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Sesavali 

 
mzis radiaciiis Seswavlas, misi raodenobrivi da 

Tvisebrivi cvlilebebis kanonzomierebebis dadgenas 
atmosferoSi, hidrosferoSi da xmeleTis zedapirze 
didi mecnieruli da praqtikuli mniSvneloba aqvs. mzis 
radiacia, rogorc dedamiwis siTburi energiis ZiriTa-
di wyaro, uaRresad did rols asrulebs atmosferoSi, 
hidrosferoSi, liTosferos zeda fenebSi, saerTod 
biosferoSi mimdinare bunebriv sasicocxlod mniSvne-
lovan procesebSi. igi iTvleba agreTve im erT-erT Zi-
riTad klimatwarmomqmnel faqtorad, romelic ganapi-
robebs Cvens planetaze mimdinare meteorologiuri 
procesebis xasiaTs. 

kavkasiis teritoriaze mzis radiaciaze dakvirve-
bebi daiwyo Cveni saukunis dasawyisSi. magaliTad, sa-
qarTveloSi pirveli dakvirvebebi mzis pirdapiri  ra-
diaciis intensivobaze organizebuli iqna 1904 wels 
Tbilisis fizikur (1925 wlidan geofizikur) observa-
toriaSi. meore msoflio omis Semdeg, yofili sabWoTa 
kavSiris teritoriaze organizebuli iqna aqtinomet-
riuli sadgurebis qseli, sadac dRemde tardeba siste-
maturi dakvirvebebi (an registracia) radiaciul ba-
lansze da mis mdgenelebze. magram SedarebiT mcire-
ricxovan da rig SemTxvevebSi araracionalurad ganla-
gebul aqtinometrul sadgurebze miRebuli informa-
cia aRmoCnda arasakmarisi, rogorc dablobi, gansa-
kuTrebiT ki mTiani raionebis radiaciuli reJimis obi-
eqturad Sesafaseblad. amis Sedegad aucilebeli gaxda 
radiaciuli balansisa da misi mdgenelebis sidideebis  
klimatologiuri gamoTvlebis meTodikis gamoyeneba, 
romelic damuSavda  m. budikos xelmZRvanelobiT a. vo-
eikovis saxelobis mTavar geofizikur observatoria-
Si. aRsaniSnavia, rom aqve damuSavda da SemdgomSi seri-
ul warmoebas gadaeca aqtinometruli aparatura, xo-
lo aqtinometriuli qselisaTvis momzadda dakvirve-
bebis warmoebis da informaciis damuSavebis meToduri 
saxelmZRvaneloebi, ris Sedegad SesaZlebeli gaxda mo-
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nacemebis obieqturi analizi da misi klimatologiuri 
ganzogadeba. amJamad kavkasiis teritoriisaTvis  dag-
rovilia aqtinometriuli dakvirvebebis sakmao xan-
grZlivobis informacia, romelic klimatologiuri 
gamoTvlebis Sedegad miRebul masalasTan erTad iZle-
va imis saSualebas, rom dadgindes radiaciuli balan-
sisa da misi komponentebis  normebi, mdgradobis xaris-
xi da struqturuli Taviseburebebi, droSi da sivrce-
Si maTi ganawilebis kanonzomierebebi.  

aRsaniSnavia, rom amierkavkasiis radiaciuli kli-
matis maxasiaTeblebis Seswavlas miZRvnili aqvs gamok-
vlevaTa gansazRvruli cikli. kerZod, kavkasiis regio-
nis am nawilis radiaciuli reJimis maxasiaTeblebis 
kvlevaze muSaobdnen (da dRemde  muSaobs zogierTi 
maTgani) S. mosiZe (67-68), i.  cucqiriZe (158-161),  e. Six-
linski (164), a. kotaria (58), r. kartaSiani (48), n. gvasa-
lia (27), v. gagua (137), k. TavarTqilaZe (145-148) da sxve-
bi. am avtorebis SromebSi ganxilulia amierkavkasiis 
calkeuli administraciuli da geografiuli raione-
bis radiaciuli klimatis maxasiaTeblebi. rac Seexeba 
mTlianad kavkasiis regions (CrdiloeTi kavkasia, ami-
erkavkasia, didi da mcire kavkasioni mTiani sistemebi) 
misTvis radiaciuli klimatis analizi geomorfologi-
uri faqtoris gaTvaliswinebiT (ferdobebis orienta-
cia, daxriloba) da potencialuri helioresursebis 
kadastruli Sefaseba dRemde ar aris Sesrulebuli.  

problemis aqtualoba. praqtikulad kavkasiis re-
gionis saxalxo meurneobis TiTqmis yvela dargi ro-
gorc dablobi, aseve mTiani da maRalmTiani raionebis 
SemTxvevaSi  garkveuli saxiT saWiroebs informacias 
klimatis radiaciuli maxasiaTeblebis Sesaxeb, romel-
Ta erToblivi sinqronuli moqmedebis Sedegad yalib-
deba bunebrivi procesebis energetikuli baza da zona-
luri geografiuli komponentebis ganviTarebis inten-
sivoba.  

problemis aqtualoba ganisazRvreba imiTac, rom 
bunebrivi garemos amouwuravi ekologiurad sufTa 
aRdgenadi energetikuli resursebis saxeobebidan 
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mniSvnelovan rols TamaSobs mzis sxivuri energia. aR-
saniSnavia, rom energetikuli krizisis da garemos an-
Tropogenuli aerozolebiT ganpirobebuli progresu-
li daWuWyianebis procesis sagangaSo  simptomebis Ta-
vidan acilebis mizniT, romlebic iZenen globalur  xa-
siaTis niSnebs, klimatis cvlilebebSi mosalodneli 
negatiuri SedegebiT gansakuTrebiT aqtualuri xdeba 
saxalxo meurneobis rigi dargebis stabilur da eko-
logiurad sufTa energetikul bazaze gadayvana (21-23, 
60, 137, 162, 166, 184, 187, 189), rac metyvelebs energeti-
kis axali saxeobebis, maT Soris, helioenergetikis gan-
viTarebis aucileblobaze.  

kavkasiis da kerZod, saqarTvelos pirobebSi mzis 
energiis praqtikuli gamoyenebis sakiTxebis farTo 
speqtridan arsebuli energetikuli krizisis mwvave pi-
robebSi drouli yuradRebis Rirsia Tundac portatu-
li mciregabaritiani, avtonomiuri heliodanadgarebis 
masiuri warmoeba da maTi danergva yoveldRiuri yofi-
Ti problemebis (cxeli wyliT momarageba, saWmlis mom-
zadeba da sxva) gadaWris mizniT. miTumetes, rom deta-
lurad damuSavebulia specialuri heliostatebiT aR-
Wurvili mzis sxivuri energiis koncentratorebis kon-
struqciuli gaTvlebis meTodika da sxva saxeobebis he-
liodanadgarebis seriuli warmoebis organizacia da 
maTi yoveldRiur praqtikaSi farTo danergva saSuale-
bas iZleva gansazRvrulad Semcirdes energetikuli 
krizisiT ganpirobebuli yofiTi problemebis simwvave 
da SenarCunebuli iqnes garemos normaluri ekologiu-
ri  pirobebi, kerZod mxedvelobaSia tyis masivebis, gan-
sakuTrebiT reliqtiuri saxeobebis da mravalwliani 
miznobrivi daniSnulebis, maT Soris qarsacavi da sani-
tarul-gamajansaRebeli nargavebis masiurad gaCexva-
mospobis arsebuli realoba.  

kavkasiis teritoria, rogorc rekreaciuli sis-
tema, xasiaTdeba Zvirfasi balneologiuri da klimatu-
ri resursebiT (farToprofiliani mineraluri wyle-
bis siuxve, Termiulad xelsayreli mziani dReebis  
mniSvnelovani raodenoba, integraluri, ultraiisfe-
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ri da axloinfrawiTeli radiaciis maRali done, Tbili 
wyalsatevebis da popularuli mTiani sistemebis (aqti-
uri dasvenebis, turizmis, alpinizmis, samTo-saTxila-
muro sportuli bazebiT) erToblioba, romlebic far-
To gamoyenebas pouloben mosaxleobis klimatoTera-
piaSi (28). magram, aRsaniSnavia isic, rom kavkasiis teri-
toria ganlagebulia sakmarisi (C.g-is 42020-mde) da War-
bi (C.g-is  42020-is  samxreTiT) ultraiisferi gamosxive-
bis or zonaSi. kavkasiis mTiani raionebi adgilis abso-
luturi simaRlis matebis sinqronulad integraluri, 
ultraiisferi da axloinfrawiTeli gamosxivebis in-
tensivobis zrdis Sedegad, aseve ganekuTvnebian mzis 
speqtris am ori aris Warbi gamosxivebis raionebs. sam-
wuxarod, am faqtorebs im mosaxleobis klimatoTera-
piis organizaciaSi, romelic CrdiloeTis ultraiis-
feri deficitis raionebidan (C.g.-is 57030-ze Crdiloe-
TiT mdebare) aq samkurnalod da dasasveneblad Camo-
dis mzis radiaciis da haeris  abazanebis diferencire-
buli dozirebis optimaluri variantebis dadgenis 
TvalsazrisiT adamianis organizmis fizikur mdgoma-
reobaze damokidebulebiT gansakuTrebiT mTian da ma-
RalmTian raionebSi, arasakmarisi yuradReba eTmoba 
(71), rac rogorc  mowmoben adamianis kanis onkologi-
ur daavadebaTa gamomwvevi mizezebis kvlevis Sedegebi 
(dadgenilia  sakmaod mWidro korelacia adamianis ka-
nis kibos sixSiresa da ultraissferi radiaciis siWar-
bes Soris) warmogadgens am mZime da jer kidev xSir Sem-
TxvevebSi ganukurnavi daavadebis efeqtur profilaq-
tur saSualebas, riTac aixsneba  helioTerapevtebis, 
onkologebis higienistebis didi interesi kavkasiis re-
gionSi ultraiisferi da axloinfrawiTeli radiacie-
bisadmi.  

kavkasiis teritoriis bunebrivi resursebis raci-
onaluri gamoyeneba moiTxovs misi rekreaciuli po-
tencialis guldasmiT Sefasebas, rac gulisxmobs biok-
limaturi maxasiaTeblebis gansazRvrasac, romlebic 
warmoadgenen adamianis fiziologiur mdgomareobaze 
garemos meteorologiuri faqtorebis gavlenis indi-
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kators. am mizniT bioklimatur maxasiaTebelSi (mxed-
velobaSia normaluri eqvivalenturi-efeqturi tet-
mperatura, romelic damokidebulia haeris tempera-
turaze, fardobiT tenianobaze  da qaris siCqareze) au-
cileblad unda iyos gaTvaliswinebuli mzis pirdapiri 
radiacia, romelic gansakuTrebiT mTian da maRalmTi-
an raionebSi dabali Termuli donis pirobebSi Tama-
Sobs mniSvnelovan rols bioklimatis optimaluri  da 
komfortuli pirobebis formirebaSi.  

fotosinTezurad aqtiuri radiaciis sidideebis 
Sesaxeb SromaSi miRebuli da gaanalizebuli informa-
cia, rogorc horizontaluri zedapiris aseve ferdo-
bebis SemTxvevaSi adgilis absolutur simaRleze, eq-
spoziciaze da daxrilobis kuTxeze vegetaciuri peri-
odis (weliwadis sezonebis) ganmavlobaSi SeiZleba ga-
moyenebuli iqnes agrofitocinozebis gavrcelebis 
arealis, rogorc optimizaciis, aseve maTi zeda saz-
Rvris (mTian raionebSi) Semdgomi amaRlebis realiza-
ciis TvalsazrisiT. kavkasia da kerZod saqarTvelo iT-
vleba soflis meurneobis specializirebuli dargebis 
mevenaxeobis, meCaieobis, mexileobis, mecitruseobis 
da Zvirfasi teqnikuri kulturebis (keTilSobili daf-
na, Tambaqo, tungo) regionad.  yurZnis damwifebis da 
gemovnebiTi Tvisebebis formirebis periodSi misi Zi-
riTadi xarisxobrivi maCveneblebi-simJave da Saqriano-
ba mniSvnelovnad aris damokidebuli mzis integralu-
ri da fotosinTezurad aqtiuri pirdapiri da gabneu-
li radiaciis jamebis da maTi Sefardebebis sidideeb-
ze. keTilSobili dafnis foTlebSi dagrovili eTero-
vani zeTis raodenoba, tungis kronis formireba, Tam-
baqos zrda-ganviTareba da nedleulis xarisxi didad 
aris damokidebuli mzis radiaciiT dasxivebis xaris-
xze, ris gamoc am kulturebis plantaciebis gaSenebi-
sas upiratesoba eniWeba samxreTis eqspoziciis ferdo-
bebs, vazis SemTxvevaSi ki specialuri jiSebis regionSi 
ganlagebis optimaluri variantebis SerCevas lokalu-
ri radiaciuli maxasiaTeblebis maqsimaluri gaTva-
liswinebiT konkretuli gemovnebiTi Tvisebebis maRa-
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li xarisxis Rvinoebis warmoebis mizniT. radiaciuli 
maxasiaTeblebis kanonzomierebebis dadgena aucilebe-
lia rigi bunebrivi procesebis Seswavlis Tvalsazri-
siTac magaliTad, mTiani myinvarebis abliacia, myinva-
ruli kvebis mTis mdinareebis jamuri  Camonadenis 
formirebaSi myinvaruli mdgenelis sezonuri cvlile-
bis kanonzomierebebi, mTiani regionis reliefis ele-
mentebis eqspoziciaze damokidebulebiT  sezonuri 
Tovlis safaris ganawileba, Tovlis safarSi mimdinare 
struqturuli cvlilebebis Taviseburebebi, insola-
ciuri da sublimaciuri  diaftorezis tipis Tovlis 
zvavebis prognozi da sxva.  

rogorc cnobilia, Cveni planetis klimati gani-
sazRvreba mis mier miRebuli da dakarguli energiis 
balansiT. klimatis ryevebis da cvlilebis problema-
tikis Seswavlis procesSi indikatorad gamoiyeneba ha-
eris temperaturisa da atmosferuli naleqebis cvli-
lebebi, magram im mizezebis analizisa da dadgenisaT-
vis, romlebic ganapirobeben am meteoelementebis 
cvlilebebs aucilebelia mzis sxivuri energiis rao-
denobrivi da Tvisobrivi kanonzomierebebis dadgena 
atmosferos optikurad aqtiuri mdgenelebis (aerozo-
li, Rrublianoba) da qvefenili zedapiris  fizikuri 
mdgomareobis Taviseburebebis  gaTvaliswinebiT. kli-
matis cvlilebebis tendenciebis  da raodenobrivi ma-
xasiaTeblebis  dadgenis mizniT aqtualuria qvefenili 
zedapiris energetikisa da qvefenil zedapirsa da at-
mosferos Soris energetikuli urTierTqmedebis meqa-
nizmis gaTvaliswineba.  

kvlevis mizans warmoadgens kavkasiis teritorii-
saTvis, rogorc gansazRvruli fizikur-geografiuli 
regionisaTvis, radiaciuli balansisa da misi kompo-
nentebis mravalwliuri saSualo mniSvnelobebis (nor-
mebis) droSi da sivrceSi  raodenobrivi cvlilebebis 
kanonzomierebebis dadgena atmosferos fizikuri Tvi-
sebebis, astronomiuli,  fizikur-geografiuli,  mete-
orologiuri da geomorfologiuri (ferdobebis eq-
spozicia, daxriloba, absoluturi simaRle) faqtore-
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bis  gaTvaliswinebiT.  mzis sxivuri energiis speqtris 
fotosinTezurad aqtiuri da axlo infrawiTeli aree-
bis wliuri msvlelobis kanonzomierebebis dadgena 
morfologiur faqtorze,  absolutur simaRleze da 
atmosferos fizikur Tvisebebze damokidebulebiT. mi-
Rebuli kanonzomierebebis regionSi mzis sxivuri ener-
giis integraluri da speqtraluri nakadebis praqti-
kuli gamoyenebis realizaciis gzebis dasadgenad sa-
xalxo meurneobis rig dargebSi, kerZod, mzis sxivuri  
energiis kadastruli maxasiaTeblebis statistikur-
albaTuri analizis safuZvelze regionis helioener-
getikuli resursebis Sefaseba. kvleva dakavSirebulia 
farTo speqtris rigi mniSvnelovani sakiTxebis gadaW-
rasTan,  dawyebuli aqtinoklimatologiis zogadi me-
Toduri problemebiT da damTavrebuli regionis sa-
xalxo meurneobis rig dargebSi helioenergetikuli 
resursebis praqtikuli gamoyenebis aspeqtebiT. ker-
Zod, jamuri radiaciis gamoTvlis meTodika mTagoria-
ni raionebisTvis , ferdobebisa da vertikaluri zeda-
pirebisaTvis mokletalRiani radiaciis — jamuri, gab-
neuli radiacia da radiaciuli balansis gamosaTvle-
li empiriuli saxis gamosaxulebebi, ferdobebze gan-
lagebuli bunebrivi da agrofitocenozebisaTvis pro-
duqtiulobis gamosaTvleli formulebi da sxva. praq-
tikaSi damkvidrebuli tradiciuli meTodikisagan gan-
sxvavebiT, romlis Tanaxmad kavkasiis (kerZod amierkav-
kasiis)  mTiani raionebis radiaciuli reJimis Sefaseba 
xdeboda sxvadasxva absolutur simaRleebze ganlage-
bul horizontalur zedapirebze mopovebuli infor-
maciis ganzogadoebiT reliefis danarCen formebze da 
yuradRebis gareSe rCeboda geomorfologiuri faqto-
ri (ferdobebis orientacia da daxriloba), SromaSi, 
xazgasmulia am problemis kompleqsuri ganxilvis au-
cilebloba. kavkasiis  mTiani raionebis radiaciuli 
klimatis maxasiaTeblebis Seswavlis principulad axa-
li meToduri midgomis safuZvelze arsebiTad dazus-
tda arsebuli Sedegebi da Seudareblad gaizarda maTi 
informatiulobis done, ramac gadamwyveti roli unda 
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iTamaSos teritoriis radiaciuli reJimis lokaluri 
Taviseburebebis gamovlenis da detalizaciis Tval-
sazrisiT.  

aRsaniSnavia, rom mTiani da maRalmTiani raionebis 
radiaciuli  reJimis eqsperimentalurad Seswalis aq-
tualoba ferdobebis eqspoziciis da daxrilobis kuT-
xis  gaTvaliswinebiT araerTxel aRiniSna yofili sab-
WoTa kavSiris da socialisturi banakis qveynebis mier 
organizebul aqtinometriul TaTbirebze da konfe-
renciebze saTanado dadgenilebebisa da rekomendacie-
bis saxiT, rac miuTiTebs im faqtze, rom es sakiTxi  
mTiani regionebisaTvis dRemde rCeba aqtinoklimato-
logiis erT-erT ZiriTad problemad.  

miznis misaRwevad  saWiro gaxda Semdegi sakiTxe-
bis gadawyveta: 

1. meteorologiuri dakvirvebebis monacemebis 
klimatologiuri damuSavebis meTodologiis gamoye-
nebiT dakvirvebaTa rigebis erTgvarovnobis analizis 
Catareba da radiaciul maxasiaTeblebis mokle rigebis 
miyvana grZel periodamde.  

2. radiaciuli balansisa da misi mdgenelebis in-
tensivobis, dReRamuri, Tviuri da wliuri jamebis cva-
lebadobis Sefaseba. ZiriTadi statistikuri paramet-
rebis droSi da sivrceSi cvlilebebis Taviseburebebis 
dadgena.  

3. atmosferos fizikuri mdgomareobis analizi. 
aerozolis da wylis orTqlis wvlilis gansazRvra 
mzis radiaciis saerTo Sesustebis sidideebSi.  

4. moRrublulobis reJimis, mzis naTebis xan-
grZlivobis, cis mowmendili da moRrubluli mdgoma-
reobis albaTobis, mowmendili da moRrubluli amin-
dis mdgradobis koeficientebis droSi da sivrceSi 
cvlilebebis kanonzomierebebis dadgena.  

5. mowmendili cisa da moRrublulobis pirobeb-
Si radiaciuli balansisa da misi komponentebis droSi 
da sivrceSi cvlilebebis raodenobrivi Sefaseba.  

6. mTian raionebSi radiaciuli balansisa da misi 
mdgenelebis wliuri msvlelobis kanonzomierebebis 
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formirebaze orografiuli faqtoris gavlenis raode-
nobrivi Sefaseba. horizontaluri zedapirisa da fer-
dobebisaTvis radiaciuli balansisa da misi mdgenele-
bis sidideebs  Soris gadamyvani koeficientebis gansa-
zRvra da maTi wliuri msvlelobis dadgena, ferdobe-
bisaTvis daxrilobis kuTxeebis im optimaluri mniSvne-
lobebis dadgena, romlebic weliwadis  ganmavlobaSi 
Rebuloben mzis energiis maqsimalur sidideebs. 

7. mowmendili cisa da moRrublulobis saSualo 
pirobebSi horizontalur zedapirze da ferdobebze 
fotosinTezurad aqtiuri mzis pirdapiri, gabneuli da 
jamuri radiaciebis sidideebis wliuri svlis Tavise-
burebebis dadgena.  

8. mzis sxivuri energiis speqtris axloinfrawi-
Teli aris wliuri msvlelobis Taviseburebebis  dad-
gena adgilis absolutur simaRleze damokidebulebiT.  

9. kavkasiis teritoriis helioenergetikuli po-
tencialis Sefaseba da misi daraioneba helioresurse-
bis donis mixedviT.  

10. nagebobebis SemomzRudavi konstruqciebis ga-
re  zedapirebze dacemuli radiaciis mokletalRiani 
nakadebis sidideebis raodenobrivi Sefaseba weliwadis 
ganmavlobaSi. orientaciis, daxrilobis kuTxis da al-
bedos cvlilebebis pirobebSi nagebobebis  SemomzRu-
davi konstruqciebis SuqWrilebis gare zedapirebis 
mier STanTqmuli  da gatarebuli mzis sxivuri energiis 
siTburi efeqtis (temperaturis radiaciuli danamati) 
raodenobrivi Sefaseba  adgilis absolutur simaRle-
ze  damokidebulebiT (rasac mivyavarT  dRemde moqmed 
samSeneblo normebSi da wesebSi saTanado koreqtivebis 
Setanis aucileblobamde). vertikaluri SemomzRudavi 
konstruqciebis gare zedapirebis albedos cvaleba-
dobis arsebuli diapazonisaTvis radiaciuli balansis 
sidideebis  gansazRvra adgilis absolutur simaRle-
ze damokidebulebiT da radiaciuli balansis ganto-
lebis konkretuli saxeebis dadgena masSi Semaval ra-
diaciuli maxasiaTeblebis maRlivi cvlilebebis Tavi-
seburebebis gaTvaliswinebiT.  



 18 

1. dRemde metnaklebad (ZiriTadad dakvirvebaTa 
mokleperiodian rigebze dayrdnobiT) Seswavlilia 
kavkasiis samxreTi nawilis-amierkavkasiis radiaciuli 
reJimis maxasiaTeblebi, rac Seexeba mis meore nawils 
CrdiloeT kavkasias,  igi rCeboda TeTr laqad, miuxe-
davad imisa, rom mis teritoriaze funqcionirebda aq-
tinometriuli dakvirvebebis sadgurebis qseli. garda 
amisa, amierkavkasiis mTiani raionebis radiaciuli re-
Jimis daxasiaTebis mizniT gamoiyeneboda sxvadasxva ab-
solutur simaRleebze ganlagebul horizontalur 
qvefenil zedapirebze mopovebuli aqtinometriuli 
informacia, romelic SemdegSi avtomaturad vrcelde-
boda identur simaRleebze arsebuli reliefis yvela 
elementze maTi eqspoziciisa da daxrilobis miuxedav-
da, e.i. mxedvelobaSi ar miiReboda teritoriis rTuli 
reliefis mravalsaxeoba da misgan ganpirobebuli ra-
diaciuli maxasiaTeblebis lokaluri cvlilebebi, ra-
sac adgili aqvs mTagorian raionebSi fiqsirebul abso-
lutur simaRleze ferdobebis orientaciaze da daxri-
lobis kuTxeze damokidebulebiT. bunebrivia, rom am 
gziT miRebul informacias ar SeuZlia sruli warmod-
gena mogvces rTul orografiul pirobebSi mimdinare 
radiaciuli procesebis mravalsaxeobaze da raode-
nobriv maCveneblebze, romlebic gadamwyvet rols Ta-
maSoben rogorc mikro-makro, da mezoreliefis, da ase-
ve mTlianad mTagoriani reliefis radiaciuli klima-
tis maxasiaTeblebis sidideebis formirebaSi. am xarve-
zebis Sevsebis mizniT dadginda kavkasiis, rogorc 
mTliani fizikur-geografiuli  regionis, radiaciuli 
klimatis  maxasiaTeblebis droSi da sivrceSi  cvlile-
bebis  kanonzomierebebi atmosferos  fizikur Tvise-
bebze, meteorologiur da orografiul (ferdobebis  
eqspozicia daxriloba) faqtorebze damokidebulebiT.  

2.  atmosferos fizikuri mdgomareobis analizi, 
gamWvirvalobis koeficientis da simRvrivis faqtoris 
droSi da sivrceSi cvalebadobis kanonzomierebebi ad-
gilis absolutur simaRleze damokidebulebiT. mzis 
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integraluri radiaciis Sesustebis komponentebis 
wliuri svlis raodenobrivi Sefaseba.  

3. mowmendili cisa da Rrublianobis saSualo pi-
robebSi mzis pirdapiri, gabneuli, jamuri, qvefenili 
zedapiridan areklili, STanTqmuli radiaciis da ra-
diaciuli balansis mzis simaRleze (atmosferos opti-
kur masaze) damokidebulebebis analizuri saxeebi.  

4. mowmendili cisa da Rrublianobis saSualo pi-
robebSi horizontaluri qvefenili zedapiris Sem 
TxvevaSi radiaciuli balansisa da misi komponentebis 
droSi da sivrceSi cvlilebebis kanonzomierebebi. ra-
diaciul  balanssa da mis komponentebs Soris korela-
ciuri kavSirebis analizuri saxeebi. jamuri radiaciis 
klimatologiuri gamoTvlebis  formulebSi (saginov-
angstremis da T. berliandis formulebi) Semavali koe-
ficientebis wliuri msvlelobis gansazRvra.  

5. radiaciuli reJimis maxasiaTeblebis sidideebis 
wliur msvlelobaze ferdobebis orientaciis, daxri-
lobis,  absoluturi simaRlis gavlenis  raodenobrivi  
Sefaseba,  mTian da maRalmTian raionebSi qvefenili ze-
dapiridan areklili da cis TaRis mier gabneuli radi-
aciis sidideebis gamosaTvlelad didi daxrilobis 

ferdobebisaTvis ( 030α f )  izotropuli miaxloebis 
formulebis gamoyenebis mizanSeuwonloba. mzis mok-
letalRiani nakadebis (jamebis)  sidideebis horizon-
taluri zedapiridan  ferdobebisaTvis gadamTvleli 
koeficientebi da maTi daxrilobis kuTxeze damokide-
bulebis analizuri saxeebi.  

6. Rrublianobis pirobebSi ferdobebisaTvis 

( 030α f ) jamuri radiaciis  jamebis gamosaTvleli 
formula. vertikalur zedapirebze (kedlebze) gabneu-
li radiaciis sidideebis gamosaTvleli formulebi.  

7. mzis pirdapiri, jamuri, gabneuli fotosinTe-
zurad aqtiuri radiaciis (far) droSi da sivrceSi 
cvlilebebis kanonzomierebebi adgilis absolutur 
simaRleze, Rrublianobaze da morfologiur  faqto-
rebze damokidebulebiT. vegetaciuri periodisaTvis 
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eqsperimentuli gziT da gamoTvlebis Sedegad miRebu-
li far-is  jamebs Soris korelaciuri kavSirebi da ma-
Ti analizuri  saxeebi. ferdobebze ganlagebuli buneb-
rivi da agrofitocenozebisaTvis mSrali fitomasis 
(biologiuri masis) sididis gamosaTvleli formulebi. 
vegetaciuri periodisaTvis  jamuri far-is jamebis ad-
gilis absolutur simaRleze damokidebulebis anali-
zuri saxeebi.  

8. mzis gamosxivebis speqtris axloinfrawiTeli 
aris (0,8-2,0 mkm) (medicinaSi infrawiTeli gamosxivebis 
praqtikuli gamoyenebis are) wliuri cvalebadobis ka-
nonzomierebebi atmosferos fizikuri Tvisebebze da 
adgilis absolutur simaRleze damokidebulebiT.  

9. mzis radiaciis, naTebis xangrZlivobis, Rrubli-
anobis kadastruli maxasiaTeblebis droSi da sivrceSi 
cvalebadobis kanonzomierebebi, struqturuli Tavi-
seburebebi da statistikuri maxasiaTeblebi. kavkasiis 
teritoriis helioenergetikuli resursebis potenci-
alis raodenobrivi Sefaseba da misi teritoriuli  ga-
nawilebis ZiriTadi Taviseburebebi. kavkasiis mTiani 
regionisaTvis brtyeli tipis heliogamaTboblebis 
siTburi balansis gantolebis saxeebi.  

10. ialbuzis  raionSi gansazRvruli topologiu-
ri maxasiaTeblebis wiwvian fit ocenozebSi radiaciu-
li balansisa da misi komponentebis, agreTve fotosin-
Tezurad aqtiuri mzis pirdapiri, gabneuli, jamuri 
radiaciis transformaciis raodenobrivi maCveneble-
bi. eqsperimentuli gziT dadgenili qvefenili zedapi-
ris siTburi balansis (maRalmTian pirobebSi) mdgene-
lebis sidideebis sezonuri svlis kanonzomierebebi.  

11. nagebobebis vertikaluri SemomzRudavi kon-
struqciebis gare zedapirebis mier STanTqmuli radia-
ciis sidideebis absolutur simaRleze damokidebule-
bebi, kedlebis zedapiris mier STanTqmuli radiaciis 
sididiT ganpirobebuli  radiaciul-temperaturuli 
namatis STanTqmuli radiaciis sidideze da adgilis ab-
solutur simaRleze damokidebulebebis analizuri 
saxeebi SemomzRudavi konstrucqiebis orientaciis 
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gaTvaliswinebiT.  nagebobebis SuqWrilebSi SeRweuli 
radiaciis sididis adgilis absolutur simaRleze da-
mokidebulebebis analizuri saxeebi, kedlebis gareSe 
zedapirebis radiaciuli balansis gantolebebis da-
zustebuli saxeebi maT orientaciaze da albedoze da-
mokidebulebiT.  

12. kavkasiis myinvaruli safaris abliaciis da 
akumulaciis zonebis radiaciuli maxasiaTeblebis (ab-
solutur simaRleze damokidebulebiT) raodenobrivi 
maCveneblebi, abliaciis periodSi mTis mdinareebis au-
zis radiaciul maxasiaTeblebze damokidebulebiT. ga-
zafxulis periodSi zvavsaSiS ferdobebze Tovlis se-
zonur safarSi SeRweuli integraluri da speqtralu-
ri  radiaciis sidideebis raodenobrivi maCveneblebi.  

kvlevis sawyis bazad gamoyenebuli iqna kavkasiis 
meteorologiuri da aqtinometriuli qselis standar-
tuli dakvirvebebis informacia, avtoris mier Catare-
buli mravalwliuri stacionaruli da savele gamok-
vlevebis masalebi, literaturuli wyaroebi. masalis 
damuSavebis procesSi gamoyenebuli iqna klimatolo-
giuri, statistikur-albaTuri, grafoanalitikuri da 
manqanuri damuSavebis meTodebi.  

ZiriTadi Teoriuli da praqtikuli mecnieruli 
debulebebi, romlebic CamoTvlilia gamokvlevebis Se-
degebis mecnierul siaxleTa nawilSi, damuSavebulia 
avtoris mier. naSromis problematikisadmi miZRvnili 
samecniero publikaciebis 99%-ze meti dawerilia av-
toris mier, xolo ramdenime TanaavtorobiT Sesrule-
bul statiaSi avtori iyo iniciatori, xelmZRvaneli da 
aqtiuri Semsrulebeli gamokvlevis yvela etapze, amo-
canis dasmis, informaciis mopovebis, analizis da sta-
tiebis daweris CaTvliT.  

samuSaos aprobacia da publikaciebi. samuSaos 
Sesrulebis paralelurad Sedegebi moxsenebuli iqna 
maRalmTiani  geofizikuri institutis samecniero se-
siebze (nalCiki, stavropoli 1970-1991w.w.) Tovlis fi-
zikis, Tovlis zvavebis da myinvarebis sakavSiro konfe-
renciaze (nalCiki 1966w.) aqtinometriis da atmosfe-
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ros optikis VII sakavSiro  TaTbirze (leningradi 
1968w.) amierkavkasiis Tovlis safaris, Tovlis zvavebis 
da myinvarebis V samecniero konferenciaze (baqo 
1972w.), Sua aziis regionaluri hidrometeorologiuri 
institutis samecniero sesiaze (taSkenti 1974w.), sakav-
Siro IV  glaciologiur simpoziumze (terskoli 1978)   
saqarTvelos geografiuli  sazogadoebis sxdomaze 
(Tbilisi 1992w.), saqarTvelos mecnierebaTa akademiis 
hidrometeorologiuri institutis sesiebze (Tbilisi  
1992-1997w.w.), saqarTvelos mecnierebaTa akademiis m. 
nodias saxelobis geofizikis institutis seminarze 
(Tbilisi, 1997w.). 

gamokvlevis Sedegebma praqtikuli gamoyeneba 
hpoves yabardo-balyareTis respublikis ialbuzis ra-
ionis turizmisa da eqskursiebis sabWoSi. sverdlov-
skis rezinis institutSi, q. nalCikis seleqciur sad-
gurSi, q. tirniauzis volfran-molibdenis  samTo kom-
binatSi,  stavropolis mxaris sasoflo-sameurneo in-
stitutSi (q. stavropoli), moskovis universitetis 
ialbuzis sakvlevis bazis Rvarcofebis laboratoria-
Si, dagegmarebisa da mSeneblobis rig dawesebulebebSi, 
sakurorto —rekreaciuli zonebis organizaciebSi. mi-
Rebuli Sedegebi gamoyenebas hpoveben axlo momavalSi 
sakvlevi regionis da kerZod saqarTvelos pirobebSi   
helioresursebis praqtikuli aTvisebis da kurorteb-
ze helioTerapiis organizaciis saqmeSi da sxva.  

gamokvlevis Sedegebma hpoves asaxva qarTul enaze 
Tbilisis universitetis mier gamocemuli  meteoro-
logiis da klimatologiis saxelmZRvaneloebSi, yabar-
do-balyareTis mier gamocemul monografiaSi: 

`yabardo-balyareTis assr-s konstruqciuli ge-
ografia~. n. gvasalias monografiaSi `saqarTvelos 
siTburi balansi~ da sxv. 

naSromi Sedgeba eqvsi Tavisa, Sesavlisa da das-
kvnisagan.  

SesavalSi dasabuTebulia problemis aqtualoba, 
gansazRvrulia kvlevis mizani da amocanebi, naCvenebia 
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miRebuli Sedegebis praqtikuli mniSvneloba da siax-
le, Camoyalibebulia ZiriTadi debulebebi.  

pirvel TavSi ganxiluli da gaanalizebulia kavka-
siis (ZiriTadad amierkavkasiis) teritoriis radiaciu-
li reJimis Sesaxeb arsebuli gamokvlevebi.   

meore Tavi eZRvneba kavkasiis teritoriaze mzis 
sxivuri energiis donis da wliuri svlis ZiriTadi ka-
nonzomierebebis ganmsazRvreli faqtorebis analizs;  
atmosferos fizikuri mdgomareoba, Rrublianobis da 
mzis naTebis reJimi, sakvlevi regionis fizikur-geog-
rafiuli da orografiuli Taviseburebebi.  

mesame TavSi ganxilulia horizontaluri qvafeni-
li zedapiris radiaciuli balansisa da misi komponen-
tebis droSi da sivrceSi cvalebadobis ZiriTadi ka-
nonzomierebebi.  

meoTxe Tavi eZRvneba kavkasiis pirobebSi qvefeni-
li zedapiris radiaciuli maxasiaTeblebis sidideebis 
formirebis procesze orografiuli faqtoris gavle-
nis raodenobriv Sefasebas, gaanalizebulia mzis, pir-
dapiri jamuri, STanTqmuli radiaciis, efeqturi ga-
mosxivebis da radiaciuli balansis wliuri msvlelo-
bis kanonzomierebebi ferdobebis orientaciaze, dax-
rilobis kuTxeze da adgilis absolutur simaRleze 
damokidebulebiT.  

mexuTe TavSi ganxilulia fotosinTezurad aqti-
uri (mzis pirdapiri, gabneuli, jamuri) da axlo infra-
wiTeli radiacia.  

meeqvse Tavi eZRvneba kavkasiis teritoriis radia-
ciuli kadastris daxasiaTebas, aq arsebuli helioe-
nergetikuli resursebis analizs da mzis sxivuri ener-
giis praqtikuli gamoyenebis perspeqtivebs. mocemulia 
regionis helioenergetikuli resursebis donis mixed-
viT daraioneba.  

daskvnaSi mocemulia SromaSi miRebuli ZiriTadi 
Sedegebi.  
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Tavi 1. 

 

kavkasiis teritoriis radiaciuli reJi-

mis maxasiaTeblebis Seswavlis Tanamedrove 

mdgomareoba 

 
amocanis dasma: gamoyenebuli informaciis kriti-

kuli analizi da sakvlevi regionis fizikur-geografi-
uli pirobebis gaTvaliswinebiT radiaciuli balansis 
mdgenelebis klimatologiuri gamoTvlis meTodikis  
optimaluri variantis dadgena.  

rogorc aRiniSna, pirveli stacionaruli dakvir-
vebebi mzis pirdapiri radiaciis intensivobaze S  or-
ganizebuli iqna Tbilisis fizikur observatoriaSi 
1904 wels, xolo savele dakvirvebebi —mcire araratis 
da sardar-bulayis mwvervalebze 1907 wels. 30-ian 
wlebSi ialbuzis raionSi 3,2 km simaRleze zafxulis 
TveebSi n. kalitini (45) atarebda dakvirvebebs mzis 
pirdapir, gabneul - D , qvefenili  zedapiridan arek-
lil - 0R radiaciaze  da efeqtur gamosxivebaze - Ed. 
1937-38 wlebis zafxulis TveebSi (VII, VIII) a. gordovi   
ialbuzis raionSi 2000-4250m simaRleTa diapazonSi 
awarmoebda sinqronul dakvirvebebs S, D, Q da Ed-ze. 
radiaciuli balansis mokletalRian mdgenelebze (S, D, 
Q) dakvirvebebis mokleperiodiani rigebis (1949 wlis 
zafxuli) analizi ialbuzis  samxreTi ferdobisaTvis 
(1,8-4,1km) mocemulia (30)-Si. 1936 wels m/m sadgurze 
yazbegi (3657m) daiwyo dakvirvebebi radiaciul balan-
sze B da mis mdgenelebze. am punqtSi mopovebuli in-
formacia gaanalizebulia rig SromebSi, maT Soris (67, 
82, 161)-Si. 

60-iani wlebis dasawyisSi kavkasiis teritoriaze 
aqtinometriuli sadgurebis qselis (nax. 1.1) organiza-
ciasTan dakavSirebiT daiwyo radiaciuli balansisa da 
misi calkeuli komponentebis registracia punqtebSi: 
Tbilisi, giganti, soWi, bermamiti (SadJatmazi), artio-
mas kunZuli (kaspiis zRvis akvatoria).  
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centraluri kavkasiis CrdiloeT ferdobze gan-
lagebul rig punqtebSi: nalCiki (450m), terskoli 
(2150m),  terskolis piki (3065m), CegeTis piki (3040m), yi-
nulovani baza (3750m), baSilisa da Cegemis xeobebSi 
(2000-3800m) avtoris xelmZRvanelobiT da uSualo mo-
nawileobiT 1960-1989 wlebis ganmavlobaSi  swarmoebda 
dakvirvebebi radiaciul balansze da mis mdgenelebze, 
punqt terskolSi ki maTi registraciac. Catarebuli 
gamokvlevebis informacia gaanalizebulia (84-98,  100-
107, 109-112, 121-127, 129-130)-Si. aqtinometriuli dak-
virvebebis Sedegad miRebuli monacemebi gamoiyenebo-
da amierkavkasiis calkeuli punqtebisa da raionebi-
saTvis radiaciuli balansisa da misi mdgenelebis daxa-
siaTebis mizniT. magaliTad, (67, 68, 82, 158-161, 164, 48)-
Si gaanalizebulia dakvirvebebis monacemebi amierkav-
kasiis  calkeuli punqtebis ada raionebisaTvis Zalian 
mokle (84, 164), anda SedarebiT mokle periodebisaTvis 
(67). cxadia, rom dakvirvebebis rigebis aseTi xangrZli-
voba ar aris sakmarisi radiaciuli balansisa da misi 
mdgenelebis saSualo reJimuli maxasiaTeblebis (nor-
mebis) dasadgenad. (82)-Si m/m  yazbegisaTvis mocemulia 
gabneuli radiaciis intensivobis wliuri svla da jame-
bi, magram  am mizniT gamoyenebuli monacemebi aris rea-
lurze 20-40%-iT dabali,  radganac 1950 wlamde (i. ia-
niSevskis sistemis piranometrebis seriuli warmoebis 
dawyebamde) gabneuli radiacia izomeboda Zveli siste-
mis paranometrebiT, romlebic  sagrZnoblad amcireb-
dnen mis intensivobas. (160)-Si mocemulia im periodi-
saTvis arsebuli 10-12 wlis  dakvirvebebis rigebis ana-
lizis safuZvelze saqarTvelos teritoriis radiaci-
uli (da Termuli) reJimis daxasiaTeba, magram gamoye-
nebuli rigebis xangrZlivoba am mizniT realizacii-
saTvis e.i. radiaciuli balansisa da misi komponentebis 
stabiluri saSualo mniSvnelobebis gansazRvrisaTvis, 
ar aris sakmarisi. (164)-Si siTburi da radiaciuli ba-
lansis klimatologiuri gamoTvlebis meTodikis gamo-
yenebiT (24) dadgenilia  am sidideebis mdgenelebis 
wliuri  svlis kanonzomierebebi azerbaijanis terito-
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riisaTvis mTian raionebSi radiaciuli balansis mTava-
ri mdgenelis — jamuri radiaciis jamebis gamosaTvle-
lad moRrublulobis saSualo pirobebSi gamoyenebu-
lia vertikaluri gradientis sidide 0,8kkal/sm2weli 
100 m sim aRleze, romelic ganisazRvra sadgurebis ori 
wyvilis monacemebiT: Tbilisi-m/m yazbegi (1951-1958w.w.) 
da maxaCkala m/m sulaki (1958w.) m agram dakvirvebis ri-
gebis mokle (pirveli wyvili) da ultramokle  perio-
debis (meore wyvili) gamoyeneba ganapirobebs gradin-
tis sididis da gamoTvlebis Sedegebis dazustebis au-
cileblobas grZelperiodiani rigebis analizis safuZ-
velze. 

(48)-Si aseve SedarebiT mokleperiodiani rigebis 
analizis safuZvelze (7 sadguri, dakvirvebis xan-
grZlivoba 4-12 weli) mocemulia somxeTis teritoriis 
radiaciuli balansisa da misi mdgenelebis daxasiaTe-
ba. informaciis gazrdis mizniT am SromaSi gamoyenebu-
lia empiriuli saxis formulebi. (27)-Si pirvelad sa-
qarTvelos teritoriisaTvis gamokvleulia qvefenili 
zedapiris siTburi balansis gavlenis aspeqtebi adamia-
nis siTbur  mdgomareobaze.  am SromaSi miRebul kanon-
zomierebebs bunebrivi mcenareuli zonebis ganawile-
bis da maTi maRlivi cvlilebebis Sesaxeb aqvs, rogorc 
mecnieruli,  aseve praqtikuli mniSvnelobac, (145-147)-
Si pirvelad amierkavkasiis mTiani raionebisaTvis da-
muSavebulia efeqturi gamosxivebis gamoTvlis meTo-
dika. (58)-Si mocemulia jamuri radiaciis  jamebis ga-
mosaTvleli formula saqarTvelos mTiani raionebi-
saTvis. siTburi balansisa da misi mdgenelebis gamoT-
vlis meTodika mTiani regionis reliefis umartivesi 
SemTxvevisaTvis (zegani) orografiis ZiriTadi Tavise-
burebebis gaTvaliswinebis gareSe ganxilulia i. bor-
zenkovas mier. kavkasiis teritoriisaTvis mis mier mo-
cemul jamuri radiaciisa da radiaciuli balansis ga-
nawilebis sqematur rukebze klimaturi TvalsazrisiT 
iseTi gansxvavebuli raionebisaTvis, rogoricaa dasav-
leT saqarTvelos notiao subtropikebi da mtkvar-
araqsis  dablobis naxevradudabno ariduli raionebi, 
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radiaciuli balansis wliuri jamebis sidideebi aRmoC-
nda toli (50.0kkal/sm2), xolo didi da mcire kavkasio-
nis winamTaSi jamuri radiaciis wliuri jamebis Semci-
rebis nacvlad (rasac adgili aqvs saerTo Rrubliano-
bis matebis Sedegad) mocemulia maTi zrda, rac orive 
SemTxvevaSi winaaRmdegobaSia dakvirvebebiT miRebul 
SedegebTan. amasTanave, jamuri radiaciis sidideebis 
gamosaTvlelad gamoyenebuli informaciis xangrZli-
voba ar aRemateba 5 weliwads. garda amisa (20)-Si naxev-
rad empiriuli formulebis  gamoyenebiT didi da mci-
re kavkasionis ori vertikaluri Wrilis SemTxvevaSi 
CrdiloeTisa da samxreTis 10 da 300-iani daxrilobis 
ferdobebisaTvis gamoTvlilia jamuri da gabneuli 
radiaciis sidideebi.  

kavkasiis gamyinvarebis zonis zedapiris siTburi 
da radiaciuli balansis sezonuri cvlilebebis kanon-
zomierebebi abliaciis periodSi ganxilulia rig Sro-
mebSi, maT Soris ialbuzis gamyinvarebis zonisaTvis  
(26)-Si.  dakvirvebebis Sedegad dadgenilia mTis myinva-
rebis abliaciis  procesSi mzis sxivuri energiis preva-
lirebuli roli. aRsaniSnavia, rom myinvaris horizon-
talur zedapirze dakvirvebebiT mopovebuli informa-
cia ver axasiaTebs abliaciis im SesaZlo sidideebis 
speqtrs,  romlebsac adgili aqvs fiqsirebul absolu-
tur simaRleze myinvaris zedapiris orientaciaze da 
daxrilobis kuTxeze damokidebulebebiT, rac gadam-
wyvet rols TamaSobs myinvaris zedapirze dacemuli 
mzis  sxivuri energiis da myinvaruli kvebis mdinaree-
bis jamur CamonadenSi myinvaruli mdgenelis sezonuri 
sidideebis formirebaSi. rac Seexeba mTiani raionebis 
glaciur-nivaluri zonis reliefis  iseT damaxasiaTe-
bel elementebs, rogoricaa myinvaruli morenebis 
sxvadasxva saxeobebis da akumulaciis zonebi (abliaci-
is  zonebisagan gansxvavebiT), maTTvis analogiuri sa-
xis dakvirvebebs aqvs epizoduri xasiaTi.  

mTian da maRalmTian raionebSi aqtinometriuli 
dakvirvebebis organizaciasTan dakavSirebuli siZne-
leebi aiZuleben mkvlevarebs mimarTon radiaciuli 
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procesebis modelirebas (imitacias) da radiaciuli 
balansis mdgenelebis gamoTvlebs rogorc Teoriu-
lad, aseve klimatologiuri gamoTvlebis meTodikis  
gamoyenebiT. magram, radganac cis TaRis mier gabneuli 
— D da qvefenili zedapiridan areklili — Rm radiaciis 
sidideebis Teoriuli gamoTvla maTi anizotropulo-
bis Sedegad warmoadgens Znel da xSir SemTxvevaSi sa-
surveli sizustiT gadauWrel amocanas, rigi avtore-
bisa izRudeba mxolod mzis pirdapiri radiaciis — S si-
dideebis gamoTvliT,  rac ganpirobebulia imiTac, rom 
maRalmTian raionebSi jamuri radiaciis  formirebaSi 
gabneuli radiaciis wvlili mcirdeba, pirdapiri radi-
aciisa ki matulobs. aseTi saxis gamoTvlebs didi mniS-
vneloba aqvs kerZod mTiani gamyinvarebis  abliaciis 
procesSi radiaciis rolis raodenobrivi SefasebisaT-
vis. magaliTad, (61)-Si am gziT mopovebuli informaci-
is  gamoyenebiT ialbuzis gamyinvarebis zonisaTvis ra-
odenobrivad Sefasda  sxvadasxva orientaciis  ferdo-
bebze Tovl-yinulis safaris dnobis procesis intensi-
vobis sezonuri Taviseburebebi.  

rogorc cnobilia, radiaciul balansze da mis 
mdgenelebze dakvirvebebis informaciis klimatolo-
giuri damuSavebis meTodika Seicavs iseT arsebiT mo-
mentebs, rogoricaa dakvirvebebis rigebis erTgvarov-
nebis dadgena da saSualo stabiluri mniSvnelobebis 
misaRebad dakvirvebebis monacemebis gasaSualebis au-
cilebeli periodis xangrZlivobis gansazRvra. kavka-
siis teritoriis aqtinometriuli sadgurebis qseli-
saTvis ganxiluli iqna dakvirvebebis rigebis erTgva-
rovneba zogierTi maTganisaTvis  rigebSi Sesabamisi 
Sesworebebis SetaniT.  mokleperiodiani sadgurebi-
saTvis dakvirvebebis rigebis mTlianoba aRdgenili iq-
na meteorologiuri dakvirvebebis klimatologiuri 
damuSavebis meTodebis gamoyenebiT. garda amisa, gaTva-
liswinebuli iqna aqtinometriuli aparaturis moZve-
lebuli konstruqciuli saxeobebis axali, srulyofi-
li saxeobebiT Secvlis procesis gavlena  ama Tu im ra-
diaciuli maxasiaTeblis (S, D, Q, B) dakvirvebebis rige-
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bis erTgvarovnebaze saTanado koeficientebis gamoye-
nebiT.  

aqtinometriuli dakvirvebebis monacemebis gasa-
Sualebis periodis mizanSewonili xangrZlivoba axdens 
gadamwyvet gavlenas radiaciuli balansisa da misi kom-
ponentebis saSualo mniSvnelobebis sizustis xarisxze 
(66, 25, 32, 24, 40, 41, 74, 76), ramac Tavisi asaxva hpova 60-
iani wlebis dasawyisSi  am  sakiTxze mimdinare diskusi-
ebSi. (32)-Si S-is da Q-s rigebis aucilebeli xangrZli-
vobis  10%-ze naklebi cdomilebiT gamoTvlis mizniT 
gamoyenebulia maTematikuri statistikis Sesabamisi 
formulebi. (23, 25,  41)-Si dasmulia sakiTxi radiaciul 
balansze da mis mdgenelebze dakvirvebebis rigebis mi-
zanSewonili xangrZlivobis gansazRvris, masze rigebis 
erTgvarovnobis xarisxis da periodis cvalebadobis 
gavlenis Sesaxeb. (23, 24, 74)-Si dakvirvebis rigebis  au-
cilebeli xangrZlivobis gamoTvlis mizniT gamoyene-
bulia Tanafardoba: 

2

0 2
0

N σ
σ

= −                                           (1.1) 

sadac 0N aris gasaSualebis  mizanSewonili perio-

di, 0σ - saSualo kvadratuli cdomilebis - σ  meSveo-
biT gamoxatuli  araerTgvarovnobis maCvenebeli, σ  
saSualo kvadratuli gadaxra. miiRo ra zomieri gane-
debisaTvis σ 0 -is mniSvneloba 8,38 mj/m2-is toli zaf-
xulis da 4,19mj/m2-is toli zamTris periodisaTvis  m. 
budikom gamoTvala (23) Q-s da B-s rigebis maqsimaluri 
xangrZlivoba (68%-is albaTobiT) wlis Tbili da civi 
periodebisaTvis: 25 da 16 weli jamuri  radiaciis a 12 
da 4 weli radiaciuli balansisaTvis. (75,  76, 74)-Si ga-
mokvleulia mzis radiaciis ryevadoba, radiaciis ve-
lis struqtura da rigebi, mocemulia jamebis dReRam-
Sorisi da welTaSorisi cvalebadoba, dadgenilia gasa-
Sualebis mizanSewonili periodi. saSualo  kvadratu-
li gadaxris (σ ) maqsimaluri sidide Seadgens mzis pir-
dapiri (S), jamuri (Q) da STanTqmuli (QS)  radiaciebi-
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saTvis 41,0-83,8 mj/m2-Tves. gabneuli radiaciisa (D), ra-
diaciuli balansis (B) da efeqturi gamosxivebisaTvis 
(E0g) Sesabamisad 20,0; 95,0; da 41,0mj/m2-Tves. B-sa da misi 
mdgenelebis  Tviuri da wliuri jamebis  amosavali ri-
gebis fardobiTi SemTxveviTi cdomileba Seadgens 3-
5%-s wlis Tbil periodSi, 8-10%-s Q da D-saTvis, 15-
20%-s S da B-saTvis weliwadis civ periodSi. amasTanave 
Q-s jamebi ganisazRvrebian  1,5-2,0  jer meti sizustiT 
B-s jamebTan SedarebiT (75,76), zomier ganedebaSi  Q-s 
saSualo Tviuri intensivobis gansazRvris sizuste Se-
adgens 3%-s, xolo mowmendili cis SemTxvevaSi myisie-
ri intensivobis gansazRvris sizuste — 4%-s. (74)-Si ra-
diaciis saSualo wliuri da Tviuri jamebisaTvis 90%-
iani sando albaTobiT  gamoTvlili rigebis xangrZli-
voba Seadgens 30-35 wels S, D, Q-saTvis da 15-20 wels B-
saTvis. (40)-Si moyvanili meTodikis gamoyenebi T dak-
virvebebis rigebis mdgradobis xarisxis  Semowmebisas 
aRmoCnda, rom maTi xangrZlivobis Semdgomi zrda  faq-
tiurad  ukve gavlenas ver axdens S-sa da Q-s saSualo 
sidideebze 25-30 wlis, B-s saSualo sidideebze ki 15 
wlis Semdeg. 

kavkasiis zogierTi punqtisaTvis (giganti, piati-
gorski, soWi, Tbilisi) moRrublulobis saSualo pi-
robebSi B-sa da misi mdgenelebis Tviuri da wliuri ja-
mebis  cvalebadobis mizniT gamoTvlili iqna maTi sta-
tistikuri maxasiaTeblebi: saSualo kvadratuli ga-
daxra — σ , saSualo mniSvnelobis  cdomileba — m, vari-

aciis koeficienti — W. σ -s Tviuri jamebis (Σ TS , , Σ TD, 
Σ TQ da Σ TB) SemTxvevaSi  aqvs gansazRvruli wliuri  
msvleloba: maqsimumiT zafxulis, minimumiT-zamTris 
TveebSi,  misi sidideebi metia wliuri da naklebia Tvi-
uri jamebisaTvis.  am punqtebSi B-sa da misi mdgenele-
bisaTvis σ  icvleba: Tviuri jamebis  SemTxvevaSi 17,5-

32,1 (I) da 60,0-71,1 (VII) — ΣT S,
R , 10,1-13,8 (I) da 26,8-31,8 

(VII) ΣT B,  25,2-47,8 (I) da 53,7-69,0 (VII) ΣT QR, 19,7-41,5 (I) da 
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24,7-36,4  (VII) ΣT D mj/m2-is sazRvrebSi, wliuri jamebis 

SemTxvevaSi: 177,5-235,1 (Σw S ,
R ), 222,1-356,0 (Σw QR), 79,8-

151,2 (Σw B), 127,0-205,9 (Σw D)mj/m2-is zRvrebSi.  aRsaniS-

navia, rom am punqtebisaTvis gamoTvlili σ  -s saSualo 
mniSvnelobebis cvlilebis zRvrebi, axloa im zRvreb-
Tan, romlebic dadgenilia (74,76)-Si. W-s maqsimaluri  

cvalebadoba aRniSnulia ΣT S,
R -s SemTxvevaSi: zamTar-

Si igi meryeobs 0,23-0,70, zafxulSi   0,11-0,200 zRvrebSi. 
W—s minimaluri cvalebadobiT xasiaTdebian Q, D da B-s 
zafxulis sezonuri jamebi. zafxulSi ΣT QR-saTvis W 
ecema 0,05-mde, zamTarSi matulobs 0,30-mde.  aramdgra-
di Tovlis safaris raionebSi W areklili radiaciis 
SemTxvevebSi icvleba 100%-ze metad. W-s mniSvnelobe-
bis minimaluri cvalebadobiT xasiaTdebian B-sa da misi 
mdgenelebis wliuri jamebi. maTTvis W-s mniSvnelobe-
bi meryeoben 0,04-0,12-is zRvrebSi.   m-s maqsimaluria 
ΣT SR da ΣT QR-s, da minimaluria ΣT BR da ΣT QR-s Sem-

TxvevaSi. amasTanave m-s gaaCnia garkveuli wliuri 
msvleloba maqsimumiT zafxuli da minimumiT zamTris 
TveebSi. ianvridan ivlisis CaTvliT m-is mniSvnelobe-

bi meryeoben Semdeg zRvrebSi 5,0-11,7 (ΣT S,
R ), 4,2-12,5 

(ΣT SR ), 2,1-7,1(ΣT BR ), 4,2-6,7mj/m2 (ΣT DR ) m-is mniS-

vnelobebi  wliuri jamebisaTvis  metia vidre Tviuri 
jamebisaTvis. wliuri jamebis SemTxvevaSi m icvleba  

Semdeg zRvrebSi: 38,1-51,1 mj/m2 (ΣT S,
R ), 57,1 mj/m2 

(ΣT QR ),, 17,6-32,9 mj/m2 (ΣT BR ), 13,4-33,2 mj/m2 (ΣT DR ). 

B-sa da misi mdgenelebis saSualo Tviuri intensi-
vobis cvalebadoba mowmendili cisa da moRrublulo-
bis saSualo pirobebSi amave punqtebisaTvis erevnis 
damatebiT Sefasda σ  da W-s mniSvnelobebis gamoT-
vliT 12 sT da 30 wT. dakvirvebebis vadisaTvis. σ  da W 
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maqsimaluria  moRrubluli d minimaluria mowmendili 
cis  SemTxvevaSi.  mowmendili cis SemTxvevaSi σ  weli-
wadis ganmavlobaSi meryeobs 0,01-0,06 kvt/m2-is, xolo 
Rrublianobis pirobebSi 0,01-0,30kvt/m2-is zRvrebSi. 
W-s mniSvnelobebi Sesabamisad meryeoben 0,04-0,30 da 
0,03-0,06 kvt/m2-s zRvrebSi. 

rogorc amierkavkasiis  calkeuli raionebis ra-
diaciuli reJimisadmi miZRvnili  literaturuli wya-
roebis mokle  ganxilvidan Cans, yvela maTganSi gaana-
lizebulia dakvirvebebis xanmokle rigebi, romlebic 
ver akmayofileben klimatologiuri kriteriumebis 
moTxovnebs radiaciuli  balansisa da misi mdgenelebis 
stabiluri saSualo mniSvnelobebis  miRebis Tvalsaz-
risiT.  rogorc aRiniSna,  saSualo Tviuri da wliuri 
jamebis  90%-iani sando albaTobiT gamosaTvlelad 
dakvirvebebis rigebis xangrZlivoba unda Seadgendes 

B-s SemTxvevaSi   15-20 wels, S,
R , D da Q-saTvis ki 30-35 

wels. es piroba daculi ar aris amierkavkasiis calkeu-
li punqtebisa da raionebisaTvis radiaciuli reJimis 
dasadgenad adre gamoyenebuli rigebis xangrZlivobis 
TvalsazrisiT (somxeTisaTvis rigebis xangrZlivoba 
meryeobs 4-12, azerbaijanisaTvis 1,5-10  wlis sazRvreb-
Si,  saqarTvelosaTvis igi Seadgens daaxloebiT 12 wels 
(mxedvelobaSia sistematuri dakvirvebis periodis xan-
grZlivoba aqtinometriuli sadgurebis qselis orga-
nizaciidan saTanado  Sromebis gamocemis wlamde). 

kavkasiis regionis fizikur-geografiuli pirobe-
bi da aq arsebuli  mcirericxovani aqtinometriuli  
sadgurebis qseli (gansakuTrebiT mTian da maRalmTian 
raionebSi) ganapirobeben  radiaciuli balansisa da mi-
si mdgenelebis klimatologiuri gamoTvlis meTodikis 
optimaluri variantis dadgenis aucileblobas.  

rogorc cnobilia, akad. m. budkos xelmZRvanelo-
biT mTavar  geofizikur observatoriaSi damuSavda 
qvefenili zedapiris radiaciuli da siTburi balansis 
klimatologiuri gamoTvlebis meTodika (24), magram 
iseT fundamentalur SromebSi, rogoricaa `siTburi 
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balansis atlasi~ da `dedamiwis zedapiris siTburi ba-
lansi~, mTiani raionebisaTvis radiaciuli balansis 
mdgenelebis klimatologiuri gamoTvlebis meTodikis 
gamoyenebis sakiTxebi darCenilia Riad, mTiani raione-
bi ki saTanado rukebze TeTr laqad. am meTodikis Ta-
naxmad jamuri radiacia Q gamoiTvleba saginov-an-
gstremis formuliT: 

Q=Q0[1-(1-K)n],                           (1.2) 
sadac Q da Q0 aris jamuri  radiacia saSualo moR-

rublulobisa da mowmendili cis pirobebSi, K— Rrub-
lianobis koeficienti (sruli Rrublianobis pirobeb-
Si  qvefenil zedapirze  mosuli jamuri  radiaciis Se-
fardeba Rrublebis zeda sazRvarze  dacemul jamur 
radiaciasTan), romelic ganisazRvreba adgilis ganed-
ze damokidebulebiT.  

jamuri radiaciis  SedarebiT  grZelperiodiani 
rigebis gamoyenebiT T. berliandis (17)  mier Q-s gamo-
saTvlelad dadgenili iqna Semdegi formula: 

Q=Q0[1-(a+bn)n],           (1.3) 
romelSic a da b  arian uganzomilebo koeficien-

tebi. jamuri radiaciis (1.2) da (1.3) formulebiT ga-
moTvlebSi Cveulebrivad sargebloben K da a koefici-
entebis mudmivi saSualo wliuri mniSvnelobebiT, rom-
lebic dadgenilia mxolod adgilis ganedze damokide-
bulebiT. kavkasiis teritoriisaTvis ganedis cvlile-
bebis gaTvaliswinebiT T. berliandis Tanaxmad K ic-
vleba 0,33-0,36, a ki 0,38-0,40-is sazRvrebSi.  

amrigad,  Q-s sidideebis gamoTvlisas gaTvaliswine-
buli Q0, K, a-s  saSualo geneduri mudmivi mniSvnelobebi, 
e.i. mxedvelobaSi ar aris miRebuli maTi cvalebadoba ad-
gilis absolutur simaRleze (Q0) da orografiul  Rrub-
lianobaze (K,a) damokidebulebiT da K,a-s  TiToeuli 
punqtisaTvis damaxasiaTebeli wliuri msvleloba, ro-
melsac adgili aqvs, rogorc qvemoT moyvanili gamoT-
vlebi gviCveneben, mTian da maRalmTian raionebSi. ro-
gorc m. budiko  aRniSnavs (23), K damokidebuli unda iyos 
mzis simaRleze, Rrublianobis optikur Tvisebebze da 
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qvefenili zedapiris albedoze, mas unda gaaCndes  gan-
sazRvruli wliuri da dRiuri msvleloba,  ris Sedegad 
misi mniSvnelobebi unda gansxvavdebodnen erT ganedze 
ganlagebuli raionebisaTvisac. yovelive amis gaTvalis-
winebiT klimatologiuri gamoTvlebis meTodikas gaaC-
nia sakmaod sqematuri xasiaTi da misi gamoyeneba kanon-
zomieria mxolod didi farTobis dablobi teritoriebi-
saTvis (dablob raionebSi  ganlagebuli punqtebisaTvis), 
mTiani  da maRalmTiani raionebisaTvis es meTodika iZle-
va aradamakmayofilebel Sedegebs. am raionebisaTvis 
(1.2)-(1.3) formulebis gamoyenebis mizniT maTSi dadgeni-
li unda iqnes mowmendili cis SemTxvevaSi jamuri radia-
ciis adgilis absolutur simaRleze damokidebulebis, 
xolo K da Q koeficientebisaTvis orografiuli Rrub-
lianobis gavlenis Sedegad ganpirobebuli dRiuri da 
wliuri msvlelobis kanonzomierebebi.  

amrigad, dakvirvebebis erTgvarovani, sakmao xan-
grZlivobis rigebis analizi da klimatologiuri gan-
zogadeba warmoadgens winaswar ZiriTad pirobas kavka-
siis teritoriis radiaciuli reJimis maxasiaTeblebis 
droSi da sivrceSi cvlilebebis stabiluri kanonzomi-
erebebis  misaRebad. aseTi saxis rigebis gamoyenebam, 
klimatologiuri gamoTvlebis meTodikis optimaluri 
variantis dadgenam, bunebriv ferdobebze radiaciuli 
balansisa da misi komponentebis wliuri msvlelobis 
kanonzomierebebis Seswavlam  ganapiroba amierkavkasi-
is teritoriisaTvis radiaciuli maxasiaTeblebis  dad-
genili wliuri msvlelobis  kanonzomierebebi xSir Sem-
TxvevaSi alternatiuli interpretaciis SesaZleblo-
ba da maTSi arsebiTi saxis koreqtivebis Setana. para-
lelurad  CrdiloeTi kavkasiis teritoriisaTvis dad-
genili iqna radiaciuli reJimis ZiriTadi maxasiaTeb-
lebis droSi da sivrceSi  cvalebadobis kanonzomiere-
bebi da kavkasiisaTvis, rogorc erTiani fizikur-geog-
rafiuli regionisaTvis orografiuli pirobebis gaT-
valiswinebiT Camoyalibda radiaciuli reJimis kom-
pleqsuri daxasiaTeba.  
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Tavi 2.  

 

kavkasiis teritoriis mzis sxivuri energiis 

intensivobis da reJimuli maxasiaTeblebis 

ganmsazRvreli faqtorebis analizi 

 
rogorc cnobilia, qvefenil zedapirze dacemuli 

mzis radiaciis sidide damokidebulia astronomiul 
faqtorze (mzis simaRle, dRis xangrZlivoba) atmosfe-
ros fizikur Tvisebebze (gamWvirvaloba, simRvrive), 
masSi mimdinare  cirkulaciur procesebze (Rrublia-
nobis reJimi) da adgilis orografiul-morfologiur 
Taviseburebebze (ferdobebis orientacia, daxriloba, 
absoluturi simaRle). 

 
 

2.1 kavkasiis teritoriis fizikur-geografiuli da 
orografiuli pirobebi 

 
sakvlevi regioni Sesdgeba CrdiloeT kavkasiis, 

amierkavkasiis, didi da mcire kavkasionis mTiani siste-
mebisagan (TaliSis mTebTan erTad). CrdiloeT kavkasi-
as stavropolis zegani  hyofs yuban-azovispira da kas-
piispira dablobebad. didi kavkasioni iyofa dasavleT,  
centralur da aRmosavleT nawilebad. amierkavkasiis 
teritoriaze didi da mcire kavkasionis mTian siste-
mebs Soris ganlagebulia mTaTaSorisi depresiuli zo-
na, romelic Sesdgeba kolxeTis, alazan-avtoranis, 
mtkvar-araqsisa da lenqoranis dablobebisagan. didi 
da mcire kavkasionis mTiani sistemebi SeerTebulia su-
ramis qediT.  

aRsaniSnavia, rom kavkasiis teritoriis didi nawi-
li ukavia mTian raionebs. aq adgili aqvs landSafturi 
zonebis mravalsaxeobas dawyebuli mSrali naxevradu-
dabno  tramalebiT (kaspiispira, mtkvar-araqsis, arara-
tis dablobebi, ivris zegani, Siraqis tramali) da dam-
Tavrebuli notio subtropikebiT (kolxeTisa da len-
qoranis dablobebi, saqarTvelos da krasnodaris mxa-
ris Savi zRvis sanapiro). kavkasiis mTian raionebSi kli-
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matis da niadag-mcenareuli safaris ganawilebaSi aRi-
niSneba vertikaluri zongloba. teritoria xasiaTdeba 
klimatis mravalsaxeobiT maRalmTiani zonebis niva-
luri klimatidan dawyebuli da Savi zRvispireTis, 
kolxeTis,  lenqoranis dablobebis notio subtropi-
kuli, aRmosavleT saqarTvelos, kaspiispireTis, 
mtkvar-araqsis, araratis dablobebis naxevarudabnos 
ariduli kontinentaluri klimatiT damTavrebuli. 
landSafturi zonebis siuxve,  orografiuli pirobe-
bis sirTule, mosazRvre wyalsatevebis (Savi, kaspiis da 
azovis zRvebis) gavlena  ganapirobebs qvefenili zeda-
piris fizikuri Tvisebebis mravalsaxeobas, romelic 
regionis teritoriis energetikuli bazis (radiaciu-
li reJimis) formirebaze axdens udides gavlenas. as-
tronomiuli faqtoris da fizikur-geografiuli pi-
robebis gavleniT kavkasiis teritoriaze yalibdeba 
mzis naTebis  sakmarisi xangrZlivoba da radiaciis ma-
Rali energetikuli done. mzis maqsimaluri simaRle 
kavkasiis teritoriaze ganedis  sidideebi (39-460C.g.) 
Sesabamisad 22 ivniss aRwevs 74,30 da 67,30-s. 

 
 

2.2. atmosferos  fizikuri mdgomareobis  
maxasiaTeblebis analizi 

 
mzis radiacia atmosferoSi  gavlis Sedegad ga-

nicdis arsebiT raodenobriv da Tvisobriv cvlile-
bebs, romlebic ganpirobebulia molekularuli gabne-
viT, wylis orTqlis STanTqmiT da aerozoluri Sesus-
tebiT. atmosferos fizikuri mdgomareobis analizis, 
misi droSi da sivrceSi cvlilebebis kanonzomierebe-
bis  dadgenis mizniT gamoiyeneba gamWvirvalobis koe-
ficienti —P2 da linkes simRvrivis faqtori —T2. atmos-
feros  gamWvirvalobis cvlilebebi damokidebulia bu-
nebrivi da anTropogenuri xasiaTis mraval faqtorze, 
romelTa Soris aRsaniSnavia atmosferos cirkulacia, 
romelic haeris masebis  formirebis raionze da maT mi-
marTulebaze damokidebulebiT ganapirobebs atmosfe-
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ros gamWvirvalobis maRal, normalur da dabal sidi-
deebs.  rogorc dakvirvebebis informaciis analizi 
gviCvenebs, dadebiTi  adveqciis pirobebSi aRiniSneba, 
rogorc wesi, dabali, uaryofiTi adveqciis pirobebSi 
ki — maRali da normaluri gamWvirvaloba. atmosferos 
fizikuri mdgomareobis maxasiaTeblebis detaluri 
analizi mocemulia (138)-Si.  Cvens SromaSi (97) kavkasiis 
teritoriisaTvis gaanalizebulia P2 da T2 -is saSualo 
Tviuri mniSvnelobebis ganawilebis kanonzomierebebi.  

rogorc cnobilia, P ganisazRvreba bugeris for-
muliT 

m

m
pS P=                                 (2.1) 

 
sadac, S0 aris mzis mudmiva, 

mpS   - mzesa da dedami-

was Soris manZilis saSualo mniSvnelobamde (p) dayvani-
li mzis pirdapiri radiaciis intensivoba, m- atmosfe-
ros optikuri masebis ricxvi, romelic Seesabameba S-is 
gazomvis moments. linkes simRvrivis  faqtori ganisaz-
Rvreba Semdegi formulidan: 

lgS lgSlgP
lgP lgS lgS

pm

m m

T
−

= =
−

0

0

                      (2.2) 

sadac P da Pm aris realuri da idealuri atmosfe-
ros gamWvirvalobebis koeficientebi, Sm-  idealur at-
mosferoSi mzis radiaciis intensivoba, P aris m-is 
funqcia, rac gamoricxavs  sxvadasxva masebis dros ga-
moTvlili P-s sidideebis Sedarebas. P-s erT  gansaz-
Rvrul masaze  miyvanis arsebuli meTodebidan yvelaze 
martivi, moxerxebuli da fizikurad dasabuTebulia s. 
sivkovis meTodi (138),  romlis Tanaxmad atmosferos 
nebismieri masis Sesabamisi S-is intensivoba  miiyvaneba 
mzis simaRleze, romelic tolia 300-isa (rac Seesabame-
ba  atmosferos fardobiT masas m=2). am SemTxvevaSi P2-
is gamosaTvlel formulas aqvs Semdegi saxe: 
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S
S
p,

0

P =2

30
                               (2.3) 

simRvrivis faqtoris T-s sididis gamosaTvlelad 
(138) —Si mocemul ia formula: 

p,30

Slg
S

T = 011, 5                             (2.4) 

romelic miRebulia formulidan: 
 

0

m

Slg
Sim

T
ma

=
2, 3

                             (2.5) 

sadac ima   aris idealur  atmosferoSi radiaciis 

Sesustebis koeficienti, gamosaxuleba 
imma

=
2, 3

11, 5 , 

rodesac  m=2  da S0=1,98 kal/sm2wT.  (138)-Si mocumulia   
Pm-s sidideebis  gamosaTvleli cxrili, romelic SeiZ-
leba gamoyenebuli iqnes mTiani da maRalmTiani raio-
nebisaTvisac. sxvadasxva punqtebisaTvis gamoTvlili  
Pm-s mniSvnelobebis Sedareba kanonzomieria atmosfe-
ruli wnevis identuri sidideebis dros gazomili S-is 
SemTxvevebSi, rasac adgili aqvs tol absolutur  si-
maRleebze. mTian raionebSi sxvadasxva absolutur si-
maRleze gamoTvlili Pm-s sidideebis Sedarebis mizniT  
isini miyvanili unda iqnen erT absolutur masaze ma=2 
formuliT. 

 

m
b
bma
0

=                                       (2.6) 

 
an (138)-Si moyvanili specialuri cxriliT. (2.6)-Si 

bo aris atmosferos  normaluri wneva, b — atmosferos 
wneva mocemul simaRleze.  

gamoviyenoT  ra mowmendili cis SemTxvevaSi S-ze 
mravalwliuri dakvirvebebis masalebi, s. sivkovis me-
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TodiT kavkasiis teritoriisaTvis gamoTvlili iqna Pa 
da Ta  Pa-is saSualo mniSvnelobebis gansazRvris   cdo-
mileba ar aRemateba 0,01-s, gamoTvlebis  Sedegebis ana-
lizidan Cans, rom Pa-s mravalwliuri saSualo Tviuri 
mniSvnelobebi  kavkasiis dablob raionebSi meryeobs 
0,72-0,82 zamTarSi ki 0,65-0,71 zafxulSi,  rac ganpiro-
bebulia atmosferos tenSemcvelobis da aerozoluri 
simRvrivis wliuri msvlelobis TaviseburebebiT. at-
mosferos maqsimalur gamWvirvalobas adgili aqvs de-
kember-ianvarSi, minimalurs ivlis-agvistoSi. Pa-s zaf-
xulis sidideebi zamTris sidideebTan SedarebiT  ece-
ma afSeronis naxevarkunZulze, kavkasionis CrdiloeTi 
ferdobis winamTaSi, kolxeTis dablobze da salskis 
tramalebze 9%-iT, kaspiispira, mtkvar-araqsis dablo-
bebze, Savi zRvis sanapiroze, qarTlis vakeze, alaznis 
velze 11-12%, araratis vakeze  da naxWevanis qvabulSi 
7-8%-iT. mTian raionebSi  Pa-s wliuri ryevebis ampli-
tuda dablob raionebTan SedarebiT mcirdeba: zafxu-
lis TveebSi Pa-s saSualo sidideebis Semcireba zam-
Tris mniSvnelobebTan SedarebiT Seadgens  m/m yazbeg-
ze (3657m) da yinulovan bazaze (3750m, ialbuzi) 2%-s  
terskolis pikze (3100m) 5%, bermamitze (2523m) da  
jvris uReltexilze (2395m) 6%-s. aRmosavleT kavkasio-
nis da mcire kavkasionis mTian raionebSi dasavleTidan 
aRmosavleTis mimarTulebiT zafxulis TveebSi atmos-
feros aerozoluri daWuWyianebis gaZlierebis Sede-
gad Pa-s wliuri msvlelobis amplituda  izrdeba. maga-
liTad, m/m sulakze (2930m), sevanis tbis auzSi (1948m) da 
Samqoris geigiolze (2470m) igi aRwevs 8-9%-s. Pa-s dRe-
Ramur msvlelobaSi maqsimumi aRiniSneba dilis, minimu-
mi — SuadRis saaTebSi, rac ganpirobebulia  absolutu-
ri tenianobisa da atmosferos miwispira fenebis ga-
WuWyianebis zrdiT turbulenturi procesebis gaZlie-
rebis Sedegad. magram, haeris  masebis Secvlis da  at-
mosferos gaWuWyianebis lokaluri wyaroebis gavle-
niT Pa-s maqsimums SeiZleba adgili hqondes dRis sxva 
saaTebSic.  magaliTad terskolSi (ialbuzi,  2150m) Cve-
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ni dakvirvebebis procesSi (88,97) xSirad aRiniSneboda 
Pa-s  sidideebis dacema  dRis pirvel naxevarSi ferdo-
bebze mimdinare eroziul-denudaciuri procesebis Se-
degad. rogorc sinoptikuri  procesebis analizi gviC-
venebs, mTian raionebSi Pa-s maqsimums adgili aqvs anti-
ciklonaluri tipis amindis pirobebSi, xolo dablob 
raionebSi — arqtikuli civi haeris masebis SemoWrisas, 
rodesac maT Tan axlavs naleqebi da atmosferodan ae-
rozolebis intensiuri gamorecxva (3). Pa-s dRiuri 
msvlelobis amplitudis maqsimumi aRniSnulia  mtkvar-
araqsis da kaspiispira dablobebSi, araratis vakeze, 
aRmosavleT saqarTvelos barSi. Pa —s  saSualo Tviuri 
sidideebis ganeduri cvlilebebi gacilebiT naklebia 
adgilis absoluturi simaRliT gamowveul cvlilebeb-
ze. magaliTad,  ivnisSi centraluri kavkasionis sam-
xreT ferdobze 403-3653m simaRleTa diapazonSi Pa iz-
rdeba 18%-iT (68%|dan 86%-mde), xolo ganedis sididis 
cvlilebiT 39-460-is zRvrebSi igi rCeba ucvleli (72%). 

Ta-s saSualo Tviuri mniSvnelobebi meryeoben Sem-
deg sazRvrebSi: 2,4-4 ,2 afSeronze da kaspiispira dab-
lobze, 2,5-3,1 CrdiloeT kavkasiis winamTaSi, 2,2-3,5  
kolxeTis dablobze  da Savi zRvis sanapiroze, 2,7 -4,4 
alaznis velze, mtkvar-araqsis dablobze da naxWevanis 
qvabulSi, 2,8-3,7  araratis vakeze.  Pa —s saSualo mra-
valwliuri sidide kavkasiis teritoriaze icvleba 
3,31-dan  (Tbilisi) 1,78-mde (yinulovani baza, ialbuzi). 
mzis simaRlis matebisas atmosferos gamWvirvalobis 
koeficientis - P saSualo mniSvnelobebi mcirdeba, xo-
lo simRvrivis faqtori - T matulobs.  damokidebule-
bebi P=f(ho) da T=f( ho) analizurad warmoidginebian 
wrfivi funqciebis saxiT (cxrili 2.2.1). 

kavkasiis mTian raionebSi adgilis simaRlis  H  
zrdisas Pa  izrdeba, Ta  mcirdeba. damokidebulebebs 
Pa=f(H) da Ta =f( H) aqvs Semdegi analizuri saxeebi: 

centraluri kavkasionis CrdiloeTi ferdobi: 
ianvari Pa=0,708+0,086H+0,011H2              (2.7) 
          Ta=2,77-0,317H                       (2.8) 
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agvisto Pa=0,639+0,088H-0,085H2           (2.9) 
         Ta=3,33-0,33H                                       2.10) 
 

cxrili 2.2.1. 
b da k-s  mniSvnelobebi damokidebulebebSi P=b-kho, 

T=b+kho 
 

b k raioni, punqti 
P=f(ho) T=f(ho) P=f(ho) T=f(ho) 

kaspiispira dablobi 0,778 2,46 -0,0018 0,024 
Savi zRvis sanapiro  0,792 2,26 -0,0018 0,022 
kolxeTis dablobi 0,792 2,26 -0,012 0,014 
centraluri kavkasioni 
m/m yazbegi 

0,888 1,175 0,00033 0,0025 

centraluri kavkasioni 
jvaris uReltexili 
(2,4km) 

0,864 1,400 -0,0004 0,005 

aRmosavleTi kavkasioni, 
m/m sulaki (2,9km) 

0,850 1,592 -0,0005 0,0058 

 
 centraluri kavkasionis samxreTi ferdobi: 
ianvari   Pa=0,664+0,1137H-0,0138H2  (2.11) 

                            Ta=3,143e-0,241H   (2.12) 
agvisto  Pa=0,591+0,113H-0,0105H2   (2.13) 
                  Ta=4,56  e-0,262H   (2.14) 
 
didi da mcire  kavkasionis mTiani sistemebi er-

Tad: 
dekemberi Pa=0,775+0,035H    (2.15) 
                     Ta=2,72+0,03H-0,11H2   (2.16) 
ivlisi        Pa=0,675+0,045H   (2.17) 
                     Ta=3,88-0,17H-0,11H2  (2.18) 
weliwadi  Pa=0,705+0,045H   (2.19) 
                    Ta=3,22-0,040H-0,11H2                      (2.20) 
dakvirvebis Sedegad miRebuli da (2.7-2,20)  anali-

zuri damokidebulebiT gamoTvlili Pa da Ta-is sidide-
ebs Soris gansxvaveba umniSvneloa. magaliTad, wrfivi 
damokidebulebebis SemTxvevaSi σ  Seadgens 0,02  xolo 
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meore rigis  parabolebis SemTxvevaSi 0,03-s.  (2,19-2,20) 
damokidebulebebis grafikuli saxe warmodgenilia nax. 
2.2.1-ze. 

 

 
 

nax. 2.2.1 Pa da Ta-is saSualo wliuri sidideebis ad-
gilis absolutur simaRleze damokidebulebebi  kavka-
siisaTvis 

 
Pa maqsimums aRwevs  maRalmTian raionebSi. magali-

Tad, ialbuzis unagiraze (5,3km) ivlis-agvistoSi (1970-
1984w.w.)  Cveni gazomvebis Tanaxmad Pa-is sidide merye-
obda 0,890-0,935-is  sazRvrebSi.  analogiuri Sedegebi 
miRebuli iyo adre (26)-Sic . Cvens mier  miRebuli da 
(26)-Si moyvanili Pa-is sidideebi mcired gansxvavdebian 
am simaRleze idealur atmosferoSi arsebuli mniSvne-
lobebisagan.  am simaRleze mzis radiacia Sesustebas 
ZiriTadad ganicdis molekularuli gabneviT. centra-
luri kavkasionis myinvarebze: kulaki (3,0km), baSili 
(3,2km) da terskoli (3,8km) abliaciis periodSi Cvens mi-
er gansazRvruli Pa-is saSualo Tviurma sidideebma (V-
VIII) saTanadod Seadgina 0,86 da 0,88. 

kavkasiis dablob teritoriaze Pa-is saSualo Tvi-
uri mniSvnelobebis ganawileba wlis sezonze damoki-
debulebiT xasiaTdeba Semdegi TaviseburebebiT: ian-
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varSi Pa Seadgens Savi zRvis sanapiroze, yubanisa da 
kolxeTis dablobebze 79-81%, kaspiispira dablobze 
(sanapiro zolis CaTvliT), CrdiloeTi kavkasiis mine-
raluri wylebis raionebSi 76-79%, mtkvar-araqsis dab-
lobze, qarTlis, alazan-avtoranis, araratis vakeebze 
da naxWevanis qvabulSi 74-75%, amrigad,  ianvarSi Pa-is 
minimumi aRiniSneba mtkvar-araqsis dablobze, qarTlis 
da araratis vakeebze, naxWevanis qvabulSi.  Savi zRvis 
sanapiroze aerozoluri simRvrivis Semcirebis Sede-
gad Pa  ramdenadme matulobs. martSi atmosferos ten-
Semcvelobis da aerozoluri daWuWyianebis Sedegad 
atmosferos gamWvirvaloba ecema. am TveSi Pa-is sidi-
deebi meryeoben  Savi zRvis sanapiro zolSi 75-77% 
(mcirdeba samxreTisaken) kaspiispira da mtkvar-araqsis 
dablobebze 69-70%, CrdiloeT kavkasiis  mineraluri 
wylebis raionSi,  yabardos, qarTlis, araratis vakeeb-
ze da alaznis velze 74-75%-is zRvrebSi, naxWevanis qva-
bulSi Pa-is sidide  Seadgens 72%. ivlisSi atmosferos 
gamWvirvaloba ufro metad ecema.  Pa-is sidideebi am 
TveSi meryeoben Savi zRvis sanapiroze,  CrdiloeTi 
kavkasiis mineraluri wylebis raionSi,  kolxeTisa da 
yubanispira dablobebSi 65-66%, naxWevanis qvabulSi, 
araratis  vakeze da kaspiis zRvis sanapiro zolSi 68-
70%, qarTlis vakeze da alazan-avtoranis velze 65-
68%-is zRvrebSi. ivlisSi Pa-is minimumi aRiniSneba kas-
piispira dablobis Savi  miwebis raionSi (punqtebi yiz-
lari, bajigani), mtkvar-araqsis dablobze, qarTlis va-
keze da alazan-avtoranis velze.  

oqtomberSi Pa-is sidideebi SesamCnevad izrdeba. 
isini Seadgenen Savi zRvis sanapiroze, yubanispira da 
kolxeTis dablobze 76-78%, kaspiispira, mtkvar-araq-
sis dablobebze, alaznis velze da naxWevanis qvabulSi 
72-73%, CrdiloeT kavkasiis mineraluri wylebis rai-
onSi, qarTlisa da araratis vakeebze 74-75%, kaspiis 
zRvis sanapiro zolSi 76-72%  (Pa ecema samxreTis mimar-
TulebiT). oqtomberSi  Pa-is minimumi aRiniSneba kaspi-
ispira dablobze (Savi miwebis  raionSi), alazan-avto-
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ranis velze, mtkvar-araqsis dablobze da naxWevanis 
qvabulSi . Pa-is saSualo wliuri mniSvnelobebis ganawi-
leba kavkasiis teritoriaze  mocemulia nax. 2.2.2. 

atmosferos fizikuri mdgomareobis zogierTi ma-
xasiaTebeli awd (atmosferos simRvrivis  optikuri sim-
kvrive) da qwd (wylis orTqlis da aerozolis gamWvirva-
lobis koeficienti) centraluri kavkasionis Crdilo-
eTi ferdobisaTvis Cvens mier gamoTvlili iqna (4)-Si 
mocemuli  meTodikis gamoyenebiT. adgilis absolutu-
ri simaRlis zrdis SemTxvevaSi qwd  matulobs, awd mcir-
deba. qwd da awd  -s saSualo  wliuri sidideebi  Seadgenen 
CrdiloeTi kavkasiis winamTis raionebSi (0,4km) 0,783 da 
0,101, 2,2 km. simaRleze  0,855 da 0,067, 3,1km-ze 0,880 da 
0,054, 3,8 km-ze 0,894 da 0,045., weliwadis ganmavlobaSi awd 

maqsimaluria  zafxulSi, qwd  ki zamTarSi. kurort soW-
Si weliwadis ganmavlobaSi awd icvleba 0,054(I)-0,116(VII) 
sazRvrebSi (72). amave TveebSi Cveni monacemebiT awd ic-
vleba Semdeg sazRvrebSi: 0,080-0,121(0,4km), 0,052-
0,082(2,2km), 0,045-0,068 (3,1km), 0,041-0,052 (3,8km). awd-s si-
dideebi kurort nalCikSi (0,4km) metia, vidre soWSi, 
rac ganpirobebul ia Savi zRvis gavleniT.  

rogorc cnobilia, S-is saerTo Sesusteba atmos-
feroSi - SΔ  warmoidgineba Semdegi saxiT: 

 

m w AS S S SΔ Δ + Δ + Δ=                           (2.20) 
 
sadac, mSΔ , wSΔ , ASΔ  arian S-is Sesustebis komponente-
bi Sesabamisad idealur atmosferoSi molekuluri gab-
neviT ( SΔ m), wylis orTqlis STanTqmiT ( SΔ w), aerozo-
lebze gabneviT da STanTqmiT ( SΔ A). SΔ  gviCvenebs, Tu 
dedamiwis zedapirze gazomili S-is intensivoba ra si-
didiT naklebia mzis mudmivaze.  rodesac Ho=30o(m=2),  
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nax.2.2.2 gamWvirvalobis koeficienti P2, weliwadi. 
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cxrili 2.2.2 
SΔ -is saSualo mniSvnelobebi mzis simaRleze damoki-

debulebiT, kvt/m2 

 

1 2 3 4 5 6 7 8 9 
ho grad. punqti H, m 

10 20 30 40 50 60 70 
yizlari -5 0.94 0.75 0.66 0.62 0.61 0.59 - 

maxaCkala 21 0.91 0.74 0.62 0.60 0.57 0.56 0.55 
kunZuli 
artioma 

-26 0.94 0.75 0.67 0.62 0.60 0.58 0.56 

cxakaia 40 0.88 0.69 0.60 0.57 0.55 0.51 0.49 
giganti 83 0.90 0.71 0.62 0.56 0.55 0.54 - 

soWi 57 0.87 0.68 0.61 0.57 0.56 0.55 0.54 
mingeCauri 93 0.96 0.77 0.68 0.63 0.59 0.57 0.56 

soxumi 116 0.90 0.69 0.59 0.56 0.53 0.52 0.51 
anaseuli 158 0.85 0.65 0.55 0.51 0.49 0.48 0.47 
Tbilisi 403 0.96 0.79 0.69 0.61 0.58 0.56 0.55 
nalCiki 450 0.93 0.75 0.61 0.56 0.54 0.53 0.52 
Telavi 568 0.89 0.70 0.60 0.58 0.55 0.51 0.50 

piatigorski 537 0.89 0.71 0.61 0.56 0.55 0.54 0.53 
naxWevani 875 0.94 0.76 0.64 0.60 0.59 0.57 0.55 
erevani 942 0.90 0.72 0.62 0.55 0.53 0.52 0.50 
walka 1457 0.83 0.64 0.53 0.51 0.48 0.46 0.45 

leninakani 1556 0.82 0.62 0.50 0.48 0.47 0.46 0.45 
martuni 1945 0.77 0.60 0.48 0.46 0.44 0.42 0.41 

terskoli 2150 0.75 0.57 0.47 0.43 0.40 0.39 0.38 
kobCeki 2387 0.72 0.52 0.43 0.41 0.39 0.38 0.36 

jvris uRel-
texili 

2395 0.71 0.51 0.44 0.41 0.39 0.38 0.37 

m/m sulaki 2923 0.68 0.50 0.43 0.40 0.38 0.37 0.36 
terskolis 

piki 
3065 0.62 0.46 0.36 0.32 0.30 0.29 0.28 

m/m yazbegi 3653 0.52 0.40 0.32 0.28 0.26 0.25 0.24 
yinulovani 

baza 
3750 0.53 0.38 0.31 0.27 0.25 0.24 0.24 
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maSin SΔ -is sidide ganisazRvreba Semdegi gamosaxule-
biT: 

SΔ =So-Sp,30                                                                           (2.21) 
 

kavkasiis 25 aqtinometriuli sadgurebisaTvis 
Cvens mier gamoTvlili iqna SΔ -is saSualo mravalwli-
uri sidideebi mzis simaRleze damokidebulebiT (cxri-
li 2.2.2), rogorc am cxrilidan Cans, ho-s mudmivi (fiq-
sirebuli) sididis SemTxvevaSi adgilis absoluturi 
simaRlis zrdisas SΔ  mcirdeba  da aRwevs minimums ma-
RalmTian raionebSi. magaliTad,  rodesac ho=70o SΔ  
dablob raionebSi meryeobs, 0,49-0,56 kvt/m2-is zRvreb-
Si, maRalmTian punqtebSi (m/m yazbegi, yinulovani baza) 
igi tolia 0,24kvt/m2-isa.  ho-s zrdisas 10-700-is saz-
RvrebSi SΔ -is sidide TandaTan mcirdeba da aRwevs mi-
nimums mzis maqsimaluri simaRleebis SemTxvevaSi. gar-
da amisa, SΔ -s gaaCnia  mkveTrad gamoxatuli wliuri 
msvleloba zafxulis minimumiT, zamTris maqsimumiT. 

wylis orTqlis  mier STanTqmuli radiaciis sidi-
de - wSΔ  gamoiTvleba Semdegi formulebiT: 

 

wSΔ =0,184(mw)0,270                                                  (2.22) 

wSΔ =0,172(mw)0,303                                                  (2.23) 
 

romlebic iZlevian erTmaneTisagan mcired gan-
sxvavebul Sedegebs. am formulebSi m aris atmosferos 
masa, W wylis orTqlis Semcveloba 1sm2-is toli fuZis  
haeris svetSi. W-s sidide  ganisazRvreba atmosferos 
radiozondirebis Sedegad. ASΔ  gamoiTvleba (2.20)-dan: 

 

 ASΔ = m wS - S SΔ Δ − Δ                                          (2.24) 
 

sadac m 0 mS S SΔ −= , aq 0S  aris mzis mudmiva,  mS  
ki idealur atmosferoSi mzis pirdapiri radiaciis si-
dide. rodesac m=2, mSΔ = 0, 25 kvt/m2. Cvens mier kavka-

sionis CrdiloeTi ferdobisaTvis (0,4-3,8km) wSΔ -s sa-
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Sualo mniSvnelobebi gamoTvlili iqna (2.22) formu-
liT. W-s sidideebi gamoTvlili iqna yabardos bablob-
ze, mineralur wylebSi da ialbuzis raionSi (2,2km) Ca-
tarebuli atmosferos radiozondirebis masalebis ga-
moyenebiT. W-s sidideebi gamoTvlilia atmosferoSi  
haeris temperaturisa da tenianobis vertikaluri ga-
nawilebis monacemebiT, Semdegi formuliT: 

 
pi

ΔPqW = ∑
0

1

980
saS                                              (2.25) 

 
sadac qsaS aris mocemuli fenisaTvis haeris xvedriTi 

tenianobis saSualo mniSvneloba, ΔP -s fenis zeda da 
qveda sazRvrebs Soris wnevaTa sxvaoba. rogorc ΔSw  da 

ΔSA -s saSualo Tviuri da wliuri  sidideebis analizi 
gviCvenebs, kavkasionis CrdiloeT ferdobze weliwadis 
ganmavlobaSi sWarbobs aerozoluri Sesusteba. simaR-
lis zrdasTan erTad ΔSw  da ΔSA -s sidideebi  sinqro-
nulad mcirdebian. adgilis absoluturi simaRlis 
zrdisas 0,4-3,8 km diapazonSi  ΔSw  da ΔSA  mcirdebian 
Sesabamisad dekemberSi 0,15 da 0,22 kvt/m2-dan 0,08 da 
0,14 kvt/m2-mde, ivlisSi 0,24 da 0,27 kvt/m2-dan 
0,13kvt/m2-mde. weliwadis ganmavlobaSi saSualod  0,18 
da 0,22 kvt/m2-dan 0,08-0,13 kvt/m2-mde. ΔSw  da ΔSA  -s 
wliuri msvlelobis minimumi aRiniSneba zamTris, maq-
simumi zafxulis TveebSi rac dakavSirebulia wlis  
Tbil periodSi atmosferos tenSemcvelobis  da aero-
zolebiT gaWuWyianebis zrdasTan turbulenturi pro-
cesebis ganviTarebis Sedegad. 4km da met simaRleebze 
ΔSA  weliwadis ganmavlobaSi umniSvnelod icvleba. da-

mokidebulebebi ΔS f(H)A =  da ΔS f(H)w =  analizu-
rad warmoidginebian mcire rigis parabolas saxiT (88). 
Savi zRvis sanapiroze  ganlagebul punqtebSi 
ΔS ΔSA wp -ze, weliwadis ganmavlobaSi  ΔSA  da ΔSw  si-
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dideebs Soris  sxvaoba meryeobs zamTarSi 0,07-0,15, 
zafxulSi  0,03-0,04 kvt/m2-is sazRvrebSi.   msxvil sam-
rewvelo centrebSi (Tbilisi, baqo, erevani) ΔSA  da 

ΔSw  zamTris periodSi axloa, xolo zafxulSi  tolia 

erTmaneTisa.  am qalaqebSi zafxulis TveebSi ΔSA  aR-
wevs 0,03 kvt/m2-s, rac ZiriTadad ganpirobebulia at-
mosferos  anTropogenuri aerozolebiT gaWuWyiane-
biT. Savi zRvis sanapirosagan gansxvavebiT, kaspiis 
zRvis  sanapiro zolSi  ΔS ΔSA w≥   zafxulSi da 

ΔS ΔSA w≤   zamTarSi. maT Soris sxvaobis sidide merye-
obs zafxulSi 0,03-0,05 zamTarSi 0,03-0,04 kvt/m2-is saz-
RvrebSi.  

