]

m m
u m n i u m n
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 am SemTxvevaSi reliefis gavlena gaiTvaliswineba mxolod ageostrofiuli 

1( )   parametriT, rac saqarTvelos teritoriisaTvis dasmuli amocanisaTvis 

mTavari ar aris. 2) Tu  davuSvebT, rom moZraoba zonaluria (v=0), maSin 

1 1

2 2
[ ]

l c
m u ik




 
     

aq Tu miviRebT, rom c=o, maSin xaxunis arsebobisas miiReba rosbis formula [29,63] 3) 

moZraoba stacionaluri reJimisa, rac erT-erTi mniSvnelovania lokaluri atmosfe-

ruli procesebisaTvis. aseT SemTxvevaSi xaxunis gavlenis gareSe miiReba  damoki-

debuleba: 

1 1

2 2

( )m l m mb na
um o



 


    

aqedan  myardeba Semdegi kavSiri talRur ricxvebsa da mTis gavlenis 
maxasiaTebel parametrebs Soris: 

2

1

1

un
b a

m l

 
   

kavkasionisaTvis, Tu gaviTvaliswinebT zemoT miRebul b=0  damokidebulebas,  
maSin gveqneba 

2

1

um
a

l n


  

aqedan  gamomdinareobs daskvna: „kavkasionis qedis gavlena paralelis gaswvriv 

proporciulia zonaluri nakadis siCqarisa.“ am daskvnis samarTlianoba dasturdeba 

sinoptikuri praqtikidan. 

4) miviRoT mxedvelobaSi, rom kavkasionis gavrceleba paralelis gaswvriv aRemateba 

mis gavrcelebas meridianis mimarT e.i. a>b da CavTvliT ra 1

2

1

o
l


 , maSin  

2

2

1

( )
n n

b a u v
m l m


   . gamodis, rom haeris nakadis siCqare paralelis mimarT aRemateba 

siCqares meridianis gaswvriv. am Sedegis  samarTlianoba SeimCneva amindze 
dakvirvebis operatiuli praqtikis yoveldRiuri  monacemebiT. 

ganvixiloT haeris masebSi Sinagani xaxunis gavlenis  sxva varianti. miviRoT, rom 
es xaxunis Zala  proprociulia qaris  siCqaris  gradientisa, gaTvlils  far-Tis 

erTeulze e.i. x xf k  . aq  k-s ganzomilebaa 1/m.wm. gantoleba (2.1.2)-Si (2.1.7) CasmiT  

fazuri siCqarisaTvis miviRebT: 1 2i    ,  sadac 

 
2 2 2 2

1 1
1 4 2

[ ( ) ( ) ( )] [ ( )]( )

( )

um vn m k l mb na uam vbn mn ub av am bn

am bn

  




         


 
  

  
2 2 2 2

1 1
2 4 2

{[ ( )] [ ( ) ( ) ( )]}( )

( )

uam bvn mn ub an um vn m k l mb na am bn

am bn

  




         


 
          (2.1.10) 

 

aqac piroba, (2.1.9)-is moTxovnis Sesruleba uzrunvelyofs (2.1.10)-Si meore 

Sesakrebis nulTan tolobas. simartivisaTvis dauSvaT, rom u=v , maSin 

1
1 12 2

( )
( ) ( )

l mb nam
u m n k 

 


        (2.1.11) 

fazuri siCqare  ki  iqneba: 

1
1

2 2

( )

(1 )

n
l b a

kn mc u
m



 




           (2.1.12) 
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aRmoCnda, rom fazuri siCqare reliefis maxasiaTebel parametrebTan 

dakavSirebulia mxolod winaaRmdegobis ZaliT. esec sayuradRebo faqtia. haeris 

nakadSi Sinagani xaxunis  arseboba amcirebs gadaadgilebis siCqares, rac bunebrivia. 

Tu davuSvebT F(x,y)=o, maSin (2.1.12)-dan miiReba rosbis cnobili formula. am Sedegebis  

gaTvaliswinebiT, sasurvelia  ganxiluli  iqnas ramdenime konkretuli SemTxveva. 

a) dauSvaT, rom garegani Zala marto x-is funqcia (x>>y), maSin (2.1.12)-is mixedviT 

davwerT: 

1 1

2
(1 )

k bln
c u

m





 
     (2.1.13). 

 

b) Sebrunebuli SemTxveva y>>x , maSin 

1 1

2 2
(1 )

k l nan
c u

m m



 


       (2.1.14) 

 

g) mocemulia mTis daxris   kuTxe  ox RerZis mimarT e.i. 
1( ) cos

x
F x l  , maSin 

1 1

2 2
(1 ) cos

k ln
c u b

m




 


      (2.1 .15) 

 

anda  oy RerZis mimarT, Tu gvaqvs kuTxe, maSin 

1 1

2 2
(1 ) sin

k ln n
c u a

m m




 


      (2.1.16) 

 
aseTi variantebis lokaluri regionebi blomad moipoveba saqarTvelos terito-

riaze. magaliTisTvis  ganvixiloT suramis plato (aseve SeiZleba TrialeTis qedi, 

xaragaulis mTianeTi, mdinareTa xeobebi da ase Semdeg). platos  dedamiwis paralelis 

gaswvriv sigrZe aviRoT 410x  მ., meridianis mimarTulebiT 45.10y  მ. simaRle 
310h  მ. ( 900zp  მბ.). am pirobebiT reliefis gavlenis ganmsazRvreli para-

metrebisaTvis miviRebT: 40,11.10a  1/m; 4,23.10b o  1/m; Sesabamisad 46,28.10m  1/m; 
41,21.10n  1/m; miviRoT 510k  1/mwm, da 060  . SevitanoT es mniSvnelobebi (2.1.15)-Si 

da miviRebT: 7,8c   m/wm. qaris siCqaris aseTi sidide xSirad daikvirveba (marilisi). 

analogiurad unda moxdes gaTvlebi sxva sasurvel mikroregionze. 
axla gavaanalizoT ( ,g x y ) funqciisaTvis miRebuli gantoleba. es gantoleba 

sakmarisad rTulia mesame rigis kerZowarmoebuliani da araerTgvarovani. mesame 
rigis warmoebulis arseboba ganpirobebulia imiT, rom garegani Zala moqmedebs 
siCqaris Secvlaze da ara TviT siCqareze. 

davuSvaT, rom haeris masebis Semodineba sakvlev teritoriaze xdeba paralelis 
gaswvriv (saqarTvelos teritoriaze sinoptikuri procesebis daaxloebiT 70%  
swored aseTi bunebisaa) e.i. vRebulobT, rom v=0,  b=0 an u=0, a=0. aRniSnulis 
gaTvaliswinebiT  gantoleba miiRebs saxes: 

3 2 2

13 2 2

( ) ( ) ( ) ( ) ( )
( )

g x g x g x g x g x
u k au ka F x

x x x x x


    
    

    
   (2.1.17) 

F(x)=0 pirobaSi miiReba, rom g(x)=0. es ki imas niSnavs, rom SeSfoTebis  
gavrcelebis siCqare igivea, rogoric rosbis SemTxvevaSi. Sinagani xaxunis gaT-

valiswineba (Tanamamravli kte ) iwvevs SeSfoTebis amplitudis Semcirebas drois 

mixedviT. eqsperimentuli monacemebis analiziT miwispira fenaSi 510k   1/m.wm -is 

rigisaa da Sesabamisad 510t   wm dros  kte   mniSvneloba iseTia, rom daaxloebiT 8 
dRe-Ramis Semdeg SeSfoTebis amplituda mcirdeba 50%-iT. 

stacionaluri SeSfoTebis talRis sigrZisaTvis (2.1.17) -dan vRebulobT: 
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2
21 1

1 4
2

4 ( ) ( )
( )

2

s

u
L

ka au k u ka au k

u u




 
 

    


     (2.1.18) 

cxadia, Tu reliefis gavlena ar aris (a=0),  maSin formula (2.1.18) -is mixedviT:  

2

1

4

4
s

u
L

u k







 

es ki emTxveva rosbis formulas, rac miuTiTebs moyvanili Teoriis swor  mimarTulebas. 

moyvanil daSvebas, Tu (2.1.2) gantolebaSi gaviTvaliswinebT, maSin stacionaluri 

talRis sigrZisaTvis gveqneba  damokidebuleba: 

                  1

2

( )
2

( )
s

u ka
L

m au k




 



                  (2.1.19) 

am damokidebulebidan gamomdinareobs, rom reliefisa da haeris nakadSi Sinagani 

xaxunis erTdrouli gavlena iwvevs stacionaluri talRis sigrZis zrdas. miRebulia  

igive Sedegi, rac hqonda rosbis, oRond gaZlierebulia mTis maxasiaTebeli parametriT. 

bunebrivia  moyvanili  msjeloba samarTliani iqneba a=0, u=0, xolo  b da  v ar aris nuli. 

praqtikuli dakvirvebebidan kargad aris SemCneuli, rom haeris nakadSi roca  igi 

dabrkoleba - mTagrexils xvdeba, siCqaris grigalebi koncentrirdebian winaaRmde-

gobasTan axlos, sakmarisad mcire sivrceSi. winaaRmdegobrivi dabrkolebidan 

moSorebiT cirkulaciuri Caxveuloba nulis tolia. aqedan gamomdinare SeiZleba 

miviRoT, rom F(x) nulisagan gansxvavebulia mxolod  0 z     SualedSi.   aris are, 

sadamdec vrceldeba mTis gavlena. 

hidrodinamikaSi cnobili helmgolcis damokidebulebis Tanaxmad davuSvaT, rom  

garegani Zalis moqmedebiT gamowveuli siCqare aris denis funqciis cvlileba: 

                          
( )dF x

c
x dx


 


                 (2.1.20) 

amis  gaTvaliswinebiT  (2.1.7) gantoleba ase Caiwereba: 

                         
2

12
( ) ( )

d c k au dc
ks c F x

dx u dx



        (2.1.21) 

es gantoleba  amovxsnaT aRiarebuli midgomiT, saxeldobr amoxsna warmovadginoT ori 

Sesakrebis jamis saxiT. erTi Sesakrebi Sesabamisi erTgvarovani gantolebis  zogadi 

amonaxsnia, meore ki araerTgvarovani gantolebis kerZo amoxsna. erTgvarovani 

gantolebis amoxsna movnaxoT eqspotencialuri damokidebulebis saxiT tc e , CasmiT 
miviRebT, rom araerTgvarovani gantolebis kerZo amonaxsni warmovadginoT marjvena 

mxaris proporciulad da sruli amoxsna davweroT Semdegi saxiT: 

21 ( )
2 2

kaau k au k
i

u u u




 
               (2.1.22) 

2
1 2( ( )cos ( )sin )

AU K
X

Uc e A x x A x x 




      (2.1.23) 

sadac                      
2

1

2

( )

4

ak au k

u u




 
                  (2.1.24) 

rosbis midgomiT miRebuli iyo [32]: 

                   
2

1

24

k

u u


                                 (2.1.25) 

cxadia, roca a=0, es sidideebi erTmaneTs daemTxveva. es  garemoebac amyarebs Cven 

moTxovnilebebs. 

(2.1.23)-Si koeficientebi ase warmodgeba: 
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2 2
1 2

0 0
( ) ( ) cos ; ( ) ( ) sin

au k au k
x x

u uA x F x e xdx A x F x e xdx 
 

 

        (2.1.26) 

visargebloT  maTematikuri analizis cnobili formuliT [29.41.67.68.] 

2 2 2 2

2 2 2 2
sin cos { sin cos } sin( )

a b
a b a b a b

a b a b
           

 
    (2.1.27) 

CavTvaloT, rom sakvlev regionze garegani Zala aris mudmivi (SeiZleba 
warmodges harmoniuli  cvlilebiTac), maSin  (2.1.21) gantolebis amoxsnas  eqneba 
saxe:     

1 2

1

1
[1 cos( )]

2( )

au k
x

u
kaau k

c e x
ka u


 

 




  


       (2.1.28) 

 

sadac   

2 2 2

K au k a
tg

u u


  


   .                                                        (2.1.23)  

saxis damokidebulebidan gamomdinareobs,  rom qaris siCqarisa da misi grigalis 

SeSfoTeba uwyvetia    midamoSi da nuli xdeba, roca x=0 . 
gvecodineba ra (2.1.28)-Si Semavali parametrebis sidideebi mocemuli sakvlevi 

regionisaTvis, gaiTvleba SeSfoTebis siCqare da talRuri moZraobis sxva sain-
tereso maxasiaTeblebi. zogierTi regionisaTvis miRebuli Sedegebi moyvanilia 
grafikebiT nax. 2.1.1. - 2.1.8. 

 

samtredia – quTaisi ianvari 

 

samtredia – quTaisi maisi 

 
Nnax.2.1.1. Nnax.2.1.2. 

 

samtredia – quTaisi agvisto 

 

samtredia – quTaisi noemberi 

 
Nnax.2.1.3. Nnax.2.1.4. 

 

wifa - saqara ianvari 

c m/wm    

 

wifa - saqara maisi 
      C 

 
Nnax.2.1.5. Nnax.2.1.6. 
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wifa – saqara agvisto 

 

wifa – saqara noemberi 

 

Nnax.2.1.7. Nnax.2.1.8. 
 

am grafikebze moyvanilia qaris siCqaris damokidebuleba  manZilze, saqara, quTai-
si-wifa (xaSuri), goris mimarTulebiT suramis qedis gavlenis gaTvalis-winebiT, 
wlis sezonebis ZiriTadi TveebisaTvis. naxazi 2.1.9. da 2.1.10.-ze mocemulia siCqaris 
grigalis cvlileba manZilis mixedviT. aRmoCnda,  rom SeSfoTebis siCqaris xasiaTi 
da amplituda manZilis zrdiT mcirdeba, aseTive Sedegia reliefis horizontisadmi 
daxris kuTxis  cvlilebis sidideze. metad sayuradReboa naxazi 2.1.5.-2.1.7., sadac Se-
imCneva ori maqsimumi - erTi marilisTan, meore suramis qedis Semdeg goris midamo-
ebSi. qaris siCqaris aseTi profili realurad aris  dakvirvebuli operatiul praq-
tikaSi da Teoriulad pirvelad  iqna dasabuTebuli, rac mniSvnelovan Sedegs  war-
moadgens. 
 

siCqaris grigalis manZilze damokidebuleba 200-iani kuTxisaTvis 

 
Nnax.2.1.9. 

 

siCqaris grigalis manZilze damokidebuleba 600-iani kuTxisaTvis 

 
Nnax.1.10. 

 
 

2.2.  a) regionis  mikroklimaturi parametrebiT lokaluri qaris reJimis 
gansazRvra, atmosferos miwispira fenaSi 

ukanasknel aTwleulebSi gansakuTrebiT aRiniSneba lokaluri atmosferuli proce-

sebis gaaqtiureba  msoflio masStabiT. es procesebi sruliad Tavisebur xasiaTs amJRav-

neben, rogorc did, aseve  mcire sididis mTa-gorian teritoriaze, sadac mravali burco-

bi-Rrmulebi, mdinareTa xeobebi da dedamiwis zedapiris  mravalsaxovani mosilobaa. ase-

Ti gamorCeuli mniSvnelobis bunebrivi poligonia, rogorc ukve avRniSneT, amierkavkasi-

is regioni - kerZod ki, saqarTvelo. 

aq ganviTarebul mikro-meteorologiuri movlenebis Seswavlas udidesi Teoriuli 
da praqtikuli mniSvneloba aqvs saxalxo meurneobisaTvis da TviT adamianis sicocxli-
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saTvis. 

rogorc aRniSnuli iyo, dRevandel  pirobebSi mravali, globaluri Tvisebebis  mqone 

atmosferuli movlenebis prognozireba sakmarisad  kargad  aris  gadawyvetili. aseve 

Seswavlilia farTomasStabian  procesebze  sxvadasxva  faqtorebis  gavlena, maTi prog-

nozirebis efeqturobis gazrdis mizniT. am mimarTulebiT arc amierkavkasiis regioni ar-

is gamonaklisi. misi  rTuli fizikur-geografiuli  reliefis da sxva lokaluri faqto-

rebis gavlena TiTqmis detalurad aris gaanalizebuli, rogorc Teoriulad, aseve mo-

deluri TvalsazrisiT [16,19,30,44,45,46,86]. 

rac Seexeba  lokalur-regionalur  da  araordinalur  atmosferul procesebs,  am 

sferoSi  mravali  sakiTxi  jer kidev  moiTxovs  mecnierulad  damuSavebas. lokaluri 

movlenebis Seswavlisas aucilebeli xdeba mikro atmosferuli  procesebis, geologiu-

ri  struqturis, miwispira fenis  Taviseburebebis  gaanalizeba da maTi  cvalebadobis 

gavlenis  gaTvaliswineba  prognozur  sqemebSi. 

mravali avtoris gamokvlevebidan [4,14,15,19,23,26,38,39] dadgenilia faqti,romelic jer 

kidev saukunis win  iyo SemCneuli da cnobilia voevikovis  kanonis saxelwodebiT [3]; ker-

Zod „Cazneqili reliefis mqone teritoriisaTvis damaxasiaTebelia meteorologiuri 

elementebis SedarebiT mkveTri cvlileba sivrcesa da droSi; amozeqili formis reli-

efisaTvis ki cvlilebebi klimatur reJimTan axlosaa.“ dablob adgilebSi, xeobebSi me-

teorologiuri elementebis cvlilebis dReRamuri amplituda arsebiTad metia, vidre 

maRlob-burcobebze; magaliTisTvis qaris siCqaris  Semcireba dablobSi 20-50%-ia, vid-

re burcobebze. aqedan gamomdinare,metad  mniSvnelovania Seswavlili  iqnas qaris siCqa-

ris  mikro klimaturi  ganawileba, atmosferos  miwispira fenis fizikuri parametrebis 
saSualebiT da Sefasebuli  iqnas  lokaluri teritoriis  energetikuli SesaZlebloba-

ni.  

aRiarebulia, rom farTomasStabiani atmosferuli procesebis fonze  warmoiqmneba 

mciremasStabiani movlenebi, romelTa Soris aRsaniSnavia „saSualo sinoptikuri“ da me-

zomasStaburi, romelTa  maxasiaTebeli sigrZea (10-50)km, swored aseTi  zomis procesebs 
SeaqvT gadamwyveti roli calkeuli regionebis amindisa da mokroklimatis 

formirebaSi. am fizikuri procesebis maTematikuri asaxvisaTvis  gamoiyeneba 

hidroTermodinamikis  gantolebaTa   sistema (1.2.1.) saxiT [14.31.34.]. 

bunebrivi qaris  sruli  siCqare  warmodgeba ori Sesakrebis jamis saxiT: 

0V V V         (2.2.1) 

sadac 
0

V  aris e.w. fonuri mniSvneloba, xolo V SeSfoTeba gamowveuli lokaluri 

teritoriis fizikuri TvisebebiT. 

gaviTvaliswinoT (2.2.1) da  (1.2.1), sistemis pirveli sami gantolebidan  gansazRvroT 

realuri qari, gveqneba:  

1 1
0

1
( )

k V
U U V k

y z z

  
     

  

1 dV

dt
     (2.2.2) 

1 1
0

1 1 1
( )

k U dU
V V U k

x z z dt

  
     

  
   (2.2.3) 

1 1
( )

U V W
w

x y z

  
  

  
      (2.2.4) 

(2.2.2)-(2.2.4)-dan  Cans, rom qaris  fonuri  mniSvnelobidan  gadaxris  sidide  

damokidebulia: 

1) nawilakis  aCqarebaze; 

2) garemos turbulentobaze; 

3)    sididis horizontalur gradientze; 

siCqaris vertikaluri mdgeneli ki siCqaris brtyeli divergenciiT da   para-
metris e. i. temperaturuli stratifikaciiT ganisazRvreba. miviRoT, rom  qaris 
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0U da 
0V  mdgenelebi moicema geostrofiulobis pirobiT da is  garemoebac, rom 

mcire teritoriaze siCqaris laplasiani ori rigiT mainc mcirea siCqaris ver-
tikalur gradientTan SedarebiT da amitom SeiZleba igi ugulvebelvyoT. aR-
niSnulis gaTvaliswinebiT (2.2.2) da (2.2.3) gantolebebi ase  gadaiwereba: 

1 1 1
( )

dV V
U k

dt z z

 
  

 
     (2.2.5) 

1 1 1
( )

U U
V k

t z z

  
  

  
      (2.2.6) 

anu  qaris  sruli  horizontaluri  mdgeneli iqneba: 

2 2[ ( )] [ ( )]H

dV V dU U
V k k

ldt l z z ldt l z z

   
     

   
   (2.2.7) 

amrigad miviReT, rom realuri qaris horizontaluri mdgeneli ganisazRvreba nawilakis 

aCqarebiT da garemos  turbulentobis  vertikaluri mdgeneliT. SevniSnoT, rom 
Tavisufal  atmosferoSi analogiuri  siCqare  mxolod nawilakis aCqarebiT  aris  

gansazRvruli [1,15,36,38].  

cnobilia, rom qars aqvs vertikaluri mdgenelic, romelic horizontalur 
moZraobasTan SedarebiT mcirea da mxolod intensiuri konveqciuri moZraobisas 

SeiZleba iyos (10-20) sm/wm da metic. aseTi konveqciuri moZraobebi ki xSirad SeimCneva 

uswormasworo, mTa-gorian teritoriaze. aqedan gamomdinare, es garemoeba miwispira 

fenaSi, mTa-gorian midamoSi gasaTvaliswinebelia. radgan am siCqaris eqsperimentuli 

gazomva principul sirTuleebTan aris dakavSirebuli, amitom aucilebeli xdeba misi 

Sefaseba Teoriuli meTodebis gamoyenebiT.  

miviRoT, rom miwispira fenaSi -s warmoqmnas ganapirobebs mxolod zedapiris 

xaxuni da reliefi, kerZod   ganisazRvreba uwyvetobis gantolebis integrirebiT 

[1.15] 0-dan fenis HsimaRlemde: 
 

0
( )

H u v
W dz

x y

 
  

             (2.2.8) 

hidrodinamikis gantolebaTa sistemidan qaris horizontaluri mdgenelebisaTvis 
gveqneba: 

        
1 1

( ) ; ( )
g gu vu v v u

k k
x l x z z x y l y z z y

        
    

         
         (2.2.9)     

Tu 
gu  და 

gv  aris reliefis gavleniT warmoSobili ageostrofiuli qaris 

mdgenelebi,romlebic mocemulia Semdegi damokidebulebiT[1,24.63]: 
 

                   
1 1

;g g

p p
u v

l y l x 

 
  

 
                (2.2.10) , 

maSin SevitanT (2.2.9) da (2.2.19)-s, (2.2.8)-Si da movaxdenT integrirebas imis 

gaTvaliswinebiT, rom xaxunis daZabuloba fenis zeda sazRvarze nulia, miviRebT: 

       0 0

1 1
( ) ( ) ( )

g g

z z

u vv u
W k k H

l x z l y z x y
 

    
   

     
              (2.2.11)     

   savele samuSaoebis masalis analiziT dadgenili iqna, rom dinamikuri siCqaris 

Sefardeba gu -Tan damokidebulia izobaridan nakadis gadaxris  kuTxeze [15,71,74], 

amitom gveqneba:   

              2 2

0 0( ) cos ;( ) sinz z

u v
k v k v

z z
    

 
 

 
                        (2.2.12) 

 

aq V  dinamikuri siCqarea,  -kuTxe Sinagani turbulenturi xaxunis daZa¬bu-

lobasa da  0x RerZs Soris. reliefis gavleniT siCqaris brtyeli divergencia ar 
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aris nuli, aramed warmodgeba  -sa da -s iakobianiT, imis gaTvaliswinebiT, rom 

qaris ageostrofiuloba warmoqmnilia swored miwispira fenidan, amrigad brtyeli 
div-ergenciisTvis miviRebT: 

2

1
( , )

g gu v
p

x y l




 
 

 
                   (2.2.13) 

haeris vertikaluri siCqare ki warmodgeba Semdegi saxiT: 

 2 2

2

1 1 1 1
[ ( sin ) ( cos )] ( , ) [ ( , ln ) ]zW v v p H rot p H

l x y l l
    

  
 

 
    

 
       (2.2.14) 

miRebuli (2.2.14) formula aris axali da gansxvavdeba yvela cnobili damokidebulebi-

dan marjvena mxareSi iakobianis damatebiT, romelic orografiuli faqtoris gavlenas 

gamoxatavs.swored am iakobianis Sefaseba gansazRvravs lokalur teritoriaze haeris 

nakadis vertikaluri moZraobis bunebas. movaxdinoT saTanado wevris Sefaseba, konkre-

tuli orografiuli teritoriisaTvis. sanimuSod SevarCioT saCxeris raioni - jvris uR-

eltexilis midamo.  RerZi iyos mimarTuli paralelis gaswvriv dasavleTidan 

aRmosavleTisaken;  RerZi meridianis mimarTulebiT samxreTidan 

CrdiloeTisaken, 44.10x  m, 43.10y  m.simaRle paralelis gaswvriv icvlebodes 600 

metridan 200 metramde, xolo meridianis gaswvriv 1000 metridan 990 metramde (uR-

eltexilis simaRle), Sesabamisad 1 940z xp  mb; 
2

980
z x

p  mb; 
1 999,5z yp  mb; 

2 990z yp  mb. 

amasTanave 41,4.10l   1/wm, 1,3  kg/m, 310H   m. am monacemebiT gamovTvaloT 

orografiuli efeqtis sidide: 

1 1 ln ln
( , ln ) ( )

p p
P

l l x y y x

 


 

   
 

    
, 

cxadia 62 1

4

ln lnln 6,88 6,87
1.10

4.10

z x z xp p

x x

  
  

 
 1/მ ; 31.10

p

x





mb/m. 

2 1 6

4

ln lnln 6,90 6,91
0,3.10

3.10

z y z yp p

y y

 
 

   
 

1/m;    3

4

10,5
0,35.10

3.10

p

y


 


 mb/m. 

amrigad orografiuli efeqti iqneba: 
4

3 6 3 6 31 10
( , ln ) (10 .10 035.10 .0,3.10 ).10 8,7

1,4.1,3.0,7
P

l




       sm/wm. 

miviReT -is mniSvnelოba, romelic utoldeba miwiსpira fenaSi mis mniSvnelobas, 
rac miuTiTebs, rom orografiuli efeqti mniSvnelovania da aucileblad 
gasaTvaliswinebelia.  

vertikaluri siCqare SeiZleba ganisazRvros e.w. samkuTxedis meTodiTac, romelic 

SemoTavazebuli iqneba 3.1. paragrafSi. agreTve temperaturis vertikaluri strati-

fikaciis gaTvaliswinebiT igi SeiZleba ase Caiweros [1. 61]: 

0 0

ln ( ) ln (0) ( )

h h
U V

W h W dz
x y


 

   
         (2.2.15)  

cxadia 0W =0 da geostrofiul miaxloebaSi (2.2.15)-is gaTvaliswinebiT, miviRebT:  
1 1

ln ( ) ( )
g R U V

W h h h
RT x y

  
  

 
      (2.2.16) 

Tu  dedamiwis  reliefis  gavlenas gaviTvaliswinebT  z  koordinatis Secvlis 

saSualebiT nax.1.3.1. [36] maSin: 
1 1

ln [ ( )
h U V

W
d x y


 
  

 
]       (2.2.17) 
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სadac 
H

d
H 




reliefis gavlenis maxasiaTebeli parametria; ( , )x y -reliefis forma; 

H -simaRle. (2.2.17)-dan gamomdinare vertikaluri siCqare izrdeba, 

roca
1 1

( )
U V

x y


 
 

 
da mcirdeba roca 

1 1

( )
U V

x y


 
 

 
.     

moyvanili msjelobidan naTelia, rom  qaris  reJimis Sesaswavlad lokalur  
teritoriaze aucilebelia vicodeT: temperaturuli stratifikacia, qaris  siCqa-

ris mniSvneloba (0- h ) fenaSi, minimum flugeris simaRleze (10-12)m. amrigad  amo-
cana dadis dedamiwis sasazRvro fenaSi ZiriTadi meteorologiuri  parametrebis 
mniSvnelobebis gansazRvraze. 

        
2.2.  b) qaris siCqaris prognozireba kvazistacionaluri modeluri sqemiT  

dedamiwis miwispira fenaSi. 
   dasmuli amocanis gadasawyvetad visargebloT, dedamiwis sasazRvro  fenisaTvis 
literaturaSi cnobili kvazistacionaluri modeliT [14.21.22.24.63.66.72.]; am  modelis 

mixedviT temperaturis   da q tenianobis vertikaluri profili aproqsimirebulia 
Semdegi  formulebiT: 

( )T
a

Pd

dz C V z


 

 

         (2.2.18) 

0
q

Edq

dz V z



  


           (2.2.19)  

aq V  aris e.w. dinamikuri siCqare,  - potencialuri temperatura,  -haeris  simk-

vrive, 
v

C

C


 , vC -kuTri siTbotevadoba mudmivi moculobis dros, TP -siTbos  

turbulenturi nakadi, 0E  ki tenis turbulenturi nakadi. am sistemis amoxsnisaTvis 

iwereba Sesabamisi sasazRvro pirobebi [19,76] 0z z -Tvis ( 0z - dedamiwis „sagebi“ anu 

„mosilobis“ simaRlea) da z  -Tvis. 
    moyvanili sistema stratifikaciis parametris sxvadasxva mniSvnelobebisaTvis, 
ixsneba  ricxviTi  meTodebiT.  Amoxsna warmodgeba  universaluri  uganzomilebo 
funqciebis erTianobiT [15,31.] moyvanili  modelis  realizaciisaTvis  mTavaria  
ganisazRvros qaris siCqare flugeris simaRleze. amisaTvis ki saWiroa temperaturis 
da tenianobis mniSvnelobebi fsiqrometrul jixurSi (z=2m); qaris siCqaris biji da 

temperaturis sxvaoba raRac ( 2z - 1z ) fenaSi; 
T

P da 0E  nakadebi  dedamiwis zedapirTan; 

temperaturis da tenis prognozuri mniSvnelobebi da agreTve, qaris siCqare  
sasazRvro  fenis  simaRleze. 
movaxdinoT (2.2.18) da (2.2.19) gamosaxulebebis z -iT integrireba 0 -dan  sasazRvro  
fenis h simaRlemde [15], miviRebT: 

ln ( )( )T
h z a

P h
h z

C V z

   


     


    (2.2.20); 

0 ln ( )h z q

E h
q q h z

V z



    


                 (2.2.21); 

aqedan gamomdinare, temperaturisa da tenianobis  mniSvnelobaTa  sxvaoba 
or  dones  Soris gamoisaxeba ase: 

2
2 1 2 1

1

( ) ( ) ln ( )TP z
T T z T z z z

C V z



      


    (2.2.22) 

0 2
2 1 2 1

1

( ) ( ) ln ( )q

E z
q q z q z z z

V z



      


      (2.2.23) 
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qaris siCqare flugeris simaRleze sakmarisi  sizustiT  moicema 

logariTmuli  kanoniT [1,12,13,43.76]: 

0

ln F
F

V z
V

z

             (2.2.24) 

Sesabamisad qaris siCqaris  wanacvleba ki 

2 1

0

( ) ( ) ln FV z
V V z V z

z

       (2.2.25)                                 

ZiriTadi saZiebeli sidideebis gansazRvrisaTvis, winaswar unda vicodeT  turbu-
lenturi nakadebi dedamiwis zedapirze [15].amisaTvis gamoiyeneba siTburi  balansis  
gantoleba [53.54.55.] 

