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პასუხისმგებლობას.  

რეზიუმე 
kogeneracia Tboeleqtromomaragebis umaRlesi formaa. is 

iTvleba energetikis ganviTarebis, energodamzogi politikis, 
saTbob-energetikuli resursebis racionaluri gamoyenebis erT-
erT umniSvnelovanes strategiul mimarTulebad. kogeneracia 
uzrunvelyofs organuli saTbobis, finansuri da SromiTi 
resursebis did ekonomias, xels uwyobs qalaqebsa da samrewvelo 
centrebSi ekologiuri mdgomareobis gaumjobesebas. saTbobis 
ganuxreli gaZvirebis pirobebSi kogeneraciis roli TandaTan 
ufro gaizrdeba. 

msoflioSi didi yuradReba eTmoba eleqtruli da Tburi 
energiebis kombinirebuli gamomuSavebis (kogeneraciis) sistemebis 
ganviTarebas. didi mniSvneloba aqvs kogeneraciis meSveobiT 
miRebuli ekonomikuri mogebis samarTlian ganawilebas 
gamomuSavebul siTbosa da eleqtroenergias Soris. amJamad es 
ganawileba umetes qveynebSi warmoebs e.w. proporciuli meTodiT, 
romelic iTvaliswinebs TecSi yvela danaxarjis gayofas ori 
saxis energias Soris Seabamisi xarjebis  proporciulad  
siTbosa da eleqtroenergiis gamomuSavebisas gancalkevebuli 
meTodiT (saqvabesa da kondesaciur eleqtrosadgurSi).  

naSromSi gaanalizebulia msoflioSi kogeneraciis 
ganviTarebis ZiriTadi etapebi, misi energoekonomikuri da 
ekologiuri upiratesobani. aRniSnulia, rom amJamad kogeneracia 
viTardeba ZiriTadad airturbinuli da orTqlairuli teqnolo-
giebis bazaze. moyvanilia monacemebi msoflios ganviTarebuli da 
ganviTarebadi qveynebis energetikaSi airturbinuli da orTqlai- 
ruli danadgarebis gamoyenebis masStabebisa da perspeqtivebis 
Sesaxeb. atd-ebi da oatd-ebi xasiaTdeba maRali Tburi ekonomiu-
robiT, minimaluri kuTri RirebulebiT, kargi ekologiuri 
TvisebebiT, kapitaldabandebebis swrafi gamosyidviT, kogeneraci- 
aSi gamoyenebis efeqturobiT da sxv. 

normatiuli meTodis gamoyenebiT Catarebulia KO tipis 
turbinebiT aRWurvili orTqlturbinuli Tecis energoefeqturo-
bis maCveneblebis saangariSo-analizuri gamokvleva. gansazRvru-
lia saTbobis kuTri xarji da misi fardobiTi ekonomia 
energowarmoebis gancalkevebul meTodTan SedarebiT. 

naSromSi dadgenilia, rom “proporciuli” meTodiT 
gaTvlili Tecebis energoefeqturobis maCveneblebze ZiriTadad 
gavlenas axdens airturbinuli danadgaris mq koeficienti, 
sxvaoba warmaval airebsa da gare haeris temperaturaTa Soris, 
agreTve kesisa da saqvabis mq koeficientebi. 

ganxilulia kogeneraciul sistemebSi rTuli sqemebis 
airturbinuli danadgarebis gamoyenebis sakiTxi. cnobilia, rom 



amJamad airturbinul TecebSi upiratesad umartivesi sqemis 
airturbinuli danadgarebi gamoiyeneba. isini sakmaod iafi da 
energoefeqturi danadgarebia. sxvadasxva qveynebis mecnierTa 
gamokvlevebiT dadginda, rom rTuli sqemebis airturbinuli 
danadgarebis gamoyeneba TecebSi uzrunvelyofs garkveul, ufro 
met Termodinamikur efeqts. adre damuSavebuli meTodikis 
gamoyenebiT gaanalizebulia ori tipis airturbinuli Tecis 
efeqturoba: rodesac aq gamoiyeneba umartivesi sqemis airturbi-
nuli danadgari, meore: rodesac gamoiyeneba rTuli sqemis 
danadgari haeris Sualeduri gacivebiT, regeneraciiT da siTbos 
Sualeduri miwodebiT. Sedarebis mTavar kriteriumad miRebulia 
saTbobis fardobiTi ekonomia, romelic miiRweva energosistemaSi 
airturbinuli Tecis funqcionirebiT, Tboeleqtromomaragebis 
gancalkevebul meTodTan SedarebiT. dasabuTebulia, rom meore 

SemTxvevaSi saTbobis ekonomia saSualod 20÷25%-iT meti iqneba 
pirvel variantTan SedarebiT. 

naSromSi gamokvleulia gardabanSi amJamad moqmedi 
airturbinuli danadgarebis atd-Tecad SesaZlo rekonstruqciis 
efeqturoba, gaanalizirebulia agreTve mcire simZlavris A-41 
tipis dizelis magaliTze narCeni siTbos utilizaciis 
SesaZlebloba.  

saqarTveloSi adre arsebuli saqvabeebis teritoriebze 
SeiZleba Seiqmnas ramdenime mZlavri airturbinuli Teci, rac 
mniSvnelovnad gazrdis energosistemaSi eleqtroenergiis wliur 
gamomuSavebas. siTbos da eleqtroenergiis kombinirebuli gamomu-
Saveba uzrunvelyofs qveyanaSi daaxloebiT 80 milioni dolaris 
Rirebulebis 1 miliard kubur metrze meti bunebrivi airis 
ekonomias. eleqtroenergiis gamomuSavebis TviTRirebuleba iqneba 
mcire 2...2,5 centi/(kvt.sT). aRniSnuli Tecebis mSenebloba dajde-
ba saSualod 2-jer iafi, vidre iseTive simZlavris msxvili 
orTqlturbinuli Tecis ageba. at-Tecebis amoqmedeba gansakuTre-
biT efeqturi iqneba Semodgoma-zamTris periodSi, rodesac 
erTdroulad adgili aqvs eleqtruli da Tburi datvirTvebis 
pikebs. 

gaanalizirebulia q. TbilisSi gldanis raionSi adre 
moqmedi #44 saqvabis airturbinul Tecad rekonstruqciis efeq-
turoba da gaTvlilia Tecis ZiriTadi teqnikur-ekonomikuri 
maCveneblebi. 

binaruli tipis qvab-utilizatoriani Tbofikaciuri orTq-
lairuli danadgarebi gamoirCeva eleqtroenergiis maqsimaluri 
gamomuSavebiT Tburi moxmarebis bazaze da yvelaze perspeqtiu-
lia TecebisaTvis. dadgenilia, rom qvab-utilizatoriani 
orTqlairuli Tecis energoefeqturoba ZiriTadad damokide-
ulia gamoyenebuli atd-is mq koeficientze da Tbofikaciuri 
orTqlis turbinis energoefeqturobis maCveneblebze. aotd-
TecSi, eleqtroenergiis kuTri gamomuSaveba Tburi moxmarebis 
bazaze yvelaze maRalia da 2,0...2,3 –s aRwevs. Sesabamisad yvelaze 



metia saTbobis fardobiTi ekonomia energosistemaSi (35...47%). es 
maCvenebeli arsebiTad aris damokidebuli Casanacvlebeli 
raionuli saqvabis da kondensaciuri eleqtrosadguris mq 
koeficientze. 
 
 
 

ABSTRACT 
 

Examination of cogeneration methods of  heat and electricity  
generation in Georgia on the basis of high-effective power plants 

 
Cogeneration is the highest form of heating and electricity supply. It is consi-

dered as one of the most important strategic directions of rational use of heating and 
power resources. Cogeneration shall provide important savings of organic fuel, finan-
cial and labour resources, shall support improvement of environmental situation in 
towns and industrial centers. In the conditions of steady rising of fuel in price, role of 
cogeneration shall gradually increase much more. 

Improvement of combined generation (cogeneration) systems of electricity and 
heating energies is paid great attention all over the world. Fair distribution of econom-
ic profit obtained through cogeneration, between generated heat and electricity is sig-
nificant. The distribution currently takes place in many countries in accordance with 
so called proportional method that considers division of all charges in heat and power 
plant through separate methodology in proportion with any relevant charges between 
two energies at generation of heat and electricity (in boiler house and condensate 
power house). 

Major stages of the development of cogeneration, its power-economic and eco-
logical advantages all over the world have been analyzed in the work. It has been spe-
cified that cogeneration currently is developed on the basis of gas-turbine and gas-
vapor technologies. Data about scopes and perspectives of using gas-turbine and gas-
vapor facilities in the power engineering of the well-developed and developing coun-
tries of the world has been specified. Gas-turbine and gas-vapor installations are cha-
racterized by high thermal effectiveness, minimal specific value, good environmental 
properties, quick redemption of investments, efficiency of usage in cogeneration and 
etc.  

The design-analytic examination of the showings of power efficiency of gas-
vapor heat and power plant equipped with KO type turbines has been carried out by 
using of normative method. Specific flow of fuel and its relative savings to compare 
with the separate method of power generation has been determined. 

The fact that the showings of power efficiency of heat and power plants calcu-
lated by “Proportional” method is influenced by efficiency factor of gas-turbine instal-
lation,  

difference between exit gases and outdoor temperature as well as condensing 
power 

plant and boiler house efficiency factors, have been specified in the work. 
The issue of using complicated scheme gas-turbine installations in cogenera-

tion system has been reviewed. It has been known that the simplest scheme gas-
turbine installations are used in gas-turbine heat and power plants currently. They are 



quite cheap and power effective. According to examinations of scientists of the differ-
ent countries, it has been ascertained that the usage of complicated scheme gas-turbine 
installations in heat and power plants shall provide clear, more thermodynamic effect. 
Efficiency of two type gas-turbine heat and power plant has been analyzed basing 
upon the previously developed methodology: when the gas-turbine installation of the 
simplest scheme is used and the second: when the installation of complicated scheme 
is used with air intercooling, regeneration and intermediate supply of heat. Relative 
saving of fuel that is reached by functioning of gas-turbine heat and power plant in 
energy system to compare with the separate methodology of heat power supply has 
been adopted as the major criteria of comparison. Fuel economy on the second case 
shall be 20÷25% more to compare with the first version. 

Efficiency of presumable reconstruction of gas-turbine installations currently 
operated in Gardabani, into gas-turbine installation-heat and power plant has been ex-
amined in the work, possibility of the remainder heat utilization on the example of 
small-capacity A-41 diesel has been analyzed as well.       

Some high power gas-turbine heat and power plant that shall significantly in-
crease yearly output of electricity in energy system can be made at the territories of 
former boiler houses in Georgia. Combined generation of heat and electricity shall 
provide savings of more than 1 billion cubic meter natural gas of 80 million USD. 
Self-cost of electricity generation shall be the least 2…2,5 cent (kwt/hr). Construction 
of the above heat and power plants shall be 2-times cheap than the construction of 
gas-vapor heat and power plant of the same capacity. Exploitation of gas-turbine heat 
and power plants shall be especially effective in autumn and winter when the peaks of 
electricity and thermal loads take place simultaneously. 

Efficiency of reconstruction of the previously operated # 44 boiler house in 
Gldani, Tbilisi into gas-turbine heat and power plant has been analyzed and the major 
technical-economic showings have been determined. 

Binary steamer-utilizer heating gas-vapor plants are distinguished by maximal 
generation of electricity on the basis of thermal consumption and are the most pers-
pective for heat and power plants. It has been established that power efficiency of 
steamer-utilized gas-vapor heat and power plant is mainly depended on the efficiency 
factor of gas-turbine plant and the showings of heating gas-vapor turbine power effi-
ciency. Specific generation of electricity if gas-turbine installation heat and power 
plant is the highest on the basis of thermal consumption and reaches to 2,0…2,3. Ac-
cordingly, relative savings of fuel is the most of all in energy system (35…47%). The 
present index is significantly depended to the efficiency factor of the sectional boiler 
house to be replaced and condense power plant. 
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muSavebaze (roca kesη =0,37) 

 
cxrili 21. saTbobis kuTri xarjebis mniSvnelobebi eleqtro-            

energiis gamomuSavebaze (roca kesη =0,37) 

 
cxrili 22. saTbobis kuTri xarjebis mniSvnelobebi siTbos gamo-            

muSavebaze (roca kesη =0,37) 

 

cxrili 23. TA sidideebi (roca kesη =0,46) 

cxrili 24. TN  sidideebi (roca kesη =0,46) 

cxrili 25. sr
tdη -sa da sr

Tecη -is mniSvnelobebi (roca kesη =0,46) 

cxrili 26. ekΒ -s mniSvnelobebi (roca kesη =0,46) 

cxrili 27. Tecis kerZo mq koeficientis sidideebi eleqtroener-            

giis gamomuSavebaze (roca kesη =0,46) 
 
cxrili 28. Tecis kerZo mq koeficientis sidideebi siTbos gamo-            

muSavebaze (roca kesη =0,46) 
 
cxrili 29. saTbobis kuTri xarjebis mniSvnelobebi eleqtro-            

energiis gamomuSavebaze (roca kesη =0,46) 
 
cxrili 30. saTbobis kuTri xarjebis mniSvnelobebi siTbos gamo- 

            muSavebaze (roca kesη =0,46) 
 
cxrili 31. Tbilsresis energoblokis kogeneraciis mizniT gamo-            

yenebis efeqturobis maCveneblebi 
 
cxrili 32. bunebrivi airis da mis SeZenaze fuladi saxsrebis 

ekonomiis maCveneblebi 
 
cxrili 33. gardabnis at-Tecis maCveneblebi 

cxrili 34. FT8 Twin Pas airturbinebis ZiriTadi maxasiaTeblebi 
garemos temperaturaze damokidebulebiT 

 
cxrili 35. fuladi nakadebis mimdinare Rirebuleba, Tu sapro-            

cento ganakveTi 20%-ia,  tarC =4,79 centi/(kvt.sT) 
 



cxrili 36. fuladi nakadebis mimdinare Rirebuleba, Tu sapro-            
cento ganakveTi 20%-ia, tarC =5,08 centi/(kvt.sT) 

 
cxrili 37. fuladi nakadebis mimdinare Rirebuleba, Tu sapro- 
            cento ganakveTi 20%-ia, tarC =5,39 centi/(kvt.sT) 
 
cxrili 38. fuladi nakadebis mimdinare Rirebuleba, Tu sapro-

cento ganakveTi 20%-ia, tarC =5,69 centi/(kvt.sT) 
 

cxrili 39. at-Tecis maCveneblebi sxvadasxva pirobebSi 

cxrili 40. atd-is muSaobis sapasporto monacemebi ( )015 Ct +=gar  

cxrili 41. airSemTbobis sapasporto monacemebi )07( Ct −=gar  

cxrili 42. gaangariSebis Sedegebi [45] meTodikiT 

cxrili 43. at-Tecis muSaobis teqnikur-ekonomikuri maCveneblebi 
#44 da #17 saqvabis gareSe 

 
cxrili 44. at-Tecis muSaobis wliuri maCveneblebi 

cxrili 45.sautilizacio qvabebis gamocdisas miRebuli monaceme-
bi 

 
cxrili 46. garemoSi mavne gamonatyorcnebis ganawileba aSS-s ma-

galiTze [69] 
 

cxrili 47. xNO -is dasaSvebi koncentracia wvis airad nawarmSi, 

mg/m3 

 

cxrili 48. xNO -is zRvruli koncentracia wvis airad nawarmSi, 

mg/m3 
 
cxrili 49. atmosferul haerSi ZiriTadi mavne nivTierebebis maq-

simalurad dasaSvebi saerTo gamonabolqvebi, aTasi 
t/wl 

 



ნახაზების ნუსხა 
 

nax.1. ukuwneviani turbiniT aRWurvili Tecis, realuri cikli TS 
diagramaze 

nax.2.Aairturbinul TecSi saTbobis kuTri xarjebis (eleqtro-       

energiis gamomuSavebaze) Sedareba t∆ -s oTxi mniSvnelobis-       

Tvis: kesη =0.37 saqη = 0. 

nax.3. saTbobis kuTri xarjebi eleqtroenergiis gamomuSavebaze  

airturbinul TecSi t∆ -ze damokidebulebiT atdη -s oTxi 

mniSvnelobisTvis: kesη =0,.37, saqη = 0.8. 

nax.4. saTbobis kuTri xarji airturbinul TecSi Tburi energiis 

gamomuSavebaze: a - atdη  da b - t∆ parametrebze damokidebu-

lebiT ( kesη =0.37, saqη = 0.8). 

nax.5. orTqlis arTmevis mα  wilis da ω  parametris gavlena 

Tbofikaciuri turbodanadgaris sruli sr
tdη da kerZo el

tdη   

mq koeficientebze 
nax.6. orTqlturbinuli Tecis (Τ  da Π  tipis turbinebiT) ener-

goefeqturobis maCveneblebi arTmevis mα  wilze damoki-

debulebiT ).6,0( =ω  

nax.7. TecSi saTbobisTvis kuTri xarjis 
el(nt)
Tecb

 damokidebuleba ω 
da mα  parametrebze 

nax.8. arTmeuli orTqlis wilis gavlena saTbobis fardobiT 

ekonomiaze miRebulia: 0p =10 mgpa;  0t =550 C0 ; kp =0.004 mgpa; 

arTp , mgpa: 1 - 0.14; 2 - 0.26. 

nax.9. orTqlis sawyisi wnevis gavlena saTbobis fardobiT eko-

nomiaze; miRebulia: ;5500
0 Ct = 14.0=arTp mgpa; .1=α  

nax.10. arTmeuli orTqlis raodenobis gavlena saTbobis fardo-

biT ekonomiaze miRebulia 100 =p mgpa; ;5500
0 Ct = ∑ = .6,0α  

nax.11.  orTqlis arTmevis energetikuli koeficientis TA -is damo-

kidebuleba mα  da ω  parametrebze (miRebulia 8.0=saqη ,  

332.0=kesη ). 

nax.12. orTqturbinuli danadgaris fardobiTi Tbofikaciuri sim-

Zlavre sxvadasxva reJimebSi ( mα =0-1) ω-s oTxi mniSvnelo-

bisTvis ( I(k)
tdη =0.4047, emη =0,981) 

nax.13. orTqlis arTmevis mα  wilis gavlena Tbofikaciuri tur-

bodanadgaris srul sr
tdη   da Tecis srul sr

Tecη  mq koefi-

cientebze 
nax.14. grafiki Tecis funqcionirebiT gamowveuli saTbobis far- 



       dobiTi ekonomiis gansazRvrisaTvis - ekΒ =f ( mα ,ω)  (miRebu-       

lia: ,332.0=kesη )8.0=saqη  

nax.15. proporciuli meTodiT gansazRvruli eleqtroenergiis 
gamomuSavebaze Tecis kerZo mq koeficientis damokidebu-

leba mα  da ω parametrebze (miRebulia: ,332.0=kesη 8.0=saqη  

nax.16. proporciuli meTodiT gansazRvruli eleqtroenergiis 
gamomuSavebaze  saTbobis kuTri xarjis damokidebuleba 

mα α da ω  parametrebze  (miRebulia: ,332.0=kesη ).8.0=saqη  

nax.17. proporciuli meTodiT gansazRvruli siTbos gamomuSaveba-

ze saTbobis kuTri xarjis damokidebuleba mα  da ω  pa-

rametrebze  (miRebulia: ,332.0=kesη 8.0=saqη ) 

nax.18. orTqlis arTmevis energetikuli koeficientis TΑ -s damo-

kidebuleba mα  da ω parametrebze. (miRebulia ,8.0=saqη
37.0=kesη ) 

nax.19. orTqturbinuli danadgaris fardobiTi Tbofikaciuri sim-

Zlavre sxvadasxva reJimebSi  ( mα =0-1) ω-s oTxi mniSvnelo-

bisTvis ( I(k)
tdη =0.4511 emη =0,981) 

nax.20. orTqlis arTmevis mα  wilis gavlena Tbofikaciuri tur-

bodanadgaris srul sr
tdη   da Tecis srul sr

Tecη  mq koe-

ficientebze. 
nax.21. grafiki Tecis funqcionirebiT gamowveuli saTbobis far-

dobiTi ekonomiis gansazRvrisaTvis - ekΒ =f ( mα ,ω) (miRe-       

bulia ,37.0=kesη 8.0=saqη ) 

nax.22. proporciuli meTodiT gansazRvruli eleqtroenergiis 
gamomuSavebaze Tecis kerZo mq koeficientis damokidebu-

leba mα  da ω parametrebze (miRebulia ,37.0=kesη 8.0=saqη ) 

nax.23. proporciuli meTodiT gansazRvruli eleqtroenergiis 
gamomuSavebaze  saTbobis kuTri xarjis damokidebuleba 

mα α da ω  parametrebze  (miRebulia ,37.0=kesη ).8.0=saqη  

nax.24. proporciuli meTodiT gansazRvruli siTbos gamomuSaveba-

ze saTbobis kuTri xarjis damokidebuleba mα  da ω  pa-

rametrebze  (miRebulia ,37.0=kesη 8.0=saqη ) 

nax.25. orTqlis arTmevis energetikuli koeficientis TΑ -s damo-

kidebuleba mα  da ω parametrebze. (miRebulia 8.0=saqη , 

.46.0=kesη ) 



nax.26. orTqturbinuli danadgaris fardobiTi Tbofikaciuri sim-

Zlavre sxvadasxva reJimebSi  ( mα =0-1) ω-s oTxi mniSvne-

lobisTvis ( I(k)
tdη =0,5608, emη =0,981) 

nax.27. proporciuli meTodiT gansazRvruli eleqtroenergiis 
gamomuSavebaze Tecis kerZo mq koeficientis damokidebu-

leba mα  da ω parametrebze (miRebulia ,46.0=kesη 8.0=saqη ) 

nax.28. grafiki Tecis funqcionirebiT gamowveuli saTbobis far-

dobiTi ekonomiis gansazRvrisaTvis - ekΒ =f ( mα ,ω) (miRe-        

bulia ,46.0=kesη 8.0=saqη ) 

nax.29. proporciuli meTodiT gansazRvruli eleqtroenergiis 
gamomuSavebaze Tecis kerZo mq koeficientis damokidebu-

leba mα  da ω parametrebze (miRebulia ,46.0=kesη 8.0=saqη ) 

nax.30. proporciuli meTodiT gansazRvruli eleqtroenergiis 

gamomuSavebaze  saTbobis kuTri xarjis damokidebuleba 

mα α da ω  parametrebze  (miRebulia ,46.0=kesη 8.0=saqη ). 

nax.31. proporciuli meTodiT gansazRvruli siTbos gamomuSaveba-

ze saTbobis kuTri xarjis damokidebuleba mα  da ω  para-

metrebze  (miRebulia ,46.0=kesη 8.0=saqη ). 

nax.32. saTbobis fardobiTi ekonomiis damokidebuleba orTqltur 
binul TecSi Casanacvlebeli kes-is mq koeficientze (miRe-

bulia ω= 0.4). 
nax.33. saTbobis fardobiTi ekonomiis damokidebuleba orTqltur 

binul TecSi Casanacvlebeli kes-is mq koeficientze (mi-

Rebulia ω= 0.6). 
nax.34. otd-Tecis sruli mq koeficientis orTqlis arTmevis 

wilze damokidebulebiT 
nax.35. kondensaciuri K-150-130 turbinis principuli Tburi sqema 
nax.36. Tburi procesi K-150-130 turbinisTvis is – diagramaze. 
nax.37. saTbobis wliuri ekonomiis Rirebulebis damokidebuleba 

energoblokis muSaobis wliur xangrZlivobaze, roca цa= 

0,143 dol/m3 da 1 - =elN 133 mgvt, =η 33,2 % da 2 - =elN 150 

mgvt, =η 33,53 %. 

nax.38. naxevradpikuri airturbinuli Tecis principuli sqema 
nax.39. Tbomagenerirebeli energodanadgaris umartivesi principu-

li sqema warmavali airebis Rrma gacivebiT 

nax.40. saTbobis fardobiTi ekonomiis (a) ( )ωfB =ek  da kuTri 

xarjebi (b) ( )ωfb =nt
el  Sedareba orTqlturbinul Tecsa 

(uwyveti xazebi) da airturbinul blok-TecSi (wyvetili 

xazebi); miRebulia: ;37,0=kesη  ;8,0=saqη  ;9,0=ogη  ;97,0=emη

;98,0=trη  



nax.41. eleqtroenergiis tarifis 
tar

C gavlena kapitaldabandebis 

gamosyidvis vadaze 
gv
Τ  

nax.42. FT8 Twin Pas atd-is eleqtruli simZlavrisa da mq koefi-
cientis damokidebuleba gare haeris temperaturaze  

nax.43. gare haeris temperaturis gavlena FT8 Twin Pas atd-is siT-
bos kuTr xarjze 

nax.44. FT8 Twin Pas atd-is warmavali airebis temperaturis damoki- 
debuleba gare haeris temperaturaze 

nax.45.  at-Tecis Tburi simZlavris damokidebuleba gare haeris 
temperaturaze 

nax.46. FT8 Twin Pas atd-is saTbobis xarjis damokidebuleba gare 
haeris temperaturaze 

nax.47. FT8 Twin Pas atd-is eleqtroenergiis gamomuSavebaze saTbo-
bis kuTri xarjis damokidebuleba gare haeris temperatu-
raze 

nax.48. FT8 Twin Pas atd-is siTbos gamomuSavebaze saTbobis kuTri 
xarjis damokidebuleba gare haeris temperaturaze 

nax.49. saTbobis fardobiTi xarjis damokidebuleba gare haeris 
temperaturaze 

nax.50. diskontirebuli Semosavali 5 wlis ganmavlobaSi, roca            
tarC =4,79 centi/(kvt.sT) 

nax.51. diskontirebuli Semosavali 5 wlis ganmavlobaSi, roca               
tarC =5,08 centi/(kvt.sT) 

nax.52. diskontirebuli Semosavali 5 wlis ganmavlobaSi, roca               
tarC =5,39 centi/(kvt.sT) 

nax.53. diskontirebuli Semosavali 5 wlis ganmavlobaSi, roca               
tarC =5,69 centi/(kvt.sT) 

nax.54. eleqtroenergiis tarifis tarC  gavlena NPV-ze 
nax.55. atd-is rTuli sqema haeris orsafexuriani SekumSviT, Sua-

leduri gacivebiT da regeneraciiT 

nax.56. atd-is rTuli sqema haeris erTsafexuriani SekumSviT, 
regeneraciiT da siTbos Sualeduri miwodebiT 

nax.57. atd-is rTuli sqema haeris orsafexuriani SekumSviT, 
Sualeduri gacivebiT, regeneraciiT da siTbos Sualeduri 
miwodebiT 

nax.58. atd-is mier eleqtroenergiis gamomuSavebaze saTbobis 
kuTri xarjis damokidebuleba gare haeris temperaturaze 

nax.59. gare haeris temperaturis gavlena ω  parametrze 
nax.60. atd-is eleqtruli mq koeficientis damokidebuleba gare 

haeris temperaturaze 
nax.61. atd-is Tburi simZlavris damokidebuleba gare haeris tem-

peraturaze 
nax.62. pirobiTi saTbobis kuTri xarjis ekonomiis damokidebule-

ba gare haeris temperaturaze 



nax.63. saTbobis fardobiTi xarjis damokidebuleba gare haeris 
temperaturaze 

nax.64. saTbobis ekonomiis xarjis damokidebuleba gare haeris 
temperaturaze 

nax.65. dizel-danadgaris namuSevari siTbos gamoyenebis principu-
li sqema 

nax.66. binaruli da monaruli orTqlairuli danadgarebis Ziri-
Tadi sqemebi 

nax.67. orTqlairuli Tecis principuli sqema T tipis turbiniT 
nax.68.  qvab-utilizatoriani Tbofikaciuri oatd-is principuli 

sqema 
nax.69. qvab-utilizatoriani aotd-Tecis principuli Tburi sqema 
nax.70. aotd-Tecis maCveneblebi atd-is mq koeficientze damokide-

bulebiT, roca 
el

otd
η =0,46, 

o
α =0,7, 

otd
ω =0,6, 

gm
β =0,2, 

kes
η =0,37, 

saq
η =0,8, 

em
η =0,97 

nax.71. damokidebuleba 




=

aotd
ek ωfB  aotd-TecisaTvis, roca     

kes
η =0,37, 

saq
η =0,8, 

atd
η =0,4, 

otd
ω =0,6, 

war
t∆ =1000C. 

 

  



შესავალი 

amJamad msoflios bevr qveyanaSi didi yuradReba eTmoba 

eleqtruli da Tburi energiebis kombinirebul gamomuSavebis 

(kogeneraciis) sistemebis ganviTarebas. kogeneracia aRiarebulia 

energodamzogi polikitis erT-erT umniSvnelovanes mimarTule-

bad. igi uzrunvelyofs organuli saTbobisa da kapitaldabande-

bebis yvelaze racionalurad gamoyenebas da qalaqebisa da 

dasaxlebuli punqtebis ekologiur usafrTxoebas.  

ganviTarebul da gardamavali ekonomikis qveynebSi 

gamoiyeneba sxvadasxva RonisZiebebi, romlebic xels uwyobs 

kogeneraciis intensiur ganviTarebas, maT Soris: kogeneraciis 

sagadasaxado stimulireba; premiebis gadaxda yovel gamomuSave-

bul kilovatsaaT energiaze; zoggan mcire simZlavris kogenera-

ciul sadgurebs miniWebuli aqvT prioriteti arsebuli 

eleqtruli qselebis gamoyenebis TvalsazrisiT, Semcirebulia 

gadasaxadi bunebriv airze, romelic gamoiyeneba kogeneraciaSi; 

bevr qveyanaSi Semcirebulia agreTve ekologiuri gadasaxadi 

kombinirebuli meTodiT sxvadasxva tipis TecebSi warmoebul 

energiaze. gardamavali ekonomikis zogierT qveyanaSi Semcirebu-

lia damatebiTi Rirebulebis gadasaxadi (dRg) kogeneraciuli 

sistemebisaTvis. aseTi RonisZiebebi unda damuSavdes da miRebuli 

iqnes saqarTveloSic, rac waadgeba Cveni energetikis (maT Soris 

kogeneraciis) Semdgom ganviTarebas. 

2004 wlis dasawyisSi evrokomisiam miiRo axali direqtiva 

kogeneraciis Sesaxeb, romelic gansazRvravs politikur strate-

gias gardamavali ekonomikis qveynebSi da awesebs stimulebs 

kogeneraciuli sistemebis danergvisaTvis. amasTan, kogeneraciul 

sadgurebad iTvleba mxolod iseTebi, romlebSic saTbobis 

siTbos gamoyenebis xarisxi aris aranakleb 75%. 

kogeneraciis ganviTarebis aucilebeli pirobebia: unda 

izrdebodes moTxovna siTbosa da eleqtroenergiaze an unda 



arsebobdes investirebis SesaZleblobebi, rom moxdes arsebuli 

simZlavreebis Secvla da moZvelebuli energodanadgarebis 

rekonstruqcia.  

saqarTveloSi kogeneraciis ganviTarebas sWirdeba 

saxelmwifoebrivi mxardaWera. kogeneracia saqarTveloSi amJamad 

Zalze sustad aris ganviTarebuli, rac did zarals ayenebs 

qveynis ekonomikas.  

saqarTveloSi, sadac eleqtruli simZlavreebis mniSvnelo-

vani deficitia (gansakuTrebiT bazisuris) da daukmayofilebelia 

Tburi datvirTvebis didi nawili komunaluri da samrewvelo 

seqtorSi, yvela piroba arsebobs kogeneraciis intensiuri 

ganviTarebisTvis. amisaTvis saWiroa saTanado kanonmdebloba, 

ucxouri da adgilobrivi investiciebis mozidva da efeqturi 

gamoyeneba.  

gadamwyveti mniSvneloba kogeneraciis ganviTarebisTvis aqvs 

misgan miRebuli ekonomikuri mogebis samarTlian ganawilebas 

warmoebul eleqtrul da Tbur energiebs Soris. amJamad 

ganviTarebul qveynebSi iyeneben ganawilebis axal, e.w. proporci-

ul meTods, romelic miCneulia yvelaze samarTlianad. vTvliT, 

rom saqarTvelos momaval kogeneraciul sadgurebSic gamoyene-

bul unda iqnes es proporciuli meTodi.  

kogeneracia energetikuli meurneobis umniSvnelovanesi 

Semadgeneli nawilia. kogeneracia mWidrod akavSirebs erTmaneTs 

siTbosa da eleqtroenergiis bazrebs. danaxarjebis ganawilebis 

wesi am or saxis energiebs Soris mniSvnelovan gavlenas axdens 

siTbosa da eleqtroenergiis konkurentunarianobaze.  

 

 

 

 

 



 

 

თავი I. ლიტერატურის მიმოხილვა 
 

1.1. კოგენერაცია – ენერგოდაზოგვის ეფექტური მეთოდი და 
მისი როლი ენერგოსისტემის განვითარებაში 

 
siTbosa da eleqtroenergiis kombinirebuli gamomuSaveba - 

kogeneracia aRiarebulia msoflioSi energodamzogi politikis, 

saTbob-energetikuli resursebis racionaluri gamoyenebis erT-

rT mTavar strategiul mimarTulebad. kogeneracia uzrunvel-

yofs organuli saTbobis, finansuri da SromiTi resursebis did 

ekonomias. yofil sabWoTa kavSirSi, amJamad ki dsT-s respubli-

kebSi, kogeneraciam Zalze didi gamoyeneba hpova, rac 

ganpirobebulia energomomaragebis sxva meTodebTan SedarebiT 

kogeneraciis didi energetikuli, ekonomikuri, socialuri da 

ekologiuri upiratesobebiT. dadgenilia [1], rom energowarmoe-

bis gancalkevebul meTodTan SedarebiT (eleqtroenergia-

sresebSi, siTbo-saqvabeebSi), orTqlturbinuli Tecebi uzrunvel-

yofs organuli saTbobis 25...30%-ian ekonomias. yovel gacemul 

gigajoul (gj) siTboze saSualod izogeba 15 kg pirobiTi 

saTbobi (p.s.). sxvadasxva avtorebis SefasebiT [1...3], 1970 wels 

sabWoTa kavSirSi kogeneracia uzrunvelyofda 20...25, 1985 wels - 

35...39 da 1988 wels daaxloebiT 45 mln.tp.s. wliuri ekonomias. 

mZlavri Tecebi aSenebulia SveciaSi, aSS-Si, iaponiaSi da 

evropis mraval qveyanaSi. Svecia pirveli qveyanaa msoflioSi, 

sadac gamoiyenes atomuri energia kogeneraciis miznebisTvis 

(atomuri Teci stokholmSi). Tecebis mSeneblobis masStabebi ga-

nisazRvreba, upirveles yovlisa, Tburi datvirTvebis sididiTa 

da koncentraciiT, agreTve energosistemaSi moqmedi sxva eleq-

trosadgurebis struqturuli SemadgenlobiTa da maTi teqnikur-

ekonomikuri maxasiaTeblebiT. sxvadasxva qveyanaSi mohyavT 



gansxvavebuli monacemebi minimalurad mizanSewonili Tburi dat-

virTvis Sesaxeb, romlis drosac efeqturia Tbomomaragebis kom-

binirebuli sqemis gamoyeneba. datvirTvis aRniSnuli minimumi ga-

nisazRvreba TbomomaragebisTvis gamoyenebu-li saTbobis saxeo-

biT, misi RirebulebiT, Tesebisa da saqvabeebis srulyofis xa-

risxiT, maTi energodanadgarebis RirebulebiT, klimatologiuri 

faqtorebiTa da sxv. minimalurad mizanSewoni-li Tburi dat-

virTva icvleba  300 gj/sT (∼80 mgvt)-dan poloneT-Si, 1050 gj/sT 

(290 mgvt)-mde SveciaSi. ruseTSi es sidide Seadgens 1450...2100 

gj/sT (∼400...580 mgvt) [3]. 

kogeneracia Tboenergetikis organuli Semadgeneli nawi-

lia. igi mniSvnelovanwilad uzrunvelyofs teqnikur progress am 

dargSi. kogeneracias didi mniSvneloba aqvs qveynis saTbob-

energetikuli balansis racionalur formirebaSi, da, rac gansa-

kuTrebiT mniSvnelovania, saTbob-energetikuli resursebis eko-

nomiaSi siTbosa da eleqtroenergiis gamomuSavebisas. saTbo-bis 

ganuxreli gaZvirebis pirobebSi kogeneraciis efeqturoba moma-

valSi ufro gaizrdeba. 

ukanasknel wlebSi TandaTan icvleba zogadi midgoma Te-

cebis daniSnulebisadmi, romlebic ganixileba ukve ara rogorc 

Tbomomaragebis lokaluri wyaro, aramed rogorc energosistemis 

struqturuli qvedanayofi maTze dakisrebuli sistemuri funq-

ciebiT. Tecebi warmoadgens ZiriTadad energosis-temis bazisuri 

simZlavris wyaros, magram amJamad zogierT qveyanaSi metad aqtu-

aluri xdeba maTi monawileoba energosiste-mis datvirTvis gra-

fikis cvladi nawilis regulirebaSi. magram Tecebis manevruli 

Tvisebebis gaumjobeseba ramdenadme amcirebs kombinirebuli 

energowarmoebis ZiriTad upiratesobas.  

kogeneracias didi mniSvneloba aqvs saTbobis wvis produq-        

tebisgan garemos dacvis saqmeSi. rogorc gaangariSebebma uCvena 

[3], ramdenime raionuli saqvabis nacvlad erTi mZlavri (400...500 

mgvt) Tecis aSenebiT, erTnairi saxis saTbobis gamoyenebisas, qa-



laqebis atmosferoSi mavne nivTierebebis koncentracia 5...10 jer 

mcirdeba, Tumca saTbobis xarji TecSi daaxloebiT 1,5jer metia, 

vidre saqvabeebSi. kogeneraciis meSveobiT mavne nivTierebe-bis 

jamuri gatyorcna atmosferoSi mcirdeba daaxloebiT 15%-iT. 

kogeneracia, saTbobis ekonomiisa da garemos  gajansaRebis 

garda, uzrunvelyofs momsaxure personalis raodenobis Semci-

rebas mcire saqvabeebSi momuSaveebTan SedarebiT 5...7-jer da 

Sromis nayofierebis gazrdas 8...10-jer, agreTve eleqtromomara-

gebis saimedoobis gadidebas [4]. 

miuxedavad mravali upiratesobisa, kogeneracia saqarTve-

loSi Zalze sustad iyo ganviTarebuli. Tbilisi erTaderTi mi-

lioniani qalaqi iyo sabWoTa kavSiris SemadgenlobaSi, sadac ar 

aSenebula arc erTi mZlavri Teci. 

sul (TbilTecis CaTvliT) CvenTan arsebobda 6 Teci 

(cxrili 1)  [4].  

