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რეზიუმე 

       sadisertacio naSromSi: “eleqtroenergetikuli sistemebis 
funqcionirebis optimaluri reJimebis maTematikuri modelireba 
da energoobieqtebze remontebis optimaluri dagegva” dasmuli 
problemis Tanamedrove moTxovnebis doneze damuSavebis mizniT 
Seswavlilia eleqtroenergiis moklevadiani moxmarebis 
prognozirebis, aqtiuri simZlavris operatiuli rezervis 
optimaluri dagegmvis, prevenciuli remontebis optimaluri 
dagegmvis da  mTlianobaSi eleqtroenergetikuli sistemis 
muSaobis reJimebis optimizaciis da dagegmvis msoflio 
gamocdileba. Amis safuZvelze dasmulia biznes-inJineringis 
principebiT, eleqtroenergetikuli sistemis muSaobis procesebis 
marTvis optimizaciis  Tanamedrove maTematikuri meTodebis 
gamoyenebiT sistemis funqcionirebis reJimebis optimaluri 
dagegmvis meTodikis da algoriTmis SemuSavebis amocana. 
       sadisertacio naSromi Sedgeba Sesavlis, naxazebisa da 
cxrilebis nusxis, oTxi ZiriTadi Tavis (Sesabamisi qveTavebiT), 
daskvnebisa da gamoyenebuli literaturisagan. 
       dasaxuli amocanis Sesabamisad kvlevis sawyis etapze 
neironuli qselebis gamoyenebiT SemuSavebulia eleqtroenergiis 
moxmarebis moklevadiani (saaTi, dRe-Rame) prognozirebis 
mravalfaqtoriani ekonomikur-maTematikuri modeli da Sesabamisi 
algoriTmi. miRebuli Sedegebis aprobaciis mizniT, SeTavazebuli 
meTodikiT eleqtroenergetikuli sistemis magaliTze 
Catarebulia eleqtroenergiis moxmarebis moklevadiani 
prognozireba. 
       meore etapze gadawyvetilia eleqtroenergetikul 
sistemaSi aqtiuri simZlavris operatiuli rezervis optimaluri 
sididis dagegmvis da magenerirebel obieqtebze misi ganawilebis 
problema. am mimarTulebiT SeirCa optimalurobis 
mravalfaqtoriani kriteriumi. vinaidan operatiuli rezervireba 
atarebs ganusazRvrelobis xasiaTs, dasmuli amocana gadawyda 
aramkafio logokis meTodis gamoyenebiT. eqsperimentulad 
dadgenili blok-sqemis safuZvelze ganxorcielda 
mravalvariantuli simulacia da miRebuli kriteriumis 
Sesabamisad ganisazRvra aqtiuri simZlavris operatiuli 
rezervis optimaluri sidideebi. aRniSnuli gziT SesaZlebeli 
gaxdeba eleqtroenergetikul sistemaSi maRli sizustiT 
daigegmos  (yovelsaaTobrivi an dRe-Ramuri) aqtiuri simZlavris 
operatiuli rezervis optimaluri parametrebi. SemuSavebuli 
models aqvs universaluri xasiaTi. misi meSveobiT SesaZlebelia 
nebismieri konfiguraciis eleqtroenergetikul sistemaSi 
magenerirebel obieqtebze aqtiuri simZlavris operatiuli 
rezervis optimaluri ganawileba. SeTavazebuli meTodikiT 
miRebuli Sedegebis praqtikuli aprobacia ganxorcielebulia 
eleqtroenergetikuli sistemis magaliTze. 
       mesame etapze, gamomdinare iqidan, rom 
eleqtroenergetikuli sistemis muSaobis reJimebSi erT-erTi 
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mniSvnelovani faqtori prevenciuli (gegmiur-gamafrTxilebeli) 