0 0T efP LE S E B           (2.2.26) 

da damokidebuleba  

        0 0 max 0( )q r q T               (2.2.27) 

Tu 
max 0( )q T -s gavSliT mwkrivad, maSin  

max
max 0 max 0( ) ( ) ( )h h

q
q T q T T T

T


  


    (2.2.28) 

aq S mokletalRovani radiaciaa, romelic damokidebulia astronomiul  faqtorebze 
da „sagebi“  zedapiris  Tvisebebze. 

cnobilia, rom 0(1 )S S a  . jamuri  radiacia; ɑ-albedo; L-orTqladqcevis  kuTri 

siTbo; 0r -niadagis tenianobis cnobili maCvenebeli; 
efE -efeqturi  gamosxiveba;

0
B -

siTbos nakadi niadagSi; 0
0

1 0

( )
( )MAX

RE T
q T

R P
  niadagis temperaturis cnobili funqcia 

( 4 10

1 0

( )
10

h

MAX

T T

RE Tq
grad

T R P

 




 


). efeqturi gamosxivebis gansazRvrisaTvis gavSaloT 

efE  

teiloris  mwkrivad [41,68,70] : 

0 0 0 0( , ) ( , ) ( ) ( )

h h

ef ef

ef ef h h h h

T T q q

E E
E T q E T q T T q q

T q 

 
    

 
 (2.2.29) 

amasTanave  ( , )ef h hE T q  -is  mniSvnelobebi  aviRoT Semdegi saxiT [14.36] 

4( , ) (0,4 0,68ef h h h hE T q T q   (2.2.30) 

aq 1  stefan  bolcmanis  mudmivaa. 

moyvanili meTodika lokaluri  atmosferuli  procesebisaTvis  iZleva  dasmuli  
amocanis  realizaciis  da Sesabamisi  prognozis  ganxorcielebis  saSualebas,  
maT Soris  qaris  reJimisa.  
 

2.2. g) lokaluri teritoriis SerCeva da ricxviTi gamoTvlebis 
gaxorcielebis sqema 

qaris energiis gamoyenebis Sefasebis mizniT SevarCioT lokaluri  teritoria, 
mag. saCxeris regioni. am teritoriisaTvis gamovyoT sami saxis: notio-ruxi; myari-
miwiani da mSrali struqturis niadagi; ganvsazRvroT Sesabamisi albedos 
cvlilebis diapazoni 0,05-dan 0,5 m-de simaRlisaTvis [23,42,49,50,55]; movaxdinoT 
Rrublianobis (formiTa da balianobiT) ganmeoradobis sixSireTa klasifika-
cia.Mmeteorologiuri parametrebis saSualo da eqstremaluri mniSvnelobebi, qaris 
SemTxvevaTa ricxvi (r) da saSualo siCqare m/wm (s) moyvanilia cxrilSi 2.2.1. 

gvecodineba  temperaturuli  stratifikacis parametri  2

0
Tpg

T c lV


 

   da  

rosbis ricxvi [15,31] 
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cxrili 2.2.1.    

d.s 
C CCa aCa a asa sa ssa s ssd sd dsd d dCd Cd CCd Cvm Stili 

r.s r.s r.s r. s. r. s. r.s r.s r.s r.s r.s r.s r. s. r.s r.s r.s r.s 
 

21 0 0 0 2 10 4 22 0 0 0 0 0 0 3 14 0 0 0 0 22 

0 0 0 0 1 4 2 5 0 0 0 0 0 0 1 4 0 0 0 0 27 

3 0 0 0 0  0  0 0 0 0 0 0 0  0 0 0 0 31 

6 0 0 0 0  0  0 0 0 0 0 0 0  0 0 0 0 31 

9 0 0 0 4 17 3 16 0 0 0 0 0 0 2 8 0 0 0 0 28 

12 0 0 0 8 43 3 20 0 0 0 1.6 0 0 6 28 0 0 0 0 13 

15 0 0 0 6 44 5 31 0 0 0 0 0 0 15 73 0 0 0 0 5 

18 0 0 0 6 27 6 32 0 0 0 0 0 0 9 39 0 0 0 0 10 

j 0 0 0 1 45 1 26    6   1 66      

saS 0 0 0 5 4 5 5    6   4 6      

gan 0 0 0 2 7 2 3 0 0 0 1 0 0 3 6 0 0 0 0 161 

pro 0 0 0 3 1 2 6 0 0 0 1 0 0 4 2 0 0 0 0 65 

        
cxrili 2.2.2. haeris temperaturis eqstremaluri maqs. 30.5; eqstremaluri min. 4.9 

saSualo  da  eqstremaluri   mniSvnelobebi. 
elementi saSualo abs.maqs. TariRi abs.min. TariRi 

hae.temp. 16.5 30.5 22,29 4.9 6 

niad.z.temp. 19 46 29 4 3 
atmo.wneva 962 970.1 18 954.7 4 

gaje.deficit 9.2 34.4 22,23 
  

fard. tenian. 63 
  

17 6 
wy.orT.p.wneva 11 19.4 22 4.2 6 
nam.wert.temp. 7.9 

  
-5 6 

Rrublian s/q 5.6/4.4 1.8 
   

qaris siCqare 
   

9 21 
 
 

cxrili 2.2.3. Rrublianobis formebi da xilvadoba gradaciebis mixedviT (km). 

 
Ci Cc Cs Ac As St Sc Ns Fr,nb 0 1<6 6<10 >10 

SemT.raoden. 52 4 0 16 3 2 35 59 0 42 . . . 
ganm. procent. 19 1 0 6 1 1 13 22 0 16 . . . 

 

0

0

gC
R

lZ
        (2.2.31) 

 vipoviT dinamikur siCqares formuliT : 

0V R       (2.2.32) 

sadac 
gC  geostrofiuli qaris mniSvnelobaa;  ki xaxunis geostrofiuli  

koeficienti.Semdeg V -s gamoyenebiT (2.2.31) formuliT, xolo qaris  wanacvlebas 

(2.2.25) formuliT. modelis maxasiaTebeli parametrebi saCxeris regionisaTvis (2005 
wlis maisi) moyvanilia cxrilSi №2.2.4  
    sqematurad  procedura  ase  mimdinareobs: 

1) amoixsneba (20) da (21) gantolebebi Tp

C
 da 0E


-is  mimarT, Z = 0-s  pirobiT,  

   gveqneba 

0[ ( ) ]

ln

h aT
T hP

V
C h

  




  
    (2.2.33) 
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00
[ ]

ln

h qq qE
V

h






 
     (2.2.34) 

cxrili 2.2.4.     
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q.s.f/(m/mw) 

1

0 10Z 

 

0

0 10Z   1

0 10Z   0

0 10Z   1

0 10Z   0

0 10Z   

5 

210
 4

610  0.088 29 0.616 2.02 101 0.099 26 0.690 2.28 1.14 0.104 22 0.980 2.85 1.42 

110
 4

510  0.105 35 0.735 2.41 1.20 0.122 33 0.850 2.81 1.40 0.156 30 1.090 3.59 1.79 

010  4
410  1.290 44 9.030 2.76 1.32 0.153 43 1.070 3.52 1.76 0.204 42 1.850 4.69 2.34 

10 

210
 7

610  0.617 29 4.320 14,26 7.13 0.693 26 4.850 16.08 8.04 0.868 22 6.080 19.06 9.98 

110
 7

510  0.735 35 5.145 16.30 8.45 0.854 33 5.980 19.64 9.82 1.092 30 7.640 25.30 12.65 

010  7
410  0,903 44 6.320 20.76 10.32 1.071 43 7.500 24.61 12.30 1.428 42 9.990 32.84 16.42 

12 

210
 9

610  0.792 29 5.540 18.22 0.89 0.891 26 6.240 20.49 10.50 1.116 22 7.810 25.76 12.88 

110
 9

510  0.945 35 6.610 21.75 10.85 1.098 33 7.590 25.30 12.65 1.404 30 9.830 32.29 16.74 

010  9
410  1.161 44 8.130 26.7 13.35 1.377 43 9.640 31.74 15.97 1.836 42 12.850 42.32 21.16 

 

2) gamosaxuleba  (2.2.28) CavsvaT (2.2.34) -Si  da  gamoviyenoT (2.2.29); 

3) (2.2.33) da (2.2.34) SevitanoT (2.2.26)-Si da amovxsnaT  igi 0T  -is mimarT,  

  miviRebT:                 

max

0

max

( , ) ( )

,

h

h hh

ef

ef h h h

q q

ef ef

T T T Tq q

E
S E T q q h T

q
T

E E q

T q T



 


 


 

  


  

0

max.

h

h

h h h
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q q

ef ef

T T q q T T

E
q B

q

E E q

T q T
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( ) ( )
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h h h
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ef ef

T T q q T T

Q T Q h
C V

H
E E q

T q T
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( ) ( ) .
.
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.

h h h

h q

ef ef

T T q q T T

q T q h h
L V

H
E E q

T q T






  

 


  


  

      (2.2.35) 

 

4) Sesabamis cxrilSi (2.2.4) cnobil a  - Ti vipoviT 
qS -s da gamovTvliT  S . 

5)  0 0, , ,S B r a  da prognozirebul ,h hT q -iT, ( (2.2.29) da (2.2.30) formulebiT  

   gamovTvliT 0T  -s  (2.2.35)-iT; 

6) (2.2.33) da  (2.2.34)-iT gamoiTvleba turbulenturi nakadebi; 

7)  0, ,gc z  -s  mniSvnelobebiT, 0 =0 SemTxvevisaTvis gansazRvroT V .  

8) vipovoT  saZiebeli  FV  da V  (2.2.24) da (2.2.25)  formulebiT; 

gavimeoroT  procedura Semdgom  miaxloebaSi da ase Semdeg, sanam ar miviRebT 
praqtikuli  miznebisaTvis  sasurvel Sedegs. 
    rac Seexeba  siCqaris  vertikalur  mdgenels,  misi  gansazRvra  Sesruldeba 
(2.2.15)-(2.2.17) formulebis mixedviT (SevniSnoT, rom miTiTebuli  saxiT  qaris  siCqa-
ris  vertikaluri  mdgenelis  gansazRvra literaturidan, CvenTvis cnobili  ar  
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aris da  aq  pirvelad  aris  moyvanili). siCqaris brtyeli divergenciis  saSualo  
mniSvneloba unda dakavSirdes fenis Sinagani  Tvisebebis  maxasiaTebel  parametreb-
Tan, rogoricaa: wneva, atmosferos stratifikacia, dedamiwis „mosilobis“ parametri, 
dinamikuri siCqare [76]. aqedan gamomdinare W-s  gansazRvrisaTvis  horizontalurad  
araerTgvarovan  sasazRvro  fenaSi  calke  unda Sedges modeluri amocana, maga-
liTad e.w. „samkuTxedis“ meTodis   gamoyenebiT [29,31]. 

 
2.2.   d) qaris reJimis Sefaseba  saqarTvelos  teritoriis 

lokaluri  regionebisaTvis 
miRebulia, rom qaris energiis gamoyenebis mizniT perspeqtiulia is  adgili,  

romlisTvisac daculia piroba da qari gamudmebiT qris [15.47.48.5164.]. 

5V  m/wm                 (2.2.36) 

sadac V aris qaris saSualo wliuri siCqare. (2.2.36)  pirobas saqarTvelos 
teritoriaze akmayofilebs cxrili №2.2.5-Si miTiTebuli regionebi. 

  

cxrili №2.2.5. 

№ adgili simaRle z.d. (m) Riadoba flugeris s. (m) qaris s. (m/wm) 
1 mamisonis mTa 2584 6a-7a 7 5.4 
2 yazbgis m/s 3653 7a-8a 11 6.7 
3 quTaisi 114 7b 11 5.0 
4 mTa sabueTi 1242 8b 10 9.3 
5 Tbilisi aeroporti 490 8b 11 6.0 
6 foTi, porti 3 6b-10b 16 4.4 

 
gamoTvlebisaTvis SeiZleba gamoyenebuli iqnas qaris siCqaris sixSiruli  

ganawileba (Tviuri, wliuri), romelic warmoadgens procentebSi gamosaxul  
drois im nawils, rodesac qaris siCqare xvdeba im areSi, sadac moyvanili  piroba 
sruldeba. 

cnobilia, rom siCqareze damokidebuli nebismieri sididis saSualo, 
gamoiTvleba Semdegi damokidebulebiT [8,9,11,15,51],  

1 1( , ). ( )f f A V W V    (2.2.37) 

 

sadac A warmoadgens e.w.  qaris  wanacvlebas  mocemuls (2.2.25) formuliT.  es 

sidide akavSirebs 0V  qaris siCqares  flugeris  simaRleze, turbinis  RerZis  

simaRleze V  siCqaresTan. 1( , )A V qaris sixSiruli ganawilebaa, 1( )W V  ganawileba 

flugeris  simaRleze. 
cxadia siCqareTa wliuri ganawileba SeiZleba gaiTvalos histogramebis  saxiT 

calkeuli lokaluri teritoriisaTvis [36.51]. qaris mimarTulebis cvlilebas, 
rogorc ki kompiuteri daadgens, turbina TviTonve Seabrunebs frTebs qaris 
sapirispirod. 

eleqtroenergiis E  Tviuri gamomuSavebis gamosaTvlelad, pirvel rigSi,  saWiroa  

vicodeT qaris turbinis  saSualo p simZlavre damokidebuli ( )W V  

ganawilebaze. es simZlavre mravldeba TveSi T saaTebis raodenobaze [51]. 

E P T    (2.2.38) 
turbinis saSualo simZlavre iTvleba formuliT 

0N p F    (2.2.39) 

sadac 0p  PP-s mniSvnelobaa zRvis doneze, F –ki haeris simkvrivis  cvlilebis 

faqtori, mocemuli Semdegi empiriuli formuliT SeiZleba gamoiTvalos [51].        

exp( 0,0000310898. )F h   (2.2.40) 

aq h aris adgilis simaRle zRvis donidan, damatebuli koSkis simaRle  metrebSi. 
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saqarTvelos teritoria pirobiTad SeiZleba daiyos or jgufad „maRalmTiani“ da 
„dablobi“. pirveli jgufisaTvis qaris siCqare SeiZleba  warmodges  ase: 

0

0

( ) .
H

V V
H

  (2.2.41) 

sadac H aris turbinis RerZis simaRle, 
0H  ki flugeris simaRle. meore  

jgufisaTvis   SeiZleba aviRoT met-naklebad gamarTlebuli variantiT [15.47.48.51]  

ln1,2

ln 2
   

Sesabamisi literaturidan cnobilia, sxvadasxva turbinebisaTvis energiis  Tviuri 
da wliuri  gamomuSaveba (kvt.sT) [15.51].  

monacemebis analizi aCvenebs, rom eleqtroenergiis gamomuSaveba qaris  mona-
cemebis sizusteze, haeris simkvrivis cvlilebis xasiaTze, turbinis „ CarTvis“ da 
„gamorTvis“ siCqarezea damokidebuli.   aqedan  gamomdinare,  cxadi  xdeba, rom  
yoveli calkeuli adgilisaTvis qaris Sesabamisi „struqturisaTvis“  aucilebelia 
saTanado  turbinis  SerCeva. 

SemoTavazebuli modeli gamoyenebas hpovebs lokaluri adgilisaTvis qaris  
reJimis  prognozirebaSi da misi energiis praqtikuli Rirebulebis SefasebaSi. 

                                   
2.3. atmosferuli procesebis aramdgradobis energiis gansazRvra mTa-gorian 

teritoriaze 
sxvadasxva geografiuli masStabebis da fizikuri Tvisebebis atmosferuli movlene-

bisaTvis, dinamikur parametrebTan erTad arsebiTi mniSvneloba aqvs energetikuli maxa-

siaTeblebis Sefasebas. cnobilia, rom atmosferoSi yoveli saxis dinebebi aRiwerebian 

Sesabamisi hidrodinamikuri gantolebebiT. amave gantolebebidan miiReba energetikuli 

damokidebulebani, romlebic gamoxataven saTanado procesebis Termiul mdgomareobebs. 
gansakuTrebiT mniSnelovania Termodinamikuri velis vertikaluri profilis Seswavla 

mTa-goriani teritoriisaTvis, sadac xSirad viTardeba haeris konveqciuri moZraoba. as-

eTi moZraoba ki aris erT-erTi piroba sawvimari da setyviani Rrublebis ganviTarebisaT-

vis [27,42,53,54,55]. Termodinamikuri aramdgradobis Sefaseba ki gansazRvravs am Rrubleb-

ze xelovnuri zemoqmedebis SesaZleblobas. aRniSnulidan gamomdinare atmosferuli 
procesebis aramdgradobis energiis Sefasebas  didi Teoriuli da praqtikuli mniSvne-

loba aqvs. 
praqtikulad aramdgradobis energiis gansazRvrisaTvis saWiroa atmosferos vertika-

luri zondireba - radiozondebis gaSveba. maTi monacemebis saSualebiT aigeba aerolog-

iuri diagramebi da ganxorcieldeba Sesabamisi analizi [43.53.55.64]. radiozondebi Zvi-

rad Rirebulia da dRe-RameSi mxolod orjer uSveben, saqarTveloSi sul or-sam pun-

qtSi. aqedan gamomdinare, mizanSewonilia aramdgradobis energia ganisazRvros ufro 

xelmisawvdomi saSualebebiT  sasurvel adgilze da sasurvel dros. 
kvlevis ZiriTadi mizania konkretul teritoriaze arsebuli meteorologiuri mona-

cemebiT, sasurvel dros ganisazRvros atmosferos aramdgradobis energia. am energiis 

saSualebiT ki Sefasdes arasasurveli procesebis ganviTarebis riski, magaliTad, set-

yvis Casaxva-ganviTareba da masze xelovnuri zemoqmedeba[27.28.]. 

Teoriulad cnobilia, rom aramdgomareobis energiis gansazRvra dakavSirebulia ha-

eris vertikalur siCqaresTan uSualod dedamiwis zedapirze, temperaturul stratifi-

kaciaze da konveqciuri Rrublis simaRleze. bunebrivia, rom haeris vertikaluri siCqare 

dedamiwis zedapirTan unda Sefasdes miwispira fenaSi mimdinare rTuli procesebiT, ro-

melTa SefasebisTvis arsebobs mravali konkretuli midgoma. Cveni kvlevisaTvis gamoye-

nebuli iqneba ramdenime maTgani. 

dadgenilia, rom atmosferos sasazRvro fenaSi (ramdenime aTeuli metri dedamiwis 

zedapiridan) damoukideblad haeris siblantisa raime winaaRmdegobis garsdenisas, haer-

is nawilakebi moZraoben ufro nela, vidre aRniSnuli fenis gareT. garkveul situaciaSi 

amas mohyveba am fenebs Soris gamyofi „zedapiris“ warmoqmna da am ukanasknelTan griga-
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lis Casaxva[11.12.13.16]. reliefuri winaaRmdegobis gamo, nakadSi wnevaTa sxvaoba zrdis an 

amcirebs (SemoWrili situaciis mixedviT) nakadis siCqares. roca wneva garegan nakadSi  

moZraobis mimarTulebiT mcirdeba, maSin fenis Siga nawilakebi mihyvebian garegan nakads, 
xaxunis gavleniT Sinagan nakadSi nawilakebis moZraoba neldeba da xSirad amoZravdebi-

an sawinaaRmdego mimarTulebiTac ki. amrigad garsdeni sxeulis zedapirze reliefis 

gaswvriv ukumoZraoba warmoiSoba, miuxedavad imisa, rom garegani nakadi agrZelebs win 

moZraobas. axali nakadis Semodineba am process aZlierebs da es grZeldeba manam, sanam 

ar wrmoiqmneba Caxveuloba moZraobis sawinaaRmdego mimarTulebiT. Tu moZraobis mimar-

TulebiT dinebis siCqare klebulobs, maSin sasazRvro fenaSi aRiZvreba ukumoZraoba, 

romelic mniSvnelovnad anelebs gare nakads da kvlav warmoqmnis grigals. swored aseTi 

dinebebi warmoSoben e.w. reliefur  qarebs, romlebic lokalur teritoriaze mniSvne-

lovan rols asruleben atmosferuli procesebis ganviTarebaSi. 
literaturaSi [1.14.21.42.43.] farTod aris gaSuqebuli, atmosferos aramdgradobis 

energiis saangariSo formulis miRebis sxvadasxva SemTxvevebi. moviyvanoT erT-erTi 
varianti. davuSvaT, rom haeris mcire masa (setyvis nawilaki), raRac Z=0 donidan, sa-

dac wneva aris P, adiabaturad gadaadgilda Z manZiliT  P  wnevis donemde. zeda 

doneze nawilaks eqneba temperatura 0( )aT Z  , xolo mis garSemo haeris 0( )T Z   

temperatura, sadac a  temperaturis adiabaturi gradientia, 0T -temperatura sawyis 

doneze;  temperaturis vertikaluri gradienti. nawilaksa da mis garSemo haeris 

temperaturaTa sxvaoba iqneba: 

( )aT Z         (2.3.1) 

mdgomareobis gantolebis gaTvaliswinebiT, simkvrivisaTvis gveqneba: 

1

( )a Z
T

  



         (2.3.2), 

sadac 1T  garemos temperaturaa. gantoleba (2.3.2)-is mixedviT nawilaki iRebs zemoT 
an qvemoT mimarTuli „mcuravi“ Zalis moqmedebas, romelic erTeulovan masisaTvis 
gamoisaxeba ase [42.55]: 

1

( )aF g g Z
T

 




                      (2.3.3) 

nawilakis gadaadgilebaze Sesrulebuli muSaoba iqneba: 
1

1

1
1

1
( ) ln

pz

z p

T T
E g dZ R T T d P

T


       (2.3.4) 

es aris formula, romliTac gamoisaxeba atmosferuli procesebis aramdgradobis  
energia. cxadia, rom 

         
dW

dE dz WdW
dt

                               , 

saidanac,                           2 2

0 2W W E           (2.3.5) 

rogorc zemoT mivuTiTeT, es energia gamoiangariSeba aerologiuri diagramebis 

saSualebiT, sadac vertikaluri Wrilis (P,T) sistemaSi gavlebulia atmosferos 

mdgradobisa da stratifikaciis mrudebi [42,55,62]. am mrudebis asagebad saWiroa, 

atmosferos radiozondirebis monacemebi, rac SeiZleba xSirad da farTo teritoriaze. 

es ki praqtikulad SeuZlebelia [ 53,54,55]. 

aqedan gamomdinare aramdgradobis energia, sasurvelia gamisazRvros lokalur 

teritoriaze standartuli meteorologiuri dakvirvebebis monacemebis mixedviT. 

amisaTvis, pirvel rigSi, saWiroa haeris aRmavali dinebis siCqareTa gansazRvra 

nebismieri meTodiT. aramdgradobis energia da vertikaluri W siCqare ki 

dakavSirebulia erTmaneTTan (2.3.5.) formuliT. ZiriTadad, sasazRvro fenaSi 

mouwesrigebeli vertikaluri nakadebis siCqaris gansazRvra xdeba [9,13,14,37,38] 

hidrodinamikis gantolebaTa sistemis safuZvelze, rogorc es moyvanilia paragraf 
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2.2a)-Si. amrigad, moZraobis gantolebebidan  SeSfoTebuli qaris horizontaluri 

mdgenelebis sididisaTvis gveqneba  [1,13,25,35,66]: 

 

1 1 1
( )

dV V
U k

dt z z

 
  

 
    (2.3.6)  

1 1 1
( )

U U
V k

t z z

  
  

  
     (2.3.7)  

xolo vertikaluri mdgenelisaTvis ki[57]:  
1 1

ln ( ) ( )
g R U V

W h h h
RT x y

  
  

 
 (2.3.8) 

Tu dedamiwis reliefs gaviTvaliswinebT, z koordinatis Secvlis saSualebiT 
[1.17.46.],  maSin:  

1 1

ln [ ( )
h U V

W
d x y


 
  

 
     (2.3.9), 

reliefis ufro didi sizustiT gaTvaliswinebisaTvis, SeiZleba visargebloT Sesa-
bamis axal koordinatTa sistemaze gadasvliT, sadac vertikaluri koordinati iqne-

ba 1 0( )Z Z Z x y   . vertikaluri siCqaris formulaSi CasmiT, miviRebT mTis 

garsdenis formulas [14.-16]: 

0 0
0 0( ) ( )h

z z
W u H z v H z

x y

 
   

 
      (2.3.10) 

sadac 0( )H z  iqneba sasazRvro fenis simaRle da iTvleba mudmivad.   

moyvanili msjelobidan naTelia, rom qaris reJimis Sesaswavlad lokalur teri-
toriaze, amocana dadis dedamiwis sasazRvro fenaSi ZiriTadi meteorologiuri pa-
rametrebis gansazRvraze, romlis moTxovna zemoT iyo miTiTebuli. 

vinaidan miwispira fenaSi vertikaluri moZraobisaTvis gadamwyvet rols TamaSobs 
turbulenturi xaxunis Zalebi, amitom pirveli miaxlovebiT samarTliania  damoki-
debuleba [19.57]: 

0

1
( )

2 sin
W rot rot 

 

    (2.3.11) 

sadac 0  da   turbulenturi xaxunis daZabulobis veqtorebia, Sesabamisad de-

damiwis zedapirze da garkveul simaRleze. isini ganisazRvrebian simkvrivis, 
turbulentobis koeficientiT da qaris siCqaris vertikaluri warmoebuliT: 

2 2

0 0/ / cos ; / / sinz z

du dv
k v k v

dz dz
      ,   (2.3.12) 

eqsperimentuli dakvirvebebis damuSavebis safuZvelze dadgenilia,rom sakmarisi 
sizustiT miwispira fenaSi vertikaluri siCqare gamoiTvleba formuliT [14.19]: 

0 0

1
[ ( ) ( ) ]h z z

v u
W k k

l x z y z
 

   
 

   
 ,    (2.3.13) 

romelic  (2.3.12)-is gamoyenebiT ase gadaiwereba: 

2 21 1
{ ( sin ) ( cos )}h zW v v rot

l x y l
  


 

 
  

 
 (2.3.14). 

es formulebi iZleva saSualebas gamoiTvalos W, Tu gvecodineba qaris siCqaris 
horizontaluri profili da turbulentobis koeficienti. damtkicebulia, rom siC-
qaris horizontaluri mdgenelebis vertikaluri cvlilebebi damokidebulia izob-

aridan qaris gadaxris 0  kuTxeze da rosbis ricxvze. sidideebi 0  da 0 0 0coss    

(veqtori 0  mimarTulia dedamiwis zedapirTan qaris siCqaris gaswvriv; 0s -proeqcia 

izobaris mxebze) ganisazRvrebian 0 0, ,gU R  sidideebiT. saTvlel poligonad 

SeiZleba SerCeuli iqnas nebismieri teritoria 50 km radiusiT (sasurvelia 
gaTvaliswinebuli iqnas gabatonebuli qaris mimarTulebac). Tu dakvirvebis punqtze 
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SesaZlebelia martivi birTv-piloturi dakvirvebis Sesruleba, maSin haeris nakadis 
vertikaluri siCqare SeiZleba ganvsazRvroT  formuliT [ 53.71.72.]    

a A
W

C 
  , 

sadac, A aris Tavisufali amwevi Zala, C birTv-pilotis wrexazis sigrZe,  a -
mudmiva,  - haeris simkvrive. TbilisSi varazis xevSi 1960 wels Catarebulma 

gazomvebma mogvces, rom W=(150-188) m/wT reliefis gavleniT es mniSvnelobebi  
mcirdeba, magaliTad Tu  parametri d=0,3,  maSin W=0,75m/wm. geostrofiuli qaris 
nacvlad SeiZleba aRebuli iqnas realuri qaris sidide flugeris simaRleze. 
ganisazRvreba ra vertikaluri siCqare mocemul teritoriaze, maSin (5)-is mixedviT 
Sefasdeba aramdgradobis energia, Sesabamisad konveqciuri Rrublebis struqtura. 
yovelive es ki ganapirobebs Sefasebul Rrubelze xelovnuri zemoqmedebis Sinaarss 
da Casatarebeli RonisZiebebis bunebas. (2.3.4) da (2.3.5)-is gamoyenebiT naSromSi [84] 
gaTvlili iqna aRmavali dinebis siCqare RrublebSi konveqciuri moZraobisas, or - 
mSral da notio haerisaTvis miRebuli iqna, rom vertikaluri siCqare aRmaval 
nakadSi dasawyisSi swrafad izrdeba, Semdeg zrda mcirdeba da gansazRruli sisqis 
atmosferuli fenis saSualo temperaturis matebiT nela gadis stacionarze. es 
Sedegebi SesaZlebelia gamoyenebuli  iqnes Rrublebze xelovnuri zemoqmedebisas 
da amindis prognozis samsaxurSi [27]. 
 

2.4. atmosferos miwispira fenis siTburi reJimis maTematikuri modelireba, 
saqarTvelos regionuli Taviseburebebis gaTvaliswinebiT 

dedamiwis atmosferoSi mimdinare yvela fizikuri procesi mzidan mosul energiazea 

damokidebuli. swored am fenaSi mimdinareobs adamianis ZiriTadi saqmianoba. miwispira 

fenis Tavisebureba mkveTrad gamoxatulia saqarTvelos teritoriisaTvis, romlis 

udidesi nawili ukavia mTa-gorian, Zlier danawevrebul, rTul reliefian  raionebs. 

bunebrivia, rom siTburi reJimis codna saSualebas mogvcems davamyaroT fizikuri da 

maTematikuri urTierTkavSiri, mzis radiaciisa da dedamiwis zedapiris siTbur 

parametrebs Soris. es kavSiri emyareba energiis Senaxvis kanons da warmoadgens 

dedamiwis moqmed fenasTan mosul da misgan gasul siTbur nakadTa algebrul jams. mzis 
radiaciis da dedamiwis zedapiris temperaturis velis cvlilebebs Soris Tvisobrivi 

kavSiris safuZvelze, fizkur-maTematikuri modeliT SeiZleba saqarTvelos 

teritoriaze gamoiyos da dazustdes helioenergetikuli olqebi, rasac udidesi 

praqtikuli mniSneloba aqvs.  

moviyvanoT Teoria, romelic cnobilia literaturidan [1.17.18.] da iZleva aRniSnuli 
fizikuri procesis Tvisobrivi da raodenobrivi Sinaarsis naTlad warmodgenis 

saSualebas. davuSvaT, rom dedamiwis zedapiri horizontaluri mimarTulebiT 

erTgvarovania, ase rom, hidroTermodinamikis gantolebebSi  adveqciuri wevrebi 

ugulvelyofilia. aseve mxedvelobaSi ar miviRoT haerSi siTbos sxivuri nakadi, wylis 

fazuri gadasvlebi da vertikaluri moZraoba. am daSvebebis gaTvaliswinebiT 

gantolebaTa sistema Caiwereba Semdegi saxiT [17]: 
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                       (2.4.1) 

                      

2

1 1

2
( ) ;b m

T Tb b
k k k

t z z t
  



   
   

    

 
sistema Seicavs rva ucnobs. imisaTvis, rom Caketili sistema miviRoT, unda gavi-

TvaliswinoT sistemaSi Semaval sidideebs Soris arsebuli damokidebulebani [14.15]: 

2 2; ; ( ) ( ) ,T

b b u v g
k l b

l z z l z


  

  
    

  

    (2.4.2)   
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aq l - turbulentobis masStabi; 


 - disipaciis energia; b - turbulentobis kinetikuri 

energia; T1 - niadagis temperatura;ɑb, ɑt, ɑq - turbulentobis koeficiebtebi Sesabamisad 

impulsis, siTbosa da tenSemcvelobisa; 


- niadagis momqmedi fenis siRrme aTvlili 

dedamiwis zedapiridan qvemoT. 

amocanis fizikuri Sinaarsidan gamomdinare cxadia, rom amonaxsni unda iyos drois 

mimarT perioduli, amitom sawyisi pirobebis moTxovna ar aris saWiro, radgan 

ganixileba damyarebuli perioduli reJimi. sasazRvro pirobebi [3,6,7,8,9]. 

1. roca z


0, maSin 

( ) ( ) 0u z v z 
, da roca  z 


0  da 

0 
 gvaqvs 

1( ) ( ) 0z T z  
 es piroba 

niSnavs, rom dedamiwis zedapirze temperaturas naxtomi  ar aqvs. 

