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r e f e r a t i 

 

angariSi 68 gv., naxazi 30,  

turbulentobis veli, arastacionaruli procesebi, Cadgmuli bade, 

hidroTermodinamikis gantolebebi, ricxviTi sqema.   

 

mimdinare samecniero angariSSi warmodgenili gamokvlevebi, romlebic 

gagrZelebaa amindis prognozirebis, bunebrivi da teqnogenuri katastrofebis 

modelirebis ganyofilebaSi gasul wlebSi Sesrulebuli samecniero-

kvleviTi samuSaoebisa, Seexeba lokaluri atmosferuli procesebis 

modelirebis sistemis ganviTarebas saqarTvelos fizikur-geografiuli 

pirobebis gaTvaliswinebiT. samecniero angariSSi Seswavlilia troposferos 



 4 

mTel sisqesa da atmosferos qveda turbulentur sasazRvro fenaSi mimdinare 

procesebi maTematikuri modelirebis safuZvelze. troposferoSi 

arastacionaruli atmosferuli procesebis Seswavlas safuZvlad udevs 

mezomasStaburi atmosferuli procesebis arastacionaruli baroklinuri 

ricxviTi modeli, xolo atmosferos sasazRvro fenaSi atmosferuli 

procesebi modelirebulia atmosfero-niadagis erTganzomilebiani ricxviTi 

modelis safuZvelze. troposferoSi atmosferuli procesebis Seswavlisas 

ZiriTadi yuradReba eTmoba orografiulad SeSfoTebuli haeris dinebis 

Taviseburebebs fonuri didmasStabiani nakadis mkveTri arastacionarulobis 

pirobebSi.     

samecniero angariSSi warmodgenili amocanebi qmnian mecnierul 

safuZvels ZiriTadi meteorologiuri sidideebis prognozis meTodebis 

SemuSavebisaTvis, romlebic saSualebas mogvcems davazustoT saqarTvelos 

amindis samsaxurSi miRebuli moklevadiani prognozis Sedegebi saqarTvelos 

fizikur-geografiuli pirobebis ufro detaluri gaTvaliswinebiT.EE A   

ganxilul amocanaTa kompiuteruli realizaciis mizniT SemuSavebulia 

programuli paketebi algoriTmul enaze “fortrani”.            
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                                                           1. Sesavali 

 

 

hidrodinamikis meTodebis gamoyenebas atmosferos dinamikis Seswavlasa 

da amindis prognozis meTodebis SemuSavebaSi sakmaod xangrZlivi istoria 

aqvs. amindis prognozis hidrodinamikuri moklevadiani prognozis sferoSi 

fuZemdebluria i. a. kibelis Sroma [1], romelSic atmosferuli procesebis 

aRsawerad gamoiyeneboda Caketili hidroTermodinamikis gantolebaTa sistema 

hidrostatikur miaxloebaSi. am SromaSi SemoRebulia uganzomilebo 

parametri (SemdgomSi e. w. kibel-rosbis parametri) da amocanis amonaxsni 

iZebneboda mwkrivis saxiT am parametris xarisxebis mixedviT. pirvel 
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miaxloebaSi moZraoba miiReboda geostrofiuli, rac kargad eTanxmeba 

meteorologiur dakvirvebebs. 

 dReisaTvis gamoTvliTi teqnikis swrafma winsvlam da geofizikuri 

hidrodinamikis rTul diferencialur gantolebaTa sistemebis amoxsnis 

Tanamedrove efeqturi meTodebis SemuSavebam udidesi biZgi misca sxvadasxva 

masStabis atmosferuli procesebis modelirebasa da amindis prognozuli 

sistemebis SemuSavebas. DmaT Soris didi ganviTareba hpova  mezomasStaburi 

procesebis modelirebis sistemam  [2-7]. amJamad, msoflios wamyvani 

atmosferuli kvlevis centrebis mier SemuSavebulia da operatiul reJimSi 

funqcionireben globaluri da regionuli prognozuli sistemebi [8-13]. 

aRniSnuli samecniero-teqnikuri progresis sikeTes saqarTveloc eziara, 

vinaidan saqarTvelos amindis samsaxuri ukve garkveuli xania iyenebs 

ucxoeTis kvleviT centrebSi SemuSavebul amindis prognozis ricxviT 

modelebs. aRniSnuli modelebis safuZvelze xdeba ZiriTadi meteorologiuri 

velebis gamoTvla operatiul reJimSi 15-20 km bijis mqone badeze. aRniSnuli 

faqtis miuxedavad, romelic udavod wingadadgmuli nabijia  amindis 

erovnuli samsaxurisaTvis, migvaCnia, rom saqarTvelos amindis operatiuli 

samsaxuri kvlav saWiroebs iseTi saprognozo meTodebis SemuSavebas, 

romlebic didi sivrciT-droiTi detalizaciiTa da adeqvaturobis maRali 

xarisxiT SeZleben ZiriTadi meteorologiuri velebis gamoTvlas. aseTi 

meTodebis SemuSavebisa da srulyofis aucileblobas ganapirobebs is faqti, 

rom saqarTvelo mTa-goriani qveyanaa da misi reliefi gamoirCeva  mkveTrad 

gamoxatuli sxvadasxva masStabis mqone orografiuli elementebis siuxviT. 

reliefis aseTi xasiaTi ganapirobebs saqarTvelos teritoriaze sxvadasxva 

masStabis cirkulaciuri sistemebis formirebasa da evolucias da 

meteorologiur sidideTa sivrciTi ganawilebis did araerTgvarovnebas. amis 

damadasturebelia Tundac is cnobili faqti, rom naleqebis wliuri 

ganawileba saqarTvelos teritoriaze xasiaTdeba saocrad Wreli suraTiT da 

mkveTrad gamoxatuli sivrciTi arerTgvarovnebiT (magaliTad, ix. [14]). 

reliefiT gamowveuli lokaluri cirkulaciuri sistemebi viTardebian 
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sinoptikuri procesebis fonze da didi wvlili SeaqvT amindis 

ganmsazRvreli parametrebis sivrciT-droiT ganawilebaSi [14-16]. E 

ricxviTi saprognozo modelebi, dafuZnebulni hidroTermodinamikis srul 

gantolebebze, saSualebas iZlevian ricxviT modelebSi ufro srulyofilad 

iqnes gaTvaliswinebuli atmosferuli movlenebis amsaxveli iseTi fizikuri 

faqtorebi, romlebic did gavlenas axdenen, zogjer ki gansazRvraven, 

atmosferoSi mimdinare cirkulaciur procesebs. aseTi faqtorebis 

gaTvaliswineba ricxviT modelebSi uzrunvelyofs prognozis xarisxis 

gaumjobesebas. dedamiwis zedapiris reliefi swored erT-erT aseT 

mniSvnelovan faqtors warmoadgens. orografiis mier gamowveuli 

atmosferuli SeSfoTebebi gvxvdeba troposferoSi mimdinare atmosferuli 

procesebis farTo speqtrSi – rogorc mezo da saSualo masStabis 

movlenebSi, romelTa ganzomilebebia ramodenime asobiT metridan asobiT 

kilometramde, agreTve farTomasStabian atmosferul procesebSi, romelTa 

horizontaluri zomebi icvleba aTasidan ramodenime aTas kilometramde. 

Ddedamiwis reliefi zegavlenas axdens atmosferul procesebze ara marto 

troposferoSi, aramed atmosferos zeda fenebSic, magram reliefis zegavlena 

mainc yvelaze metad mniSvnelovania atmosferos saSualo fenebSi. magaliTad, 

troposferos saSualo fenaSi reliefis zegavleniT warmoiqmnebian mTis anu 

egreTwodebuli damdgari talRebi, romlebic, atmosferoSi tenis arsebobis 

pirobebSi Rrublebis saxiT gvevlinebian, xolo winaaRmdeg SemTxvevaSi 

uxilav mdgomareobaSi arseboben (am ukanasknel SemTxvevaSi ufro saSiSi 

arian TviTmfrinavebisa planerebis usafrTxo moZraobisaTvis). rTuli 

reliefis mqone teritoriebisaTvis amindis saprognozo ricxviTi sqemebis 

Seqmnisas , gansakuTrebiT did mniSvnelobas iZens maTSi orografiis 

gaTvaliswineba. zemoT Tqmulidan gamomdinare kavkasiis regionisaTvis 

gaTvaliswinebul amindis saprognozo da samodelo ricxviT amocanebSi 

reliefis gavlenis gaTvaliswineba metad aqtualur sakiTxs warmoadgens. 

YamJamad didi yuradreba eTmoba amindis regionaluri prognozis amocanas. 

mecnierTa gazrdili interesi SemosazRvrul teritoriebze amindis 



 8 

prognozis amocanisadmi upirveles yovlisa ganpirobebulia, calkeul 

qveynebSi, damoukidebeli hidrometeorologiuri operatiuli samsaxuris 

Seqmnisa da maTi Semdgomi gaumjibesebis moTxovniT. Mmeore mxriv, amindis 

ricxviTi prognozi SemosazRvrul teritoriaze, saSualebas iZleva, ricxviT 

modelSi Semcirdes sivrculi badis biji da gaizardos ricxviTi amocanis 

amonaxsnis sizuste. Mmesamec is, rom regionalur ricxviT modelSi metia 

SesaZlebloba regionisaTvis damaxasiaTebel TaviseburebaTa detalizirebuli 

aRwerisa, rac erTis mxriv prognizis xarisxis gaumjobesebis kidev erTi 

wyaroa, xolo meores mxriv farTo masStabian fonur prognozSi 

meteorologiur elementTa dazustebis kargi saSualebaa. Dda bolos, 

regionaluri ricxviTi modeli farTomasStabian mezometeorologiur 

amocanebs Soris erTgvari xidia da igi SesaZleblobas iZleva daazustos 

farTomasStabiani atmosferuli procesebi da TviTonac Seivsos 

mezometeorologiuri amocanis ricxviTi prognozis SedegebiT. 

SemosazRvrul teritoriebze amindis saprognozo amocanebis ricxviTi 

realizeba xasiaTdeba seriozuli sirTuleebiT. erT-erTi maTgania 

saprognozo aris gverdiT sazRvrebze sasazRvro pirobebis formulireba. 

regionis gverdiT sazRvrebze, meteorologiuri velebis anaTvlebis 

uqonlobam mkvlevarebi iZulebuli gaxada moeZebnaT am problemis gadaWris 

araordinaluri gzebi. teleskopizaciis, anu erTmaneTSi Cadgmul badeTa 

meTodis saSualebiT mecnierebma miagnes am problemis nawilobriv 

gadawyvetis erT-erT karg saSualebas. sasazRvro pirobebis garda 

teleskopizaciis meTodiT SesaZlebeli gaxda praqtikulad gadaWriliyo is 

ZiriTadi sakiTxebi, romlebic damaxasiaTebelia (saWirborotoa) amindis 

saprognozo amocanebisaTvis SemosazRvrul teritoriebze. 

kerZod:Semcirebuliyo sivrculi badis biji (CvenTvis saintereso saprognozo 

ubnebSi) ise, rom mniSvnelovnad ar gazrdiliyo saprognozo amocanis 

sarealizaciod gankuTvnili dro, detalizirebulad aRweriliyo regionis 

orografiuli Taviseburebani, ganxorcielebuliyo farTomasStabian, 

regionalur da mezomasStabian meteorologiur procesebs Soris 
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urTierTkavSiri, gansxvavebul badeebze amonaxsnebs Soris calmxrivi da 

ormxrivi urTierqmedebis saSualebiT. 

