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anotacia. energetikuli industriis ganviTarebis mimdinare etapze airturbinuli 
kombinirebuli ciklis danadgarebisTvis mTavari gamowveva manevrulobis 
gaumjobesebaa, rac moiTxovs maTi  Termodinamikuri parametrebis, teqnologiuri 
sqemebis, marTvisa da regulirebis sistemebis optimizacias muSaobis reJimebis 
moTxovnebis Sesabamisad. optimizaciis amocana emyareba danadgarebis efeqtianobis 
mravalmxriv analizs sxvadasxva faqtorze damokidebulebiT. 

naSromi eZRvneba airturbinuli kombinirebuli ciklis Termodinamikur analizs 
da parametrebis optimizacias. masSi formulirebulia ciklis Termuli mq koeficienti 
erT- da samwneviani orTqlis konturis gamoyenebisas, aseve damatebiTi saTbobis wvis da 
mis gareSe SemTxvevebisTvis; gaanalizebulia mq koeficientis cvlileba airisa da 
orTqlis ciklebis, aseve qvab-utilizatoris mq koeficientebisa da Termodinamikuri 
parametrebis cvlilebebze damokidebulebiT; gansazRvrulia ciklis efeqtianobaze 
moqmedi mTavari faqtorebi; formulirebulia optimizaciis amocana, romlis 
gadawyvetiTac dgindeba  kombinirebuli ciklis Termuli mq koeficientis cvlilebis 
xasiaTi - is mkveTrad izrdeba airturbinuli ciklis sawyisi parametrebisa da 
naklebad orTqlturbinuli ciklis sawyisi parametrebis gazrdis dros. 
gadaxurebuli orTqlis wnevis zrda ar iwvevs kombinirebuli ciklis mq koeficientis 
mniSvnelovan zrdas. mas aqvs eqstremumis wertili, saidanac sawyisi wnevis zrda 
amcirebs ciklis mq koeficients.   

realuri ciklis danadgarebis optimizaciisTvis gasaTvaliswinebelia orTqlis 
qvab-utilizatoris konkretuli maxasiaTeblebi, aseve namuSevari orTqlis tenianobis 
cvlileba sawyisi parametrebis mixedviT da sxv. am dros mq koeficientebis maqsimaluri 
mniSvnelobebi  miiRweva idealuri ciklebisgan gansxvavebul sawyis parametrebze, 
marTvisa da dagegmarebis optimizacia ki xorcieldeba simZlavreebisa da muSaobis 
reJimebis konkretuli pirobebisTvis.    
 

sakvanZo sityvebi: eleqtrosistema, cikli, kombinirebuli, optimizacia, eqstremumi,  
                                         airturbina, energobloki. 

 

Sesavali 
airturbinuli kombinirebuli ciklis energoblokebi maRalekonomiuri 

danadgarebia, romlebsac sabaziso simZlavris generaciisTvis iyeneben. isini 

farTod vrceldeba aRmosavleT evropasa da postsabWour qveynebSi, sadac 90-iani 
wlebis bolomde SesaZlebeli iyo eleqtrosistemebis sinqronuli muSaoba da 

deficitis dafarva maT Soris eleqtroenergiis gadanawilebis gziT - sistemebSi 

arsebobda saTanado teqnikuri SesaZleblobebi. cnobili geopolitikuri 

cvlilebebis Sedegad 90-iani wlebis bolos eleqtroenergetikuli sistemebi 

ganmxolovda da gardaiqmna avtonomiur erTeulebad. amasTan, maTi erTmaneTTan 

dakavSirebis teqnikuri SesaZleblobebi Semcirda, ramac seriozuli sirTuleebi 

gamoiwvia, gansakuTrebiT mcire zomis eleqtrosistemebSi - garTulda deficitis 

marTva, Semcirda manevruloba da mdgradoba. Sesabamisad aqtualuri gaxda 
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dadgmuli simZlavreebis, mdgradobisa da moqnilobis gazrda, rac unda gadawydes 

maRali manevrulobisa da ekonomiurobis energoblokebis gamoyenebis gziT. aseT 

pirobebSi airturbinuli kombinirebuli ciklis (kc) energoblokebisTvis mTavari 

gamowvevaa manevrulobis gaumjobeseba, rac gazrdis maT monawileobas 

eleqtrosistemebis datvirTvis sadReRamiso regulirebaSi. es amocana moiTxovs 

energoblokebis Termodinamikuri parametrebis, teqnologiuri sqemebis, marTvisa 
da regulirebis sistemebis optimizacias muSaobis reJimebis moTxovnebis 