remontebis optimaluri dagegmvaa, gadawyvetilia sistemaSi 
prevenciuli remontebis optimaluri dagegmvis amocana. 
sakiTxisadmi kompleqsuri midgomiT optimizaciis 
mravalfaqtoriani kriteriumis safuZvelze wrfivi programirebis 
meTodis gamoyenebiT Sesrulda maTematikuri modelireba, Seiqmna 
Sesabamisi algoriTmi da am modelis mixedviT dadginda wliur 
WrilSi sxvadasxva periodebad (kvireebis mixedviT) dayofiT 
prevenciuli remontebis Catarebis grafikebi. SeTavazebuli 
meTodikiT miRebuli Sedegebis aprobacia ganxorcielebulia 
eleqtroenergetikuli sistemis magaliTze. 
       meoTxe etapze msoflio gamocdilebis mecnieruli 
analizis safuZvelze Camoyalibda eleqtroenergetikuli 
sistemis muSaobis reJimebis optimizaciis kriteriumi. am 
kriteriumSi optimalurobis faqtorebad miRebuli iqna: 
       • maregulirebeli hidroeleqtrosadgurebis 
eleqtroenergiis gamomuSavebis maqsimumi, datvirTvis grafikSi 
maTi monawileobis maqsimumi. eleqtrosadgurebSi iZulebiT 
gaSvebuli wylis moculobis da wylis xarjis minimumi. 
       • sezonuri hidroeleqtrosadgurebis mier 
eleqtroenergiis gamomuSavebis maqsimumi da iZulebiT gaSvebuli 
wylis moculobis minimumi. 
       •   TboeleqtrosadgurebSi saTbobis xarjis minimumi. 
       • Tboeleqtrosadgurebis gamonabolqvSi CO2 emisiis 
minimumi. 
       •   importis minimumi. 
       •  warmoebuli eleqtroenergiis saSualo Sewonili 
tarifis minimumi. 
       • eleqtroenergetikuli sistemebis muSaobis maRali 
saimedobis da Sesabamisad eleqtroenergiis warmoebis 
Seferxebebis riskis minimumi. 
      arawrfivi programirebis meTodiT  wina etapze 
damuSavebuli eleqtroenergiis moxmarebis moklevadiani 
saprognozo parametrebis, operatiuli rezervis optimaluri 
sagegmo maCveneblebis, prevenciuli remontebis grafikis 
monacemebis, sasadgure da sistemaSi arseuli sxva SezRudvebis 
gaTvaliswinebiT SemuSavebuli iqna eleqtroenergetikuli 
sistemis muSaobis reJimebis optimizaciis mravalfaqtoriani 
maTematikuri modeli da misi Sesabamisi algoriTmi. 
SeTavazebuli meTodikiT miRebuli Sedegebis aprobacia 
ganxorcielebulia eleqtroenergetikuli sistemis magaliTze. 
kvlevis Sedegebi warmatebiT SeiZleba  iqnes gamoyenebuli 
warmoebis  im momijnave sferoebSi, sadac saqme gvaqvs biznes-
inJineringis proncipebiT sistemebis marTvasTan. kvlevis 
Sedegebis praqtikaSi danergvas didi efeqtis motana SeuZlia 
socialur-politikur sferoSi da teqnikuri progresis 
daCqarebaSi. aRniSnuli ganpirobebulia imiT, rom 
eleqtroenergetikuli sistemis muSaobis reJimebis optimaluri 
marTva uzrunvelyofs organizaciis saqmianobis teqnikur-
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ekonomikuri maCveneblebis gaumjobesebas. Sesabamisad, 
eleqtroenergiis tarifebis dadgenis obieqturobas da moiTxovs 
warmoebaSi axali progresuli teqnologiis danergvas. 