Mmeteorologiur elementTa saprognozo rocxviTi modelebi droTa 

ganmavlobaSi TandaTanobiT ixvewebodnen, srulyofildebodnen amindis 

ganmsazRvreli sxvadasxva fizikuri procesebiT. erT-erT aseT mniSvnelovan, 

amindis ganmsazRvrel faqtors warmoadgens atmosferoSi mimdinare tenis 

Semcveli procesebi. Aatmosferos TiTqmis naxevari RrublebiT aris 

dafaruli. isini xels uwyoben ara marto wylis cirkulacias bunebaSi, 

aramed gansazRvraven amindis Camoyalibebas, soTburi balansis damyarebas. 

kacobrioba mTeli Tavisi arsebobis manZilze udides interess iCenda 

Rrublebis mimarT, radgan Rrublebisa da naleqebis roli ganuzomelia 

adamianis cxovrebaSi. Tanamedrove amindis ricxviTi prognozis amocanaSi 

aucilebeli gaxda Rrublebis geometriuli da fizikuri maxasiaTeblebis 

winaswarmetyveleba 

 

qarTvel mecnierTa mravalricxovan SromebSi [17-25], gamokvleulia 

atmosferos dinamikis mTeli rigi sakiTxebi kavkasiis regionis fizikur-

geografiuli pirobebis gaTvaliswinebiT. mocemul samecniero angariSSi 

aRwerili kvleviTi samuSaoebi SeiZleba ganvixiloT, rogorc gagrZeleba 

aRniSnul SromebSi Catarebuli gamokvlelevebisa. 

 mocemuli samecniero Temis mizani iyo SemuSavebuliyo  mecnieruli 

safuZveli lokaluri atmosferuli procesebis modelirebisa da prognozis 

operatiuli sistemis funqcionirebisaTvis saqarTvelos teritoriaze 

operatiul reJimSi momuSave ucxouri modelebisa da maTi Sedegebis 

gamoyenebiT. amgvarad, atmosferuli procesebis modelirebisa da prognozis 

sistema saqarTvelos teritoriisaTvis Cven gvesaxeba, rogorc kompleqsi 

erTmaneTTan dakavSirebuli modelebisa, romelTagan TiToeuli aRwers 

atmosferuli procesebis mravalmasStaburi speqtris garkveul ubans. am 

miznis misaRwevad Sesrulda Semdegi amocanebi:  

   -  ganxorcielda saqarTvelos rTuli reliefis zemoT troposferoSi     
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     mezomasStaburi haeris dinebis TaviseburebaTa Seswavla im pirobebSi,    

     rodesac xdeba monacvleoba fonuri SeuSfoTebeli dinebis tipebisa   

     da drois garkvel monakveTSi xdeba sinoptikuri masStabis    

     cirkulaciuri  reJimis transformacia.  

- modelirebuli da Seswavlili iqna atmosferos turbulentur  

  sasazRvro fenaSi ganviTarebuli arastacionaruli atmosferuli    

  procesebi, kerZod, temperaturuli reJimis dReRamuri msvleloba  

  dedamiwis zedapirTan urTierTqmedebis gaTvaliswinebiT sxvadasxva  

  temperaturuli stratifikaciis SemTxvevaSi.  

-  modelirebuli da Seswavlilia nislisa da RrubelTa warmoqmnis    

  procesebi qveda 1,5 – 2 km sisqis turbulentur fenaSi da sxv.   

winamdebare samecniero angariSi Seicavs zemoT aRniSnuli amocanebis 

sakmaod detalur aRweras da Sedgeba ? Tavisagan da daskvnisagan.    

    

 

 

 

 

Tavi 1. troposferoSi mimdinare atmosferuli procesebi 

da maTi modelireba 

 

cnobilia, rom didmasStabiani (sinoptikuri) procesebi arastaciona- 

rulia da atmosferoSi uwyvetad adgili aqvs sxvadasxva cirkulaciuri 

tipebis monacvleobas. Daseve, saqarTvelos teritoriaze adgili aqvs 

sxvadasxva sinoptikuri procesebis formirebasa da maT uwyvet monacvleobas 

mTeli wlis ganmavlobaSi [26, 27]. ibadeba kiTxva: rogor aisaxeba 

didmasStabiani atmosferuli procesebis arastacionaruli xasiaTi lokalur 

dinebebze dedamiwis orografiulad araerTgvarovani zedapiris zemoT. 

Mmocemul TavSi atmosferuli procesebis arastacionaruli mezomasStaburi 

modelis [28] safuZvelze Seiswavleba saqarTvelos realuri reliefis 



 11 

gaTvaliswinebiT troposferoSi mezomasStabur dinebaTa Taviseburebani im 

pirobebSi, rodesac SeuSfoTebeli fonuri dineba ganicdis mniSvnelovan 

transformacias da atmosferuli cirkulaciis erTi reJimi icvleba sxva 

reJimiT.   

 

              1.1. ricxviTi modelis aRwera   

 

ganvixiloT moZravi haeris masa, romelic qvemodan SemosazRvrulia 

orografiulad araerTgvarovani )y,x(  dedamiwis zedapiriT, xolo zemodan, 

tropopauzis simaRleze - H(x,y,t) Tavisufali zedapiriT, romlis mdebareoba 

ganisazRvreba amocanis amoxsnis procesSi.  

 

       

 

nax.1. amocanis amoxsnis aris sqematuri suraTi vertikalur kveTaSi.  

 

amasTanave, pirvel etapze ugulebelvyoT atmosferoSi RrubelTa warmoqmnis, 

radiaciis gadatanisa da STanTqmis  procesebi. Nnax. 1-ze sqematurad 

naCvenebia amoxsnis aris sqematuri suraTi vertikalur kveTaSi. 

Tanaxmad [29] monografiisa, amocanis formulirebisas gamoyenebulia 

Tavisufali konveqciis Teoriis gamartivebebi im faqtis mxedvelobaSi 



 12 

miRebiT, rom lokaluri procesebi viTardebian arastacionaruli 

didmasStabiani (fonuri) procesebis fonze. amis Sedegad modelis 

gantolebebi Seicaven iseT wevrebs, romlebic aRweren arastacionaruli 

fonuri procesebis gavlenas lokalur procesebze.  M 

models safuZvlad udevs atmosferos hidroTermodinamikis 

gantolebaTa sruli sistema hidrostatikur miaxloebaSi, romelic Cawerilia  

reliefTan dakavSirebul mrudwirul koordinatTa sistemaSi ,y,x 11 , sadac   
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aq x, y da z dekartis marTkuTxovani koordinatTa sistemaa (x RerZi mimarTulia 

aRmosavleTiT, y RerZi CrdiloeTiT, xolo z RerZi vertikalurad zemoT), 
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gantolebaTa sistema amoixsneba Semdegi sasazRvro pirobebis 

gamoyenebiT: 

dedamiwis zedapirze 
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aRvniSnoT, rom vertikalze sasazRvro pirobebis aseTi formulireba 

Seesabameba (1), (2) da (5) gantolebebSi vertikaluri turbulenturi gacvlis 

aRmweri wevrebis ugulebelyofas.    

sawyis 0=t  momentSi  

            ),(,,vv, 0

000 yxHhuu  −====  

gverdiT sazRvrebze saWiroa iseTi sasazRvro pirobebis gamoyeneba, romlebic 

praqtikulad ar daamaxinjebs amonaxsns CvenTvis sasurveli saintegro drois 

ganmavlobaSi. Cveni da sxva avtorTa gamocdileba  gviCvenebs, rom aseT 
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sasazRvro pirobebad SeiZleba davweroT gverdiTi sazRvrebis normalis 

gaswvriv meteorologiur sidideTa warmoebulebis nulTan toloba 
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amoxsnis algoriTmis gaadvilebis mizniT (1.4) uwyvetobis gantolebidan 

garkveuli gardaqmnebis Semdeg SesaZlebelia miviRoT Semdegi Tanafardobebi:  
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(1.1) – (1.8) gantolebebSi gamoyenebulia DSemdegi aRniSvnebi: 

v,u  da w haeris dinebis  siCqaris komponentebia Sesabamisad yx,  da z  

RerZebis gaswvriv;  , potencialuri temperaturisa da wnevis analogis 

gadaxrebia Sesabamisi  ,  fonuri mniSvnelobebidan.   atmosferos 

simkvrivea; l  ,g ,0  simZimis Zalis aCqareba, atmosferos saSualo potencialuri 

temperatura da koriolisis parametria;    parametria, romelic axasiaTebs 
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simkvrivis Semcirebas simaRlis  mixedviT; U , V  da W fonuri nakadis siCqaris 

komponentebia x ,  y  da  z RerZebis gaswvriv; 

(1.1) da (1.2) gantolebebSi Semavali fonuri sidideebis Semcveli wevrebi 

aRweren didmasStaburi sinoptikuri procesebis energetikul zemoqmedebas 

lokalur procesze da isini SeiZleba ganxilul iqnas rogorc sinoptikuri 

procesebis parametrizaciis Sedegad miRebuli wevrebi. cxadia, rom 

informacia fonuri sidideebis sivrciT-droiTi ganawilebis Sesaxeb  miiReba 

didmasStaburi atmosferuli procesebis ricxviTi modelis realizaciis 

Sedegad. modeluri ricxviTi eqsperimentebis Catarebisas ki aRniSnuli 

wevrebi ganisazRvreba apriorulad, rogorc droisa da sivrciTi 

koordinatebis cnobili funqciebi.  

Aamgvarad, gantolebaTa sistema (1)–(8), amoixsneba swori geometriis 

mqone marTkuTxovan areSi.    

 

         1.2  amocanis amoxsnis ricxviTi sqema    

 

 troposferoSi modelis gantolebaTa sistemis amosaxsnelad  

gamoyenebulia laqs-vendrofis orbijiani meTodi, romelic aproqsimirebs 

sawyis diferencialur gantolebebs meore rigis sizustiT droiTi da 

sivrciTi cvladebis mimarT [30]. aRvniSnoT, rom es  meTodi warmatebiT iyo 

gamoyenebuli  organzomilebiani garsdenis amocanebis amosaxsnelad [31-33] - 

Si. 

 gadmovcemT sqemis  mokle aRweras. amoxsnis are - M  marTkuTxa 

paralelepipedi vertikalze davyoT horizontalur sibrtyeebad cvladi 

vertikaluri bijebiT kkk  −= ++ 121/
. TiToeuli sibrtye davfaroT 

regularuli badiT ( ) JjIiyxL ji

h ,...1,0,,...,1,0,, ==  mudmivi x  da y  

horizontaluri bijebiT x  da y sakoordinato RerZebis gaswvriv, Sesabamisad. 

garda am ZiriTadi badisa, SemoviRoT agreTve damxmare bade, romlis kvanZebi 

wanacvlebulia ZiriTadi badis kvanZebis mimarT naxevar bijze x  da y  

RerZebis gaswvriv. nax.1-ze naCvenebia horizontalur sibrtyeze mTavari da 
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damxmare badis kvanZebis ganlageba, sadac nulebiT aRniSnulia mTavari badis 

kvanZebi,  xolo jvrebiT – damxmare badis kvanZebi. 