Sesabamisad.  

statiis avtorTa mizania airi-orTqlis idealuri kombinirebuli ciklis mq 
koeficientis  Termodinamikur parametrebze damokidebulebis gamokvleva da am 

ciklis danadgarebis (energoblokebis) muSaobis reJimebis SezRudvebisa da 

optimizaciis amocanebis gansazRvra.   

kvleva Catarebulia kombinirebuli ciklis GE206FA standartuli danadgaris 

sqemisa da parametrebis magaliTze.     
 

idealuri kombinirebuli ciklis Termuli mq koeficienti 
analizi daviwyoT idealuri kombinirebuli ciklis Termuli mq koeficientis 

formulirebiT. simartivisTvis ganvixiloT erTwneviani zednaSeni cikli - cikli, 
romelSic airturbinebSi namuSevari airebis siTburi simZlavre sakmarisia 
orTqlturbinuli konturis muSaobisTvis da damatebiTi saTbobis wva orTqlis 

qvab-utilizatorSi saWiro ar aris (airi-orTqlis kombinirebuli cikli). ciklis 

 diagrama naCvenebia  nax. 1-ze, sadac gamoyenebulia Semdegi aRniSvnebi:  da  - 

airturbinul ciklSi miwodebuli da arinebuli siTbo;  da  - 

orTqlturbinul ciklSi miwodebuli da arinebuli siTbo.  

CavweroT airturbinuli, orTqlturbinuli da kombinirebuli ciklebis 

Termuli mq koeficientebi Semdegnairad: 
airturbinuli cikli 

       ;                                                                                                           (1) 
orTqlturbinuli cikli 

       ;                                                                                                             (2) 
kombinirebuli cikli 

      .                                                                                          (3) 

SemovitanoT orTqlis qvab-utilizatoris mq koeficienti: 

                  .                                                                                                                   (4) 
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nax. 1. erTwneviani idealuri 

kombinirebuli cikli (erTkonturiani 

cikli damatebiTi saTbobis wvis gareSe) 

nax. 2. samwneviani idealuri 

kombinirebuli cikli (samkonturiani 

cikli damatebiTi saTbobis wvis gareSe) 
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         gardaqmnebis Sedegad miviRebT Termuli mq koeficientis formulas 
erTwneviani idealuri kombinirebuli ciklisTvis damatebiTi saTbobis wvis 

gareSe: 

       .                                                                                                     (5)                       

damatebiTi saTbobis wvis SemTxvevisTvis formula miiRebs saxes: 

         ,                                                                                                        (6) 

sadac    aris damatebiTi saTbobis wviT miRebuli  siTbos Sefardeba 

airturbinul ciklSi miwodebul   siTbosTan. 
qvemoT moyvanilia Termuli mq koeficientis formula samwneviani idealuri 

kombinirebuli ciklisTvis damatebiTi saTbobis wvis gareSe (nax.2), romelic 
gviCvenebs formulis struqturis damokidebulebas orTqlis ciklSi wnevis 

konturebis raodenobaze: 

          ,                      (7) 

sadac  ,  da  aris TanafardobaTa kombinaciebi Sesabamisad wnevis pirveli, 

meore da mesame konturebisTvis, romlebic iangariSeba Semdegnairad: 

                          ;    ; .  

aq ; ;  aris TanafardobaTa koeficientebi, 

romlebic gviCvenebs airturbinul ciklSi miwodebuli  siTbos ganawilebas 

orTqlis konturebis simZlavreebis pirdapirproporciulad - ; 
 aris Sesabamisad orTqlis qvab-utilizatorisa da 

orTqlturbinuli ciklis pirveli, meore da mesame (maRali, saSualo da dabali 

wnevis) konturis mq koeficientebi. 
 