 
 

2.3 Rrublianobis da mzis naTebis reJimi 
 
qvefenili zedapiris radiaciuli balansis da misi 

komponentebis formirebaze did gavlenas axdens Rrub-
lianoba da mzis naTebis reJimis Taviseburebebi. Rrub-
lianoba, rogorc atmosferos optikurad aqtiuri erT-
erTi umniSvnelovanesi faqtori,  warmoadgens radiaci-
uli velis mTavar regulators da asrulebs or mniSvne-
lovan funqcias:  dRis ganmavulobaSi amcirebs mzis na-
Tebis xangrZlivobas da sxivuri energiis dones (para-
lelurad  zrdis dedamiwis planetarul albedos)  Ra-
mis saaTebSi  ki TamaSobs siTburi ekranis rols, icavs 
dedamiwis zedapirs gacivebisagan. rac Seexeba  Rruble-
bis radiaciul Tvisebebs, eqsperimentuli da Teoruli 
TvalsazrisiT kargad Seswavlilia qveda da saSualo  
iarusis fenovani Rrublebi.  maTTvis dadgenilia albe-
dos da STanTqmis unarianobis damokidebulebebi opti-
kur sisqeze, mikrostruqturul parametrebze da mzis 
mdebareobaze. zeda iarusis yinulovani Rrublebis  op-
tikuri Tvisebebis SeswavlaSi  didi mniSvneloba eniWeba  
dedamiwis xelovnur Tanamgzavrebs.  
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kavkasiis teritoriis  Rrublianobis reJimis ka-
nonzomierebebis dadgenis mizniT  gaanalizebuli iqna 
mravalwliuri saSualo, saerTo da qveda iarusis  moR-
rubluloba, cis mowmendili da moRrubluli mdgoma-
reobis albaToba, mowmendili da moRrubluli amindis 
mdgradobis koeficientebi Ka , KR  saerTo da qveda ia-

rusis RrublianobiT, romlebic mzis naTebis xan-
grZlivobis ganawilebasTan, mowmendili, moRrubluli 
da umzeo dReebis maxasiaTeblebTan erTad iZlevian 
qvefenili zedapiris radiaciuli balansis formireba-
ze moRrublulobis reJimis gavlenis Sesaxeb amomwu-
rav pasuxs. amJamad kavkasiis teritoriisaTvis  moR-
rublulobaze sistematuri dakvirvebis periodi Sead-
gens 50 welze mets, rac iZleva Rrublianobis droSi 
stabiluri saSualo mniSvnelobebis dadgenis saSuale-
bas. kavkasiis teritoriaze moRrublulobis reJimi 
formirdeba  atmosferoSi mimdinare zogad cirkula-
ciuri procesebiT  da maTze regionis rTuli orogra-
fiuli faqtoris gavleniT.  

mikrocirkulaciuri procesebis realizaciis xa-
risxze mniSvnelovan gavlenas axdens kavkasiis mTiani 
sistemis rTuli orografiuli struqtura. kavkasiis 
mTebi, rogorc reliefis ZiriTadi qaoturad ganlage-
buli  didi raodenobis sxvadasxva formebis rTuli 
sistema, xels uwyobs  cirkulaciis lokaluri saxeobe-
bis warmoqmnas, romlebic zogad cirkulaciur proce-
sebTan moqmedebis Sedegad garkveulwilad cvlian maT. 
moRrublulobis reJimis Taviseburebebze did gavle-
nas axdens Savi, kaspiisa da azovis zRvebis siaxlovec. 
kavkasiis teritoriaze zamTarSi amindi da moRrublu-
lobis reJimi ganpirobebulia kavkasiis aRmosavleTiT  
(Crdilo-aRmosavleTiT)  ganlagebuli maRali wnevis  
aris (cimbiris anticikloni) samxreT-dasavleTis peri-
feriaze (Sav zRvaze da mis dasavleTiT) ganlagebuli 
dabali wnevis aris sinqronuli moqmedebiT.  aseTi si-
tuaciis pirobebSi  bariuli gradientebi mimarTulia 
aRmosavleTidan (Crdilo-aRmosavleTidan) dasavle-
Tis (samxreT-dasavleTis) mimarTulebiT  da Sesabami-
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sad wlis am sezonSi  gabatonebulia aRmosavleTidan 
(Crdilo-aRmosavleTidan)  Semosuli civi haeris mase-
bi, romlebic Tergi-kumas,  Tergi-sulakis, kaspiispira 
dablobSi,  stavropolis  maRlobis aRmosavleT fer-
dobze, azerbaijanisa da aRmosavleT saqarTvelos rai-
onebSi  orografiuli awevis Sedegad xdebian aRmavali, 
rasac Tan sdevs Rrublianobis mateba. dasavleTi wina-
kavkasiisa (winamTis raioni, yubanispira dablobi) da 
dasavleT saqarTvelosaTvis aRmosavleTidan  SemoW-
rili haeris masebi meridianuli mimarTulebiT ganla-
gebul stavropolis maRlobze da lixis qedze gadas-
vlis Semdeg xdebian daRmavali da fionuri movlenebis 
ganviTarebis Sedegad am raionSi Rrublianoba mcirde-
ba. Savi zRvis gavleniT,  romelic wlis civ periodSi 
ar iyineba, moRrubluloba  matulobs.  zRvispira sana-
piro raionebSi yubanispira da kolxeTis dablobze  
cis moRrubluli mdgomareoba aRwevs 65-70%-s. wlis 
civi periodis ganmavlobaSi kavkasiis teritoriaze ad-
gili aqvs  umetesad Sidamasiur fena moRrublulobas, 
romlis warmoqmnas  ganapirobebda haeris miwispira fe-
nis inversiuli mdgomareoba (151,152). zafxulis peri-
odSi  dasavleT  evropis teritorias ikavebs maRali 
wnevis, xolo aziis samxreT-dasavleT  nawils — dabali 
wnevis are. am SemTxvevaSi kavkasiis teritoriaze  bari-
ul gradientebs  aqvs zamTris sawinaaRmdego mimarTu-
leba, ris Sedegad Sesabamis mimarTulebas (dasavleTi-
dan, Crdilo-dasavleTidan,  aRmosavleTisaken,  sam-
xreT-aRmosavleTisaken) Rebuloben haeris masebic. 
wlis am periodSi adgili aqvs  adeqvatiur procesebs 
dasavleTidan. am procesebis orografiuli gamwvavebi-
sas dasavleT saqarTvelos mTian amfiTeatrSi, stavro-
polis maRlobis dasavleT ferdobebze, CrdiloeT kav-
kasiis winamTis raionebis dasavleT  nawilSi Tan sdevs 
Rrublianobis mkveTri zrda. wlis Tbil periodSi hae-
risa da qvefenili zedapiris temperaturis zrdis da 
sezonuri Tovlis safaris gaqrobis Sedegad iqmneba  
xelsayreli pirobebi  haeris masebis  transformaciis 
procesebis ganviTarebisa, Sidamasiuri fenovani Rrub-
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lianobis mTliani safaris daSlisa da misi konveqtiu-
ri formebis warmoqmnisaTvis.  

saerTo Rrublianobis (N) mravalwliuri saSualo 
Tviuri sidideebis maqsimums CrdiloeT  kavkasiis te-
ritoriaze  adgili aqvs weliwadis civ periodSi. igi aq 
meryeobs 6,2-8,7 aRmosavleT saqarTvelos barSi  5,5-7,6 
mtkvar-araqsis dablobze 3,3-4,3 araratis vakeze 2,3-2,7 
balis zRvrebSi. amave periodisaTvis qveda iarusis 
moRrublulobis (n) sidideebis maqsimmi meryeobs 
CrdiloeT kavkasiis dablob raionebSi 3,4-7,8 saqarTve-
los barSi 3,5-5,8, mtkvar-araqsis auzSi 1,1-2,6  arara-
tis vakeze  1,3-1,5 balis zRvrebSi. 

 mTian raionebSi Rrublianobis reJimze absolu-
turi simaRlis garda gadamwyvet gavlenas axdens  re-
liefis forma da misi elementebis orientacia notio 
haeris nakadebis mimarT. moRrubluloba mTiani relie-
fis uaryofiT, qarebisagan dacul elementebSi (xeobe-
bi, qvabulebi) gacilebiT naklebia, vidre Ria adgilze. 
moRrublulobis formirebis  procesebze wlis Tbil 
droSi gansazRvrul gavlenas axdens adgilis absolu-
turi simaRle, romlis matebis SemTxvevaSi 3km-mde, kav-
kasiis mTian raionebSi  moRrubluloba saSualod iz-
rdeba.  

kavkasiis teritoriaze maqsimalurad Rrublian 
raionebad iTvlebian stavropolis aRmosavleTi fer-
dobebi, aRmosavleT winakavkasiis winamTis raionebi mi-
neraluri wylebis CaTvliT, aWaris Savi zRvis sanapi-
ro, dasavleT saqarTvelos Savi zRvisaken orientire-
buli amfiTeatris ferdobebi da winamTis raionebi, sa-
dac saSualo wliuri saerTo moRrubluloba mraval-
wliuri  monacemebiT aRwevs 7 bals.  

qveda iarusis moRrublulobis saSualo wliuri 
maqsimumi aRniSnulia CrdiloeT kavkasiaSi yabardos 
vakis samxreT nawilSi da mineraluri wylebis raionSi — 
5,5 bali. saerTo da qveda iarusis saSualo wliuri 
Rrublianobis minimaluri sidideebi aRniSnulia mTian 
daRestanSi (zemo gunibi) 4,8 da 2,7 bali da naxWevanis 
qvabulSi (julfa)  4,3 da 2,1 bali.  
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 N da n —is absoluturi maqsimumebi CrdiloeT 
kavkasiis raionebSi aRniSnulia zamTarSi, minimumebi — 
zafxulSi, amierkavkasiis dablob raionebSi ki Sesaba-
misad gazafxulze (maqsimumi) da zafxul-Semodgomaze 
(minimumi). wlis civ periodSi  metad Rrubliania dRis 
pirveli, naklebad-meore naxevari. Tbil periodSi Si-
damasiuri konveqtiuri moRrublulobis ganviTarebis 
Sedegad adgili aqvs Sebrunebul  movlenas. Savi, azo-
vis da kaspiis zRvebis sanapiroze brizebis gavlenis Se-
degad maqsimalurad Rrubliania dilis, minimalurad — 
saRamos saaTebi.  saerTo Rrublianobis SemTxvevaSi 
kavkasiis teritoriaze cis moRrubluli mdgomareo-
bis albaTobis — P maqsimumi aRiniSneba wlis civ peri-
odSi da igi meryeobs das avleT winakavkasiaSi 63-77%, 
aRmosavleT winakavkasiaSi 78-85%, amierkavkasiis dab-
lob raionebSi 54-69%, kavkasiis mTian raionebSi 50-72% 
zRvrebSi. P —is minimums adgili aqvs weliwadis Tbil 
periodSi. kavkasiis dablobi raionebis umetesobaSi igi 
meryeobs 15-37%- is, xolo araratis  vakeze da naxWeva-
nis qvabulSi 10-16%-is sazRvrebSi. didi kavkasionis 
mTian raionebSi P icvleba 28-50%, xolo somxeTis mTia-
neTSi 18-28%-is sazRvrebSi. qveda iarusis Rrubliano-
bis SemTxvevaSi cis moRrubluli mdgomareobis alba-
Tobis teritoriuli  ganawilebis kanonzomierebebi 
analogiuria P -is ganawilebisa: maqsimumiT wlis civ da 
minimumiT wlis Tbil periodSi.  kavkasionis mTian rai-
onebSi am maCveneblis minimumi aRiniSneba zamTarSi (20-
35%), mcire kavkasionis mTian raionebSi Semodgomaze 
(7-24%), moRrublul dReTa ricxvi (saerTo moRrub-
luloba) weliwadSi saSualodan meryeobs 65-170-is 
zRvrebSi CrdiloeT kavkasiaSi da 67-175-is zRvrebSi 
amierkavkasiaSi. mowmendil dReTa ricxvi ki Sesabami-
sad 36-95-is (CrdiloeT kavkasia) da 35-125-is zRvrebSi 
(amierkavkasia).  

kavkasiis teritoriaze mowmendili da moRrublu-
li amindis mdgradobis Sesaxeb warmodgenas iZlevian 
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koeficientebis Ka , KR  sidideebi, romlebic ganisaz-

Rvrebian Semdegi damokidebulebidan: 
 

K
o

a
a

a

n
P =

= ,     
10

n
K

P =

= R

R
m

                                  (2.31) 

sadac na  da nR  aris mowmendili da moRrubluli  

dReebis ricxvi, 
a

n
P =0

R
 da 10P =m  cis mowmendili  da moR-

rubluli mdgomareobis ganmeorebadoba (%-Si). saerTo 
moRrublulobis SemTxvevaSi K KfR R  CrdiloeTi 

kavkasiis dablob teritoriaze stavropolis  maRlo-
bis CaTvliT seqtember-ivlisis (10 Tve) ganmavlobaSi, 
araratis vakeze  noember-maisis (7 Tve) ganmavlobaSi. 
kavkasiis mTian raionebSi KR SeiZleba  meti iyos Ka -ze 

6-12 Tvis ganmavlobaSi adgilis lokalur Tavisebure-
bebeze da absolutur simaRleze damokidebulebiT. sa-
erTo moRrublulobis pirobebSi KR -s sidide Savi 

zRvis sanapiroze, centralur kavkasionze,  kaspiispira 
dablobze, alazan-avtoranis vakeze meryeobs 80-88%, 
qarTlis vakeze ioris zeganze, mtkvar-araqsis dablob-
ze ki 70-75% -is sazRvrebSi.  

mzis naTebis xangrZlivoba damokidebulia adgi-
lis ganedze, horizontis daxurulobis sidideze da 
Rrublianobis reJimze. mzis naTebis SesaZlebeli xan-
grZlivoba SS  gamoiTvleba Teoriulad, an ganisaz-
Rvreba specialuri cxrilebiT, romlebSic mocemulia 
Sesworebebi horizontis  daxurulobaze da naTebis 
xangrZlivobis Camweri xelsawyos mgrZnobiarobaze. 
mzis naTebis astronomiulad  SesaZlo xangrZlivoba 
ganisazRvreba adgilis ganedis sididiT (mzis simaR-
liT). am  SemTxvevaSi mzis  amosvlisa da Casvlis momen-
tebi gamoiTvlebian Sesabamisi TanafardobebiT (51). 
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mzis naTebis faqtiuri xangrZlivoba Sw   mTiani relie-

fis pirobebSi mzis amosvlisa da  Casvlis azimutebSi 
reliefis elementebis kuTxur zomebze damokidebule-
biT icvleba farTo zRvrebSi.  arsebobs ramdenime me-
Todi, romlebiTac instrumentaluri registraciis 
gareSe  ganisazRvreba Sw -s sidideebi.  kavkasiis teri-

toriaze  Sw -s  ganawileba xasiaTdeba TaviseburebebiT, 

romlebic ganpirobebulia  regionis SedarebiT sam-
xreTi mdebareobiT, rTuli orografiiT da Rrublia-
nobis  reJimiT. 

Sw -is absoluturi maqsimumi aRiniSneba naxWevanis 

qvabulSi (2860sT). azovis zRvis sanapiroze Sw   aRwevs 

2450,  qvemo qarTlis vakeze 2520, ararati  dablobze 
2700, sevanis tbis auzSi 2780 saaTs. Sw -s minimums  adgi-

li aqvs CrdiloeT kavkasiis winamTaSi: dasavleT wina-
kavkasiis winamTaSi  Seadgens 1780, xolo mineraluri 
wylebis raionebSi da yabardos vakeze 1749 saaTs. mTian 
raionebSi Ria adgilebze ganlagebul punqtebSi adgi-
lis absoluturi simaRlis zrdasTan erTad 2,5-3,0km-
mde Sw -is sidideebi matuloben. magaliTad, centra-

luri kavkasionis CrdiloeT ferdobze sadgur berma-
mitze (2,6 km ) Sw  Seadgens 2350 saaTs, terskolis pikze 

(3,1km) — 2470 saaTs, am simaRleebze zeviT adgilis sidi-
dis zrdis sinqronulad Sw  mcirdeba: aqve ganlagebul  

yinulovan bazaze (3,8km) igi Seadgens 2120 saaTs,  xolo 
TerTmeti s TavSesafarSi (4,2km) 1970 saaTs.  mTiane rai-
onebSi reliefis uaryofiT formebSi ganlagebul pun-
qtebSi Sw -as sidide  damokidebulia horizontis efeq-

tur nawilSi arsebuli garemomcveli qedebisa da 
mwvervalebis  kuTxur zomebze.  
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kavkasiis teritoriaze 
S
S
w

S

 sidide ZiriTadad me-

tia 50%-ze.  mineraluri wylebis  raionSi, centraluri 
da aRmosavleTi kavkasionis CrdiloeTi ferdobis wi-

namTaSi ki 
S
S
w

S

 naklebia 50%-ze. am Sefardebis wliuri 

svlis mruds dablobi raionebisaTvis  maqsimumi aqvs 
zafxulis, xolo mTiani da maRalmTiani raionebisaTvis 
zamTris periodSi, rac aRniSnulia kerZod (160)-Sic.  

umzeo dReebis ricxvi weliwadSi aRwevs Crdilo-
eT kavkasiaSi 103-s  (kotlliarevskaia), amierkavkasiaSi 
95-s (qveda navmisadgomi). 

kavkasiis teritoriisaTvis gamoTvlili iqna mzis 
naTebis xangrZlivobis  Semdegi statistikuri maxasia-

Teblebi: σ - saSualo kvadratuli gadaxra, 
n
σσ =1  

normis cdomileba, sadac n aris dakvirvebis wlebis 

faqtiuri raodenoba, variaciis koeficienti C
S
σ

= , 

sadac S    aris mzis naTebis xangrZlivobis mravalwli-

uri saSualo sidide, 
S
S

σ ( )n

S

 — mzis faqtiuri naTebis 

xangrZlivobis Sn   SesaZlo naTebis  xangrZlivobasTan  

SS  Sefardebis — 
S
S
n

S

  saSualo kvadratuli   gadaxra.  

umzeo dReTa ricxvisaTvis gamoTvlili  iqna saSualo 

kvadratuli gadaxra - σ , normis   cdomileba - nσ 1 ( )  da 

variaciis koeficienti C n( ) . 
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cxrili 2.2.3. 
mzis naTebis faqtiuri xangrZlivobis Sf da umzeo 
dReTa ricxvis n statistikuri maxasiaTeblebi 

 
CrdiloeTi kavkasia  amierkavkasia 

ma
xa

si
a-

T
eb

el
i 

weli XII VI weli XII VI 

σ  0.5-1.8 1.5-3.0 0.6-1.8 0.4-2.0 1.3-3.2 0.7-2.0 

n
σσ =1 20-3.5 2.0-7.0 4.0-7.0 20-40 3.0-8.0 3.0-8.5 

C -
S
σ  0.05-0.09 0.11-0.42 0.08-0.18 0.05-0.10 0.10-0.45 0.05-0.26 

S
S

σ ( )n

S

 3.0-8.5 6.0-15.0 5.0-8.0 3.0-10.0 7.0-16.0 4.5-9.0 

C
S
σ

S

 0.05-0.20 0.15-0.55 0.10-0.22 0.06-0.20 0.15-0.45 0.10-0.20 

n)σ (  7.0-14.5 2.5-6.0 0.5-2.0 7.0-13.5 2.2-6.5 0.3-2.8 

n)σ 1 (  1.0-3.0 0.5-1.0 0.10-0.35 1.2-3.0 0.4-1.4 0.07-0.50 

C n( )  0.10-0.25 0.20-0.78 0.20-0.65 0.10-0.35 0.6-2.5 0.5-3.5 

σw  90-135 10-30 25-38 105-190 15-40 15-42 

 
am cxrilSi σw  aris mzis naTebis xangrZlivobis 

wliuri da Tviuri  sidideebisaTvis saSualo kvadra-
tuli gadaxra. cxril 2.2.3 moyvanili statistikuli ma-
xasiaTeblebis gamoTvlisas  sadgurebi SerCeuli iqna 
im principis gaTvaliswinebiT, rom maqsimalurad ga-
movleniliyo sakvlevi teritoriis fizikur-geogra-
fiuli da klimaturi Taviseburebebis gavlena  mzis na-
Tebis xangrZlivobis  cvalebadobaze, rogorc am cxri-
lidan Cans, mzis naTebis xangrZlivobis wliuri jamebis 
saSualo kvadratuli gadaxra  saSualo mravalwliuri 
jamebidan meryeobs 90-130 saaTis farglebSi  da iSvia-

Tad gamodis am  zRvrebidan C(
S
σ
)  sidide ar aRemateba  
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5-10%-s. dakvirvebebis grZelvadiani rigebis gamoyene-
biT SesaZlebeli gaxda gaTvliliyo mzis naTebis xan-
grZlivobis saSualo wliuri jamebis da maTi standar-
tuli gadaxrebi Sesabamisad 10-38 (CrdiloeTi kavkasia) 
da 15-42 (amierkavkasia) saaTis sizustiT.  aRsaniSnavia, 
rom mzis naTebis wliuri jamebis ganawileba axloa 
normalur ganawilebasTan da mzis naTebis xangrZlivo-
bis  rigebi arin SemTxveviTi Tanmimdevrobebi (wevrebs 
Soris ar arsebobs kavSiri),  razedac metyveleben maT-
Tvis droiTi avtokorelaciuri funqciebis gamoTvlis 
Sedegebi (137). magaliTad, saqarTvelos pirobebSi mra-
valwliuri monacemebiT dekember-TebervalSi  mzis na-
Tebis faqtiuri  jamebi  Seadgenen SesaZlo naTebis ja-
mebs — 25-40%-s da maTi Sefardebis sidide calkeul 
wlebSi Rrublianobis reJimis cvlilebebis Tavisebu-
rebebis gavleniT SeiZleba  daeces 20%-mde, an gaizar-
dos 60%-mde.  zafxulSi jamebis  Sefardeba meryeobs 
ZiriTadad 50-65%-is farglebSi, calkeul wlebSi ki 
maT SeiZleba miaRwion 70-75%-s. 
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Tavi 3. 

 

horizontaluri qvafenili zedapiris radia-

ciuli balansisa da mis komponentebis cvli-

lebis kanonzomierebebi 

 
3.1 mzis pirdapiri radiacia 

 
mzis pirdapiri radiaciis — S sidide damokidebu-

lia adgilis ganedze (mzis simaRleze), atmosferos fi-
zikur Tvisebebze da Rrublianobis reJimze. mTian rai-
onebSi mis formirebaSi mniSvnelovan rols TamaSobs 
adgilis absoluturi simaRle da reliefis morfolo-
gia. yofili sabWoTa kavSiris calkeuli raionebisaT-
vis S-is cvlilebebis kanonzomierebebi ganxilulia rig 
SromebSi, maT Soris (14,  74, 11, 45, 51, 75, 67, 68, 48, 158-
161, 46)-Si. Cvens SromebSi (85, 90, 92, 97, 101, 122)  mocemu-
lia S-is wliuri svlis analizi mowmendili cisa da 
Rrublianobis saSualo pirobebSi kavkasiis teritori-
isa , misi calkeul  raionebisa da punqtebisaTvis. dRe-
isaTvis kavkasiis aqtinometriuli sadgurebis qselze 
S-ze sistematuri dakvirvebebis periodis xangrZlivo-
ba aRemateba  40 wels,  rac iZleva imis garantias, rom 
dadgenili iqnes S da S1-is intensivobis da jamebis nor-
mebi, maTi droSi da sivrceSi cvlilebebis stabiluri 
kanonzomierebebi adgilis absolutur simaRleze da-
mokidebulebiT mowmendili cis ada moRrublulobis 
saSualo pirobebSi.  

sxivisadmi normalur sibrtyeSi mzis pirdapiri 
radiaciis S intensivobis maqsimumi mowmendili cis 
SemTxvevaSi  kavkasiis teritoriaze, aRiniSneba martSi, 

xolo horizontalur sibrtyeSi — S1
0  ivnisSi. Crdiloe-

Tidan samxreTisaken ganedis cvilebisas 70-is fargleb-

Si kavkasiis dablob raionebSi S0 -is mravalwliuri sa-
Sualo saSuadReo sidide (12 sT 30wT) matulobs martSi 

0,92 kvt/m2-dan 0,96kvt/m2-mde, S1
0 -is sidide ki — ivnisSi 
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0,80 kvt/m2-dan 0,90kvt/m2-mde. weliwadis ganmavlobaSi 
mzis simaRlis ho-is (atmosferos masis -m) mudmivi mniS-
vnelobebis pirobebSi So is sidide ganisazRvreba mxo-
lod atmosferos fizikuri TvisebebiT (gamWvirvalo-

ba, simRvrive). mTian raionebSi So, S1
0  is sidideebi damo-

kidebulia adgilis absolutur simaRleze H, sadac 
ukanasknelis zrdis sinqronulad, ho-s (m-is) fiqsire-
buli  mniSvnelobebis SemTxvevaSi, isini matuloben. So-
is saSualo Tviuri mniSvnelobebis maqsimumi ho,m is 
mudmivi sididis SemTxvevaSi aRiniSneba zamTris, mini-
mumi — zafxulis periodSi,  rac ganpirobebulia weli-
wadis am periodSi atmosferos  tenSemcvelobis da misi 
aerozoluri daWuWyianebis zrdiT, romelic damaxasi-
aTebelia ara marto kavkasiisaTvis, aramed mTeli pla-
netisaTvisac (46, 74, 160). 

So-is saSualo mravalwliuri sidideebis (kvt/m2) 
damokidebuleba H-ze (km) atmosferos masis mudmivi 
mniSvnelobis pirobebSi kavkasiis mTiani raionebisaT-
vis analizurad warmoidgineba meore rigis parabolas 
saxiT. magaliTad, mcire kavkasionisaTvis So=f(H)-s aqvs 
Semdegi saxe: 

m=1.06 So=0.783+1.27H+0.010H2                    (3.1) 
m=1.3  So=0.759+0.120H+0.010H2              (3.2) 
m=2   So=0.688+0.128H+0.090H2              (3.3) 
m=4   So=0.443+0.173H-0.021H2              (3.4) 
m=5    So=0.398+0.127H+0.011H2            (3.5) 
am damokidebulebebiT gamoTvalili da dakvirve-

bebis monacemebiT agebuli mrudebidan aRebuli So-is 
mniSvnelobebs Soris saSualo kvadratuli gadaxris 
sidide n meryeobs 0.02-0.04 kvt/m2-is sazRvrebSi. 

sinoptikur situaciebze da So-ze sinqronuli dak-
virvebebis informaciis analizi gviCvenebs (3), rom kav-
kasiis teritoriaze So-is maqsimumi aRiniSneba arqtiku-
li kontinentur-polaruli haeris masebis  SemoWrisas. 
atmosferos cirkulaciuri procesebsa da So-is sidi-
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deebs Soris kavSiri gamoyenebas poulobs amindis 
prognozebis dazustebaSi.  

So da 1
0S is sidideebis raodenobriv cvlilebebs 

adgilis simaRleze damokidebulebiT axasiaTeben ver-
tikaluri gradientebi — Г1, Г2 (kvt/m2 1000m). So-isaTvis 
Г1   icvleba 0,007-0,014 (kvt/m2100m) sazRvrebSi kavkasio-
nis CrdiloeT ferdobze da mcire kavkasionis mTian 
raionebSi, 0,007-0,021 kvt/m2 100 m sazRvrebSi kavkasio-
nis samxreT ferdobze.  atmosferos masis m  zrdisas Г1 

matulobs, xolo Г2 klebulobs. m-is fiqsirebuli  
mniSvnelobebisaTvis absolutur simaRleze damouki-
deblad Г1 >Г2 da maT Soris gansxvaveba mkveTrad izrde-
ba m-is didi mniSvnelobebisaTvis damokidebulebebs 
Г1=f(H) da Г2=f(H)  m-is mudmivi mniSvnelobebis SemTxve-
vaSi aqvs wrfivi funqciis saxe: Г1=a1-b1H,  Г2=a1-b2H.   a1  
da b1  mniSvnelobebi  kavkasionis CrdiloeTi ferdobi-
saTvis mocemulia cxrilSi 3.1.1. 

aRsaniSnavia, rom realur pirobebTan ufro axloa 
gradientis is sidideebi, romlebic gamoiTvlebian Ti-
Toeuli TvisaTvis m  da h0-s fiqsirebuli mniSvnelobe-
bis pirobebSi. am SemTxvevaSic m-is zrdisas Г1 matu-
lobs,  xolo Г2 klebulobs. damokidebulebebs Г1=f(m ) 
da Г2=f(m),   aqvs wrfivi  funqciis saxe. magaliTad, kavka-
sionis CrdiloeTi ferdobis 0,5-1,0 km  simaRleebis dia-
pazonisaTvis am damokidebulebebs aqvT Semdegi saxe: 

ianvari  - Г1=0.0016+0.0031m,  Г2=0.0045-0.0005m (3.6) 
aprili - Г1=0.00087+0.0038m, Г2=0.0045-0.0005m (3.7) 
ivnisi  - Г1=0.0091+1.0006m, Г2=0.0094-0.0012m (3.8) 
Cvens mier kavkasiis mTiani sistemebisaTvis, ga-

moTvlili gradientis sidideebi axloa im sidideebTan, 
romlebic  miRebulia Sua aziis, evropisa da sxva regi-
onebis mTiani sistemebisaTvis (48, 74, 160). 

mowmendili cis SemTxvevaSi kavkasiis dablob rai-
onebSi CrdiloeTidan samxreTis mimarTulebiT (gigan-

ti - naxWevani) 0S∑ T , 1
0S∑ T   icvlebian ivnisSi 1095.0-
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1075.0 m j/m2 da 750.0-780.0mj/m2-is, dekemberSi  Sesabami-
sad 550,0-650,0 mj/m2-is da 140.0-230.0mj/m2-is, xolo wli-

uri jamebi 0S∑ w , 1
0S∑ w  icvlebian Sesabamisad 10490.0-

10600.0 da 5500.0-6200.0 mj/m2-is sazRvrebSi.  
 

cxrili 3.1.1. 
a1 b1 koeficientebis mniSvnelobebi damokidebulebaSi 
Г1=a1-b1 H kavkasionis CrdiloeTi ferdobisaTvis 

koeficienti raioni m 
a1 b1   

kavkasionis 
CrdiloeTi 

1.1 0.0050 -0.0003 

 2.0 0.0100 -0.0006 
 3 0.0116 -0.0006 
ferdobi 4 0.0137 -0.0008 
 5 0.0153 -0.0010 
 6 0.0162 -0.0011 

 
mTian raionebSi absoluturi simaRlis zrdisas 

adgili aqvs Tviuri da wliuri jamebis sididis matebas.  
kavkasiis mTiani sistemebisaTvis damokidebulebebs 

0 ( )S f H=∑ w    da 1
0 ( )S f H=∑ w   aqvs meore rigis para-

bolas saxe  

0S =∑ w 10185.94+389.57H+203.24 H2                     (3.9) 
1
0S =∑ w 5598.08+774.5H-48.86H2                             (3.10) 

am damokidebulebebiT gamoTvlili wliuri jamebi 
s saSualo sidideebis saSualo kvadratuli gadaxra σ  
dakvirvebis monacemebiT agebuli mrudebidan Seadgens 
330.6 da 145.8 mj/m2-s. aRsaniSnavia, rom mTiani sistemebis 

calkeuli ferdobebisaTvis 1
0S∑ w  da 0S∑ w -is damoki-

debulebebi adgilis absolutur simaRleze warmoidgi-
nebian wrfivi funqciis saxiT,  rac ganpirobebulia dak-
virvebebis punqtebis raodenobis simciriT. magaliTad, 
kavkasionis CrdiloeTi ferdobisaTvis: 
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0S =∑ w 972.38+1189.96H                              (3.11) 
1
0S =∑ w 5710.97+762.58H                              (3.12) 

0S∑ w  da 1
0S∑ w  gradientebis saSualo sidideebi 

kavkasionis CrdiloeTi da samxreTi ferdobebisaTvis 
Seadgenen 120,0-80,0mj/m2, somxeTis mTianeTisaTvis 165.0 

da 110.0 mj/m2-s. mTian raionebSi 0S∑ da 1
0S∑ -is sidi-

deebi damokidebulia orografiul faqtorze: magali-
Tad, Rrma xeobebSi horizontis didi daxurulobiT 
jamebis sidideebis formirebaze orografiuli faqto-
ris gavlena faravs absoluturi simaRlis gavlenas, 
ris Sedegadac adgili aqvs jamebis Semcirebas simaR-
lis zrdis paralelurad. magaliTad, nalCikSi (450m) 

0S∑ Seadgens 10040.0 mj/m2-s, xolo ialbuzis raionis 

azaus xeobaSi ganlagebul daba terskolSi (2150m)-
8880.0mj/m2-s. 

moRrublulobis saSualo pirobebSi mzis pirda-
piri radiaciis intensivoba da jamebi arsebiTad mcir-
debian. kavkasiis dablob raionebSi CrdiloeTidan sam-
xreTis mimarTulebiT (salskis tramali — naxWevanis  

qvabuli) Rw S∑  da Rw
1S∑ -is sidideebi Sesabamisad ic-

vleba 4190.0-6580.0 da 2520.0-4070.0mj/m2-is sazRvrebSi  
1S∑w -is absoluturi minimumi aRiniSneba yabardos 

vakeze da mineralur wylebze — 2220.0 mj/m2. mTian raio-

nebSi 1S∑w R -s sidide  S∑w R -s msgavsad adgilis abso-

luturi simaRlis zrdasTan erTad matulobs. damoki-

debuleba 1 ( )f HS =∑w R  analizurad warmoidgineba  

meore rigis parabolas saxiT: 
1S =∑w R 2621.7+492.71H-76.04H2                   (3.13) 

mTiani raionebisaTvis (3.13) formuliT gamoTvli-

li 1S∑w R -s  sidideebis analizi gviCvenebs, rom maTze 
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moRrublulobis gavlena metia adgilis absoluturi 
simaRliT ganpirobebuli gavlenasTan  SedarebiT. 

CrdiloeTidan samxreTis mimarTulebiT jamebis 
sidideebi matulobs, rac gansakuTrebiT SesamCnevia  
weliwadis civ periodSi. magaliTad,  dekemberSi 

1S∑w R -s sidideebi meryeoben CrdiloeTi kavkasiis  

dablob raionebSi 60,0-85 mj/m2-is sazRvrebSi. 
1S

S
∑
∑

w R

w R

 

Sefardebis sidide kavkasiis teritoriaze icvleba 54-
62%-is farglebSi maqsimumiT zafxulis, minimumiT zam-
Tris TveebSi.  

Rrublianobis cvalebadobis gavleniT mzis radi-
aciis jamebis sidide ganicdis mniSvnelovan ryevas. ma-

galiTad, TbilisSi 1S∑ T R -s sidide icvleba ianvarSi 

120.0-300.0, ivnisSi 450.0-850.0 mj/m2-is, 1S∑ T R -s sidide 

ki Sesabamisad  50.0-120.0 da 330.0-600.0 mj/m2-is zRvreb-
Si.  aRsaniSnavia, rom mzis radiaciis jamebis cvlile-
bis aseTi farTo diapazoni damaxasiaTebelia ara mar-
to kavkasiisaTvis, aramed sxva regionebisaTvisac (32, 
47, 75,  76, 160). 

rogorc aRiniSna, S-is intensivoba Rrublianobisa 
da atmosferos gamWvirvalobis cvlilebis Sedegad ga-
nicdis gansazRvrul ryevebs, romelTa parametrebis 
(periodi, amplituda) stabiluroba an cvlilebebi, 
garda bunebrivi faqtorebisa damokidebulia anTro-
pogenur faqtorzec, kavkasiis teritoriaze  anTropo-
genuri wnexis qveS myofi punqtis tipiur magaliTs war-
moadgens q. Tbilisi. mowmendili cis SemTxvevaSi Tbi-
lisis observatoriis monacemebis gamoyenebiT (1928-
1991 wlebi) agebuli iqna sxivisadmi normalur sibrtye-
Si mzis pirdapiri radiaciis intensivobis saukuneobri-
vi svlis mrudi (dakvirvebis vada 12 sT 30wT) ianvris 
TvisaTvis. mcocav saSualoTa meTodiT (10 wliani in-
tervaliT) gamoricxuli iqna radiaciis intensivobis 
anomaluri mniSvnelobebi calkeul wlebSi. 64 wlis  gan-
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mavlobaSi So-is sidide Semcirda 0,18kvt/m2-iT 
(0.92kvt/m2-dan  0,74kvt/m2). aRsaniSnavia isic, rom drois 
calkeul monakveTebze, magaliTad, 1936-1942 wlebSi,  
adgili hqonda  So-is zrdas 0.91-0.93kvt/m2-is sazRvrebSi.  

radiaciis dReRamSorisi da welTaSorisi cvli-
lebebi warmoadgenen mokleperiodian ryevebs, grZel-
periodiani ryevebisagan gansxvavebiT, romlebsac adgi-
li aqvs mravalwliur svlaSi. mzis radiaciis mraval-
wliani rigebis analizis mizniT  gamoiyeneba mcocav sa-
SualoTa meTodi, romelic gamoyofs grZelperiodian 
ryevebs da adgens maTi cvlilebebis tendencias (klima-
tur trends). (14,74)-Si gaanalizebulia mzis pirdapir 
radiaciaze dakvirvebebis rigebi Sesabamisad 1960 da 
1970 wlamde yofili sabWoTa kavSiris aqtinometriuli 
qselis monacemebis gamoyenebiT. (11,160)-Si  Tbilisisa 
da saqarTvelos zogierTi sadgurisaTvis S,D,Q,-s sau-
kunovani svla 1965 wlamde. atmosferos cirkulaciuri 
procesebis, anTropogenuri faqtoris da vulkanuri 
aqtivobis gaTvaliswinebiT So-is saukuneobrivi ryeva-
doba 40-620 C.g.-is zolSi ganlagebuli  grZelperiodia-
ni aqtinometriuli sadgurebis monacemebis gamoyene-
biT gaanalizebulia (74)-Si. dadginda, rom 40-iani wle-
bis naxevridan dawyebuli, rogorc TiToeul sadgur-
ze, aseve mTel CrdiloeT naxevarsferoSi, adgili aqvs 
So-is Semcirebis  tendencias (igi rCeba normaze dabla). 
So-is  intensivobis amJamad mimdinare progresiuli Sem-
cirebis procesi ara marto msxvil industriul cen-
trebSi, aramed maTgan sakmaod daSorebul punqtebSic 
miuTiTebs atmosferos anTropogenuri aerozolebiT 
mzardi daWuWyianebis permanentul procesze, rome-
lic SesaZloa ukve iZens globaluri xasiaTis  niSnebs.  

nax. 3.1.1.  warmodgenilia Tbilisis, Telavisa da 
walkisaTvis mzis radiaciis mokletalRiani nakadebis 
Tviuri jamebis (VII) saukuneobrivi svlis mrudebi  
Rrublianobis saSualo pirobebSi. cifri 1-iT aRniSnu-
lia yovelwliuri sidideebis svlis mrudebi gasaSuale-
bis gareSe, S-iT ki mcocavi saSualoebis meTodiT (10 



 66 

wliani periodi) miRebuli saukuneobrivi svlis mrude-

bi. aRsaniSnavia, rom ivlisSi samive punqtSi S∑ T R -s sa-

ukuneobriv svlas aqvs  dadebiTi tendencia (yvela pun-

qtze aRiniSneba mateba). 1ST∑ -s  samive punqtSi 70-iani 
wlebis damdegamde gaaCnia svlis dadebiTi, 70-iani wle-
bidan dawyebuli uaryofiTi tendencia (jamebi mcirde-
ba). analogiuri  kanonzomierebebiT xasiaTdebian 

S∑ T R -s saukuneobrivi svlis mrudebi samive punqtSi.   

TbilisSi 60-iani wlebis bolos 1S∑ T -s Semcireba gan-

pirobebulia saerTo Rrublianobis raodenobis da at-
mosferos daWuWyianebis zrdiT 1870-1990 wlebis ganmav-
lobaSi saSualo wliurma Rrublianobam TbilisSi imata 

5,3 balidan 6,4 balamde, ramac gavlena iqonia 1S∑ T -s 

svlis tendenciaze. rac Seexeba ianvris (romlisTvisac 
mrudeebi aq ar mogvyavs) jamebis saukuneobrivi svla xa-
siaTdeba Tbilisisa da  TelavisaTvis nulovani tenden-

ciiT, walkaSi ki adgili aqvs S∑ T dadebiT da 1S∑ T -s 

uaryofiT tendenciebs. am punqtSi D∑ T R -s zrdis Se-

degad xdeba 1S∑ T R -s Semcirebis kompensacia, ris gamo 

Q∑ T R -s gaaCnia nulovani tendencia. rac Seexeba 

B∑ T R -s saukunebriv svlas TbilisSi (mrudebi ar mog-

vyavs) dakvirvebebis mTeli periodisaTvis aRiniSneboda 
jamebis sidideebis zrda ianvarSi da Semcireba ivlisSi, 
rac ganpirobebulia pirvel SemTxvevaSi gazrdili bu-
rusianobiT, miwispira  haeris fenis inversiuli  mdgo-
mareobiT da  efeqturi gamosxivebis SemcirebiT, meore 
SemTxvevaSi ki mzis pirdapiri radiaciis intensivobis 
SemcirebiT Rrublianobisa da atmosferos daWuWyiane-
bis gavlenis Sedegad.  
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nax. 3.1.1. mzis radiaciis mokletalRiani nakadebis ivlisis 
jamebis saukuneobrivi cvla TelavSi, TbilisSi da walkaSi.  
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3.2 gabneuli radiacia 
 
gabneuli radiacia — D mniSvnelovan rols Tama-

Sobs qvefenili zedapiris radiaciuli balansis sidi-
dis formirebis procesSi. D-s sidide damokidebulia  
mzis simaRleze, moRrublulobaze, atmosferos da 
qvefenili zedapiris  fizikur Tvisebebze. mTian raio-
nebSi D aris funqcia  agreTve adgilis  absoluturi 
simaRlisa, ferdobebis orientaciisa, daxrilobis 
kuTxisa da ferdobebs Soris radiaciuli gacvlis in-
tensivobisa.  

mowmendili cis SemTxvevaSi  kavkasiis dablob raio-
nebSi Do-is saSualo mravalwliuri sidide aRwevs maqsi-
mums ivnis-ivlisSi SuadRis saaTebSi da icvleba 0,14 
kvt/m2-dan (kolxeTis dablobi, araratis vake, naxWevanis 
qvabuli) 0,19kvt/m2-mde (kaspiispira dablobis Savi miwe-
bis raioni), danarCen teritoriaze igi Seadgens 0.15-0.16 
kvt/m2-s. Do-is  saSuadReo minimumi aRiniSneba dekemberSi: 
igi tolia  0,07-0,08 kvt/m2-isa  dablobi raionebis udides 
nawilSi, xolo araratis  vakeze da naxiCevanis qvabulSi 
aRwevs 0,09-0,10kvt/m2-s. mTian raionebSi adgilis simaR-
lis zrdasTan erTad Do saSualod mcirdeba (garda im 
SemTxvevebisa, rodesac reliefis elementebs Soris ad-
gili aqvs radiaciuli gacvlis intensiur procesebs). aq 
Do-is  meoradi maqsimumi sezonuri Tovlis safaris gav-
lenis Sedegad aRiniSneba gazafxulis TveebSic, xolo mi-
nimumi — noemberSi da ianvarSi. amrigad, Tavisufali at-
mosferosagan gansxvavebiT mTian raionebSi gabneuli ra-
diaciis sidide ar aris adgilis absoluturi simaRlis 
calsaxa funqcia, aq ukanasknelis matebisas Do-is mosa-
lodneli  Semcirebis magivrad SesaZlebelia adgili 
hqondes mis zrdas. magaliTad, rogorc Cvenma dakvirve-
bebma gviCvena ialbuzis samxreT ferdobze sadgur yinu-
lovan bazaze (3750m, glaciur-nivaluri zona) gazomili 
Do-is sidideebi Zalian xSirad aRemateboda terskolis 
pikze (3065m maRalmTiani tundra) gazomil sidideebs. 
mTian da dablob raionebSi arsebuli Do-is zafxulis maq-
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simumi aris atmosferos gamWvirvalobis saerTo gauare-
sebis Sedegi am periodSi, xolo gazafxulis TveebSi mTi-
an da maRalmTian raionebSi Do-is meoradi maqsimumebi  at-
mosferos  maRali gamWvirvalobis pirobebSi ganpirobe-
bulia, rogorc aRiniSna, sezonuri Tovlis safaris al-
bedos maRali mniSvnelobebiT. kavkasiis mTiani raionebi-
saTvis Cvens mier gaanalizebuli iqna Do=f(H) damokidebu-
lebebis Taviseburebebi ho-s dabali da maRali mniSvne-
lobebisaTvis. aRmoCnda, rom Do-is Semcireba absolutu-
ri simaRlis zrdis SemTxvevaSi ho-s maRal i mniSvnelobe-
bisaTvis metia, vidre meore SemTxvevaSi, rac ganpirobe-
bulia absolutur simaRleze damoukideblad daxrili 
sxivis gzaze radiaciis ganmbnevi nawilakebis ricxvis um-
niSvnelo SemcirebiT. analogiuri Sedegi moyvanilia (51)-
Si k. kondratievis mier. Do-is (kvt/m2) saSualo sidideebis 
H —ze (km) damokidebuleba ho-s fiqsirebuli sididis Sem-
TxvevaSi kavkasiis mTiani raionebisaTvis warmodgenili 
iqna kvadratuli funqciis (Do=a-bH2) saxiT.  cxrilSi 3.2.1 
mocemulia am damokidebulebebSi Semavali a da b koefi-
cientebis sidideebi centraluri kavkasionis samxreTi 
ferdobisaTvis.  

 
cxrili 3.2.1. 
a da b koeficientebis mniSvnelobebi damokidebuleba-
Si Do=a-bH2 mowmendili cis SemTxvevaSi 

 
koeficienti raioni  ho. 

grad. a b 
centraluri kavkasionis 10 0.054 0.0012 
 20 0.0071 0.0012 
samxreTis ferdobi 30 0.085 0.0008 
 40 0.095 0.0011 
 50 0.110 0.0010 
 60 0.130 0.0012 

 
kavkasionis CrdiloeT ferdobze (0-4km diapazoni) 

Cvens mier Seswavlili  iqna  sezonuri  Tovlis safaris 



 70 

raodenobrivi gavlena gabneuli radiaciis sidideebze 
mowmendili cis pirobebSi. am raionis 0-4km  simaRlis 
diapazonSi  dadgenili iqna Do=a-bH2 damokidebulebis 
saxeebi sezonuri Tovlis safaris  arsebobis pirobebSi 
da Tovlis gareSe. ho-s fiqsirebuli simaRleebis Sem-
TxvevaSi qvefenili zedapiris ori mdgomareobis (Tov-
lis safari, safaris gareSe) Sesabamis analizur gamosa-
xulebebs  Do=a-bH2  Soris sxvaobebis sidideebi iZlevi-
an Tovlis safaris albedos gavlenis raodenobriv maC-
veneblebs Do-is sidideze.  magaliTad, rodesac ho=20o-s, 
am raionSi Do-is sidide sezonuri Tovlis safaris pi-
robebSi gamoiTvleba Semdegi formuliT: 

0DΔ = (0,81-0,0018H2)-(0.059-0.0015H2) =0.022-0.003H         (3.14) 

0DΔ = f(H) gamosaxulebiT gamoTvlili da dakvir-
vebis monacemebiT agebuli mrudebidan aRebuli 

0DΔ sidideebs Soris saSualo kvadratuli gadaxra σ  
Seadgens kavkasionis samxreTi ferdobisaTvis 0,001, 
mcire kavkasionisaTvis 0,002kvt/m2-s aRsaniSnavia, rom 
Tovlis xazis zemoT weliwadis ganmavlobaSi adgili 
aqvs reliefis elementebs Soris radiaciuli gacvlis  
intensiur  procesebs, rac atmosferoSi radiaciis 
mravaljeradi gabnevis Sedegad sagrZnoblad adidebs 
Do-is sidideebs. magaliTad,  Cveni dakvirvebebis Tanax-
mad ivlis-agvistoSi mzis simaRlis 50-700-is diapazonSi  
cvlilebisas ialbuzis unagiraze (5300m) da CrdiloeT  
kavkasiis winamTaSi (dolinski, 450) Do-s mniSvnelobebi  
Zalian mcired gansxvavdebodnen erTmaneTisagan, miu-
xedavad imisa, rom ialbuzis unagiras zemoT ganlage-
bulia atmosferos  masis daaxloebiT mxolod naxeva-
ri. damokidebulebas Do=f(A), sadac A aris  qvefenili  
zedapiris  albedo, aqvs wrfivi funqciis, Do =f(ho)- s ki 
me ore rigis parabolas saxe. mowmendili cis SemTxveva-
Si  gansazRvruli iqna Do-s  saSualo mravalwliuri 
mniSvnelobebis damokidebuleba atmosferos optikur 
masaze (m=1.06, 1.1; 1.3; 1.5; 2,3,4 ,5,6) Do =f(m),  romelic sak-
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mao sizustiT  aproqsimirdeba maCvenebeli bm
oD ae−=  

funqciis saxiT. am funqciaSi  Semavali a da b koefici-
entebis sidideebi mocemulia cxrilSi 3.2.2 analizuri 
damokidebulebebiT gamoTvlili da empiriuli mrude-
bidan aRebuli Do-s sidideebs Soris saSualo kvadra-
tuli gadaxra σ , magaliTad, sevanis tbis auzisaTvis 
Seadgens 0,02kvt/m2-s. 
 
cxrili 3.2.2. 

a da b koeficientebis mniSvnelobebi  bm
oD ae−=  damoki-

debulebaSi 
 

koeficienti # dakvirvebis  raioni, punqtia 
a b 

1. salskis tramali 0.1474 -0.2593 
2. Savi zRvis CrdiloeT kavkasiis 

sanapiro 
0.1473 -0.2594 

3. kaspiispira dablobi 0.2438 -0.2801 
4. kaspiis zRvispira vake 0.2181 -0.2636 
5. afSeronis naxevarkunZuli 0.1950 -0.2412 
6. mtkvar-araqsis  dablobi  0.1897 -0.1904 
7. kolxeTis dablobi 0.1644 -0.1807 
8. qarTlis vake 0.0832 -0.0327 
9. alazan-avtoranis vake 0.1780 -0.2282 

10. naxWevanis qvabuli 0.2057 -0.2592 
11. ialbuzis unagira 0.2053 -0.4583 
12. m/m yazbegi, yinulovani baza 

(3657-3750m) 
0.1299 -0.2387 

13. araratis vake 0.1395 -0.1804 
14. sevanis tbis auzi (≅ 2000m) 0.1421 -0.2294 
 

rogorc cnobilia, dablob raionebSi gamWvirva-
lobis koeficientis Pa-s  Semcirebisas gabneuli radia-
ciis Do  intensivoba izrdeba da piriqiT. kavkasiis te-
ritoriis rTul orografiul pirobebSi reliefis 
elementebs Soris intensiuri radiaciuli gacvlis da 
atmosferoSi radiaciis mravaljeradi gabnevis Sede-
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gad Pa  da Do-is sidideebs Soris funqcionaluri damo-
kidebulebebis saxe dablob raionebTan SedarebiT Se-
iZleba diametralurad Seicvalos. rogorc kavkasio-
nis CrdiloeT ferdobze (nalCiki, terskoli, tersko-
lisa da CegeTis pikebi, yinulovani baza, CegeTisa da ba-
Silis xeobebi) Cveni dakvirvebebis Sedegebis analizi 
gviCvenebs, weliwadis Tbil periodSi yvla simaRleze 
Pa-is zrdis SemTxvevaSi Do  mcirdeba, xolo civ period-
Si (Tovlis safaris arsebobis pirobebSi) Pa-is mudmivo-
bis an zrdis SemTxvevaSi Do-ic izrdeba. gazafxulis 
TveebSi Tovlis safaris rRvevis sinqronulad Pa-s da 
Do-is dRiuri svlis  mrudebSi am punqtebisaTvis Cndeba 
paraleluri svlis tendenciebi. analogiur movlenas 
adgili aqvs weliwadis  Tbil periodSic, im ferdobeb-
ze, romlebic mipirdapire mxares ganlagebulia mzis 
sxivebiT kargad ganaTebuli sawinaaRmdego orientaci-
is ferdobi. ( )02 DfP = funqcionalur damokidebuleba-
Si reliefis TaviseburebebiT da qvefenili zedapiris 
amreklavi unarianobis mkveTri cvlilebiT ganpirobe-
buli aseTi saxis variaciebi damaxasiaTebelia kavkasiis 
sxva mTiani raionebisaTvisac.  

rogorc aRiniSna, dablobi raionebisaTvis 

00 ( )D f h=  damokidebulebis Sesabamisi mrudis  saxe ga-
nisazRvreba atmosferos gamWvirvalobiT. atmosferos 
simRvrivis zrdis SemTxvevaSi mzis simaRlis matebisas 

0D  is zrda xdeba intensiuri.  

0D -is aT -ze damokidebulebis analizi zogierTi 

punqtisaTvis mocemulia (13,14)-Si. 0 ( )aD f T= damokide-
bulebis xasiaTi  ganisazRvreba atmosferoSi notiao da 
mSrali simRvriveebis sidideTa TanafardobiT. es damo-
kidebuleba kavkasiis calkeuli  punqtebis ada raionebi-
saTvis warmoidgineba meore rigis parabolas saxiT: 

20
2

aa bTD cT= + +  magaliTad, yabardos vakisaTvis: 

20
20.025 0.0028 0.0107D T T= + +                       (3.15) 
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alazan-avtoranis vakisaTvis: 

20
20.0230 0.0004 0.0104aTD T= + +                     (3.16) 

Savi zRvis sanapirosaTvis: 

20
20.057 0.0172 0.0073aTD T= − +                        (3.17) 

naxWevanis qvabulisaTvis: 

20
20.023 0.0077 0.0125aTD T= − +                         (3.18) 

rogorc am damokidebulebis analizidan Cans,  

0D -is sidide zRvispira raionebSi aT -s zrdis  SemTxve-
vaSi matulobs naklebad kontinentalur sadgurebTan 
SedarebiT,  rac ganpirobebulia radiaciis saerTo Se-
sustebaSi STanTqmisa da gabneviT gansxvavebuli sidi-
deebiT: zRvispira raionebSi  sinotivis zrdisas aT  iz-

rdeba, xolo 0D  ucvleli rCeba.  zRvidan daSorebul 

sadgurebze ki aerozoluri simRvrivis zrdisas 0T  -s 

zrda ganapirobebs 0D  matebas. magaliTad, soWSi, so-
xumSi,  baTumSi radiaciis SesustebaSi did rols Tama-
Sobs  wylis orTqlis  mier STanTqma, rac ganapirobebs 

0D -s zrdis Senelebas 0T -s matebis SemTxvevaSi.  eqspe-
rimentuli monacemebiT da (3.15-3.18) gamosaxulebebiT 
agebuli 0 ( )aD f T=  mrudebis damTxveva damakmayofi-
lebelia. magaliTad, yabardos vakisaTvis maT Soris sa-
Sualo kvadratuli gadaxris σ sidide Seadgens 
0,003kvt/m2-s. 

mowmendili cis SemTxvevaSi gabneuli radiaciis 

Tviuri jamebis — 0T D∑ maqsimumi  kavkasiis dablob ra-
ionebSi aRiniSneba ivnis-ivlisSi, minimumi dekemberSi. 
maqsimumi meryeobs 150,0 (yabardos vake) — 200,0 (afSe-
roni), minimumi — 50,0 (Savi zRvis sanapiro) — 90,0 (kunZu-
li  artioma) mj/m2-is sazRvrebSi. mTian raionebSi se-

zonuri Tovlis safaris gavlenis Sedegad — 0T D∑ -s 
absoluturi maqsimumi  aRiniSneba maisSi, minimumi — de-
kemberSi. gabneuli radiaciis wliuri jamebis 
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0D∑w sidide dablob raionebSi meryeobs  1200,0 (Savi 

zRvis sanapiro) — 1550,0 mj/m2-is sazRvrebSi (salskis 
tramali,  afSeroni) mTian raionebSi adgilis absolu-
turi  simaRlis H zrdisas gabneuli radiaciis wliuri 
jamebis sidideebi mcirdeba. kavkasiis mTiani raionebi-

saTvis damokidebuleba 0 ( )D f H=∑w  (sadac jamebi 

mocemulia mj/m2-Si, simaRle ki km-Si) analizurad war-
moidgineba meore rigis parabolas saxiT: 

0
21362.3 68.0 3.12H HD = − −∑w                       (3.19) 

0-4 km simaRleTa diapazonSi  0D∑w  saSualod klebu-

lobs 23,6%-iT (3.19) gamosaxulebiT gamoTvlil  da 

dakvirvebebis monacemiT agebul 0D∑w -s sidideebs 

Soris saSualo kvadratuli gadaxris  σ  sidide Sead-
gens 85,0 mj/m2-s. 

kavkasiis dablobi raionebisaTvis 0

0

D
D

∑
∑

T

w

-is  ivlisis 

maqsimumi meryeobs 11,5 (yabardos  vake) — 17%-is saz-
RvrebSi (afSironi),  dekembris minimumi ki 4,0 (Savi 
zRvis sanapiro) — 6,0%-is sazRvrebSi (afSeroni). mTia-

ni raionebisaTvis 0

0

D
D

∑
∑

T

w

 -is wliuri  msvlelobis 

mrudze aRiniSneba gazafxulis meore maqsimumic, rom-
lis sidide Seadgens 10-12%. 

Rrublianobis saSualo pirobebSi adgilis simaR-
lis zrdis sinqronulad  gabneuli radiaciis sidide 
matulobs, rac ganpirobebulia Rrublebis gambnevi 
unarianobis  matebiT da Sesabamisad STanTqmis  unaria-
nobis SemcirebiT, agreTve adgilis simaRlis matebisas 
sezonuri Tovlis safaris arsebobis xangrZlivobis 
zrdiT.  
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fizikuri TvalsazrisiT Rrublebi warmoadgenen  
aerozols, romelic Seicavs wylis dispersiul fazas. 
RrublebSi radiaciis STanTqmis da gabnevis intensivo-
ba damokidebulia  maT wylianobaze da mikrofizikur 
Tvisebebze (nawilakebis zomaze, koncentraciaze da 
speqtrze). vinaidan Rrublebis nawilakebis zomebi ga-
cilebiT metia maTze dacemuli sinaTlis talRis sig-
rZeze, mis efeqtis Tanaxmad, did nawilakebze gabneva 
upiratesad xdeba dacemuli radiaciis mimarTulebiT. 
Txel RrublebSi adgili aqvs erTjerad, mkvriv Rrub-
lebSi ki — mravaljerad gabnevas, ris Sedegad xdeba ra-
diaciis didi nawilis ukugabneva, rac zrdis Rruble-
bis albedos sufTa Tovlis  albedos mniSvnelobamde. 
analogiur movlenas adgili aqvs qvefenili zedapiris 
mier areklili radiaciis mkvrivi Rrublis qveda zeda-
pirze dacemis SemTxvevaSic, rodesac radiaciis didi 
nawili arekvlisa da mravaljeradi gabnevis Sedegad 
ukanve  ubrundeba qvefenil zedapirs, rac mniSvnelov-
nad zrdis gabneuli radiaciis intensivobas. gasagebia, 
rom sezonuri Tovlis safaris arsebobis pirobebSi 
Rrublianoba ufro met gavlenas axdens gabneuli ra-
diaciis sidideze. aRsaniSnavia, rom Rrublebis mier 
STanTqmuli radiaciis sidide umniSvneloa gabneuli 
radiaciis sididesTan SedarebiT (19), ris Sedegad maT 
ZiriTad radiaciul  maxasiaTeblad iTvleba gabnevis 
moculobiTi koeficienti, romelic dakavSirebulia 
Rrublebis optikur simkvrivesTan τ .  RrublebSi τ -s  
saSualo Sewonili mniSvnelobebi meryeobs 49-dan (Cu, 
Cb) 10-mde (CS), danarCeni RrublebisaTvis (St, FS, Sc,  Ns, 
AT, Ac) τ  icvleba umniSvneloda 25-33-is zRvrebSi (43),   
maSin rodesac mowmendili, Zlier gaWuWyianebuli cis 
SemTxvevaSi τ  -s sidide iSviaTad aRemateba 0,5-s.  

RrublebSi radiaciis gadatanis amocanis Teori-
uli gziT amoxsna  mocemulia (19, 40, 156)-Si. miRebuli 
rTuli formulebiT SesaZlebelia gamoiTvalos moR-
rubluli cis jamuri radiaciis sidide, Tu cnobilia 
Rrublebis safaris zeda sazRvarze  dacemuli radia-
ciis sidide da Rrublebis optikuri simkvrive. magram 
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gamoTvlebisaTvis saWiro parametrebi, mocemuli ad-
gilisa da droisaTvis Cveulebrivad ucnobia, rac ga-
moricxavs am formulebis gamoyenebis SesaZleblobas 
konkretul pirobebSi.  

mowmendili, saSualo da konkretuli iarusebis 
mTliani moRrublulobis pirobebSi gabneuli radia-
ciis wliuri msvlelobis da damokidebulebis 

0( )D f h=R  ZiriTadi Taviseburebebi centraluri kav-

kasionis pirobebSi 0-4km simaRleebis diapazonSi gaana-
lizebulia Cvens SromebSi (89,96,100,103,112). analogiu-
ri sakiTxi CrdiloeTi kavkasiis mineraluri wylebis 
raionisaTvis ganxilulia agreTve (151,152)-Si. 

gabneuli radiaciis mravalwliuri  saSualo sidi-
deebis DR  (kvt/m2) adgilis simaRleze H  (km) damokide-

buleba konkretuli iarusis aTbaliani Rrulianobis 
pirobebSi  centraluri kavkasionisaTvis Cveni dakvir-
vebebis monacemebiT analizurad warmoidgineba kvad-
ratuli  funqciis saxiT.  

am gamosaxulebaSi Semavali a,b koeficientebis 
mniSvnelobebi moyvanilia cxrilSi 3.2.3. 
 
cxrili 3.2.3 
damokidebulebaSi D =R a+bH2 Semavali a da b koefici-

entebis sidideebi 
 
a h0  gradusi 
b 10 20 30 40 50 60 70 
 qveda iarusi 
a 0.032 0.075 0.118 0.168 0.222 0.259 0.287 
b 0.0041 0.0094 0.0131 0.0142 0.0164 0.0178 0.0214 
 saSualo iarusi 
a 0.059 0.130 0.206 0.268 0.332 0.373 0.410 
b 0.0050 0.0092 0.00153 0.0200 0.0214 0.0239 0.0264 
 zeda iarusi 
a 0.059 0.107 0.173 0.224 0.259 0.289 0.308 
b 0.0050 0.0044 0.0050 0.0058 0.0072 0.0083 0.0089 
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saSualo kvadratuli gadaxris σ  sidide analizu-
ri gamosaxulebebiT gamoTvlili da empiriuli mrude-
bidan aRebul DR -s sidideebs Soris umniSvneloa: maga-

liTad, qveda iarusis SemTxvevaSi, rodesac 
30, 0.01h σ= =0 kvt/m2-s. 
centraluri kavkasionis CrdiloeT ferdobze ga-

mokvleuli iqna ( )D f N=R  (sadac N aris Rrubliano-

bis raodenoba balebSi) damokidebulebis maRlivi 
svlis Taviseburebebi. dadginda, rom simaRlis cvli-
lebisas 3km-mde  qveda iarusis Rrublianobis SemTxve-
vaSi am damokidebulebis mrudebze DR -s maqsimumi aRi-

niSneba 7-8 balis, xolo 3km-ze zeviT 10 balis SemTxve-
vaSi.  k. kondratievis mier gamoTqmuli hipoTeza DR -s 

nakadis maqsimumis cvlilebis tendenciebis Sesaxeb  
qveda iarusis Rrublianobis raodenobaze damokidebu-
lebiT adgilis absoluturi simaRlis zrdasTan dakav-
SirebiT mTian raionebSi (51),  mtkicdeba Cveni dakvir-
vebebis SedegebiT: maRalmTian raionebSi (H>3) Rrub-
lianobis iarusis miuxedavad, misi raodenobis zrdisas 
10 balis CaTvliT aRiniSneba DR -s zrda. analogiur 

movlenas adgili aqvs sxva mTian raionebSi. kavkasiis 
dablob raionebSi  gambnevi unarianobis mixedviT pir-
vel adgilzea saSualo, meoreze zeda da mesameze qveda 
iarusis Rrublianoba, mTian raionebSi ki meore adgili 
ukavia qveda da mesame adgili zeda iarusis Rrublia-
nobas mzis garkveuli simaRleebis, reliefis formis, 
qvefenili zedapiris fizikuri Tvisebebis, Rrublebis 
saxeobis da raodenobis gansazRvruli pirobebis Sem-
TxvevaSi DR -s intensivobis sidide SeiZleba gaxdes 

0,7kvt/m2 da meti (151, 46, 160, 89, 190). 
iseve, rogorc mowmendili cis SemTxvevaSi, moR-

rublulobis pirobebSi gabneuli radiaciis saSualo 
intensivobis damokidebuleba atmosferos optikur ma-
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saze ( )D f m=R  analizurad wamoidgineba maCvenebeli 

funqciebis (
bm

D ae=R ) saxiT,  xolo damokidebulebebi, 

( )oD f h=R  da ( )D f H=R , rogorc naCvenebia (100)-Si me-

ore rigis parabolis saxiT.  
amrigad, moRrublulobis    saSualo pirobebSic 

gabneuli radiaciis intensivobis sididis mTavar ma-
formirebel faqtorad rCeba mzis simaRle (atmosfe-
ros optikuri masa). 

moRrublulobis saSualo pirobebSi gabneuli ra-

diaciis Tviuri jamebis — RT D∑  saSualo mravalwliu-

ri sididis maqsimumi  kavkasiis dablob raionebSi aRi-
niSneba  mais-ivnisSi, minimumi — dekemberSi. pirveli mer-
yeobs 250,0 (kolxeTis dablobi) — 350,0 (mineraluri 
wylebi) mj/m2-is, meore ki 60,0 (salskis, noRaeTis trama-
lebi) — 120,0 (naxWevanis qvabuli) mj/m2-is sazRvrebSi.  

mTian raionebSi D∑ T R -s  maqsimumi  aRiniSneba april-

maisSi (misi sidide aRwevs 480.0 mj/m2-s m/m  yazbegze  da 
yinulovan bazaze),  xolo minimumebi, dablobi raionebis 
msgavsad, dekemberSi: meryeobs 70,0 (m/m sulaki) — 140.0  
(terskoli, maRalmTiani xeoba) mj/m2-is sazRvrebSi.  

gabneuli radiaciis wliuri jamebis D∑w R  sidi-

de kavkasiis dablob raionebSi meryeobs 1850,0 (kolxe-
Tis dablobi) — 2350,0 (mtkvar-araqsis dablobi) mj/m2-is 
sazRvrebSi adgilis simaRlis zrdis SemTxvevaSi,  ro-
gorc Tviuri, aseve wliuri jamebis sidideebi matulo-

ben. damokidebuleba ( )fD H=∑w R , (sadac jamebi mo-

cemulia mj/m2-Si, xolo H km-Si) kavkasiis mTiani raio-
nebisaTvis analizurad warmoidgineba kvadratuli 
funqciis saxiT: 

D =∑w R 2162.04+62.86H2                                       (3.20) 

(3.19) da (3.20)  gamosaxulebebiT SeiZleba raoden-
brivad Sefasdes Rrublianobis gavlenis roli gabneu-
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li radiaciis wliuri jamebis sidideze adgilis abso-
lutur simaRleze damokidebulebiT kavkasiis  mTiani 
raionebisaTvis.  

aRsaniSnavia, rom weliwadis civ periodSi kavkasi-
is dablob teritoriaze gabneuli radiacia asrulebs 
radiaciuli balansis erT-erTi mniSvnelovani  kompo-
nentis rols (misi Tviuri  jamebi metia pirdapiri ra-
diaciis Tviur jamebze) dablobi raionebis didi nawi-
lisaTvis 6-7 Tvis ganmavlobaSi (X, XI, -III, IV), Savi zRvis 
sanapirosaTvis es periodi Seadgens 3 Tves (XI-I), mTian 
raionebSi igi meryeobs 1 Tvidan 3 Tvemde (sevanis tba — 
m/m yazbegi).  
 
 

3.3 jamuri radiacia 
 

jamuri radiacia 1Q S D− = +  mTavar rols Tama-
Sobs qvefenili zedapiris radiaciuli balansis — B 
formirebaSi. misi sidide damokidebulia imave faqto-

rebze, romlebic ganapirobeben 1S   da D -s formirebi-
sa da cvalebadobis kanonzomierebebs.  

kavkasiis dablob raionebSi mowmendili cis Sem-
TxvevaSi 0Q -is saSualo  mravalwliuri intensivobis 
maqsimumi aRiniSneba ivnis-ivlisSi SuadRis saaTebSi da 
meryeobs 0,90 kvt/m2 dan. () dablobi raionebs umetesi na-
wili  1,00 kvt/m2-mde (naxWevanis qvabuli, araratis vake) 
e.i. CrdiloeTidan samxreTis mimarTulebiT 0Q  izrdeba 
0,10 kvt/m2-iT. mTian raionebSi simaRlis zrdis SemTxve-
vaSi 0Q  matulobs. 0Q -is SuadRis saSualo Tviuri sidi-

dis damokidebuleba H-ze (km) ivnisisa da dekembris Tvi-
saTvis warmoidgineba wrfivi funqciis saxiT: 

ivnisi 0Q = 0.905+0.059        (3.21) 

dekemberi 0Q = 0.400+0.040H         (3.22) 
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0Q -is minimumi aRiniSneba dekemberSi, igi meryeobs 
0,35kvt/m2-dan  (salskis tramali) 0,50kvt/m2-mde (arara-
tis vake, naxWevanis qvabuli). amrigad,  ivnisSi 0Q -is ga-
neduri cvlilebebis sidide (0,10kvt/m2) naklebia maR-
livi cvlilebebis sidideze (0,24kvt/m2), xolo dekem-
berSi isini axlos arian erTmaneTTan (0.15-0.16kvt/m2 Se-
sabamisad). 

mTian raionebSi 0Q -is maqsimumi umetes SemTxveva-
Si  aRiniSneba maisSi  da ara ivnisSi, rac ganpirobebu-
lia 0Q - is sidideebze sezonuri Tovlis safaris (rome-

lic iwvevs 0D -is zrdas) da atmosferos maRali (ivnis-

Tan SedarebiT) gamWvirvalobis (ris Sedegad 1S  matu-
lobs) prevalirebuli gavleniT mzis simaRlis gavle-
nasTan SedarebiT.  damokidebulebas 0 ( )Q f m=  aqvs  

maCvenebeli funqciis saxe: 0
bmQ ae−= , a da b koeficien-

tebis sidideebi mocemulia cxrilSi 3.3.1. rac Seexeba 
damokidebulebas 00 ( )Q f h= igi warmoidgineba  meore 
rigis parabolas saxiT (93,98). 

0 ( )Q f m= damokidebulebebis analizuri gamosa-
xulebebiT gamoTvlili da dakvirvebebis  monacemebiT 
agebuli mrudebidan aRebul 0Q -is mniSvnelobebs So-
ris gansxvaveba umniSvneloa: magaliTad, araratis vaki-
saTvis 0.05σ =  kvt/m2. sezonuri Tovlis  safaris Sem-
TxvevaSi  0Q -is sidide saSualod matulobs. qvefenili 

zedapiris  arekvlisunarianobis - Q -ze gavlena  mxed-

velobaSi miiReba specialuri koeficientebis 0K  saSu-

alebiT. magaliTad, (51)-is mixedviT, koeficient 0K -s 
gamosaTvlel formulas aqvs Semdegi saxe: 

 0
1

1 0.2A
K =

−
                             (3.23) 
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sadac A aris  qvefenili zedapiris albedo erTeu-
lis nawilebSi. A-s cvlilebebis dros 0.10-0.80 far-
glebSi 0K  icvleba 1.02-1.19 sazRvrebSi. 

 
cxrili 3.3.1. 

0
bmQ ae−=  damokidebulebaSi Semavali koeficientebis 

mniSvnelobebi 
 

# dakvirvebis raioni, punqti a b 
1. salskis tramali 1.542 -0.545 
2. CrdiloeT kavkasiis  Savi zRvis sanapi-

ro 
1.516 -0.511 

3. zRvispira vake (kaspiis zRva) 1.570 -0.534 
4. kaspiispira dablobi 1.550 -0.528 
5. mtkvar-araqsis dablobi  1.526 -0.            
6. afSeronis naxevarkunZuli 1.571 -0.533 
7. sevanis tbis auzi 1.758 -0.500 
8. naxWevanis qvabuli 1.622 -0.541 
9. kolxeTis dablobi 1.548 -0.489 
10. alaznis veli, qarTlis vake 1.557 -0.528 
11. araratis vake 1.624 -0.548 
12. centraluri kavkasioni, jvris uRel-

texili, 2,4km m/m yazbegi 
yinulovani baza 3,8km 

1.690 
 
1.712 

-450 
 
-0.445 

13. mcire kavkasioni 2,5km 1.692 -0.486 
14.  yabardos vake 1.490 -0.502 
 

(3.23) gamosaxulebiT Cvens mier gamoTvlili 0K -is 
sidideebi kavkasiis teritoriisaTvis sezonuri Tov-
lis safaris pirobebSi meryeoben Semdeg sazRvrebSi: 
1,05-1,10 salskis tramali, 1,06-1,09  araratis vake da 
kaspiispira dablobi, 1,05-1709 qarTlis vake, 1,08-1,10 
naxWevanis qvabuli, 1,04-1,05 alazan-avtoranis veli, 
1,10-1716 kavkasionis maRalmTiani raioni, 1,06-1,15 som-
xeTis mTianeTi.  
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amrigad, 0Q -is sididis   maqsimaluri zrda Tov-
lis safaris SemTxvevaSi  kavkasiis teritoriaze Sead-
gens 12-15%-s. 

mowmendili cis SemTxvevaSi dablob raionebSi 

Tviuri jamebis 0Q∑ T  ivnisis maqsimumi meryeobs 860,0  

(yubanispira dablobi) — 960,0 mj/m2-is (araratis vake) 
farglebSi,  dekembris minimumi — 190,0 (yubanispira 
dablobi) — 300,0 (naxWevanis qvabuli) — sazRvrebSi. 

wliuri jamebi 0Q∑w  CrdiloeTidan (salskis tramali) 

samxreTis mimarTulebiT naxWevanis qvabuli matulobs  
6800,0mj/m2-dan 7600,0 mj/m2—mde. mTian raionebSi simaR-
lis zrda ganapirobebs Tviuri da wliuri jamebis mate-
bis process.  kavkasiis mTiani raionebisaTvis damoki-

debuleba 0 ( )Q f H=∑w  warmoidgineba meore rigis pa-

rabolas saxiT: 

 0
26960.4 706.5 52.0HQ H= + −∑w                     (3.24) 

Semodgomisa da zamTrisaTvis 0 ( )f HQ =∑ sez  war-

moidgineba wrfivi, gazafxulisa da zafxulisaTvis 
kvadratuli funqciis saxiT: 

Semodgoma: 0Q =∑S 1382.7+104.8H                                (3.25) 

zamTari: HQ 4,57,.9550 +∑zam                                        (3.26) 

gazafxuli: 0
22283.5 45.28Q H= +∑ g                         (3.27) 

zafxuli: 0
22612.5 49.7HQ = +∑zafx                           (3.28) 

(3.28) —iT gamoTvlil da dakvirvebebiT miRebul 
jamebs Soris saSualo kvadratuli gadaxris sidide Se-
adgens 65,8 mj/m2-s. Rrublianobis  saSualo pirobebSi 
adgili aqvs jamuri radiaciis Semcirebas maqsimumiT 
qveda (konveqtiuri) da minimumiT zeda iarusis Sem-
TxvevaSi. Rrublianobis gavlenis raodenobrivi Sefa-
seba  radiaciuli balansisa da misi mdgenelebis sidi-
deebze safuZvlianad  ganxilulia (74, 14, 98, 93)-Si. mow-
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mendili cis analogiurad, Rrublianobis pirobebSi 
damokidebuleba ( )Q f m=R  rogorc saerTo, aseve cal-

ke iarusebis SemTxvevaSi warmoidgineba maCvenebeli 
funqciis saxiT. magaliTad, yabardos vakisaTvis  

( )Q f m=R  aqvs Semdegi saxe: 

qveda iarusi  47920.3039 meQ −=q                      (3.29) 

saSualo iarusi 0.57130.7995 meQ −=s               (3.30) 

zeda iarusi 8.51471.329 meQ −=z                          (3.31) 
(3.29)-(3.30) damokidebulebiT gamoTvlil da eqspe-

rimentuli monacemebiT agebuli Sesabamisi mrudebidan 
aRebuli Q-s sidideebs Soris gansxvaveba umniSvneloa. 
magaliTad, (3,29)    gamosaxulebisaTvis igi Seadgens 
0,02 kvt/m2-s. rogorc mowmendili cis, aseve Rrublia-
nobis pirobebSic im mTavar faqtorad, romelic  gan-
sazRvravs jamuri  radiaciis nakadis dRiuri svlis Ta-
viseburebebs, iTvleba m (an ho). rac Seexeba damokide-
bulebebs 0( )Q f h= , orive SemTxvevaSi isini warmoidgi-
nebian meore rigis parabolas saxiT (93,98). 

centraluri kavkasionis pirobebSi Rrublianobis 
dros mowmendil casTan SedarebiT jamuri radiaciis 
sidide Seadgens dabali iarusis SemTxvevaSi 20-30% 
dablob da 30-40% mTian raionebSi. saSualo da zeda ia-
rusebis SemTxvevaSi ki Sesabamisad 60-75 da 90-100%-s. 

Rrublianobis saSualo pirobebSi Q∑ T R -s sidi-

deebi meryeoben ivnisSi 600,0 (kolxeTis dablobis mim-
debare winamTa) — 850,0 mj/m2-is (araratis vake), dekem-
berSi 100,0 (noRaeTis  tramali) — 200,0 mj/m2-is  (naxWe-
vanis qvabuli) sazRvrebSi. zogierT raionebSi (yuba-
nispira dablobi, CrdiloeTi kavkasiis Savi zRvis sana-
piro, mineraluri wylebi, noRaeTis tramali, naxWeva-

nis qvabuli). Rrublianobis gavleniT Q∑ T R  -s maqsi-

mums  adgili aqvs ivlisSi  an maisSi (kolxeTis winamTa). 
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wliuri jamebis Q−∑ w R  saSualo sidideebi kavka-

siis dablob raionebSi meryeoben 4400,0 mj/m2-dan (ya-
bardos vake) 6200,0 mj/m2-mde (naxWevanis qvabuli). mTian 
raionebSi adgili aqvs Tviuri da wliuri jamebis 

zrdas. damokidebuleba ( )fQ H=∑w R , sadac jamebi 

mocemulia mj/m2-Si, xolo simaRle km-Si, kavkasiis mTi-
an raionebisaTvis analizurad warmoidgineba meore 
rigis parabolas saxiT: 

 

             24783.7 492.2 13.18HQ H= + −∑w R                 (3.32) 
 
kavkasiis mTiani sistemebis calkeuli raionebisaTvis 
am damokidebulebas aqvs Semdegi saxe: 
kavkasiis CrdiloeTi ferdobi 

 24708.0 136.5HQ = +∑w R                         (3.33) 

kavkasionis samxreTi  ferdobi 

             24822.7 12.1 124.3HQ H= − +∑w R                     (3.34) 

mcire kavkasionis (somxeTis mTianeTi) 

           25719.8 237.9 1.86Q H H= + −∑w R                      (3.35) 

mcire kavkasionis azerbaijanis farglebSi 

             25317.98 95.9HQ = +∑w R                                    (3.36) 

aRmosavleT  kavkasionis CrdiloeTi ferdobi  

             25069.1 99.86HQ = +∑w R                                    (3.37) 

adgilis simaRlis matebisas jamuri radiaciis se-
zonuri jamebi gazafxulze, Semodgomaze da zamTarSi 
izrdebian, zafxulSi  orografiuli Rrublianobis 
gavlenis Sedegad ki 0,25(3,0) km simaRleTa diapazonSi 
mcirdebian 2000,0 mj/m2-dan 1750.0m j/m2-mde, 2,5-4,0km si-
maRleebze  isev matuloben 1750.0-dan 2550.0mj/m2-mde. 
somxeTis mTianeTSi  Rrublianobis Semcirebis Sedegad 
zafxulis jamebi 0,8-2,5km  simaRleTa diapazonSi saSua-
lod 500,0mj/m2-iT  aRemateba mis sidideebs  analogiur 
simaRleebze kavkasiis sxva mTian raionebSi. 2,5km-ze  
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met simaRleebze kavkasiis yvela mTian raionSi adgili 
aqvs jamuri radiaciis jamebis (gaTanabrebis) niveli-

rebis tendencias. damokidebuleba ( )fQ H=∑w R   cal-

keuli iarusebis  SemTxvevaSic warmoidgineba meore ri-
gis  parabolebis saxiT (93). 

rogorc cnobilia, aqtinometriuli sadgurebis 
simciriT ganpirobebuli jamuri radiaciis  informa-
ciis arasakmarisi moculobis gazrdis mizniT siTburi 
balansis mdgenelebis klimatologiuri gamoTvlebis 

meTodikis Tanaxmad Q∑w R -sidideebis gamosaTvlelad 

gamoiyeneba saginov-ongstremis formula 

[ ]1 (1 )Q Q k n− −=∑ ∑T R T 0                                (3.38) 

romelic damakmayofilebel Sedegebs mxolod 
dablobi raionebisaTvis iZleva (223,24). am formulaSi 

Q∑ T 0  aris jamuri radiaciis  Tviuri jami mowmendili 

cis SemTxvevaSi, K Rrublianobis koeficienti, n-saer-
To Rrublianoba. amierkavkasiis  calkeuli raionebi-
saTvis saginov-ongstremis formuliT (48, 160, 164)-Si 

gamoTvlili Q∑ T 0 -s sidideebis damokidebuleba ad-

gilis absolutur simaRleze mocemulia naxazze 3.3.1. 
aqve mocemulia dakvirvebebis informaciiT  Cvens mier 
miRebuli damokidebulebebi kavkasiisa da somxeTis 
(naxWevanis CaTvli T) mTiani raionebisaTvis. rogorc 
nax 3.3.1-dan Cans, e. Sixlinskisa da i. cucqiriZis faqti-
urad erTi da igive regionisaTvis  da absoluturi si-

maRleebisaTvis gamoTvlili Q∑w R -s sidideebi da ma-

Ti maRlivi cvlilebebis tendenciebi (mrudebi 2,3) 
mniSvnelovnad gansxvavdebian  (850,0mj/m2) erTmaneTisa-
gan.  garda amisa, nax. 3.3.1-ze moyvanili  mrudebis ur-
TierTganlagebidan Cans, rom miuxedavad aRmosavleT 
kavkasionis mTian raionebSi  arsebuli dabali  mraval-
wliuri saerTo da qveda iarusis Rrublian obisa aq 

Q∑w R -s jamebi aRmoCnda gacilebiT  naklebi vidre 
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centralur kavkasionze, rac gamowveulia imiT, rom 
jamebis gamoTvlisas ver dadginda mowmendili cis pi-
robebSi jamuri radiaciis vertikaluri gradientis 
stabiluri sidideebi (mokleperiodiani rigebis gamo-
yenebis Sedegad) da Rrublianobis koeficientebis ad-
gilis absolutur simaRleze damokidebulebis Tavise-
burebebi. rogorc dakvirvebebis grZelperiodiani in-
formaciis  gamoyenebiT Cveni gamoTvlebis Sedegebi 
gviCveneben, jamuri radiaciis vertikaluri gradien-
tis sidide mowmendili cis SemTxvevaSi ar aris mudmi-
vi, rogorc es naCvenebia (164)-Si, aramed igi kavkasionis 
mTiani raionebisaTvis aris absoluturi simaRlis 
funqcia, romlis zrdis SemTxvevaSi 0-4km simaRleTa 
diapazonSi wliuri jamebis  gradientis sidide 100m si-
maRleze mcirdeba 65,5 mj/m2-dan 34,3 mj/m2-mde.  