SemoviRoT aRniSvnebi: 
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                   nax. 2. saTvleli badis kvanZebis ganlageba.  
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gvecodineba ra hu ,,v,   baduri funqciebi sawyis 0=t  momentSi mTavar 

kvanZebSi, sasrul-sxvaobiTi formiT Cawerili (6 - 8) gantolebebidan 

ganisazRvreba ,w  
t

h




 da w~  damxmare (wiladovan-indeqsian) kvanZebSi, xolo (3) 

hidrostatikis gantolebidan -   funqcia  mTel-indeqsian kvanZebSi. 

aRniSnul gantolebaTa sasrul-sxvaobiani forma cxadia da ganmartebas ar 

saWiroebs. aRvniSnoT mxolod, rom am formulebSi Semavali integralebi 

gamoiTvleboda trapeciis formulis gamoyenebiT.  

 gamoTvlis procesi TiToeul t  droiT bijze gavyoT or etapad: jer 

gamoviTvaloT hvu ,,,   funqciebi 
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am gamosaxulebebSi horizontaluri turbulenturi wevrebis aproqsimacia 

sazRvrebTan mimdebare kvanZebSi Semdegnairad Seicvleba: 

      

 21232102

21

0212123

21212

2

32
2

///

/

///

/,/ ]ˆ[
/

ˆ
+

+

+ +−


=










−
−



−


=












j

j

j
xxxxx




 , 

     2123212

21

232121

21212

2

32
2

///

/

///

/,/ ]ˆ[
ˆ

/

ˆ
+−−

+

−−−

+− +−


=










−
−



−


=












jIII

j

IIII
jI

xxxxx



 , 

sadac  

             )(.ˆ
,,/, 100210 50 ++ += jjj  ,         )(.ˆ

,,/, 121 50 ++ += jIjIjI  . 

miviRebT ra 
2

t
 drois momentSi ,v,u  da h  funqciebis mniSvnelobebs 

wiladovan kvanZebSi, amave momentSi gamoviTvliT ww,~  da 
t

h
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
 funqciebis 

mniSvnelobebs mTavar kvanZebSi, xoloA funqciis mniSvnelobebs - wiladovan 

kvanZebSi.    

 meore droiT naxevar bijze gamoviTvliT hu ,,v,   funqciebs mTavar 

kvanZebSi Semdegi sasrul-sxvaobiani formulebis saSualebiT: 
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1.3. gamoTvliTi eqsperimentebi da Sedegebis analizi 

 

 

saqarTvelos reliefis gaTvaliswinebiT gamoTvliTi eqsperimentebis 

Catarebamde, winaswari gamoTvlebi Catarebul iqna modeluri ganmxoloebuli 

mTisaTvis. maTi daniSnuleba iyo ukeT gamogvevlina da Segvefasebina haeris 

fonuri dinebis mkveTri arastacionarulobis pirobebSi mezomasStaburi 

dinebis Taviseburebani da misi reagireba fonuri nakadis transformaciaze. M 

 

      1.3.1 haeris dineba  modeluri ganmxoloebuli mTis zemoT 

 

modelirebulia  wriuli formis izolirebuli mTis garsdena haeris 

nakadis mier. modeluri mTa moicemoda Semdegnairad: 
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sadac 0a  da 0r  mTis maqsimaluri simaRle da naxevarsigrZea, 0x  da 0y  mTis 

wveros horizontaluri koordinatebia. vertikalze aRebuli iyo 21 done 

mudmivi vertikaluri bijiT 05.0= . TiToeul doneze badis wertilTa 

raodenoba iyo 66 x 46, xolo horizontaluri biji 10 km.  t  droiTi bijis 

mniSvneloba SeirCeoda gamoTvliTi aramdgradobis kriteriumis Sesrulebis 

gaTvaliswinebiT. amocanis ZiriTad parametrebs aseTi mniSvneloba 

eniWebodaT: 
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 6= t 0wm, 120 =H km, KS 003.0= .m-1, = 10-4m-1, =l 10-4wm-1,   033.0= m/(wm2.Kgrad), 

K3000 = , 10 =a 000 m,  
0r = 75km.    

SeuSfoTebeli fonuri nakadi mimarTuli iyo x RerZis gaswvriv da 

droSi moicemoda Semdegnairad (nax.3): fonuri qari Cndeboda t = 0 momentSi da 

2 sT-is ganmavlobaSi aRwevda 12 m/wm-s. amis Semdeg igi aRar icvleboda t = 10 

sT-mde. t = 10sT –dan  12 saaTis ganmavlobaSi xdeboda misi transformacia, 

ris Sedegadac  igi sawinaaRmdego minarTulebas iRebda, e. i. Hhaeris siCqare 

xdeboda  U = -12 m/wm.      

 

       

 

nax. 3. fonuri qaris siCqaris droSi msvleloba ricxviT eqsperimentSi.  

 

 

 

 

gamoTvliTi eqsperimentis mizani iyo gamogvekvlia orografiulad 

SeSfoTebuli haeris dinebis xasiaTi im SemTxvevaSi rodesac fonuri 

SeuSfoTebeli dineba icvleboda nax. 3-is Sesabamisad, e. i. aRwevda Stilur 

mdgomareobas, xolo Semdgom icvlida mimarTulebas  sapirispirod.     
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 (a)          t = 10 sT 

 

 

 (b)                   t = 14 sT 

 

(g)           t = 15 sT 

 

 

(d)                 t = 16 sT 

 

(e)                     t = 17 sT 

 

(v)                 t = 26 sT 

 

 

 

nax. 4. mezomasStaburi dineba modeluri mTis zemoT  z = 500 m simaRleze, 

roca fonuri dineba sawinaaRmdego mimarTulebiT icvleba.          

        (a)- 10 sT, (b)- 14 sT, (g) – 15 sT, (d) – 16 sT, (e) – 17 sT, (v) – 26 sT. 
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(a)                  t = 10 sT 

 

 

(b)        t = 14 sT 

 

 

  (g)          t = 15 sT 

 

(d)                    t = 16 sT 

 

(e)             t = 17 sT 

 

(v)                  t = 24 sT 
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nax. 5. mezomasStaburi dineba modeluri mTis zemoT  vertikalur xz kveTaSi, 

roca fonuri dineba sawinaaRmdego mimarTulebiT icvleba.          

        (a)- 10 sT, (b)- 14 sT, (g) – 15 sT, (d) – 16 sT, (e) – 17 sT, (v) – 26 sT. 

 

nax. 4-ze naCvenebia haeris dineba modeluri mTis Ziridan 500 m 

simaRleze drois sxvadasxva momentebSi fonuri SeuSfoTebeli nakadis 

transformaciis procesSi, xolo nax.5-ze haeris dineba naCvenebia vertikalur 

centralur sibrtyeSi aseve sxvadasxva drois momentebSi. am naxazebis 

analizi gviCvenebs, rom fonuri dinebis Stilur mdgomareobamde Semcirebis 

periodSi (10 – 16 sT) mezomasStaburi dineba mniSvnelovnad icvleba. kerZod, 

nax. 4-dan kargad Cans, rom fonuri qaris Semcirebis procesSi SeSfoTebuli 

dinebis mimarTulebis gadaxra ZiriTadi SeuSfoTebeli mimarTulebidan 

mniSvnelovnad izrdeba. rodesac fonuri dinebis siCqare nuli xdeba (t = 16 

sT), orografiiT gamowveuli SeSfoTebuli moZraoba kvlav SenarCunebulia 

da SeimCneva grigaluri cirkulaciebis formirebis procesi horizontalur 

sinrtyeSi (nax. 4d). vertikalur sibrtyeSi (nax. 5) daikvirveba talRuri 

dinebis amplitudebis mkveTri zrda mTel troposferoSi fonuri qaris 

Sesustebis procesSi da mezomasStaburi dineba TandaTan iZens grigalur 

xasiaTs, roca fonuri dinebis siCqare 0-s uaxlovdeba. sainteresoa aRiniSnos, 

rom praqtikulad analogiur movlenasa aqvs adgili grZeli qedis zemoT 

haeris modelirebisas organzomilebiani modelis farglebSi [31-33]. Ddrois 

Semdgom monakveTSi, roca  t > 16 sT, sapirispiro mimarTulebis mqone fonuri 

dinebis gavleniT mezomasStaburi dinebis xasiaTi TandaTan kvlav 

mowesrigebuli xdeba da igic sapirispiro mimarTulebas iZens (nax. 5v). 

 

    

(a) (b) 
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Nnax. 6.  vertikaluri siCqarisa (a) da   temperaturis SeSfoTebis  velebi (b) 

vertikalur kveTaSi (j = 23)  t = 10 sT momentisaTvis. 

 

    rogorc aq moyvanili gamoTvlebisa da sxva mravali gamoTvlebis 

Sedegebis analizi mowmobs umravles SemTxvevaSi mniSvnelovan orografiul 

SeSfoTebebs adgili aqvs uSualod mTis zemoT da maT vertikalze talRuri 

xasiaTi aqvT. marTlac, nax. 5-dan kargad daikvirveba  daRmavali da aRmavali 

dinebis monacvleoba vertikalze. SeSfoTebuli dinebis aseTi talRuri 

struqtura vertikalze mTis zemoT aseve kargad Cans nax. 6-dan, sadac 

naCvenebia vertikaluri siCqarisa da temperaturis SeSfoTebis  velebi 

vertikalur kveTaSi (j = 23)  t = 10 sT momentisaTvis.  es velebi Seesabameba nax. 

5a-s, saidanac kargad Cans, rom qarzurga mxares qveda fenebSi formirdeba 

sakmaod mZlavri daRmavali haeris nakadi daaxloebiT -30 - -40 sm/wm, romelic 

iwvevs haeris adiabatur gaTbobas daaxloebiT 2,8 c –mde. Aam mZlavr daRmaval 

dinebas vertikalze cvlis aRmavali dineba, sadac verikaluri siCqareebi 

aRweven 30-40 sm/wm-s. daRmavali da aRmavali dinebis areebis monacvleoba 

ramodenimejer daikvirveba. Nnax. 6-dan aseve kargad Cans, rom mTlianobaSi 

aRmavali dinebis areebs Seesabameba dabali temperaturis areebi da piriqiT, 
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rac Sedegia adiabaturi gacivebisa aRmaval dinebaSi, xolo daRmaval 

dinebaSi – adiabaturi gaTbobisa.     

 

 1.3.2 haeris dineba saqarTvelos realuri reliefis zemoT  

 

saqarTvelos realuri reliefis gaTvaliswinebiT amocanis realizaciis  

mizniT amocanis amoxsnis are  { 0 < x < Lx,  0 < y < Ly, 0 < z < Lz } daifara 

saTvleli badiT h , sadac  vertikalze aRebuli iyo 30 saTvleli done 

araTanabari vertikaluri bijebiT.  TiToeul doneze badis mTavari kvanZebis 

raodenoba x  da   y RerZebis gaswvriv Sesabamisad Seadgenda 84 da 70-s, xolo 

badis horizontaluri biji – 10 km-s..  

amocanis amoxsnis aris vertikaluri zoma iyo 12 km, e. i. vertikalze 

modeli moicavda mTlianad troposferos. 

amocanis realizaciis  mizniT amocanis amoxsnis are  { 0 < x < Lx,  0 < y < 

Ly, 0 < z < Lz } daifara saTvleli badiT h . vertikalze aRebuli iyo 60 

saTvleli done araTanabari vertikaluri bijebiT.  amocanis amoxsnis aris 

vertikaluri zomebi Seadgenda 18 km-s, e. i. vertikalze modeli moicavs 

troposferos, tropopauzasa da qveda stratosferos. 