 

Abstract 
 

      In phd dissertation “Mathematical modeling of optimal modes of power 

systems operation and optimal planning of preventive maintenance in power facilities” 

in oder to solve the problem on the modern level it’s studied world experience of 

short-term demand  forecasting of electricity, optimal planning of operative reserve of 

active power, optimal planning of preventive maintenances and in overall 

optimization planning of power system operation modes. Based on that it is set task of 

developing of power system’s operational modes optimal planning methodology and 

algorithm on the basis of business-engineering principles by using of modern 

mathematical methods of optimization of power system’s operational processes. 

      Dissertation works consists of an introduction, drawings and tables lists, four 

main chapter (with sections), conclusions and the used literature. 

      According to set task in the early stage by using of neural networks method it’s 

developed multifactor economical-mathematical model and corresponding algorithm 

of short-term electricity demand forecasting.  The results of the testing of the proposed 

method are carried out on the example of four system. 

On the second stage it’s solved problem of planning of operative reserve of 

active power I power system and its optimal allocation on power-generating facilities. 

Through this direction was chosen multifactor criterion of optimality. Because of 

uncertainty, problem is solved by using of fuzzy logic method. Bsed on 

experimentally determined block-scheme multivariant simulation is done and 

according to criterion optimal values of operative reserve of active power are 

determined. By this way it will be possible to plan (hourly or daily) with high 

precision optimum operational parameters of operative reserve of active power. 

Developed model has universal character. It makes possible in any configuration of 

the power system to optimally allocate operative reserve of active power on power-

generating facilities. The proposed method is implemented by the approbation of the 

practical example of power system. 

On the third stage due to the fact that in power system’s operation modes one 

of the most important factor is optimal planning of preventive (planned-warning) 

maintenance, problem of optimal preventive maintenance planning is solved. By a 

complex approach to the problem, based on multifactor criterion of optimization, by 

using of linear programming method is performed mathematical modeling, 

Appropriate algorithm is developed and based on this model in the context of a 

different annual periods (weeks) preventive maintenance schedules are determined. 

Testing is carried out from the results obtained from the proposed method on the 

example of the power system. 

On the fourth stage based on scientific analisys of world experience 

optimization criteria of the modes of operation of power system are formed. These 

optimality criteria factors are: 
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      • The regulatory (reservoir) hydro power plants electricity generation – 

maximum, maximum participation in electricity demand schedules, Not used water 

flow (spillage) and used for generation water flow – minimum; 

      • Seasonal hydro power plants electricity generation – maximum, Not used 

water flow (spillage) – minimum; 

      • Minimum fuel cost in thermal power plants; 

      • Minimum CO2 emissions in thermal power plants; 

      •Minimum average weighted tariff of produced electricity; 

      •High reliability of operation of power system and minimum electricity 

production interruption risk. 

      Based on non-linear programming method with taking into account the 

prediction parameters of short-term electricity demand, optimal planning indicators of 

operative reserve of active power, schedule data of preventive maintenance, station 

and other system constraints solved in previus stages multifactor mathematical model 

and its corresponding algorithm of optimization of operational modes of power system 

has been developed. Testing is carried out from the results obtained from proposed 

method on the example of the power system. 

      The research results can be used successfully in production areas, where we are 

dealing with a business-engineering principles of system’s managements. Practical 

implementation of the research results can bring great effect on the socio-political 

field and can accelerate technical progress. This is due to the fact that optimal 

management of operational modes of power system ensures improvement of 

technical-economical indicators of organizations, accordingly, objectivity of 

electricity tariff setting and requires of setting new progressive technologies in 

production. 
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შესავალი 

       samuSaos aqtualoba, mizani da kvlevis siaxle. 

eleqtroenergetikuli sistemebis marTvaSi  muSaobis reJimebis 

dagegmva drois operatiul intervalebSi (kviridan dRe-

Ramuramde) warmoadgens eleqtroenergiis da simZlavris 

balansebis formirebis da maTi Semdgomi aRsrulebis jaWvSi 

mniSvnelovan da ganuyofel rgols. dagegmvis xarisxze aris 

damokidebuli eleqtroenergetikuli sistemebis muSaobis 

teqnikur-ekonomikuri maCveneblebi, maT Soris momxmareblebis 

eleqtroenergiis momaragebis saimedooba, eleqtroenergetikuli 

sistemis muSaobis da mTlianad eleqtroenergiis bazris 

funqcionirebaSi maqsimaluri ekonomikuri efeqtianobis miRweva.  

       ukanasknel periodSi msoflios TiTqmis yvela qveyanaSi 

eleqtroenergetikuli dargi daeqvemdebara arsebiT gardaqmnebs. 