 

 
 

nax. 3.381 damokidebulebebi ( )fQ H=∑ T R : 1- daResta-

ni, azerbaijani (164); 2 — kavkasioni (164); 3. — saqarTve-
lo (160);   - centraluri kavkasioni avtoris monaceme-
biT,   - somxeTi (48). 4 — somxeTi, naxWevanis raioni dak-
virvebebis monacemebiT 

moRrublulobis  saSualo pirobebSi ki vertikalu-
ri gradienti matulobs 11,3mj/m2-dan  93,2 mj/m2-mde kav-
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kasionis CrdiloeT ferdobze, 11.2 mj/m2-dan 85.2mj/m2-
mde  samxreT ferdobze. vertikaluri gradientis  zrda 
aRiniSneba agreTve mcire kavkasionis mTian raionebSic. 

yovelive es miuTiTebs imaze, rom Q∑w R -s sidideebis 

gamoTvlebSi mokleperiodiani rigebze dayrdnobiT mi-
Rebuli vertikaluri gradientis mudmivi sididis gamo-
yenebas (164) da am  mizniT  mTiani raionebisaTvis K-s si-
dideebis gansazRvras dablobi  raionebisaTvis T. berli-
andis mier agebuli grafikiT  (17) mivyavarT realuridan 
mniSvnelovnad gansxvavebul Sedegebamde.  

mTiani da maRalmTiani raionebisaTvis jamuri ra-
diaciis jamebis gamosaTvlelad saginov-ongstrumis 
formula SeiZleba gamoyenebul iqnes  mxolod im Sem-
TxvevaSi, Tu gaTvaliswinebuli iqneba masSi Semavali K 

da Q∑ T -s adgilis absolutur simaRleze damokide-

bulebis winaswar dadgenili stabiluri kanonzomiere-
bani. aRsaniSnavia, rom Tu dakvirvebebis Sedegad cno-

bilia Q∑ T R , Q∑ T 0  da n-is sidideebi, maSin (3.38)-dan 

miRebuli gamosaxulebidan: 

               

1 (1 )
Q

K
Q

= − − ∑
∑

T R

T 0

                          (3.39) 

SesaZlebelia  Rrublianobis koeficientis K-s 
mniSvnelobebis gamoTvla (cxrili 3.3.2). 

rogorc cxrilSi 3.3.2  mocemuli informaciis ana-
lizidan Cans, K-s saSualo Tviuri  da wliuri mniSvnelo-
bebi umetes SemTxvevaSi SesamCnevad gansxvavdebian  dab-
lob raionebSi Sesabamisi ganedebisaTvis mocemuli sidi-
deebisagan. K-s gaaCnia garkveuli wliuri svla, rac gan-
pirobebulia Rrublianobis optikuri simkvrivis da mzis 
simaRlis, da naTebis xangrZlivobis sidideebis ryevado-
biT weliwadis ganmavlobaSi. kavkasiis im dablob raio-
nebSi, sadac weliwadis civi periodis ganmavlobaSi sWar-
bobs qveda iarusis Rrublianoba sakmaod maRali optiku-
ri simkvriviT, aRiniSneba K-s dabali sidideebi (yabar-
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dos, araratis vakeebi, stavropolis maRlobis aRmosav-
leTi ferdobi, kaspiispira yubanispira, kolxeTis dab-
lobebi, Savi zRvis sanapiro zoli). K maqsimaluria weli-
wadis Tbil periodSi.  kavkasiis mTian raionebSi, sadac 
Rrublianobis sidideebze adveqciuri  procesebis garda 
gavlenas axdenen adgilobrivi cirkulaciuri procesebi 
(konveqcia, fionebi, mTa-xeobaTa da myinvarebis qarebi). 
K-s maqsimumi 3km simaRlemde aRiniSneba Semodgomaze da 
zamTarSi, 3km-ze  zeviT ki zamTarSi da gazafxulze.  

 

 
cxrili 3.3.2  
Rrublianobis koeficientis K-s saSualo Tviuri da 
wliuri sidideebi 
 

Tve raioni punqti 
I  II III IV V VI VII 

Savi zRvis sana-
piro 

0.34 0.48 0.50 0.48 0.45 0.59 0.60 

mineraluri 
wylebi 

0.36 0.51 0.55 0.38 0.45 0.42 0.45 

yabardos vake 0.28 0.41 0.44 0.40 0.41 0.31 0.42 
zRvispira vake 0.35 0.44 0.41 0.48 0.66 0.63 0.60 
mtkvar-araqsis 
dablobi 

0.46 0.47 0.51 0.57 0.45 0.56 0.56 

kolxeTis dab-
lobi  

0.34 0.34 0.36 0.42 0.48 0.48 0.47 

qarTlis vake 0.39 0.43 0.43 0.45 0.54 0.55 0.51 
alaznis veli 0.30 0.38 0.46 0.48 0.54 0.58 0.57 
Savi zRvis sana-
piro, \saqar-
Tvelo 

0.38 0.48 0.44 0.53 0.54 0.60 0.57 

araratis vake 0.32 0.36 0.49 0.57 0.58 0.65 0.63 
yubanispira 
dablobi 

0.27 0.31 0.32 0.44 0.51 0.37 0.43 

kaspiispira 
dablobi 

0.33 0.36 0.31 0.47 0.53 0.57 0.59 

sevanis tba 0.59 0.59 0.60 0.51 0.60 0.62 0.67 
leninakanis ta-
fobi 

0.47 0.42 0.38 0.38 0.34 0.30 0.24 
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bermamiti, 2,6 
km 

0.78 0.58 0.56 0.46 0.31 0.27 0.28 

jvris uRelte-
xili 2 km 

0.78 0.82 0.70 0.54 0.56 0.53 0.55 

m/m/ yazbegi 
3,7km 

0.053 0.79 0.60 0.64 0.66 0.53 0.53 

yinulovani ba-
za 3,8 

0.49 0.60 0.58 0.58 0.62 0.57 0.60 

 
cxrili 3.3.2-is gagrZeleba 

Tve raioni punqti 
VIII IX X XI XII wliuri 

Savi zRvis sanapi-
ro 

0.58 0.41 0.50 0.31 0.31 0.50 

mineraluri 
wylebi 

0.51 0.49 0.58 0.30 0.350 0.43 

yabardos vake 0.45 0.30 0.28 0.30 0.32 0.38 
zRvispira vake 0.54 0.52 0.46 0.36 0.32 0.48 
mtkvar-araqsis 
dablobi 

0.64 0.43 0.50 0.41 0.41 0.50 

kolxeTis dablo-
bi  

0.46 0.47 0.48 0.27 0.35 0.41 
 

qarTlis vake 0.57 0.44 0.3 0.38 0.31 0.44 
alaznis veli 0.54 0.47 0.42 0.34 0.036 0.45 
Savi zRvis sanapi-
ro, \saqarTvelo 

0.59 0.57 0.47 0.37 0.33 0.49 

araratis vake 0.56 0.56 0.55 0.40 0.29 0.50 
yubanispira dab-
lobi 

0.39 0.36 0.33 0.21 0.22 0.36 

kaspiispira dab-
lobi 

0.40 0.35 0.36 0.29 0.18 0.40 

sevanis tba 0.65 0.58 0.64 0.61 0.50 0.60 
leninakanis ta-
fobi 

0.26 0.32 0.50 0.59 0.42 0.38 

bermamiti, 2,6 km 0.25 0.41 0.66 0.39 0.66 0.48 
jvris uReltexi-
li 2 km 

0.43 0.42 0.48 0.76 0.74 0.60 

m/m/ yazbegi 3,7km 0.32 0.23 0.45 0.52 0.55 0.54 
yinulovani baza 
3,8 

0.65 0.57 0.60 0.64 0.56 0.59 
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amrigad,  K-s sidideze did gavlenas axdenen loka-
luri pirobebi da  mTian raionebSi igi calke unda dad-
gindes konkretuli punqtebisaTvis. K-s saSualo gane-
duri sidideebi kavkasiis dablobi raionebisaTvis mer-
yeoben 0,33(40 C.g.)- 0,34 (460C.g.) sazRvrebSi (23, 24). ro-
gorc cxrili  3.3.2-dan Cans, rig SemTxvevaSi dablob 
raionebSic ki gamoTvlili da (24)-Si mocemuli K-s si-
dideebi sagrZnoblad gansxvavdebian erTmaneTisagan.  

(17)-Si mocemulia Q∑ T R -s sidideebis gamosaT-

vleli  Semdegi formula: 

     ]1 ( )Q Q a bn n⎡ += +⎣∑ ∑T R T 0                               (3.40) 

sadac a,b arian uganzomilebo koeficientebi. 0.38,b =  a 
ki aris ganedis funqcia.  

(3.39) —dan a ganisazRvreba Semdegi gamosaxulebiT: 

          (1 ) : 0.38
Q
Q

a n n= − −∑
∑

T R

T 0

                                  (3.41) 

rogorc gamoTvlebi gviCveneben, a-s sidideebs 
(cxrili 3.3.3.) gaaCnia gansazRvruli wliuri svla. zo-
gierTi punqtisaTvis а=0, da maTTvis T. berliandis 
formulas aqvs Semdegi saxe: 

           2(1 )Q Q bn−=∑ ∑T R T T                                (3.42) 

cxrilSi 3.3.3 moyvanili a-s saSualo wliuri mniS-
vnelobebi,  yabardos, qarTlis, alaznis vakeebisa da 
kolxeTis dablobebisaTvis Zalian axlo arian (17)-Si  
Sesabamisi ganedebisaTvis mocemul mniSvnelobebTan a-
s sidideebSi didi gansxvaveba aRiniSneba leninakanis 
tafob isa da yinulovani bazis SemTxvevaSi. 
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cxrili  3.3.3  
koeficient a-s mniSvnelobebi 
 

Tve raioni punqti 
I  II III IV V VI VII 

yubanispira 
dablobi 

0.43 0.39 0.41 0.32 0.26 0.46 0.53 

yabardos vake 0.49 0.29 0.28 0.32 0.32 0.43 0.35 
mtkvar-
araqsis 
dablobi 

0.30 0.27 0.22 0.17 0.29 0.25 0.24 

kolxeTis 
dablobi 

0.40 0.39 0.34 0.33 0.27 0.30 0.31 

leninakanis 
tafobi 

       

 
Tve raioni punqti 

VIII IX X XI XII wliuri 
yubanispira 
dablobi 

0.44 0.49 0.46 0.54 0.50 0.44 

yabardos vake 0.36 0.47 0.48 0.42 0.38 0.38 
mtkvar-
araqsis 
dablobi 

0.33 0.32 0.31 0.34 0.35 0.28 

kolxeTis 
dablobi 

0.31 0.34 0.42 0.52 0.43 0.36 

leninakanis 
tafobi 

      

 
dakvirvebis monacemebiT, saginov-angstremisa da 

T. berliandis formulebiT, romlebSic mxedvelobaSi 

iqna miRebuli ( )K f H= , ( )fQ H=∑ T R  damokidebule-

bi da a-s mniSvnelobebi, gamoTvlili iqna Q∑ T R  da 

Q∑w R -s sidideebi (cxrili 3.3.4) didi da mcire kavka-

sionisaTvis. 
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cxrili 3.3.4 
dakvirvebebis monacemebiT (1), saginov-angstremisa 
(3.38) da T. berliandis (3.40) formulebiT gamoTvlili 

Q∑w R -s sidideebi, mj/m2 weli 
 

H, km meTodi 

0 1 2 3 4 
didi kavkasionis CrdiloeTi ferdobi 

1. 4705.4 4818.5 5208.2 5866.0 6800.4 
2. 4692.8 4835.3 5262.6 5947.9 6972.9 
3. 4659.3 4785.0 5212.4 5840.9 6766.9 

didi kavkasionis samxreTi ferdobi 
1. 4910.7 4961.0 5287.8 5891.1 6771.0 
2. 4211.0 4902.3 5593.7 6285.1 6976.4 
3. 5069.9 5174.7 5488.9 6012.6 6745.9 

 
mcire kavkasioni azerbaijanis da saqarTvelos sazRvrebSi 

1. 5317.1 5413.5 5702.6 6176.1 6859.0 
2. 4993.9 5028.8 5392.6 6054.6 6976.4 
3. 5283.6 5371.6 5643.9 6092.3 6725.0 

mcire kavkasionis somxeTis sazRvrebSi 
1. 5715.2 5932.4 6192.8 6419.1 6637.0 
2. 5204.0 5317.1 5652.3 6222.2 7014.0 
3. 5832.5 5887.0 6042.0 6326.9 6712.4 
 
rogorc cxrili 3.3.4-dan Cans, samive meTodiT ga-

moTvlili Q∑w R -s sidideebi axloa erTmaneTTan. Se-

fardebis 
Q Q

Q
−∑ ∑

∑ R

T R T w

w

 sidide didi kavkasionis 

CrdiloeTi ferdobisaTvis ar aRemateba 3(2)  da 1% (3) 
samxreTi ferdobisaTvis igi Seadgens 4%-s. (3) mcire 
kavkasionis mTiani raionebisaTvis ki 8%-s(2) da 2%-s (3). 

amrigad, gamoTvliT miRebuli Sedegebis analizi-
dan Cans, rom  isini damakmayofilebelia.  
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mravlawliuri monacemebiT 
Q
Q

∑
∑

w R

w 0

 -is sidide 

meryeobs 80%-dan (araratis vake,  naxWevanis qvabuli) 
60%-mde (mineraluri wylebi, yabardos vake, stavropo-
lis maRlobis aRmosavleTi ferdobebi, dasavleT sa-

qarTvelos winamTa). 
D
Q

∑
∑

w

w 0

-is maqsimumi 50% aRiniSne-

ba stavropolis  maRlobis aRmosavleT ferdobebze,  
mineralur wylebze,  yabardosa da CrdiloeT  oseTis 
vakeebze, minimumi — 35% naxWevanis qvabulSi  da arara-

tis vakeze. didi kavkasionis mTian raionebSi 
Q
Q

∑
∑ 0

w R

w

 

mcirdeba  dasavleTidan aRmosavleTis mimarTulebiT 

50%-dan 45%-mde, 
Q
Q

∑
∑ 0

w R

w

-is sidide ki icvleba 56-76%-

is sazRvrebSi. kavkasiis dablob raionebSi 
S
Q

∑
∑

w R

w R

 -is 

sidide meryeobs 50-68%-is sazRvrebSi.  naxWevanis qva-
bulSi, araratis vakeze,  sevanis tbis auzSi,  leninaka-

nis tafobze Q∑w R -s  sidideebis  formirebaSi ZiriTa-

di wvlili Seaqvs ,S∑ Rw -s, xolo salskis tramalebze, 

yubanispira dablobze, mineralur wylebze, stavropo-
lis maRlobis aRmosavleT ferdobze, yabardos vakeze, 

winamTis raionebSi D∑ Rw -s sidideebi axlosaa ,S∑ Rw -

s sidideebTan. ,S∑ Rw -s wvlilis absoluturi  maqsimu-

mi aRiniSneba  naxWevanis qvabulSi (68%), absoluturi  
minimumi  ki — yabardos vakeze da mineralur wylebze 

(50%). mcire kavkasionis mTian raionebSi D∑ Rw -s  
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nax. 3.3.2 Q∑ Rw - sidideebis ganawileba Rrublianobis 

saSualo pirobebSi mj/m2 
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sidide 20%-iT naklebia  ,S∑ Rw  sidideze, aRmosavleT 

kavkasionis CrdiloeT ferdobze am gansxvavebis sidi-
de ar aRemateba 10%-s. didi kavkasionis danarCen raio-

nebSi ,S∑ Rw  da D∑ Rw -s sidideebi axlosaa erTmaneT-

Tan. 

,S

Q
∑
∑

R

R

w

w

-is wliuri svlis mrudze maqsimumi aRiniS-

neba zafxulis,  minimumi — zamTris TveebSi, rodesac 

D∑ RT -s wvlili Q∑ Rw -s sidideebis formirebaSi 

mkveTrad izrdeba. Q∑ Rw -s sidideebis ganawileba kav-

kasiis teritoriaze mocemulia naxazze 3.3.2. 
 

 
3.4 areklili radiacia da albedo 

 
qvefenili zedapiridan areklili radiacia — Ra da 

qvefenili zedapiris albedo aA Ra
Q

= (%)   damokidebu-

lia mis fizikur Tvisebebze, mzis simaRleze da dace-
muli radiaciis speqtralur maxasiaTeblebze. kavkasi-
is teritoriaze Ra da Aa-is ganawilebis kanonzomiere-
bebze, rogorc horizontaluri, aseve vertikaluri mi-
marTulebiT mniSvnelovan gavlenas axdens sezonuri 
Tovlis safaris arsebobis xangrZlivoba, romelic da-
mokidebulia adgilis ganedze da absolutur simaRle-
ze. zafxulSi dablob raionebSi albedos saSualo mra-
valwliuri mniSvnelobebi meryeoben 16%-dan (yubanis-
pira dablobi) 26%-mde (naxWevanis qvabuli). weliwadis 
civ periodSi albedosa da areklili radiaciis sidide-
ebze mniSvnelovan gavlenas axdens sezonuri Tovlis  
safaris reJimuli maxasiaTeblebi. amierkavkasiis dab-
lob raionebSi, mTiani raionebisagan gansxvavebiT,  
Tovlis safari aramdgradia. Tu CrdiloeTi kavkasiis 
dablob raionebSi zamTris albaToba aramdgradi Tov-
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lis safariT Seadgens 40%-s,   Savi zRvis samxreT sana-
piroze da kolxeTis dablobze igi aRwevs 80-100% (131-
134, 151, 152), weliwadis gardamaval periodebSi (gazaf-
xuli, Semodgoma) Tbili da mdgradi sezonuri Tovlis 
safaris arsebobis periodebisagan gansxvavebiT albe-
dos sidideebi mkveTr ryevebs ganicdian. mTian raio-
nebSi sezonuri Tovlis safaris arseboba adgilis ab-
solutur simaRleze da orografiul faqtorze (fer-
dobebis orientacia, daxriloba) damokidebulebiT ga-
napirobebs albedos sididis da misi sezonuri svlis 
Taviseburebebs. aq zamTris periodSi samxreTis eqspo-
ziciis ferdobebze aorTqlebis  intensiuri procesis, 
saTburis efeqtis (sanapiro efeqtTan erTad) gavleniT 
xSirad aRiniSneba Tovlis safaris nawilobrivi gaqro-
ba (TovlWrelis — lilos warmoqmna), ris Sedegad fiq-
sirebul simaRleze ferdobebis orientaciasa da dax-
rilobis kuTxeze damokidebulebiT sinqronulad  aRi-
niSneba albdedos gansxvavebuli mniSvnelobebi.  

weliwadis, zamTris da civi periodisaTvis albe-
dos Aa(%) saSualo mravalwliuri sidideebis damoki-
debuleba adgilis simaRleze — H(km) warmoidgineba me-
ore rigis parabolas saxiT: 

 

weliwadi: 223.0 0.3 3.1a H HA = − +                      (3.43) 

zamTari: 230.7 13.7 0.05aA H H= + +                    (3.44) 

civi periodi: 230.8 8.6 0.3a H HA = + +              (3.45) 
gazafxulisa da SemodgomisaTvis Sesabamisad 0,0-

1,5km da 0,0-2,0km simaRleTa diapazonisaTvis ( )aA f H=    
warmoidgineba wrfivi funqciebis, xolo 1,5-4,0 km da 
2,0-4,0 km simaRleTa diapazonisaTvis meore rigis para-
bolas saxiT (nax. 3.4.1) . 

 
gazafxuli: 0,0-1,5km 22.0 1.33aA H= −               (3.46) 

                       1,5-4,0km 267.7 29.0 8.0a H HA = − +  (3.47) 
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Semodgoma: 0,0-2,0km 21.0a HA = +                           (3.48) 

            2,0-4,0km  248.1 26.0 8.0a H HA = − +                (3.49) 
 
nax. 3.4.1-ze jvrebiT aRniSnulia (3.45) gamosaxule-

biT gamoTvlili Aa-s mniSvnelobebi.  
kavkasiis dablob raionebSi CrdiloeTidan sam-

xreTis mimarTulebiT albedos saSualo mravalwliu-
ri mniSvnelobebi klebulobs zamTarSi 34, weliwadis 
civ periodSi  24, weliwadis da zafxulis ganmavlobaSi 
10,  gazafxulze 8%-iT, e.i. albedos  ganeduri cvlile-
bebis sidide maRliv  cvlilebebTan SedarebiT umniS-
vneloa (zafxulis garda, rodesac sezonuri Tovlis 
xazamde adgili aqvs albedos minimalur metnaklebad 
mudmiv mniSvnelobebs).  

aRsaniSnavia, rom albedos saSualo Tviuri mniS-
vnelobebis wliur svlaSi arsebuli variaciebi axasia-
Teben sezonuri Tovlis safaris formirebis, gaqrobis 
(arsebobis) xangrZlivobas da sezonuri Tovlis xazis 
simaRlis ryevadobas weliwadis ganmavlobaSi (109). qve-
fenili  zedapiris albedos sidideebSi weliwadis gan-
mavlobaSi arsebuli maRlivi variaciebiT sezonuri 
Tovlis safaris sazRvris ryevis gansazRvra im meTodi-
kis paralelurad, romelic emyareba mcirericxovani  
mTiani sadgurebis meteoinformaciis analizs da Zne-
ladmisawvdomi mTiani raionebisaTvis savele pirobebSi 
Tovlis sezonuri safaris reJimul maxasiaTeblebze sa-
vele dakvirvebebis Sedegad mopovebul monacemebs, iZ-
leva sezonuri Tovlis safaris arsebobis maxasiaTeb-
lebis raodenobrivi Sefasebis SesaZleblobas kavkasiis 
mTian da maRalmTian raionebSi ZviradRirebuli specia-
luri savele eqspediciebis mowyobis gareSe.  

kavkasiis mTiani gamyinvarebis zona xasiaTdeba ra-
diaciuli maxasiaTeblebis, maT Soris albedos, arek-
lili radiaciis specifikuri TaviseburebebiT. aRsa-
niSnavia, rom mTiani gamyinvarebis abliaciis zonaSi ad-
gili aqvs  albedos dRiuri svlis saerTo kanonzomie-
rebebs: mzis simaRleze albedos sididis ukupropor-
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ciuli damokidebuleba, albedos Semcireba dRis meore 
naxevarSi pirvel naxevarTan SedarebiT, qveda iarusis 
aTbaliani  Rrublianobis pirobebSi albedos dRiuri 
svlis amplitudis Semcireba da albedos mniSvnelobe-
bis mudmivoba (gaumWvirvale formebis SemTxvevaSi),  
sicivis adveqciis pirobebSi dRis meore naxevarSi al-
bedos zrda, dRis meore naxevarSi albedos Semcireba 
kerZod, (26)-Si axsnilia myinvaris dnobis SemTxvevaSi 
misi zedapiris sixistis zrdiT da masze dacemuli ra-
diaciis sarkuli arekvlis SecvliT difuziuri arek-
vliT, magram rogorc Cvenma dakvirvebebma  gviCvena (90, 
113) am  movlenaSi  arcTu umniSvnelo rols TamaSobs 

 
nax. 3.4.1 damokidebulebebi ( )aA f H=  
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dnobis Sedegad  warmoqmnili wylis mier dacemuli ra-
diaciis speqtris infrawiTeli nawilis intensiuri 
STanTqma, romelic dRis meore naxevarSi mzis simaRlis   
Semcirebis sinqronulad  speqtris gawiTlebis Sedegad 
Zlierdeba. gamyinvarebis abliaciis zonaSi albedo 
meryeobs sufTa mdnari yinulis SemTxvevaSi 30-40, da-
WuWyianebuli mdnari yinulis SemTxvevaSi 15-30, gver-
diT, zedapirul, frontalur morenebze 8-20%-is saz-
RvrebSi (90, 113). ialbuzis unagiraze mSrali firnis da 
yinulis SemTxvevaSi albedo icvleba 60-75%-is saz-
RvrebSi.  abliaciis zonisagan  gansxvavebiT, sadac 
mdnari yinulis zedapiris albedos dRiur svlaze mzis 
simaRlis gavlena gadaifareba dnobis procesis gavle-
niT, akumulaciis  zonaSi mzis simaRlis zrdis SemTxve-
vaSi albedos sidide  klebulobs, rac tipiuria gamyin-
varebis akumulaciis yvela zonisaTvis. damokidebule-
ba ( )a oA f h=  am zonebisaTvis analizurad warmoidgine-
ba wrfivi funqciis saxiT: 

069.0 0.3a hA = −                                             (3.50) 

sadac 0h  mocemulia gradusebSi, aA  ki procentebSi. 
kavkasiis teritoriis mosazRvre  akvatoriis da 

Sida wylis auzebis albedos dRiuri da wliuri svlis 
kanonzomierebebis dasadgenad arsebuli dakvirvebis 
masalebi arasakmarisia da aqvs epizoduri xasiaTi. aq-
tinometriul sadgur navTobian qvebze dakvirvebis Se-
degad dadginda, rom kaspiis zRvis albedos saSualo 
Tviuri mniSvnelobebi maqsimaluria Semodgoma-zam-
Tris (13%) da minimaluria zafxulis TveebSi (8%), rac 
ganpirobebulia ZiriTad wylis zedapirze  sxivis dace-
mis kuTxis cvalebadobiT weliwadis ganmavlobaSi (sxi-
vis dacemis kuTxis zrdisas albedos sidide izrdeba 
da piriqiT). Tbilisis zRvaze epizoduri dakvirvebebis 
Sedegebic miuTiTeben analogiuri saxis damokidebu-
lebebze (160), romelic aseve miRebuli iyo (50)-Sic. 
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nax. 3.4.2 albedos ganawileba kavkasiis  
teritoriaze, % weliwadi. 
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qvefenili zedapiridan areklili radiaciis Ra 
kvt/m2 damokidebuleba atmosferos optikur masaze m 
mowmendili cis SemTxvevaSi  warmoidgineba maCvenebeli 

funqciis - b
a

mR ae−=  saxiT. a da b koeficientebis sidi-
deebi Seadgenen magaliTad, alaznis velisaTvis 0,2217-
0,3612-s,  araratis vakisaTvis Sesabamisad 0,2385-0,4521-s. 

atmosferos masis mudmivi mniSvnelobisaTvis aR -
is maqsimumi aRiniSneba axali mSrali TovlisaTvis. 
Tovlis daWuWyianebis, datenianebis da dnobis Sem-
TxvevaSi aR -is  sidide klebulobs. magaliTad, Cveni 
dakvirvebebis monacemebiT yinulovan bazaze rodesac 

2m = ( 0 30h = )  aR -is   saSualo sididem Seadgina mSrali  
TovlisaTvis 0,54, teniani TovlisaTvis 0,45, sveli To-
visaTvis 0,34, mdnari yinulis zedapirisaTvis 0,24, Savi 
feri morenisaTvis 0,11, firnisaTvis 0,34 kvt/m2. dab-

lob raionebSi 
a

R∑ T -is maqsimumi aRiniSneba  zafxul-

Si (VI, VII), minimumi — dekemberSi: pirveli meryeobs 
100,0-220,0 meore 60,0-75,0 mj/m2-is sazRvrebSi. mTian ra 
ionebSi aRiniSneba agreTve gazafxulis meoradi maqsi-

mumebi. moRrublulobis  saSualo pirobebSi 
a

R∑ T -is  

ivnis-ivlisis maqsimumi meryeobs 120,0 (giganti) — 220,0  
meore 60,0-75,0mj/m2-is  sazRvrebSi. mTian raionebSi 
aRiniSneba agreTve gazafxulis meoradi maqsimumebi. 

moRrublulobis saSualo pirobebSi  
a

R∑ T -s sidide 

dablob raionebSi  meryeobs 750,0mj/m2 (yubanispira  
dablobi)-dan 160,0mj/m2 (naxWevanis qvabuli)-mde.  mTian 
raionebSi simaRlis zrdisas areklili radiaciis in-
tensivoba da jamebi matulobs, rac ganpirobebulia se-
zonuri Tovlis safars xangrZlivobis  da jamuri ra-

diaciis zrdiT. damokidebulebebi ( )
a

R f H=∑w  da 

( )
a

R f H=∑ c , (sadac jamebi mocemulia mj/m2-Si, H ki 

km-Si) warmoidginebi an meore rigis parabolas saxiT: 
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weliwadi: 21067.1 148.1 215.1
a

HR H= − +∑w      (3.51) 

civi periodi: 2168.2 114.4 266.4
a

HR H= − +∑ c  3.52) 

qvefenili zedapiris mier STanTqmuli radiaciis 
wliuri jamebis  sidide moRrublulobis saSualo pi-

robebSi Q∑w S  adgilis absoluturi simaRlis zrdi-

sas  mcirdeba. damokidebuleba ( )HQ f=∑w  warmoid-

gineba meore rigis parabolas saxiT: 
kavkasiis mTiani sistemebi  

2371.6 450.0 228.3HQ H= + −∑w S                             (3.53)  

 

rogorc gamoTvlebi gviCveneben, Q∑w S -is sidi-

de mkveTr klebas ganicdis 2-4 km simaRleTa diapazon-
Si, rac ganpirobebulia sezonuri Tovlis safaris ar-
sebobis xangrZlivobis maqsimaluri zrdiT.  

Q
Q

∑
∑

w S

w R

 -s sidide Savi zRvis mimdebare teritori-

aze maqsimaluria soxumisaTvis da anaseulisaTvis 
(0,78). mTian raionebSi sinqronulad am Sefardebis si-
dide mcirdeba  da aRwevs minimums mudmivi Tovlis sa-

faris zonaSi.  damokidebuleba ( )
Q
Q

f H=∑
∑

w S

w R

 warmo-

idgineba meore rigis parabolas saxiT:  

 278.4 2.5 3.6
Q
Q

H H= + −∑
∑

w S

w R

                              (3.54) 

 
dakvirvebis monacemebiT miRebul da (3,54)-iT ga-

moTvlil sidideebs Soris saSualo kvadratuli gadax-
ra σ  Seadgens 2,5%-s. damokidebulebebi  ( )oQ f h=S  
mowmendili cisa da Rrublianobis saSualo pirobebSi 
qvefenili zedapiris fizikuri Tvisebebisagan damou-
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kideblad warmoidginebian meore rigis parabolas sa-
xiT (91, 95). 

mTiani raionebis gamyinvarebis abliaciis zonaSi 
weliwadis Tbil periodSi STanTqmuli radiaciis sidi-
de aris absoluturi simaRlis  klebadi funqcia. maga-
liTad, didi  kavkasionis CrdiloeTi ferdobis gamyin-
varebis zonisaTvis (myinvarebi kulaki, baSili, ialbu-
zis samxreTi ferdobis da alibek-ulgenis gamyinvare-
bis zonebi) abliaciis periodSi moRrublulobis  saSu-
alo pirobebSi STanTqmuli radiaciis dRiuri jamebis 

Q∑ d S  da  
Q
Q

∑
∑

d S

d R

-s damokidebuleba  H-ze  adgilis 

absolutur simaRleTa diapazonisaTvis 2,2-5,3 km. war-
moidgineba Semdegi saxiT: 

 

29539.5 3980.0Q H= −∑ d S                                  (3.55) 

72.0 10.0
Q

H
Q

= −∑
∑

d S

d R

                                         (3.56) 

 
(3.55) damokidebulebaSi Q∑ d S  mocemulia kj/m2-Si. 

(3.55) gamosaxulebiT gamoTvlili da dakvirvebebis mona-

cemebiT aRebuli mrudidan Q∑ d S  - sidideebs  Soris sa-

Sualo kvadratuli gadaxra Seadgens 15,8 kj/m2-s, 
rogorc cnobilia, zvavebis  genetikuri klasifika-

ciis Tanaxmad (9), zvavsaSiS raionebSi insolaciuri tipis 
zvavebis warmoSobaSi mTavar rols asrulebs sezonuri 
Tovlis safarSi  SeRweuli mzis radiacia. kavkasiis mTia-
ni raionebis intensiur aTvisebasTan dakavSirebiT mzis 
sxivuri energiis Tovlis safarSi SeRwevis procesebis 
Seswavla am stiqiuri movlenis prognozirebis Tvalsaz-
risiT iZens did praqtikul mniSvnelobas — insolaciuri 
tipis zvavebis warmoqmnis  meqanizmSi mzis radiaciis ro-
li mdgomareobs imaSi, rom igi Tovlis fenaSi, fenebs So-
ris an qvefenil zedapirze gardaiqmneba ra siTbur ener-
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nax. 3.4.3 Tovlis `aqtinometri~

giad,  asustebs Tovlis fenis SigniT,     Tovlis fenebis 
kontaqtur zonaSi, niadagispira Tovlis fenasa da qvefe-
nil zedapirs Soris Tovlis kristalebs Soris SeWidu-
lobis Zalebs, ris Sedegadac zvavsaSiS ferdobze ganla-
gebuli Tovlis safari mTlianad gadadis  aramdgrad 
mdgomareobaSi da dasawyiss aZlevs insolaciuri tipis 
zvavebis warmoqmnas, romelTa Camosvlis albaToba sam-
xreTis orientaciis zvavsaSiSi ferdobebidan (sadac sa-
xezea mzis naTebis maqsimaluri xangrZlivoba da radia-
ciis maRali energetikuli done) gacilebiT metia sxva 
ferdobebTan SedarebiT. garda amisa, rogorc cnobilia, 
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(144)   weliwadis civ periodSi kavkasiis mTian  raionebSi 
sezonuri Tovlis safaris siTburi balansis   ZiriTadi 
komponentis rols TamaSobs radiaciuli balansi (SeRwe-
uli radiacia), romlis uSualo   gavleniT formirdeba 
temperaturis gradientis sidide da mimarTuleba, rasac 
gadamwyveti mniSvneloba eniWeba Tovlis safaris (fenis) 
sublimaciuri diaftorezis procesSi.  

amrigad, Tovlis safarSi SeRweuli radiaciis sidi-
dis Sefaseba aucilebelia Tovlis sublimaciuri gadak-
ristalebis Sedegad warmoSobili zvavebis prognozSic.  

ialbuzis ra ionSi 2,2-2,3 km simaRleebis diapazonSi 
sezonuri Tovlis safaris dnobis da insolaciis tipis 
zvavebis aqtivizaciis periodSi (III-IV). Cvens mier Tovlis 
safarSi radiaciis integraluri da speqtraluri nakade-
bis SeRwevis Taviseburebebis Seswavlis mizniT tardebo-
da dakvirvebebi TovlqveSa piranometrebiT da minis Suq-
filtrebiT (115)-Si mocemuli meTodikis gaTvaliswine-
biT. sezonuri Tovlis safaris sisqe meryeobda 0,5-1,2 
m- is farglebSi. garda amisa, mzis sxivisadmi normalur 
sibrtyeSi  ganlagebuli Tovlis monoliTebSi radia-
ciis SeRwevis Seswavlis mizniT damzadebuli iqna spe-
cialuri danadgari, e.w. `Tovlis aqtinometri~ (nax. 
3.4.2), romlis konstruqciuli Taviseburebebis aRwera, 
eqsperimentebis Catarebis meTodi, Suqfiltrebis da-
xasiaTeba da dakvirvebebis nawilis pirveladi analizi 
mocemulia (87,115) —Si.  dakvirvebebSi gamoyenebul mi-
nis Suqfiltrebs gaaCnia sakmaod mdgradi optikuri ma-
xasiaTeblebi, romlebic TiTqmis ar icvlebian iseT no-
tio areSic ki, rogoric aris Tovlis safari. rac See-
xeba dRis ganmavlobaSi mzis radiaciis speqtraluri  
Semadgenlobis cvlilebebiT ganpirobebul Seswore-
bebs da maT gavlenas Suqfiltrebis gamWirvalobis ko-
eficientebze,  unda aRiniSnos, rom maTi simciris Se-
degad (daaxloebiT 1%) mzis speqtris farTo areebi-
saTvis Cveulebrivad mxedvelobaSi  ar Rebuloben. mo-
nacemebis Sedarebis mizniT dakvirvebebi tardeboda 
mzis simaRlis fiqsirebuli mniSvnelobebis SemTxveva-
Si mowmendili cisa da mTliani moRrublulobis piro-
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bebSi.  rogorc dakvirvebebma gviCvena, TovlSi moTav-
sebuli piranometri afiqsirebda  masSi SeRweuli ra-
diaciis arsebobas 30sm siRrmemde. Tovlis fenaSi gasu-
li radiaciis Igas   (fardobiT erTeulSi) da Sefarde-

bis 
I
I
gas

SeRw

 (%) (sadac I Q Ra= −SeRw , Q  Tovlis zedapirze 

dacemuli radiacia, Ra    - zedapiridan areklili radi-
acia) damokidebulebebi  piranometris zemoT ganlage-
buli Tovlis fenis   sisqisagan Ζ  (sm) warmoidginebian  
eqsponencialuri funqciis saxiT.  

magaliTad, mowmendili cis SemTxvevaSi:  

             0.08180.893 zeI −=gas                                           (3.57) 

           0.04330.4149 ze
I
I

−=gas

SeRw

                                      (3.58) 

rodesac 1Ζ = sm, 0.74 38%
I

I
I

= −gas

gas
SeRw

, xolo ro-

desac 30Ζ = sm, 0.003I =gas . 2%
I
I

=gas

SeRw

-s. Tovlis safa-

risaTvis, rogorc fizikuri parametrebis gansxvavebu-
li mniSvnelobebis mqone fenebis erTobliobisaTvis, 
mzis radiaciis integraluri da speqtruli nakadebis 
Sesustebis koeficientebis — K sidideebi gamoiTvleba 
TiToeuli fenisaTvis Semdegi formuliT: 

             1 2

1 2

lg lgz zI
K

I−
=

Ζ − Ζ
                                             (3.59) 

sadac 
1z

I  da 
2zI  aris 1Ζ  da 2Ζ siRrmeebze  SeRweu-

li radiaciis sidideebi. mowmendili cis SemTxvevaSi 
K integraluri nakadisaTvis icvleba farTo diapa-
zonSi: 0.090sm-1-dan  mSrali, 0.500sm-1-mde sveli Tovlis 
SemTxvevaSi. Cvens mier miRebul K -s saSualo sididem  
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Seadgina 0.350sm-1. K -s mkveTri zrda sveli Tovlis Sem-
TxvevaSi aixsneba  mzis speqtris infrawiTeli aris in-
tensiuri STanTqmiT wylis mier. mSrali Tovlis Sem-
TxvevaSi  Cvens mier miRebuli K -s sidideebi icvlebo-
da  0.074-0.197sm-1-is sazRvrebSi, rac Zalian axloa g. 
sulaqveliZis, n. kalitinis da sxvebis mier miRebul si-
dideebTan (0.090-0.160sm-1), 

amrigad, im SemTxvevaSi, rodesac ferdobze sezo-
nuri Tovlis safaris sisqe metia 30sm-ze,. masSi SeRweu-
li radiacia asustebs Semadgenel fenebs Soris kontaq-
tur zonebSi Tovlis kristalebs Soris SeWidulobis 
Zalebs da Tovlis  safarzeda fena (Z≤30 sm) gadadis 
aramdgrad mdgomareobaSi, xolo Tovlis  safaris nak-
lebi sisqis ( 30Ζ p sm) SemTxvevaSi SeRweuli  radiacia 
atans qvefenil zedapiramde da Tovlis safari mTlia-
nad modis moZraobaSi. unda aRiniSnos is garemoebac, 
rom kavkasiis mTian raionebSi gazafxulis periodSi 
Tovlis safarSi  mimdinare intensiuri gadakristale-
bis procesebis Sedegad Tovli Rebulobs marcvlovan  
gamWvirvale struqturas, romelic masSi SeRweuli  ra-
diaciis nakadebs axal TovlTan SedarebiT atarebs met 
siRrmeze.  

gazafxulis periodSi   Tovlis dnobis da insola-
ciuri tipis zvavebis aqtivizaciis procesebze garkve-
ul gavlenas  axdens misi zedapiris daWuWyianebis xa-
risxi, romlis zrdis Sedegad Zlierdeba mzis radiaci-
is STanTqma, intensiuri xdeba Tovlis safarSi mimdina-
re struqturuli cvlilebebis  procesi da matulobs  
insolaciuri  tipis zvavebis Camosvlis albaToba. Tov-
lis zedapiris Savi feris fxvnili reagentebiT (kroq-
si,  Savi sila) daWuWyianebis xarisxis mzis radiaciis 
STanTqmis sidideebze gavlenis dasadgenad Tovlis aq-
tinometriT Catarebuli cdebis Sedegad aRmoCnda, 
rom reagentis (kroqsi) 0,01g/sm2 zedapiruli simkvri-
vis  SemTxvevaSi  Tovlis albedo mcirdeboda saSua-
lod 10-jer, xolo 0,02g/sm2 simkvrivis SemTxvevaSi  ki 
30-jer (albedo meryeobda 2%-is farglebSi). zedapi-
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ruli simkvrivis Semdgomi zrda faqtiurad ukve aRar 
moqmedebs albedos sidideebze da mTeli radiacia STa-
inTqmeba ra reagentis mier, igi axdens Tovlis safaris 
ekranirebas radiaciuli dnobis procesebisagan (87) da 
amcirebs masSi mimdinare sublimaciuri diaftorezis 
intensivobas.  

 
 

3.5 efeqturi gamosxiveba da  
radiaciuli balansi 

 
qvefenili zedapiris radiaciuli balansis — B 

gantolebas aqvs Semdegi saxe: 

0(1 ) (1 )Q A E E Q AB Eσ= − + − = − −a g                 (3.60) 

 
sadac Q  aris jamuri radiacia, A -albedo,  Eσ a - 

atmosferos gamosxiveba, Eg  - qvefenili zedapiris sa-

kuTari gamosxiveba E EE σ= −e a g  warmoadgens  efeqtur 

gamosxivebas, radganac E Eσfg a - ze efeqtur gamosxi-

vebas aqvs  uaryofiTi niSani. B damokidebulia im faq-
torebze, romlebic gavlenas  axdenen misi komponente-
bis sidideebis formirebaze: efeqturi  gamosxiveba 0E  
damokidebulia haeris temperaturaze  da tenianobaze, 
Rrublianobis reJimze, atmosferos stratifikaciaze, 
haeris da qvefenili zedapiris temperaturebis sxvao-
baze (18, 24, 49, 14). misi sidide ganisazRvreba Semdegi 
formuliT: 

0 (1 )E Q A B Q B= − − = −S                                          (3.61) 

sadac QS  aris qvefenili zedapiris mier STan-
Tqmuli radiacia. efeqturi gamosxiveba ganisazRvreba 
aqtinometriuli dakvirvebebis monacemebiT, Teoriu-
li da empiriuli saxis formulebiT, radiaciuli diag-
ramebiT. Tavis droze farTo gamoyeneba hpova efeqtu-
ri gamosxivebis gamosaTvlelad angstremis cnobilma 
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formulebma mowmendili cisa (3.62) da Rrublianobis  
saSualo pirobebisaTvis (3.63). 

4
0 ( 1 )

e
E T A B

γ
σ θ= +                                                 (3.62) 

4 ( 1 )(1 0.76 )
e

nE T A B n
γ

σ θ= + −                              (3.63) 
 
sadac , ,A B γ  aris parametrebi, ,T e - haeris tempe-

ratura da absoluturi tenianoba 1,5-2,0 simaRleebze. 
n  saerTo  Rrublianoba. es formulebi iZleva damakma-
yofilebel Sedegebs im SemTxvevaSi, rodesac tempera-
turis vertikaluri gradienti Seadgens 0.60/100m si-
maRleze.  atmosferos Termuli ganSrevebis SemTxveva-
Si (3.62)-iT efeqturi gamosxivebis sididis gamoTvla 
xdeba mizanSeuwoneli (51). ( )nE f n= damokidebulebis  
analogiuri saxeebi miRebuli iqna agreTve asklofis, 
lauSeris da σ  evfimovis mier. bolcma da fricma n -is 
xarisxis maCveneblad miiRes 2,5, xolo Cumakovam igi 
warmoadgina meore xarisxis mravalwevris saxiT (49,51). 

mowmendili cis SemTxvevaSi E -s gamosaTvlelad 
brentis mier SemoTavazebuli iqna Semdegi formula: 

4
0 ( )E T A b eσ= −                                                       (3.64) 

sadac a  da b  empiriuli parametrebia, σ  stefan-
bolcmanis mudmiva (σ = 8.26 . 1011 kal/sm2wT grad-4). da-
narCeni  aRniSvnebi igivea, rac ongstremis formuleb-
Si. brentis da sxva avtorebis empiriuli formulebiT 
sargeblobisas gansxvavebul fizikur-geografiul pi-
robebSi aucilebelia maTSi Semavali empiriuli  koe-
ficientebis sidideebis dasabuTeba,  rac zRudavs maTi 
gamoyenebis SesaZleblobas (145). efeqturi gamosxive-
bis gamoTvlis Teoriulad dasabuTebuli meTodika 
mTiani raionebisaTvis damuSavda k. TavarTqilaZis mi-
er. grZeltalRiani  gamosxivebis gadatanis miaxloebi-
Ti gantolebebi amoxsnili iqna mTian pirobebSi haeris  
temperaturisa da tenianobis miwispira sidideebsa da 
maT vertikalur ganawilebas Soris winaswar dadgenili  
empiriuli damokidebulebebis gamoyenebiT. miRebuli 
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Sedegebi warmodgenilia cxrilebis saxiT, romlebiTac 
ganisazRvreba efeqturi gamosxiveba temperaturis, ab-
soluturi tenianobis sidideebze da adgilis simaRle-
ze damokidebulebiT (146, 147).                                                                            

Teoriul SromebSi efeqturi gamosxivebis kompo-
nentebis gansazRvra emyareba grZeltalRiani radiaci-
is gadatanis gantolebebis amoxsnas haeris temperatu-
risa da STanmTqmeli garemos simkvrivis vertikaluri 
ganawilebis cnobili kanonzomierebebis gamoyenebiT. 
empiriuli formulebisagan gansxvavebiT Teoriuli 
formulebi, SeiZleba gamoyenebuli iqnen nebismier  fi-
zikur-geografiul pirobebSi, magram gamoTvlebis 
sirTule da Sromatevadoba, agreTve atmosferos spe-
cialuri aerologiuri (radiozondireba) gamokvleva 
mniSvnelovnad aferxebs  maT farTo gamoyenebas klima-
tologiaSi. yovelive amis gaTvaliswinebiT rigi avto-
rebis mier SemoTavazebul iqna grafikuli meTodebi 
(radiaciuli diagramebi), romlebic gamosadegia at-
mosferos nebismieri  stratifikaciis  SemTxvevaSi.  
magram, radganac atmosferos stratifikacia misi zon-
direbis gareSe Cveulebriv ucnobia, amis Sedegad  ra-
diaciuli diagramebi sgamoyenebac Zalze SezRudulia 
(49). 

T. berliandisa da m. berliandis mier SemoTavaze-
bulia efeqturi gamosxivebis gamosaTvlelad Semdegi 
saxis formulebi (18): 

mowmendili cis SemTxvevaSi  
4

0 (0.39 0.058 )E T eδσ= −                             (3.65) 
moRrublulobis saSualo pirobebSi  

2 3
0 (1 ) 4 ( )wE E Cn Q Q Qδσ= − + −R                 (3.66) 

sadac C  aris koeficienti, romelic axasiaTebs 
Rrublianobis gavlenas efeqturi gamosxivebis sidi-
deze. Q  da wQ  haerisa da qvefenili zedapiris tempe-

ratura Sesabamisad. C  damokidebulia Rrublebis fi-
zikur Tvisebebze da adgilis ganedze - ϕ . ϕ -is Semci-

rebisas 750-dan 00-mde C  klebulobs 0,82-dan 0,50-mde. am 
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formulebma  farTo gamoyeneba hpoves  efeqturi ga-
mosxivebis gamoTvlebSi, rac ganapiroba gamoTvlili 
da dakvirvebebiT miRebul sidideebs Soris umniSvne-
lo gansxvavebam (18). isini Sedian siTburi balansis  
mdgenelebis klimatologiuri gamoTvlebis im aRiare-
bul meTodikaSi, romelic damuSavda m. budikos  xel-
mZRvanelobiT (24). aRsaniSnavia, rom zogierT SromaSi, 
magaliTad (67), efeqturi  gamosxivebis sidideebi ga-
moTvlilia (3.62) formulis gamoyenebiT.  

kavkasiis dablobi raionebisaTvis efeqturi ga-
mosxivebis Tviuri jamebi mowmendili cis SemTxvevaSi 
gamoTvlili iqna (3.64) formuliT. wliuri jamebis 

E∑w 0  sidide dablob ter itoriaze meryeobs 2390,0-

2800,0 mj/m2-is sazRvrebSi. 
moRrublulobis saSualo pirobebSi E∑ T R -s mi-

nimumi (40.0-50.0 mj/m2) aRiniSneba dekemberSi maRali 
Rrublianobis raionebSi (stavropolis maRlobis aR-
mosavleTi ferdobi, CrdiloeT kavkasiis  aRmosavleTi 
winamTis raionebi, kaspiispira dablobi).  weliwadis  
civ periodSi yuban-azovispira dablobi da CrdiloeTi 
kavkasiis dasavleTi winamTis raionebi xasiaTdebian 
didi mowmendilobiT, rac ganapirobebs Tviuri jamebis 
zrdas 60,0-95,0mj/m2-is sazRvrebSi.  Savi zRvis sanapi-
roze  da kolxeTis dablobze  Rrublianobis Semcire-
bisa da qvefenili zedapiris temperaturis zrdis Se-

degad dekember-ianvarSi E∑ T R  aRwevs — 100,0 mj/m2-s, 

efeqturi gamosxivebis  Semdgomi zrda aRiniSneba ami-
erkavkasiis aridul, naxevarudabno raionebSi (mtkvar-
araqsis dablobi, naxWevanis qvabuli): TebervalSi 

E∑ T R   aq meryeobs 120,0-130,0 mj/m2-is farglebSi.  

E∑ T R -is sidideebi ivnisSi meryeoben 110,0-120,0mj/m2-

dan (kolxeTis dablobi) 300,00mj/m2-mde (naxWevanis qva-

buli)., E∑ T R -is absoluturi maqsimumi (400,0mj/m2)  

aRiniSneba ivlisSi  naxWevanis qvabulSi. mTian raioneb-
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Si  Rrublianobis da sezonuri Tovlis safaris reJim-

ze damokidebulebiT E∑ T R  -is maqsimums adgili aqvs 

mais-agvistoSi.   E∑ T R -is minimumi dablobi raionebis 

analogiurad aRiniSneba dekember-ianvarSi. moRrub-

lulobis saSualo pirobebSi E∑ T R -is sidide kavkasi-

is dablob raionebSi meryeobs 1260,0-2500,0 mj/m2-is 
farglebSi maqsimumiT CrdiloeT kavkasiis mineraluri 
wylebis raionSi da yabardos vakeze. mTian raionebSi 

adgilis simaRlis zrdisas E∑ T R -is sidideebi  saSua-

lod izrdeba. damokidebuleba ( )fE H=∑w R , sadac 

jamebi mocemulia mj/m2-Si, H  ki km-Si, warmoidgineba 
meore rigis parabolas saxiT: 

21592.2 211.5 25.1E H H= + −∑w R                       (3.67) 

damokidebulebebi ( )fE H=∑w R  weliwadis civi 

periodisaTvis da zamTrisaTvis aproqsimirdeba meore 
rigis parabolas, xolo Tbili periodisaTvis  wrfivi 
funqciis saxiT: 

Tbili periodi: 

963.7 20.95HE = +∑ s R                                           (3.68) 

civi periodi: 
2560.1 202.0 28.5E H H− + −∑ R.                           (3.69) 

zamTari: 

210.0 62.5HE = +∑ R
2                                            (3.70) 

zafxuli  

502.8 10.48HE = +∑ R                                           (3.71) 

 
(3.67-3.71) gamosaxulebebiT gamoTvlil da dakvir-

vebebiT miRebul jamebs Soris gansxvaveba umniSvne-
loa. magaliTad, (3.69)-saTvis 81.8σ =  (3.70)-saTvis ki 

39.4σ =  mj/m2-s, moRrublulobis saSualo pirobebSi, 
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mowmendil casTan SedarebiT,  efeqturi gamosxivebis 
wliuri jamebi saSualod klebuloben salskis tramal-
ze, yuban-azovispira dablobze 1000,0mj/m2-iT, minera-
luri wylebis raionebSi, aRmosavleT  winakavkasiis da 
dasavleT saqarTvelos winamTaSi 1150,0 mj/m2-iT, amier-
kavkasiis  naxevarudabno aridul dablob raionebSi 
700,0-800,0 mj/m2-iT. amierkavkasiis depresiul zonaSi 
aRmosavleTis mimarTulebiT Rrublianobis raodeno-
bis Semcirebis Sedegad am jamebs Soris sxvaobis sidide 
saSualod klebulobs. analogiur movlenas adgili 
aqvs mTian raionebSic, sadac absoluturi simaRlis 
zrdiT ganpirobebuli atmosferos sisqis, misi tenSem-
cvelobis da qveda iarusis Rrublebis optikuri sim-
kvrivis kleba iwvevs atmosferos gamosxivebis Semcire-
bas da efeqturi gamosxivebis matebas.  

saqarTvelos teritoriis 9 punqtisaTvis E∑ T R  

da E∑ w R -is sidideebi (160)-Si gamoTvlili  iqna (3.65-

3.65) formulebis daxmarebiT, romlebic Cvens mier ga-

moyenebuli iqna ( )fE H=∑w R  damokidebulebebis age-

bis da misi aproqsimaciis mizniT, ris Sedegad miRebu-
li iqna Semdegi gamosaxulebebi: 

weliwadi 
21505.4 337.36 43.47HE H= + −∑w R                 (3.71) 

zamTari  

293.3 41.9HE = +∑z R                                             (3.72) 

Tanaxmad (3.71)-isa 0-4 km simaRleebis diapazonSi 

E∑ w R  matulobs 1500,0 mj/m2-dan 2153,7 mj/m2-mde,  xo-

lo Cvens mier gamoyenebuli,  SedarebiT grZelperio-
diani dakvirvebebis rigebis da gamoTvlebis  monaceme-
biT 1466,5  mj/m2-dan 2011,2 mj/m2-mde.  (160)-is Tanaxmad  

E∑ w R -is sidideebi dasavleT saqarTvelos dablob 

raionebSi 420,0-460,0 mj/m2-iT naklebia aRmosavleT sa-
qarTvelos  dablob raionebTan SedarebiT. Cveni mona-
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cemebiT ki maT Soris gansxvaveba meryeobs 150,0-340,0 
mj/m2-is sazRvrebSi. mtkvar-araqsis dablobze, naxWeva-

nis qvabulSi da araratis vakeze aRiniSneba E∑ w R -is  

sidideebis Semdgomi zrdis tendencia. (164)-Si analo-
giuri gziT gamoTvlili iqna efeqturi gamosxivebis 
jamebis azerbaijanis teritoriisaTvis, daRestansa da 

saqarTvelos ramdenime punqtisaTvis. ( )fE H=∑w R  

damokidebulebebi SeiZleba aproqsimirebuli iqnen 
wrfivi funqciis saxiT: 

weliwadi:  

2241.65 62.85HE = −∑w R                                       (3.73) 

Tbili periodi  

1340.8 54.47E H= −∑ R                                          (3.74) 

zafxuli  

712.3 29.33HE = −∑ R                                            (3.75) 

zamTari 

419.0 20.95HE = −∑ R                                           (3.76) 

somxeTis teritoriisaTvis damokidebuleba 

( )fE H=∑w R   aseve warmoidgineba wrfivi funqciis 

saxiT: 

weliwadi 2175.0 125.0HE = −∑w R                   (3.77) 

rogorc am gamosaxulebebis (3.71-3.77)  Sedareba  
gviCvenebs amierkavkasiis dasavleTi (saqarTvelo) da 
aRmosavleTi (somxeTi, azerbaijani) nawilebisaTvis 

( )fE H=∑w R   damokidebulebebSi  efeqturi gamosxi-

vebis maRlivi cvlilebebis tendenciebs aqvs urTier-
TsawinaaRmdego xasiaTi. absoluturi simaRlis matebi-

sas 0-4km-is sazRvrebSi E∑ w R  saqarTvelos  teritori-

aze matulobs 1470,0mj/m2-dan 2010,0 mj/m2-mde, azerbai-
janSi  da soxmeTSi ki klebulobs Sesabamisad 2250,0-
2050,0 da _2180,0-1680,0mj/m2-is sazRvrebSi.  es movlena 
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aixsneba imiT, rom amierkavkasiis mTaTaSoris depresi-
ul zonaSi SavizRvispireTis notio subtropikebidan 
azerbaijanis da somxeTis naxevarudabno, ariduli dab-
lobebis mimarTulebiT, qvefenili zedapiris tempera-
turis matebis, atmosferos saerTo tenSemcvelobis da 

Rrublianobis Semcirebis Sedegad E∑w R  izrdeba 950,0 

mj/m2-iT, xolo adgilis absoluturi simaRlis zrdisas 

0-4 km-is sazRvrebSi  saqarTveloSi E∑w R  matulobs 

540,0mj/m2-iT, azerbaijanisa da somxeTis teritoriaze 
ki mcirdeba Sesabamisad 200,0 da 500,0 mj/m2-iT. e.i. amier-

kavkasiis dasavleT nawilSi prevalirebs E∑w R  -is si-

dideebis maRliv-matebadi, aRmosavleT nawilSi ki maR-
liv-klebadi tendencia.  CrdiloeT kavkasiis dablob 
raionebSi dasavleTidan aRmosavleTis mimarTulebiT 

E∑w R  izrdeba aseve saSualod 350,0-400,0 mj/m2-iT. 

radiaciuli balansi —B, rogorc qvefenili zeda-
piris siTburi balansis ZiriTadi mdgeneli, iTvleba 
erT-erT ZiriTad klimatwarmomqmnel faqtorad. B-s 
sidideebi ganisazRvreba eqsperimentuli gziT, xolo 
im raionebisaTvis, sadac balansuri dakvirvebebi ar 
swarmoebs-siTburi balansis mdgenelebis klimatolo-
giuri gamoTvlebis meTodikiT (24). romelic iTvleba 
klimatis kvlevis fundamentalur meTodologiur sa-
fuZvlad (12, 94, 105, 124,  218, 159, 160, 23). 

mowmendili cis SemTxvevaSi Bo-is saSualo mraval-
wliuri maqsimumi aRiniSneba SuadRis saaTebSi (12sT 
30wT) ivnis-ivlisSi, minimumi — dekemberSi. dablob rai-
onebSi Bo meryeobs 0,45kvt/m2-dan (salskis tramali) 
0,25kvt/m2-mde (alaznis veli)  dekemberSi Bo-is sididis 
zrda CrdiloeTidan samxreTis mimarTulebiT ganpi-
robebulia mzis simaRlis  matebiT da sezonuri Tov-
lis safaris arsebobis xangrZlivobis SemcirebiT. mTi-
an raionebSi simaRlis zrdisas Bo-is sidide mkveTrad 
ecema. mzis mudmivi  simaRlis SemTxvevaSi fiqsirebul 
absolutur  simaRleebze Bo-is sidide ZiriTadad gani-
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sazRvreba qvefenili zedapiris fizikuri TvisebebiT 
(albedo). damokidebuleba 0 0( )B f h=  warmoidgineba me-

ore rigis parabolas saxiT (94, 105). 0B -is dRe-Ramuri  
svlis mrudebis saxes gansazRvravs misi komponentebis 
STanTqmuli radiaciis da efeqturi gamosxivebis  cva-
lebadobis Taviseburebebi.  mravalwliuri monaceme-
biT 0B -is dReRamuri amplituda  dablob teritoria-
ze meridionaluri mimarTulebiT icvleba dekemberSi 
0,14-0,32,. ivnisSi  0,65-0,70kvt/m2-is sazRvrebSi.  

mowmendili cis SemTxvevaSi Tviuri  jamebis 

B∑ T 0   sidide maqsimaluria ivnisSi (aRwevs 630,0 mj/m2-

s), minimaluria dekemberSi (ecema 63,0 mj/m2-mde). Crdi-
loeT kavkasiis dablob raionebSi (Savi zRvis sanapiro 

zolis gamoklebiT) B∑ T 0 -is sidideebi dekember-ian-

varSi uaryofiTia, xolo amierkavkasiis dablob raio-
nebSi dadebiTia.  CrdiloeTidan samxreTis mimarTule-

biT  dablob raionebSi wliuri jamebis  B∑ T 0  sidide   

saSualod matulobs 2500,0 mj/m2-dan 3780,0mj/m2-mde.  

saqarTvelos Savi zRvis sanapiroze B∑ w R  icvleba  

2100,0-2400,0 mj/m2-is sazRvrebSi. damokidebuleba 

( )fB ϕ=∑w 0 , sadac  ϕ   adgilis ganedia, warmoidgine-

ba wrfivi funqciis saxiT: 

7123.0 93.8B ϕ= −∑w 0                                        (3.78) 

ganedis cvlilebebisas 40-500-is farglebSi B∑w 0  

mcirdeba 840,0mj/m2-iT. analogiur tendencias adgili 

aqvs B∑w 0 -is SemTxvevebSic. mTian raionebSi adgilis 

simaRlis zrdisas B∑w 0 da B∑ T 0 -is sidideebi mcir-

deba. magaliTad, Cveni dakvirvebebis monacemebiT cen-
traluri kavkasionis CrdiloeT ferdobze H-is zrdi-

sas 0-4km farglebSi B∑ T 0  mcirdeba 3520,0mj/m2-dan 
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1260.0mj/m2-mde. kavkasiis mTiani raionebisaTvis  dak-

virvebebis monacemebiT agebuli ( )fB H=∑w 0  mrudi 

Sedgeba  ori Stosagan aRmavali (zRvis donidan 2 km si-

maRlemde) romelzec B∑w 0   saSualod matulobs 

3350,0mj/m2-dan 3780.0mj/m2-mde,  da daRmavali Stosagan 

(2-4 km) sadac B∑w 0  mcirdeba 3780.0 mj/m2-dan 840,0 

mj/m2-mde. ( )fB H=∑w 0  -is saxe mTiani raionebisaTvis 

aris mokletalRiani radiaciis da sezonuri Tovlis 
safaris arsebobis xangrZlivobis  adgilis simaRleze 
damokidebulebis funqcia: 2km simaRlemde mokletal-
Riani radiaciis zrda metia STanTqmuli radiaciis Sem-

cirebaze, ris Sedegadac B∑w 0  izrdeba, 2 km-ze  zeviT 

sezonuri  Tovlis safaris xangrZlivobis da areklili 
radiaciis mniSvnelovani zrdis Sedegad (miuxedavad 
mokletalRiani  radiaciis Semdgomi zrdisa),  STan-

Tqmuli radiacia mkveTrad ecema, rac iwvevs B∑w 0 -is 

Semcirebas. 2 km simaRleze B∑w 0 -is gradienti icvlis 

niSans dadebiTidan uaryofiTze.  reliefis uaryofiTi 
formebis SemTxvevaSi (Rrma xeobebi, Caketili qvabule-

bi) B∑w 0 -is sidideebi 0-2 km simaRleTa zonaSi SeiZle-

ba gaxdes naklebi 2- km zonaSi arsebul mis sidideebTan 
SedarebiT. magaliTad, Cveni dakvirvebebiT ialbuzis 

raionis maRalmTian azaus xeobaSi (2,2km) B∑w 0 Sead-

gens  2133,6mj/m2-s, xolo ialbuzis samxreT Ria fer-
dobze (3,1km) -2770,0 mj/m2-s. 

kavkasiis mTiani raionebisaTvis damokidebulebas       

( )
B
Q

f H=∑
∑

w 0

w 0

 aqvs kvadratuli funqciis saxe:  

20.48 0.02H
B
Q

= −∑
∑

w 0

w 0

                                            (3.79) 
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am gamosaxulebiT SeiZleba ganisazRvros radia-
ciuli balansis wliuri jamebis sidide jamuri radia-
ciis wliuri jamebiT adgilis  simaRleze damokidebu-
lebiT balansuri dakvirvebebis gareSe.  

rogorc moRrublulobis saSualo pirobebSi,  
aseve calke iarusebis SemTxvevaSic, damokidebuleba 

0( )B f h=  warmoidgineba meore rigis   parabolas saxiT, 

rac miuTiTebs B -s dRiuri svlis formirebaze mzis 
simaRlis prevalirebul gavlenaze.  

Cveni dakvirvebebis monacemebis Tanaxmad (94,105)  
centraluri kavkasionis CrdiloeT ferdobze H -is 
zrdisas 0-3,1km-is farglebSi aTbaliani moRrublulo-

bis dros B∑w R  izrdeba 325,0mj/m2-iT qveda iarusis, 

mcirdeba Sesabamisad 310,0 da 139,0  mj/m2- iT zeda  da 
saSualo iarusebis SemTxvevaSi. qveda iarusis moRrub-

lulobisas B∑ w R -s maRlivi svlis tendenciaze gadam-

wyvet gavlenas axdens simaRlis sinqronulad Rruble-
bis optikuri  simkvrivis Semcireba, xolo saSualo, ma-
Rali iarusebis SemTxvevaSi — qvefenili zedapiris fi-
zikuri Tvisebebi.  moRrublulobis saSualo pirobebSi 
kavkasiis dablob raionebSi BR -s SuadRis  maqsimumi 

(12sT 30wT)   ivnis-ivlisSi meryeobs 0,45 (salskis tra-
mali) — 0,56kvt/m2-is (araratis vake) sazRvrebSi, minimu-
mi dekemberSi 0,06  (yubanispira dablobi) — 0,15kvt/m2-is 
(qarTlis vake) sazRvrebSi. mTian raionebSi ivlis-ag-
vistoSi balansis jamebi sezonuri Tovlis xazamde ma-
tuloben, xolo civ periodSi (Tovlis safaris Sem-

TxvevaSi) klebuloben. B∑ w R -s sidide dablob raio-

nebSi meryeobs 2000,0mj/m2-dan (salskis tramali) 
2650,0mj/m2 (alaznis veli). mTiani raionebisaTvis damo-

kidebuleba ( )fB H=∑w R  analizurad warmoidgineba 

Semdegi saxiT: 
22183.1 418.77 228.3HB H= + −∑w R                   (3.80) 
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rogorc gamoTvlebi gviCveneben,  kavkasiis mTian 
raionebSi 0-4km simaRleTa diapazonSi radiaciuli ba-
lansis jamebi saSualo mcirdebian weliwadis ganmav-
lobaSi 2183.1 mj/m2-dan 145.4mj/m2-mde, Tbil periodSi 
1800.0mj/m2-dan 920,0mj/m2-mde, civ periodSi 300.0mj/m2-
dan 150,0mj/m2-mde, zafxulSi 1000,0mj/m2-dan 750.0mj/m2-
mde, zamTarSi 80,0mj/m2-dan 50,0mj/m2-mde. 

aRsaniSnavia, rom (160) da (164)-Si moyvanili 

B∑w R -s sidideebi naklebia, Cvens mier gamoTvlil si-

dideebze: gansxvaveba meryeobs pirvel SemTxvevaSi 0-
20%-is, meore SemTxvevaSi 100,0-450,0 mj/m2-is sazRvreb-
Si absolutur simaRleze damokidebulebiT.  

damokidebulebebi ( )fB H=∑w R  mTiani raionebi-

saTvis analizurad warmoidginebian aseve meore rigis 
parabolas saxiT: 

kavkasionis CrdiloeTi ferdobi 
21725.3 927.92 327.3HB H= + −∑w R                    (3.81) 

dasavleTi da centraluri kavkasionis samxreTi 
ferdobi  

22199.26 424.41 218.19HB H= + −∑w R               (3.82) 

aRmosavleTi kavkasionis samxreTi ferdobi 
22366.9 82.76 84.06HB H= − −∑w R                      (3.83) 

mcire kavkasioni 
22346.89 493.46 238.59H HB H= + −∑w R          (3.84) 

moRrublulobis saSualo pirobebSi damokidebu-

leba ( )
B
Q

f H=∑
∑

w R

w R

 kavkasiis  mTiani raionebisaTvis 

warmoidgineba kvadratuli funqciis saxiT: 

245.5 2.31H
B
Q

= −∑
∑

w R

w R

                                             (3.85) 
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dablob raionebSi saSualod B∑w R  Seadgens 

Q∑w R -s  42-50%-s. naxevararidul raionebSi efeqturi 

gamosxivebis zrdis Sedegad aRiniSneba 
B
Q

∑
∑

w R

w R

 -s daba-

li mniSvnelobebi kolxeTis dablobTan da Savi zRvis 
sanapirosTan SedarebiT, rac ganpirobebulia am raio-
nebSi niadagis datenianebis matebis, aorTqlebaze da-
xarjuli siTbos zrdis da qvefenili zedapiris tempe-
raturis Semcirebis Sedegad (naxWevanis  qvabulSi am 
Sefardebis sidide mcirdeba 28-29%-mde). 

kavkasiis teritoriisaTvis balansuri dakvirvebe-
bis informaciis deficitis Sevsebis mizniT gamoyene-
bul meTodebs Soris erT-erTi emyareba radiaciul ba-
lanssa, efeqtur gamosxivebasa da qvefenili zedapiris 
mier STanTqmul radiacias Soris funqcionaluri kav-
Sirebis dadgenas.  es kavSirebi gamoiyeneba agreTve 
mokleperiodiani sadgurebisaTvis dakvirvebebis rige-
bis gasagrZeleblad (14). moRrublulobis saSualo pi-

robebisaTvis damokidebulebebi ( )E Qf=∑ ∑T R w 0  

analizurad warmoidginebian meore rigis parabolas, 

xolo ( )B Qf=∑ ∑T R w S   wrfivi funqciis saxiT (126): 

1.01 162.8B Q −=∑ ∑w R w S                                   (3.86) 
damokidebulebaSi 

2( )E Q Ca b Q= + −∑ ∑ ∑T R T S T S         (3.87) 
Semavali koeficientebis sidideebi mocemulia 

cxrilSi 3.5.1. 
aRsaniSnavia, rom kavkasiisaTvis damokidebulebas 

( )E Qf=∑ ∑T R T R aqvs wrfivi funqciis saxe: 

aE Q b+=∑ ∑T R T R . magaliTad, terskolis pikisaTvis 

1.57, 156.08ba = = .m/m bermamitisaTvis 2.10, 155.02ba = = . 
dakvirvebebiT miRebul da Sesabamisi formulebiT ga-
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moTvlil E∑ T R -s sidideebs Soris  saSualo kvadra-

tuli gadaxra σ  meryeobs 2,51± mj/m2-dan 5.57± mj/m2-
mde. xazi unda gaesvas im garemoebas, rom (3.86)-is daxma-

rebiT gamoTvlili E∑ T R -s sidideebi sagrZnoblad 

gansxvavdebian (17)-Si mocemuli Sesabamisi ganedebis 
mniSvnelobebisagan, rac miuTiTebs im garemoebaze, rom 

E∑ T R  ar SeiZleba calsaxad warmodgenili iyos mxo-

lod ganedis funqciis saxiT (rogorc es naCvenebia  
(14)-Si), radganac kavkasiis pirobebSi adgili aqvs fiq-
sirebul ganedze maRlivi da horizontaluri lan-
dSafturi zonebis mravalsaxeobas, rac garkveul gav-
lenas axdens, rogorc STanTqmuli radiaciis, aseve 
efeqturi gamosxivebis sidideebze. 

 
cxrili 3.5.1 
(3.87) Semavali koeficientebis sidideebi 

 
 koeficienti # raioni 
a b c 

1. noRaeTis Savi miwebis raioni 31.8 19.4 -0.70 
2. krasnodaris mxare, Savi zRvis sa-

napiro 
33.6 20.8 -0.46 

3. CrdiloeT kavkasiis mineraluri 
wylebi 

26.0 15.1 -0.46 

4. salskis tramali 28.9 24.1 -0.88 
5. saqarTvelos Savi zRvis sanapiro 36.6 16.8 -0.76 
6. kolxeTis dablobi 24.3 18.7 -0.80 
7. qarTlis vake 23.3 26.2 -1.18 
8. alaznis veli 32.3 20.6 -0.84 
9. araratis vake 31.8 25.7 -0.94 

10. mtkvar-araqsis dablobi 25.2 23.5 -0.84 
11. naxWevanis qvabuli 47.0 24.1 -0.46 
12. sevanis tbis auzi 41.9 25.6 -1.09 
13. samxreT saqarTvelos mTianeTi 55.8 15.5 -0.71 
14. somxeTis mTianeTi 51.8 17.9 -0.50 
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cxrili 3.5.2 

( )B Qf=∑ ∑T R T S damokidebulebebis analizuri saxe-

ebi 
 

# raioni formula 
1. salskis tramali 20.526 0.0013( )B Q= − +∑ ∑T R T S  

2. kaspiispira dablo-
bi 

216.62 0.0012( )B Q= +∑ ∑T R T S  

3. mtkvar-araqsis dab-
lobi 

22.81 0.0012( )B Q= +∑ ∑T R T S  

4. araratis vake 20.065 0.0012( )B Q= − +∑ ∑T R T S  

5. yubanispira dablo-
bi 

0.783 64.25B Q −=∑ ∑T R T S  

6. mineraluri wylebi 0.816 61.45B Q −=∑ ∑T R T S  

7. CrdiloeTi kavka-
sia, Savi zRvis sana-
piro 

0.842 86.59B Q −=∑ ∑T R T S   

8. kolxeTis dablobi, 
saqarTvelos Savi 
zRvis sanapiro  

0.908 85.20B Q −=∑ ∑T R T S  

9. alaznis veli, qar-
Tlis vake 

0.900 104.75B Q= −∑ ∑T R T S  

10. afSeroni  0.733 55.87B Q −=∑ ∑T R T S   

11. naxWevanis qvabuli 0.472 60.06B Q −=∑ ∑T R T S  

12. centraluri kavka-
sionis glaciur-ni-
valuri zona, 3,8km 

0.96 169.0B Q −=∑ ∑T R T S  

13. sevanis tbis auzi 
2.0 

0.89 13.06B Q −=∑ ∑T R T S  

 
moRrublulobis saSualo pirobebisaTvis dadge-

nili iqna radiaciuli balansis da STanTqmuli radia-
ciis Tviur jamebs Soris funqcionaluri  damokidebu-
lebis saxeebi, romlebic warmoidginebian kvadratuli 
(salskis tramali, kaspiispira dablobi, mtkvar-araqsis 
dablobi, araratis vake) da wrfivi (danarCeni mTiani da 
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dablobi  raionebisaTvis) funqciebi saxiT. cxrilSi 
3.5.2 mocemulia am damoikdebulebebis saxeebi.  

analizuri damokidebulebebiT gamoTvlil da 
dakvirvebebis Sedegad miRebul jamebs Soris saSualo 
kvadratuli gadaxris sidide meryeobs 

(5.9 12.1)± − mj/m2-is sazRvrebSi. 
kavkasiis mTiani gamyivnarebis zonis radiaciuli 

balansis sidide damokidebulia misi zedapiris fizi-
kur Tvisebebze, mzis simaRleze, Rrublianobis reJim-
ze, atmosferos  fizikur Tvisebebze da stratifikaci-
aze.  myinvaris zedapiri xasiaTdeba albedos didi mniS-
vnelobebiT, siTbos akumulirebis uunarobiT, sakuTa-
ri gamosxivebis dabali  sidideebiT  da atmosferos yi-
nulispira fenis temperaturuli inversiiT (26,90, 113). 
centraluri kavkasionis zogierTi myinvaris radiaci-
uli balansis sezonuri cvalebadobis  kanonzomiere-
bebi mocemulia (90-113)-Si.  rogorc dadgenilia (26)-Si 
da Cveni dakvirvebis Sedegebic gviCveneben, gamyinvare-
bis abliaciis zonaSi radiaciuli balansis sidide sa-
Sualod orjer metia  akumulaciis zonasTan Sedare-
biT. aRsaniSnavia, rom myinvaris zedapiris Ramis radia-
ciuli balansis (efeqturi gamosxivebis) sidide atmos-
feros yinulispira fenis normaluri stratifikaciis 
SemTxvevaSi uaryofiTia (-0.06-0.07 kvt/m2), xolo inver-

siis pirobebSi dadebiTia (0,04-0,06kvt/m2). oB -is saSu-
adReo  sidide aRwevs abliaciis zonaSi (myinvaris mdna-
ri, WuWyiani zedapiris SemTxvevaSi) 0,75 morenis zeda-
pirze 0,85, sufTa, mSrali firnis SemTxvevaSi 0,40 
kvt/m2-s. qveda iarusis aTbaliani moRrublulobis pi-
robebSi  (10/10Π ) radiaciuli balansis intensivoba 
ecema 0,10-0,15 kvt/m2-mde. centraluri kavkasionis  gam-
yinvarebis zonaSi  simaRlis zrdisas 2,3 km-idan  5,3 km-
mde (ialbuzis unagira) radiaciuli balansis dReRamu-
ri jamebi ivlis-agvistoSi mcirdebian 16548.0kj/m2-dan 
378.0kj/m2-mde. miuxedavad imisa, rom gamyinvarebis zo-
naSi myinvaris zedapiri gamosxivebis gziT kargavs 
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Tavisufal qvafenilTan SedarebiT TiTqmis orjer nak-
leb siTbos, mTian raionebSi atmosferos ukugamosxi-
vebis mkveTri vardnis Sedegad,  myinvaris efeqturi ga-
mosxiveba abliaciis periodSi mowmendili cis SemTxve-
vaSi Seadgens dablobi raionebis analogiurad  0.07-
0.10kvt/m2-s. 

kavkasiis mTiani gamyinvareba, abliaciis periodSi, 
mTavar rols TamaSobs myinvaruli kvebis mdinareebis 
jamuri Camonadenis formirebaSi. centraluri kavkasi-
onis CrdiloeTi ferdobis zogierTi mdinarisaTvis 
(mxedvelobaSia md. baqsanis da Cegemis rigi Senakadebi-
sa) raodenobrivad  Sefasda jamuri Camonadenis formi-
rebaSi myinvaruli mdgenelis roli da ukanasknelis se-
zonur svlaze mzis sxivuri energiis gavlena (83, 92, 99, 
114, 117-120). 

rogorc cnobilia, kavkasiis mTian raionebSi gam-
yinvarebis zonis qveda sazRvris saSualo simaRle Se-
adgens ≈3km-s, ris Sedegad abliaciis procesSi adveq-
turi da turbulenturi siTbos nakadebis roli radia-
ciul nakadTan SedarebiT umniSvneloa.  gansakuTrebiT 
es movlena mkveTrad aris  warmodgenili samxreTis eq-
spoziciis myinvarebze.  rogorc myinvarebze baSili da 
kulaki, Cveni dakvirvebebis (90, 114, 61)-Si mocemuli in-
formaciis analizi  gviCvenebs, fiqsirebul simaRleze 
ganlagebuli myinvarebis CrdiloeTis da samxreTis 
orientaciis identuri daxrilobis ubnebze gamdnari 
yinulis sisqis sezonur sidideebSi gansxvavebam SeiZ-
leba miaRwios 2 metrs da mets, rac ganpirobebulia Zi-
riTadad maTze dacemuli mzis sxivuri energiis gan-
sxvavebuli sidideebiT. myinvaris zedapiris dnobis (h 
mm) da radiaciuli balansis dReRamur sidideebs 

( B∑ d kj/m2) Soris  kavSiri warmoidgineba wrfivi fun-

qciis saxiT: h Ba b= +∑ d , romelSic  a  da b  koefici-

entebi  mocemuli myinvarisaTvis abliaciis  sezonebi s 
Taviseburebebisagan damokidebulebiT Rebuloben gan-
sazRvrul mniSvnelobebs (90, 92).  vinaidan radiaciuli 
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balansis jamebi damokidebuli arian mzis naTebis xan-
grZlivobaze, bunebrivia, rom arsebobs gansazRvruli 
funqcionaluri kavSiri mdinareSi wylis xarjsa 
( Q m3/wm) da mdinaris auzis gamyinvarebis zonaSi mzis 
naTebis xagrZlivobas S (saaTi) Soris. (92)-Si dadgeni-
lia ( )h f SΔ =  damokidebulebis analizuri saxeebi mdi-
nareebis garabaSisa da terskolisaTvis, romlebic sa-
Taves Rebuloben ialbuzis gamyinvarebis zonaSi. aq 

0mh h hΔ = − , sadac mh  da 0h  aris mdinareSi wylis maqsi-
maluri da bazisuri doneebi unaleqo periodisaTvis, 
romlebic ganisazRvrebian wylis donis TviTmweris 
babTebidan, S-is registracia xdeba heliografebis sa-
SualebiT. 

amrigad, ( )Sh fΔ =   damokidebulebebiT ganisaz-
Rvreba mdinareSi wylis donis sidide sabaziso dones-
Tan SedarebiT. unaleqo periodisaTvis agebuli damo-
kidebulebebiT ( )Q f h=  SeiZleba gamoiTvalos  mdina-
reSi mocemuli donis Sesabamisi wylis xarjis sidide. 
aqve avRniSnavT, rom myinvaruli kvebis mTis mdinaree-
bis RvarcofsaSiSi auzebisaTvis wylis donis da xarje-
bis kritikuli sidideebis gansazRvra (rodesac adgili 
aqvs wylis nakadis transformaciis Rvarcoful nakad-
Si)   zemoTaRniSnuli meTodiT, mniSvnelovan rols Ta-
maSobs glaciuri Rvarcofebis prognozSi (108). gasage-
bia, rom damokidebuleba ( )Sh fΔ = aris miaxloebiTi, 

vinaidan myinvaruli kvebis  mdinareebisaTvis Q da h 
aris funqcia ara marto radiaciisa, aramed haeris tem-
peraturisac, romlis dabali mniSvnelobebis Sedegad, 
igi sakmarisi miaxloebiT warmogvidgens myinvaruli 
kvebis mdinareebis auzebSi mimdinare glaciohidro-
logiur procesebs.  

kavkasiis teritoriis mniSvnelovani nawili ukavia 
tyis masivebs, romlebSic  radiaciuli balansis mdge-
nelebi gansazRvrul transformacias ganicdian. tyis 
fitocenozebis radiaciuli reJimi, garda mzis simaR-
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lisa da moRrublulobisa, damokidebulia mis topo-
logiur Taviseburebebze,  gvirgvinis mijrilobaze, xe-
ebis arqiteqtnonikaze, sixSireze, iarusianobaze da 
asakze,  romelTa sinqronuli moqmedebis Sedegad  tyis 
masivSi adgili aqvs radiaciuli velis did da mcire-
masStabian fluqtuaciebs, rasac zed erTvis Rrublia-
nobiT da qaris reJimiT ganpirobebuli  SemTxveviTi 
radiaciuli fluqtuaciebic.  

 Cveni kvlevis obieqts warmoadgenda  ialbuzis 
raionSi (2,2 km) ganlagebuli 50-60 wlis asakis fiWis tye 
12-15  m simaRliT da 0,9-1,0-is toli gvirgvinis mijri-
lobiT. identur meteorologiur pirobebSi (mowmendi-
li  ca,  aTbaliani moRrubluloba) paralelurad tar-
deboda stacionaruli dakvirvebebi Tavisufal qvefe-
nil  zedapirze (subalpiuri mdelo) da savele  dakvir-
vebebi gvirgvinis cvalebadi mijrilobis (0.2, 0.4, 0.6, 
0.8, 1.0) fiWvis tyis masivebSi mijrilobis gavlenis  ra-
odenobrivi Sefasebis mizniT radiaciuli balansis 
mdgenelebis transformaciis koeficientebis sidide-
ze.  tyis fotocenozebSi qvefenil zedapirze dacemu-
li mokletalRiani nakadebis (Q, S, D) sididis maqsima-
luri Semcireba mzis didi simaRleebis SemTxvevaSi 
aRiniSneba gvirgvinis mijrilobis zonaSi, minimaluri 
gvirgvinis qveda zonaSi. mzis dabali simaRleebisas na-
kadebis sidideze zonebis gavlenis kontrastuloba 
mcirdeba. radiaciuli nakadebis intensivobis  maqsima-
luri Sesusteba aRiniSneba gvirgvinis mijrilobis 0,0-
0,5-is  sazRvrebSi cvalebadobisas (70-80%-mde).  mijri-
lobis Semdgomi zrdisas (0,6-0,9) maTi sidide icvleba 
SedarebiT umniSvnelod.  tyis masivSi qvefenili zeda-
pirisaTvis radiaciuli maxasiaTeblebis Tviuri jame-
bis wili Ria zedapirisaTvis arsebul analogiur ja-

mebSi Seadgens (IV-IX) saSualod 50( D∑ T ),  8( Q∑ T ), 

19( kR∑ T ) da 6%-s ( B∑ T ) mowmendili cisa da Sesabami-

sad 40,18,22 da 10%-s  aTbaliani  moRrublulobis Sem-
TxvevaSi. tyis fotocenozebSi radiaciis nakadis sidi-
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dis transformaciis procesebze did gavlenas axdens 
ferdobebis eqspozicia da daxriloba. magaliTad, sam-
xreTis orientaciis ferdobebze ganlagebul tyis ma-
sivebSi radiaciis nakadebis transformaciis sidideebi 
gacilebiT naklebia sxva orientaciis ferdobebTan Se-
darebiT.  

fotosinTezurad aqtiuri radiaciis Tviurma ja-

mebma ,S∑ T f  mowmendil amindSi Ria qvefenil zedapir-

ze Seadgina Sesabamisad 377.0(IV), 360.0(VII), 280(IX)mj/m2 
mzis pirdapiri  da 67.0,  71.0, 71.0, 54.5mj/m2 gabneuli ra-
diaciis SemTxvevaSi.  gvirgvinis mijrilobisas 0,9-1,0 

D∑ T f -m (am  SemTxvevaSi  is tolia Q∑ T f -i s) Seadgina  

Sesabamisad 41.9, 41.9, 37.7, 16.8 mj/m2. aTbaliani Rrubli-

anobisas ki Q∑ T f -s sidide icvleboda 62,8(IX)-108,9(VI) 

mj/m2-is, Ria qvefenil zedapirze da tyis masivSi 21,9-
41,9mj/m2-is sazRvrebSi. 

amrigad, ganxiluli topologiuri saxis tyis ma-
sivSi jamuri radiacia Semcirda saSualod aTidan (VI-
VIII) ocjer (IX), aTbaliani moRrublulobis pirobebSi 
ki (10/10n)- samjer. analogiuri saxis dakvirvebebis 
farTomasStabiani organizacia tyis masivis saxeobaze, 
topologiur maxasiaTeblebze, adgilis absolutur 
simaRleze, ferdobebis orientaciaze da daxrilobis 
kuTxeze damokidebulebiT warmoadgens amocanas, rom-
lis gadawyveta SesaZlebels gaxdis dadgindes radia-
ciuli balansisa da misi komponentebis, agreTve  fo-
tosinTezurad aqtiuri radiaciis transformaciis ko-
eficientebis droSi da sivrceSi cvalebadobis kanon-
zomierebani. (kavkasiis maRalmTian zonaSi, ialbuzis 
raioni, H =2,2km) weliwadis Tbili periodisaTvis (VI-X) 
Cveni dakvirvebebis informaciis analizis safuZvelze 
dadginda qveefenili zedapiris  siTburi  balansis 
mdgenelebis sezonuri svlis kanonzomierebani (123 ). 
rogorc cnobilia,  qvefenili zedapiris siTburi ba-
lansis gantolebas aqvs Semdegi saxe: 
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B P L V= + +                                      (3.88) 
 
sadac B aris radiaciuli balansi, P -siTbos nakadi nia-
dagSi, L — siTbos turbulenturi nakadi haeris miwispi-
ra fenaSi, V- qvefenili zedapiridan aorTqlebaze da-
xarjuli, an wylis orTqlis kondensaciis Sedegad ga-
moyofili siTbo. L da V gamoTvlil iqna turbulentu-
ri difuziis meTodiT.  aRmoCnda, rom B maqsimaluri 
iyo ivlisSi (372,9mj/m2), rac ganpirobebulia mzis didi 
simaRleebiT da TqeSi naleqebis xSiri ganmeorebadobis 
Sedegad qvefenili zedapiris  temperaturis da efeq-
turi gamosxivebis sidideebis SemcirebiT. oqtomberSi 

B∑ TB -s sidide  Semcirda 92,9 mj/m2-mde, noemberSi ki 

sezonuri Tovlis safaris warmoqmnis  da mz is dabali 
simaRleebis pirobebSi, igi gaxda uaryofiTi (-4,2mj/m2). 

ivnis-ivlisidan noembris CaTvliT B∑ TB -s sidideebis  

Semcirebas paralelurad adgili hqonda P-s klebas 
188,6 (VII) mj/m2-dan 4,2(XI) mj/m2-mde.  L-is  maqsimumi aRi-
niSna ara ivlisSi (37,7mj/m2), aramed agvistoSi  (117,3 
mj/m2), rodesac movida naleqebis maqsimaluri  raode-
noba da qvefenili zedapiris siTburi energiis ZiriTa-
di nawili daixarja aorTqlebaze. oqtomberSi, miuxe-

davad B∑ TB -s Semdgomi Semcirebisa L- aRmoCnda meti 

(92,2mj/m2) vidre ivlisSi (37,7 mj/m2). V sididem ivlisSi 
Seadgina 150,8 mj/m2, noemberSi ki gaxda nulis toli. iv-
lisidan oqtombris CaTvliT  siTburi balansis mdgene-
lebis radiaciul balansTan Sefardebebis  sidideebi 

icvlebodnen Semdegnairad: 49,4-18,1%  (
P
B

∑
∑

TB

TB

), — 10,1-

59,1%  (
L
B

∑
∑

TB

TB

), 40,5-2 3,1% (
V
B

∑
∑

TB

TB

). siTbos turbulen-

turi nakadis maqsimumi  aRiniSna oqtomberSi (59,1%), 
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niadagSi siTbos  nakadi ivlisSi (49,4%), aorTqlebaze 
daxarjuli siTbos maqsimumi — aseve ivlisSi (40,5%). 

kavkasionis mTian raionebSi siTburi balansis 
mdgenelebze dakvirvebebis warmoebis organizaciis 
procesSi momavalSi gaTvaliswinebuli unda iqnes re-
liefis elementebis orientacia da daxriloba, romel-
Ta gavlenis Sedegad  siTburi balansis  energetikuli 
safuZveli,  radiaciuli balansi, ganicdis did cvli-
lebebs fiqsirebul absolutur simaRleze.  sakiTxi-
sadmi am kuTxiT midgoma  iZleva imis garanti as, rom 
obieqturad Sefasdes siTburi balansis mdgenelebis 
droSi da sivrceSi  cvlilebebis kanonzomierebebi 
rTul orografiul pirobebSi.  
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Tavi 4. 