TiToeul doneze badis mTavari kvanZebis raodenoba x  da   y RerZebis 

gaswvriv Sesabamisad Seadgenda 84 da 70-s, xolo badis horizontaluri biji – 

10 km-s.. vertikalze saTvlel doneTa ganlageba Seesabameboda dekartis 

koordinatTa sistemaSi simaRleTa Semdeg mniSvnelobebs dedamiwis qvefenili 

zedapiridan z = 18 km simaRlemde (SeuSfoTebeli Tavisufali zedapirisa da 

0y)(x, =  SemTxvevaSi): 

 1, 2, 8, 15, 25, 50, 100, 150, 230, 310, 390, 500, 650, 800, 1000, 12000, 1400, 1600, 1800, 2000, 2400, 

2800, 3200, 3600, 4000, 4400, 4800, 5200, 5600, 6000, 6400, 6800, 7200, 7600, 8000, 8400, 8800, 

9200, 9600, 10000,  10400, 10800, 11200, 11600, 12000, 12400, 12800, 13200, 13600, 14000,  14400, 

14800, 15200, 15600, 16000, 16400, 16800, 17200, 17600, 18000 m. 

nax.3.1-ze naCvenebia modelis gantolebaTa amoxsnis are, romlis zomebi x  

da y  RerZebis gaswvriv Seadgens Sesabamisad 830km da 690 km-s. Aamave naxazze 
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naCvenebia zRvis donidan aTvlili reliefis simaRleebi, saidanac naTlad 

Cans, rom saintegro are xasiaTdeba mkveTrad gamoxatuli orografiuli 

araerTgvarovnebiT. saqarTvelos reliefis Taviseburebaa is, rom igi 

xasiaTdeba ZiriTadad sami mkveTrad gamoxatuli orografiuli elementiT. 

esenia: CrdiloeTiT kavkasioni, samxreTiT – saqarTvelos samxreT mTianeTi  

da am or amaRlebas Soris moqceuli dadableba anu mTaTaSoriso depresia, 

romelic iwyeba Savi zRvis sanapirodan  - 

              

   nax. 3.1. modelis gantolebaTa amoxsnis are da modelSi gamoyenebuli 

        reliefi. 

             

samkuTxedis formis kolxeTis dablobiT da vrceldeba aRmosavleT 

saqarTveloSic viwro zolis saxiT. TviT am ori mTianeTis SigniT mravlad 

gamoiyofa SedarebiT mcire masStabis mqone orografiuli elementebi. 

reliefis aseTi xasiaTi garkveul kvals asvams atmosferos qveda fenebSi 

haeris masebis moZraobas saqarTvelos teritoriaze.   

      zRvis zedapiris temperatura aiReboda 260C, romelic daaxloebiT 

Seesabameba Savi zRvis wylebis temperaturas saqarTvelos napirebTan.      

amocanaSi Semaval danarCen parametrebs Semdegi mniSvnelobebi eniWebodaT: 
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410l −= wm-1,   0330.= m2wm-1K-1, 60 t =  wm,     H0  = 18 km,   S=3.10-3 K/m ,       

  =10-4 m-1 ,     K 3000 = , Ta = 10oC, Ts = 1.5oC,  = 7.29*10-5 rad/wm, = 103m2/wm 

          = 10 m2/wm 

avRniSnoT, rom droiTi bijis mcire mniSvneloba ganpirobebuli iyo 

gamoTvliTi aramdgradobis Tavidan asacileblad.   

 

 

          

    nax. 7. modelis gantolebaTa amoxsnis are da modelSi gamoyenebuli    

          reliefi. 

 

nax. 7 -ze naCvenebia modelis gantolebaTa amoxsnis are, romlis zomebi x  

da y  RerZebis gaswvriv Seadgens Sesabamisad 830km da 690 km-s. amave naxazze 

naCvenebia zRvis donidan aTvlili reliefis simaRleebi, saidanac naTlad 

Cans, rom saintegro are xasiaTdeba mkveTrad gamoxatuli orografiuli 

araerTgvarovnebiT.  

    amocanaSi Semaval danarCen parametrebs Semdegi mniSvnelobebi 

eniWebodaT: 

410l −= wm-1,   0330.= m.wm-2K-1, 60 t =  wm,     H0  = 12 km,   S=3.10-3 K/m ,       
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  =10-4 m-1 ,     K 3000 = , Ta = 10oC, Ts = 1.5oC,  = 7.29*10-5 rad/wm . 

 

           

(a) 

 

 

(b) 

 

(g) 

 

 

(d) 

 

 

nax. 8. modelirebuli dinebis veli dasavleTis fonuri dinebis dros t = 10 sT 

momentisaTvis Semdeg horizontebze: (a) -  200 m, (b) – 1500 m, (g) – 3000 m, (d) – 

5000 m. 

 

gamoTvliTi eqsperimenti Catarebuli iyo iseTive arastacionaruli fonuri 

SeuSfoTebeli dinebis SemTxvevaSi, rogorc es iyo wina gamoTvliT 
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eqsperimentSi modeluri reliefis garsdenis dros. 12 m/wm siCqaris 

dasavleTis fonuri qari t = 10 sT drois momentidan iwyebda cvlilebas da 12 

saaTis ganmavlobaSi icvlida mimarTulebas sapirispirod. amasTanave igi jer 

mcirdeboda nulamde da Semdeg gardaiqmneboda aRmosavleTis fonur dinebad 

igive 12 m/wm siCqariT.   

nax. 8-ze naCvenebia SeSfoTebuli dinebis veli 200, 1500, 3000 da 5000 m 

simaRleebze zRvis donidan t = 10 saaTisaTvis, e. i. Ffonuri nakadis 

arastacionaruli transformaciis dawyebamde. Aam suraTebidan kargad Cans, 

rom dasavleTis fonuri dineba garkveul  deformirebas ganicdis da 

SeSfoTebuli dinebis velSi daikvirveba mniSvnelovani araerTgvarovnebebi. 

amoxsnis areSi moqceuli Savi zRvis teritoria da kolxeTis dablobi 

dasavleTis dinebisaTvis warmoadgens qarpira mxares, sadac haeris nakadi  

“SeigrZnobs” moaxloebuli orografiis arsebobas. Savi zRvis teritoriasa da 

kolxeTis dablobze fonuri dineba moaxloebuli mTis masivebis gavleniT 

gadaixreba marcxniv ZiriTadi mimarTulebidan da umetesad mimarTulia 

samxreT-dasavleTidan Crdilo-aRmosavleTisaken. aWarisa da afxazeTis 

sanapiroebTan moaxloebisas, romlebic xasiaTdebian reliefis mkveTri 

amaRlebiT, haeris nakadi metad uxvevs CrdiloeTiT. Kkargad Cans aseve 

dasavleTis dinebis mier kavkasionis qedis garsSemovlis procesi (nax. 8a, b) – 

haeris mniSvnelovani masa gars uvlis Semxvedr kavkasionis qeds da 

vrceldeba CrdiloeT kavkasiis teritoriaze. simaRlis zrdasTan erTad 

dinebis mimarTuleba kvlav TandaTan ubrundeba ZiriTad mimarTulebas. 

mniSvnelovania qaris sididis sagrZnobi cvlileba kavkasiis teritoriaze 

orografiis gavleniT. rogorc naxazidan Cans Cvens mier Catarebul 

gamoTvlebSi qaris siCqaris maqsimaluri mniSvneloba aRwevda 26 m/wm – s, 

maSin rodesac SeuSfoTebeli qaris siCqare 12 m/wm – ia.    

nax. 9–11- ze gamosaxulia gamoTvlili dinebis velebi drois sxvadasxva 

momentebSi roca adgili hqonda fonuri dinebis transformacias. dinebebi 

naCvenebia 200, 1500 da 3000 m simaRleebze, Sesabamisad.  Nnax. 9 gviCvenebs, rom 

dasavleTis fonuri dinebis siCqaris Semcirebis procesSi mezomasStaburi, 
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orografiulad SeSfoTebuli dineba qveda fenebSi (z = 200 m) garkveul 

cvlilebebs ganicdis. magaliTad, Savi zRvisa da kolxeTis dablobis 

teritoriis zemoT aSkarad daikvirveba haeris dinebis mkveTri mobruneba 

saaTis isris sawinaaRmdegod da ciklonuri xasiaTis mcire grigaluri 

warmonaqmnis formirebis tendencia. sainteresoa aRiniSnos, rom t = 16 sT 

momentisaTvis, roca fonuri dineba praqtikulad qreba, SeSfoTebuli dineba 

kvlav arsebobs. iseve rogorc modeluri izolirebuli mTis SemTxvevaSi, 

rTuli reliefis pirobebSic SeSfoTebuli dinebis arseboba e. w. Ffonuri 

Stilis SemTxvevaSi ganpirobebulia im faqtiT rom orografias SeSfoTebebi 

Seaqvs wnevis velSic. SeSfoTebuli wnevis gradienti inarCunebs dinebas 

fonuri wnevis gradientis nulamde Semcirebis pirobebSic. Eenergetikuli 

TvalsazrisiT, SeSfoTebuli moZraobis  energia, romelic ukve aRar ikvebeba 

fonuri moZraobis energiiT, garkveuli xnis Semdeg miileva da gardaiqmneba 

Sinagan energiad.                    

 

(a) 

 

(b) 

 

(g) (d) 
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(e) 

 

 

(v) 

 

     nax. 9. modelirebuli dinebis veli z = 200 m simaRleze sxvadasxva drois 

momentebisaTvis: (a) – 14 sT, (b) – 15 sT, (g) – 16 sT, (d) – 17 sT, 

(e) – 19 sT, (v) – 28 sT. 

 

(a) (b) 
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(g) 

 

(d) 

 

(e) 

 

(v) 

 

 

nax. 10. modelirebuli dinebis veli z = 1500 m simaRleze sxvadasxva drois 

momentebisaTvis: (a) – 14 sT, (b) – 15 sT, (g) – 16 sT, (d) – 17 sT, 
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(e) – 19 sT, (v) – 28 sT. 

 

 

(a) 

 

(b) 

 

(g) 

 

(d) 

 

(e) (v) 
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nax. 11. modelirebuli dinebis veli z = 3000 m simaRleze sxvadasxva drois 

momentebisaTvis: (a) – 14 sT, (b) – 15 sT, (g) – 16 sT, (d) – 17 sT, 

(e) – 19 sT, (v) – 28 sT. 

t = 16 sT-is Semdeg, roca  fonuri dineba iwyebs mimarTulebis Secvals 

sapirispirod. mezomasStaburi dinebis reagireba amgvar cvlilebebze, rogorc 

nax. 9-11 –is analizi gviCvenebs, sxvadasxvagvaria atmosferos qveda da zeda 

fenebSi. Qatmosferos qveda fenebSi, sadac orografiuli faqtori ufro 

mniSvnelovan rols TamaSobs zeda fenebTan SedarebiT, mezomasStaburi 

dineba myisve ar reagirebs fonuri dinebis cvlilebaze (nax. 9). sabolood, 

yalibdeba orografiulad SeSfoTebuli dinebis iseTi struqtura, romelic 

Seesabameba  aRmosavleTis fonur dinebas. 
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nax. 12. haeris dineba daaxloebiT q. foTze gamaval vertikalur kveTaSi  

sxvadasxva drois momentebisaTvis: (a) – 10 sT, (b) – 15 sT, (g) – 16 sT, (d) – 17 

sT.  

 Nnax. 12-ze naCvenebia imave gamoTvliT eqsperimentSi miRebuli 

mezomasStaburi haeris dineba vertikalur sibrtyeSi (vertikaluri kveTa 

gadis daaxloebiT q. foTze) drois sxvadasxva momentebSi, rodesac xdeboda 

dasavleTis fonuri dinebis transformacia aRmosavleT fonur dinebad. 

Nnaxazidan cxadad Cans, rom Ffonuri qaris siCqaris Semcirebis procesSi 

mTiani reliefis zemoT  daikvirveba talRuri moZraobis amplitudebis 

mniSvnelovani zrda. talRuri dineba TandaTan kargavs mdgradobas da 

mimdinareobs grigaluri warmonaqmnebis formireba (nax. 12b da 12g). maSin 

rodesac fonuri dineba aRar arsebobs, haeris moZraoba mTiani reliefis 

zemoT kvlav SenarCunebulia.     
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        Tavi 2. atmosferos sasazRvro fenaSi mimdinare  

            procesebi da maTi modelireba. 