2. meore sasazRvro pirobad dedamiwis zedapirze ganixileba siTburi balansis 

gantoleba, roca 

0 0z  
 

1
0 ,m

Ts
R c k L k c k

z z



  



  
   

  

     (2.4.3) 
tenianobisaTvis sasazRvro pirobaa 

1,0 0( ) ( )os z f S     (2.4.4), 

sadac 0f - ფardobiTი tenიanobა. aseve dauSვaT, rom როca z miiswraფis nulisken, 

turbulenturi nakadi ar arsebobs e.i.  

0
b

k
z






        (2.4.5). 

roca 

z  
,  maSin unda Sesruldes piroba 

 

1; ; ( ) ; ( ) ( ) 0; ( ) 0g g s su u v v z T T s z b z       
        (2.4.6) 

 (2.4.6)-is marjvena mxareSi wevrebi cnobili sidideebia. cxadia, Camoyalibebuli 

amocanis zusti amoxsna faqtiurad SeuZlebelia. amoxsna bunebrivia ganxorcieldes 
ricxviTi meTodebis gamoyenebiT da ukve Catarebuli gamokvlevebi saintereso Sedegebs 

iZleva [48.52]. CvenTvis sasurveli  miznebisaTvis sainteresoa gamartivebuli  

modeluriT amonaxsnebis moZebna.  

vTqvaT (2.4.1)-(2.4.6) gantolebaTa sistemaSi Semavali koeficientebi garkveul 

pirobebSi mudmivebia, sakmarisad detalurad es sakiTxi ganxilulia [52]-Si. am pirobebSi 

SeviswavleT temperaturis dRe-Ramuri cvlileba. aRmoCnda, rom temperaturis dRe-

Ramur cvlilebas aqvs perioduli kosinusoidaluri funqciis saxe, romlis rxevis  
amplituda pirdapirproporciulia radiaciuli balansis mniSvnelobis rxevis 

amplitudisa. aqedan gamimdinare, bunebrivia temperaturis cvlileba Seesabamebodes 

radiaciisas da igi ganisazRvros siTburi balansis gantolebiT. radiaciuli balansi 

SeiZleba warmodges Semdegi mwkrivis saxiT [41.68.]: 

1 11

0( ) ( cos sin )z n n

n

R t R R n t R n t 


        (2.4.7) 

sadac 

0R
 radiaciis saSualo mniSvnelobaa;  

2
 



 dedamiwis brunvis kuTxuri 

siCqare;  


- rxevis periodi (dRe-Rame);  Tu CavTvliT, rom 

( )sR t
aris drois martivi 

funqcia, maSin 

0 1( ) cos ( )z mR t R R t t    (2.4.8), 

sadac 

mt
 maqsimumis dadgomis droa, xolo 

0( )tR R
 dRe-Ramuri amplitudaa. 

aRniSnulis safuZvelze  temperaturisaTvis miRebulia damokidebuleba [14.52]: 

0 0(0, ) cos( )
2

T t T A t


       (2.4.9) 
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sadac 


 sawyisi fazaa; 

0
- dagvianebis parametri, romelic damokidebulia 

simaRleze. 

gamoviyenoT (2.4.7), (2.4.8) da (2.4.9) formulebis Tvisobrivi msgavseba da SevecadoT 

temperaturis velis cvlilebis mixedviT, miviRoT mzis radiaciis velis saxe (yovel 

SemTxvevaSi dRe-Ramuri svla). es saSualebas mogvcems siTburi balansis gantolebis 

amoxsnis gareSe, miviRoT mzis radiaciis velis buneba sakvlevi regionisaTvis. 

cnobilia, rom saqarTvelos teritoriaze mzis radiaciaze dakvirvebebi swarmoebs 

mxolod Svid meteorologiur sadgurze, xolo temperaturisa da sinotivis 

cvlilebaze - samocze met sadgurze [55]. aqedan gamomdinare, aqtinometriuli 
informaciis nakleboba aZnelebs radiaciuli balansisa da misi mdgenelebis droSi da 
sivrceSi ganawilebis kanonzomierebisa da teritoriis heliocentruli potencialis 

saTanado sizustiT dadgenas. moyvanil faqtze dayrdnobiT Cveni amocanaa mowmendili 

cis (aseve moRrublulobis gaTvaliswinebiT) pirobebSi, gangvesazRvra dedamiwis 

zedapiris radiaciuli balansis TiToeuli wevri da radiaciuli balansis dRe-Ramuri 

mniSvnelobebi. es midgoma ganxorcieldeba yvela im mikroregionSi, sadac dakvirvebebi 

swarmoebs temperaturasa da sinotiveze, magram ar arsebobs aqtinometriuli anaTvlebi. 

amave dros Seswavlili iqneba, balansis gantolebaSi Semavali koeficientebis 

mniSvnelobebis droSi cvlilebis dinamika. 

ganvixiloT Cveni midgoma detalurad. avarCieT xuTi  aqtinometrul- 

meteorologiuri sadguri (Tbilisi, Telavi, walka, soxumi, anaseuli), romelTac aqvT 

saSualeba sruli meteorologiuri informacia miiRon maTze. siTburi balansis 

sxvaobiani sqemebis gantolebebSi [52.75] 
1 0 1 0 1 0

1 1 2

t t t t t t
t p T s

S S T T
R c k L k

h h h

 
  

  
        (2.4.10), 

sadac 

1 1,S 
 da 

0 0,  
 Sesabamisad drois mocemuli momentisaTvis haeris potencialuri 

temperaturisa da sinotivis sidideebia dedamiwidan 2 m. simaRleze da miwispira  

zedapirze. 

0T

  da 

1T


 temperaturebi miwis zedapirze da siRrmeSi (10-15) sm-ze,  

1,, 2h h
  

saTanado manZilebi dedamiwis zedapiridan. 
sxvaobian sqemaSi Semavali koeficientebi TavianTi cvlilebis Teoriul sazRvrebSi 

eqsperimentulad ise SevarCioT, rom TiToeul SemTxvevaSi daTvlili mniSvnelobebi 

maqsimalurad miuaxlovdes radiaciuli balansis faqtobriv monacemebs. es saSualebas 

mogvcems miTiTebul meteorologiur sadgurebze sezonebis mixedviT, davadginoT 

sasurveli koeficientebis dRe-Ramuri cvlilebis realuri suraTi. im sadgurebze, 

sadac aqtinometruli anaTvlebi ar gvaqvs (2.4.10) gantolebaSi koeficientebis 

mniSvnelobebis misaRebad viqceviT Semdegnairad. gaviTvaliswinebT  arCeuli sadguris 

landSafts, zRvis dinidan mdebareobas da aviRebT am monacemebis Sesatyvisi 
meteorologiuri sadguris ukve miRebuli koeficientebis garkveulwilad 

koreqtirebul mniSvnelobebs. 

bunebrivad daibadeba kiTxva, ramdenad realuria aRebuli meteosadgurisaTvis 

miRebuli radiaciuli balansis mniSvneloba? am sakiTxis garkvevisaTvis vsargeblobT 

im faqtiT, rom dedamiwis zedapiris temperaturasa da radiaciis sidideebs Soris 

arsebobs arsebiTi korelaciuri kavSiri. im SemTxvevaSi, Tu korelaciis koeficienti ar 

aRmoCndeba erTTan axlos, maSin vaxdenT koeficientTa koreqtirebas. 

moyvanil mosazrebebze dayrdnobiT, saqarTvelos sxvadasxva regionSi temperaturisa 

da moRrublulobis monacemebiT, wlis sezonebis centraluri  TveebisaTvis  kom-

piuteruli midgomiT gamoTvlili iqna, radiaciis dRe-Ramuri svla da eqstremaluri 

mniSvnelobebi nax.2.4.1. aqve moyvanilia imave sididis zusti mniSvnelobebi. miTiTebuli 

dReebisaTvis saTanado (2.4.8.) da (2.4.9) formulebiT gamoangariSebulia temperaturis 

dRe-Ramuri svla, aseve zusti mniSvnelobebic. 2.4.2. naxazze moyvanilia agreTve, amave 
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elementebis maqsimaluri da minimaluri sidideebi Sesabamisi drois miTiTebiT. 

moyvanil sqemaSi gaTvaliswinebuli ar aris reliefis da sinotivis cvlilebis gavlena, 

amitom cdomileba 10-15%-is farglebSia, es ki msoflio standarts Seesabameba.  
 

 

 

Nnax.2.4.1. Nnax.2.4.2. 
 

amrigad, moyvanili modeli gvaZlevs saSualebas nebismier punqtSi, sadac dakvirveba 

swarmoebs ZiriTad meteorologiur elementebze, ganisazRvros radiaciuli balansis 

mniSvneloba. es iZleva garantias, rom saqarTvelos teritoriaze Sesabamisi 

rekomendaciiT gamoiyos sxvadasxva miznebisaTvis aqtinometruli regionebi [52]. 

sasurvelia aq avRniSnoT, rom  dedamiwis zedapirze mosuli mzis energiis (radiaciis) 

mixedviT saqarTvelos regioni dayofila 14 raionad (yvelaze meti energia modis ivris 

platoze). saSualod saqarTvelosTvis es energia dekembris TveSi meryeobs ( 60-70) 

m.j/m.kv. mTian raionebSi 150 m.j/m.kv. zafxulSi maqsimaluria (400-450) m.j/m.kv., dekemberSi 

walkaSi dakvirvebulia 194 m.j/m.kv. yazbegSi - 260 m.j/m.kv. jvris uReltexilze 226 

m.j./m.kv., duSeTSi - 180 m.j./m.kv. TbilisSi wliuri (jamuri) daaxloebiT 50 m.j./m.kv.-ia. 

 

2.5. regionaluri atmosferuli procesebis madonuri bunebis  Sesaxeb, lokaluri 

reliefis gavlenis gaTvaliswinebiT 
dedamiwis atmosferoSi mimdinare procesebis Seswavla, im kanonzomierebebis da 

faqtorebis dadgena, romlebic ganapirobeben maT xasiaTs, mudam aqtualur proble-
maTa rigs ganekuTvneba. ukanasknel aTwleulebSi mniSvnelovnad gafarTovda atmos-
feros mdgomareobaze da masSi mimdinare procesebze dakvirvebaTa qseli mTeli 
msoflios masStabiT, maT teqnikur aRWurvaSi ki revoluciuri xasiaTis cvlilebebi 
moxda, Seiqmna monacemebis analizis arnaxuli SesaZleblobebi. miuxedavad amisa, ka-
cobrioba jer kidev Sors aris atmosferuli procesebis Seswavlis srulyofili 
SesaZleblobisagan [1,14,19,21,22,65]. 

aqedan gamomdinare, axali fizikur–maTematikuri moduli, romelic iTvaliswinebs 
ama Tu im fizikur faqtors, riTac azustebs procesebis diagnozsa da prognozs ar-
is aucilebeli da mniSvnelovani. bunebrivia, erT-erTi sayuradRebo faqtori aris 
dedamiwis reliefis gavlenis gaTvaliswineba, romelic rogorc aRniSnuli iyo, ar-
sebiT gavlenas axdens rogorc zogad cirkulaciaze, aseve regionalur lokalur 
atmosferul procesebze, gansakuTrebiT lokaluri teritoriis amindze  [12,16,25,40].   

amierkavkasiis regionze atmosferuli procesebis erT-erTi metad mniSvnelovani 
Tavisebureba, romelic 2.1.-Si iyo aRniSnuli da damtkicebulia Teoriulad da praq-
tikulad, aris is faqti, rom meteorologiuri elementebis velebs aqvs kavkasionis 
qedis gaswvriv wagrZelebis tendencia [1.34.35.]. es Tavisebureba ganapirobebs imas, 
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rom aRniSnul teritoriaze ZiriTad fonur nakadad miRebulia dasavleT-aRmosavle-
Tis SemoWrebi [23,26]. am fonur nakads ki emateba mciremasStabiani orografiuli 
SeSfoTebis talRuri procesebi, romelTa Seswavla umetes SemTxvevebSi aris arse-
biTi da gadamwyveti. 

sinoptikuri monacemebis analizi amierkavkasiis teritoriaze aCvenebs agreTve, 
rom talRur procesebs xSirad aqvT sinusoiduri da wriuli formac ki (nax. 2.5.1.-
2.5.2), sadac x wertili Seesabameba Tbiliss. igive dasturdeba dedamiwis xelovnuri 
Tanamgzavrebidan miRebuli Rrublebis suraTebiT (sur. 2.5.1-2.5.2). xSirad amierkavka-
siis regionaluri reliefi uzrunvelyofs haeris nakadSi brunviT-Caxveuli moZra-
obebis warmoqmnas, romlebsac ramdenime centri aqvT. aseTi struqturis warmonaqmne-
bis arsebobis asaxsnelad SeiZleba gamoyenebul iqnas e.w. „madonuri“ tipis amocane-
bi [2,5,9,10]. visargebloT haeris nakadis siCqaris rotoris z mdgenelisaTvis miRebu-
li ganatolebiT, romelsac eqvivalentur-barotropuli garemosaTvis aqvs saxe 
[1.35.39].     

( ) ( )z z zl l
u v v lD

t x y


      
    

  
  (2.5.1) 

sadac 
z

v u

x y
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u v
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 -siCqaris brtyeli divergenciaa, danarCeni sidideebi 

cnobilia. davaxasiaToT reliefis gavlena kvlav z

o

P

P
  -s parametriT. am parametris 

gaTvaliswinebiT geostrofiuli qaris mdgenelebi iqneba[24,31,46,66]:  
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                  (2.5.2) 

sadac   aris atmosferuli nakadebis denis funqcia. (2.5.2)-is gaTvaliswinebiT (2.5.1) 

gantoleba Caiwereba Semdegnairad:  
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x
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ln
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 - mTis meridianisa da paralelis gaswvriv daxris 

maxasiTebeli parametrebia; ( , )A B  iakobiani;  -laplasis brtyeli operatori. (2.5.3) 

gantolebis madonuri struqturis SeswavlisaTvis, rogorc es miRebulia sxva 
avtorebTan [32,36.], davuSvaT gantolebis stacionaluri nawilis nulTan toloba: 
 

c       (2.5.4) 

sadac 
1

c



saS

 da   mudmivebia. (2.5.4) gantoleba gansxvavdeba literaturaSi 

cnobili analogiuri gantolebebidan reliefis gavlenis gaTvaliswinebiT, e.i   

(ln , )  iakobianis damatebiT. (2.5.4) gantoleba SeiZleba ase Caiweros: 
 

    (2.5.5) 
  es gantoleba ( , )x y -is mimarT aris arawrfivi, araerTgvarovani kerZo warmo-

ebuliani gantoleba. mas zogadad aqvs uamravi amoxsna, romelTa agebis sqema 
emyareba Sesabamisi maxasiaTebeli gantolebis daweras. erT-erTi amoxsna SeiZleba 
ase warmodges 

yxycekyx   (,),(      (2.5.6) 

sadac 1k const . (2.5.6) CasmiT (2.5.5)-Si iakobiani xdeba nuli [36,39], rac iZleva 

saSualebas   warmovadginoT jamis saxiT: 

 )(f           (2.5.7) 

sadac ( )f  - nebismieri funqciaa da igi SeiZleba aviRoT Semdegnairad [36]. 
2

1( ) of M h     (2.5.8) 
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aq oM  da 
1h  mudmivebia. 2.5.8-is gamoyenebiT gvaqvs gantoleba: 

 ln0

2

1  Mh       (2.5.9) 

SemdegSi amocana moiTxovs ( )xy funqciis gamosaxvas reliefis maxasiaTebeli 

parametrebiT da TiToeuli calkeuli SemTxvevisTvis (2.5.9) gantolebis amoxsnas. 
bunebrivia reliefi SeiZleba warmodgenili iqnas sxvadasxva xarisxis polino-

miT, romelTagan SeirCeva is, romelic kargad asaxavs amierkavkasiis fizikur reli-
efs. aRmoCnda, rom amierkavkasiis mTa-goriani teritoriis forma kargad warmodgeba 
samkuTxa (an oTxkuTxa) piramidis saxiT, romlebic paraboluri gantolebebiT aRiw-
ereba [1.44.70]. amis gaTvaliswinebiT reliefi maTematikurad warmovadginoT Semdegi 
saxiT: 

)(

0

22 bvaxe                       (2.5.10) 

Sesabamisi gantoleba ki iqneba:  
 

        (2.5.11) 
visargebloT amoxsnis im midgomiT, romelic detalurad aris moyvanili [36,39] da 
davweroT (2.5.9) gantoleba polarul koordinatebSi (2.5.11)-is gaTvaliswinebiT: 

2
2 2 2

12 2

1 1
sin cos2M r Ar Br
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    (2.5.12) 

sadac 
1 ln ; ;

2 2
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a b a b
M M A B

 
                     (2.5.13) 

(2.5.12) gantoleba gansxvavdeba [36]-Si miRebuli Sesabamisi gantolebebidan mxolod 
koeficientebis mniSvnelobebiT. es koeficientebi miiReba mudmivebad, amitom (2.5.12) 
gantolebis amoxsnas (Sualeduri procesebis gareSe) saboloo saxe ase daiwereba 
[36,39]: 

21

2 2 2 4
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         (2.5.14) 

sadac   parametri SeirCeva sasazRvro pirobidan, roca r R funqciis r -iT war-

moebulis nulTan tolobiT 0I  da 1I  beselis funqciebia, Sesabamisad nulovani da 

pirveli rigis.  - parametris gansazRvrebisaTvis gamoviyenoT piroba [36], rom 
argumentis didi sididisaTvis beselis funqciis nulebi [68] emTxveva 

cos( )
2 4

t o
 

   -is mniSvnelobas, e.i. 

2
R m


      m Z  

 saidanac         

1
( )
4

m
R


    ,  

1
( )
4

R m





         (2.5.15) 

visargebloT beselis funqciebis grafikuli warmodgeniT [68] da SevafasoT maTi 
nulebis miaxloebiTi mniSvnelobebi, gveqneba: 

0 1( )I   0,025   roca  1(0)  2,4 

0 2( )I   0,0068   roca  2 (0)  5,5 

0 3( )I   -0,0125  roca  3(0) 8,68 

analogiurad:  1 1( )I  0,00128 roca 1(0)  3,8 

           1 2( )I   0,0047 roca  2 (0)  7,0 

           1 3( )I   0,0435  roca  3(0)  10,1 

vinaidan 2(0) 7,0  , amitom R 7,0. Tu miviRebT rogorc [36], rom R =2,25 erTeuls, 

maSin   3;  0 kavkasiisaTvis ganvsazRvroT pirobidan  
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2 2( ) 3

0 4*10ax bye     

roca madonas centris koordinatebi emTxveva koordinatTaAA saTaves moTavsebuls 

mcire kavkasiaSi ( 34*10h  ), maSin saTanado SefasebiT [1.39.] 6 1
0,8*10a 

m
; 

6 1
6,4*10b 

m
. Teoriuli mosazrebidan gamomdinare M M=0 –s aseT pirobebSi (2.5.6) 

formuliT gaTvlil ( )xy -s aqvs nax. 2.5.3-ze gamosaxuli saxe (parametrebis 

Sesabamisi mniSvnelobebi moyvanilia nax.2.5.5.-2.5.7.). 

davuSvaT, rom 0  , rac misaRebia amierkavkasiisaTvis (teritoriis simciris gamo), 

maSin (2.5.2) formulidan  

                (2.5.16) 
aqedan Cans, rom denis funqciis laplasianis cvlileba simaRlis mixedviT 

proporciul damokidebulebaSia fizikuri reliefis naturalur logariTmTan. es 
konkretuli reliefisaTvis warmoebuli gaTvlebiTac dasturdeba. 
eqstremaluri mniSvnelobisTvis (2.5.16) formulidan gvaqvs: 

a) 0r    0 0

2

ln
( )

M
a







                       (2.5.17) 

zemoT miTiTebuli monacemebiT, gamodis, rom  (0) 1,3    

b) r R   20 0
02 2 4

ln
( , ) [1 ( , )]

M a b a b
R R I R


  

  

  
           (2.5.18) 

anda miaxloeba,    20 0

2 2

ln
( , )

M a b
R R


 

 

 
                  (2.5.19) 

(2.5.19)-dan gamomdinareobs, rom r R -Tvis denis funqciis damokidebuleba im wris 
radiusTan, romlis SigniT viTardeba lokaluri madonuri struqtura aris 
paraboluri. es ki amarTlebs Cvens mier SerCeuli reliefis formas. 
  zemoT aRniSnuli iyo, rom amierkavkasiaze procesebs aqvT haeris masebis 
dasavleT–aRmosavleTis SemoWrebis tendencia. aseT periodebSi xSirad daikvirveba 
xangrZlivi droiT SeSfoTebebi, TiTqmis nakadze damoukideblad [39]. magaliTisTvis 
aviRoT 2010 wlis 12 ivlisidan agvistos bolomde, anticiklonuri blokinguri 
situacia amierkavkasiaze maRali temperaturiT da susti qariT troposferos 
sxvadasxva simaRleze. am pirobebSi mcire cirkulaciuri procesebis mode-
lirebisaTvis, mTavaria lokaluri reliefuri pirobebi. mTa-goriani teritorii-
saTvis SeiZleba miviRoT, rom siCqaris velis SeSfoTeba gansazRvrul pirobebSi 
proporciulia denis funqciis gradientisa [12,33]: 

4

Q

r



    (2.5.20) 

sadac Q -SeSfoTebis simZlavrea. aseT SemTxvevaSi SeiZleba miviRoT, rom U const  

da haeris nakadis horizontaluri adveqcia gamovTvaloT formuliT [39,63,81]: 

A
y x

  
 

 
, 

polarul koordinatTa zemoT miTiTebul sistemaSi gveqneba  
2

6

3 sin 2

32
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           (2.5.21) 

reliefis gavlenis gaTvaliswinebiT ki 
2

2

1
( cos sin )

4

Q
A b a

r
 


     (2.5.22) 

im SemTxvevaSi, roca reliefis forma aRiwereba paraboluri tipis gantolebiT, 

romelic Seesabameba (2.5.14) damokidebulebis amoxsnas r R  pirobisas (ix. nax. 2.5.5), 
gvaqvs nakadis SeSfoTebis horizontalurad susti gavrceleba, manZilis me-6 
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xarisxis ukuproporciulad. polarul kuTxis (0,2  ) SualedSi 
8


 bijiT 

cvlilebisas, Sesabamisi funqciis saxe 500r   da 100r   metrisTvis mocemulia 
naxazze (nax.2.5.6, nax.2.5.7). rac miuTiTebs, rom aRniSnuli atmosferuli procesebi 

lokaluri reliefis gavleniT, iZens madonur bunebas ori centriT ( 0r   da r R ). 
struqturis xangrZlivoba ganisazRvreba saaTebiT da dRe-RamiTac ki. zogadad 
madonuri struqtura CaxveulebebiT ar miiReba, vinaidan aRebuli teritoriis 
sidide arasakmarisi aRmoCnda Sesabamisi struqturis Casaxva-ganviTarebisaTvis. 

                         

   
Nnax.2.5.1.                                Nnax.2.5.2.                                 

 

   
Nnax. 2.5.3.                                          nax. 2.5.4.                                           
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Nnax.2.5.5.                                    

 
                Nnax.2.5.6.                                N                            nax.2.5.7.          
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avi 3. lokaluri atmosferuli procesebis modeluri gaTvlebi 

 

 3.1. lokaluri regionebisaTvis meteorologiuri elementebis gradientuli   

mniSvnelobebis gaTvla „samkuTxedis“ meTodiT 
am meTodis gamoyenebisaTvis SerCeuli unda iyos saqarTvelos teritoriis nebismieri 

mikropoligoni radiusiT 20-dan 100km-mde. am poligonze aiReba nebismierad 

ganlagebuli sami meteorologiuri sadguri, romlebzec aris minimum 10-wliani 

standartuli dakvirvebebi. magaliTad saCxere, wifa, gori Seqmnis erT samkuTxeds. 

nax.3.1.1-3.1.3. samkuTxedis Siga sivrceSi gamoiTvleba meteorologiuri sidideebis 

gradientuli mniSvnelobebi Semdegi formuliT [15]. 

 
2 2

2 2

( ) ( )( )cos( )

( ) ( ) .

c A c A B AB A
f f f f f ff ff

n CA AB CA AB

  
  


        (3.1.1), 

sadac, f -is qveS igulisxmeva nebismieri meteorologiuri elementi. 

meTodis procedura Semdegia: 

1)  SeirCes sami sadguri, sadac dakvirvebis periodi minimum 10 welia; 

2)  am punqtebSi gamoiTvalos wnevis gradientebi (3.1.1.) formuliT;  

3) wnevis gradientiT ganisazRvreba geostrofiuli qaris sidide;  

4) dedamiwis mosilobis Z0 simaRliT (aiReba specialuri cxrilebidan) da qaris  
     geostrofiuli mniSvnelobiT ganisazRvreba rosbis parametri formuliT: 

0

0

gG
R

lz
 ; 

5) kvlav cxrilidan [15] SeirCeva xaxunis geostrofiuli koeficienti x da misi 

      daxmarebiT dinamikuri siCqare gamoiTvleba formuliT [31.45.]: 

     2v G  ,  (3.1.2)  sadac    =1.4 karmanis mudmivaa, 

 6) xaxunis daZabulobis mdgenelebi OX da OY RerZebis mimarT ganisazRvreba  

      damokidebulebiT [15] 
0 0 0 0cos ; sinx y          (3.1.3), sadac    - aris kuTxe        

- სა  da OX  RerZs Soris; 

 7) A,B,C punqtebSi aigeba qaris „vardi“ da ganisazRvreba nakadis gabatonebuli  
      mimarTuleba; 

 8) saZiebeli hW  ganisazRvreba (2.3.16) formuliT: 

I. magaliTisaTvis aviRoT samkuTxedi – A- saqara, B- saCxere, C –wifa: 

                                                                                   B  

           

                                                                29,6 კმ                 37კმ 
                                                                                                           

                                                              

                                                                     A        30კმ          C  
                                                  
                                       nax.3.1.1. 

II. mikropoligoni. ∆ABC Seesabameba Semdeg sadgurebs: A-xaSuri, B-saCxere, C-gori: 

      

 

 

 

 

 

                                                                              nax.3.1.2 

 

III. mikropoligoni. ∆ABC Seesabameba Semdeg sadgurebs: A-samtredia, B-quTaisi, C-wifa: 
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                                  nax.3.1.3. 

     am mikroregionisaTvis gamoTvlili parametrebi moyvanilia cxrilSi 3.1.1 

cxrili 3.1.1. 

Tveebi 
p

n




. 310   (Z=1მ) 

0R  v  (m/wm) W(მ/წმ) 
A B C 

ianvari 14,3 0,122 10 104 0,66 0,53 0,45 0,43 
maisi 13,7 0,153 9,8 104 0,78 0.64 0,51 0,54 
agvisto 13,4 0,153 9,6 104 0,78 0,62 0,50 0,56 
noemberi 13,7 0,153 9,8 104 0,79 0,64 0,51 0,54 

       sainteresoa, rom ganxilul regionze vertikaluri siCqaris mniSvneloba axlos aris 

TbilisSi birT-piloturi meTodiT miRebul sididesTan. siCqaris vertikaluri 

mdgenelis gansazRvrisaTvis SeiZleba visargebloT fizikurad marTebuli, mTa-goriani 

regionebisaTvis dakvirvebebiT dadgenili faqtiT. kerZod, rom vertikaluri siCqare 

mTis kalTis gaswvriv icvleba nulidan (mTis ZirSi) maqsimalur sididemde (garkveul 

doneze), Semdeg mcirdeba da mTis mwvervalze kvlav nuli xdeba. am faqtis safuZvelze  

vertikaluri siCqare gamoiTvleba damokidebulebiT [11.29.56.] 

1 2W u v
x y

  
 

 
, 

sadac  1  aris OX  RerZis gaswvriv mTaTa Soris manZili, 2  Sesabamisad OY RerZis 

gaswvriv. Pirvel miaxloebaSi SeiZleba gamoviyenoT formula[11]:  

( )
h

W V z
y





                (3.1.4) 

aq ∆h or punqts Soris simaRleTa sxvaobaa; y am punqtebs Soris manZili. ( )v z  ki 

ganisazRvreba cnobili gamosaxulebiT [11,64]:  

0 0 0

3
( ) 2 sin sin( )

4

t

gv z G e z                  (3.1.5), 

sadac gG
 geostrofiuli qaria,  0   kuTxe  gG

  -s mimarTulebasa da dedamiwis 

zedapirs Soris (icvleba 
0

o -dan  60o

 -mde) ;  

sin
a

k

 


 
e.w. koCinis ricxvi [15,19];   -dedamiwis brunvis kuTxuri siCqare;    -geografiuli 

ganedi; k  -turbulentobis koeficienti; Tu reliefis gavleniT warmoSobili 
Caxveulebebis r  radiusi Sefasebulia, maSin koCinis ricxvi SeiZleba warmovadginoT 
ase:  

sin
gU

ra
K

  

                  (3.1.6) 

koCinis ricxvis aseTi warmodgena siaxlea da pirvelad xorcieldeba. SevniSnoT, rom 

(3.1.6)-Si geostrofiuli qaris nacvlad, SeiZleba aRebuli iqnas realuri qaris sidide 

flugeris simaRleze. ganisazRvreba ra vertikaluri siCqare mocemul teritoriaze, 

maSin Sefasdeba aramdgradobis energia, Sesabamisad konveqciuri Rrublebis struqtura 

[27,28,79]. yovelive es ki ganapirobebs Sefasebul Rrubelze xelovnuri zemoqmedebis 
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Sinaarss, Casatarebeli RonisZiebebis bunebas da miTiTebul teritoriaze yoveldRiuri 

amindis cvlilebas.  