 

geomorfologiuri faqtoris gavlena  

radiaciuli balansisa da misi komponentebis 

formirebaze 

 
wina TavebSi ganxiluli iyo mowmendili cisa da 

moRrublulobis saSualo pirobebSi  radiaciuli ba-
lansisa da misi komponentebis droSi da sivrceSi  
cvlilebebis kanonzomierebebi horizontaluri qvefe-
nili zedapirisaTvis  absolutur simaRleze damokide-
bulebiT. magram, rogorc cnobilia, kavkasia warmoad-
gens mTagorian regions sakmaod rTuli da Zlier dana-
wevrebuli reliefiT. am regionis radiaciuli reJimis 
dasaxasiaTeblad aucileblad gaTvaliswinebuli unda 
iqnes mTiani reliefis elementebis eqspozicia da dax-
riloba, romlebic fiqsirebul absolutur simaRleze 
ganapirobeben  radiaciul kontrastulobas, ris rao-
denobrivad Sefasebas mTiani raionebisaTvis  aqvs arse-
biTi mniSvneloba. problemis Seswavlisadmi am saxiT 
midgoma gamoricxavs mTiani regionis radiaciuli re-
Jimis daxasiaTebaSi dRemde arsebul calmxrivobas, 
romelic ganpirobebulia horizontaluri qvefenili 
zedapirisaTvis miRebuli aqtinometriuli informaci-
is analiziT da misi avtomaturi ganzogadebiT moce-
mul simaRleze mTiani reliefis  yvela SesaZlo ele-
mentze.  

Sromebi (140,31), romlebSic pirvelad mocemulia 
nebismieri orientaciis daxrili zedapirisaTvis mzis 
pirdapiri radiaciis intensivobis gamosaTvleli for-
mulebi  ekuTvnis p. smolikovs da a. gordovs, ferdo-
bebze radiaciis mokletalRiani nakadebis — Q, S, D da 
radiaciuli balansis (efeqturi gamosxivebis) kvlevi-
sadmi miZRvnil SromebSi maT Soris (6, 7,  15, 16,  29, 52,  
54, 59,  61, 139, 163)-Si ZiriTadad gaanalizebulia am ma-
xasiaTeblebis  msvleloba  calkeuli dReebisa da Tve-
ebisaTvis  dablob raionebSi, zogierTi maTganis gamok-
lebiT (15, 16), romlebSic mocemuli Q—s wliuri svla 
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400-iani daxrilobis oTxi ZiriTadi orientaciis 
(C,s,a,d) ferdobebis SemTxvevaSi. (52)-Si  ganxiluli da 
gaanalizebulia ferdobebze radiaciuli balansisa da 
misi mdgenelebis gamoTvlis meTodebi.   

 bunebrivia, rom dablob raionebSi SezRuduli 
programiT organizebuli dakvirvebebis Sedegebi ar iZ-
levian srul warmodgenas mTian raionebSi  did absolu-
tur simaRleebze mimdinare radiaciul procesebze we-
liwadis ganmavlobaSi qvefenili zedapiris albedos 
ryevebis gaTvaliswinebiT. Cvens SromebSi (84, 103,  110,  
111, 112, 121, 122, 124) centraluri kavkasionis CrdiloeT 
ferdobze (0,4-4,0km) (dakvirvebebi  tardeboda punqteb-
Si: nalCiki —0,4km, terskoli — 2.2km. terskolisa da Cege-
Tis pikebi — 3,1km, yinulovani baza 3,8km, md. Cegemisa da 
baSilis xeobebi 2,0-4,0) mravalwliuri dakvirvebebis 
(1965-1988w.w.) informaciiT  dadgenilia ferdobebze ra-
diaciuli  maxasiaTeblebis wliuri msvlelobis kanon-
zomierebebi mowmendili cisa da Rrublianobis piro-
bebSi absolutur simaRleze damokidebulebiT. 

 
 

4.1 jamuri radiacia ferdobebze 
 

bunebriv ferdobebze, horizontaluri zedapiris 
analogiurad, radiaciuli balansis sididis formire-
baSi jamuri radiacia - Q—s maqsimumi aRiniSneba samxre-
Tis ada CrdiloeTis ferdobebze SuadRis saaTebSi, aR-
mosavleTis ada dasavleTis ferdobebze Sesabamisad 
dRis pirvel da meore naxevarSi.  

jamuri radiaciis da mzis naTebis xangrZlivobis 
cvalebadoba weliwadis ganmavlobaSi maqsimaluria 
CrdiloeTis (Ca, Cd) orientaciebis ferdobebi saTvis, ma-
galiTad terskolSi (2,2km) maisis Sua ricxvebSi mowmen-
dili cis SemTxvevaSi 300-is  daxrilobis samxreT fer-
dobze Qf  saSuadReo sidide 1,5-jer, CrdiloeTis fer-

dobze ki 5-jer metia dekembris Sesabamis sidideebTan Se-
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darebiT.  mowmendili cis pirobebSi  yabardos vakeze 
0

sQ
Q

 

Sefardebis wiluri msvleloba ( 0Q  aris jamuri radiaci-
is saSualo saSuadReo intensivoba horizontalur zeda-
pirze) CrdiloeTisa da samxreTis orientaciebisaTvis 

mocemulia nax. 4.1.1.-ze. rogorc am naxazidan Cans, 
0

sQ
Q

-is 

wliuri msvlelobis Taviseburebebi ganpirobebulia ro-
gorc ferdobis daxrilobis kuTxiT, aseve qvefenili ze-
dapiris albedos sQ  sidideebze gavlenis mkveTri cvale-
badobiT weliwadis ganmavlobaSi. amasTanave erTad, 
CrdiloeTis ferdobisaTvis damokidebulebis  

0

( )sQ
Q

f α=   saxe ZiriTadad ganisazRvreba  qvefenili ze-

dapiris fizikuri TvisebebiT (albedo). mowmendili cis 
SemTxvevaSi dilis da saRamos saaTebSi CrdiloeTisa da 

samxreTi orientaciebis ferdobebisaTvis 
0

sQ
Q

-is sidide 

SeiZleba gaxdes erTze meti an naklebi mzis da ferdobis  
azimutebis sidideebze damokidebulebiT.  

rogorc cnobilia,  ferdobebze sQ  maqsimumi aRi-
niSneba maT mimarT mzis simaRlis maqsimumis SemTxveva-
Si. Tu SuadRis saaTebSi atmosferos gamWvirvalobis 
koeficienti metia ferdobebze mzis simaRlis maqsimu-
mis dadgomis momentis Sesabamis gamWvirvalobis koei-
ficentze,  maSin aRmosavleTis eqspoziciaze sQ -s maq-
simumi agvianebs, dasavleTis eqspoziciaze ki dgeba sa-
aTnaxevriT adre, e.i. jamuri radiaciis maqsimumis mo-
menti uaxlovdeba SuadRis saaTebs (15). kavkasionis pi-
robebSi dablobi aridiuli raionebisagan gansxvavebiT 
(15), romlebisTvisac  damaxasiaTebelia atmosferos  
gamWvirvalobis ryevebis didi diapazoni, aseT movle-
nas (gansakuTrebiT didi daxrilobis ferdobebisaT-
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vis) adgili ara aqvs. maTTvis mzis pirdapiri da qvefe-
nili   zedapiridan areklili radiaciis sidide preva-
lirebs atmosferos gamWvirvalobis gavlenaze ferdo-
bebze jamuri  radiaciis sidideebis formirebaSi.  

ferdobis SedarebiT patara daxrilobis SemTxve-

vaSi 0( 15 )α ≤   sQ  -s  sidide umniSvneloda aris damoki-
debuli mzis simaRleze da azimutze, didi daxrilobis 
pirobebSi ki sQ -s sidideebi arsebiTad  gansxvavdebian 
erTmaneTisagan (17, 18, 19). samxreTis, dasavleTis da aR-
mosavleTis ferdobebisaTvis sQ  -s dRiuri  svlis mru-
debze aRiniSneba erTi, didi daxrilobis CrdiloeTis 
ferdobebze ki sami (dilis, SuadRis, saRamos) maqsimumi. 
mTian raionebSi  ferdobebze jamuri radiaciis sidide-
ebi  damokidebulia ara marto maT orientaciaze da dax-
rilobis kuTxeze, aramed adgilis  absolutur simaR-
lezec, romlis zrdis Sedegad adgili aqvs maT matebas. 

jamuri radiaciis dRiuri svlis ZiriTadi kanon-
zomierebebi yvela orientaciaze  garda didi daxrilo-
bis CrdiloeTis ferdobebisa yalibdeba mzis pirdapiri 
radiaciis - SfB sidideebiT.  weliwadis Tbil periodSi 

gabneuli DfB da qvefenili zedapiridan areklili - RfB 

radiaciis sidideebi QfB-s dRiuri msvlelobis mrudeb-

ze axdenen  SedarebiT umniSvnelo gavlenas. rogorc we-
si, ( D R+fB fB)-s sidideebi  samxreTis ferdobebisaTvis 

meti a CrdiloeTis ferdobebTan SedarebiT, rac ganpi-
robebulia cis TaRis samxreTi naxevris meti  sikaSkaSiT 
CrdiloeT naxevarTan SedarebiT. aRmosavleTis da da-
savleTis orientaciis ferdobebi mzis vertikalis sib-
rtyisadmi gabneuli radiaciis simetriuli ganawilebis 
Sedegad Rebuloben  daaxloebiT toli sidideebis gab-
neul radiaciasa. weliwadis Tbili periodisaTvis ya-
bardos vakeze Cvens mier miRebuli QfB-s dRiuri svlis 

mrudebi  analogiuria sxva dablob raionebSi miRebuli 
mredubisa (52), magram kavkasiis  maRalmTiani raionebi-
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saTvis weliwadis am periodSi  QfB-s da ( )D R+ fB-s dRiu-

ri msvlelobis mrudebs  daxrilobis  kuTxeze  damoki-
debulebiT aqvs urTierTganlagebis sxva wesi, rac gan-
pirobebulia qvefenili zedapiris albedos mkveTri 
zrdiT sezonuri Tovlis safaris arsebobis Sedegad. 

 

 nax. 4.1.1.  
0

sQ
Q

-is wliuri svla mowmendili cis pirobeb-

Si 12 saaTze  yabardos vakeze, 1 samxreTis ferdobebi, 
2- CrdiloeTis ferdobebi. 
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mowmendili cis SemTxvevaSi yvela orientaciis 

ferdobze, garda didi daxrilobisa 0( 30 )α ≥  praqti-

kulad 0( ) DD R+ ffB -ze. sezonuri Tovlis safaris pi-

robebSi es piroba samarTliania SedarebiT damreci 
ferdobebisaTvisac. gasagebia, rom analogiur movle-
nas adgili aqvs am nakadebis jamebis SemTxvevaSic (103). 

imaze damokidebulebiT dasxivdeba Tu ara verti-
kaluri zedapiri mzis pirdapiri radiaciiT Sefarde-

bis s( )

s

R
Q

D + B  sidide icvleba farTo  sazRvrebSi  (0.05-

1.00). im SemTxvevaSi, rodesac kedelze ar ecema pirda-
piri radiacia Sefardebis sidide xdeba 1-is toli, e.i. 
( )D R Q+ =fB f . am movlenas adgili aqvs aRmosavleTis 

kedelze dRis meore, dasavleT kedelze — pirvel naxe-
varSi, CrdiloeT kedelze dRis umetes dros.  

aRsaniSnavia, rom (15,16)-Si 300-ze naklebi  daxri-
lobis ferdobebisaTvis mocemulia jamuri radiaciis 
dRiuri jamebis gamosaTvleli formula: 

        Q S D+=∑ ∑ ∑f d df f 0                         (4.1) 

sadac S∑ fd  da D∑ 00  aris Sesabamisad ferdob-

ze  da horizontalur zedapirze mzis pirdapiri da 
gabneuli radiaciis  dRiuri jamebi. samxreTis ferdo-
bebisaTvis Qf -s sidideebi Ziri Tadad ganisazRvrebian 

Sf -s sidideebiT da Q∑ d f  SeiZleba am SemTxvevaSi mi-

axloebiT gamoiTvalos Semdegi formuliT: 

         
S

Q
S

Q= ∑∑ ∑ ∑d

d f

d f 0

d 0

                               (4.2)   

mowmendili cis  SemTxvevaSi CrdiloeTis ferdo-

bebze weliwadSi 
Q
Q

∑
∑

d f

d 0

-is sidide  icvleba 0.17-1.00-is 
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sazRvrebSi. Tbil periodSi  daxrilobis kuTxis - 
α zrdisas am Sefardebis sidideebi mcirdeba, Tovlis 

safaris pirobebSi ki 
Q
Q

∑
∑

T f

d 0

 mcirdeba 450-ze   naklebi 

daxrilobis da izrdeba 450-ze  meti daxrilobis fer-
dobebze. samxreTis orientaciis ferdobebze weliwa-

dis Tbil periodSi 
Q
Q

∑
∑

T f

d 0

-is sidide meryeobs 0.43-

1.00-is civ periodSi (X-III) ki 1,12-2,27-is sazRvrebSi . 
aRmosavleTis (dasavleTis)  orientaciis ferdobebi 
weliwadis ganmavlobaSi ZiriTadad Rebuloben hori-
zontalur zedapirTan SedarebiT nakleb jamur radia-
cias (dekember-ianvarSi zogierT daxrilobebze 

Q
Q

∑
∑

T f

d 0

-is sidide meryeobs 1,0-1,1-is sazRvrebSi). sam-

xreT-dasavleTis (samxreT-aRmosavleTis) ferdobebze 
mais-ivlisSi modis naklebi, oqtomber-martSi ki meti 
jamuri radiacia vidre horizontalur zedapirze. am 
orientaciebze aprilSi,  agvistosa da seqtemberSi 

01 ( 1 )5 45
Q
Q

α = −∑
∑

f
T f

d 0

 da 01 ( 6 )0 90
Q
Q

α = −∑
∑

p
T f

d 0

 

CrdiloeT-aRmosavleTis (CrdiloeT-dasavleTis) 

ferdobebze 1
Q
Q

∑
∑

p
T f

d 0

 weliwadis ganmavlobaSi, amas-

Tanave erTad α - s zrdisas am Sefardebis sidide mcir-
deba  da aRwevs  minimums  vertikalur zedapirze.  

mowmendili cis SemTxvevaSi  dablob raionebSi 

sQ∑ T -s sidide α —s cvlilebisas  0-900-is farglebSi  

meryeobs CrdiloeTis 1750,0-7250,0 samxreTis 6900,0-
7250,0 aRmosavleTis (sa) 6900,0-7250,0 Crdilo-dasavle-
Tis (Ca) 3000,0-7250,0mj/m2-is zRvrebSi. ferdobis daxri-
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lobis kuTxis zrdisas (0-900) sQ∑ T -s sidide yvela 

orientaciaze, garda samxreTisa, mcirdeba: 450-ze nak-

lebi daxrilobis  ferdobebze sQ∑ T  izrdeba   7250.0-

9100.0mj/m2-is zRvrebSi. K
Q
Q

= ∑
∑

T f

d 0

 sididis cvlileba 

adgilis absolutur simaRleze damokidebulebiT 
CrdiloeTis, samxreTis, dasavleTis da aRmosavleTis 
ferdobebisaTvis ivnisSi da dekemberSi mocemulia nax. 
4.1.2-4.1.3-ze. H-is zrdisas K dekemberSi yvela orienta-
ciis ferdobisaTvis izrdeba, analogiur movlenas ad-
gili aqvs ivnisSi samxreTisa da CrdiloeTis ferdo-
bebze, aRmosavleTis (dasavleTis) 45-900-is daxrilo-
bis ferdobebze K simaRlis matebisas  3 km-mde mcirde-
ba, xolo 3 km-ze zeviT matulobs.  Tviuri (wliuri)  ja-
mebis sidide  maqsimaluria samxreTis, minimaluria 
CrdiloeTis ferdobebze, erTnairi daxrilobis  aRmo-
savleTis da dasavleTis orientaciebze jamebis  sidi-
deebi axloa erTmaneTTan da Sualeduria mezobel Zi-
riTad orientaciebze arsebul sidideebs Soris. 

sQ∑ T , Q∑ w f -s sidideebis  analogiur ganawilebas 

ferdobebis orientaciaze damokidebulebiT adgili 
aqvs kavkasiis mTian raionebSic, magram aq simaRlis 
zrdasTan erTad maTi sidide, rogorc horizontalur 
zedapirze aseve ferdobebzec gansakuTrebiT didi 
daxrilobis da sezonuri Tovlis safaris SemTxvevaSi 
sagrZnoblad izrdeba. weliwadis Tbil periodSi ma-
RalmTian raionebSi sezonuri Tovlis safaris gavle-

nis Sedegad ( )
Q

f H
Q

=∑
∑

w f

d 0

 damokidebulebis saxe fer-

dobis daxrilobis  cvlilebebTan dakavSirebiT dab-
lobi raionebisgan gansxvavebiT Sesabamisad icvleba, 
magaliTad terskolis  pikze (3.1km) ferdobis daxri-

lobis cvlilebisas 0-900-is  formulebSi Q∑ w f  ic-
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vleba 8800,0mj/m2-dan ( 00α = ) 135800 mj/m2-mde  Crdilo-
eTis, 9600.0mj/m2-mde samxreTis, 7300.0 mj/m2-mde dasav-
leTis (aRmosavleTis), 5100.0mj/m2-mde Crdilo-aRmo-
savleTis (Crdilo-dasavleTis), 8700,0 mj/m2-mde sa(sd). 

 

 
 
nax. 4.1.2 damokidebuleba ( )K f α=  ivnisSi da dekemberSi 
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samxreT-aRmosavleTis (samxreT-dasavleTis) fer-

dobebze. Q∑ w f  sidide ferdobis daxrilobis kuTxis 

zrdisas 0-900-is farglebSi C, Ca,Cd, a, d-is orientaci-
ebze mcirdeba, xolo s, sa, sd-is ferdobebze 450-mde 
zrdis Semdeg iwyebs Semcirebas da aRwevs minimums ver-
tikalur zedapirze. rogorc dakvirvebebi gviCveneben, 
3,1 km  simaRleze rva orientaciis Svidi daxrilobis 

ferdobebze weliwadis ganmavlobaSi Q∑ w f -s  sidide 

meryeobs 3710,0mj/m2-dan (CrdiloeTis ferdobi 
075α = ) 11300.0 mj/m2-mde  (samxreTis ferdobi, 045α = )  

maSin, rodesac am simaRleze horizontaluri zedapi-

risaTvis Q∑ w 0  Seadgens 8853,47 mj/m2-s. 

mniSvnelovania is faqti, rom rogorc dablobi, 

aseve mTiani da maRalmTiani raionebisaTvis, 
Q
Q

∑
∑

w f

w 0

-is 

sidide  meryeobs 0,28-1,24)-is zRvrebSi: am Sefardebis  
sidideebi SeiZleba gamoyenebul iqnes ferdobebze 
wliuri jamebis gamosaTvlelad kavkasiis mTian raio-

nebSi (Tuki  dakvirvebebiT cnobilia Q∑ T 0  da Q∑ w 0  

horizontalur zedapirze) qvefenili zedapiris fizi-
kuri Tvisebebis identurobis pirobebSi.  

rogorc ( )Q f α=∑ w f  da ( )
Q

f
Q

α=∑
∑

w f

T 0

 damokide-

bulebis Sesabamisi  mrudebis analizi gviCvenebs (nax. 
4.1.4)  maTi urTierTganlagebis  wesi absoluturi si-
maRlis miuxedavad rCeba mudmivi. simaRleze damokide-

bulebiT icvleba mxolod Q∑ T f  da Q∑ w f  absolu-

turi sidideebi. damokidebulebebi ( )Q f H=∑ w f  mow-

mendili cis SemTxvevaSi  analizurad warmoidginebian 

meore rigis  parabolis saxiT: 2Q a bH oH= + +∑ w f , am 
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gamosaxulebaSi  Semavali koeficientebis a,b,c sididee-
bi mocemulia cxril 4.1.1.-Si.  

empiriuli formulebiT gamoTvlili da dakvirve-

bebis Sedegad miRebul Q∑ w f -s sidideebs Soris Tan-

xvedra damakmayofilebelia: saSualo kvadratuli ga-
daxra meryeobs 35.5-125.5mj/m2-is sazRvrebSi: ferdobebi-

saTvis  Q∑ w f -s gradientebis  sidideebi mowmendili 

cis SemTxvevaSi icvlebian farTo diapazonSi (21.0-
218.0mj/m2-is zRvrebSi 1 km simaRleze) CrdiloeTis (Ca, 
Cd) orientaciebze adgilis simaRlis zrdisas 0-dan 4 km-

mde gradienti izrdeba didi daxrilobebis ( 050α f ) da 

mcirdeba patara daxrilobebis ( 030α p ) SemTxvevaSi. sam-
xreTis (sa, sd) ferdobebze  gradientis kleba aRiniSneba  
300-ze  naklebi,  mateba ki 300-ze met daxrilobaze. aRmo-
savleTis (d) orientaciebze  gradientebis maRlivi 
cvlilebebis tendenciebi ferdobebis daxrilobis kuT-
xeze damokidebulebiT analogiuria samxreTis ferdobi-
saTvis dadgenili kanonzomierebebisa. 

 
cxrili 4.1.1 

2Q a bH oH= + +∑ w f   damokidebulebaSi   Semavali koe-

ficientebis a,b,c sidideebi 
α , gradusi 

0 10 30 50 70 90 
CrdiloeTis orientacia 

a 7003.6 5940.2 4110.4 2719.3 1898.1 1676.0 
b 779.20 579.84 469.84 142.44 16.76 83.84 
c -36.63 8.15 -14.67 127.8 173.83 209.51 

Crdilo-dasavleTis (Ca) orientacia 
a 7003.6 605.6 4864.6 4291.6 3427.4 2840.8 
b 779.20 750.0 611.71 377.10 79.61 -8.38 
c -36.63 -27.24 -6.29 0.00 42.46 201.12 
 samxreTis orientacia 
a 7003.6 7433.0 8683.4 8849.3 7948.4 6675.1 
b 779.20 930.14 270.72 297.52 331.01 213.3 
c -36.63 -71.24 138.27 150.87 182.27 218.3 
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samxreT-dasavleTis (sa) orientacia 
a 7003.6 7659.3 8849.3 8966.6 8082.5 6578.3 
b 779.20 724.87 305.87 280.73 142.46 293.3 
c -23.63 -25.14 100.56 146665 253.50 209.5 

dasavleTis (a) orientacia 
a 7003.6 6905.1 6481.9 6025.2 5518.2 4990.0 
b 779.20 452.51 368.75 347.80 205.31 -4.19 
c -36.63 50.28 94.28 121.51 182.27 245.12 

 
 

cxrili 4.1.2 

mowmendili cis SemTxvevaSi Q∑ w f -s gradientebis si-

dideebi , mj/m2 
 

α , gradusi orien-
tacia 

HΔ , 
km 0 10 30 50 70 90 
0-1 84.0 75.8 67.2 29.4 25.0 21.0 
1-2 75.8 67.2 63.0 50.4 41.8 38.0 
2-3 50.4 54.4 63.0 84.0 94.2 107.0 

 
C 

3-4 42.0 50.4 42.0 101.0 127.0 134.0 
0-1 42.0 105.0 54.5 54.5 63.0 63.1 
1-2 42.0 80.0 63.0 72.0 80.0 75.6 
2-3 42.0 50.4 101.0 125.0 135.0 121.5 

s 

3-4 42.0 29.4 120.2 113.0 138.0 188.7 
0-1 42.0 83.8 67.2 55.0 45.0 38.0 
1-2 42.0 67.2 67.2 75.8 67.2 62.8 
2-3 42.0 58.9 75.8 96.0 120.2 120.0 

ad 

3-4 42.0 58.9 80.0 101.0 120.0 159.0 
0-1 42.0 88.2 50.4 50.1 75.8 80.0 
1-2 42.0 71.5 63.0 72.0 76.0 92.4 
2-3 42.0 50.4 80.0 102.0 117.5 122.0 

sa, sd 

3-4 42.0 3768 96.4 129.5 218.0 180.0 
0-1 42.0 84.0 75.8 59.0 21.0 25.0 
1-2 42.0 80.0 58.7 63.0 55.6 63.0 
2-3 42.0 55.6 59.0 62.7 84.0 58.8 

Ca, Cd 

3-4 42.0 33.6 41.5 59.0 113.0 176.0 
 

 



 142 

rogorc cnobilia, absoluturi simaRlis zrdisas 
kavkasiis mTian raionebSi sezonuri Tovlis safaris xan-
grZlivoba matulobs, rac ganapirobebs gradientis si-
dideebis zrdas didi daxrilobis ferdobebze. imis gaT-
valiswinebiT, rom kavkasiis mTiani sistemebi ganlagebu-
lia ganedebis SedarebiT viwro zolSi, centraluri kav-

kasionis pirobebSi dadgenili Q∑ w f -s vertikaluri 

gradientebis sidideebi praqtikulad SeiZleba  gamoye-
nebuli iqnes danarCeni mTiani raionebisaTvisac ferdo-
bebze wliuri jamebis gamosaTvlelad. 

rogorc zemoT aRiniSna, mzis mier ganaTebul fer-
dobebze  ( )S D R+ff f didi daxrilobis CrdiloeTis 

ferdobebze ( )S D R+pf f  magram, Rf  aris zedapiris  al-

bedoze damokidebuli  lokaluri parametri, romelic 
rTul orografiul pirobebSi icvleba ara marto verti-
kalur zonalobaze damokidebulebiT, aramed  gansaz-
Rvrul vertikalur zonaSic fiqsirebul simaRleze 
ferdobebis eqspoziciis gavleniT. Df -c mTis reliefis 

elementebs Soris  radiaciuli gacvlis pirobebSi ganic-
dis analogiur lokalur cvlilebebs, romlis intensi-
voba sezonuri Tovlis safaris arsebobis periodSi  gan-
sakuTrebiT mkveTrad izrdeba. amasTan dakavSirebiT, 
mowmendili cis SemTxvevaSi  kavkasiis mTian raionebSi 
fiqsirebul absolutur simaRleze  didi daxrilobis 
ferdobebze jamuri radiaciis sidideebi ufro metad 
gansxvavdebian erTmaneTisagan damrec ferdobebTan Se-
darebiT.  rac Seexeba jamuri radiaciis  fardobiT sidi-

deebs (
0 0

, ss QQ
Q Q

∑
∑

T

T

) isini xasiaTdebian garkveuli stabi-

lurobiT. kavkasiis mTian raionebSi identuri orienta-
ciis ferdobebze am Sefardebis stabilurobis xarisxis 
dadgenis mizniT Cvens mier ramdenime  sezonis (VI-X, 1972-
1974 wlebi) ganmavlobaSi baSilisa da Cegemis  xeobebSi 
(centraluri kavkasioni, 2,0-3,8km) tardeboda dakvirve-
bebi jamur radiaciaze. am xeobebSi, yabardos vakeze da 
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ialbuzis raionSi (2,2-3,8km) identuri orientaciis da 
daxrilobis ferdobebisaTvis miRebulma jamuri radia-
ciis fardobiTi sidideebis  Sedarebam gviCvena, rom maT 
Soris sxvaoba meryeobda 0,1-0,11-is, saSualo kvadratu-
li gadaxris sidide ki 0,01-0,05-is zRvrebSi, ris Sedegad 
SeiZleba davaskvnaT rom gansxvavebuli orografiul pi-

robebSi da absolutur simaRleze miRebuli 
0

sQ
Q

∑
∑

T

T

-s 

sidideebi axloa erTmaneTTan da isini, rogorc aRiniSna, 
SeiZleba gamoyenebuli iqnen kavkasiis danarCen mTian ra-

ionebSic Q∑ T f -s sidideebis gamosaTvlelad horizon-

taluri zedapirisaTvis  cnobili Q∑ T 0 -is mniSvnelo-

bebis gamoyenebiT da sezonuri Tovlis safaris arsebo-
bis xangrZlivobis adgilis  absolutur simaRleze  da-
mokidebulebis Taviseburebebis gaTvaliswinebiT. am faq-

tze miuTiTebs  Cvens mier miRebuli 
Q
Q

∑
∑

T f

T 0

 sidideebis 

Sedarebac iseT punqtebTan,  rogoricaa yaradaRi, lo-
karno-monti da sxva (52). 

Cvens mier dadgenili koeficientebis 

1 2,
Q

K K
Q

= =∑
∑

T f

T 0

Q
Q

∑
∑

w f

w 0

 gamoyenebiT mowmendili cis 

SemTxvevaSi gamoTvlili iqna Q∑ w f -s sidideebi  meridi-

onalurad ganlagebuli gudamayarisa da ganedurad gan-
lagebuli  svaneTis qedebisaTvis. pirvel SemTxvevaSi aR-
mosavleTis (dasavleTis), meore SemTxvevaSi ki Crdiloe-
Tis (samxreTis) eqspoziciebis makro ferdobebisaTvis 

(cxr. 4.1.3) Q∑ w 0  -is sidideebi  gamoTvlili iqna centra-

luri kavkasionis samxreTi ferdobisaTvis dadgenili 

( )Q f H=∑ w f  damokidebulebis Semdegi gamosaxulebiT: 

7030.0 578.27Q H= +∑ w f                                         (4.3) 
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romlebSic jamebi mocemulia  mj/m2-Si, simaRle ki 
km-Si.  rogorc gamoTvlebma gviCvena, fiqsirebul abso-
lutur simaRleebze ganlagebul horizontalur zeda-

pirze da ferdobebze arsebul sQ∑ w -s sidideebs Soris 

gansxvaveba aRwevs 500%-s da mets, rac miuTiTebs  ima-
ze, rom mTian raionebSi  horizontaluri zedapirisaT-

vis miRebuli Q∑ w 0 -is sidideebi ar iZlevian warmod-

genas im realur radiaciul procesebze, rasac aq adgi-
li aqvs mTiani reliefis elementebze.  

mniSvnelovania aRiniSnos, rom mTiani raionis ra-
diaciuli reJimis detalizaciis da realur situaci-
asTan ufro meti miaxlovebis garantias iZleva qedebis 
makroferdobebis mezoreliefis (ferdobebidan Camom-
dinare  mdinareebis xeobebi) da mikroreliefis (gan-
sazRvruli orientaciis mezoferdobebze arsebuli 
CaRrmavebebi naRvarevebi da sxva) Taviseburebebis gaT-
valiswineba da maTi gavlenis raodenobrivi Sefaseba 
radiaciul da mikroklimatur procesebze.  

Rrublianobis pirobebSi, rogorc aRiniSna,  hori-
zontalur zedapirze jamuri radiaciis sidide damo-
kidebulia mis saxeobaze, raodenobaze da mzis diskos 
mdgomareobaze. gaumWvirvale aTbaliani Rrubliano-
bis SemTxvevaSi  jamuri radiaciis  sidide ganisaz-
Rvreba  gabneuli radiaciiT (D+R), gamWvirvale  forme-
bis SemTxvevaSi  ki mzis pirdapiri radiaciis S sididiT. 
analogiur kanonzomierebebs  adgili aqvs  ferdobebis 
SemTxvevaSic. jamur radiaciaSi mzis pirdapiri radia-
ciis sididis prevalirebisas samxreTis (sa, sd) ferdo-
bebze Qf -s nakadi izrdeba. amasTanave erTad, rogorc 

naCvenebia (16)-Si da dasturdeba Cveni monacemebiT 
Rrublianobis gavlenis Sedegad Qf -s  intensivoba da 

jamebi  maqsimalurad mcirdeba weliwadis civ (mzis da-
bali simaRleebis pirobebSi) da minimalurad-Tbil pi-
robebSi.  
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nax. 4.1.4 damokidebulebebi ( )
Q

f
Q

α=∑
∑

w f

w 0

 da ( )sQ f α=∑ w  

terskolis pikze (1) terskolSi (2) da yabardos vakeze (3) 
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cxrili  4.1.3. 

sQ∑ w -s sidideebi gudamayrisa da svaneTis qedebis 

makroferdobebze, mj/m2 

α  gradusi qedi, ferdo-
bis eqspozicia 

H, 
km 0 15 30 
0 7030.0 6400.0 6300.0 
1 7608.0 7100.0 695060 
2 8187.0 7800.0 7600.0 
3 8765.0 8500.0 8300.0 

gudamayris qe-
di,  
dasavleTi, aR-
mosavleTi 

4 9343.0 9100.0 8900.0 
0 9343.0 5400.0 3950.0 
1 9343.0 6000.0 4400.0 
2 9343.0 6600.0 5000.0 
3 9343.0 7400.0 5600.0 

svaneTis qedi,  
CrdiloeTi 

4 9343.0 7900.0 6200.0 
0 9343.0 8050.0 8760.0 
1 9343.0 8700.0 9100.0 
2 9343.0 9300.0 9900.0 
3 9343.0 9805.0 10600.0 

svaneTis qedi,  
samxreTi 

4 9343.0 10500.0 11200.0 
 

α  gradusi qedi, ferdo-
bis eqspozicia 

H, 
km 45 60 75 90 
0 5900.0 5300.0 4700.0 4300.0 
1 660060 6210.0 5600.0 5100.0 
2 7350.0 7000.0 6300.0 5700.0 
3 8050.0 7700.0 73350.0 7000.0 

gudamayris qe-
di,  
dasavleTi, aR-
mosavleTi 

4 8800.0 8600.0 8300.0 8100.0 
0 2400.0 2000.0 1600.0 1400.0 
1 3000.0 2350.0 2000.0 1850.0 
2 3600.0 2750.0 2350.0 2100.0 
3 4200.0 3600.0 3560.0 3600.0 

svaneTis qedi,  
CrdiloeTi 

4 4700.0 4400.0 4150.0 4200.0 
0 8840.0 8470.0 7220.0 6670.0 
1 9600.0 9500.0 8300.0 7200.0 
2 1035.0 1000.0 9080.0 8050.0 
3 11100.0 11150.0 10400.0 8900.0 

svaneTis qedi,  
samxreTi 

4 11650.0 11950.0 10450.0 10100 
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Rrublianobis konkretuli  iarusebisaTvis  Ca-
tarda jamuri  radiaciis sidideebis diferencirebu-
li analizi. dadginda, rom qveda iarusi da vertikalu-
ri gaumWvirvale Rrublianobisas (00, Π ) adgili  aqvs 

sQ∑ T     da Q∑ w f -s sidideebis Semcirebas ferdobe-

bis daxrilobis kuTxis zrdis sinqronulad. gaumWir-
vale mTliani moRrublulobis pirobebSi ferdobebze 
jamuri radiaciis  sidideebs Soris azimutaluri gan-
sxvaveba, rogorc wesi, naklebia mowmendil casTan Se-
darebiT. am movlenas adgili aqvs im SemTxvevaSic, ro-
desac saxezea nawilobriv Rrublianoba, magram mzis 
disko dafarulia RrubliT (disko SeimCneva, sagnebi ki 
Crdils ar iZlevian), an mzis  diskos savaraudo mdgoma-
reobis adgilze RrublebSi SeiniSneba difuziuri la-
qa. Rrublianobis zemoTaRniSnul pirobebSi dablob 
raionebSi ferdobis daxrilobis kuTxis zrdisas 00-dan 

900-mde Q∑ w f -s sidideebi Cveni monacemebiT  saSua-

lod mcirdebian 1800,0mj/m2-dan  750.00mj/m2-mde Crdi-
loeTis, 900,0mj/m2-mde samxreTis da 880,0mj/m2-de aR-
mosavleTis (dasavleTis) orientaciebze. zRvis doni-
dan 4 km-is simaRlis zRvrebSi   (ialbuzis  samxreTi 
ferdobi,  yinulovani baza, TerTmetis TavSesafari) 

Q∑ w f -s  sidideebi mcirdeba  3000,0mj/m2-de aRmosav-

leTis (dasavleTis) ferdobebze. amrigad,  adgilis si-

maRlis zrdisas Q∑ w f -s sidide ferdobebze saSualo 

matulobs, rac ganpirobebul ia Rrublebis ganmxnevi 
unarianobis da sezonuri  Tovlis safaris arsebobis 
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cxrili 4.1.4. 
a da b koeficientebis mniSvnelobebi K aH b= +  

 
a0 

o
r

ie
n-

 
t

ac
ia
 

15 30 45 60 75 90 

 a b a b a b a b a b a b 
C 0.03 0.87 0.03 0.80 0.04 0.70 0.03 0.63 0.03 0.54 0.03 0.43 
s 0.02 0.96 0.02 0.87 0.02 0.79 0.02 0.71 0.03 0.60 0.02 0.51 
a 0.01 0.95 0.02 0.85 0.01 0.79 0.01 0.71 0.02 0.59 0.01 0.51 
d 0.01 0.93 0.01 0.88 0.01 0.79 0.01 0.70 0.01 0.60 0.01 0.51 

 

 
xangrZlivobis zrdiT. damokidebulebebi 

( )
Q

f H
Q

=∑
∑

w f

T 0

 analizurad warmoidgineba wrfivi fun-

qciebis saxiT 
Q

aH b
Q

= +∑
∑

w f

T 0

, romlebSic Semavali koe-

ficientebis a,b sidideebi warmoadgenen  ferdobis 
orientaciis da daxrilobis kuTxis funqciebs.  

sQ
K

Q
= ∑
∑

T

T 0

 sidideebi ar arian damokidebuli ad-

gilis fizikur-geografiul pirobebze, ris Sedegad 

maTi gamoyeneba SesaZloa Q∑ T f   da Q∑ w f  -s sididee-

bis gamoTvlis mizniT kavkasiis sxva raionebisaTvis, 
rac kerZod agreTve gamomdinarebs K-s sidideebis Se-
darebidan  analogiuri orientaciisa da daxrilobis 
ferdobebis SeTmxvevaSi kavkasionis winamTisa da taS-
kentisaTvis (16). weliwadis ganmavlobaSi am raionebi-

saTvis K meryeobs 2 4%± −  0( 30 )α ≤  da 3 5%± −  - is far-

glebSi 0( 30 )α ≥ . α -s zrdisas 00-dan 900-mde   K-s sidi-
de  mcirdeba dablob raionebSi 1,0-0,42(C), 10-0,49(s), 1,0-
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0,5-is zRvrebSi (a.d), zRvis donidan 4 km simaRleze ki 
Sesabamisad 1,0-0,56(C), 1,0-0,60(s) da 1,0-0,54-is sazRvreb-
Si (a.d.). 

Q∑ T R da Q∑ w R -s sidideebi Rrublianobis pi-

robebSi icvlebian farTo diapazonSi.  am jamebis eq-
stremaluri sidideebi gamoTvlili iqna jamuri radia-
ciis intensivobis eqstremaluri mniSvnelobebis dRiu-
ri svlis mrudebis daxmarebiT. yabardos vakeze qveda 
iarusisa da vertikaluri ganviTarebis aTbaliani   
moRrublulobis pirobebSi (0, 00, Π , difuziuri laqa) 

Q∑ w R -s sidideebi,  magaliTad, CrdiloeTis ferdo-

bebze icvlebodnen Semdeg sazRvrebSi: 3280.0-500.0 
( 0α = ), 3000.0-440.0 (150), 2860.0-460.0 (300), 3730.0-440 (450), 
2470.0-370.0 (600), 2190.0-340.0 (750), 1800.0-300.0mj/m2 (900). 

identur daxrilobebze Q∑ w R  -s da Q∑ T R  -s    eq-

stremaluri mniSvnelobebis cvlilebis zRvrebi oTxi 
ZiriTadi orientaciis (C, a, d, s) ferdobebisaTvis ax-
loa erTmaneTTan, rac ganpirobebulia aTbaliani moR-
rublulobisas cis TaRze gabneuli radiaciis izot-
ropuli ganawilebiT.  

iseve rogorc horizontaluri zedapiris SemTxve-
vaSi jamebi maqsimaluria zeda iarusis da minimaluria 
qveda iarusis moRrublulobis pirobebSi.  

nawilobrivi Rrublianobis pirobebSi ferdobeb-
ze jamuri radiaciis gamosaTvlel formulas aqvs Sem-
degi saxe (52) 

               (1 )Q Q kn= −∑ ∑T R T 0                              (4.4) 

romelSic Q∑ T R , Q∑ T 0  arian ferdobebze Tvi-

uri jamebi nawilobrivi moRrublulobisa da mowmen-
dili cis SemTxvevaSi, n aris    Rrublianobis raodeno-
ba erTeulis nawilebSi.  k warmoadgens  empiriul koe-
ficients, romelic ganisazRvreba Semdegi gamosaxule-
bidan: 
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Q Q

K
Q

−
=∑ ∑

∑
T 0 T f

T 0

                                         (4.5) 

am gamosaxulebaSi Q∑ T f  aris jamuri radiaciis 

Tviuri jami Sesabamisi iarusis aTbaliani Rrubliano-
bis SemTxvevaSi, rogorc Cveni dakvirvebis monacemebis 
analizi gviCvenebs, K-s sidide damokidebulia Rrub-
lianobis saxeobaze da maTi cis TaRze ganawilebis Ta-
viseburebebze, ferdobis daxrilobis kuTxeze, azi-
mutze, mzis simaRleze da qvefenili zedapiris fizi-
kur Tvisebebze (albedo).  CrdiloeTis (Ca, Cd), aRmo-
savleTis (d) ferdobebisaTvis K SeiZleba iyos dadebi-
Ti, uaryofiTi da nulis toli (111) K-s sidideebi ma-
RalmTiani raionebisaTvis dablob raionebTan Sedare-

biT naklebia, rac gamowveulia am raionebSi sQ∑ T  -s  

maRali mniSvnelobiT, garda amisa, zeda iarusis Sem-
TxvevaSi K-s sidideebi sidideebi naklebia danarCen ia-

rusebTan  SedarebiT, rac aixsneba 0Q∑ T   da sQ∑ T -s 

sidideebis mcire gansxvavebiT.  
Cvens mier miRebuli K-s sidideebis, mravalwliu-

ri saSualo Tviuri saerTo Rrublianobis da mowmendi-
li cis SemTxvevaSi aqtinometriul qselze miRebuli 
jamuri radiaciis Tviuri jamebis gamoyenebiT (4.4) 

formuliT SesaZlebeli xdeba Q∑ T R -s sidideebis ga-

moTvla realuri Rrublianobis pirobebSic,  rasac 
kerZod didi mniSvneloba aqvs mTian raionebSi relie-
fis elementebze  mimdinare mikroklimaturi  procese-
bis energetikuli bazis obieqturi Sefasebis  Tvalsaz-
risiT. miTumetes, rom cvalebadi Rrublianobis gav-
lenis raodenobrivi Sefaseba ferdobebze mosuli ja-
muri radiaciis  sidideebze warmoadgens rTul prob-
lemas, romelic dRemde arasakmarisad damuSavebulia  
meToduri TvalsazrisiT (52,16,111). 

ferdobebze jamuri radiaciis sidideebze eqspe-
rimentaluri monacemebis epizoduri  xasiaTisa da ume-
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teswilad ararsebobis  Sedegad, rogorc aRniSnulia 
(52)-Si, rigi avtorebisa realuri  Rrublianobis piro-
bebSi ferdobebze da vertikalur kedlebze jamuri ra-
diaciis sidideebis gamosaTvlelad mimarTavs izot-
ropuli miaxloebis formulas, magaliTad,  kedlebis 
SemTxvevaSi: 

            3 0
1 1
2 2

Q S D Ra= + +3                                        (4.6) 

romelSic S3, D0, da Ra arian Sesabamisad mzis pir-
dapiri radiacia vertikalur zedapirze, gabneuli ra-
diacia horizontalur zedapirze da horizontaluri 
qvefenili zedapiridan areklili radiacia. (4.6) for-
mulis gamoyenebisas daSvebulia D da Ra-s izotropuli 
ganawileba, rac ar Seefereba sinamdviles, vinaidan cis 
TaRis mier gabneuli D da qvefenili  zedapiridan arek-
lili radiaciis  Ra intensivobebi damokidebulia  mi-
marTulebaze da daxril zedapirze (kerZod kedlebze) 
maTi sididis zustad gamosaTvlelad aucilebelia ma-
Ti kuTxuri ganawilebis kanonzomierebebis eqsperimen-
taluri Seswavla. izotropuli miaxloebiT gamoTvli-

li sQ∑ T -s sidideebis cdomileba dakvirvebis Sede-

gad miRebul jamebTan SedarebiT, magaliTad, samxre-
Tis (sa, sd) kedlebze  aRwevs zafxulSi 15, zamTarSi 
26%-s, CrdiloeTis (Ca, Cd) kedlebze ki 100% da mets.  

 
   eqsperimentuli saxis informaciis nakleboba ga-

napirobebs ferdobebisaTvis jamuri radiaciis sidi-
deebis gamoTvlis naxevradempiriuli  meTodebis damu-
Savebis aqtualobas cnobili astronomiuli, meteoro-
logiuri da aqtinometriuli parametrebis gamoyene-
biT.  kerZod, (15)-Si  mocemulia aseTi saxis formula 
mowmendili cis SemTxvevaSi  ferdobebze jamuri radi-
aciis sidideebis gamosaTvlelad: 

0
0 0 0

( )sinh( 0.9 ) )
sinh

s s
s

D RTQ Q
T Q

β
+

= + +∑∑ ∑∑
      (4.7) 
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sadac 0h , sh , sT , 0T  arian Sesabamisad  mzis maqsima-
luri simaRleebi da mzis naTebis xangrZlivoba ferdo-

bebze da horizontalur zedapirze: ( )
s

D R+∑ , 0Q∑   

Sesabamisad gabneuli da qvefenili zedapiridan arek-
lili radiaciebis da jamuri radiaciis jamebi ferdo-
bebze β  Sesworebis koeficienti. sinh s , 0sinh , sT , 0T  ga-
nisazRvrebian  instrumentalurad anda cnobarebSi ar-

sebuli cxrilebiT  da TanafardobebiT. 0Q∑ -is sidi-

de  gamoiTvleba aqtinometriuli sadgurebis qselis 

monacemebiT. Q∑ f -s gamoTvlisas (4.7)  gamosaxulebiT 

ZiriTadad siZneles warmoadgens Sefardebis 

0

( )SD R
Q
+∑

∑
  ganusazRvreloba,  romlis zustad dasad-

genad aucilebeli xdeba specialuri dakvirvebebis or-
ganizacia weliwadis  ganmavlobaSi, rac dakavSirebu-
lia garkveul siZneleebTan gansakuTrebiT Znelad mi-
sawvdom maRalmTian raionebSi.  

Cveni dakvirvebebis Sedegad oTxi ZiriTadi orien-
taciis (C, s, a, d) 0-900-is daxrilobis ferdobebisaTvis 

dadgenili iqna 
0

( )SD R
Q
+∑

∑
)is daxrilobis kuTxeze - 

α damokidebulebebis analizuri saxeebi, am Sefarde-
bis sidide warmoadgens ferdobis azimutis daxrilo-
bis kuTxis adgilis absoluturi simaRlis, qvefenili  
zedapiris da atmosferos fizikuri Tvisebebis rTul 

funqcias.  damokidebuleba 
0

( )
( )SD R

f
Q

α
+

=∑
∑

 analizu-

rad   warmoidgineba wrfivi funqciis saxiT Crdiloe-
Tis da meore rigis parabolis saxiT samxreTis, aRmo-
savleTis (d) orientaciebisaTvis. am damokidebulebis 
analizuri saxeebi dadgenili iqna  dablobi da mTiani 
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raionebisaTvis weliwadis Tbili da civi (Tovlis safa-
ri) periodebis  SemTxvevaSi (cxr. 4.1.5). 

(4.8)-(4.19) gamosaxulebebiT gamoTvlili Sefarde-
bebis sididis absoluturi cdomileba meryeobs ± 0.02-
is wrfivi damokidebulebebisaTvis da 0.03-0.04-is 
zRvrebSi   meore rigis parabolebisaTvis.  

(4.7) —Si Sesabamisi orientaciebisaTvis dadgenili 
(4.8)- (4.19)  gamosaxulebebis CasmiT vRebulobT ferdo-
bebze jamuri radiaciis gamosaTvlel formulebs, 
romlebic ar Seicaven ucnob radiaciul parametrebs 
da ar saWiroeben specialuri aqtinometriuli dakvir-
vebebis organizacias.  magaliTad,  ivlisis TvisaTvis  
CrdiloeTi kavkasiis  winamTaSi samxreTis orientaciis 

ferdobebze Q∑ fT  -s gamosaTvlel  formulas aqvs 

Semdegi saxe: 

0

0

sinh( 0.9 0.221 0.0016
sinh

s

s

TQ
h

α= + + +∑ fT  

20.00001 )(840.0 84.0 )Hα α+ +                                   (4.20) 

 
cxrili 4.1.5 

damokidebulebis 
0

( )
( )SD R

f
Q

α
+

=∑
∑

 analizuri saxeebi 

# 
raio-

ni 
or. peri-

odi 
gamosaxuleba 

C Tbili
0

( )D R
Q
+

=∑
∑

f
0.208+0.25α .10-3           (4.8) 

C civi 3

0

( )
0.121 0.88 10

D R
Q

α −+
= + ⋅∑

∑
f

   (4.9) 

1 
yabar-

dos 
vake 

s Tbili
2 4

0

( )
0.221 0.016 0.1 10

D R
Q

α α −+
= + − ⋅∑

∑
T f

 (4.10) 
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s civi 
2 4( )

0.123 0.0033 0.2 10
D R

Q
α α −

+
= + − ⋅∑

∑
T f

(4.11) 

a(d) Tbili
3

0

( )
0.236 0.04 10

D R
Q

α −
+

= + ⋅∑
∑

T f
        

   (4.12) 

a(d) civi 
2

0

( )
0.068 0.41 10

D R
Q

α −
+

= + ⋅∑
∑

T f      

                 (4.13) 

C Tbili
3

0

( )
0.075 0.5 10

D R
Q

α −
+

= + ⋅∑
∑

T f     

                    (4.14) 

C civi
2

0

( )
0.068 0.41 10

D R
Q

α −
+

= + ⋅∑
∑

f     

                     (4.15) 

s Tbili
2 3

0

( )
0.090 0.7 10

D R
Q

α −
+

= + ⋅∑
∑

f   

                      (4.16) 

s civi
2 4

0

( )
0.221 0.5 10

D R
Q

α −
+

= + ⋅∑
∑

f      

                   (4.17) 

a(d) Tbili
2 3

0

( )
0.084 0.6 10

D R
Q

α −
+

= + ⋅∑
∑

f    

                    (4.18) 

2 

 
 

ma-
Ral-
mTia-
ni ra-
ione-

bi 
 

a(d) civi
2 2

0

( )
0.085 0.45 10

D R
Q

α −
+

= + ⋅∑
∑

f
       

               (4.19) 
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sadac 840.0 84.0sQ H= +∑ T  aris centraluri kav-

kasionis CrdiloeTi ferdobisaTvis Cvens mier dadge-

nili empiriuli damokidebulebis 0 ( )Q f H=∑ T   ana-

lizuri saxe ivlisisaTvis. (4.20) saxis formulebiT 

Q∑ T f -s gamoTvlebSi gaTvaliswinebuli unda iqnes 

Tovlis safaris xangrZlivobis  arseboba adgilis ab-
solutur simaRleze  damokidebulebiT (qvefenili ze-
dapiris albedo), romelic gadamwyvet gavlenas axdens 

( )sD R+∑  sidideebis  formirebaze gansakuTrebiT 

didi daxrilobis ferdobis  SemTxvevaSi. am mizniT Se-
iZleba  gamoyenebul iqnas Tovlis safaris formirebis 
da gaqrobis periodebisaTvis Tovlis xazis saSualo 
simaRlisTvis rigiT nomerze  damokidebulebis (109)-Si 
mocemuli  grafikuli an analizuri saxeebi (4.20)-Si ga-
moTvlil  da dakvirvebis Sedegad miRebul jamebs So-
ris saSualo kvadratuli gadaxris sidide ar aRemateba  
30,0-s Rrublianobis saSualo pirobebSi (16)-Si ferdo-
bebze jamuri radiaciis gamosaTvlelad mocemulia 
Semdegi saxis formula: 

2 20
0

0 0

sinh( 0.9 ) (cos sin )(1 ))
sinh 2 2

s

s

T S SQ Q b
h T S S

α α
= + + + −∑ ∑f

S S

 (4.21) 

 

romelSic 
( )sD R

b
Q

β
+

= +∑
∑

, S da SS — mzis naTebis 

xangrZlivobaa Rrublian  da mowmendil dReebSi, A 
aris qvefenili zedapiris albedo, α ki ferdobis dax-

rilobis kuTxe. 2 2cos sin
2 2
α α
+ warmoadgens gabneuli da 

areklili radiaciebis gamosaTvlel izotropuli mi-
axlovebis gamosaxulebas. rogorc aRiniSna, ferdobeb-
ze dacemuli qvefenili zedapiridan areklili da cis 
TaRis mier gabneuli radiaciis sidideebis gamoTvla 
izotropuli miaxlovebis formulebiT  gansakuTre-
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biT didi daxrilobis ( 030α f ) SemTxvevaSi dakavSire-
bulia  mniSvnelovan cdomilebebTan,  cxadia rom es ga-
remoeba arsebiTad zRudavs (4.21) formulis gamoyene-
bis  SesaZleblobebs. (4.20) formuliT gamoTvlebis si-
zuste arsebiTad maRldeba Tu masSi  Semavali izotro-
puli miaxloebis gamosaxulebebi Seicvleba moRrub-
lulobis  pirobebSi ferdobebze  dakvirvebebis Sede-
gad miRebuli Sesabamisi analizuri gamosaxulebebiT 
(121). rogorc Cveni dakvirvebebis Sedegebis analizi 
gviCvenebs aTbaliani moRrublulobis pirobebSi 

0

( )sD R
Q
+∑

∑
 sidide  aris ferdobis daxrilobis kuTxis 

funqcia, romlis matebisas igi Tbili periodisaTvis 
mcirdeba metad weliwadis civ periodTan SedarebiT. 
igi analizurad warmoidgineba  wrfivi funqciebis sa-
xiT (cxr. 4.1.6) 

 
cxrili 4.1.6. 

damokidebulebis 
0

( )
( )sD R

f
Q

α
+

=∑
∑

 analizuri saxeebi 

qveda iarusis  mTliani moRrublulobis pirobebSi 
 

# raioni or. periodi gamosaxuleba 

C Tbili 

0

( )D R
Q
+

=∑
∑

f
1.00-0.07α                       (4.22) 

C civi 

0

( )
1.00 0.06

D R
Q

α
+

= −∑
∑

f
       (4.23) 

s Tbili 

0

( )
1.00 0.06

D R
Q

α
+

= −∑
∑

fT
   (4.24) 

1 

 
 
 
 
 
 
dab-
lobi 
raio-
nebi 

s civi 
( )

1.00 0.0055
D R

Q
α

+
= −∑

∑
fT

   (4.25) 
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a(d) Tbili 
0

( )
1.00 0.0065

D R
Q

α
+

= −∑
∑

fT
   (4.26) 

a(d) civi 
0

( )
1.00 0.06

D R
Q

α
+

= −∑
∑

fT
    (4.27) 

C Tbili 
0

( )
1.00 0.0064

D R
Q

α
+

= −∑
∑

fT    (4.28) 

C civi 

0

( )
1.00 0.0045

D R
Q

α
+

= −∑
∑

f
  (4.29) 

s Tbili 

0

( )
1.00 0.0064

D R
Q

α
+

= −∑
∑

f
  (4.30) 

s civi 

0

( )
1.00 0.0045

D R
Q

α
+

= −∑
∑

f
  (4.31) 

a(d) Tbili 

0

( )
1.00 0.0058

D R
Q

α
+

= −∑
∑

f
  (4.32) 

2 

 
 
mTiani 
raio-
nebi 
 

a(d) civi 

0

( )
1.00 0.0023

D R
Q

α
+

= −∑
∑

f
  (4.33) 

 
rogorc (4.22)-(4.33) gamosaxulebebis Sedarebidan 

Cans, yvela orientaciaze Tbili periodisaTvis 

0

( )D R
Q
+∑

∑
f

-s sidide ferdobis daxrilobis kuTxis 

zrdisas mcirdeba SedarebiT metad, vidre civ period-
Si sezonuri  Tovlis safars arsebobis pirobebSi.  

 

damokidebulebebis 
0

( )
( )

D R
f

Q
α

+
=∑

∑
f

 da 
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0

( )sQ
f

Q
α=∑

∑
 zemoT moyvanili analizuri saxeebis Cas-

miT (4.21) gamosaxulebaSi gamoiricxeba izotropiuli 
miaxloebis wevrebi. magaliTad, samxreTis eqspoziciis 
ferdobebisaTvis weliwadis civ periodSi (4.21)  gamo-
saxuleba Rebulobs  Semdeg saxes: 

   

0
0

0 0

sinh( 0.9 0.123 0.0033
sinh

s

s

TQ Q
h T

α= + + −∑ ∑f

20.00002 ) (1.038 0.0038 )(1 ))S S
S S

α α− + − −
S S

                  (4.34) 

 

aRsaniSnavia, rom (4.34) gamosaxuleba da analogiu-
ri formulebi sxva orientaciebisaTvis, romlebic mi-
Rebul iqna kavkasiis dablobi da mTiani raionebisaT-
vis, ar Seicaven ucnob parametrebs, romelTa mosapo-
veblad aucilebeli iqneboda saTanado xangrZlivi eq-
sperimentebis organizacia.  miRebuli formulebiT 
arsebiTad maRldeba ferdobebisaTvis jamuri radia-
ciis sidideebis gamoTvlis sizuste. dakvirvebebiT mi-

Rebul da am gamosaxulebebiT gamoTvli Q∑ f -s  sidi-

deebs Soris kvadratuli gadaxra σ  Seadgens 30,0-

50,0mj/m2-s (4.34). 
0

sQ
Q

∑
∑

-is sidideebis gamoTvlis saSua-

lo kvadratuli cdomileba Seadgens zafxulSi 0,61 
CrdiloeTis, 0,055 samxreTis ferdobebze,  zamTarSi — 
Sesabamisad 0,085 da 0,150-s. weliwadis  am  periodebi-
saTvis analogiuri Sedegebi mcire gansxvavebiT miRe-
bulia agreTve (16)-ic. 

ferdobebze  jamuri radiaciis  dRis jamebis far-

dobiTi sidideebis 
0

sQ
Q

∑
∑

 mzis naTebis xangrZlivobis 

Sesabamis sidideebTan — S Sedareba gviCvenebs, rom maT 
Soris arsebobs wrfivi damokidebuleba: 
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0

sQ
aS b

Q
= +∑

∑
                                                (4.35) 

romelSic sQ∑  da 0Q∑  arian  radiaciis jamebi 

ferdobebze da horizontalur zedapirze nawilobrivi 
Rrublianobis pirobebSi, a da b ki koeficientebi. 

0

sQ
b

Q
=∑
∑

  sruli Rrublianobis pirobebSi. rodesac 

0S =  , maSin 
0

( ) sQ Q
b

Q Q
= =∑ ∑
∑ ∑

f

R
0

. koeficienti a gani-

sazRvreba Semdegi gamosaxulebidan: 
 

           

( )sQ
b

Q
a

S

−

= +

∑
∑ mow

0

S

                                        (4.36) 

romelSic  SS   aris mzis naTebis SesaZlo xan-

grZlivoba dRis ganmavlobaSi. ( )sQ
Q

∑
∑ mow

0

 - radiaciis  

fardobiTi jami mowmendili amindis pirobebSi. (4.36) 
da damokidebulebis aprobacia  Catarda CrdiloeTis 
da samxreTis orientaciebis ferdobebisaTvis dakvir-
vebebis informaciis gamoyenebiT.  koeficienti b war-
moadgens ferdobis daxrilobis funqcias.  damokide-

bulebas 
0

( ) ( )
Q

f
Q

α=∑
∑

f

R  aqvs kvadratuli  funqciis sa-

xe.  orive orientaciis SemTxvevaSi dablobi raionebi-
saTvis (I-VIII) 

0

( )
Q
Q

=∑
∑

f

R 0.955-0.00007 2α                                   (4.37) 
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mTiani raionebisaTvis  

0

( )
Q
Q

=∑
∑

f

R  0.980-0.00006 2α                                   (4.38) 

 
(4.37)-(4.38) gamosaxulebebis CasmiT (4.35)-Si vRebu-

lobT dablobi raionebisaTvis 

0

( ) (0.955 0.00007 )
Q

aS
Q

α= − +∑
∑

f

R                     (4.39) 

mTiani raionebisaTvis 

0

( ) (0.980 0.00006 )
Q

aS
Q

α= − +∑
∑

f

R                     (4.40) 

 
(4.39)-(4.40) gamosaxulebaSi a icvleba mTiani raio-

nebisaTvis ianvarSi 0,02-0,07, ivlisSi 0,00-0,02-is da Se-
sabamisad 0,05-0,19 da 0,00 -0,01-is zRvrebSi   samxreTis 
ferdobebisaTvis. b aris ferdobis orientaciis, dax-
rilobis  da qvefenili zedapiris albedos funqcia. α -
s zrdis as 00-dan 900-mde b mcirdeba dablob raionebSi 
50%-ze metad, mTian (maRalmTian) raionebSi 35%-iT 
(zamTari) da 450-iT (zafxuli). dablobi da mTiani raio-
nebisaTvis b-s sidideebSi gansxvaveba minimaluria zaf-
xulis da  maqsimaluria zamTris periodSi.  kavkasiis da 
Sua aziis dablob da mTian raionebSi  miRebuli b-s si-
dideebis Sedareba gviCvenebs, rom maT Soris gansxvave-
ba umniSvneloa ferdobebis patara daxrilobebis 

( 030α p ) SemTxvevaSi (15,16). magaliTad 300-iani daxri-
lobis ferdobebisaTvis b Seadgens CrdiloeTis orien-
taciaze  ianvarSi cenralur kavkasionze (0,4-2,2km) 0,86-
0,89, taSkentSi 0,89 ivlisSi Sesabamisad 0,78-0,89 da  0,94 
samxreTis orientaciaze ki 0,89-0,90 da 0,95 (I) 0,86-0,92 
da 0,94 (VII). 
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4.2 gabneuli radiacia da qvefenili zedapiridan 
areklili radiacia ferdobebze 

 
mTagoriani  reliefis elementebze jamuri radia-

ciis sididis formirebaSi cis TaRis mier gabneuli -  
Df , gansakuTrebiT ki qvefenili zedapiridan arekli-

li - Rf  radiacia da elementebs Soris radiaciuli 

gacvlis procesi TamaSobs mniSvnelovan rols. ro-
gorc aRiniSna, ferdobebze dacemuli D da Rf -s sidi-

deebis zusti gansazRvrisaTvis aucilebelia cis TaR-
ze D-s intensivobis kuTxur ganawilebaze da Rf -s indi-

katrisis  formaze Sesabamisi eqsperimentuli monace-
mebi (52). 

ferdobebze Df  da Rf -s dRiuri svlis kanonzomi-

erebebi  dablob raionebSi ganlagebuli zogierTi pun-
qtisaTvis mocemulia (52,57).  Df  da Rf -s kuTxur gana-

wilebaze eqsperimentuli monacemebi gaanalizebulia 
(53,55)-Si.  rig SromebSi,  maT Soris (7,157)-Si ganxilu-
lia cis TaRis calkeuli ubnebidan ferdobebze dace-
muli D-s sidideebi. aRsaniSnavia, rom (52)-Si gaanalize-
bulia D-s  dRiuri msvlelobis kanonzomierebebi  Ziri-
Tadad dablob raionebSi galagebuli ferdobebisaT-
vis. bunebrivia, rom  Ria horizontalur zedapirze 
ganlagebul ferdobebze mimdinare radiaciuli pro-
cesebis imitaciis pirobebSi gamoricxulia mTian raio-
nebSi  arsebuli reliefis elementebs (kerZod ferdo-
bebs) Soris radiaciuli gacvlis momenti,  romelsac aq 
adgili aqvs mTeli wlis ganmavlobaSi da gansakuTre-
biT mkveTrad mJRavndeba civ periodSi didi amreklavi 
unarianobis sezonuri Tovlis safaris arsebobis pi-
robebSi. garda amisa, patara absolutur simaRleebze 
ganlagebul ferdobebze radiaciuli procesebis imi-
taciisa da modelirebis pirobebSi yuradRebis gareSe 
rCeba maTze adgilis absoluturi simaRlis gavlena. 
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vinaidan ( )D R+ f -s sidide aris damokidebuli ara mar-

to astronomiul faqtorze, atmosferos da qvefenili 
zedapiris fizikur  Tvisebebze,  Rrublianobis reJim-
ze, aramed horizontis Caketilobaze, adgilis abso-
lutur simaRleze, ferdobebis orientaciaze da dax-
rilobis kuTxeze,  maT Soris radiaciuli gacvlis in-
tensivobaze, bunebrivia dablobi raionebisaTvis dad-
genili Df  -s cvlilebebis kanonzomierebebis gavrce-

leba mTian da maRalmTian raionebze ar aris gamarTle-
buli, ris Sedegad aucilebeli xdeba am problemis Ses-
wavla uSualod mTiani raionebis rTul orografiul  
pirobebSi adgilis absolutur simaRleze damokidebu-
lebiT. amis gaTvaliswinebiT centraluri kavkasionis 
CrdiloeTi ferdobis 0,4-4,0km simaRleebis  diapazonSi 
oTxi ZiriTadi orientaciis (C,a,s,d) ferdobebisaTvis, 
romelTa daxrilobis kuTxe icvleboda 0-900-is far-
glebSi, Cvens mier eqsperimentuli gziT dadgenili iq-
na ( )D R+ f -s wliuri da maRlivi svlis ZiriTadi kanon-

zomierebebi mowmendili cisa da Rrublianobis piro-
bebSi (103,112). 

mTian raionebSi ferdobebze dacemuli gabneuli 
radiaciis - Df sidide   warmoidgineba Semdegi saxiT: 

          ( )D D R R= + +f f 1 f                                       (4.41) 

sadac D , Rf  da R1  aris Sesabamisad ferdobebze 

dacemuli cis TaRis   mier gabneuli D , qvefenili  ze-
dapiridan areklili Rf  da mopirdapire ferdobebidan 

mocemuli ferdobis mimarTulebiT areklili - R1  ra-

diacia.  radganac rTul orografiul pirobebSi Df -s 

jamuri nakadis  calkeul mdgenelebad danawileba war-
moadgens rTul da xSir SemTxvevebSi gadauWrel amoca-
nas, amis gamo ganvixilavT jamuri Df -s wliuri da maR-

livi  msvlelobebis Taviseburebebs. dablobi raione-
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bisaTvis Df -s dRiuri  msvlelobis Taviseburebebi 

ferdobis orientaciaze da kuTxeze damokidebulebi-
saTvis mocemulia (52)-Si. aq aRvniSnavT mxolod, rom 
weliwadis ganmavlobaSi Df -s cvlilebis diapazoni 

ferdobebze civi (Tovlis safari) da Tbili periodebi-
saTvis mniSvnelovnad gansxvavdeba erTmaneTisagan:  ma-
galiTad, yabardos  vakeze mowmendili cis SemTxvevaSi 
(VII, 12sT), orientaciaze damokidebulebiT Df -s  cvli-

lebebis diapazoni Seadgens 0,02(C)-0,06(a,d) kvt/m2-s, xo-
lo Tovlis  safaris SemTxvevaSi (I,12sT). 0,1 (C)-0,20(s) 
kvt/m2-s. 0,1(C)- 0,20(s)kvt/m2-s. amasTanave erTad dablob 
raionebSi Df -s dRiuri msvlelobis mrudebis  urTier-

Tganlageba Tbil da civ (Tovli) periodebisaTvis ar-
sebiTad gansxvavdeba. Tovlis safaris pirobebSi ori-
entaciaze damoukideblad Df -s maqsimumi aRiniSneba 

vertikalur, minimumi horizontalur zedapirze. Tbil 
periodSi α -s zrdisas Df -s maqsimums  aRwevs 750-ze aR-

mosavleTis (7-8sT),  dasavleTis (17-18sT), 900-ze sam-
xreTis (12sT), minimums  600-ze CrdiloeTis (12sT) ori-
entaciaze.  

maRalmTian raionebSi (terskolis piki) Df -s 

cvlilebis diapazoni zafxulSi (VII,12sT) saSualod 
meryeobs 0,04(s)- 0,07(a.d) kvt/m2-is, zamTarSi (1, 12sT) ki 
0,25-0,29kvt/m2-is zRvrebSi.  kavkasiis maRalmTian raio-
nebSi qvefenili  zedapiris  fizikur Tvisebebze damo-
ukideblad (Tovli, uTovlo) ferdobebze Df -s  sidi-

deebis ganawilebis damaxasiaTebeli Taviseburebas 
(dablobi raionebisagan gansxvavebiT) warmoadgens is, 
rom Df -s  maqsimumi aRiniSneba vertikalur, minimumi — 

horizontalur zedapirze. ferdobebis daxrilobis  
kuTxeze damokidebulebiT Df -s  sidideebis ganawile-

bis es Tavisebureba aris imis Sedegi, rom maRalmTian 
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raionebSi did absolutur  simaRleebze cis TaRis mi-
er gabneuli radiaciis - D  sididis  mkveTri Semcire-
bis Sedegad ferdobebze jamuri nakadis  

( )D D D R= + +f f 1 f  sididis formirebaSi mTavar rols 

TamaSoben qvefenili zedapiris mier areklili R1  (nax. 
4.2.1.). 

jamuri Df -s maqsimumi aRiniSneba CrdiloeTis, 

samxreTis ferdobze SuadRis saaTebSi, aRmosavleTis 
da dasavleTis orientaciebze Sesabamisad  dRis pir-
vel da meore naxevarSi. maRalmTian raionebSi  sawina-
aRmdego orientaciis ferdobebze gabneuli radiaciis 
sidideebs Soris gansxvaveba dablob  raionebTan Seda-
rebiT mcirdeba,  rac ganpirobebulia  did simaRleeb-
ze, rogorc atmosferos sisqisa da misi aerozoluri  
gaWuWyianebis SemcirebiT (rac aqveiTebs mis ganbnev 
unarianobas),  aseve cis TaRis sxvadasxva zonidan gab-
neuli radiaciis intensivobis gaTanabrebis tendenci-
ebiT. rac Seexeba qvefenili zedapiridan ferdobis mi-
marTulebiT areklil  radiacias, misi sidide aris gab-
nevii indikatrisis funqcia, romelic axasiaTebs sikaS-
kaSis ganawilebas mimarTulebaze damokidebulebiT 
(55). miuxedavad imisa, rom Tovlis zedapiris gabnevis 
indikatrisis forma garda mzis simaRlisa da dacemuli 
sxivis mimarTulebisa damokidebulia Tovlis zedapi-
ris mikrostruqturaze da zogierTi sigrZis talRi-
saTvis adgili aqvs ukuareklvasac, Tovlis safari 
mkveTrad zrdis masze dacemuli sxivis mimarTulebis 
miuxedavad Df -s sidides, rac gansakuTrebiT mkveTrad  

mJRavndeba didi daxrilobis ferdobebis SemTxvevaSi.  
qveda iarusis mTliani moRrublulobis pirobeb-

Si qvefenili zedapiris fizikuri Tvisebebisagan damo-
ukideblad ferdobis daxrilobis  zrdis SemTxvevaSi 
yvela orientaciaze Df -s sidideebi mcirdeba da aR-

wevs minimums vertikalur zedapirze. magram identuri 
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orientaciis da daxrilobis ferdobebze Df -s sidide 

gacilebiT metia sezonuri Tovlis  safaris pirobebSi.  
 

 
nax. 4.2.1 Df -s dRiuri svla samxreTis ferdobebze Te-

bervalSi (1) da agvistoSi (2), terskolis piki, mowmen-
dili ca 
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ferdobebze dacemuli gabneuli da areklili ra-
diaciis sidideebi maTi kuTxuri (azimutaluri) ganawi-
lebis Taviseburebebis gaTvaliswinebiT  gamoTvlilia 
(53,55)-Si. (55)-Si  Rf  -saTvis kuTxuri  ganawilebis eq-

sperimentuli monacemebis  analizis safuZvelze Sefa-
sebulia  izotropuli miaxlovebis meTodis sizuste, 
romelic aRmoCnda damokidebuli qvefenili zedapiris 
fizikur Tvisebebze. Tovlis safaris pirobebSi izot-
ropuli miaxlovebiT da kuTxuri ganawilebis zusti 
monacemebiT gamoTvlili Rf -s sidideebs Soris gan-

sxvaveba arsebiTia.  Tovlis zedapiridan radiaciis 
sarkuli arekvlisas izotropuli miaxloveba  ferdo-
bebis orientaciaze damokidebulebiT iZleva urTier-
TsawinaaRmdego (gazrdil an Semcirebul) sidideebs. 

centraluri kavkasionis maRalmTian pirobebSi 
ferdobebze dacemuli gabneuli radiaciis sidideebis 
izotropuli miaxlovebis meTodiT Sefasebis mizniT 
formulebiT:  

2
0 sin

2
R R α

=f                                                                (4.42) 

0
1 cos

2
R D α+

=f                                                           (4.43) 

gamoTvlili iqna Rf , Df -s sidideebi (da maTi ja-

mi), romelic SevadareT dakvirvebis Sedegad miRebul 
sidideebs.  

dadginda, rom mowmendili cis SemTxvevaSi izot-
ropiuli miaxlovebis meTodi maRalmTian, iseve ro-
gorc dablob  raionebSi, iZleva Df -s damakmayofile-

bel sidideebs SedarebiT patara ( 030α p ) daxrilobis  
ferdobebisaTvis. 300-ze meti daxrilobebis SemTxveva-
Si es meTodi mzis simaRleze, ferdobis azimutze da 
qvefenili zedapiris fizikur Tvisebebze damokidebu-
lebiT arsebiTad zrdis an amcirebs  jamuri Df -s sidi-

deebs dakvirvebebis Sedegad miRebul  sidideebTan Se-
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darebiT.  analogiur mdgomareobas adgili aqvs qveda 
da saSualo iarusis aTbaliani gamWvirvale  Rrublia-
nobis drosac. rac Seexeba gaumWvirvale Rrublianobis 
pirobebSi gazomil da izotropuli miaxloebiT gamoT-
vlil Df -s sidideebs Soris gansxvavebas, Tovlis safa-

ris  pirobebSic ki isini axloa erTmaneTTan. magali-
Tad, 10/0As, op, 10/10Cb-is pirobebSi D D−d g  (dakvirve-

biT da gamoTvliT miRebuli) sidideebs  Soris sxvaoba 
ar aRemateba 0,01kvt/m2-s ferdobebis  orientaciis da 
daxrilobis kuTxis miuxedavad.  

rogorc 
0

( )sD f
D

α= , (sadac 
0

D
D
f

 aris gabneuli ra-

diaciis intensivoba horizontaluri zedapirisaTvis  
damokidebulebis analizi gviCvenebs  mowmendili cis 

SemTxvevaSi 
0

D
D
f

-is sidideebi ferdobebis orientaciis  

da daxrilobis kuTxis gavleniT mniSvnelovnad gan-
sxvavdebian erTmaneTisagan. qveda da saSualo  iaruse-
bis aTbaliani gaumWvirvale Rrublianobis pirobebSi 

0

D
D
f

-is sidideebi  qvefenili zedapiris fizikuri Tvi-

sebebis miuxedavad naklebad damokidebulia ferdobis 
orientaciaze, ris Sedegad xdeba maTi  gaTanabreba. se-

zonuri Tovlis safaris SemTxvevaSi 
0

D
D
f

 saSualod iz-

rdeba. magaliTad,  vertikalur zedapirebze 
0

D
D
f

 Sead-

gens Tovlis gareSe 0,4-s, Tovlis safaris pirobebSi ki 

0,7-s. Df - da 
0

D
D
f

 kanonzomierebi formirdeba atmosfe-

ros da qvefenili zedapiris fizikuri Tvisebebis, 
Rrublianobis optikuri simkvrivis, ferdobebis azi-
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mutis da daxrilobis kuTxis erToblivi gavleniT. mzi-
sadmi eqsponirebul ferdobebze Df -s sidide maqsima-

luria im daxrilobebisaTvis, romlebis sidide daax-
loebiT tolia mzis zenituri manZilisa. im ferdobeb-
ze ki, romelTa azimutebi Seadgenen 90 da 270 —s Df -s 

mniSvnelobebi α -s zrdisas mcirdeba da identur dax-
rilobebze  TiTqmis emTxvevian  erTmaneTs, rac ganpi-
robebulia cis TaRis mier gabneuli radiaciis kuTxu-
ri ganawilebis simetriulobiT mzis vertikalis mi-
marT. mzis sawinaaRmdegod eqsponirebul ferdobebze 

0( 180 )ψ =  α -s zrdis Sedegad Df -klebulobs  da aR-

wevs minimums  garkveul daxrilobaze, ris Semdeg igi 
matulobs. mzis dabali simaRleebis SemTxvevaSi, gansa-
kuTrebiT Tovlis safaris pirobebSi, Rf -s mkveTri  

matebis Sedegad Df -s azimutaluri damokidebuleba im 

daxrilobebis ( 030α p ) ferdobebisaTvis, romlebisaT-

vis Df  formirebaSi arsebiT gavlenas ver axdens Rf , 

cis TaRis  gambnevi unarianobis progresuli Semcire-
bis Sedegad, dablob raionebTan SedarebiT sustdeba. 
ferdobebze Df -s sididis formirebis specifika arse-

biT gavlenas axdens misi dRiuri, Tviuri da wliuri 
jamebis sidideze. mowmendili cis SemTxvevaSi ferdo-

bebze gabneuli radiaciis Tviuri jamebis D∑ T f   ana-

lizi gviCvenebs (cx. 4.2.1), rom mTian da maRalmTian rai-
onebSi adgilis absoluturi  simaRlis da sezonuri 
Tovlis safaris  arsebobis xangrZlivobis zrdis Sede-
gad jamebis  sidide ganicdis garkveul cvlilebebs: 
horizontaluri zedapirisa da patara daxrilobis  

( 030α p ) ferdobebisaTvis Semcirebas (dablob raio-

nebTan SedarebiT), didi daxrilobebis ( 030α f ) Sem-
TxvevaSi ki zrdas. rogorc cxr. 4.2.1-Si  moyvanildi in-
formaciis analizi gviCvenebs, rogorc dablobi  aseve 
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mTiani raionebisaTvis arsebiTia gansxvaveba Tviuri 
jamebis sidideebs Soris ferdobebze da horizonta-
lur zedapirze, analogiur movlenas adgili aqvs wli-
uri jamebis SemTxvevaSic. dablob raionebSi gabneuli 

radiaciis wliuri jamebis - D∑ T f sidide meryeobs 

20,0-1510,0 CrdiloeTis, 1510,0-1920,0 samxreTis, 1510,0-
1760,0 mj/m2-is zRvrebSi aRmosavleTis (dasavleTis) 
ferdobebze. maRalmTian raionebSi ( 3.0H f km) ferdo-

bis daxrilobis kuTxis zrdisas 00-dan 900-mde D∑ T f  

izrdeba 950,0-2750,0 mj/m2-is  zRvrebSi aRmosavleTis 
(dasavleTis) ferdobebze. maRalmTian raionebSi, dab-

lobi raionebisagan gansxvavebiT D∑ T f -s sidide fer-

dobebis daxrilobis kuTxis matebisas 00-dan 900-mde 
orientaciaze  damoukideblad izrdeba. mTian raioneb-
Si absoluturi simaRlis zrdisas 0-4 km diapazonSi 

D∑ T f -is sidide horizontaluri zedapirisaTvis 

mcirdeba saSualod 550,0mj/m2-is ferdobebisaTvis ki 
adgili aqvs mis zrdas,  magaliTad, vertikalur zeda-

pirebze D∑ T f adgili aqvs mis zrdas, magaliTad ver-

tikalur zedapirebze D∑ T f -is namati Seadgens 1180,0 

CrdiloeTis, 1250,0 aRmosavleTis (dasavleTis)   
965,0mj/m2-s samxreTis orientaciaze.  rogorc nax. 4.2.1 
—dan Cans, mowmendili cis SemTxvevaSi damokidebule-

bas ( )D f H=∑w f  ferdobebis  orientaciisa da dax-

rilobis kuTxis Sesabamisad gaaCnia maRlivi svlis gan-
sazRvruli Taviseburebebi (nax. 4.2.2.): CrdiloeTis 

orientaciaze 2  km  simaRlemde  D∑w f -s sidideebi 

15-300-is daxrilobebze naklebia,  2 km-ze zeviT ki metia 
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cxrili 4.2.1 

D∑ T f cvlilebis sazRvrebi mowmendili cis 

SemTxvevaSi mj/m2  
 

orientacia Tve 

 I IV 

dablobi raionebi 

CrdiloeTi 
samreTi 
aRmosavleTi 
(dasavleTi) 

50,0(15°) _ 70,0(90°) 
50,0(0°) _ 80,0(90°) 
50,0(0°) _ 70,0(90°) 

110,0(60°) _ 140,0(0°) 
140,0(0°) _ 180,0(90°) 
140,0(0°) _ 170,0(90°) 

maRalmTiani raionebi 

CrdiloeTi 
samreTi 
aRmosavleTi 
(dasavleTi) 

50,0(15°) _ 180,0(90°)
50,0(0°) _ 190,0(90°) 
50,0(0°) _ 170,0(90°) 

110,0(0°) _ 350,0(90°) 
110,0(0°) _ 400,0(90°) 
110,0(0°) _ 350,0(90°) 

 
 
 

 VII IX 

dablobi raionebi 

CrdiloeTi 
samreTi 
aRmosavleTi 
(dasavleTi) 

180,0(60°) _ 210,0(0°) 
180,0(0°) _ 230,0(30°) 
180,0(0°) _ 250,0(75°)

70,0(45°) _ 90,0(0°) 
90,0(0°) _ 130,0(75°) 
70,0(0°) _ 110,0(75°) 

maRalmTiani raionebi 

CrdiloeTi 
samreTi 
aRmosavleTi 
(dasavleTi) 

90,0(60°) _ 130,0(90°) 
90,0(0°) _ 170,0(90°) 
90,0(0°) _ 155,0(90°) 

50,0(0°) _ 90,0(90°) 
50,0(0°) _ 220,0(90°) 
50,0(0°) _ 210,0(90°) 
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 yvela daxrilobebze ( 015 90α −f ) horizontalur  ze-
dapirTan SedarebiT. samxreTisa da aRmosavleTis (da-
savleTis) ferdobebze daxrilobis kuTxis zrdis sin-
qronulad  rogorc dablob, aseve mTian da maRalmTian 

raionebSi, D∑w f -s sidideebi izrdebian da aRweven  

maqsimums vertikalur zedapirebze (iseve, rogorc 
CrdiloeTis orientaciis SemTxvevaSi, amrigad (maRal-
mTian) raionebSi adgilis absoluturi simaRlis da se-
zonuri Tovlis safaris arsebobis xangrZlivobis 

zrdis Sedegad D∑w f -s sidideebi   ganicdian garkve-

ul cvlilebebs: mcire daxrilobis ferdobebis 

( 030α p ) da horizontaluri zedapiris SemTxvevaSi  
Semcirebas, didi daxrilobis ferdobebisaTvis zrdas. 

rac Seexeba damokidebulebas ( )D f α=∑w f , maRal-

mTian raionebSi  (3,1-3,8km) dablobi raionebisagan gan-

sxvavebiT, α -s zrdisas  D∑w f -s mniSvnelobebi  mono-

tonurad  izrdeba da aRwevs maqsimums vertikalur 
kedlebze weliwadis sezonisa da qvefenili zedapiris 
Tvisebebis miuxedavad, rac ganpirobebulia atmosfe-
ros sisqis, misi aerozoluri gaWuWyianebis, gambnevi 
unarianobis SemcirebiT da Sesabamisad Rf -s wvlilis 

mkveTri zrdiT jamuri 1( )D D R R= + +f f f  nakadis sidi-

dis formirebaSi. analogiur movlenas adgili aqvs 

wliuri jamebis SemTxvevaSic. 
D D

D
−∑ ∑

∑
w f w 0 

w 0 

-is maq-

simaluri sidide dablobi raionebisaTvis Seadgens 
12%-s  CrdiloeTis, 16%-s aRmosavleTis (dasavleTis), 
27% samxreTis ferdobebze, maRalmTian raionebSi 
( 3,0H f km) Sesabamisad,  177, 141 da 145%-s. rogorc  nax. 
4.2.2-dan da cxr. 4.2.2. —dan Cans (romelSic  moyvanilia 

D∑w f -s  vertikaluri   gradientebis  mniSvnelobebi 
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nax. 4.2.2. damokidebulebebi ( )D f H=∑w 0  

mowmendili cis SemTxvevaSi
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mowmendili cis SemTxvevaSi) horizontaluri zedapi-
risagan gansxvavebiT, rodesac adgilis simaRlis zrdi-
sas gabneuli radiaciis wliuri jamebi mcirdebian,  

ferdobebze adgili aqvs D∑w f -s maRlivi  cvlilebe-

bis absoluturad gansxvavebul kanonzomierebebs. ho-
rizontaluri zedapirisagan gansxvavebiT, romlis Sem-
TxvevaSi kavkasiis mTian raionebSi adgilis simaRlis 

zrdisas D∑w f -s  gradienti aris uaryofiT, yvela 

orientaciis didi  daxrilobis ferdobebze ( 030α f ) 
igi xdeba dadebiTi.  amrigad, mTian raionebSi  hori-
zontaluri zedapirisTvis gabneuli radiaciis klasi-
kuri maRlivi svlis kanonzomiereba kargavs azrs fer-
dobebis SemTxvevaSi.  

weliwadis gardamavali   sezonebisaTvis (Semod-
goma gazafxuli), rodesac adgili aqvs qvefenili zeda-
piris albedos mkveTr cvlilebebs sezonuri Tovlis 
safaris formirebis da rRvevis Sedegad, gansazRvrul 
interess warmoadgens gabneuli radiaciis Tviuri ja-

mebis D∑ T f   gamoTvla  fredobebisaTvis Tovlis sa-

faris pirobebSi  da mis gareSe. terskolisa da CegeTis 
pikebze (3,1km)  oqtomberSi (sezonuri Tovlis  safaris 
formirebis pirobebSi) raodenobrivad Sefasda Tov-

lis safaris gavlena D∑ T f  sidideebze  mowmendili 

cis SemTxvevaSi (cxr. 4.2.3). 
Tovlis safaris pirobebSi vertikalur zedapirze 

D∑ T f  -s namatma  Seadgina 159,2 CrdiloeTis, 180,5  

aRmosavleTis, 188.4mj/m2 dasavleTis orientaciaze e.i. 
Sesabamisad 173,153,209 da 225%. 

damokidebuleba ( )D f αΔ =∑ T f , sadac 

D∑ T f aris  ferdobebze gabneuli radiaciis Tviuri 

jamebis namati Tovlis safaris pirobebSi, 400-ze meti 
daxrilobis ferdobebisaTvis analizurad warmoidgi-
neba wrfivi funqciebis saxiT:  
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CrdiloeTis orientacia 

2.5 65D αΔ = −∑ T f                                                 (4.44) 

samxreTis orientacia 

2.5 45.0D αΔ = −∑ T f                                             (4.45) 

aRmosavleTis (dasavleTis) orientacia 

2.5 55.0D αΔ = −∑ T f                                              (4.46) 

 
 

cxr. 4.2.2. 

mowmendili cis SemTxvevaSi  ferdobebze D∑ T f -s 

vertikaluri  gradientis sidideebi, mj/m2 100m 
 
 

α  gradusi fer-
dobi 

HΔ , 
km 10 20 30 40 50 60 70 

0-1 -0.50 -0.35 -0.55 -0.06 0.15 0.40 0.75 
1-2 -0.35 -0.30 -0.20 0.05 0.25 0.40 0.65 
2-3 -0.55 -0.20 -0.01 0.10 0.60 0.60 0.90 

 
 
C 

3-4 -0.40 0.05 0.05 0.30 0.60 0.80 1.20 
0-1 -0.50 -0.40 -0.30 -0.25 0.15 0.30 0.30 
1-2 -0.35 -0.40 -0.30 -0.10 0.25 0.40 0.70 
2-3 -0.55 -0.20 -0.20 -0.05 0.30 0.50 0.70 

 
s 
 

3-4 -0.40 0.05 0.10 0.25 0.40 0.65 0.80 
0-1 -0.50 -0.40 -0.30 0.00 0.20 0.35 0.60 
1-2 -0.35 -0.40 -0.25 0.00 0.25 0.45 0.70 

 
a(d) 

2-3 -0.55 -0.20 -0.20 0.01 0.35 0.65 0.80 
 3-4 -0.40 -0.20 0.10 0.02 0.40 0.70 0.90 
 

magaliTad, rodesac 040α =  DΔ∑ T f  Seadgens  

30,0 CrdiloeTis, 55,0 samxreTis,  45,0mj/m2-s aRmosav-
leTis (dasavleTis) orientaciaze. 
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cxrili 4.2.3. 