 

2.1 atmosferos sasazRvro fenis ricxviTi modelis aRwera   

 

ganvixiloT sistema atmosfero - niadagi. ugulebelvyoT wylis fazuri 

gadasvlebi da radiaciuli siTbos modinebebi atmosferoSi da tenis 

gadatanis procesebi niadagSi. CavTvaloT, rom planetarul sasazRvro fenaSi 

atmosferuli procesebis Camoyalibeba da evolucia warmoadgens ori 

sxvadasxva sivrciT-droiTi masStabis mqone procesis erToblivi moqmedebis 

Sedegs—didmasStaburi (sinoptikuri) da sasazRvro fenaSi turbulenturi 

gacvlis meqanizmiT gamowveuli procesebisa. sinoptikuri procesebi qmnian 

meteorologiuri sidideebis sivrciT-droiTi ganawilebis gasaSualoebul 

suraTs - fons, romelsac emateba dedamiwis qvefenili zedapiris 

araerTgvarovnebiTa da turbulenturi gacvlis meqanizmiT gamowveuli 

meteorologiuri sidideebis gadaxrebi saerTo fonuri suraTidan anu 

SeSfoTebebi mkveTrad gamoxatuli dRe-Ramuri rxevebiT. 

  atmosferos hidroTermodinamikis gantolebaTa sistemaSi gadavideT 

reliefTan dakavSirebul  111 ,, zyx   mrudwirul koordinatTa sistemaSi, 

sadac 

                    ( )yxzzyyxx ,,, 111 −=== . 

aq ),( yx reliefis aRmweri funqciaa, xolo  1x    da  1y   sakoordinato 

RerZebi mimarTulia reliefis zedapiris gaswvriv. imis gamo, rom Cvens mier 

gansaxilveli procesebis horizontaluri masStabebisaTvis xx = / <<1 da 

yy = / <<1, amitom sruldeba horizontalur koordinatTa toloba 

dekartisa da mrudwirul koordinatTa sistemebSi, xolo siCqaris u   da v   

mdgenelebi orive sistemaSi praqtikulad erTmaneTs emTxveva. gardaqmnis 

formulebs aseTi saxe eqnebaT: 
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garda amisa, Zvel da axal koordinatTa sistemaSi siCqaris vertikalur 

komponentebs Soris damokidebuleba gamoixateba Semdegi formuliT: 
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       yovelive zemoT Tqmulis gaTvaliswinebiT atmosferos qveda 

turbulentur fenaSi hidroTermodinamikuri procesebis aRsawerad  miviRebT 

Semdeg gantolebaTa sistemas [34, 35]: 

 

                                         ,uF
z

u

z
l

xt

u
+








++




=







 v  

 

                                          ,vF
z

v

z
lu

yt
+








+−




=









v
                                               (2.1) 

                                         ,)()(
zzy

S
yx

S
x

u
t 






+




+




−




+




−=



 



v                             

                                         .)()(
z

q

zyy

Q

xx

Q
u

t

q
qqq







+




+




−




+




−=



 11 v 





  

                                        ,
z

Vl

x 


=






      

z

Ul

y 


−=






. 

 

aRniSnul gantolebaTa sistemas mivuerToT niadagSi molekuluri 

Tbogamtarobis gantoleba: 
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aq 
пz  RerZi mimarTulia miwis zedapiridan vertikalurad qvemoT siRrmeSi; 

пK  molekuluri temperaturagamtareblobis koeficientia; T  niadagis 

temeraturis gadaxraa dRe-Ramur saSualo ganawilebidan; 
пh  niadagis aqtiuri 

fenis sisqea, romelic 1 metri rigisaa. 

 (2.1) gantolebaTa sistemisaTvis ganvixiloT Semdegi sasazRvro pirobebi: 

planetaruli sasazRvro fenis zeda 
aH  sazRvarze  

                       00 1 ==== qVvUu ,,,                                       

(2.3)  

simqisis 0zz =  doneze  

                 ,0v ==u                                                                                                         

(2.4) 
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                ,
~
T=                                                                                                                  

(2.6) 

                )( 0Trqq H=   )( 10  r                                                                                       

(2.7) 

niadagis aqtiuri fenis qveda пп hz = sazRvarze  

                   .
~

0=пT                                            (2.8) 

aq пc  niadagis moculobiTi siTbotevadobaa; R _ qvefenili zedapiris 

radiaciuli balansia; A _ miwis zedapiris albedoa; I _ mzis mokletalRovani 

jamuri radiaciaa; F _ dedamiwis zedapiris efeqturi grZelvadiani 

gamosxivebaa; r _ fardobiTi sinotivea miwis zedapirTan; Hq _ najerobis 

kuTri sinotivea; 0T  miwis zedapiris  temperaturaa. 

(2.4) piroba gamoxatavs haeris nawilakebis miwebebis pirobas, xolo (2.5) 

warmoadgens miwis zedapiris siTburi balansis gantolebas. (2.6) piroba 

temperaturis uwyvetobis pirobaa niadagi-haeris gamyof sazRvarze im 

varaudiT, rom simqisis fenaSi temperatura cvlilebas ar ganicdis. rac 
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Seexeba (2.7) pirobas kuTri sinotivisaTvis, ufro koreqtuli pirobis dawera 

moiTxovs niadagSi tenis gadatanis procesebis ganxilvas, rac SemdgomSi 

iqneba gaTvaliswinebuli. (8.8) piroba gamoxatavs temperaturis dRe-Ramuri 

msvlelobis amplitudis milevas niadagis aqtiuri fenis qveda sazRvarze.    

rogorc Cvens mier Catarebulma ricxviTma eqsperimentebma [33, 34] da 

agreTve sxva avtorTa mier miRebulma Sedegebma gviCvena mocemuli tipis 

amocanebSi sawyisi pirobebis gavlena sustdeba gantolebaTa integrebis 

procesSi da garkveuli ( )0,0 t  drois Sualedis (adaptaciis dro) gasvlis 

Semdeg amonaxsni ZiriTadad ganisazRvreba fonuri sidideebisa da radiaciis 

droSi msvlelobiT, agreTve amocanaSi Semavali sxva parametrebiT; amitom 

(2.1, 2.2) gantolebebisaTvis sawyis pirobebad SeiZleba miviRoT raime 

hipoTezuri velebi, xolo modelis Sedegebi ganvixiloT adaptaciis drois 

gasvlis Semdeg. mocemul amocanaSi sawyis pirobebad miviRoT Semdegi: 
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          (2.9) 

sadac u  da v funqciaTa gamoxaxulebebi warmoadgenen ekmanis cnobil 

amonaxsnebs sasazRvro fenisaTvis [36]. 

 mzis jamuri radiaciis gamosaTvlelad gamoiyeneba albrextis formula 

[37]. 

                           ( )HHc  −−= 05,008,101 , 

sadac H Qda   Sesabamisad qveda da saerTo moRrublulobis balebia.  

najerobis kuTri sinotive gamoiTvleba magnusis formuliT [38]: 

                    ( ) ( ) 1,31/2,27355,17exp
8,3

00

0

−−= TT
p

qH ,  10000 =p mb. 

 miwispira fenaSi ( )ahzz 0  turbulentobi veli ganisazRvreba  

monin_obuxovis msgavsebis Teoriis safuZvelze, xolo am fenis zemoT 

vertikaluri turbulenturi siblantisa da difuziis koeficientebi moicema 
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apriorulad, rogorc simaRlis mixedviT milevadi funqciebi. amasTanave 

CavTvaloT, rom q = . 

 msgavsebis Teoriis Tanaxmad   da   miwispira qvefenaSi ganisazRvreba 

Semdegnairad [36, 39]: 
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               (2.10) 

sadac ( ) ( ) 21  da  universaluri funqciebia;  - karmanis mudmivaa; v - 

dinamikuri siCqarea; L - minon-obuxovis sigrZis masStabia; T  temperaturis 

masStabia; 
0Q  siTbos turbulenturi nakadia miwis zedapirTan; 

( ) ( ) 21 da  funqciebis cxadi saxe damokidebulia stratifikaciis im 

reJimze, romelic xorcieldeba miwispira qvefenaSi. modelis realizaciis 

dros yovel droiT bijze stratifikaciis reJimis dasadgenad saWiroa 

ganisazRvros mniSvnelobaTa ra diapazonSi imyofeba  . meores mxriv,  -s 

gansasazRvravad saWiroa v  da T  parametrebis codna, romelTa 

gamosaTvlelad saWiroa visargebloT eqsperimentuli monacemebidan cnobili 

faqtiT, rom dedamiwis zedapiris siaxloves adgili aqvs qaris siCqarisa da 

temperaturis simaRlis mixedviT ganawilebis logariTmul kanonebs 

nebismieri stratifikaciis dros: 

                 
0

0

0 z

z
T

z

zv
u ln,ln 

 +== 



                    (2.11) 

gvecodineba ra dedamiwis zedapirTan erT-erT uaxloes 1z saTvlel doneze  

1u


 da 1 -is mniSvnelobebi  (2.11) formulebidan ganvsazRvravT v  da T  

parametrebis mniSvnelobebs. am mniSvnelobaTa CasmiT (2.10)-Si mocemul 

gamosaxulebaSi  -Tvis ganvsazRvravT stratifikaciis im reJims, romelic 

xorcieldeba miwispira qvefenaSi. ganixileboda stratifikaciis oTxi reJimi 

da TiToeuli maTganisaTvis 1  da 2  funqciebi ganisazRvreboda Semdegi 

formulebiT [40]: 
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 Zlieri aramdgradi stratifikaciisaTvis ( ) 1H   
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1
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−=−= 


 u , 

        sustad mdgradi stratifikaciisaTvis ( )10    

             ( ) ( )  +=+= 1,1 241
, 

 Zlier mdgradi stratifikaciisaTvis ( )11 H   

              ( ) ( ) ( ) ( ) +=+= 1,1 241
, 

sadac 35134674915218 401 ,,,,,,,,,,/ =====−==  ua zhH . 

 

           

            2.2. amocanis amoxsnis ricxviTi sqema 

 

ganxiluli amocanis amoxsna warmoebs sasrul-sxvaobiTi sqemiT. Aam 

mizniT gantolebaTa droSi aproqsimirebisaTvis gamoyenebulia krank-

nikolsonis sqema, romelic uzrunvelyofs sawyis diferencialur 

gantolebaTa sistemis aproqsimacias meore rigis sizustiT droiTi cvladis 

mimarT. z  cvladis mimarT aproqsimacia ganxircielebulia centraluri 

sxvaobebiT, ris Sedegadac miRebuli algebrul gantolebaTa sistema 

amoxsnilia matriculi faqtorizaciis gamoyenebiT. Aanalogiuri sasrul-

sxvaobiTi aproqsimaciaa gamoyenebuli molekuluri siTbogamtarobis 

gantolebis amosaxsnelad niadagSi. miRebuli algebrul gantolebaTa sistema 

amoixsneba Cveulebrivi faqtorizaciis meTodis gamoyenebiT [41].    

 

                  2.3  amocanis kompiuteruli realizacia 
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wina paragrafSi aRwerili modelis safuZvelze [34, 35]  jer kidev 80-ian 

wlebSi Catarebuli iyo gamoTvliTi eqsperimentebi eleqtronul gamomTvlel 

manqanaze (egm М-220). amocanis programuli uzrunvelyofa momzadebuli iyo 

aRniSnuli egm-Tvis algoriTmul enaze “fortrani”. amJamad, amocanis 

programuli uzrunvelyofa aRdgenilia da Cven saSualeba gvaqvs amocanis 

manqanuri realizacia movaxdinoT Tanamedrove personalur kompiuterze.     