 

3.2. qaris siCqaris sididis gansazRvra mTa-xeobian teritoriaze „texilis“ 

meTodiT. 
qari aris haeris masebis moZraoba,  TvaliT uxilavi SedegebiT SemCneuli atmos-

feruli movlena. igi mniSvnelovan gavlenas axdens meteorologiur procesebze: iw-
vevs klimatis xasiaTis Secvlas, qanebis erozias da sxvadasxva geologiur-geogra-
fiuli movlenebis daCqarebas, didi raodenobiT gadaaqvs mtveri da sxva minarevebi, 
moqmedebs cxovelebze da adamianze. gansakuTrebiT aRsaniSnavia qaris kinetikuri en-
ergiis gardaqmna eleqtroenergiad, ris gamoc qars sakmaod didi mniSvneloba aqvs 
sazogadoebis energetikul uzrunvelyofaSi.  

qaris reJimis cvlilebis bunebidan gamomdinare, naTlad Cans lokalur-regional-
ur pirobebSi qaris reJimis Seswavlis udidesi Teoriuli da praqtikuli 
mniSvneloba. qaris velis Seswavlis Teoriuli safuZveli aris atmosferos 
hidroTermodinamikis gantolebaTa sistema. miwispira fenaSi, mTa-gorian 
teritoriaze [1,14,17,19] reliefis gavlenis gamo, qari ar aris geostrofiuli da mis 
bunebaze gavlenas axdens xaxunis Zala, romelic aucileblad aris 
gasaTvaliswinebeli. miviRoT, rom haeris nakadis horizontaluri siCqaris 
damokidebuleba simaRleze moicema prantlis formuliT [1,15,43]: 

0

0

( ) ln
z zv

c z
z




            (3.2.1) 

sadac 0v




   dinamikuri siCqarea,  -karmanis mudmiva, 0z - dedamiwis mosilobis 

simaRle. amrigაd, rogoრc (3.2.1)-dan Cans qaris siCqare miwispira fenaSi zedapirtan 
axlos swrafad izrdeba, Semdeg ki zrda TandaTanobiT neldeba, cxadia 
atmosferos stratifikaciis gaTvaliswinebiT. sinamdvileSi qari yovelTvis met-
naklebad gansxvavdeba geostrofiulisagan. Ees gansxvaveba maqsimum 3,5 m/wm, anu 
faqtiuri qaris 32% aRwevs da minimum 1 m/wm (10%). Qaris geostrofouli 
mniSvnelobidan gadaxris modulisaTvis miRebulia, rom[1]   

1 r rd u d v
V

l dt dt
                   (3.2.2) 

ageostrofiuli qaris mimarTulebisaTvis dadgenilia praqtikuli mniSvnelobis 
wesi: nakadis moZraobis mimarTulebiT, qaris absoluturi sididis zrdisas 
ageostrofiuli qari mimarTulia  siCqaris mimarTulebidan marcxniv, xolo 
Sesustebis SemTxvevaSi ki marjvniv. 

axla ganvixiloT miwispira fenaSi orografiuli faqtoris gavlenis  erT-erTi 
martivi, praqtikuli meTodi e. w. „texilis“ meTodi. meTodis safuZvelia qaris 
siCqaris simaRlis mixedviT   cvlilebis ukve miTiTebuli logariTmuli kanoni 
[15.43.]. Tu haeris nakadi mTis Semxvedria, e.i. aRmavali dinebaa, maSin am formulas 
ase CavwerT: 

   ,                  (3.2.3) 

xolo, roca daRmavalia dineba, maSin 

  ,               (3.2.4) 

miRebulia 
1 1( ) ( )U x U x , romelic SeiZleba ganisazRvros haeris nakadSi 

SeSfoTebis Caqrobis pirobiT:  

1 1 1( ) ( )U x U x d                  (3.2.5.) 
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Nnax. 3.2.1                                        nax. 3.2.2. 

reliefi warmodgeba texiliT (nax.3.2.1), romelic aRiwereba formuliT:  

           2 22
0

2 1

( ) [1 ( ) ]
x d

h x h
d d


 


, roca 1 2d x d               (3.2.9) 

          2 23
0

4 3

( ) [1 ( ) ]
x d

h x h
d d


 


,  roca            (3.2.10) 

xolo 0( )h x h , roca ; ( ) 0h x  , roca 1x d  da 4x d . am formulebSi   

1U iqneba qaris siCqare sawyis punqtSi (reliefis dasawyisSi), asaRebia sami mniS-

vneloba maq. min. da saSualo. 0z  icvleba 3 sm-dan (Tovlis safari) 130 sm-mde (xor-

blis yana, buCqnari, mcire simaRlis tye da a.S.); = (30-50) m.   icvleba ramdenime 

metridan flugeris simaRlemde. qaris siCqare  doneze miaxloebiT SeiZleba ase 
daiTvalos: literaturidan cnobilia,rom 100 metr simaRleze  siCqare maqsimaluria 
da udris  40 m/wm-s. aseve miRebulia, rom  simaRlis SemcirebiT qaris sidide 
proporciulad mcirdeba. aqedan gamomdinare, magaliTad 6 metr simaRleze qaris 
siCqare iqneba 2,4 m/wm. kavSiri qaris siCqaresa da turbulentobis koeficients 
Soris moyvanili meTodiT, damyarebulia daSvebaze, rom maT Soris samarTliania 
proporciuli damokidebuleba, magaliTad Semdegi saxiT [15]: 

1 1( )[ ( )]zk U x z h x                (3.2.11) 

sadac  empiriulad SeirCeva 0-dan 1-is farglebSi;
0

01
1 1 10

1

,
k

k k
u

   -is mniSvnelobas 

swor-brtyel zedapiris ubanze. 
1U  iqneba siCqare reliefis bolo punqtSi. SeiZleba 

„texilis“ meTodi gamoyenebuli iqnas ramdenimejer TanmimdevrobiT, parametrebis 
Sesabamisi  cvlilebiT. magaliTisaTvis aviRoT wyaltubo, quTaisi, zestafonis 

monakveTi da miviRoT parametrebis Semdegi mniSvnelobebi: dauSvaT, rom 1 0d  - 

emTxveodes  koordinatTa saTaves; 4

2 10d   m -manZili wyaltubodan quTaisamde; 
4

3 5.10d  m - manZili quTaisidan saqaramde; 4

4 1,5.10d  m - manZili saqaradan 

zestafonamde; 0z dedamiwis „mosilobis“ simaRle icvleba 30sm-dan 2 metramde;  

metridan  (flugeris simaRle);  icvleba 2 metridan 60 metramde; 0 60h  m, radgan 

41 |x du u  amitom igi ganisazRvreba, zemoT miTiTebuli, siCqaris simaRleze 

proporciuli damokidebulebiT, qedis mimarT haeris aRmavali da daRmavali 
nakadisaTvis cal-calke.  Tu pirveli SemTxvevisaTvis sawyis simaRled miviRebT 12 
metrs, xolo meoresTvis 4 metrs, maSin Sesabamisad:  

   1 4,8U    m/wm da 1 1,6U    m/wm. aRmavali dinebisaTvis (9) formuliT miviRebT  

( )h x =33, 75m. Xolo ( )U x =5,6 m/wm. daRmavali nakadisaTvis ki Sesabamisad: oh  =35,6m da 

( )U x =1,76 m/wm. ganxilul monakveTze qaris miRebuli sidideebi karg TanxmobaSia 

operatiul praqtikaSi dakvirvebul mniSvnelobebTan, cdomileba (15-20)%, rac qaris 

velisaTvis dasaSveb miaxlovebad iTvleba. ganxilul magaliTSi, Tu 0,5  , xolo 
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0

1k icvleba (4-10) m.kv./wm -is farglebSi, maSin (3.2.11)-is mixedviT miviRebT: =(9,9-20,6) 

kv.m/wm. es sididec mTis zedapiridan 5 metr simaRleze  agreTve misaRebia.    

aRniSnuli midgoma SeiZleba gamoyenebuli iyos mTa-baris an mTa -xeobis gaswvriv 

ramdenime aseul kilometrzec e.w. „mcocavi texilis“ modeliT. pirvel SerCeul trasis 

boloSi am meTodiT gamoTvlili siCqare miiReba siCqaris sawyis mniSvnelobad, Semdgomi 
ubnis dasawyisis sawyis siCqared da ganxorcieldeba Sesabamisi gaTvlebi da ase Semdeg 

mTel trasaze. meTodika da Sedegebi texilis meTodiT miRebuli, rac SeiZleba mcire 

teritoriaze (ramdenime kilometris sigrZeze) regionis mikrometeo parametrebis 

gavlenis gaTvaliswinebiT, rekomendebulia satyeo meurneobis muSakTaTvis tye-

xeivnebis gaSenebis gegmebis Sedgena-ganxorcielebis periodSi. 

 

3.3. qaris kinetikuri energiis Sefaseba saqarTvelos rTul orografiul 

teritoriaze. 

jer kidev lorencis mier [69] iqna aRniSnuli, rom meteorologiuri situaciebis 

sivrceSi da droSi cvlilebaze metad, mniSvnelovania mudmiv momqmedi garegani Zalis 

gavlena. aseTi Zalebis sanimuSo magaliTia, mTa-gorian teritoriaze xaxunis Zalebis 

arseboba miwispira fenaSi. swored es Zalebi iwveven kinetikuri energiis disipacias da 

zrdian meteorologiuri elementebis droSi prognozirebis albaTobas [70]. 
cnobilia, rom atmosferuli procesebis prognozirebis principi mdgomareobs 

SemdegSi: raime mizeziT icvleba situaciis sawyisi mdgomareoba, romelic unda aisaxos 

am procesebis aRmweri hidroTermodinamikis gantolebaTa droiT integrirebaSi. 
Tavdapirveli da Secvlili sawyisi pirobebiT miRebuli integrirebis Sedegebis 

SedarebiT, unda dadgindes ra dromde rCeba orive  Sedegi erTmaneTTan axlos winaswar 

Sefasebuli sizustiT. operatiulma praqtikam aCvena, rom  sawyis monacemebSi arsebul 

gaurkvevlobasTan erTad, saWiroa gaTvaliswinebuli iqnas garegani Zalebis 

Taviseburebani, romlebic nakadSi gamovlindebian xaxunisa da siblantis Zalebis saxiT 

[25,56,73]. 

aseTi sakiTxebis dasma da Seswavla, gansakuTrebiT sayuradReboa atmosferuli 

procesebis cvlilebis dasaxasiaTeblad iseTi rTuli fizikur-geografiuli 

orografiis mqone regionisaTvis, rogoricaa amierkavkasia. rogorc cnobilia, 

miTiTebuli regionis sam meoTxedze meti teritoria daserilia didi mTagrexilebiT, 

xeobebiT da burcobebiT. aseT  reliefi ki xels uwyobs garkveuli saxis aRmavali 

dinebebis warmoSoba-ganviTarebas. isini warmoadgenen garegani Zalebis bunebriv wyaros 

haeris masebis sxvadasxva SemoWrebis dros; iwveven zogad atmosferuli cirkulaciuri 

procesebis gamwvavebas; sxvadasxva saxis stiqiur hidrometeorologiur da  masTan 

dakavSirebul geologiur movlenebs. lokalur regionebSi, swored orografiuli 

Tavisebureba zrdis Tavsxma naleqebis, wyaldidobis, wyalmovardnis, Rvarcofebis, 

mewyerebis, Zlieri qarebis, gvalvebis, haeris eqstremalurad maRali da dabali 

temperaturis  formirebis  da sxva movlenebis ganmeoradobis intensiobas. dReisaTvis 

mravalwliuri hidrometeorologiuri dakvirvebebis monacemTa analizi uCvenebs, rom 

bolo aTwleulSi stiqiuri movlenebis ganmeoradoba 2-3 -jer aRemateba wina periodis 

analogiur maCvenebels. yovelive es miuTiTebs haeris nakadis kinetikuri energiis 

Sefasebis aucileblobaze. 

amocanis sirTulis gamo pirvel miaxlovebaSi, unda Seswavlili iqnas martivi 

moZraoba - haeris masebis adveqciuri gadatana, roca SeSfoTeba gvaqvs sawyis pirobebSi 

da garegan ZalebSi [25.]. magaliTad gairkves: mikrocirkulaciuri  areebis warmoqmna 

mTis  orive mxares (suramis qedi); mTa-xeobebis   qari, romelic sxvadasxva mimarTulebiT 

qris  dRe-Ramis sxvadasxva periodSi;  setyvis Semcveli elWeqis Rrublebis warmoSobis 

meqanizmi da sxva lokaluri atmosferuli procesebi. aRniSnuli movlenebis 

SeswavlisaTvis kvlav gamoiyeneba hidroTermodinamikis gantolebaTa sistema. 
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Tavdapirvelad (pirvel miaxloebaSi) daSvebulia, rom procesebi SeiZleba aRiweros 

adveqciis martivi gantolebiT [13.16.25.]. 

(
u u

u u B v u
t x


 

    
 

) 

sadac  u - blanti disipacia (energiis Sesusteba siblantis gamo), BB-mudmivaa.  es 
forma eqvivalentur-barotropiuli modeliT zedapiruli xaxunis Zalis aRweris 
tolfasia.vinaidan SromaSi [25] am gantolebis bolo wevri asaxavda niutoniseburi 

iZulebiTi Zalebis gavlenas, romelic mdgomareobda U-s gazrdaSi, roca U<V-ze da 

SemcirebaSi, roca UU>V-ze. amitom, fizikuri mosazrebidan gamomdinare, Cven es 
wevri davukavSireT dedamiwis reliefis gavlenis gaTvaliswinebas. davuSviT, rom 
swored es wevri iwvevs iZulebiT konveqcias W vertikaluri siCqariT, romelic 
warmodgeba formuliT [1,36,45,62.]: 

( , ) ( , )Z x y Z x y
W u v

x y

 
 

 
, 

sadac ( , )Z x y - dedamiwis reliefis aRmweri funqciaa; amrigad gvaqvs gantoleba: 

( , ) ( , )
( )

u u Z x y Z x y
u u B u v

t x x y


   
    

   
 (3.3.1) 

(3.3.1) gantoleba sasurvelia Caiweros uganzomilebo sidideebSi, Tu SemovitanT 
aRniSvnebs [25]:   

   , , , , ,
ku B kv

U t X kx V  
  

     sadac  k mudmivi koeficientia, romlis sidide 

damokidebulia haeris nakadis masStabur zomebze. maTi gaTvaliswinebiT miviRebT: 

                    ( )
U U Z Z

U U U V
X X Y




   
    

   
 (3.3.2) 

warmovadginoT saZiebeli funqcia furies mwkrivis saxiT [7], kerZod 

1

( , ) ( )sin
n

U X U nkx 




              (3.3.3) 

(3.3.3)-is CasmiT (3.3.2)-Si, miviRebT gantolebaTa usasrulo sistemas:    
1

1 1

1
. [( ) ( ) ]

2 2

n
n

m m n m n m n n n

m m

dU n Z V
U U mU U U U V

d X Y




 

 

 

 
    

 
        (3.3.4) 

miRebuli gantoleba SeiZleba vaintegraloT ricxviTi meTodiT, roca gansazRvruli 

iqneba gantolebaTa n  raodenoba. aseTi midgoma  reliefis gavlenis gareSe, 

ganxorcielebuli aqvs ramdenime avtors [25,72,73]. maT miiRes, rom arsebobs iseTi 

mdgomareoba, romelic asimptoturad uaxlovdeba Tavdapirvel sawyis mdgomareobas, 

energia gadadis pirveli komponentidan meoreze  manam, sanam disipacia moiyvans mTel 

moZraobas wonasworobaSi.gamoviyenoT igive midgoma (3.3.4) gantolebisaTvis. upirveles 

yovlisa ganvixiloT SemTxveva n =1,2, maSin gveqneba: 

 

1
1 2 1 1 1

22
1 2 2 2

1
. ( )

2

1
( )

2

du Z Z
u u u u v

d x y

du Z Z
u u u v

d x y







 
   

 

 
    

 

             (3.3.5) 

(3.3.5) sistemis marjvena mxares mesame wevrebi, garkveuli gardaqmnebiT miiyvaneba 

gamosaxulebamde [73]: 

1
(ln , )W p

l



                    (3.3.6) 

sadac sidideebi da simboloebi ukve miTiTebuli gvaqvs.  (3.3.5) SeiZleba ase Caiweros:         
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1
1 2 1 1

22
1 2 2

1
.

2

1

2

du
u u u W

d

du
u u W

d







  

   

                  (3.3.7) 

Tu miviRebT, rom garegani Zala  W=0 , მაSin gvaqvs stacionaluri mdgomareoba, amitom 

mosalodnelia, rom sistemas eqneba iseTi mdgomareobac, romelic asimptoturad 
uaxlovdeba (0,0)-s. Aam daSvebiT cal-calke ganvixiloT (3.3.7) sistema wrfivi da 
arawrfivi SemTxvevebisaTvis. wrfivi gantolebeisaTvis miRebulia amoxsna [25]:   

1 1,0 2 2,0, .u u e u u e       an  
0 ;r r e         (3.3.8) , 

sadac 2 2 2 2

1 2 0 1,0 2,0;r u u r u u    . rawrfiv SemTxvevaSi saTanado kombinaciiT SeiZleba 

miRebuli iqnas Semdegi saxis gantoleba [25]:  

2 2 2 2

1 2 1 2( ) 2( )
d

u u u u
d

                   (3.3.9), 

romlis  amoxsnasac ( 3.3.8)  saxe  aqvs. orive SemTxvevis amoxsnis  indentoba miuTiTebs  

masze, rom  adveqtiuri wevrebi ar axdenen gavlenas  kinetikuri energiis  Semcirebis 

xasiaTze. isini arsebiTad moqmedeben traeqtoriaze [25]. kinetikuri energiis cvlileba 

xorcieldeba reliefis gavleniT. miuxedavad sawyisi sistemis arawrfiobisa, misi 

analizuri amoxsna aris miRebuli  sakmaod rTuli saxis, hiperboluri funqciebis 

kombinaciiT [25,40,44]. 
    axla SevecadoT vipovoT (7)-is amoxsna, roca W ar udris nuls. (6)-is 
gaTvaliswinebiT gveqneba gantoleba: 

 
2 2

2 21 2
1 2

( )
2( ) (ln , )

d U U
U U p

d l




 


     (3.3.10) 

 

gantoleba (3.3.10) damokidebulia  -ze, romelic fizikuri mosazrebidan  gamo-

mdinare unda iyos koriolisis parametris proporciuli, xolo proporciulobis 
koeficienti, ramdenime erTeuls ar unda aRematebodes (damokidebuli iqneba 
disipaciis energiis sidideze). miRebuli gantoleba aris araerTgvarovani dife-
rencialuri gantoleba, romlis amoxsna udris Sesabamisi erTgvarovani gantolebis 
zogad amoxsnas, damatebuli araerTgvarovani gantolebis kerZo amonaxsni.zogadi 
amoxsna ukve gvaqvs (3.3.8) -is saxiT, xolo kerZo amoxsnisaTvis, gamoviyenebT ra 
mudmivTa variaciis meTods [8,67], araerTgvarovani  gantolebis sruli amoxsna ase 
Caiwereba : 
 

2

1

1
(ln . )

2

e
E e p d

l









 

 


    ;

2

1

( .ln )
2

E e e p d
l


 




 



   ,    (3.3.11) 

integrirebis  Semdeg gveqneba: 
 

2 2 2 2 2

1 2 1,0 2,0

1
[1 ( )].

2
u u u u e     + (ln , )p

l





            (3.3.12), 

(3.3.12) CavweroT ase: 

2

0(0,25 0,5 ) (ln , )E E e p
l

 




                  (3.3.13) 

 

anda 1 2E E E  , sadac 1E  aris droze damokidebuli wevri, xolo 2E  reliefis 

gavleniT warmoqmnili. 
kinetikuri energiis aseTi gamosaxva miRebulia pirvelad da mkafiod asaxavs fizikuri 

reliefis gavlenas haeris  nakadis (SesaZlebelia siTxis) moZraobaze. niSani minusi 
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miuTiTebs, rom reliefis gavleniT kinetikuri  energia  sustdeba, rac yoveldRiur  

operatiul praqtikaSi  daikvirveba. rac Seexeba siCqareTa velis traeqtorias [agebuls 

(U,V) sibrtyeze], romelic sawyis velSi swori xazi iyo, xdeba  hiperbola [25], romlis 

parametrebi damokidebuli aris mTa-gorianobis gavrcelebaze, dedamiwis paralelsa da 

meridianis gaswvriv. zogadi saxiT  sistemis amoxsna analizurad ar xerxdeba, unda 

mivmarToT ricxviTi meTodebis gamoyenebas, rac SemdgomSia gansaxorcielebeli [40]. 
 
modeluri gaTvlebi 

   SevafasoT (3.3.13)-is TiToeuli Sesakrebi. droze damokidebuli wevrisaTvis 

uganzomilebo dro SevarCioT im mosazrebidan gamomdinare, rom didi siCqaris (c>30m/wm) 

haeris nakadebis  xangrZlivoba ganisazRvreba saaTebiT, maqsimum dRe-Rame. Cvens mier  

quTaisSi 60-wliani dakvirvebiTi masalis mixedviT didi, Stormuli qaris xangrZlivoba 

aris (3-6) saaTi an ufro mcire [54,55.].  
amrigad,  -s SeiZleba mivaniWoT mniSvnelobebi:  
     =0, 0,25 - (6saaTi), 0,5 - (12saaTi),  1 - (24saaTi). Sesabamisi kinetikuri energia, 
roca sawyisi veli (10,0) m/wm saxiTaa mocemuli iqneba: 

1E  (jouli)  25,25, 15,40, 9,34, 3, 41. Tu  siCqaris sawyisi velia (12, 8) m/wm, maSin 1E  

mniSvnelobebia: 1E   (j)  52,0 33,24 20,16 7,36. roca sawyisi velis siCqare 30m/mw-ia, 

maSin: 1E  (j)  225,25  133,65      83,59      30,66. 

rac Seexeba 2E -is sidides, igi droze ar aris  damokidebuli da misi Sefa-

sebisaTvis SerCeuli unda iyos konkretuli fizikuri reliefi. magaliTisaTvis 
aviRoT suramis plato, maqsimaluri simaRle 1000 m (jvris gadasasvleli). 
warmovadginoT es mTaTa masivi kvlav samkuTxa piramidis saxiT, romlis sigrZe 0x 
RerZis (emTxveva paralelis mimarTulebas, dadebiTia dasavleTidan aRmosavleTi-

saken) gaswvriv saCxeridan gomamde iyos 46.10  m. sigane 0y RerZis (emTxveva 
meridianis mimarTulebas, dadebiTi CrdiloTidan samxreTisaken) mimarT sawiokis 

mTidan xaragaulamde iyos 410.10 m. Sesabamisad, simaRleebi da wnevebi iqneba: 

Z(saCxere)=400m; P(saCxere)=960mb; Z(jvari)=1000m. P(jvari)=900mb; Z(sawioke)=1200m; 

P(sawioke)=880mb; Z(gomi)=200m; PP(gomi)=980mb; Z(xaragauli)=1100m;P P(xaragauli)=890mb. 
haeris nakadis dadebiT mimarTulebad avirCioT dasavleTidan aRmosavleTisaken, 
gradientis, rogorc wesi wnevis Semcirebis mimarTuleba. miviRoT, rom haeris 
simkvrive 1,3  kg/kb.m da  moyvanili ricxviTi sidideebisTvis, gamovTvaloT 

reliefis gavleniT warmoqmnili kinetikuri energia. vsargeblobT gamosaxulebiT: 

2

1
(ln , ) 0,38(ln , )

2
E P P 


            (3.3.14), 

xolo iakobiani  

1 1 ln ln
(ln , ) ( )

P P
P

x y y x

 


 

   
 

   
           (3.3.15). 

amrigad, saTanado gamoTvlebiT gveqneba:  

8 81
(ln , ) 1,11(0,051 0,0077).10 0,059.10P



    . 

es sidide miRebulia uganzomilebo koeficientebisaTvis da Tu  nakadisaTvis 

maxasiaTebel masStabs aviRebTK K= 100km-s, maSin miviRebT: 2E =2,24j da K=500km-Tvis 

2E =56j. am energiebiT Tu ganvsazRvravT, reliefis gavleniT warmoqmnil damatebiT 

siCqares, gveqneba C=2,12 m/wm. da C=10,58 m/wm. im SemTxvevaSi, roca 5l   Sesabamisad 

miviRebT: 2E =11,20j ,C=4,73m/mw. Tu  5l  -Tvis K K sidides aviRebT 500km-s, maSin 

2E =280j, xolo siCqare icvlis mimarTulebas da absoluturi sididiT udris 

23,66m/mw. es mniSvnelobebi Seesabameba drois nulovan moments, xolo   =1-Tvis 
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sakmarisiaK K 2-jer gaizardos, rom kinetikuri energiis jamuri mniSvneloba xdeba 
uaryofiTi, siCqare icvlis mimarTulebas da absoluturi sididiT izrdeba. 

qaris siCqaris sawyisi velis sami  mniSvnelobisaTvis da  drois  zemoT 
miTiTebuli oTxi sididisaTvis, modeluri amocaniT  gamoTvlili,  Sesabamisi 
sruli energia da siCqare, moyvanilia cxrilSi 3.3.1 da cxrilSi 3.3.2. aq moyvanilia 
sami Tanmimdevruli dRis, realurad dakvirvebuli monacemebi saCxeris, xaSuris da 
saqaris meteorologiur sadgurebze. moyvanilia  mniSvnelobebi qaris siCqaris or 
diapazonSi: a) C>30m/mw; b) C=(10-15)m/wm. naTlad Cans, rom qaris didi siCqaris 
SemTxvevaSi (1967 wlis  2 ivlisi) saCxereSi iyo 31 m/wm sididis  qari, xaSurSi ki 
2m/wm. sam ricxvSi  xaSurSi  siCqare  gaxda 8 m/wm ( modeliT 7,8 m/wm), saCxereSi ki 
Semcirda 3 m/wm-mde. amrigad, erTi dRis Semdeg qedis gavleniT siCqare, modeliT da 
realurad Semcirda 26%-iT. suramis platos samxreTiT ki  saqaraSi siCqare ar 
Secvlila. (b) variantis pirobebSi saCxereSi qaris siCqare 12 da 18 saaTis SualedSi 
iyo 12 m/wm, xaSurSi ukve 18 saaTisaTvis gaxda 5 m/wm e.i. Semcirda 42%-iT. saCxereSi 
ki 3 m/wm-mde. Catarebuli analizidan mkafiod Cans, rom modeluri amocanis Sedegebi 
sakmarisad karg TanxmobaSia realur pirobebSi dakvirvebul mniSvnelobebTan, 
Tanxvedris cdomileba 5%-ia. 
 

cxrili 3.3.1. 

Pparametri 
sidide 
 

U
 (
m/
w
m)

 

V
 (
m/
w
m)

 

 K
 (

მ)
 

(კ
გ

/მ
3 )

 

 

0 0.25 0.5 1 

E  (j) 

10 0 

 =
 l

  
  

 K
 =

  

10
 5  

1.
3 

23.01 13.16 7.08 1.17 
12 8 50.01 31.0 17.92 5.12 
30 0 223.01 131.41 81.35 28.42 

C (m/wm) 

10 0 6.78 5.13 3.75 1.55 
12 8 10.0 8.12 5.99 3.20 
30 0 21.12 16.22 12.75 7.54 

E  (j) 

10 0 

 
= 

5 
lK

 
=5

 

·1
0 

5  

-254.75 -264.59 -270.67 -276.58 
12 8 -227.74 -246.75 -259.84 -272.64 
30 0 -54.75 -146.35 -196.41 -249.34 

C  (m/wm) 

10 0 | 22.57 | | 23.01 | | 23.27 | | 23.35 | 
12 8 | 21.34 | | 22.22 | | 22.80 | | 23.35 | 
30 0 |21 .46 | | 17.11 | | 19.82 | | 22.33 | 

    cxrili 3.3.2. ori tipis monacemi: qari- 30 m/wm-ze meti  da 10-15 m/wm. 
weli 
TariRi 

Ddakvirvebis 
punqti, 
simaRle(m) 

cxrili  A.      qari -  30 m/wm-ze  meti, 
qaris siCqare (m/wm) / wneva (mb)  dakvirvebis   vadebze 
00 03 06 09 12 15 18 21 

1967 
1 ivlisi saCxere-455 

0 0 0 0 3 1 0 3 
962,9 963,2 962,6 962,4 961,4 961,1 961,5 963 

1967 
2 ivlisi  

0 0 0 3 4 5 31 0 
963,3 963,3 963,7 965,6 964,6 963,4 963,3 962,7 

1967 
3  ivlisi  

0 0 0 0 0 3 3 0 
965 964,4 964,4 963,3 960,9 958,9 957,9 964,1 

1967 
1  ivlisi 

xaSuri-690 

 

0 0 0 2 0 3 3 0 

935,1 934,5 933,5 933 931,9 931,6 932,3 934,7 

1967 
2 ivlisi  

2 0 3 2 3 - 2 2 

934,7 934,8 934,9 935,3 935,3 - 934,8 934,3 
1967 
3 ivlisi  

0 0 0 2 4 7 8 0 

936,3 936,1 935 935,1 932,9 930,7 929,6 936,5 
1967 
1 ivlisi saqara-148 

0 0 0 0 0 0 0 0 

996 996,3 995,9 995,1 995,7 993,8 994,3 996 
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1967 
2 ivlisi  

0 0 0 0 0 0 0 0 
996 996,3 996,8 997,5 997,5 996,5 996,2 995,5 

1967 
3 ivlisi  

0 0 0 0 0 - 0 0 
997,5 997,5 997,4 997,3 993,3 - 990,1 997,4 

cxrili  B.    qari  -  10-15 m/wm, 
qaris siCqare (m/wm)/wneva (mb)  dakvirvebis vadebze. 