DΔ∑ T f -s sidideebi terskolisa da CegeTis pikebze 

oqtomberSi, mj/m2 meore sveti Tovlis safaris Sem-
TxvevaSi 

 
orientacia α  

grad 
Crdiloe-

Ti 
samxreTi aRmosavle-

Ti 
dasavleTi 

15 50.3 50.3 75.4 75.4 88.0 88.0 79.6 79.6 
30 54.5 88.0 80.2 108.5 84.0 121.5 88.0 121.5 
45 62.8 108.9 83.8 155.0 80.2 155.0 84.0 155.0 
60 71.2 159.2 9664 188.6 84.5 184.0 84.0 180.2 
75 75.4 201.1 100.5 238.8 92.2 234.6 88.0 226.2 
90 92.2 251.4 117.3 297.5 297.5 272.4 84.0 272.4 

 

optikur koSkuraze  qvefenili zedapiridan 12  m 
simaRleze terskolSi (2,2km) ferdobebze gabneul ra-
diaciaze dakirvebebis Sedegebis analizma gviCvena, 
rom gabneuli radiaciis  intensivoba da jamebi mowmen-
dili cis SemTxvevaSi oTxi ZiriTadi orientaciis fer-
dobebze (C, a, s, d) daxrilobis kuTxis matebisas mono-
tonurad izrdebodnen (qvefenili  zedapiris albedos 
sidideze damoukideblad) da aRwevdnen maqsimums ver-

tikalur zedapirebze. faqtiurad D∑w f -s sidide α -

s cvlilebisas  0-900-is sazRvrebSi oTxive orientacia-
ze icvleboda erTidaigive sazRvrebSi (1140.0-

1850.0mj/m2), xolo 
D
D

∑
∑

T f 

T 0 

-is sidide  1,00-11,60-is  saz-

RvrebSi. dadginda, rom gabneuli radiaciis nakadis si-
dideebis formireba xdeboda umTavresad xeobis fer-
dobebidan da fskeridan areklili radiaciis xarjze. 
sagulisxmoa  is faqti, rom Df  -s sidide CrdiloeTis 

ferdobze meti iyo samxreTis analogiur orientacieb-
Tan SedarebiT. radganac dakvirvebis procesSi pirano-
metris mxedvelobis areSi Semodioda mzisagan ganaTe-
buli  samxreTis ferdobi.  
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mTian raionebSi mimdinare  radiaciuli procese-
bis mikroklimaturi detalizaciis erT-erT mimarTu-
lebas warmoadgens mezoferdobebze mikroreliefuri 
warmonaqmnebis qvefenili zedapiris radiaciuli ba-
lansis  mdgenelebis da kerZod gabneuli radiaciis si-
didis formirebis kanonzomierebebis dadgena amindis 
(Rrublianobis) pirobebTan dakavSirebiT. mezoferdo-
bebze   SesaZloa mikrorefliefis nebismieri orienta-
ciis da daxrilobis uaryofiTi  da dadebiTi formebis 
arseboba,  romlebis orientacia da daxrilobis kuTxe 
ar emTxveva ZiriTadi ferdobis Sesabamis parametrebs 
da maTi gavlenis raodenobriv Sefasebas radiaciis 
mokletalRiani  nakadebis da maT Soris gabneuli radi-
aciis sidideebze aqvs garkveuli mniSvneloba mikrok-
limaturi  gamokvlevebis TvalsazrisiT. ialbuzis rai-
onSi (nax. 4.2.3) bunebriv ferdobebze ( 40α ≈ ) savele  
danadgariT daxmarebiT  Catarebuli dakvirvebebis Se-
degebis analizma gviCvena, rom mTian raionebSi mezo-
ferdobebze ganlagebuli mikroreliefuri   warmonaq-
mnebis SemTxvevaSi gabneuli radiaciis sidideebis 
formirebaSi  aseve mTavar rols TamaSobs qvefenili 
zedapiridan  areklili, cis TaRis mier gabneuli radi-
acia da ferdobebs Soris radiaciuli gacvlis proce-
si. aRsaniSnavia, rom radiaciuli gacvlis intensivoba 
aris ferdobebis  ganaTebulobis da qvefenili zedapi-
ris amreklavi unarianobis (albedo) funqcia. weliwa-
dis Tbil periodSi Rrublianobis pirobebSi damouki-
deblad CrdiloeTis orientaciis mikroferdobebze  
Df  -s sidide α -s zrdis sinqronulad mcirdeba, amas-

Tanave erTad mTliani Rrublianobis pirobebSi aRiniS-

neba 
D
D
f 

0

-s intensiuri Semcireba 0,40-mde maSin, rode-

sac mowmendili cis pirobebSi igi mcirdeba 0,70-mde. 
Df -s Semcirebis diapazonis sidide pirvel SemTxveva-

Si ganisazRvreba mopirdapire samxreTis orientaciis 
ferdobebTan  radiaciuli gacvlis intensivobis Sem-
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cirebiT, meore SemTxvevaSi ki α -s zrdis Sedegad  cis 
TaRis intensiurad ganmbnevi samxreTis naxevris gavle-
nis SemcirebiT. samxreTis mikroferdobebze gazomil 
sidideebs.  mowmendili cis pirobebSi am orientaciaze 
D
D
f 

0

  -is sidideebi daxrilobis kuTxis  zrdisas  matu-

loben, Rrubliani, umzeo amindis pirobebSi ki mcirde-
bian, rac ganpirobebulia pirvel SemTxvevaSi cis Ta-
Ris samxreTis naxevris  mier radiaciis intensiuri gab-
neviT da Df -s   jamur nakadSi  qvefenili zedapiridan 

areklili radiaciis mzardi wvliliT, meore SemTxve-
vaSi ki ferdobebs Soris radiaciuli gacvlis   Sesus-
tebiT. magaliTad, agvistoSi 6  saaTze mzis amosvlis 
win samxreTis ferdobebze α -s zrdisas 0-900-is far-

glebSi  
D
D
f 

0

  Semcirda 1,0-dan  0,87-mde, 12  saaTze  ki 

gai zarda 1,00-dan 1,37-mde (900). aRmosavleTis mikro-

ferdobebze mowmendili cis pirobebSi 
D
D
f 

0

-is sidide 

α -s zrdisas  dRis pirvel naxevarSi  izrdeba, meore na-

xevarSi ki mcirdeba. am orientaciisaTvis 
D
D
f 

0

- is da-

mokidebulebis formirebaSi gansazRvruli koreqtive-
bi Seaqvs mopirdapire dasavleTis orientaciis mezo-
ferdobis insolaciur Taviseburebebs: im SemTxvevaSi,  
rodesac dasavleTis ferdobze mzis pirdapiri radia-
cia ar ecema, aRmosavleTis orientaciaze α  -s zrdisas 

adgili aqvs 
D
D
f 

0

-is  Semcirebas,  piriqiT SemTxvevaSi ki 

— matebas. 
D
D
f 

0

is analogiur cvlilebebs  adgili aqvs 
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dasavleTis mikroferdobebzec aRmosavleTis ferdo-
bis insolaciis da moRrublulobis variaciebTan da-
kavSirebiT dRis ganmavlobaSi. mezoferdobebze sezo-

nuri Tovlis safaris arsebobis pirobebSi  
D
D
f 

0

 -is ma-

teba mikroferdobebis daxrilobis kuTxis zrdis 
SemTxvevaSi xdeba SedarebiT intensiuri mikroferdo-

bebze gabneuli radiaciis jamebi D∑ T f  da D∑ T f  

maqsimums aRweven vertikalur zedapirze. Catarebuli 

 
 

nax. 4.2.3 aqtinometriuli dakvirvebebis  
savele danadgari 
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dakvirvebebis Sedegad D∑ T f da D∑ T f -s sidide 

CrdiloeTis mikroferdobebze meti aRmoCnda samxre-
Tis orientaciis mikroferdobebTan SedarebiT, rac 
aixsneba imiT, rom pirvel SemTxvevaSi  weliwadis gan-
mavlobaSi piranometris mimRebi zedapiri  orientire-
buli iyo kargad ganaTebuli samxreTis mezoferdobe-
bisaken,  meore SemTxvevaSi ki — CrdiloeTis orienta-
ciis  muqi foTlovani tyiT dafaruli ferdobisaken.  

α -s cvlilebisas 0-900-is  zRvrebSi  D∑ T f   sidide 

mikroferdobebze  icvleba 1085,0-1940,0  CrdiloeTis, 
1085,0-1710,0 samxreTis, 1085,0-1929,0 mj/m2-is zRvrebSi 
aRmosavleTis  (dasavleTis) orientaciebze. amave pi-

robebSi 

D
D

∑
∑

T f 

T 0  gaizarda 1.00-1.79 CrdiloeTis, 1,00-
1,62 samxreTis, 1,00-1,76 — aRmosavleTis, 1,00-1,48-is 
zRvrebSi dasavleTis ferdobebze. rogorc aRiniSna, 
CrdiloeTis ferdobis  mopirdapired  ganlagebuli 
mzis sxivebiT kargad insolirebuli samxreTis ferdo-
bis SemTxvevaSi, CrdiloeTis mezoferdobebi maTze 
ganlagebuli mikroreliefuri warmonaqmnebiT da bu-
nebrivi mcenareuli safariT, rogorc weliwadis aseve 
vegetaciuri periodis ganmavlobaSi Rebuloben gaci-
lebiT met gabneul radiacias, vidre samxreTis ferdo-
bebi. rogorc cnobilia, (71) fiziologiuri radiaciiT 
(mzis sxivuri energiis speqtris im nawiliT, romelic 
gadamwyvet rols TamaSobs fitocenozebSi mimdinare 
fiziologiur procesebSi) yvelaze mdidaria gabneuli 
radiacia. miuxedavda imisa, rom CrdiloeTis ferdobe-
bi Rebuloben atmosferos mier gabneuli radiaciis 
mcire nawils sxva orientaciebTan SedarebiT, maTTvis 
mTian  raionebSi fiziologiurad aqtiuri radiaciis 
kompensireba xdeba rTul orografiul pirobebSi fer-
dobebs Soris arsebuli radiaciuli gacvlis uwyveti 
meqanizmis saSualebiT, rac xels uwyobs mcenareuli 
safaris normaluri ganviTarebis process. 
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maRalmTiani qveda iarusis gaumWvirvale Rrubli-

anobis SemTxvevaSi 
D
D
f 

0

-is sidideebi mcired  arian da-

mokidebuli ferdobebis azimutze gamWvirvale Rrub-

lianobisagan gansxvavebiT, rodesac adgili aqvs 
D
D
f 

0

-s 

mkveTr azimutur da kuTxur damokidebulebas.  
qveda iarusis mTliani gaumWvirvale Rrubliano-

bis pirobebSi gabneuli radiaciis jamebi maqsimaluria 
horizontalur da minimaluria vertikalur zedapi-
rebze (4.2.4). 

 
cxrili 4.2.4 

fT D∑  da fwD∑  cvlilebis sazRvrebi gaumWvirvale 

Rublianobis SemTxvevaSi, mj/m2 
 

Tve 
XII VI 

 0α  

orienta-
cia H, km 

0 90 0 90 
0 70.0 35.0 200.0 90.0 Crdiloe-

Ti 4 120.0 60.0 310.0 150.0 
0 70.0 35.0 200.0 100.0 samxreTi 
4 120.0 80.0 310.0 160.0 
0 70.0 40.0 200.0 100.0 aRmosav-

leTi, 
dasavleTi 

4 120.0 60.0 310.0 160.0 

 D∑w f  
  

0 1600.0 600.0   

 
Crdiloe-
Ti 

4 2700.0 1500.0   
0 1600.0 600.0   samxreTi 
4 2700.0 1500.0   
0 1600.0 800.0   aRmosav-

leTi, da-
savleTi 

4 2700.0 1600.0   
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amrigad, bunebrivi makro, mezo da mikroferdo-
bebze gabneuli radiaciis sididis cvlilebebis Ziri-
Tadi kanonzomierebebi arsebiTad gansxvavdebian mTian 
raionebSi horizontaluri zedapirisaTvis dadgenili 
kanonzomierebebidan, romlebic mocemulia adrindel 
SromebSi amierkavkasiis calkeuli mTiani raionebisaT-
vis. sxvadasxva rangis bunebriv ferdobebze gabneuli 
radiaciis dRiuri (wliuri) msvlelobis centraluri 
kavkasionisaTvis miRebuli kanonzomierebebi da rao-
denobrivi maCveneblebi, rogorc mowmendili cis aseve 
Rrublianobis pirobebSi, damaxasiaTebelia kavkasiis 
sxva mTiani raionebisTvisac. ferdobebze gabneuli ra-
diaciis sidideebis Sesaxeb saWiro informaciis nakle-
bobis da xSir SemTxvevaSi ararsebobis Sedegad radia-
ciul klimatologiaSi farTo gamoyeneba hpoves  empi-
riuli saxis formulebma, mag. (38)-Si mocemulia nage-
bobebis vertikalur zedapirebze (kedlebze) Rrublia-
nobis pirobebSi  gabneuli radiaciis dRiuri jamebis 
gamosaTvlelad Semdegi saxis formula: 

 

0( ) ( ) (cosh )D R D R b a+ = + + +∑ ∑d f d 0      (4.47) 

romelSic ( )D R+∑ d 0  aris gabneuli  radiaciis 

Tviuri jami horizontalur zedapirze. 0h  - mzis saSu-

alo simaRle Tvis 15 ricxvSi, a    koeficienti romelic 
damokidebulia kedlis orientaciaze da qvefenili ze-
dapiris albedoze, 0.70b =  (4.47) formulis gamoyenebas 
arsebiTad zRudavs a-s ganusazRvreloba  mocemul fi-
zikur-geografiul pirobebSi, orografiul faqtorze 
adgilis absolutur simaRleze da albedoze damoki-
deulebiT, rogorc Cvenma gamokvlevam gviCvena, verti-

kalur zedapirze 
0

( )
( )
D R
D R
+

+
∑
∑

d 3 

d  

 sidideebi kedlebis 

orientaciis da qvefenili zedapiris albedos gaTva-
liswinebiT. am mizniT centraluri kavkasionis 0-4km  
simaRleebis diapazonSi  dakvirvebebis informaciis ga-
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moyenebiT gamoTvlili iqna ( )D R+∑ d 3  da 

0( )D R+∑ d  sidideebi (112). 0( )D R+∑ d  -is sidideebi 

gamoiTvleba  kavkasiis aqtinometriuli qselis dak-
virvebebis  masalis gamoyenebiT.  

0

( )
( )
D R
D R
+

+
∑
∑

T 3 

T  

-is TiToeuli Tvis Sua ricxvis Sesa-

bamisi 0cosh -s mniSvnelobebiT agebuli iqna funqciona-

luri damokidebulebis 0
0

( )
cosh

( )
D R
D R
+

=
+

∑
∑

T 3 

T  

  mrudebi, 

romlebic analizurad warmoidginebian meore rigis pa-
rabolebis saxiT:  

aRmosavleTis (dasavleTis) kedlebi, dablobi ra-
ionebi: 

2
0 0

0

( )
1.139 0.0606cosh 0.0272(cosh )

( )
D R
D R
+

= + +
+

∑
∑

T 3 

T  

  (4.48) 

maRalmTiani raionebi ( 2,2H = km) 

2
0 0

0

( )
1.399 0.192cosh 0.2582(cosh )

( )
D R
D R
+

= + +
+

∑
∑

T 3 

T  

  (4.49) 

CrdiloeTis kedlebi dablobi raionebi  

2
0 0

0

( )
1.1395 0.0606cosh 0.0272(cosh )

( )
D R
D R
+

= + +
+

∑
∑

d 3 

d  

  (4.50) 

maRalmTiani  raionebi ( 2,2H = km) 

2
0 0

0

( )
1.365 0.217 cosh 0.2780(cosh )

( )
D R
D R
+

= + +
+

∑
∑

d 3 

d  

  (4.51) 

samxreTis kedlebi dablobi raionebi 

2
0 0

0

( )
1.146 0.167cosh 0.1413(cosh )

( )
D R
D R
+

= + +
+

∑
∑

d 3 

d  

     (4.52) 

maRalmTiani  raionebi ( 2.0H f ) 
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2
0 0

0

( )
1.4144 0.260cosh 0.1865(cosh )

( )
D R
D R
+

= + +
+

∑
∑

d 3 

d  

  (4.53) 

am damokidebulebebSi maRalmTiani raionebisaT-
vis ( 3.1H = km) a, b,  c koeficientebis mniSvnelobebi no-
ember-ivnisis periodSi (Tovlis safariT) Sesabamisad 
tolia 2.786; 0.400; 0.610 aRmosavleTis (dasavleTis) 
3.014;  0.260; 0.149 CrdiloeTis 2.830; 0.894; 0.085 samxre-
Tis  orientaciisaTvis. 0-2 km  simaRleebis diapazoni-
saTvis da glaciur-nigaluri zonisaTvis 

0
0

( )
(cosh )

( )
D R

f
D R
+

=
+

∑
∑

d 3 

d  

 grafikulad warmoidgineba er-

Ti mrudis, xolo Sualeduri simaRleebisaTvis ori 
mrudis saxiT noember-ivnisisa da ivlis-oqtombris pe-
riodebisaTvis  cal-calke. maTian da maRalmTian raio-
nebSi am  koeficientebis sidideebi arian funqcia ara 
marto mzis simaRlisa da kedlebis orientaciisa, ara-
med adgilis absoluturi simaRlisa da sezonuri Tov-
lis safaris reJimuli  maxasiaTeblebisac. (4.48) — (4.53) 
gamosaxulebebiT Sesabamisi absoluturi simaRleebis 
diapazonSi  ganlagebul aqtinometriul sadgurebze 
horizontaluri zedapirisaTvis miRebuli 

0( )D R+∑ d   -is mniSvnelobebiT gamoiTvleba saamSe-

neblo obieqtebis — nagebobebisa vertikalur zedapi-

rebze ( )D R+∑ d 3 -s sidideebi.  am  meTodiT gamoT-

vlili ( )D R+∑ d 3  -s mniSvnelobebi qarTlis vakisaT-

vis (sadguri skra) magaliTis saxiT moyvanilia cxril 
4.2.5-Si.  
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cxrili 4.2.5 

( )D R+∑ d 3 – sidideebis  sadgur skraSi, mj/m2 

 
Tve oi 

I IV VII X 
C. 75.4 142.5 167. 104.8 
s. 88.0 184.5 213.7 138.9 

a.d. 84.0 167.6 205.3 121.5 
 
rogorc cxr. 4.2.5-dan Cans, sadgur skraSi mowmen-

dili cis SemTxvevaSi gabneuli radiaciis sidideebis 
azimutaluri  damokidebulebis Sedegad misi maqsimumi 
aRiniSneba samxreTis, minimumi- CrdiloeTis orienta-
ciis kedlebze.  

 
4.3 mzis pirdapiri radiacia ferdobebze 

 
ferdobebze mzis pirdapiri radiaciis Sf  sidide 

damokidebulia atmosferos fizikur Tvisebebze, 
Rrublianobaze,  mzis simaRleze, ferdobis orienta-
cias ada daxrilobis kuTxeze. mTian (maRalmTian) raio-
nebSi Sf  aris agreTve  adgilis absoluturi simaRlis 

funqcia. Sf   TamaSobs  mniSvnelovan rols ferdobebis 

radiaciuli balansis sididis formirebaSi. rogorc 
aRiniSna, pirveli gamokvlevebi, romlebSic mocemulia 
nebismieri orientaciis daxrili zedapirisaTvis  mzis 
pirdapiri radiaciis intensivobis gamoTvlis  meTodi-
ka da Sesabamisi formulebi ekuTvnis p. smoliakovs da 
a. gordovs (31, 140), ferdobebze  Sf -s mslvlelobis ka-

nonzomierebebi da am  sakiTxis Sesaxeb  arsebuli in-
formaciis didi nawili gaanalizebulia (51,52)-Si. mTel 
rig SromebSi, maT Soris (5, 6, 29, 38, 39, 44,  62, 63, 71, 77, 
78, 92, 127, 137, 149, 150, 153, 162, 166-173, 175-183, 185, 186)-
Si. ganxiluli mzis pirdapiri radiaciis praqtikuli 
gamoyenebis problemebi.  
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 mzis pirdapiri radiacia TamaSobs mTavar rols ro-
gorc horizontaluri aseve daxrili zedapirebis (fer-
dobebis) radiaciuli balansis ZiriTadi kanonzomiere-
bebis formirebaSi. praqtikuli xasiaTis farTo speqtris 
sakiTxebis gadaWris procesSi gansakuTrebul interess  
iZens daxril zedapirebze mzis pirdapiri  radiaciis 
wliuri svlis kanonzomierebebis  codna meteorologi-
ur faqtorebze da adgilis  absolutur simaRleze damo-
kidebulebiT. mzis pirdapiri radiaciis intensivoba da 
jamebi ferdobebze centraluri kavkasionis pirobebSi 
(0,4-3,8km) Cvens mier ganisazRvreboda, rogorc Sesabamisi 
jamuri da gabneuli radiaciis sxvaobebi. rogorc mow-
mendili cis SemTxvevaSi mzebudobisa da buniobis dReeb-

Si 0

m

S
S

. 0

m

S
S

 da S∑ d 3 -s analizi gviCvenebs, (aq, 0 3, , mS S S  

arian mzis pirdapiri  iradiaciis intensivoba Sesabamisad 
horizontalur,  vertikalur da mzis sxivisadmi  norma-
lur sibrtyeebze) kavkasiis teritoriaze adgili aqvs 

0

m

S
S

 dRiuri svlis mrudeebis arsebiT gansxvavebas ver-

tikaluri zedapirebis orientaciaze damokidebulebiT.  
samxreTisa da CrdiloeTis kedlebze am Sefardebis maq-
simumi aRiniSneba horizontaluri zedapiris analogiu-
rad SuadRis saaTebSi, aRmosavleTis kedlebze 9 saaTze,  

dasavleTis kedlebze 18 saaTebze.  S∑ d 3 -s sidide  sam-

xreTis orientaciaze oqtomber-TebervalSi metia, mart-
seqtemberSi naklebia, vidre horizontalur zedapirze. 
CrdiloeTis, dasavleTis da aRmosavleTis kedlebi we-
liwadis ganmavlobaSi Rebuloben horizontalur zeda-
pirTan SedarebiT nakleb radiacias. sagulisxmoa, rom 
samxreTis kedlebze S3  -is maqsimums adgili aqvs weliwa-

dis civ periodSi (XI-IV) rac xels uwyobs kavkasiis teri-
toriaze da kerZod mTian raionebSi (romlebic  xasiaT-
debian radiaciis maRali da haeris temperaturis dabali 
doniT) ganlagebuli komunaluri, rekreaciuli da sxva 
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daniSnulebis nagebobebis SemomzRudavi  konstruqcie-
bis  (kedlebi,  SuqWrilebi) mier siTbos danakargebis kom-
pensacias. garda amisa, nagebobebis gamWvirvale mominuli 
SemomzRudav zedapirebSi Senobebis SigniT SeRweuli 
mokletalRiani radiaciis (maT Soris mzis pirdapiri ra-
diaciis) nakadebi TamaSoben garkveul rols dRis ganmav-
lobaSi sasurveli Termuli reJimis realizaciaSi.  aRsa-
niSnavia, rom kavkasiis mTian raionebSi 0-4 km  simaRlee-
bis diapazonSi weliwadis civ periodSi (X- IV) nagebobebis 
samxreT kedlebze S3 -s sidideebi 3,5-4,0-jer aRematebi-

an  mis sidideebs ivnisSi.  weliwadis Tbil periodSi ki (V-
XI)  aRmosavleTis (dasavleTis) kedlebze S3 -s metia vid-

re samxreTis kedlebze, rogorc aRiniSna, zRvis donidan  
mcire simaRleebze ganlagebuli ferdobebisaTvis S -is 
cvlilebebis kanonzomierebebi (romlebic ZalaSi rCebi-
an mTian da maRalmTian raionebSi ganlagebuli ferdobe-
bisaTvisac) sakmaod detalurad ganxilulia saTanado 
literaturaSi. aq SevCerdebiT mTian raionebSi ferdo-
bebze dacemuli mzis pirdapiri radiaciis sidideebze 
adgilis absoluturi simaRlis gavleniT raodenobrivi 
Sefasebis sakiTxebze.  mowmendili cis SemTxvevaSi adgi-
lis absoluturi simaRlis zrdisas  kuTxis fiqsirebuli 
mniSvnelobisaTvis ferdobebze  horizontaluri zedapi-

ris analogiurad Sf , S∑ T f , S∑w f -s sidideebi matu-

loben.  rogorc nax. 4.3.1 dan Cans, romlebzedac warmod-
genilia horizontaluri zedapirisa da CrdiloeTis, aR-
mosavleTis,  samxreTis, dasavleTis vertikaluri zeda-

pirebisaTvis S∑ T f -s wliuri  svlis mrudebi adgilis 

absolutur simaRleze damokidebulebiT, horizonta-
lur, CrdiloeTis,  aRmosavleTis, dasavleTis vertika-

lur zedapirebze S∑ T f  da S∑ T 0 -s sidideebi weliwa-

dis pirvel naxevarSi izrdebian, meoreSi ki mcirdebian, 
samxreTis orientaciis kedelze ki weliwadis pirvel   
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nax. 4.3.1   C,s, a, d-is kedlebze S∑w f  wliuri svla: x - 

0.4km, o -3.2km, Δ - 3.1km 
 
 

naxevarSi adgili aqvs S∑ T f -s Semcirebas, meore naxe-

varSi ki zrdas. ferdobebze CrdiloeTis didi daxri-

lobebis 050α f  garda ( )S f H=∑w f  damokidebulebe-
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bis saxe ZiriTadad  msgavsia ( )S f H=∑w f  damokide-

bulebisa,  radganac maTze jamuri radiaciis formire-
baSi mTavar rols TamaSobs mzis pirdapiri radiacia. 

damokidebuleba ( )S f H=∑w f , romelSic  jamebi mo-

cemulia mj/m2-Si, H ki  km-Si,  analizurad warmoidgine-
ba meore rigis parabolis saxiT yvela orientaciisaT-
vis garda CrdiloeTis orientaciis 30-400 —is daxri-
lobebisa: romlebisaTvis igi warmoadgens wrfiv fun-
qcias am damokidebulebaSi Semavali koeficientebis 
sidideebi mocemul ia cxr. 4.3.1-Si.  

empiriuli formulebiT gamoTvlil da dakvirve-
bebis monacemebiT agebuli mrudebidan aRebul 

S∑w f -s   sidideebs Sori  gansxvaveba umniSvneloa: ma-

galiTad saSualo kvadratuli gadaxra σ  Seadgens 500-
is daxrilobebis ferdobisaTvis 26,4; 300-is daxrilo-
bis  (dasavleTis) ferdobebisaTvis 77,9mj/m2-s. 

arsebobs gansazRvruli funqcionaluri damokide-

buleba ferdobebis daxrilobis kuTxis — da S∑w f -s si-

dideebs Soris. magaliTad, terskolisa da CegeTis pi-

kebisaTvis (3,1km) damokidebuleba ( )S f α=∑w f  anali-

zurad warmoidgineba meore rigis parabolas saxiT sam-
xreTis ferdobebisaTvis  

28002.9 67.04 0.922S α α= + −∑w f                      (4.54) 

wrfivi funqciis saxiT aRmosavleTis (dasavle-
Tis)  ferdobebisaTvis 

8002.9 39.812S α= −∑w f                                     (4.55) 

da maCvenebeli funqciebis saxiT CrdiloeTis 
ferdobebisaTvis 

0.0988002.9S e α−=∑w f                                                (4.56) 

aRsaniSnavia ( )S f α=∑w f  damokidebulebebis 

msgavseba dablobi da mTiani (maRalmTiani) raionebi-
saTvis identuri orientaciis ferdobebis  SemTxveva-
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Si. isini dablobi da mTiani raionebisaTvis analogiu-
rad warmoidginebian maRalmTiani raionebisaTvis mi-
Rebuli funqciebis saxiT.  

gadamyvani koeficientebis 
S

K
S

= ∑
∑

T f 

T 0 

 mniSvne-

lobebi daxrilobis  kuTxeze  damokidebulebiT, rom-
lebiTac mowmendili cis SemTxvevaSi gamoiTvleba 

S∑ T f -s sidideebi horizontalur zedapirze cnobili 

jamebiT S∑ T 0 , mocemulia nax. 4.3.2-4.3.3. —ze.  

 

cxrili 4.3.1.  ( )S f H=∑w f damokidebulebaSi Semava-

li a, b, c koeficientebis sidideebi 
 

α , gradusi koe-
fici-
enti 

0 10 30 50 70 90 

CrdiloeTis orientacia 
a 54447.0 4519.3 2514.0 1365.9 508.9 171.8 
b 917.8 693.9 670.4 159.2 0.0 -181.4 
c -27.24 14.04 0.0 104.75 113.97 148.75 

samxreTis orientacia 
a -- 5987.5 6950.0 7096.6 6333.2 4873.4 
b -- 905.0 481.9 186.9 0.0 0.0 
c -- -31.43 97.0 167.0 205.73 168.0 

aRmosavleTis (dasavleTis) orientacia 
a -- 5389.6 4856.0 4346.7 3808.7 3226.3 
b -- 575.7 515.4 365.4 167.6 -41.9 
c -- 59.29 77.52 107.68 152.94 167.6 

 
wliuri jamebis SemTxvevaSi damokidebuleba 

( )
S

K f
S

α= ∑
∑

w f 

f
T 0 

 analizurad warmoidgineba  samxre-

Tis ferdobebisaTvis  meore rigis parabolis saxiT: 
21.00 0.0092 0.00011K α α= + −f               (4.57) 
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aRmosavleTis (dasavleTis) ferdobebisaTvis 
wrfivi funqciebis saxiT  

1.00 0.00444K α= −f                         (4.58) 

 
nax. 4.3.2. damokidebuleba  ( )S f α=∑w f  samxreTis (1), 
CrdiloeTis ferdobebisaTvis maCvenebeli funqciebis 
saxiT  

0.01930.9950K e α−=f                          (4.59) 

(4.57)-(4.59)  gamosaxulebiT gamoTvlil da dakvir-
vebebis monacemebiT agebuli mrudeebidan aRebuli Kf  

-s sidideebs Soris gansxvaveba magaliTad CrdiloeTis 

ferdobebze ( 020 40α = − ) meryeobs 0.010-0.015-is far-
glebSi. Tu mowmendili cis SemTxvevaSi cnobilia 

S∑w 0 -is sidide (aqtinometriuli sadgurebis mona-

cemebiT) maSin (4.57-4.59) gamosaxulebiT gamoiTvlebi an 
wliuri amebis sidideebi ferdobebze magaliTad, m/m 
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sadguri yazbegisaTvis (3.7km) S∑w 0 -is saSualo sidi-

de Seadgens 3900.0mj/m2. am simaRleebze ganlagebuli 

ferdobebisaTvis S∑w f -s sidideebi  gamoiTvleba 

Semdegi gamosaxulebebis saSualebiT: samxreTis orien-
taciisaTvis 

27900.0(1.00 0.0092 0.00011 )S α α= + −∑w f    (4.60) 

 
CrdiloeTis orientaciisaTvis 

0.01937900.0(0.995 )S e α−=∑w f                                (4.61) 

aRmosavleTis (dasavleTis) orientaciisaTvis 

7900.0(1.00 0.0044 )S α= −∑w f                             (4.62) 

gamoTvlebis Tanaxmad, mag., 300 da 900 daxrilobebis 

SemTxvevaSi S∑w f tolia samxreTis  orientaciaze Se-

sabamisad 9300,0 da 7410,2 mj/m2-isa, aRmosavleTis da da-
savleTis orientaciebze ki 6846,7 da 4743,2mj/m2-isa. ho-
rizontaluri  zedapiris analogiurad, ferdobebze  

S∑ T f da S∑w f -s sidideebi ganicdian did ryevebs ab-

solutur simaRleebze, orientaciaze da daxrilobis 
kuTxeze damokidebulebiT. magaliTad TbilisisaTvis 

,
0S∑w   mravalwliuri monacemebiT Seadgens 5850mj/m2-s 

daxrilobis kuTxis  zrdisas 00-dan 900-mde ,
0S∑w  -is 

sidide mcirdeba CrdiloeTis 360,0  aRmosavleTis (da-
savleTis) 3500.0 samxreTis ferdobebze 4850,0mj/m2-mde.  

aRsaniSnavia, rom damokidebulebebis ( )S f α=∑ f   zo-

gadi kanonzomierebebi identuri orientaciisa da dax-
rilobis ferdobebisaTvis  adgilis absoluturi simaR-
lis miuxedavda rCebian ucvleli. ufro metic, fiqsire-
buli ganedisaTvis (da ganedis umniSvnelo cvlilebisas 

— 2-30-is farglebSi) damokidebulebis ( )S f α=∑ f   saxe 

erTi da igive orientaciis ferdobebisaTvis mowmendi-
li cisa da Rrublianobis pirobebSi rCeba ucvleli, 
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rac ganpirobebulia adgilis fizikur-geografiuli  
pirobebisagan damoukideblad Rrublianobis reJimuli 
maxasiaTeblebis umniSvnelo gavlenaze mzis simaRlesa 
da azimutTan SedarebiT.  

S
K

S
= ∑
∑

w f 

f
T 0 

-s sidideebi jamebis absoluturi si-

dideebisagan gansxvavebiT, romlebic damokidebulia 
Rrublianobaze da atmosferos  fizikur Tvisebebze, 
arian agreTve adgilis ganedis funqciebi. rogorc naC-
venebia (49)-Si, dablob raionebSi erT ganedze ganlage-
buli punqtebisaTvis gamoTvlili Kf -s sidideebi miu-

xedavad  Rrublianobis reJimSi da atmosferos opti-
kur TvisebebSi arsebuli mniSvnelovani gansxvavebisa, 
praqtikulad emTxvevian erTmaneTs: Kf -s sidideebs 

Soris  sxvaoba faqtiurad ar aRemateba im cdomilebe-
bis sidides, romelsac adgili aqvs maT gamoTvlebSi.  
analogiur suraTs adgili aqvs mTian raionebSic (nax. 
4.3.3.). amitomaa, rom (26)-Si minskisaTvis gamoTvlili 

Kf -s sidideebi gamoyenebuli iqna S∑ T f-s gamoTvleb-

Si amave ganedze ganlagebuli sxva punqtebisaTvis. (77)-
Si  ki yofil sabWoTa kavSiris teritoriaze 

( 037 77ϕ = − C.g.) CrdiloeTisa da samxreTis orientaci-

ebis kedlebisaTvis dadgenili iqna ( )K f ϕ=f  damoki-

debulebis ZiriTadi Taviseburebebi. Rrublianobis sa-

Sualo pirobebSi S∑ T f -s sidideebi  α  zrdisas  00-

dan 900-is CaTvliT  CrdiloeTis, aRmosavleTis da da-
savleTis orientaciebze TandaTanobiT mcirdebian, 
samxreTis orientaciaze maTi maqsimumi aRiniSneba da-
axloebiT 40-500-is daxrilobebze, meti an naklebi kuT-
xeebisaTvis isini klebuloben. adgilis absoluturi 

simaRlis zrdisas S∑w f -s sidide yvela orientaciaze 

izrdeba (nax. 4.3.3.). S∑w f -s maqsimaluri zrda aRiniS- 
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nax. 4.3.3 damokidebuleba ( )S f α=∑w f   Rrublianobis 

saSualo pirobebSi centraluri kavkasionis CrdiloeT 
ferdobebze: 0.4, 2.2, 3.1, 3.8x o θ− − Δ − −  km 

 
neba samxreTis, minimaluri CrdiloeTis ferdobebze. 
magaliTad, m/m/ yazbegisa da jvris uReltexilisaTvis 
TbilisTan SedarebiT 450-is daxrilobis ferdobebi-

saTvis S∑w f -s namati Seadgens 963.7 da 544.7mj/m2 sam-

xreTis, 460.9 da 209.5mj/m2-is  aRmosavleTis (dasavle-
Tis)  125 da 83,8mj/m2 CrdiloeTis orientaciebisaTvis. 

damokidebuleba ( )S f α=∑w f   Rrublianobis saSua-

lo pirobebSi mowmendili cis analogiurad, warmoid-
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gineba meore rigis parabolis saxiT samxreTis, wrfivi 
funqciis saxiT aRmosavleTis (dasavleTis) da maCvene-
beli funqciis  saxiT CrdiloeTis ferdobebisaTvis. 
m/m/ yazbegisaTvis.  

 
23352.0 33.94 0.360S α α= + −∑w f                      (4.63) 

samxreTis (d) ferdobebi  

3352.0 13.49S α= −∑w f              (4.64) 

aRmosavleTis (d) ferdobebi    
0.04993352.0S e α−=∑w f               (4.65) 

CrdiloeTis ferdobebi         
 
(4.64) damokidebulebaSi Semaval koeficientebs 

aqvs Semdegi mniSvnelobebi TbilisisaTvis 
14,41; 3058,7;a b= − =   terskolisaTvis 

12,61; 2974,9;a b= − =  yinulovani bazisaTvis 

15,34; 3393,9;a b= − = jvris uReltexilisaTvis 

12,65; 3100,6;a b= − =  aqtinometriul sadgurebze ho-
rizontalur zedapirebze miRebuli  mzis pirdapiri ra-
diaciis mravalwliuri saSualo  Tviuri mniSvnelobebis 
gamoyenebiT kavkasiis  zogierTi raionisa da punqtebi-
saTvis Rrublianobis gaTvaliswinebiT gamoTvlili iq-

na S∑ T f da S∑w f  sidideebi.  Rrublianobis saSualo 

pirobebSi kavkasiis rogorc dablob, aseve mTian raio-
nebSi fiqsirebul absolutur simaRleze Rrublianoba-
ze,  ferdobis orientaciaze da daxrilobaze damokide-
bulebebiT adgili aqvs jamebis sidideebSi arsebiT gan-
sxvavebas. mag.,  ferdobis daxrilobis kuTxis zrdisas 

00-dan 900-mde  S∑w f -s sidide CrdiloeTis ferdobeb-

ze mcirdeba krasnodaris  mxaris Savi zRvis sanapiroze 
2890,0mj/m2-dan 260,0mj/m2-mde, qarTlis vakeze 2860.0 
mj/m2-dan 220.0mj/m2-mde, bermamitze 2640.0mj/m2-dan 
150.0mj/m2-mde.  jamebis sididis  Semcirebas α -s zrdis 
Sedegad adgili aqvs agreTve aRmosavleTis da dasavle-
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Tis ferdobebzec. am orientaciebze α -s zrdisas  ana-

logiur zRvrebSi S∑w f - mcirdeba Savi zRvis sanapi-

roze 1830,0, qarTlis vakeze 1270,0, bermamitze 

1690,0mj/m2-mde. samxreTis ferdobebze S∑w f -s maqsi-

mumi aRiniSneba 40-450-is daxrilobebze. nakleb an met 

daxrilobebze S∑w f  - mcirdeba da aRwevs minimums 

vertikalur zedapirebze. mag., S∑w f -s maqsimumi Sead-

gens bermamitze 3400,0, terskolis pikze 3640,0 , jvris 
uReltexilze 3330,0, yinulovan  bazaze 4000.0mj/m2-s. 

aRsaniSnavia is faqti, rom kavkasiis pirobebSi oT-
xi ZiriTadi orientaciis kedlebisaTvis miRebuli mzis 
pirdapiri radiaciis Tviuri amebis fardobiTi sidide-
ebi Kf   axloa im sidideebTan, romlebic mocemulia 

(77)-Si.  mag. CrdiloeTis 430-is ganedze  ganlagebuli 
samxreTis orientaciis kedlebisaTvis Cveni monaceme-
biT da (77)-Si Catarebuli gamoTvlebiT Kf  weliwadis 

sezonebis Sua TveebisaTvis (I, IV, VII, X) Seadgens Sesaba-
misad 2,3; 0,6; 0,3; 1,2-s. CrdiloeTis kedlebisaTvis  Kf -

s  sidide meryeobs  weliwadis ganmavlobaSi 0,1-0,2-is 
zRvrebSi. Cvens mier kavkasiisaTvis agebuli ( )K f α=f  

damokidebulebidan da (77)-Si CrdiloeTis 430-is  gane-
disaTvis ( )K f ϕ=f   mrudeebidan aRebuli Kf -s sidi-

deebis Sedareba gviCvenebs maT karg Tanxvdenas.  mniS-
vnelovan da praqtikulad saintereso faqts warmoad-
gens moRrublulobis saSualo pirobebSi dadgenili 
Kf -s sidideebis gamoyeneba mowmendili cis pirobebSi 

ferdobebze mzis pirdapiri radiaciis jamebis gamo-
saTvlelad. Catarebuli gamoTvlebiT dadginda, rom 
am gziT gamoTvlil jamebs Soris gansxvaveba meryeobs 
5-10%-is farglebSi.  analogiuri Sedegi miRebuli iyo 
m. golbergis (minski),  v. beeris (hamburgi, ikle), z. pi-
vovarovas (sabWoTa kavSiri, 18 punqti) mier. ufro me-
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tic, CrdiloeTis ganedis 35-650is diapazonSi  ganlage-
buli teritoriisaTvis atmosferos gamWvirvalobis 
cvalebad pirobebSi (52) —Si Teoriuli gziT gamoTvli-
li Kf -s sidideebis Sedareba (77)-Si dakvirvebebis Se-

degad miRebuli Kf -s  sidideebTan miuTiTebs maT So-

ris umniSvnelo gansxvavebaze.  
rogorc aRiniSna mowmendili cis da Rrubliano-

bis saSualo pirobebSi Kf -s sidideebi kavkasionis pi-

robebSi (0-4km) dadgenili iqna CrdiloeTis ganedis 43-

440-isaTvis. bunebrivia, rom S∑ T f da S∑w f sididee-

bis gamoTvlebSi miRebuli koeficientebis gamoyene-
biT ganpirobebuli mosalodneli cdomileba kavkasiis 
teritoriis danarCeni mTiani raionebisaTvis (romle-
bisaTvisac ganedis sidide  mcired gansxvavdeba zemoT 
aRniSnuli mniSvnelobebisagan) dakavSirebulia  mzis 
pirdapir radiaciasa da ferdobebs Soris Sexvedris 
kuTxis wliuri svlis  aseTive sididis  cvlilebebTan 
(1-3% weliwadis ganmavlobaSi). amis gaTvaliswinebiT 
SeiZleba gakeTdes daskvna, rom centraluri kavkasio-
nis pirobebSi  miRebuli Kf - s sidideebi  SeiZleba ga-

moyenebuli iqnen S∑ T f  -s sidideebis  gamoTvlebSi 

mowmendili cisa da Rrublianobis pirobebSi kavkasiis 
sxva mTiani  raionebisaTvisac.  

 
 

4.4. bunebrivi ferdobebis radiaciuli balansi 
 
kavkasiis mTian raionebisaTvis bunebrivi ferdo-

bebis radiaciuli balansis wliuri svlis Tavisebure-
bebi dRemde ar aris dadgenili. rac ganpirobebulia 
dakvirvebebis realizaciasTan dakavSirebul garkveul  
siZneleebTan. am sakiTxisadmi miZRvnil SromebSi, ker-
Zod (7, 57, 163)-Si eqsperimentuli  monacemebis anali-
zis safuZvelze dadgenilia radiaciuli balansisa da 
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efeqtur gamosxivebis Taviseburebebi zafxulis  Tvee-
bisaTvis ZiriTadad zRvis donidan SedarebiT patara 
simaRleebze ganlagebuli ferdobebisaTvis saTanado 
eqsperimentuli informaciis deficitis Sedegad dam-
reci ferdobebis radiaciuli balansis Sedegebis gamo-
saTvlelad xSirad gamoiyenebian  izotropuli miaxlo-
vebis formulebi, ferdobebis radiaciul balansze da 
mis mdgenelebze  arsebuli informaciis analizi Teo-
riuli da eqsperimentuli xasiaTis sakuTari gamokvle-
vebis SedegebiT mocemulia ganzogadebuli saxis naS-
romSi (52). centraluri kavkasionis pirobebSi (2,2km) 
oTxi ZiriTadi orientaciis 35-400-is daxrilobis bu-
nebrivi ferdobebisaTvis radiaciuli balansisa da mis 
mdgenelebis wliuri svlis kanonzomierebebi mocemu-
lia Cvens SromebSi (84,124). 

rogorc cnobilia,  efeqturi gamosxiveba E   Ta-
maSobs mniSvnelovan rols ferdobebis radiaciuli ba-
lansis formirebaSi.  efeqturi gamosxivebis sididee-
bis Teoriuli gziT gansazRvras aZnelebs is garemoeba, 
rom mowmendili cis SemTxvevaSi gamosxivebis veli aris 
anizotropuli (gamosxivebis intensivoba damokidebu-
lia mimarTulebaze), ris Sedegad ferdobebis efeqtu-
ri gamosxivebis gamoTvla horizontalur zedapirze  
misi sidideebiT izotropiuli miaxlovebis formule-
bis gamoyenebiT iZleva aradamakmayofilebel Sedegs.  

mowmendili da Rrubiliani cis efeqturi  gamosxi-
vebis  intensivobis  kuTxur simaRleze damokidebule-
bis da im Tanafardobebis gaTvaliswinebiT, romlebic 
akavSireben efeqturi gamosxivebis nakads mis intensi-
vobasTan k. kondratievma (52,57) miiRo nebismierad ori-
entirebuli daxrili zedapirebisaTvis efeqturi ga-
mosxivebis gamosaTvleli formulis rogorc  zogadi, 
aseve zRvruli saxeebi horizontaluri da vertikalu-
ri zedapirebisaTvis. formulebi dadgenili iqna fer-
dobsa da horizontalur qvefenil zedapirs Soris ro-
gorc temperaturuli wonasworobis, aseve radiaciuli 
gacvlis   pirobebis gaTvaliswinebiT. k. kondratievis 
mier efeqturi gamosxivebis eqsperimentuli da Teori-
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uli gamokvlevebis Sedegad dadginda, rom daxril ze-
dapirebze daxrilobis kuTxis sidideze damoukideb-

lad ( 090α = )  mowmendil RameebSi,  maT Soris Tanxdena 
aris damakmayofilebeli (gansxvavebis sidide ar gamo-
dis gazomvis cdomilebis zRvrebidan). amasTanave er-

Tad 
0

( )SE f
E

α= -s Sesabamisi  mrudeebis saxe ar aris da-

mokidebuli atmosferoSi wylis orTqlis saerTo Sem-
cvelobaze (1.0 4.0)ω − m/sm3, rac SesaZlebels xdis mow-
mendili cis SemTxvevaSi daxrili zedapirebisaTvis 
efeqturi gamosxivebis gamoTvlas.  

rogorc cnobilia (52,57), nebismieri orientaciis 
ferdobis radiaciuli balansis gantolebas aqvs saxe: 

, , ,
0B S D R R E E U Uδ δ δ= + + − + + + −f f f f f f f f f      (4.66) 

romelSic Sf  da Df   arian mzis pirdapiri da gabneu-

li radiacia ferdobebze, ,Rf  ferdobis win ganlagebuli  

horizontaluri zedapiris  mier ferdobis mimarTule-
biT areklili radiacia, Rf  ferdobis zedapiridan  arek-

lili mokletalRani radiacia, ,Ef - ferdobis mimarTu-

lebiT  atmosferos gamosxiveba, Ef - horizontaluri 

zedapiris mier ferdobisaken areklili atmosferos 

ukugamosxiveba, ,
0U f - horizontaluri zedapiris mier 

ferdobis mimarTulebiT siTburi gamosxiveba, Uf  - fer-

dobis siTburi  gamosxiveba. unda aRiniSnos, rom gamosa-
xuleba (4,66) samarTliania dablob adgilze ganlagebuli 
ferdobebisaTvis. mTian raionebSi  ferdobebis radiaci-
uli reJimis formirebaSi  arsebiT rols asrulebs maT 
Soris radiaciuli gacvlis procesebi, ris Sedegad (4.66) 

gamosaxulebas emateba Semdegi wevrebi IIRf - mopirdapire 

ferdobidan areklili da mocemul ferdobze dacemuli 



 199 

mokletalRiani  radiacia, IIEδ f  - mopirdapire ferdobi-

dan mocemuli ferdobis mimarTulebiT areklili atmos-

fros ukugamosxiveba, 0
IIU f  - mopirdapire  ferdobidan 

mocemuli ferdobis  mimarTulebiT siTburi gamosxive-
ba, Tu davuSvebT, mowmendili cis SemTxvevaSi cis TaRis 
mier gabneuli da qvefenili zedapiridan areklili radi-
acia, atmosferos da qvefenili zedapiris mier gamosxi-
vebuli grZeltalRiani radiacia aris izotropuli,  ra-
diaciuli gacvlis procesSi monawile mTis reliefis 
elementebis (ferdobebi, horizontaluri  zedapirebi) 
temperatura da optikuri Tvisebebi ki identuri (rac ar 
Seefereba sinamdviles) maSin (4.66)-Si Semavali radiaciu-
li balansis  mdgenelebis gamosaTvlelad SeiZleba gamo-
yenebuli iqnen izotropiuli miaxloebis martivi gamosa-
xulebebi (52, 57)-Si ferdobebisaTvis, izotropiuli miax-
loebis formulebiT gamoTvlili radiaciuli balansis 
mdgenelebis sidideebi  xasiaTdebian gansazRvruli cdo-
milebebiT, romlebic maTi daxrilobis kuTxis zrdisas 
xdebian mniSvnelovani, ris Sedegad gansakuTrebul aqtu-
alobas iZens ferdobebis radiaciuli balansisa da misi 
komponentebis Seswavla eqsperimentaluri gziT. ialbu-
zis raionSi (2.2km) oTxi ZiriTadi orientaciis ferdo-
bebze  (α  35-400)  1966-1989 wlebSi tardeboda dakvirvebe-
bi radiaciul balansze da mis mdgenelebze specialuri 
savele danadgariT (nax. 4.2.3), rogorc dakvirvebis masa-
lebis analizidan Cans, ferdobebze radiaciuli balansi-
sa da misi mdgenelebis dRiuri msvleloba damokidebu-
lia ferdobis  orientaciaze da daxrilobis kuTxeze. ma-
galiTad, ivlisSi    mowmendili cis SemTxvevaSi 7 saaTze 
aRmosavleTis ferdobze 0.77B =f kvt/m2, dasavleTis 

ferdobze 0B = , xolo 16 saaTze 0B =f  aRmosavleTis, 

0.82B =f kvt/m2 dasavleTis ferdobze. Bf -s maqsimumi 

samxreTis da CrdiloeTis ferdobebze aRiniSneba Suad-
Ris saaTebSi, aRmosavleTis da dasavleTis ferdobebze 
ki Sesabamisad  dRis pirvel da meore naxevarSi. samxre-
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Tis ferdobze martSi SuadRis saaTebSi Bf -s sidide aR-

wevs  0.80kvt/m2. samxreTis,  aRmosavleTis da dasavleTis 
ferdobebze ki zafxulSi 0.35kvt/m2-s. mTliani Rrublia-
nobis pirobebSi Bf -s dRiuri  svlis mrudebis Tavisebu-

rebebi rCebian ucvleli, nawilobrivi Rrublianobis pi-
robebSi  Bf -s maqsimums  SeiZleba adgili hqondes dRis 

nebismier saaTSi ferdobis orientaciaze damoukideb-
lad. rogorc cnobilia (14), horizontalur qvefenil ze-
dapirze dablob raionebSi radiaciuli balansis  sidide 
icvlis niSans mzis amosvlis Semdeg 40-60 wuTis Semdeg, 
mzis Casvlis momentamde 1,5 saaTiT adre. maRalmTian ra-
ionebSi ferdobebisaTvis radiaciuli balansis niSnis 
Secvla emTxveva mzis amosvlis da Casvlis momentebs.  

rogorc cxr. 4.4.1-dan Cans,  radiaciuli balansisa 
da misi mdgenelebis Tviuri da wliuri jamebis  sidide 
(jamebi gamoTvlilia mzis amosvlidan Casvlamde dro-
is monakveTebisaTvis) mowmendili cis SemTxvevaSi maq-
simaluria samxreTis, minimaluria CrdiloeTis fer-
dobebisaTvis. aRmosavleTis da dasavleTis orienta-
ciebze weliwadis Tbil periodSi isini axloa erTma-
neTTan, civ periodSi ki dasavleTis ferdobze sezonu-
ri Tovlis safaris arsebobis meti xangrZlivobis  
 
cxrili 4.4.1 
mowmendili cis SemTxvevaSi bunebriv ferdobebze 
radiaciuli balansisa da misi mdgenelebis Tviuri  

T∑ jamebis da wliuri ∑w  jamebis  sidide (mj/m2),  

 
radiaciuli balansis mdgeneli ori-

enta-
cia 

Tve Q∑ f f
 D∑ T f S∑ T f R∑ T f B∑ T f B∑ T S ε∑ T S

 

1 2 3 4 5 6 7 8 9 
I 217.9 75.4 142.5 108.9 29.3 109.0 79.7 
IV 714.5 113.1 603.4 150.8 402.2 565.7 163.5 

aRmo
savl
eTi VII 817.1 108.9 708.2 150.8 520.0 666.3 146.3 
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X 435.8 75.4 360.4 108.9 230.5 326.9 96.4 

∑w  6515.5 1118.6 5396.9 1533.5 3553.1 4982.5 1418.7 

Q
∑
∑

w

w f

 

1.00 0.17 0.83 0.24 0.55 0.76 0.22 

I 188.6 50.3 138.3 71.2 33.6 117.4 83.8 
IV 695.5 142.5 553.0 159.2 358.5 536.3 177.8 
VII 846.4 142.5 703.9 159.2 523.8 687.2 163.4 
X 364.5 83.8 280.7 100.6 163.3 263.9 100.6 

∑w  625.5 1257.0 4994.5 1466.5 3222.2 4785.1 1562.9 

dasav
leTi 

Q
∑
∑

w

w f

 

1.00 0.20 0.80 0.25 0.52 0.77 0.25 

I 130.0 46.2 83.8 41.9 -20.8 88.1 108.9 
IV 372.9 108.9 263.0 9664 167.6 276.5 108.9 
VII 582.4 117.3 465.1 96.4 347.7 486.0 138.3 
X 209.5 83.8 125.7 67.0 21.0 142.5 121.5 

∑w  3909.3 1068.5 2840.8 905.0 1571.4 3004.3 1432.9 

Crdi
loe
Ti 

Q
∑
∑

w

w f

 

1.00 0.27 0.73 0.23 0.40 0.77 0.37 

I 356.2 62.6 93.6 83.8 217.9 272.4 54.5 
IV 771.0 125.7 645.3 142.5 527.9 628.5 100.6 
VII 879.0 142.5 737.4 160.0 594.2 719.9 125.7 
X 561.0 92.2 469.3 125.7 364.6 435.8 71.2 

∑w  7743.1 1261.2 6481.9 1529.4 5149.4 6213.7 1064.3 

samx
reTi 

Q
∑
∑

w

w f

 

1.00 0.16 0.84 0.20 0.67 0.80 0.14 
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gavlenis Sedegad radiaciuli balansis jamebi aRmo-
savleTis ferdobTan SedarebiT mcirdeba. samxreTisa 

da aRmosavleTis ferdobebze D∑ T f  dadebiTia weli-

wadis   ganmavlobaSi,  CrdiloeTis ferdobze, 

B∑ T f uaryofiTia noember-ianvarSi, asavleTis fer-

dobze — dekemberSi. B∑ T f -s sidideebSi  maqsimaluri 

gansxvaveba aRiniSneba weliwadis civ periodSi. mzis si-

maRlis zrdis paralelurad B∑ T f -s  damokidebule-

ba ferdobis azimutze mcirdeba.  

rogorc cxr. 4.4.1-dan Cans B∑ T f -s maqsimaluria 

CrdiloeTis ferdobze, rac ganpirobebulia misi mo-
pirdapired ganlagebuli samxreTis ferdobis gavle-

niT am  ferdobze D∑ T f -s sidideebis formirebaSi 

mTavar rols TamaSobs ara cis  TaRis mier gabneuli 
radiacia, aramed samxreTis ferdobTan intensiuri ra-

diaciuli gacvlis procesi. Q∑w f -s sidideebi  aRmo-

savleTis da dasavleTis ferdobebze axloa erTmaneT-
Tan, xolo samxreTis ferdobze igi TiTqmis orjer 
aRemateba CrdiloeT ferdobze arsebul mis sidides.  
radiaciuli balansisa da misi mdgenelebis wliuri ja-

mebis Q∑w f -Tan Sefardebebis sidideebi meryeoben 

Semdeg zRvrebSi: 
0.16-0.27( Df ); 0.73-84( Sf );  0.20-0.23( Rf );  0.40-

0.67( Bf ); 0.14-0.37( Ef ) 

 

R
Q

∑
∑

w f

w f

 sidide minimaluria (0.20) samxreTis fer-

dobisaTvis, romlisTvis Q∑w f aris maqsimaluri, xo-

lo sezonuri Tovlis safaris arsebobis xangrZlivoba 
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minimaluri sxva orientaciebTan SedarebiT. 
R
D

∑
∑

w f

w f

-s 

sidide  maqsimaluria samxreTis da minimaluria Crdi-

loeTis ferdobebisaTvis. 
R
Q

∑
∑

w f

w f

-s sidide Seadgens 

CrdiloeTis 0.37, aRmosavleTis, dasavleTis 0.22-0.25, 
samxreTis ferdobebze 0,14-s. samxreTis orientaciaze 

am Sefardebis minimumi ganpirobebulia Q∑w f -s didi 

mniSvnelobebiT, qvefenili zedapiris albedos Semci-
rebiT da haeris miwispira fenasTan turbulentur 
Tbocvlaze  siTbos xarjvis zrdiT. ferdobebisaTvis 

Cvens mier miRebuli E∑w -is sidideebi naklebia  hori-

zontaluri zedapiris Sesabamis sidideebTan, rac da-
makmayofilebel TanxmobaSia α -s mocemuli  mniSvne-

lobisaTvis ( 034 40α ≈ − ) (52, 57)-Si moyvanili 

( )f α=∑
∑

f

0

  damokidebulebis  Sesabamisi mrudidan 

aRebul mniSvnelobebTan. aRsaniSnavia isic, rom buneb-
rivi ferdobebisaTvis Cvens mier miRebuli efeqturi 
gamosxivebis SedarebiT dabali mniSvnelobebi ganpiro-
bebulia im garemoebiT, rom jamebi gamoTvlilia ara 
mTeli dReRamisaTvis, aramed misi naTeli nawilisaT-
vis (mzis amosvlidan mzis Casvlamde). ferdobebisaTvis 

E
E

∑
∑

w f

w 0

-is sidideebi icvlebian 0,42(C)-0,62(d)   saz-

RvrebSi,  aRmosavleTisa da CrdiloeTis  ferdobebis 
SemTxvevaSi ki es sidideebi Seadgenen Sesabamisad 0,56-
0,57 -s ferdobebze radiaciuli balansisa da misi mdge-
nelebis wliuri jamebis Sefardeba Sesabamis jamebTan 
horizontalur zedapirze orientaciaze damokidebu-
lebiT meryeoben farTo zRvrebSi (cxrili 4.4.2) 
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B
B

∑
∑

w f

w 0

 -is sidideebi  aRmosavleTis, dasavleTis da 

samxreTis orientaciis  ferdobebisaTvis metia, xolo 
CrdiloeTis ferdobebisaTvis naklebia erTze (0,53). 
samxreTis  ferdobisaTvis am Sefardebis maqsimumi gan-
pirobebulia  sezonuri Tovlis safaris xangrZliobis 
gacilebiT mokle periodiT horizontalur zedapir-
Tan SedarebiT. zeda da saSualo iarusis mTliani moR-
rublulobis pirobebSi radiaciuli balansis da misi 
mdgenelebis intensivobis azimutaluri damokidebu-
leba sustdeba mowmendil casTan SedarebiT: qveda ia-
rusis gamWvirvale Rrublianobis pirobebSi ferdobe-
bis orientaciaze damoukideblad adgili aqvs radia-
ciuli balansis da misi mdgenelebis sidideebis gaTa-
nabrebas. iseve rogorc horizontaluri qvefenili ze-
dapiris SemTxvevaSi am ferdobebze radiaciuli balan-
sis da mdgenelebis sidideebi  maqsimaluria ivnis-ivlis-
Si, minimaluria dekemberSi, rac miuTiTebs im faqtze, 
rom maTi wliuri svlis formirebebze gansazRvrul gav-
lenas axdens mzis simaRlis wliuri svlis Taviseburebe-
bi. 

 
cxrili 4.4.2 
ferdobebze da horizontalur zedapirze radiaciuli 
balansisa da misi mdgenelebis wliuri jamebis  Sefarde-
bebis sidideebi (%), mowmendili cis SemTxvevaSi  

 
ferdobis 
orienta-
cia 

 
S
S

∑
∑

w f

w 0

  
D
Q

∑
∑

w f

w 0

  
D
D

∑
∑

w f

w 0

  
R
R

∑
∑

w f

w 0

 
 

B
B

∑
∑

w S

w S0

  
E
E

∑
∑

w f

w 0

  
B
B

∑
∑

w f

w 0

 

aRmosav-
leTi 

76.2 77.0 84.1 88.2 51.0 55.6 120.0 

dasavleTi 71.6 74.5 94.2 84.2 49.0 61.5 109.0 
Crdiloe-
Ti 

39.2 46.4 80.0 52.0 30.8 57.0 53.0 

samxreTi 91.0 91.3 94.2 87.5 63.5 42.0 174.5 
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amrigad, im faqtorebidan, romlebic gansazRvra-
ven bunebrivi ferdobebis qvefenili zedapiris radia-
ciuli balansis da misi mdgenelebis formirebis Tavise-
burebebs (mzis simaRle, atmosferos da qvefenili zeda-
piris fizikuri Tvisebebi, Rrublianoba) mTian raioneb-
Si mniSvnelovan rols TamaSobs morfologiuri faqto-
ri. mTiani reliefis  elementebze radiaciuli balansi-
sa da misi mdgenelebis ganawilebis Seswavlas win unda 
uZRodes  dakvirvebis organizaciisas  reprezentaluri 
punqtebis SerCeva da maTTvis radiaciuli maxasiaTeb-
lebis myari statistikuri kanonzomierebebis dadgena,  
rac gaamarTlebs maTi Semdgomi gavrcelebis mizanSewo-
nilobas regionis analogiuri ororafiuli, hipsomet-
riuli da meteorologiuri pirobebis mqone danarCen 
raionebze. am moTxovnis gaTvaliswinebiT mopovebuli 
informacia safuZvlad daedeba meToduri saxis reko-
mendaciebis  SemuSavebas, romlebic aucilebelia fer-
dobebis mikroklimaturi daxasiaTebis da mTian raio-
nebSi aqtinometriuli sadgurebis qselis racionaliza-
ciis sakiTxebis warmatebiT gadasaWrelad.  
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Tavi 5. 

 

mzis sxivuri energiis speqtraluri  nakadebi 

 
5.1 fotosinTezurad  aqtiuri  radiacia  

horizontalur zedapirze da ferdobebze 
 

mcenareul safarSi mimdinare fotobiologiur  
procesebSi mzis sxivuri energiis integraluri da 
speqtraluri nakadebis roli didi da mravalxmrivia. 
fotosinTezurad aqtiuri radiacia (far), romlis 
speqtraluri  diapazoni  Seadgens 0,38-0,71mkm-s, mcena-
reebis mier gamoiyeneba fotosinTezis procesSi (orga-
nuli  nivTierebebis — biomasis SeqmnaSi, fotomorfo-
genezSi, transpiraciaSi da wyal-siTbos balansis for-
mirebaSi). 

rogorc cnobilia, mzis pirdapiri  radiacia Sei-
cavs mokletalRian (0,3-0,4mkm) da grZeltalRian 
( 4.0α f mkm) nawilebs, romelTagan  mcenareebSi mimdi-
nare  fiziologiur procesebSi  metad mniSvnelovania 
mzis sxivuri energiis speqtris pirveli nawili, rome-
lic iyofa ultraiisfer ( 0.4λ p mkm), xilul (0,40-
0,75mkm) da infrawiTel (0,75-4,0mkm) da areebad. xiluli 
radiaciis ares TiTqmis emTxveva fiziologiuri radi-
aciis are (0,35-0,75mkm), xolo  fiziologiuri radiaci-
is sazRvrebSi gamoiyofa far-is are (0,38-0,71mkm). fizi-
ologiuri da fotosinTezurad aqtiuri  radiaciis 
areebSi Tavmoyrilia mzis gamosxivebis TiTqmis naxeva-
ri da maT Seswavlas didi praqtikuli mniSvneloba aqvs. 
sakmarisia aRiniSnos, rom mcenareebSi mimdinare fo-
tosinTezis da fotomorfogenezis procesebis opti-
mizacia  rTuli sasoflo-sameurneo ekosistemebisaT-
vis (agrocenozebi) saxavs perspeqtiul mimarTulebas 
maTi produqtiulobis (mosavlianobis) zrdaSi, rasac 
didi saxalxo-sameurneo mniSvneloba aqvs.  im faqtore-
bidan, romlebic  gansazRvraven mcenareuli safaris 
produqtiulobas (niadagi, wyali, naxSirmJava airi,  ha-
erisa da niadagis temperatura) far-i aris erT-erTi 
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ZiriTadi, amitom, sivrceSi da droSi misi ganawilebis 
kanonzomierebebis dadgenas didi mniSvneloba aqvs.  

rig SromebSi (21, 23, 33, 34, 42)  geografiuli zona-
lobis, klimaturi  faqtorebis analizis da siTburi 
(energetikuli) bazis geografiuli  procesebis inten-
sivobasTan kavSiris safuZvelze dadgenilia mcenareu-
li safaris produqtiulobis (mcenareTa miwiszeda da 
miwisqveSa  nawilebis biomasis wliuri namati  mSrali 
saxiT) radiaciuli balansis wliur jamebze da simSra-
lis radiaciul indeqsebze damokidebulebebi. mcena-
reuli safaris biologiuri produqtiulobis gansa-
sazRvravad aucilebelia informacia far-ze da haeris 

temperaturaze an B∑w  -ze da naleqebis sidideebze. 

foTlis mier mzis sxivuri  energiis STanTqmis zogadi 
kanonzomierebani eqsperimentulad dadgenili iqna 
sxvadasxva zonebSi, absolutur simaRleebze  da gana-
Tebis  pirobebSi  arsebuli mcenareebis 1400 saxeobi-
saTvis maqsimaluri STanTqma aRiniSneba 0,30-0,48mkm 
(92-95%) (165), 0,64-0,68 (80-93%) da 0,68-0,70mkm (65-75%) 
areebSi. es areebi moicavs fiziologiuri da fotosin-
Tezurad aqtiuri radiaciis mTel  speqtrs, xolo 0,70-
1,10mkm areSi STanTqma meryeobs 5-15%-is farglebSi. 
1,20mkm-dan dawyebuli STanTqma matulobs foTolSi 
arsebuli wylis  xarjze, xolo 2,0-3,0 mkm-dan dawyebu-
li foToli STanTqavs dacemuli radiaciis 96-98%-s 
talRis sigrZeze damoukideblad, rogorc eqsperimen-
tebis da gamoTvlebis Sedegebis  analizidan Cans, mzis 
simaRlis  ( 0h ) didi mniSvnelobebis SemTxvevaSi STan-
Tqmis  maqsimumi modis SedarebiT mokle talRebis 
(0,48-0,49mkm) areze. mzis simaRlis klebis pirobebSi  
STanTqmis maqsimumi gadaadgildeba speqtris wiTel 
grZeltalRian  areSi, ris Sedegad jamuri SaTanTqmis 
sidide mzis simaRlisagan damoukideblad dRis ganmav-
lobaSi rCeba mudmivi (saSualod  80%). e.i. mTeli dRis 
ganmavlobaSi  mzis simaRlis miuxedavad foToli er-
Tnairi xarisxiT STanTqavs fiziologiuri radiacias, 
rasac aRwevs wiTeli maqsimumis, mzis dabali, cisferi 
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maqsimumis da gabneuli radiaciis xarjze didi simaR-
leebis SemTxvevaSi, umeteswilad  gabneuli radiaciis 
xarjze dRis ganmavlobaSi (165). 

sxvadasxva ekotipebis mcenareulobis (balaxova-
ni, tye, wyalmcenareebi, mezofitebi, qserofitebi, su-
kulentebi) foTlebis  mier areklili fiziologiuri 
radiaciis sidideebi meryeoben 10-12%-is sazRvrebSi, 
STanTqmuli da foTlis mier gatarebuli radiaciis si-
dideebi ki Sesabamisad 76-90% da 0-12%-is sazRvrebSi.  
(wyalqveSa mceneareebis STanTqmuli radiacia Seadgens 
66,4%-s). 

aRsaniSnavia, rom foTlis mier STanTqmuli radi-
aciis sidide damokidebulia dacemuli radiaciis rao-
denobaze, STanTqmis koeficientis sidideze, foTlis 
zomaze,  orientaciaze da daxrilobis kuTxeze. buneb-
riv pirobebSi mcenareebis foTlebis umetesobis gan-
lageba  xasiaTdeba upiratesi  (vertikaluri,  qaoturi 
anu Tanabari da horizontaluri) orientaciiT. sxva-
dasxva azimutalur mimarTulebebSi galagebuli foT-
lebi daxrilobaze damokidebulebiT saSualebas aZle-
ven  mcenares dRis ganmavlobaSi mzis simaRlis mixed-
viT maqsimalurad aRiqvas mzis  pirdapiri radiaciis 
nakadi:  mzis dabali simaRleebis dros mcenarisaTvis 
ZiriTad energetikul daniSnulebas asruleben verti-
kalurad, xolo SuadRis saaTebSi — horizontalurad  
ganlagebuli foTlebi.  aqedan gamomdinare, sasoflo-
sameurneo kulturebis seleqciis erT-erT perspeqti-
ul  mimarTulebas warmoadgens, iseTi agrokulture-
bis gamoyeneba, romelTa foTlebis upirateso orien-
tacia uzrunvelyofs mcenaris mier STanTqmuli radi-
aciis maqsimalur sidideebs vegetaciuri periodis gan-
mavlobaSi. ramac SeiZleba sagrZnoblad gazardos  ma-
Ti mosavlianoba (agrokulturebis normaluri ganvi-
TarebisaTvis sxva aucilebeli pirobebiT uzrunvel-
yofis SemTxvevaSi). 

amrigad, mcenare normalur, bunebriv pirobebSi 
foTlebis orientaciiT aRwevs dacemuli sxivuri 
energiis optimalur,  maqsimalur STanTqmas, xolo ara-
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sakmarisi an SezRuduli  wyalmomaragebis da haeris ma-
Rali temperaturis pirobebSi  igi cdilobs Seamciros 
STanTqmuli radiaciis raodenoba, rasac aRwevs: foT-
lis zedapiris mier areklili radiaciis zrdiT, foT-
lis zedapiris farTobis SemcirebiT, foTlebis daxri-
lobis kuTxis cvlilebiT, foTlebis dagragvniT (dax-
veviT), maTi raodenobis SemcirebiT, agreTve reduci-
rebiT eklebSi an sxva formebSi, foTlebis dimorfiz-
miT (weliwadis periodze damokidebulebiT foTlis 
farTobis cvlilebiT) (165). 

dRis ganmavlobaSi foTlebis zedapirze ecema 
mzis pirdapiri S da gabneuli radiaciis  nakadebi, ro-
melTa SemadgenlobaSi Semavali calkeuli speqtralu-
ri areebis Sesabamisi energiis sidideebi mzis simaRle-
ze damokidebulebiT garkveul cvlilebebs ganicdian.  
e.i. foTlebis orientaciis Taviseburebebi ganapirobe-
ben dRis ganmavlobaSi maTi dasxivebis intensivobas 
fiziologiuri radiaciiT, romelSic SeiZleba sWar-
bobdes  mokletalRiani (cisferi sxivebi) an grZel-
talRiani (narinjisferi,  wiTeli sxivebi) speqtris na-
wili.  foTlebis vertikaluri mdgomareobis pirobebSi 
mzis dabali simaRleebis dros maTze   modis ZiriTa-
dad mzis pirdapiri radiacia, romelSic mzis speqtris 
`gawiTlebis~  Sedegad sWarbobs narinjisferi — wiTe-
li are, xolo horizontaluri  mdgomareobis dro mzis  
sakmaod did simaRleebis pirobebSi  maTze modis Ziri-
Tadad speqtris mokletalRiani (cisferi) are.  im mce-
nareebisaTvis, romelTa zeda iarusis foTlebi ganla-
gebulia vertikalurad, qveda da saSualo  iarusebisa 
horizontalurad, dRis ganmavlobaSi speqtraluri 
radiaciuli maxasiaTeblebi gansxvavdebian erTmaneTi-
sagan: zeda iarusis foTlebi mzis dabali simaRleebis 
SemTxvevaSi dasxivdebian fiziologiuri radiaciis 
grZeltalRiani  qveda da saSualo iarusis foTlebi ki 
mzis didi simaRleebis pirobebSi  mokletalRiani nawi-
liT.  

fotosinTezurad aqtiur mzis pirdapir da jamur 
radiaciaze stacionaruli da savele dakvirvebebi. 
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centraluri kavkasionis CrdiloeT ferdobze (0,4-
3,8km) Cvens mier tardeboda  Termoeleqtruli aqtino-
metrebiT da fitopiranometrebiT БС-8 da КС-19  Suq-
filtrebis gamoyenebiT 1965-1989 wlebSi. garda amisa, 
kavkasiis teritoriisaTvis mzis pirdapiri, gabneuli 

da jamuri far-is Tviuri jamebi: ,S∑w f , D∑ T f da 

Q∑ T f  horizontaluri zedapiris da ferdobebisaT-

vis gamoTvlili iqna integraluri nakadebis Sesabamisi 
jamebis gamoyenebiT. cnobili formulis gamoyenebiT: 

,0.43 0.57Q S D= − +∑ ∑ ∑T f T T                        (5.1) 

 
rogorc gamoTvlis Sedegebma gviCvena, mowmendi-

li cis SemTxvevaSi far-is Tviuri jamebis sidide kavka-
siis dablob raionebSi CrdiloeTidan samxreTis mimar-
TulebiT (sad. giganti-naxWevani) icvleba dekemberSi 

25.0-4.0 ( D∑ T f ), 60.0-100.0 ( ,S∑ T ), 85.0-140.0 

( Q∑ T f )mj/m2-is sazRvrebSi, ivnisSi Sesabamisad 100.0-

95.0, 320.0-350.0 da 420.0-445.0  mj/m2-is sazRvrebSi.  
mTian raionebSi adgilis absoluturi  simaRlis 

zrdisas  ,S∑ T  da Q∑ T f -is sidideebi  matuloben, 

D∑ T f -is  sidideebi ki klebuloben. mowmendili cis 

SemTxvevaSi mTian raionebSi damokidebulebebi 

( )D f H=∑ T f , ,S∑ T f ( )f H=  da ( )Q f H=∑ T f  anali-

zurad warmoidginebian  wrfivi funqciebis saxiT: 
centraluri kavkasioni  
dekemberi  

37.71 4.19D H= −∑ T f                                               (5.2) 
, 85.9 6.29S H= +∑ T f                                                (5.3) 

 
ivnisi 
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98.18 8.38D H= −∑ T f                                              (5.4) 

 
, 316.40 31.43S H= +∑ T f                                           (5.5) 

mcire kavkasioni 
dekemberi 

44.0 4.19D H= −∑ T f                                                 (5.6) 
, 87.2 13.41S H= +∑ T f                                                (5.7) 

ivnisi 

100.56 8.38D H= −∑ T f                                             (5.8) 
, 305.87 29.33S H= +∑ T f                                           (5.9) 

Q∑ T f  sidideebi miiReba, rogorc D∑ T f  da 
,S∑ T f -s jamebi  Sesabamisi TveebisaTvis (5.2)-(5.9) gamo-

saxulebiT  gamoTvlili jamebis absoluturi cTomi-
leba umniSvneloa: igi ivnisisaTvis miRebuli (5.9) damo-
kidebulebisaTvis  meryeobs 10.0-15.0 mj/m2-is saz-
RvrebSi. 

kavkasiis dablob raionebSi  mowmendili cis Sem-

TxvevaSi  ivnis-ivlisSi D∑ T f -s sidideebi meryeobs 

90.0 (araratis vake) — 110,0 (kolxeTis  dablobi) mj/m2-is 

sazRvrebSi, xolo 1S∑ T f -s sidide 310.0 (kaspiispira da 

mtkvar-araqsis dablobebi) -350.0 (araratis vake) mj/m2-
is sazRvrebSi. 

Q∑ w f  -s sidideebi  kavkasiis dablob teritoria-

ze CrdiloeTidan samxreTis mimarTulebiT (punqtebi 
giganti-naxWevani) meryeoben 3190.0-3500.0mj/m2-is far-

glebSi, 1S∑ T f -is sidideebi  ki Sesabamisad 2390.0-2680.0 

mj/m2-is sazRvrebSi. D∑w f -s sidideebi minimaluria 

Savi zRvis sanapiroze da CrdiloeTi  kavkasiis winam-
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Tis raionebSi 710.0mj/m2, maqsimaluria  afSeronis naxe-
varkunZulze — 870.0mj/m2.  

kavkasiis mTiani raionebisaTvis damokidebulebe-

bi ( )D f H=∑w f , 1 ( )S f H=∑w f , ( )Q f H=∑ w f  warmo-

idginebian wrfivi funqciis saxiT: 

775.15 62.85D H= −∑w f                                              (5.10) 
1 2388.3 272.35S H= +∑w f                                            (5.11) 

3163.45 209.50Q H= +∑w f                                          (5.12) 

 
wrfivi funqciis saxiT warmoidgineba agreTve fo-

tosinTezurad aqtiuri radiaciis saxeobebis sezonu-
ri jamebis damokidebuleba adgilis absolutur simaR-
leze: 

953.23 73.33Q H= +∑ gaz f                                           (5.13) 

1131.30 62.85Q H= +∑zaf f                                          (5.14) 

620.12 37.71Q H= +∑Sem f                                            (5.15) 

419.0 20.95Q H= +∑zam f                                             (5.16) 

230.45 21.0D H= −∑ gaz f                                             (5.17) 

289.10 23.3D H= −∑zaf f                                             (5.18) 

163.40 16.76D H= −∑Sem f                                          (5.19) 

129.89 12.57D H= −∑zam f                                          (5.20) 
1 722.78 94.33S H= +∑ gaz f                                          (5.21) 
1 840.20 86.15S H= +∑zaf f                                          (5.22) 

1 456.72 54.47S H= +∑Sem f                                           (5.23) 
1 289.11 33.52S H= +∑zam f                                          (5.24) 

rogorc (5.10)-(5.24) gamosaxulebebis  analizidan 
Cans, mowmendili cis SemTxvevaSi fotosinTezurad aq-
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tiuri jamuri radiaciis, rogorc wliuri, aseve sezo-
nuri jamebis, maqsimaluri sidideebi aRiniSnebian ma-

RalmTian, xolo D∑w f  da D∑ s f -s SemTxvevaSi dab-

lob raionebSi.  
agrometeorologiis rigi sakiTxebis aqtualobi-

dan gamomdinare mniSvnelovan rols TamaSobs foto-
sinTezurad aqtiuri radiaciis sidideebis ganawilebis 
kanonzomierebebis dadgena vegetaciuri periodis gan-
mavlobaSi. kavkasiis teritoriis dablob raionebSi 
CrdiloeTidan samxreTis mimarTulebiT vegetaciuri 
periodis xangrZlivoba saSualod icvleba 7 Tvidan (IV-
X) 8-9 Tvemde (III-X),. mTian raionebSi  adgilis absolu-
turi simaRlis zrdisas  vegetaciuri periodis xan-
grZlivoba TandaTan klebulobs da nivalur zonaSi aR-
wevs minimums. dablob teritoriaze CrdiloeTidan 
samxreTis mimarTulebiT (giganti-naxWevani) far-is sa-
Sualo mravalwliuri mniSvnelobebi vegetaciuri pe-
riodis ganmavlobaSi izrdebian 2400.0mj/ m2-dan 

2800.0mj/m2-mde ( Q∑ f f ) 570.0 mj/m2-dan 620.0mj/m2-mde 

D∑ f f , 1830.0m j/m2-dan 2180.0mj/m2-mde ( 1S∑ f f ). adgi-

lis absoluturi  simaRlis zrdisas 0.4km-dan 4.0-km-mde 

centraluri kavkasionis pirobebSi Q∑ f f , S∑ f f , 
1S∑ f f  icvlebian Sesabamisad Semdeg sazRvrebSi: 

2700.0-970.0mj/m2, 570.0-155.0mj/m2 da 2130.0-815.0m j/m2. 
mcire kavkasionis pirobebSi, romlisTvisac vegetaci-
uri periodis xangrZlivobis n (Tveebis raodenoba) 
damokidebuleba adgilis absolutur simaRleze (H, km) 
analizurad warmoedgina wrfivi funqciis saxiT  

 
n=9,0 – 2,0 H.         (5.025) 
 
(5.25)-iT gamoTvlili iqna vegetaciuri periodis 

xangrZlivobis sidideebi adgilis absolutur sima-

Rleze damokidebulebiT da maTi Sesabamisi Q∑ f f , 
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D∑ f f , S∑ f f -is mniSvnelobebi mcire kavkasionisa-

Tvis adgilis simaRlis zrdisas 0-4km diapazonSi. es 
jamebi mcirdebian Sesabamisad 2810,0-1020,0, 590,0-160,0, 
2220,0-860,0 mj/m2-is sazRvrebSi.  

fasis sidideebi, iseve rogorc integraluri ra-
diaciis nakadebi damokidebuli arian, ara marto ad-
gilis ganedze da absolutur simaRleze, aramed re-
liefis morfologiur Taviseburebebzec (ferdobebis 
orientaciaze da daxrilobis kuTxis sidideze) vege-
taciuri periodis ganmavlobaSi fotosinTezurad  aq-
tiuri gabneuli radiaciis jamebi mowmendili cis Sem-
TxvevaSi yabardos vakeze CrdiloeTis ferdobebze α -
s cvlilebas 0-450-is farglebSi, mcirdebian 716.5 mj/m2-
dan 630.0mj/m2-mde. xolo 45-900-is farglebSi matulo-
ben 630.0mj/m2-dan 671mj/m2-mde. samxreTis ferdobebze 

0-750-is daxrilobebze D∑ f f -s sidideebi izrdeba 

716.5mj/m2-dan 909.0 mj/m2-mde, vertikalur zedapirebze 

( 090α = ) mcirdebian 870.0mj/m2-mde. aRmosavleTis  (da-
savleTis) orientaciis ferdobebze α -s zrdisas 0-750-

is sazRvrebSi D∑ f f -s sidideebi izrdeba 716.5mj/m2-

dan 855.0mj/m2-mde, xolo vertikalur  zedapirebze 
mcirdebian 837.5mj/m2-mde. 

mTian (maRalmTian raionebSi) vegetaciuri  perio-

dis xangrZlivobis SemcirebasTan erTad D∑ f f -s si-

dideebi mcirdeba. damokidebuleba ( )D f α=∑ f f  ma-

RalmTiani raionebisaTvis gansxvavdeba dablobi raio-
nebisaTvis zemoT miRebuli damokidebulebisagan. ma-

RalmTian raionebSi D∑ f f -s sidideebi  α  -s zrdisas  

00-dan 900-mde CaTvliT  oTxive orientaciis SemTxveva-
Si izrdebian da aRweven maqsimums vertikalur zeda-
pirze. magaliTad, terskolis, CegeTis pikebze (3.1km) 
sadac vegetaciuri periodi Seadgens 3,0-3,5Tves 

D∑ f f -s sidideebi horizontalur zedapirze Seadge-
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nen 180.0mj/m2, xolo vertikalur zedapirebze 350.0 
(CrdiloeTi), 390,0 (samxreTi), 360.0mj/m2-s (aRmosavle-
Ti, dasavleTi).  

damokidebulebebi 1 ( )S f H=∑ f f , ( )D f H=∑w f , 

( )Q f H=∑w f  (romlebSic jamebi mocemulia mj/m2-Si) 

analizurad warmoidginebian meore rigis parabolas 
saxiT oTxive orientaciis ferdobebisaTvis, garda 
CrdiloeTis orientaciis 30-400-is daxrilobisa, rom-
lisTvisac mas aqvs wrfivi funqciis saxe. am damokide-
bulebebSi Semavali  koeficientebi s sidideebi  moce-
mulia cxrilSi 5.1.1. 

( )Q f H=∑w f  damokidebulebebis  analizuri sa-

xeebi ganisazRvreba D∑w f da 1S∑ f f -s adgilis abso-

lutur simaRleze damokidebulebebis analizuri saxe-
ebis gamoyenebiT identuri orientaciis ferdobebis 
Sesabamisi daxrilobis kuTxeebisaTvis (cxrilSi 4.4.1 
moyvanili informaciis gamoyenebiT). 

magaliTad, 300-is daxrilobis samxreTis ferdobi-
saTvis 

23978.5 87.0 54.2Q H H= + +∑w f                          (5.26) 

aRmosavleTis (dasavleTis) orientaciebisaTvis 
23015.2 137.8 42.0Q H H= + +∑ w f                       (5.27) 

CrdiloeTis orientaciisaTvis 
21991.0 231.3 9.6Q H H= + +∑w f                          (5.28) 

 
rogorc cnobilia (165), fitoaqtinometriis kvle-

vis saerTo amocanas warmoadgens  mcenareul safarSi 
mzis sxivuri energiis transformaciisa da asimilaciis 
Seswavla da vegetaciis periodSi far-is STanTqmuli 
raodenobis dagrovil biomasasTan da masSi momarage-
bul energiasTan Sedareba, faris mcenareuli safaris 
mier STanTqmuli, areklili da gasuli nawilebis  gan-
sazRvra xdeba mijril cenozebSi, romelTaTvis gazom-
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vebis cdomilebebi minimaluria. aseTi saxis fitoceno-
zebi STanTqaven masze dacemuli far-is 85-900-s da op-
timalur pirobebSi mas gamoiyeneben 10-12%-is sididis 
margi qmedebis koeficientiT (mqk), 

 
cxrili 5.1.1. 

1 ( )S f H=∑w f , ( )D f H=∑w f  damokidebulebebSi Sema-

vali koeficientebis a, b, c-s mniSvnelobebi 
 

a 
b 
c 

 s ∑ w  

 0 10 30 50 70 90 
 CrdiloeTis orientacia 
a 2242.2 1943.5 1081.0 587.3 218.6 63.9 
b 394.6 297.3 288.30 68.5 0.0 -79.3 
c -11.7 6.1 0.0 45.0 49.0 64.0 
a 886.0 815.0 910.0 772.0 790.0 860.0 
b -79.4 -65.0 -57.0 -9.6 9.6 57.5 

 
1S∑w f  

 
 

D∑ w f  
c -5.4 -3.4 -8.4 13.1 34.1 34.1 

  samxreTis orientacia 
a 2242.2 2574.6 2988.5 3051.5 2723.3 2095.6 
b 394.6 384.8 207.2 80.4 0.0 0.0 
c -11.7 -13.5 -41.7 71.8 88.5 72.2 
a 886.0 824.0 990.0 1000.2 920.0 1034.0 
b       

 
1S∑w f  

 
 

D∑w f  c       

  aRmosavleTis, dasavleTis orientacia 
a 2224.2 2320.0 2088.2 186.9 1637.7 1387.3 1S∑w f  
b 394.6 248.2 221.6 157.1 72.1 -18.0 
c -11.7 28.6 33.3 46.2 65.8 72.1 
a 886.0 863.1 927.0 957.0 972.0 1060.0 
b -79.4 -72.0 -83.3 10.1 21.5 21.5 

 
 

D∑w f  
c -5.4 -5.1 9.6 7.9 16.7 44.0 

 
aRsaniSnavia, rom mcenareuli safaris vegetaciis 

procesSi (aRmocenebidan mijrili cenozis  formire-
bis momentamde) mcenareebis far-is gamoyenebis mqk-is 
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idide ar aRemateba  4-5%-is maRalproduqtiuli  sa-
soflo-sameurneo agrofotocenozebisaTvisac ki. 
zrdis optimalur pirobebSi vegetaciuri periodis 
ganmavlobaSi saSualod naTesis mier far-is efeqturi 
gamoyenebis sidide Seadgens daaxloebiT 6%-s.  es sidi-
de iTvleba zrdis optimalur pirobebSi biomasis war-
moqmnaze  agrofitocenozebis mier far-is efeqturi 
gamoyenebis Teoriulad SesaZlo sidided.  

amrigad, ganviTarebis optimalur pirobebSi ag-
rokulturebis da bunebrivi cenozebis mosavlianobis 
Semdgomi zrda unda emyarebodes maT mier mzis sxivuri 
energiis gamoyenebis koeficientis zrdas, rasac amJa-
mad aqtinobiologiur gamokvlevebSi arasakmarisi yu-
radReba eTmoba da rac mTavaria igi ver poulobs rea-
lizacias yoveldRiur agronomiul praqtikaSi.  miuxe-
davad imisa, rom fotosinTezis procesSi organuli 
nivTierebis (biomasis) warmoqmna da mosavlianobis si-
dide damokidebulia agreTve mzis sxivuri energiis ga-
moyenebis intensivobaze vegetaciis periodis ganmav-
lobaSi. fotosinTezis intensivobis umartives maxasi-
aTebels warmoadgens mzis sxivuri energiis gamoyene-
bis e.w. teqnikuri koeficienti, romlis sidide ganisaz-
Rvreba fotocenozis mier gamoyenebuli radiaciis si-
didis SefardebiT maT mier dakavebul farTobze dace-
muli jamuri radiaciis sididesTan drois monakveTSi. 
misi sidide meryeobs procentis aTeuli nawilebidan 
bunebriv pirobebSi 1-2%-mde  agrocenozebis SemTxve-
vaSi, rac Seesabameba agrokulturebis saSualo da karg 
mosavlianobas. amindis da agroteqnikis optimalur pi-
robebSi sarekordo mosavlianobis dros teqnikuri ko-
eficientis sididem SeiZleba miaRwios 3-5%-s. cxadia, 
rom gvalvebis (haeris  maRali temperaturisa da daba-
li fardobiTi tenianobis) pirobebSi igi SeiZleba gax-
des nulis toli, rasac Tan sdevs fotosinTezis da 
asimilaciis procesebis mkveTri Semcireba an mTliani 
Sewyveta da organuli nivTierebis warmoqmnis SeCereba 
da dakargvac ki. aRsaniSnavia, rom far-is energia nak-
lebad ixarjeba fotosinTezis procesze (biomasis  
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warmoqmnaze) da ufro metad transpiraciaze  da haer-
Tan foTlis zedapiris Tbocvlaze. rac ufro nakle-
bad ixarjeba fabis sidideebi transiraciaze da Tbo-
cvlaze, miT meti nawili modis fotosinTezze (bioma-
sis warmoqmnaze, mosavlianobaze), e.i.  mosavlianobis 
sidide umaRlesi agroteqnikis pirobebSic ki damoki-
debulia foTolSi mimdinare am procesebis specifika-
ze da haeris fizikur Tvisebebze (temperatura, tenia-
noba da sxv.) rac mowmobs imaze, rom niadagis nayofie-
rebis paralelurad arsebobs atmosferos nayofiere-
bac, romelic damokidebulia mis fizikur Tvisebebze 
da masSi mimdinare meteorologiur procesebze, rac 
saxavs fitocenozebis da calkeuli mcenareebis pro-
duqtiulobis gazrdis da regulirebis SesaZleblobis 
garkveul perspeqtivebs. agrofitogenozebis produq-
tiulobis gazrdis mizniT SeiZleba dasaxelebuli iq-
nes ori mimarTuleba:  intensiuri fotosinTezuri ji-
Sebis seleqcia da im formebis seleqcia, romlebic 
xarjaven SedarebiT cota energias biomasis warmoqmna-
ze. aseTi saxis  mcenareebis etalonebad SeiZleba piro-
biTad  dasaxeldes simindi, soio, Saqris lerwami,  ro-
melTa biomasis warmoqmnis maRali mqk-is   erTerTi mi-
zezia ara  marto sinaTlismoyvaruloba, aramed tran-
spiraciaze da Tbocvlaze naklebi energiis xarjvac.  

kavkasiis teritoriis fotosinTezurad aqtiuri 
radiaciis potencialis droSi da sivrceSi cvlilebe-
bis kanonzomierebebis dadgenas bunebrivi da agrofi-
tocenozebisaTvis misi praqtikuli gamoyenebis aspeq-
tis Seswavlas aqvs ara marto mecnieruli, aramed didi 
praqtikuli mniSvneloba. miT umetes, rom rogorc 
(153)-Sia  naCvenebi, bunebriv pirobebSi mcenareTa mier 
mzis sxivuri energiis gamoyenebis potencialuri Se-
saZleblobebi ar aris amowuruli:  biomasis dagrove-
bam mcenareebSi,  SeiZleba miaRwios 14-15%-s, maSin ro-
desac maTi umravlesobisaTvis igi Seadgens saSualod 
STanTqmuli far-is 1-2%-s da integraluri nakadis 0,5-
1,5%. udabnos mcenareulobisaTvis igi ecema 0,03%-mde, 
xolo tyis ekosistemebisaTvis aRwevs 2-4%-s. sinaT-
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lismoyvaruli mcenaris simindis biomasis  mqk vegeta-
ciuri periodis ganmavlobaSi aRwevs 5-7%-s bogarze da 
10%-s narwyav   miwaze. saerTod ki vegetaciuri perio-
dis ganmavlobaSi kargi mdgomareobis naTesebSi mqk Se-
adgens 1-4%-s.  

amrigad, far-is maxasiaTeblebis wiluri msvle-
lobis kanonzomierebebis codna saWiroa agrometeo-
rologiur gamokvlevebSi, gansakuTrebiT agrofito-
cenozebis produqtiulobis (mosavlianobis) modeli-
rebaSi. kavkasiis teritoriisaTvis Cvens mier miRebuli 
Sedegebi warmodgenas iZlevian im did energetikul re-
sursebze, romlebic gansazRvraven am regionis klima-
tis potencialur produqtiulobas. far-is informa-
ciis gamoyenebiT regionis bunebrivi da kulturuli 
landSaftebisaTvis SesaZlebelia ganisazRvros fito-
cinozebis mier mzis radiaciis gamoyenebis efeqturo-
ba mqk-iT, romelic gamoiTvleba Semdegi formuliT:  

YCK
Q

=
∑far

v far

                                                         (5.29) 

sadac Y aris biologiuri mosavlianobis sidide 
(saerTo mSrali fitomasa, gr/sm2), C- mosavlis organu-
li nivTierebis erTeulis kaloriuloba (mj/km), 

Q∑ v far — jamuri far-is jami vegetaciuri periodis 

ganmavlobaSi (mj/m2). (5.30)- dan mosavlianobis sidide Y 
ganisazRvreba  Semdegi gamosaxulebiT: 

K Q
Y

C
= ∑far v far

                                                      (5.30) 

mosavlianobis sididis gansazRvrisas am formu-
lis gamoyenebiT zogierT mniSvnelovan gamokvlevaSi 
(154), romelic eZRvneba regionis klimaturi resurse-
bis  gavlenis  raodenobriv Sefasebas yurZnis mosavli-
anobis sididis formirebaze, masSi Semavali 

Q∑ v far sidideebi aRebulia horizontaluri qvefeni-

li zedapirisaTvis, rac mTagorian regionSi warmoad-
gens reliefis erT kerZo SemTxvevas; e.i. ar aris gaTva-
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liswinebuli reliefis damaxasiaTebeli Taviseburebe-
bi: ferdobis  orientacia, daxriloba da absoluturi 

simaRle, rac gadamwyvet gavlenas axdens Q∑ v far -is 

sidideebze. xolo D∑ Rfar -is sidideebis zusti gan-

sazRvra Tavis mxriv gavlenas axdens mosavlis sididis 
gansazRvraze,  garda amisa, (154)-Si moyvanili integra-
luri radiaciis sidididan jamuri far-is sididis ga-
damTvleli koeficientis mniSvneloba, 0,49, kavkasiis  
da kerZod saqarTvelos pirobebisaTvis saWiroebs gar-
kveul dasabuTebas. vinaidan igi warmoadgens Rrublia-
nobis reJimis lokaluri  Taviseburebebis funqcias. 
aqedan gamomdinare, mTagoriani regionis SemTxvevaSi 
did praqtikul interess warmoadgens gabneuli, mzis 
pirdapiri da jamuri far-is cvalebadobis kanonzomie-
rebebis dadgena vegetaciuri periodis ganmavlobaSi, 
ferdobis orientaciaze, daxrilobis kuTxeze da  abso-
lutur simaRleze damokidebulebiT.  