  Catarda ricxviTi eqsperimenti, romlis mizani iyo temperaturuli 

reJimis modelireba q. o’neilis (aSS) midamoSi 1953 wlis 24 agvistos 12 sT – 

dan 25 agvistos 12 sT-mde da modeluri Sedegebis Sedareba eqsperimentul 

monacemebTan [42].  amoxsnis aris  zeda sazRvars viRebdiT 1805 m simaRleze, 

xolo qveda sazRvars – 1 m siRrmeze niadagSi.  atmosferoSi ganixileboda 

126 saTvleli done, xolo niadagSi – 24. dedamiwis zedapirTan vertikaluri 

biji atmosferoSi iyo minimaluri (1 sm), xolo sasazRvro fenis zeda 

sazRvarTan maqsimaluri – 50 m. niadagSi miwis zedapirTan vertikaluri biji 

Seadgenda 0.5 sm-s, romelic izrdeboda siRrmis mixedviT da aqtiuri fenis 

qveda sazRvarTan iRebda mniSvnelobas 11 sm. danarCeni parametrebis 

mniSvnelobebi aseTi iyo: 

   10=t wT, 05.42= ,  011= ,    A = 0.3,   01.00 =z m,  ,0== yx QQ  033.0=  

m/(wm2 K ), 1299=pc j/(m2K),  410184~ xcп = j/(m2K). 

fonuri siCqare iyo mudmivi droSi da simaRlis mixedviT (UU=11m/wm, V=9 

m/wm). fonuri temperatura simaRlis mixedviT icvleboda politropuli 

kanoniT, xolo fonuri sinotive mcirdeboda eqsponencialuri kanoniT. 

modelis gantolebaTa integrebisas drois sawyisi momenti Seesabameboda 1953 

wlis 23 agvistos 12 sT-s saSualo zoluri droiT. integrebis dro iyo 48 

modeluri saaTi, xolo gamoTvlis Sedegebi ganixileboda meore modeluri 

dRe-Ramis ganmavlobaSi. aRvniSnoT, rom mocemul ricxviT eqsperimentSi 

yoveli 1 sT-is Semdeg mowmdeboda miwis zedapiris siTburi balansis 

Sesrulebis sizuste. gamoTvlebma aCvena, rom am gantolebis Sesrulebis 

fardobiTi cdomileba ar aRemateboda 10-12% - s.  
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 NAnax. 13 –ze naCvenebia dakvirvebis safuZvelze  [42] da Cvens mier 

gamoTvlili  Termoizopletebis ganawileba atmosferos miwispira fenasa da 

niadagSi q. o’neilis (aSS) midamoSi. rogorc naxazidan Cans modeluri 

Sedegebi karg TanxmobaSia eqsperimentul monacemebTan. iseve rogorc 

bunebaSia, gamoTvlebis Sedegadac miRebulia temperaturis sakmaod swrafi 

Semcireba simaRlis mixedviT SuadRis saaTebSi da Zlier mdgradi 

stratifikacia Ramis saaTebSi. SedarebiT sagrZnobi raodenobrivi gansxvaveba 

SeimCneva miwis zedapirze dRis saaTebSi. aseTi gansxvavebis mizezi SesaZloa 

aris Cvens mier blanti qvefenis gauTvaliswinebloba, agreTve niadagis 

zogierTi Tbofizikuri maxasiaTeblebis arazusti mocema. Cvens mier 

gaTvlili qvefenili  zedapiris siTburi balansis  dRe-Ramuri msvleloba 

raodenobrivadac da Tvisebrivadac karg TanxvdenaSi aRmoCnda dakvirvebis 

SedegebTan. 

                   (a)              (b) 

   

nax. 13. gamoTvlili  (a)  da dakvirvebis monacemebis safuZvelze 

           agebuli (b)  Termoizopletebi (0C) atmosferosa da niadagSiQq.  

           o’neilis (aSS) midamoSi 1953 wlis 23 agvistos. 

  

Cveni azriT sainteresoa aRniSnul ricxviT eqsperimentSi gaTvlili 

turbulenturi maxasiaTeblebis dRe-Ramuri msvleloba.  
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nax. 13. gamoTvlili turbulenturi siblantisa da difuziis koeficientebis 

dRe-Ramuri msvleloba miwispira fenis zeda sazRvarze ( m50=z ). 

 

nax. 13 – ze gamosaxulia gamoTvlili turbulenturi siblantisa da 

difuziis koeficientebis dRe-Ramuri msvleloba miwispira fenis zeda 

sazRvarze ( m50=z ). naxazidan kargad Cans, rom vertikaluri turbulenturi 

siblantisa da difuziis koeficientebi miwispira fenis zeda sazRvarze 

xasiaTdebian mkveTrad gamoxatuli dRe-Ramuri msvlelobiT, rac karg 

TanxmobaSia literaturidan cnobil faqtebTan. yuradRebas ipyrobs is faqti, 

rom dRis saaTebSi, roca stratifikacia aramdgradia, daikvirveba 

mniSvnelovani gansxvaveba   da T -s Soris, maSin rodesac Ramis saaTebSi 

isini praqtikulad erTmaneTs utoldeba. amasTan dakavSirebiT unda 

aRiniSnos, rom planetaruli sasazRvro fenis mraval modelSi miRebuli 
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daSveba  = T  SeiZleba aRmoCndes sakmaod uxeSi, gansakuTrebiT aramdgradi 

stratifikaciis dros.   

3. atmosferos mezomasStaburi sasazRvro fenis anomaliuri procesis 

ricxviTi modelireba 

 

Sesavali. kvlevis sagans warmoadgens atmosferos mezomasStaburi sasazRvro 

fenis (amsf) da masSi mimdinare meteoprocesebis (Rrublebi, nisli, 

aerozolis gavrceleba) ricxviTi modelireba. dainteresebuli varT agreTve 

zogierT meteoprocesze aqtiuri  (xelovnuri) zemoqmedebiT. 

misi  aqtualoba ganpirobebulia iseTi metad mniSvnelovani dargebiT, 

rogoricaa amindis lokaluri prognozi, ekologia, saaviacio-, agro- da 

sazRvao meteorologia da a.S., atmosferos notio procesebs: nislsa da 

Rrublebs. swored isini arian pasuxismgebeli dedamiwis radiaciul da wylis 

balansze; maTi saxiT momavlisaTvis gvaqvs mtknari wylis usasrulo maragi; 

aseve didia maTi roli Cveni planetis eleqtromagnituri reJimis 

CamoyalibebaSi.… maTi Seswavla metad aqtualuria ekologiuri 

TvalsazrisiTac; garda amisa, gasaxsenebelia is faqtic, rom am procesebze 

ramdenime aTeuli wlis ganmavlobaSi Cvens respublikaSi  xorcieldeboda 

aqtiuri zemoqmedeba (am samuSaoebSi uSualod da sakmaod warmatebulad 

monawileobda hidrometeoinstituti). 

3.1 amocanis dasma da amoxsna.   

zogadad, klasikuri hidrodinamikidan cnobilia, rom sasazRvro fena aris 

siTxis is fena, romelSic vrceldeba kedlis araerTgvarovneba. kerZod, amsf 

aris atmosferos is fena, romelSic vlindeba dedamiwis zedapiris, rogorc 

kedlis, araerTgvarovneba (temperaturuli, reliefuri, e. w. “wylianuri”, 

antropogenuri da a.S.). misi horizontaluri masStabia    100 – 200 km, 

vertikaluri ki  2 km. Cven vixilavT 2-ganzomilebian arastacionarul 

amocanas vertikalur  (x – z)  sibrtyeSi. Tu gamoviyenebT makromasStaburi 

movlenebis mezoprocesebze zegavlenis gaTvaliswinebis meTods, busineskis 

Tavisufali konveqciis gamartivebas, kvazistatikur miaxloebas, 
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turbulentobis koeficientebis mudmivobas, maSin sawyis gantolebaTa 

sistemas eqneba aseTi saxe: 

,uΔ
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


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sadac  u , w  arian qaris horizontaluri da vertikaluri mdgenelebi, 

Sesabamisad, A ,    ,N q – wnevis analogis, potenciuri temperaturisa da 

xvedriTi sinotivis nazrdebi , Sesabamisad,  v - xvedriTi wylianoba, ,  S - 

atmosferos flotaciisa da stratifikaciis parametrebi, Sesabamisad,  q -  

fonuri xvedriTi sinotivis vertikaluri gradienti,    - wylis orTqlis 

kondensaciis siCqare,  L- kodensaciis faruli siTbo, cp - mSrali haeris 

kuTri siTbotevadoba mudmivi wnevis dros,   ,   -  turbulentobis 

horizontaluri da vertikaluri koeficientebi, Sesabamisad.   

sawyisi da sasazRvro pirobebi zogadi saxiT ase Caiwereba: 
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,0v,0q,0,0u0t =====   

sadac  X, Z  arian amsf-is horizontaluri da vertikaluri sazRvrebi, 

xolo amsf-is qvefenilis temperatura, romelsac viRebT 

meteoeqperimentebidan [2, 70, 71], 

F x t
x km km x km

t km x km
( , )

, ,

sin ,
=

   

 





0 0 32 48 80

5 32 48
  

aq   aris dedamiwis dRe-Ramuri brunvis kuTxuri siCqare. e. i. amsf-is 

amocanas vixilavT qvefenilis mxolod temperaturuli araerTgvarovnebis 

pirobebSi. 

amocanis amoxsnis rogorc fizikur, aseve ricxviT meTodebze 

dawvrilebiT ar gavCerdebi. isini mocemulia  naSromebSi [ 6, 44, 69]. 

moviyvanT im fizikuri konstantebisa da amocanis parametrebis 

mniSvnelobebs, romlebic sxvadasxva ricxviT eqsperimentebSi ar icvlebodnen: 

@ =0.033 m grad2 (sec ) , S=0.004 grad m, L=600 cal g , c p =0.24 cal g grad( ) ,  =104 2m sec , 

 =10 2m sec ,  fardobiTi tenianoba  f=95 %,   X=80km,   Z=2km.                         

rogorc angariSis saTauridan sCans, Cvens mier SemuSavebuli ricxviTi 

modelis safuZvelze vikvlevT amsf-is zogierT anomaliur meteoprocess. 

kontrolis saxiT moviyvanT Cven modelze dayrdnobiT miRebul 

araanomaliuri procesebis aRmweri meteovelebis  (, u,  w,  ,v  ) izoxazebs 

Semdegi parametrebisaTvis:  =104 2m sec ,    =10 2m sec ,  f=0.95, 

M  
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nax. # 3.2.1. temperaturis nazrdis  ( Cº ) izoxazebi, (t =9 sT ). 

M  

nax. # 3.2.2. horizontaluri siCqaris mdgenelis u  ( m/wm ) izoxazebi, (t 

=9 sT ): 

 

M  

nax. # 3.2.3. vertikaluri siCqaris mdgenelis w ( sm/wm ) izoxazebi, (t =9 

sT ). 
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M   

nax. # 3.2.4. Rrublis wylianobis v (g/kg) izoxazebi(t =9 sT ). 

 

 

M  

nax. # 3.2.5. temperaturis nazrdis  ( Cº ) izoxazebi, (t =21 sT ). 