Seicvala sakuTrebis formebi, ganxorcielda marTvis 

administraciul-mbrZanebluri meTodebidan ekonomikuri 

stimulirebis meTodebze gadasvla. Camoyalibda eleqtroenergiis 

Sefasebis axali konkurentuli modelebi, yovelive aRniSnuli ar 

SeiZleba ar Sexeboda energetikuli sistemis muSaobis reJimebis 

yovel-kvireul an dRe-Ramur dagegmvis teqnologias.  

eleqtroenergetikul sistemebSi Semavali    magenerirebeli 

mowyobilobebis muSaobis teqnikur-ekonomikur maCveneblebis 

gaumjobesebasTan erTad xdeba saxelSekrulebo valdebulebebis 

da eleqtroenergiis bazris TiToeuli monawilis ekonomikuri 

interesebis gaTvaliswineba, rac ganapirobebs 

eleqtroenergetikuli sistemebis muSaobis (dRe-Ramur-

saaTobrivi) dagegmvis teqnolgiis seriozul cvlilebebs, rac 

TavisTavad iwvevs miznis funqciis aucilebel gadaxedvas, 

muSaobis reJimebis dagegmvaSi axali meTodebis danergvis da 

maTi gadawyvetisadmi axali midgomebis aucileblobas. 

dRevanedel pirobebSi wina planze iwevs eleqtroenergetikuli 
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sistemis muSaobis reJimebze moqmedi yvela SesaZlo faqtoris 

gaTvaliswinebiT eleqtroenergetikuli sistemebis muSaobis 

reJimebis dagegmvis da optimizaciis axali kriteriumebis 

dadgena.  

       eleqtroenergetikuli sistemebis muSaobis reJimebis 

dagegmvis mimarTulebiT Catarebuli kvlevebis analizma gviCvena, 

rom eleqtroenergetikuli dargis uwyveti da ekonomikurad 

efeqtiani muSaobis uzrunvelsayofad eleqtroenergetikuli 

muSaobis reJimebis dagegmvis da axali eleqtroenergiis bazrebis 

funqcionirebis pirobebSi optimizaciis amocanebis gadawyvetis 

samecniero-teqnikuri problemebi arasakmarisi moculobiT aris 

damuSavebuli. reJimebis optimizaciis kriteriumebi ar atareben 

kompleqsur xasiaTs, ar iTvaliswineben reJimebze moqmed 

faqtorTa farTo wres da reJimuli procesebis mimdinareobis 

ganusazRvrelobis problemas. aRniSnulidan gamomdinare, 

gansakuTrebul aqtualobas iZens Tanamedrove maTemaTikuri 

meTodebis, neironuli qselebis, aramkafio logikis da arawrfivi 

programirebis gamoyenebiT  ganusazRvrelobis pirobebSi 

eleqtroenergetikuli sistemebis muSaobis reJimebis 

optimizaciis problemis gadawyveta mravalfaqtoriani 

kriteriumis safuZvelze.  

       mocemuli samuSaos Sesrulebis aqtualoba 

mniSvnelovanwilad imiTac aris ganpirobebuli, rom problemis 

SeTavazebuli saxiT gadaWra, saSualebas aZlevs 

eleqtroenergetikuli sistemis sadispetCero da ekonomikuri 

marTvis struqturebs maRali saimedoobiT da efeqtianad  

warmarTon TavianTi profesiuli saqmianoba. 

       warmodgenili samuSos Sesasruleblad gamoyenebulia 

samecniero kvlevis Tanamedrove meTodebi Tvisobrivad 

axleburadaa gadawyvetili yvela dasmuli amocana. kvlevis erT-

erTi mniSvnelovan siaxles warmoadgens is faqti, rom 

eleqtroenergetikuli sistemis reJimebis dagegmva 

gaTvaliswinebulia biznesis-inJineringis principebis safuZvelze, 
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marTvis procesebis optimizaciis gziT. sakiTxisadmi aseTi 