Cveni dakvirvebiT da saTanado gamoTvlebiT  mi-
Rebuli informaciis  analizis Sedegad dadgenili iqna 
far-is am saxeobis sidideebis absolutur  simaRleze 
damokidebulebis analizuri saxeebi ferdobebis ori-
entaciaze da daxrilobis kuTxeze damokidebulebiT  
vegetaciuri periodis ganmavlobaSi centraluri kav-
kasionis pirobebSi mcenareuli safaris gavrcelebis 
zeda sazRvramde (0-4km). damokidebulebebi 

( )Q f H=∑ v f  analizurad  warmoidginebian  kvadratu-

li funqciis saxiT: 2Q a bH= −∑ v f  a da b koeficiente-

bis mniSvnelobebi   ferdobis orientaciaze  da daxri-
lobis kuTxis sidideze (α ) damokidebulebiT mowmen-
dili cis SemTxvevaSi mocemulia cxrilSi 5.1.2. 

Tu ferdobebisaTvis cnobilia gamomSrali fito-
masa-biologiuri mosavali, maSin am gamosaxulebebis 
CasmiT (5.30) —Si konkretuli orientaciisa da daxrilo-
bis SemTxvevaSi SesaZlebelia gamoiTvalos masze ganla-
gebuli bunebrivi an agrofitocenozebis mier mzis ra-
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diaciis gamoyenebis efeqturoba (mqk),  vegetaciuri pe-
riodis ganmavlobaSi, mowmendili cis SemTxvevaSi.  

 
cxrili 5.1.2. 

2Q a bH= −∑ v f   damokidebulebaSi Semavali a da b koe-

ficientebis sidideebi  
 

α , gradusi a, 
b 0 15 30 45 60 75 90 
 CrdiloeTis orientacia 
a 2723.0 2338.0 1943.0 1274.0 1075.5 811.7 746.4 
b -136.6 -114.0 -96.0 -52.8 -40.28 32.9 -25.0 
 samxreTis orientacia 
a 2730.0 2808.1 3040.6 2852.06 2752.1 2421.9 1936.6 
b -136.1 -176.7 -175.0 -161.1 -161.1 145.0 -119.5 
 aRmosavleTis orientacia 
a 2730.0 3957.7 2506.8 2283.9 2178.7 1977.6 1826.6 
b -136.1 -170.8 -123.6 -118.1 115.3 -101.4 -87.5 

 

rogorc (5.1) damokidebuleba gviCvenebs, Q∑ T f  

sidideebis formirebaSi monawileoben gabneuli far-is 

jamebi D∑ T f , romlebic aseve damokidebuli arian re-

liefis Taviseburebebze, rac gansazRvravs  radiaciu-
li gacvlis procesebis intensivobas ferdobebs Soris. 

D∑ T f -s  sidideebis damokidebuleba ferdobis dax-

rilobis kuTxeze  gaanalizebuli iqna Ria horizontis 
(mTiani, maRalmTiani tafobi, Txemi) da  Rrma xeobebis 
SemTxvevebisaTvis, rodesac minimaluria an gamoricxu-
lia ferdobebs Soris radiaciuli gacvlis procesi, an 
adgili aqvs intensiur radiaciul gacvlas. pirvel 

SemTxvevaSi D∑ v f  maqsimaluria samxreTis minimalu-

ria CrdiloeTis da Sualeduria aRmosavleTis (dasav-
leTis) ferdobebisaTvis. meore SemTxvevaSi ki ferdo-
bebis orientaciis miuxedavad damokidebuleba 
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( )D f α=∑ v f  warmoidgineba erTi wrfivi funqciis sa-

xiT: magaliTad, 2,2 km  simaRleze (azaus xeoba) vegeta-
ciuri periodi saTvis, romelic aq Seadgens 5 Tves,  da-
mokidebulebas aqvs Semdegi saxe: 

325.0 1.67D α= +∑ v f                                              (5.31) 

orive SemTxvevaSi adgilis absoluturi simaRlis 

zrdisas D∑ v f  -s sidideebs Soris  gansxvaveba sxva-

dasxva orientaciis ferdobebze mcirdeba. magaliTad, 
dablob raionebSi 500-iani daxrilobis CrdiloeTis da 
samxreTis orientaciis ferdobebze gansxvaveba 

D∑ v f -s sidideebs Soris Seadgens 250,0 mj/m2-s, 3,1 km 

simaRleze igi tolia 50,0 mj/m2-isa, xolo 4 km simaRle-
ze — 10,0mj/m2-isa.  

Rrublianobis saSualo pirobebSi mzis pirdapiri, 
jamuri far-is sidideebi mcirdeba, xolo gabneuli 
far-is sidideebi  matulobs. kavkasiis dablob raio-
nebSi, CrdiloeTidan samxreTis mimarTulebiT  (sal-
skis tramali - naxWevanis qvabuli) far-is Tviuri jame-

bis (XII) sidideebi icvleba 40,0-100,0 ( Q∑ T f ), 35.0-65.0 

( D∑ T f ), 5.0-35.0 ( 1S∑ T f )mj/m2-is sazRvrebSi, ivnisSi 

340,0-380,0 ( Q∑ T f ), 165.0-120.0 ( D∑ T f ), 175.0-260.0 

( 1S∑ T f )mj/m2-is sazRvrebSi. Rrublianobis saSualo pi-

robebSi D∑w f -s sidideebi dablob raionebSi meryeo-

ben 1060.0 (salski) 1220 (alazan-avtoranis vakis vakis 

winamTa. mk/m2-is sazRvrebSi, xolo D∑w f -s sidideebi 

2165.0 (CrdiloeT kavkasiis winamTa) 2935.0 (naxWevanis 

qvabuli) mj/m2-is sazRvrebSi. Q∑ w f -s maqsimumi aRi-

niSneba somxeTisa da azerbaijanis dablob raionebSi. 
rac Seesabameba am raionebSi saerTo Rrublianobis mi-
nimalur mniSvnelobebs.  
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mTian raionebSi far-is  mravalwliuri saSualo 
jamebi Rrublianobis saSualo pirobebSi adgilis ab-
soluturi simaRlis zrdisas 0-4 km diapazonSi izrde-

bian 2300,0-dan  3300,0 mj/m2-mde ( Q∑w f ), 1188.0mj/m2-dan 

200.0mj/m2-mde ( D∑w f ), 1120mj/m2-dan 1300,0 mj/m2-mde 

( 1S∑w f ) didi da mcire kavkasionis calkeul ferdobeb-

ze far-is sidideebis cvlileba  Rrublianobis reJimze 
damokidebulebiT xasiaTdeba specifikuri  Tavisebu-
rebebiT: H-is zrdisas 0-4 km simaRleTa diapazonSi 

Q∑w f saSualod izrdeba didi kavkasionis CrdiloeT 

ferdobze 2250,0-3450,0 mj/m2-is, samxreT ferdobze 
2300,0-3250,0 mj/m2-is, mcire kavkasionis mTian raionebSi 
2400,0-3700,0 mj/m2-is sazRvrebSi.  Rrublianobis saSua-

lo pirobebSi damokidebuleba ( )Q f H=∑w f , sadac H 
mocemulia km-Si,  kavkasiis mTiani   raionebisaTvis ana-
lizurad warmoidgineba meore parabolas saxiT: 

22300.0 18.5 63.2Q H H= − +∑w f                          (5.32) 

kavkasiis mTiani sistemebis calkeuli raionebi-
saTvis am damokidebulebas gaaCnia garkveuli Tavise-
burebebi: magaliTad,  

kavkasionis CrdiloeTi ferdobisaTvis 
22225.0 8.38 73.5Q H H= + +∑w f                         (5.53) 

samxreTi ferdobisaTvis 

2340.0 230.5Q H= +∑w f                                        (5.54) 

damokidebuleba 1 ( )S f H=∑w f  kavkasiis mTiani 

raionebisTvis analizurad warmoidgineba wrfivi fun-
qciis saxiT: 

1 1130.0 83.8S H= +∑ w f                                           (5.55) 

( )D f H=∑w f   ki meore rigis parabolas saxiT: 
21170.0 102.3 63.2D H H= − +∑ w f                      (5.56) 
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analizuri gamosaxulebiT gamoTvlili faris 
wliuri jamebis sidideebis cdomileba meryeobs ± 10.0-
35.0mj/m2-is sazRvrebSi.  

far-is sidideebi Rrublebis saxeobis da raodeno-
bis funqciaa.  Cveni dakvirvebebis monacemebis Tanaxmad 

ialbuzis raionSi (2,2-3,8 km) D∑w f  maqsimums aRwevs  ze-

da da Sua iarusebis aTbaliani da qveda iarusis cxraba-

liani  moRrublulobis ( 2Θ ) pirobebSi (cxrili (5.1.3) 
rogorc am cxrilidan Cans, simaRlis zrdisas 1,6km-iT 
qveda iarusis aTbaliani moRrublulobis pirobebSi 

D∑w f -s sidideebi saSualod matuloben 880,0 mj/m2-iT, 

xolo  ferdobebis daxrilobis kuTxis zrdis SemTxveva-
Si mcirdebian da aRweven minimalur  mniSvnelobebs ver-
tikalur zedapirze. baqsanisa da Cegemis xeobebSi (yabar-
do-balyareTi) 2,2-2,5 km simaRleebze aseTi moRrublu-
lobis pirobebSi α -s matebisas 00-dan 900-is CaTvliT 

D∑w f -s sidideebi  mcirdebian 1480.0-770.0 CrdiloeTis, 

1480.0-880.0 samxreTis,  1480.0-800.0 mj/m2-is sazRvrebSi  
aRmosavleTis (dasavleTis) ferdobebze.  

 
cxrili 5.1.3 

D∑ T f  da D∑w f  -s sidideebi gansazRvruli iarusis 

Rrublianobis pirobebSi ialbuzis raionSi, mj/m2 
 

iarusi Tve, 
weli 

bali 
qveda saSualo zeda 

H km  2.2 3.1 3.8 3.1 3.1 
1 26.1 24.5 26.5 27.5 28.8 XII 
10 60.0 88.8 99.7 99.0 56.6 
1 65.2 59.2 65.0 70.0 72.0 VI 
10 243.0 336.0 360.0 400.0 230.7 
1 576.0 529.0 534.0 557.0 648.0 weli 
10 1750.0 2400.0 2630.0 3050.0 1775.0 

 
praqtikuli  TvalsazrisiT  gansakuTrebiT sain-

teresoa Rrublianobis saSualo pirobebSi far-is 
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cvlilebaTa kanonzomierebebis codna vegetaciuri pe-
riodisaTvis. rogorc gamoTvlebis Sedegebis analizi 
gviCvenebs, am periodSi kavkasiis dablob teritoriaze 

CrdiloeTidan samxreTis mimarTulebiT Q∑ v f -s si-

dideebi izrdebian 920.0 mj/m2-dan (salskis tramali) 
1170.0 mj/m2-mde (araratis vake, naxWevani qvabuli). 

1S∑ v f -s jamebi  am raionebSi Seadgenen Sesabamisad 

400,0 da 660mj/m2-s. rac Seexeba D∑w f -s sidideebs,  

romelTa formirebis procesebze gacilebiT met gav-
lenas axdenen Rrubelwarmoqmnis lokaluri procese-
bi,  maTTvis aRiniSneba aseTi ganeduri ganawilebis ka-
nonzomierebebis darRveva, ris Sedegad winamTis da Sa-

vizRvispira raionebSi Q∑ v f -s sidideebi maqsimalu-

ria (590.0. mj/m2 alaznis veli winamTis raionebi da kol-
xeTis dablobi), xolo naxevarudabno aridul raioneb-
Si (kaspiispira  dablobis Savi miwebis raionSi, naxWeva-
nis qvabuli minimaluria — 510.0mj/m2). damokidebulebe-

bi ( )Q f H=∑ v f , ( )D f H=∑ v f  horizontaluri qve-

fenili  zedapirisaTvis kavkasiis mTiani raionebisaT-
vis Rrublianobis saSualo pirobebSi analizurad war-
moidginebian kvadratuli funqciis saxiT: 

2548.7 27.4D H= −∑ v f                                           (5.37) 
21023.2 56.2Q H= −∑ v f                                         (5.38) 

1 2474.4 28.8S H= −∑ v f                                            (5.39) 

aRsaniSnavia, rom naxWevanis qvabuli, araratis va-
keze da somxeTis mTianeTSi analogiur simaRleebze 
dabali Rrublianobis Sedegad kavkasiis sxva raioneb-
Tan SedarebiT am damokidebulebebs aqvs gansxvavebuli  
saxe: 

1 2696.0 42.0S H= −∑ v f                                            (5.40) 
21244.8 69.4Q H= −∑ v f                                          (5.41) 
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2548.8 27.4D H= −∑ v f                                           (5.42) 

am gamosaxulebebSi jamebi mocemulia mj/m2-Si, H 
ki km-Si. damokidebulebebiT gamoTvlili da maTi Sesa-
bamisi mrudebidan aRebuli jamebis sidideebs Soris 
gansxvaveba umniSvneloa (5.38) —saTvis igi Seadgens 1 km-
ze 11.3, 2 km-ze 19.1, 3 km-ze 2.1, 4 km-ze 12.0mj/m2-s. 

 
rogorc aRiniSna, centraluri kavkasionis Crdi-

loeT ferdobze Cvens mier tardeboda dakvirvebebi 
fotosinTezurad aqtiur radiaciaze saTanado apara-
turiT da SuqfiltrebiT. yvela saxis Sesworebebis Se-
tanis Semdeg galvanometris maCveneblebi gadaiyvane-
boda energetikul erTeulebSi. rac Seexeba dRis gan-
mavlobaSi mzis radiaciis speqtraluri Semadgenlobis 
cvlilebebze Sesworebebs, maTi simciris Sedegad speq-
tris farTo areebisaTvis (1%-ze naklebi), isini, ro-
gorc wesi, mxedvelobaSi ar miiRebian. Suqfiltrebis 
optikuri maxasiaTeblebis stabilurobis xarisxi mow-
mdeboda speqtrofotometrebiT.  mowmendili cis Sem-
TxvevaSi dakvirvebebis monacemebiT gamoTvlili jame-

bis, agreTve Tviuri da wliuri jamebis ( 1S∑ f , D∑ f , 

Q∑ f ) adgilis absolutur simaRleze damokidebule-

bebSi 1 ( )S f H=∑ f , ( )D f H=∑ f , ( )Q f H=∑ f  (rom-

lebic warmoadgenen wrfiv  funqciebs) Semavali  koe-
ficientebis (a,b) sidideebi mocemulia cxrilSi 5.1.4   

vegetaciuri periodis ganmavlobaSi 1S∑ v f , D∑ v f , 

Q∑ v f  -s (m j/m2) damokidebulebebi adgilis  absolu-

tur simaRleze Hkm analizurad warmoidginebian wrfi-
vi funqciis saxiT: 

 
1 2300.0 400.0S H= −∑ v f                                        (5.42) 

712.5 162.5D H= −∑ v f                                          (5.43) 



 227 

3012.5 562.5Q H= −∑ v f                                        (5.44) 

rogorc am gamosaxulebebidan Cans, vegetaciuri 
periodis ganmavlobaSi adgilis simaRlis matebisas 
far-is sezonuri jamebi mcirdeba, rac ganpirobebulia 
vegetaciuri periodis xangrZlivobis SemcirebiT. am 
jamebisagan gansxvavebiT Tviuri da wliuri jamebi ad-
gilis absoluturi  simaRlis zrdisas mzis pirdapiri 
da jamuri fotosinTezurad aqtiuri radiaciis Sem-
TxvevaSi matuloben, xolo gabneuli radiaciis Sem-
TxvevaSi  klebuloben, rac gamowveulia atmosferos 
optikuri sisqis, misi tenSemcvelobis da aerozoluri 
daWuWyianebis  SemcirebiT did simaRleebze.  

garkveul interess warmoadgens eqsperimentuli 
gziT da (5.1) formuliT gamoTvlili jamebis sididee-
bis Sedareba. am mizniT agebuli iqna orive gziT miRe-
buli Tviuri jamebis korelaciuri kavSiris grafikebi 

1S∑ T f , 1( )f S= ∑zam T f.eqsp , 1( )D f D=∑ ∑T f, zam T f.eqsp , 

( )Q f Q=∑ ∑T f, zam T f.eqsp , romlebic analizurad warmo-

idgineba wrfivi funqciis saxiT: 
1 10.9 10.0S S= −∑ ∑T f, zam. T f, eqsp.                            (5.45) 

0.9 2.0D S= +∑ ∑T f, zam. T f, eqsp.                           (5.46) 

0.95 15.0Q Q= −∑ ∑T f, zam. T f, eqsp.                       (5.47) 
 
rogorc am gamosaxulebebis analizidan Cans, ja-

mebis gamoTvlili  sidideebi naklebia eqsperimentuli 
gziT miRebul sidideebze. es gansxvaveba meryeobs 3,0-8,0 

( D∑ T f ), 20.0 -40.00 ( 1S∑ T f ) da 23.0-50.0 mj/m2-is saz-

RvrebSi Q∑ T f -s SemTxvevaSi.  jamuri far-is gamosaT-

vlel formulaSi mTavar rols TamaSobs mzis pirdapiri
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 cxrili 5.1.4  
fotosinTezurad aqtiuri mzis  pirdapiri, 
gabneuli, jamuri radiaciis Tviuri da wliuri 
jamebis sidideebi, mj/m. damokidebulebebSi 

( ), ( ), ( )f H fD S QH f H= = =f f f   

 
Tve H, km ∑  

I II III IV V VI 

Sf  100.9 153.2 216.2 279.3 342.4 356.8 

Df  38.5 48.3 66.2 84.0 90.0 95.8 0.4 

Qf  139.4 201.5 282.4 363.3 432.4 452.6 

Sf  133.3 189.2 270.3 342.4 403.6 418.1 

Df  27.6 36.0 48.0 60.0 70.5 75.0 2.2 

Qf  160.9 255.2 318.3 402.4 474.1 493.1 

Sf  162.8 234.3 315.4 369.4 443.3 454.1 

Df  21.5 29.0 42.0 50.5 60.0 65.1 3.1 

Qf  184.3 263.3 357.4 419.9 503.3 519.2 

Sf  170.8 263.1 330.6 390.4 468.5 480.0 

Df  18.0 24.0 34.0 45.2 53.5 57.0 3.8 

Qf  188.8 237.1 364.5 435.6 522.0 537.0 

a 17.5 32.5 35.0 35.0 32.5 35.0 IS∑ f
T b 102.5 127.5 195.0 265.0 337.5 350.0 

a -6.5 -7.0 -8.0 -10.0 -11.1 -10.9 D∑ f
T b 41.5 51.0 67.0 83.0 93.2 98.5 

a 11.5 25.5 27.0 25.0 21.4 24.1 Q∑ f
T b 144.0 178.5 262.0 345.0 450.7 442.5 
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cxrili 5.1.4-is gagrZeleba 
Tve H, km ∑  

VII VIII IX X XI XII wliuri 

Sf  337.0 279.3 225.3 171.2 115.3 75.7 2652.6 

Df  99.2 89.6 66.0 52.5 40.6 35.0 805.7 0.4 

Qf  436.2 368.9 291.3 223.7 155.9 110.7 3458.3 

Sf  389.2 333.4 270.3 198.2 144.2 99.1 3191.3 

Df  79.0 70.5 52.8 39.5 30.0 25.8 614.2 2.2 

Qf  468.7 403.9 323.1 236.7 174.2 124.9 3805.5 

Sf  432.5 369.4 297.3 225.3 169.4 126.3 359.5 

Df  67.6 60.0 43.0 30.9 23.5 19.0 512.1 3.1 

Qf  500.1 429.4 340.3 256.2 192.9 145.3 411.6 

Sf  451.0 380.1 324.4 252.3 189.2 140.0 3840.7 

Df  62.0 52.0 37.8 26.8 19.0 16.0 445.3 3.8 

Qf  513.0 432.1 363.2 279.1 208.2 156.0 4286.0 

a 35.0 32.5 25.2 25.0 22.5 17.5 350.0 IS∑ f
T b 320.0 257.5 214.8 155.0 107.5 72.5 2450.0 

a -11.0 -11.0 -9.5 -8.0 -7.0 -6.5 -80.0 D∑ f
T b 103.0 88.0 73.5 57.0 46.0 39.5 750.0 

a 24.0 21.5 17.2 17.0 15.5 11.0 170.0 Q∑ f
T b 425.0 545.5 288.3 212.0 153.5 112.0 320.0 

 
radiacia. gabneuli radiaciis wvlili mis formirebaSi 
mowmendili cis SemTxvevaSi mcirea dablobi da miT ume-
tes igi umniSvnelo xdeba mTiani da maRalmTiani raione-
bisaTvis. aqedan gamomdinare, eqsperimentuli gziT da 
gamoTvlebis Sedegad  miRebuli sidideebs Soris arsebu-
li gansxvavebis mizezi unda veZioT  mzis pirdapiri radi-
aciis Tviuri jamebis gadamyvani koeficientis sK sidi-
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dis sizustis  gansazRvraSi. SemTxveviTi ar aris, rom sa-
Tanado gamokvlevebSi mniSvnelovani yuradReba eTmoba 
(5.1) formulaSi Semavali gadamyvani koeficientebis si-
dideebis kritikul analizs (37, 65, 155, 136). dadginda, 
rom DK  da sK sidideebi ar warmoadgenen raime universa-
lur mudmivebs da icvlebian adgilis fizikur-geogra-
fiul pirobebze da Rrublianobaze damokidebulebiT. 
magaliTad, DK  da sK  Seadgenen: ukrainis teritoriaze  
0.63 da 0.43, saxalinze 0.50 da 0.43,  Sua aziaSi 0.62 la 0.41. 
minusinskis  raionSi feradi piranometrebis gamoyenebiT 
Catarebuli jamuri far-is registraciis Sedegad dad-
ginda, rom QK -s sidide damokidebulia rogorc amindis 

pirobebze, aseve mzis simaRlezec.  
amrigad, sxvadasxva fizikur-geografiul raio-

nebSi koeficientebis mudmivi sidideebis gamoyeneba 
Sesabamis gamoTvlebSi iZleva eqsperimentuli gziT mi-
Rebuli Sedegebisagan garkveul gansxvavebas, rac aisa-
xa kavkasiis pirobebSi korelaciuri kavSirebis grafi-
kebze da Sesabamis analizur gamosaxulebebze. aqve av-
RniSnavT, rom (155)-Si mocemulia ori koeficientis  

DK  da sK -is nacvlad erTi QK , romlis mniSvneloba ya-

zaxeTis samxreT-aRmosavleTi nawilisTvis icvleba 
0.45-0.52 farglebSi, rac  Seesabameba mowmendili cisa 
da qveda iarusis (Ns, Cb) Rrublianobis pirobebs,  e.i.  

QK -s sidide warmoadgens  moRrublulobis  da Sesaba-

misad misi TaviseburebebiT ganpirorbebuli 
D
Q

 Sefar-

debis funqcias.  
 
 

5.2. axloinfrawiTeli  radiacia 
 
mzis speqtris axloinfrawiTeli  ares Seswavla 

saWiroa rogorc atmosferos optikuri Tvisebebis da-
sadgenad, aseve cocxal organizmebSi (kerZod adamia-
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nebSi) mimdinare fiziologiur procesebze misi bio-
logiuri zemoqmedebis Sesafaseblad.  aRsaniSnavia 
isic,  rom mzis dabali simaRleebis pirobebSi, infrawi-
Teli radiaciis sidide ramdenjerme  aRemateba xilu-
li speqtris  da ultraiisferi radiaciis sidideebs 
radiaciul integralur nakadSi.  

aq ganvixilavT mzis sxivuri energiis speqtris ax-
loinfrawiTeli ares (0,8-2,0mkm) wliuri msvlelobis  
Taviseburebebs centraluri kavkasionis CrdiloeT 
ferdobze 0,4-4,0km simaRleTa sazRvrebSi Cveni staci-
onaruli da savele  dakvirvebebis informaciis anali-
zis safuZvelze   1965-1989 wlebis ganmavlobaSi . dak-
virvebebi tardeboda Termoeleqtruli aqtinometriT 
da minis optikuri SuqfiltriT ИКС-1 mowmendili  cis 
SemTxvevaSi  saTanado meTodikis  rekomendaciebis ga-
moyenebiT (80,81), am Suqfiltris speqtraluri gaSvebis 
mrudi Suqfiltrebis ИКС-2  da ИКС-3-is mrudebTan  
erTad mocemulia nax. 5.2.1.-ze. Suqfiltri  speqtralu-
ri maxasiaTeblebi mowmdeboda speqtrofotometrebiT.  

rogorc cnobilia, mze warmoadgens infrawiTeli 
radiaciis mZlavr wyaros, romlis speqtri   iyofa or 
ared: uaxloes infrawiTel ared (mokletalRian ared) 
0,76-1,4mkm talRis sigrZis diapazoniT (es is sxivebia, 
romlebic Rrmad aRweven  cocxali organizmis da ker-
Zod adamianis sxeulis qsovilebSi). meore Soreul in-
frawiTel, anu grZeltalRiani infrawiTeli gamosxive-
bis ared (1.5-2.4mkm talRis sigrZiT). infrawiTeli radi-
aciis es nawili STainTqmeba  adamianis kanis zeda  fene-
bis mier. mzis infrawiTeli gamosxivebis ares,  romelic 
Seicavs 0.76-3.0 mkm talRis  sigrZeebs medicinaSi ewode-
ba infrawiTeli gamosxivebis praqtikuli gamoyenebis 
are.  

atmosferoSi arsebuli wylis  orTqli  mniSvne-
lovan rols TamaSobs infrawiTeli radiaciis STan-
Tqmis procesSi. cxrilSi 5.2.18 mocemulia wylis or-
Tqlis STanTqmis intensiuri zolebis dasaxeleba da 
maTi  centrebi (mkm). 
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nax. 5.2.1 ИКС-1 Suqfiltris speqtraluri gaSvebis mru-
di (1) 

 
cxrili 5.2.1 
wylis orTqlis STanTqmis zolebi 0,72-2,68 mkm talRe-
bis sigrZis areSi 

 
STanTqmis zoli 

z
o

l
is

 
c

en
t

r
i 

α  β  ρστ  φ  ψ  Ω  1Ω  2Ω  X 

mkm 0.72 0.82 0.93 1.13 1.38 1.80 2.01 2.01 2.68 
 
mzis radiaciis speqtris am nawilSi Jangbads gaaC-

nia STanTqmis A zoli centriT 0,7mkm. magram mis mier 
STanTqmuli radiaciis sidide umniSvneloa. foulis 
(51) mier dadgenili iqna mzis speqtris  infrawiTel 
areSi wylis orTqlis STanTqmasTan dakavSirebiT ener-
giis ganawilebis kanonzomierebebi da STanTqmis sidi-
deebis damokidebuleba atmosferoSi wylis orTqlis 
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saerTo raodenobaze W ( 02.1W e= , sadac 0e  aris wylis 
orTqlis drekadoba dedamiwis zedapirze) SemdegSi ki 
am aresaTvis wylis orTqlis mier radiaciis STan-
Tqmul sidideebsa da W -s Soris damokidebuleba war-
modgenili iqna eqsponencialurad klebadi funqciis 
saxiT: 

 

             0,
k wS S e λ

λ λ
Δ−

Δ Δ=                                                (5.48) 

 
sadac S λΔ  da 0,S λΔ  arian atmosferoSi gaRweuli da 

mis zeda sazRvarze dacemuli radiaciis speqtraluri 
nakadis sidideebi. K λΔ  STanTqmis speqtraluri koefi-

cienti. atmosferos  masis 1m =  mniSvnelobisaTvis  
STanTqmis saSualo sidideebi Seadgenen 8 -10%-s. 

unda aRiniSnos, rom wyals wylis orTqlTan Seda-
rebiT gaaCnia  infrawiTeli radiaciis STanTqmis gaci-
lebiT intensiuri zolebi, romlebic gadaweulia 
wylis orTqlis STanTqmis zolebTan SedarebiT mar-
jvniv grZeli talRebis mxares. magram atmosferoSi 
wyali SedarebiT nakleb rols TamaSobs infrawiTeli 
radiaciis  saerTo STanTqmaSi, vinaidan wylis masis 
udidesi nawili imyofeba orTqlis mdgomareobaSi. 

rogorc aRvniSneT 0,76-3,0 mkm talRebis diapazo-
nis infrawiTeli gamosxivebis ares medi cinaSi ewodeba 
praqtikuli gamoyenebis are, vinaidan igi axdens mniS-
vnelovan gavlenas adamianis organizmis fiziologiur 
cxovelqmedebaze, rogorc uSualod (misi kanis safa-
ris mier STanTqmis Sedegad), aseve  zogierTi meteoe-
lementis meSveobiT (atmosferuli wneva haeris tempe-
ratura da fardobiTi tenianoba). haeris temperatu-
ris da fardobiTi tenianobis 100%-mde  zrda sinqro-
nulad dabali atmosferuli wnevis pirobebSi, rasac 
Tan sdevs haerSi Jangbadis Semcvelobis da misi parcia-
luri wnevis vardna (romelic ase aucilebelia arteri-
uli sisxlis JangbadiT gajerebisaTvis) mZime sis-
xlZarRvovani daavadebebis dros did saSiSroebas uq-
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mnis  adamianis sicocxles. mzis infrawiTeli gamosxi-
veba xelovnur wyaroebTan SedarebiT, gacilebiT mdi-
daria mokletalRiani sxivebiT, romlebic mtkivneuli 
SegrZnebis gareSe Rrmad atanen adamianis organizmis 
qsovilebSi. infrawiTeli gamosxiveba, rogorc Termi-
uli zemoqmedebis mimarT mgrZnobiare nervebis dabo-
loebebis mZlavri gamaRizianebeli, mTavar rols Tama-
Sobs adamianis organizmis TermoregulaciaSi sis-
xlZarRvebis gamtarunarianobis cvalebadobisa da 
maTSi sisxlis gadanawilebis gziT (71) infrawiTeli ra-
diaciis gavlena mniSvnelovania adamianis kanis safaris 
pigmentaciis procesSi. adamianis kani pigmentaciis ga-
reSe STanTqavs  infrawiTeli radiaciis 38%-s, xolo 
pigmentaciis SemTxvevaSi 58%-s. mcenareebis foTlebi 
atareben, an aireklaven maT zedapirze dacemuli in-
frawiTeli radiaciis did nawils, vinaidan qlorofi-
li mas ar STanTqavs. amis Sedegad arsebobda mosazreba, 
rom axlo infrawiTeli  radiacia saerTod ar iRebs mo-
nawileobas fotosinTezis procesSi. magram rogorc 
eqsperimentebiT dadginda, infrawiTeli radiaciis na-
mati  mniSvnelovnad zrdis mcenareebis mier biomasis 
warmoqmnas da gavlenas axdens maTSi mimdinare fotot-
ropiul da zrdis procesebze. garda amisa, infrawiTel 
gamosxivebas, rogorc siTbur energiis wyaros, gansaka-
uTrebiT dabali Termuli reJimis pirobebSi, didi eko-
logiuri mniSvnelobac aqvs. infrawiTeli radiacia av-
tonomiurad nakleb aqtiuria baqtericiduli Tval-
sazrisiT, magram ultraiisfer da xilul sxivebTan 
sinqronuli moqmedebisas igi sagrZnoblad amaRlebs 
maT baqtericidul aqtiurobas (71). 

rogorc cnobilia,  adamianis kanis safars gaaCnia 
organizmis rogorc meqanikuri, aseve imunobiologiu-
ri dacvis funqciebi. cnobilia, rom kanis infrawiTeli 
radiaciisagan xangrZlivi izolacia iwvevs organizmis 
imunobiologiuri damcavi meqanizmis dazustebas. in-
frawiTeli radiaciis mokletalRiani nawilis adamia-
nis organizmSi 4 sm siRrmemde SeRwevis Sedegad xdeba 
masSi radiaciuli siTbos danakargebis kompensacia da 
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Sinagani sasicocxlo mniSvnelovani organoebis mudmi-
vi Termiuli reJimis  (370) formireba. unda aRvniSnoT, 
rom Cveni kvlevis mizans ar warmoadgens infrawiTeli 
radiaciis fiziologiuri aspeqtebis ganxilva. Cven aq 
moviyvaneT am sakiTxTan dakavSirebuli zogierTi maga-
liTi, romlebic warmodgenas iZlevian mzis sxivuri 
energiis am speqtralur ares fiziologiur da ekolo-
giur mniSvnelobaze. rogorc Cveni dakvirvebebis Sede-
gebis analizma gviCvena, centraluri kavkasionis piro-
bebSi mzis speqtris axloinfrawiTeli ares intensivo-
ba, iseve rogorc integraluri nakadis SemTxvevaSi, 
maqsimaluria SuadRis saaTebSi, rac gansakuTrebiT 
mkveTrad  aris gamoxatuli horizontaluri zedapiri-
saTvis, romlisTvisac weliwadis ganmavlobaSi infra-
wiTeli radiaciis intensivobis maqsimumi aRiniSneba 
ivnisSi, minimumi — dekemberSi. mzis sxivisadmi norma-
lur zedapirze maqsimums adgili aqvs TebervalSi da 
martSi (rodesac mzis simaRle SesamCnevad matulobs, 
atmosferos tenianoba ki jer kidev rCeba SedarebiT 
dabali), minimums — zafxulis  TveebSi (mzis simaRlis 
fiqsirebuli mniSvnelobisaTvis). mowmendili cis Sem-
TxvevaSi  mzis sxivisadmi normalur sibrtyeSi, infra-
wiTeli radiaciis intensivobis saSualo sidideebi 
mzis simaRleze damokidebulebiT centraluri kavka-
sionisaTvis (0,4-3,8) mocemulia cxrilSi 5.2.2. 

 rogorc mzis, aseve adgilis absoluturi simaR-

lis matebis SemTxvevaSi S0 w. -is sidide matulobs. unda 

aRiniSnos, rom infrawiTeli radiaciis intensivobis 
mateba adgilis simaRlis zrdasTan dakavSirebiT Svei-
cariis alpebSi dadgenili da raodenobrivad Sefase-
buli iqna s. dornos (46) mier.  Cveni monacemebis Tanax-
mad,  centralur kavkasionze adgilis simaRlis zrdi-

sas 0,4-3,8km sazRvrebSi. S0 w.  -s saSualo sidide  ianvar-

Si ( 0h -s 5-300-s diapazonisaTvis) izrdeba 0,19-0,24, ag-

vistoSi ( 0h -s cvlilebas  10-700-is sazRvrebSi) 0,14-0,19 
kvt/m2-iT, mowmendili cis SemTxvevaSi  mzis sxivisadmi 
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normalur sibrtyeSi infrawiTeli radiaciis intensi-
vobis saSuadReo sidideebi mocemulia cxrilSi 5.2.3. 
rogorc am cxrilidan Cans, adgilis simaRlis zrdisas 
0,4-3,8 km simaRleTa diapazonSi sxvaobis 3,8 0,4S S−   sidi-

de saSualod  Seadgens zamTarSi 0,17, gazafxulze 0,13, 
zafxulSi 0,16, Semodgomaze  0,18kvt/m2-s. infrawiTeli  
radiaciis saSuadReo intensivobis (12  sT., 30 wuTi)  se-
zonuri vertikaluri  gradienti Seadgens gazafxulze 
0,04,  weliwadis danarCeni sezonebisTvis 0.05kvt/m2-s 1 
km simaRleze. saSualo Tviuri gradientebis sidide 
ramdenadme gansxvavdeba saSualo sezonuri gradiente-
bis sididisagan: magaliTad, ianvarSi igi Seadgens 0.053, 
martSi 0,040, agvistoSi 0,044, oqtomberSi 0,053kvt/m2-s 
1 km simaRleze.  

damokidebulebebi ( )S f H=0 w.  da IS0 w. , sadac H mo-

cemulia km-Si. S0 w.  da IS0 w.  kvt/m2-Si, analizurad war-

moidginebian wrfivi funqciis saxiT: 
ianvari  

 
020

0.480 0.075

h

S H

=

= +
0

0 w.

                                              (5.49) 

 
025.9 ( )

0.235 0.025I

h

S H

=

= +
0

0 w.

12 sT. 30 wT
                                        (5.50) 

agvisto  
020

0.330 0.055

h

S H

=

= +
0

0 w.

                                              (5.51) 

060.7 ( )

0.405 0.045I

h

S H

=

= +
0

0 w.

12 sT. 30 wT
                                       (5.52) 
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cxrili 5.2.2. 
infrawiTeli radiaciis saSualo intensivoba, kvt/m2 

 

 h0   gradusi Tve H,  
km 

5 10 20 30 40 50 60 70 
0.4 0.35 0.42 0.50      
2.2 0.47 0.54 0.62      
3.1 0.53 0.60 0.69      

 
I 

3.8 0.56 0.66 0.73      
0.4 0.18 0.30 0.45 0.53 0.55 0.57   
2.2 - - 0.54 0.59 0.60 0.62   
3.1 - - 0.58 0.62 0.64 0.66   

 
IV 

3.8 - - 0.63 0.64 0.66 0.69   
0.4 - - 0.36 0.43 0.48 0.50 0.51 0.53 
2.2 - - 0.46 0.52 0.53 0.655 0.57 0.58 

VII 

3.1 0.35 0.43 0.53 0.57 0.60 0.62 0.64 0.65 
 3.8 0.38 0.48 0.54 0.59 0.63 0.64 0.66 0.67 

0.4 - 0.32 0.44 0.49 0.53    
2.2 0.42 0.650 0.56 0.60 0.62    
3.1 0.45 0.52 0.59 0.64 0.66    

X 

3.8 0.48 0.54 0.60 0.66 0.70    
 

cxrili 5.2.3 
mzis sxivisadmi normalur sibrtyeSi infrawiTeli ra-
diaciis intensivobis saSuadReo saSualo mniSvnelobe-
bi, kvt/m2 

 

Tve H 
km I  II III IV V VI 
0.4 0.55 0.62 0.58 0.58 0.56 0.54 
2.2 0.64 0.67 0.65 0.63 0.62 0.58 
3.1 0.70 0.72 0.70 0.67 0.67 0.66 
3.8 0.73 0.76 0.73 0.69 0.69 0.70 

 

Tve H 
km VII VIII IX X XI XII 
0.4 0.53 0.49 0.51 0.53 0.53 0.54 
2.2 0.58 0.56 0.58 0.61 0.62 0.63 
3.1 0.65 0.62 0.64 0.66 0.67 0.69 
3.8 0.67 0.66 0.68 0.70 0.71 0.73 



 238 

(5.49)-(5.52) gamosaxulebebiT gamoTvlil da dak-

virvebiT miRebul IS0 w. -s sidideebs Soris absoluturi 

gadaxris maqsimumi ar aRemateba 0,01kvt/m2. wrfivi fun-
qciis saxiT warmoidgineba agreTve damokidebuleba 

0( )IS f h=0 w.  im SemTxvevaSi, rodesac 040h p0  

0( )S f h=0 w.  ki warmoidgineba  meore rigis parabolas 

saxiT; magaliTad, CegeTis pikis (3.1km) monacemebiT Te-
bervlisaTvis: 

00.013 0.04IS h= −0 w.                                                    (5.53) 
2

0 00.427 0.017 0.00025S h h= + −0 w.                          (5.54) 

mzis simaRlis matebisas ianvarSi 50-dan 250-mde S0 w.  

izrdeba dablob raionebSi 0.35-dan 0.55kvt/m2-mde, ma-

RalmTian raionebSi (3,8km) 0,56-dan 0,73kvt/m2-mde.   IS0 w.  

ki 0,03dan 0,23 kvt/m2-mde dablob da 0.054-dan 0.0310 

kvt/m2-mde maRalmTian raionebSi (3,8km). ivlisSi h0 -s 

cvlilebisas 200-dan 700-mde S0 w.  izrdeba 0,36-dan 

0,53kvt/m2-mde dablob da 0,54-dan 0,67kvt/m2-mde  maRal-

mTian raionebSi (3,8km) IS0 w.  ki 0,12-dan 0,50-kvt/m2-mde  

dablob da 0,18-dan 0,57kvt/m2-mde. maRalmTian raionebSi 
(3,8km). atmosferos  gamWvirvalobis ryevebis Sedegad  

S0 w.  da IS0 w. -s sidideebi icvlebian 1,5-jer  SuadRis da 

TiTqmis 3,0-jer   dilis da saRamos saaTebSi, maRalmTi-
an raionebSi maTi cvlilebis diapazoni mcirdeba.  

atmosferos saSualo gamWvirvalobis pirobebSi, 
rac z. pivovarovas (74) Tanaxmad Seadgens  0,I722-0,764-s, 
sxvisadmi normalur sibrtyeSi infrawiTeli radiaciis 

wvlili integralur mzis pirdapir radiaciaSi 
S
S
0 w.

0 

 

mzis simaRlis matebisas 50-dan 700-mde  saSualod mcir-
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deba 0,92-dan 0,61-mde . 
S
S
0 w.

0 

-is maqsimaluri  Semcireba  

aRiniSneba mzis simaRlis cvlilebisas 5-300-is fargleb-
Si. 30-700-is diapazonSi am Sefardebis sidideebi  icvle-
bian umniSvnelod (5.2.2.). aRsaniSnavia, rom sluckSi, sa-
dac infrawiTeli radiaciis registracia tardeboda 

Sotis RG-5 filtris (0.66-2.80mkm) gamoyenebiT 
S
S
0 w.

0 

 -is  

sidide 0h -is zrdisas 2-500-is farglebSi mcirdeboda 
0,88-0,57-is sazRvrebSi. amasTanave am Sefardebis maqsi-
maluri Semcireba aRiniSneboda  mzis simaRlis zrdisas  

20-dan 300-mde (46)-Sia  aRniSnuli. 
S
S
0 w.

0 

-is sidideebis Sem-

cireba 0,88-dan 0,63-mde  h0 -is zrdisas 5-500-is far-
glebSi dadgenili iqna agreTve dornos mier Sveicariis 
alpebSi 2470m simaRleze, magram im gansxvavebiT, rom am 

simaRleze S0 w. -s procentuli Semadgenloba 0S -Si mzis 

simaRlis fiqsirebuli  mniSvnelobisaTvis  meti iyo 
vidre sluckSi, rac aixsneba maRalmTian raionebSi at-
mosferoSi wylis orTqlis Semcvelobis vardniT da Se-
sabamisad infrawiTeli radiaciis STanTqmis intensivo-

bis SemcirebiT. analogiuri saxis tendenciebi 
S
S
0 w.

0 

-is 

SemcirebaSi mzis simaRlis matebis SemTxvevaSi  da in-
tegralur nakadSi infrawiTeli radiaciis procentuli 
Semadgenlobis zrdaSi adgilis absoluturi  simaRlis 
zrdis sinqronulad Cvens mier dafiqsirda  centralu-
ri kavkasionis pirobebSic. gansazRvruli punqtisaTvis 
weliwadis ganmavlobaSi mzis simaRlis mudmivi mniSvne-

lobebisaTvis 
S
S
0 w.

0 

-is cvlilebis diapazoni aris weli-
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wadis drois (sezonis) funqcia, rac ZiriTadad ganpiro-
bebulia atmosferos tenSemcvelobis cvalebadobiT. 
Cveni monacemebiT yabardos vakeze (0,4km) mzis simaRlis 

cvlilebisas 00-dan 700-mde 
S
S
0 w.

0 

-is diapazoni viwrovde-

ba 22-dan 3%-mde. maRalmTian raionebSi ki (CegeTis piki, 
3,1km) 12-dan 3%mde.  

amrigad, mzis dabali simaRleebis pirobebSi 
S
S
0 w.

0 

-

is cvlilebebis diapazoni dablobi raionebisaTvis ga-
cilebiT metia maRalmTian raionebTan SedarebiT, rac 
ganpirobebulia atmosferos tenSemcvelobis mciream-
plitudiani wliuri svliT did absolutur simaRleeb-

ze. damokidebuleba 2( )
S

f T
S

=0 w.

0 

,  sadac  2T aris 2m =   

masaze miyvanili simRvrivis  faqtori, yabardos vaki-
saTvis analizurad warmoidgineba wrfivi funqciis sa-
xiT: 

010h =0  , 20.570 0.038
S

m T
S

= +0 w.

0 

        (5.55) 

050h =0 , 20.440 0.025
S

m T
S

= +0 w.

0 

                        (5.56) 

070h =0 , 20.420 0.022
S

m T
S

= +0 w.

0 

                      (5.57)  

atmosferos tenSemcvelobis zrdisas adgili aqvs 

S
S
0 w.

0 

 sididis Semcirebas.  magaliTad, rodesac W iz-

rdeba 1,5-2,5 sm-is farglebSi 
S
S
0 w.

0 

 mcirdeba 4%-iT.  
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nax. 5.2.2 damokidebulebebi ( )
S

f h
S Θ=0 w.

0 

 mowmendili 

cis SemTxvevaSi.  
 

mzis simaRlis fiqsirebuli mniSvnelobisaTvs S0 w.  

-s maqsimumi aRiniSneba  weliwadis civ, minimumi Tbil 
periodSi (cxr. 5.2.3). analogiuri Sedegi  miRebulia 
sluckSi, yaradaRSi (yirimi) da sxva punqtebSi (magali-
Tad, moskovi). ori faqtoris — mzis simaRlis da atmos-
feros  tenSemcvelobis wliuri svlis Taviseburebebis 
sinqronuli gavlena mkafiod mJRavndeba mzis pirdapi-
ri radiaciis integraluri da axloinfrawiTeli naka-
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debis dRiuri msvlelobis mrudebis urTierTganlage-
bis  cvlilebiT weliwadis civi da Tbili periodisaT-
vis. rogorc mzis  sxivisadmi normalur da horizonta-
lur zedapirebze,  radiaciis integraluri da infrawi-
Teli nakadebis dRiuri svlis mrudebis analizidan 
Cans (yabardos vake 29.II, 13.VIII. 1967w.), centraluri kav-
kasionis winamTaSi weliwadis sezonze damokidebule-
biT  mrudebis urTierTganlagebis wesi icvleba (nax. 
5.2.3).: agvistoSi yvelaze maRali mdebareoba ukavia in-
tegraluri radiaciis dRiuri msvlelobis mrudebs 
(1,2) orive zedapirisaTvis, dabali — infrawiTeli ra-
diaciis dRe-Ramuri  msvlelobis mrudebs (`a~ da `b~). 
TebervalSi mrudebis ganlagebis wesi  diametriulad 
icvleba: yvelaze maRali mdebareoba ukavia mzis sxivi-
sadmi normalur  zedapirze integraluri radiaciis  1 
mruds, mis qvemoT ukve ganlagebulia amave zedapirze 
axolinfrawiTeli radiaciis mrudi `a~, am mrudis qve-
moT galagebulia horizontalur zedapirze integra-
luri radiaciis mrudi — 2, rogorc zafxulSi (VIII), ase-
ve zamTarSi (II)  yvelaze dabali mdebareoba ukavia ho-
rizontaluri zedapirisaTvis infrawiTeli radiaciis 
`b~ mruds.  analogiur movlenas adgili aqvs mTiani da 
maRalmTiani raionebisaTvisac. unda aRiniSnos, rom ax-
loinfrawiTeli da integraluri radiaciis dRiuri 
msvlelobis specifika weliwadis periodze damokide-
bulebiT dablobi raionebisaTvis pirvelad dadgenili 
iqna (46)-Si. rogorc aRvniSneT integraluri da axlo 
infrawiTeli radiaciis intensivobis sidide damokide-
bulia ori faqtoris, mzis simaRlis da haeris teniano-
bis erTobliv moqmedebaze. ris Sedegad adgili aqvs 
erT-erTi maTganis prevalirebul gavlenas weliwadis 
sezonze damokidebulebiT. analogiur movlenas adgi-
li aqvs kavkasiis mTiani da maRalmTiani raionebisTvi-
sac. grZeltalRiani (0,7-2,8mkm) da mokletalRiani  (0,3-
0,7 mkm) speqtraluri areebisaTvis gamoTvlili iqna 
linkes simRvrivis  faqtoris T sidideebi: 
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lg lglg
lg lg lg

S SmPT
P S S

−
= =

−
0 

0 d 0 0 d

                                       (5.58) 

sadac lg P  da lg P0 d  arian mzis radiaciis Sesuste-

bis koeificientebi realur da idealur atmosferoSi. 

S0  aris mocemuli speqtraluri  aresaTvis mzis pirda-
piri radiaciis saSualo intensivoba atmosferos zeda 
sazRvarze. mzis pirdapiri radiaciis sidideebi idea-
lur atmosferoSi da atmosferos zeda sazRvarze gan-
sazRvruli iqna mzis radiaciis speqtraluri Semadgen-

lobis cxrilebis saSualebiT (138). S0 d.  aris mzis pir-

dapiri  radiaciis intensivoba speqtris mocemuli are-
saTvis idealur atmosferoSi optikuri masis sidideze 
damokidebulebiT. Sm  warmoadgens radiaciis  intensi-
vobis saSualo sidides mocemuli speqtraluri are-
saTvis atmosferos masis m im mniSvnelobisaTvis, rom-

lisTvisac ganisazRvreba S0 d. . m is Sesabamisi Sm -is 

saSualo sidideebi mokletalRiani da grZeltalRiani 
areebisaTvis aRebuli iqna TiToeuli TvisaTvis agebu-
li ( )Sm f m=  damokidebulebebis mrudebidan, romle-
bic miyvanili iqna mzesa da dedamiwas Soris manZilis 
saSualo mniSvnelobaze. miRebuli Sedegebis Sedarebis 
mizniT sxvadasxva absolutur simaRleze miRebuli  
T -s sidideebi miyvanilia erT absolutur masaze 
( 2m= ). mzis sxivuri energiis speqtris mokletalRiani 
ares  intensivobis sidideebi gamoTvlili iqna rogorc 
integraluri da grZeltalRiani radiaciis intensivo-
bis sxvaobebi. adgilis simaRlis  matebisas 0,4-3,8 km-is 
sazRvrebSi simRvrivis faqtoris saSualo Tviuri si-
dide  speqtris grZeltalRiani da mokletalRiani are-
ebisaTvis, magaliTad, ianvarSi Sesabamisad  mcirdeba 
3.8 da 2,2-dan 1,9 da 1.2-mde. simRvrivis  faqtoris saSua-
lo Tviuri sidideebi maqsimaluria zafxulis, minima-
luria zamTris TveebSi. infrawiTeli radiaciis Tviu-
ri (wliuri) jamebi adgilis absoluturi simaRlis 
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zrdisas  matuloben.  horizontaluri zedapirisaTvis 

damokidebulebebi 1 ( )S f H=∑ T 0 w. , 1 ( )S f H=∑w 0 w.  ana-

lizurad warmoidginebian  wrfivi funqciis saxiT. 
wrfiv funqciebSi Semavali koeficientebiT (a,b) sidi-

deebi mocemulia cxrilSi 5.2.4. 1S∑ T 0 w.  -is maqsimumi  

aRiniSneba  ivnisSi, minimumi dekemberSi. absoluturi 
simaRlis zrdisas zRvis donidan 4km-mde Tviuri jamis 
sidide matulobs ivnisSi 187,9mj/m2-iT, dekemberSi 
50,0mj/m2-iT,  weliwadis jamebi ki 1348,4 mj/m2-iT. mzis 
sxivisadmi normalur zedapirze  infrawiTeli radia-

ciis Tviuri S∑ T 0 w.  da wliuri S∑ T 0 w. t jamebi adgi-

lis absoluturi simaRlis zrdisas, iseve rogorc ho-
rizontaluri zedapiris SemTxvevaSi, matuloben da 

aRweven maqsimums 4 km-ze. S∑ T 0 w. -is sidideebi absolu-

turi simaRlis zrdisas 0-4 km  sazRvrebSi matulobs 
ivnisSi 300,0 mj/m2-iT, dekemberSi  140.0mj/m2-iT. damoki-

debulebebi ( )S f H=∑ T 0 w.  aproqsirirdebian wrfivi 

funqciebis saxiT:  
 

dekemberi: 415.0 35.0S H= +∑ T 0 w.                    (5.59) 

ivnisi: 650.0 75.0S H= +∑ T 0 w.                             (5.60) 

 
(5.60)-(5.61) damokidebulebebiT gamoTvlil da 

dakvirvebebiT miRebul jamebs Soris gansxvaveba ar 
aRemateba 10.0± mj/m2-s. 

infrawiTeli  radiaciis jamebi s wils integralu-
ri radiaciis jamebSi horizontaluri zedapiris Sem-
TxvevaSi gaaCnia mkveTrad gamoxatuli wliuri msvle-
loba maqsimumiT zamTris da minimumiT zafxulis Tve-
ebSi, rac ganpirobebulia  atmosferos tenSemcvelo-
bis da aerozoluri daWuWyianebis wliuri svlis Tavi-
seburebebiT. magaliTad,  dablob raionebSi (yabardos 
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nax. 5.2.3 radiaciis integraluri da infrawiTeli naka-
debi dRiuri svla 
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cxrili 5.2.4 
S∑

T

   da S∑
w

-is  sidideebi horizontalur zedapirze 

mj/m2, S aH B= +∑
T

 da S aH B= +∑
w

 damokidebulebebSi 

Semavali koeficientebis (a, b) sidideebi (Ria horizonti) 
 

Tve H, km 
I  II III IV V VI VII 

0 148.0 232.1 317.5 370.1 405.0 440.1 419.5 
1 168.1 248.2 335.4 400.0 454.0 495.0 432.0 
2 188.5 264.5 371.0 431.0 504.0 542.1 502.0 
3 200.0 284.1 395.0 465.0 542.0 596.2 560.6 
4 210.5 310.0 419.0 490.0 586.7 628.0 605.0 

a 17.5 20.0 27.5 35.0 45.0 45.0 50.0 
b 148.5 225.0 307.5 355.0 450.0 450.0 410.5 

 
Tve H, km 

VIII IX X XI XII wliuri 
0 380.0 315.5 230.5 159.4 118.0 3532.7 
1 415.5 340.6 245.0 170.5 130.5 3864.8 
2 460.5 370.4 260.0 190.4 141.0 4225.4 
3 490.6 395.0 270.4 204.0 155.3 4558.2 
4 538.0 430.0 292.4 225.5 168.0 488.1 

a 40.0 30.0 15.2 17.5 12.5 346.7 
b 375.0 310.0 230.0 157.5 112.5 3518.1 

 

vake) 
1

1

S
S

∑
∑

T 0 w.

T  

 Seadgens dekemberSi 0,63-s. ivnisSi 0,56-s. 

horizontalur zedapirze 1S∑w 0 w. -s vertikaluri gra-

dientis  idide Seadgens saSualod 34,0mj/m2-s 100m si-
maRleze, mzis sxivisadmi normalur zedapirze 

1S∑w 0 w. -s vertikaluri  gradientis sidide absolutu-

ri simaRlis zrdisas 0-4 km  diapazonSi matulobs 75,0 
mj/m2-dan (0-1km) 90,0mj/m2-mde (3-4km). 
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Tavi 6 

 

mzis sxivuri energiis praqtikuli  

gamoyenebis perspeqtivebi 

 
saxalxo meurneobis rigi praqtikuli probleme-

bis warmatebiT gadaWrisaTvis aucilebelia meteoro-
logiuri, maT Soris radiaciuli faqtorebis gaTva-
liswineba. mzis sxivuri energiis informaciis momxma-
rebelTa farTo wridan aRsaniSnavia saproeqto da ma-
gegmarebeli organizaciebi, romlebic informacias 
iyeneben saZiebo da saproeqto samuSaoebis warmoebisas  
mSeneblobaSi, is saxalxo-sameurneo organizaciebic 
romlebic yoveldRiur praqtikaSi sargebloben am sa-
xis informaciiT,  magaliTad,  helioenergetikuli da-
nadgarebisa eqspluataciis procesSi, helioTerapiaSi  
sanatoriumebsa da samkurnalo dawesebulebebSi — ra-
diaciis integraluri da speqtraluri nakadebis bio-
dozirebaSi, rac damokidebulia meteorologiuri da 
radiaciuli parametrebis variaciaze da maTze adamia-
nis organizmis mravalmxrivi fiziologiuri reaqcie-
bis Taviseburebaze. am parametrebis gavlena adamianis 
organizmze xasiaTdeba e.w.  radiaciul-eqvivalenturi 
efeqturi temperaturebiT, romlebic iTvaliswineben, 
garda iseTi meteorologiuri  elementebisa, rogori-
ca haeris   temperatura,  tenianoba da qaris siCqare, 
agreTve adamianis kanis safarze dacemuli jamuri  da 
mis mier STanTqmuli radiaciis sidideebs, rasac didi  
mniSvneloba aqvs kanis safaris  radiaciuli da siTbu-
ri balansis  da Sesabamisad adamianis organizmisaTvis 
komfortuli pirobebis formirebaSi. rogorc me-5 
TavSi iyo aRniSnuli,  mzis sxivuri energia uaRresad 
mniSvnelovan rols TamaSobs bunebrivi da agrofito-
cenozebis biologiuri mosavlianobis da maTi biokli-
maturi potencialis procesSi.  monacemebi (mzis pir-
dapiri, gabneuli, jamuri radiaciis efeqturi gamosxi-
vebis, radiaciuli balansis Sesaxeb), farTo gamoyene-
bas pouloben iseTi konkretuli praqtikulad mniSvne-
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lovani amocanebis gadawyvetaSic, rogoricaa adgilis  
mikroklimaturi Taviseburebebis Sefaseba. wayinvebis, 
wyalsacavebSi yinulis safaris mwarmoqmnis da misi 
rRvevis momentebis operatiuli prognozebis Sedgena, 
niadagis tenianobis xarisxis Sefaseba,  wyalsacavebis 
da sasoflo-sameurneo savargulebis qvefenili zeda-
piris siTburi balansis mdgenelebis da aorTqlebis si-
dideebis gamoTvla, mTian raionebSi  insolaciuri da 
sublimaciuri diaftorebis tipis zvavebis prognozi-
reba da sxva. saproeqto da samSeneblo organizaciebis 
moqmedi saxelmwifo standartebi, mSeneblobis normebi 
da wesebi, meToduri saxis miTiTebebi da saxelmZRvane-
loebi,  rogorc wesi, Seicaven aucilebel monacemebs 
horizontalur zedapirze tradiciuli radiaciuli 
maxasiaTeblebis sidideebis Sesaxeb. garda am paramet-
rebisa, aucilebelia informacia,  nagebobebis Semom-
zRudavi konstruqciebis (kedlebi, fanjrebi, saxura-
vebi) sxvadasxva orientaciis da daxrilobis (gare ze-
dapirisaTvis) insolaciis Sesaxeb (78), ra saWiroebs 
daxril zedapirze saTanado dakvirvebebis organize-
bas, radganac izotropuli miaxloebis gamoTvliTi me-
Todebi ver uzrunvelyofen gabneuli, areklili da 
efeqturi gamosxivebis sidideebis  praqtikuli moT-
xovnilebebidan gamomdinare saWiro sizustes. aRsaniS-
navia, rom konkretuli samSeneblo (saeqspluatacio) 
sakiTxebis gadasaWrelad rig SemTxvevebSi reJimuli 
klimatologiuri informaciis gamoyeneba arasakmari-
sia da saWiro xdeba lokaluri meteorologiuri da ra-
diaciuli maxasiaTeblebis operatiuli (myisieri) mniS-
vnelobebis gaTvaliswineba. problemisadmi aseTi mid-
goma arsebiT gavlenas axdens proeqtis optimaluri  
variantisa da obieqtis ganlagebis adgilis raciona-
lur SerCevaze, rac  amarTlebs saTanado Tbofizikuri 
samSeneblo masalis gamoyenebis mizanSewonilebas, ga-
maTbobeli da makondicirebeli sistemis Sesabamisi 
simZlavreebis SerCevas, mzis radiaciisagan  Tavdacvis 
an misi maqsimalurad gamoyenebis sakiTxebis raciona-
lurad gadaWras da sxva. aRsaniSnavia, rom moqmed nor-
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mativebSi da standartebSi aqtinometriuli da meteo-
rologiuri informacia warmodgenilia kompleqsurad, 
rac miuTiTebs  am saxiT maTi gamoyenebis praqtikul 
aqtualobaze (64,143). sakiTxTa, im farTo speqtridan, 
romlis gadaWrisas aucilebelia mzis sxivuri energiis 
maxasiaTeblebis gaTvaliswineba, aq SevexebiT nagebobe-
bis SemomzRudavi konstruqciebis siTburi reJimis ra-
diaciuli faqtorebis daxasiaTebas da helioenergeti-
kuli resursebis teritorul ganawilebas. aqve aRvniS-
navT, rom (128), igi rogorc aq moyvanili farTo speq-
tris problematikis konkretul magaliTze, Cvens mier 
stavropolis mxarisaTvis raodenobrivad Sefasda  wa-
yinvebis formirebaSi (sinoptikuri situaciebis anali-
zis paralelurad) radiaciuli  faqtoris gavlena ad-
gilis lokaluri  morfologiuri maxasiaTeblebis 
gaTvaliswinebiT. 

 
 

6.1 nagebobebis SemomzRudavi konstruqciebis  
siTburi reJimis radiaciuli faqtorebis  

daxasiaTeba 
 
nagebobebis siTburi reJimi ganisazRvreba siTbos 

Sida wyaroebis da garemos meteorologiuri faqtore-
bis (haeris temperatura, qari, mzis sxivuri energia) 
erToblivi sinqronuli gavleniT. amaTgan radiaciuli 
maxasiaTeblebis roli nagebobis mikroklimatis for-
mirebaSi mniSvnelovania. rogorc avRniSneT, nagebobe-
bis daproeqtebis,  mSeneblobis da eqspluataciis pro-
cesSi aucilebelia adgilis radiaciuli klimatis ma-
xasiaTeblebis gaTvaliswineba, romlebic zogierT Sem-
TxvevaSi gamoiyenebian avtonomiurad umetesad ki sxva 
meteoelementebTan kompleqsSi. Senobebis Tboteqni-
kuri da sxva saxis gaangariSebebSi Sesaferisad SerCeu-
li ZiriTadi klimaturi da radiaciuli  maxasiaTeble-
bi iZlevian  optimaluri saeqspluatacio Tvisebebis 
nagebobebis mSeneblobis garantias. weliwadis civ pe-
riodSi mzis radiacia asrulebs ra gaTbobis damatebi-



 250 

Ti wyaros rols, iZleva SesamCnev ekonomikur efeqts, 
xolo zafxulSi maRali Termuli reJimis pirobebSi igi 
asrulebs im faqtoris rols, romlis negatiuri zemoq-
medebis nivelirebis mizniT, saWiro xdeba damatebiTi 
kapitaluri dabandebebi (Tbomdgradi SemomzRudavi 
konstruqciebis, SuqWrilebis mzisgan  damcavi mowyo-
bilobebis, kondicirebis da ventilaciis sistemebis 
organizacia), rac sagrZnoblad zrdis mSeneblobis 
TviTRirebulebis da saeqspluatacio xarjebs. nagebo-
bebis  SemomzRudavi konstruqciebis sxvadasxva orien-
taciis  da daxrilobis zedapirisaTvis mzis sxivuri 
energiis gavlenis raodenobrivi Sefasebis mizniT saWi-
roa misi droSi da sivrceSi cvlilebebis kanonzomie-
rebebis  dadgena. samSeneblo praqtikaSi mzis radiaci-
is  gaTvaliswinebis mizniT gamoiyeneba Teoriuli ga-
moTvlebi, modelireba da grafikuli meTodebi, rac Zi-
riTadad, ganpirobebulia saTanado eqsperimentuli 
monacemebis ukmarisobiT an ararsebobiT. gamoTvliTi 
meTodebi, romelSic radiaciuli balansis rigi mdge-
nelebis sidideebis gansazRvris mizniT gamoiyeneba 
izotropuli miaxloebis formulebi, rogorc iyo aR-
niSnuli, iZlevian aradamakmayofilebel Sedegebs. 
amasTan paralelurad ganisazRvreba mzis naTebis xan-
grZlioba, Senobis orientaciis da arqiteqturuli Ta-
viseburebebis gaTvaliswinebiT masSi radiaciis SeRwe-
vis siRrme da sidide, horizontis  is seqtorebi, ro-
melTa orientacia radiaciuli moTxovnilebis gaTva-
liswinebiT nagebobisaTvis xelsayrelia da piriqiT.  

rogorc cnobilia, nagebobebis siTburi reJimi 
damokidebulia SemomzRudavi konstruqciebis gare ze-
dapirze Tbocvlis kondeqtiuri, infiltraciuli da 
radiaciuli nakadebiT, agreTve siTbos im raodenobiT, 
romelic gamoiyofa Senobis eqspluataciis  procesSi 
misi siTburi reJimis regulirebiT (gaTboba, haeris 
kondicireba, ventilacia da sxva). Tu mxedvelobaSi ar 
miviRebT siTbos im nakadebs, romlebic ganpirobebu-
lia weliwadis ganmavlobaSi Senobis siTburi reJimis 
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regulirebiT, maSin misi siTburi balansi  warmoidgi-
neba Semdegi gantolebis saxiT: 

B P V Q= + −                                                                 (6.1) 

sadac P  da V  aris Sesabamisad konduqtiuri (mo-
lekuluri) TbogamtarobiT  da infiltraciuli haer-
cvliT ganpirobebuli Tbodanakargebi, Q  aris radia-

ciuli siTbos nakadi. P -s sidide ganisazRvreba for-
muliT: 

1 2t tP
R
−

=                                                                         (6.2) 

 
sadac 1t  da 2t  aris haeris temperaturis sidideebi 

Senobis SigniT da gareT, R  SemomzRudavi konstruqci-
ebis saSualo Termuli winaRoba  

1 2( )( )V f V t t= −                                                              (6.3) 

( )f V  aris qaris siCqaris funqcia  

0 0 0Q Sσ ε=                                                                         (6.4) 

0σ  aris SuqWrilebis farTobi, 0S  — SuqWrilebis 

zedapirze dacemuli jamuri radiaciis nakadi, 0ε  — 

SuqWrilebis gaSvebis koeficienti, Q  aris radiaciis 
is nakadi, romelic SuqWrilebidan Sedis Senobis Sig-
niT, igi warmoadgens mzis pirdapiri, cis TaRis mier 
gabneuli da qvefenili zedapiridan (an mezobeli nage-
bobebidan) areklili radiaciebis jams.  

amrigad, Senobis SemozRudav konstruqciebze 
Termuli datvirTva xorcieldeba haeris temperatu-
ris, radiaciisa da qaris erToblivi moqmedebis Sede-
gad. weliwadis civ periodSi radiaciuli siTbos sim-
ciris da 1t  da 2t  temperaturebs Soris didi gansxvave-
bis Sedegad nagebobis Tbodanakargebis sidideebis 
formirebaSi mTavar rols TamaSobs konduqtiuri da 
infiltraciuli Tbodanakargebi, Semodgomisa da ga-
zafxulis TveebSi ki jamuri radiaciis zrdis Sedegad 
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SenobaSi SeRweuli radiaciuli siTbo xdeba Tavisi si-
didiT konduqtiuri Tbodanakargebis tolfasi. saer-
To SemTxvevaSi  radiaciuli Tbocvlis meqanizmi nage-
bobebsa da garemos Soris xasiaTdeba gansazRvruli   
sirTuleebiT. SemomzRudavi konstruqciebis gareSe 
zedapirze dacemuli jamuri radiacia nawilobriv ai-
rekleba, nawilobriv STainTqmeba  da nawilobriv masSi 
gadis. Tavis mxriv  isini asxiveben grZeltalRian radi-
acias, maTze ki ecema atmosferos qvefenili zedapiris 
da garSemo arsebuli obieqtebis mier gamosxivebuli 
grZeltalRiani radiaciis nakadebi. magram radiaciis 
am saxeobebidan im SenobebisaTvis, romelTa SuqWrile-
bis farTobi Seadgens SemomzRudavi konstruqciebis 
saerTo farTobis 15-20%-s, siTburi reJimis formire-
baSi mTavar rols TamaSobs SuqWrilebSi SewReuli mok-
letalRiani radiaciis nakadebi. am garemoebis gaTva-
liswinebiT samSeneblo normebsa da wesebSi, yofil sab-
WoTa kavSiris samxreT raionebSi, akrZaluli iyo binis 
yvela sacxovrebeli oTaxis samxreT-dasavleTis mimar-

TulebiT 023±  - is farglebSi  orientacia, rac zafxu-
lis cxel dReebSi gamoricxavda binis gadaxurebas.  

rogorc cnobilia (52), vertikalur zedapirze (ke-
delze) dacemuli  mzis pirdapiri radiaciis intensi-
voba SΘ  gamoiTvleba formuliT: 

 

0cosh cos( )S S A AΘ Θ= −                                               (6.5) 
 
sadac S  aris  mzis pirdapiri radiaciis intensi-

voba sxivisadmi normalur zedapirze, hΘ - mzis simaR-

le, A  - kedlisadmi normalis azimuti, AΘ  - mzis azimu-

ti. hΘ  da AΘ  gamoiTvlebian Semdegi formulebiT: 
 
sinh sin sin cos cosϕ σ σΘ = + Ω                                  (6.6) 
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cos sinsin
cosh

A σΘ
Θ

Ω
=

Θ
                                                   (6.7) 

 
sadac ϕ  aris dakvirvebis punqtis ganedi Θ , σ — 

mzis daxriloba, Ω  — mzis saaTis kuTxe. 
 
(6.5) gamosaxulebidan konkretuli orientaciis 

kedlisaTvis, Tu masSi CavsvamT kedlisadmi normalis 
azimutis mniSvnelobebs, miviRebT: samxreTis orienta-
ciis kedlisaTvis ( 0A = )      

cosh cosS S AΘ Θ=s                                                         (6.8) 
aRmosavleTis (dasavleTis) orientaciis kedlebi-

saTvis ( 090A± ) 
cosh sinS S AΘ Θ=a-d                                                      (6.9) 

CrdiloeTis orientaciis kedlisaTvis 
cosh cosS S AΘ Θ= −d                                               (6.10) 

xolo formula (6.5) SeiZleba daiweros ase:  

3 3.cosS S A S AΘ Θ= +3 s s.d                                           (6.11) 

 
(6.111) safuZvelze SeiZleba miRebuli iqnas Sesaba-

misi gamosaxulebebi Sualeduri rumbebis (sd, Ca, Cd, sa) 
orientaciis kedlebisaTvis: 

0.707 (cosh sin cosh cosS S A AΘ Θ Θ Θ= + −sd Ca       (6.12) 

0.707 (cosh sin cosh cos )S S A AΘ Θ Θ Θ= + +Cd sa     (6.13) 

am SemTxvevaSi, rodesac  vertikalur zedapirze 
piranometrebiT izomeba (an xdeba registracia) jamuri 

3Q  da gabneuli 3D  radiaciis  sidideebi, maSin 3S  sidi-
deebi  gamoiTvleba Semdegi gamosaxulebidan: 

3 3 3S Q D= −                                                                      (6.14) 
meoTxe TavSi dadgenili iqna, mowmendili cisa da 

Rrublianobis saSualo pirobebSi, mzis pirdapiri, gab-
neuli, jamuri da qvefenili zedapiridan areklili ra-
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diaciis intensivobis, Tviuri da wliuri jamebis wlis 
svlis kanonzomierebebi  ferdobebisa da vertikaluri  
kedlebisaTvis adgilis absolutur simaRleze damoki-
debulebiT. am saxis informacia farTo gamoyenebas po-
ulobs samSeneblo praqtikaSi, kerZod nagebobebis Se-
momzudavi konstruqciebis gare zedapiris mier STan-
Tqmuli radiaciis sidideebis da maTi Sesabamisi tempe-
raturuli Sesworebebis gamoTvlebSi.  

nagebobebis SemomzRudavi konstruqciebis gare 
zedapirze dacemuli jamuri radiacia SeiZleba gani-
sazRvros Semdegi gamosaxulebidan: 

 

3 3 3 3Q S D R= + +                                                           (6.14) 
eqsperimentuli gziT Cvens mier kavkasiis piro-

bebSi, dadginda 3( )D R+  nakadis sidideebis wliuri 
svlis kanonzomierebebi ferdobebsa da vertikalur 
zedapirebze. (59)-Si aRniSnulia, rom 7-10 baliani moR-
rublulobis pirobebSi kedlebze dacemuli gabneuli 

3D  da qvefenili zedapiridan areklili 3R  radiaciis  
nakadebi da jamebi zafxulis sezonSi ar aris damokide-
buli kedlebis orientaciaze, mzis simaRleze da qve-
fenili zedapiris albedoze. magram, rogorc Cveni dak-
virvebebis Sedegebis analizi gviCvenebs, es samarTlia-
nia mxolod im SemTxvevaSi, rodesac mzis diskos mdeba-
reobis gansazRvra cis TaRze SesaZlebelia. Tu mzis 
disko Cans garkveviT (Θ ), sustad (Θ 0), an adgili aqvs 
difuzur laqas, maSin ferdobebze da kedlebze 3D  da 

3R -is sidideebi xasiaTdebian SesamCnevi azimutaluri 
damokidebulebiT. aRsaniSnavia, rom (77)-Si mocemulia 
rekomendacia imis Sesaxeb, rom kedlebisaTvis izotro-
piuli miaxloebis formulebiT 3D  da  3R -is sidideebis 
gamoTvla Setanili unda iqnes moqmed samSeneblo nor-
mebsa da wesebSi nagebobebis daproeqtebisa da eqsplu-
ataciis  procesSi maTi gaTvaliswinebis mizniT, miuxe-
davad imisa, rom am gziT gamoTvlili sidideebi realu-
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ridan didad gansxvavdebian da maTze dayrdnobiT nage-
bobebis SemomzRudavi konstruqciebis gare zedapire-
bis siTbur balansSi mzis radiaciis siTburi efeqtis 
rolis am gziT Sefaseba mniSvnelovan cdomilebas iZ-
leva (52). 

nagebobebis kedlebis mier STanTqmuli radiaciis 
sidideebis gamosaTvlelad saWiroa kedlebis gare ze-
dapiris albedos codna. samSeneblo normebisa da wese-
bis Tanaxmad albedos saSualo sidideebi Seadgens:  wi-
Teli feris agurisaTvis 30%-s, cementis blokisa, be-
tonis panelebisa, muqi nacrisferi tufisa da amave fe-
ris baTqaSiT dafaruli kedlebisaTvis 50%-s,  silika-
tis agurisaTvis 70%-s, mowmendili cis SemTxvevaSi 
centraluri kavkasionis 0-4 km simaRleTa diapazoni-
saTvis Cvens mier eqsperimentuli gziT  miRebuli iqna 
vertikalur zedapirze (kedlebze) jamuri radiaciis 

wliuri jamebis Q∑ w 3
(mj/m2) adgilis absolutur  si-

maRleze H (km) damokidebulebis Semdegi analizuri sa-
xeebi: 

CrdiloeTis orientaciis kedlebi 
21676.0 83.84 209.51Q H H= − +∑ w 3

                   (6.16) 

samxreTis orientaciis kedlebi  
26675.1 213.3 218.3Q H H= + +∑ w 3

                     (6.17) 

dasavleTis (aRmosavleTis) kedlebi 
2499.03 4.19 245.12Q H H= − +∑ w 3

                    (6.18) 

Crdilo-dasavleTis (Crdilo-aRmosavleTis) ked-
lebi 

2284.08 8.38 201.12Q H H= − +∑ w 3
                    (6.19) 

samxreT-dasavleTis (samxreT-aRmosavleTis) ked-
lebi 

26578.3 293.3 209.5Q H H= + +∑ w 3
                  (6.20) 
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(6.16)-(6.20) gamosaxulebebidan gamoiTvleba 

Q∑ w 3
-is sidideebi 0-4 km simaRleTa diapazonisaTvis, 

Semdeg ki R∑ w 3
 da Q∑ w S

 - kedlebis zedapiris mier 

areklili da STanTqmuli radiaciis wliuri jamebi: 

R Q A= ⋅∑ ∑w w3 3
                                                   (6.21) 

Q Q R= −∑ ∑w w 3S 3
                                            (6.22) 

 
jamebis sidide  gamoTvlili iqna wiTeli feris 

aguris ( 30%A = ) da TeTri feris kedlebis (silikatis 
aguri 70%A = ) SemTxvevisaTvis (cxrili 6.1.1.).  

rogorc am cxrilSi  moyvanili informaciis ana-

lizi gviCvenebs, Q∑ w S
 - is sidideebi  adgilis simaR-

lis zrdis  SemTxvevaSi matuloben. damokidebulebebi 

( )Q f H=∑ w S
 analizurad warmoidginebian  kvadratu-

li funqciebis 2Q a bH= +∑ w S
 saxiT. a da b koeficien-

tebis  mniSvnelobebi am damokidebulebaSi mocmulia 
cxrilSi 6.1.2. 

 
cxrili 6.1.2 

2bHaQ −=∑ Sw damokidebulebaSi Semavali koeficien-

tebis (a, b) mniSvnelobebi  
 

kedlis orientacia A 
% 

a, 
b A s a.d Ca. CdJ sa, sd 

a 1165.3 4764.4 3294.4 1984.9 4731.2 30 
b 130.8 187.3 186.7 139.4 194.0 
a 487.2 2041.5 1496.2 850.6 2032.4  
b 57.1 80.3 73.3 59.8 80.3 
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analizuri gamosaxulebebiT gamoTvlili da dak-

virvebebis Sedegad miRebul Q∑ w S
 -is sidideebs So-

ris gansxvaveba umniSvneloa: magaliTad,  
 

cxrili 6.1.1. 

Q∑ w S
, R∑w 3

, Q∑ w 3
 - is sidideebi, mj/m2 mowmendili ca 

  
kedlis orientacia ∑w  H 

km 
A 
% C s a,d Ca,Cd sa,sd 
 1676.0 6675.1 4990.3 2840.8 6578.3 
 1801.7 7106.7 5231.2 0333.5 7081.1 
 2346.4 7974.5 5962.3 3629.5 8002.9 
 3310.1 9279.7 7183.8 4625.7 9343.7 

 

Q∑ w 3
 

0 
1 
2 
3 
4  4692.7 11021.1 8895.5 6025.2 11103.5 

30 502.8 2002.5 1497.1 852.2 1973.5 
70 1173.2 4672.6 3493.2 1988.6 4604.8 
30 510.5 2152.0 1569.4 910.1 2124.0 
70 1261.4 4974.7 3661.3 2123.4 4956.8 
30 703.9 2392.5 17886.7 1088.6 2400.9 
70 1642.3 5582.4 4173.6 2540.0 5602.0 
30 993.0 2783.9 2155.1 1387.7 2803.0 
70 2317.1 6495.8 5028.7 3238.0 6540.6 
30 1407.8 3306.3 2668.6 1807.6 3331.0 

 
 
 
 

R∑ w 3
 

 
0 
 
1 
 
2 
 
3 
 
4 70 3285.0 7714.8 6226.8 4217.6 7772.4 

30 1173.2 4672.6 3493.2 1988.6 4604.8 
70 502.8 2002.5 1497.1 852.2 1973.5 
30 1261.2 4974.7 3661.8 2123.4 4956.8 
70 540.3 2132.0 1569.4 910.1 2124.3 
30 1642.5 5582.4 4173.6 2539.9 5602.0 
70 704.1 239.6 1788.5 1088.5 2400.9 
30 2317.1 6495.8 5028.7 3238.0 6540.7 
70 993.0 2783.9 2155.1 1387.0 2803.1 
30 3285.0 7714.8 6226.9 4217.6 7772.5 

 
 
 
 

Q∑ w S
 

 
0 
 
1 
 
2 
 
3 
 
4 70 1407.8 3306.3 2668.7 1807.6 3331.1 
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CrdiloeTis kedlisaTvis ( 30%A = ) miRebuli gamo-
saxulebis SemTxvevaSi absoluturi cdomilebis sidide 
meryeobs 0-4 km  simaRleebisaTvis  12,1-46,0mj/m2-is, xolo 
fardobiTi cdomileba 1-3%-is farglebSi. aRsaniSnavia, 
rom kedlebis gare zedapiris albedos sididis  reguli-
rebiT SesaZlebelia maTi siTburi reJimis cvlilebebis 
sasurveli tendenciebis realizacia. nagebobebis Semom-
zRudavi konstruqciebis gare zedapiris albedos Semci-
rebisas 70%-dan 30%-mde  kedlebis mier  STanTqmuli ra-
diaciis wliuri jamebis namatis sidide 0-4 km simaRlee-
bis diapazonSi gamoiTvleba Semdegi gamosaxulebiT: 

 

CrdiloeTis kedlebisaTvis  
2678.1 73.7Q HΔ = +∑ w S

                                 (6.23) 
samxreTis kedlebisaTvis 

22722.9 107.0Q HΔ = +∑ w S
                               (6.24) 

aRmosavleTis (dasavleTis) kedlebisaTvis  
21798.2 113.4Q HΔ = +∑ w S

                               (6.25) 

Crdilo-aRmosavleTis (Crdilo-dasavleTis) ked-
lebisaTvis 

 21134.3 79.6Q HΔ = +∑ w S
                                (6.26) 

samxreT-dasavleTis (samxreT-aRmosavleTis) ked-
lebisaTvis 

22698.8 113.7Q HΔ = +∑ w S
                              (6.27) 

magaliTad, CrdiloeTis kedlebisaTvis albedos 

zrdisas 30-70%-is farglebSi QΔ∑ w S
-is sidideebi 

mcirdeba zRvis doneze 678.1 mj/m2-iT, 4 km simaRleze 
1179.2 mj/m2-iT. Rrublianobis pirobebSi kedlebis mier 
STanTqmuli radiaciis sidide saSualod mcirdeba. maqsi-
maluri Semcireba aRiniSneba qveda iarusis mTliani moR-

rublulobis pirobebSi (10/10, 0,Π Θ , difuziuri laqa) 
amasTan adgili  aqvs yvela orientaciaze radiaciis sidi-
deebis urTierT daaxloebis tendencias,  magram miuxeda-
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vad amisa Q∑ w S
-is maqsimumi mainc aRiniSneba  samxreTis, 

xolo minimumi — CrdiloeTis kedlebze (cxrili 6.1.3). Tu 
mowmendili cis SemTxvevaSi am orientaciebis kedlebze 

Q∑ w S
-is sidideebs  Soris gansxvaveba meryeobs (0-4 km 

simaRleebze) 3400,0-4500,0 mj/m2-is ( 30%A = ) da 1500.0-
2000.0mj/m2-is sazRvrebSi ( 70%A = ), qveda iarusis aTba-
liani moRrublulobisas maT Soris gansxvaveba Seadgens 
400.0-600.0 ( 30%A = ) da 300.0-500.0 ( 70%A = ) mj/m2-s. ked-
lebis zedapiris albedos mkveTrad Semcirebis pirobeb-
Si (10%-ze dabla), rasac adgili aqvs  Savi feris kedle-

bis SemTxvevaSi, Q∑ w S
-is sidideebi kidev ufro metad 

izrdeba da maTi cvalebadobis diapazonic orientaciaze 
damokidebulebiT  farTovdeba.  

 
cxrili 6.1.3 

R∑ w 3
, Q∑ w S

 da Q∑ w 3
 qveda iarusis mTliani moR-

rublulobis pirobebSi, mj/m2 (10/10 , , 30%, 70%AΠ Θ = ) 
 

H, km ∑w  
0 1 2 

A% 

a,b 

30               70 30                70 30              70 
C 812.0   
s 812.0   

Q∑w
  

a, d 812.0   
 C 243.6 568.4 325.6 764.4 407.5 917.5 

s 243.6 568.4 367.5 657.5 451.2 1052.8 R∑w
 

a,d 243.6 568.4 348.6 813.4 412.4 961.8 
C 568.4 243.6 764.4 327.6 917.5 407.5 
s 568.4 243.6 857.5 367.5 1052.8 451.2 

Q∑w
 

a,d 568.4 243.6 813.4 348.6 961.8 412.2 
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H, km ∑w  
4 

A% 

a,b 
3 

30                            70 30                          70 
C 812.0  
s 812.0  

Q∑w
  

a, d 812.0  
 C 436.5 1018.5 458.1 1068.9 

s 498.6 1163.4 526.8 1229.2 R∑w
 

a,d 457.8 1068.2 493.2 1150.8 
C 1018.5 436.5 1068.9 458.1 
s 1163.4 498.6 1229.2 526.8 

Q∑w
 

a,d 1068.2 457.8 1150.8 453.2 
 

mowmendil casTan SedarebiT aRniSnuli Rrublia-

nobis SemTxvevaSi Q∑ w 3
 -is sidideebi saSualod mcir-

deba. ( 30 70%H = − , 0 4H = − km) samxreTis kedlebze 
7.0-8.0-jer, CrdiloeTis kedlebze 2,0-4,0-jer,. aRmo-
savleTis (dasavleTis) kedlebze 6,0-6,2-jer. damokide-

bulebebi ( )Q f H=∑ w S
 qveda iarusis  aTbaliani moR-

rublulobis SemTxvevaSi analizurad warmoidginebian  
meore rigis parabolas saxiT: 

samxreTis orientaciis kedlebi 

A-30%   2632.3 192.4 9.8Q H H= + −∑ w S
          (6.28) 

A-70%   2266.3 100.4 7.8Q H H= + −∑ w S
      (6.29) 

CrdiloeTis orientaciis kedlebi 

A-30%   2610.3 152.4 9.8Q H H= + −∑ w S
          (6.30) 

A-70%  2250.3 67.4 3.8Q H H= + −∑ w S
             (6.31) 

 
dasavleTis (aRmosavleTis) orientaciis kedlebi  

A-30%  2630.4 176.8 11.7Q H H= + −∑ w S
          (6.32) 

A-70%  2275.0 76.0 4.5Q H H= + −∑ w S
              (6.33) 
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yvela iarusis  aTbaliani gaumWvirvale  moRrub-
lulobis pirobebSi kedlebis gareSe zedapiris albe-
dos Semcirebisas 70%-dan 30%-mde STanTqmuli radia-
ciis wliuri jamebis sidide centraluri kavkasionis 0-
4km simaRleebis diapazonSi gamoiTvleba Semdegi gamo-
saxulebebidan: 

CrdiloeTis orientacia 
2360.0 85.0 6.0Q H H= + −∑ w wS

                           (6.34) 

samxreTis orientacia  
2366.0 92.0 2.0Q H H= + −∑ w S

                             (6.35) 

aRmosavleTis (dasavleTis) orientacia 
2355.4 100.8 7.2Q H H= + −∑ w S

                           (6.36) 

 
magaliTad, CrdiloeTis kedlebis albedos Semci-

rebisas 70%-dan 30%-mde Q∑ w S
-is sidide matulobs 

(gamosaxuleba 6,34) zRvis doneze  360,0 mj/m2-iT, 4km si-
maRleze 604,0 mj/m2-iT. 

samSeneblo klimatologiaSi gansazRvrul inte-
ress warmoadgens nagebobebis kedlebze dacemuli mzis 
radiaciis siTburi efeqtis gansazRvra. am Jamad didi 
yuradReba eTmoba nagebobebis kedlebze dacemuli ra-
diaciis da kedlebis gare zedapiris temperaturis si-
dideebs Soris kavSiris dadgenas e.i. STanTqmuli radi-
aciis gavlenis Sedegad kedlebis gare zedapiris tem-
peraturis zrdis sidideebis  raodenobrivad Sefase-
bas. rogorc (77)-Sia naCvenebi, mzis radiaciis gavleniT 
gazafxul-zafxulis periodSi samxreTis da aRmosav-
leTis orientaciebis kedlebze saSualo dReRamuri  
temperatura izrdeba 2-30-iT, CrdiloeTis kedlebze ki 
0,5-1,50-iT. 

kedlis zedapiris mier STanTqmul radiaciisa 

( Q∑ T w
 mj/m2) da temperaturis namats ( 0tΔ ) Soris da-

mokidebuleba analizurad warmoidgineba wrfivi fun-
qciis saxiT: 
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0 0.0124 0.64t QΔ = −∑ T S
                                       (6.37) 

vinaidan Q∑ T S
-is sidideebi damokidebulia ked-

lebis orientaciaze, albedoze da adgilis absolutur 
simaRleze, amave faqtorebiT ganisazRvrebian tΔ -is 
mniSvnelobebic.  