 

cxrili 1 

saqarTveloSi adre arsebuli Tecebis teqnikuri monacemebi 
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aqedan yvelaze mZlavri iyo rusTavis metalurgiuli qarx-

nis Teci (149 mgvt). eqvsive Tecis jamuri eleqtruli simZlavre 

Seadgenda daaxloebiT 200 mgvt-s, Tburi simZlavre ∼1000 gkal/sT-

s (1160 mgvt). am sadgurebis turboagregatebi ZiriTadad moZvele-

buli tipisa iyo, muSaobdnen orTqlis dabal sawyis parame-

trebze, amitom kombinirebuli energowarmoebiT ganpirobebuli 

efeqti iyo umniSvnelo. iyo ramdenime mcdeloba daeproeqtebinaT 

da aeSenebinaT Tbilisis maxloblad axali mZlavri Teci, magram 

sxvadasxva mizezis gamo verc erTi proeqti ver ganxorcielda. 

1975 w. moskovis institutma ВНИПИэнергопром-ma daamuSava 

teqnikur-ekonomikuri dasabuTeba, romelic iTvaliswinebda q. 

TbilisSi mZlavri kogeneraciuli sistemis Seqmnas. igi gaaerTia-

nebda 750/1000 mgvt eleqtruli simZlavris axal Tecs T-250-240 

turbinebis bazaze da arsebul raionul saqvabeebs, romlebic 

gadayvanili iqneboda muSaobis sarezervo-pikur reJimSi. axal 

sistemas unda uzrunvelyo Tbilisis da rusTavis energomomara-

geba perspeqtivaSic; Teci mniSvnelovnad Seamcirebda bazisuri 

simZlavris deficits saqarTvelos energosistemaSi.                                                                                                                                                                            

ukanasknelad axal-TbilTec-2-is Seqmna gaTvaliswinebuli 

iyo marneulis maxloblad. saTanado teqnikur-ekonomikuri dasa-

buTeba Seasrula ВНИПИэнергопром-is uralis ganyofilebam. 

proeqti iTvaliswinebda 675/765 mgvt dadgmuli simZlavris 

orTqlairuli Tecis mSeneblobas sami ПГУ-250 blokis gamoyene-

biT. TiToeuli blokis SemadgenlobaSi iqneboda maRali dawnevis 

orTqlgeneratori ВПГ-600, airturbinuli danadgari  ГТ-45-850 da 

turboagregati T-180/210-130. axali TbilTecis energetikuli sim-

Zlavreebis eqsploataciaSi Seyvana gaTvaliswinebuli iyo 1995-997 

wlebSi. am Tecis funqcionirebiT saqarTveloSi yovelwliu-rad 

daizogeboda daaxloebiT 500 aTasi t.p.s., mniSvnelovnad gaumjo-

besdeboda Cveni energosistemis magenerirebeli simZlavre-ebis 

struqtura da dedaqalaqis sahaero auzis ekologiuri mdgoma-



reoba. samwuxarod, arc am proeqts ewera ganxorcieleba. ase mi-

vediT dRevandel energokrizisamde, bazisuri simZlavris mZafr 

deficitamde, centralizebuli Tbomomaragebis sistemebis srul 

moSlamde.  

amrigad, saqarTveloSi, amierkavkasiis sxva respublikebis-

gan gansxvavebiT, mZlavri Tecebi ar gvaqvs. somxeTSi, magaliTad, 

funqcionirebs ramdenime msxvili Teci (erevnis, razdanisa da 

sxv.). 

adre kogeneracia msoflioSi ZiriTadad orTqlturbinul 

Tecebze iyo dafuZnebuli, Tumca aseT Tecebs garkveuli xarve-

zebi axasiaTebs: ekonomikurad ar marTldeba mcire da saSualo 

Tburi datvirTvebis dros; Tecis dadgmuli simZlavris xvedriTi 

Rirebuleba (dolari/kvt) kondensaciur sadgurTan (sresTan) Se-

darebiT maRalia; Tbofikaciuri turboagregatebis regulirebadi 

arTmevebi sxvadasxva mizezis gamo [3] xSirad ar aris srulad 

datvirTuli siTbos mixedviT saaTur da wliur WrilSi; magi-

stralur Tbur qselebSi siTbos danakargebi sakmaod didia; ad-

gili aqvs aqedan wylis gaJonvebs; didia eleqtroenergiis xarji 

qselis wylis gadaqaCvaze, gansakuTre-biT, eqspluataciis im re-

JimebSi, rodesac qselis wylis temperatura ukumagistralSi sa-

proeqto sidideze maRalia. garda CamoTvlilisa, orTqlturbi-

nul Tecebs sxva xarvezebic axasia-Tebs, romlebic 20...30%-iT (da 

zogjer metiT) amcirebs energosistemaSi kombinirebuli energo-

warmoebiT ganpirobebul saTbobis saangariSo ekonomias. amis mi-

zezebia: zafxulSi-TecebSi eleqtroenergiis didi nawilis kon-

densaciuri nakadebiT gamomu-Saveba, zamTris periodSi - Tecis 

turbinebis dabali wnevis nakadis (dwn) dabali mq koeficienti, 

rodesac iq gaedineba orTqlis Zalian mcire raodenoba - saven-

tilacio nakadi, da sxv. [1,6]. 

krizisuli movlenebi saqarTvelos energetikaSi ganpirobe-

bulia organuli saTbobis mwvave deficiTiT da misi gaZvirebiT 

msoflio bazarze, energosistemaSi magenerirebeli simZlavreebis 



araoptimaluri struqturiT da, rac Zalze mniSvnelovania, Cvens 

qalaqSi adre arsebuli centralizebuli Tbomomaragebis siste-

mebis sruli moSliT. mTeli rigi mizezebis gamo centalizebuli 

Tbomomaragebis sistemebi, Cvens qalaqebSi, ar funqcionirebs da 

momxmareblebis siTboTi momarageba an saerTod ar warmoebs an 

xorcieldeba individualuri da avtonomiuri siTbos wyaroebi-

dan, rac sakmaod Zviria, araefeqturi da ekologiurad gaumar-

Tlebeli.  

cnobilia, rom eleqtroenergiis gamoyeneba gaTbobisa da 

cxelwyalmomaragebisaTvis aRrmavebs krizisul movlenebs eleq-

troenergetikaSi. germaneli specialistebis SefasebiT [7] marto 

TbilisSi damatebiTi moTxovnileba eleqtroenergiaze, romelic 

ganpirobebulia eleqtrogasaTbobi xelsawyoebis gamo-yenebiT bi-

nebSi, sazogadoebriv Senobebsa da dawesebulebebSi, Seadgens 

minimum 470 megavats. 

amrigad, CvenTan energokrizisi ormxrivia: krizisi eleqtro-

momaragebaSi da krizisi TbomomaragebaSi. 

energetikuli krizisis daZleva bevrad aris damokidebuli 

energosistemis magenerirebeli simZlavreebis optimaluri struq-

turis Camoyalibebaze. organuli saTbobis gaZvireba da misi ma-

ragis TandaTanobiT Semcireba Zalzed aqtualurs xdis mTel 

msoflioSi am saTbobis gamoyenebis efeqturobis gazrdis (ener-

godazogvis) gzebis Ziebas.  

migvaCnia, rom saqarTveloSi unda ganviTardes kogeneraciis 

axali saxeoba, romelic dafuZnebulia Tanamedrove maRalekono-

miuri airturbinuli danadgarebisa (atd) da, nawilobriv, dguSia-

ni Zravebis gamoyenebaze [8]. didi efeqturobiT (58÷60%-mde) xa-

siaTdeba orTqlairuli danadgarebi. 

airturbinuli blok-Tecebis Seqmna da danergva saqarTve-

loSi Zalze aqtualuri problemaa, vinaidan saqme exeba im metad 

ZviradRirebuli saTbobis (umTavresad, bunebrivi airis) did eko-

nomias, romlis SeZena Cven gvixdeba ucxoeTSi. msoflios bevr 



ganviTarebul qveyanaSi ukve mravlad aris aSenebuli sxvadasxva 

simZlavris (ramdenime aTeuli kilovatidan aTeul da aseul me-

gavatamde) airturbinuli at-Tecebi. aseTi sadgurebi gacilebiT 

ufro momgebiania, rogorc saerTo ekonomiurobis TvalsazrisiT, 

aseve xvedriTi kapitaluri dabandebebis mixedviT, vidre tradi-

ciuli orTqlturbinuli Tecebi. qvab-utilizatorebiT aRWurvi-

li 25 mgvt-mde simZlavris Tbofikaciuri airturbinuli danad-

garebis ganTavseba raionul saqvabeebSi iZleva saSualebas 

25...30%-iT Semcirdes, orTqlturbinul TecTan SedarebiT, saTbo-

bis kuTri xarji 1 kvt.sT gacemul eleqtroenergiaze, 2...2,5-jer 

momsaxure personalis xvedriTi raodenoba da 1,7...2-jer kuTri 

liTontevadoba [9]. 

airturbinul Tecebs gaaCniaT Semdegi upiratesobani: 

- Tboeleqtromomaragebis gancalkevebul meTodTan SedarebiT, 

isini uzrunvelyofen 35÷40%-mde saTbobis ekonomias; saTbobis 

siTbos gamoyenebis koeficienti (sruli mq koeficienti) aseT 

sadgurebSi Zalze maRalia - 85÷90%. saTbobis kuTri xarji ga-

momuSavebul kilovatsaaT eleqtroenergiaze minimaluria -

150÷200 gp.s/(kvt.sT) [6,10,11]. misi TviTRirebuleba optimalur pi-

robebSi ar aRemateba   2÷2,4 cents/(kvt.sT); 

- tradiciuli orTqlturbinuli Tecebisagan gansxvavebiT air-

turbinuli Tecebis gamoyeneba ekonomikurad mizanSewonilia 

mcire da saSualo Tburi datvirTvebis drosac; aseTi datvirT-

vebi ki gvaqvs Cveni qalaqebis da dasaxlebuli punqtebis 

umravlesobaSi. amitom airturbinuli Tecebis gamoyeneba mniSv-

nelovnad gaafarToebs saqarTveloSi kogeneraciis gavrce-

lebis areals; isini SeiZleba Seiqmnas rogorc centralizebu-

li, aseve decentralizebuli (avtonomiuri) Tbomomaragebis pi-

robebSi; 

- mZlavr orTqlturbinul da orTqlairul TecebTan SedarebiT 

airturbinuli Tecebis Seqmnisas kapitaldabandebebi gamoiyeneba 



ufro efeqturad; maTi gamosyidvis vada mcirea da ar aRemateba 

3÷5 wels [6]; agregatebis blokur-moduluri Sesrulebis gamo 

airturbinuli Tecebi swrafad Sendeba; atd-ebis montaJi da 

eqspluataciaSi gaSveba warmoebs etapobrivad – Tburi datvirT-

vebis zrdis mixedviT, amitom ar arsebobs kapitalis xangrZli-

vi `gayinvis” riski. es airturbinuli Tecebis didi upirateso-

baa da warmoedgens ucxoeli investoris mozidvis erT-erT mTa-

var pirobas; 

- aseTi Tecebi xasiaTdeba dabali saeqspuatacio xarjebiT; atd-

ebi martivi da eqspuataciaSi saimedo agregatebia. maTi gaSvebis  

da reJimis Secvlis dro minimaluria, SesaZlebelia atd-ebis 

marTvis sruli avtomatizacia; 

- momxmareblebTan siaxlovis gamo airturbinuli TecebisaTvis 

saWiro ar aris grZeli Tbotrasebis gayvana, amitom siTbos da-

nakargebi Tboqselebidan minimaluria; aseve mcirea eleqtro-

energiis danakargebi eleqtrogadamcem xazebSi; 

- saqvabeebTan SedarebiT aseTi Tecebi ekologiurad ufro suf-

Taa; isini TiTqos ar saWiroeben macivebel wyals, amitom maTi 

dislokaciis adgili, orTqlturbinuli da orTqlairuli Te-

cebisagan gansxvavebiT, ar aris xistad mibmuli wylis mZlavr 

wyarosTan. 

airturbinuli Tecebis ekonomiurobaze did gavlenas ax-

dens dadgmuli simZlavris gamoyenebis saaTebis ricxvi anu 

eleqtruli datvirTvis grafikSi maTi ganTavsebis zona. ekonomi-

urobis yvelaze mkveTri dacema moxdeba maSin, roca aRniSnuli 

parametric iqneba 1500 sT/wl-ze naklebi, amitom es sidide unda 

ganvixiloT rogorc qveda zRvari [3]. maqsimaluri efeqturoba 

eqnebaT at-Tecebs, romlebic Seiqmneba samrewvelo saqvabeebis 

bazaze, vinaidan teqnologiuri Tburi datvirTva ufro 

xangrZlivi da stabiluria wlis ganmavlobaSi, vidre gaTbobis 

datvirTva. 



airturbinuli Tecebis gamoyenebis masStabebis zrdas 

msoflioSi xels uwyobs eleqtroenergiaze fasebis gadidebis 

arsebuli tendencia, miuxedavad eleqtrosadgurebSi dadgmuli 

simZlavreebis arsebuli rezervebisa, aSS-Si yovelwliurad 

eqspluataciaSi Sedis axali at-Tecebi. Sendeba isini agreTve 

germaniaSi, iaponiaSi, daniaSi da sxva ganviTarebul qveynebSi. 

ruseTi, agreTve dsT-Si Semavali sxva qveynebi, blok-Tecebis 

Seqmnis TvalsazrisiT bevrad CamorCnen mowinave kapitalistur 

qveynebs. 

airturbinuli Tecebis gamoyenebis problemis aqtualuroba 

ganisazRvreba imiT, rom umartivesi sqemis atd-ebic ki, romlebic 

muSaoben airebis SedarebiT dabali sawyisi temperaturiT 

(750...900 C0 ), uzrunvelyofen Tboenergomomaragebis kombinirebuli 

sqemis yvela maCveneblis gaumjobesebas [3,6,9]. am temperaturis 

gadidebisas at-Tecebis Tburi ekonomiuroba mniSvnelovnad izr-

deba. amJamad stacionarul atd-ebSi miRweulia airebis saw-yisi 

temperaturis maqsimaluri mniSvneloba – 1150...1200 C0
. ukve gamoS-

vebulia eqsperimentuli danadgarebi temperaturiT  1250...1400 C0
. 

dasabuTebulia [6,9], rom energetikis ganviTarebis dRevandel 

etapze at-Tecebis Seqmna mizanSewonilia upiratesad umartivesi 

sqemis atd-ebis bazaze, vinaidan haeris Sualeduri gacivebis ga-

moyeneba mniSvnelovnad arTulebs da aZvirebs at-Tecebis teqno-

logiur mowyobilobas. aqve unda aRiniSnos, rom sxvadasxva ti-

pis rTuli sqemebis airturbinuli danadgarebis gamoyeneba at-

TecebSi uzrunvelyofs saTbobis ekonomiis gazrdas energosis-

temaSi saSualod 20÷25%_iT, umartivesi sqemis atd-ebis gamoye-

nebasTan SedarebiT. 

atd-dan siTbos gacemis pirobebs aqvs ramdenime specifiku-

ri Tavisebureba, romlebiTac airturbinuli Tecebi Zlier 

gansxvavdeba tradiciuli orTqlturbinuli Tecebisgan. atd-is 

warmavali airebis temperatura Seadgens 400...550 C0 -s; am airebis 



siTbo savsebiT sakmarisia, rogorc teqnologiuri orTqlis mi-

saRebad qvab-utilizatorebSi, aseve gaTbobis sistemebis qselis 

wylis gasacxeleblad. vinaidan atd-Si airebma ukve imuSaves Za-

lovan ciklSi, amitom gacemuli wylis (an orTqlis) temperatu-

ruli done gavlenas ar axdens saTbobis xarjze, e.i. is praqti-

kulad iseTive rCeba, rogorc atd-is muSaobisas wminda Zalur 

reJimSi. amrigad, saTbobis xarji atd-is wvis kameraSi gani-

sazRvreba mxolod misi eleqtruli datvirTviT da ar aris da-

mokidebuli gacemuli siTbos raodeno-baze, e.i. siTbos gacema 

Tbofikaciur atd-ebidan ar moiTxovs saTbobis damatebiT xarjs. 

amiT isini mkveTrad gansxvavdeba Tbofikaciuri orTqlis turbi-

nebisgan: maTgan siTbos gacema, mudmivi   eleqtruli   simZla-

vris   pirobebSi,  dakavSirebulia  

saTbobis xarjis gadidebasTan [2].  

vinaidan airturbinuli at-Tecebidan gacemuli cxeli wy-

lis temperatura gavlenas ar axdens saTbobis ekonomiaze amitom 

TboqselSi mimavali cxeli wylis ekonomiurad optimlu-ri tem-

peratura gacilebiT ufro maRalia-200...230 C0
, vidre orTqltur-

binul TecebSi. es 20...40%-iT amcirebs Tboqselebis Rirebulebas, 

agreTve eleqtroenergiis xarjs qselis wylis gadaqaCvaze. 

msoflio praqtikaSi atd-ebiT aRWurvili eleqtrosadgure-

bis xvedriTi Rirebuleba orTqlturbinuli Tecebis Rirebule-

bis 58÷60%-s Seadgens, xolo orTqlairuli Tecebisa - 70÷80%-s. 

dizeldanadgarebi atd-ebTan SedarebiT, xasiaTdeba ufro maRali 

liTontevadobiT da gabaritebiT, amitom maTi xvedriTi Rirebu-

leba 30%-iT metia, vidre atd-ebisa [12]. 

aqedan gamomdinare, naTelia, rom arsebuli sxvadasxva tipis 

kogeneraciuli sadgurebidan yvelaze iafi, amasTan energoefeqtu- 

ri da ekologiurad sufTaa airturbinuli Tecebi. Tradiciul 

orTqlturbinul TecebTan SedarebiT maT is upiratesobac aqvT, 



rom mocemuli Tburi datvirTvis bazaze SeuZliaT ∼50%-iT meti 

eleqtroenergiis gamomuSaveba [10]. 

saqarTveloSi airturbinuli Tecebi unda aSendes etapobri-

vad, adre arsebuli raionuli, kvartaluri da samrewvelo saqva-

beebis bazaze TbilisSi, rusTavSi, quTaisSi, baTumSi, zugdidSi, 

TelavSi, gorSi da sxv. [8]. marto TbilisSi pirvel etapze SeiZ-

leba Seiqmnas 5÷6 aseTi Teci dadguli jamuri simZlavriT ara-

nakleb 500 mgvt. isini unda aRiWurvos mowinave ucxouri firme-

bis (simensi, jeneral-eleqtriki, rols-roisi da sxv.) maRalefeq-

turi airturbinuli danadgarebiT. perspeqtivaSi saqarTvelom 

airturbinuli kogeneraciis bazaze SeiZleba miiRos 1500 mgvt-mde 

bazisuri simZlavreebi, romelTa amoqmedeba saSualebas mogvcems 

yovelwliurad davzogoT daaxloebiT 1 mlrd. kub. metri bune-

brivi airi. gaTbobis datvirTvis garda, CvenTan sakmaod didia 

mTeli wlis ganmavlobaSi arsebuli cxelwyalmomaragebis dat-

virTva (TbilisSi magaliTad, is 27,4%-s Seadgens) [3], ris gamoc 

Tecis Tburi simZlavris maqsimumis gamoyenebis saaTebis ricxvi 

weliwadSi wlT sakmaod didi gamodis. ase, magaliTad, TbilisSi, 

sadac gaTbobis sezoni 152 dRe grZeldeba, prof. l. kuloianis 

gamokvlevebis Tanaxmad [13], wlT  sidide aWarbebs 3000 saaTs, qu-

TaisSi ki-2600 saaTs, rac bevrad aRemateba ekonomikurad mizanSe-

wonil minimums-1500 sT/wl [3]. gansakuTrebiT efeqturi iqneba ko-

generacia im SemTxvevaSi, rodesac gaTboba-cxelwyalmomaragebis 

garda, airturbinuli Tecebi dafaraven agreTve samrewvelo-

teqnologiur datvirTvas, romelic wliur xasiaTs atarebs. 

zafxulis periodSi wminda saTbierebeli Tecebis atd-ebis 

nawili dafaravs mxolod cxelwyalmomaragebis datvirTvas, da-

narCeni agregatebi ki gadayvanili unda iqnes rezervSi, magram 

saWiroebis SemTxvevaSi isini SeiZleba vamuSaoT wminda Zalur 

reJimSi (mxolod eleqtroenergiis gamosamuSaveblad) da gamo-

viyenoT rogorc bazisuri simZlavris efeqturi wyaro. swored 



amitom airturbinuli Tecebis Seqmnisas isini unda davakompleq-

toT Tanamedrove maRalekonomiuri atd-ebiT (mq koeficientiT 

26÷38%); amJamad upiratesoba unda mieniWos  mcire da saSualo 

simZlavris, energoefeqturi da naklebad kapitaltevadi airtur-

binuli kogeneraciuli sadgurebis Seqnmas. 

airturbinuli Tecebis farTomasStabiani danergviT gadawy-

deba ramdenime mniSvnelobani problema: gaumjobesdeba energo-

sistemis magenerirebeli simZlavreebis struqtura da Semcirdeba 

bazisuri simZlavreebis deficiti, amaRldeba momxmareblebis 

eleqtro da Tbomomaragebis efeqturoba da saimedooba, gaumjo-

besdeba qalaqebisa da dasaxlebuli punqtebis ekologiuri mdgo-

mareoba da, rac metad mniSvnelovania, didi raodenobiT daizo-

geba ZviradRirebuli da deficituri organu-li saTbobi (Ziri-

Tadad bunebrivi airi). 

 

1.2. მსოფლიო ენერგეტიკაში აირტურბინული და ორთქლაირული 
დანადგარების გამოყენების მასშტაბები 

 
SedarebiT dabali ekonomiurobis gamo, XX saukunis 60-70-ian 

wlebamde airturbinuli danadgarebi gamoiyeneboda ZiriTadad 

rogorc sarezervo da pikuri agregatebi. atd-ebis mq koeficien-

ti ar aRemateboda 27-28%-s. magram bolo dros msoflios wamyvan-

ma turbomSenebelma firmebma udides progress miaRwies energeti-

kuli atd-ebisa da maT bazaze oad-ebis warmoebaSi. aRniSnul pe-

riodSi Tanamedrove atd-ebis mq koeficienti 37-38%-mde gaizar-

da, maqsimalurma erTeulma simZlavrem 300-350 mgvt-s miaRwia. sau-

keTeso oad-ebisaTvis es maCveneblebi Sesabamisad 58-60%-s da 450-

500 mgvt-s Seadgens.  

atd-ebis umetesi nawili, romlebic bolo wlebSi msoflios 

sxvadasxva qveynebSi Sevida da Sedis eqspluataciaSi, gamiznulia 

eleqtroenergiis da siTbos kombinirebuli gamomuSavebisaTvis 

kogeneraciul sadgurebsa da orTqlairuli danadgarebis Semad-

genlobaSi samuSaod. atd-ebis da oad-ebis wilis mkveTri gadide-



ba, msoflio energetikaSi moxda XX saukunis 90-iani wlebis da-

sawyisidan. Amisi mizezebia energodanadgarebis mSeneblobis da 

eqspluataciaSi Seyvanis mokle vadebi, mcire kuTri Rirebuleba 

da maRali mq koeficienti. msoflioSi energetikuli airturbine-

bis warmoebam arnaxul masStabebs miaRwia. magaliTad, 1999 wels, 

airturbinebze dakveTam Seadgina 49% (simZlavris mixedviT), roca 

yvela tipis orTqlis turbinebze iyo mxolod 31%, [14,15]. wamyvani 

airturbinomSenebeli firmebi Zalian farTod iyeneben im mdidar 

gamocdilebas, romelic dagrovilia saaviacio da saxomaldo 

airturbomSeneblobaSi.  

yofil sabWoTa kavSirSi, energetikuli airturbomSenebloba 

SedarebiT CamorCenili dargi iyo, amitom mowinave ucxouri qvey-

nebis firmebma bevrad gauswro sabWoTa airturbinul manqanaTm-

Seneblobas. amJamad, dsT-Si Semaval qveynebSi energeti-kuli air-

turbomSenebloba Tavmoyrilia ruseTis federaciisa da 

ukrainis teritoriebze.  

dasavleT evropaSi axali Tboeleqtrosadguris daproeqte-

bisaTvis Zalze popularulia airturbinuli teqnologia. iseT 

qveynebSi, rogoricaa espaneTi, italia da inglisi, atd-ebze mod-

is 90%-ze meti energetikuli simZlavreebi, romlebic Sevida da 

uaxloes dros kidev unda Sevides eqspluataciaSi. amJamad, ener-

getikuli atd-ebis udidesi mwarmoeblebia firmebi General Electric 

(aSS), Siemens (germania), Alstom (inglisi). amaT garda, atd-ebs awar-

moeben firmebi ABB (Sveicaria, germania), Westinghouse (aSS), Mitsubishi 

(iaponia), Rolls-Royse (inglisi) da sxv.  
                                                             cxrili 2 

ukrainis da rusiTis qarxnebis atd-ebis monacemebi  
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beli  
 
turboZravebis 
qarxana (ruseTi) 

nevis 
qar-
xana 
(ru-
se-
Ti) 

TM3 
(ru-
seTi) 

Н3Л 
(ru-
seTi) 

tur-
boa-
tomi 
(ukra
ina) 

ЛM3 
(ru-
seTi) 

tur-
boat
omi 
(ukra
ina) 

ЛM3 
(ru-
seTi) 

ЛM3 
(ru-
seTi) 

1 efeqturi 
simZla-
vremgvt 

6,5 6,74 16,8 25,0 31,3 42,5 43 57,7 105,0 119,0 157,6 180 

2 efeqturi 
mq koefi- 
cienti, % 

30,5 24,0 31,0 31,0 27,0 35,0 30,03 30,0 28,0 33,8 31,0 36,5 

3 haeris 
wnevis 
amaRlebis 
xarisxi 

12,0 6,2 11,5 13,5 13,0 13,5 13,8 8,2 26,8 12,3 12,0 15,0 

4 airebis 
xarji 
gamosasv-
lelze, 
kg/wm 

33,0 46,0 85,0 101,0 195,0 125,0 222,0 303,3 458,0 401 600 535 

5 airebis 
temperat-
ura, 0C: 
turbinis 
win 
turbinis 
miRma 

 
 
 
920 
 
420 

 
 
 
780 
 
410 

 
 
 
920 
 
420 

 
 
 
1090 
 
400 

 
 
 
922 
 
433 

 
 
 
1227 
 
550 

 
 
 
950 
 
435 

 
 
 
850 
 
448 

 
 
 
750 
 
398 

 
 
 
1170 
 
520 

 
 
 
1100 
 
506 

 
 
 
1250 
 
552 

6 atd-s ma-
sa, t 

26 45 50 60 90 70 - 183 367 200 190 - 

 
 
 

cxrili 3 
ukrainis da ucxouri firmebis atd-ebis monacemebi 

 
 
 
 
 
 
 
 

# 

 
 
 
 
 
 
 

maCveneblebi 

atd-s tipi (damazadebeli firma) 
ГТУ-

6 
(maS-
proe
qti) 

Tornado 
(Alstom) 

ГТУ-
16 

(maS-
proeq
ti) 

GT-35 
(ABB) 

ГТУ-
25 

(maS-
proeq
ti) 

RB211-
DLN 

(Rolls-
Royce) 

1 atd-s eleqtruli sim-
Zlavre, mgvt 

6,0 6,25 16,0 16,9 25,0 27,2 

2 eleqtruli mq koefi-
cienti, % 

30,1 30,3 32,8 32,0 34,8 35,8 

3 warmavali airebis tempe-
ratura, 0C 

414 460 423 375 497 490 

4 airebis xarji. kg/wm 30,4 27,5 70,0 91,5 89,5 92,5 
5 saTbobis (bunebrivi air-

is, =m
udQ 50050kj/kg) 

xarji, kg/sT 

1434 1484 3508 3798 5167 5465 

6 atd-s kuTri Rirebuleba, 
dol/kvt 

448 510 304 479 284 480 

7 atd-Tecis eleqtruli 12,0 12,5 32,0 33,8 50,0 54,4 



simZlavre, mgvt 
8 eleqtruli simZlavris 

gamoyenebis wliuri saa-
Tebis ricxvi,sT/weli 

6000 5760 6000 5680 6000 5514 

9 eleqtroenergiis wliuri 
gamomuSaveba, aTasi 
kvt.sT 

72000 72000 192000 192000 300000 300000 

10 saTbobis wliuri xarji, 
aTasi t/wl 

17,21 17,21 42,1 43,1 62,0 60,3 

11 atd-Tecis kuTri Rire-
buleba, dol/kvt 

627 684 425 594 398 584 

12 atd-Tecis Rirebuleba, 
aTasi dol 

7524 8550 13600 20077 19880 31769 

13 jamuri wliuri danaxar- 
jebi (eqspluatacia, 
amortizacia da sxv.), 
aTasi dol. 

2235 2472,4 4946,2 6061,5 7270,9 8919,4 

14 eleqtroenergiis  
TviTRirebuleba, cen-
ti/(kvt.sT) 

3,10 3,43 2,58 3,16 2,42 2,97 

 

me-2 da me-3 cxrilebSi [16] Sedarebulia ukrainuli warmoe-

bis (`maSproeqti”) da zogierTi ucxouri firmebis atd-ebis teqni-

kuri monacemebi. amasTan, yvela atd Sesrulebulia umartivesi 

Termodinamikuri cikliT; eleqtroenergiis gamomuSaveba varian-

tebis mixedviT erTnairia; yvela atd-s aqvs konteineruli Se-

sruleba da isini ganlagdeba Ria SeTanxmebiT; ucxouri atd-ebis 

fasi miRebulia satransporto xarjebis 20%-is danaricxis da 

20%-iani sabaJo gadasaxadis gaTvaliswinebiT. rogorc cxrilidan 

Cans, erTi Taobis ukrainul da ucxour atd-ebs aqvs Tburi eko-

nomiurobis daaxloebiT erTnairi maCveneblebi, Tumca, meore va-

riantSi (ucxouri atd-ebi) gamomuSavebuli eleqtroener-giis 

TviTRirebuleba ramdenadme metia. 

msoflioSi energetikuli airturbomSenebloba gansakuTre-

biT intensiurad viTardeboda bolo 30-35 wlis ganmavlobaSi 

[15,16,17,18], amasTan, yvelaze dinamikurad–braitonis martivi Ter-

modinamikuri cikliT momuSave atd-ebi. airis sawyisi temperatu-

ris mkveTri gadidebis gamo aseTi atd-ebis ekonomiuroba TiTqmis 

gautolda Tanamedrove zekritikuli parametrebiT momuSave 

orTqlturbinuli energoblokebis ekonomiurobas. airebis sawyi-



si 3t  temperaturis donis mixedviT atd-ebs pirobiTad yofen xuT 

Taobad [16]; 

I Taoba - 3t <850 C0
;            II Taoba - 3t = 850...1050 C0

;  

III Taoba - 3t =1050...1200 C0
;     IV Taoba - 3t =1200...1350 C0

;  

V Taoba - 3t >1350 C0
. 

erTeuli simZlavris mixedviT airturbinuli danadgarebi 

ramdenadme Camouvardeba mZlavr orTqlturbinul energoblokebs, 

Tumca, amJamad ukve agebulia atd-ebi maqsimaluri simZlavriT 

300-350 mgvt. aRniSnuli Tanafardoba airturbinul da orTqltur 

binul danadgarTa simZlavreebs Soris adre atd-ebis garkveul 

xarvezad iTvleboda. axla es ase ar aris, vinaidan mTel msof-

lioSi SeimCneva Tboeleqtrosadgurebis eleqtrodanadgarebis 

simZlavreTa Semcirebis tendencia, rac garkveulwilad gamo-

wveulia demonopolizaciiT energetikaSi da Tecebis marTvis op-

timizaciis aucileblobiT. gansakuTrebiT mizanSewonilia mcire 

da saSualo simZlavris atd-ebis gamoyeneba kogeneraciul sad-

gurebSi. 

amJamad bevr qveyanaSi mimdinareobs samecniero-kvleviTi da 

sakonstruqtoro samuSaoebi ufro mZlavri da ekonomiuri air-

turbinuli danadgarebis Sesaqmnelad. am mizniT varaudoben 

rTuli Termodinamikuri ciklebis gamoyenebas warmavali airebis 

siTbos regeneraciiT, haeris Sualeduri gacivebiT, siTbos Sua-

leduri miwodebiT da sxv. mosalodnelia, rom axlo momavalSi 

atd-ebis mq koeficienti 45-47%-mde gaizrdeba. 

gansakuTrebuli yuradReba eqceva kombinirebuli cikliT 

momuSave orTqlairuli danadgarebis Seqmnas da efeqtur gamoye-

nebas. amJamad arsebobs aseTi danadgarebi, romelTa mq koefi-

cienti 60%-s Seadgens, xolo maqsimaluri simZlavre 500-600 mgvt-

s. momavalSi es maCveneblebi SeiZleba gaizardos 70%-mde da 1200 

mgvt-mde [17]. msoflioSi 2002 wlis 1 ivnisidan 2003 wlis 31 mai-

samde SekveTili iyo 597 energetikuli atd jamuri simZlavriT 



25,74 mln.kvt [17]. amerikaSi, evropasa da aziaSi atd-ebis naxevarze 

meti gankuTvnilia xangrZlivi muSaobisaTvis bazur an naxevrad 

pikur  reJimebSi. sarezervo atd-ebad gamoiyeneba 60 mgvt-ze nak-

lebi simZlavris danadgarebi, ZiriTadad 3,5 mgvt-ze mcire sim-

Zlavris xangrZliv eqspluataciaSi momuSave atd-ebi iyeneben Zi-

Tadad bunebriv airs, sarezervo saTbobad gamiznulia Txevadi 

saTbobi. msoflios wamyvani firmebi iTviseben axali Taobis air-

turbinul danadgarebs (teqnologia G). yvelaze mZlavri atd-ebis 

parametrebi da maCveneblebi moyvanilia me-4 cxrilSi [17]. 

cxrili 4 
msoflioSi aTvisebuli mZlavri atd-ebis maCveneblebi 

 
 
 
 
 

maCveneblebi 
firma da atd-s modeli 

Alstom, 
GT26 

General Elec-
tric, M9FA 

Mitsubishi M701 
F3 

Siemens, V94 3A 

atd-s simZlavre, 
mgvt 

280,9 255,6 270,3 272,4 

atd-s mq koefi-
cienti, % 

38,3 36,9 38,2 39,0 

kumSvis xarisxi 32 17 17 17,2 
airebis xarji, 
kg/wm 

632,4 641 651,5 671,5 

namuSevari air-
ebis temperatu-
ra, 0C 

615 602 586 582 

orTqlairuli 
danadgaris sim-
Zlavre (erTi 
atd-eTi), mgvt 

410,3 390,8 397,7 397,6 

orTqlairuli 
danadgaris mq 
koeficienti, % 

57,8 56,7 57,0 57,5 

 
 
 
amJamad ukve gamoSvebulia G teqnologiis yvelaze mZlavri 

atd-modeli M701 G2 (firma Mitsubishi). misi simZlavrea 334 mgvt, mq 

koeficienti 39,5%, airebis sawyisi temperatura 15000C. ori aseTi 

atd-Ti aRWurvili orTqlairuli danadgaris simZlavrem miaRwia 

982 mgvt-s, mq koeficientma-58,9%-s [17]. inglisSi Baglan Bay Tboe-

leqtrosadgurze eqspluataciaSi Sevida firma General Electric-is 

ukanaskneli Taobis atd-Ti aRWurvili orTqlairuli danadgari 

480 mgvt simZlavriT [17]. am oad-s mq koeficienti neto 60%-ia. mo-



mavalSi msoflioSi navaraudevia Seqmna aseTive efeqturobis 

ufro mZlavri aod-ebisa, romlebic gamoyenebuli iqneba 180 mgvt-

is da meti simZlavris axali Taobis atd-ebi, romelTa mq koefi-

cienti 40%-mde iqneba gazrdili. saaviacio Zravebis bazaze Seqm-

nili 40-45 mgvt simZlavris atd-ebis mq koeficientma ukve 40-44%-s 

miaRwia (umartives ciklSi) [17]. 

airturbinuli danadgarebi gamoiyeneba sxvadasxva daniSnu-

lebiT: bazisuri datvirTvebis dasafaravad, rogorc avariuli 

rezervi, atd-Tecebsa da aod-TecebSi samuSaod da sxv. 

saqarTveloSi airturbinuli da orTqlairuli danadgarebis 

perspeqtiuli gamoyenebis ZiriTadi mimarTulebebi gaanalizebu-

lia [19]-Si, xolo am danadgarebis bazaze kogeneraciuli sadgu-

rebis Seqmnis problema ganxilulia [18]-Si. 