midgomiT gadawyvetilia eleqtroenergiis moxmarebis 

moklevadiani (dRe-Rame, saaTi) prognozirebis amocana maRli 

sizustis uzrunvelsayofad mravalfaqtoriani kriteriumis 

safuZvelze neironuli qselebis meSveobiT ganxorcieldeba 

eleqtroenergiis moxmarebis moklevadiani prognozi. Sesruldeba 

eleqtroenergetikuli sistemis aqtiuri simZlavris optimaluri 

opertiuli rezervis dagegmva. vinaidan operatiuli rezervis 

sidideebis cvalebadoba atarebs ganusazRvrelobis xasiaTs, 

aramkafio logikis meTodis meSveobiT mravalfaqtoriani 

kriteriumiT gadaiWreba aqtiuri simZlavris opratiuli rezervis 

optimaluri dagegmvis amocana.  

       zemoT CamoTvlili problemebis winswrebulad gadawyveta 

ganpirobebuli imiT, rom mocemuli samuSaos Tanamedrove 

moTxovnebis doneze Sesruleba SeuZlebelia eleqtroenergiis 

moxmarebis zusti moklevadiani prognozis, sistemaSi aqtiuri 

simZlavris operatiuli rezervis da prevenciuli remontebis 

optimaluri dagegmvis gareSe.  

       sadisertacio naSromiT gaTvaliswinebul kvlevebis 

mTavari siaxle mdgomarobs imaSi, rom ganusazRvrelobis 

pirobebSi eleqtroenergetikuli sistemis muSaobis reJimebis 

optimizaciis gansaxorcieleblad SerCeulia  optimalurobis, 

mravalfaqtoriani kompleqsuri xasiaTis matarebeli kriteriumi, 

romelSic aisaxeba sistemaSi Semavali: 

       • maregulirebeli hidroeleqtrosadgurebis 

eleqrtoenergiis gamomuSavebis maqsimumi, datvirTvis grafikSi 

maTi monawileobis maqsimumi. eleqtrosadgurebSi iZulebiT 

gaSvebuli wylis moculobis da wylis xarjis minimumi. 

       • sezonuri hidroeleqtrosadgurebis mier 

eleqtroenergiis gamomuSavebis maqsimumi, datvirTvis grafikSi 

maTi monawileobis maqsimumi da iZulebiT gaSvebuli wylis 

moculobis minimumi. 

       • TboeleqtrosadgurebSi saTbobis xarjis minimumi. 
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       • Tboeleqtrosadgurebis gamonabolqvSi CO2 emisiis 

minimumi. 

       • warmoebuli eleqtroenergiis saSualo Sewonili 

tarifis minimumi. 

       • eleqtroenergetikuli sistemebis muSaobis maRali 

saimedoobis da Sesabamisad eleqtroenergiis warmoebis 

Seferxebebis riskis minimumi. 

       yvela zemoT CamoTvlili maCveneblis 

eleqtroenergetikuli sistemis muSaobis reJimSi ganuxreli 

dacva didi sizustiT uzrunvelyofs sistemis muSaobis  

reJimebis optimalurobas, mTlianobaSi sistemis muSaobis 

reJimebis  optimizaciis problema gadawyvetilia 

eleqtroenergiis moxmarebis moklevadiani prognozuri 

parametrebis, aqtiuri simZlavris operatiuli rezervis 

optimaluri sidideebis, energoobieqtebze prevenciuli 

remontebis Catarebis optimalurad dagegmili grafikis  dacviT, 

sasadgure da sistemaSi arsebuli sxva teqnikuri SezRudvebiT. 

       CamoTvlili kriteriumebis da SezRudvebis 

gaTvaliswinebis safuZvelze neironuli qselebis, aramkafio 

logikis da arawrfivi programirebis hibriduli modelis 

gamoyenebiT SemuSavdeba ganusazRvrelobis pirobebSi 

eleqtroenergetikuli sistemis muSaobis reJimebis optimaluri 

dagegmvis mravalvariantuli ekonomikur-maTematikuri modeli da 

Sesabamisi algoriTmi. miRebuli kvlevis Sedegebi aprobirebulia 

eleqtroenergetikul sistemaze. 