 

M  
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nax. # 3.2.6. horizontaluri siCqaris mdgenelis u  ( m/wm ) izoxazebi, (t 

=21 sT ) 

 

 

M  

nax. # 5.2.7. vertikaluri siCqaris mdgenelis w ( sm/wm ) izoxazebi, (t 

=21 sT ): 

 

 

 

nax. # 3.2.8. nislis wylianobis v (g/kg) izoxazebi(t =21 sT ): 

 

M 
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Cveni amocanebis (arawrfivi kerZowarmoebuliani diferencialur 

gantolebaTa sistema) amoxsnisas Cven ver vamtkicebT dasmuli amocanis 

koreqtulobas (amoxsnis arseboba, erTaderToba, mdgradoba da a. S.) – es Cveni 

dargis specialistebis aqilevsis quslia. amitom miRebuli amonaxsnebis 

Semowmebis mizniT gvixdeba sxvadasxva fizikuri, Tu maTematikuri testebis 

gamoyeneba. Cvens SemTxvevaSi, amsf-is qvefenilis perioduli gaTbobisas, aseT 

erT-erT testad gamodgeba amonaxsnis periodulobis miReba, rasac adgili 

aqvs realurad bunebaSi. 

am mizniT „gavuSviT“ amocana saTvlelad ramdenime dRe-Ramis 

ganmavlobaSi. sailustraciod mogvyavs mxolod wylianobis velebi meore, 

mexuTe da meaTe dReebis 9 saaTisaTvis: 

M  

nax. # 3.2.9. Rrublis wylianobis v (g/kg) izoxazebi(t = meore dRis 9 sT 

) 

M  

nax. # 3.2.10. Rrublis wylianobis v (g/kg) izoxazebi(t = mexuTe dRis 9 

sT ) 
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M  

nax. # 3.2.11. Rrublis wylianobis v (g/kg) izoxazebi(t = meaTe dRis 9 sT 

) 

miviReT metad damakmayofilebeli suraTi. naxazebis # 3.2.4, # 3.2.9 - # 

3.2.11 zerele analizic ki aSkarad metyvelebs procesis karg periodulobaze. 

sayuradReboa, rom me-2, me-5 da me-10 dReebis wylianobis velebi ufro 

msgavsia, vidre pirveli dRisa. unda vifiqroT, rom es gamowveulia velebis 

sxvadasxva xarisxis adaptaciiT. am faqts ara marto gamoyenebiTi mniSvneloba 

aqvs ( amindis lokaluri prognozi ), aramed is metyvelebs amocanis dasmis 

koreqtulobis Sesaxebac. sakiTxi, ra Tqma unda, moiTxovs ufro detalur 

Seswavlas, rasac uaxloes momavalSi davubrundebiT. 

3.2. Rrublisa da nislis erTdrouli arseboba.  

Cveni modelis saSualebiT imitirebul iqna amsf-is iseTi reJimi, roca 

erTdroulad arsebobs nislica da Rrubelic. am dros adgili aqvs Rrublis 

milevasa da nislis gaZlierebas. Rrublisa da nislis erTdrouli arseboba  

sainteresoa ara marto lokaluri prognozis, aramed ekologiuri 

TvalsazrisiTac. swored am dros kondensaciis faruli siTbos gamoyofa 

apirobebs ramdenimefeniani temperaturuli inversiis gaCenas ( RrublisqveSa, 

Rrubliszeda, nisliszeda da a.S. inversiebi ) , romelSic adgili aqvs mavne 

nivTierebaTa akumulacias. am movlenas matveevma uwoda dinamiuri warmoSobis 

inversia [ 2, gv. 579 ].  
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ra Tqma unda, es reJimi miiRweva maRali fardobiTi tenianobis (f=95 %) 

dros. moviyvanoT is parametrebi ( =104 2m sec ,    =10 2m sec ), romlis drosac 

gvaqvs zemoTaRniSnuli suraTi:  

M  

nax. # 5.3.1. Rrublisa da nislis wylianobis v (g/kg) izoxazebi(t = 15 sT 

) 

rogorc naxazidan sCans, 15 saaTisaTvis erTdroulad daimzireba 

rogorc nisli, aseve Rrubeli, Tanac nislis maqsimaluri wylianoba (1g/kg) 

sWarbobs Rrublisas (0,7 g/kg).  

3.3 Rrublisa da nislis gaerTianebuli kompleqsis imitacia.   

mocemuli modelis saSualebiT SesaZlebelia Rrublisa da nislis ara marto 

erTdrouli arseboba, aramed maTi gaerTianebuli kompleqsis simulireba. 

amis miRweva xorcieldeba fardobiTi tenianobisa da turbulenturi reJimis 

garkveuli pirobebSi, kerZod, rodesac f=98 %,   = sec9000 2m ,    =10 2m sec . 

nislisa da Rrublis gaerTianeba moxda mxolod viwro, sami RerZuli  

erTwertiliani „yelis“ saSualebiT, nax. # 5.4.1 . amitomac viyaviT iZulebuli 

, rom agveRo izoxazebis didi raodenoba; naxazi rom ar gagverTulebina, 

izoxazebs ricxviTi mniSvnelobebi ar wavawereT. sicxadisaTvis  mainc 

aRvniSnavT, rom Rrublis wylianobis maqsimaluri mniSvneloba udris 1,72 

g/kg, xolo nislisa ki 1,01 g/kg. rom gvqonoda ufro mcirebijiani bade, albaT 

ufro ganier „yels“ miviRebdiT. Rrublisa da nislis gaerTianebuli 

kompleqsi arsebobda   13 - dan  17 saaTamde. 
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M  

nax. #3.31. Rrublisa da nislis gaerTianebuli kompleqsis  wylianobis 

v (g/kg) izoxazebi(t = 15 sT ). 

 

3.4. dRe-Ramurad „uwyveti“ Rrublianobis simulacia.   

Cveni modeli garkveul pirobebSi (f=98 %,   = sec9000 2m ,    =10 2m sec .) aRwers 

iseT meteosituaciasac(, rodesac gvaqvs dRe-Ramurad  “uwyveti”, “gadabmuli” 

Rrublianoba. nax. # 5.5.1 mocemulia Rrublisa da nislis maqsimaluri 

wylianobis v (g/kg) damokidebuleba droisagan am SemTxvevisaTvis. Rrublis 

maqsimaluri wylianoba (2.94 g/kg) miiRweva 9 saaTze, xolo nislis 

maqsimaluri wylianoba (1.44 g/kg) 18 saaTze. Rrublis minimamaluri wylianoba 

(0.40 g/kg) miiRweva grafikis CaRunvis wertilSi ,  25 saaTze. 
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nax. # 3.4.1. Rrublisa da nislis maqsimaluri wylianobis v (g/kg) 

damokidebuleba droisagan „uwyveti“Rrublianobis SemTxvevaSi. 

unda vifiqroT, rom „uwyvet“ Rrublianobas iwvevs , bunebrivia, maRali 

fardobiTi tenianoba da horizontaluri turbulentobis Semcireba. am 

ukanasknelis roli, Cvenis azriT, mdgomareobs imaSi, rom misi Semcireba 

apirobebs Rrubelwarmoqmnis sivrcul lokalizacias, naklebad gabnevas. 

4. zogierTi lokalur-,,fenomenuri” atmosferuli movlenis Seswavla  

hidroTermodinamikuri midgomiT 

 

. 

 

    Sesavali 

D dedamiwis atmosferoSi, mcire farTis teritoriaze, xSirad mimdinareobs 

araperioduli araordinaluri procesebi. Aam procesebs Tan axlavs 

arasasurveli movlenebi adamianTa msxverpliT damTavrebulic ki. aRniSnul 

movlenebs miekuTvneba: qarborbala, adgilobrivi qarebi, miwispira fenaSi 

warmoSobili sxvadasxva bunebis aRmavali dinebebi, lokaluri adgilebi 

sadac mudmivad daikvirveba e.w. geofizikuri ,,fenomenuri” movlenebi (daviT 

garejis tafobi, suramis zegani, aragvis da Tergis xeobebi). Ees movlenebi 

did gavlenas axdens amindze da klimatze, amitom maT Seswavlas udidesi 

Teoriuli da praqtikuli mniSvneloba aqvs. 

 

A    amocanis dasma 

D  dedamiwis atmosferoSi mimdinare sxvadasxva bunebis movlenebidan gansa-

kuTrebiT sainteresoa qaris velSi brunviTi grigalebis Seswavla. amgvari  

globaluri da regionaluri masStabis procesebi sul ufrodaufro xSirdeba 

da aqtiurdeba bolo aTwleulebSi. Aam movlenis Teoria sakmarisad aris 

damuSavebuli, magram lokaluri teritoriis Taviseburebebis gaTvaliswineba, 

yoveli calkeuli SemTxvevisaTvis moiTxovs damatebiTi faqtorebis gavlenis 

Seswavlas. magaliTad, saqarTvelos teritoriisaTvis aucilebelia ga-
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mokvleuli iqnas grigalis reliefze, horizontisadmi daxris kuTxeze da 

miwispira fenis Termul araerTgvarovnebaze damokidebuleba. am naSromSi 

aRniSnuli movlenis SeswavlisaTvis viyenebT hidroTermodinamikis gan-

tolebebs eilerisa da lamba-gromekos formiT. Sesabamisi sawyisi da 

sasazRvro pirobebiT. ganvixiloT saqarTvelos teritoriis calkeul 

regionebze dakvirvebuli gansakuTrebuli movlenebi. 

Aa) daviT garejis tafobis ,,fenomeni”. 

   daviT garejis midamoSi SeimCneva gansakuTrebuli procesebi: kerZod,  ta-

fobSi mTeli wlis ganmavlobaSi daikvirveba unaleqoba, miuxedavad imisa, rom 

tafobis garSemo amaRlebul Semogarenze SeiZleba Tavsxma wvima iyos, haeris 

maRali temperature, qaris mudmivi qrolva tafobidan gareubnisaken, mTebze 

tafobis garSemo Tbili da grili masebis Semodineba da xSirad grova-

sawvimari Rrublebis warmoSoba .tafobis geologiuri struqturidan 

gamomdinare haeris qveda fenebSi maRalia temperatura, rac ganapirobebs 

aRmavali dinebis gaZlierebas, es dineba simaRlis mixedviT waritaceba 

SedarebiT dabali temperaturis mqone periferiisaken. Aam movlenebis 

Teoriuli axsnisaTvis visargebloT atmosferos sasazRvro fenaSi moqmedi 

gantolebaTa sistemiT, sadac zemoT aRniSnuli mizezis gamo gadamwyvetia 

qaris siCqaris vertikaluri mdgeneli: 

                                           (1) 

 

                                                  (2) 

 

sadac t aris dro;  ox da oz horizontaluri da vertikaluri RerZebia,   u, v da w 

siCqaris mdgenelebia Sesabamis RerZebze, simkvrivea, p-wneva, k – 

turbulentobis koeficientia. vinaidan procesis xangrZlivoba mcirea, amitom 

SeiZleba miviCnioT igi stacionalurad. Tu (1) gantolebas gavawarmoebT z-iT, 

(2)_s ki x-iT da gamovaklebT, siCqaris grigalis  x  mdgenelisaTvis miviRebT 

Semdeg gantolebas: 
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                                                          (3)    

            

sadac -siCqaris grigalia. 

 (1),(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 Sesrulebulia pirvelad.                

roca  -SemosazRvrulia. Aam pirobebiT (1)-(2)-is amonaxsns aqvs Semdegi 

saxe: 

                ,                                            (4) 

 

Aamrigad miviReT, rom  simaRlis mixedviT eqspotencialurad izrdeba. 

miuxedavad imisa, rom  -mcirea (10-5 rigisaa),   mainc mkveTrad izrdeba da 

misi bunebidan gamomdinare iwvevs nakadis Signidan (tafobidan)  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 siCqaris zrda  iwvevs wnevis gradientis  

matebas ise, rom maqsimaluri mniSvneloba tafobis SigniTaa. aseTi situacia 

xels uSlis Rrublebis warmoSobas tafobSi da xelsayrel pirobebs qmnis 

RrublebisaTvis gareubnebze. Bbunebrivia, naleqebis ganawilebac Sesabamisad 

ganxorcieldeba. Aamrigad, miTiTebuli Taviseburebani Teoriulad dasabu-

Tebulia. 