Cveni monacemebis gamoyenebiT mowmendili cis Sem-
TxvevaSi rodesac kedlebis albedo Seadgens 30%-s, 

tΔ -s sidideebis maRlivi cvlilebebis dinamika  cen-
traluri kavkasionis pirobebSi  warmoidgineba Semdegi 
gamosaxulebi saxiT: 

ianvari, CrdiloeTis kedlebi 
0 20.0124(57.2 9.7 ) 0.64t HΔ = + −                           (6.38) 

samxreTis kedlebi 
0 20.0124(451.5 15.1 ) 0.64t HΔ = + −                      (6.39) 

aRmosavleTis (dasavleTis) kedlebi 
0 20.0124(172.0 10.9 ) 0.64t HΔ = + −                       (6.40) 

ivnisi, CrdiloeTis kedlebi 
0 20.0124(220.3 16.8 ) 0.64t HΔ = + −                       (6.41) 

samxreTis kedlebi  
20.0124(279.2 17.3 ) 0.64T HΔ = + −                        (6.42) 

dasavleTis (aRmosavleTis) kedlebi 
20.0124(329.2 16.5 ) 0.64t HΔ = + −                          (6.43) 

(6.38)-(6.43) gamosaxulebebiT  gamoTvlil tΔ -s 
mniSvnelobebi  mocemulia cxrilSi 6.1.4 
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cxrili 6.1.4 
kedlebis gare zedapiris temperaturis radiaciuli 
Sesworebebis sidide (grad) mowmendili cis SemTxveva-
Si. 30%A =    

 
kedlis orientacia Tve H km 

C s a, d 
0 0.1 4.9 1.5 
1 0.2 5.1 1.6 
2 0.6 5.7 2.0 
3 1.1 6.6 2.7 

 
 
 
I 

4 2.0 7.9 3.7 
0 2.1 2.8 3.4 
1 2.3 3.0 3.7 
2 2.9 3.7 4.3 
3 4.0 4.8 5.2 

 
 

VI 

4 5.4 6.2 6.6 
 
aRsaniSnavia, rom adgilis simaRlis zrdisas tΔ -s 

sidideebi  izrdeba. garda amisa, samxreT is kedlebi-
saTvis ianvris Sesworebebi  metia ivnisis  Sesworebeb-
ze, rac imiT aixsneba, rom ianvarSi  am orientaciis ver-
tikalur zedapirze modis (da STainTqmeba) meti radia-
cia ivnisTan SedarebiT. yofili sabWoTa kavSiris te-
ritoriis samxreTi nawilis dablob raionebSi tΔ -s maq-
simaluri mniSvneloba kedlebisaTvis (romelTa albe-
do tolia 30%-is) (77)-is monacemebiT Seadgens 50-s. 
mTian raionebSi tΔ -s zrda 50-ze metad ganpirobebulia 
did simaRleebze jamuri (Sesabamisad  kedlebis mier 
STanTqmuli) radiaciis  sidideebis sagrZnobi zrdiT 
dablob raionebTan SedarebiT. rogorc, cxrilSi (6.1.4) 
— moyvanili informaciidan  Cans, centraluri kavkasi-
onis pirobebSi kedlebis zedapiris temperaturis ra-
diaciuli danamati maqsimaluria samxreTis (ianvari), 
aRmosavleTis (dasavleTis) (ivnisi) da minimaluria 
CrdiloeTis kedlebisaTvis (weliwadis ganmavlobaSi). 
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STanTqmuli radiaciis gavleniT kedlebis tempe-
raturis sidideebis cvlileba gamoiTvleba agreTve 
cnobili formuliT: 

0
H

PQt t
α

= +p                                                                    (6.44) 

 
sadac tp  aris haeris pirobiTi temperatura Seno-

bis gareT, romelic tolia kedlis gare zedapiris tem-
peraturisa, 0t Senobis gareT haeris temperatura, Hα - 
zedapiris siTbos gamtarobis koeficienti (kkal/m2sT). 
formulaSi Q   gamoiTvleba rogorc jami kedelze da-
cemuli  mzis pirdapiri radiaciisa da horizontalur 
zedapirze dacemuli gabneuli radiaciis sididis na-
xevrisa, e.i. gabneuli radiaciis gamoTvla kedlebisaT-
vis xdeba izotropuli miaxloebis meTodiT. rac, ro-
gorc zemoT iyo aRniSnuli, miuRebelia. magram, miuxe-
davad amisa, kedlebisaTvis gabneuli radiaciis gamoT-
vlis aRniSnuli meTodi Sesulia mTavari geofizikuri 
observatoriis mier damuSavebuli meTodur miTiTe-
bebSi (64,143). Hα -is sidideebi  (6,44) gamoiTvleba Sem-
degi formuliT. 

3 10H vα = + , sadac v aris qaris siCqare. Tu 10v ≤  
m/w-ze. kedlis gare zedapiris temperaturaSi  Seswore-
ba ( tΔ ) Seitaneba Semdegi formuliT: 

ln( 1) 2t V vΔ = + +                                                     (6.45) 
cxrilSi 6.1.4 moyvanili tΔ -s sidideebi miRebulia 

mowmendili cis SemTxvevaSi, rac Seexeba aTbaliani ga-
umWvirvale  Rrublianobis pirobebSi tΔ -s sidideebs, 
isini aRniSnul sidideebTan SedarebiT umniSvneloa. 

rogorc aRvniSneT, SenobaSi temperaturis sidi-
deebis formirebaze sagrZnob gavlenas axdens SuqWri-
lebSi  SeRweuli jamuri radiacia, romlis sidide da-
mokidebulia minaze dacemuli radiaciis intensivoba-
ze, minis fizikur Tvisebebze (zedapiris mdgomareoba). 
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samSeneblo praqtikaSi erTmagad mominuli  fanjris 
standartul minaSi mzis radiaciis gaRwevis koefici-
entis saSualo sidided miRebulia 50%, ormagad momin-
vis SemTxvevaSi ki 30%. Senobis SigniT mzis sxivuri 
energiis SeRwevis siRrme l   gamoiTvleba martivi for-
muliT: 

0l Hctgh=                                                                     (6.46) 

0 0 0l Hctgh H ctgh= −                                               (6.47) 
sadac H aris  minis zeda sazRvris simaRle iatakis 

mimarT im SemTxvevaSi, rodesac minis qveda sazRvari 
emTxveva iataks, 0H  - iataksa da minis (fanjris) qveda 
sazRvars  Soris arsebuli gaumWvirvale kedlis simaR-
le. Cvens mier centraluri kavkasionis 0-4  km simaRle-
Ta diapazonSi nagebobebisaTvis gamoTvlili iqna er-
Tmagad mominul SuqWrilebSi  radiaciis gaSvebis koe-
ficienti (tolia 0,50-is) SeRweuli radiaciis Tviuri 

da wliuri jamebi, Q∑ T S
, Q∑ w S

sidideebi mowmendi-

li cis SemTxvevaSi. damokidebulebebi ( )Q f H=∑ Tw S 
 

aproqsimirdebian kvadratuli funqciebis saxiT: 

Q a bH= +∑ Tw s 

2 

wliuri jamebis SemTxvevaSi  
samxreTis, samxreT-dasavleTis, samxreT-aRmosav-

leTis orientaciis SuqWrilebi: 
23492.3 124.6Q H= +∑ w S  

                                      (6.48) 

CrdiloeTis orientaciis SuqWrilebi: 
2776.0 112.0Q H= +∑ w S  

                                         (6.49) 

dasavleTis (aRmosavleTis) orientaciis SuqWri-
lebi: 

22511.5 123.1Q H= +∑ w S  
                                       (6.50) 

adgilis simaRlis zrdisas zRvis donidan 4km-mde 

Q∑ w S  
-s  sidideebi saSualod izrdeba samxreTis (sa, 
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sd) aRmosavleTis, dasavleTis orientaciaze daaxloe-
biT 2000,0 mj/m2-iT, CrdiloeTis orientaciaze 1800,0-
mj/m2-iT. Tviuri jamebis SemTxvevaSi: 

ianvari  235.1 7.1Q H= +∑ T S 
        (6.51) 

ivnisi 2149.2 13.5Q H= +∑ T S 
        (6.52) 

 samxreTis orientacia 

ianvari 2335.0 10.0Q H= +∑ T S 
                          (6.53) 

ivnisi 2195.8 12.3Q H= +∑ T S 
                              (6.54) 

aRmosavleTis, dasavleTis orientacia 

ianvari 2123.0 8.0Q H= +∑ T S 
                              (6.55) 

ivnisi 2238.0 10.6Q H= +∑ T S 
                               (6.56) 

 
rogorc (6.53)-(6.54) gamosaxulebebis Sedarebidan 

irkveva samxreTis orientaciis SuqWrilebis mier Seno-
bis SigniT gaSvebuli radiaciis sidide ianvarSi gaci-
lebiT metia  ivnisTan SedarebiT (0-4km simaRleebis di-
apazonSi 100.0-140.0 mj/m2-iT), amasTan ianvarSi mzis da-
bali simaRleebis gamo SenobaSi radiaciis SeRwevis 
siRrme da dasxivebuli farTobis sidide ivnisTan Se-
darebiT sagrZnoblad izrdeba. garda amisa,  zamTris 
TveebSi  SuqWrilebis minebis  zedapirze mzis sxivebi 
TiTqmis normalurad ecemian, rac adidebs minis mier 
gaSvebuli radiaciis intensivobas.  yovelive es sag-
rZnoblad amcirebs Senobis sezonur gaTbobaze gaweul 
xarjebs.  mSeneblobis procesSi gansazRvruli  mniS-
vneloba eniWeba Senobis da misi SuqWrilebis  orienta-
ciis gaTvaliswinebas, mzis sxivuri  energiis maqsima-
luri gamoyenebis mizniT Senobis yvela SesaZlo orien-
taciebidan optimalur variantad miRebulia ganeduri 
orientacia (e.i. aRmosavleTidan dasavleTis mimarTu-
lebiT wagrZelebuli Senoba)  samxreTis orientaciis 
SuqWrilebiT. aqve avRniSnavT, rom gaTbobis sezonis 
xangrZlioba (143) Seadgens  TbilisSi 129, baqoSi 113, 
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erevanSi 144 dRes. xolo (10)-is da Cveni monacemebiT 
radiaciis sruli gaTvaliswinebiT, Sesabamisad 131, 134, 
126 dRes radiaciis naxevris gaTvaliswinebiT ki 172, 
170, 164 dRes. am monacemebis Sedarebidan naTeli xdeba 
radiaciis gavlenis mniSvneloba gaTbobis sezonis xan-
grZlivobaze. 

rogorc cnobilia, qvefenili  zedapiris radiaci-
uli balansis sidideebis formirebaSi mzis sxivuri 
energiis mokletalRiani nakadebis garda monawileobs 
grZeltalRiani efeqturi gamosxiveba. Senobebis Se-
momzRudavi vertikaluri konstruqciebis gare zeda-
piris radiaciuli balansis gantolebas aqvs Semdegi 
saxe: 

3 3
3 0 3 0

1 1 1( )(1 ) 4 ( ) 2 ( )
2 2 2

B S D l E S Q Q Q S Q Q Qα α σ σ= + + − − − − + −  (6.57) 

sadac 3S , 
1
2

D , 0
1
2

lα  arian Sesabamisad kedelze da-

cemuli mzis pirdapiri, gabneuli da qvefenili zedapi-
ridan areklili radiaciebi, 0α  qvefnili zedapiris 

albedo, α - kedlis gare zedapiris albedo. gantole-
bis pirveli wevri warmoadgens kedlis mier  STanTqmu-
li mokletalRian radiacias. E  efeqturi gamosxive-
baa, 1/2 E  misi  is nawilia, romelic kedlis zedapirze  
ecema. 3Q , Q , 0Q  Sesabamisad kedlis zedapiris, haeris 
da qvefenili zedapiris temperaturebia, σ  — stefan-
bolcmanis mudmiva, S  koeficienti, gantolebis wevre-

bi 3
34 ( )S Q Q Qσ −  da 3

32 ( )S Q Q Qσ −  iTvaliswineben  ked-
lis zedapiris mier gamosxivebuli grZeltalRiani ra-
diaciis sidideebs kedlidan haerSi da qvefenili zeda-
piridan kedlisaken.  formulaSi (6.37) Semavali 3ED  da 

3R -is nakadebis sidideebis gamoTvlisas mxedvelobaSi 
ar aris miRebuli maTi azimutze damokidebulebebis 
Taviseburebebi, rac ganapirobebs, rogorc aRniSnuli 
iyo, gamoTvlis Sedegebis mniSvnelovan cvlilebebs. 
amitom maTi sidideebi unda ganisazRvros dakvirvebe-
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bis gziT. rogorc zemoT iyo naCvenebi, Cveni dakvirve-
bebis safuZvelze  dadgenili  iqna (6.57)-Si Semavali 
pirveli ori wevris (kedlebis mier STanTqmuli radia-
ciis da efeqturi gamosxivebis) adgilis absolutur 
simaRleze damokidebulebis analizuri saxeebi. maTi 
Casmis Semdeg (6.57) Rebulobs Semdeg saxes: 

weliwadi, 30%A =  
CrdiloeTis orientaciis kedlebi 

2 3 3
3 0(1165.3 130.8 ) (2534.9 41.9 ) 4 ( ) 2 ( )B H H S Q Q Q S Q Q Qσ σ= + − + − − + −∑w

  (6.58) 
samxreTis orientaciis kedlebi 

2 3 3
3 0(4764.4 187.3 ) (2534.9 41.9 ) 4 ( ) 2 ( )B H H S Q Q Q S Q Q Qσ σ= + − + − − + −∑w

(6.59) 
dasavleTis (aRmosavleTis) orientaciis kedlebi 

2 3 3
3 0(3294.4 186.7 ) (2534.9 41.9 ) 4 ( ) 2 ( )B H H S Q Q Q S Q Q Qσ σ= + − + − − + −∑w

 (6.60) 
im SemTxvevaSi, rodesac kedlebis albedo Sead-

gens 70%-s (6.57)-Si unda Caisvas STanTqmul i radiaciis 
H -ze damokidebulebis Sesabamisi gamosaxulebebi.  

Tviuri jamebis SemTxvevaSi (6.57) formula Rebu-
lobs Semdeg saxes:  

30%A = , CrdiloeTis orientaciis kedlebi 
ianvari  

2 3 3
3 0(51.5 9.4 ) (209.5 6.3 ) 4 ( ) 2 ( )B H H S Q Q Q S Q Q Qσ σ= + − + − − + −∑T

 (6.61) 
ivnisi  

2 3 3
3 0(220.0 17.0 ) (194.2 12.5 ) 4 ( ) 2 ( )B H H S Q Q Q S Q Q Qσ σ= + − + − − + −∑T  

(6.62) 
samxreTis orientaciis kedlebi 

ianvari 
2 3 3

3 0(447.6 17.4 ) (209.5 6.30 ) 4 ( ) 2 ( )B H H S Q Q Q S Q Q Qσ σ= + − + − − + −∑T  

(6.63) 
ivnisi 
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2 3 3
3 0(284.8 16.5 ) (194.2 12.5 ) 4 ( ) 2 ( )B H H S Q Q Q S Q Q Qσ σ= + − + − − + −∑T

(6.64) 
dasavleTis (aRmosavleTis) orientaciis kedlebi  

ianvari 
2 3 3

3 0(172.3 10.6 ) (209.5 6.30 ) 4 ( ) 2 ( )B H H S Q Q Q S Q Q Qσ σ= + − + − − + −∑T  

(6.65) 
ivnisi  

2 3 3
3 0(329.2 16.5 ) (194.2 12.5 ) 4 ( ) 2 ( )B H H S Q Q Q S Q Q Qσ σ= + − + − − + −∑T  

(6.66) 
rogorc gamoTvlebis Sedegebi gviCveneben, H -is 

cvlilebisas 0-4km  simaRleTa diapazonSi 
3

B∑ T - s si-

dideebi  icvlebian ianvarSi ( 30%A = )  (-55.0)-(-85.0) 
CrdiloeTis 240,0-470,0 samxreTis, 67,5-187,1 mj/m2-is 
sazRvrebSi aRmosavleTis (dasavleTis) orientaciis 
kedlebze, ivnisSi ki Sesabamisad 123.0-371.0, 188,0-423.0 
da 232.0-496.1 mj/m2-is sazRvrebSi. 

amrigad, ianvarSi CrdiloeTis orientaciis ked-
lebi  gare zedapiris radiaciuli balansi aris uaryo-
fiTi.  Cvens mier miRebuli gamosaxulebebiT (6.58-6.66) 

SeiZleba Sefasdes 
3

B∑ T  da 
3

B∑w -s sidideebi aqti-

nometriuli  dakvirvebebis gareSe. erTaderTi para-
metri, romlis sididis gazomvaa aucilebeli, es aris 
kedlebis gare zedapiris temperatura. am gamosaxule-

bebiT gamoTvlili 
3

B∑ T  da 
3

B∑w -is sidideebi  war-

moadgenen  mzis sxivuri energiis im raodenobas, rome-
lic ixarjeba kedlebis gaTbobaze.  

 
 

6.2 kavkasiis teritoriis helioenergetikuli  
resursebi 

 
kavkasiis teritoriaze helioenergetikuli re-

sursebis Seswavlis da praqtikuli aTvisebis pirveli 
nabijebi gadaidga Cveni saukunis 40-50-ian wlebSi. am sa-
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kiTxisadmi interesi gaizarda 70-iani wlebis dasawyisi-
dan, rodesac naTlad gamoikveTa energetikuli krizi-
sis da kacobriobis sameurneo saqmianobis Sedegad at-
mosferos globaluri daWuWyianebis sagangaSo simpto-
mi. aqedan dawyebuli, didi yuradReba miipyro aratra-
diciuli, ganaxlebadi, praqtikulad amouwuravi da 
ekologiurad sufTa energiis wyaroebma, romelTa So-
ris mzis sxivur energias mniSvnelovani adgili ukavia. 
amasTan dakavSirebiT daiwyo energetikuli da ekolo-
giuri krizisis ganmapirobebeli problematikis gadaw-
yvetis optimaluri gzebis Zebna da Sesabamisi farTo-
masStabiani kvleviTi samuSaoebi. mzis sxivur energias 
sxva energiis aratradiciul wyaroebTan erTad SeuZ-
lia nawilobriv Secvalos organuli saTbobis energia, 
romliTac Tanamedrove pirobebSi sargeblobs kacob-
rioba. aqtualuri xdeba energetikis samomavlo ganvi-
Tarebis da integrirebuli energomomaragebis (tradi-
ciuli, aratradiciuli wyaroebi) sakiTxebis gadaWris 
gzebis Ziebac.  miuxedavad mzis energiis rigi upirate-
sobisa, man ver daikava saTanado adgili saTbobis ener-
getikul balansSi energiis tradiciul wyaroebTan Se-
darebiT, imis Sedegad, rom axlo warsulSi farTod 
gavrcelebuli iafi energiis tradiciuli wyaroebi ar-
seboba amuxruWebda helioenergetikis ganviTarebas, 
rasac bolo dros daemata atomuri energiis mier gan-
viTarebuli qveynebis didi materialuri resursebis 
mizidvac, ris Sedegad helioenergetikis ganviTarebis 
sakiTxebi darCa saTanado yuradRebis gareSe.  

aRsaniSnavia, rom mzis radiaciis reJimisaTvis da-
maxasiaTebeli determinirebuli — stoqasturi cvale-
badoba ganapirobebs gansazRvrul siZneleebs misi 
praqtikuli aTvisebis procesSi. garda amisa, am miznis 
misaRwevad  saWiroa mzis sxivuri energiis koncentri-
reba, agreTve saTanado amreklavi, STanmTqmeli zeda-
pirebis, heliostatebis da siTburi energiis  akumula-
torebis damuSaveba. magram miuxedavad amisa, garemos 
anTropogenuli aerozolebiT mimdinare daWuWyianebe-
bis permanentuli procesis Senelebas da likvidaciis 
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mizniT gansakuTrebul aqtualobas iZens ekologiurad 
sufTa energetikul bazaze gadasvla. amJamad atmosfe-
ros daWuWyianeba calkeul ganviTarebul qveynebSi da 
zogierT kontinentebze (evropa) ukve iZens globalu-
ri problemis niSnebs, xolo mzis sxivuri energiis in-
tensivobis SemCneul ryevebs, romlebic gamowveulia 
atmosferos maRal fenebSi antropogenuli aerozole-
bis koncentraciis zrdiT, mosalodnelia moyves deda-
miwaze klimatis cvlilebebis negatiuri tendenciebi 
(21, 22, 23). mzis energiis ekonomiuroba da rentabeloba 
jer kidev CamorCeba energiis tradiciuli wyaroebis  
analogiur maxasiaTeblebs, magram igi ukve amJamad Se-
iZleba warmatebiT gamoyenebul iqnes msxvili samrew-
velo centrebidan daSorebul iseT raionebSi, sadac 
ar arsebobs  centralizebuli energomomarageba, aRi-
niSneba mzis radiaciis maRali energetikuli done, Zvi-
rad Rirebuli organuli saxis saTbobis deficiti siT-
bos moTxovnilebis Sedarebis mcire masStabebiT. kavka-
siis da kerZod saqarTvelos mTagorian raionebSi es 
problema warmatebiT gadaiWreba SezRuduli simZlav-
ris  avtonomiuri helioenergodanadgarebis farTod 
danergviT. meore mTavar mimarTulebas warmoadgens 
mzis msxvili energetikuli  sadgurebis Seqmna,  rac ga-
miznulia SedarebiT didi masStabis dasaxlebuli pun-
qtebis, samrewvelo da sxva saxis obieqtebis centra-
luri energomomaragebis realizaciisaken. helioener-
getikis ganviTarebis orive mimarTuleba kavkasiis pi-
robebSi perspeqtiulia, vinaidan es  regioni Tavisi ge-
ografiuli mdebareobiT  imyofeba  e.w. `mzis sartyel-
Si~ (500C.g.- 500-s.g.), sadac aRiniSneba mzis sxivuri ener-
giis sakmao intensivoba, rac ganapirobebs misi praqti-
kuli gamoyenebis efeqturobas. mzis sxivuri  energiis 
praqtikuli gamoyenebis procesSi didi yuradReba eT-
moba helioenergetikuli danadgarebis margi qmedebis 
koeficientis (mqk) amaRlebis problemebs. rogorc sa-
Tanado gamokvlevebiT dasturdeba, principulad Se-
saZlebelia mqk-is gazrda erTgvarovan naxevargamta-
rebze Seqmnili elementebisaTvis 44%-mde, xolo spe-
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cialuri geterostruqturebisaTvis 93%-mde (60). sa-
yuradReboa is garemoeba, rom kvlevis zogierTma mi-
marTulebam (magaliTad,  mzis sxivuri energiis gardaq-
mna uSualod siTbur energiaSi mzis TbodanadgarebSi), 
Seqmna heliodanadgarebi ekonomiuri TvalsazrisiT 
misaRebi  maxasiaTeblebiT,  romlebic uzrunvelyofen 
maTi farTod danergvis perspeqtivas rig dargebSi, 
rac ganapiroba maTi damzadebis SedarebiT martivma 
teqnologiam, siiafem da eqspluataciis simartivem.  
magaliTad, mqk-is saSualo sacdeli sidideebi aRweven, 
paraboloidur sarkiani orTqlis qvabebisaTvis 60%. 
magram, miuxedavad heliodanadgarebis zogierTi saxe-
obis SedarebiT dabali mqk-isa, aucilebelia aRiniS-
nos, rom didi mqk-is ZviradRirebuli fotoelemente-
bis damzadebis meTodika da teqnologia imyofeba gaum-
jobesebis, gamartivebis da gaiafebis procesSi (60,  62, 
44, 162). 

teritoriis  helioenergetikuli potencialuri 
resursebis obieqturi Sefasebis mizniT aucilebelia 
mzis sxivuri energiis Sesaxeb kadastruli informaci-
is codna. mzis sxivuri energiis kadastris amJamad ar-
sebul dones usworebda misi ganviTarebis ramdenime 
etapi. pirvel etapze ganixileboda calkeuli punqtis 
an raionis iseTi kadastruli maxasiaTeblebi, rogori-
caa  mzis naTebis  SesaZlo da faqtiuri  xangrZlivoba,  
mzis radiaciis intensivobis saSualo  sidideebi, mzis 
sxivisadmi normalur da horizontalur  zedapirebze 
wliuri, Tviuri jamebi mowmendili cisa da Rrublia-
nobis saSualo pirobebSi (63, 158, 5). 

mzis energiis kadastrirebis Semdgom etapze ze-
moT aRniSnuli maxasiaTeblebis garda gamoyenebuli 
iqna helioenergetikuli danadgarebis mier gamomuSa-
vebuli  eleqtroenergiis da siTburi energiis  sidide-
ebze meteorologiuri parametrebis gavlenis Sefaseba 
(149, 150). kadastrirebis am etapze ganixileboda mzis 
radiaciis intensivobis da jamebis gasaSualebuli si-
dideebi, magram helioenergetikis winaSe mdgari far-
To speqtris problemebis warmatebiT gadasaWrelad 
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(heliodanadgarebis samuSao reJimis optimaluri vari-
antis Zieba, maTi eqspluataciis mizanSewonilobis da 
mosalodneli  ekonomiuri efeqtis dadgena, gamomuSa-
vebuli an transformirebuli energiis sidideebis va-
riaciebis diapazonis gansazRvra da misi akumulirebis 
Sesabamisi moculobebis gaangariSeba) ganzogadoebuli 
klimatologiuri saxis informaciis gamoyeneba aRmoC-
nda arasakmarisi helioteqnikuri proeqtebis gaangari-
Sebis specifikuri moTxovnilebebis gaTvaliswinebis 
TvalsazrisiT. 

mzis radiaciis resursebis kadastruli Seswavlis 
da Sefasebis principulad axali meToduri safuZvlebi 
Camoyalibebuli iqna g. grineviCis SromebSi (35,36). da-
muSavda mzis sxivuri energiis kvlevis kompleqsuri me-
Todika, romelic ganixilavs mzis energiis reJimuli 
maxasiaTeblebis cvlilebebs determinirebul-stoqas-
turi bunebis faqtorebze damokidebulebiT, rac gan-
pirobebulia dedamiwis brunviT sakuTari RerZisa da 
mzis garSemo (determinirebuli, kanonzomieri proce-
sebi) da atmosferoSi mimdinare SemTxveviTi (stoqas-
turi) xasiaTis movlenebiT (Rrublianoba, daWuWyiane-
ba da sxv.). mzis energiis kadastrirebis es meTodi, al-
baTobis Teoriaze dayrdnobiT saSualebas iZleva 
(praqtikisaTvis) sakmarisi sizustiT ganisazRvros he-
liodanadgarebis SesaZlebeli ukugebis reJimuli ma-
xasiaTeblebi, rasac didi praqtikuli mniSvneloba 
aqvs, vinaidan heliodanadgarebi muSaoben umarTav  bu-
nebriv reJimSi. kavkasiis teritoriis helioenergeti-
kuli kadastris damuSavebas safuZvlad daedo g. gri-
neviCis  SromebSi Camoyalibebuli principebi. am mizniT 
gamoyenebuli iqna meteorologiuri da aqtinometriu-
li dakvirvebebis,  heliografiuli registraciis Sesa-
xeb (mzis pirdapiri,  gabneuli, jamuri radiaciis sidi-
deebi, mzis naTebis xangrZlivoba,  Rrublianoba, mow-
mendil dReTa ricxvi) cnobarebSi da arqivebSi moZie-
buli informacia grZelvadiani rigebis punqtebisaT-
vis. informacia gaanalizebuli iqna statistikur-al-
baTuri meTodebis gamoyenebiT, ris Sedegadac  Sefasda 
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mzis radiaciis  da naTebis xangrZlivobis maxasiaTeb-
lebi, maTi statistikuri Taviseburebebi drois monak-
veTSi heliodanadgarebis muSaobis da gacdenebis Se-
saZlo jamuri xangrZlivobis sidideebi (mzis naTebis 
uwyveti xangrZlivobis da maT Soris SesaZlo wyveti-
lobis reJimuli maxasiaTeblebi). kavkasiis teritorii-
saTvis wina avtorebis mier miRebuli Sedegebis gaTva-
liswinebiT (mxedvelobaSia amierkavkasiis teritoria, 
romlisTvisac aqtinometriuli informaciis dagrove-
bis paralelurad xdeboda misi calkeuli punqtebisa 
da raionebisaTvis mzis radiaciis kadastris etapuri 
damuSaveba) dadgenili iqna helioenergetikuli re-
sursebis droSi da sivrceSi ganawilebis kanonzomiere-
bani. kadastris kompleqsuri maxasiaTeblebis analizis 
safuZvelze Sesrulda kavkasiis teritoriis daraione-
ba potencialuri helioenergetikuli resursebis mi-
xedviT. mzis kadastris kompleqsuri maxasiaTeblebidan 
mzis naTebis xangrZlivoba (mnx) mniSvnelovan rols Ta-
maSobs. meore TavSi ganxiluli  iyo kavkasiis teritori-
aze mnx-is droSi da sivrceSi cvalebadobis analizi da 
misi statistikuri maxasiaTeblebi. mnx-is wliur msvle-
lobaSi maqsimumi aRiniSneba zafxulis,  minimumi — zam-
Tris TveebSi zamTris TveebSi kavkasiis teritoriaze 
CrdiloeTidan samxreTis mimarTulebiT da adgilis si-
maRlis zrdisas mnx-is sidideebi izrdeba. magaliTad, 
dekemberSi saSualo Tviuri jamebi izrdeba 36 saaTidan 
(prikumski) 164 saaTamde (kafani), rac Sesabamisad Sead-
genen mzis naTebis SesaZlo xangrZlivobis 12 da 60%-s. 
amave TveSi adgilis simaRlis zrdisas 0,4-0,5km-dan (ya-
bardos vake, mineraluri wylebis raioni) 4,2km-dan (11-is 
TavSesafari ialbuzze) mnx-is jamebi matulobs  60-70-
saaTidan 95 saaTamde,  xolo daRestnis mTian raionebSi 
140-170 saaTamde. ivlis-agvistoSi CrdiloeT kavkasiis 
dablob raionebSi mnx-is Tviuri jamebis  sidideebi ma-
tulobs 220 saaTidan (vladikavkazi) 365 saaTamde (eiski),  
rac Seadgens SesaZlo naTebis 52 da 81%-s Sesabamisad. 
amierkavkasiis dablob raionebSi ivlisis mnx-is  saSua-
lo sidideebi  meryeoben  175 saaTidan (anaseuli)  368 sa-
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aTamde (areni),  rac Seadgens SesaZlo naTebis 41 da 89%-
s Sesabamisad. (160)-Si moyvanili g. veinbergis kriteriu-
mis Tanaxmad ekonomiurad xelsayreli da teqnikurad 
gamosayenebeli mzis energiis raodenoba SesaZlebelia 
miRebuli iqnes im SemTxvevaSi Tu mzis naTebis dReRamu-
ri uwyveti xangrZlivoba Seadgens 6 saaTs da mets, xolo 
mzis radiaciis intensivoba (S) sxivisadmi normalur ze-
dapirze -0.42 kvt/m2-s. 

rogorc saTanado informaciis analizi gviCve-
nebs, kavkasiis teritoriaze Ria horizontis SemTxve-
vaSi 0.42S ≥ kvt/m2-ze  mzis amosvlidan erTi saaTis 
Semdeg da mzis Casvlamde erTi saaTiT adre. e.i. helio-
danadgarebis efeqturi muSaobis garantiisaTvis saWi-
roa mnx-is 8 saaTiani intervali dRe-Ramis ganmavloba-
Si (250 saaTi saSualod TveSi). kavkasiis periodi, rode-
sac mnx-is  Tviuri jamebis uzrunvelyofa  dablob te-
ritoriaze matulobs dasavleTidan aRmosavleTisaken. 
magaliTad. ivlis-agvistoSi 60-75%-dan 75-90%-mde.  iv-
ris zeganze, mtkvar-araqsis dablobze, somxeTisa da 
samxreT saqarTvelos mTianeTSi, afSeronze, naxWevanis  
qvabulSi, araratis vakeze, krasnodaris, stavropolis 
mxareebis calkeul punqtebSi da raionebSi mnx-is sidi-
de  zafxulis TveebSi tolia an metia 300 saaTze. teri-
toriis danarCen nawilSi mnx tolia  an metia 300 saaTze 
erTi an iSviaT SemTxvevaSi ori Tvis ganmavlobaSi (so-
Wi, stavropoli, ivlisi-agvisto). CrdiloeT  kavkasiis 
respublikebSi (daRestnis garda) mineraluri wylebis 
da egreTwodebuli `mziuri~ kislovodskis CaTvliT 
saerTod ar aRiniSneba mnx-is aseTi sidideebi. mnx-is 
sidideebiT zafxulis periodSi SedarebiT uzrunvel-
yofilia teritoriis aRmosavleTi raionebi.  

mnx-is efeqturi periodi (250sT da meti), alaznis 
velze, qarTlis, alazan-agriCais da kirovobad-yazaxis 
vakeebze Seadgens 3 Tves, lenqoranis dablobze da nax-
Wevanis  qvabulSi 6 Tves,  somxeTis teritoriaze 4-5 
Tves, azovis da Savi zRvis sanapiroebze, stavropolis 
maRlobis aRmosavleT ferdobebze da Savi miwebis rai-
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onSi 4 Tves,  CrdiloeT kavkasiis respublikebis winam-
TaSi 1-3 Tves (aRmosavleTisaken matebiT). 

mnx-is wliuri jamebi somxeTis, azerbaijanis, aR-
mosavleT saqarTvelos, daRestnis, krasnodaris mxa-
ris teritoriaze aRematebian 200) saaTs (somxeTisa da 
daRestnis mTian raionebSi, araratis vakeze wliuri 
jamebi meryeoben  2400-2700 saaTis sazRvrebSi, naxWevan 
is qvabulSi igi metia 2800 saaTze). saqarTvelos Savi 
zRvis sanapiroze da kolxeTis dablobze  wliuri jame-
bi meryeoben 1900-2000 saaTis, CrdiloeT kavkasiis wi-
namTaSi  1740-1950 saaTis sazRvrebSi.  

mnx-is Tviuri da wliuri jamebisaTvis saSualo 
kvadratuli  gadaxris σ  da variaciis koeficientebis 

vC sidideebi meryeoben im sazRvrebSi, romlebic moce-
mulia (142)-Si: σ  meryeobs 20-45 (Tviuri jamebi) da 125-
175 saaTis (wliuri jamebi) sazRvrebSi, vC ki  5-10%-is 
(zafxuli) da 30-45%-is sazRvrebSi (zamTris TveebSi), 
rac miuTiTebs  imaze, rom mnx-is mravalwliuri reJimi 
kavkasiis teritoriaze xasiaTdeba gansazRvruli 
mdgradobiT.  

teritoriis heliokadastris Sefasebis helioe-
nergetikis praqtikuli saxis sakiTxebis gadawyvetis  
procesSi aucilebelia mnx-is  wliuri da Tviuri jame-
bis eqstremaluri sidideebis gaTvaliswineba. 

max
min

S
S

sidideebi kavkasiis dablob raionebSi dekember-

Si meryeoben 2,6-8,9, ivlisSi 1,3-1,6-is sazRvrebSi. wli-
uri jamebis SemTxvevaSi am Sefardebis sidideebi ic-
vleba 1,2-1,5-is  sazRvrebSi. zafxulSi zamTris Tveeb-
Tan SedarebiT mnx-is sidideebi gacilebiT mdgradia.  
mnx-is registraciis mravalwliuri  informaciis (1965-
1990w.w.) analizis Sedegad dadginda, rom mnx-is  mra-
valwliuri  saSualo dReRamuri sidideebi kavkasiis 
teritoriaze meryeoben 1,0-12,0 saaTis sazRvrebSi. mi-
nimumiT dekemberSi (1,0-4,5 saaTis sazRvrebSi). (1,0-
4,5sT) maqsimumiT zafxulis TveebSi (6-12sT). mnx-is si-
dideebi weliwadis ganmavlobaSi meryeoben: notiao 
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subtropikul raionebSi  3,0-7,5 naxevarudabno  aridul 
raionebSi 3,0-12,0 CrdiloeT kavkaasiis zRvispira (Savi, 
azovis zRvebi)  raionebSi da yubanis vakeze 2,0-11,0 kas-
piispira dablobze 1,0-10,0, stavropolis maRlobze da 
mineralur wylebze 2,0-10,0, CrdiloeT kavkasiis aRmo-
savleT winamTaSi 1,0-8,0 saaTis farglebSi. weliwadis  
Tbil periodSi konveqtiuri orografiuli Rrubqlia-
nobis ganviTarebis Sedegad mnx-is jamebis sidideebi 
mTian, maRalmTian raionebSi sagrZnoblad mcirdeba. 
rogorc mnx-is  saSualo dReRamuri sidideebis anali-
zidan Cans, zafxulis TveebSi azerbaijanis, somxeTis 
da aRmosavleT saqarTvelos dablob raionebSi, kaspi-
ispira dablobis, yubanis vakis, krasnodaris mxaris da 
afxazeTis Savi zRvis sanapiros, stavropolis maRlo-
bis teritoriaze adgili aqvs heliodanadgarebis efeq-
turi muSaobisaTvis mnx-is dReRamuri jamebis  aucile-
bel da sakmaris sidideebs.  mnx-is dReRamuri jamebis 
mniSvnelobebisaTvis saSualo kvadratuli gadaxra σ  
weliwadis  ganmavlobaSi meryeobs 2,.0-4,0  saaTis saz-
RvrebSi (zamTris TveebSi 3,0-4,0 saaTis sazRvrebSi).  
variaciis koeficienti vC  maqsimaluria wlis civi da 
minimaluria Tbili periodisaTvis.  zamTris TveebSi 

vC -is sidideebi  5-7-jer  metia zafxulis TveebTan Se-
darebiT. absoluturi cdomilebis sidideebi meryeo-
ben 0,3-0,5 saaTis farglebSi. naxevarudabno, ariduli 
raionebisaTvis mnx-is dReRamuri jamebis asimetriis 
koeficienti A  maqsimaluria wlis civ da minimaluria 
Tbil periodSi.  mcire kavkasionis mTian raionebSi A-s 
zafxulisa da zamTris sidideebSi gansxvaveba mkveT-
rad mcirdeba. weliwadis civ periodSi (XI-IV) mnx-is  
dReRamuri jamebis wliuri ganawileba kavkasiis teri-
toriisaTvis simetriulia, xolo Tbil periodSi (V-X) 
jamebis ganawileba xasiaTdeba uaryofiTi simetriiT. 
weliwadis civ periodSi mnx-is sidideebis didi nawili  
axloa mis minimalur, xolo Tbil periodSi maqsimalur 
(SesaZlo) mniSvnelobebTan. kavkasiis im punqtebisaT-
vis, romlebic weliwadis ganmavlobaSi  xasiaTdebian 
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mniSvnelovani moRrublulobiT, eqscesis koeficienti 
uaryofiTia, xolo naxevarudabno, ariduli raionebi-
saTvis — dadebiTi.  

teritoriis helioenergetikuli kadastris kom-
pleqsuri  SefasebisaTvis arsebiTi mniSvneloba aqvs mzis 
radiaciis da mnx-is  struqturuli Taviseburebebis ka-
nonzomierebebis dadgenas, e.i. im periodebis droSi gana-
wilebis Seswavlas, rodesac SesaZlebelia an gamoricxu-
lia (Ramis saaTebSi. Rrublianobis mizeziT). helioener-
getikuli danadgarebis eqspluatacia. es periodebi cno-
bilia, rogorc `samuSao~ da `mocdenis~  periodebi. am ma-
xasiaTeblebis struqturuli Taviseburebebis kanonzo-
mierebaTa dadgena xdeba maTi registraciis Sedegad mi-
Rebuli heliogramebisa da aqtinogramebis  analizis sa-
fuZvelze. am ori gziT miRebuli mnx-is sidideebs Soris  
gansxvaveba ar aRemateba 5-7%-s. heliogramebis  da aqti-
nogramebis analizis safuZvelze mzis uwyveti naTebis 
xangrZlivi (munxi) da mocdenebis mniSvnelobebidan Camo-
yalibebuli iqna weliwadis sezonebis mixedviT Sesabami-
si rigebis sidideebi.  rogorc miRebuli Sedegis anali-
zidan Cans, somxeTis,  azerbaijanis, saqarTvelosa da da-
Restnis respublikebisaTvis Cvens mier gamoTvlili si-
dideebi Zalian axlosaa, xolo zogjer emTxveva (137)-Si 
mocemul sidideebs.  

kavkasiis teritoriaze munx-is  albaToba weliwadis 
sezonebis mixedviT mocemulia cxrilSi 6.2.1. rogorc am 
cxrilidan Cans, albaTobis maqsimalur mniSvnelobebs 
adgili aqvs zafxulis, minimalurs — zamTris TveebSi. ab-
soluturi maqsimumi (zamTris gamoklebiT) aRiniSneba 
naxWevanis  qvabulSi, zamTarSi — sevanis tbis auzSi. mTian 
raionebSi orografiuli Rrublianobis da horizontis 
Caketilobis gavlenis  Sedegad  munx-is  (heliodanadga-
rebis  savaraudo muSaobis xangrZlivobis albaTobis) si-
dideebis meryeoba xasiaTdeba TiToeuli punqtisaTvis 
damaxasiaTebeli lokaluri niSnebiT: magaliTad, P-s se-
zonur sidideebSi jvris uReltexilze weliwadis ganmav-
lobaSi aRiniSneba naklebi gansxvaveba (60%), vidre m/m 
aragacze, sadac igi Seadgens 15%. 
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aRsaniSnavia, rom Semodgomis periodSi helioda-
nadgarebis `savaraudo~ muSaobis xangrZlivobis alba-
Tobis sidideebi uaxlovdeba gazafxulis periodis  
 
cxrili 6.2.1 
mzis uwyveti naTebis xangrZlibovis albaToba a, d, % 
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1. kaspiispira dablobi 23-26 5-9 38-41 17-20 
2. stavropolis maRlobis aR-

mosavleTis ferdobi, dasav-
leTis ferdobi, centralu-
ri nawili 

22-24 
 
23-25 

5-7 
 
9-12 
 

40-42 
 
38-40 

17-18 
 
20-22 

3 minimaluri wylebi, kislo-
vodski 

17-22 7-14 30-33 16-22 

4. yubanispira vake 20-22 8-12 30-34 20-22 
5. dasavleTi kavkasionis 

CrdiloeTi winamTa 
18-22 7-12 39 16-20 

6. krasnodaris mxaris Savi 
zRvis sanapiro  

20-24 10-13 33-35 20-23 

7. azovis zRvis sanapiro  23-28 6-7 33-37 19-22 
8. saqarTvelos S. zRvis sana-

pi.  
19-23 12-14 25-30 19-22 

9. kolxeTis dablobi 20-22 10-12 24-28 18-21 
10. qarTlis vake 23-26 12-15 33-37 22-26 
11. alaznis vel., ioris zeg.  19-23 11-14 32-37 20-23 
12. mtkvar-araqsis dablobi 20-23 13-16 33-37 19-22 
13. afSeroni 23-26 9-10 40-42 18-22 

 
14. araratis vake 25-26 12-14 43-44 30 
15. leninakanis tafobi  23-24 12-13 40-42 28 
16. sevani tbis auzi 23-25 19-22 34-38 27-30 
17. naxWevanis qvabuli 27-29 12-14 46-48 30-32 
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Sesabamis sidideebs, garda leninakanis tafobisa, 
araratis vakisa da naxWevanis qvabulisa, sadac Semodgo-
mis sidideebi 4-8%-iT metia gazafxulis sidideebze. 
zamTris periodSi P-s sidideebi gansakuTrebiT dabalia  
kaspiispira dablobisa da stavropolis  maRlobis aRmo-
savleTis ferdobebisaTvis, mineraluri wylebis raio-
nisaTvis (kislovodskis gamoklebiT) da aRmosavleTis 
winakavkasiisaTvis, sadac weliwadis am periodSi aRmo-
savleTis mimarTulebis gabatonebuli qarebis da orog-
rafiuli faqtoris gavlenis Sedegad adgili aqvs qveda 
iarusis Rrublianobis (nislis) intensiur ganviTarebas.  
dasavleT winakavkasiaSi, romlisTvisac aRmosavleTis 
mimarTulebis qarebi asruleben fionebis rols, Sesam-
Cnevad izrdeba munx-is da Sesabamisad heliodanadgare-
bis savaraudo muSaobis xangrZlivobis albaToba. rac 
Seexeba heliodanadgarebis SesaZlo mocdenis xangZli-
vobis albaTobas, misi sidideebi ukuproporciulia 
SesaZlo muSaobis xangrZlivobis albaTobis sidideeb-
Tan. magaliTad, TbilisisaTvis zamTris sezonSi pirve-
li Seadgens 88%, meore 12%, gazafxulze 79% da 21%, 
zafxulSi 67 da 33%, Semodgomaze 73 da 22 %-s. 

kavkasiis teritoriisaTvis heliosistemebis muSa-
obis SesaZlo periodis mzis naTebis SesaZlo xangrZli-
vobasTan  Sefardebebis sidideebis ( y %) damokidebu-
leba heliosistemebis `muSaobis~ savaraudo xangrZli-
vobis albaTobaze (X%) weliwadis sezonebisaTvis  ana-
lizurad warmoidgineba wrfivi funqciebis saxiT.  

gazafxuli 
1.7 5.5y x= +                                                                 (6.67) 

zafxuli  
1.7 2.0y x= +                                                            (6.68) 

Semodgoma  
2.1 7.0y x= +                                                            (6.69) 

zamTari  
3.5 10.0y x= −  

Tu punqtisaTvis cnobilia munx-is sididis alba-
Toba (6.67)-(6.70) gamosaxulebebiT, am punqtisaTvis, ga-
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moiTvleba heliosistemebis samuSao dro (%-Si), e.i. Se-
fasdeba heliosistemis eqspluataciis xelsayreli (an 
araxelsayreli) pirobebi. rogorc saTanado gamoT-
vlebis Sedegebis  analizidan Cans, kavkasiis teritori-
isaTvis helioenergetikuli sistemebis eqspluataciis 
SesaZlo dro is mzis naTebis SesaZlo xangrZlivobas-
Tan Sefardebis sidideebi weliwadis sezonze damoki-
debulebiT meryeoben farTo diapazonSi (cxrili 
6.2.2.). kavkasiis teritoriaze  zafxulis sezonSi heli-
osistemebis muSaobis xangrZlivoba saSualod 2-3-jer 
aRemateba zamTris  sezonis Sesabamis xangrZlivobas. 
gazafxulisa da Semodgomis sezonebSi heliodanadga-
rebis savaraudo muSaobis da mocdenis xangrZlivobis 
savaraudo albaTobis sidideebi erTmaneTs uaxlovde-
ba somxeTis zogierTi raionis (leninakanis tafobi, se-
vanis tbis auzi, araratis vake, aragacis masivi) da nax-
Wevanis qvabulis gamoklebiT, sadac Semodgomis mniS-
vnelobebi sWarboben gazafxulis mniSvnelobebs. gar-
damavali periodisaTvis y (%)-is mniSvnelobebs Suale-
duri  adgili ukavia zamTrisa da zafxulis mniSvnelo-
bebs Soris.  

helioenergetikisaTvis mniSvnelovania heliosis-
temebis samuSao periodebis da mocdenebis saSualo 
xangrZlivobis codna saaTebSi weliwadis calkeuli se-
zonisaTvis. rogorc Cveni da (137)-Si  mocemuli saTana-
do gamoTvlebis Sedegebi gviCveneben, mzis uwyveti na-
Tebis saSualo xangrZlivoba ( t saaTebSi) TiToeuli 
punqtisaTvis  weliwadis ganmavlobaSi maqsimaluria  
zafxulis da minimaluria zamTris sezonisaTvis.  

damokidebuleba ( )t f P=  analizurad warmoidgi-
neba wrfivi funqciis saxiT: 

 
zamTari: 4.0 0.1t P= +                                             (6.71) 
gazafxuli: 5.0 0.1t P= +                                       (6.72) 
zafxuli: 3.0 0.15t P= +                                      (6.73) 
Semodgoma: 4.75 0.1t P= +                                     (6.74) 
weliwadi: 3.8 0.15t P= +                                     (6.75)                              
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cxrili 6.2.2. 
heliosistemebis eqspluataciis SesaZlo xangrZlivo-
bis  mzis naTebis SesaZlo  xangrZlivobasTan Sefarde-
bis sidideebi  y (%) 

 
P,% # raioni   

zamTari zafxu-
li 

1. kaspiispira dablobi 10-20 65-70 
2. stavropolis maRlobis aRmosav-

leTis ferdobi, dasavleTis fer-
dobi, centraluri nawili 

8-12 
20-30 
20-25 

 

70-75 
65 

65-70 

3. mineraluri wylebi, kislovod-
skis CaTvliT 

11-38 50-55 

4. krasnodaris mxaris Savi zRvis sa-
napiro  

25-35 55-60 

5. azovis zRvis sanapiro  12-15 56-62 
6. saqarTvelos S. zRvis sanapi.  30-37 45-52 
7. kolxeTis dablobi 25-30 42-48 
8. qarTlis vake 30-42 55-65 
9. alaznis veli  30-38 55-60 
10.  ivris zeg. 31-39 62-65 
11. mtkvar-araqsis dablobi 35-45 63-66 
12. afSeroni 25 70-72 
13. araratis vake 32-35 75 
14. leninakanis tafobi  30-34 70 
15. sevanis tbis auzi 55-60 65-70 
16. naxWevanis qvabuli 32-40 83-85 

 
am parametrebs Soris korelaciis koeficientis 

sidide meryeobs 0,80-0,90-is sazRvrebSi. kavkasiis ne-
bismieri punqtisaTvis (6.75)- iT P-s cnobili mniSvne-
lobebiT gamoiTvleba t-s saSualo sidideebi weliwadi-
saTvis, xolo (6.71)-(6.74) gamosaxulebebiT gamoTvlili 
t-s saSualo sezonuri sidideebi  mocemulia cxrilSi 
6.2.3. rogorc am cxrilidan Cans, weliwadis Tbil peri-
odSi kavkasiis dablob raionebSi arsebobs mzis radia-
ciis helioenergetikuli gamoyenebis miznebisaTvis 



 283 

yvelaze xelsayreli pirobebi, miuxedavad imisa, rom 
mTian raionebSi  mzis radiaciis energetikuli done ga-
cilebiT maRalia dablob raionebTan SedarebiT, gamo-
naklis SemTxvevad SeiZleba CaiTvalos  samxreT saqar-
Tvelos da somxeTis mTianeTi, sadac mzis radiaciis  
maRal donesTan erTad sinqronulad adgili aqvs mnux-
is sakmaod did mniSvnelobebs, rac ganapirobebs am rai-
onebSi helioenergetikuli miznebisaTvis mzis radia-
ciis gamoyenebis perspeqtiulobas. aqve aRvniSnavT, 
rom mTian raionebSi orografiuli Rrublianobis gav-
lenis Sedegad mnux-i ganicdis SesamCnev ryevebs. aq am 
parametrebis ganawilebis kanonzomierebebze gavlenas 
axdens, rogorc zogadi cirkulaciuri, aseve lokalu-
ri procesebi (ferdobebis,  mTa-xeobebis, myinvarebis 
qarebi, konveqcia da maTgan ganpirobebuli orografi-
uli Rrublianoba). munx-is saSualo sidide magaliTad, 
zafxulis sezonSi Seadgens jvris uReltexilze 6,3, ma-
RalmTian araratze 7,5, terskolis  pikze 7,0, leninaka-
nis  tafobze 9,2 saaTs. rac Seexeba  mzis uwyvet naTeba-
Si Sesvenebis saSualo xangrZlivobis sidideebs, isini 
xasiaTdebian garkveuli wliuri msvlelobiT  maqsimu-
miT zamTris minimumiT zafxulis da Sualeduri mniS-
vnelobebiT weliwadis  

 

cxrili 6.2.3 
mnux-is saSualo xangrZlivoba, saaTi 

 

t, saaTi # raioni   
gazafxu-
li 

zamTari zafxuli Semodgo-
ma 

1. kaspiispira 
dablobi 

7-7.5 4.0-5.0 7.5-8.0 6.2-7.0 

2. stavropolis 
maRlobis aR-
mosavleTis 
ferdobi, da-
savleTis 
ferdobi, 
centraluri 
nawili 

 
6.8-7.4 
 
 
7.2-7.6 
 
 

 
4.5-5.0 
 
 
5.0-5.3 

 
9.0-9.5 
 
 
8.7-9.0 

 
6.0-6.5 
 
 
6.5-7.0 
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3. mineraluri 
wylebi, kis-
lovodski 

6.7-7.0 5.0-5.5 7.5-8.0 6.5-7.1 

4. yubanispira 
vake 

7.0-7.2 5.0-5.3 7.5-8.1 6.7-7.0 

5. dasavleTi 
kavkasionis 
CrdiloeTi 
winamTa 

6.7-7.4 4.9-5.3 9.0 6.3-6.8 

6. krasnodaris 
mxaris Savi 
zRvis sanapi-
ro  

7.0-7.8 5.1-5.5 8.0-8.3 6.7-7.0 

7. azovis zRvis 
sanapiro  

7.3-7.6 4.7-4.9 8.0-8.7 6.5-7.0 

8. saqarTvelos 
S. zRvis sana-
pi.  

6.7-7.3 5.3-5.5 6.8-7.5 6.5-7.0 

9. kolxeTis 
dablobi 

7.0-7.3 5.2-5.3 6.5-7.0 6.4-6.8 

10. qarTlis vake 7.3-7.5 5.3-5.6 8.0-8.8 7.0-7.5 
11. alaznis vel., 

ioris zeg.  
 
6.8-7.2 

 
5.3-5.7 

 
7.8-8.6 

6.7-7.0 
6.9-7.2 

12. mtkvar-araq-
sis dablobi 

7.0-7.3 5.3-5.8 8.0-8.8 6.5-7.0 

13. afSeroni 7.4-7.6 5.0-5.2 9.0-9.5 6.5-7.8 
14. araratis vake 7.5-7.6 5.3-5.5 9.5-9.8 7.7 
15. leninakanis 

tafobi  
7.3-7.7 5.5-5.5 9.0-9.5 7.5 

16. sevani tbis 
auzi 

7.2-7.5 6.0-6.5 8.0-9.0 7.4-7.8 

17. naxWevanis 
qvabuli 

7.5-7.8 5.3-5.6 10.0-10.3 7.7-8.0 

 
gardamavali (gazafxuli, Semodgoma)   sezonebSi 

Cveni da sxva avtorebis (137) monacemebiT  mocdenebis 
saSualo xangrZlivoba kavkasiis teritoriaze merye-
obs zamTris 25-60, gazafxulis 20-32., zafxulis 11-27I,  
Semodgomis periodSi 17-35 saaTis sazRvrebSi.  mzis uw-
yveti naTebis xangrZlivobasa Suw (saaTi) da Sesvenebis 
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xangrZlivobis SS   (saaTi) Soris kavSiris  weliwadis 
sezonebisaTvis analizurad warmoidgineba wrfivi 
funqciis saxiT: 

gazafxuli, Semodgoma  
9.5 0.1S S= −u.n S                                                          (6.76) 

zafxuli 
12.0 0.2S S= −u.n S                                                     (6.77) 

zamTari  
6.9 0.03S S= −u.n S                                                        (6.78) 

 
(6.76)-(6.78) gamosaxulebebiT gamoTvlil  da heli-

ografiuli registraciis gziT miRebul Su.w -s sidide-

ebs Soris  absoluturi gadaxra SemTxvevebis umravle-
sobisaTvis ar aRemateba ± 0.5 saaTs,  garda zogierTi 
anomalurad Rrubliani  (m/m aragaci) da uRrublo (nax-
Wevani) punqtisaTvis, sadac igi zafxulis sezonSi  aR-
wevs ± 1.0 saaTs. gasagebia, rom es gamosaxulebebi sa-
marTliania  X-is mniSvnelobebis im zRvrebisaTvis, 
romlebis dadgenilis weliwadis TiToeuli sezonisaT-
vis.  

mzis naTebis saSualo dReRamuri sidideebiT S  
SesaZlebelia ganisazRvros mzis uwyveti naTebis saSu-
alo xangrZlivobis Su.w  sidideebi, rasac heliodanad-

garebis eqspluataciisaTvis gansazRvruli praqtiku-
li mniSvneloba aqvs. kavSiri am or sidides Soris ana-
lizurad warmoidgineba wrfivi funqciebis saxiT: 

zamTari: 2.0S S= +u.w                                               (6.79) 

gazafxuli: 0.55 3.75S S= +u.w                               (6.80) 

zafxuli: 0.78 1.62S S= +u.w                                    (6.81) 

Semodgoma: 0.58 3.78S S= +u.w                                 (6.82) 
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(6.79)-(6.82) damokidebulebebiT gamoTvlil da he-
liografebiT registrirebul Su.w -s  sidideebs Soris 

gadaxris absoluturi sidide ar aRemateba zamTris se-
zonisaTvis ± 0.5saaTs.,  

mzis naTebis xangrZlivobis  rigebis statistiku-
ri Sefaseba warmodgenas iZleva heliodanadgarebis sa-
muSao periodebis cvlilebebis Taviseburebebze da 
maT kanonzomierebebze, rogorc Cveni da (137)-Si  moy-
vanili gamoTvlebis Sedegebis analizi gviCvenebs, mnx-
is  saSualo kvadratuli cdomileba Seadgens 2,3-4,0sa-
aTs maqsimumiT zafxulis da minimumiT zamTris Tveeb-
Si. variaciis koeficientis vC  sidideebi weliwadis 
ganmavlobaSi meryeoben 0,3-0,5-is sazRvrebSi maqsimu-
miT gazafxulis (0,45-0,57), minimumiT zafxulis (0.28-
0.42) TveebSi. dablobi raionebi sagan gansxvavebiT mTi-
an raionebSi zafxulSi aRiniSneba vC -s didi ( 0.50vC f  ) 
mniSvnelobebi. asimetriis koeficientis —  sidide  mer-
yeobs zamTris -0,5-+0.2, gazafxulis -0.2-+0.4, zafxulis 
-1.4-+0.4, Semodgomis sezonebisaTvis -0.7-+0.3-is saz-
RvrebSi. mnx-is mrudebi gazafxulisa da zamTris sezo-
nisaTvis xasiaTdebian simetriulobiT, zafxulisa da 
Semodgomis sezonisaTvis — asimetriulobiT.  amasTan 
dablobi raionebisaTvis  damaxasiaTebelia uaryofiT, 
maRalmTiani raionebisaTvis — dadebiTi asimetria. eq-
scesis koeficientis E mniSvnelobebi sadgurebis abso-
luturi umravlesobisaTvis aris uaryofiTi da weli-
wadis ganmavlobaSi meryeoben -0,50-+1,40-s sazRvrebSi. 

rogorc mnux-is uzrunvelyofis integraluri 
albaTobis P sidideze damokidebulebebis ( )S f P=u  

analizi gviCvenebs, kavkasiis teritoriisaTvis maTi sa-
SualebiT SesaZlebelia Sefasdes  heliodanadgarebis 
uwyveti muSaobis mosalodneli xangrZlivobis sidide-
ebi da maTi limitis sazRvrebi P-s nebismieri (0-
100%)mniSvnelobebisaTvis. P-s-zrdisas 0%-dan 100%-
mde mnux-is sidideebis  cvalebadobis diapazoni  mcir-
deba 2-dan 1 saaTamde zafxulis da 2-dan 0 saaTamde we-
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liwadis danarCeni sezonebisaTvis. 5, 50 da 90% mniSvne-
lobebisaTvis mnux-is  sidideebi meryeoben Sesabamisad 
8-10, 5-8, 2-3 saaTis zamTris, 12-14, 6-8, 2-3 saaTis gazaf-
xulis, 10-12, 7-9, 2-4 saaTis Semodgomis da 12-14, 8-11, 2-
5 saaTis sazRvrebSi  zafxulis sezonisaTvis. damoki-
debuleba ( )S f P=u  analizurad warmoidgineba wrfivi 

funqciis saxiT zamTrisa da gazafxulis da kvadratu-
li funqciis saxiT Semodgomisa da zafxulis sezoni-
saTvis.  

mnux-is mniSvnelobebi: 
zamTari, zeda sazRvari 

10.4 0.07S P= −u                                                          (6.83) 

qveda sazRvari 
8.8 0.076S P= −u                                                          (6.84) 

gazafxuli, zeda sazRvari 
13.6 0.125S P= −u                                                        (6.85) 

qveda sazRvari  
12.0 0.12S P= −u                                                          (6.86) 

zafxuli,  zeda sazRvari 
214.3 0.0011S P= −u                                                    (6.87) 

qveda sazRvari 
212.4 0.0015S P= −u                                                    (6.88) 

Semodgoma, zeda sazRvari 
211.93 0.001S P= −u                                                    (6.89) 

qveda sazRvari  
214.3 0.0011S P= −u                                                    (6.90) 

zafxuli sezonisaTvis Su mniSvnelobebis zeda 

sazRvari Seesabameba kavkasiis dablobi  teritoriis 
aRmosavleTis nawilis naxevradudabno, aridul raio-
nebs (naxWevanis CaTvliT), saqarTvelos da somxeTis 
TianeTis zogierT raions, (6.83)- (6.90)  gamosaxulebebs 
gaaCnia garkveuli praqtikuli mniSvneloba: mnux-is ze-
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da sazRvrisaTvis miRebuli gamosaxulebebiT gamoiT-
vleba heliodanadgarebis muSaobis maqsimaluri xan-
grZlivobis sidideebi mocemuli  sezonisaTvis, xolo 
qveda sazRvrisaTvis  miRebuli gamosaxulebebiT mini-
maluri sidideebi, e.i. es gamosaxulebebi iZlevian he-
lioldanadgarebis eqspluataciis xangrZlivobis li-
mitur (zeda da qveda) sazRvrebs.  

rac Seexeba weliwadis ganmavlobaSi mzis uwyveti 
naTebis periodebs Soris mocdenebis sidideebis gana-
wilebebis Taviseburebebs, romlebic gansazRvraven ma-
akumulirebeli mowyobilobebis moculobas, energiis 
dubliori wyaroebis saWiro simZlavres  da sxva, isini 
faqtiurad warmoadgenen mnux-is ukuproporciul si-
dideebs. weliwadis ganmavlobaSi maqsimumiT zamTris,  
minimumiT — zafxulis sezonSi. mocdenebis saSualo  
sidideebi dablob raionebSi meryeoben zafxulSi. 9-18, 
zamTarSi 30-55, gazafxulisa da Semodgomis  sezonebSi 
20-28 saaTis sazRvrebSi. mocdenebis saSualo sididee-
bis absoluturi cdomileba zafxulis sezonSi nakle-
bia erT saaTze, weliwadis danarCeni sezonebisaTvis 
igi meryeobs 1-3 saaTis sazRvrebSi.  

rogorc ukve aRniSnuli iyo, kavkasiis mTiani rai-
onebi xasiaTdebian radiaciuli nakadebis   didi ener-
getikuli simZlavriT, magram horizontis Caketilobi-
sa da orografiuli Rrublianobis gavlenis Sedegad aq 
sagrZnoblad ecema  mzis naTebis xangrZlivoba. aqedan 
gamonakliss warmoadgens samxreT saqarTvelos da som-
xeTis mTianeTi, agreTve mTiani daRestani Sida raione-
bi,  sadac mnux-is periodebis uzrunvelyofa  mcired 
CamorCeba perspeqtiuli dablobi raionebis Sesabamis  
monacemebs, xolo energiis nakadis simZlavriT da mnux-
is  saerTo sididiT  zafxulis sezonis ganmavlobaSi 
aRematebian ukanasknelebs. erT konkretul magaliTze 
ganvixiloT heliodanadgarebis eqspluataciis  renta-
belobis zrda mTian raionebSi. rentabelobis kriteri-
umad  iTvleba miRebuli siTbos is raodenoba, rome-
lic modis jamuri danaxarjebis erTeulze.  
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mTian da maRalmTian raionebSi, sadac civi perio-
dis xangrZlivobam SeiZleba Seadginos weliwadi, mSe-
neblobis tradiciuli arqiteqturuli kanonebi eqce-
vian adgilobrivi meteorologiuri da radiaciuli 
klimatis maxasiaTeblebis racionaluri gamoyenebis 
moTxovnilebebis areSi. arqiteqturuli gadawyveti-
lebebis optimaluri variantebi ZiebaSi helioenerge-
tikuli gamaTbobeli sistemebis elementebma (kerZod 
radiaciis  mimRebma zedapirma) SeiZleba  Seasrulon na-
gebobebis arqiteqturuli konstruqciebis detalebis 
roli (mimRebi zedapiri warmoadgens Senobis kedlebis, 
an mzis sxivebisadmi optimaluri orientaciis da dax-
rilobis saxuravis nawils). 

rogorc cnobilia (44), brtyeli heliogamaTbobe-
lis radiaciis mimRebi daxrili zedapiris siTburi ba-
lansis gantolebas aqvs Semdegi saxe: 

 

0( )N
R

Q QF Q R
A A

ατα= −                                             (6.91) 

 
romelSic Q  aris horizontaluri mimRebi zedapi-

ris farTobis erTeulze (1sm2) erTi saaTis ganmavloba-
Si dacemuli jamuri radiaciis sidide. R daxril da ho-
rizontalur zedapirebze dacemuli radiaciis sidi-
deebis Sefardeba, τ - minis gamSvebi, α  - STanTqmis una-
rianoba. 0Q Rτα  warmoadgens jamuri radiaciis sidi-
des, romelic aRwevs heliogamaTbobeli  mimReb zeda-

pirs. 
Q
A
α  - aris siTbogamtarobis da gamosxivebis gziT 

erTi saaTis ganmavlobaSi  gamaTbobelis korpusis er-
Teuli farTis mier siTbos jamuri danakargebis sidi-
de. RF  warmoadgens heliogamaTbobelis mimRebi zeda-
piridan TbomatareblisaTvis (haeri, siTxe) siTbos ga-

dacemis margi qmedebis koeficients (mqk). NQ
A

 aris sa-

sargeblo siTbos raodenoba.   
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heliogamaTbobelis konstruqciuli elementebis 
ucvleli parametrebis, Tbofizikuri maxasiaTeblebis 
da haeris mudmivi temperaturis pirobebSi RF , τα da 

Q
A
α  sidideebi aseve mudmivi arian da (6.91) gamosaxule-

biT  gamoTvlis saboloo Sedegebi  damokidebulia he-
liogamaTbobelis zedapirze dacemuli jamuri  radia-
ciis sidideze. magram mTian raionebSi Qα -s sidide  
aris adgilis absoluturi simaRlis funqcia, ris Sede-
gad yoveli konstruqciuli parametrebis mqone brtye-
li formis heliodanadgarisaTvis adgilis simaRleze 
damokidebulebiT  icvleba misi mqk da sasargeblo sit-
Tbos raodenoba. sinqronulad  adgilis simaRlis mate-
bisas izrdeba gamaTbobelis siTburi danakargebi mis 
korpussa da haeris temperaturas Soris sxvaobis 
zrdis Sedegad, magram igi SeiZleba dayvanili iqnes mi-
nimumamde saTanado xarisxis TermoizolirebiT. cen-
traluri kavkasionisaTvis brtyeli heliogamaTbobe-
lis siTburi balansis  gantoleba am mosazrebebis gaT-

valiswinebiT da Cvens mier dadgenili 0 ( )Q f H=∑ da-

mokidebulebis gamoyenebiT,  magaliTad, aprilisa da 
oqtombris 15 ricxvis 11-12 saaTis drois intervali-
saTvis, rodesac mimReb zedapirs ukavia horizontalu-
ri mdebareoba, Rebulobs Semdeg saxes: 

aprili 
2(2710.4 41.1 ) )N

R
Q QF H
A A

ατα= + −                      (6.92) 

oqtomberi 

2(1800.0 45.3 ) )N
R

Q QF H
A A

ατα= + −                        (6.93) 

mimRebi zedapiris samxreTis orientaciis SemTxve-
vaSi, rodesac misi daxrilobis  kuTxe Seadgens 450-s  

aprili 

2(3180.0 150.0 ) )N
R

Q QF H
A A

ατα= + −                      (6.94) 
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oqtomberi  

2(2980.0 240.0 ) )N
R

Q QF H
A A

ατα= + −                    (6.95) 

(6.92) — (6.95) gamosaxulebebSi jamuri radiacia mo-
cemulia kj(m2saaTi)-Si  H km-Si. 

davuSvaT, rom gamaTbobelisaTvis (minis orfenia-
ni brtyeli saxuraviT) 0.80τ = , 0.90α = ,  e.i. 0.72τα = , 

Tbodanakargebis 
Q
A
α  sidide Seadgens 0Q -is  sididis 

20%, xolo heliogamaTbobeli s korpusis saTanado 
Termoizolaciis Sedegad misi temperatura simaRlis 
matebisas icvleba umniSvnelod, am daSvebis Sedegad 

0.77RF = . mowmendili cis SemTxvevaSi weliwadis civi 
periodis (X-V) Tveebis Sua ricxvis 11-12 saaTis inter-

valisaTvis gamoTvlili NQ
A

sidideebis analizi gviCve-

nebs, rom isini adgilis simaRlis  matebis sinqronulad 

izrdebian. damokidebulebebi ( )NQ f H
A
=∑  helioga-

maTboblebis  horizontaluri mdgomareobis SemTxve-
vaSi warmoidginebian kvadratuli funqciis saxiT: 

2NQ a bH
A
= +∑  a da b koeficientebis  sidideebi moce-

mulia cxrilSi 6.2.4 Sesabamisi mrudebidan aRebul da 

am damokidebulebebiT gamoTvlil NQ
A∑ -s sidideebs 

Soris saSualo kvadratuli gadaxra Seadgens 11,05 
kj(m2 saaTi)-s.  es gamosaxulebebi  saaTur SualedSi (11-
12sT) iZlevian heliogamaTboblebis mier sasargeblo 
siTbos  sididis cvlilebebs adgilis simaRleze damo-
kidebulebiT. gansazRvrul  praqtikul interess war-
moadgens siTbos sidideebis gamoTvla da maTi  maRlivi 
cvalebadobis kanonzomierebebis dadgena dRis im in-
tervalisaTvis, rodesac heliogamaTbobelis hori-
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zontalur zedapirze  modis sxivuri energiis teqniku-
rad gamosayenebeli simZlavre (0,42kvt/m2sT) weliwadis 
civi periodis TiToeuli TvisaTvis drois im Sualede-
bis xangrZlivobis gansazRvris Semdeg,rodesac srul-
deba es piroba horizontaluri da 450-iT daxrili sam-
xreTisaken orientirebuli heliogamaTboblis zedapi-

rebisaTvis gamoTvlili iqna NQ
A∑ d -s sidideebi adgi-

lis simaRleze damokidebulebiT, damokidebuleba 

( )NQ f H
A
=∑ d  warmoidgineba wrfivi funqciis saxiT: 

NQ a bH
A
= +∑ d  a da b  koeficientis mniSvnelobebi mo-

cemulia cxrilSi 6.2.4 simaRlis zrdisas  0-4 km far-

glebSi NQ
A∑ sd -is sidideebi  sagrZnoblad matulobs 

heliogamaTboblis horizontaluri mdgomareobis pi-
robebSi, maTi  gansakuTrebiT intensiuri zrda aRiniS-
neba samxreTisaken orientirebuli radiaciis mimRebi 

zedapiris SemTxvevaSi. NQ
A∑ d -is sidide rogorc dab-

lobi aseve mTiani raionebisaTvis  dkember-maisis peri-
odSi horizontalur zedapirTan SedarebiT izrdeba 
1,2-7,7-jer. mzis simaRlis zrdisas  es gansxvaveba mcir-
deba, zamTris TveebisaTvis ki igi maqsimaluria.  

aRsaniSnavia, rom noember-dekemberSi horizonta-
luri zedapirisaTvis jamuri radiaciis sidide nakle-
bia mis teqnikurad gamosayenebel simZlavreze 
(0.42kvt/m2) 450-iT daxril samxreTisaken orientirebul 
zedapirze ki igi weliwadis am periodSi metia 
0,42kvt/m2-ze. mzis radiaciis gamoyenebadobis sidide, 
romelic warmoadgens dRis im nawilis radiaciis jamis 
Sefardebas, rodesac 0.42Q f kvt/m2-ze, radiaciis 
dRiuri jamis sididesTan, adgilis simaRlis funqciaa. 
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magaliTad, aprilSi  igi simaRlis zrdisas 0,4 km-dan 
4.0km-mde matulobs 0,80 —dan 0.93-mde.  

 
 

cxrili 6.2.4 

NQ
A∑ s  da NQ

A∑ d  sidideebi mowmendili cis SemTxve-

vaSi, kj/m2sT 
 

Tve ∑  α  a, 
b X XI XII I 

755.68 593.54 537.08 605.21 
NQ

A∑ s  
 
00 

a, 
b 20.97 19.44 12.22 10.56 

a, 4000.0 1725.0 1050.0 1600.0 00 
b 600.0 525.0 250.0 400.0 
a, 7975.0 7025.0 6250.0 7150.0 

NQ
A∑ d  

450 
b 1025.0 675.0 700.0 1000.0 

 
Tve ∑  α  a, 

b II III IV V 
780.0 1026.9 1165.0 1290.4 

NQ
A∑ s  

 
00 

a, 
b 13.33 15.0 20.0 21.1 

a, 3925.0 5500.0 7500.0 10075.0 00 
b 325.0 1100.0 1200.0 875.0 
a, 7800.0 9000.0 9850.0 9300.0 

NQ
A∑ d  

450 
b 1000.0 1000.0 1150.0 1200.0 

 
amrigad, kavkasiis mTian  da maRalmTian raionebSi 

mudmivi Tbofizikuri parametrebis brtyeli formis 
heliogamaTbobelis nayofiereba adgilis simaRlis 
zrdisas mniSvnelovnad matulobs, rac nagebobebis 
Tbomomaragebis TvalsazrisiT garkveul ekonomiur 
efeqts iZleva.  

mTiani raionebis helioenergetikuli potencia-
lis Sefasebisas mnux-is da mzis uwyveti naTebis perio-
debs Soris mocdenebis jamuri xangrZlivobis garda 
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gaTvaliswinebuli unda iqnes radiaciis energetikuli 
donis zrda adgilis simaRlis matebis sinqronulad.  

rogorc aRiniSna, sakvlev teritoriaze aqtino-
metriuli sadgurebis simcire da amiT ganpirobebuli 
saWiro informaciis nakleboba aZnelebs radiaciuli 
balansis  da misi komponentebis droSi da sivrceSi ga-
nawilebis kanonzomierebebis da teritoriis helioe-
nergetikuli potencialis saTanado sizustiT dadge-
nas. am xarvezis Sevsebis mizniT klimatologiuri ga-
moTvlebis praqtikaSi farTod gamoiyeneba empiriuli 
saxis formulebi, romlebic iZlevian radiaciuli ba-
lansis calkeuli komponentebis damokidebulebas 
moRrublulobaze da mzis naTebis xangrZlivobaze. ma-
galiTad, (39)-Si jamuri radiaciis Tviuri jamebis si-
dideebi gamoTvlili  iqna (58)-Si   mocemuli Semdegi sa-
xis formuliT: 

[ ]0 1 (1 033 0.35 ) (1 0.1Q Q H n H= − − − −              (6.96) 
 

sadac n aris saerTo moRrubluloba, H adgilis  
absoluturi simaRle, Q da 0Q  jamuri radiaciis  Tviu-
ri jamebis sidideebi Rrublianobis saSualo pirobebSi 
da mowmendili cis SemTxvevaSi. Sesabamisi ganedebisaT-
vis 0Q -is sidideebi aRebuli iqna (17)-dan. mzis pirdapi-

ri radiaciis  faqtiuri jamebis S∑  gamosaTvlelad 

ki (39)-Si gamoyenebuli iqna s. sivkovis formula: 
 

1
0
(1 )

2
n nS S n −

= − +∑ ∑                                        (6.97) 

 

sadac 
0

S∑  aris pirdapiri radiaciis Tviuri jami 

mowmendili cis SemTxvevaSi 1,n n  - saerTo da qveda ia-
rusis Rrublianoba.  

 

saqarTvelos teritoriisaTvis (160)-Si S Q∑ T
-is 

sidideebi gamoTvlili iqna (1.2) formuliT. somxeTis 
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teritoriisaTvis (48) Q∑ T -is sidideebi gamoTvlili 

iqna (6.97) formuliT,  romelSic saerTo Rrublianoba 

n warmodgenilia Semdegi saxiT: 1
1 (1 )
2

n S n= − + , sadac 

1S  aris mzis naTebis fardobiTi xangrZlivoba. 0Q∑ T -

is sidideebi ki gansazRvruli iqna  Semdegi gamosaxu-
lebiT: 

0.04
0 0Q Pth=∑ T                                                       (6.98) 

 
sadac P koeficientia, t mzis naTebis SesaZlo xan-

grZlivoba, 0h -Tvis 15 ricxvisaTvis mzis simaRlis  sa-
SuadReo mniSvneloba.  

sayuradReboa is faqti, rom mTiani raionebisaT-
vis (164)-Si dadginda (1.2) formulis gamoyenebis mizan-
Seuwonloba Tviuri jamebis gamoTvlis mizniT, raze-
dac adre miuTiTebda m. budikoc (21). 

jamuri radiaciis Tviuri jamebi Rrublianobis 
saSualo pirobebSi Cvens mier gamoTvlili iqna me-3 
TavSi mocemuli meTodikiT. meTodologiuri Tvalsaz-
risiT gansazRvrul interess warmoadgens Cveni da 
moxseniebuli avtorebis mier miRebuli Sedegebis Se-
dareba kavkasiis mTiani raionebisaTvis (cxr. 6.2.5) 

Catarebulma analizma  gviCvena, rom jamuri radi-
aciis Tviuri jamebis gamoTvlis mizniT saqarTvelos 
mTagorian raionebSi (160) savinov-angstremis formu-
lis (1.2) gamoyeneba da masSi Semavali K parametrebis 
sididis gansazRvra T. berliandis grafikiT iZleva 
did cdomilebas (realuridan gansxvavebam SeiZleba mi-
aRwios 30% da mets). 

aRsaniSnavia, rom (48)-Si  mocemuli informaciis 
gamoyenebiT agebul grafikze (damokidebuleba 2) adgi-
li aqvs α -s did dispersias: β  mniSvnelobas 6000.0m 
j/m2 Seesabameba α -s Semdegi diapazoni 5700.0-
6600.0mj/m2, rac miuTiTebs (48)Si jamuri radiaciis  si-
dideebis gamoTvlebSi gamoyenebuli meTodikis garkve-
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ul xarvezebze. damokidebuleba 2-iT gamoTvlil da  
misi Sesabamisi grafikidan agebul α -s mniSvnelobebs 
Soris saSualo kvadratuli gadaxris sidide aRwevs 
60.0 mj/m2-s. rac Seexeba (39)-s (damokidebuleba 3) am Sem-
TxvevaSi α  daβ  -s Soris  gansxvaveba minimaluria: igi 
meryeobs 50,0mj/m2-is. sazRvrebSi, 4-is SemTxvevaSi  ki 
gansxvavebis diapazoni  meryeobs 50,0-100,0 mj/m2- is 
sazRvrebSi.  
 
cxrili 6.2.5 
jamuri radiaciis wliur jamebs Soris damokidebuleba 
avtorisa (β ) da literaturuli wyaroebis (α  ) mona-
cemebiT mj/m2-Si 

 
# damokidebuleba avtori, 

wyaro 
raioni 

1 0.91 350.0β α= +  39 amierkavkasia, 
daRestani 

2 
0 2

1

( )1.05 540.0

,

S f P

S S

β α−= −
 

1.05 540.0β α= −  

48 somxeTi 

3 1.05 360.β α= −  39  somxeTi 

4 1.43 2300.0β α= −  164 azerbaijani, 
daRestani 

5 kavSiris dadgena SeuZ-
lebelia  

160 saqarTvelo 

 
amrigad, kavkasiis mTagorian pirobebSi helioe-

nergetikuli potecnialuri resursebis  Sefasebis 
mizniT  jamuri radiaciis  sidideebis gamosaTvlelad 
gaTvaliswinebuli unda iqnes Cvens mier gamoyenebuli 
meTodika. am pirobis dacviT kavkasiis  teritoriisaT-
vis  gamoTvlili iqna jamuri radiaciis Tviuri, sezo-
nuri da wliuri jamebis sidideebi moRrublulobis sa-
Sualo mravalwliuri sidideebis  gamoyenebiT.  miRebu-
li Sedegebi dakvirvebebis monacemebTan erTad safuZ-
vlad daedo kavkasiis teritoriis helioenergetikuli  
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potencialis Sefasebas, xolo amierkavkasiis terito-
riisaTvis paralelurad gamoyenebuli  iqna v. gaguas 
mier miRebuli saintereso Sedegebi, romlebic mocemu-
lia cnobil monografiaSi (137). aqve aRvniSnavT, rom 
kavkasiis teritoriis helioenergetikuli resursebis 
ganawilebis  rukaze  konkretuli punqtebis SemTxveva-
Si fonuri sidideebis  detalizacia SesaZlebelia Ca-
tardes S. darCiasTan erTad Cvens mier  damuSavebuli 
meTodikiT (2). rogorc cnobilia, sabWoTa kavSiris 
daSlamde amierkavkasiis teritoriaze funqcionireb-
da  129 meteorologiuri da 16 aqtinometriuli sadgu-
ri, CrdiloeT kavkasiis teritoriaze da Sesabamisad 44 
da 7 sadguri. amas Tan kavkasiis mTian raionebSi aqti-
nometruli sadgurebis ricxvi dablob raionebTan Se-
darebiT gacilebiT mcirea. am raionebSi saWiro infor-
maciis deficitis Sevsebis da helioenergetikuli re-
sursebis detalizaciis mizniT Seswavlil iqna mzis 
pirdapiri radiaciis intensivobis  (horizontalur da 

sxivisadmi normalur sibrtyeSi)- 1,S S  da mowmendili  

cis mdgomareobis albaTobis 0 2P −  Soris funqcionalu-
ri kavSiris Taviseburebebi maTze sinqronuli dakvir-
vebis informaciis gamoyenebis safuZvelze.  maRalmTi-
an raionebSi amJamad da axlo momavalSi aqtinometru-
li sadgurebis organizacia da saWiroo statistikuri 
masalebis dagroveba gasagebi obieqturi mizezebis ga-
mo SeuZlebelia. rac 0 2( )S f P −=  funqcionaluri kavSi-
ris Seswavlas aniWebs aqtualur mniSvnelobas.  damoki-
debuleba 0 2( )S f P −=  informatiuli TvalsazrisiT ga-
cilebiT uzrunvelyofilia, vinaidan meteorologiu-
ri sadgurebis ricxvi, sadac  Rrublianobaze dakvirve-
ba swarmoebs, 16-jer metia im sadgurebis ricxvze, sa-
dac xdeba mzis naTebis xangrZlivobis registracia da 
17-jer meti im sadgurebis ricxvze, sadac sinqronu-
lad swarmoebs  S  da 0 3P −  sidideebze dakvirvebebi. aqe-
dan gamomdinare, Tu romelime punqtisaTvis misi heli-
oenergetikuli potencialis gamovlenis mizniT saWi-
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ro gaxdeba mzis pirdapiri radiaciis intensivobis gan-
sazRvra (rasac sakmaod xSirad eqneba adgili helioe-
nergetikuli resursebis kadastris detalizaciis 
procesSi), sakmarisi iqneba punqt-analogisaTvis miRe-
buli 0 2( )S f P −= damokidebulebis gamoyenebiT  sakvle-

vi punqtisaTvis mxolod 0 2P −  sididis albaTobis gan-
sazRvra. rogorc aRvniSneT, mzis radiaciis amJamad 
arsebuli teritoriuli kadastrebis SesaZleblobebi 
sakmaod SezRudulia droSi da sivrceSi. maTi detali-
zaciis TvalsazrisiT, vinaidan maTSi Camoyalibebuli 
zogadi principuli debulebebis konkretuli punqtis 
lokalur pirobebamde dayvana da praqtikisaTvis saWi-
ro Sedegebis miReba xSirad gadauWrel amocanas war-
moadgens, e.i. ganzogadebul klimatologiur sidide-
ebze dafuZnebuli kadastrebi saWiroeben garkveul 
dazustebas da detalizacias.  

rogorc aRiniSna,  0 2( )S f P −= , 1
0 2( )S f P −=  funqci-

onaluri kavSirebis dadgena xdeba im sadgurebze, sa-

dac S   da 1
0 2( )S f P −=  warmoebda dakvirvebebi. rogorc 

zRvis donidan sxvadasxva simaRleze (-26 metridan daw-
yebuli 3750metriT damTavrebuli) ganlagebuli kon-
kretuli punqtebisaTvis miRebuli Sedegebis  analizma 
gviCvena, es damokidebulebebi warmoadgenen wrfes, ro-
melsac aqvs Semdegi analizuri saxe: 0 2S a bP −= +   damo-
kidebulebebSi dakvirvebis vadisaTvis 12 sT 30 wT 

0.03a = − , 2.86b =  (IX, XI, XIII I), 0.014a = , 1.44b = −  (I, II, 
III, IX, X, XII), 0.20a =  , 1.67b = − (V), 0.12a = , 1.76b = (IV, 
VIII, IX). analizuri gamosaxulebebiT  gamoTvlil da 
dakvirvebiT miRebul S-is  sidideebs Soris saSualo 
kvadratuli  gadaxra  Seadgens 0.036±  (m/m yazbegi) da 

0.027±  (senaki). 
amrigad, Tu punqtisaTvis cnobilia 0 2P − -is mniS-

vnelobebi am meTodikiT  SeiZleba gamoiTvalos  S  da 
1S -is intensivobis  sidideebi adgilis ganedze da abso-
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lutur simaRleze damokidebulebiT, Semdeg maTi saSu-
alebiT Tviuri da wliuri jamebis   gamoTvla konkre-
tuli  punqtebisaTvis), magram es bunebrivia,  vinaidan 
meTodika saSualebas iZleva  gansazRvruli punqtebi-
saTvis Catardes helioenergetikuli resursebis deta-
lizacia, rac gulisxmobs heliodanadgarebis eqsplua-
taciis efeqturobis obieqtur Sefasebasac.  

teritoriis helioenergetikuli resursebis po-
tencialiT daraionebis ZiriTad parametrebs warmoad-

genen horizontalur zedapirze mzis pirdapiri — 1S , 
jamuri Q  radiaciis jamebis sidide da mzis naTebis 

xangrZlivoba weliwadis Sw , sezonis (VI-VIII), Tvis (I,  VII) 

ganmavlobaSi saerTo Rrublianobis raodenoba ianvri-
sa da ivlisis TveebSi, saerTo moRrublulobis mixed-
viT mowmendil dReTa ricxvi weliwadSi, mzis naTebis 
xangrZlivobis ivlisis sidideebis albaTobebi, romle-
bic tolia an metia 250 saaTze,  rac uzrunvelyofs 
mzis naTebis saSualo dRiur xangrZlivobas  aranakleb 
8 saaTisa. aRniSnuli parametrebis droSi da sivrceSi 
ganawilebis da maTi cvalebadobis obieqturad Sefase-
bis mizniT kvlevis procesSi gamoyenebuli iqna infor-
maciis analizis albaTur-statistikuri meTodi. kavka-
siis, rogorc rTuli regionis, helioenergetikuri  
potencialis dadgenis aucilebel  pirobas warmoad-
gens ferdobebze radiaciis mokletalRiani nakadebis 
( , ,S Q D ) da  mzis naTebis xangrZlivobis  sidideebis 
wliuri svlis kanonzomierebebis codna. es sakiTxi gan-
xiluli iyo 2-4 TavebSi.  aRniSnuli kriteriumi  safuZ-
vlad daedo helioenergetikuli resursebis  kavkasiis 
teritoriis daraionebis sqematur rukas, romelzedac 
gamoiyo potencialuri helioresursebis doniT er-
TmaneTisagan gansxvavebuli zonebi ZiriTadi kadas-
truli parametrebis gradaciebis gansazRvruli sidi-
deebiT (nax. 6.2.1.). aRsaniSnavia, rom saqarTvelos dab-
lobi teritoriisaTvis Cvens mier dadgenili helioe-
nergetikuli zonebis konturebi ZiriTadad daemTxva 
(137)-Si dadgenili Sesabamisi zonebis konturebs.  
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pirvel zonaSi  Sedis naxCevanis qvabuli, md. araq-
sis mimdebare somxeTis teritoriis dasavleTi zoli, 
Siraqis, araratis naxevarudabno. ariduli vakeebi  da 
aragacis zegani. am zonaSi jamuri radiaciis wliuri 
jamebi meryeoben Sesabamisad 6000 da 820-920mj/m2-is, 
mzis naTebis xangrZlivobis saSualo mravalwliuri si-

dideebi (∑ w ) 2600-2800 saaTis sazRvrebSi, xolo ∑ VII  
aRemateba 350 saaTs.  weliwadSi mowmendil dReTa ric-
xvi meryeobs 100-120-is farglebSi. heliodanadgarebis 
samuSao drois xangrZlivoba zafxulis ganmavlobaSi 
Seadgens 1000 saaTze mets. zamTris garda aq arsebobs  

yvela piroba nebismieri tipis heliosistemis eqs-
pluataciis maqsimaluri efeqturobis realizaciis 
TvalsazrisiT. kavkasiis teritoriaze es zona iTvleba he-
lioresursebiT maqsimalurad uzrunvelyofil zonad.  

meore zona moicavs  mtkvar-araqsis dablobis Se-
madgenel nawilebs: muRanisa da Sirvanis dablobebs, 
kaspiis zRvis sanapiro zols lenqoranis dablobis 
CrdiloeT sazRvramde, somxeTis SuamTis zegnebs da 
saqarTvelos teritoriis javaxeTis zegnis viwro sam-

xreT-dasavleT zols. am zonaSi Q∑ w R   da Q∑ VII R   

meryeoben 5500-5700 da 780-820mj/m2-is, ∑ w  da ∑ VII  Se-

sabamisad 2500-2600 da 320-350 saaTis sazRvrebSi. weli-
wadSi mowmendil dReTa ricxvi meryeobs 70-100 dRis 
farglebSi, heliodanadgarebis samuSao drois xan-
grZlivoba zafxulis sezonSi Seadgens 900-950 saaTs.  
amave zonaSi Sedian afSeronis naxekvarkunZuli da sa-
mur-diviCis dablobis samxreTi nawili xaCmas-kubas 
sazRvramde.  am raionebSi heliodanadgarebis samuSao 
drois  savaraudo xangrZlivoba zafxulSi aRwevs 900 
saaTs. meore zonaSi heliosistemebis stabiluri muSa-
oba uzrunvelyofilia mTiani raionebisaTvis mTeli 
weliwadis ganmavlobaSi. dablobi raionebisaTvis ki 
zamTris Tveebis gamoklebiT.  