 

1.3. კოგენერაციის ეფექტურობის მაჩვენებლების განსაზღვრის 
მეთოდების შედარებითი ანალიზი 

 
siTbosa da eleqtroenergiis kombinirebuli warmoebiT 

energosistemaSi miiRweva saTbobis mniSvnelovani ekonomia maTi 

gancalkevebuli meTodiT gamomuSavebasTan SedarebiT. Tbofika-

cia (kogeneracia) siTburi energiis warmoebis ekonomikuri da 

ekologiuri maCveneblebis gaumjobesebis [20,21] aRiarebuli saSu-

alebaa. Tbofikaciis energoekologiuri efeqturobis damadastu-

rebelia miRebuli Sedegebic. 

kogeneraciis ganxorcielebisas, saTbobis saerTo ekonomi-

is gansazRvrasTan erTad, uaRresad mniSvnelovania Tboeleqtro-

centralebSi saTbobis xarjis ganawileba warmoebul eleqtro-

energiasa da siTbos Soris, Sesabamisi kogeneraciis efeqturobis 

maxasiaTebeli maCveneblebis dadgenis gziT. 

uaRresad mniSvnelovania sxvadasxva tipis Tboeleqtocent-

ralebSi gamomuSavebul eleqtrul da siTbur energiebs Soris 

sawarmoo danaxarjebis ganawilebis codna, maT Soris gansakuT-



rebiT saTbobis xarjisa, radganac ZiriTadad is axdens uSualo 

gavlenas Tecidan eleqtroenergiisa da siTbos gasacemi tarifis 

sidideze. 

TecSi saTbobis xarjis ganawilebis arsebuli meTodebi-

dan yofil sabWoTa kavSirsa da socialisturi banakis sxva qvey-

nebSi, sabWoTa kavSiris daSlamde, upiratesoba eniWeboda da di-

reqtiuli gadawyvetilebis safuZvelze gamoiyeneboda e.w. `fizi-

kuri” meTodi, romelic dafuZnebulia energiis mudmivobis prin-

cipze, anu Termodinamikis pirvel kanonze. 

`fizikuri” meTodisagan gansxvavebiT, Termodinamikis ro-

gorc pirvel, aseve meore kanons da, Sesabamisad, siTbos xaris-

xobriv mxares iTvaliswinebs TecSi saTbobis xarjis ganawilebis 

eqsergetikuli meTodi [22], romlis gamoyeneba yofil sabWoTa 

kavSirSi faqtiurad ar xdeboda. 

ukuwneviani turbiniT aRWurvili Tecis energetikuli ba-

lansi zogadad Caiwereba Semdegi saxiT:  

                                (1)
 

 

sadac B aris saTbobis xarji TecSi; m
udQ -saTbobis udablesi daw-

vis siTbo; Э -TecSi gamomuSavebuli eleqtroenergiis raodenoba; 

TQ -Tecidan TbomomaragebaSi gacemuli siTbos raodenoba. 

`fizikuri” meTodis Tanaxmad, saTbobis saerTo xarji 

TecSi nawildeba Э -sa da TQ -s proporciulad. (1) formulidan 

miiReba, rom TecSi saTbobis fardobiTi xarjebi saTanadod to-

lia eleqtroenergiis gamomuSavebaze: 

                           (2)                                
 

Tbomomaragebaze gacemul siTboze: 

                                                      
.TTT QЭQb +=                              (3) 

eqsergetikuli balansi ukuwneviani turbiniT aRWurvili 

TecisTvis Caiwereba Semdegi saxiT: 

 
               (4)     

,T
m
ud QЭBQ +=

( );Tel QЭЭb +=

( ),1 0 saSTTsaT TTQЭEЭBe −+=+=



 

sadac saTe  erTeuli masis saTbobis siTbos eqsergiaa; TE - koge-

neraciul ciklSi gacemuli siTbos eqsergia; saST - ciklSi Tbo-

momaragebaze gasacemi siTbos saSualo temperatura. 

eqsergetikuli meTodis Tanaxmad, saTbobis fardobiTi 

xarjebi  saTanadod tolia 

• eleqtroenergiis gamomuSavebaze: 

                                                  
( )[ ];/1 0 saST

e
el TTQЭЭb −+=

                                                  
(5) 

• Tbomomaragebaze gacemul siTboze: 

                                             
( )[ ].1 0 saSTT

e
T TTQЭEb −+=

                                                       (6) 

 
aRniSnulis garda, `fizikur” meTods aqvs Semdegi princi-

puli xasiaTis naklovanebebi: 1) Tecis energetikuli balansis 

gantolebaSi jamdeba xarisxobrivad araerTgvarovani sidideebi: 

eqsergetikuli – gamomuSavebuli eleqtroenergia da siTburi 

energia, rac ewinaaRmdegeba Termodinamikis meore kanons; 2) saT-

bobis xarjis ekonomia miekuTvneba eleqtroenergiis gamomuSave-

bas. Sedegad vRebulobT, rom saTbobis kuTri xarji TecSi 

eleqtroenergiis gamomuSavebaze mniSvnelovnad naklebi sididi-

saa, vidre kondensaciur ciklSi, maSin rodesac ciklSi saboloo 

temperaturis gadidebiT, mocemuli sawyisi parametrebisas, mcir-

deba gamomuSavebuli eleqtroenergiis sidide da Sesabamisad un-

da gaizardos saTbobis kuTri xarjis sidide. 

ganvixiloT, Tu ramdenad gamosadegia ukuwneviani turbi-

niT aRWurvili Tecis Tbofikaciur ciklis analizisaTvis ener-

getikuli balansis safuZvelze Sedgenili Tecis iseTi ZiriTadi  

maCveneblebi [23],  rogoricaa  sruli  mq  koeficienti 

( ) ,udTTec QBQЭ ⋅+=η  romelsac xSirad saTbobis siTbos gamoyene-

bis koeficientsac uwodeben, da Tecis eleqtruli mq koeficien-

ti ( ).Tud
el
Tec QBQЭ −=η  

Tecis ukuwneviani Tbofikaciuri danadgaris realuri 

cikli warmodgenilia nax. 1., saidanac Cans, rom Tecis eleqtru-



li mq koeficientis sidides Teoriul da namdvil ciklebSi erTi 

da igive mniSvneloba aqvs da igi erTis tolia, radgan Teoriuli 

ciklis muSaoba ,1
T
T

TT
c qql −= xolo realuri ciklis SemTxvevaSi - 

,1
r
T

r
c qql −=   gveqneba 

  
                (7)

  
 

 

 
nax. 1.  ukuwneviani turbiniT aRWurvili Tecis, realuri cikli TS diagramaze 
 

aseve erTis tolia saTbobis siTbos gamoyenebis koefi-

cientis sidide rogorc Teoriul, ise realur ciklSi, radgan 

TT
T

T
c 1qql =+  da ,1qql =+ r

T
r
c e.i. 
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T
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a. andriuSCenkos azriT [1] energetikuli balansis safuZ-

velze Sedgenili maCveneblebiT SeuZlebelia Tecis efeqtu-robis 

Sefaseba. aqve SeniSnavT, rom Tecη  da el
Tecη

 
erTze nakleb mniSvne-

lobas iZens mxolod im SemTxvevaSi, rodesac kogeneraciul 

ciklSi Cndeba kondensaciuri gamomuSaveba. 

Tecis eqsergetikuli mq koeficienti ganisazRvreba (4) 

formulis safuZvelze, e.i. 
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(9) 

cxadia, eqs
Tecη , gansxvavebiT Tecη  da 

el
Tecη -sagan, iTvaliswinebs 

rogorc muSaobis Sigaciklur danadgarebs, aseve Tecis sawyisi 

parametrebis gavlenas mis efeqturobaze. miuxedavad amisa, arc 

Tecis eqsergetikuli mq koeficienti iZleva kogeneraciis efeq-

turobisa da mis dros energosistemaSi saTbobis ekonomiis gan-

sazRvris saSualebas, radgan eqs
Tecη  miekuTvneba mxolod eleqtro-

sadgurebs da amitom am koeficientiT SeuZlebelia kogeneraciis 

dros likvidirebul saqvabeebSi mimdinare procese-bis srulyo-

fili gaTvaliswineba. 

[1]-is Tanaxmad, kogeneraciis dros saTbobis siTbos ekono-

miis sidide energosistemaSi ganisazRvreba Semdegi damokidebu-

lebiT: 

 
    
          (10)

 sadac eleqtroenergiisa da siTburi energiis gancalkevebulad 

warmoebis eqsergetikuli mq koeficienti tolia: 

 
   
            (11)

 aq kesB  saTbobis xarjia kondensaciur Tboeleqtrosadgur-

Si; saqB - saTbobis xarji saqvabeSi. 

eqsergetikuli mq koeficientis garda, Tecis Termodinami-

kuri ciklebis srulyofilebis obieqturi Sefasebis saSualebas 

iZleva agreTve Tbur moxmarebaze eleqtroenergiis kuTri gamo-

muSavebis sididec Tc qly /= [2] 

aRniSnul maCvenebels, iseve rogorc mis eqsergetikul 

analogs ),/1(/ 0 saSTc TTqly −=  mniSvnelovani nakli aqvs, kerZod, ar 

iTvaliswinebs eqsergiis danakargebs Seuqcevad Tbocvlaze Tecis 

qselis SemTbobebSi. amdenad, saWiroa iseTi maCvenebeli, romelic 

( ) ,11
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gaiTvaliswinebs eqsergiis danakargebs mTlianad Tecis masSta-

biT, e.i. 

 
 

(12)
 
 

sadac qST
 
Tbogadamtanis (wylis) temperaturaa qselis SemTbobis 

gamosasvlelze.  

SevniSnavT, rom (12) formulis Tanaxmad, samrewvelo Tbo-

momaragebisas, e.i. rodesac Tecis turbinidan namuSevari orTqli 

gaicema, .1=Teη  

rogorc akad. l. popirini da misi Tanamoazreni asabuTeben 

[24,25], arc fizikuri da arc eqsergetikuli meTodi ar SeiZleba 

CaiTvalos damakmayofileblad. Ffizikuri meTodi xels ar aZ-

levs Tburi energiis mwarmoeblebs, xolo eqsergetikuli – 

eleqtroenergiis mwarmoeblebs. saWiroa damuSavdes axali meTo-

di, romelic daakmayofilebs orive saxis energiis mwarmoe-bels, 

asaxavs TecSi kombinirebuli energowarmoebis energetikul efeq-

tianobas, eqneba mkafio ekonomikuri Sinaarsi da gaangariSe-bis 

gasagebi meTodika [25]. Tecebis muSaoba unda Sefasdes uwinaresad 

jamuri SedegiT–saTbobis ekonomiiT Tboeleqtromo-maragebis 

gancalkevebul meTodTan SedarebiT [26]. ruseTSi 1996 wlidan 

moqmedebs axali  ОРГРЭС–is meTodi, romelic ganixile-ba ro-

gorc gardamavali meTodi fizikuridan ufro srulyofil-ze. Ees 

meTodi ar aris mecnierulad dasabuTebuli, misi gamoye-neba 

moiTxovs rTuli gaangariSebebis Catarebas, amitom iwvevs spe-

cialistebis samarTlian kritikas [27,28]. SemoTavazebulia [25] 

orTqlturbinuli Tecebis efeqturoba Sefasdes proporciuli 

meTodiT, romelic iTvaliswinebs TecSi yvela danaxarjis gayo-

fas ori saxis energias Soris Seabamisi xarjebis  proporci-

ulad  siTbosa da eleqtroenergiis gamomuSavebisas gancalkeve-

buli meTodiT (saqvabesa da kondensaciur eleqtrosadgurSi).  

logikuria, rom aseTive proporciuli meTodiT  gavanawi- 

,
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YYZ eeee −

−
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loT saTbobis xarji TecSi TecB
  
or Semdgenad: 

el
TecB  eleqtroe-

nergiis warmoebaze da 
sT
TecB  siTbos gamomuSavebaze: 

                                                       

;
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(13)   
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(14) 

amrigad, yvela danaxarji TecSi  iyofa Sesabamisi xarje-

bis proporciulad  mocemuli raodenobis eleqtroenergii-sa da 

siTbos warmoebisas gancalkevebuli meTodiT. amitom danaxarje-

bis dayofis aRniSnul meTods  vuwodoT proporciuli. 

avRniSnoT jami gancsaqkes BBB =+
 
saTbobis jamuri xarji 

gancalkvebul meTodSi  da warmovadginoT (13) da (14) gamosaxu-

lebebi Semdegnairad: 

 

(15) 

 

              (16) 

 

sadac gancTecTec BBB =
 
aris saTbobis fardobiTi xarji TecSi 

saTbobis jamur xarjTan SedarebiT gancalkevebul variantSi. 

saTbobis fardobiTi ekonomia (am variantTan SedarebiT), romel-

sac uzrunvelyofs Tecis funqcionireba energosistemaSi, 

.1 Tecek BB −= Aamrigad saTbobis kuTri xarjebi TecSi eleqtroene-

rgiasa da siTbos gamomuSavebaze (15) da (16)-is gamoyenebiT iqneba:            
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sadac elN
 
 aris Tecis eleqtruli simZlavre, kvt; −gmQ Tecis  

Tburi simZlavre, gj/sT; kesb  saTbobis kuTri xarji kesSi, kg 

p.s./kvt.sT; saqb saTbobis kuTri xarji saqvabeSi, kg p.s./gj. 

;Teckes
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formulebi (17) da (18) gamosadegia nebismieri tipis Tecisa-

Tvis–orTqlturbinuli, airturbinuli, orTqlairuli. Aam damo-

kidebulebebis saSualebiT advilad ganisazRvreba Tecis kerZo 

mq koeficientebi eleqtroenergiisa da siTbos gamomuSavebaze: 

                                     ;
)1( ek
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(20) 

gamoviyenoT ganxiluli proporciuli meTodi airturbinu-

li Tecebis  (blok-Tecebis) energoefeqturobis gamosakvlevad. 

AaseTi TecebisTvis ekB -is sidide gansazRvrulia  [10] – Si: 

                                               

,
1

1
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atdsaq
ekTec

ηηω

ηη
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(21) 

sadac saqη  da kesη  aris Casanacvlebeli saqvabisa da kesis mq koe-

ficientebi; ω-eleqtroenergiis kuTri gamomuSaveba siTbos mox-

marebis bazaze [29]. 

airturbinuli TecisaTvis (19) da (20) formulebSi (21)-is SetaniT 

martivi gardaqmnebis Sedegad miRebulia: 

                                                   
[ ];)(1 saqkesatd

el
Tec ωηηηη +=

                                                
(22) 

 

                                                  
).1( kessaqatd

sT
Tec ηηωηη +=

                                                   
(23) 

nax. 2-ze Sedarebulia saTbobis kuTri xarjebi el
atdb  air-

turbinul TecSi ( atdη -ze damokidebulebiT), romlebic miRebu-

lia ori meTodiT-proporciuli da fizikuri. Oorive jgufis  

 

mrudebs aqvs wrfivi xasiaTi. amasTan, iseve rogorc el
atdη

 
mq koe-

ficientze atdη -s gazrda ufro nakleb gavlenas axdens el
atdb –is 

“proporciul” mniSvnelobebze, vidre “fizikurze”. es imiT aixs-

neba rom fizikuri meTodisagan gansxvavebiT, romelic kogenera-



ciiT ganpirobebul saTbobis ekonomias mTlianad miakuTvnebs  

eleqtroenergiis gamomuSavebas, proporciuli meTo-dis gamoyene-

bisas es ekonomia nawildeba gamomuSavebul siTbosa da eleq-

troenergias Soris. 

nax. 3-ze mocemulia saTbobis kuTri `eleqtruli” xarjis 

el
atdb  mniSvnelobebi t∆ sxvaobaze damokidebulebebiT. Cans, rom 

proporciuli meTodiT miRebuli sidideebi saSualod metia, vi-

dre fizikuri meTodiT miRebuli. 

                
,el

Tecb gp.s./(kvt/sT)                ,el
Tecb  gp.s./(kvt/sT) 

atdη Ct 0,∆  

nax. 2. airturbinul TecSi saTbobis       nax. 3. saTbobis kuTri xarjebi        
kuTri xarjebis (eleqtroenergiis         eleqtroenergiis gamomuSavebaze  

gamomuSavebaze) Sedareba t∆ -s oTxi       airturbinul TecSi t∆ -ze mniSvne-

lobisTvis: kesη =0.37, saqη = 0.8      damokidebulebiT atdη -s oTxi 

                                             mniSvnelobisTvis: kesη =0.37, saqη = 0.8 

 

nax. 4-ze mocemulia siTbos gamomuSavebaze saTbobis ku-

Tri xarjis sT
Tecb  

 
damokidebulebebi )( atd

sT
Tec ηfb = da ).( tfb ∆=sT

Tec  am  

mrudebs wrfivi xasiaTi aqvT. amasTan, proporciuli meTodiT mi-

Rebuli mniSvnelobebi yovelTvis naklebia rogorc raionuli 

saqvabis maCvenebelze saqb , aseve fizikuri meTodiT gansazRvrul 

sidideze (punqtiris xaziT); rogorc cnobilia [29], am meTodis 

Tanaxmad, airturbinuli TecebisTvis sT
Tecb

 
mudmivia (ar aris damo-



kidebuli ∆ t∆ -sa da atdη -ze) da praqtikulad Tburi energiis fi-

zikuri eqvivalentis tolia - 34.1 kg p.s./gj. 

 

  
,sT

Tecb kgp.s./gj                           ,sT
Tecb  kgp.s./gj 

atdη Ct 0,∆  

a)                           b) 

nax. 4. saTbobis kuTri xarji airturbinul TecSi Tburi energiis gamomuSave-
baze: 

a - atdη  da b - t∆ parametrebze damokidebulebiT ( kesη =0.37, saqη = 0.8) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

  



თავი II. ორთქლტურბინული კოგენერაცია 
 

2.1. ორთქლტურბინული თეცების ენერგეტიკული 

ეფექტურობის თერმოდინამიკური ანალიზი 
 

tradiciulma orTqlturbinulma Tecebma didi gamoyeneba 

hpova rogorc yofili sabWoTa kavSiris respublikebSi, aseve 

bevr ganviTarebul qveynebSi [1,3]. amis mTavari mizezi is aris, 

rom eleqtruli da Tburi energiis kombinirebuli gamomuSaveba 

(kogeneracia) uzrunvelyofs organuli saTbobis did ekonomias. 

orTqlturbinuli Tecebis energetikuli efeqturobis maCveneb-

lad miRebulia [1,28,30,31] sruli mq koeficienti (saTbobis siTbos 

gamoyenebis xarisxi) ηsr

Tec , kerZo mq koeficientebi η
el

Tec , 
sT
Tecη  da 

pirobiTi saTbobis kuTri xarjebi 
el
Tecb , 

sT
Tecb  eleqtroenergiis da 

siTbos warmoebaze, eleqtroenergiis kuTri gamomuSaveba siTbos 

moxmarebis bazaze ω  da saTbobis fardobiTi ekonomia ekB -

energowarmoebis gancalkevebul meTodTan SeadrebiT. Mmiuxeda-

vad imisa, rom es maCveneblebi ganxiluli da gaanalizebulia 

mraval monografiasa da samecniero statiaSi, arsebobs sakiTxe-

bi, romlebic moiTxovs Semdgom analizur gamokvlevasa da da-

zustebas. kerZod, ar aris mkafiod gamovlenili  turbinidan 

arTmeuli orTqlis mα  wilis da ω  parametris gavlena Tecis 

efeqturobis maCveneblebze, mwiria monacemebi saTbobis fardobi-

Ti ekonomiis ekB sidideze da sxv. es parametri ekB  gansazRvru-

lia mxolod [30]-sa da [32]-Si. isic marto ukuwneviani turbinebiT 

aRWurvili TecebisTvis. 

ganvixiloT energetikuli efeqturobis maCveneblebi Te-

cisTvis, romelic dakompleqtebulia Τ  an Π  tipis erTregu-

lirebadarTmeviani turbodanadgarebiT. aseTi turbinis Siga ab-



soluturi mq koeficientis (eleqtroenegriis gamomuSavebaze) 

gansazRvrisTvis gamoiyeneba formula [2,31]: 
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(24) 

 

sadac kΝ  da TΝ  orTqlis kondesaciuri da Tbofikaciuri naka-

debis Siga simZlavreebia, kvt; 

k
tdQ – siTbos xarji orTqlis kondensaciur nakadze, kj/wm; 

k
tdk

1(k)
td QΝ=η -turbodanadgaris Siga absoluturi mq koeficienti 

kondensaciuri reJimSi muSaobisas; 

kTT ΝΝ=Α -orTqlis arTmevis energetikuli koeficienti, rome-

lic gansazRvrulia [33]:  
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(26)                                                                  

sadac mα  da kα  αmomxmareblisTvis miwodebuli da kondensator-

Si Semavali orTqlis fardobiTi xarjebia (wilebi); 

−y arTmeuli orTqlis simZlavris ukmargamomuSavebis 

koeficienti;

 
0i  da ki - orTqlis sawyisi da saboloo enTalpiebi (turbinis Se-

sasvlelsa da gamosasvlelze); 

mi – regulirebadi arTmevidan siTbos momxmarebelze gacemuli 

orTqlis enTalpia. (26)-dan gamovricxoT y  parametri da gadavi-

deT sxva, ufro gavrcelebuli ω  maCvenebelze-eleqtroenergiis 

kuTr gamomuSavebaze siTbos moxmarebis bazaze. TΑ  icvleba 0 – 

dan kondensaciur reJimSi ( )0=mα ∞ -mde ukuwnevis reJimSi ( )1=mα

[33]. es sidide gaiangareSeba formuliT: 
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(27) 

sadac '
mi  arTmeuli orTqlis kondensatis enTalpiaa ( ),''

km ii ≈  

emη – turbodanadgaris eleqtromeqanikuri mq koeficienti. 

gardaqmnis Sedegad sabolood viRebT: 
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(28) 

Aam formuliT, SegviZlia gavaanalizoT ω  parametrisa da 

arTmeuli orTqlis mα  wilis gavlena Tbofikaciuri turbinis 

el
tdη  mq koeficientze. rodesac 1=mα  e.i. turbina muSaobs ukuwne-

vis reJimSi, maSin (28)-is Tanaxmad .uk
tdem

el
td ηηη ==  Tu turbina mu-

Saobs wminda kondensaciur reJimSi ( )0=mα , maSin (28)-dan gamom-

dinareobs, rom  el(k)
td

el
td ηη =  e.i. el

tdη  is cvlilebis diapazonia el(k)
tdη

-dan em
uk
td ηη = -mde. 

ganvixiloT Tbofikaciuri turbodanadgaris sruli mq koe-

ficienti. [33] Tanaxmad: 
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(29) 

sadac tdQ  siTbos sruli xarjia turbodanadgaarze, 

elQ  da sTQ –siTbos xarjebi eleqtroenergiisa da siTbos gamomu-

Savebaze, kj/wm; 

el
tdη , sT

tdη - Sesabamisi mq koeficientebi. (29)-dan miRebulia: 

                                              
( )el(k)

tdemm
el(k)
td

sr
td ηηαηη −+=

                                          
(30)

  
 

formula (30) gviCvenebs arTmeuli orTqlis mα  wilis 

gavlenas erTarTmeviani Tbofikaciuri turbodanadgaris srul mq 

koeficientze. ( )msr
td αη f=  funqcia wrfivi xasiaTisaa. Aam formu-

lis Tanaxmad, rodesac 0=mα  (kondensaciuri reJimi), maSin 



el(k)
td

sr
td ηη = , xolo roca 1=mα (ukuwnevis reJimi), maSin 

el
td

uk
tdem

sr
td ηηηη === . ukanaskneli toloba rogorc (30)-dan Cans, sr

tdη  

mq koeficienti, el(k)
tdη -is garda, damokidebulia mxolod arTmeuli 

orTqlis wilze da ara ω  parametrze. Ees imaze metyvelebs, rom 

Tbofikaciuri turbodanadgaris sruli mq koeficienti ar axa-

siaTebs siTbosa da eleqtroenergiis gamomuSavebis procesis 

Tbur ekonomiurobas; sr
tdη  SeiZleba gamoyenebuli iqnes mxolod 

TecSi siTbos moxmarebis zogadi SedarebisaTvis da sxvadasxva 

teqnikuri gadawyvetilebis SedarebisaTvis (roca elΝ  da gmQ  

erTnairia).                                 

nax. 5-ze (28)-sa da (30)-is mixedviT agebulia ( )ωαη ,m
el
td f= da 

( )msr
td αη f=  funqciebis grafikebi. miRebulia, rom kondensaciur 

reJimSi )0( =mα 46,0=== el(k)
td

el
td

sr
td ηηη , xolo ukuwnevis reJimSi 

)1( =mα 97,0==== em
uk
td

el
td

sr
td ηηηη . am reJimSi turbodanadgarze miwo-

debuli siTbos nawili gardaiqmneba Siga muSaobad, danarCeni 

siTbo ki gadaecema siTbos momxmarebels; siTbos danakargi civ 

wyaroSi ar aris.    

 

nax. 5. orTqlis arTmevis mα  wilis da ω  parametris gavlena Tbofika-

ciuri turbodanadgaris sruli ( )−−sr
tdη  da kerZo 

el
tdη

                   
(     

) mq koeficientebze                                                     



nax. 5-dan Cans, rom mcire mα -is dros el
tdm ηα )3,0...2,0( ≤  mq 

koeficienti umniSvnelod izrdeba kondensaciuri reJimis el(k)
tdη  

mq koeficientTan SedarebiT; roca 5,0...4,0=mα , maSin 6,0...5,0≅el
tdη . 

mq koeficientis gansakuTrebiT didi namati ( el(k)
tdη -sTan Sedare-

biT) gvaqvs, roca 8,0...7,0≥mα  da 6,0...4,0=ω . rodesac Tbofikaci-

uri turbina muSaobs orTqlis maqsimaluri arTmeviT )95,0( =mα da 

minimaluri saventilacio xarjiT dabali wnevis nawilSi, maSin 

el
tdη  mq koeficienti maqsimaluria (0.85...0.90) ω -s TiTqmis yvela 

mniSvnelobis dros )30,0...25,0( ≥ω  
el
tdη  da sr

tdη  mq koeficientebis mixedviT advilad ganisazRv-

reba Tecis eleqtruli da sruli mq koeficientebi “neto”: 

 

                    
( )smtrog

el
td

el(nt)
Tec k−= 1ηηηη , ( )smtrog

sr
td

sr(nt)
Tec k−= 1ηηηη

                      

(31) 

 

am mq koeficientebis mniSvnelobebi mα -ze damokidebulebiT 

moyvanilia nax. 6-ze. gaangariSebaSi miRebulia: 6,0=ω , orTqlge-

neratoris mq koeficienti 9,0=ogη , siTbos transportirebis mq 

koeficienti ,98,0=trη  ,46,0=el(k)
tdη  ,97,0=emη  sakuTar moxmarebaze 

eleqtroenergiis fardobiTi xarji .07,0=smk  nax. 6-ze uwyveti xa-

zebiT 1 da 2 mocemulia turbodanadgaris sruli da eleqtru-li 

mq koeficientebi “bruto” (gamomuSavebul energiaze), xolo wyve-

tili xazebiT 3 da 4 – igive mq koeficientebi “neto” (gace-mul 

energiaze). Aanalogiuri mrudebi nax. 5-ze moyvanili monacemebis 

safuZvelze SeiZleba aigos ω –s sxva mniSvnelobis-Tvisac.  

  
Nnax. 6-ze Strix-wertilovani xaziT warmodgenilia agreT- 

ve saTbobis kuTri eleqtruli xarjebi “neto” ,123 el(nt)
Tec

el(nt)
Tec η=b  

gp.s./kvt.sT. es maCvenebeli mcirdeba 332.4-dan kondensaciur reJim-



Si )0( =mα 153 gp.s./kvt.sT-mde ukuwnevis reJimSi );1( =mα  roca 

,8,0...7,0=mα  maSin 210...200≅el(nt)
Tecb  gp.s./kvt.sT. 

saTbobis kuTri eleqtruli xarji “neto” el(nt)
Tecb  TecSi ω –sa 

da mα -ze damokidebulebiT warmodgenilia nax. 7-ze. rogorc am 

naxazidan Cans, miRebul pirobebSi 98,0,9,0 == trog ηη  da sxv. aRniS-

nuli maCvenebeli icvleba farTo diapazonSi - 150-dan ukuwnevis 

reJimSi 330 gp.s./kvt.sT-mde kondensaciur reJimSi.  

               
 

,el
Tecb gp.s./kvt.sT

 

 

 

Nnax. 6. orTqlturbinuli Tecis (ΤdaΠ  tipis turbinebiT) energoe-

feqturobis maCveneblebi arTmevis mα  wilze damokidebulebiT 

:)6,0( =ω  
el(nt)
Tec

el(nt)
Tec

sr(nt)
Tec

el(br)
td

sr(br)
td b−−−−− 5;4;3;2;1 ηηηη

 

 

A[33]-Si damuSavebuli meTodikis safuZvelze SesaZlebelia 

ganisazRvros energosistemaSi Tecis muSaobiT ganpirobebuli 

saTbobis fardobiTi ekonomia ekB : 

kessaqT

T

sr
Tecganc

ek

ek ηωη
ω

η //
11

+
+

⋅−==
N

N
B
B

B ,
                                                     

(32) 



sadac Tecgancek Β−Β=Β  saTbobis absoluturi ekonomiaa; 

saqkes ΒΒ , – saTbobis xarjebia Casanacvlebel kessa da saqvabeSi; 

koeficienti TN  warmoadgens turbodanadgaris fardobiT Tbofi-

kaciur simZlavres: 

                                  
.

1 T

T

el

emT

el

el
Tel

T
Α+

Α
=

Ν

Ν
=

Ν
Ν

=
η

N
                                                      

(33)

 Ees koeficienti icvleba 0-dan kondensaciur reJimSi ( )0=Νel
T        

1-mde ukuwnevis reJimSi ).( el
el
T Ν=Ν  

                                           
,el(nt)

Tecb  gp.s./kvt.sT
 

 

Nnax. 7 TecSi saTbobis kuTri xarjis 
el(nt)
Tecb  damokidebuleba ω   da mα  parame-

trebze. 

 

2.2. სათბობის ეკონომიის გაანგარიშება ენერგოსისტემაში, 
განპირობებული ორრეგულირებადართმევიანი ტურბინებით 

აღჭურვილი თეცების ფუნქციონირებით 

 

orTqlturbinuli Teci yvelaze gavrcelebuli tipis 

kogeneraciuli eleqtrosadguria. isini funqcionireben mravali 

qveynis energosistemebSi da uzrunvelyofen saTbobis mniSvnelo-

van ekonomias. Mmiuxedavad imisa, rom aseT Tecebs axasiaTebs 

garkveuli xarvezebi. magaliTad, dabali mq koeficienti konden-



saciur reJimSi, orTqlis regulirebadi arTmevebis arasruli 

datvirTva wliur WrilSi, gazrdili kuTri kapitaltevadoba da 

sxv. Yyvela zemoT CamoTvlilis miuxedavad isini mainc rCeba 

energosistemaSi bazisuri energiis miRebis mniSvnelovan wyarod.  

energoefeqturobis maCveneblebis gansazRvris meTodika 

orTqlturbinul TecebSi Tbofikaciuri turbinebiT, erTi 

regulirebadi orTqlis arTmeviT, ΚΟ (Τ  da Π ) tipisa damuSave-

bulia [34,35]-Si. energetikaSi aseve farTod aris gavrcelebuli 

ΚΟΟ (Π Τ ) tipis Tbofikaciuri turbinebi, romlebsac aqvT 

orTqlis ori regulirebadi arTmeva. aseTi turbinebi  

momxmareblebs amaragebs eleqtroenergiis garda ori 

potencialis orTqliT: Π -arTmevidan samrewvelo saWiroebisaT-

vis da Τ -arTmevidan TbofikaciisaTvis (gaTboba da cxeli wyali). 

aseTi Tecis energoefeqturobis angariSi rTulia da Sromateva-

di. Aaq saWiroa gamoviyenoT wylis da wylis orTqlis Termodi-

namikuri Tvisebebis cxrili. Aamitom warmogidgenT SedarebiT 

martivi angariSis meTodikas. rogorc cnobilia, mq koeficienti 

ΚΟtipis orTqlturbinuli danadgarisTvis iangariSeba ase [2]: 

                                                 
(k)
tdT

T(k)
tdtd i
ii

η
ηη

Α+
Α+

=
1

1
,                          (34) 

sadac TΑ  aris orTqlis arTmevis energetikuli koeficientia. 

analogiurad ΚΟΟ  tipis turbinebisTvis SeiZleba davweroT: 

                                                 
( )mT

(k)
td

mT(k)
tdtd Α+Α+

Α+Α+
= i

ii

η
ηη

1
1

,                    (35) 

sadac TΑ  da mΑ  zeda Π  da qveda Τ  arTmevebis energetikuli 

koeficientebia: 

                                                 

,
1

1

Tem

T

mT

T

(k)
td

T ωη
ω

αα
α

η +
⋅

−−
⋅=Α i

                                        

(36) 

                                                   mem

T

mT

m

(k)
td

m ωη
ω

αα
α

η +
⋅

−−
⋅=Α
1

1
i ,                 (37) 



sadac  Tω  da mω  – aris eleqtroenergiis kuTri gamomuSaveba, 

Sesabamisad  Π  da Τ  arTmevisaTvis, 

emη _turbodanadgaris eleqtromeqanikuri mq koeficienti. 

Π Τ  tipis turbinebisTvis ekvω –is eqvivalenturi mniSvneloba  

miaxloebiT SeiZleba SevavsoT, rogorc saSualo ariTmetikuli, 

                                                                  
.

2
mT

ekv

ωω
ω

+
=                          (38) 

amrigad, Π Τ  tipis turbinas ori arTmeviT Tu SevcvliT 

ekvivalenturi turbiniT erTi arTmeviT, SeiZleba gamoviyenoT 

[35]–Si miRebuli analizis Sedegebi da gaviangariSoT energoe-

feqturobis maCveneblebi Π Τ  tipis turbinisaTvis.  

                                                       
( )( )el(k)

tdemmT
el(k)
td

sr
td ηηααηη −++= ;              (39) 

sadac sr
tdη –aris Tbofikaciuri turbodanadgaris sruli mq koe-

ficienti: 

el(k)
tdη –Tbofikaciuri turbodanadgaris absoluturi eleqtru-

li mq Kkoeficienti, roca is muSaobs kondensaciur reJimSi. 

ogη  da trη _aris Sesabamisad orTqlgeneratorisa da siTbos 

transportirebis mq koeficientebi. turbodanadgaris muSaobis 

dros wminda kondensaciur reJimSi, roca 0=+ Tm αα , misi sruli 

mq. koeficienti el(k)
td

sr
td ηη = , xolo  roca 1=+ Tm αα  gvaqvs: em

sr
td ηη = . 

TecisTvis Π Τ  tipis turbiniT saTbobis fardobiTi eko-

nomia ekΒ  SeiZleba ganvsazRvroT (38) [35] formuliT, romel-Sic 

ekvω –s mniSvneloba unda CavsvaT (5) formulidan, xolo fardobi-

Ti Tbofikaciuri simZlavre ΚΟ  tipis turbodanadgarisa ianga-

riSeba gamosaxulebidan (39) [35]:  

                                                      mT

mT

T

T
T

Α+Α+
Α+Α

=
Α+

Α
=Ν

∑
∑

11
.                   

(40) 



energosistemaSi saTbobis fardobiTi ekonomia iangariSeba for-

muliT (32).