Termuli mq koeficientis eqstremumi da optimizaciis amocana 
qvemoT ganvixilavT idealuri kombinirebuli ciklis Termuli mq 

koeficientis damokidebulebas Semadgeneli ciklebisa da orTqlis qvab-

utilizatoris mq koeficientebze. simartivisTvis virCevT erTwnevian cikls 

damatebiTi saTbobis wvis gareSe (nax. 1). am dros miRebuli Sedegebi gavrceldeba 

or-da samwnevian ciklebze. 

dasawyisSi davuSvaT, rom (5)-Si Semavali  mq koeficientebi 

erTmaneTisgan damoukidebeli cvladebia. maSin kombinirebuli ciklis mq 

koeficienti aracxadi saxiT Caiwereba Semdegnairad: 

           ,                                                                                                         (8) 
saidanac 

            .                                                                                  (9) 

Tu gaviTvaliswinebT, rom (5)-is safuZvelze , 

 da , (9)-dan miviRebT: 

     .                                                 (10) 

ganvixiloT mTavari parametrebi, romlebic gavlenas axdens ,  da  

mniSvnelobebze. airturbinebisTvis aseTia garemos wneva  da temperatura , 

airebis sawyisi wneva  da temperatura  (airturbinis pirvel safexurSi 

Sesvlisas); orTqlis turbinisTvis: sawyisi wneva , temperatura , da wneva 

kondensatorSi ; orTqlis qvab-utilizatorisTvis: sawyisi wneva , orTql-

mwarmoebluroba   da temperaturuli gradienti namuSevari airebis ( ) da sawyis 

( ) temperaturebs Soris. analizis dros garemo faqtorebze damokidebul 

parametrebs ( , , ) ar gaviTvaliswinebT da mudmiv sidided miviRebT 

temperaturul gradientsac. maSin zogadi saxiT SegviZlia CavweroT: 
               

                                                                                                (11) 
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       , 

saidanac: 

         

                        .                                                           (12) 

                     

(12)-is  gaTvaliswinebiT (10)-dan miviRebT: 
  

                                                                                                                                                              (13) 

saidanac Cans, rom kombinirebuli ciklis Termuli mq koeficientis eqstremumis 

gansazRvrisTvis saWiroa airturbinuli da orTqlturbinuli ciklis, aseve 

orTqlis qvab-utilizatoris mq koeficientebis , , , ,  parametrebze 

damokidebulebebis codna. meore mxriv, airturbinebSi namuSevari airebis 

temperatura, romelic sakuTriv -sa da -zea damokidebuli, gansazRvravs -isa 

da  -is  mniSvnelobebsa da SezRudvebs. Sesabamisad,   da  erTmaneTze 

damokidebuli da zemoT dasaxelebuli parametrebiT Sebmuli (daxistebuli) 

sidideebia (miuxedavad imisa, rom dasawyisSi isini damoukidebel cvladebad 

movixsenieT). 
avtorTa mier Catarebuli gaangariSebiTi kvlevis Sedegebi naCvenebia nax. 3-5-

ze, saidanac Cans, rom sawyisi parametrebis cvlilebis realistur intervalSi 

airturbinuli ciklisa da orTqlis qvab-utilizatoris mq koeficientebs 

eqstremumis wertilebi ar gaaCniaT, xolo orTqlturbinuli ciklis mq koefi-

cientis eqstremumi arsebobs da damokidebulia sawyisi wnevis mniSvnelobebze. es 

niSnavs, rom eqstremumis kvleva me-(13) formulisTvis unda ganxorcieldes 

mxolod  sawyisi wnevis mixedviT. amasTan formulaSi unda gamovyoT  -ze 

damokidebuli is wevri, romelsac aqvs eqstremumi. Cven SemTxvevaSi aseTia  

(orTqlturbinuli ciklis mq koeficientis damokidebuleba  sawyis wnevaze 

mudmivi -is pirobebSi (nax. 5)).  maSin me-(13) gamartivdeba da miiRebs saxes: 