1967 
5  maisi saCxere -455 

9 9 1 6 5 8 9 7 

968.3 968.8 969 969 968,2 966,6 966,6 968,2 
1967 
6 maisi  

1 5 6 6 12 9 12 0 

966,4 966,2 965,6 965,6 964,8 962,7 962,6 966,6 
1967 
7  maisi  

0 0 0 0 4 7 3 1 

963,4 962,8 962,6 962,2 960,7 960,6 962,7 963,5 
1967 
5 maisi 

xaSuri - 690 

 

8 7 16 16 16 16 8 4 

939,8 940,3 940,2 939,5 938,7 937,4 937,8 940 

1967 
6 maisi  

- 5 5 5 16 16 5 2 
- 937,6 937,5 937,7 937,1 935,3 933,8 937,7 

1967 
7  maisi  

0 0 - 2 3 2 7 - 
935,8 934,4 - 934,3 932,4 931,6 933,2 - 

1967 
5  maisi saqara -148 

0 1 1 1 2 2 2 0 

998,8 998,8 999,2 999,5 998,7 997,4 997,2 999,1 
1967 
6 maisi  

0 0 - 0 0 0 0 0 
997,4 997,5 - 998,3 995,9 993,9 993,1 997,4 

1967 
7  maisi  

0 0 0 0 0 0 0 0 

993,8 993,6 994,2 996,3 995,8 995,4 996,3 993,8 

    
D 3.4.Hhaeris masebis moZraobis dinamika mTa-barsa da mTa-xeobebSi. 
aerohidrodinamikis erT-erT aqtualur sakiTxs warmoadgens haeris nakadis dinebis 

Seswavla mcire siganis arxSi-xeobaSi. es sakiTxi ufro saintereso xdeba im SemTxvevaSi, 

roca xeobis fskeri warmodgenilia mTa-burcobuli reliefis saxiT. aseTi pirobebi 

realurad arsebobs ara marto mTa-xeobebSi, aramed mdinareTa kalapotebSic. 

saqarTvelos teritoriaze mraval adgilas arsebobs msgavsi situaciebi, maT Soris 

baqo-Tbilisi-jeihanis navTob-magistralis gaswvriv. aqedan gamomdinare, aRniSnul 

problemas aqvs rogorc Teoriuli, aseve praqtikuli Rirebuleba.  

amocana ismis ase:Seswavlili iqnas aero-hidro nakadebis dineba horizontisadmi 

mcire  kuTxiT daxril, mcire b siganis arxSi, susti (V<10m/wm) qaris dros. ganixileba 

stacionaluri dineba xoz sibrtyeSi simZimis Zalis da fskeris reliefis gavlenis 

gaTvaliswinebiT. koordinatTa saTave moTavsebulia mdinaris an xeobis ZirSi, ox RerZi 

mimarTulia nakadis gaswvriv, xolo oz - vertikalurad zeviT. igulisxmeba, rom nakadis 

intensioba mcire Δt droSi ucvlelia da atmosferuli wnevis moqmedeba mudmivia. 

amrigad gvaqvs  [12,30,33,76,78.]: 

;0




x

p
     (3.4.1) 

xolo 

 ,cos;sin  gpgP zx           (3.4.2) 

miTiTebul pirobebSi hidrodinamikis gantolebaTa sistema Caiwereba Semdegi saxiT 
[1-3,61,86]:  

0sin
2

2

2

2






















z

V

y

V
g      (3.4.3) 

;0




y

p
         (3.4.4) 



 58 

0cos 



g

z

p
       (3.4.5) 

(3.4.3)-(3.4.5) integrirdeba Semdegi sasazRvro pirobebiT:  
                          roca  

z=0,  V=0             (3.4.6) 
roca    

z=h,  ;0




z

V
             (3.4.7) 

p=p0         (3.4.8) 
sadac ρ haeris (siTxis) simkvrivea, h - Tavisufali zedapiris simaRle, μ - siblantis 
kinematikuri koeficienti. aseTi saxiT dasmuli amocana amoxsnilia [61] da 
Sesabamisi maxasiaTebeli sidideebi - siCqare, wneva da gamavali nakadis raodenoba Q 
gansazRvrulia Semdegi damokidebulebiT: 

 cos)(0 zhgpp      (3.4.9) 





sin

2

)2( zhzg
V


          (3.4.10) 





3

sin3bhg
Q           (3.4.11) 

      sadac Q aris nakadis simZlavre im SemTxvevaSi, roca arxis qveda zedapiri aris 
mcire simaRlis (ramodenime metris rigis) burcobuli RrmulebiT dafaruli. 
moZraobs struqturis gamosakvlevad z koordinati nacvlad SemovitanoT axali 

koordinati z  Semdegi damokidebulebiT [1.17] (ix.nax.1.3.1):  

H
yxH

yxz
z

),(

),(
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           (3.4.12) 

sadac  (x, y) aris arxis fskeris reliefis forma. koordinatTa axal sistemaSi 

(3.4.3)-(3.4.5) gantolebaTa sistema (3.4.6)-(3.4.8) sasazRvro pirobebiT miiReben Semdeg 
saxes[61]:  
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V
g            (3.4.13) 

;0




y

p
                (3.4.14) 

0cos
1





g

z

p
a     (3.4.15) 

roca z1= (x,y),  maSin 

V=0          (3.4.16) 

roca z1=h,  maSin 

;0
1






z

V
  p=p0           (3.4.17) 

aq 
),( yxH

H
a


  da iTvleba mudmivad. rac Seexeba (3.4.9) _ (3.4.11) formulebs, isini 

-s gaTvaliswinebiT ase gadaiwerebian:  




cos)( 10 zh
a

g
pp           (3.4.18) 
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sin

2

)2(
2

11

a

zhz
V


      (3.4.19) 





sin

3 2

3

a

bh
Q


              (3.4.20) 

(3.4.18) _ (3.4.20)-dan Cans, rom haeris nakadis siCqare da simZlavre fskeris reliefis 
maxasiaTebel sidideze damokidebulia misi kvadratis ukuproporciulad. amrigad, 
arxSi fskeris reliefis gavlenis gaTvaliswinebam Seamcira rogorc nakadis siCqa-
re, aseve intensiobis raodenoba. aqedan gamomdinare haeris (siTxis) nakadSi adgi-
lobrivi daWuWyianebis wyaro (sxvadasxva minarevis laqa) nela gadaadgildeba da 
TviTgawmendis periodi gaizrdeba. 
   axla ganvixiloT iseTi haer-hidro nakadi, romelic Seicavs daWuWyianebis 
wertilovan an wrfiv wyaroebs da dinebisas horizontalur sibrtyeSi warmoqmnis G 
intensiobis grigalebs , cirkulaciur dinebebs. visargebloT hidrodinamikis 
gantolebaTa sistemiT lamba - gromokis formiT, romelic uSvebs siCqarisa da 

Zalis velis potenciurobas e.i. [12,33,76,81,86]: 

z

Ф
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y

Ф
V

x

Ф
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 ;;    (3.4.21) 

amitom gantolebaTa sistema ase Caiwereba [1]:  















t

Ф
qradEqrad )(   (3.4.22) 

sadac  _masiuri Zalebis potencialia, Ф - siCqareTa velis potenciali, E E-kine-

tikuri energia, 


P
  ukumSvadi garemosaTvis, xolo 



 P1
 kumSvad-adiabaturi 

pirobebisaTvis,



C

C p
  pC  -  kuTri siTbo-tevadoba mudmivi wnevis dros, C  - kuTri 

siTbotevadoba mudmivi moculobisas. (3.4.22)-dan miiReba lagranJis integrali [1]:  

)()( tc
t

Ф
E 




        (3.4.23) 

sadac c(t) _ mudmivia da roca igi udris 0-s (3.5.23) gadadis eileris formulaSi, 
romelsac barotropuli garemosaTvis aqvs saxe:  

0
2

2







t

ФV
P 


     (3.4.24) 

imis daSvebiT, rom mcire droiT intervalisaTvis, dineba stacionaluria ( constФ   
), xolo ox RerZis mimarTuleba emTxveva „grigalis“ RerZs ( =0) maSin (3.4.24) ase 

gadaiwereba:  

2

2V
PP


  ,        (3.4.25) 

sadac  p  Seesabameba wnevis mniSvnelobas wyarodan Sor manZilze, sadac V=0. 

rogorc Teoriidan cnobilia [12.33.61] dinebis siCqareebi klebuloben wyarodan 
daSorebis r sididis ukuproporciulad. e.i.  
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r

G
V

2
 ,               (3.4.26) 

(3.4.26)-is gaTvaliswinebiT (3.4.25) ase gadaiwereba:  

22

2

8 r

G
PP




   ,           (3.4.27) 

e.i. grigaluri dinebisas wneva klebulobs centrisken manZilis kvadratis 

ukuproporciulad. amasTanave radgan  pp   xdeba haeris (wylis) nakadis Sewova 

centrisken, es faqtic agreTve xels uwyobs dinebis nakadSi arsebuli 
damaWuWyianebeli minarevebis gadatana-gafantvis Sesustebas. roca procesebi 
adiabaturia da garemo kumSvadia, maSin (3.4.27)-is msgavsad temperaturisaTvis 
gveqneba [12,56]:  

22

2

8

11

r

G

R
TT



 
  ,      (3.4.28) 

(3.4.28)-dan kargad Cans, rom grigalur nakadebSi temperatura centrisken mcirdeba, 
es uzrunvelyofs imas, rom dinebis gaswvriv dafiqsirebuli iqnas „civi“ da „cxeli“ 
ubnebi. aseT ubnebi marTlac daikvirveba didi (atomuri, vulkanuri) afeTqebebisas 
da mosalodnelia Seiqmnas navTob-gaz sadenebis gaswvriv katastrofuli 
situaciebis SemTxvevaSic.  

    visargebloT (3.4.9) da (3.4.10), (3.4.19) da (3.4.20) formulebiT da gavTvaloT nakadis 
siCqare (simZlavre) arxis reliefis horizontisadmi daxris kuTxeze 
damokidebulebiT, xeobis maxasiaTebeli parametrebi mocemulia cxril 3.4.1-Si. sadac 

h=H-is tolia. xolo ( , )x y  nakadis Semxvedri winaaRmdegobis forma da icvleba 1z -

is cvlilebis diapazonSi. xolo siCqaris mniSvnelobebi xeobis reliefis 
gauTvaliswineblad V da gaTvaliswinebiT V(a)   -kuTxis oTxi sididisaTvis,   

ori sididisaTvis moyvanilia cxr.3.4.2. - monacemebidan mkafiod Cans siCqaris 
proporciuli zrda horizontaluri daxris kuTxis matebis mixedviT. qaris siCqaris 
gamoTvlili mniSvnelobebi realurTan ufro axlos aris, Tu gaviTvaliswinebT 
fskeris reliefis gavlenas da turbulentobis kinematikur koeficients, aviRebT 
TiTqmis erTnairs, wylis zeda da mis mimdebare haeris fenaSi [76]. 
    moyvanili maTematikuri Teoria gamoiyeneba sxvadasxva mdinareTa xeobebSi an 
mTaTa Soris dablobSi, haeris (wylis) nakadis siCqaris gansazRvrisaTvis da Se-
sabamisad dabinZurebis gavrcelebis Sesaswavlad. dabinZurebis gamo warmoqmnili 
Warbi wnevisa da temperaturis Sefaseba SesaZlebelia (3.4.27)-(3.4.28) formulebis 

safuZvelze. Q– sidide izrdeba  kuTxis mixedviT, magram araproporciulad, 

magaliTad: 33 108 h km, 015  , 20b  m, 41008,2 Q kg da 4104,1)( aQ kg, xolo 

=600 kuTxis SemTxvevaSi Sesabamisad 4104,6 Q kg da 4104,1)( aQ  . 
 

cxr. 3.4.1.  
param.  
garemo 








3m

kg
  h(m) z1(m) 














m/wm

kg
  a b(მ) 

Hჰaeri 1,3 310  10_ 500 1,7105- -2104  1.0-2.0 10 _ 50 

წyali 103 0 _ 5 0 _ 2 1,1106 --1,2105  1.0-2.5 10 _ 50 
 

    miRebuli Sedegebi Sedarebul iqna Sesrulebuli gaTvlebTan, romlebic 
eyrdnoba minarevis koncentraciis gansazRvras turbulentur garemoSi, difuziis 
klasikuri gantolebis amoxsnas realur sasazRvro da sawyis pirobebSi [76.].   
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cxr. 3.4.2.  
haerisTvis wylisTvis 

V,0  V (m/wm) V(a) (m/wm) V (m/wm) V(a) (m/wm) 
150 4,69 2,35 3,35 1,64 2110-2 0,195 1410-2 0,14 

300 8,82 4,53 6,3 3,15 4010-2 0,375 2,7810-2 0,27 

450 12,35 6,35 8,8 4,41 5610-2 0,525 3,910-2 0,38 

600 14,11 7,21 10,1 5,04 6410-2 0,60 4,410-2 0,43 

saS. 9,99 5,11 7,14 3,56 4,5210-2 0,424 3,1310-2 0,3 
    

    aRebuli iyo rionis xeoba da iTvaliswinebda, rom navTobproduqtebis daRvris 
adgili zRvidan daSorebulia ara naklebi 5 km-sa da dinebis dro 2 saaTia (aseT 
mcire droSi aorTqleba da napirze daleqva SeiZleba ugulvelvyoT). aRmoCnda, rom 
navTobproduqtebis koncentraciis maqsimumi Sav zRvamde aRwevs 15-20 wuTSi, roca 
wylis dinebis siCqare aris (2-3) m/wm (rac emTxveva Cven Teoriul gaTvlebs). im 
SemTxvevaSi, roca mdinareebSi wyalmcirobaa, maSin navTobproduqtebis laqis 
moZraobis siCqare mcirea da mxolod (0,3-0,4 m/wm) [81] (es sidide miRebulia 
reliefuri parametris gavlenis gaTvaliswinebiT) da misi napirze daleqvis riski 
izrdeba, avariis droidan 2 saaTis ganmavlobaSi. miRebulma gaTvlebma aCvena, rom 
Tu avaria xdeba zRvidan 5 km manZilze, maSin zRvamde aRwevs produqtebis TiTqmis 
80% daaxloebiT 25 wuTSi.  

amasTanave, Tu avaria moxda zRvidan SedarebiT did manZilze, maSin 
damabinZurebeli produqtebi zRvamde ar aRweven da rCebian xeobis fskerze da 
napirze, xangrZlivi drois ganmavlobaSi. cxr.3.4.2–Si miRebuli Sedegebis 
sailustraciod avageT nax.3.4.1. 

 
 

 
   

nax. 3.4.1. siCqaris damokidebuleba kuTxeze fskeris reliefis gaTvaliswinebiT (V(a)) 
da reliefis gaTvaliswinebis gareSe (V) wylisTvis,siblantis koeficientis 
sxvadasxva mniSvnelobis dros(ferebis mixedviT).  
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Tavi 4. atmosferoSi dakvirvebuli zogierTi lokaluri „fenomenuri“ 

procesebis Taviseburebebis axsna dinamikur-modeluri  gaTvlebiT. 
 

 4.1. mZlavri mikrocirkulaciuri moZraoba (qarborbala) mTa-gorian teritoriaze 
bunebis erT-erTi stiqiuri movlenaa qarborbala, romlis prognozireba praqtiku-

lad TiTqmis SeuZlebelia, arada bolo wlebSi izrdeba misi sixSire, saerTod da ker-
Zod saqarTveloSi. Sefasebulia, rom damangrevel da katastrofiul miwisZvrebze aran-
aklebi ziani moaqvs Zlier qarebs- grigalebs, taifunebs, qarborbalas.  
D  ganvixiloT haeris masis didi siCqariT (20 m/wm da meti) dineba wriuli 
cilindris formis garemoSi, romelic brunavs mudmivi w kuTxuri siCqariT. da-
vuSvaT, rom orografiuli pirobebiT brunvis RerZi ki ar aris vertikaluri , ro-
gorc es saerTod aris miRebuli, aramed horizontisadmi  kuTxiT aris daxrili 

(kuTxe aiTvleba RerZidan periferiisaken). reliefis gavlenis gaTvaliswineba xdeba 
vertikaluri koordinatis gardaqmniT. imis gaTvaliswinebiT, rom procesebi 
swrafad viTardeba movlenebi iTvleba stacionalurad. Sesabamisi gantolebaTa 
sistema Semdegi saxiT Caiwereba[1,30,78]: 

,                (4.1.1) 

,                (4.1.2) 

 ,                   (4.1.3) 

sadac g  Tavisufali vardnis aCqarebaa,  cilindris brunvis RerZia. movlenis 
mcire droSi arsebobisas (ramodenime aTeuli wuTi) masaTa deformacias adgili ar 
aqvs da xdeba mxolod brunva [3], maSin visargebloT Semdegi cnobili 
damokidebulebiT [30]: 

,   ,  (4.1.4) 

(4.1.4)-is gaTvaliswinebiT (4.1.1)-(4.1.3) ase gadaiwereba: 

 

,          (4.1.5)      .   

         (4.1.6) 

                  (4.1.7) 

gavamravloT (4.1.1)-(4.1.3) gantolebebi Sesabamisad dx, dy, dz-ze da SevkriboT, gveqneba: 

      (4.1.8) 

sadac mudmiva nakadis geometriiT ganisazRvreba . kerZod, 

miviRoT, rom nakadis periferiaSi wneva sazRvarze Signidan da garedan tolia, 

maSin eileris gantolebis safuZvelze vwerT [1,77]: 

      (4.1.9) 

sadac  wnevaa usasrulobaSi, praqtikulad cilindris sazRvarze, sadac siCqare 

nulia.  – siCqaris cirkulaciaa. Aamrigad (4.1.8) da (4.1.9) gvaZlevs: 

 ,  (4.1.10) 

Aaqedan kargad Cans, rom wneva mcirdeba brunvis RerZisaken da minimaluria RerZis 
gaswvriv. amitom xdeba qarborbalaSi garedan wataceba da SigniT brunva didi 
siCqariT. Ffizikuri reliefis gaTvaliswinebiT gvaqvs: 

           (4.1.11) 
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gamodis, rom reliefis gavleniT wneva izrdeba reliefis fardobiTi simaRlis 

 proporciulad [30,74]. gamovsaxoT r grigalis Casaxvis wertilidan 

(saTavidan)  mocemul wertilamde  R manZiliT(ix. nax.4.1.1), , sadac   aris 

kuTxe grigalis brunvis RerZsa da R mimarTulebas Soris. Ees kuTxe damokidebulia 
reliefis horizontisadmi daxris sidideze.  

 
                                      nax. 4.1.1 

 
aRniSnulis gaTvaliswinebiT (4.1.11) ase gadaiwereba: 

     (4.1.12) 

aRmoCnda, rom wneva minimaluria grigalis centrSi, izrdeba manZilis 
proporciulad da moicavs   farTs. miRebuli Sedegebi kargad xsnis 
dakvirvebul movlenebs da Teoriulad miRebulia pirvelad. miRebuli Sedegebis 
sailustraciod Matlab-is programuli sistemis gamoyenebiT (4.1.12) formulaze 
dayrdnobiT avageT Nnax.4.1.2. da Nnax.4.1.3. saidanac Hcans, rom qaris grigalur velSi 
wneva izrdeba brunvis RerZidan manZilis proporciulad, maqsimaluria periferiaSi 
da minimaluri brunvis RerZis gaswvriv; 
      amrigad, Cvens mier maTematikurad miRebulia sruliad axali  damokidebuleba 
qaris grigalur velSi wnevasa da  manZils Soris. daSvebulia, rom qarborbala 
viTardeba, mTa-gorian teritoriaze, gansazRvruli radiusis cilindris SigniT. 
cilindris RerZi ki daxrilia reliefis gaswvriv garkveuli kuTxiT. 
damtkicebulia, rom qaris grigalur velSi wneva izrdeba brunvis RerZidan 
daSorebis manZilis kvadratis proporciulad. maqsimaluria periferiaSi da 
minimaluri brunvis RerZis gaswvriv. .haeris nakadis mimarTulebiT winaaRmdegobis 
Sexvedrisas adgili aqvs Caxveulobebis (grigaluri) warmoqmnas, nakadis 
Semobrunebas da garsdenis gaZlierebas meteorologiuri  situaciis mixedviT. es 
daskvnebi kargad asaxavs qarborbalis mier gamowveul katastrofiul movlenebs. 

 

 
 
N nax. 4.1.2. wnevis mniSvnelobis cvlileba grigalis daxris kuTxeze ( ) da brunvis 

RerZsa da  mimarTulebas Soris kuTxeze ( ), mocemul wertilamde manZilis ( ) 
ori mniSvnelobisaTvis. 
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nax. 4.1.3.  wnevis mniSvnelobis cvlileba grigalis daxris kuTxeze ( ) da brunvis 

RerZsa da  mimarTulebas Soris kuTxeze ( ), mocemul wertilamde manZilis ( ) 
ori mniSvnelobisaTvis 

 

 
sur. 4.1.1. 

 

P.S. metad sainteresoa istoriuli cnobebi Zlieri qarebis Sesaxeb. moviyvanT ramdenime 

gansakuTrebul SemTxvevas. SemCneulia  iseTi iSviaTi bunebrivi movlenebi, rogoricaa 

feradi wvima, „sisxliani“ wvima, oqros da Tevzebis wvima da sxva. crumorwmuneebi am mov-

lenebs araswori ganmartebebiT xsnidnen da xalxSi SiSs Tesavdnen. faqtiurad saqme 

gvaqvs Zlier qarebTan, haeris  mkveTr lokalur cirkulaciur dinebebTan. cirkuliaciu-
ri  grigaluri moZraoba zogjer dedamiwis an zRvis zedapiridan sakmarisad did simaR-

leze aitacebs wyals, mtvers, silas, metad mZime sagnebsac (morebs, saxuravebs, rkina-be-

tonis masalas) haerSi da gadaadgilebs aTeuli kilometris  manZilze. moviyvanoT ram-

denime realurad SemCneuli da aRwerili movlenebi. 

gasuli saukunis dasawyisSi italiaSi erTbaSad atyda Weqa-quxili da cidan mowi-

Talo feris wvimis wveTebi Camocvivda, romlebic zogierTebma sisxlis wveTebad miiCni-

es. wveTebis dacemis adgilze darCa yviTeli feris laqebi. mecnierulma kvlevam es uCveu-

li wvima axsna. Turme grigalma gadauara ra saharis udabnos, haerSi didi raodenobiT  

aitaca mowiTalo mtveri da italiis napirebTan miitana. es mtveri airia wylis wveTebSi 

da wiTeli feri misca [82]. 

dafiqsirebulia aseTi kuriozuli SemTveva, rom ruseTis erT-erT sofelSi haerid-

an oqros Tumnianebi (liTonis monetebi) Camocvivda. xalxma es situacia saswaulad mii-

Ro. realobaSi moxda Semdegi: erT-erT glexis mier miwaSi damarxuli oqros monetebi 
qarborbalam did simaRleze aitaca da ramdenime aTeuli kilometris Semdeg daabruna 

dedamiwaze. aseve Camocvivda dedamiwaze qarborbalas mier zRvidan atacebuli wyalSi 

moyolili Tevzebi. aseTi SemTxveva dafiqsirebulia saqarTveloSic. foTis midamoebSi  

qaris mier atacebul Tevzs samtrediis mosaxleoba krebda miwidan [82]. 

1979 wlis 3-4 aprils samxreT saqarTveloSi uCveulo mtveri, Cveni adgilisaTvis ar-

adamaxasiaTebeli movida. aRmoCnda, rom  es mtveri  mcire aziis da TurqeTis dedamiwis 

zedapiridan aitaca qarborbalam. saqarTveloSi mtvris intesiur daleqvas xeli Seuwyo 
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haeris masebis daRmavalma mdgradma mdgomareobam. XX saukuneSi  uZlieresi qarborbala 

iyo altais mxares, sofel pankruSenis midamoze. es moxda 1967 wlis 15 agvistos. soflis 

maxloblad tyeSi gadaiWima mravalkilometriani asi-orasi metris siganis  grigaluri 

zoli. Semdeg qarborbalam saxlebs Siferis saxuravi axada, daamsxvria da namsxvrevebi 

2,5 kilometris  radiusiT mimoabnia. gzaze kombaini idga, romelic aswia maRla da 25 

metrze gadaitana. zogierTi xe ki ZafiviT dagrixa da zogic gadaamtvria (sur. 4.1.1.). 

qarborbala xSiria amerikis SeerTebul StatebSi, sadac zogjer miwisZvris siZli-

eres aRemateba. magaliTisTvis, sanimuSoa  cnobili „sami Statis qarborbala“, ramac 1925 

wlis 18 marts misuris, ilionisis da indianas StatebSi Svidasamde adamiani imsxverpla, 

ori aTasze meti mZimed daSavda. qarborbalam qveyanas ormoci milioni dolaris zarali 

miayena. gansakuTrebuli SemTxveva iyo 1879 wlis 13 maiss, dRis oTx saaTze, erTmaneTs Se-

ejaxa ori Rrubeli, rac ramdenime wuTSi erT masad iqva. male Rrublis qveda nawilSi 

gaCnda Zabri, romelic swrafad gagrZelda da uzarmazari xorTumis forma miiRo. Semdeg 

xorTumis bolo daeSva xevSi da daangria axali rkina-betonis xidi. sami saaTi sxvadas-

xva intensivobiT boboqrobda qarborbala da angrevda yvelafers, rac gzaSi xvdeboda - 

xeebsa da Senoba-nagebobebs. 

zogierTi qarborbala haerSi miafrens adamianebs da cxovelebs, magram saocari is 

aris, rom zogs Sors gadatyorcnis, zogs ki iqve tovebs. iyo SemTxveva moskovis axlos, 

1904 wels. sam SvilTan erTad gzaze midioda glexi qali. qarborbalam deda, ufrosi vaJi 

da ZuZuTa bavSvi iqve  miagdo TxrilSi, SuaTana eqvsi wlis vaJi ki sadRac gaaqro. bevri 

Zebnis Semdeg meore dRes bavSvi ipoves ramdenime kilometris daSorebiT, cocxali da 

janmrTeli. gasakviri is iyo, rom bavSvi qarborbalam  moZraobis mimarTulebis sawina-

aRmdego mxares gadaadgila, sadac sruli siwynare sufevda. 

qarborbalas auxsnel „saswaulebsac“ miaweren. ai,  marTlac araordinaluri  Sem-

Txvevebi: amerikis SeerTebul StatebSi qali Zroxas wvelida. uceb misi TiTebidan Zro-

xis curi gaqra. dabneulma qalma Tavi maRla aswia, Zroxac gamqraliyo da boselic, rZis 

vedro ki fexebTan idga. qroda Zlieri qari da iyo mkveTrad arasasiamovno suni. analogi-

ur situaciaSi moxvda oklahomis Statis erTi fermeri. igi nela midioda forniT, ro-

melSic ori cxeni eba. wynari amindi idga, cxeloda. fermers wamiT CaeZina. uceb saSineli 

xmauri Semoesma, ukve qroda grigaluri qari, fermerma win gaixeda, cxenebi sadRac gam-

qraliyvnen, xolo garSemo ukve Cqamic ki ar ismoda. fermeri fexiT gaudga gzas da saoc-

reba - 500 metris Semdeg orive cxeni ise idga, TiTqis forans iyvnen Sembuli [82]. 
1920 wlis Semodgomis sicxian dRes kanzasis Statis patara qalaqis skolaSi meca-

dineoba Cveulebrivad mimdinareobda. uceb maswavlebelsa da bavSvebs gamayruebeli xma-

uri-Rriali SemoesmaT, romelic sul ufro da ufro Zlierdeboda. SeSinebuli bavSvebi 

maswavlebels Semoexvninen. male Senobas karebi da fanjrebi mosZvra da xmauriT sadRac 

gafrinda. Semdeg maswavleeli ase igonebda: „agvitaces haerSi me, bavSvebi da mTeli kla-

si merxebTan erTad, yvelani vfrinavdiT. meCveneboda, rom zogierTi bavSvi da merxi bru-

navda Cems garSemo. SiSi dameufla da goni davkarge“. maswavlebeli  roca gons movida da 

fexze dadga, aRmoCnda mzian  velze marto. uceb moswavleTa Jivil-xivili Semoesma yove-

li mxridan. gaxarebuli bavSvebi misken morbodnen. sixaruli male CamwardaT, velze ca-

meti mkvdari moswavle iwva, iqve eyara namsxvrevebad qceuli merxebis da skolis Senobis 

sxvadasxva nawilebi. 

qarborbalas klasikuri SemTxveva moxda quTaisSi 2016 wlis noemberSi. Zlierma 

qarma gadauara viwro zoliT erT-erT gareubans, haerSi aitaca liTonis konstruqciis 

aseuli kilogramis wonis avtofarexis safari, atara oras-samas metrze da „umtkivneul-

od“ dasva dedamiwaze. avtofarexis liTonis konstruqciis mfrinavi „saxli“ dafiqsire-

buli iqna haerSi ramdenime TviTmxilvelis mier mobiluri aparatiT. 

bevri msgavsi SemTxveva da movlena aris aRwerili literaturaSi. mravali mosazre-

ba gamoiTqva qarborbalas bunebis, misi warmoSobis mizezebis Taobaze, magram samwuxa-

rod, mecnierebs jer kidev ara aqvT zusti pasuxi. mxolod arsebobs hipoTezebi, sxvadas-
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xva mosazreba da modeluri warmodgenebi. erT-erTia swored SemoTavazebuli Cvens mier. 

Zlieri qaris sixSire, saerTod rom gaizarda bolo wlebSi da kerZod saqarTveloSi, am-

aze metyvelebs qvemoT moyvanili mokle informacia. 
 

   Zlieri qari V>25 m/wm, dafiqsirebuli saqarTvelos teritoriaze: 

2015 weli 8 ivnisi, samtrediis raionSi Zlieri qari materialuri zaraliT. 

2015 weli 15 ivlisi, qarborbala TelavSi - saxuravebis gadaxda, xeebis moglejva. 

2015 weli 20-21 agvisto, yvareli - setyviT, saxuravebis gadaxdiT. 

2015 imave dros qarborbala raWaSi - onis raioni, Senobebis dazianeba. 

2015 weli 11-12 seqtemberi, qarborbala lagodexSi, 80 saxls saxuravi gadaxada. 

2015 wlis 4 oqtomberi, rusTavSi RamiT didi qari da setyva. 

2016 weli 17-18 Tebervali, Telavi - gadaxada Senobebi da amoTxara xeebi. 

2016 weli 16 aprili, TbilisSi dRis meore naxevarSi waaqcia xeebi, axada saxuravebi. 

2016 weli 21-22 aprili , Tbilisi da rusTavi - xeebis moglejva. 

2016 11-12 maisi, setyva da qarborbala kaspis raionSi. didi ziani miadga soflis meurneob-

as - naTesebs. 

2016 wlis 4-5 ivnisi, setyviani qarborbala kaxeTSi, gadatexilia didi xeebi. 

2016 weli 4 agvisto, qarborbala borjomSi da mis gareubnebSi, daglija xeebi centra-

lur baRSi, setyva 15-20 wuTis ganmavlobaSi gagrZelda. 

2016 wlis 20-21 noemberi, quTaisa da samtrediaSi Senobebis dangreva, xeebis moglejva, 

msubuqi manqanebis ataceba da aTeul metrze gadaadgileba.  

2017 wlis 19-21 marti TbilisSi, gorSi - xeebis waqceva, Senobebis saxuravebis gadaxda.  

 2017 wlis 21-22-23 aprils baTumSi, samegreloSi, TbilisSi, rusTavSi, kaxeTSi -  didi ma-

terialuri zaraliT. gansakuTrebiT dazaralda aWara, sadac qarma saxuravebi gadaxada 

da aTeulobiT manqana, maT Soris sapatrulo, daaziana. 23-24 aprils grigali iyo zug-

didSic. mTel guriaSi 500 saxli gadaxada, adamianTa msxverpli ar aris. 

2017 wlis 29 maiss Zlierma qariSxalma gadauara moskovs. daingra saxlebi (siCqare >25 

m/wm), gadaixada aTeuli Senobebi, daimtvra  manqanebi,  daiRupa 16 da daSavda 70 adamiani. 

aseTi siZlieris grigali moskovSi ar yofila bolo 100 wlis ganmavlobaSi. 

2017 wlis 22 agvistos qarborbalam gadauara gurias. urekSi saxlebs saxuravi axada, wa-

aqcia da daamtvria aswlovani xeebi. 

2017 wlis 31 agvistos RamiT mestiaSi Zlieri wvima movida setyviT, adidda mdinareebi, Ca-

ixerga misasvleli gzebi. 

2018 wlis 10 ianvars 03-10 saaTebSi Tbilissa da mis gareubnebSi iyo Zlieri qari. gadaixa-

da mravali saxlis saxuravi, waiqca xeebi, dazianda manqanebi, Sewyda eleqtroenergiis 

miwodeba. 

2018 wlis 18-19 ianvars germaniaSi iyo jer ardafiqsirebuli (40 მ/წმ) სიძლierisაriშxa-

liმეlmacიwira 11 ადაmianiოTxaraდი ხეები,დაანგრია შენობები. 

2018 wlis 9 marts Zlieri qari iyo saqarTvelos TiTqmis mTel teritoriaze. daangria 

Zveli Senobebi (TbilisSi 14 saxli), moTxara xeebi da daaziana eleqtrogayvaniloba. 

 

4.2. daviT garejis tafobis „fenomeni“ 

dedamiwis atmosferoSi, mcire farTis teritoriaze, xSirad mimdinareobs araperi-
oduli araordinaluri procesebi. am procesebs Tan axlavs arasasurveli movlenebi ad-
amianTa msxverpliT damTavrebulic ki. saqarTvelos teritoriaze arsebobs lokaluri 

adgilebi, sadac mudmivad daikvirveba e.w. geofizikuri „fenomenuri“ movlenebi (daviT 

garejis tafobi, suramis zegani, axalcixis qvaburi. svaneTSi - mestiis dablobi, saCxere, 

Siraqi, aragvis da Tergis xeobebi). es movlenebi did gavlenas axdens lokalur amindze 

da klimatze, amitom maT Seswavlas udidesi Teoriuli da praqtikuli mniSvneloba aqvs. 

SevecadoT, Teoriulad avxsnaT erT-erTi aseTi daviT garejis „fenomeni“. 
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daviT garejis midamoSi SeimCneva „fenomenuri“ procesebia: tafobSi mTeli wlis 

ganmavlobaSi daikvirveba unaleqoba, miuxedavad imisa, rom tafobis garSemo amaRlebul 

Semogarenze SeiZleba Tavsxma wvima iyos, haeris maRali temperatura, qaris mudmivi 

qrolva tafobidan gareubnisaken, mTebze tafobis garSemo Tbili da grili masebis Semo-
dineba da xSirad grova-sawvimari Rrublebis warmoSoba .tafobis geologiuri struqtu-
ridan gamomdinare haeris qveda fenebSi maRalia temperatura, rac ganapirobebs aRmavali 

dinebis gaZlierebas, es dineba simaRlis mixedviT waritaceba SedarebiT dabali tempera-
turis mqone periferiisaken. 

am movlenebis Teoriuli axsnisaTvis visargebloT atmosferos sasazRvro fenaSi 

moqmedi gantolebaTa sistemiT, sadac zemoT aRniSnuli mizezis gamo gadamwyvetia qaris 

siCqaris vertikaluri mdgeneli [63.77]: 

         (4.2.1) 

         (4.2.2) 

aq yvela sidide ukve ganmartebulia. vinaidan procesi swrafad mimdinareobs, SegviZlia 
miviCnioT igi stacionalurad. Tu (4.2.1) gantolebas gavawarmoebT z-iT, (4.2.2)-s ki x -iT da 

erTmaneTs gamovaklebT, siCqaris grigalis x  mdgenelisaTvis miviRebT Semdeg gantole-
bas: 

           (4.2.3) 

sadac -siCqaris grigalia.  