                                             

         

Π Τ  tipis Tbofikaciuri turbodanadgaris absoluturi 

eleqtruli mq koeficienti SeiZleba gamovTvaloT formuliT: 

                                           

( )( ) ( )
( )( ) ( )mTekvemmT

emmTekvemmT
el(k)
tdel

td ααωηαα
ηααωηααη

η
+++−−

+++−−
=

11
11

.     (41) 

Tu gamoviyenebT gaangariSebis warmodgenil meTodikas, 

ganvsazRvravT Tecis energoefeqturobis maCveneblebs ΚΟ (ΤdaΠ ) 

da ΚΟΟ (Π Τ ) tipis turbinebisaTvis [36].  

me-5 cxrilSi mocemulia ΚΟ  tipis turbinis gaangariSebis 

Sedegebi. angariSSi miRebulia, rom orTqlis sawyisi parametre-

bia: 0p =10mgpa; 0t =550 C0 ; kondensatorSi wneva kp = 0.004 mgpa; 

orTqlis regulirebadi arTmevebis ricxvi n =1; arTmevis wneva 

arTp =0.14 mgpa; turbinis Siga fardobiTi mq koeficienti   ifη =0.8; 

Tecis orTqlgeneratoris mq koeficienti ogη =0.9; emη = 0.97; 4.0≅ω ; 

(k)
td
iη =0.3456; el(k)

tdη =0.3352. orTqlis arTmevis wili kondensaciur re-

JimSi 0=mα , xolo ukuwnevis reJimSi 1=α . 

cxrili 5 

gaangariSebis Sedegebi ΚΟtipis turbinebisTvis, roca arTp =0.14 mgpa 

 
me-6 cxrilSi mocemulia gaangariSebis analogiuri monace-

mebi, sadac Secvlilia mxolod arTmevis wneva- arTp =0.26 mgpa. am 

dros 35.0≅ω . danarCeni parametrebi ki igivea.  

parametrebi 
α  –s mniSvnelobebi 

0 0.2 0.4 0.6 0.8 1.0 
sr
tdη  - 0.4622 0.589 0.7161 0.843 0.97 

sr
Tecη  - 0.4076 0.5195 0.6316 0.7435 0.8554 

TΑ  - 0.2112 0.5632 1.267 3.379 ∞∞  

el

TΝ  - 0.1744 0.3603 0.559 0.7716 1.0 

ekΒ  0 0.102 0.188 0.256 0.320 0.371 

[ ]4ekΒ  0 0.098 0.182 0.254 0.316 0.370 



cxrili 6 

gaangariSebis Sedegebi ΚΟtipis turbinebisTvis, roca arTp =0.26 mgpa 
parametrebi α  –s mniSvnelobebi 

0 0.2 0.4 0.6 0.8 1.0 
sr
tdη  - 0.4622 0.589 0.7161 0.843 0.97 

sr
Tecη  - 0.4076 0.5195 0.6316 0.7435 0.855 

TΑ  - 0.1918 0.5115 1.1508 3.0689 ∞ ∞ 

el

TΝ  - 0.1609 0.3384 0.5351 0.75423 1.0 

ekΒ  0 0.095 0.1754 0.2437 0.302 0.351 

[ ]4ekΒ  0 0.091 0.172 0.243 0.308 0.365 

 
me-5 da me-6 cxrilebSi moyvanili monacemebidan Cans, rom 

Cveni meTodikiT gaangariSebuli saTbobis fardobiTi ekonomia 

praqtikulad emTxveva [36]-is monacemebs. Mmaqsimaluri gansxvaveba 

Seadgens 0.4%-s. isic maSin rodesac adgili aqvs orTqlis arTme-

vas mcire wiliT ( 2.0=α ). 

avagoT grafiki ( )αf=Βek  ori SemTxvevisaTvis roca: 1) 

arTp =0.14 mgpa da 2) arTp =0.26 mgpa. rogorc grafikidan Cans, α –is 

gadidebisas ekΒ  izrdeba.      

                             ekΒ  

α  

Nnax. 8.  arTmeuli orTqlis wilis gavlena saTbobis fardobiT ekonomiaze; 

miRebulia: 0p =10 mgpa;  0t =550 C0 ; kp =0.004 mgpa; arTp , mgpa: 1 - 0.14;      

2 - 0.26 



maqsimums (35 37%) aRwevs, maSin roca 1=α . arTmevis wnevis 

gazrdisas (0.14-dan 0.26-mde)  ekΒ  ramdenadme mcirdeba, rac gansa-

kuTrebiT SeimCneva maSin, roca 4.0≥α . 

   ekΒ  

,0p  mgpa 

 Nnax. 9. orTqlis sawyisi wnevis gavlena saTbobis fardobiT ekonomiaze; mi-

Rebulia: ;5500
0 Ct = 14.0=arTp mgpa; .1=α  

 

nax. 9-ze mocemulia orTqlis sawyisi wnevis gavlenis da-

mokidebuleba saTbobis absolutur ekonomiaze. Aam dros sawyisi 

temperatura ucvlelia 0t =550 C0 ; grafiki agebulia, roca turbina 

muSaobs ukuwnevis reJimSi ( )1=α , roca arTmeuli orTqlis wneva 

arTp =0.14 mgpa. rogorc naxazidan Cans, roca sawyisi wneva izrde-

ba 10-dan 13 mgpa-mde, ekΒ  praqtikulad ar icvleba. roca 0p =15 

mgpa, ekΒ sidide icvleba umniSvnelod, xolo roca wneva matu-

lobs 0p =19 20 mgpa-mde, maSin aRiniSneba ekΒ -is mniSvnelobis 

gazrda - 4.5 5%-iT. 

sainteresoa ekΒ –is damokidebuleba orTqlis arTmevaTa 

ricxvze.       

miRebulia, rom ∑= 6.0 : 

roca === arTpn ;6.0;1 1α 0.14 mgpa.   

roca ==== arTpn ;2.0;4.0;2 21 αα 0.26 mgpa. 

roca ==== arTpn ;1.0;3.0;3 21 αα 0.5 mgpa. 

es nax. 10-ze Semdegnairad aisaxeba: 

                                                  ekΒ  



 

Nnax. 10. arTmeuli orTqlis raodenobis gavlena saTbobis fardobiT ekono-

miaze; miRebulia: 100 =p mgpa; ;5500
0 Ct = ∑ = .6,0α  

 

rogorc Cans, Tu gavzrdiT arTmevaTa ricxvs, magram uc-

vlels davtovebT arTmeuli orTqlis raodenobas da arTmevidan 

arTmevamde gavzrdiT orTqlis wnevas, saTbobis ekonomia Sedare-

biT Semcirdeba. Aase magaliTad: Tu arTmevaTa ricxvs gavzrdiT 

1-dan 3-mde,  ekΒ mcirdeba 25-dan 20%-mde. es amtkicebs cnobil 

faqts, rom orTqlis arTmeva teqnologiuri saWiroebisaTvis, 

roca arTp =0.5 mgpa kogeneraciis efeqturoba naklebia, vidre arT-

meva gankuTvnili gaTbobisaTvis da cxeli wyliT momaragebisT-

vis. 

gaangariSebebi Catarda aseve ΚΟΟ  (Π Τ ) tipis turbine-

bisTvis, roca orTqlis regulirebadi arTmevaTa ricxvi 2=n . 

danarCeni pirobebi igivea, rac wina angariSSi. miviReT, rom 

;24.0≅Βek  aseTive pirobebSi [36]-Si angariSiT miRebuli 233.0=Βek . 

rogorc vxedavT, gansxvaveba 3%-ia. 

ase rom warmodgenili meTodika SeiZleba gamoviyenoT ne-

bismieri tipis Tbofokaciuri turbinebiT aRWurvili  Tecis 

energoefeqturobis maCveneblebis gansazRvrisaTvis. maT Soris 

saTbobis fardobiTi ekonomiis gasagebad, romelic miiRweva 

energosistemaSi. 



 

2.3. ორთქლტურბინული კოგენერაციული სადგურების გამოკვლევა 
პროპორციული მეთოდით 

gaviangariSoT proporciuli meTodiT orTqlturbinuli 

Tecis ekonomiurobis maCveneblebi im pirobebisTvis, rodesac Ca-

sanacvlebeli saqvabis mq koeficienti 8.0=saqη , xolo kondensa-

ciuri energoblokis mq koeficienti 332.0=kesη  (Tbilsresis #3 

da #4 energoblokebis magaliTze). 

orTqlis arTmevis energetikuli koeficienti TΑ  icvleba 

0-dan kondensaciur reJimSi ( mα =0) ∞ -mde ukuwnevis reJimSi       

( mα =1 ).      

koeficienti TΝ warmoadgens turbodanadgaris fardobiT  

Tbofikaciur simZlavres. formula (35)-is gamoyenebiT TΝ -s Sede-

gebi mocemulia me-8 cxrilSi  da Sesabamisi grafikebi  

agebulia nax. 12-ze.                                                     

                                        

 

 

                  cxrili 7 

TΑ sidideebi (roca 332.0=kesη )    

                      TΑ  

ω 

α mα  

 
0.1 

 
0.2 

 
0.4 

 
0.6 

0 0 0 0 0 

0.2 0.0561 0.1029 0.1765 0.2316 

0.4 0.1497 0.2746 0.4706 0.6177 

0.6 0.3369 0.6179 1.0589 1.3899 

0.8 0.8984 1.6476 2.8238 3.7064 

0.9 2.0215 3.7072 6.3536 8.3395 

1.0 ∞  ∞  ∞  ∞  

 



 
nax. 11.  orTqlis arTmevis energetikuli koeficientis TΑ -s damokidebuleba 

mα da ω parametrebze. (miRebulia 8.0=saqη , 332.0=kesη ) 

 
                                                       cxrili 8 

TN sidideebi (roca 332.0=kesη )    

                      TΝ  

    ω 

α mα  

 
0.1 

 
0.2 

 
0.4 

 
0.6 

0.2 0.0531 0.0933 0.1500 0.1880 

0.4 0.1302 0.2154 0.3200 0.3818 

0.6 0.2520 0.3819 0.5143 0.5816 

0.8 0.4732 0.6222 0.7385 0.7875 

1.0 1.0 1.0 1.0 1.0 

N  

Nnax. 12. orTqturbinuli danadgaris fardobiTi Tbofikaciuri simZlavre 

sxvadasxva reJimebSi  (αm=0-1) ω-s oTxi mniSvnelobisTvis (
I(k)
tdη =0.4047,

emη =0,981) 

0

1

2

3

4

5

6

7

8

9

0 0,2 0,4 0,6 0,8 1

0,1

0,2

0,4

0,6

0

0,2

0,4

0,6

0,8

1

0 0,2 0,4 0,6 0,8 1

0,1

0,2

0,4

0,6



Tbofikaciuri turbodanadgaris sruli margi qmedebis koeficien-

ti da Tecis sruli margi qmedebis koeficienti iangariSeba for-

mulebiT (30), (31) [37]-dan. sadac orTqlgeneratoris mq koefi-

cienti ogη =0.9,  siTbos transportirebis mq koeficienti trη =0.98, 

sakuTar moxmarebaze eleqtroenergiis fardobiTi xarji smk =0.07. 

sr
tdη -sa  da sr

Tecη -is mniSvnelobebi Setanilia me-9 cxrilSi; 

Sesabamisi grafikebi agebulia nax. 13-ze.                           

 

 

                                                                    cxrili 9  

sr
tdη -sa  da  

sr
Tecη -is mniSvnelobebi (roca 332.0=kesη )     

 

 

mα  

 
sr
tdη  

 
sr
Tecη  

 
 
 

0 

 
 
 
 

0.4047 

 
 
 

0.332 
 
 
 
 

0.2 

 
 
 
 

0.5199 

 
 
 
 

0.4264 
 
 
 
 

0.4 

 
 
 
 

0.6358 

 
 
 
 

0.5210 
 
 
 
 

0.6 

 
 
 
 

0.7505 

 
 
 
 

0.6156 
 
 
 
 

0.8 

 
 
 
 

0.8657 

 
 
 
 

0.7101 
 
 

1.0 
 
 

0.981 
 
 

0.8047 

 
nax. 13.  orTqlis arTmevis mα  wilis gavlena Tbofikaciuri turbodanadgaris 

srul 
sr
tdη  da Tecis srul 

sr
Tecη  mq koeficientebze 

 

energosistemaSi Tecis muSaobiT ganpirobebuli saTbobis far-

dobiTi ekonomia ekΒ  gaiangariSeba formuliT (32).  

0,4

0,5

0,6

0,7

0,8

0,9

1

0 0,2 0,4 0,6 0,8 1



ekΒ -s mniSvnelobebi Setanilia me-10 cxrilSi; Sesabamisi grafiki 

agebulia nax. 14-ze.     

Tecis kerZo mq koeficientebi eleqtroenergiisa da siTbos 

gamomuSavebaze gaiangariSeba formulebiT (19), (20). Sedegebi Se-

tanilia cxrilSi 11 da grafikuli saxiT warmodgenilia nax. 15-

ze.                                         

 

                                                               

                                            cxrili 10 

ekΒ -s mniSvnelobebi (roca 332.0=kesη )     

                       
ekΒ  

 

 

 

 

 

 

 

 
Nnax. 14. grafiki Tecis funqcionirebiT gamowveuli saTbobis fardobiTi eko-

nomiis gansazRvrisaTvis - ekΒ =f ( mα ,ω) (miRebulia ,332.0=kesη    

                                               cxrili 11 
Tecis kerZo mq koeficientis sidideebi eleqtroenergiis gamomuSavebaze   

(roca 332.0=kesη )     

0

0,05

0,1

0,15

0,2

0,25

0,3

0,35

0,4

0 0,2 0,4 0,6 0,8 1

0,1

0,2

0,4

0,6

ω 

mα  

 
0.1 

 
0.2 

 
0.4 

 
0.6 

 
0.2 

 
0.0233 

 
0.0433 

 
0.0736 

 
0.0951 

 
0.4 

 
0.0477 

 
0.0852 

 
0.1389 

 
0.1751 

 
0.6 

 
0.0721 

 
0.1246 

 
0.1962 

 
0.2426 

 
0.8 

 
0.0958 

 
0.1611 

 
0.2465 

 
0.3001 

 
1.0 

 
0.1188 

 
0.195 

 
0.2913 

 
0.3496 



                    

ω 

α mα  

 
0.1 

 
0.2 

 
0.4 

 
0.6 

 
 
 

0 

 
 
 

0.332 

 
 
 

0.332 

 
 
 

0.332 

 
 
 

0.332 
 

0.2 
 

0.3399 
 

0.3470 
 

0.3584 
 

0.3669 
 

0.4 
 

0.3486 
 

0.3629 
 

0.3855 
 

0.4024 
 

0.6 
 

0.3578 
 

0.3792 
 

0.4130 
 

0.4383 
 

0.8 
 

0.3672 
 

0.3957 
 

0.4406 
 

0.4743 
 

1.0 
 

0.3767 
 

0.4124 
 

0.4685 
 

0.5124 

 

nax. 15.  proporciuli meTodiT gansazRvruli eleqtroenergiis gamomuSavebaze 

Tecis kerZo mq koeficientis damokidebuleba mα  
da ω parametrebze 

(miRebulia ,332.0=kesη 8.0=saqη )  

                                                              cxrili 12 
Tecis kerZo mq koeficientis sidideebi siTbos gamomuSavebaze            (ro-

ca 332.0=kesη )      

                      

sT
Tecη  

ω 

mα  

 
0.1 

 
0.2 

 
0.4 

 
0.6 

0 0.8 0.8 0.8 0.8 

0.2 0.8191 0.8362 0.8635 0.8841 

0.4 0.8401 0.8745 0.9290 0.9698 

0.6 0.8622 0.9139 0.9953 1.0562 

0.8 0.8848 0.9536 1.0617 1.1430 

1.0 0.9078 0.9939 1.1288 1.2300 

 

el
Tecη
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   cxrili 13 
saTbobis kuTri xarjebis mniSvnelobebi eleqtroenergiis gamomuSavebaze   

(roca 332.0=kesη )      

                   el
Tecb , kgp.s./(kvt.sT) 

 

 

 

 

 

 

.   

 

 

 

 

 
 
 
nax. 16. proporciuli meTodiT gansazRvruli eleqtroenergiis gamomuSavebaze  

saTbobis kuTri xarjis damokidebuleba mα α da ω  parametrebze  

 (miRebulia ,332.0=kesη )8.0=saqη
 

                                                                 

 

                                                                cxrili 14 
saTbobis kuTri xarjebis mniSvnelobebi siTbos gamomuSavebaze             

(roca 332.0=kesη )     

                       
sT
Tecb , kgp.s./gj  

 

 

 

 

 

ω 

mα  

 
0.1 

 
0.2 

 
0.4 

 
0.6 

 
 

0.2 
 
 

0.3619 
 
 

0.3545 
 
 

0.3432 
 
 

0.3352 
 
 
 

0.4 

 
 
 

0.3528 

 
 
 

0.3389 

 
 
 

0.3191 

 
 
 

0.3057 
 
 
 
 

0.6 

 
 
 
 

0.3438 

 
 
 
 

0.3244 

 
 
 
 

0.2978 

 
 
 
 

0.2806 
 
 

0.8 
 
 

0.3349 
 
 

0.3108 
 
 

0.2792 
 
 

0.2593 
 
 
 

1.0 

 
 
 

0.3265 

 
 
 

0.2984 

 
 
 

0.2625 

 
 
 

0.2410 

ω 

mα  

 
0.1 

 
0.2 

 
0.4 

 
0.6 

 
0.2 

 
41.63 

 
40.78 

 
39.49 

 
38.57 

 
0.4 

 
40.59 

 
38.39 

 
36.71 

 
35.16 

 
0.6 

 
39.55 

 
37.31 

 
34.26 

 
32.28 

 
0.8 

 
38.54 

 
35.76 

 
32.12 

 
29.83 

 
1.0 

 
37.56 

 
34.31 

 
30.21 

 
27.72 
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nax. 17. proporciuli meTodiT gansazRvruli siTbos gamomuSavebaze saTbobis 

kuTri xarjis damokidebuleba mα  da ω  parametrebze  (miRebulia 

,332.0=kesη 8.0=saqη ) 

 
  saTbobis kuTri xarjebi TecSi eleqtroenergiisa da siTbos 

gamomuSavebaze gaiangariSeba formulebiT (17) da (18). Sedegebi 

Setanilia me-13 da me-14 cxrilebSi da grafikuli saxiT warmod-

genilia nax. 16-ze da nax. 17-ze.                                            

gaviangariSoT proporciuli meTodiT orTqlturbinuli 

Tecis ekonomiurobis maCveneblebi im pirobebisTvis, rodesac Ca-

sanacvlebeli saqvabis mq koeficienti ηsaq=0.8, xolo kondensa-

ciuri energoblokis mq koeficienti ηkes=0.37 (Tbilsresis #9 

energoblokis magaliTze).  

orTqlis arTmevis energetikuli koeficienti  TΑ  icvleba 

0-dan kondensaciur reJimSi ( mα =0 ) ∞ -mde ukuwnevis reJimSi      

( mα =1 ).            
                                      cxrili 15 

TΑ sidideebi (roca 37.0=kesη )     

                  TΑ  

ω 

mα  

 
0.1 

 
0.2 

 
0.4 

 
0.6 

 
0   

 
0 

 
0 

 
0 

 
0 

 
0.2 

 
0.0504 

 
0.0924 

 
0.1583 

 
0.2078 

 
0.4 

 
0.1343 

 
0.2464 

 
0.4222 

 
0.5542 

 
0.6 

 
0.3023                                                                                                                                                                                                                                                                                                                                                                                                                                          

 
0.5543 

 
0.9500 

 
1.2469 
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1.8136   

 
3.3259 
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7.4817 

 
1.0 

 
∞  

 
∞  

 
∞  

 
∞  

 

 

 

 

 

 

 

nax. 18.  orTqlis arTmevis energetikuli koeficientis TΑ -s damokidebuleba 

mα  
da ω parametrebze (miRebulia 8.0=saqη , 37.0=kesη ) 

  cxrili 16 

TN sidideebi (roca 37.0=kesη )     

                                             TN  

ω 

mα  

 
0.1 

 
0.2 

 
0.4 

 
0.6 
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0.0480 
 

0.0846 
 

0.1367 
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0.4872 
 

0.5549 
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0.7170 
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Nnax. 19. orTqturbinuli danadgaris fardobiTi Tbofikaciuri simZlavre 

sxvadasxva reJimebSi  (αm=0-1) ω-s oTxi mniSvnelobisTvis (
I(k)
tdη =0.4511,  

emη =0,981) 

sr
tdη -sa  da  sr

Tecη -is mniSvnelobebi Setanilia cxrilSi 17; Sesaba-

misi grafikebi agebulia nax. 20-ze.            

                                                             cxrili 17 
sr
tdη -sa  da  

sr
Tecη -is mniSvnelobebi (roca 37.0=kesη )     

mα   
 

 
 
 

0 

 
 
 

0.4511 

 
 
 

0.37 
 
 
 

0.2 

 
 
 
 

0.5571 

 
 
 
 

0.4570 
 
 
 

0.4 

 
 
 
 

0.6631 

 
 
 
 

0.5439 
 
 
 

0.6 

 
 
 

0.7690 

 
 
 

0.6308 
 
 
 

0.8 

 
 
 

0.8750 

 
 
 

0.7177 
 
 
 

1.0 

 
 
 

0.9810 

 
 
 

0.8047 

 
 

 

 
nax. 20.  orTqlis arTmevis αm wilis gavlena Tbofikaciuri turbodanadgaris 

srul 
sr
tdη  da Tecis srul 

sr
Tecη  mq koeficientebze 

 
                                            cxrili 18 

ekΒ -s mniSvnelobebi (roca 37.0=kesη )     

                  ekΒ  

ω 

mα  

 
0.1 

 
0.2 

 
0.4 

 
0.6 

 
0.2 

 
0.0195 

 
0.0363 

 
0.0620 

 
0.0802 



  

 

  

 
 
 

   

  

 

 
 

        
 
 

                                                                                                                              
 
 
 
 
 
 

        
 

  

 
 

    

 Nnax .21. grafiki Tecis funqcionirebiT gamowveuli saTbobis fardobiTi  

ekonomiis gansazRvrisaTvis - ekΒ =f ( mα ,ω) (miRebulia ,37.0=kesη  

 

                                                             cxrili 19 
Tecis kerZo mq koeficientis sidideebi eleqtroenergiis gamomuSavebaze    

(roca 37.0=kesη )     

ω 

mα  

 
0.1 

 
0.2 

 
0.4 

 
0.6 

 
 
 

0 

 
 
 

0.37 

 
 
 

0.37 

 
 
 

0.37 

 
 
 

0.37 
 
 

0.2 
 
 

0.3774 
 
 

0.3839 
 
 

0.3944 
 
 

0.4023 
 
 
 

0.4 

 
 
 

0.3855 

 
 
 

0.3985 

 
 
 

0.4193 

 
 
 

0.4349 
 
 
 

0.6 

 
 
 

0.3938 

 
 
 

0.4135 

 
 
 

0.4446 

 
 
 

0.4679 
 
 

0.8 
 
 

0.4026 
 
 

0.4288 
 
 

0.4700 
 
 

0.5010 
 
 
 

1.0 

 

 

0.4115 
 

 

0.4442 
 

 

0.4958 
 

 

0.5344 

         
 

 

         
 
 
 

         
 

 
0.4 

 
0.0401 

 
0.0716 

 
0.1177 

 
0.1492 

 
0.6 

 
0.0605 

 
0.1053 

 
0.1678 

 
0.2092 

 
0.8 

 
0.0809 

 
0.1371 

 
0.2129 

 
0.2615 

 
1.0 

 
0.1009 

 
0.1671 

 
0.2537 

 
0.3076 
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nax. 22.  proporciuli meTodiT gansazRvruli eleqtroenergiis gamomuSave-

baze Tecis kerZo mq koeficientis damokidebuleba mα  
da ω parame-

trebze (miRebulia ,37.0=kesη 8.0=saqη ) 

                                                  cxrili 20 

Tecis kerZo mq koeficientis sidideebi siTbos gamomuSavebaze (roca 37.0=kesη )     

                    
sT
Tecη  

 

 

                                                cxrili 21 
saTbobis kuTri xarjebis mniSvnelobebi eleqtroenergiis gamomuSavebaze   

(roca 37.0=kesη )     

                      

el
Tecb , kgp.s./(kvt.sT) 

 

 

 

 

 

ω 

mα α 

 
0.1 

 
0.2 

 
0.4 

 
0.6 

0 0.8 0.8 0.8 0.8 

0.2 0.8159 0.8301 0.8529 0.8697 

0.4 0.8334 0.8617 0.9067 0.9403 

0.6 0.8515 0.8941 0.9613 1.0116 

0.8 0.8704 0.9271 1.0164 1.0833 

1.0 0.8979 0.9605 1.0719 1.1554 

ω 

mα α 

 
0.1 

 
0.2 

 
0.4 

 
0.6 

 
0.2 

 
0.3259 

 
0.3204 

 
0.3119 

 
0.3057 

 
0.4 

 
0.3191 

 
0.3086 

 
0.2933 

 
0.2828 

 
0.6 

 
0.3123 

 
0.2975 

 
0.2766 

 
0.2629 

 
0.8 

 
0.3055 

 
0.2868 

 
0.2617 

 
0.2455 

 
1.0 

 
0.2989 

 
0.2769 

 
0.2481 

 
0.2302 



 
 

nax. 23. proporciuli meTodiT gansazRvruli eleqtroenergiis gamomuSavebaze  

saTbobis kuTri xarjis damokidebuleba mα α da ω  parametrebze  (mi-

Rebulia ,37.0=kesη )8.0=saqη
 

                                                     cxrili 22 
saTbobis kuTri xarjebis mniSvnelobebi siTbos gamomuSavebaze             

(roca 37.0=kesη )     

                  

sT
Tecb , kgp.s./gj

 
 

 

 

 

 

 

 

 

0,22
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e
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T
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ω 

mα α 

 
0.1 

 
0.2 

 
0.4 

 
0.6 

 
0.2 

 
41.79 

 
40.08 

 
39.98 

 
39.21 

 
0.4 

 
40.92 

 
39.57 

 
37.61 

 
36.26 

 
0.6 

 
40.05 

 
38.14 

 
35.47 

 
33.71 

 
0.8 

 
39.18 

 
36.78 

 
33.55 

 
31.48 

 
1.0 

 
37.98 

 
35.50 

 
31.81 

 
29.51 



nax. 24. proporciuli meTodiT gansazRvruli siTbos gamomuSavebaze saTbobis 

kuTri xarjis damokidebuleba mα  da ω parametrebze (miRebulia 

,37.0=kesη 8.0=saqη )
 

gaviangariSoT proporciuli meTodiT orTqlturbinuli 

Tecis ekonomiurobis maCveneblebi im pirobebisTvis, rodesac Ca-

sanacvlebeli saqvabis mq koeficienti ηsaq=0.8, xolo kondensaci-

uri energoblokis mq koeficienti ηkes=0.46. 

orTqlis arTmevis energetikuli koeficienti TΑ  icvleba 

0-dan kondensaciur reJimSi ( mα =0 ) ∞ -mde ukuwnevis reJimSi      

( mα =1 ).             

 

                                                  cxrili 23 

TA sidideebi (roca 46.0=kesη )     

               TΑ
 

ω 

mα α 

 
0.1 

 
0.2 

 
0.4 

 
0.6 

 
0 

 
0 

 
0 

 
0 

 
0 

 
0.2 

 
0.0405 

 
0.0743 

 
0.1274 

 
0.1672 

 
0.4 

 
0.1081 

 
0.1982 

 
0.3396 

 
0.4458 

 
0.6 

 
0.2431 

 
0.4459 

 
0.7642 

 
1.0030 

 
0.8 

 
0.6483 

 
1.1890 

 
2.0378 

 
2.6747 

 
0.9 

 
1.4588 

 
2.6753 

 
4.5850 

 
6.0182 

 
1.0 

 

∞  

 

∞  

 

∞  

 

∞  

 

 



 nax. 25.  orTqlis arTmevis energetikuli koeficientis TΑ -s damokidebuleba  

mα  
da ω parametrebze (miRebulia 8.0=saqη , 46.0=kesη ) 

                                       cxrili 24 

TN sidideebi (roca 46.0=kesη )     

                                 TΝ  
ω 

mα α 

 
0.1 

 
0.2 

 
0.4 

 
0.6 

 
0.2 

 
0.0389 

 
0.0692 

 
0.113 

 
0.1432 

 
0.4 

 
0.0975 

 
0.1654 

 
0.2535 

 
0.3083 

 
0.6 

 
0.1955 

 
0.3084 

 
0.4332 

 
0.5007 

 
0.8 

 
0.3933 

 
0.5432 

 
06708 
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Nnax. 26. orTqturbinuli danadgaris fardobiTi Tbofikaciuri simZlavre 

sxvadasxva reJimebSi  (αm=0-1) ω-s oTxi mniSvnelobisTvis (
I(k)
tdη =0,5608, 

emη =0,981) 

 

                                              cxrili 25 
sr
tdη -sa  da  

sr
Tecη -is mniSvnelobebi (roca 46.0=kesη )     

 

mα  
 
sr
tdη  

 
sr
Tecη  

 
 
 
 

0 

 
 
 
 

0.5608 

 
 
 
 

0.46 
 
 
 
 
 

0.2 

 
 
 
 
 

0.6448 

 
 
 
 
 

0.5289 
 
 
 
 

0.4 

 
 
 
 

0.7289 

 
 
 
 

0.5979 
 
 
 
 

0.6 

 
 
 
 

0.8129 

 
 
 
 

0.6668 
 
 
 
 

0.8 

 
 
 
 

0.8970 

 
 
 
 

0.7358 
 
 
 
 

1.0 

 
 
 
 

0.981 

 
 
 
 

0.8047 

 
nax. 27.  proporciuli meTodiT gansazRvruli eleqtroenergiis gamomuSave-

baze Tecis kerZo mq koeficientis damokidebuleba mα  
da ω parame-

trebze (miRebulia ,46.0=kesη 8.0=saqη ) 

 
                                                    cxrili 26 

ekΒ -s mniSvnelobebi (roca 46.0=kesη )     

               ekΒ  

0,4

0,5

0,6

0,7
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0,9

1
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0.0127 

 
0.0236 

 
0.0404 

 
0.0527 
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0.0265 

 
0.0473 

 
0.0788 

 
0.1009 



 

 
Nnax. 28. grafiki Tecis funqcionirebiT gamowveuli saTbobis fardobiTi eko-

nomiis gansazRvrisaTvis - ekΒ =f ( mα ,ω) (miRebulia )46.0=kesη  

                                               
                                                      cxrili 27 

Tecis kerZo mq koeficientis sidideebi eleqtroenergiis gamomuSavebaze    

(roca 46.0=kesη )     

              
ω 

mα α 
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0.6 

 
0.0404 

 
0.0705 

 
0.1145 

 
01448 

 
0.8 

 
0.0544 

 
0.0932 

 
0.148 

 
0.185 

 
1.0 

 
0.0685 

 
0.1149 

 
0.1792 

 
0.2216 



 
 
nax. 29.  proporciuli meTodiT gansazRvruli eleqtroenergiis gamomuSave-

baze Tecis kerZo mq koeficientis damokidebuleba mα  
da ω parame-

trebze (miRebulia ,46.0=kesη 8.0=saqη ) 

                                                 cxrili 28 
Tecis kerZo mq koeficientis sidideebi siTbos gamomuSavebaze            (ro-

ca 46.0=kesη )     

                 
sT
Tecη  

ω 

mα α 

 
0.1 

 
0.2 

 
0.4 

 
0.6 

 
0   

 
0.8 

 
0.8 

 
0.8 

 
0.8 

 
0.2 

 
0.8103 

 
0.8193 

 
0.8337 

 
0.8445 

 
0.4 

 
0.8218 

 
0.8397 

 
0.8684 

 
0.8898 

 
0.6 

 
0.8337 

 
0.8607 

 
0.9034 

 
0.9354 

 
0.8 

 
0.8460 

 
0.8822 

 
0.9390 

 
0.9816 

 
1.0 

 
0.8588 

 
0.9038 

 
0.9746 

 
1.0277 

cxrili 29 
saTbobis kuTri xarjebis mniSvnelobebi eleqtroenergiis gamomuSavebaze  

(roca 46.0=kesη )     

                 

el
Tecb , kgp.s./(kvt.sT)            
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0.2528 

 
0.2425 

 
0.2278 

 
0.2179 

 
1.0 

 
0.2491 

 
0.2367 

 
0.2195 

 
0.2081 



 

 
 
nax. 30. proporciuli meTodiT gansazRvruli eleqtroenergiis gamomuSavebaze  

saTbobis kuTri xarjis damokidebuleba mα α da ω  parametrebze  (mi-

Rebulia ,46.0=kesη 8.0=saqη ) 

cxrili 30 
saTbobis kuTri xarjebis mniSvnelobebi siTbos gamomuSavebaze             

(roca 46.0=kesη )     

                  

sT
Tecb , kgp.s./gj                

 

 

 

 

 

 
nax. 31. proporciuli meTodiT gansazRvruli siTbos gamomuSavebaze saTbobis 

kuTri xarjis damokidebuleba mα  da ω  parametrebze (miRebulia 

,46.0=kesη 8.0=saqη )
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nax. 32. saTbobis fardobiTi ekonomiis damokidebuleba orTqlturbinul Tec-

Si Casanacvlebeli kes-is mq koeficientze (miRebulia ω= 0.4) 
 

 

 

 

 

 

 

 

nax. 33. saTbobis fardobiTi ekonomiis damokidebuleba orTqlturbinul Tec-

Si Casanacvlebeli kes-is mq koeficientze (miRebulia ω= 0.6) 
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nax. 34. otd-Tecis sruli mq koeficientis orTqlis arTmevis wilze damokide-
buleba 

nax. 32-Si warmodgenilia saTbobis fardobiTi ekonomiis damoki-

debuleba enrgosistemaSi Casanacvlebeli kesis mq koeficientze 

sxvadasxva pirobebSi, sxvadasxva pirobebSi, kesη  
icvleba 0,332-dan 

0,46 diapazonSi, αm-is ori mniSvnelobisTvis (0,8 da 1) da ω-s ori 

sididisaTvis (0,4 da 0,6). 
 

 

2.4. კოგენერაციაში კეს-ის ტურბინების გამოყენების ეფექტურობა 
 

kogeneracia Tec-Si warmoadgens momxmareblebis energomo-

maragebis gacilebiT efeqtur saSualebas, vidre gancalkevebul 

sqemebTan (kes-i da raionuli saqvabe). amasTan erTad kombinire-

buli energomomarageba mcire Tburi datvirTvebis dros momxma-

reblebisaTvis SeiZleba ganxorcieldes kes-dan siTbos gacemiT 

turbinis araregulirebadi arTmevidan. 

kes-is muSaobis efeqturobas, roca xdeba momxmarebelze 

ori saxis energiis (Tburi da eleqtruli) miwodeba, afasebdnen 

moZvelebuli fizikuri meTodiT. dReisaTvis Tec-is teqnikur-

ekonomikuri gaangariSeba fizikuri meTodiT Secvlilia ОРГРЭС-

is meTodiT, romelic efuZneba momxmarebelze miwodebuli da 

ukan dabrunebuli orTqlis energoRirebulebiT. [38] statiaSi 

mocemulia mcdeloba am meTodiT Sefasdes kes-is efeqturoba. 

Tbilsresis energoblokis sqema mocemulia nax. 35-ze. 

(cifrebi miuTiTebs arTmevebis nomrebs). turbina K-150-130 Sedgeba 

m.w.c da ornakadiani d.w.c-gan. orTqlis sawyisi parametrebia: 

=0p 12,75 mgpa, =0t 565 C0 . Sualeduri gadaxurebis parametrebia: 

='
Sgp 2,793 mgpa, ='

Sgt 565 .0 C  kondensatorSi orTqlis wneva      

=kp 0,00343 mgpa. sakvebi wylis temperatura - 229 C0 . energobliki 

muSaobs airad saTbobze; qvabis realuri mq koeficienti Seadgens 

90%-s, Tumca saangariSo sidide Seadgens 91,4%-s bunebriv airze 



muSaobisas, energoblokis saangariSo mq koeficienti Seadgens 

dRevandel pirobebSi 33,2% kondensaciur reJimSi.  

 

 
 

nax. 35. kondensaciuri K-150-130 turbinis principuli Tburi sqema 
 

Tbur sqemaSi aris orTqlis araregulirebadi arTmeva, d.w.c.-dan 

parametrebiT −ap 0,142 mgpa, =at 210 C0 . am orTqliT xdeba ПСВ-500-

-23 tipis SemTbobSi qselis wylis SeTboba. qselis wylis xarji 

aris 376 m3/sT-Si. Tburi datvirTva am dros Seadgens =TQ 25,14 

mgvt, qselis temperaturuli grafiki ki 130/70 C0 -ia. 

teqnikur-ekonomikuri maCveneblebis gaangariSeba momxmare-

belTan gacemuli siTbos gaTvaliswinebiT Sesrulebulia [38] me-

Todikis gamoyenebiT.   

 



 
 

nax. 36. Tburi procesi K-150-130 turbinisTvis is – diagramaze. 
 
amasTan eleqtruli mq koeficienti neto aris 33,2%, xolo saT-

bobis kuTri xarji siTbos gacemaze Sead-gens 36,59 kg/gj. teqni-

kur-ekonomikuri maCveneblebis gaangariSeba Sesrulebulia 

ОРГРЭС-is [39] meTodiT, rogorc pirobiTi ise naturaluri saT-

bobisaTvis. blokis nominaluri eleqtruli simZ-lavre  =Νel 150 

mgvt. amJamad #3 da #4 energoblokebis fizikuri da moraluri 

moZvelebis gamo maT realur simZlavred miRebulia 130÷135 mgvt. 