                             .                                                                         (14) 
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nax. 3. idealuri airturbinuli ciklis 
Termuli mq koeficientis damokidebuleba 
sawyis wnevasa da temperaturaze 

(gaangariSebebi Catarebulia 

pirobebisTvis: garemos wneva da 

temperatura - 1 atm, 150C; sawyisi 

parametrebi - 14 bari,   12130C) 

nax. 4. orTqlis qvab-utilizatoris mq 
koeficientis damokidebuleba gadaxurebuli 
orTqlis wnevasa da mwarmoeblurobaze 
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davubrundeT parametrebis urTierTgavlenas. rogorc aRvniSneT , -is da -
is mniSvnelobebs da cvlilebaTa intervalebs gansazRvravs airturbinuli ciklis 

sawyisi parametrebi ( ). amitom me-(14) formulis eqstremumis kvleva 
SesaZlebelia Catardes variantul gaangariSebaTa gziT airturbinuli ciklis 

sawyisi wnevisa ( ) da temperaturis ( ) fiqsirebuli mniSvnelobebisTvis. aseTi 

gaangariSebis  Sedegebi naCvenebia  nax. 6 da 7-ze.  
rogorc nax. 6-dan Cans, airtur-

binuli da orTqlturbinuli ciklebis 
sawyis wnevaTa gazrdiT kombinirebuli 
ciklis Termuli mq koeficienti ufro  
mkveTrad izrdeba airturbinuli 

ciklis sawyisi wnevis ( ) gazrdisas,  

vidre orTqlturbi-nulis ( ). magram 
airturbinuli ciklis sawyisi wnevis 
gazrdiT namuSevari airebis tempera-

tura ( ) mcirdeba imdenad, rom 

SeuZlebeli xdeba qvab-utilizatorSi 
garkveul wnevaze meti wnevis mqone 

gadaxurebuli orTqlis miReba. maga-

liTad, nax. 6,b-ze naCvenebi grafikebis 

mixedviT, rodesac airturbinuli 

ciklis  sawyisi wneva 35 baria, maSin 

namuSevari airebis temperaturaa 3430С, romelzec SeuZlebelia 102 barze meti 

wnevis gadaxurebuli orTqlis miReba (wertili m), xolo Tu =25 bars, maSin 

gadaxurebuli orTqlis wneva SesaZlebelia gavzardoT  ̴ 200 baramde (wertili n). 

rac Seexeba =15 da =5 baris SemTxvevebs, aq gadaxurebuli orTqlis wneva 
praqtikulad SeuzRudavia da SesaZlebelia zekritikuli wnevis gadaxurebuli 

orTqlis miRebac orTqlturbinuli ciklisTvis.  

miuxedavad aseTi SesaZleblobebisa, grafikebidan Cans, rom gadaxurebuli 
orTqlis wnevis zrda ar iwvevs kombinirebuli ciklis Termuli mq koeficientis 

mniSvnelovan matebas. metic, garkveuli mniSvnelobidan dawyebuli (wertilebi k da 

l) wnevis zrda amcirebs kombinirebuli ciklis Termul mq koeficients. amitom 
Termuli efeqtianobis TvalsazrisiT kombinirebul ciklSi wamyvan rols 

inarCunebs airturbinuli ciklis sawyisi wneva. am garemoebas iTvaliswineben 

danadgarebis daproeqtebisas optimaluri parametrebis SerCevisTvis. 
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a)  - diagrama sawyisi wnevebis 

cvlilebisas 
b) Termuli mq koeficienti 

 

nax. 6. idealuri kombinirebuli ciklis Termuli mq koeficientis damokidebuleba 

airturbinuli da orTqlturbinuli ciklebis sawyis wnevebze: grafikebi agebulia 

airturbinuli ciklis sawyisi temperaturisTvis  =12000С 
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nax. 5. idealuri orTqlturbinuli ciklis 
Termuli mq koeficientis damokidebuleba 

sawyis wnevasa da temperaturaze (gaanga-
riSebebi Catarebulia orTqlis erT-jeradi 
gadaxurebisa da kondensatorSi 