(4.2.1), 4.(2.2)-is amoxsnisaTvis z-is mimarT unda Sesruldes Semdegi sasazRvro 

pirobebi: roca z=h (miwispira fenis simaRle), qaris siCqaris grigalis  

mniSvneloba utoldeba dinamikuri siCqaris vertikalur gradients , 

sadac  aris dinamikuri siCqare da aseTi midgoma SemoTavazebulia pirvelad, rac 

kargad xsnis aRniSnul problemas. pirobiT, rom roca  -SemosazRvrulia, 
(4.2.1)-(4.2.2)-is amonaxsns aqvs Semdegi saxe:  

 ,         (4.2.4) 

amrigad miviReT, rom  simaRlis mixedviT eqspotencialurad izrdeba. miuxedavad 

imisa, rom  -mcirea (10-5 rigisaa),  mainc mkveTrad izrdeba da misi bunebidan 

gamomdinare iwvevs nakadis Signidan zemoT da gareT gamodinebas. es faqti ki 
amarTlebs miTiTebul Taviseburebebs. is garemoeba, rom grigali proporciuladaa 
damokidebuli dinamikur siCqareze ganapirobebs orografiuli da siTburi 

faqtorebis gavlenas. H - simaRlis zemoT qari xdeba geostrofiuli, e.i. ( 

 brtyeli laplasiania, gamodis, rom qaris siCqare izrdeba.  

 iwvevs wnevis gradientis  matebas ise, rom maqsimaluri mniSvneloba 
tafobis SigniTaa. aseTi situacia xels uSlis Rrublebis warmoSobas tafobSi da 
xelsayrel pirobebs qmnis RrublebisaTvis gareubnebze. bunebrivia, naleqebis 
ganawilebac Sesabamisad ganxorcieldeba. amrigad, miTiTebuli Taviseburebani 
Teoriulad dasabuTebulia. 
 

4.3. mikrocirkuliaciuri procesebi aragvis xeobaSi, regionis klimaturi  Tavisebureba. 

lokaluri cirkulaciis safuZvelze Seswavlili iqna adgilobrivi qari duSeTi-

TuSeTis regionze da mdinare aragvis xeobaSi. regioni gamorCeulia alpuri mdeloebiT 

da saukeTesod Semonaxuli fiWvnari tyeebiT, didebuli mwvervalebiT. aseTi bunebrivi 

pirobebi qmnis gansakuTrebul albedos da dedamiwis Tavisebur gamosxivebas. yovelive 

es xels uwyobs Tavisebur da gansxvavebul klimatur Taviseburebebs qvaburSi. aRmoCnda, 

rom qaris siCqare izrdeba dRisiT da susteba saRamoTi (gamoyenebulia eqspediciis masa-

lebi, romelic Catarebuli iyo duSeTis raionSi 1965-70 wlebSi, Tbilisis saxelmwifo 

universitetis geofizikis kaTedris TanamSromlebis mier). reliefis daxris mcire kuT-

xisaTvis qaris siCqare ar aris damokidebuli kuTxis sidideze, Tumca iyo SemTxveebi, ro-

ca maqsimaluri siCqare kuTxis zrdiT mkveTrad icvlida mimarTulebas. dakvirveba mim-
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dinareobda mTa-qedian midamoze, romelic vrceldeba Crdilo-dasavleTidan samxreT-

aRmosavleTiT. qedi samxreT da samxreT-aRmosavleTiT daxrilia 50 - 070 -iT da 

eSveba aragvis xeobisaken;  samxreT- dasavleTiT qedis daxra mcirea 0 010 20 . 

CrdiloeTiT da Crdilo-dasavleTiT daxra ( 040 50 ) da vrceldeba mTavar 
kavkasionamde. mravaljeradi dakvirvebebis safuZvelze ZiriTadad dadasturda 
prantlis hipoteza [20,24,33], qaris maqsimaluri siCqaris daxris kuTxeze 
damoukidebloba. vinaidan Cveni sakvlevi regioni moicavda sxvadasxva simaRlisa da 
formis qedebs, amitom miRebuli iqna sxva Sedegic - daxris kuTxis cvlileba iwvevs 
qaris siCqaris  da mimarTulebis cvlilebas. es kargad Cans sailustraciod  nax. 
4.3.1 moyvanili grafikebidan. 

daikvirva SemTxvevebi, roca gawonasworebuli birT-piloti asuli 50 metrze, gada-

adgildeba horizontalurad, Semdeg xevSi CaeSveba, Seicvlis moZraobis mimarTulebas, 

amova xeobidan 500-600 m-ze da Semdeg ecemoda mkveTrad(nax.4.3.1.).  

 
nax.4.3.1. 

mrudi 4 - am dRes iyo naTeli mziani dRe, xolo meteorologiuri pirobebi Semdegi: qaris 

siCqare 12 metr  simaRleze 2 m/wm, (dakvirveba xdeboda 1, 1.7, 3, 12 metrze); fardobiTi teni-

anoba 30%; temperatura  18 gradusi celsiusiT; dakvirveba mimdinareobda gawonaswore-

buli birT-pilotiT da aRmoCnda, rom maqsimaluri siCqare dedamiwis zedapirTan 9 saaT-

isaTvis iyo 1მ/wm, temperatura erT metr simaRleze naklebi iyo, vidre 2 metrze. saRamos 

18 saaTze  ki SeimCneoda Sebrunebuli damokidebuleba. naxazze 4.3.1.  2 mrudi Seesabameba 

11 saaTis mdgomareobas, mesame mrudi ki 3 saaTisas. naxazidan Cans, rom maqsimaluri siCqa-

re (6-8) m/wm-ia (4-6) metrze. keTdeba daskvna, rom qaris siCqare (1-12) m. fenaSi izrdeba si-

maRlis mixedviT da mimarTulebiT ixreba marjvniv, maRali daxrisas ( 020  ) 
maqsimaluri siCqare damokidebulia daxris kuTxeze.  aseTi situacia xSirad 
meordeboda sakvlev regionze wlis Tbili periodisaTvis. moyvanili nimuSi iZleva 
mkafio warmodgenas adgilobrivi qarebis cvalebad bunebaze mTa-xeobebSi. 

 

 4.4. alaznis veli qvaburi, Sesabamisi adgilobrivi  qarebis dinamika 

moviyvanoT lokalur cirkuliaciaze erTi magaliTic, kerZod alaznis velze gaba-

tonebuli adgilobrivi moZraoba. aRmosavleT saqarTvelos teritoriaze, lokaluri 

cirkulaciiT gamoirCeva alaznis veli. aq atmosferuli haeris lokaluri cirkulaciis 

safuZvelze, sakmarisad did farTze, warmoiqmneba adgilobrivi mTa-baris qari 

[6,21,24,45,61,75]. es veli ganTavsebulia mdinare alaznis xeobasa da mTavari kavkasionis 

samxreTi ferdobis gaswvriv. igi Crdilo-dasavleTidan samxreT-aRmosavleTiT gadaWi-

mulia 160 km-ze; saSualo siganiT 22 km. maqsimaluri sigane 35კმ. simaRle zRvis donidan 

200-500 metri. mTavari kavkasionis qedis simaRle 3500 metramdea, romelic dablobs Crdi-

lo-aRmosavleTiT ekvris. gverdiTi ferdobebis daxra icvleba 0 07 15  farglebSi. 
geomorfologiuri daxasiaTeba da meteorologiuri monacemebi aRebuli gvaqvs 
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saqarTvelos mecnierebaTa akademiis, geofizikis institutis eqspediciuri 
dakvirvebis masalidan, qalaq Telavis raionze 1956-1988 wlebSi. burT-piloturi da 
sxva aerologiuri dakvirvebebis analiziT aRmoCenili iqna yoveldRiuri, didi da 
mcire  xangrZlivobis, adgilobrivi qari. dRisiT ganicdis aRmaval dinebas 
kavkasionis ferdobis gaswvriv 1000 m. da met simaRlemde. barSi dablobze 
daikvirveba Sebrunebuli  nakadi. nakadebis dinebis suraTi  moyvanilia nax. 4.4.1-ze. 
dablobSi haeris nakadis mimarTulebis cvlileba warmoebs dilis 9-10 saaTze da 
saRamos mzis Casvlis Semdeg. qaris siCqare barSi 4 m/wm-ia dRisiT da ( 2-3) m/wm  
saRamoTi.  

Zlieri qari warmoiqmneba mTaTa ferdobebsa da dablobebs Soris 
temperaturuli kontrastiT. es kontrasti aWarbebs  ferdobsa da Tavisufal 
atmosferos Soris Sesabamis temperaturaTa gansxvavebas [6,9,23]. cxadia, rom 
temperaturis aseTi kontrasti warmoiSveba reliefis, dablobisa da ferdobis 
araerTnairi mosilobiT. sainteresoa, rom uSualod dablobis Tavze 3000 metrze 
qari icvlis mimarTulebas da emTxveva „wamyvani“ nakadis mimarTulebas. qaris  aseTi 
adgilobrivi  cirkulacia  Teoriulad aixsneba imave midgomiT, romelic 
gamoviyeneT q. Tbilisis qvaburSi dakvirvebuli lokaluri cirkulaciis 
Seswavlisas ix. nax.4.7.2. bunebrivia, rom orografiuli  iakobiani gamoiTvleba 
parametrebis sul sxva diapazonSi. 

vertikaluri siCqaris Sesafaseblad gamoviyenoT orografiuli iakobiani fo-

rmuliT 
1

( , ln )hW p H
l




 . amisaTvis miviRoT paralelis gaswvriv qvaburis sigrZe 

415.10x  m.; meridianis mimarT 45.10y  m. hifsometruli simaRleebiT gamovTvliT 

Sesabamis wnevebs da SevafasebT orografiul vertikalur siCqares, gveq-

neba: 6

0 9,89.10rW   m/wm anu 2

0 10rW   m/wm. aseTi mcire vertikaluri siCqare  miu-

TiTebs masze, rom alaznis velze uSualo vertikaluri aRmasvla haeris nakadisa 
miwispira fenaSi ar gvaqvs. aRmavali da daRmavali moZraoba aris mxolod reliefis 
ferdobebis gaswvriv. aseve, SevafasebT ra reliefis maxasiaTebel parametrebs, 

miviRebT: 60,15.10a   1/m da 64,1.10b   1/m. anu a = 0,4b; b = 27,3a. kaxeTis teritoriaze 

atmosferuli aseTi nakadebi iwveven elWequri bunebis Rrublebis warmoSoba-
ganviTarebas, rasac xSirad moyveba setyva  da sxva saSiSi procesebi, gansakuTrebiT 
gazafxul-zafxulis periodSi. 
 

 4.5. suramis  zeganis dinamikuri Sefaseba haeris masebis sxvadasxva SemoWrisas 

suramis zeganis roli saqarTvelos dasavleT da aRmosavleT teritoriaze, amin-

dis cvlilebasa da gansxvavebuli klimatis CamoyalibebaSi, aTeulobiT  qarTvel mecni-

ers aqvs Seswavlili da gaanalizebuli. am SromebSi  sxvadasxva midgomiT mkafiod aris  

gamokveTili suramis platos, rogorc klimaturi gamyofi zonis Taviseburebani. sura-

mis zegani gadaWimulia dasavleT-aRmosavleTiT (30-50) km, Crdilo-samxreT mimarTule-

biT ki (100-150) km. maqsimaluri simaRle zRis donidan 1100 m. zedapiris mosiloba ZiriTa-

dad buCqnari da maRali tyea. Cven SromebSic [40, 63,66] Seswavlilia suramis qedis atmos-

ferul procesebze orografiuli gavlena, Sesabamisi iakobianis SefasebiT da analiz-

iT. miRebuli iqna  Sedegebi, romlebSic kargi Tanxmobaa sakvlevi elementebis modelur 

da realur mniSvnelobebs Soris. axla, mokled moviyvanoT atmosferul movlenebze su-

ramis qedis gavlenis fizikuri koncefcia. avxsnaT haeris nakadSi qedis orive mxares, er-

TmaneTis sawinaaRmdego mimarTulebis grigaluri Caxveulebis warmoSoba. mravalwliu-

ri sinoptikuri praqtikidan cnobilia, rom  saqarTvelos teritoriaze ZiriTadad gaba-

tonebulia  (daaxloebiT 70%) dasavleTisa da aRmosavleTis SemoWrebi [1,11,22,26 ]. swo-

red aseT procesebze axdens gavlenas suramis plato. fizikidan,  kerZod aerodinamikid-

an kargad aris cnobili [1,33], rom atmosferos sasazRvro fenaSi, haeris nakadSi siblan-

tis damoukideblad, garkveuli formis winaaRmdegobis garsdenisas, haeris nawilakebi 

moZraoben ufro nela, vidre  aRebuli fenis gareT. garkveul situaciaSi amas mivyavarT 

gamyofi „zedapiris“ warmoqmnasTan da masTan grigaluri Caxveulobis CasaxvasTan. 
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nax 4.5.1. qaris mier winaaRmdegobis gadalaxva. 

 

marTlac, nakadSi wnevaTa sxvaoba zrdis an amcirebs (SemoWrili situaciis 

mixedviT) nakadis siCqares. roca wneva garegan nakadSi moZraobis mimarTulebiT 

mcirdeba, maSin fenis Siga nawilakebi miyvebian gare nakads da xaxunis miuxedavad, 

agrZeleben moZraobas Semxvedri winaaRmdegobis gaswvriv. roca wneva gare nakadSi 

izrdeba moZraobis mimarTulebiT, maSin wnevaTa sxvaoba anelebs gare nakads. amrigad 

gare nakadSi nawilaki moZraobs Senelebulad, vidre Siga nakadSi. SesaZlebelia Siga 
nakadSi nawilakebma moZraoba SeaCeron da Semdeg moZraoba gaagrZelon sapirispiro 

momarTulebiT. garsmdeni sxeulis winaaRmdegobis zedapirTan axlos ukumoZraoba  

daiwyeba, miuxedavad imisa, rom garegani nakadi agrZelebs win moZraobas. axali nakadis 

Semodineba am process aZlierebs da xels uwyobs Caxveulobis Casaxvas, moZraobis 

sawinaaRmdego mimarTulebiT. Tu nakadis siCqare klebulobs moZraobis mimarTulebiT, 

maSin sasazRvro fenaSi aRiZvreba ukumoZraoba, romelic mniSvnelovnad aCerebs gare 

nakads da aZlierebs grigals. amrigad suramis zeganze dasavleTidan ciklonuri 

SemoWrisas, sadac wnevaTa aRniSnuli sxvaoba metia nulze, izrdeba qaris siCqare 

nakadis Siga areSi. es nakadi Sexvdeba ra qeds, umcirdeba  siCqare da Semobrundeba ukan. 
anticiklonuri SemoWrisas procesi warimarTeba SebrunebiT da moxdeba qedze nakadis 

gadadinebis gaZliereba. swored aseTi procesebi aris dakvirvebuli, suramis zegnis  

orive mxares operatiul praqtikaSi. Teoriulad  moyvanili situaciis  samarTlianiba 

dasabuTebulia monografiis wina TavebSi.  

aq ki SevexoT orografiuli iakobianis Sefasebas Semdegi monacemebiT.  platos 

maqsimaluri simaRle 1000 m.(jvris gadasasvleli), axla warmovadginoT es mTaTa masivi 

samkuTxa piramidis saxiT, romlis sigrZe 0x RerZis (emTxveva paralelis mimarTulebas, 

dasavleTidan aRmosavleTisaken) gaswvriv saCxeridan gomamde iyos 46.10 m. 
sigane 0y RerZis (emTxveva meridianis mimarTulebas, dadebiTi CrdiloeTidan 

samxreTisaken) mimarT sawiokis mTidan xaragaulamde iyos 410.10 m. Sesabamisad 
simaRleebi da wnevebi iqneba: Z(saCxere)=400m; P(saCxere)=960mb; Z(jvari)=1000m. P(jva-
ri)=900mb; Z(sawioke)=1200m; P(sawioke)=880mb; Z(gomi)=200m; P(gomi)=980mb; Z(xaraga-
uli)=1100m; P(xaragauli)=890mb. haeris nakadis dadebiT mimarTulebad avirCioT 
dasavleTidan aRmisavleTisaken, gradientis, rogorc wesi wnevis Semcirebis  
mimarTuleba. miviRoT, rom  haeris simkvrive 1,3  kg/kb.m da  moyvani-li ricxviTi 

sidideebisTvis gamovTvaloT reliefis gavleniT warmoqmnili kinetikuri energia da 
orografiuli siCqare (paragrafi 3.3) saTanado gamoTvlebiT gveqneba [73]: 

1 1 ln ln
(ln , ) ( )

P P
P

x y y x

 


 

   
 

   
;    

8 81
(ln , ) 1,11(0,051 0,0077).10 0,059.10P



     

    siCqarisaTvis ki miviRebT C=2,2m/wm. droiTi masStabis gazrdiT kinetikuri 
energiis jamuri mniSvneloba xdeba uaryofiTi, siCqare icvlis mimarTulebas  da 
absoluturi sididiT izrdeba. es Teoriulad amarTlebs suramis qedidan 
Semobrunebul nakadSi, operatiul praqtikaSi xSirad dakvirvebul ciklonuri 
procesis gaZlierebas. 
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 4.6. mestiis qvaburis klimaturi gansakuTrebuloba  
zemo svaneTis mniSvnelovani teritoria, klimaturi  TvalsazrisiT SeiZleba 

daxasiaTdes mestiis  qvaburis TaviseburebiT. mestia mdebareobs zRvis donidan 1400 
metr simaRleze (meteorologiuri sadguri 1441 m). mestiaSi Camoyalibebulia notio 
hava,  civi zamTriT da xangrZlivi, grili zafxuliT. mravalwliur meteorologiur 

monacemebze dayrdnobiT, saSualo wliuri temperatura 05,7 c . yvelaze civi Tve 

ianvari, saSualo 06t c  . yvelaze cxeli Tve ivlisi, saSualo  016,4t   c. 

absoluturi minimumi 035 c ,xolo absoluturi maqsimumi, igive sidide plius 
niSniT. saSualo wliuri fardobiTi tenianoba 75%-ia, naleqebis wliuri jami 918 mm. 
maqsimumi oqtombris TveSi - 95 mm., xolo minimumi TebervalSi 61 mm. qaris saSualo 
wliuri siCqare 1,1 m/wm., ZiriTadad gabatonebulia CrdiloeTis da samxreT-
dasavleTis qarebi. sur. 4.6.1. mocemulia zemo svaneTis klimaturi zonebi. 

 

 
sur. 4.6.1.  zemo svaneTis klimaturi zonebi. 

yvelaze dabali zona zemo svaneTis teritoriaze mdebareobs (500-900)m  simaRlis 

diapazonSi  da xasiaTdeba xaiSis meteorologiuri sadguris monacemebiT, xolo yve-

laze maRali, mudmivi  Tovlisa da myinvarebis zona  ganTavsebulia (3000-5000) m. sima-

Rleze (umaRlesi mwvervali Sxara 5203 metria). mniSvnelovani  teritoria uWiravs (1000-

2000) metris simaRlis zonas, romlis klimaturi pirobebi daxasiaTdeba mestiis 

meteorologiuri  sadguris monacemebis safuZvelze. miTiTebuli hifsometruli da 
meteometruli monacemebiT, gavTvliT ra reliefis maxasiaTebel a da b parametrebs 
(davuSvaT, rom mestiis qvaburis zoma (50 50) kvadratuli kilometria, miviRebT 

47.2.10a  1/მ da 61.10b  1/m, e.i. a=7,2b. modeluri gaTvliT miRebuli parametrebis es 
mniSvnelobebi miuTiTebs masze, rom qvaburSi qari umetes SemTxvevaSi miwispira 
fenaSi qris paralelis mimarTulebiT mTagrexilebis gaswvriv, rac realur 
pirobebSi arsebuli situaciis Teoriul axsna-dasabuTebas warmoadgens. vinaidan 
aseTi dinebebis xangrZlivad arseboba uzrunvelyofs mdgradi ciklonuri an 
anticiklonuri situaciis SenarCunebas da mkacr klimats.     

4.7 Tbilisis qvaburis klimaturi  bunebis modeluri Sefaseba 

ukanasknel aTwleulebSi dedamiwis Semswavlel mecnierebaTa specialistebi, garkve-

uli SeSfoTebiT akvirdebian da swavloben klimatis Tanamedrove cvlilebas. klimatis 

cvlileba ki yovlismomcvleli da WeSmaritad globaluria, yvela Tanamedrove proble-

mebs Soris. klimatis cvlilebis kanonzomierebis dadgena, mimdinare globaluri daT-

bobis fonze, metad aqtualuri da praqtikuli Rirebulebisaa. dadgenilia, rom  globa-

luri daTbobis sididem sabaziso  (1950-1980 ) wlebis periodis  mimarT, amJamad Seadgina 

(0,2-0,6) celsiusis gradusi aT weliwadSi da mas zrdis tendencia aqvs. globaluri tem-
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peraturis  matebis es saSualo siCqare, aRemateba klimaturi qvesistemebis Seguebis un-

ars da amitom kacobriobis winaSe dgeba, saSiSi movlenebis Semdgomi ganviTarebis Sesus-

tebis, mowesrigebis aucilebloba. 
bunebrivia klimatwarmomqmneli faqtorebis Casaxva-ganviTareba mimdinareobs kon-

kretul, fizikur-geografiul pirobebSi. amitom arsebiTi da zogjer  gadamwyveti 
mniSvneloba aqvs regional-lokaluri klimatis Taviseburebebs. pirvel rigSi, mik-
rocirkulaciur procesebs [30.71.76.], vinaidan lokaluri pirobebi moqmedebs  haeris 
nakadis ara marto dinamikur maxasiaTeblebze, aramed midamos temperaturasa, tenian-
obasa, amindis pirobebsa da ekologiur situaciaze. yovelive es mkafiod miuTiTebs 
lokaluri procesebis  Teoriuli da modeluri Seswavlis aucileblobaze, mis 
praqtikul Rirebulebaze. calkeuli regionis geologiur-geografiuli pirobebi ga-
napirobebs klimatis im lokalur „fenomenur“ Taviseburebebs, romliTac gamoirCeva 
saqarTvelos  teritoriis zemoT miTiTebuli ramdenime qalaqi, Tu mxare, gansakuT-
rebiT ki qvaburebi [72,74,75]. 

movaxdinoT atmosferos  miwispira-sasazRvro fenis gamokvleva da maTSi mimdinare 

cirkulaciuri procesebis Seswavla Tbilisis qvaburisaTvis. sakiTxis Teoriuli mxa-

ris gaSuqebisaTvis aqac, rogorc wina TavebSi, vsargeblobT hidrodinamikaSi aRiarebu-

li a.fridmanis gamartivebuli gantolebiT, qaris siCqaris   grigalis vertikaluri 
mdgenelisaTvis Semdegi saxiT[1,8,10,19,31,35]: 

( ) ( )l l
u v lD

t x y

    
   

  
                    (4.7.1), 

sadac mTa-gorian teritoriisaTvis geostrofiul miaxlovebaSi   ase warmodgeba [1,6]: 

1
[ ( )]x ya b


                                  (4.7.2), 

aq yvela simbolo gansazRvrulia wina paragrafebSi. (4.7.2)-is (4.7.1)-Si CasmiT, 
meteorologiuri sidideebis da maTi warmoebulebis rigis Sefasebis 
gaTvaliswinebiT [29.31.], miiReba ZiriTadi samuSao gantoleba: 

( )( ) ( )x y x yu v a b l b a
t x y


  
         

  
         (4.7.3) 

am gantolebis amoxsna veZeboT Semdegi brtyeli talRis saxiT [6,7,9]: 

                                    
( )

0

i mx ny te                  (4.7.4), 

sadac m da n Sesabamisi talRuri ricxvebia,   ki fazuri sixSire, 0  denis funqciis 

amplituduri mniSvneloba. (4.7.3)-Si (4.7.4)-is CasmiT fazuri sixSirisaTvis  miiReba 

damokidebuleba: 
2
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  (4.7.5), 

sadac 1l l , xolo 1  . atmosferuli movlenebis realobidan gamomdinare, 

fazuri sixSirisaTvis aRebuli unda iqnas mxolod namdvili nawili. amrigad, 
talRis moZraobis  stacionarobas uzrunvelyofs moTxovna [34,35]: 

0am bn       (4.7.6). 
am damokidebulebis Teoriuli da praqtikuli Rirebuleba aRniSnulia wina 
paragrafebSi.  
    amrigad, nebismier SerCeul lokalur poligonze haeris nakadze moqmedebs, 
reliefis gavleniT warmoqmnili aRmaval-daRmavali dinebebi, romelTa 
gaTvaliswinebac aucilebelia. swored es dinebebi arsebiTad gansazRvravs 
adgilobrivi cirkulaciis bunebas da mTel rig Taviseburebebs lokalur 

qvaburebSi. orografiuli vertikaluri siCqaris 0W  gansazRvrisaTvis ki 

gamoviyenoT mesame Tavis  meoTxe paragrafis meSvide formula: 

0

1
( , ln )W p H

l



       (4.7.7). 
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sadac H aris atmosferuli fenis simaRle. 
0W  gamoxatavs swored, orografiuli 

faqtoris gavleniT warmoqmnil, aRmavali dinebis  siCqares. 
Tbilisis qvaburis aerozoluri smogis gadanawilebis Taviseburebebis 

SefasebisaTvis ki visargebloT, haeris daWuWyianebis fardobiTi koncentraciis 
gansazRvris martivi TeoriiT. cnobilia, rom haeris damaWuWyianebel wertilovan an 
wrfivi wyarodan minarevis gavrceleba stacionaluri SemTxvevisaTvis, moicema  
gantolebiT [11,73,76].  

u ( ) ( )g

q q q
w v k

x z z z

   
  

   
               (4.7.8), 

sadac q - minarevis koncentraciaa, 
gv  aris minarevis daleqvis siCqare. qaris 

siCqaris u mdgenelisa da turbulentobis k koeficientis, simaRlis mixedviT 
cvlileba warmovadginoT Semdegi saxiT [ 11,29,78]: 
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         (4.7.9 – a,b,v) 

(4.7.9.b.) - roca z h  da (4.7.9.v) roca z h ; 0 aris kuTxe dedamiwis zedapirsa da 

realuri da geostrofiuli qaris mimarTulebebs Soris;  -koCinis ricxvia; h - 

miwispira fenis simaRle; v - dinamikuri siCqare;  - karmanis mudmiva. moyvanili  

maTematikuri modeli, sxvadasxva variantiT gamoyenebuli iyo ramdenime qarTveli 
avtoris [11,57,79] mier da miRebuli iyo damakmayofilebeli Sedegebi. igive midgoma 
ganvaxorcieleT, kompiuteruli SesaZleblobebis gamoyenebiT da avageT (4,7,9) 
gantolebis amoxsna, daxris kuTxis cvlilebis gaTvaliswinebiT  nax. (4.7.4-4.7.7). 
vertikaluri siCqare ganisazRvreboda orografiis garsdenis pirobidan, romelic 
moyvanili iyo  wina paragrafebSi. SeiZleba vertikaluri siCqare ganisazRvros 
miaxloebiTi formuliTac [11,56]: 

0( )w z w z         (4.7.10) 

aq  -s ganzomileba 1/wm parametria, romelic axasiaTebs w-s cvlilebas simaRleze. 

eqsperimentul-statistikuri masalis damuSavebis safuZvelze dadgenilia, rom   

icvleba ( 5 310 10  ) 1/wm-is farglebSi. Cven gamoTvlebSi igi  410 1/wm-ia. 0W  ki 

orografiuli SeSfoTebis siCqaris  tolia da ganisazRvreba formuliT (4.7.7) [15]. 

0W -s aseTi warmodgena aris swored, SemoTavazebuli siaxle  Sesabamis aRiarebul 

Teoriebs Soris. (4.7.8) gantolebis amoxsnis meTodika Sesabamis sasazRvro 
pirobebSi, moyvanilia [11]-Si. aRniSnuli TeoriiT SeiZleba, zogadad ganxorcieldes 
haeris daWuWyianebis Sefaseba TbilisisaTvis: kerZod, gairkves minarevis 
koncentraciis damokidebuleba turbulentobis koeficientze, qaris mimarTulebasa 
da dedamiwis zedapirs Soris kuTxeze, geostrofiuli qaris sidideze, simaRlis  
cvlilebaze [1,5,79]. moyvanili Teoriis safuZvelze axsnili iqneba q. Tbilisis 
qvaburSi  dakvirvebuli „fenomenuri“ movlenebi. Tbilisi mdebareobs mdinare 
mtkvris xeo-baSi, samxreT-aRmosavleTiT mTawmindis (760 m) da Crdilo-dasavleTiT 
maxaTis (520 m) mTas Soris. mtkvris mimarTulebiT qalaqis sigrZe 30 km-ia, sigane (10-
15)km. Tbilisis qvaburSi SerCeul iqna  eqvs sxvadasxva adgilze ganlagebuli 
meteorologiuri sadguri (nax.4.7.1). aq mopovebuli mravalwliuri  dakvirvebebis 
monacemebis mixedviT, moxda Tbilisis klimaturi Taviseburebebis gamoaSkaraveba. 
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nax.4.7.1. Tbilisis qvaburSi ganlagebuli meteorologiuri sadgurebi 

 

ZiriTadi meteorologiuri sidideebis mravalwliuri mniSvnelobebi moyvanilia 

cxrilSi 4.7.1. 

cxr.4.7.1. meteorologiuri  sidideebis mravalwliuri mniSvnelobebi 

funikuliori 

1946-1955 ww 

aeroporti 

1946-1955 ww 

diRomi // 
vaSlijvari 

1966-1975 ww 

sasoflo 
instituti 

1960-1967ww 

atmosferuli wneva (mb) 

955,5 920 966,7 841,7 

haeris temperatura 0C 

12,6 10,8 12,9 13,5 

fardobiTi sinotive (%) 
65 68 66 64 

qaris siCqare (m/wm) 

5,9 3,4 - 2,5 
 

       Tbilisis qvaburSi aRiarebuli „fenomenuri“ Tavisebureba Semdegia: zamTarSi 
mzian wynar anticiklonur amindSi, xSirad aris dReebi, roca mTawmindis  ferdobze 
temperatura (6-9) gradusiT aRemateba observatoriis (459 m) temperaturas. mTidan 
Camonaberi haeri md. mtkvris xeobaSi gamosxivebis gamo, kidev ufro civdeba da cudi  
gamtarianobis  gamo tafobSi „dagubebas“ ganicdis. es aris erT-erTi mizezi imisa, 
rom TbilisSi Ramis temperatura sagrZnoblad dabalia da dReRamuri amplituda 
izrdeba. TiTqmis paradoqsi - fenomenia, magram faqtia, rom mTawmindaze zamTarSi 
mTeli dRis ganmavlobaSi ufro Tbila, vidre qalaqis centrSi. zafxulSi ki ufro 
grila, centrSi haeris tenianobac izrdeba, burusia, (xilvadoba 500-700 metrze 
naklebi), TiTqmis mudmivad aris aerozoluri smog-Rrubeli [56,57.]; 
mikrocirkulacia xels uwyobs  qalaqis centrSi temperaturis matebas, gare 
ubnebTan SedarebiT. ianvris da ivlisis temperatura Tbilisis centrSi (0,6-2) 
gradusiT aRemateba diRmisa da samgoris temperaturas. qalaqis centrSi qaris 
siCqarec sustia (ianvarSi 2,2 m/wm, ivlisSi - 2,1 m/wm), gare ubnebTan SedarebiT 
(Sesabamis TveebSi diRomSi 3.7 m/mw da 5.2 m/mw, aeroportSi ki 5.4 m/wm da 7.2 m/wm.). 
haeris uSua lod vertikaluri Sereva  mcirea  [5,8,9]. qris mxolod ferdobebis qari 

(nax. 4.7.2). ris gamoc adgili aqvs haeris inversiuli fenis warmoSobas, mtvrisa da sxva 

minarevebis dagrovebas, rac zrdis haeris  daWuWyianebas. Sesabamisad izrdeba mzis 

grZeltalRovani gamosxivebis intensivoba, xolo ultraiisferisa mcirdeba. miwispira 

fenaSi xdeba ultraiisferi sxivebis  dagroveba, rac zrdis miwispira ozonis 

koncentracias. es ukanaskneli ki iwvevs sicocxleze  arasasurvel zemoqmedebas. aseve 
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klimaturi Taviseburebaa TbilisSi aerozoluri Rrubelis xangrZlivi arseboba dilis 

saaTebSi (rac kargad daikvirveba  maRali Senobebis sarTulebidan). es Rrubeli mTel 

qalaqs „awevs“ zemodan da ar niavdeba. 
 

 
nax.4.7.2. mikrocirkulacia Tbilisis qvaburSi 

 

Tbilisis tafobis miTiTebuli Taviseburebebi aixsneba moyvanili TeoriiT. 

amisaTvis movaxdinoT reliefis gavlenis maxasiaTebeli parametrebis Sefaseba.  

mTawmindisa da maxaTis mTa warmovadginoT samkuTxa piramidis saxiT (nax.4.7.2), romelTa 
mwvervalebze atmosferuli wnevis  saSualo mravalwliuri mniSvneloba da maT Soris 

manZili cnobilia da qvaburSi haeris fenis simaRle 1000 metria, qaris gabatonebuli 

mimarTuleba ki aris Crdilo-dasavleTi (nax.4.7.3.). 