Cven gaangariSebaSi aviReT 133 mgvt. eleqtroenergiis xarjs sa-

kuTar moxmarebaze viRebT =s.mЭ 5%.  

turbinaze orTqlis xarji momxmareblebze miwodebuli 

siTbos xarjis gaTvaliswinebiT gaiangariSeba formuliT: 
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                                                   (42) 



sadac, −rk aris regeneraciis koeficienti; −Νel turbinis eleq-

truli simZlavre; −iH turbinaSi gamoyenebuli Tbovardna; 

gm  da ηη -Sesabamisad meqanikuri da generatoris mq koeficientebi. 

−Ty ukmargamomuSavebis koeficienti; −TD arTmeuli orTqlis 

Tbofikaciuri xarji. 

orTqlis xarji qselis SemTbobze iangariSeba  

 
                      (43)                                                                 

 

sadac −TQ aris Tburi datvirTva, −k33  da hh aris Tbofikaciuri 

arTmevisas orTqlisa da kondensatis enTalpia. −danη koeficienti, 

romelic iTvaliswinebs danakargebs qselis SemTbobSi. Tu mivi-

RebT, rom =TQ 25,14 mgvt, =3h 2893,3 kj/kg, =k3h 449,7 kj/kg, =danη 0,98 

miviRebT =TD 10,5 t/sT. 

eleqtroenergiis ukmargamomuSavebis koeficienti gaiangari-

Seba formuliT: 

                                                                                                                                                                                                                
                    (44) 

 

sadac −k0   da  hh aris uxmari orTqlisa da turbinis kondensa-

torSi  orTqlis enTalpia. −∆ Sgh Tbovardnis gadideba orTqlis 

Sualedur gadaxurebaze (mas sazRvraven, rogorc gadaxurebis 

win da mis Semdeg enTalpiaTa sxvaobiT =∆ Sgh

445,33161,7360710 - =−== hh kj/kg). h-s diagramidan aviRoT turbinaSi 

orTqlis sawyisi enTalpia =0h 3607kj/kg, =∆ Sgh 445,3kj/kg, mivi-

RebT: rom =Ty 0,297.  

qvabagregatze siTbos xarji gamoiTvleba formuliT: 

                                          
             (45)                          
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sadac 10 DDD −=o1 aris orTqlis xarji Sualedur gadaxurebaze. 

−1D aris orTqlis xarji regeneraciul SemTbobSi [40]. −s.w.h aris 

sakvebi wylis enTalpia. Tu CavsvamT (45) gamosaxulebaSi      

=1D 113,86 kg/wm da Sesabamis enTalpiebs =0h 3519 kj/kg,        

=s.w.h 993kj/kg, =∆ Sgh 445,3 kj/kg, miviRebT =qvQ 353,1 mgvt. 

qvabagregatSi damwvari saTbobis xarji iqneba 
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sadac −saqη aris qvabagregatis mq koeficienti, −m
udQ aris pirobi-

Ti saTbobis dawvis udablesi siTbo, roca =qvQ 353,1 mgvt, =saqη

0,9, maSin =m
udQ 29300 kj/kg gvaqvs =B 13,39 kg/wm. 

siTbos danakargebis qvabidan turbinamde orTqlis trans-

portirebisas, agreTve orTqlis gaparvebis gamo Tbur sqemaSi  (

=trη 0,98) siTbos xarji eleqtroenergiis gamomuSavebaze iqneba 

toli: =−⋅= Ttrqvel QQQ η 353,126⋅0,98-25,14=321 mgvt. 

eleqrtoenergiisa da Tburi energiis kombinirebuli gamo-

muSavebisas damatebiTi ekonomia tolia ),1( TTel ξ−=∆ QQ sadac Tξ

aris TbofikaciisTvis gamoyenebuli araregulirebadi arTmevis  

siTbos Rirebulebis koeficienti gaiangariSeba formuliT:  

 

 
 (47)                      
 

 

aq miRebulia, rom sqemuri koeficienti =sqk 0,44, =Ty 0,297 da Se-

sabamis enTalpiaTa mniSvnelobebi ,0h 3h  da Sgh∆ , maSin    =∆ elQ
25,14⋅(1-0,337)=16,67 mgvt.

 
koeficienti, romelic iTvaliswinebs eleqtroenergiis ga-

momuSavebaze daxarjuli saTbobis wils, gamoiTvleba formuliT 
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       (48) 

 

CavsvaT am formulaSi =elQ 321 mgvt, =∆ elQ 16,67 mgvt da =TQ 25,14 

mgvt, miviRebT =elk 0,931. amasTan saTbobis xarji eleqtroener-

giisa da siTbos gamomuSavebaze iqneba toli == elel BkB

=13,39⋅0,931=12,47 kg/wm, roca =saqη 0,9. 

kes-is mq koeficienti eleqtroenergiis gamomuSavebaze elη

da saTbobis kuTri xarjebi orive saxis energiis gamomuSavebaze 

- elb  da Tb  ganisazRvreba Semdegi formuliT: 

              (49)
 

 

 

                                
=elb 0,123/ elη =0,3592 kg/(kvt.sT);                     (50)

 
 

                     TT Bb = ⋅103/ =bQT 36,59kg/gj,                         (51) 

 

sadac −s.mЭ aris kes-is sakuTar moxmarebaze daxarjuli eleq-

troenergiis wili (miiReba 5%). 

kes-is mocemuli parametrebiT Tec-is fizikuri meTodiT an-

gariSma gviCvena, rom =elη 0,3424; =elb 0,3592; =Tb 36,59 kg/gj.  

                                     

                                                                     

 

cxrili 31 
 

Tbilsresis energoblokis kogeneraciis mizniT gamoyenebis efeqturo-
bis maCveneblebi 

,elN mgvt
 saqη  teqnikur-ekonomikuri maCveneblebi 

 
 

      133 

 
 
 
 
 
 
 
 
 
 

0,9 

elη  _ 0,3424 

elb  kgp.s./(kvt.sT) 0,3592 

Tb  kgp.s./gj 36,59 
 
 
 
 
 
 
 
 
 
 
 
 
 

150 
 

 
 
 
 
 
 
 
 
 
 
 
 

0,914 

elη  _ 0,3922 

elb  kgp.s./(kvt.sT) 0,3136 

Tb  kgp.s./gj 36,20 

.
Telel

elel

el QQQ
QQ

k
+∆+

∆+
=

;
)1(

0,3424
2930012,47

0,06)(1133000
m
udel

s.mel

el =
⋅

−⋅
=

−⋅Ν
=

QB
Э

η



 

                                                  

 
31-e cxrilSi mocemulia Tec-is da kes-is angariSi pirobiTi 

da naturaluri saTbobisaTvis, roca mq koeficienti aiReba 0,9 

da 0,914.  

ganvsazRvroT saTbobis fardobiTi ekonomia kondensaciuri 

turbinis Tbofikaciurad gadakeTebis gamo - energomomaragebis 

gancalkevebul meTodTan SedarebiT. 

 

13,6
293000.332

133000
kes =

⋅
=B  kgp.s./wm,  

  

kgp.s./wm. 0,953
293000,9

25140
saq =

⋅
=B  

 
 

 

0,08.0,0799
14,553

13,3914,553
ek ==

−
=B

 
 

 
amave formulebiT (32), (46) viangariSeT saTbobis fardobiTi eko-

nomia, roca =elN 150 mgvt da =saqη 0,914 da gaangariSebis Sedegad 

miviReT: kgp.s./wm, 0saq 939,=B    kgp.s./wm, 1ganc 21,6=B     0,186ek =B  

  

kondensaciuri turbinebis gamoyeneba kogeneraciisTvis gan-

xilul or SemTxvevaSi gvaZlevs saTbobis fardobiT ekonomias a) 

8 % da b) 18,6 %. 

ganvsazRvroT pirobiTi saTbobis da bunebrivi airis wli-

uri ekonomia da fuladi saxsrebis saTanado ekonomia Semdegi 

variantebisTvis: roca 1- =elN 133 mgvt, =blη 33,2 % da 2- =elN 150 

mgvt, =blη 33,53% im pirobebSi, roca energoblokis muSaobis 

wliuri xangrZlivoba Seadgens: τ=6000 sT, τ=7000 sT, τ=8000 sT.  
 

kgp.s./wm. 15,27kes =B

kgp.s./wm, 14,5530,95313,6ganc =+=B



 

 
 
 
 

cxrili 32 
 

bunebrivi airis da mis SeZenaze fuladi saxsrebis ekonomiis maCveneblebi 
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nax. 37. saTbobis wliuri ekonomiis Rirebulebis damokidebuleba energoblo-

kis muSaobis wliur xangrZlivobaze, roca цa= 0,143 dol/m3 da 1 - =elN

133 mgvt, =blη 33,2 % da 2 - =elN 150 mgvt, =blη 33,53 % 

 

pirvel SemTxvevaSi bunebrivi airis SeZenaze wliuri ekonomia 

Seadgens 3÷4 mln. dol/wl, meore variantSi es ekonomia gacile- 
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biT metia da icvleba diapazonSi 7,7÷10,2 mln. dol/wl. 

 
 

 
 

თავი III. აირტურბინული დანადგარების და შიგაწვის 
ძრავების გამოყენება კოგენერაციაში 

 
3.1. სხვადასხვა ტიპის  თეცების ზოგადი დახასიათება და 

ენერგეტიკული ეფექტურობის შედარებითი ანალიზი 

airturbinuli Tecebis gamoyenebis SesaZleblobis ganxil-

vis aqtualuroba gamowveulia upirvelesyovlisa energosistemeb-

Si maRalekonomiuri eleqtrosadgurebis Seqmnis aucileblobiT, 

romlebsac eqnebaT maRali manevrirebis Tvisebebi, aseve imasTan 

dakavSirebiT, rom sul ufro mwvaved dgas problemebi SedarebiT 

patara qalaqebis Tburi datvirTvis dasafaravad. 

airturbinuli danadgarebi adre ZiriTadad eleqtruli 

datvirTvis cvladi nawilis dasafaravad gamoiyeneboda [28]. air-

turbinuli danadgarebis Tburi ekonomiuroba mniSvnelovnad 

izrdeba, roca warmavali airebis siTbos iyeneben Tbomomaragebis 

miznebisTvis.  

airturbinuli danadgarebi kogeneraciul sistemebSi SeiZ-

leba gamoviyenoT: 1) eleqtroenergetikul sistemebSi cvladi 

eleqtruli datvirTvebis gadasafaravad, rogorc samanevro da-

nadgarebi. 2) rogorc bazisuri danadgarebi zomieri eleqtru-li 

simZlavriT.   

airturbinul Tecis gamoyenebis optimaluri areebis gan-

sazRvrisaTvis aucilebelia gamovavlinoT maTi efeqturoba qa-

laqebisa da samrewvelo centrebis gancalkevebuli sqemiT ener-

gomomaragebasTan SedarebiT.  

Tbomomaragebis sistemebSi atd-ebis gamoyeneba uzrunvel-

yofs ekonomiurobis mniSvnelovnad amaRlebas: mq koeficienti 

izrdeba 35÷ 38%-dan (maTi avtonomiurad muSaobisas) 60÷80%-mde, 



e.i. ekonomiurobis maCveneblebi uaxlovdeba Tanamedrove 

orTqlturbinul Tecebis maCveneblebs (zogjer aWarbebs kidec). 

unda aRiniSnos, rom saTbobis gamoyenebis mq koeficienti sru-

lad ar axasiaTebs Tbofikaciuri atd-ebis Tbur ekonomiurobas, 

saTbobis gamoyenebis mq koeficienti naklebadaa damokidebuli 

danadgaris eleqtrul mq koeficientze elη
 
da Sesabamisad mis 

eleqtrul simZlavreze Tbofikaciuri atdebi-saTvis, iseve ro-

gorc sxva saxis Tbofikaciuri energodanadgare-bisaTvis, ekono-

miurobis ZiriTad maCveneblad iTvleba saTbobis ekonomia 1 mgvt 

Tburi datvirTvaze gancalkevebul sqemiT momuSave danadgarTan 

SedarebiT.  

saTbierebeli at-Tecis principuli sqema mocemulia nax. 38-

ze warmavali airebis siTbos utilizacia xdeba qselis wylis 

airSemTbobSi, romelic gaTvlilia qselis wylis SeTbobaze sa-

Wiro temperaturamde. 

 

 
 

nax. 38. naxevradpikuri airturbinuli Tecis principuli sqema 

   ⋅--- qselis wyali;     ⋅⋅--- xisti wyali;     ⋅⋅⋅--- haeri;    ⋅   ⋅   ⋅ 
saTbobi;     .                   namwvi airebi; impulsuri xazebi;    
t-temperatura; p-wneva;  



I-regulatori, II-urduli eleqtroamZraviT; 1-kompresori; 2-wvis kamera; 
3-airis turbina; 4-qselis wylis airuli SemTbobi; 5-wyal-wyliani SemT-
bobi; 6-vakuumuri deaeratori; 7-akumulatoruli avzebi; 8-Semberi ven-
tiliatori; 9-damatebiTi wylis tumbo; 10-maregulirebeli tumbo; 11-
qselis tumbo 
 
 

SeiZleba aRvniSnoT, rom airturbinuli danadgarisTvis 

warmavali airebis arsebuli temperaturis donis dros Tecis 

maxasiaTeblebi praqtikulad ar aris damokidebuli Tbogadamta-

nis temperaturaze, rac qmnis imis winapirobas, rom gadavideT 

Tburi qselis ufro maRali temperaturul grafikze da Sevamci-

roT qselis wylis xarji,  rac gamoiwvevs Tburi qselebis gaia-

febas. momxmareblis saimedo Tbomomaragebis uzrunvelyofi-

saTvis, kogeneraciis optimaluri koeficientis pirobebSi, qselis 

wylis airulma SemTbobma unda uzrunvelyos siTbos gacema Sem-

deg ZiriTad reJimebSi: sautilizacio reJimSi saTbobis damate-

biTi miwodebis gareSe; avtonomiur reJimSi, roca saTbobi iwvis 

civi haeris masaSi; ciklSi saTbobis damatebiTi miwodebiT da 

misi dawviT an warmaval airebis areSi (Tu maTSi sakmarisia 

Jangbadis raodenoba) an kidev civ haerSi wviT, roca civi haeris 

miwodeba xdeba avtonomiuri reJimis ventiliatoridan. 

ganvixiloT at-Tecis umartivesi sqema, romelic mocemulia 

nax. 39-ze. 

 
nax. 39. Tbomagenerirebeli energodanadgaris umartivesi principuli sqema 

warmavali airebis Rrma gacivebiT 
1-kompresori; 2-wvis kamera; 3-airis turbina; 4-damatebiTi wvis kamera; 5-
dawneviTi ekonomaizeri; 6-wveTovani tenis separatori; 7-turbodetande- 
ri; 8-atmosferoSi gafrqveva 

 
aseTi Tecis ZiriTadi Tavisebureba imaSi mdgomareobs, rom 

wvis produqtebis siTbos dawneviTi utilizacia Tbomagenerire-



bel mowyobilobaSi xdeba maRali da dabali wnevis airis turbi-

nebs Soris traqtSi. maRali wnevis airis turbina gamoiye-neba 

kompresoris asamuSaveblad, xolo dabali wnevis airturbina 

(turbodetanderi) -eleqtrogeneratoris asaZravad, roca is 

calke lilvze aris ganTavsebuli. aseTi tipis danadgarSi siT-

bos utilizacia uzrunvelyofs gadidebul Tbur ekonomiuro-bas, 

radgan gamoiyeneba saTbobis dawvis umaRlesi siTbo. amrigad at-

Teci warmavali airebis Rrma gacivebis energodanadgarebiT war-

moadgens faqtiurad axali tipis saqvabes, romelic gamoirCeva 

Cveulebrivisagan gadidebuli ekonomiurobiT. 

aseTi danadgarebidan momxmareblebze siTbos gacemis re-

gulireba SeiZleba ganxorcieldes atd-is wvis kameraSi wylis an 

orTqlis SefrqveviT. orTqlwarmoqmnis faruli siTbos Semdgomi 

gamoyenebiT an  saTbobis wvis ganxorcielebiT warmava-li aireb-

Si maRali wnevis airturbinis Semdeg. aseve SesaZlebe-lia aRniS-

nuli meTodebis kombinacia, rac uzrunvelyofs atd-is SedarebiT 

stabilur muSaobas. erTdroulad xdeba azotis oqsidebis war-

moSobis CaxSoba. SesaZlebelia Seiqmnas ganxiluli tipis danad-

garebi 10-25 mgvt simZlavris agregatebis bazaze, romlebic ga-

moiyeneba magistralur gazsadenebze kompresorebis gazgadasaqaCi 

mowyobilobis asaZravad. amisTvis ki saWiro iqneba am agregatebis 

korpusisa da Zaluri turbinis garkveuli moculobis moderni-

zaciis Catareba. 

axali tipis at-Tecis Seqnma uzrunvelyofs pirobiTi  saT-

bobis wliur ekonomiis daaxloebiT 125 t 1 mgvt mierTebul 

Tbur datvirTvaze, anu 20-25%.  

Tbofikaciuri atd-ebis maRali Tburi ekonomiuroba da zo-

mieri kuTri kapitaldabandeba gansazrvravs maTi gamoyenebis 

efeqturobas. amasTan efeqturobis maCvenebeli damokidebuli iq-

neba at-Tecis daniSnulebaze, mierTebul Tbur datvirTvaze, mo-

wyobilobaTa Semadgenlobaze da atd-is eleqtruli simZlav-ris 



ganTavsebis pirobebze eleqtroenergetikuli sistemis jamur 

grafikSi. 

mocemuli raionis energomomaragebis optimaluri variantis 

SesarCevad saWiroa sxvadasxva variantebis teqnikur-ekonomikuri 

maCveneblebis gansazRvra da Sedareba. amas win unda uZRodes 

energomomaragebis sxvadasxva meTodebis energoefeqturobis Se-

darebiTi analizis Catareba. 

kogeneraciuli sistemebis ori varianti – airturbinuli 

blok-Tecebis da ukuwneviani turbinebiT aRWurvili orTqltur-

binuli Tecebis energoefeqturoba Sedarebulia literaturaSi 

[32,41]. Sedarebis ZiriTad kriteriumad miRebulia saTbobis far-

dobiTi ekonomia ekB , energomomaragebis gancalkeve-bul meTod-

Tan SedarebiT. nax. 40 (a)-ze Sedarebulia saTbobis fardobiTi 

ekonomia ( )ωfB =ek , romelic miiRweva energosistemaSi aRniSnuli 

ori tipis Tecis funqcionirebisas. wyvetili xaziT mocemulia 

[42]-Si gamoTvlili damokidebuleba airturbinuli blok-

TecisaTvis, roca kesη =0,37 da saqη =0,8. rogorc vxedavT, 
max
ekB am pi-

robebSi ∼40% (roca ≅ω 0,9) aRwevs. uwyveti xazebiT naCvenebia 

( )ωfB =ek  damokidebulebis (2) mrudebi Cveulebrivi TecisaTvis 

orTqlis arTmevis mα wilis sxvadasxva mniSvnelobe-bisaTvis. op-

timalur pirobebSi (ω =0,5-0,6, mα =0,9-1,0) orTqlturbi-nuli Teci 

uzrunvelyofs saTbobis maqsimalur saangariSo ekonomias, 35-37%. 

sinamdvileSi, mTeli rigi mizezebis gamo (romelTa gavlena gaa-

nalizebulia [43]-Si, saTbobis realuri ekonomia naklebia. gansa-

kuTrebiT did gavlenas axdens magistra-luri Tboqselebis 

sigrze. mcire ω -s ( ≤ω 0,4) da mα  -is ( ≤mα  0,5) dros saTbobis 

saangariSo fardobiTi ekonomia 20%-s ar aRemateba, rac ∼25%-iT 

naklebia, vidre blok-TecisaTvis yvelaze araxelsayrel piro-

bebSi (ω =0,3-0,4). unda aRiniSnos, rom blok-Tecis momxmarebleb-



Tan siaxloveSi ganlagebis gamo Tboqselebis gavlenas saTbobis 

ekonomiaze adgili ara aqvs da es ekonomia praqtikulad iseTivea, 

rogorc (a) nax. 40-zea mocemuli. 

SevadaroT axla saTbobis kuTri xarjebi elb  Cveulebriv 

Tecsa da airturbinul blok-TecSi. amasTan unda Sedardes ara 

maCvenebeli `bruto” (energiis gamomuSavebaze), aramed `neto” (ga-

cemaze), vinaidan eleqtroenergiis sakuTari moxmarebaze xarji 

mniSvnelovnad gansxvavdeba orTqlturbinul Tecsa da airturbi- 

nul blok-TecSi.  

airturbinul blok-TecebSi smk  koeficienti gacilebiT nak- 

 

nax. 40. saTbobis fardobiTi ekonomiis (a) ( )ωfB =ek da kuTri xarjebi (b) 

( )ωfb =nt
el  Sedareba orTqlturbinul Tecsa (uwyveti xazebi) da air-

turbinul blok-TecSi (wyvetili xazebi); miRebulia: ;37,0=kesη

;8,0=saqη ;9,0=ogη ;97,0=emη 98,0=trη
 

 
lebia. es imiT aixsneba, rom martivi sqemis atd-ebs, romlebiTac 

ZiriTadad aRiWurveba blok-Tecebi, ara aqvT haersacivrebi haeris 

Sualeduri gacivebisaTvis, agreTve mkvebavi da kondensatis tum-

boebi, kvamlmwovebi da sxv. amitom maTTvis rekomendebulia [44] 

miviRoT smk =0,01-0,015. amave dros im SemTxvevaSi, rodesac atd mu-

Saobs bunebriv airze da blok-Tecis ganlagebis zonaSi ar gadis 



maRali wnevis airsadeni, saWiro xdeba damatebiT airsaWirxni 

kompresoris dayeneba. es zrdis eleqtroenergiis xarjs sakuTar 

moxmarebaze 3-3,5%-mde. magaliTad, [45]-Si miRebu-lia smk =3,35. Cven 

gaangariSebebSi miviRoT saSualo mniSvneloba %2≅smk , vinaidan 

blok-Teci imuSavebs rogorc airad, aseve Txevad saTbobze. 

nax. 40-ze (b) Sedarebulia nt
elb -is mniSvnelobebi orTqlturbi 

nul Tecsa da airturbinul blok-TecSi. amasTan Cveulebrivi 

TecisaTvis gamoiyenebulia [35]-Si miRebuli monacemebi, xolo 

blok-TecisaTvis – formula (14) [29].  gaangariSebebSi miRebulia: 

blok-TecisaTvis smk =0,02, TecisaTvis smk =0,07; ogη =0,9, trη =0,98, 

emη =0,97. eleqtroenergiis kuTri gamomuSaveba siTbos moxmarebis 

bazaze icvleba TecisTvis 0,1-dan 0,6-mde [44],   blok-TecisaTvis 

– 0,4-dan∼0,9-mde [29]. 

moyvanili grafikidan Cans, rom fizikuri meTodis gamoyene-

biT gaangariSebuli nt
elb  sidideebi arsebiTad gansxvavdeba Cveu-

lebriv Tecsa da airturbinul blok-TecSi. pirvelisTvis nt
elb -is 

saSualo mniSvneloba metia, vidre blok-TecSi. saukeTeso 

SemTxvevaSi, roca ω =0,5-0,6 da mα =0,8-0,9, TecSi saTbobis kuTri 

xarji nt
elb  icvleba 175-dan 200 gps/kvt.sT-mde. es aris mZlavri 

Tbofikaciuri turbodanadgarebis maCveneblebi. aseTive maCveneb-

lebi aqvs blok-Tecs, roca ω = 0,5-0,6 da Ct 010075 −=∆ .   ω -s es 

sidideebi axasiaTebs SedarebiT dabaltemperaturian atd-ebs     

( Ct 0
3 850750 ÷= ) [29]. maRaltemperaturiani danadgarebisaTvis      

( Ct 0
3 11001000 −≥ ) ≅ω 0,7-0,8 da aseTi blok-TecebisaTvis ≈nt

elb 150-

180 gp.s./kvt.sT. Catarebuli analizi gvarwmunebs, rom optimalur 

pirobebSi pirobiTi saTbobis kuTri xarji 1 kvt.sT gacemul 

eleqtroenergiaze blok-TecSi saSualod 15%-iT naklebia, vidre 

orTqlturbinul TecSi. 



amrigad, rogorc nt
elb

 
saTbobis kuTri xarjis, aseve ekB saT-

bobis fardobiTi ekonomiis gamoyenebiT Sesrulebuli kogene-

raciis ori variantis energetikuli efeqturobis Sedarebidan 

Cans, airturbinul blok-Tecebs aqvT energetikuli upiratesoba 

tradiciul orTqlturbinul TecebTan SedarebiT. 

 

  



3.2. გარდაბნის აირტურბინული ელექტროსადგურის 
კოგენერაციულ სადგურად ტრანსფორმაციის ტექნიკურ - 

ეკონომიკური მაჩვენებლების შეფასება 
 

gardabnis eleqtrosadguris  teritoriaze damontaJebulia 

ori airturbinuli energobloki. TiToeulis Zalovani nawili 

Seicavs or airturbinul mowyobilobas, romlebic muSaoben erT 

eleqtrogeneratorze, Tavis mxriv, blokis sageneratoro 

amomrTvelebis saSualebiT mierTebulia blokis Zalovan trans-

formatorTan da Semdeg – sadguris Ria gamanawilebel mowyobi-

lobis 110 kv salteze.    eleqtrosadguris Tbo-

teqnikuri nawili warmodgenilia FT8-1 tipis oTxi airturbinuli  

danadgariT, damzadebuli aSS-Si firma Prat and Witney-is mier. sa-

kuTriv airturbina ganekuTvneba airturbinebis tips @”gaWrili” 

lilviT. maRaltemperaturul airturbinas moqmedebaSi mohyavs 

saerTo lilvze ganTavsebuli haeris kompresori, xolo Zalovans 

– mis lilvze ganTavsebuli eleqtrogeneratori. haeris kompre-

soris gaSveba xorcieldeba hidravlikuri amZraviT. airturbi-

nuli danadgarebis airmomarage-ba xorcieldeba gardabnis airga-

manawilebel sadguridan. sadguris teritoriaze ganTavsebulia 

bunebrivi airis wnevis amwevi busteruli kompresorebi, romelTa 

saSualebiT xorcieldeba airis wnevis aweva 0.8÷1.0 mgpa-dan (wneva 

gazis magistralSi) 3.2÷3.4 mgpa-mde (wneva airturbinuli danadga-

ris wvis kameris win).  

1) at - Tecis eleqtruli simZlavre - =Νel 109400 kvt (2x54700); 
2) airturbinuli danadgarebis raodenoba - =z 2; 

3) at - Tecis Tburi simZlavre - =maxQ 64390 kvt(Tb); 

4) gaTbobis sezonis xangrZlivoba - 152 dRe-Rame (3648 sT) [3]; 

5) gare haeris saangariSo temperatura (gaTbobisaTvis) =gaTt -8 C0
; 

6) Casanacvlebeli kondensaciuri energoblokis tipi- K-300-240; 

7) 240300 −−Κ  blokis (Tbilsresi) mq koeficienti - =blη 0,37 da  



   saTbobis kuTri xarji - =blb 332 gp.s./(kvt.sT); 

8) Casanacvlebeli wyalsaTbobi qvabis saSualo wliuri mq    

koeficienti =saqη 0,88 da saTbobis kuTri xarji =saqb 38,75 

kgp.s./gj; 

9) airturbinuli danadgaris rekonstruqciisaTvis saWiro damate- 

biTi kapitaldabandebis xvedriTi Rirebuleba:                 

=damk 200 dol/kvt; 

10) atd - is mq koeficienti: =atdη 0,38 da saTbobis kuTri xarji   

(Zalur reJimSi) - =atdb 323,7 gp.s./(kvt.sT) [46]; 

11) warmavali airebis temperatura (atd-is utilizatoris miRma): 

=wart 110 C
0

. 

12) cxelwyalmomaragebis datvirTvis wili jamur Tbur   dat-

virTvaSi - =cwγ 27,4% [3]; 

13) saTbobis kuTri xarji at - TecSi Tburi energiis gacemaze:     

=siTb 25,28 kg p.s./gj   (Teoriulad dasabuTebuli); 

14) bunebrivi airis Sesasyidi fasi (dRg-s gareSe):                                        

=airc 143 dol/1000m 3 =14,3 centi/m 3 ; 

15) bunebrivi airis dawvis siTbo =m
udQ 35600 kj/m 3 ; 

at - Teci imuSavebs bazisur rejimSi. miviRoT misi dadg-

muli simZlavris gamoyenebis saaTebis ricxvi: =wlh 7800 sT. 

1) eleqtroenergiis wliuri gamomuSaveba: 

=⋅= wlel
gam
wl hNЭ 109400 ⋅7800 = 853,32 610⋅ kvt.sT;              (52) 

2) eleqtroenergiis xarji sakuTar moxmarebaze miviRoT – 2,5%. 

amrigad, eleqtroenergiis wliuri gacema at-Tecidan: 

=gac
wlЭ 0,975 =⋅ gam

wlЭ 0,975 ⋅ 853,32 610⋅ = 831,99 610⋅ kvt.sT;          (53) 

3) pirobiTi saTbobis wliuri xarji at - TecSi: 

=⋅=Β gam
wlatd

wl
p.s Эb 0,3237 ⋅ 853,32 610⋅ = 276,22 610⋅ kgp.s/wl;        (54) 



4) bunebrivi airis wliuri xarji 

=⋅Β=Β
m
ud(air)

m
ud(p.s)wl

p.s
wl
air Q

Q
276,22

35600

29300610⋅ = 227,34 610⋅ m 3 /wl;        (55) 

5) wlis ganmavlobaSi daxarjuli bunebrivi airis sabazro Rire-

buleba: 

=Β⋅= wl
airair

wl
air cЦ 0,143 ⋅227,34 610⋅ = 32,51 610⋅ dol/wl;          (56) 

6) gaTbobis sezonSi gamomuSavebuli eleqtroenergiis raodenoba: 

⋅Ν= el
gaT.sez
gamЭ 3648 = 109400 ⋅ 3648≅ 399,1 610⋅ kvt.sT;            (57) 

7) gaTbobis sezonSi at - Tecidan gacemuli eleqtroenergiis 

raodenoba: 

=gaT.sez
gacЭ 0,975 ⋅ 399,1 610⋅ =389,12 610⋅ kvt.sT; 

8) gaTbobis sezonSi daxarjuli pirobiTi saTbobis raodenoba: 

=⋅=Β gaT.sez
gamatd

gaT.sez
p.s Эb 0,3237 ⋅ 399,1 610⋅ =129,19 610⋅ kgp.s./sez;      (58) 

9) aqedan eleqtroenergiis gamomuSavebaze ixarjeba 66,9% (es ci-

fri moiZebna =atdη 0,38-sa da =−=∆ garwar ttt 110-(-8)=118 C0 -is mixed-

viT): 

=ΒgaT.sez
p.s(el)  0,669 ⋅ 129,19 610⋅ =86,43 610⋅ kgp.s./sez; 

10) aragaTbobis sezonSi gamomuSavebuli eleqtroenergiis raode-

noba: 

=−= gaT.sez
gam

gam
wl

ara.gaT
gam ЭЭЭ 853,32 610⋅ -399,1 610⋅ =454,22 610⋅ kvt.sT;    (59) 

11) aragaTbobis sezonSi eleqtroenergiis gamomuSavebaze daxar-

juli p.s. raodenoba: 

aragaT
gamatd

aragaT
p.s(el) Эb ⋅=Β =0,3237 ⋅454,22 610⋅ =147,03 610⋅ kgp.s;          (60) 

12) pirobiTi saTbobis sruli wliuri xarji eleqtroenergiis 

gamomuSavebaze: 

=Β+Β=Β aragaT
p.s(el)

gaT.sez
p.s(el)

wl
p.s(el) 86,43 610⋅ +147,03 610⋅ =233,46 610⋅ kgp.s./wl;   (61) 

13) at - TecSi pirobiTi saTbobis saSualo wliuri kuTri xarji 

eleqtroenergiis gacemaze (neto): 



=
⋅
⋅

=
Β

=
6

6

gac
wl

wl
p.s(el)el

saS
10831,99

10233,46

Э
b 0,2806 kgp.s./(kvt.sT);               (62) 

14) at - Tecis kerZo mq koeficienti (neto) eleqtroenergiis ga-

cemaze: 

                 ===
0,2806

0,1230,123
el
saS

nt
el b

η 0,438;                           (63) 

e.i. at - Tecis efeqturoba utoldeba saukeTeso kondensa-

ciuri energoblokis efeqturobas. 

15) bunebrivi airis wliuri xarji eleqtroenergiis gamomuSave-

baze: 

=⋅⋅=⋅Β=Β
35600

29300
10233,46

35600

29300 6wl
p.s(el)

wl
air(el) 192,15 610⋅ m 3⋅ /wl;          

16) eleqtroenergiis gamomuSavebaze at - TecSi daxarjuli bune-

brivi airis sabazro Rirebuleba: 

192,15
610⋅ ⋅0,143=27,48

610⋅ dol/wl;    (64) 

17) gacemuli eleqtroenergiis TviTRirebulebaSi saTbobis mdge-

neli: 

=
⋅
⋅

==
6

6

gac
wl

wl
air(el)el

saT
10831,99

1027,48

Э
Ц

C 0,033dol/(kvt.sT) = 3,3centi/(kvt.sT);  (65) 

18) vinaidan eleqtroenergiis TviTRirebulebaSi saTbobze modis 

lomis wili - 70...80% (aviRoT saSualo sidide-75%), amitom gace-

muli eleqtroenergiis sruli TviTRirebuleba iqneba toli: 

==≅
0,75

3,3

0,75

el
saT

el

C
C 4,4 centi/(kvt.sT); 

19) bunebrivi airis wliuri xarji Tburi energiis gamomuSavebaze: 

=Β−Β=Β wl
air(el)

wl
air

wl
air(siT) 227,34 −⋅ 610 192,15 610⋅ =35,19 610⋅ m 3 /wl;    

20) Tbur energiaze daxarjuli bunebrivi airis Rirebuleba: 

=⋅Β= air
wl
air(siT)

wl
air(siT) cЦ 35,19 610⋅ ⋅0,143 = 5,032 610⋅ dol/wl;     

21) Tburi energiis wliuri gamomuSaveba gaTbobisaTvis: 

=gaT
wlQ 3648 saSQ⋅ ,                                                                                                     (66) 

=⋅Β= air
wl
air(el)

wl
air(el) cЦ



sadac =⋅= maxQQQ saSsaS 0,576 ⋅64390 = 37088,64 kvt(Tb) 

( saSQ - fardobiTi saSualo Tburi datvirTvaa (damokidebulia 

klimatur zonaze; TbilisisaTvis saSQ  =0,576) [3]; 

 

 

22) Tu at - Tecis maxloblad (misi CaTvliT) iqneba cxeli wylis 

momxmareblebi, unda gaviTvaliswinoT es datvirTvac. igi Sead-

gens saerTo Tburi datvirTvis 27,4%, anu gaTbobis datvirTvis ∼ 

38%. cxelwyalmomarageba saWiroa mTeli wlis ganmavlobaSi (7800 

sT), amitom amisaTvis siTbos wliuri gamomuSaveba Seadgens: 

=wl
cwQ 7800 ⋅0,38 ⋅643900 = 190,85 610⋅ kvtsT/wl (687060 gj/wl); 

23) Tburi energiis jamuri wliuri gamomuSaveba 

=+= wl
c.w

gaT
wlwl QQQ 487080 + 687060 = 1174140 gj/wl;          (67) 

24) pirobiTi saTbobis kuTri xarji Tburi energiis gamomuSave-

baze: 

=⋅⋅=⋅Β=Β
29300

35600
1035,19

29300

35600wl
air(siT)

wl
p.s.(siT)

6 42,76 610⋅ kgp.s/wl; 

25) pirobiTi saTbobis kuTri xarji Tburi energiis gamomuSave-

baze: 

≅
⋅

=
1174140

1042,76
siT

6

b 36,4 kgp.s/gj (30,16 m 3 /gj); 

26) at - Tecis sruli mq koeficienti (saSualo wliuri): 

0,525,
2930010276,22

3600101179,47

2930010276,22

360010190,8510135,310853,32
m
ud

wl
p.s

wlwlbr
sr

=
⋅⋅
⋅⋅

=

=
⋅⋅

⋅⋅+⋅+⋅
=

Β

+
=

6

6

6

666 )(
Q

QЭ
η

 

e.i 53%br
sr ≅η ;                                                                                                        (68) 

 
27) at - Tecis sruli mq koeficienti gaTbobis sezonSi: 

gj/wl) (487080 kvt.sT/wl10135,337088,643648gaT
wl =⋅=⋅= 6Q



(69)              58,4%, 0,5838
2930010129,19

36001089,2610135,310389,12

29300

3600
gaT.sez
p.s

cw(gaT.sez
gaT
wl

gaT.sez
gambr

)sr(gaT.sez

≈=
⋅⋅

⋅⋅+⋅+⋅
=

=
⋅Β

⋅++
=

6

666

)

)(

)( QQЭ
η

 

sadac 
626,9 108364824468,2gaT.sez

cw ⋅=⋅=Q kvt.sT_cxelwyalmomaragebaze 

gacemuli siTbos raodenoba gaTbobis sezonSi. 