fiqsirebuli wnevis pirobebisTvis) 
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a)  - diagrama airturbinuli ciklis 
sawyisi temperaturis cvlilebisas 

b) Termuli mq koeficienti 

 

nax. 7. idealuri kombinirebuli ciklis Termuli mq koeficientis damokidebuleba 

airturbinuli ciklis sawyis temperaturasa da orTqlturbinuli ciklis sawyis wnevaze: 

grafikebi agebulia airturbinuli ciklis sawyisi wnevisTvis   =15 bari 

 

nax. 7-ze mocemuli grafikebidan Cans, rom airturbinuli ciklis sawyisi 

temperaturis ( ) gazrdiT kombinirebuli ciklis Termuli mq koeficienti izrdeba. 

am dros, wina SemTxvevis msgavsad, dabal sawyis temperaturaze SezRudulia 

gadaxurebuli orTqlis wnevis mniSvnelobebi.  magaliTad, rodesac 

airturbinuli ciklis sawyisi temperatura =800°С, maSin gadaxurebuli 

orTqlis zRvruli wnevaa  30 bari, xolo Tu =10000С, maSin zRvruli wneva  160 

baria. airis ufro maRal temperaturaze  ( =12000С/1400°С/16000С) es SezRudvebi aRar 

arsebobs. imis gamo, rom airturbinuli ciklis sawyisi temperaturis zrda 

erTmniSvnelovnad zrdis kombinirebuli ciklis Termul mq koeficients, xolo 

orTqlturbinuli ciklis sawyisi wnevis gadidebiT is jer  izrdeba, Semdeg ki 

mcirdeba (k1 da l1 maqsimumis wetilebi), airis sawyisi temperatura wamyvania 

kombinirebuli ciklis Termul mq koeficientze zemoqmedebis TvalsazrisiT. 
 

kombinirebuli ciklis Termuli mq koeficientis  gazrdis  gzebi 
zemoT gakeTebuli analizi aCvenebs, rom airi-orTqlis kombinirebuli ciklis 

Termuli mq koeficientis gazrda SesaZlebelia: 

 airturbinuli ciklis sawyisi wnevisa da temperaturis gazrdiT; 

 orTqlis qvab-utilizatoris efeqtianobis gazrdiT; 

 orTqlturbinuli ciklis sawyisi wnevisa da temperaturis gazrdiT. 
teqnologiebis ganviTarebis mimdinare etapze am SesaZleblobebis srul-

yofilad realizeba SeuZlebelia cnobili teqnikuri SezRudvebis gamo. 

magaliTad, airturbinuli ciklis sawyisi wnevis gazrda arTulebs haeris 

kompresoris muSaobis pirobebs, zrdis reversiuli nakadis warmoqmnis 
SesaZleblobas gardamaval reJimebSi da aZnelebs RerZuli Zalebis gawonas-

worebas, amaRlebs moTxovnilebas eleqtroenergiaze airturbinis gaSvebis 

procesSi da sxv. sawyisi temperaturis zrda ki iwvevs airturbinis pirveli 

safexurebis gadaxurebas, rac amcirebs maTi simtkicis maCveneblebsa da 

xangamZleobas. am problemis gadawyveta urTulesi amocanaa, romelsac 

gansakuTrebuli yuradReba eTmoba kvlevebsa da danadgarebis warmoebaSi.   

damatebiTi saTbobis wvis gareSe momuSave orTqlis qvab-utilizatori aris 

Tbogadamcemi danadgari, romelSic unda ganxorcieldes siTbos efeqturi arineba 
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airturbinaSi namuSevari dabaltemperaturuli (600-750°С) airebisgan. amis miRweva 