       kvlevis obieqti da amocanebi.  kvlevis obieqtad 

SerCeulia eleqtroenergetikuli sistema. mecnieruli kvlevis 

safuZvelze misi muSaobis reJimebis optimaluri dagegmvis 

problemis gadawyveta. 

       kvlevis strategiad miRebulia biznes-inJineringis 

principebiT, eleqtroenergetikuli sistemis muSaobis procesebis 

marTvis optimizaciis  Tanamedrove maTematikuri meTodebis 
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gamoyenebiT sistemis funqcionirebis reJimebis optimaluri 

dagegmvis meTodikis da algoriTmis SemuSaveba. 

       kvleva ganxorcieldeba 4 etapad. 

       pirvel etapze neironuli qselebis gamoyenebiT 

SemuSavdeba eleqtroenergiis moxmarebis moklevadiani (saaTi, 

dRe-Rame) prognozirebis mravalfaqtoriani ekonomikur-

maTematikuri modeli da Sesabamisi algoriTmi. miRebuli 

Sedegebis aprobaciis mizniT, SeTavazebuli meTodikiT 

eleqtroenergetikuli sistemis datvirTvis kvanZis magaliTze 

Catardeba eleqtroenergiis moxmarebis moklevadiani 

prognozireba. 

       meore etapze gadawydeba eleqtroenergetikul sistemaSi 

aqtiuri simZlavris operatiuli rezervis optimaluri sididis 

dagegmvis da magenerirebel obieqtebze misi ganawilebis 

problema. am mimarTulebiT SeirCeva optimalurobis 

mravalfaqtoriani kriteriumi. vinaidan operatiuli rezervireba 

atarebs ganusazRvrelobis xasiaTs, dasmuli amocana gadawydeba 

aramkafio logokis meTodis gamoyenebiT. eqsperimentulad 

dadgenili blok-sqemis safuZvelze ganxorcieldeba 

mravalvariantuli simulacia da miRebuli kriteriumis 

Sesabamisad ganisazRvreba aqtiuri simZlavris operatiuli 

rezervis optimaluri sidideebi. am gziT SesaZlebeli gaxdeba 

eleqtroenergetikul sistemaSi maRli sizustiT davgegmoT  

(yovelsaaTobrivi an dRe-Ramuri) aqtiuri simZlavris operatiuli 

rezervis optimaluri parametrebi. SemuSvebuli modeli iqneba 

universaluri xasiaTis. misi meSveobiT SesaZlebeli iqneba 

nebismieri konfiguraciis eleqtroenergetikul sistemaSi 

magenerirebel obieqtebze aqtiuri simZlavris operatiuli 

rezervis optimaluri ganawileba. SeTavazebuli meTodikiT 

miRebuli Sedegebis aprobacia ganxorcielebuli iqneba 

eleqtroenergetikuli sistemis magaliTze. 

       mesame etapze, gamomdinare iqidan, rom 

eleqtroenergetikuli sistemis muSaobis reJimebSi erT-erTi 
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mniSvnelovani faqtori prevenciuli (gegmiur-gamafrTxilebeli) 

remontebis optimaluri dagegmvaa, gadawyvetili iqneba sistemaSi 

prevenciuli remontebis optimaluri dagegmvis amocana. 

sakiTxisadmi  kompleqsuri midgomiT optimizaciis 

mravalfaqtoriani kriteriumis safuZvelze wrfivi programirebis 

meTodis gamoyenebiT Sesruldeba maTematikuri modelireba, 

Seiqmneba Sesabamisi algoriTmi da am modelis mixedviT 

dadgindeba wliur WrilSi sxvadasxva periodebad (kvireebis 

mixedviT) dayofiT prevenciuli remontebis Catarebis grafikebi. 

SeTavazebuli meTodikiT miRebuli Sedegebis aprobacia 

ganxorcielebuli iqneba eleqtroenergetikuli sistemis 

magaliTze. 

       meoTxe etapze msoflio gamocdilebis mecnieruli 

analizis safuZvelze Camoyalibdeba eleqtroenergetikuli 

sistemis muSaobis reJimebis optimizaciis kriteriumi. am 

kriteriumSi optimalurobis faqtorebad miRebuli iqneba: 

       • maregulirebeli hidroeleqtrosadgurebis 

eleqtroenergiis gamomuSavebis maqsimumi, datvirTvis grafikSi 

maTi monawileobis maqsimumi. eleqtrosadgurebSi iZulebiT 

gaSvebuli wylis moculobis da wylis xarjis minimumi. 