 

      suramis zeganis faqtori 
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   rogorc cnobilia, saqarTvelos teritoriaze ZiriTadad gabatonebulia 

dasavleTisa da aRmosavleTis atmosferuli procesebi. saqarTvelos 

teritoriaze suramis qedi mniSvnelovan gavlenas axdens dasavleTidan da 

aRmosavleTidan SemoWrili atmosferuli nakadebis moZraobaze. cnobilia, 

rom atmosferos sasazRvro fenaSi, TiTqmis siblantis damoukideblad, haeris 

nakadis winaaRmdegobis garsdenisas haeris nawilakebi moZraoben ufro nela , 

vidre aRniSnuli fenis gareT. G garkveul situaciaSi amas mivyavarT gamyofi 

,,zedapiris” warmoqmnasTan da am ukanasknelTan grigalis CasaxvasTan. 

marTlac, nakadebSi wnevaTa sxvaoba zrdis an amcirebs (SemoWrili situaciis 

mixedviT) nakadis siCqares. roca wneva garegan nakadSi moZraobis 

mimarTulebiT mcirdeba, maSin fenis Siga nawilakebi mihyvebian garegan nakads 

da xaxunis miuxedavad agrZeleben moZraobas Semxvedri winaRobis gaswvriv. 

roca wneva garegan nakadSi izrdeba moZraobis mimarTulebiT, maSin wnevaTa 

sxvaoba anelebs garegan nakads, e.i. garegan nakadSi nawilaki moZraobs 

Senelebulad , vidre Sinagan nakadSi. SeiZleba Sinaganma nawilakebma 

moZraoba SeaCeron da amoZravden sapirispiro mimarTulebiT. Aamrigad, 

garsmdeni sxeulis zedapiris uku moZraoba, miuxedavad imisa, rom garegani 

nakadi agrZelebs win moZraobas. Aaxali nakadis Semodineba am process 

aZlierebs da procesi grZeldeba manam, sanam ar warmoiqmneba Caxveuloba 

moZraobis sawinaaRmdego mimarTulebiT. Tu dinebis siCqare klebulobs 

nakadis moZraobis mimarTulebiT, maSin sasazRvro fenaSi aRiZvreba 

ukumoZraoba, romelic mniSvnelovnad  aCerebs gare nakads da warmoqmnis 

grigals. Aamrigad, suramis zeganze dasavleTidan ciklonuri SemoWrisas   

 izrdeba qaris siCqare nakadis Siga areSi da Sexvdeba ra qeds moxdeba 

siCqaris Semcireba  da Semobruneba ukan. anticiklonuri SemoWrisas procesi 

warimarTeba SebrunebiT da moxdeba qedze gadadinebis gaZliereba. swored 

aseTi Sedegebi daikvirveba yoveldRiur praqtikaSi. aseTive midgomiT aixsneba 

adgilobrivi qarebis arseboba, mTa-xeobebsa da mdinareTa sanapiro 

midamoebSi, romliTac ganebivrebulia saqarTvelo. Eqspediciurma 

dakvirvebebma duSeTis raionSi, aragvsa da caiSis xeobaSi  aCvenes, rom qaris 
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siCqare izrdeba simaRlis zrdiT 3-3,5 m/wm-mde; maqsimums aRwevs 250-300 m-ze da 

garkveul simaRleze icvlis   mimarTulebas. Mmoyvanili ricxviTi mniSvnelo-

bebi damokidebulia meteorologiur situaciaze da izrdeba  aramdgradobis 

gazrdiT, Rrublianobis momatebiT, ciklonis moaxloebiT. Yyovelive es 

moyvanil TeoriaSi kargad Tavsdeba. 

 

  qarborbala mcire simaRlis mqone mTa-gorian teritoriaze   

G ganvixiloT haeris masis didi siCqariT (20 m/wm da meti) dineba wriuli ci-

lindris formis garemoSi, romelic brunavs mudmivi w kuTxuri siCqariT. 

davuSvaT, rom orografiuli pirobebiT brunvis RerZi ki ar aris 

vertikaluri , rogorc es saerTod aris miRebuli, aramed horizontisadmi  

kuTxiT aris daxrili (kuTxe aiTvleba RerZidan periferiisaken). reliefis 

gavlenis gaTvaliswineba xdeba vertikaluri koordinatis gardaqmniT [4,5]. 

imis gaTvaliswinebiT , rom procesebi swrafad viTardeba – movlenebi 

iTvleba stacionalurad. Sesabamisi gantolebaTa sistema Semdegi saxiT 

Caiwereba[1-5]. 

                     ,                                                                       (5) 

                           ,                                                                     (6) 

                            ,                                                                             (7) 

sadac g  Tavisufali vardnis aCqarebaa,  cilindris brunvis RerZia. 

movlenis mcire droSi arsebobisas (ramodenime aTeuli wuTi) masaTa 

deformacias adgili ar aqvs da xdeba mxolod brunva, maSin visargebloT 

Semdegi cnobili damokidebulebiT  

            , ,                                        (8) 

M (8)-is gaTvaliswinebiT (5)-(7) ase gadaiwereba: 

           ,                                    (9)        

                                                             (10) 

                                               (11) 
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gavamravloT (5)-(7) gantolebebi Sesabamisad dx, dy, dz-ze da SevkriboT, gveqneba: 

                                             (12) 

sadac mudmiva nakadis geometriiT ganisazRvreba . 

kerZod, miviRoT, rom nakadis periferiaSi wneva sazRvarze Signidan da 

garedan tolia, maSin eileris gantolebis safuZvelze vwerT[1,4]: 

                                             (13) 

sadac  wnevaa usasrulobaSi, praqtikulad cilindris sazRvarze, sadac 

siCqare nulia.  – siCqaris cirkulaciaa. Aamrigad (12) da (13) gvaZlevs: 

     ,                              (14) 

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: 

                                                 (15) 

gamodis , rom reliefis gavleniT wneva izrdeba reliefis fardobiTi 

simaRlis  proporciulad. gamovsaxoT r grigalis Casaxvis 

wertilidan (saTavidan )  mocemul wertilamde  R manZiliT(ix. nax. 1.), , 

sadac   aris kuTxe grigalis brunvis RerZsa da R mimarTulebas Soris. Ees 

kuTxe damokidebulia reliefis horizontisadmi daxris sidideze.  

 

nax. 1 

 

aRniSnulis gaTvaliswinebiT (15) ase gadaiwereba: 
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             .                            (16) 

 

aRmoCnda, rom wneva minimaluria grigalis centrSi, izrdeba manZilis 

proporciulad da moicavs   farTs. miRebuli Sedegebi kargad xsnis 

dakvirvebul movlenebs da Teoriulad miRebulia pirvelad. 

 

Ddaskvnebi: 

Da) damtkicebulia, rom qaris grigalur velSi wneva izrdeba brunvis 

RerZidan manZilis kvadratis proporciulad, maqsimaluria periferiaSi da 

minimaluri brunvis RerZis gaswvriv; 

b) haeris nakadis dinebis mimarTulebiT winaaRmdegobis Sexvedrisas adgili 

aqvs Caxveulobebis (grigaluri) warmoqmnas da nakadis Semobrunebas an 

garsdenis gaZlierebas meteorologiuri situaciis mixedviT; 

g) Teoriulad dasabuTebulia daviT garejis tafobis Taviseburebani. 

 

 

 

                         5. ZiriTadi Sedegebi 

 

modelirebulia dedamiwis zedapiris orografiuli araerTgvarovnebis 

garsdena haeris nakadis mier, roca SeuSfoTebeli fonuri dineba 

arastacionarulia. Mmodelirebas safuZvlad udevs atmosferos 

hidroTermodinamikis gantolebaTa sruli sistema hidrostatikur 

miaxloebaSi. moZravi haeris masa ganixileba troposferoSi, romlis zeda 

sazRvari modelirebulia Tavisufali zedapiris saxiT. gamoTvliTi  

eqsperimentebi Catarebulia ovaluri formis modeluri izolirebuli mTisa 

da saqarTvelos realuri orografiis SemTxvevebSi.  

Catarebuli gamoTvliTi eqsperimentebis safuZvelze gamokvleulia 

arastacionaruli fonuri dinebis gavlena orografiulad SeSfoTebul 

dinebaze, ris Sedegadac gamovlenilia orografiulad SeSfoTebuli dinebis 
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Taviseburebani im SemTvevaSi rodesac garkveuli mimarTulebis fonuri 

SeuSfoTebeli nakadi transformirdeba sapirispiro mimarTulebis nakadad. 

aseT pirobebSi daikvirveba mezomasStaburi dinebis Semdegi Taviseburebani: 

-  Ffonuri qaris siCqaris Semcirebis procesSi mTiani reliefis zemoT     

    adgili aqvs talRuri moZraobis amplitudebis mniSvnelovan zrdas.  

    talRuri dineba TandaTan kargavs mdgradobas da mimdinareobs  

    grigaluri warmonaqmnebis formireba.  

-   fonuri didmasStabiani dinebis nulamde Semcirebisas, mTiani  

 reliefis zemoT SesaZlebelia haeris dinebis arseboba  

 mniSvnelovani siCqareebiT maSinac ki, roca fonuri didmasStabiani  

 dineba ar daikvirveba. am dros SeSfoTebul dinebas grigaluri  

 xasiaTi aqvs. 

- Ffonuri qaris gaZlierebisas Stiluri mdgomareobidan, mTis zemoT  

    arsebuli uwesrigo grigaluri dineba kvlav iRebs mowesrigebul    

    xasiaTs da mTiani reliefis zemoT formirdeba mocemuli fonuri  

    dinebis Sesabamisi mezomasStaburi dineba.  

 SemuSavebulia atmosferos sasazRvro fena-niadagis   

- erTganzomilebiani ricxviTi modelis programuli uzrunvelyofa 

personaluri kompiuterisaTvis. Mmodeli saSualebas iZleva  gavTvaloT 

temperaturis velebi niadagis aqtiur fenasa da atmosferos sasazRvro 

fenaSi.    

-  dasmulia da amoxsnilia atmosferos mezomasStaburi sasazRvro fenis 

amocana qvefenilis temperaturuli araerTgvarovnebis pirobebSi. 

warmodgenilia Termohidrodinamikuri velebis sivrcul-droiTi 

ganawileba. miRebulia perioduli amoxsna qvefenilis sinusoidaluri 

gaTbobis SemTxvevaSi. modelis saSualebiT imitirebulia Rrublisa da 

nislis erTdrouli arseboba, Rrublisa da nislis gaerTianebuli 

kompleqsi, DdRe-Ramurad “uwyveti” Rrublianoba. miRebuli rezultatebi 

Tvisebrivad damakmayofileblad aRwers sakvlev process. 
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- damtkicebulia, rom qaris grigalur velSi wneva izrdeba brunvis 

RerZidan manZilis kvadratis proporciulad, maqsimaluria periferiaSi 

da minimaluri brunvis RerZis gaswvriv; 

-  haeris nakadis dinebis mimarTulebiT winaaRmdegobis Sexvedrisas 

adgili aqvs Caxveulobebis (grigaluri) warmoqmnas da nakadis 

Semobrunebas an garsdenis gaZlierebas meteorologiuri situaciis 

mixedviT; 

-  Teoriulad dasabuTebulia daviT garejis tafobis Taviseburebani 
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