28) ganvsazRvroT ramdeni centi daizogeba yovel kvt.sT-ze atd-

is Zalur reJimSi muSaobasTan SedarebiT tarifis oTxi mniSvne-

lobis dros: 8 TeTri/(kvt.sT) (∼ 4,79 centi/(kvt.sT)),       8,48 Te-

Tri/(kvt.sT) (∼ 5,08 centi/(kvt.sT)), 9 TeTri/(kvt.sT)         (∼ 5,39 

centi/(kvt.sT)), 9,5 TeTri/(kvt.sT) (∼ 5,69 centi/(kvt.sT)). CamoT-

vlili tarifebidan amJamad moqmedebs erTi:               8,48 Te-

Tri/(kvt.sT). gaangariSebebSi miRebulia dolaris kursi 1,67 Te-

Tri 

39,79, 04.44el =−=∆C  cents/(kvt.sT); 

68,08,5 04.4 _el ==∆C  cents/(kvt.sT); 

99,39, 04.45el =−=∆C  cents/(kvt.sT);  

29,14.469, =−=∆ 5elC  cents/(kvt.sT); 

wlis ganmavlobaSi, roca gaicema =gac
wlЭ 831,99 610⋅ kvt.sT el.energia, 

sul daizogeba  

=∆Ц 831,99 610⋅ ⋅0,39 = 324,48 410⋅  dol/wl;
 

=∆Ц 831,99 610⋅ ⋅0,68 = 565,75 410⋅  dol/wl;
 

=∆Ц 831,99 610⋅ ⋅0,99 = 823,67 410⋅  dol/wl;
 

=∆Ц 831,99 610⋅ ⋅ 1,29 = 1073,27 410⋅   dol/wl;
 

29) at - TecSi kapitaldabandeba Seadgens  

21880000200 =⋅=Ν⋅=Κ 109400eldamk  dol. 

30) orTqlairuli danadgaris analogiurad, romlisTvisac miRe-

bulia k=700 dol/kvt [47]. damatebiTi kapitaldabandeba at-Tecis 



mosawyobad miviRoT 200=damk  dol/kvt Sesabamisad kapitaldaban-

debis gamosyidvis vada 

74,64 =
⋅

=
∆

Κ
=Τ

10324,48.18

21880000dam

Ц
 weli;

 

81,34 =
⋅

=
∆

Κ
=Τ

10565,75

21880000dam

Ц
 weli;

 

 

 

               03,24 =
⋅

=
∆

Κ
=Τ

101073,27

21880000dam

Ц
 weli; 

Tu gaviTvaliswinebT Tburi energiis realizaciiT miRebul moge- 

bas, kapitaldabandebis gamosyidvis vada udro naklebi iqneba. 

nax. 41-ze naCvenebia eleqtroenergiis tarifis tarC  gavlena 

kapitaldabandebis gamosyidvis vadaze.   

 
nax. 41.  eleqtroenergiis tarifis 

tar
C gavlena kapitaldabandebis gamosyidvis 

vadaze 
gv
Τ                                                                                                           

                                                                                                                                                  cxrili 33 
gardabnis at-Tecis maCveneblebi 

# parametri ganzomileba sidide 
1 eleqtruli simZlavre 

 
 

kvt 
 
 
 

54700 
2 el. energiis wliuri gamomuSaveba 

 
 

kvt.sT/wl 853,12
6

10⋅  
3 el. energiis wliuri gacema 

 
 

kvt.sT/wl 831,99
6

10⋅  
4 Tburi simZlavre 

 

kvt 
 
 

64390 
5 pirobiTi saTbobis  xarji (wliuri) 

 
 

kgp.s./wl 276,22
6

10⋅  
6 bunebrivi airis wliuri xarji m

3
/wl 227,34

6
10⋅  

2
3
4
5
6
7
8
9

10
11

4,7 4,9 5,1 5,3 5,5 5,7

weli; 
10823,67

21880000 65,24 =
⋅

=
∆
Κ

=Τ
Ц
dam



 
 
 
 
 

7 
gaTbobis sezonSi gacemuli el.ener- 
giis raodenoba 

 
 

kvt.sT 389,12
6

10⋅  
 
 
 
 
 
 

8 

atd-TecSi pirobiTi saTbobis saSua- 
lo wliuri kuTri xarji 
el.energiis gacemaze 

 
 kgp.s./(kvt.sT) 

 
 
 
 
 

0,2806 

9 el.energiis TviTRirebuleba 
 

centi/(kvt.sT) 
 

4,4 
 
 
 
 
 

10 
bunebrivi airis wliuri xarji Tbu- 
ri energiis gamomuSavebaze 

 
 
 

m
3
/wl 

 

35,19
6

10⋅  
 
 
 

11 
Tburi energiis jamuri wluri gamo- 
muSaveba 

 
 
 

Ggj/wl 

 
 
 

1174140 
 
 

12 pirobiTi saTbobis kuTri xarji Tbu 
ri energiis gamomuSavebaze 

 
 

kgp.s./gj 
 
 
 

36,4 
 
 
 

13 
atd-Tecis sruli mq koeficienti 
(saSualo wliuri) 

 
 
 

% 

 
 
 
 

53 
 
 
 
 

14 
atd-Tecis sruli mq koeficienti 
gaTbobis sezonSi 

 
 
 
 

% 

 
 
 
 

58,4 
 
 
 
 
 
 
 
 
 
 
 
 
 

15 

kapitaldabandebis gamosyidvis vada, 
roca el.energiis tarifia; cen-
ti/(kvt.sT): a) 4,79          

            b) 5,08        
            g) 5,39  
            d) 5,69  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

weli 

 
 
   6,74 

3,81 
2,65 
2,03 

gaangariSebis  Sedegebi moyvanilia 34-e cxrilSi, agreTve 
grafikuli saxiT nax. 42. 
                                                                        cxrili 34 
FT8 Twin Pas airturbinebis ZiriTadi maxasiaTeblebi garemos temperaturaze da-

mokidebulebiT 

# dasaxeleba 
garemos temperatura, C0 

-10 0 5 10 15 20 30 40 
1 2 3 4 5 6 7 8 9 10 

1 
maqsimaluri eleqt- 
ruli simZlavre, 
mgvt 

57,92 56,88 54,41 52,47 50,55 48,61 44,59 40,96 

2 mq koeficienti, % 38,06 37,77 37,54 37,26 36,96 36,61 35,71 34,71 

3 
siTbos kuTri xar- 
ji, kj/(kvt.sT) 

9459 9532 9589 9661 9741 9834 10080 10372 

4 

airturbinidan gamo- 
suli wvis airadi 
nawarmis masuri 
xarji, kg/wm 

183,5 178,8 174,4 170,5 166,2 161,7 152,1 142,9 

5 

airturbinidan gamo- 
suli wvis airadi 
nawarmis temperatu-
ra 0C 

439 456 455 457 462 468 481 495 

6 
saTbobis xarji, 
kg/sT 

11412 11297 10871 10562 10260 9960 9365 8851 

7 
atd-is Tburi sim-

Zlavre ,gmQ mgvt 
63,99 65,58 63,78 62,71 62,01 61,36 56,2 58,32 

8 
at-Tecis kuTri Tbu-

ri simZlavre gmq ω/
 

1,05 
0,952 

1,153 
0,867 

1,172 
0,853 

1,195 
0,839 

1,227 
0,815 

1,262 
0,792 

1,260 
0,794 

1,424 
0,702 

9 
elβ saTbobis xar- 

jis wili el.ener-
giis gamomuSavebaze 

0,683 0,673 0,670 0,666 0,660 0,653 0,654 0,625 



10 
sTβ  saTbobis xar- 

jis wili siTbos 
gamomuSavebaze 

0,317 0,327 0,33 0,334 0,34 0,347 0,346 0,375 

11 

saTbobis xarji 
eleqtroenergiis 

gamomuSavebaze 
el
TecB , 

kg/sT 

7794,4 7602,9 7283,6 7034,3 6771,6 6503,9 6124,7 5531,9 

12 

saTbobis xarji siT- 
bos gamomuSavebaze 

sT
TecB , kg/sT 

3617,6 3694,1 3587,4 3527,7 3488,8 3456,1 3240,3 3319,1 

13 

saTbobis kuTri xar- 
ji eleqtroenergiis 

gamomuSavebaze 
el
Tecb , 

kg/(kvt.sT) 

0,2048 0,2013 0,1940 0,1888 0,1832 0,1777 0,1715 0,1594 

14 

saTbobis kuTri xar- 
ji siTbos gamomu-

Savebaze 
sT
Tecb ,kg/gj 

15,7 15,65 15,62 15,63 15,63 15,65 16,01 15,81 

15 
saTbobis fardobiTi 

ekonomia ekΒ  
0,3256 0,3403 0,3398 0,3386 0,3400 0,3401 0,3227 0,3333 

 
nax. 42. FT8 Twin Pas atd-is eleqtruli simZlavrisa da mq koeficientis damoki-

debuleba gare haeris temperaturaze 

 



nax. 43. gare haeris temperaturis gavlena FT8 Twin Pas atd-is siTbos kuTr 

xarjze 

 

nax. 44. FT8 Twin Pas atd-is warmavali airebis temperaturis damokidebuleba 

gare haeris temperaturaze 

 

 

nax. 45. at-Tecis Tburi simZlavris damokidebuleba gare haeris temperaturaze 

1

1,05

1,1

1,15

1,2

1,25

1,3

1,35

1,4

1,45

-10 0 10 20 30 40



 

nax .46. FT8 Twin Pas atd-is saTbobis xarjis damokidebuleba gare haeris tempe-

raturaze 

 

nax. 47. FT8 Twin Pas atd-is eleqtroenergiis gamomuSavebaze saTbobis kuTri 

xarjis damokidebuleba gare haeris temperaturaze 

 

0,15

0,16

0,17

0,18

0,19

0,2

0,21

-10 0 10 20 30 40

15,6

15,65

15,7

15,75

15,8

15,85

-10 0 10 20 30 40



nax. 48. FT8 Twin Pas atd-is siTbos gamomuSavebaze saTbobis kuTri xarjis da-

mokidebuleba gare haeris temperaturaze 

 

nax. 49. saTbobis fardobiTi xarjis damokidebuleba gare haeris temperatu-

raze 

 

3.2.1. პროექტის წმინდა დისკონტირებული ღირებულების 

ანგარიში 

energetikuli proeqtebis ekonomikur efeqturobis Sesafa-

seblad saWiroa ganisazRvros wminda diskontirebuli Semosava-

li, romelic pirveladi kapitaldabandebis (IC) da diskontire-

buli fuladi nakadebis jamis sxvaobaa. radgan fuladi nakadebi 

ganawilebulia droSi, amitom investoris mier prognozirdeba 

iseTi saprocento ganakveTi, romelic arsebul pirobebSi SeiZ-

leba momgebianad CaiTvalos.  

wminda diskontirebuli Rirebulebis (Net Present Value, NPV) 

gaangariSeba eyrdnoba fuladi saxsrebis nakadis diskontirebis 

meTodologias [48]. aq faqtobrivad erTmaneTs vadarebT investi-

ciis raodenobas da am investiciis Sedegad miRebuli Semosavle-

bis mimdinare Rirebulebas. angariSis Sedegad miRebuli NPV da-

debiTia, maSin arCeuli unda iqnes is proeqti, romlis NPV meti 

iqneba.   

   

0,324

0,326

0,328

0,33

0,332

0,334

0,336

0,338

0,34

0,342

0,344

-10 0 10 20 30 40



 

 

cxrili 35 

fuladi nakadebis mimdinare Rirebuleba, Tu saprocento ganakveTi 20%-ia,  

tarC =4,79 centi/(kvt.sT) 
 

 

 

weli 
koeficienti 20%-is 

pirobebSi 

fulis nakadi 

(aSS dolari) 

mimdinare Rire-

buleba 

0 - - - 

1 0,8333 2656,82⋅104 2213,9⋅104 

2 0,6944 2656,82⋅104 1844,9⋅104 

3 0,5787 2656,82⋅104 1537,5⋅104 

4 0,4823 2656,82⋅104 1281,4⋅104 

5 0,4019 2656,82⋅104 1067,8⋅104 

 7945,5⋅104 

 

NPV=7945,5⋅104-2188⋅104=5757,5⋅104 dolari                                      

 

cxrili 36 

fuladi nakadebis mimdinare Rirebuleba, Tu saprocento ganakveTi 20%-ia,   

tarC =5,08 centi/(kvt.sT) 
 

 

 

weli 
koeficienti 20%-is 

pirobebSi 

fulis nakadi 

(aSS dolari) 

mimdinare Rire-

buleba 

0 - - - 

1 0,8333 2817,67⋅104 2347,96⋅104 

2 0,6944 2817,67⋅104 1956,6⋅104 

3 0,5787 2817,67⋅104 1629,76⋅104 

4 0,4823 2817,67⋅104 1358,96⋅104 

5 0,4019 2817,67⋅104 1132,42⋅104 

 8425,70⋅104 

 

NPV=8425,70⋅104-2188⋅104=6237,7⋅104 dolari 

 
 

 cxrili 37 
fuladi nakadebis mimdinare Rirebuleba, Tu saprocento ganakveTi  20%-ia, 

tarC =5,39centi/(kvt.sT) 
 

 

 

weli 
koeficienti 20%-is 

pirobebSi 

fulis nakadi 

(aSS dolari) 

mimdinare Rire-

buleba 



0 - - - 

1 0,8333 2989,6⋅104 2491,2⋅104 

2 0,6944 2989,6⋅104 2076⋅104 

3 0,5787 2989,6⋅104 1729,2⋅104 

4 0,4823 2989,6⋅104 1441,9⋅104 

5 0,4019 2989,6⋅104 1201,5⋅104 

 8939,8⋅104 

NPV=8939,8⋅104-2188⋅104=6751,8⋅104 dolari                                                   
 

cxrili 38 
fuladi nakadebis mimdinare Rirebuleba, Tu saprocento ganakveTi 20%-ia,  

tarC =5,69centi/(kvt.sT) 
 

 

 

weli 
koeficienti 20%-is 

pirobebSi 

fulis nakadi 

(aSS dolari) 

mimdinare Rire-

buleba 

0 - - - 

1 0,8333 3156⋅104 2629,9⋅104 

2 0,6944 3156⋅104 2191,5⋅104 

3 0,5787 3156⋅104 1825,4⋅104 

4 0,4823 3156⋅104 1522,1⋅104 

5 0,4019 3156⋅104 1268,4⋅104 

 9437,3⋅104 

NPV=9437,3⋅104-2188⋅104=7249,3⋅104 dolari                                       
                                              

 
 

nax. 50. diskontirebuli Semosavali 5 wlis ganmavlobaSi, roca              

tarC =4,79 centi/(kvt.sT) 

10
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16

18
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22

24
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nax. 51. diskontirebuli Semosavali 5 wlis ganmavlobaSi, roca               

tarC =5,08 centi/(kvt.sT) 
 

 
nax. 52. diskontirebuli Semosavali 5 wlis ganmavlobaSi, roca               

tarC = 5,39 centi/(kvt.sT) 
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nax. 53. diskontirebuli Semosavali 5 wlis ganmavlobaSi, roca               

tarC =5,69 centi/(kvt.sT) 

 
 

nax. 54. eleqtroenergiis tarifis tarC  gavlena NPV, mln. dolari -ze 

 

3.3. კოგენერაციულ სისტემებში რთული სქემების აირტურბინული 
დანადგარების გამოყენების ეფექტურობა 

amJamad mTel msoflioSi didi yuradReba eTmoba eleqtru-

li da Tburi energiebis kombinirebuli gamomuSavebis (kogenera-

ciis) sistemebis ganviTarebas [48,49]. amerikis SeerTebul Stateb-

Si ukve karga xania, inJiner-energetikosTa asociaciis Semadgen-

lobaSi moqmedebs “energiis kombinirebuli gamomuSavebis insti-

tuti.” calke gamodis Jurnali “Gogeneration”, romelic gamoeyo 

Jurnal “Gas Turbine World”_s.  

gasuli saukunis 80_ian wlebamde kogeneracia msoflioSi 

ZiriTadad orTqlturbinul Tecebze iyo dafuZnebuli. maTi 

efeqturoba sakmaod maRalia didi Tburi datvirTvebis dros. 

Bmcire da saSualo Tburi datvirTvebis pirobebSi ki upirateso-

ba eniWebaT airturbinul Tecebs. teqnikur-ekonomikuri analiziT 

dadginda [50], rom airturbinuli danadgarebis (atd) warmavali 

airebis siTbos utilizacia kombinirebul danadgarebSi ekonomi-

kurad gamarTlebulia ara mxolod mZlavri atdebisTvis aramed 

bevrad ufro naklebi simZlavris (2 mgvt_mde) danadgarebisTvis. 

maTi gamoyeneba mizanSewonilia raionuli Tbomomaragebis siste-

0
10
20
30
40
50
60
70
80

1 2 3 4

NPV, mln. dolari 



mebSi, sxvadasxva masalebis SrobisaTvis da teqnologiuri 

orTqlis misaRebad. 

amJamad airturbinul kogeneraciul sadgurebSi ZiriTadad 

gamoiyeneba umartivesi Termodinamikuri ciklis airturbinuli 

danadgarebi. aseTi Tecebis energoefeqturoba sakmaod maRalia, 

rac dasturdeba rogorc mecnierTa gamokvlevebiT (mag, [51,52], 

aseve ukve arsebuli sadgurebis eqspluataciis monacemebiT [16]. 

ufro meti ekonomikuri efeqtis miRebaaGSesaZlebeli, Tu kogene-

raciisTvis gamoyenebuli iqneba rTuli sqemebis mravalag-

regatiani atd_ebi siTbos Sualeduri miwodebiT da haeris Sua-

leduri gacivvebiT, vinaidan aseTi danadgarebi gamoirCeva gark-

veuli Termodinamikuri upiratesobebiT [53,54]. kerZod, SesaZ-

lebelia Sualedur haersacivrebSi gamoyofili siTbos gamoyene-

ba kogeneraciis sistemebSi da warmavali airebis temperaturis 

regulireba. arsebobs atd-ebis Tburi sqemebis mravali saxeoba, 

amitom kogeneraciaSi maTi gamoyenebis efeqturobis zogadi ana-

lizi gaZnelebulia. amis gamo xSirad ixilaven konkretuli, Se-

darebiT martivi sqemis atd-s, magaliTad erTi Sualeduri haer-

sacivriT, regeneratoriT da erTi Sualeduri wvis kameriT. 

ufro meti haersacivrebis da wvis kamerebis gamoyeneba ki iZleva 

garkveul Termodinamikur upiratesobas, magram es Zalian arTu-

lebs da aZvirebs danadgars. amerikis mecnieri i.raisi Tvlis [55], 

rom haeris Sualeduri gacivebis (Sg) ganxorcieleba gacilebiT 

ufro advilia, vidre siTbos Sualeduri miwodebis realizeba. 

Sg-is gamoyeneba amcirebs haeris SekumSvaze daxarjul muSaobas. 

Sg-sTan erTad xSirad iyeneben regeneracias. kidev erTi upirate-

soba, romelic gaaCnia atd-is cikls Sualedu-ri gacivebiT da 

regeneraciiT, imaSi mdgomareobs, rom misi mq koeficienti 

50%_iani datvirTvis dros TiTqmis iseTive rCeba, rogorc sru-

li, 100%_iani datvirTvisas [55], e.i. SenarCundeba danadgaris ma-

Rali Tburi ekonomiuroba nawilobrivi datvirTve-bis dros. 



siTbos Sualeduri miwodebiT atd-is didi upiratesoba im-

aSi mdgomareobs, rom, garda warmavali airebis maRali tempera-

turis miRebisa, rac mniSvnelovania kogeneraciisTvis, uzrunve-

lyofili iqneba kuTri efeqturi muSaobis (1 kg muSa sxeulze 

gaTvliT) mniSvnelovani gadideba. i. raisis azriT sakmaod gar-

Tulebuli ciklebiT momuSave atd-ebi SeiZleba gamoyenebuli iq-

nas mrewvelobaSi, agreTve upiratesad siTbosa da eleqtroener-

giis erToblivi gamomuSavebsTvis, e.i. kogeneraciul sistemaSi. 

saTbobis ekonomiis gansazRvra, romelsac uzrunvelyofs 

airturbinuli Teci (at-Teci) Tboeleqtromomaragebis gancalke-

vebul variantTan SedarebiT (kesi + raionuli saqvabe), ufro 

martivia vidre orTqlturbinuli Tecis SemTxvevaSi. es imiT 

aixsneba, rom saTbobis xarji atd-ze ganisazRvreba mxolod misi 

eleqtruli simZlavriT da saerTod ar aris damokidebuli siT-

bos raodenobaze, romelic gaicema at-Tecidan. saTbobis aRniSnu-

li ekonomia SeiZleba Sefasdes siTbos fardobiTi ekonomiis meS-

veobiT 
gmekek

QQq /= , sadac 
ek

Q aris siTbos absoluturi ekonomia  

                                          
atdsaqkesek

QQQQ −




 +=

                                                            
(70)

                                                 
 

atdsaqkes
QQQ ,,

 
-saTbobis siTbos xarjebi Sesabamisad Casanacvlebel 

kessa da saqvabeSi da atd-ze;  

gm
Q _ atd-is Tburi simZlavre _ siTbos maqsimaluri raodenoba, 

romelic SeiZleba gaices gare momxmareblebze atd_dan drois 

erTeulSi misi sruli eleqtruli simZlavris dros. q ek _is gamo-

saTvlelaT [63] -Si miRebulia formuliTG 

                                              q ek = ,
 q/1/1

/1/11

warematd

kesatd

saq −−

−
−

ηη

ηη

η
                                     

(71) 

sadac saqη   da kesη -Casanacvlebeli saqvabis da kesis mq koeficien-

tebia; atdη   da emη  -atd-isa  da misi eleqtromeqanikuri mq koefi- 



cientebi; warq  -warmavali airebiT siTbos kuTri danakargi (1kvt 

simZlavreze), (kj/wm)  /kvt [56]: 

                                                             warq =
3600

)( garwar ttdcp −
,                                                   (72) 

sadac pc -muSa sxeulis (airis) kuTri siTbotevadobaa, kj/(kg.K), 

KYYd _ atd-is muSa sxeulis (airis) kuTri xarji , kg/(kvt.sT),  

wart -warmavali airebis temperatura sautilizacio Tboga-

damcemis miRma,0C, gart _garemos haeris temperatura,G0C                                                                                       

(71) Fformulis mniSvnelSi moTavsebuli samwevri warmoadgens 

at_Tecis kuTr Tbur simZlavres, anu eleqtruli simZlavris er-

Teulze gacemul siTbos raodenobas gmq = Q gm /Nel; es parametri 

gaiangariSeba formuliT [56]: 

                                              gmq = warematd q/1/1 −− ηη .                                   (73) 

saTbobis fardobiTi ekonomiis gasaangariSeblad romelsac 

uzrunvelyofs at_Teci Tboeleqtromomaragebis gancalkevebul 

meTodTan SedarebiT, gamoiyeneba formula [56]: 

                    kessaqgm

atdsaq

ek ηη
ηη

/
/

1
+

−=Β
q

.                  (74) 

moyvanili meTodikiT [57] SeiZleba ganisazRvros saTbobis 

fardobiTi ekonomia ekΒ  nebismieri sqemis atd_Ti aRWurvili Te-

cisaTvis (rogorc martivi, aseve rTuli _ nax. 56-58), maT Soris 

im SemTxvevaSic, rodesac sqemaSi gaTvaliswinebulia Sualeduri 

haersacivari. masSi gamoyofili siTbo gamoiyeneba TboqselSi qi-

miurad gawmendili dasamatebeli wylis da dabrune-buli qselis 

wylis SesaTbobaT.  

ganvsazRvroT 
ek

q  da 
ek

B  ori SemTxvevisTvis: 1) rodesac 

at_TecSi gamoyenebulia umartivesi sqemis atd da 2) rodesac aq 



gamoyenebulia rTuli sqemis atd erTi Sualeduri  haersacivriT, 

regeneraciiT da erTi Sualeduri wvis kameriT (nax. 57). 

    atd-Tecis meore variantSi atdη  metia. xolo d _naklebi, vidre 

pirvelSi.  

    miRebulia [44], pirvel variantSi: atdη =0.294,  d=25.2kg/(kvt.sT); 

meore variantSi: atdη =0.32,  d=18.2 kg/(kvt.sT);  

mesame variantSi: atdη = 0.38, d=11.6 kg/(kvt.sT); 

 
nax. 55. atd-is rTuli sqema haeris orsafexuriani SekumSviT, Sualeduri gaci-

vebiT da regeneraciiT; 1, 3 _ dabali da maRali wnevis kompresorebi; 2 
_ haersacivari, 4_regeneratori, 5_wvis kamera, 6_airturbina; 7_el. ge-
neratori. 
I_haeri, II_saTbobi, III_warmavali airebi, IV_macivebeli (an qselis) wya-
li 

 
 
nax. 56. atd-is rTuli sqema haeris erTsafexuriani SekumSviT, regeneraciiT da  
      siTbos Sualeduri miwodebiT:  

1_kompresori, 2_regeneratori, 3, 5_wvis kamerebi, 4, 6_maRali da dabali                                       
wnevis turbinebi, 7_eleqtrogeneratori;   I_haeri, II_saTbobi, 
III_warmavali airebi 

 
nax. 57. atd-is rTuli sqema haeris orsafexuriani SekumSviT, Sualeduri                        

gacivebiT, regeneraciiT da siTbos Sualeduri miwodebiT:                       
1, 2_dabali da maRali wnevis kompresorebi; 3, 4_maRali da dabali 
wnevis turbinebi; 5, 6_wvis kamerebi; 7_regeneratori; 8_haersacivari; 
9_el. generator; 



I_haeri, II_warmavali airebi, III_saTbobi, IV_macivebeli (an qselis) 

wyali      

danarCeni parametrebi samive variantisTvis miviRoT erTnairi:  

saqη =0.88,  kesη =0.37,  emη =0.97,  wart =1100C,  gart =00C. 

gaangariSebis Seedgebi samive variantisTvis moyvanilia cxrilSi 

40, saidanac Cans, rom ganxilul pirobebSi umartivesi sqemis 

atd_is magivrad rTuli sqemis atd_is gamoyeneba airturbinul 

TecSi uzrunvelyofs rogorc saTbobis fardobiTi ekonomiis 

gazrdis (gacemuli siTbos erTeulze gaangariSebiT), ise saTbo-

bis ekonomiis gadidebas _ Tboeleqtromomaragebis gancalkeve-

bul variantTan SedarebiT. 

 cxrili 39 

 

 

 

 

 

 

 

 

 

at-Tecis maCveneblebi sxvadasxva pirobebSi 

 
parametri 

 
I varianti 

 
II varianti 

 
III varianti 

atdη =0.294, 

d=25.2 kg/(kvt.sT) 
 

atdη =0.32, 

d=18.2 kg/(kvt.sT) 
 

atdη =0.38, 

d=11.6 kg/(kvt.sT) 
 

warq  0.816 0.589 
 

0.3776 

q ek  0.687 0.856 
 

1.1945 

gmq  1.514 1.505 1.223 

ekΒ  0.231 0.292 0.357 

 

saxeldobr, q ek izrdeba 

                                   ∆ q ek = %6.24%100
687.0

687.0856.0
=⋅

−
_ iT ,  

                                   ∆ q ek = %54.39%100
856.0

856.01945.1
=⋅

−
_ iT ,  

xolo saTbobis ekonomia 



                                   ∆ ekΒ = %4.26%100
231.0

231.0292.0
=⋅

−
_ iT ,  

                                   ∆ ekΒ = %26.22%100
292.0

292.0357.0
=⋅

−
_ iT .  

40-e cxrilis monacemebis gamoyenebiT naCvenebia atd-is mq koefi- 

cientis gavlena saTbobis fardobiT ekonomiasa da  gmq -ze.  

rogorc Cans, atd mq koeficientis gadidebisas saTbobis 

ekonomia mniSvnelovnad izrdeba gmq   ki mcirdeba. 

analizi gviCvenebs, rom sxvadasxva tipis rTuli sqemebis 

airturbinuli danadgarebis gamoyeneba at-TecebSi uzrunvel-

yofs saTbobis ekonomiis gazrdas energosistemaSi saSualod   

20÷25%-iT, umartivesi sqemis atd-ebis gamoyenebasTan SedarebiT. 

atd_Tecis Tburi ekonomiurobis maCveneblebis dasadgenad 

(pirobiTi saTbobis saaTuri da kuTri xarjebi, sruli da kerZo 

mq koeficientebi, gacemuli siTbos raodenoba haersacivridan da 

warmavali airebiT da sxv.) saWiroa atd-is Tburi sqemis detalu-

ri gaangariSeba erT_erTi arsebuli meTodikis gamoyenebiT. 

at-Tecis konkretuli proeqtis Sedgenisas gaTvaliswinebu-

li unda iqnes misi funqcionirebis raionSi eleqtruli da Tbu-

ri datvirTvis sidideebi da maTi cvalebadoba wlis sezonis 

mixedviT, bunebrivi airiT momaragebis pirobebi da sxva. 

pikuri Tburi datvirTvebis dasafaravad saWiro ar iqneba 

specialuri pikuri wyalsaTbobi qvabis dayeneba, vinaidan am miz-

niT SeiZleba gamoyeebuli iqnes e.w. kmawva, rodesac damatebiTi 

saTbobis dawviT warmavali airebis areSi xdeba misi temperatu-

ris gazrda saWiro donemde. 

airturbinuli danadgaris tipis da Tburi sqemis SerCeva 

dasaproeqtebeli at-TecisaTvis sabolood unda  moxdes detalu-

ri teqnikur-ekonomikuri analizis safuZvelze, romelSic erTma-

neTs unda Sedardes aseTi Tecis sxvadasxva variantebi da dad-

gindes optimaluri, ganisazRvros siTbosa da eleqtroener-giis 



TviTRirebuleba, kapitaldabandebebis gamosyidvis vada     da 

sxv.  

3.4. ქ. თბილისის ტიპური საქვაბის ბაზაზე აირტურბინული 

თეცის შექმნის ტექნიკურ-ეკონომიკური ასპექტები 

saqarTvelos mZlavri saTbierebeli da samrewvelo saqva-

beebis teritoriebze SeiZleba Seiqmnas ramdenime mZlavri air-

turbinuli Teci, rac mniSvnelovnad gazrdis energosistemaSi 

eleqtroenergiis wliur gamomuSavebas. siTbos da eleqtroener-

giis kombinirebuli gamomuSaveba uzrunvelyofs daaxloebiT 80 

milioni dolaris Rirebulebis 1 miliard kubur metrze meti bu-

nebrivi airis ekonomias. eleqtroenergiis gamomuSavebis TviTRi-

rebuleba iqneba mcire 2...2,5 centi/(kvt.sT). aRniSnuli Tecebis 

mSenebloba, rac etapobrivad unda ganxorcieldes, dajdeba 

daaxloebiT 2-jer iafi, vidre iseTive simZlavris msxvili 

orTqlturbinuli Tecis ageba, at-Tecebis amoqmedeba gansakuTre-

biT efeqturi iqneba Semodgoma-zamTris periodSi, rodesac 

erTdroulad adgili aqvs eleqtruli da Tburi datvirTvebis 

pikebs. centralizebuli Tbomomaragebis aRdgenas-Tan erTad at-

Tecebi stabilurad moamarageben eleqtroenergiiT pirveli kate-

goriis umniSvnelovanes obieqtebs, gaaumjobeseben qalaqebis 

ekologiur mdgomareobas, Seamcireben siTbos da eleqtroener-

giis TviTRirebulebas. 

airturbinuli Tecebi pirvel rigSi unda Seiqmnas q. Tbi-

lisSi, sadac maTi saSualebiT SeiZleba miviRoT 300...500 mgvt ba-

zisuri simZlavre. 

pirvel etapze at-Tecad unda gadakeTdes erTi saTbiere-

beli raionuli saqvabe tipiuri Tburi datvirTviT 110...140 mgvt. 

airturbinuli danadgarebis muSaobis xangrZlivobis maqsimumis 

misaRwevad daSvebuli iqna maTi muSaoba zamTris periodSi 24 sT. 

ganmavlobaSi da danarCen periodSi – 3000 sT. cxelwyalmomara-



gebis datvirTvis dasafaravad. muSaobis aseTi reJimi iTvaliswi-

nebs airturbinuli danadgarebis eqspluatacias eleqtroenergiis 

gamomuSavebiT Tburi datvirTvis pirobebSi, da gamoricxavs Za-

lovan reJimebs. samuSaos mizans warmoadgens blok-Tecis teqni-

kur-ekonomikuri maCveneblebis safuZvelze sainvesticio pirobe-

bis gansazRvra sesxis gadaxdis strategiis SemuSaveba, misi 

xangrZlivobis da wliuri saprocento danaric-xis gaangariSeba 

miRebuli gadawyvetilebis ekonomikuri dasabu-Teba. 

sesxis dafarvis xangrZlivoba da wliuri saprocnto ga-

dasaxadi ZiriTadad ganisazRvreba sami maCvenebliT: eleqtro-

energiis 1 kilovatsaaTis da 1 gigajoulis siTbos sarealizaci- 

fasiT da erTeuli dadgmuli simZlavris kuTri RirebulebiT 

(at-Tecis agebisaTvis kapitaldabandebebis CaTvliT). 

magaliTisTvis ganvixiloT, gldanSi adre arsebuli #17 

saqvabe, romlis ZiriTadi monacemebi moyvanilia [45]. amasTan iq 

moyvanili parametrebis bazaze, Cven ganvaxorcieleT ganmeorebi-

Ti gaangariSeba [45] moyvanili meTodikis gaangariSebiT. 

q. Tbilisis gldanis raionis siTboTi momarageba dasaxuli 

iyo arsebuli #44 saqvabidan, jamuri dadgmuli simZlavriT 

cxel wyalze 419 – 544.7 gj/sT-Si, orTqlze 20 t/sT-Si. proeqti-

rebis Sesabamisad raionis Tburi datvirTvebi Seadgens zamTris 

periodSi: gaTbobaze 419 – 544.7 gj/sT-Si; cxeli wyaliT momarage-

baze – 167.6 gj/sT-Si; zafxulis periodSi: cxeli wyliT momarage-

baze 167.6 gj/sT-Si. 

#44 saqvabis daxasiaTeba:  

saqvabeSi dgas Semdegi ZiriTadi mowyobilobani: 2 ДКВР – 

10-13 tipis qvabi; 

2 КВ-ГМ-50 tipis wyalSemTbobi qvabi; 

1 ПТВМ – 30 tipis wyalSemTbobi qvabi; 

saqvabis dadgmuli Tburi simZlavre tolia: cxel wyalze     

544.7 gj/sT; orTqlze 20 t/sT-Si. saqvabe eqspluataciaSia gaSvebu-

li 1983 wels. saTbobis ZiriTadi saxea bunebrivi airi, saTadari-



go saTbobi – mazuTi. zamTris periodSi muSaobs yvela wyalSemT-

bobi qvabi. orTqlis qvabebi gamoiyeneba saqvabis sakuTari moxma-

rebisaTvis (mazuTis SesaTbobad, deairebuli wylis mosamza-

deblad, da Seivsos sakvebi wylis done da aseve Tburi qselebic. 

zafxulis periodSi muSaobs erTi wyalSemTbobi qvabi (КВ-ГМ-50) 

da erTi orTqlis qvabi sakuTari moxmarebisaTvis. Tbomoma-

ragebis sistema Caketilia.  

 

3.4.1. რაიონის თბომომარაგების სქემაში აირტურბინული თეცის 
მუშაობის რეჟიმი 

 
airturbinuli Tecis CarTvis Semdeg raionis Tbomomarageba 

ganxorcieldeba siTbos ori wyarodan: #44 saqvabidan da air-

turbinuli Tecidan erTdroulad. viTvaliswinebT, rom Tecis 

airturbinul danadgarSi siTbosa da eleqtroenergiis erTdrou-

lad gamomuSaveba ufro efeqturi da ekonomiuria, Tecma unda 

imuSaos rogorc Tburi datvirTvis sabaziso nawilma, amasTan 

temperaturuli grafikis Sesabamisad qseli wylis damateba mox-

deba #44 saqvabidan (e.w. pikuri reJimebis dros). at-Tecis air-

turbinuli danadgaridan cxeli wylis miwodeba xdeba Sesabamis 

#44 saqvabis qselis wylis koleqtorebSi. #44 saqvabe-Si Tecis 

airturbinuli danadgaris muSaobisas orTqlis qvabebi unda mu-

Saobdes sakuTari moxmarebisaTvis (sakvebi da dasamatebe-li wy-

lebis SesaTbobad, mazuTis gasacxeleblad). gaTbobis periodSi 

raionis mTeli Tburi datvirTva xorcieldeba, rogorc Tecis 

airturbinuli danadgaridan, ise #44 saqvabidan, xolo zafxulis 

periodSi muSaobs marto Tecis airturbinuli danad-gari. at-

Tecis Tburi qselebis Sevseba xdeba #44 saqvabis Semavsebeli 

kvanZidan. 
 