 301 

 
 

nax. 6.2.1 helioenergetikuli resursebis ganawileba 
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mesame zonaSi Sedis javaxeTis zeganis samxreT-aR-
mosavleTi nawili da somxeTis maRalmTiani zegnebi. am 
zonaSi meore zonis msgavsad aRiniSneba helioenerge-
tikuli potencialis erT-erTi ZiriTadi parametris — 

jamuri radiaciis wliuri jamebis ( Q∑ w R ) mateba adgi-

lis simaRlis zrdisas SuamTis zonaSi (1-2 km) 5500-6100,  
maRali mTis (2-3km) zonaSi 6100-6400mj/m2-is  sazRvreb-
Si, ivlisis jamebi am zonebSi Sesabamisad meryeoben 700-
750 da 750-800mj/m2-is,  xolo mzis naTebis  xangrZlivo-
bis  saSualo Tviuri sidideebi Sesabamisad 280-320 da 
320-330 saaTis sazRvrebSi.  zafxulis sezonSi  helio-
sistemebis samuSao drois savaraudo xangrZlivoba  
meryeobs 800-900 saaTis farglebSi.  

meoTxe zona aerTianebs krasnodaris mxaris Savi 
zRvis da azovis zRvis sanapiro zolebs, yubanispira 
dablobs, salskis tramalebis samxreT-dasavleT na-

wils. am zonaSi Q∑ VII R  da Q∑ w R -is sidideebi meryeo-

ben 600-800 da 4900-5200 mj/m2-is,  SVII  da Sw -is  sididee-

bi ki 250-350 da 2000-2500 saaTis farglebSi. zRvispira  
zoli SeiZleba gaiyos or qvezonad: krasnodaris mxa-
ris qvezonad md. fsoudan novorosiiskamde, sadac  

Q∑ w R  da Q∑ VII R -is sidideebi meryeoben 4900-5000 da 

600-700 mj/m2-is  sazRvrebSi, meore qvezonad, romelic 
moicavs novorosiiskidan dawyebuli Savi da azovis 
zRvispira sanapiroebs kavkasiis  teritoriis Crdilo-

eT  sazRvramde. sadac Q∑ VII R  aRwevs 5200, Q∑ VII R - ki 

800 mj/m2, xolo Sw  da SVII  meryeoben Sesabamisad 2300-

2450 da 300-360 saaTis sazRvrebSi, mowmendil dReTa 
ricxvi ki 55-70-is sazRvrebSi. zafxulis periodSi he-
liosistemebis samuSao drois  savaraudo xangrZlivo-
ba meryeobs 700-800 saaTis farglebSi.  am zonaSi arse-
buli helioresursebi uzrunvelyofen heliosisteme-
bis stabilur eqspluatacias weliwadis Tbili perio-
dis ganmavlobaSi.  
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 mexuTe zonaSi Sedian alazan-avtoranis, ganja-ya-
zaxis, qarTlis vakeebi, ivris zegani, lenqoranis dab-
lobi, Sida daRestani da afxazeTis zRvispira zoli. am 

zonaSi Q∑ w R  da Q∑ VII R -is sidideebi meryeobs 4900-

5200 da 630-750mj/m2-is, xolo Sw  da SVII  Sesabamisad 

2150-2350 saaTis, mzian dReTa ricxvi weliwadSi 50-65-is 
farglebSi. heliodanadgarebis  samuSao drois savara-
udo xangrZlivoba zafxulSi Seadgens 700-800 saaTs. sa-
Sualo da mcire zomis  heliosistemebis rentabeluri 
eqspluataciisaTvis aq arsebobs helioresursebis (Se-
sabamisi) potenciali.  

meeqvse zonas ganekuTvneba xaCmas-kubas xazis 
CrdiloeTiT mdebare  kaspiis zRvis  sanapiro zoli, 
CrdiloeTi daRestanis dablobi da stavropolis maR-

lobis aRmosavleTis ferdobi. am zonaSi Q∑ w R  da 

Q∑ VII R  meryeobs 4600-5000 da 650-700mj/m2-is, Sw  da 

SVII 1750-2200 da 280-320 saaTis, mzian dReTa ricxvi we-

liwadSi 45-65-is sazRvrebSi. zafxulSi heliosisteme-
bis samuSao drois savaraudo xangrZlivoba meryeobs 
750-850 saaTis farglebSi am zonaSi weliwadis civ peri-
odSi heliosistemis eqspluataciis pirobebi araxel-
sayrelia gansakuTrebiT CrdiloeT daRestnis dab-
lobSi, stavropolis maRlobis aRmosavleT ferdobeb-
ze msgavsad aRmosavleTi winakavkasiis winamTis raio-
nebisa (groznos, CrdiloeT oseTis, yabardos vakeebi, 
mineraluri wylebis raioni), sadac aRmosavleTis  ga-
batonebuli qarebis da orografiis gavleniT adgili 
aqvs dabali iarusis  Rrublianobis (nisli) warmoqmnis 
intensiur procesebs da mzis naTebis xangrZlivobis da 
radiaciis jamebis mkveTr  Semcirebas. am zonaSi helio-
resursebis gamoyenebis mizniT upiratesoba unda  mie-
niWos saSualo da mcire masStabis heliodanadgarebs. 
Tumca weliwadis Tbil periodSi  winamTis raionebis 
gamoklebiT, SeiZleba gamoyenebuli iqnes nebismieri 
tipis heliodanadgari.  
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meSvide zona moicavs  kavkasiis mTian raionebs (me-
ore da mesame zonebSi Semavali mTiani zegnebis gamok-
lebiT), sadac adgili aqvs simaRlis cvlilebiT ganpi-
robebul helioresursebis maxasiaTeblebis sididee-
bis vertikalur cvlilebebs. am raionebSi mzis pirda-
piri da jamuri radiaciis zrdis tendenciebi adgilis 
simaRlis zrdis sinqronulad ganpirobebulia atmos-
feros sisqis,  misi aerozoluri gaWuWyianebis, wylis 
orTqlis Semcvelobis da dabali iarusis  Rrubliano-
bis optikuri sisqis SemcirebiT, rac gansazRvravs  am 
mniSvnelovani kadastruli maxasiaTeblebis energeti-
kuli donis matebas. dakvirvebebiT da gamoTvlebiT mi-
Rebuli informaciis sinqronuli analizis Sedegad, 
rogorc zemoT aRiniSna (Tavi 4) raodenobrivad Sefa-

sebuli iqna Q∑ w R -is maRlivi cvalebadobis  Tavise-

burebebi kavkasiis calkeuli, mTiani raionebisaTvis: 

damokidebuleba ( )fQ H=∑ w R  analizurad iqna war-

modgenili kvadratuli funqciebis saxiT: 
mcire kavkasioni azerbaijanis farglebSi 

25115.98 80.77HQ = +∑ w R                                      (6.99) 

mcire kavkasioni somxeTis farglebSi  
25500 80.0Q H= +∑ w R                                             (6.100) 

 mcire kavkasioni saqarTvelos farglebSi  
25030.8 101.5HQ = +∑ w R                                        (6.101) 

didi kavkasionis CrdiloeTi ferdobis dasavleTi 
nawili 

24945.8 97Q H= +∑ w R                                             (6.102) 

centraluri nawili 
24595.8 123.1HQ = +∑ w R                                        (6.103) 

aRmosavleTi nawili 
25015.98 90.77HQ = +∑ w R                                     (6.104) 

didi kavkasionis samxreTi ferdobis dasavleTi 
nawili 
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25033.3 90.0Q H= +∑ w R                             (6.105) 

centraluri nawili  
25023.4 9616Q H= +∑ w R                            (6.106) 

aRmosavleTi nawili  
25180.8 81.5Q H= +∑ w R                             (6.107) 

 
rogorc am gamosaxulebebis analizidan Cans, kav-

kasiis mTian raionebSi adgilis absoluturi simaRlis  

cvlilebisas 0-4 km-is sazRvrebSi Q∑ w R -is mniSvnelo-

bebi saSualod izrdebian 1300-1600mj/m2-iT (25-30%-iT). 
aqedan gamomdinare, mTiani raionebis gaerTianeba mzis 
energiis potencialuri resursebis doniT erT gansaz-
Rvrul zonaSi ar aris gamarTlebuli, radganac kom-
pleqsuri kadastruli  maxasiaTeblebi aq ganicdian 
mkveTr maRliv da lokalur cvlilebebs, rac gamoric-
xavs aq arsebuli sami maRlivi energetikuli zonis (da-
bali mTa, Sua mTa, maRali mTa) erTi gansazRvruli he-
lioenergetikuli potencialis zonaSi gaerTianebis 
SesaZleblobas.  unda aRiniSnos isic, rom mTiani regi-
onis nebismieri maRlivi sartylis helioenergetikuli  
potencialis SefasebisaTvis mzis pirdapiri  da jamuri 
radiaciis  sidideebis dadgena aucilebeli, magram ara-
sakmarisi pirobaa, radganac kadastris meore mniSvne-
lovani parametri — mzis naTebis xangrZlivoba  fun-
qciaa (radiaciisa da haeris temperaturisagan gansxva-
vebiT) ara marto adgilis simaRlisa, aramed rTuli 
orografiuli pirobebisac, romlebic gansazRvraven 
horizontis daxurulobis xarisxs da xSirad Rrublia-
nobis reJimis Taviseburebebsac, ris Sedegad rukebze 
mocemuli helioresursebis  fonuri  sidideebi zogi-
erT SemTxvevaSi saWiroeben  dakonkretebas sakvlevi 
adgilis lokaluri pirobebis gaTvaliswinebiT. maga-
liTad, m/m/ yazbegze (3653m) mravlawliuri monaceme-
biT saerTo da qveda iarusis saSualowliuri  Rrubli-
anoba Seadgens 5,6 da 4,1 bals, mzis naTebis saSualo 
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xangrZlivoba weliwadSi 2150 saaTs,  

6410.0Q =∑ w R mj/m2-s. SedarebisaTvis punqt qiurda-

mirSi, romelic mdebareobs mtkvar-araqsis dablob ze 
(2m), Rrublianoba Sesabamisad Seadgens 5,5 da 4,2 bals. 
mzis naTebis xangrZlivoba 2110 saaTs, 

5421.9Q =∑ w R mj/m2-s. Tanaxmad (39,137)-isa mm yazbegi 

miekuTvneba naklebad perspeqtiul ukanasknel `g~ zo-
nas, xolo qiurdamiri  perspeqtiul `b~ zonas, miuxeda-
vad imisa, rom orive punqtisaTvis mzis naTebis xan-
grZlivoba da Rrublianoba TiTqmis erTnairia, xolo 
m/m yazbegze mzis radiaciis energetikuli done gaci-
lebiT maRalia  qiurdamirTan SedarebiT: wliuri ja-
muri radiacia metia TiTqmis 1000mj/m2-iT. aqedan ga-
momdinare  mm yazbegi helioresursebis potenciuri 
doniT unda miekuTvnos pirvel `a~ zonas, e.i. amierkav-
kasiis teritoriaze helioresursebiT maqsimalurad 
uzrunvelyofil zonas.  aRsaniSnavia is garemoeba, rom 
mm yazbegisaTvis damaxasiaTebeli kadastruli para-
metrebis TiTqmis analogiuri  maCveneblebiT mm araga-
ci (3229m) (39)-Si ekuTvnis `a~ zonas. amitom, rogorc 
aRiniSna, kavkasiis mTiani raionebisaTvis dadgenili 
fonuri kadastruli maxasiaTeblebi xSir SemTxvevaSi 
saWiroeben gansazRvrul koreqtivebs.  

merve zonas miekuTvneba kolxeTis dablobi, aWa-
ris Savi zRvis sanapiro Sida aWaris mTian raionebTan 
erTad, CrdiloeTi kavkasiis aRmosavleTi winamTa da 
didi kavkasionis calkeuli punqtebi da raionebi, rom-
lebic gamoirCevian orografiuli Rrublianobis didi 

ganmeoradobiT. am zonaSi Q∑ w R  da Q∑ VII R  meryeoben 

Sesabami sad 4000-5000 da 500-650mj/m2-is, Sw , SVII  ki 

1800-2000 da 180-230 saaTis, mowmendil dReTa ricxvi 
weliwadSi 35 -40is farglebSi.  heliodanadgarebis mu-
Saobis savaraudo xangrZlivoba zafxulSi  Seadgens  
450-500 saaTs (TiTqmis orjer naklebia pirvel zonas-
Tan SedarebiT). am zonaSi ZiriTadad  SeiZleba gamoye-
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nebuli iqnes mcire zomis heliodanadgarebi, magram ma-
Ti eqpluataciis efeqturoba gacilebiT naklebia sxva 
zonebTan SedarebiT.  

aRsaniSnavia, rom kavkasiis teritoriis heliore-
sursebis kompleqsuri gaTvaliswineba qaris energore-
sursebTan erTad unda emyarebodes regionSi orive sa-
xeobis  energiis potencialuri resursebis Sefasebas. 
ris Semdegac SeiZleba dadgindes maTi optimaluri ga-
moyenebis ori varianti: alternatiuli da kompromisu-
li, romlebic pirvel SemTxvevaSi gulisxmobs  erT-er-
Ti maTganis gamoyenebis upiratesobas, meore SemTxve-
vaSi energiis orive wyaros kompleqsur sinqronul ga-
moyenebas. am variantis SerCeva unda emyarebodes mzis 
da qaris energetikuli maxasiaTeblebis sezonuri da 
wliuri msvlelobis specifikis gaTvaliswinebas da 
energodanadgarebis eqspluataciis teqnikur-ekonomi-
kur maCveneblebs.  
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daskvnebi 
 
kvlevis ZiriTadi Sedegebi SeiZleba Camoyalibdes 

Semdegi saxiT: 
1.  SemoTavazebulia kavkasiis teritoriis radia-

ciuli klimatis kompleqsuri kvlevis meTodika mTago-
riani  regionis radiaciuli reJimis Seswavlis dam-
kvidrebuli calmxrivi midgomisagan gansxvavebiT, 
romlis arss warmoadgens adgili absolutur simaRle-
ze damokidebulebiT horizontalur qvefenil zedapi-
rebze mopovebuli dakvirvebebis informaciis avtoma-
turi ganzogadoebis  ucilobo pretenziuloba relie-
fis sxvadasxva elementebze, pirvelad daeTmo didi yu-
radReba ferdobebis radiaciul maxasiaTeblebs da ma-
Ti sidideebis formirebaze  orientaciis, daxrilobis 
kuTxis, adgilis absoluturi simaRlis,  qvefenili ze-
dapiris fizikuri  Tvisebebis da ferdobebs Soris ra-
diaciuli gacvlis procesebis raodenobriv  Sefasebas; 
horizontaluri zedapirisaTvis miRebuli radiaciu-
li maxasiaTeblebi ki ganixilebian rogorc mTiani re-
liefis geomorfologiuri  elementebis mravalsaxeo-
bis kerZo SemTxvevis Sesabamisi sidideebi. aRniSnuli 
meToduri midgomis safuZvelze  arsebiTad gafarTov-
da Sedegebis informatiuloba, ramac gadamwyveti ro-
li iTamaSa teritoriis radiaciuli reJimis da misi he-
lioenergetikuli  potencialis srulyofili obieq-
turi Sefasebis TvalsazrisiT.  

aRsaniSnavia is garemoebac, rom mTagoriani raio-
nebis radiaciuli maxasiaTeblebis eqsperimentaluri 
Seswavlis aqtualoba geomorfologiuri faqtoris 
gaTvaliswinebiT (ferdobebis orientacia, daxriloba,   
absoluturi simaRle) xSirad aRiniSneboda yofili 
sabWoTa kavSiris da socialisturi banakis qveynebis 
mier organizebul aqtinometriul TaTbirebsa, simpo-
ziumebsa da konferenciebze saTanado rekomendaciebi-
sa da dadgenilebebis saxiT, rac miuTiTebs im faqteb-
ze, rom ferdobebis tradiaciuli reJimis Seswavla 
mTagoriani regionebisaTvis dRemde rCeba  aqtinokli-
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matologiis erT-erT umniSvnelovanes problemad.  
SromaSi ganxilulia sakiTxebis farTo speqtri dawye-
buli aqtinoklimatologiis meToduri problemebiT 
damTavrebuli regionis saxalxo meurneobis zog dar-
gSi helioresursebis praqtikuli gamoyenebis aspeq-
tiT, romlebsac organulad akavSirebs da aerTianebs 
geografiuli pirobebis maformirebeli procesebis 
energetikuli bazis kvleva.  

2.  kvlevis procesSi damuSavda principuli rigi 
meToduri sakiTxebisa, maT Soris Rrublianobis saSua-
lo pirobebSi mTiani raionebisaTvis jamuri radiaciis, 

didi daxrilobis ( 030α f )

 

ferdobebisa da vertikalu-
ri zedapirebisaTvis gabneuli da qvefenili zedapiri-
dan areklili radiaciis, ferdobebze bunebrivi da ag-
rofitocenozebisaTvis biologiuri masis sidideebis 
gamosaTvleli formulebi da sxva.  

3.  mowmendili cis SemTxvevaSi atmosferos  fizi-
kuri mdgomareobis analizis Sedegad dadginda, rom in-
strumentuli dakvirvebebis periodis ganmavlobaSi 
regionSi adgili aqvs gamWvirvalobis koeficientis 

2P Semcirebis da simRvrivis faqtoris 2T  matebis ten-
dencias, rac gansakuTrebiT mkveTrad mJRavndeba  did 
samrewvelo centrebSi da qalaqebSi. mTian raionebSi 
adgilis zrdis sinqronulad atmosferos sisqis, teni-
anobis  da agrozolebis Semcirebis Sedegad gamWvirva-
lobis  koeficienti izrdeba, simRvrivis faqtori ki 
mcirdeba. kavkasiis teritoriaze  gamWvirvalobis koe-
ficientis minimaluri sidideebi garda didi qalaqebi-
sa da samrewvelo centrebisa aRniSnulia  mtkvar-araq-
sis da CrdiloeTi daRestnis dablobebze, rac ganpi-
robebulia mSrali simRvrivis zrdiT. 2P -is mraval-
wliuri  saSualo Tviuri  sidide kavkasiis dablob rai-
onebSi meryeobs 0,72-0,82 zamTarSi da 0,65-0,71 zafxul-
Si 2P -is wliuri msvlelobis amplituda Seadgens:  dab-
lob raionebSi 7-12%, mTian raionebSi (2,4-3,8km) 2-6%-s . 
aRmosavleT kavkasionis da mcire kavkasionis aRmosav-
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leT raionebSi (1,9-2,9km) 2P -is wliuri svlis amplitu-

da izrdeba 8-9%-mde. 2P -is  saSualo Tviuri sidideebis 
ganeduri cvlilebebi gacilebiT naklebia  adgilis ab-
soluturi simaRliT ganpirobebul cvlilebebze,  ma-
galiTad, ivnisSi centraluri kavkasionis samxreT 
ferdobebze (0,4-3,7km) igi izrdeba 18%-iT, xolo gane-
dis cvlilebisas 39-460-is  farglebSi rCeba  ucvleli.  

simRvrivis faqtoris saSualo Tviuri sidideebi 
dablob teritoriaze meryeoben 2,2-dan  (kolxeTis 
dablobi) 4,4 —mde (mtkvar-araqsis dablobi, naxiCevanis 
qvabuli), xolo saSualo mravalwliuri sidideebi ki 
3,3-dan (Tbilisi) 1,8-mde (yinulovani baza — 3,8km). 2P  da 

2T -is saSualo mravalwliuri Tviuri mniSvnelobebis 

damokidebulebebi mzis simaRleze — 0h  aproqsimirde-

bian wrfivi,  xolo adgilis absolutur simaRleze H 
meore rigis parabolas ( 2 ( )P f H= ), wrfivi da maCveneb-

liani ( 2 ( )T f H= ) funqciebis saxiT.  dakvirvebebis Se-
degad miRebul da analizuri damokidebulebebiT ga-
moTvlil 2P  da 2T -is  sidideebs Soris gansxvaveba Se-
adgens (0,02-0,03-s). 

dadgenilia mzis pirdapiri radiaciis intensivo-
bis saSualo wliuri sidideebis saerTo Sesustebis SΔ  
mzis simaRleze  damokidebulebis kanonzomierebebi 
dablobi da mTiani raionebisaTvis. mzis simaRlis mate-
bisas 10-700-is zRvrebSi  SΔ  mcirdeba  dablob raioneb-
Si 0.9-1.0 kvt/m2-dan  0.5-0.6kvt/m2-mde, mTian da maRal-
mTian raionebSi ki 0.5-0.8kvt/m2-dan 0.2-0.4kvt/m2-mde. 
dadginda mzis pirdapiri radiaciis intensivobis Se-
sustebis (wylis orTqlis mier STanTqma SwΔ , aerozo-
lebze gabneva da STanTqma SaΔ ) wliuri da maRlivi 
svlis  kanonzomierebebi da maTi wvlili radiaciis sa-
erTo SesustebaSi.  

4. raodenobrivad Sefasda qvefenili zedapiris 
radiaciul balansze da mis komponentebze saerTo da 
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qveda iarusis Rrublianobis da misi reJimis iseTi maxa-
siaTeblebis gavlena, rogoricaa cis mowmendili da 
moRrubluli mdgomareobis albaToba, mowmendili da 
moRrubluli amindis  mdgradobis koeficientebi, mzis 
naTebis xangrZlivoba, mowmendili, moRrubluli da 
umzeo dReebis ricxvi,  mzis faqtiuri naTebis  SesaZlo 
naTebis xangrZlivobasTan Sefardebis wliuri svla da 
misi statistikuri  maxasiaTeblebi.  

5. kavkasiis dablobi raionebisaTvis CrdiloeTi-
dan samxreTis mimarTulebiT ganedis 100-is  zRvrebSi 
mowmendili cis SemTxvevaSi mzis pirdapiri radiaciis 
wliuri jamebi izrdeba horizontalur zedapirze 

S∑ w 0  700.0mj/m2-iT, sxivisadmi  normalur  zedapirze  

S∑ w 0 -850.0mj/m2-iT, jamuri radiaciis wliuri jamebi 

S∑ w 0 -900.0mj/m2-iT, radiaciuli balansis wliuri ja-

mebi B∑ w 0 -800mj/m2-iT; gabneuli radiaciis wliuri 

jamebi D∑ w 0 ar aris damokidebuli adgilis ganedze: 

misi maqsimumi 1550.0mj/m2 aRiniSneba salskis tramalze 
da afSeronze, minimumi 1200.0mj/m2 Savi zRvis sanapiro-
ze.  

Rrublianobis saSualo pirobebSi radiaciuli ma-
xasiaTeblebis intensivoba da jamebi arsebiTad mcir-
deba dablob raionebSi CrdiloeTidan samxreTis mi-
marTulebiT (salskis tramali-naxiCevanis qvabuli) ad-

gili aqvs (mowmendili cis  analogiurad)  S∑ w R da 
IS∑ w R -s sidideebis matebas 2390.0 da 1550.0 mj/m2-iT; 
IS∑ w R -s absoluturi minimumi aRiniSneba yabardos va-

keze da mineraluri wylebis raionebSi 2220,0  mj/m2. gab-

neuli radiaciis wliuri jamebis D∑ w R  saSualo sidi-

de meryeobs 1800,0 (kolxeTis dablobi) — 2350.0mj/m2-is 

(mtkvar-araqsis dablobi)  Q∑ w R  -s sidide ki 4400,0 (ya-
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bardos vake) — 6200.0mj/m2-is zRvrebSi (naxiWevanis qva-
buli).  albedos saSualo mravalwliuri sidide Crdi-
loeTidan samxreTis mimarTulebiT mcirdeba 10%-iT, 

R∑ w 3  ki izrdeba 750.0mj/m2-dan (yubanispira dablobi) 

1600,0mj/m2-mde (naxiCevanis qvabuli). efeqturi gamos-

xivebis  da radiaciuli balansis wliuri jamebi  E∑ w R  

da B∑ w R  meryeobs 1260.0 (mineraluri wylebi, yabar-

dos vake) — 2500.0 (naxiCevanis qvabuli) da 2000,0 (sal-
skis tramali) — 2550.0 mj/m2-is zRvrebSi (qarTlis vake). 

6. mTian raionebSi radiaciuli maxasiaTeblebis si-
didis formirebaze mniSvnelovan gavlenas axdens adgi-
lis absoluturi simaRle, romlis matebisas zRvis do-

nidan 4 km-de S∑ w 0  izrdeba — 49,  IS∑ w 0 — 41, Q∑ w 0 — 

28.6%-iT, D∑ w 0  mcirdeba 23.6%-iT, B∑ w 0  ki 25%-iT. 

aRsaniSnavia B∑ w 0 -is maRlivi cvlilebis Tavisebure-

ba: 2km-mde igi izrdeba 13%-iT, xolo 2-4 km simaRleebis 
diapazonSi mcirdeba 78%-iT. wliuri jamebis  adgilis 

simaRleze damokidebulebebi ( B∑ w R s garda) aproqsi-

mirdebian meore rigis parabolis saxiT. moRrublulo-

bis saSualo pirobebSi IS∑ w R  izrdeba 800,0mj/m2-iT 

(29%), D∑ w R —100.0mj/m2-iT (47%), D∑ w R —1800.0mj/m2-

iT (37%), D∑ w g —2849.2mj/m2-iT (270%), E∑ w R —

380.0mj/m2-iT (28%) da 1930.0mj/m2-iT (91%). radiaciuli 
balansisa da misi komponentebis maRlivi cvlilebebi 
gacilebiT metia ganedur cvlilebebTan SedarebiT.  

mTian raionebSi efeqturi gamosxivebisa da radia-
ciuli balansis sezonuri da wliuri jamebis damokide-
buleba adgilis absolutur simaRleze xasiaTdeba, 
rogorc aRiniSna, specifikuri TaviseburebebiT: adgi-
lis simaRlis zrdisas  0-4 km diapazonSi kavkasionis 
CrdiloeTi, dasavleTi da centraluri kavkasionis 
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samxreT ferdobebze E∑ w R  matulobs 630.0 mj/m2-iT, 

aRmosavleTi kavkasionis samxreT ferdobebze (azerba-
ijanis  teritoriis sazRvrebSi) da mcire kavkasionze 
(Savi zRvisaken orientirebuli Crdilo-dasavleTis 
ferdobebis gamoklebiT) igi mcirdeba 250.0mj/m2-iT. 

( )fE H=∑ w R  damokidebulebis  es Taviseburebebi gan-

pirobebulia E∑ w R -s sidideebis mniSvnelovani mate-

biT (760.0mj/m2) saqarTvelos notio subtropikebidan 
azerbaijanis naxevradudabno, ariduli dablobebis mi-
marTulebiT qvefenili zedapiris temperaturis, at-
mosferos tenSemcvelobis da Rrublianobis Semcire-
bis Sedegad radiaciuli balansis sezonuri da wliuri 
jamebi simaRlis zrdisas gansazRvrul niSnulamde aR-
weven maqsimums,  Semdeg kai klebuloben. wliuri jame-
bis maqsimumi aRiniSneba 1,5km-ze, Tbili periodis  jame-
bisa 1,8km-ze, civi periodisa 1,0km-ze, zafxulis jamebi-
sa 2,5 km-ze, zamTris jamebi ki simaRlis zrdisas mono-
tonurad mcirdebian da aRweven minimums 4 km-ze da ze-

viT. radiaciuli balansis jamebis — B∑ w 0  adgilis si-

maRleze damokidebulebebis Taviseburebebi ZiriTa-
dad ganpirobebulia mokletalRovani jamuri radiaci-
is sidideebis da sezonuri Tovlis safaris arsebobis 
xangrZlivobis zrdis sinqronuli moqmedebiT. mowmen-
dili cis SemTxvevaSi 2km-mde da Rrublianobis saSua-
lo pirobebSi 1,5km-mde  jamuri radiaciis sididis 
zrda prevalirebs STanTqmuli radiaciis Semcirebis 
sidideze, ris Sedegad radiaciuli balansis jamebi iz-
rdebian, am  niSnulebs zeviT sezonuri Tovlis safaris 
arsebobis da areklili radiaciis mniSvnelovani zrdis 
Sedegad miuxedavad jamuri radiaciis Semdgomi matebi-
sa, qvefenili zedapiris mier STanTqmuli radiacia da 
Sesabamisad  radiaciuli balansi mkveTrad mcirdeba.  

7. kavkasiis mTiani sistemis gamyivanrebis raioneb-
Si zafxulis TveebSi abliaciisa da akumulaciis zone-
bis radiaciuli maxasiaTeblebis sidideebi mkveTrad 
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gansxvavdebian erTmaneTisagan: abliaciis zonaSi STan-
Tqmuli radiaciisa da radiaciuli balansis sidideebi 
metia myinvaris mdnari zedapiris albedo  ki naklebia 
akumulaciis zonaSi arsebuli saTanado sidideebze. 
zamTris periodSi maT Soris gansxvaveba nivelirdeba. 
miuxedavad imisa, rom myinvaris zedapiri gamosxivebis  
gziT Tavisufal qvefenil zedapirTan SedarebiT kar-
gavs TiTqmis orjer nakleb siTbos, mTian raionebSi at-
mosferos ukugamosxivebis mkveTri vardnis Sedegad, 
myinvaris efeqturi gamosxiveba abliaciis periodSi 
mowmendili cis SemTxvevaSi  Seadgens dablobi raione-
bis analogiurad 0,7-0,10 kvt/m2-s. 

centraluri kavkasionis CrdiloeTi ferdobis 
myinvaruli kvebis (maT Soris RvarcofsaSiSi) rigi mdi-
narisaTvis (mdinareebis baqsanis, Cegemis Senakadebi da 
mdgenelebi) raodenobrivad Sefasda jamuri Camonade-
nis formirebaSi myinvaruli mdgenelis roli da uka-
nasknelis sezonuri svlis  Taviseburebebze. 

8. mowmendili da aTbaliani mzis sxivuri energiis 
gavlena. aTbaliani  moRrublulobis pirobebSi staci-
onaruli da savele dakvirvebebis Sedegad raodenob-
rivad Sefasda ialbuzis raionSi (2,2km) fiWvis tyis fi-
tocenozebisaTvis radiaciuli balansis, misi mdgene-
lebis,  agreTve fotosinTezurad aqtiuri mzis pirda-
piri, gabneuli da jamuri radiaciis nakadebis tran-
sformaciis koeficientebi topologiur Tavisebure-
bebze,  gvirgvinis mijrilobaze (icvleboda 0,2-1,0-is  
zRvrebSi 0,2 sididis bijiT), xeebis arqiteqtonikaze, 
sixSireze da iarusianobaze damokidebulebiT. weliwa-
dis Tbili periodisaTvis Rrublianobis saSualo pi-
robebSi dadginda qvefenili zedapiris  siTburi ba-
lansis mdgenelebi  sezonuri svlis Taviseburebebi.  

9. jamuri radiaciaze da Rrublianobaze mraval-
wliuri dakvirvebebis informaciis gamoyenebiT savi-
nov-ongstremis formulaSi (1.2) Semavali K koeficien-
tis sidideebis gamoTvlis Sedegad dadginda, rom igi 
mTian raionebSi dablobi raionebisagan gansxvavebiT 
damokidebulia ara marto adgilis ganedze, aramed 
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orografiuli Rrublianobis reJimis Taviseburebeb-
zec, ris Sedegad fiqsirebul ganedze,  magram sxvadas-
xva simaRleze da orografiul pirobebSi, ganlagebuli 
TiToeuli punqtisaTvis K xasiaTdeba gansazRvruli 
wliuri svliT (K-s saSualo Tviuri mniSvnelobebis  am-
plituda weliwadis ganmavlobaSi aRwevs saSualo gane-
duri sididis 100%-s), rac miuTiTebs  im faqtze, rom 
jamuri radiaciis jamebis gamoTvlaSi K-s mudmivi sa-
Sualo ganeduri sidideebis gamoyeneba mTiani raione-
bisaTvis iZleva mniSvnelovan cdomilebas.  

T. berliandis  formulaSi (1.3) Semavali koefici-
enti a - s (kavkasiis teritoriisaTvis  0.38a = ) sidide-
ebis gamoTvlam gviCvena, rom a  ar aris  mudmivi da mas 
gaaCnia gansazRvruli wliuri svla. a -s gamoTvlili  
saSualo wliuri mniSvnelobebi dablobi raionebisaT-
vis da zogierTi mTiani  punqtisaTvis (bermamiti, m.m 
yazbegi) emTxveva,  an axloa mis saSualo ganedur mniS-
vnelobasTan, magram mTiani da maRalmTiani sadgurebis 
absoluturi umravlesobisaTvis a -s ganedur ( 0.38a = ) 
da gamoTvlil saSualo wliur mniSvnelobebs Soris 
gansxvaveba aRwevs 50-80%-s. aqedan gamomdinare kavka-
siis mTiani  raionebisaTvis jamuri radiaciis gamoT-
vlebis mizniT zemoaRniSnuli formulebis gamoyenebi-
sas aucileblad unda iqnes gaTvaliswinebuli  koefi-
cientebis K  da a -s wliuri da lokaluri cvlilebebis 
Taviseburebebi. amasTan dakavSirebiT aRsaniSnavia, 
rom m. budikom (23) jer kidev 70 —iani wlebis dasawyisSi 
xazi gausva im garemoebas, rom (1.2)-(1.3) formulebiT 
sargeblobisas Rrublianobis gavlena gaTvaliswinebu-
lia rogorc saSualo ganeduri faqtori da mxedvelo-
baSi ar aris miRebuli maTSi Semavali koeficientebis 
SesaZlo wliuri svla.  

10. kavkasiis mTian ferdobebze radiaciuli mok-
letalRiani nakadebis wliuri svlis Taviseburebebi 
formirdeba rogorc adgilis ganediT, atmosferos 
fizikuri TvisebebiT, Rrublianobis da sezonuri Tov-
lis safaris reJimiT, aseve maTi adgilmdebareobis ab-
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soluturi simaRliT, orientaciiT, daxrilobiT da 
mTis reliefis elementebs Soris radiaciuli gacvlis 
intensivobiT. horizontaluri qvefenili  zedapirisa 
da  ferdobebis radiaciuli balansisa da misi mdgene-
lebis sidideebSi weliwadis ganmavlobaSi gansxvaveba 
mniSvnelovania, rac miuTiTebs imaze, rom mTiani raio-
nebis radiaciuli reJimis daxasiaTeba aqtinometriu-
li sadgurebis horizontalur moednebze mopovebuli 
informaciiT calmxrivia da ver asaxavs aq arsebuli 
radiaciuli procesebis mravalsaxeobas.  

pirvelad dadginda 8 eqspoziciis (4 ZiriTadi da 4 
Sualeduri) 0-900-iani (100-iani bijiT) daxrilobis fer-
dobebisaTvis jamuri radiaciis intensivobis, jamebis 
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 wliuri svlis ZiriTadi 

Taviseburebebi ferdobebis azimutze, daxrilobis 
kuTxeze, qvefenili zedapiris albedoze da adgilis 
absolutur simaRleze damokidebulebiT mowmendili 
cisa da Rrublianobis pirobebSi,  raodenobrivad Se-
fasda cis TaRis mier gabneuli D da qvefnili zedapi-

ridan areklili radiaciis RS roli, Qf ,  
0

Q
Q

f
 da 

0

Q
Q

∑
∑

T f

T

-is wliuri da maRlivi svlis kanonzomierebebis 
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 Se-

fardebebis sididis cvlilebebis zRvrebi weliwadis 

ganmavlobaSi.  damokidebulebebi ( )Q f H=∑ w f  mowmen-

dili cis SemTxvevaSi analizurad warmodgenilia meo-
re rigis parabolis saxiT. CrdiloeTi kavkasiis winam-
TaSi ialbuzis raionSi, baSilisa da azaus xeobebSi (0,4-
3,8km simaRleebis diapazoni) identuri eqspoziciisa da 
daxrilobis ferdobebisaTvis Cvens mier miRebuli 
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-is sidideebis Sedarebam yaradaRis da sxva 

punqtebisaTvis miRebul analogiur sidideebTan gviC-
vena, rom maT Soris  gansxvaveba rogorc mowmendili 
cis, aseve Rrublianobis pirobebSi aris umniSvnelo 
(saSualo kvadratuli gadaxris sidide meryeobs 0,01-
0,05-is zRvrebSi) da isini SeiZleba gamoyenebuli iqnen 
ferdobebze jamuri radiaciis Tviuri jamebis gamo-
saTvlelad  kavkasiis sxva danarCen mTian raionebSic im 
pirobiT, Tu mxedvelobaSi iqneba miRebuli sezonuri 
Tovlis safaris reJimuli Taviseburebebi adgilis ab-
solutur simaRleze damokidebulebiT. damokidebu-

leba 
0
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 ferdobebisaTvis warmodgeni-

lia wrfivi funqciebis saxiT. mowmendili cisa da 
Rrublianobis pirobebSi ferdobebze jamuri radiaci-
is sidideebis gamosaTvleli naxevradempiriuli for-
mulebis nacvlad,  romlebSic kedlebze dacemuli gab-
neuli da qvefenili zedapiridan areklili radiaciis 
sidideebi gaTvaliswinebulia izotropuli miaxloebis 
formulebiT, SemoTavazebulia fizikurad dasabuTe-
buli formulebi, romlebSic izotropuli miaxloebis 
wevri Secvlilia empiriuli gziT miRebuli 
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 gamosaxulebebiT, ramac arsebiTad 

gazarda gamoTvlebis Sedegebis sizuste.  dakvirvebe-
bis Sedegad miRebuli da am formulebiT gamoTvlili 

Q∑ f -s sidideebs Sori  saSualo kvadratuli gadax-

ris  sidide meryeobs 5,0-10,0 mj/m2-is zRvrebSi.  
 
11. mTian raionebSi mowmendili cis pirobebSi ho-

rizontaluri zedapiris  jamuri da gabneuli radiaci-
is sidideebis adgilis simaRlis zrdasTan dakavSire-
buli klasikuri maRlivi svla (pirvelisaTvis mateba,  
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meorisaTvis Semcireba) ferdobebis SemTxvevaSi dia-

metralurad icvleba. Q∑ f -s gradienti ferdobis 

daxrilobis kuTxis zrdisas  0-900-is zRvrebSi  0-2 km  
simaRleebis diapazonSi mcirdeba, xolo 2-4 km simaR-

leebis diapazonSi matulobs. D∑ w f -s gradientebi   

adgilis simaRlis zrdisas  0-4 km  farglebSi 300-ze nak-
lebi daxrilobis  ferdobebze mcirdeba, 300-ze meti 
daxrilobis ferdobebze ki matulobs. ferdobebis  
daxrilobis kuTxeze damokidebulebiT am radiaciuli 
maxasiaTeblebis sidideebis maRliv svlaSi dadgenili 
kanonzomierebebi ganpirobebulia adgilis absolutu-
ri simaRlis zrdis sinqronulad sezonuri Tovlis sa-
faris zedapiridan areklili radiaciis wilis mkveTri 
zrdiT da cis TaRis mier gabneuli radiaciis wilis 
SemcirebiT jamuri da gabneuli radiaciis sidideebis 

formirebaSi. damokidebulebebi ( )D f H=∑ w R  anali-

zurad warmodgenilia meore rigis parabolis saxiT ra-
odenobrivad Sefasda Tovlis safaris pirobebSi fer-
dobebze gabneuli radiaciis Tviuri jamebis namati 
daxrilobis kuTxeze damokidebulebiT. damokidebu-

leba ( )D f αΔ =∑ w f  analizurad warmodgenilia wrfi-

vi funqciis saxiT orientaciis miuxedavad. eqsperimen-
talurad dadginda oTxi ZiriTadi orientaciis  mezo-
ferdobebze arsebuli mikroreliefuri warmonaqmne-
bis gavlena gabneuli radiaciis formirebaze mowmen-
dili cisa da Rrublianobis pirobebSi. mTian raionebSi 
makro, mezo da mikroferdobebze gabneuli radiaciis 
sidideebi da wliuri svlis kanonzomierebebi arsebi-
Tad  gansxvavdebian  horizontaluri qvefenili zeda-
pirebis SemTxvevaSi miRebuli sidideebisa da kanonzo-
mierebebisagan.   

nagebobebis vertikalur zedapirebze (kedlebi) 
gabneuli radiaciis dRiuri (Tviuri) jamebis gamosaT-
vlelad horizontalur zedapirze cnobili jamebis da 
Tvis 15 ricxvisaTvis mzis saSuadReo simaRleebis ga-
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moyenebiT dadgenilia empiriuli saxis gamosaxulebe-
bi, romelTa aproqsimacia ganxorcielda meore rigis 
parabolis saxiT.  mowmendili cisa da moRrublulobis 
SemTxvevaSi ferdobebze mzis pirdapiri radiaciis 
wliuri jamebis damokidebuleba ki — aseve meore rigis 
parabolis saxiT samxreTis, wrfivi funqcia aRmosav-
leTis (dasavleTis) da maCvenebliani funqciiT Crdi-
loeTis orientaciis SemTxvevaSi. CrdiloeTis 30-400-
is daxrilobis ferdobisaTvis damokidebulebebs 

( )S f H=∑ w f  aqvs wrfivi funqciis saxe. rac Seexeba 

damokidebulebas ( )sK f α= ,  sadac K aris gadamyvani 
koeficienti, romlis saSualebiTac horizontaluri 
zedapirisaTvis cnobili mzis pirdapiri radiaciis 
Tviuri jamebiT gamoiTvleba analogiuri sidideebi 
ferdobebisaTvis, igi analizurad warmodgenilia meo-
re rigis parabolis saxiT samxreTis, wrfivi funqciis 
saxiT aRmosavleTis, dasavleTis, maCvenebliani fun-
qciis saxiT CrdiloeTis orientaciis ferdobebisaT-
vis. mowmendili cisa da Rrublianobis saSualo piro-
bebSi gamoTvlili gadamyvani koeficientebis 3K  sidi-
deebi axloa erTmaneTTan (jamebSi sxvaoba meryeobs 5-
10%-is farglebSi). 

12. mowmendili cis SemTxvevaSi vegetaciuri peri-
odisavTis dadginda fotosinTezurad aqtiuri mzis 
pirdapiri, gabneuli da jamuri radiaciis cvalebado-
bis Taviseburebebi kavkasiis dablob da mTian raioneb-
Si adgilis ganedze, absolutur simaRleze da relie-
fis morfologiur Taviseburebebze (ferdobebis eq-
spozicia, daxriloba) damokidebulebiT. faris Tviuri 
jamebis damokidebuleba adgilis absolutur simaRle-
ze  warmodgenilia wrfivi funqciis saxiT. wliuri ja-
mebis SemTxvevaSi damokidebulebas aqvs meore rigis pa-
rabolis saxe, garda CrdiloeTis orientaciis 30-400-is 
daxrilobis ferdobebisa, romelTaTvisac is warmoid-
gineba wrfivi funqciis saxiT. vegetaciuri periodi-

saTvis damokidebulebebi ( )Q f H=∑ 3 f   warmoidgineba  
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kvadratuli funqciis saxiT: 2Q a bH= +∑ 3 f ; dadginda 

a da b koeficientebis sidideebi s ferdobebis orien-
taciaze da daxrilobis kuTxis sidideze  damokidebu-
lebiT. miRebuli gamosaxulebebis gamoyenebiT SesaZ-
lebelia vegetaciuri periodis ganmavlobaSi   konkre-
tuli orientaciis  da daxrilobis ferdobebze ganla-
gebuli bunebrivi an  agrofitocenozebisaTvis gamo-
iTvalos  biologiuri mosavali an mzis radiaciis ga-
moyenebis efeqturoba (mqk). horizontaluri zedapiri-
saTvis raodenobrivad Sefasda faris Tviuri (wliuri) 
jamebis sidideebis cvlilebi zRvrebi kavkasiis mTian 
da dablob raionebSi Rrublianobis saSualo pirobeb-
Si.  

13. eqsperimentuli monacemebis  analizis safuZ-
velze centraluri kavkasionis CrdiloeTi ferdobe-
bis 0,4-4,0km simaRleebis diapazonSi dadginda mzis  
speqtris axloinfrawiTeli ares (medicinaSi praqtiku-
li gamoyenebis are) intensivobis da jamebis wliuri da 
maRlivi svlis kanonzomierebebi mowmendili cis piro-
bebSi.  

14. mowmendili cisa da Rrublianobis pirobebSi 
dadgenilia nagebobebis SemomzRudavi konstruqciebis 
mier STanTqmuli da gatarebuli (SuqWrilebi) mokle-
talRiani radiaciis  sidideebis adgilis absolutur 
simaRleze damokidebulebis analizuri saxeebi zedapi-
ris albedos sididis cvlilebebis pirobebSi (kvadra-
tuli funqciebi, meore rigis parabolebi), romlebic 
SeiZleba gamoyenebul iqnes moqmed samSeneblo normeb-
sa da wesebSi nagebobebis siTburi balansis sidideebis 
gansazRvris mizniT (izotropuli miaxloebis formu-
lebis nacvlad).  dadgenilia funqcionaluri kavSiri 
nagebobebis kedlebis mier STanTqmuli radiaciis da 
kedlebis gare zedapiris temperaturis radiaciuli 
danamatis  sidideebs Soris adgilis absolutur simaR-
leze damokidebulebiT kedlebis orientaciebis gaT-
valiswinebiT (wrfivi funqcia).  kedlebis gare zedapi-
rebis radiaciuli balansis gamosaTvlel formulebSi 
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misi komponentebis sididis maRlivi cvlilebebi war-
modgenilia  kvadratuli da wrfivi funqciebis saxiT. 
am formulebiT gacilebiT meti sizustiT SeiZleba Se-
fasdes  nebismieri orientaciis kedlebis gare zedapi-
ris radiaciuli balansis sidideebi yovelgvari aqti-
nometriuli dakvirvebebis gareSe.  

15. dadginda mzis naTebis  xangrZlivobis (mnx) te-
ritoriuli ganawilebis kanonzomierebebi. kavkasiis 
teritoriaze mzis radiacia teqnikurad gamosayenebe-
li da rentabeluri  xdeba (veinbergis kriteriumis Ta-
naxmad radiaciis intensivoba unda iyos 0,42kvt/m2-ze 
meti, an toli, 6 saaTis ganmavlobaSi dReSi) mzis amos-
vlidan erTi saaTis Semdeg da xdeba masze naklebi Cas-
vlamde erTi saaTiT adre.  am kriteriumis dasakmayo-
fileblad saWiroa mzis naTebis xangrZlivobis 8 saaTi 
dReSi (250 saaTi TveSi). mnx-is 250 saaTi aRiniSneba zaf-
xulis samive TveSi alaznis velze, qarTlis, alazan-ag-
riCais da ganja-yazaxis  vakeebze samurdiviCis da len-
qoranis dablobebze, somxeTis teritoriaze, es perio-
di grZeldeba 4-5 Tvemde, naxiCevanis qvabulSi 6 Tvem-
de, krasnodaris da stavropolis mxareebSi  Seadgens 3-
4, winamTis raionebSi 1-3 Tves.  mTian raionebSi  weliwa-
dis Tbil periodSi orografiuli Rrublianobis ganvi-
Tarebis Sedegad mnx-is  sidide mcirdeba. kavkasiis te-
ritoriisaTvis Sefasda mzis uwyveti naTebis xan-
grZlivoba (munx), anu heliodanadgarebi muSaobis sava-
raudo xangrZlivobis albaTobis sidideebi,  romlebic  
meryeoben CrdiloeTi kavkasiis teritoriaze zamTarSi 
5-14, zafxulSi  29-42, gazafxulze 17-28, Semodgomaze 
16-23%-is amierkavkasiis dablob raionebSi ki Sesabami-
sad 9-22, 24-48, 19-29 da 18-32%-is  zRvrebSi. mTian raio-
nebSi albaTobis sidideebi ganicdian mniSvnelovan 
ryevebs  heliodanadgarebis mocdenebis savaraudo xan-
grZlivobis sidideebi ukuproporciul damokidebu-
lebaSi imyofebian muSaobis savaraudo  xangrZlivobis 
sidideebTan.  

ganisazRvra heliosistemebis muSaobis SesaZlo 
xangrZlivobis mzis naTebis  SesaZlo xangrZlivobas-
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Tan Sefardebis sidideebsa da heliosistemebis muSao-
bis savaraudo xangrZlivobas Soris funqcionaluri 
damokidebulebis saxe (wrfivi funqcia). am damokidebu-
lebiT gamoTvlili heliodanadgarebis samuSao drois 
sidideebi meryeoben 10-25%-dan (zamTris Tveebi) 83-
85%-de (zafxulis Tveebi). sezonebis mixedviT es sidi-
deebi meryeoben 20-60 (zamTari), 45-70 (Semodgoma), 30-52 
(gazafxuli), 35-85%-is zRvrebSi (zafxuli). 

dadginda korelaciuri kavSiri munx-is  sezonur 
dReRamur sidideebs da heliodanadgarebis muSaobis 
savaraudo xangrZlivobis albaTobis sidideebs Soris, 
romelic warmodgenilia wrfivi funqciis saxiT, mnux-
is dReRamuri sidideebi meryeoben zamTarSi 5,0-6,0 ga-
zafxulze 6,0-7,5, zafxulSi 6,0-11,0, Semodgomaze 6,0-8,0 
saaTis zRvrebSi.  munx-is da masSi arsebuli wyvetilo-
bis xangrZlivobebs  Soris damokidebuleba weliwadis 
sezonisaTvis mocemulia wrfivi funqciis saxiT. am 
funqciebiT gamoTvlil da heliogramebiT miRebul si-
dideebs Soris absoluturi gadaxra ar aRemateba ±  
0.5saaTs. munx-sa da misi uzrunvelyofis sidideebs So-
ris kavSiri warmodgenilia zamTrisa da gazafxulisaT-
vis wrfivi, Semodgomisa da zafxulisaTvis kvadratu-
li funqciebis saxiT. am funqciebiT integraluri al-
baTobis mniSvnelobebisaTvis Sefasda kavkasiis teri-
toriaze heliodanadgarebis  uwyveti muSaobis mosa-
lodneli xangrZlivoba da misi limituri zRvrebi.  

16. mTian raionebSi adgilis simaRlis zrdisas 
mzis radiaciis energetikuli donis matebis Sedegad  
maTi gaerTianeba helioresursebis potencialis sidi-
deebiT erT gansazRvrul zonaSi mizanSewonili ar 
aris, radganac kadastris energetikuli maxasiaTeble-
bis (mzis pirdapiri,  jamuri radiacia) maRlivi cvli-
lebebis diapazoni gacilebiT farToa konkretuli he-
lioenergetikuli zonisaTvis dadgenili gradiaciuli 
mniSvnelobebis zRvrebze. aRsaniSnavia isic, rom kadas-
tris meore ZiriTadi komponenti  mzis naTebis  xan-
grZlivoba (mnx) aris funqcia  ara marto absoluturi 
simaRlisa, aramed horizontis Caketilobisa da orog-
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rafiuli Rrublianobisac, romlebic uaryofiT gavle-
nas axdenen helioenergetikuli resursebis sidideze. 
magram, miuxedavad amisa, didi da mcire  kavkasionis ma-
RalmTiani raionebis calkeuli punqtebi helioresur-
sebis potencialiT rig SemTxvevebSi ar CamorCebian 
iseT perspeqtiul raionebs, rogoricaa aRmosavleTi 
amierkavkasiis dablobi raionebi da mcire kavkasionis 
zegnebi. dadginda, rom kavkasiis maRalmTian raionebSi 
horizontisadmi optimaluri kuTxiT daxrili samxre-
Tisaken orientirebuli heliodanadgarebis mimRebi 
zedapirebi. weliwadis civ periodSic uzrunvelyofi-
lia  mzis radiaciis teqnikurad gamosayenebeli sim-
ZlavriT, ris Sedegad sasargeblo siTbos sidide 1,2-
7,7-jer aRemateba am periodisaTvis horizontaluri 
zedapiridan miRebuli siTbos sidides (zamTris Tveeb-
Si gansxvaveba maqsimaluria) Catarda kavkasiis terito-
riis potencialuri heliogenergetikuli resursebiT 
daraioneba, ris Sedegad gamoyofili iqna 8 zona Ziri-
Tadi kadastruli maxasiaTeblebis gradaciebis gansaz-
Rvruli sidideebiT, romlebic gansazRvraven nebismie-
ri tipis heliodanadgaris eqsploataciis efeqtur, 
sakmaod stabilur, naklebxelsayrel an araxelsayrel 
pirobebs. 

kavkasiis zogierTi raionisa da punqtisaTvis, sa-
dac aRiniSneba qaris xangrZlivobis da siCqaris maRali 
mniSvnelobebi (mag. kaxaberisa da samgoris velebi, sam-
sarisa da javaxeTis qedebis ferdobebi, didi da mcire 
kavkasionis qedebis Ria Txemebi, qalaqebi: Tbilisi, qu-
Taisi da sxva) mizanSewonilia moewyos mzis da qaris 
energiis kompleqsuri danadgarebi, romlebSic weliwa-
dis gansakuTrebiT civi periodis ganmavlobaSi energi-
is am saxeobebis mizanSewonili Serwymis Sedegad SesaZ-
lebelia moxdes maqsimaluri efeqtis realizacia.  

perspeqtivaSi, radiaciuli procesebis kvleva ge-
omorfologiuri TvalsazrisiT iseT rTul regionSi, 
rogoric aris kavkasia, unda warimarTos im faqtore-
bis gaTvaliswinebiT, romlebic arsebiT gavlenas axde-
nen rTuli reliefis elementebis radiaciuli maxasia-
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Teblebis formirebaze. aqedan gamomdinare, aucilebe-
lia rom Catardes kavkasiis aqtinometriuli sadgure-
bis qselis optimizacia da axali sadgurebis, an moqme-
di  sadgurebis nawilis gadarTva ferdobebis radiaci-
uli maxasiaTeblebis sidideebis dakvirvebebze.  

 
 



 325 

literatura 
 

1. r. samukaSvili mdinare enguris xeobis wyalsacave-
bis gavlenis gamokvleva garemos meteorologiur 
pirobebze, angariSi sax. registraciis #0.1930347I 
hidrometinstitutis fondi, Tbilisi, 1993, 235gv.  

2. r. samukaSvili mzis pirdapiri radiaciis analizis 
safuZvelze saqarTvelos teritoriis  helioener-
getikuli resursebis dazustebuli kadastrisa da 
rukebis Sedgena saxalxo meurneobaSi maTi gamoye-
nebis mizniT. angariSi. hidrometinstitutis fondi, 
Tbilisi, 1995, 145gv.  

3. m. bazaZe, S. darCia, j. vaCnaZe, r. samukaSvili  atmos-
feros zondirebis optikuri meTodis gamoyenebis 
perspeqtivebi haeris masebis tipebis dasaxasiaTeb-
lad. saqarTvelos mecnierebaTa akademiis  hidrome-
teorologiuri institutis Sromebi. tomi #100, 
Tbilisi, 1996, gv. 67-72. 

4. Аверкиев М.С. Об определении основных характеристик 
прозрачности атмосферы. Ин. сб. ГУГМС, 1951, №1, с.55-64. 

5. Азатян М.Д. Подсчеты ресурсов солнечной энергии в Ара-
ратской долине Армянской ССР. Теплотехника, 1960, вып.2, 
с. 34-42. 

6. Адаменко В.Н. Хаирулин К.Ш. Результаты наблюдений ра-
диации, поступающей на стены зданий. Труды ГГО, 1969, 
вып. 248, с. 69-72. 

7. Айзенштат Б.А. О поступлении рассеянной радиации на 
склоны  и дно горной долины. Труды ГГО, 1961, вып. 107, с. 
84-104. 

8. Айзенштат Б.А. Зуев М.В. Некоторые черты теплового ба-
ланса песчаной пустыни. Труды Ташк. геоф. обсерв. 1952,  
вып.5, с.52-64. 

9. Аккуратов В.Н. Генетическая классификация лавин. Труды 
Эльбрусской высокогорной комплексной экспедиции. Том 1, 
Кабардино-Балкарское книжное издательство Нальчик, 
1959, с.215-231. 



 326 

10. Авапольский Л.Е., Клягина Л.П. Длительность отопитель-
ного периода и оценка его суровости на территории СССР. 
Труды ГГО, 1973, вып. 305, с. 14-20. 

11. Асланикашвили Н.А. Вековой ход интенсивности прямой 
солнечной радиации в Тбилиси, Труды VIII междуведомс-
твенного  совещания по актиномерии и оптике  атмосферы. 
1969, с. 169-172. 

12. Атлас теплового баланса. Под редакцией М .И. Будыко Л. 
гидрометеоиздат, 1955, 69с. 

13. Барашкова Е.П. Рассеянная радиация в Карадаге Труды ГГО, 
1959, вып. 80, с. 70-87. 

14. Барашкова Е.П. Гаевский В.Л. Дьяченко Л.Н. Лугина К.М. 
Пивоварова З.И. Радиационный режим территории СССР,  
Л., Гидрометеоиздат, 1961,528с. 

15. Беляева И.П. О расчете дневных сумм суммарной радиации 
на наклонные поверхности в облачные дни. Изд. АН Уз. 
ССР серии физмат наук, 1962, вып.; с. 38-46. 

16. Берлянд Т.Г. Методика климатологических расчетов сум-
марной радиации. М етеорология и гидрология,  1960, №9. 

17. Берлянд Т.Г. Методика климатологических расчетов сум-
марной радиации. Метеорология и гидрология. 1960, №9. 

18. Берлянд М.Е. Берлянд Т.Г. Определение  эффективного из-
лучения с учетом  влияния облачности  ИЗВ. АН СССР, сер. 
геофиз. 1952, №1, с. 4 8-53. 

19. Берлянд М.Е. Новосельцев Е.П. К теории переноса солнеч-
ной  радиации в атмосфере при наличии облачности. Труды  
ВНМС 1963, т.6, с. 339-346. 

20. Борзенкова И.И. Об особенностях радиационного режима 
горных облостей. труды ГГО, 1970, вып. 236, с. 39-49. 

21. Будыко М.И. Человек и климат. Проблемы современной ме-
теорологии  Л., Гидрометеоиздат, 1977, с. 288-312. 

22. Будыко М.И. Изменение климата Л., Гидрометеоиздат, 1974, 
280с. 

23. Будыко М.И. Климат и жизнь. Л., Гидрометеоиздат, 1971, 
472с. 

24. Будыко М. И. Берлянд Ж.Г. Зубенок Л.И. Методика клима-
тологических расчетов составляющих теплового баланса. 
Труды ГГО, 1951, вып. 48(110), с.5-16. 



 327 

25. Будыко М .И., Дроздов О.А. О применении осреднения в 
климатологических исследованиях, метеорология и гидроло-
гия, 1966, №10, с.3-6. 

26. Валошина А.А. Тепловой баланс поверхности  ледников в 
летний период (на примере Эльбруса) М., «Наука», 1966, 
150с. 

27. Гвасалия Н.В.  Тепловой баланс Грузии, Тбилиси, изд. «Ме-
цниереба», 1980, 116с. 

28. География рекреационных систем СССР. Институт Географ-
фии АН СССР. М., «Наука», 1980, с. 219. 

29. Гольерг М.Н. Особенности возможного и действительного 
прихода прямой солнечной радиации к склонам и стенам в 
Белоруссии В. кн. Научные  сообщения Института геологии  
и географии АН Лат. ССР, ё962, т.13, с. 369-378.   

30. Горленко С. М. К вопросу об устойчивости реального солне-
чного кадастра, Бюллетень постоянной актинометрической 
комиссии 1933, вып. №24, с. 62-72. 

31. Григорьев Ф.Ф, Будыко М.И. О климатических факторах ге-
ографической зональности в кн. XIX Международный гео-
графический конгрессе в Стокгольме. М., изд. АН СССР, 
1961, с. 268-272. 

32. Григорьев А.А.  Будыко М.И. Связь  балансов тепла и влаги 
с интенсивностю географических процессов. ДАН, 1965, 
т.62, №1, с.151-154. 

33. Гриневич Г.А Пути исследования кадастровых характерис-
тик энергии воды, ветра и солнца. Труды  Энергетического 
института АН Узб. ССР,  1956, вып.9, с. 13-23. 

34. Гриневич Г.А. Задачи и принципы исследования характерис-
тик возобновляющихся источников энергии. В кн. «Иссле-
дование характеристик режиме возобновляющихся источни-
ков энергии», Ташкент,  изд. Узб. ССР, 1963, с.6 -22. 

35. Гуляев Б.И. Об изменении фотосинтетически активной ра-
диации «Физиологических растений», 1963, т.10, вып.5, с. 
513-524. 

36. Давыдюк Г.Ф. О величине потока солнечной радиации на 
различно ориентированные вертикальные поверхности в Ха-
баровске. Труды  ДВНИГМИ. 1974, вып.  48, с. 93-98. 



 328 

37. Долидзе Д.Ш. Гагуа В.П., Базадзе М.Х. Определить гелио-
энергетические ресурсы закавказья. Отчет, фонд ЗакНИГ-
МИ. ТБилиси, 1990, 83с. 

38. Дроздов О.А., Орлова В.В, Швер Ц.А. К вопросу об опти-
мальной длительности периода осреднения при климатоло-
гических исследованиях. Труды ГГО,  1965, вып. 181, с. 14 -
15. 

39. Дроздов О.А. Рубинштейн Е.С. Что следует называть кли-
матическими нормами?  Изв. АНССР. сер. геогр. 1966, №1,с. 
97-98. 

40. Ефимова Н.А Радиационные факторы продукт ивности ра-
стительного покрова. Л.., Гидрометеоиздат, 1977, с.21. 

41. Забродский Г.М. Результаты исследования оптической плот-
ности облаков,  Труды ВНМС, т.6, 1963, с. 102-111. 

42. Исслоедование по использованию солнечной энергии.  Изд. 
иностранной литературы.  М., 1957, с. 302. 

43.  Калитин  Н.Н. Солнечная диффузная и земная радиации на 
Эльбрусе. Журнал геофизики и метеорологии. М., госиздат, 
1928, т.5, вып. 3. 

44. Калитин Н.Н. Актинометрия Л., Гидрометеоиздат, 195 8, с. 
324 

45. Калитин Н.Н. Вариации  месячных сумм тепла солнечной 
радиации. Метеорология и гидрология. 1946, №1, с. 83-86. 

46. Карташян Р.А. Мхитарян А.М. Радиационный режим тер-
ритории Армянской ССР. Труды ЗакНИГМИ, вып.  39(45), 
1970, 134с. 

47. Кирилова Т.В. Сравнительная  оценка разли чных методов 
определения эффективного излучени  у Земной поверхности. 
Труды ГГО, 1961, вып. 27, с. 8-41. 

48. Кирилова Т.В. Радиационный режим озер и водохранилищ. 
Л., Гидрометеоиздат, 1979, с. 253. 

49. Кондратьев К.Я. Лучитстая энергия солнца. Л., Гидроме-
теоиздат. 1954, с. 599. 

50. Кондратьев К.Я. Пивоварова З.И. Федорова М .П. Радиа-
ционный режим наклонных поверхностей. Л., Гидроме-
теоиздат. 1987, 214 сю 

51. Кондратьев К.Я. Кудрянцева А.А. Манолова М.П Расредле-
ние энергетической и световой  интенсивности  рассеянной 



 329 

радиации атмосферы по небесному своду Вестник.  ЛГУ,  
1955, №5, 119-128.  

52. Кондратьев К.Я. Радиационные факторы современных изме-
нений глобального климата. Л., Гидрометеоиздат, 1980, 
279с. 

53. Кондратьев К.Я. Манолова М.П. Угловое распределение ин-
тенсивности радиации, отраженной  естественными подсти-
лающими поверхностями. Вестник, ЛГУ, серия физ. и хим. 
1957, вып.2, №10. 

54. Кондратьев К.Я. Метеорологичские аспекты  гелиотехники. 
Метеорология и гидрология, 1977, №8, с. 105-110. 

55. Кондратьев К.Я. Лучистый теплообмен в атмосфере, Л., 
Гидрометеоиздат. 1956, 420с. 

56. Котария А.Ф. К вопросу о климатологическом расчете сум-
марной радиации в условиях горного  рельефа Грузии. 
Сообщения АН Груз. ССР. 1991, т.26, №2. 

57. Круглова А.И. Крягина Л.В. Действительная суммарная ра-
диация, поступающая на стены зданий. Научные труды НИИ 
строительной физики, 1971, вып.4., с. 73-82. 

58. Лидоренко Н.С. Солнечная энергетика. «Техника», №8, Ге-
лиотехника, изд. «Знамя», М.,б 1983, 63с. 

59. Любомирова К.С. Влияние экспозиции и крутизны склонов 
на таяние ледников Эльбруса за счет прямой солнечной 
радиации. Материалы гляциологических исследований. Хро-
ника,  Обсуждение М., 1964, №10. 

60. Мак-Веиг Д. Применение солнечной энергетики. М., Энер-
гоиздат. 1981, 212с. 

61. Мелия Г.Т. Гелиоэнергетические ресурсы Грузинской ССР, 
Тбилиси. изд-во  АН Груз. ССР, 1959, с. 127. 

62. Методические указания по производству  микроклиматичес-
ких обследований в период изысканий Л., Гидрометеоиздат. 
1959, с. 68. 

63. Молдау Х. Росс.Ю. Тооминг Х. Ундла И. Географисческое 
распределение фотосинтетической активной радиации 
(ФАР) на территории  Европейской  части СССР, В кн. «Фо-
тосинтез  и вопросы  продуктивности растения», М., Изд. 
АН СССР, 1963, с. 149-150. 



 330 

64. Монин А.С. О климатологии теплового баланса. Изд. АН С 
ССР, сер. геогр. 1963, №5, с. 98-110. 

65. Мосидзе Ш.В, Радиационный баланс в условиях высо-
когорной Казбеги. Труды Зак НИГМИ, 1960, вып. 7, с. 71-92. 

66. Мосидзе Ш.В. Радиационный и тепловой балансы Сухуми и 
его окрестностей. Труды ТбилНИГМ И. 1957, вып.2., с. 147-
175. 

67.  Муламаа Ю. Сулев М.А. и др. Стохастическая структура 
полей облачности и радиации. Изд. АН Эстонской ССР. Тар-
ту, 1972, с. 281. 

68.  Новосельцев Е.П. Анализ зависимости суммарной радиации 
при облачности от основных действующих факторов. Труды 
ГГО, 1962, вып. 125. с.  42-47. 

69. Парфенов А.П. Солнечное голодание человека Л., Госиздат 
медицинской литературы, 1963, 189с. 

70. Пивоварова З.И. Распределение коэффициенты прозрачнос-
ти атмосферы (для интегрального потока, по территории 
СССР.  Труды ГГО, 1969, вып. 213,  с. 105-121. 

71. Пивоварова З.И. О периоде осреднения и погрешности сред-
них величин составляющих радиационного баланса. Труды 
ГГО, 1973, вып. 303, с. 160-189. 

72. Пивоварова З.И. Радиационные характеристики климата 
СССР. Л., Гидрометеоиздат, 1977, 335с. 

73. Пивоварова З. И. Калебания солнечной радиации по назем-
ным измерениям.  Труды  ГГО, 1967, вып. 193, с.3-23. 

74. Пивоварова З.И. Исследования временных рядов и структу-
ры поля солнечной радиации. В кн. «Применение  статисти-
ческих  методов в метеорологии. Л., Гидрометеоиздат, 1971, 
с. 208-224. 

75. Пивоварова З.И. Характеристика  радиационного режима на 
территории СССР  применительно к запросам строительст-
ва. Труды ГГО. 1973, вып. 31, 127 с. 

76. Разумов И.К. Об учете теплоты, вносимой лучистой энергии 
солнца через остекленные поверхности зданий. М.Л. Стро-
издат 1934, 48с. 

77. Рубинштейн Е.С.  Полозова Л.Г. Современное  изменение 
климата Л., Гидрометеоиздат, 1966, 268с. 



 331 

78. Руководство по контролю актинометрических наблюдений, 
Л., Гидрометеоиздат, 1970, 126. 

79. Руководство гидрометеорологическим станциям по актино-
метрическим наблюдениям. Л., Гидрометеоиздат, 1971, 
220с. 

80. Рухадзе П.А. Рассеянная радиация атмосферы на высокогор-
ной метеостанции Казбеги. Сборник работ, ТбилГМО, 1960. 

81.  Самукашвили Р.Д. Внутригодовое распределение стока рек 
приельбрусья. М атериалы гляциологических исследований, 
Хроника-обсуждений. М., 1970. №16, с. 280-281. 

82. Самукашвили Р.Д. Приход коротковолновых потоков радиа-
ции на склоны  в районе Эльбруса8 Труды ВГИ, 1969, вып. 
15, с. 92-140. 

83. Самукашвили Р.Д. О годовом ходе составляющих радиа-
ционного баланса на границе вечных снегов и льда Цен-
тральной части большого Кавказа. В кн. Актинометрия и 
оптика  атмосферы. Л., Гидрометеоиздат, 1969, с. 178-181. 

84. Самукашвили Р.Д. О годовом  ходе спектральных потоков 
радиации на северном склоне Большого Кавказа. Труды 
ВГИ. 1970, вып. 16, стр. с. 77-117. 

85. Самукашвили Р.Д. О влиянии зачернения поверхности снеж-
ного покровы на величины спектральных потоков  прони-
кающей радиации. Материалы глациологических исследо-
ваний. Хроника – обсуждение М., 1970, №17, с. 100-105. 

86. Самукашвили Р.Д. О годовом ходе коэффициента прозрач-
ности и факторы мутности на северном склоне Большого 
Кавказа. Труды ВГИ. 1972, вып. 18, с. 103-123. 

87. Самукашвили Р.Д. Влияние снежного покрова на рассеян-
ную радиацию в условиях Большого Кавказа. Труды ВГИ,  
1974, вып. 26, с. 74-77. 

88. Самукашвили Р.Д. Радиационные характеристики таяния 
ледника Башиль. Труды ВГИ, 1974, вып. 26, с. 78-83. 

89. Самукашвили Р.Д. Влияние снежного покрова на поглощен-
ную радиацию на северном склоне Большого Кавказа. 
Труды  ВГИ, 1974, вып. 27, с. 50-62. 

90. Самукашвили Р.Д.  Приход  прямой солнечной радиации в 
гляциальной зоне Приэльбрусья и сток горных рек. Труды 
ВГИ, 1974, вып. 27, с. 39-49. 



 332 

91. Самукашвили Р.Д. Суммарная радиация на северном склоне 
Большого Кавказа. Труды ВГИ , 1975, вып. 30 (111) с. 143-
153. 

92. Самукашвили Р.Д. Эффективное излучение и радиационный 
баланс на северном склоне Большого Кавказа. Труды ВГИ, 
1978, вып. 40, с. 76-94. 

93. Самукашвили Р.Д. Влияние снежного покрова на годовой 
ход отраженной радиации  и альбедо  в условиях Кавказа. 
Труды ВГИ, 1980, вып. 46, с. 111-122. 

94. Самукашвили Р.Д. Рассеянная радиации на Кавказе. Труды 
ВГИ. 1980, вып. 46, 132-139. 

95. Самукашвили Р.Д. Прозрачность и мутность атмосферы на 
Кавказе. Труды ВГИ , 1980, вып.45, с. 99-110. 

96. Самукашвили Р.Д. Суммарная радиация на Кавказе. Труды 
ВГИ, 1979, вып. 43, с. 101-102. 

97. Самукашвили Р.Д. Сезонный ход ледникового стока в стоке 
высокогорных рек ущелья Бащиль, Труды ВГИ, 1978, вып. 
40, с. 69-75. 

98. Самукашвили Р.Д. Рассеянная радиация в случае ясного не-
ба на северном стоке Большого Кавказа. Труды ВГИ, 1978, 
вып.40, с. 95-105. 

99. Самукашвили Р.Д. Прямая радиация  солнца на Кавказе. 
Труды ВГИ, 1981, вып. 49, с. 125-132. 

100. Самукашвили Р.Д. Фотосинтетически активная радиация на 
Кавказе . Труды ВГИ, 1981 вып. 49, с. 125-132. 

101. Самукашвили Р.Д. Рассеянная радиация на склонах в усло-
виях  Центрального Кавказа. Труды ВГИ, 1981, вып. 49, с. 
104-116. 

102. Самукашвили Р.Д. Проникновение солнечной  радиации в 
толщу снежного покрова в период его таяния в высокогор-
ной обсерватории Эльбрус. Труды ЗакНИГМИ, 1966, вып. 
22. с. 185-193. 

103. Самукашвили Р.Д. Эффективное излучение и радиационный 
баланс на территории Кавказа. Труды ВГИ,  1980, вып. 46, с. 
98-110. 

104. Самукашвили Р.Д. Сравнительная характеристика радиаци-
онного баланса подстилающей поверхности и его составля-



 333 

ющих под пологом леса и на открытой местности в районе 
Эльбруса. Труды ВГИ,  1984, вып. 52, с. 117-122. 

105. Самукашвили Р.Д.  Инсоляционный режим КБ АССР. В кн 
Конструктивная география КБ АССР, М. «Наука», 1981, 
145с. 

106. Самукашвили Р.Д. Ледниковая составляющая в суммарном 
стоке реки Каяртасу за аблящионный сезон 1980г. Труды 
ВГИ, 1984, вып. 52, с. 128-132. 

107. Самукашвили Р.Д. Высотные изменения многолетних сред-
немесячных величин альбедо в горных районах Кавказа. 
Труды ВГИ, 1984, вып. 52, с. 123-126. 

108. Самукашвили Р.Д. К методике расчета суммарной радиа-
циис длоя горных районов Кавказа. Труды ВГИ, 1984, вып. 
54. с. 61-70. 

109. Самукашвили Р.Д.  Годовой ход суммарной радиации на 
склонах в условиях центрального Кавказа. Труды ВГИ. 1984, 
вып.54.с.45-61. 

110. Самукашвили Р.Д. Расчет суточных сумм рассеянной радиа-
ции на склонах в условиях центрального Кавказа. Труды 
ВГИ,  1984, вып. 70-74. 

111. Самукашвили Р.Д. Таяние ледника Башиль (ледник №10) за 
абляционные  сезоны 1973-74г. Труды ВГИ. 1977,  вып. 37, 
с. 98-105. 

112. Самукашвили Р.Д. Ледниковая составляющая в суммарном 
стоке рек ущеля  Гара-Аузусу и таяние ледника 
Кулакчегемсчимар, Труды ВГИ, 1979, вып. 43, с. 87-93. 

113. Самукашвили Р.Д. О спектральном проникновении 
солнечной радиации в толщу снежного покрова в период его 
таяния в высокогорных условиях. Труды ВГИ, 1979, вып.12, 
с. 47-60. 

114. Самукашвили Р.Д. Ледниковый сток  в стоке горной реки 
Башиль-Аузусу. Труды ВГИ, 1975, вып.30,  с. 127-136. 

115. Самукашвили Р.Д. Сток рек Каиартасу и Сакашилису за 
теплый период  гоа. Труды ВГИ. 1980, вып. 46, с.130-136. 

116. Самукашвили Р.Д. Залиханов М.Ч. Формование стока с 
ледников Центрального Кавказа. Труды ЗакНИГМИ, Сбор-
ник докладов на IV закавказской конференции по снегу и 
ледникам. 1972, с. 273-276. 



 334 

117. Самукашвили РД. Залиханов М.Ч. Сезонный ход леднико-
вого стока в стоке реки Джаиликсу. Труды  ВГИ, 1975, вып. 
30, с. 137-142. 

118. Самукашвили Р.Д. Залиханов М.Ч., Болов  В.Р., Зыков В.В., 
Шабельников В.А., Мадянов Н.И. Сезонный ход ледни-
кового хода в стоке реки Нарзанная. Труды ВГИ., 1975, вып. 
30. с. 122-126. 

119. Самукашвили Р.Д. К вопросу  приближенного расчета сумм 
суммарной радиации на склонах в горных районах  Кавказа. 
Труды ВГИ, 1985, вып. 57, с.78-89. 

120. Самукашвили Р.Д. Прямая радиация на склонах в условиях 
Большого Кавказа.  Труды ВГИ, 1985, вып. 62, с. 51-62. 

121. Самукашвили Р.Д. О соотношении величин составляющих 
теплового баланса за теплый период года в районе Эльбруса. 
Труды ВГИ, 1985, вып. 62, с. 37-44. 

122.  Самукашвили Р.Д. Радиационный баланс естественных 
склонов. Труды  ВГИ, 1987,   вып.66, с. 70-78. 

123. Самукашвили Р.Д. Режим облачности и солнечного сияния 
на территории Кавказа. Труды ВГИ, 1985, вып. 62, с. 44-51. 

124. Самукашвили Р.Д. О корреляционных связях  между радиа-
ционным балансом и его составляющими для территории 
Кавказа. Труды ВГИ, 1987, вып.66, с.79-87. 

125. Самукашвили Р.Д. Оценка условий практического использо-
вания лучистой энергии солнца в условиях Кавказа. Труды 
ВГИ, 1988, вып. 73,  с. 115-123. 

126. Самукашвили Р.Д. Климатологическая характеристика и  
методика прогнозов заморозков в Ставропольском крае. 
Труды ВГИ, 1990,  вып. 82, с. 103-126. 

127. Самукашвили Р.Д. Динамика изменения величин полезного 
теплот плоской гелиоустановки с ростом абсолютной высо-
ты на Центральном Кавказе, ВГИ. 1990, вып. 82, с. 126-135. 

128. Самукашвили Р.Д. Об особенностях корреляционных связей 
между многолетними месячными суммами твердых осадков 
за холодный период года для высотных зон Приэльбрусья, 
Труды ВГИ, 1989, вып. 787 с. 10-19. 

129. Самукашвили Р.Д. Закономерности пространственно-вре-
менного распределения температуры воздуха за холодный 



 335 

период года в зонах лавинообразования Приэльбрусья. 
Труды ВГИ, 1989, вып. 78, с. 9-28. 

130. Самукашвили Р.Д. Кожаев Д.А. К вопросу методики расчета 
изменчивости основных характериcтик режима снежного 
покрова во времени для северного склона Большого Кавказа. 
Труды ВГИ, 1935, вып. 73, с. 14-20. 

131. Самукашвили Р.Д. К вопросу методики расчета средних 
многолетних снегозапасов для северных склонов Кавказа. 
Труды ВГИ, 1988, вып. 73, с. 20-27. 

132. Самукашвили Р.Д. Кожаев Д.А. К вопросу оценки функцио-
нальной зависимости между параметрами снежного покрова 
в условиях  Северного Кавказа. Труды ВГИ,  1987, вып. 70, с 
28-33. 

133. Самукашвили Р.Д. Исследование климатических характери-
стик районов Грузии с целью применения их при составле-
нии долгосрочных прогнозов погоды. Отчет. № Госреги-
страции 01930358 фонд ЗакНИГМИ, Тбилиси. 1991. с. 82. 

134. Сервиро В.С. О некоторых особенностях спектрального со-
става солнечной радиации в южной части Сахалина. Труды 
Сахалинского комплексного НИИ, 1966, вып. 17, с. 19-25. 

135. Сванидзе Г.Г., Гагуа В.П., Сухишвили Э.В. Возобновлены 
энергоресурсы  Грузии. Л., Гидрометеоиздат, 1987, с. 173. 

136. Сивков С.И. Методы расчета характеристик солнечной 
радиации. Л., Гидрометеоиздат, 1968, с. 231. 

137. Симонов Ю.Г. Распределение  солнечной  энергии по склона 
различной крутизны к экспозиции в равнинных условиях на 
500 с.ш. Уч. зап. МГУ, Геоморфология, 1956, вып. 182, с. 
187-201. 

138. Смоляков П.Т. Об изучении инсоляции земных поверхно-
стей. Журнал  геофизики и метеорологии, 1929, т.6. вып. 4. 

139. Справочник о климату СССР, ч. 1 Солнечная радиация, 
радиационный баланс и солнечное сияние. Вып. 13, 14, 15, 
16 Л., Гидрометеоиздат 1966-1968. 

140. Справочник по климату СССР Устойчивость и точность 
климатических характеристик. том 1, Солнечное сияние, 
температура воздуха и почвы. Л., Гидрометеоиздат, 1976, 
397с. 



 336 

141. Строительство нормы и правила. ч. 2, раздел Г., гл. Отопле-
ние, вентиляция и кондицирование воздуха. Нормы проекти-
рования. М., Госстройиздат, 1964. 

142. Сулаквелидзе Г.К. Чоторишвили Л.С. Тепловой  баланс сне-
жного покрова. Труды Эльбрусской высокогорной комплек-
сной экспедиции. том 1., Нальчик, 1959, с. 71-83. 

143. Таварткиладзе К.А. Сравнение некоторых результатов вычи-
сления  эффективного  излучения с данными экспериментов 
в кн. Актинометрияя и оптика  атмосферы. М., «Наука», 
1964. 

144. Таварткиладзе К.А. О формуле для вычисления  эффектив-
ного излучения. Сообщ. АН Груз. ССР, т. 32, №2, 1963. 

145. Таварткиладзе К.А. Учет влияния  высоты местности при 
вычислении эффективного излучения. Труды  ЗакНИГМИ.  
вып. 35(41), 1970, с 10-40. 

146. Таварткиладзе К.А. Моделирование аэрозольного солабле-
ния радиации и методы контроля загрязнения атмосферы. 
Тбилиси,  «Мецниереба», 1989, 202с. 

147. Тарнижевский Б.В. Учет  некоторых характеристик радиаци-
онного климата, влияющих на работу солнечных установок. 
В кн. «Вопросы прикладной климатологии». Л., Гидрометео-
издат, 1960, с. 138-148. 

148. Тарнижевский Б.В. Определение показателя солнечных 
установок в зависи мости от характеристик радиационного 
режима.  Теплоэнергетика, 1961, вып.3, в. 7-12. 

149. Темникова Н.С. Климат Северного Кавказа и приежащих 
степей. Л., Гидрометеоиздат. 1959, с. 367. 

150. Темникова Н.С. Некоторые  характеристики климата Север-
ного Кавказа и прилежащих степей. Л., Гидрометеиздат, 
1964, с. 175. 

151. Тооминг Х.П. Солнечная радиация и формирование урожая. 
Л., Г идрометеоиздат, 1977, с. 123-128. 

152. Турманидзе Т.И. Климат  и урожай винограда. Л., 
Гидрометеоиздат, 1981, 220с. 

153. Федюшин А.А. Беденко В.п. НЕкоторые результаты изме-
рения прямой солнечной фотосинтетичсески активной 
радиации спектральным фитоактинометром, Физиология  
растений, 1969, т.16, 4. с. 756-759. 



 337 

154. Фейгельсон  Е.М. Малкевич М.С. Коган С.Я. Коронатова 
Т.Д. Глазова К.С. Кузнецова М.А. Расчет  яркости  света в 
атмосфере при анизотропном рассеянии. Труды Института 
Физики атмосферы  АН СССР, №1(103), М.,  1958. 

155. Федорова М.П. Потоки рассеянной радиации от отдельных 
участков  неба на наклонные поверхности «Проблемы физи-
ки атмосферы», 1965, сб. 3, с. 61-68. 

156. Цуцкиридзе Я.А. Солнечный кадастр Грузии, Труды 
ЗакНИГМИ. 1963, вып. 12,  с.54-83. 

157. Цуцкиридзе Я.А. Радиационный баланс территории Закав-
казья. Труды  ЗакНИ ГМИ, 1964, 15(21), с. 53-70. 

158. Цуцкиридзе Я.А. Радиационный и термический режимы 
территории Грузии. Л., Гдирометеоиздат, 1967, с. 163. 

159. Цуцкиридзе Я.А. Радиационный баланс зоны вечных снегов 
и ледников центральной части Большого Кавказа. Труды Зак 
НИГМИ. 1966, вып.207 с. 25-30. 

160. Тельдоши Ю. Лесны Ю. Мир ищет энергию. М., «Мир», 
1981, с. 439. 

161. Чижевский М.П. Радиационный и термический режим раз-
лично ориентированных склонов в условиях холмистого 
рельефа Ленинградской области. Труды ГГО. 1960, вып. 91, 
с. 71-84. 

162. Шихлинский Э.М. Тепловой баланс Азербайджана. Изда-
тельство «ЭЛМ», Баку,  1969, с. 197. 

163. Шульгин И.А. Растение и солнце, Л., Гидрометеоиздат 1973, 
с. 251. 

164. Advanced Solar energy Technology. Bewsletter, 1983, 9, #12,  
pp. 511-516. 

165. Alternative energy. Electer. World. 1980, V, 194, #9,11,13. 
166. Atwater V. Ball I.A numerical solar  radiation model based on 

Standart meteorological observations Solar energy, 1978, 21, #3, 
pp.163-170. 

167. Bhumralhar C. Slemmons A. Nitz K. Bumerical study of local 
(regional) atmospheric changes caused by a large solar cenral 
receiver power planth Journ. Appl. Net. 1981, 20, NI, pp. 660-
677. 



 338 

168. Desnica U. Urli N. Pivak B. Climatic predispositions of Jugosla-
via for solar energy application. Solar  Energy, 1983, 30, N5,  
pp. 401-412. 

169. Duncan C.N. Solar and wind power-some meteorological 
aspects. Weater , 1977, 32, N12, pp. 451-456. 

170. Energia Solar, Revew Brasil, Quim,  1982, 92, N557,  S.215-
220. 

171. Engels J. Pollock S. Clarc J. Observations on the Statistical 
nature of terrestrial irradiation. Solar Energy, 1980, 26, N1, pp. 
91-92. 

172. Ei-Din Harb  Mohamed Saad. Solar Energy in Egypt as on ine-
xaustible source of energy. Veteoral. Res. Bull. 1976, 8, N2, pp. 
127-144. 

173. Felmery L. Data fr evaluationg solar energy  in Hungary. Fnn. 
Eniv. Sci. Budapest, Ses. Geol. 1980,  pp.51-61. 

174. Igbel M. The  influence of collestor azimuth  on solar heating  of 
residential buildings and the e ffects of anisotropic sky –diffuse 
rediation. Solar Energy, 1981, 26, N3, pp. 249-257. 

175. Jimenez J.J. Solar radiation Statistic  in Barselona. Spain. Solar  
Energy, 1981, 27, N4, pp.  271-282. 

176. Kimball H.H. Solar radiation measuremens at Badison Wos. 
1913-1915.  Month Wather Rev. 1916, V., 44, N1, pp.9-12. 

177. Langdon Gorl  M. Advanced solar energy technology. 1931, ,7 
N2, pp,379-382. 

178. Miller Mike, Expo displays Solars importance to Japan. Solar  
Eng. and Corntract, 1984, 3, N3, pp.13. 

179. Mustacchi C. Cena V. Rochrm. Stochastic Simulation of hourly 
global radiation cequences. Solar  Energy. 1979, 23 N1, pp.  47-
51. 

180. Meteorological aspects of the utilization of solar  radiation as an 
energy cource. Geneva, WMO, Technical  Note, 1981, N172, pp. 
289. 

181. Person  Goran. Changing prioret ies in air  Pollution Control. Ar-
ankt Rev. 1977, 12, N2, pp. 4-6. 

182. Rotty Ralph M. Weinberg Alvin M. Haw long is coals future?  
Clim. change, 1977, 1, N1, pp 45-47, 



 339 

183. Russo G. Analitical model and simulation code for the solar  
input  determination irradiance maps.  Solar  Energy, 1978,  21, 
N3, pp201-210. 

184. Sutterlund D. Means J. Estimatig solar radiation render variable  
cloud conditions. Forest Sci. 1978, 2u, N3,  rr. 363-367. 

185. Takada Toshio. Development  of nergy sources within the 
programe “sunshine” Journ. Japan. Sosiety Mech, Eng. 1983, 86 
N771, pp. 155-160. 

186. Weiss Th Estimation of daili clearsky solar radiation intercepted 
by  a tilted surface. Solar  Energy. 1980, 24, N3, rr.  287-294. 

187. Williams J. Climatis impact of the alternative energy sources. 
Energy, 1974, 4, N5, pp.933-939.  

188. Zinko H. Eriksson L.  Contribution of the peflectivity  of snow 
covered ground to solar  energy production in Northeng 
climatess. Solar. W. Forum, Oxford, 1982, pp.  2402-2407. 

 



 340 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
gamomcemloba `universali~ 

Tbilisi, 0179, i. WavWavaZis gamz. 19, : 2 22 36 09, 5(99) 17 22 30 
E-mail: universal@internet.ge 
 

 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