 

 
nax.4.7.3. TbilisSi gabatonebuli qaris mimarTuleba 

 
   miTiTebuli realuri monacemebiT gaTvlili reliefis gavlenis a da b maxasi-

aTebeli parametrebi udris a=5,52 .
610  1/m, b=23.

610 1/m, vertikaluri orografiuli 
siCqare gaTvlili (4.7.7) formuliT ki aris 12,64 sm/wm [2,7,8]. am mniSvnelobebis 
gaTvaliswinebiT, formula (4.7.6)-is safuZvelze, miiReba metad mniSvnelovani Sedegi. 
vinaidan reliefis gavlenis parametri b Crdilo-samxreT mimarTulebiT oTxjer 
aRemateba parametrs dasavleT-aRmosavleTis gaswvriv, amitom haeris masebi 
ZiriTadad, mxolod erTi mimarTulebiT- mtkvris xeobis  gaswvriv moZraobs (n=4,12m). 
qvaburSi warmoebs mTa-xeobis Caketili cirkulaciis warmoSoba (ix.nax.4.7.2.), 
romelsac aZlierebs vertikaluri siCqaris simcires (maqsimum ori aTeuli sm/wm). 
cxadia haeris nakadis aseTi dinamika asabuTebs, qvaburSi zemoT moyvanil yvela 
klimatur  „fenomenur“ Taviseburebebs. vinaidan tafobSi mudmivad aris reliefuri 
warmoSobis aRmavali dineba, romelic Caketili cirkulaciis gamo, mTis zemoT ki 
ar qreba, aramed icvlis mimarTulebas da ubrundeba qalaqs. cxadia, es xels uSlis 
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smoguri Rrubelis gaSlasa da gafantvas. vinaidan tafobSi mudmivad aris 
reliefuri warmoSobis aRmavali dineba, romelic Caketili cirkulaciis gamo, mTis 
zemoT ki ar qreba, aramed icvlis mimarTulebas da ubrundeba qalaqs [88].  
    sxvadasxva ekologiuri situaciebis Casaxva-ganviTarebisaTvis gansakuTrebulia  
haerSi mravali zomis mtvris nawilakebis arsebobac. ZiriTadad  masze ileqeba 
samrewvelo da sameurneo narCenebi, romlebic iwveven haeris daWuWyianebas, riTac 

zrdian ekologiur risks. mtvris nawalakebis zomaa 410  mk-dan 10 mm-mde (1mk= 310 mm). 
am nawilakebze moqmedebs simZimis  Zala P da xaxuniT gamowveuli stoqsis 

Zala 6f vr , sadac v siCqare,   ki siblantis koeficienti. am Zalebis gatolebiT 

nawilakis daleqvis siCqarisaTvis miRebulia formula: 6 21,26.10v r , Tu radiusi 

0,4 mk-ia, magaliTad wylis orTqlis wveTebi, maSin uqaro  amindSi es wveTebi 100 m. 
simaRlidan daileqeba 16 dRe-Ramis ganmavlobaSi, 7 dRe-RameSi wynar amindSi; roca 
radiusi didia, mag. 2,2 mk, maSin nawilakis vardnis dro 90 sT-ia. aqedan Cans mtvris 
da sxva aerozoluri nawilakebis mniSvneloba garemos dabinZurebaSi, Sesabamisad 
ekologiuri situaciebis garTulebaSi. sayuradReboa, rom Cvens binaSi 1kv.sm farTze 
daaxloebiT 20 aTasi mtvris nawilakia; oTaxSi adamiani yoveldRiurad SeisunTqavs 
500 milion mtvris nawilaks. jer kidev mendeleevma aCvena, rom 2 gram haerSi 
imyofeba 500 tkipa da 700 milioni mtvris nawilaki. samwuxarod es ricxvi izrdeba 
da izrdeba. ra gveSveleba? albaT, organizmis Seguebis unarianoba da sufTa 
ekologiuri garemos Seqmna-SenarCuneba. 
    ekologiuri blokisaTvis iqna Sedgenili modeluri programa, romlis zogierTi  
Sedegi warmodgenilia naxazebze  4.7.4-4.7.7. 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

                                 

 

 

 

nax.4.7.4.-4.7.7.  
 

 cxrilSi 4.7.2 moyvanilia q. Tbilisis atmosferuli haeris dabinZurebis saSualo donis 

(mg/m3) cvlileba bolo aTwleulSi. cxrilSi 4.7.3. ki nimuSis saxiT,  aRebulia erTi dRis 

q. Tbilisis haeris dabinZurebis Semswavleli avtomaturi sadgurebis monacemebi 
 

 

cxr.4.7.2. Tbilisis atmosferuli haeris dabinZurebis saSualo donis 

(mg/m3)  cvlilebis tendencia 

wlebi 
ingredientebi 

mtveri gogirdis dioqsidi naxSirJangi azotis dioqsidi tyvia 

2007 0,75 0,14 5,0 0,07 - 
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2008 0,78 0,13 5,1 0,06 0,00033 
2009 0,50 0,12 4,0 0,07 0,00022 
2010 0,40 0,10 3,6 0,09 0,00020 
2011 0,50 0,09 2,8 0,09 0,00021 
2012 0,50 0,12 3,1 0,09 0,00013 
2013 0,70 0,12 3,4 0,10 0,00012 
2104 0,90 0,13 3,0 0,09 0,00012 
2015 0,77 0,14 3,1 0,08 0,00020 
2016 0,60 0,14 3,3 0,09 0,00004 

 
 

cxr.4.7.3  atmosferuli haeris damabinZurebeli nivTierebebis saSualo 

         sadReRamiso koncentraciebi  (24 noemberi, 2016 weli) 

dakvirvebis punqtebi 
CO SO2 O3 NOx NO NO2 PM10 PM2.5 

mg/m3 

wereTlis gamziri 105 0.5 0.012 0.022 0.081 0.044 0.037 0.037 0.021 

yazbegis gamziri, wiTel baRTan * 0.009 0.024 0.054 0.017 0.037 0.026 0.017 
varkeTili 3, I mkr-ni, me-2 
korpusis mimdebare teritoria  * 0.006 0.034 0.033 0.006 0.027 * * 

zRvrulad dasaSvebi saSualo 
sadReRamiso koncentracia (saq-
arTvelos normativi)  

3 0.05 0.03 - 0.06 0.04 - - 

evrokavSiris normativi (saSua-
lo sadReRamiso koncentraci-
ebi ) 

- 0.125 - - - 0.125 0.05 - 

 

  SeniSvna:  *  -   monacemi ar aris teqnikuri mizezis gamo. 
  

am monacemebis analiziT Cans, rom arcerTi ingredientis sidides wlebis 
mixedviT, farTo diapazonSi cvlileba ara aqvs da es cvlileba, garkveuli 
miaxloebiT, dasaSvebi normis farglebSia. swored amas adasturebs moyvanili 
Teoria, rac gakeTebulia pirvelad. aqve SevniSnoT Semdegi:  dadgenilia, rom 1928 
welTan SedarebiT, saSualo atmosferos saerTo gaWuWyianebis yovelwliuri zrda, 
saqarTvelos sxvadasxva regionebisaTvis, Seadgens: Tbilisi 13%; Telavi - 15%; 
senaki - 5,5%; anaseuli - 8,7% soxumi - 6,6% ; walka - 3,6%. mTlianad 
saqarTvelosaTvis 8,8% anu 2000 wels haeris gaWuWyianebam 1928 welTan SedarebiT 
saSualod moimata: TbilisSi 8-jer, TelavSi 9-jer, anaseulSi 5,4-jer, senakSi 6-jer, 
soxumSi 4,1-jer, walkaSi 2,2-jer, saSualod saqarTveloSi 5,4-jer [50. 57.85 ]. 

zogadad sayuradReboa, rom meteorologiuri elementebis saukunenaxevris 
monacemebis (1870-2010 w.w.) damuSavebis safuZvelze dafiqsirebulia, rom saqarTvelos 
mTel teritoriaze yvelaze civi Tve aris ianvari. TbilisSi yvelaze civi ianvari 
iyo 1889 wels, Tebervali ki - 1969 wels. yvelaze cxeli Tveebia ivlisi-agvisto. 
Sefasebulia, rom TbilisSi -18 gradusi celsiusis qvemoT, temperaturis arsebobis 
albaToba sul 4%-ia, xolo -10 gradusze qvemoT 56%. uyinavi dReebis ricxvi (t>0 
gradusze) aRwevs 280-s. qaris gabatonebuli mimarTulebaa Crdilo-dasavleTi ix. 
suraTi 4.7.3 

Catrebuli kvleva iZleva sasurvel Sedegs, romelic mdgomareobs masSi, rom 
qalaq Tbilisis qvaburis yoveli klimaturi Taviseburebis axsna moxerxda da 
fizikuri mosazrebebidan gamomdinare, hidroTermodinamikuri midgomiT dasabuTda. 
aseTi midgoma ganxorcielebulia pirvelad. Sedegi sasurvelia gaTvaliswinebuli  
iqnas qalaqis axali ubnebis urbanizaciis perspeqtivaSi. 

 4.8. axalcixis mTiani qvaburis klimaturi Taviseburebebis axsna dasabuTeba 

axalcixis mTiani qvaburi ganekuTvneba eroziul mTaTaSua qvaburebis tips.  igi 

mdebareobs mdinare mtkvris zemo auzSi. dasavleTidan mas esazRvreba arsianis qedis 

Crdilo  nawili, CrdiloeTidan aWara-imereTis qedi, aRmosavleTidan TrialeTis qedis 

dasavleTi dablobi, xolo samxreTidan eruSeTis mTianeTis Crdilo kalTebi. qvaburi 
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dasavleTidan aRmosavleTisaken (sofeli dercelidan sof. blorZamde ) grZeldeba 50 

km-s manZilze (ruka 3). misi sigrZe sxvadasxva nawilSi sxvadasxvaa: dasavleT 

dablobebTan 4-5 km-ia, q. axalcixis meridianze 12-14 km, xolo aRmosavleTi nawili (sof. 

WobareTi-agaris xazze) 18-20 km.  qvabulis mTavari wylis arterias warmoadgens mdinare 

mtkvari da focxovi, aseve maTi Senakadebi (qvabliani, ocxe, uraveli, winaubniswyali da 

sxva). qvaburi ori gansxvavebuli nawilisgan Sedgeba - 900-1500 m.  dabal zonaSi 

warmodgenili gorak-borcviani reliefiT da  2500 metramde, saSualomTiani cicabod 

daxrili ferdobiT.  
geologiuri TvalsazrisiT qvaburi warmoadgens sarTulad agebul sinklinoriums 

da gvevlineba teqtonikur depresiad. qvaburis morfologiur CamoyalibebaSi didi 
roli iTamaSa teritoriis amgebi qanebis liTologiurma Semadgenlobam da gamdinare 

wylebis eroziulma  zemoqmedebam (gobejiSvili r. 2011). qvabulis centrSi terasuli 

vakea, vulkanogenur wyebebze  reliefi kldovania. 1200-1200 m.  zemoT mesxeTis, eruSeTis 

da arsianis qedebis kalTebi sakmaod  danawevrebuli mTa- xeobaTa reliefia. (ix. sur. 

4.8.1.)                   

 
sur. 4.8.1. axalcixis klimaturi zonebi 

 

qvaburSi 1300-1400 m simaRlemde tye-stepebis landSaftia, qvaburis gareT 2000-2200 m-mde 

da ufro zemoT  mTa-mdelos landSaftia. axalcixis municipalitetis farTobi 1010,3 

kv.km. samxreT dasavleTiT da samxreT aRmosavleTiT mas TurqeTi esazRvreba. hava 

(klimati) kontinentaluria: zamTari civi, SedarebiT mSrali da mcireTovliani. 

zafxuli  xangrZlivi da Tbili. ianvris saSualo temperatura -2,20C (aspinZa), -5,40 

C(abasTumani) farglebSi meryeobs. agvistoSi 17,30 C-dan 29,50C(axalcixe). saSualo 

wliuri temperatura 6,50C-9,50C, absoluturi minimumi -290C-dan-320C-mde. absoluturi 

maqsimumi 390C. naleqebi 400-520 mm weliwadSi. qvaburis ferdobebze  zemoT zomieri notio 

havaa  civi zamTariT da grili zafxuliT. teritoriis 37,3% tyiania, 17,0% uWiravs 

sasoflo-sameurneo savargulebs. sakvlevi regioni  5247,9 kv.km farTobs moicavs, 

bunebrivi safari buCqnari da mravalwliani balaxeuloba da wiwvovani tyeTa  zonebia. 

qvabuli zRvis donidan sakmaod maRalzea, regionze simaRleTa ganawileba procentebSi 

mocemulia diagramaze sur.4.8.2.  

cxrilSi 4.8.1. moyvanilia axalcixis meteorologiuri parametrebis klimaturi 

mniSvnelobebi bolo 25 wlis monacemebis safuZvelze. 
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sur.4.8.2. axalcixis qvaburis simaRleTa ganawileba %-Si. 

                     
cxrili. 4.8.1.  

axalcixe 1990-2015 w.w. 
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903,9 9,3 40,5 -25,5 17,2// 3,6 25 0,5 522,3 75,8 

qaris mimarTulebisa da Stilis ganmeoradoba, %  (weli) 
C CaR aR saR s sd d Cd Stili 

6,9 6,1 24,2 6,2 11,9 7,3 30 7,4 74,7 
 

SevafasoT qvaburis orografiuli parametrebis ricxviTi sidideebi Cvens mier 
SemoTavazebuli dinamikuri modgomiT. qvaburis saSualo simaRle H=1000m, sigrZe 

paralelis gaswvriv x =50km, meridianis mimarT y =20km. am mimarTulebiT sawyis da 

bolo punqtebSi atmosferuli wnevis Sesabamisi mniSvnelobebia P(d)=980 mb. P(aR)=850 
mb, P(Cr)=820 mb, P(sam)=879 mb. visargeblebT  a da b parametrebis ukve SemoTavazebuli 

saangariSo formulebiT da CavatarebT gaTvlebs, miviRebT: a = -0,028. 410 1/m; b = 0,03. 
410 1/m; hW = -7,4sm/wm; 0,93a b  . 

axalcixis qvaburis orografiuli parametrebis es mniSvnelobebi miuTiTebs 
masze, rom qvaburSi ganviTarebuli mikrocirkulaciuri procesebi marTlac 
unikaluria. orografiis gavlena paralelisa da meridianis mimarTulebiT TiTqmis 
erTnairia da aqvs urTierTsawinaaRmdego niSani; nakadis vertikaluri siCqare 1000 
metris fenaSi, agreTve uaryofiTia da 10 sm/wm-is sididis farglebSia. bunebrivia 
haeris nakadis aseTi  dinamika, seriozul gavlenas  moaxdens lokaluri amindis 
Camoyalibebaze. Sefasebuli dinamika ganapirobebs swored havis kontinentalurobas, 
yoveldRiuri temperaturis ramdenime (30C-50C) gradusiT gansxvavebas qvaburis  
garemos temperaturasTan SedarebiT, aseve  sxvadasxva naleqebs da qars. amrigad,  
SemoTavazebuli axali midgomiT kargad da naTlad aixsneba ganxiluli qvaburis 
klimaturi Taviseburebebi da yovelive es keTdeba pirvelad. 

Semdgom kvlevebSi gamoyenebis mizniT, ganxiluli mikroregionebis orografiuli 
parametrebis mniSvnelobebi moyvanilia cxrilSi 4.8.2. 
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cxrili 4.8.2.  
parametrebi 

a (1/m) b (1/m) a/b Wh
(sm/wm) SeniSvna 

amierkavkasia 

0,68×10-6 6,4 ×10-6 0,11 34,5  
alaznis veli 

0,15×10-4 4,1×10-4 0,036 10-2 susti vertikaluri dineba 

Tbilisis qvaburi 

5,52×10-5 23×10-6 0,24 12,6  
zemo svaneTis qvaburi 

7,2×10-4 1×10-4 7,2 10-2 susti vertikaluri dineba 

suramis zegani 

10-4 3,510-2 0,29 8,7  
axalcixis mTaTaSua qvaburi 

-2,8×10-4 3×10-4 -0,93 -7,4  
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Tavi 5. qaris reJimis buneba saqarTvelos calkeuli regionebisaTvis 

 

 5.1. qaris velis statistikuri daxasiaTeba, meteorologiuri sidideebis bolo 60 
wlis monacemebiT 

qaris bunebis Sesaxeb damatebiT sasurvelia aRiniSnos, rom qari iwvevs mniSvne-
lovan ngrevas 10-12 m/wm siCqaris drosac ki, azianebs eleqtrogayvanilobas da kav-
Sirgabmulobis saSualebebs; 35 m/wm siCqaris zemoT zians ayenebs kapitalur Seno-
bebs; ar arsebobs Senoba-nageboba, romelic uZlebs 90 m/wm siCqaris qars. qaris siCqa-
ris da mimarTulebis cvlileba erT-erTi mTavari faqtoria amindis CamoyalibebaSi; 
igi aris energiis sufTa wyaro; adamians komfortulad arsebobis saSualeba aqvs (2-
3)m/wm siCqaris qaris dros. qarma SeiZleba asobiT tona mtveri gadaitanos erTi ad-
gilidan meoreze da gaaZlieros niadagis gaSroba-gaudabnoveba. yovelive aqedan ga-
momdinare, naTlad Cans lokalur-regionalur pirobebSi Zlieri qaris reJimis Ses-
wavlis Teoriuli da praqtikuli mniSvneloba. 

qaris siCqaris sivrculi ganawilebis kanonzomierebani sakmarisad didi xnis win 
iqna Teoriulad Seswavlili [3,8,14,15], bolo wlebSi ki Seqmnilia araerTi fizikur-
maTematikuri modeli, romelSic gansazRvruli iqna qaris buneba lokalur region-
Si, maT Soris mTa-gorian teritoriaze [1,33,37,38]. rac Seexeba calkeul regionebze 
qaris velis detalur Seswavlas statistikuri midgomiT, aq Sromebis mcire raoden-
obaa, aqedan gamomdinare Cveni mizania qarze, bolo 60 wlis meteorologiuri dak-
virvebis masaliT davaxasiaToT misi reJimi saqarTvelos sxvadasxva teritoriaze.  

qaris velis Seswavlis Teoriuli safuZveli aris atmosferos hidroTermodina-
mika da  am  mxriv  mravali aTeuli  Sromaa  Sesrulebuli  qarTveli  mecnierebis  
mier [1,34,81]. amasTanave, TviT qaris bunebidan gamomdinare,  misi mravalgvari variac-
iebis analizisaTvis didi mniSvneloba aqvs statistikur midgomas. Cveni mizania da-
vadginoT Zlieri qaris buneba (15 m/wm) meore midgomiT saqarTvelos  sxvadasxva, er-
TmaneTisgan gansxvavebul teritoriaze. qari haeris masebis horizontaluri gadaad-
gilebaa da aqvs sivrceSi siCqaris sami mdgeneli.qari sxvadasxva faqtorebis zegav-
leniT did cvlilebas ganicdis. qari drois  umcires monakveTSi SeiZleba  metad 
gansxvavebuli siZlieriT uberavdes da mimarTulebas icvlides. es cvlileba gansa-
kuTrebiT  mkafioa miwispira  fenaSi, ZiriTadad  orografiis  gavleniT. haeris di-
neba - qari  biZgebis  saxiT pulsacias  ganicdis, rac  cnobilia  qaris  simZlav-
ris (simZafris) saxelwodebiT. es  siZliere  damokidebulia  haeris  korientul - 
turbulentur  bunebaze da misi simZlavris  zomad SeiZleba  miviRoT  drois  gar-
kveul  SualedSi (wuTi, saaTi,  dRe-Rame, dekada, Tve) biZgebis maqsimum  da  minima-
lur siCqareTa sxvaobis  Sefardeba  drois  imave  monakveTis  siCqaris  saSualo 
mniSvnelobasTan. amrigad [71,72]: 

 
am parametrs uwodeben qaris siCqaris dinamikuri mdgradobis parametrs. zogadad 

rac didia siCqare, miT metia es parametri, aseve igi did mniSvnelobas Rebulobs ga-
zafxulze da Semodgomaze, minimalurs zafxulSi; dRis saaTebSi simZlavre matu-
lobs, xolo RamiT klebulobs. garda amisa cxadia haeris turbulenturi moZraoba 
da aqedan gamomdinare, qaris simZafre damokidebulia atmosferos temperaturul 
stratifikaciaze. amitom am parametris analogiurad, SemovitaneT Termiuli mdgra-
dobis  parametric:  

 
vinaidan anomometruli  Canawerebi praqtikulad aRar arsebobs (romelic qaris 

biZgiT mniSvnelobas werda), amitom Zlieri qaris simZafris parametrebis gamosaT-
vlelad,  velis struqturis Seswavlis mizniT ganxorcielda Semdegi kvle-
va[22,23,71]. 

 saqarTvelos teritoriaze avirCieT Termiuli da dinamikuri pirobebiT gansxva-
vebuli quTaisis, Tbilisis, Telavis an sxva regioni. qaris siCqareze dakvirvebuli 
bolo 60-wliani masalis statistikuri masalis damuSaveba ganxorcielda sxvadasxva 
midgomiT. biZgiTi mniSvnelobebis mkafiod gamokveTisaTvis  qaris siCqaris mniSvne-
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lobebi dayofili iqna 5m/wm intervalis gradaciebad, 15 m/wm sidididan zemoT. Sesa-
bamisad, SerCeuli iqna wnevis, temperaturis (maqsimaluri, minimaluri, saSualo) da 
sinotivis mniSvnelobebi. 

SeviswavleT qaris siCqaris ganmeorebadoba TiToeuli intervalisaTvis. cxril 
5.1.1.-Si mocemulia qaris siCqareTa ganmeorebadoba mxolod ori intervalisTvis 16-20 
da 25-29 m/wm. rogorc cxrilidan Cans yvelaze didia qaris siCqareTa ganmeoradoba 
16-20 m/wm intervalisaTvis, xolo SedarebiT iSviaTi gvaqvs qaris siCqaris 25-29 m/wm 
SualedisaTvis, Tumca zogadad Catarebuli analizis safuZvelze SeiZlena vTqvaT, 
rom quTaisis regionze 16-20 m/wm intervalSi qari ZiriTadad gvaqvs Teberval-mar-
tSi, xolo 25-29 m/wm intervalSi qari gvxvdeba ianvar-martSi, Tumca asebobs gamonak-
lisi SemTxvevebic.  
 

cxrili 5.1.1. qaris siCqaris ganmeorebadoba Tveebis mixedviT quTaisis regi-Tvis. 

Qqaris siCqaris ganmeoradoba 16-20 m/wm intervalSi 
wlebi I II III IV V VI VII VIII IX X XI XII 

1960 16 7 2 2 10 0 6 0 5 7 23 13 

1965 27 11 12 11 11 0 0 12 11 4 4 11 

1970 35 26 29 26 14 11 6 0 11 17 8 11 

1975 7 21 13 16 6 14 2 7 7 29 20 20 

1980 18 13 33 2 8 7 9 3 9 23 4 9 

1985 15 0 16 17 13 0 2 11 2 14 14 6 

1990 6 3 1 9 19 5 0 0 11 14 2 24 

qaris siCqaris ganmeoradoba 25-29 m/wm intervalSi 
1984 2 3 5 0 0 1 0 0 0 0 2 5 

1989 1 0 1 1 0 0 0 0 0 0 2 0 

1994 1 0 0 2 0 0 0 0 2 1 0 0 

1999 1 0 2 1 0 0 1 0 1 0 1 3 

2004 1 0 0 0 0 0 0 0 0 1 0 0 

2009 1 0 0 0 0 0 0 0 2 0 3 1 

2014 6 0 3 1 0 0 0 0 0 0 0 0 
 

rogorc zemoT avRniSneT, qaris velis statistikuri daxasiaTebisaTvis SemoRebu-
lia dinamikuri (B) da Termuli mdgradobis (A) koeficientebi, Cven gamovTvaleT ma-
Ti saSualo mniSvnelobebi wlebis ganmavlobaSi, 1984-2014 wlebisaTvis roca qaris 
siCqare 25 m/wm-ze metia dinamikuri da Termuli mdgradobis saSualo mniSvnelobebi 
aris Sesabamisad 0,4 da 1,7, xolo rac  Seexeba maT yovelwliur cvlilebas igi sin-
qronulia odnav fazaSi wanacvlebiT. Tveebis mixedviT qaris maqsimaluri siCqaris 
cvlileba, rogorc mosalodneli iyo atarebs TiTqmis sinusoidur formas, qaris 
maqsimaluri mniSvnelobebi dafiqsirebulia Teberval-martSi, xolo minimaluri 
ivlisSi (nax.5.1.1; 5.1.2). 

 
Nnax. 5.1.1. dinamikuri da Termuli mdgradobis koeficientebis ganawileba 1984-2014 

wlebisaTvis (qaris siCqare V>25 m/wm). 
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nax. 5.1.2. qaris siCqareebis ganawileba Tveebis mixedviT 1984-1986 w.w. quTaisis 
regionisaTvis. 

 

 
 

nax. 5.1.3. qaris siCqarebiis ganawileba Tveebis mixedviT 2002-2004 w.w. quTaisis 
regionisaTvis. 

 
nax. 5.1.4. A da B koeficientebis saSualo mniSvnelobebis ganawileba wlebis mixedviT 

(qaris siCqaris 16-20 m/wm -Tvis). 

0
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2,5
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3,5
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B-დინამ.მდგ. კოეფ. A-თერმ. მდგ.კოეფ.

 
nax. 5.1.5. dinamikuri da Termuli mdgradobis koeficientebis ganawileba 1984-2014 

wlebisaTvis (qaris siCqare V>25 m/wm). 
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nax.5.1.6. A da B koeficientebis saSualo mniSvnelobebis ganawileba Tveebis mixedviT 

(qaris siCqaris 16-20 m/wm -saTvis). 
 

 
nax. 5.1.7. qaris maqsimaluri siCqaris Sesabamisi wnevis cvlileba Tveebis mixedviT (1960 

w). 

 
 

nax. 5.1.8. qaris maqsimaluri siCqareebis ganawileba Tveebis mixedviT (1960). 
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nax. 5.1.9. qaris maqsimaluri siCqareebis sixSiruli ganawileba Tveebis mixedviT 1984 
wlisaTvis. 

 

 
 

nax. 5.1.10. qaris maqsimaluri siCqareebis sixSiruli ganawileba Tveebis mixedviT 1996 
wlisaTvis. 

 

 
 
nax. 5.1.11. qaris siCqareebis ganawileba Tveebis mixedviT quTaisis  regionisaTvis. 
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nax. 5.1.12. qaris siCqareebis ganawileba Tveebis mixedviT quTaisis  regionisaTvis. 

 

 
nax. 5.1.13. qaris maqsimaluri siCqaris (25 m/wm –s zemoT) ganawileba wlebis mixedviT 

quTaisis regionisaTvis. 
 

cxr.5.1.2. qaris eqstremaluri mniSvnelobebi xuTwliani da aTwliani SualedebiT. 

5-wliani Sualedi Tve dRe V maqs. 

1960-1964 / 1964 XII 8/9 40 / 40 

1965-1969 / 1969 I 6 43 

1970-1974 / 1970 III 10 39 

1975-1979 / 1978 II 6/7 42/42 

1980-1984 / 1984 II 7 37 

1985-1990 / 1988 I 11 32 

saS.   39 

10-wliani  Sual.    

1960-1969 / 1969 I 6 43 

1970-1980 / 1970 III 10 39 

1981-1990 / 1984 II 7 37 

saS.   40 
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cxr.5.1.3. qaris eqstremaluri mniSvnelobebi xuTwliani da aTwliani SualedebiT 

5-wliani Sualedi V maqs. 
V min. 

min. maqs. 

1960-1964 40 1 14 

1965-1969 43 1 10 

1970-1974 39 2 18 

1975-1979 42 1 8 

1980-1984 37 2 10 

1985-1990 32 2 10 

saS. 39 2 12 

10-wliani  Sual.    

1960-1969 43 1 10 

1970-1980 39 1 8 

1981-1990 37 2 10 

saS. 40 1 9 

  

 
 
nax. 5.1.14.  qaris maqsimaluri mniSvnelobebi Tveebis mixedviT. 
 

naxazze 5.1.15. moyvanilia  maqsimaluri qaris saSualo wliuri mniSvnelobebi. 
maqsimaluri siCqare 1970 w. da 1979 w., minimaluri 1963w. da 1970w. 

 

 
 

nax.5.1.15. maqsimaluri qaris saSualo wliuri mniSvnelobebi 

 

 5.2. qaris siCqaris gabatonebuli mimarTulebis dazusteba saqarTvelos calkeuli 
regionebisaTvis 

gansakuTrebuli gamokvlevebis Sedegad gansazRvruli da dazustebuli iqna 

calkeul regionSi qaris gabatonebuli mimarTuleba, Sesabamisi qaris vardebis agebiT. 

sailustraciod moyvanilia qaris „vardebi“ agebuli ,qaris mimarTulebaze, bolo 60 

wlis dakvirvebuli masalebis mixedviT [72.74]. SerCeulia  dasavleT saqarTvelos  

Semdegi  qalaqebi: Tbilisi, quTaisi, duSeTi, gori, samtredia, wyaltubo, xoni. grafikebi 

agebulia wliuri saSualoebiT  im  TveebisaTvis, roca xSiri iyo qariani dReebi. qaris 

Sesabamisi „vardebi“ moyvanilia nax.5.2.1-5.2.18. Sedegebi SesaZleblobas iZleva, 
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rekomendacia mieces ganxilul regionze, qaris damcveli zonebis optimalur 
ganaSenianebas qaris energetikuli gamoyenebisaTvis. 

 
sadguri Tbilisi ianvari 
 

 

 
qaris gabatonebuli mimarTuleba 

sadguri gori ianvari 
 

 
nax. 5.2.1. nax.5.2.2. 

 
qaris gabatonebuli mimarTuleba 

sadguri gori maisi 
 

 

 
qaris gabatonebuli mimarTuleba 

sadguri gori maisi 
 
 

 
nax.5.2.3. nax.5.2.4. 

 
qaris gabatonebuli mimarTuleba 

sadguri gori noemberi 
 

 

 
qaris gabatonebuli mimarTuleba 

sadguri duSeTi ianvari 
 
 

 
nax.5.2.5. nax.5.2.6. 
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qaris gabatonebuli mimarTuleba 
sadguri quTaisi maisi 

 

 

qaris gabatonebuli mimarTuleba 
sadguri duSeTi maisi 

 

 

nax.5.2.7. nax. 5.2.8. 
 

qaris gabatonebuli mimarTuleba 
sadguri duSeTi agvisto 

 
 

 

 
qaris gabatonebuli mimarTuleba 

sadguri duSeTi noemberi 
 

 
nax. 5.2.9. nax.5.2.10 

 
quTaisi, oqtomberi 1975 w. 

 

 

 
quTaisi, ianvari 1975 w. 

 

 
nax.5.2.11. nax. 5.2.12. 
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quTaisi, maisi. 1975 w. 
 

 

quTaisi, agvisto 1975 w 
 

 
nax. 5.2.13. nax.5.2.14. 

xoni, oqtomberi  1975 w. 
 

 

wyaltumbo, agvisto 1975 w. 
 

 

nax.5.2.15. nax.5.2.16 
wyaltumbo, oqtomberi. 1975 w. 