3.4.2. სათბობი 
 



airturbinul TecSi ZiriTad saTbobad gamoiyeneba bunebri-

vi airi, avariuli reJimis dros ki dizelis sawvavi. bunebrivi 

airis Semadgenloba da daxasiaTeba: 

;41,954 −CH
     

;67,162 −HC
    

;5867,083 −HC
    

;1323,0104 −HC

;0412,0125 −HC
     

;9329,12 −N
     

.2259,02 −CO
 

saTbobis dawvis siTbo (bunebrivi airis-36000 kj/nm3). bunebrivi 

airis simkvrive normalur pirobebSi 0,75 kg/nm3. avariuli saTbobi 

– dizelis sawvavi `zafxulis” – ГОСТ 305-82. 

 
3.4.3. ZiriTadi mowyobilobis Sedgeniloba da daxasiaTeba 

airturbinuli Tecis daniSnulebaa gamoimuSaos eleqtro-

energia da siTbo cxeli wyliT. ZiriTadi da damxmare mowyobi-

lobani ganlagebulia №44 saqvabis moedanze axlad daproeqte-

bul SenobaSi. raionis TboqselSi cxeli wylis miwodeba xdeba 

#44 saqvabis koleqtoridan. airturbinul TecSi gaTvaliswinebu-

lia ori airturbina ГТМ, romelTagan TiToeuli Sedgeba 

`ДженералЭлектрик” energetikuli moduluri MS6001B tipis danad-

garisagan da qselis wylis airuli SemTbobisagan, romelic q. 

taganrogis АО`Красный котельщик ”-is mier aris damzadebuli. 

3.4.4.  MS6001B tipis energetikuli moduluri danadgari 

 
MS6001B-s SeuZlia eleqtoenergiaze moTxovna dafaros ro-

gorc bazisur, naxevrad pikur da pikur reJimebisas, aseve saerTo 

sargeblobis eleqtrosadgurebSi, sadac eleqtroenergii-sa da 

Tburi energiis kombinirebuli warmoeba xdeba. CarCoze damagre-

buli martivi ciklis erTRerZiani danadgari (PG6541-B) Seicavs: 

17 safexurian ReZul kompresors; saTbobis wvis mraval-kamerian 

sistemas (orsaTbobiani-airi, dizelis saTbobi); samsafexuriani 

airuli turbina. 

airturbinuli danadgaris brunTa ricxvis Sesamcireblad 

5094 br/wT-dan eleqtrogeneratoris brunTa ricxvamde 3000 br/wT-



Si gaTvaliswinebulia erTsafuriani kbilanuri reduqtori, ro-

melic turbinasTan mierTebulia moqnili, Runvadi quroTi, xolo 

eleqtrogeneratorTan xisti quroTi. 

PG6541-B tipis airturbinul danadgars aqvs Semdegi siste-

mebi: saerTo SezeTvis sistema airturbinisaTvis, reduqto-

risTvis, eleqtrogeneratoris da damxmare mowyobilobisTvis. aq 

gamoiyeneba mineraluri zeTi (GEK-568); gamSvebi sistema, romelic 

normaluri gaSvebisas uzrunvelyofs 100% datvirTvas 16 wuTSi, 

daCqarebul gaSvebisas ki 9 wuTSi; amZravi sistema damxmare mo-

wyobilobisaTvis (zeTis tumbo, Txevadi saTbobis tumbo, regu-

lirebis zeTis tumbo, Txevadi saTbobis gamfrqvevi airkompreso-

ri); ormagi Tburi sistema (bunebriv airze da Txevad saTbobze 

ZiriTadi saTbobidan saTadarigo saTbobze gadarTvis avtomatu-

ri uzrunvelyofiT); haeris momzadebis sistema, romelic dayene-

bulia airturbinuli danadgaris SesasvlelTan. es sistema Sed-

geba filtris nakveTurisagan, mayuCisa da haersavalisagan.  

airturbinuli danadgaris muSaobis sapasporto (saangari-

So) monacemebi, roca garemos temperatura +150C-ia, xolo baro-

metruli wneva 10330 mm.wy.sv. da danadgari muSaobs bunebriv airze 

mocemulia cxrilSi 41.                                                

                                                            
 cxrili 40 

atd-is muSaobis sapasporto monacemebi ( )015 Ct +=gar  

# parametrebis dasaxeleba ganzomileba maCvenebeli 
1. simZlavre mgvt 39,16 
2. Zravis mqk % 31,8 
3. siTbos kuTri xarji kj/(kvt.sT) 11329.8 
4. wnevis momatebis xarisxi - 11,8 
5. warmavali airebis xarji kg/sT 141,5 
6. wvis kameraSi muSa airis tempera-

tura 

0C 1104 

7. warmavali airebis temperatura 0C 541 

8. RerZis brunvis sixSire br/wT 5094 
9. haeris wnevis danakargi Sesas-

vlelTan 
mmwy.sv. 102 

10. warmavali airebis wnevis danakar-
gi gamosasvlelTan 

mmwy.sv. 63,5 

 



warmavali airebiT gatanili siTbo ∼ 284.92 gj/sT. 

azotis oqsidis (NOx) Semcveloba namuSevar airebSi, Jang-

badis 85%-iani pirobiTi koncentraciisas, mSral produqteb- 

Si ar aRemateba 50 mg/m3. 

 

3.4.5. ქსელის წყლის აირშემთბობი (ქწაშ) 

qselis wylis airSemTbobi damzadebulia taganrogis       

`Красныйкотельщик”-is АО-s mier da gankuTvnilia qselis wylis 

SesaTbobad, mxolod warmavali airebis siTbos xarjze, aq dama-

tebiTi saTbobis xarji ar aris gaTvaliswinebuli. qselis wylis 

airSemTbobi damzadebulia blokis saxiT da warmoadgens Tboga-

damcems da damzadebulia ganivi spiral-lentiani Sewibov-nebul 

milebiT. Tbogadamcemis zedapiri warmoadgens horizonta-lur 

klaknila pakets, sadac milebi Wadrakulad aris ganlagebuli. 

paketSi milebis daSoreba da maTi damagreba xorcieldeba mile-

bis samagri dafiT. 

airSemTbobs zevidan aqvs konfuzori, romelic airSemTbobs 

aerTebs sakvamle milSi mimaval airsavalTan. 

sapasporto (saangariSo) monacemebi airSemTbobisa, roca 

airturbinuli danadgari muSaobs 100%-iT datvirTviT da gare-

mos temperatura aris -70C mocemulia cxrilSi 41. 

 

 

 

 

 

 

 

 

 



cxrili 44 

 
at-Tecis muSaobis wliuri maCveneblebi 

 

 

 

 

nax. 59. atd-Tecis mier eleqtroenergiis gamomuSavebaze saTbobis kuTri xar-

jis damokidebuleba gare haeris temperaturaze  

# maCveneblebis dasaxeleba ganzomileba sidide 

1 eleqtroenergiis gamomuSaveba at-
TecSi 

mln.kvt.sT/wel 609,4 

2 at-Tecis salteebidan gacemuli 
eleqtroenergia 

mln.kvt.sT/wel 589,01 

3 cxeli wyliT gacemuli siTbo aTas.gkal/wel 695,18 

4 at-TecSi sakuTar moxmarebaze dax-
arjuli eleqtroenergia 

mln.kvt.sT/wel 
% 

20,39 
3,35 

 maT Soris   

5 eleqtroenergiis warmoebaze mln.kvt.sT/wel 
% 

17,82 
2,92 

6 siTbos warmoebaze mln.kvt.sT/wel 
% 

2,57 
0,42 

7 pirobiTi saTbobis xarji aTas.tp.s 236,11 

 maT Soris   

8 eleqtroenergiis warmoebaze aTas.t.p.s 126.24 

9 siTbos warmoebaze aTas.t.p.s 109,87 

10 saTbobis pirobiTi xarji siTbos 
warmoebaze 

kgp.s./gkal 170,0 

11 igive eleqtroenergiis warmoebaze gp.s./kvt.sT 214,33 



 
nax. 60. gare haeris temperaturis gavlena ω  parametrze 

 
 
nax. 61. atd-Tecis eleqtruli mq koeficientis damokidebuleba gare haeris 

temperaturaze  

 
 
nax. 62. atd-Tecis Tburi simZlavris damokidebuleba gare haeris temperatu-

raze 



 

 
nax. 63. pirobiTi saTbobis kuTri xarjis ekonomiis damokidebuleba gare 

haeris temperaturaze 

 
 

 
 

nax. 64. saTbobis fardobiTi xarjis damokidebuleba gare haeris             

temperaturaze  

 
nax.65. saTbobis ekonomiis xarjis damokidebuleba gare haeris temperaturaze 



 
3.5. დიზელ-დანადგარების ნარჩენი სითბოს გამოყენება 

კოგენერაციაში 
 

3.5.1. დიზელის ნამუშევარი სითბოს გამოყენების გზები და 
შესაძლებლობა 

 
mZlavri Tecebis garda kogeneraciuli sadgurebi SeiZleba 

Seiqmnas mcire simZlavris energodanadgarebis bazazec [59]. erT-

erTi aseTi danadgaria mcire simZlavris dizeli. 

dizelis muSa cilindrebSi sawvavis wvis Sedegad miRebu-

li siTbo mTlianad ar gardaiqmneba sasargeblo muSaobad, am 

siTbos didi nawili ikargeba namuSevari airebiT da macivebeli 

wyliT. Tanamedrove dizelebSi efeqturi mq koeficienti elη  ar 

aRemateba 40-45%-s, xolo Zveli konstruqciis, gansakuTrebiT 

amortizebul dizelebSi is kidev ufro naklebia. amrigad, siT-

bos didi nawili (55% da meti) ikargeba, arada es siTbo SeiZleba 

moxmardes sawarmoo da sameurneo-sayofacxovrebo saWiroebas 

TviT eleqtrosadgurebSi  [60]. 

dizelis Tburi balansidan Cans, rom misi dakarguli siT-

bo Sedgeba namuSevari airebiT da macivebeli wylis mier gata-

nili siTbosagan, agreTve saTbobis arasruli wvis Sedegad da-

karguli siTbosgan da garemoSi gadacemuli siTbosgan. ukanask-

neli ar emorCileba utilizaciis programas, Tumca is Cvengan 

damoukideblad xan sasikeTod moqmedebs, xan ki zians gvayenebs: 

zamTarSi igi aTbobs sanamqano darbazs da mimdebare saTavsebs 

ise, rom gaTboba saWiro aRar aris, magram zafxulSi Zalian ac-

xelebs SenobebSi haers. 

namuSevari airebiT da macivebeli wyliT gatanili siTbo 

SeiZleba gamoviyenoT sasargeblo. amasTan macivebeli wylis 

siTbo SeiZleba gamoyenebul iqnes ufro srulad, vidre warmava-

li airebis siTbo. namuSevarma airebma siTbos nawili SeiZleba 

gadasces nebismier Tbogadamtans (wyals, orTqls, haers da sxv.) 



aparat-utilizatoris meSveobiT. namuSevari airebidan 1 sT-Si 

gacemuli siTbo SeiZleba viangariSoT formuliT: 

 kj/sT                   (75) 
 

sadac efg - saTbobis kuTri xarjia, kg/(kvt.sT); 

               efN -dizelis simZlavre, kvt; 

  a2a1 ii , - airis enTalpia sautilizacio qvabSi Sesvlisas da 

gamosvlisas dizelSi damwvar 1 kg saTbobze SefardebiT, kj/kg; 

−ϕ siTbos danakargis koeficienti, romelic miiReba 3-5%-is 

toli an ganisazRvreba eqsperimentulad. 

namuSevari airebis enTalpia damokidebulia utilizatorSi airis 

Sesvlis da gamosvlis temperaturaze, agreTve airSi naxSirorJa-

ngisa da wylis orTqlis Semcvelobaze: 

kj/sT          (76) 

sadac mS.av -aris wvis mSrali produqtebis moculoba 1 kg saTbob-

ze, m3; 

OHv
2
- wylis orTqlis moculoba 1 kg damwvar saTbobze, m3; 

mS.aPC da OHp
C

2
- mSrali airebisa da wylis orTqlis moculobiTi 

siTbotevadoba;  at - airis temperatura, C0 . 

macivebeli wyliT waRebuli siTbo SeiZleba ufro sru-

lad gamoviyenoT, vidre namuSevari airiT gatanili siTbo, rad-

gan wyliT waRebuli siTbo SeiZleba gamoviyeboT abanoSi, saSxa-

peSi, samrecxaoSi, magram es gza dakavSirebulia eleqtrosad-

gurSi wylis danakargTan da dasaSvebia mxolod maSin, roca 

eleqtrosadguri kargad aris uzrunvelyofili rbili mciremi-

naralizebuli wyliT. momxmarebelze miwodebuli wylis tempe-

raturis limitirdeba dizelis Semdeg wylis zRvruli tempera-

turiT da boileris temperaturuli vardniT. 

am temperaturebis savaraudo mniSvnelobebi, 1 kg damwvari 

saTbobis siTbos raodenoba da sxva parametrebi mocemulia 46-e 

( ) ( ),12 a2a1efef iigQ −⋅Ν⋅⋅−= ϕ

( )[ ] ,19,4
222 ⋅⋅+= amS.amS.a tCvCvi OHpOHP



cxrilSi. es monacemebi aris saSualo sididisa, romelebic miRe-

bulia sxvadasxva qvab-utilizatoris gamocdisas.  

                                                          

 
 cxrili 45 

sautilizacio qvabebis gamocdisas miRebuli monacemebi 
 
parametrebi 

oTxtaqtiani dizeli ortaqtiani dizeli 

nelsvli
ani 

swrafsvliani nelsvliani swrafsvliani 

saangariSo simZlavre, ro-
gorc nominaluri simZla-
vris procentuli sidide Ns, 
% 

90,0 85 85 80 

utilizatorSi Semavali 
airebis savaraudo tempera-

tura, C0
 

340-380 380-450 250-280 280-350 

siTbos savaraudo raodeno-
ba, kj/kvt.sT 

 
1230-1310 

 
1310-1390 

 
1610-1850 
 

 
1850-2000 
 

utilizatoridan gamomavali 
namuSevari airebis tempera-

tura, C0   )( at  
140* 150* 140* 150* 

airis da orTqlis tempera-
turaTa sxvaoba 

50-60 50-60 50-60 50-60 

wvis produqtebis saorien-
tacio masa, kg/cx.Z. igive 
kg/(kvt.sT) 

5,0 
 
6,8 

5,0 
 
6,8 

10,0 
 
13,6 

10,0 
 
13,6 

utilizatoris CarTvisas 
sasargeblod gamoyenebuli 
siTbo kj/(kvt.sT) 

554-770 620-920 430-520 520-620 

praqtikulad miRebuli 
orTqlis raodenoba  
kg/(cx.Z.sT). 
igive kg/(kvt.sT) 

 
 
0,30-0,335 
0,41-0,48 

 
 
0,35-0,40 
0,48-0,54 

 
 
0,2-0,25 
0,27-0,54 

 
 
0,25-0,30 
0,37-0,41 

 
*-amaze ufro dabal temperaturaze wylis orTqli kondensirdeba 

 

3.5.2. ნამუშევარი სითბოს გამოყენების გავლენა დანადგარის 
ეკონომიურობაზე 

 
dizelis ekonomiuroba xasiaTdeba efeqturi mq koeficien-

tiT. namuSevari airebis siTbos gamoyenebis gavlena danadgaris 

ekonomiurobaze gamovikvlioT 4 taqtian 4Ч 42, 5/60  da 2 taqtiani 

6Д 30/50 agregatis magaliTze, saidanac namuSevari airebi miemar-

Teba qvab-utilizatorSi. 

     4Ч42,5/60 dizelisaTvis nominaluri simZlavriT efN =500 cx.Z,            



roca saTbobis kuTri xarji aris efb =0,180 kg/ef.cx.Z., amasTan, 

roca gvaqvs saTbobis saaTuri xarji =B 0,18 ⋅ 500=90 kg/sT da daw-

vis siTbo aris m
udQ =42000 kj/kg efeqturi mq koeficienti gamoiT-

vleba formuliT: 

                                              

.3535,0
4200018,0

19,463219,4632
0

0==
⋅
⋅

=
⋅

=
m
udef

ef Qb
η  

Semdeg vRebulobT, rom qvab-utilizatori ikvebeba wyliT, rom-

lis temperatura s.wt =45 C0  da iZleva D=180 kg orTqls saaTSi, ro-

ca absoluturi wneva aris 4 bari da simSralis xarisxi х=0,97. 

aseTi orTqlis enTalpia rxiix += ' =604+2140 ⋅0,97=2680 kj/kg da en-

Talpia sakvebi wylis s.wi = s.wwtc = 4,19 ⋅45=189 kj/kg. mTeli siTbo, 

romelic gamoiyeneba qvab-utilizatorSi =Q D ( )s.wiix −⋅ =180(26080-

189)=448000 kj/sT. danadgaris ekonomiuroba qvab-utilizatoris 

muSaobis xarjze izrdeba: 

                                           
%8,11

4200090
448000100100% =
⋅

==∆
m
udBQ

Qη -iT.      (77) 

6Д 30/50 dizelisaTvis, romlis nominaluri simZlavre   

efΝ =600 cx.Z, xolo saTbobis kuTri xarji efb =0,185 kg/cx.Z.sT. 

gvaqvs saTbobis xarji efefΝ= bB =0,185 ⋅600=111 kg/sT aseTi dize-

lisaTvis efeqturi mq koeficienti: 

                                                        
=

⋅
⋅

=
42000185,0

19,4632
efη 0,341=34,1%.           

vTvliT ra, rom namuSevari airi Sedis qvab-utilizatorSi, 

romelSic gadis 3500 kg wyali saaTSi da is cxeldeba 65 C0 -dan 

85 C0 -mde, maSin mTeli siTbo, romelic gamoiyeneba qvab-utiliza-

torSi ( ) =−⋅= 1w2www ttcGQ 3500 ⋅4,19 ⋅20 = 293000 kj/sT. 

amrigad TecebSi, sadac gamoviyenebT namuSevari airebis 

siTbos danadgaris mq koeficienti gaizrdeba sididiT: 



                                   

=
⋅

⋅==∆
42000111

293000100100
m
udBQ

Qη 6,3%-iT.           (78) 

3.5.3. ნამუშევარი სითბოს გამოსაყენებელი დანადგარების სქემები 

და ელემენტები 

im danadgaris elementebi, romelic gamoiyeneba namuSevari 

siTbos utilizaciisaTvis yvelaze ukeT gavecnobiT tipuri sqe-

mebiT. nax. 66 (a)-ze mocemulia aseTi sqema, romliTac SeiZleba 

gamoviyenoT gamacivebeli wylis siTbo. cxeli wyali (pirveli 

konturis wyali) dizelis gamacivebeli aredan Caedineba mil-

saden 1-Si da xvdeba centridanul tubmo 4-Si, romelic garkve-

uli wneviT awvdis wyalwylian boilers 6. am boilerSive xdeba 

(meore konturidan) tumboTi 10 Semosuli wylis gacxeleba. sai-

danac, tumboTi 7  wyali miewodeba momxmarebels. pirveli  kon-

turis wyali anu Tbili wyali, romelic gamacivebelidan modis, 

gascems ra Tavis siTbos, midis Semdeg e.w. SemkrebSi da kvlav 

gamoiyeneba dizelis gamacivebelSi (naxazze es ar aris naCvenebi). 

Tu momxmarebels cxeli wyali ar unda, maSin tumbos 4 aCereben, 

xolo wyalwylian boilerSi wylis miwodebas urduliT ketaven. 

Tu urduli 9 Riaa cxeli wyali miemarTeba SemkrebSi an kvlav 

gamacivebel mowyobilobaSi da Semdeg SemkrebSi. Tu momxmare-

bels sWirdeba ufro meti temperaturis mqone wyali, vidre amas 

iZleva wyalwyliani bioleri, maSin miliT 7 wyali SeiZleba Se-

vaTboT wylis SemaTbobel qvabSi 8. Tbili wylis miwodeba wylis 

SemaTbobel qvabSi, aseve Tbili wylis gaSveba am qvabis gverdis 

avliT xdeba Sesabamisi urdulebis meSveobiT. SemaTbobe-li qva-

bis nacvlad nebismieri saTbobis SemTxvevaSi SeiZleba gamoviye-

noT sautilizacio qvabi. sadac xdeba namuSevari siTbos kombi-

nirebuli gamoyeneba, am dros danadgaris elη  iqneba maqsimaluri. 

eleqrtosadguris sakuTari momxmareblisaTvis (dizelis SesaT-

bobad gaSvebis win, saTbobis SesaTbobad, wylisa da zeTis Se-



saTbobad) milsadens 1 aqvs ganStoeba 2. danadgaris muSaobas, 

rom daukvirdeT mas aqvs Termometri 3 da manometri 5. 

nax. 66. (b)-ze mocemulia danadgaris principuli sqema, rom-

liTac xdeba namuSevari airebis siTbos gamoyeneba wylis gasac-

xeleblad.  

dizelis 1 namuSevari airebi 2 milsadeniT xvdeba mayuCSi 3, 

Semdeg atmosferoSi an kidev qvab-utilizatorSi 4. aqedan ki isev 

atmosferoSi. airebis moZraobis mimarTuleba dgindeba urdule-

bis  saSualebiT  milsadenze  2. dizelis  gasaciveblad 

 
nax. 66. dizel-danadgaris namuSevari siTbos gamoyenebis principuli sqema. 

a – macivebeli wylis siTbos gamoyeneba; b – wylis gasaTbobad namuSevari 
airebis siTbos gamoyeneba; g – orTqlis misaRebas namuSevari airebis gamoye-
neba. 

 

centridanuli tumboTi 5 miewodeba 35-50 C0  temperaturis mqone 

wyali, es wyali xvdeba zeTis macivarSi 6, Semdeg ki dizelis 

gacivebis sistemidan cxeli wyali milsadeniT 7 iRvreba Semkreb- 

Si 10. Semkrebidan 55-70 C0  temperaturis mqone wyali midis gamaci-

vebel mowyobilobaSi, xolo am wylis nawili meore tumboTi 9 

SeiZleba mivawodoT qvab-utilizators. qvabidan cxeli wyali  

milsadeniT 8 miewodeba momxmarebels. ase, rom am sqemiT wyal-

saTbobi sautilizacio qvabi SeiZleba vkveboT rogorc Tbili, 



aseve cxeli wyliT. es damokidebulia imaze, Tu rogori unda 

iyos wylis saboloo temperatura. namuSevari airebis siTbos ga-

moyenebis es sqema iTxovs rbili wylis miwodebas. 

nax. 66. (g)-ze mocemulia principuli sqema, romelSic namu-

Sevari airebis siTbo gamoiyeneba dabali da saSualo wnevis na-

jeri orTqlis sawarmoeblad. namuSevari airebi dizelis koleq-

tordan 1 xvdeba mayuCSi 2 an urduliT 4 da milsadeniT 3 qvab-

utilizatorSi 5. qvabSi miwodebuli airis raodenoba regu-

lirdeba urdulis 4 da mayuCis urdulis gaRebis xarisxiT (anu 

Tu metad gavaRebT urduls meti airi miewodeba, Tu davketavT 

naklebi). 

qvabis kvebisaTvis dayenebulia specialuri tumbo 6. di-

zelis gacivebisas momxmarebels, rom orTqli miewodos Seufer-

xeblad dayenebulia damxmare orTqlis qvabi 7, romelsac aqvs 

saWiro mwarmoebloba. qvabebis wyliT kveba, tumbos garda SeiZ-

leba movaxdinoT eJeqtoriT. nebismier SemTxvevaSi da nebismieri 

qvabisaTvis sakvebi wyali unda iyos rbili. 

qvab-utilizatori da damxmare orTqlis qvabi unda iyos 

aRWurvili yvela im armaturiTa da xelsawyoTi, romelsac iT-

xovs saxelmwifo zedamxedvelobis inspeqcia. 

 
3.5.4  А-41 დიზელის ნარჩენი სითბოს უტილიზაციის 

შესაძლებლობის გაანგარიშება 
 

[60] mocemuli meTodikis safuZvelze gaviangariSoT A-41 

dizelis kogeneraciisaTvis gamoyenebis efeqturobis maCveneble-

bi. 

dizelis efeqturi simZlavre =Νef 37,5kvt; saangariSo sim-

Zlavred miviRoT: 

=Ν '
ef 0,85 ⋅ ≅Νef 31,875 kvt ≈32 kvt. 

efeqtur mq koeficients dizelisTvis viRebT efη =0,35 [60], ma-

Sin saTbobis mier Setanili siTbo : 



 
91 kvt=327600 kj/sT.             (79) 
 

pirobiTi saTbobis kuTri xarji 

                                             

===
0,35

123123

ef

ef η
b 351,4 gp.s./(kvt.sT)              (80) 

dizelis saTbobis udablesi dawvis siTbo miviRoT             

m
udQ =10000 kkal/kg=41,9 mgj/kg [61]; naturaluri (dizelis) saTbo-

bis kuTri xarji toli iqneba 

≈⋅= 4,351
10
7nat

efb 246 gn.s./(kvt.sT).  

dizelis saTbobis saaTuri xarji: 

                                         
=Ν⋅= '

ef
nat
efbB 0,246 ⋅ 32=7,872 kg/sT;               (81) 

dizelis saTbobis simkvrive (15 C0 dros) ρ =0,87 g/sm3=0,87 kg/dm3 

[61]; 

dizelis saTbobis saaTuri xarji litrebSi: 

≅=
0,87

7,872
lB 9,05 l/sT.  

siTbos kuTri gacq , raodenoba, romelic dizelidan gadaece-

ma garemos  [62]: 

a) swrafsvliani dizelebisTvis 2270÷3700 kj/(kvt.sT) 

b) nelsvliani dizelebisTvis 1890÷3130 kj/(kvt.sT) 

es monacemebi saerTo siTbos raodenobis 13,2-19,2% da       

10-18,2%-s Seadgens, naklebi mniSvnelobebi exeba swrafsvlian 

mZlavr dizelebs, meti sidideebi – mcire simZlavris ortaqtian 

dizelebs. 

orlinis [62] monacemebiT im dizelebisaTvis, romlebic mu-

Saoben Cabervis gareSe, gacq =0,20÷0,35; warq =0,25÷0,40. angariSisa-

Tvis aviRoT umciresi mniSvneloba ≈gacq 0,2. maSin siTbos saaTu-

ri xarji, romelic airineba gacivebis sistemidan 

                                 1QqQ ⋅= gacgac =0,2 ⋅ 91=18,2kvt=65520 kj/sT             (82) 

≅=
Ν

=
0,35

32

ef

ef

η

'

1Q



SenobisTvis, romlis saerTo farTobi Seadgens F =800 m2 da 

Weris simaRle 3 m-ia, saerTo moculoba tolia: 

V =800 ⋅ 3 ⋅ 1,1=2640m3, 
sadac 1,1 aris koeficienti, romelic iTvaliswinebs Senobis mo-

culobas gare gabaritebiT. saangariSo Tburi datvirTva: 

                                                          
( )garSiggaT ttVqQ −⋅= 0  ;                                               

(83) 

miviRoT: Ct 018=Sig ; ;80 Ct −=gar  
≅0q 1,25 kj/(m3sT.K)=0,347 vt/(m3K) [3], ma-

Sin
 

                      =gaTQ 1,25 ⋅ 2640 ⋅ 26 =85800kj/sT (23,8 kvt). 

gaTbobis sezonSi saSualo Tburi datvirTva: 

                                 

12,6
818

4,218
23,8

garSig

saS
garSig

gaT
saS
gaT =

+
−

⋅=
−

−
⋅=

tt
tt

QQ kvt,         (84) 

sadac −= Ct 02,4saS
gar aris TbilisSi yvelaze civi TvisTvis garemos sa-

Sualo temperatura [3]. 

gaTbobis sistemisaTvis qselis wylis saWiro xarji gaianga-

riSeba formuliT: 

                                                 ( ) ;21 ttc
Q

G
−

= gaT

qwy                               (85) 

miviRoT  pirdapiri qselis wylis temperatura Ct 0
1 85= ;  dabrune-

buli qselis wylis temperatura ,650
2 Ct =  e.i. ,200 Ct =∆ maSin 

 

204,19

23,8
qwy ⋅

=G =0,284 kg/wm≅ 1,023 t/sT. 

 

analizis Sedegad dadginda, rom ganxiluli A-41 tipis di-

zel-danadgaris gacivebis sistemidan SeiZleba uzrunvel-yofil 

iqnes Tburi datvirTva 12,6 kvt., rac sakmarisia 800 kv.m. Senobis 

gaTbobis sistemis mosawyobad.  

 

 

 



 

 

 

 

 

  



თავი IV. ორთქლაირული კოგენერაცია 

4.1. არსებული კომბინირებული დანადგარების მოკლე 
დახასიათება  

Tboenergetikuli danadgarebis racionaluri ganviTarebis 

mTavar mimarTulebas warmoadgens kombinirebuli ciklebis damu-

Saveba da gamoyeneba. aseTi ciklebis Seqmnis mizania danadgarebis 

Tburi ekonomiurobis gazrda da saWiro kapitaldabandebebis 

Semcireba. kombinirebuli cikli iZleva maqsimalur dadebiT 

efeqts, rodesac erTiandeba ori an ramdenime Termodinamikuri 

cikli, romelTagan erT-erTs eqneba siTbos miwodebis maRali 

(maqsimalurad dasaSvebi) temperatura - zeda cikli, xolo 

meores (qveda cikli)-siTbos arinebis rac SeiZleba dabali tem-

peratura.  

mq koeficientis zrda miiReba orTqlturbinuli ciklis 

maRaltemperaturiani airturbiniT Termodinamikuri daSenebis 

gziT. siTbos miwodebis principebis Sesabamisad kombinirebuli 

ciklebi SeiZleba iyos dayofili sam ZiriTad jgufad: nawilo-

briv-binaruli, binaruli da monaruli [54,64]. 

kombinirebuli ciklis efeqturoba bevrad aris damokide-

buli airebis temperaturaze airturbinis win. rodesac aRniSnu-

li temperatura ar aRemateba 1000-1100 C0 -s yvelaze efeqturia na-

wilobriv binaruli cikli maRali dawnevis orTqlgeneratoriT 

(nax. 67.a) maRali dawneviT momuSave orTqlgeneratori SeiTavsebs 

agreTve wvis kameris rols airturbinuli danadgarisaTvis, da 

siTbo orTqlturbinul cikls miewodeba airebis maRali wnevis 

pirobebSi. amasTan orTqlturbinuli cikli martivdeba, radgan 

turbinis regeneraciis umetesi nawili aRar iqneba saWiro. 

T-S diagramis Sesabamisad orTqlturbinul ciklSi aorT-

qlebis ( pirQ ) da gadaxurebis ( gadQ ) siTbo gadaecema Tbogadamtans 

maRali wnevis izobarul procesSi 1-1 da mxolod wylis SeTbo-



bis siTbo SeTQ  gadaecema dabali wneviT-izobara 5-2. siTbos rao-

denoba, romelic gadaecema orTqlturbinul cikls, 4-5-jer aRe-

mateba airturbinul nawilSi gadacemuli siTbos raodenobas. 

Sesabamisad orTqlis turbinas gaaCnia meti simZlavre, vidre 

airturbinas. ganxiluli ciklis uaryofiT mxareT unda CaiTva-

los bunebrivi airis an specialuri airturbinuli saTbobis ga-

moyenebis aucilebloba. am ciklis mTavar upiratesobad unda 

CaiTvalos mq koeficientis gadideba orTqlturbinul danadgar-

Tan SedarebiT (∼5-6%-iT) da orTqlgeneratoris kompaqturoba, 

rac mniSvnelovnad (15-20%-iT) amcirebs mis kapitaldabandebebs. 

es cikli unda mivakuTvnoT nawilobriv binarul ciklebs. meore 

nawilobriv-binaruli cikli (nax. 67.b) xasiaTdeba ramdenadme na-

klebi ekonomiurobiT (4-5%-iT) pirvelTan SedarebiT. 

airturbinis warmavali airebi Seicaven 15-18% raodenobis 

Jangbads da, Tu gaviTvaliswinebT maT maRal temperaturas-

500÷550 C0 , SesaZlebeli xdeba am airebis gamoyeneba haeris magi-

vrad Cveulebriv qvabSi, anu dabali dawnevis orTqlgenerato-

rebSi (ddo). am SemTxvevaSi aRniSnuli airebis fizikuri siTbo 

efeqturad iqneba gamoyenebuli da orTqlgenerators aRar das-

Wirdeba haerSemTbobi. warmavali airebis gaciveba warmoebs sakve-

bi wylis saSualebiT damatebiT ekonomaizerSi. maTi efeqturi 

gaciveba xdeba SesaZlebeli, Tu mniSvnelovnad SeizRudeba orT-

qluri regeneracia orTqlis turbinaSi. 

aRniSnuli ciklis ZiriTadi upiratesobani Semdegia: 

1. SesaZlebelia gamoyenebul iqnes Cveulebrivi konstruqciis 

orTqlgeneratori umniSvnelo gadakeTebiT (damatebiTi ekonomai-

zeris montaJi) da mas SeuZlia imuSaos praqtikulad nebismieri 

saxis saTbobze. 

2. SesaZlebelia gamoyenebul iqnes seriuli danadgarebi, rac be-

vrad aadvilebs kombinirebuli ciklis ganxorcielebas. 



3. maRali saimedooba, rac dakavSirebulia orTqlturbinuli da 

airturbinuli danadgarebis muSaobis SesaZleblobasTan rogorc 

erToblivad, aseve erTmaneTisgan damoukideblad, anu avtonomiur 

reJimSi. 

4. ganxiluli kombinirebuli ciklebis (nax. 43.) Termodinamikuri 

analiziT Sefasebulia saTbobis ekonomiis sidide-9 da 8% Sesa-

bamisad [65] Cveulebriv orTqlturbinul ciklTan SedarebiT. 

 

 

nax.67.  binaruli da monaruli orTqlairuli danadgarebis ZiriTadi sqemebi: 
a)                        b)                            g) 

a.t.-air turbina; md.o-maRali wnevis orTqlgeneratori; k-kompresori; e-
ekonomaizeri; o.t-orTqlis turbina; ddo-dabali dawnevis orTqlgeneratoriT; 
wk-wvis kamera; q.u-qvab-utilizatori. 
 

mesame cikli aris wminda binaruli (nax. 67.g) igi iTvalis-

winebs airturbinuli danadgaris srul daSenebas orTqlturbi-

nul ciklze (airorTqlturbinuli cikli). nawilobriv binaruli 

ciklebSi orTqlturbinul danadgarSi miewodeba siTbos umetesi 

nawili da mxolod siTbos 15-20% ixarjeba airturbinul danad-

garze. binaruli cikli iTvaliswinebs siTbos miwodebas marto 

airturbinuli danadgaris wvis kameraSi, e.i. maRali temperatu-



ris pirobebSi (1200÷1400 C0 ). Termodinamikis kanonebis Sesabamisad 

es ganapirobebs maqsimaluri mq koeficientis miRebas kombinire-

bul ciklSi. amrigad, ganxilul binarul ciklSi orTqlturni-

buli danadgaris orTqlgeneratorSi (qvab-utilizatorSi) ar 

warmoebs saTbobis wva da gamomuSavebuli orTqli miiReba air-

turbinis warmavali airebis fizikuri siTbos xarjze [66]. 

Tanamedrove airturbinul danadgarebSi airebis sawyisi 

temperatura aRwevs 1200÷1400 C0  da Sesabamisad atd-is mq koefici-

enti atdη =36-38% am SemTxvevaSi warmavali airebis temperatura  

510÷550 C0 -s Seadgens, amitom savsebiT SesaZlebelia am airebis 

fizikuri siTbos xarjze qvab-utilizatorSi miRebul iqnes ma-

Rali parametrebis wylis orTqli [65], ris gamoc izrdeba 

orTqlturbinuli ciklis mq koeficienti. binaruli cikliT mo-

muSave danadgaris mq koeficienti SeiZleba Sefasdes formuliT 

[65]. 