ise, rom saWiro ar gaxdes gaumarTleblad didi farTobis Tbogadamcemi 

zedapirebis gamoyeneba, SesaZlebelia mxolod maSin, rodesac siTbos mimRebi muSa 

sxeuli Tbogadacemis procesSi ganicdis fazur gardaqmnas. amasTan, rac ufro 

dabalia wylis wneva, miT metia misi aorTqlebis faruli siTbo da metia namuSevari 

airebisgan siTbos arinebis SesaZlebloba. magram dadebiTTan erTad, dabal wnevas 

uaryofiTi mxarec aqvs - am dros miRebuli dabali wnevis orTqli ar aris 

optimaluri orTqlis turbinaSi muSaobis SesrulebisTvis. amitom irCeven 

Sualedur variants: orTqlis qvab-utilizators ori an sami mkvebavi tumboTi 

awodeben mkvebav wyals ori an sami gansxvavebuli wneviTa da raodenobiT. es 
nakadebi orTqldeba sxvadasxva temperaturaze da Tavs iyris gansxvavebuli wnevis 

dolebSi. dolebidan gadamxureblis gavliT orTqli gadadis orTqlis turbinis 

Sesabamis nakveTurebSi. aseTi dayofis mixedviT orTqlis qvab-utilizatori 

SeiZleba iyos ordoliani (orwneviani) an samdoliani (samwneviani).  
TbogadacemasTan dakavSirebuli problemebis gamo kombinirebul ciklSi am 

etapze ar iyeneben zekritikuli parametrebis orTqls, romelic moiTxovs mniSvne-
ovan gadaxurebas orTqlis turbinis bolo safexurebSi teninaobis Semcirebis 

mizniT. es Zneli misaRwevia zomieri gabaritebis qvab-utilizatorebSi. zekriti-
uli parametrebi aseve amkacrebs wyalqimiur reJimebs da iwvevs arasasurvel 

gadramaval procesebs qvab-utilizatorebis wylisa da orTqlis traqtSi.   
kombinirebuli cikli realuri danadgarebis optimizaciisTvis gaTvalis-

winebuli unda iyos orTqlis qvab-utilizatoris konkretuli maxasiaTeblebi, 

aseve namuSevari orTqlis tenianobis cvlileba sawyisi parametrebis mixedviT. am 
dros maqsimaluri mq koeficientebi miiRweva idealuri ciklebisgan gansxvavebul 

sawyis parametrebze. Sesabamisad, marTvis da dagegmarebis optimizacia unda 
ganxorcieldes simZlavreebisa da muSaobis reJimebis konkretuli moTxov-

nebisTvis. standartuli kombinirebuli ciklis danadgarebis zomier parametrebad 

amJamad miCneulia airebisa da orTqlis sawyisi wnevebi da temperaturebi: =15-20 

bari, =70-110 bari, =1200-14000С, =550-5900С.    
 

daskvna 
avtorebis mier Catarebuli kvleva aCvenebs, rom airturbinuli kombinirebuli 

ciklis Termuli efeqtianobis gazrdisTvis mTavar mimarTulebad airis ciklis 

sawyisi parametrebis gazrda unda ganvixiloT. magram saWiroa gaviTvaliswinoT, 
rom airebis sawyisi wnevis zrda amcirebs namuSevari airebis temperaturas da 

zRudavs orTqlis ciklis sawyisi wnevis zrdas, airebis wnevis Semcireba ki, 

piriqiT, zrdis namuSevari airebis temperaturas da afarToebs orTqlis sawyisi 

wnevis SerCevis diapazons. rac Seexeba airebis sawyis temperaturas, misi gazrdiT 

kombinirebuli ciklis Termuli mq koeficienti ganuxrelad izrdeba. miuxedavad 

aRniSnulTan dakavSirebuli optimisturi Sedegebisa, realuri danadgarebis 

optimizaciisTvis unda gaviTvaliswinoT airturbinebisa da orTqlis qvab-

utilizatorebis liTonis mxurvalmtkicobis SezRudvebi, aseve tenianobis 

gavlena orTqlis turbinis bolo safexurebis simtkiceze. 
kombinirebuli ciklis arsebuli danadgarebis manevrulobis gazrdisTvis 

optimizaciis mTavari amocana muSaobis reJimebis mixedviT adaptirebuli marTvis 

da regulirebis algoriTmebis SemuSavebaa, axali danadgarebisTvis ki optimizacia 
parametrebis srul speqtrs unda moicavdes da emyarebodes konkretuli 
energoblokebis mimarT wayenebul moTxovnebs muSaobis saprognozo 

pirobebisTvis. 