 

samtredia, ianvari. 1975 w. 

 
nax.5.2.17 nax.5.2.18 

 

nax.5.2.1-5.2.18  moyvanilia qaris vardebi saqarTvelos zogierTi regionisaTvis  
 

 5.3.  Zlieri qarebis reJimis cvalebadoba mtkvris xeobaSi 
 erT-erTi saintereso meteorologiuri reJimi aris damyarebuli mdinare mtkvris 

xeobis mTel sigrZeze da mis Seswavla-ganalizebas mravalmxrivi mniSvneloba aqvs. 
naxazze 5.3.1.  gamosaxulia  adgilobriv  qarTa  buneba  mdinare  mtkvris  da  

aragvis xeobebSi. sadac: a)qveda  dineba, b)zeda dineba; adgilobrivi qari 
gradientuli qari. nax.5.3.1-dan Cans, rom  rionis xeobaSi qari  mimarTulia  mTis  
Txemisaken. misi zeda sawinaaRmdego dineba kargad  SesamCnevia, maSin roca  mtkvris  
xeobaSi gradientuli  qaris  dinebaSi gadadis da maTi mimarTuleba  emTxveva. didi 
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xania SemCneulia, rom orografiuli pirobebis gamo qaris reJimi Tbilisisa da 
quTaisis meteosadgurebze warmoadgens saqarTveloSi atmosferos qveda fenebSi 
haeris masebis meridianuli moZraobis sakmaod mgrZnobiare indikators. 

 
nax.5.3.1. 

 

K  kerZod, kolxeTis dablobze aRmosavleTis mimarTulebis Zlieri qarebis ganme-
oradoba wlis civ periodSi damokidebulia samxreT kavkasiaze cimbiris 
anticiklonis dasavleTis Txemis zemoqmedebis xangrZlivobasa da intensivobaze, 
xolo dasavleTis mimarTulebis Zlieri qarebis Camoyalibeba mtkvris xeobaSi 
damokidebulia dasavleTis tipis cirkulaciuri procesebis ganviTarebasTan, 
rodesac kavkasiaze maRali wnevis Txemis zemoqmedeba xorcieldeba Savi zRvis 
mxridan. aqedan gamomdinare, mtkvris xeobasa (Tbilisi) da kolxeTis dablobze 
(quTaisi) Sesabamisad Crdilo – dasavleTisa da aRmosavleTis Zlieri qarebis 
droSi ganviTarebis Tanafardoba garkveulwilad asaxavs dasavleTisa da 
aRmosavleTis cirkulaciur procesebs Soris Tanafardobas samxreT kavkasiaSi [58].  
imis Semdeg, rac avtorTa  jgufis mier Seswavlili iqna Zlieri qarebis reJimis 
cvalebadoba kolxeTis dablobze [59], miznad davisaxeT igive amocana, analogiuri 
midgomiT, gadagvewyvita mtkvris xeobisTvisac. 
    imis gaTvaliswinebiT, rom mtkvris xeobaSi sakmaod xangrZliv Zlier qarebs ad-
gili aqvs ZiriTadad wlis civ periodSi (dekemberi-marti), dasmuli amocanis gada-
saWrelad ganxilul iqna Tbilisis aeroportis meteorologiuri sadguris monace-
mebi Crdilo-dasavleTis Zlieri qarebis Sesaxeb 1946-2005 ww. civ periodSi aRniSnu-
li 4 Tvis ganmavlobaSi. dReebis mixedviT fiqsirdeboda yvela SemTxveva, rodesac 
aeroportSi xsenebuli mimarTulebis qaris siCqare aRwevda an aWarbebda 20 m/wm-s. 
fiqsirdeboda agreTve qaris siCqaris absoluturi maqsimumi yvela Zlierqarian peri-
odSi. aeroportis monacemebSi calkeuli wyvetebis SemTxvevaSi informaciis aRdgena 
warmoebda axlomdebare samgoris meteosadgurisa da Sesabamisi korelaciuri kavSi-
rebis gaTvaliswinebiT, diRmis hidrometeorologiuri observatoriis dakvirvebis 
masalebis gamoyenebiT.  miRebul monacemTa 15-wliani periodebad dajgufebis mixed-
viT ganxiluli iqna TbilisSi Zlieri qarebiT dReTa saSualoebis meryeobis suraTi 
(nax. 5.3.1).   
    am naxazidan Cans, rom pirvel da meore 15-wlian periods Soris yvela TveebSi 
daikvirveboda dReTa saSualo raodenobis mkveTri kleba TveSi 2-5 dRiT. momdevno 
periodebSi es tendencia SeCerda da 1980-iani wlebidan, dekembris gamoklebiT, daiw-
yo dReTa saSualo raodenobis  mateba da am nazrdma XXI saukunis dasawyisSi miaR-
wia 1-2 dRes TveSi.      
   TbilisSi Crdilo-dasaleTis Zlieri qarebis mkveTri Semcireba pirvel da meore 
15-wlian periodebs Soris da maTi ramdenadme gazrda Semdgom periodebSi mowmobs 
samxreT kavkasiaSi gasuli saukunis  60-ian wlebSi aRmosavleTis tipis, xolo Sem-
dgomSi-dasavleTis tipis cirkulaciuri procesebis garkveul gaaqtiurebas. amas ad-
asturebs agreTve aRmosavleTis Zlieri qarebis reJimis cvlileba kolxeTis dab-
lobze, quTaisSi [60]. 
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nax.5.3.1. dReTa saSualo ricxvi Crdilo-dasavleTis Zlieri qarebiT 15-wliani periodeb-

is mixedviT mtkvris xeobaSi (Tbilisi, aeroporti, 1946-2005) 
         

Zlier qarian dReTa saSualoebis cvalebadobasTan erTad gaanalizebuli iqna Zlie-
ri qarebis siCqareebis rogorc saSualo mniSvnelobebi, aseve qaris absoluturi maqsimu-
mebi im periodebSi, rodesac sruldeboda piroba V≥ 20 m/wm. miRebul monacemTa 15-wliani 

periodebis mixedviT gasaSualebis Sedegebi moyvanilia naxazebze 5.3.2-5.3.3. 
              VsaS m/wm  
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nax.5.3.2. Crdilo-dasavleTis Zlieri qarebis siCqareTa saSualoebi 15-wliani 

periodebis mixedviT mtkvris xeobaSi (Tbilisi, aeroporti, 1946-2005) 
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nax.5.3.3. Crdilo-dasavleTis Zlieri qarebis siCqareTa maqsimumebis    saSualoebi 15-wli-

ani periodebis mixedviT mtkvris xeobaSi. 

(Tbilisi, aeroporti, 1946-2005) 

   am naxazebis ganxilvis Sedegad SeiZleba Semdegi daskvnebis gakeTeba: pirvel da 
meore 15-wlian periodebs Soris TbilisSi adgili hqonda Crdilo-dasavleTis Zlie-
ri qarebis siCqareTa saSualoebis, agreTve absoluturi maqsimumebis saSualoebis 
mniSvnelovan klebas oTxive ganxilul TveSi. Zlieri qarebis siCqareTa saSualo 
mniSvnelobebma am SualedSi daiklo daaxloebiT 5 m/wm-iT, xolo maqsimumebma ki sa-
Sualod 10 m/wm-iT. Semdgom wlebSi aRiniSna Zlieri qarebis saSualo siCqaris merye-
oba 21-23 m/wm siCqaris farglebSi, xolo maqsimaluri siCqareebis garkveuli mateba 
26-27 m/wm-mde. es saSualebas iZleva davaskvnaT, rom ukanasknel xanebSi wlis civ pe-
riodSi samxreT kavkasiaSi dasavleTis tipis cirkulaciuri procesebis intensivoba 
ramdenadme gaizarda.  
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 miRebuli Sedegebis dasazusteblad ganxilul iqna agreTve TbilisSi Zlieri qa-
rebis maqsimumebis saSualo maqsimumebidan gadaxrebi 5-wliani periodebis mixedviT 
sakvlevi periodis mTel manZilze. Sedegebi moyvanilia naxazze 5.3.4., saidanac Cans, 
rom gasuli saukunis 60-iani wlebidan adgili aqvs Zlieri qarebis saSualo maqsimu-
mebidan uaryofiT gadaxrebs, Tumca 1980-iani wlebidan mniSvnelovani ryevebiT, mag-
ram mainc aRiniSneba am gadaxrebis Semcirebis tendencia. 
 

 
nax.5.3.4. Crdilo-dasavleTis Zlieri qarebis siCqareTa maqsimumebis gadaxra 

saSualo maqsimumebidan 5-wliani periodebis mixedviT mtkvris xeobaSi zamTris sezonSi 

(Tbilisi, aeroporti, 1946-2005). 
 

    globaluri daTbobis zegavleniT saqarTvelos teritoriaze bolo 60 wlis man-
Zilze dasavleTisa da aRmosavleTis tipis cirkulaciur procesebs Soris Tanafar-
dobis cvlilebis ufro mkafio warmodgenisaTvis mizanSewonilad CavTvaleT 
nax.5.3.4-ze moyvanili grafikisa da quTaisis meteorologiuri sadguris aRmosavle-
Tis Zlieri qarebisTvis (kolxeTis dablobi) imave periodSi, analogiuri monaceme-
biT agebuligrafikis [59] erToblivi ganxilva (nax.5.3.5). 

 

         Vmaqsm/wm 

 
 

nax.5.3.5. Zlieri qarebis siCqareTa maqsimumebis gadaxra saSualo 

maqsimumebidan 5-wliani periodebis mixedviT zamTris sezonSi 

mtkvris xeobaSi (Tbilisi) da kolxeTis dablobze (quTaisi). 
 

am naxazidan Cans, rom wlis civi periodis oTxive Tvis gaerTianebuli monaceme-
biT Zlieri qarebis saSualo maqsimumidan gadaxris mrudebi Tbilissa da quTaisSi 
ZiriTadad antifazaSi icvleba. es mkafiod vlindeba rogorc pirvel 10-wlian peri-
odSi, aseve 1960-1980-ian wlebSic. gamonakliss Seadgens mxolod 1990-iani wlebis pe-
riodi, rodesac TbilisSic da quTaisSic aRiniSneboda uaryofiTi gadaxrebis zrda.  

naxazze 5.3.5. moyvanili grafikebidan Cans agreTve, rom 1960-1970-ian wlebSi 
mtkvris xeobaSi dasavleTis Zlieri qarebis Sesusteba bevrad ufro mniSvnelovani 
aRmoCnda, vidre aRmosavleTis Zlieri qarebis mateba kolxeTis dablobze. aseTi si-
tuacia aixsneba am qarebis genetikuri warmomavlobiT. aRmosavleTis Zlieri qarebis 
ganviTareba damokidebulia mxolod kaspiisa da Sav zRvas Soris Camoyalibebul ba-
riul gradientze, romelic, rogorc wesi, sakmaod stabiluria. Crdilo-dasavleTis 
qarebis ganviTareba mtkvris xeobaSi ki dakavSirebulia dasavleTidan frontalur 
SemoWrebTan, romlebic xasiaTdeba mravalferovnebiTa da droSi arastabilurobiT. 
amitom drois aRniSnul monakveTSi aRmosavleTis procesebis gaaqtiurebas Tan moh-
yva kolxeTis dablobze aRmosavleTis Zlieri qarebis SedarebiT zomieri zrda, xo-
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lo dasavleTis procesebis Tanmdev Semcirebas – mtkvris xeobaSi dasavleTis Zlie-
ri qarebis bevrad ufro mniSvnelovani kleba.  

qaris reJimis bunebis  gamokvleva saqarTvelos teritoriaze gazrdis  qaris 
energiis e.w. „mwvane energiis“ gamoyenebis simZlavres. mecnieruli kvlevebis  

mixedviT 2016 wels, qaris eleqtrosadgurebma msoflios 637 milioni tona 20C -is  

gamoyofa aarida Tavidan, amitom  axlo momavalSi evrokavSirSi,  qaris  energiis 
gamoyeneba kidev  ufro  gaizrdeba [83].am tendencias  arc  saqarTvelo  CamorCeba 
(miuxedavad imisa, rom qaris eleqtrosadgursac aqvs uaryofiTi  mxareebi: misi  
ageba ufro  Zviri  jdeba,ar unda  iyos dasaxlebul  punqtebTan axlos, radgan 
sakmaod xmauriania,aseve ar SeiZleba misi aSeneba frinvelebis gadafrenis adgilas, 
radgan isini qaris eleqtrosadgurTan Sexebisas  iRupebian) gorSi  ukve  muSaobs 
20,7 megavatiani qaris eleqtrosadguri; daiwyeba kaspis municipalitetis  sofel 
nigozSi 59 megavatiani sadguris mSenebloba, xolo 120 megavatiani sadgurisa 
saCxereSi; 150 megavatiani sadguris mSenebloba igegmeba zestafonis raionSi [83]. ase, 
rom ramdenime weliwadSi saqarTvelo sakmarisad aiTvisebs ekologiurad  sufTa 
„mwvane energias“. 

 
      Sesrulebuli kvlevebis ZiriTadi Sedegebi: 

saqarTvelos calkeuli lokaluri regionisaTvis haeris nakadSi pirvelad iqna 
gaTvaliswinebuli Sinagani xaxunis da reliefis, rogorc erTdrouli aseve cal-
calke moqmedebis gavlena. aRmoCnda, rom Sinagani xaxunis gaTvaliswineba amcirebs 
nakadis siCqares da iwvevs Caxveulobis gaZlierebas reliefis gaswvriv, rac fiziku-
rad gamarTlebulia. 

hidrodinamikis gantolebebis gamoyenebiT, Teoriulad pirvelad iqna SemuSavebu-
li fizikur-maTematikuri  modeli, lokalur teritoriaze qaris reJimis bunebisaT-
vis, adgilis  mikroklimaturi maxasiaTeblebis gavlenis  gaTvaliswinebiT. moyvani-
li kvazistacionaluri modeli iZleva saSualebas,  ganisazRvros  qaris  reJimi  
dedamiwis  miwispira fenaSi  (flugeris  simaRleze)  da Sefasdes  qaris  saTanado  
energetikuli SesaZleblobani. 

erT-erTi SemoTavazebuli modelis Teoriuli safuZveli aris miwispira fenaSi  
siTbosa  da tenianobis turbulenturi nakadebis gaTvla, ZiriTadi  mikroklimatu-
ri parametrebis (garkveul diapazonSi mocemuli  mniSvnelobebis) saSualebiT. am 
monacemebiT ganisazRvreba flugeris simaRleze qaris siCqare  da Sesabamisi wanac-
vleba.  

saqarTvelos nebismier lokalur teritoriaze, SesaZlebelia Sefasdes qaris  
siCqare, misi energetikuli potenciali da saTanado rekomendaciebi,am energiis  sam-
rewvelo gamoyenebis mizniT. 

SemoTavazebulia haeris nakadis vertikaluri siCqaris gamoTvlis ramdenime sqe-
ma lokalur teritoriaze da haeris masebis aramdgradobis energiis Sefasebis gze-
bi.     

haeris nakadis vertikaluri siCqaris gansazRvrisaTvis lokalur teritoriebze, 
pirvelad gamoyenebuli iqna e.w. „samkuTxedis“ meTodi, romlis safuZvelze SesaZle-
beli gaxda meteorologiuri elementebis saSualo da eqstremaluri mniSvnelobebis 
gaTvla. moyvanilia gamoTvliTi sqemis Tanmimdevruli algoriTmuli procedura, 
romelic SeiZleba gamoyenebuli iqnas operatiul praqtikaSi. haeris nakadis verti-
kaluri siCqaris gansazRvris aseTi sqema siaxlea mTa-goriani regionebisaTvis da 
Sedegi damakmayofilebelia. 

mzis  energiis racionaluri gamoyenebis mizniT, wlis centraluri TveebisaTvis 
dazustebulia siTburi balansis sxvaobiani sqema calkeul regionebze, rogorc aq-
tinometriuli, aseve araaqtinometriuli meteorologiuri sadgurebisaTvis. miRebu-
li sxvaobiani sqemiT, Seswavlilia mzis radiaciis veli mocemuli temperaturuli 
velis da niadagis zedapiris maxasiaTeblebiT. Sefasebulia am velebs Soris kore-
laciuri kavSiri. am meTodikiT saqarTvelos teritoriaze gamoiyofa heliocentru-
li raionebi. gaicema rekomendaciebi mzis energiis praqtikuli moxmarebisaTvis. 

amierkavkasiis teritoriaze xSirad dakvirvebulia xangrZliv periodiani, staci-
onaluri talRebis arseboba ganpirobebuli reliefuri SeSfoTebebiT, romlebsac 
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aRmoaCndaT erT an ori centriani madonuri struqtura. lokaluri nakadis denis 
funqcia proporciulia madonuri struqturis maqsimaluri radiusis kvadratis, rac 
regionaluri procesebisaTvis  SemCneulia pirvelad. 

damtkicebuli iqna, rom reliefis gavleniT warmoqmnili orografiuli SeSfo-
Tebis horizontaluri adveqcia sustia, mcirdeba minimum manZilis meore xarisxis 
ukuproporciulad. rac uzrunvelyofs stacionaluri xangrZlivi periodis talRe-
bis arsebobas sxvadasxva periodiT, wlis sxvadasxva sezonSi, rac operatiul praq-
tikaSi daikvirveba da gansakuTrebiT gaxSirda bolo aTwleulebSi. 

miRebulia mniSvnelovani Sedegi, rom maRali simaRlis (aseuli metrebi) relie-
fi iwvevs haeris Semxvedri nakadis kinetikuri energiis Sesustebas drois mixedviT, 
eqspotencialurad. reliefis, romlis simaRle didia, xolo horizontaluri gavr-
coba mcire (300-400 metri), gavlena kinetikur energiaze ar SeimCneva; aseve reliefis 
wverodan 100 metris zemoT, nakadis energia ucvlelia 

reliefis gavleniT Semcirebuli energia gadadis mikro-lokalur procesebSi, 
nakadis mimarTulebis marjvniv da marcxniv, mTis meore mxares, romelTa siZliere 
damokidebulia reliefis parametrebze da sinoptikuri situaciebis xasiaTze. 

praqtikuli gaTvlebiT Sefasda, rom suramis platosaTvis reliefiT gamowveuli 
kinetikuri energiis Semcireba xdeba (10%-60%) farglebSi. aRniSnuli procesebi sa-
qarTvelos teritoriaze gansakuTrebiT gamovlindeba samxreTis SemoWrebis dros, 
rac operatiuli praqtikiTac dasturdeba. 

haeris nakadis mimarTulebiT winaaRmdegobis Sexvedrisas, adgili aqvs Caxveul-
obebis (grigaluri) warmoqmnas da nakadis Semobrunebas da garsdenis gaZlierebas 
meteorologiuri  situaciis mixedviT ( suramis platoze).   

SemoWrili haeris nakadis horizontaluri masStabis gazrdiT, reliefiT gamow-
veuli kinetikuri energia izrdeba, ris gamoc sruli energia xdeba  uaryofiTi. na-
kadis siCqare icvlis mimarTulebas, xolo absoluturi mniSvneloba ki izrdeba (2-3) 
m/wm-iT yovel 6 saaTSi. aseTi Sedegic samarTliania da dakvirvebulia realur piro-
bebSi. 

damtkicebulia, rom qaris grigalur velSi (qarborbala) wneva izrdeba brunvis 
RerZidan daSorebis manZilis kvadratis proporciulad. maqsimaluria periferiaSi 
da minimaluri, brunvis RerZis gaswvriv. qarborbalas moyvanili Teoria siaxlea da 
Semdgom gafarTovebas  moiTxovs. 

daviT garejis tafobis klimaturi Taviseburebani :mTeli wlis ganmavlobaSi un-
aleqoba, haeris maRali temperatura, qaris mudmivi qrolva tafobidan gare ubnisa-
ken, mTebze tafobis garSemo Tbili da grili masebis Semodineba da xSirad grova-
sawvimari Rrublebis warmoSoba Teoriulad pirvelad aris dasabuTebuli. 

qalaq Tbilisis qvaburis klimaturi Taviseburebis axsna, moxerxda  fizikuri 
mosazrebebidan gamomdinare da hidroTermodinamikuri midgomiT dasabuTda. aseTi 
midgoma ganxorcielebulia pirvelad. Sedegi ki gaTvaliswinebuli unda iqnas qala-
qis axali ubnebis urbanizaciis perspeqtivaSi. mTa-xeobebSi haeris nakadis siCqare 
da simZlavre fskeris reliefis maxasiaTebel sidideze damokidebulia misi kvadra-
tis ukuproporciulad. amrigad, arxSi-xeobaSi fskeris reliefis gavlenis gaTva-
liswinebiT mcirdeba rogorc nakadis siCqare, aseve intensiobis raodenoba. 

haeris nakadis grigaluri dinebisas wneva klebulobs centrisken manZilis kvad-
ratis ukuproporciulad. amasTanave xdeba haeris (wylis) nakadis Sewova centrisken. 
es faqtic agreTve xels uwyobs dinebis nakadSi arsebul damWuWyianebeli minareve-
bis gadatana-gafantvis Sesustebas.  

qaris siCqaris statistikuri Seswavlis gziT quTaisis regionisaTvis dadginda, 
rom (16-20) m/wm siCqaris qariani dReebi ricxvi maqsimaluria martSi, aprilSi da no-
emberSi. xolo minimaluria zafxulSi, kerZod ivnisSi. yvelaze intensiuria qaris 
siCqareTa mniSvnelobebi (16-20) m/wm intervalisaTvis, xolo SedarebiT iSviaTi qare-
bi gvaqvs qaris  siCqaris (25-29) m/wm SualedisaTvis, am diapazonis qaris siCqare 
wlebis mixedviT iwvevs wanacvlebas erTi Tvis farglebSi, mag. 1960 wels maqsimalu-
ri qari iyo martSi, aprilSi da dekemberSi. xolo 1961 wels maqsimaluri qari da-
fiqsirda ianvarSi, TebervalSi da seqtemberSi. qaris siCqareebze Catarebulma anal-
izma aCvena, rom qaris siCqareebi (25 -40) m/wm-is intervalSi dafiqsirebulia ZiriTa-
dad Teberval-martSi da oqtomber-noemberSi (quTaisis regionze), Tumca aris gamo-
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naklisi SemTxvevebic. dazustebulia qaris gabatonebuli mimarTulebebi, agebulia 
Sesabamisi qaris „vardebi“, bolo (60-70) wlis monacemebis mixedviT saqarTvelos 
mraval qalaqsa da regionze. 

statistikurma analizma aCvena, rom 1960-2010-ian wlebSi mtkvris xeobaSi dasav-
leTis Zlieri qarebis Sesusteba bevrad ufro mniSvnelovani aRmoCnda, vidre aRmo-
savleTis Zlieri qarebis mateba kolxeTis dablobze. aseTi situacia aixsneba am qa-
rebis genetikuri warmomavlobiT. aRmosavleTis Zlieri qarebis ganviTareba damoki-
debulia mxolod kaspiisa da Sav zRvas Soris Camoyalibebul bariul gradientze, 
romelic, rogorc wesi, sakmaod stabiluria. Crdilo-dasavleTis qarebis ganviTare-
ba mtkvris xeobaSi ki dakavSirebulia dasavleTidan frontalur SemoWrebTan, rom-
lebic xasiaTdeba mravalferovnebiTa da droSi arastabilurobiT. drois aRniSnul 
monakveTSi aRmosavleTis procesebis gaaqtiurebas Tan mohyva kolxeTis dablobze 
aRmosavleTis Zlieri qarebis SedarebiT zomieri zrda, xolo dasavleTis procese-
bis Tanmdev Semcirebas – mtkvris xeobaSi dasavleTis Zlieri qarebis bevrad ufro 
mniSvnelovani kleba. 

 
bolosityvaoba 

monografiaSi moyvanili,  Sesrulebuli samuSaos Teoriuli da praqtikuli Rirebu-

leba da miRebuli Sedegebi, naTels fens lokaluri da regionaluri mikrocirkulaciu-

ri procesebis Semdgom Seswavla-gaanalizebas. marTlac, mas Semdeg rac adamiani moaz-

rovne gaxda da Seiswavla sakvebis miReba bunebidan, daiwyo aqtiuri  zemoqmedebis  mox-

dena atmosferos, hidrosferos da  dedamiwis myari zedapiris Semadgenlobaze, sxvadas-

xva samrewvelo proeqtebis  ganxorcielebiT. adamianma nebiT, Tu  uneblieT moaxdina e. w. 

bunebis ekologiur qvesistemebs Soris arsebuli dinamikuri wonasworobis  darRveva. 

aseTi  darRvevebis intensivoba, xarisxi da sivrciTi ganawileba TandaTanobiT izrdebo-

da. aRmoCnda, rom bunebas ar uyvars masSi mimdinare procesebSi Careva da axdens ukuzem-

oqmedebas, umetes SemTxvevaSi gaZlierebuli energiiT. civilizaciis ganviTarebis pir-

vel etapebze, Tavdapirvelad, adamianis CareviT gamowveuli darRvevebi da cvlilebebi 

mcire da susti iyo. buneba Tavad iSuSebda „Wrilobebs“, ivsebda danakargs da aRadgenda 

ama Tu im raionSi droebiT  darRveul wonasworobas.  

cxadia, rom adamianis zemoqmedebas bunebaze aqvs globaluri, regionaluri da loka-

luri xasiaTi. zemoqmedebis intensivoba  damokidebulia sxvadasxva pirobebze, pirvel 

rigSi geografiul mdebareobaze, mosaxleobis simravleze da samrewvelo potencialze. 

amierkavkasia, kerZod saqarTvelo Tavisi unikaluri fizikur-geografiuli pirobebiT, 

rogoricaa zRvebTan siaxlove, farTo mcenareuli  samosi, mravali  xeobebi, qvaburebi, 

mTa-gorianoba (saqarTvelos teritoriis 26% moqceulia 500 metris simaRlis mTian re-

gionze), xelsayrelia mravali saxis ekologiuri situaciebis Casaxva-ganviTarebisaT-

vis. aseTi bunebrivi garemoeba xelsayrel pirobebs qmnis sxvadasxva rangis adgilobrivi 

cirkulaciis ganviTarebisaTvis, es ki ekologiuri faqtorebis moqmedebas lokalize-

bul xasiaTs aZlevs. am TvalsazrisiT amierkavkasia- saqarTvelo msoflioSi gamorCeu-

li, gansakuTrebuli ekologiuri poligonia. 

    moyvanili Teoriis safuZvelze, samwuxarod unda SevniSnoT, rom saqarTvelos te-

ritoriaze  gabatonebuli mikrocirkulaciuri procesebi, didi  obieqtebis mSeneblobi-

sas warmoSobili sxvadasxva saxis, zomis da Tvisebis mqone mtvers, TiTqmis mTlianad xe-

obaSi tovebs, es ki iwvevs mcenareTa safaris da mdinareebis ekologiur daWuWyianebas.  

samwuxarod isic aRmoCnda, rom saqarTveloSi buneba ufro mtkivneulad ganicdis adami-

anTa zemoqmedebas, vidre  igive farTobis sxva regionebi msoflioSi. amis erT-erTi Ziri-

Tadi mizezia bunebrivi kataklizmebis - wyaldidobis, miwisZvrebis, Rvarcofebis, mewye-

rebis, grigaluri qaris da sxva saSiSi atmosferuli movlenebis ufro xSiri da mkafio 

gamovlineba, klimaturi da seismuri aqtiurobis  gamo. adamianis moufiqrebel, xSirad 

dausabuTebul zemoqmedebas  bunebaze SeuZlia gamoiwvios saziano Seuqcevedi procesi. 

magaliTisaTvis, mikroreliefis Secvlac ki (igulisxmeba  Ria - zedapiruli karieruli 
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samuSaoebi WiaTuris regionsa da Sida qarTlSi), iwvevs gabatonebuli qaris siZlieris 

zrdas, albedos cvlilebas, haerSi aerozoluri koncentraciis momatebas. yovelive am-

is Sedegad, izrdeba naleqebis intensivoba, gaxSirda didTovlianoba, sakmarisad civi 

xdeba gazafxuli, e.i. warmoebs lokaluri klimatis  cvlileba. am movlenebma  saboloo 

jamSi migviyvana soflis meurneobis poduqtebis mosavlianobis Semcirebamde. es ki uar-

yofiTad aisaxeba  mosaxleobis ekonomiur-socialur pirobebze. 
gamousworebeli Sedegi SeiZleba mohyves saqarTvelos teritoriaze da saerTod 

msofliozec, tyis masivebis (saqarTveloSi teritoriis 40%  tyis masivs uWiravs) barba-

rosul gaCexvas, rogorc energetikuli, aseve sxva miznebiT. tyis Cexva uSualod zrdis 

mewyerul saSiSroebas. sasurvelia minimumamde Semcirdes mZlavri hidrohesebis mSeneb-

loba da aqcenti aRebuli unda iqnas,  mcire simZlavris hesebze. dasabuTebulad SeiZle-

ba iTqvas, rom didi farTobis wyalsacavebi ara dRes, ara xval, aramed aTeuli wlis Sem-

deg, aucileblad Secvlis adgilobriv mikroklimats.   

unda SevniSnoT agreTve, rom qalaqebSi didi demonstraciebi, xalxmravali mitingebi 

e.w. „samoqalaqo incidentebi“ iwvevs garkveul ukuqmedebas bunebaze, ekologiur garTu-

lebebs da mraval, mcire arasasurvel procesebs. adamiani  zogjer „sasurveli“ mimarTu-

lebiT ereva bunebriv movlenebSi, rogoricaa Rrubelze  naleqebis gazrdis xelovnuri 

zemoqmedeba,  dedamiwis qerqis arabunebrivi ryevis gamowveva. es sakiTxebi Teoriulad 

damuSavebulia da umetesoba praqtikuladac ganxorcielebulia. kacobriobas,  yoveli 

aseTi moqmedebisas, moeTxoveba  saboloo Sedegebis zusti winaswarmetyveleba da amiT  

mavne procesebis da zaralis minimumamde Semcireba. SesaZleblobis maqsimumis  fargleb-

Si, minimalurad unda CaverioT  bunebriv procesebSi, vacaloT  dedabunebas TviTon mar-

Tos procesebi, aRidginos darRveuli dinamikuri wonasworoba. cxadia samarTliania, ek-

ologiis safuZvlebis erT-erTi debuleba, SemoTavazebuli 1945 wels amerikeli mecnier-

is b. komermas mier  - „ araferi ar moicema ubralod arafrisagan“ - rac miviReT bunebisa-

gan, masve unda daubrundes, uaryofa SeuZlebelia, SeiZleba  mxolod gadadeba. aqve siam-

ovnebiT da madlierebis grZnobiT gavixsenoT, bunebis ubadlo  aRmweri  genialuri vaJa-

fSavela:  

„xevi mTas hmonebs, mTa xevsa, 

wyalni tyes, tyeni - mdinareT; 

yvavilni miwas da miwa - 

Tavis aRzrdilTa mcenareT.“ 

 da iqve,  

             „ buneba mbrZanebelia, igi monaa Tavisa, 

             zogjer sikeTes  ixveWavs, zogjer qmnelia avisa, 

             erTferad mtvirTveli  aris, saqmis TeTri da Savisa, 

             saca pirimzes axarebs, iqve mTxrelia zvavisa,               

             mainc lamazi aris, mainc siturfiT yvavisa.“ 
 

   gavufrTxildeT am siturfes da silamazes, esaa Cveni movaleoba.  dedamiwis atmosfe-

roSi mimdinare mokrocirkulaciuri, maT Soris regionaluri procesebi imdenad mra-

valsaxa da mniSvnelovania, rom momavalSi bevr mecniers kvlav dasWirdeba maTi axsna-da-

sabuTebis moZebna da Seswavla. am procesebSi mravali  saidumlo aris Camaluli da mo-

iTxovs povnas da garkvevas. gvjera, am mimarTulebiT  axalgazrda mecnierebis Semdgomi 

warmatebebisa, romlebsac isini  miaRweven fizikis Teoriisa da gamoTvliTi teqnikis 

uaxlesi miRwevebis gamoyenebis safuZvelze. 
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