                                     
( ) ,1 otdq.uatdatdaotd ηηηηη −+≅

                                 
(86) 

sadac q.uη  da otdη   warmoadgens qvab-utilizatoris da orTqltu-

rbinuli danadgarebis mq koeficientebs.  

ganxiluli sami kombinirebuli ciklidan, yvelaze perspeq-

tiulia binaruli cikli sruli airturbinuli daSenebiT 

orTqlturbinul ciklze. aseTi kombinirebuli ciklis danadga-

rebSi miRebulia mq koeficientis mniSvnelobebi 55-58% [67]. bina-

ruli ciklis Semdegi ganviTareba da srulyofa warmoebs Ziri-

Tadad ori RonisZiebis saSualebiT: orTqlis turbinis muSaobiT 

ori sxvadasxva wnevis orTqliT da siTbos Sualeduri miwode-

biT airturbinul ciklSi. 

miRebuli Sedegebi exeba martivi sqemis maRaltemperaturian 

airturbinul danadgarebs. am ciklSi gaTvaliswinebulia, rom 

qvab-utilizatori gamoimuSavebs ori wnevis wylis orTqls. misi 

gamoyeneba orTqlis turbinaSi ganapirobebs orTqlturbinuli 



ciklis mq koeficientis gazrdas saSualod 2% [67], erTi wnevis 

orTqlis gamoyenebasTan SedarebiT. 

rogorc kondensaciuri, ise Tbofikaciuri eleqtrosadgu-

rebis Termodinamikuri srulyofis Semdgomi mniSvnelovani mi-

marTulebaa  orTqlairul ciklze gadasvla. ZiriTadad gamoi- 

yeneba Cveulebrivi energetikuli qvabi anu dabali dawnevis 

orTqlgeneratori, (mdog) romelSic saTbobis nawilis wva xdeba 

atmosferul wnevaze. maRali dawnevis orTqlgeneratoris (mdog) 

gamoyenebam eqspluataciaSi ar gaamarTla [28]. bolo periodSi 

mdog-s TiTqmis aRarsad iyeneben msoflioSi, vinaidan Tavi iCina 

didma sirTuleebma aseTi danadgaris qvabis eqspluataciis pro-

cesSi. 

 
nax. 68. orTqlairuli Tecis principuli sqema T tipis turbiniT 

1-kompresori; 2-wvis kamera; 3-airturbina; 4-qvabi; 5-mdog; 6-T tipis orTqlis 

turbina; 7-10-Sesabamisi dwS1-dwS4; 11-mwS-s jgufi; 12-deaeratori; 13-I safexuris 

ekonomaizeri; 14-II safexuris ekonomaizeri; 15-III safexuris ekonomaizeri; 16-

mkvebavi eleqtrotumbo; 17-haerSemTbobi; 18-haeris ventilatori; 19-

recilkulaciuri tumbo; 20-orTqlis miwodeba qselis SemTbobze;  

      -     uxmari orTqli;       ..   -orTqli arTmevidan;      -sakvebi 

wyali;       ...   – haeri;    - -warmavali airebi;  •  •  - saTbobi; -------- -

haerSemTbobis gacivebis konturi otd-is avtonomiur reJimSi muSaobi-

sas. 

ukanasknel dromde oatd-s ddog-iT muSaobis ZiriTad upi-

ratesobad Tvlidnen rogorc airuli, ise orTqlZalovani cik-



lis safexurebis muSaobas avtonomiur reJimSi da daaxloebiT 3-

jer naklebi keTilSobili saTbobis moTxovnilebas oatd-saTvis. 

es imiT aris ganpirobebuli, rom energetikuli qvabis sacecxle-

Si SeiZleba daiwvas mazuTi an naxSiri. magram axla aman dakarga 

faqtobrivad Tavisi mniSvneloba, radgan Txevadi saTbobis ga-

moyeneba energetikaSi mniSvnelovnad Semcirda, bunebrivi airis 

moxmarebasTan SedarebiT. aseve sawvavad SeiZleba gamoviyenoT 

dabali xarisxis naxSiri, romelTa gamoyeneba sawvavad rogorc 

ekonomiuri, ise ekologiuri TvalsazrisiT mizanSewonilia 

oatd-s ciklSi mdog-iT.  

bolo dros didi yuradReba eqceva oatd-s sqemas qvab-

utilizatoriT (oatd- qut-Ti), sadac orTqlis generaciisaTvis 

gamoiyeneba mxolod warmavali airebis saiTbos utilizacia. 

kondensaciur danadgarTan SedarebiT oatd-qut-Ti SeiZleba iyos 

ufro maRalefeqturi, vidre sxva tipis oatd, amasTan ekonomi-

urobis amaRleba miiRweva bazisuri reJimis dros, xolo samane-

vro reJimebis dros saWiro iqneba blokSi 3-4 atd-s CarTva, ro-

melic gamoirTveba datvirTvis Semcirebisas, rom ar moxdes mq 

koeficientis dauSvebeli Semcireba. Tbofikaciuri oatd-saTvis 

qut-iT Tanabarekonomiuroba sxvadasxva oatd-Si miiRweva atd-s 

win airis SedarebiT dabali temperaturisas (daaxloebiT 1000 C0 ), 

rac imis Sedegia, rom izrdeba eleqtroenergiis kuTri gamomuSa-

veba Tbur moxmarebaze. garda amisa, aseTi danadgarebi ukeTesia 

yvela tipis oatd-sTan SedarebiT, rac gamoixateba imaSi, rom mq 

koeficienti naklebadaa damokidebuli simZlavris Semcirebaze, 

radgan saTbobis energiis 50-60% nominalur reJimSi gamoiyeneba 

Tburi datvirTvebis dasafaravad. 

principSi Tbofikaciuri oatd-Tvis qut-iT SeiZleba Sevi-

muSaoT sxvadasxva sqemebi, magram Sesrulebulma analizma daa-

dastura [28], rom yvelaze mizanSewonilia iseTi oatd-s Seqmna 

orTqlis orsafexuriani wneviT, roca Tbofikaciis pirobiTi 



koeficienti t.rα =1 (mTeli Tburi datvirTva ifareba qut-dan da 

turbinis arTmevidan) Tbofikaciur TecSi sakvebi wylis damate-

biTi SeTboba ganxorcieleba xdeba turbodanadgaris Semdeg pi-

kur qselis SemTbobebSi dabali wnevis orTqliT. aseTi Tecis 

sqema mocemulia  nax. 69-ze. 

 

 
 
nax. 69.Qqvab-utilizatoriani Tbofikaciuri oatd-is principuli sqema 

1-kompresori; 2-wvis kamera; 3-airis turbina; 4-eleqtrogeneratori; 
5-qvab-utilizatori (orwneviani); 6-orTqlis turbina; 7-8-qselis 

SemTbobebi; 9- kondensatori;      haeri;  •    • saTbobi; •••   wvis 
produqtebi;     orTqli;      wyali; 
 

aRniSnuli midgomis ZiriTad Taviseburebas oatd-s mowyo-

bilobis arCevisas warmoadgens is, rom am dros gveZleva saSua-

leba atd-is simZlavris Semcirebisas, roca garemos temperatura 

izrdeba, misi kompensacia movaxdinoT orTqlis turbinis simZla-

vris zrdiT.  

orTqlairul ciklze gadasvla orTqlZalovanTan Sedare- 

biT uzrunvelyofs ekonomiurobis mkveTr zrdas. is Tavis gamox-

atulebas poulobs ori ZiriTadi maCveneblis erTobliv gavle-

naSi, romelic axasiaTebs energomomaragebis kombinirebul sqemas, 

esenia: eleqtrulienergiis kuTri gamomuSaveba Tbur moxmarebaze 

da saTbobis kuTri xarji eleqtroenergiis gamomuSavebaze.  

garda ciklis Termodinamikuri efeqturobis gazrdisa, 

orTqlairian  danadgarze gadasvla uzrunvelyofs TecSi danad-



garis kuTri kapitaldabandebis mniSvnelovan Semcirebas dadg-

muli eleqtruli simZlavris erTeulze. 

ase, magaliTad: oatd-Si mdog-Ti, imis mixedviT Tu romeli 

orTqlis turbinaa gamoyenebuli da Sesabamisad rogoria 

orTqlisa da airis ciklis safexurTa simZlavris Tanafardoba 

kapitaldabandeba erTeul eleqtrul simZlavreze mcirdeba 10-

20%-iT, xolo oatd-Si qut-Ti daaxloebiT 50%-iT. es gan-

sazRvravs misi gamoyenebis maRal teqnikur-ekonomiur efeqturi-

bas. 

Tbofikaciuri oatd-s qut-Ti gamoyeneba SeiZleba Tburi 

datvirTvebis koncentraciis nebismier zonaSi, rac gamowveulia 

maTi SedarebiT dabali Tburi simZlavriT.  

miRebuli monacemebis analizi gviCvenebs [28], rom atd-is 

gamoyeneba Tboeleqtromomaragebis sistemaSi uzrunvelyofs 

mniSvnelovan efeqts ise, rom ar iqneba damokidebuli Tburi 

datvirTvebis koncentraciaze da energodanadgarebis muSaobis 

reJimze. Tburi datvirTvebis mniSvnelovani koncentraciis zona-

Si SedarebiT perspeqtiulia oatd-s mdog-Ti gamoyeneba.  

 

4.2. ქვაბ-უტილიზატორიანი ორთქლაირული თეცის პრინციპული 
თბური სქემები და ეფექტურობის ძირითადი მაჩვენებლები 

kogeneracia warmoadgens msoflio energetikis ganviTare- 

bis da energodamzogi politikis umniSvnelovanes strategiul 

mimarTulebas. tradiciulma orTqlturbinulma Tecebma, siZviri-

sa da SedarebiT dabali efeqturobis gamo, praqtikulad ukve 

amowures Tavisi SesaZleblobebi da Semdgomi ganviTarebis pers-

peqtivebi aRar aqvT [42]. gacilebiT energoefeqturi, iafi da 

ekologiurad usafrTxoa airturbinul, orTqlairul da air-

dguSian teqnologiebze dafuZnebuli kogeneraciuli sadgure- 

bi. binaruli tipis qvab-utilizatoriani Tbofikaciuri orTqlai-

ruli danadgarebi gamoirCeva eleqtroenergiis maqsimaluri ga-



momuSavebiT Tburi moxmarebis bazaze da yvela perspeqtiulia 

TecebisaTvis [16,42].  

nax. 70-ze moyvanilia aseTi tipis danagarebiT aRWurvili 

Tecis principuli Tburi sqema [42], sadac gamoyenebulia umarti-

vesi tipis airturbinuli danadgari (atd), KO tipis (T an П) er-

TregulirebadarTmeviani Tbofikaciuri orTqlis turbina, ro-

melsac ara aqvs orTqlis regeneraciuli arTmevebi. 

 

nax. 70. qvab-utilizatoriani aotd-Tecis principuli Tburi sqema 

1- atd-s haeris kompresori; 2- wvis kamera; 3- airturbina; 4- eleqtroge- 

neratori; 5- qvab-utilizatori; 6- orTqlis turniba; 7- kondensatori; 8- 

orTqlwyliani qselis SemTbobi; 9- airwyliani qselis SemTbobi; 10- kon-

densatis tumbo; 11- qselis wylis tumbo; I- haeris Sewova kompre- 

    sorSi; II- saTbobis miwodeba wvis kameraSi; III- orTqli qvab-utilizato- 

    ridan; IV- warmavali airebi atmosferoSi; V- dabrunebuli qselis wyali;   

VI- pirdapiri qselis wyali; VII- sacirkulacio wyali; VIII- orTqlis re-

gulirebadi arTmeva; IX-kondensati; X- arTmeuli orTqlis drenaJi; XI- na-

muSevari orTqli. 

atd-is warmavali airebis siTbos utilizacia xdeba Tanmimde-

vrulad jer qvab-utilizatorSi 5 orTqlis turbinisaTvis 6 da-

bali an saSualo wnevis orTqlis misaRebad, Semdeg ki airwylian 

SemTbobSi 9. amis Sedegad warmavali airebis temperatura mcir-

deba 450...5500C-dan (atd-is gamosasvlelze) 100...1500C-mde (atmosfe-



roSi gatyorcnisas). gaTbobacxelwyal-momaragebis sistemaSi mi-

sawodebeli qselis wyali SeTbeba jer orTqlwylian SemTbobSi 

(boilerSi) 8 orTqlis turbinidan arTmeuli orTqliT, Semdeg ki 

airwylian SemTbobSi 9 atd-is warmavali airebiT. 

warmodgenili tipis orTqlairuli Tecis energoefeqturo-

bis Termodinamikuri analizis safuZvelze, gansazRvrulia [68,69] 

aseTi Tecis Tburi ekonomiurobis ZiriTadi maCveneblebi: 

a) 
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b) Tecis kerZo mq koeficienti `bruto” eleqtroenergiis gamomu-

Savebaze 
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g) TecSi eleqtroenergiis kuTri gamomuSaveba Tburi moxmarebis 

bazaze 
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d) pirobiTi saTbobis kuTri xarji eleqtroenergiis gamomuSave-

baze, kgp.s./(kvt.sT) 
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e) TecSi eleqtroenergiis gamomuSavebaze daxarjuli saTbobis 

wili 
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v) energosistemaSi orTqlairuli Tecis funqcionirebiT ganpi-

robebuli saTbobis fardobiTi ekonomia – energowarmoe-bis 

gancalkevebul meTodTan SedarebiT (eleqtroenergia konden-

saciur eleqtrosadgurSi, siTbo – raionul saqvabeSi): 

         
( )( )[ ]saq

sr
aotd

otd

elsaqkesatdek ηηηηη /1/1/1/11 ++−−= NB ;         (92) 

em
η - atd-is da otd-is eleqtromeqanikuri mq koeficientia   

( 97,0≅
em

η ); 
saqkesatd

ηηη ,, Sesabamisad airturbinuli danadgaris, 



kondensaciuri eleqrosadguris da raionuli saqvabis mq koefi-

cientebi; 
otd

ω - orTqlturbinul danadgarSi eleqtroener-giis 

kuTri gamomuSaveba Tburi moxmarebis bazaze   [44]; 
gm

β - atd-is 

warmavali airebis siTbos wili, romelic miewodeba airwylian 

SemTbobs; 
otd

elN -orTqlairul TecSi Semavali orTqlturbinuli 

da airturbinuli danadgarebis eleqtrul simZlavreTa fardoba 

[68]; 
el

TN  orTqlis turbinaSi Tbofikaciuri nakadiT gamomuSave-

buli fardobiTi eleqtruli simZlavre [35]; 
war

q atd-is warmavali 

airebiT siTbos kuTri danakargi – atd-is 1 kvt simZlavreze 

gaangariSebiT [29]. 

zemoT moyvanili formulebis da [68]-Si damuSavebuli me-

Todis gamoyenebiT agebulia grafikebi, romlebic asaxaven gan-

xiluli tipis orTqlairuli Tecis energoefeqturobis ZiriTadi 

maCveneblebis damokidebulebas maxasiaTebel parametrebze. 

gm
β - koeficienti SeiZleba icvlebodes diapazonSi 0-dan  

1-mde, roca 
gm

β =0, maSin atd-is warmavali airebis siTbo mTlia-

nad gamoiyeneba qvab-utilizatorSi orTqlis misaRebad. am 

SemTxvevaSi otd-is eleqtruli simZlavre maqsimaluria. Sesabami-

sad eleqtroenergiis kuTri gamomuSaveba 
otd

ω Zalian maRali ga-

modis 
otd

ω =2,0...2,3, saTbobis fardobiTi ekonomiac maqsimaluria: 

ekB =0,47. rodesac, 
gm

β =1, maSin atd-is warmavali airebis siTbo 

gamoiyeneba mxolod qselis wylis SesaTbobad, airwylian SemT-

bobSi, orTqli qvab-utilizatorSi ar gamomuSavdeba, amitom 

orTqlis turbina sqemidan gamoiricxeba da aotd airturbinul 

Tecad gardaiqmdeba [29]. am SemTxvevaSi eleqtruli simZlavris 

generireba warmoebs mxolod airturbinul danadgarSi, Sesabami-



sad parametric ω gamodis minimaluri -  ω ≈0,8, saTbobis fardo-

biTi ekonomiac ramdenadme Semcirebulia: ekB =0,41. 

amrigad, 
gm

β parametris gadidebisas izrdeba aotd-Tecis 

rogorc sruli, aseve kerZo (eleqroenergiis gamomuSavebaze) mq  

koeficienti, Tumca ukanaskneli ufro naklebi intensiurobiT,  

vidre sr

aotd
η . 

 

nax. 71. aotd-Tecis maCveneblebi atd-is mq koeficientze damokidebulebiT, 

roca 
el

otd
η =0,46, 

o
α =0,7, 

otd
ω =0,6, 

gm
β =0,2, 

kes
η =0,37, 

saq
η =0,8, 

em
η =0,97 

 

nax. 71–ze warmodgenilia aotd-Tecis energoefeqturobis 

ganxiluli maCveneblebi airturbinuli danadgaris 
atd

η mq koefi-

cientze damokidebulebiT. amasTan 
atd

η -is cvlilebis diapa-zoni 

miRebulia 25%-dan 40%-mde, xolo danarCeni ganmsazRvreli para-

metrebi: 
kes

η =0,37; 
saq

η =0,8; 
gm

β =0,2; 
otd

ω =0,6. rogorc naxazidan 

Cans, 
atd

η -is gadidebisas orTqlairuli Tecis praqtikulad yve-

la parametri intensiurad izrdeba. gamonakliss warmoadgens 

mxolod 
el

aotd
β  sidide, romelic 

atd
η -is gadidebisas 25%-dan 32,5%-



mde jer izrdeba (0,67-dan 0,73-mde), xolo 
atd

η -is Semdgomi gazr-

disas praqtikulad ucvleli rCeba. 

miRebul pirobebSi 
atd

η -is gadideba miTiTebul diapazonSi 

iwvevs kerZo 
el

aotd
η  mq koeficientis gazrdas ∼ 60%-dan (roca 

atd
η  

=25%) 77%-mde (
atd

η =40%), izrdeba agreTve aotd-Tecis sruli mq 

koeficienti – 71,5%-dan 83,5%-mde. 

 

            
ekB  

 

nax. 72. damokidebuleba 




=

aotd
ek ωfB aotd-TecisaTvis, roca

kes
η =0,37, 

saq
η =0,8,

atd
η =0,4, 

otd
ω =0,6, 

war
t∆ =1000C 

nax. 72–ze naCvenebia saTbobis fardobiTi ekB
 
ekonomiis damokide-

buleba 
aotd

ω
 
parametrze. am funqcias mkveTrad zrdadi xasiaTi 

aqvs. es mrudi adasturebs, rom eleqtroenergiis kuTri  

gamomuSaveba Tburi moxmarebis bazaze arsebiTad gansazRvravs 

saTbobis im ekonomias, romelic miiRweva energosistemaSi 

orTqlairuli Tecis funqcionirebisas – Tboeleqtromomaragebis 

gancalkevebul meTodTan SedarebiT. 

 

 



4.3. აირტურბინული და ორთქლაირული თეცების 
ფუნქციონირების ეკოლოგიური ასპექტები 

amJamad energetikaSi ZiriTadi yuradReba organuli saT-

bobis wvis produqtebis utilizaciis problemas eqceva. organu-

li saTbobis wvis Sedegad miRebuli - naxSirorJangi yovelgvari 

SezRudvis gareSe gaityorcneba atmosferoSi. Tu 2030 wlisaTvis 

atmosferoSi is−Ο2C Semadgenloba 2-jer gaizrdeba, es  gamoiw-

vevs dedamiwaze temperaturis saSualod −C02 iT gazr-das, ami-

tom is−Ο2C  problema aucileblad unda gadawydes uaxloes pe-

riodSi. 

TboeleqtrosadgurebSi organuli saTbobis kuTri xarji-

sa da sawyisi kapitaldabandebis Semcirebis radikaluri saSua-

lebaa eleqtroenergiis warmoeba orTqlairuli danadgarebiT 

[70]. sazRvargareT amJamad ganxorcielebuli binaruli ciklis 

saukeTeso orTqlairuli danadgarebiT aRWurvili Tesebis mq 

koeficientis sididem 58-60%-s miaRwia, pirobiTi saTbobis kuTri 

xarji aseT TesebSi Seadgens 205÷210 gp.s/(kvt.sT), maSin, rodesac 

es ZiriTadi maCvenebeli tradiciuli zekritikuli parametrebiT 

momuSave orTqlturbinuli Tesebisa-Tvis, 320÷330 gp.s/(kvt.sT)-is 

tolia. TbilsresisTvis igi ufro maRalia - 332÷370 gp.s/(kvt.sT). 

aRniSnulTan erTad, binaruli cikliT momuSave orTqlai-

ruli danadgari xasiaTdeba Semdegi mniSvnelovani upiratesobe-

biT: 

a) orTqlairuli danadgaris kuTri Rirebuleba 1,5-2-jer nakle-

bia Tanabari simZlavris, airsa da mazuTze momuSave, orTqltur-

binul energoblokebTan SedarebiT; 

b) orTqlairul TboeleqtrocentralebSi siTbos gamoyenebis 

koeficientis sidide 90%-s aRwevs; 

g) orTqlairuli danadgari (airturbinis simZlavris didi wi-

liT) tradiciul TboeleqtrosadgurTan SedarebiT moiTxovs ma-

civebeli wylis TiTqmis 2-jer nakleb raodenobas; 



arsebobs mcdari Sexeduleba, gansakuTrebiT araspecialis-

tebs da xSirad hidroenergetikosebs Sorisac ki, rom TiTqos da 

Tboeleqtrosadgurebi garemos gaWuWyianebis ZiriTadi wyaroa, 

rac ar Seesabameba sinamdviles da es naTlad Cans aSS-is maga-

liTze. 

46-e cxrilSi moyvanili monacemebidan TesebisaTvis moce-

mulia gamonatyorcnis jamuri sidideebi, gamoyenebuli saTbobis 

saxeobis gauTvaliswineblad, Tumca es ukanaskneli mniSvnelov-

nad gansazRvravs garemos gaWuWyianebis xarisxs. 

bunebrivi airi xasiaTdeba minimaluri uaryofiTi zemoq-

medebiT garemoze. meore mxriv, energetikuli danadgarebis airiT 

momaragebas aqvs mniSvnelovani xarvezi - sadguris teritoriaze 

SeuZlebelia saWiro maragis airis Senaxva. 

cxrili 46 
garemoSi mavne gamonatyorcnebis ganawileba aSS-s magaliTze [70] 
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60.6 

mrewveloba 2 9 2 4 6 23 16.2 
Tboeleqt-
rosadgurebi 

1 12 3 1 3 20 14.2 

sxva gaTbo-
bis CaTvliT 

3 4 2 2 2 13 9.1 

 

magistralSi airis xarjis mkveTri cvalebadobis gamo, 

aucilebelia sarezervo saTbobis - mazuTis gamoyeneba. es ki 

mniSvnelovnad auaresebs sadguris ekonomikur maCveneblebs (bu-

nebrivi airi mazuTze ufro iafia) da amasTan, mkveTrad zrdis 

garemoze uaryofiT zemoqmedebas (cxrili 43). 

zemoT moyvanili mosazrebis safuZvelze SeiZleba davaskv- 

naT, rom Tboenergetikis ekologiuri problemebis gadawyvetis 

efeqturi gzebia: 1) Tboenergetikis ganviTareba Tanamedrove air-

turbinuli teqnologiebis gamoyenebis bazaze [21]; 2) Tboeleq-

trosadgurebis wvis produqtebze xΝΟ -is Semcireba, 2ΟS -is da 



2ΟC -is sruli an nawilobrivi utilizacia; 3) TesebSi mazuTis, 

rogorc sarezervo saTbobis gamoyenebis gamoricxva, rac SesaZ-

lebelia ganxorcieldes Tesebis sqemaSi bunebrivi airis gamTxe-

vadebeli danadgaris CarTviT [70]. 

Txevadi airis Senaxva ar warmoadgens did sirTules. sa-

Wiroebis SemTxvevaSi, gaTxevadebuli airi regazifikaciis Semdeg 

miewodeba sadgurs. aseTi sqemiT SesaZlebelia miRweul iqnes 

ekologiuri situaciis mniSvnelovani gaumjobeseba. 

garemoSi 2ΟC -is gamotyorcnili raodenobis kuTri sidide 

aseve damokidebulia saTbobis saxeobasa da teqnologiis efeq-

turobaze. yoveli kvt.sT elrqtroenergiis warmoebisas qva-

naxSirze momuSave Tesebidan atmosferoSi gaityorcneba 850-900g 

2ΟC , bunebrivi airis gamoyenebisas - 500-600 g 2ΟC , xolo mazuTis 

SemTxvevaSi es sidide 750-850 g-s Seadgens. 

TboeleqtrosadgurebSi 2ΟC -is sruli utilizacia savse-

biT SesaZlebelia Tanamedrove, aprobirebuli teqnologiebis ga-

moyenebiT. magram es gamoiwvevs Tesebis mq koeficientis mniSvne-

lovan Semcirebas, kerZod, bunebriv airze momuSave TesebisaTvis 

mq koeficienti Semcirdeba - %5.6≅∆ kesη -iT, xolo mazuTze - 

%9≅∆ kesη -iT. 

yovelive aRniSnulidan gamomdinareobs, rom bunebrivi ai-

ri yvelaze ekologiurad sufTa saTbobis saxeobaa da amitom mi-

zanSewonilia iseTi gadawyvetilebis miReba, rom saqarTvelos 

Tboeleqtosadgurebi (arsebuli da axali) funqcionirebdes 

mxolod bunebriv airze; miT umetes, rom saqarTvelo, 5030÷ -

wliani perspeqtiviT, iafi bunebrivi airis zonaSi imyofeba. 

Tboeleqtrosadguris uwyveti da daregulirebuli gaz-

momaragebis uzrunvelyofisTvis, erT-erT efeqtur gadawyveti-

lebad, SesaZlebelia miCneul iqnes bunebrivi airis gaTxevadebis 

ganxorcieleba uSualo Tes-is ams-Si. 



airturbinuli danadgarebiT gamowveuli xmauri yvelaze 

Zlieria Tes-is sxva danadgarebis mier gamowveul xmaurTa Soris. 

garemoze zemoqmedebis TvalsazrisiT yvelaze Zlier xmaurs ga-

moscems atd-is Semwovi da gamosabolqvi traqtebi, xolo zo-

gierT SemTxvevaSi - generatoris korpusi da turbomanqana.  

grigaluri xmauris ZiriTadi sixSire brunTa ricxvis n 

(1/wm) proporciulia, igi airturbinuli danadgarebisaTvis ic-

vleba 50...100 hc-is diapazonSi.  

airturbinuli danadgaris Semwovi sistemis xmauris jamu-

ri bgeriTi simZlavre damokidebulia kompresorSi haeris masur 

xarjze, wnevaze, kompresoris pirveli safexuris muSa Tvlis 

gare diametrze da kompresoris mq koeficientze. 

100 mgvt simZlavris atd-is kompresoris bgeris done, ro-

melic sxivdeba haermimRebidan CamxSobis gareSe, misgan 120 m-is 

daSorebiT, 110 db-is tolia. es sidide sakmaod maRalia da ami-

tom atd-is haeris SesasvlelSi yovelTvis ayeneben mayuCs. 

airturbinuli danadgarebis zedapiridan 1 m-is daSorebiT 

bgeris saSualo done 98± 5 db tolia, rac mniSvnelovnad aWar-

bebs sawarmoSi samuSao adgilebisaTvis dasaSveb normebs. amitom, 

airturbinuli danadgarebis normaluri eqspluatacia SesaZle-

belia mxolod maSin, rodesac maT korpusebze dayenebulia 

xmaurmayuCi garsacmebi. 

miuxedavad dadgenili mkacri normebisa da gatarebuli Ro-

nisZiebebisa, Tboenergetikuli danadgarebi mainc rCebian atmos-

feros dabinZurebis erT-erT ZiriTad wyarod. magaliTad, evro-

paSi mZlavr siTbur danadgarebze modis atmosferoSi gamobolq-

vili 2SO -is 63% da xNO -is 21% [71]. amitom, 2001 wlis wolos 

evropuli Tanamegobrobis (eT) oficialurma organom Official Jurnal 

gamoaqveyna ori direqtiva, romlebsac am TanamegobrobaSi Sema-

vali 15 qveynisaTvis amave wlis 27 noembridan mieca sakanonmdeb-

lo aqtis saxe.  



 
cxrili 47 

xNO -is dasaSvebi koncentracia wvis airad nawarmSi, mg/m3 
 
 
 

saTbobis 
saxe 

haeris saan-
gariSo si-

Warbe 2O % 

saqvabe danadgaris Tburi simZlavre, mgvt 
2015 wlis 30 dekem-

bramde 
2016 wlis 1 ianvris 

Semdeg 
50-500 500-ze meti 50-500 500-ze meti 

myari 6 (α =1,4) 600 500 600 200 
Txevadi 3 (α =1,167) 450 400 450 400 
airadi 3 (α =1,167) 300 200 300 200 
 

 
cxrili 48 

xNO -is zRvruli koncentracia wvis airad nawarmSi, mg/m3 
 
 
 
 
 
 

saTbobis saxe 

haeris saanga-
riSo siWarbe 

2O ,% 

saqvabe danadgaris Tburi simZlavre, mgvt 
 
 
 
 

50-100 

 
 
 
 

100-300 

 
 
 
 

300-ze meti 

myari 6 (α =1,4) 400 300 200 
biomasa 6 (α =1,4) 400 200 200 
Txevadi 3 (α =1,167) 400 200 200 
bunebrivi airi 3 (α =1,167) 150 150 100 
sxva airadi 
saTbobi 

3 (α =1,167) 200 200 200 

 
 

azotis Jangeulobis xNO -is dasaSvebi koncentracia wvis 

airad nawarmSi saqvabe danadgarebisaTvis, romlebic ukve muSao-

ben, an licenzia 2002 wlis 27 noembramde miiRes da esqpluata-

ciaSi 2033 wlis 27 noembridan Sevidnen, ar unda aRematebodes 

cxr. 48-Si da cxr. 49-Si moyvanil sidides. 

airturbinuli danadgarebisaTvis xNO -is dasaSvebi kon-

centracia dgindeba 2O =15% (α =3,5) pirobebisaTvis da mxolod im 

datvirTvebisaTvis, romlebic nominaluris 70%-s aRemateba. Tu 

airturbinuli danadgaris Tburi simZlavre 50 mgvt-ze metia, ma-

Sin xNO -is dasaSvebi koncentracia (rodesac 2O =15%) Seadgens: 

bunebrivi airisaTvis – 50, Txevadi saTbobisaTvis – 120, sxva air-

adi saTbobisaTvis – 120 mg/m3. pikuri airturbinuli danadgarebi-

saTvis, romlebic weliwadSi 500 sT-ze naklebi drois manZilze 

muSaoben, xNO -is zRvruli dasaSvebi koncentracia 75%-s ar unda 

aRematebodes. Tu airturbinuli danadgari dgas TecSi, romlis 



saerTo mq koeficienti 75%-ia da CarTulia orTqlairuli da-

nadgaris sqemaSi, romlis eleqtruli mq koeficienti 55%-is to-

lia, an meqanikuri amZravis rols asrulebs. 

2001 wlis 27 noembridan dakanonda direqtiva, euT-Si Semava-

li 15 qveynisaTvis, romelSic warmodgenilia atmosferuli haer-

Si ZiriTadi mavne nivTierebebis maqsimalurad dasaSvebi saerTo 

gamonabolqvebis CamonaTvali. cxr. 50-Si mocemulia e.w. `emisis 

erovnuli zRvrebi” (NECs), romlis gadalaxva am qveynebSi akrZa-

lulia 2010 wlidan. 

aRniSnuli direqtivis mizania atmosferuli haeris xa-

risxTan dakavSirebuli riskebis Semcireba. garda amisa, is Sei-

cavs gadawyvetilebebs, romlebic avaldebulebs evropul komi-

sias moamzados moxsenebebi evroparlamentisa da evro-

sabWosaTvis rogorc 2004 da 2008 wlebSi dasaxuli amocanebis 

Sesrulebis mimdinareobis, aseve Sualeduri da grZelvadiani 

prognozebis Sesaxeb, romlebic 2020 wlisaTvis uzrunvelyofen 

janmrTelobis dacvis msoflio organizaciis dagawyvetilebebis 

Sesrulebas atmosferuli haeris xarisxze. 

 
cxrili 49  

atmosferul haerSi ZiriTadi mavne nivTierebebis maqsimalurad dasaSvebi 
saerTo gamonabolqvebi, aTasi t/wl 

qveyana 
zRvruli saerTo gamonabolqvi 

2SO  xNO  
myari nawila-

kebi 
NNH 4  

1 2 3 4 5 
avstria 39 103 159 66 
belgia 99 176 139 74 
dania 55 127 85 69 
fineTi 110 170 130 31 
safrangeTi 375 810 1050 780 
germania 520 1051 995 550 
saberZneTi 523 344 261 73 
irlandia 42 65 55 116 
italia 475 990 1159 419 
luqsemburgi 4 11 9 7 
niderlandi 50 260 185 128 
portugalia 160 250 180 90 
espaneTi 746 847 662 353 
Svecia 67 148 241 57 
didi britaneTi 585 1167 1200 297 
sul 3850 6519 6510 3110 



 
bunebrivia, rom Cveni qveynis ekologiuri situaciis Sefa-

sebis dros aucileblad unda iyos gaTvaliswinebuli atmosfe-

roSi gamotyorcnili mavne minarevebis zemoT moyvanili dasaSve-

bi normebi. 



დასკვნა 

1. gaanalizebulia msoflioSi kogeneraciis ganviTarebis 

ZiriTadi etapebi, misi energoekonomiuri da ekologiuri 

upiratesobani. aRniSnulia, rom amJamad kogeneracia viTardeba 

ZiriTadad airturbinuli da orTqlairuli teqnologiebis ba-

zaze. msoflio gamocdilebaze dayrdnobiT xazgasmulia, rom 

kogeneraciis intensiur ganviTarebas sWirdeba garkveuli pi-

robebi, xelSemwyobi politikuri strategia da sakanonmdeblo 

baza. kogeneraciis ganviTarebisaTvis didi mniSvneloba aqvs 

miRebuli ekonomikuri mogebis samarTlian ganawilebas 

gamomuSavebul siTbosa da eleqtroenergias Soris. amJamad es 

ganawileba umetes qveynebSi warmoebs e.w. proporciuli meTodiT. 

saqarTveloSi, yvela piroba arsebobs kogeneraciis 

farTomasStabiani danergvisaTvis. amisaTvis mas unda mieniWos 

saxelmwifoebrivi prioriteti da moizidos saWiro investiciebi. 

kogeneracia xels Seuwyobs energokrizisis daZlevas qveyanaSi. 

2. damuSavebulia airturbinuli Tecebis energoefeqturobis 

maCveneblebis gaangariSebis axali - `proporciuli” meTodi. 

dadgenilia, rom am meTodiT gaTvlil maCveneblebze ZiriTadad 

gavlenas axdens airturbinuli danadgaris da Casanacvlebeli 

kesisa da saqvabis mq koeficientebebi. naCvenebia, rom propor-

ciuli meTodis gamoyenebisas saTbobis ekonomia nawildeba 

airturbinul TecSi gamomuSavebul ori saxis energias (siTbo da 

eleqtroenergia) Soris. Sedarebulia proporciuli da fizikuri 

meTodebiT gansazRvruli Tecis energoefeqturobis maCveneblebi. 

3. normatiuli meTodis gamoyenebiT Catarebulia KO tipis 

turbinebiT aRWurvili orTqlturbinuli Tecis energoefeqturo- 

bis maCveneblebis saangariSo-analizuri gamokvleva. gansazRvru-

lia saTbobis kuTri xarji da misi fardobiTi ekonomia energo-

warmoebis gancalkevebul meTodTan SedarebiT. 



     4. Seswavlilia gardabanSi amJamad moqmedi airturbinuli 

danadgarebis atd-Tecad rekonstruqciis efeqturobis  SesaZleb- 

loba. dadgenilia, rom gaTbobis sezonSi aseTi Tecis sruli mq 

koeficienti miaRwevs 60% -s. dadgenilia, rom saTbobis 

fardobiTi ekonomiis saSualo wliuri sidide Seadgens 33÷34%, 

xolo pirobiTi saTbobis kuTri xarji eleqtroenergiis gacemaze 

iqneba 280,6 gp.s./(kvt.sT), misi TviTRirebuleba – 4,4 centi/(kvt.sT). 

5. kogeneraciuli sistemebis TecebSi umartivesi sqemis 

airturbinuli danadgaris magivrad rTuli sqemebis danadgarebis 

gamoyeneba saSualod 20÷25%-iT zrdis saTbobis ekonomias 

energosistemaSi, Tboeleqtromomaragebis gancalkevebul meTod-

Tan SedarebiT.  

6. gaanalizirebulia q. TbilisSi gldanis raionSi adre 

moqmedi #44 saqvabis airturbinul Tecad rekonstruqciis 

efeqturoba da gaTvlilia Tecis ZiriTadi teqnikur-ekonomikuri 

maCveneblebi. 

7. mcire simZlavris A-41 tipis dizelis magaliTze 

gaanalizebulia narCeni siTbos utilizaciis SesaZlebloba. 

dadgenilia, rom gaTbobis sistemaSi am dizelis gamoyenebisas 

SesaZlebeli iqneba 800 m2 farTobis Senobis gaTbobiT 

uzrunvelyofa. 

8. qvab-utilizatorian orTqlairul TecebSi saTbobis 

siTbos gamoyenebis xarisxi (sruli mq koeficienti) maRalia da 

sxvadasxva pirobebSi 75...90%-s Seadgens. maRalekonomiuri atd-

ebis gamoyenebisas aotd-TecSi saTbobis kuTri xarji 

eleqtroenergiis gamomuSavebaze minimaluria–160...180 gp.s./(kvt.sT). 

sxva tipis kogeneraciul sadgurebTan SedarebiT, eleqtroenergi- 

is kuTri gamomuSaveba Tburi moxmarebis bazaze (parametri ω) 

yvelaze maRalia da 2,0...2,3-s aRwevs. Sesabamisad yvelaze metia 

saTbobis fardobiTi ekonomia energosistemaSi -0,35...0,47%. 
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