       • sezonuri hidroeleqtrosadgurebis mier 

eleqtroenergiis gamomuSavebis maqsimumi da iZulebiT gaSvebuli 

wylis moculobis minimumi. 

       • TboeleqtrosadgurebSi saTbobis xarjis minimumi. 

       • Tboeleqtrosadgurebis gamonabolqvSi CO2 emisiis 

minimumi. 

       • warmoebuli eleqtroenergiis saSualo Sewonili 

tarifis minimumi. 

       • eleqtroenergetikuli sistemebis muSaobis maRali 

saimedobis da Sesabamisad eleqtroenergiis warmoebis 

Seferxebebis riskis minimumi. 

       arawrfivi programirebis meTodiT  wina etapze 

damuSavebuli eleqtroenergiis moxmarebis moklevadiani 
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saprognozo parametrebis, operatiuli rezervis optimaluri 

sagegmo maCveneblebis, prevenciuli remontebis grafikis 

monacemebis, sasadgure da sistemaSi arseuli sxva SezRudvebis 

gaTvaliswinebiT SemuSavebuli iqneba eleqtroenergetikuli 

sistemis muSaobis reJimebis optimizaciis mravalfaqtoriani 

maTematikuri modeli da misi Sesabamisi algoriTmi. 

SeTavazebuli meTodikiT miRebuli Sedegebis aprobacia 

ganxorcielebuli iqneba eleqtroenergetikuli sistemis 

magaliTze. 

       kvlevis meTodebi. dasmuli amocanebis gadasaWrelad 

gamoyenebulia procesebis modelirebis Tanamedrove ekonomikur-

maTematikuri meTodebi da gamoTvliTi teqnikis saSualebebi. 

naSromis mixedviT dagegmili eleqtroenergiis moxmarebis 

moklevadiani (saaTi, dRe-Rame) prognozirebis  amocanis 

gadasaWrelad neironuli qselebis gamoyeneba imiT aris 

ganpirobebuli, rom es meTodi saSualebas iZleva 

gaTvaliswinebuli iyos eleqtroenergiis moxmarebaze moqmedi 

yvela SesaZlo rogorc teqnikuri, ise ekologiuri da 

ekonomikuri faqtorebi, rac mTvaria SesaZlebelia maRali 

sizustiT ganxorcieldes eleqtroenergiis moxmarebis 

moklevadiani prognozireba. vinaidan sistemaSi aqtiuri 

simZlavris operatiul rezervze moTxovna atarebs 

ganusazRvrelobis xasiaTs. es problema gadaWrilia aramkafio 

logikis meTodiT. problemebisadmi aseTi midgoma saSualebas 

iZleva mravali SesaZlo variantidan SearCios optimaluri 

varianti, romelic maRali sizustiT daadgens sistemaSi aqtiuri 

simZlavris operatiuli rezervis optimaluri sidideebs da  am 

rezervis generaciis obieqtze optimalur ganawilebas. kvlevis 

meTodikis Sesabamisad energosistemis obieqtebze  prevenciuli 

remontebis optimaluri dagegmva Sesruldeba wrfivi 

programirebiT. 

       kvlevis meTodikis moTxovnebs srulyofilad pasuxobs 

eleqtroenergetikuli sistemis muSaobis reJimebis optimaluri 
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dagegmvis problemebis gadasaWrelad gamoyenebuli Tanamedrove 

maTematikuri meTodebis, neoronuli qselebis, aramkafio logikis 

da arawrfivi programirebis erTiani hibriduli modeli. am 

urTulesi maTematikuri modelis umTavres upiratesobas 

warmoadgens is faqti, rom am modelis meSveobiT SesaZlebelia 

sistemis muSobis reJimebSi gaTvaliswinebuli iyos yvela 

SemTxveviTi xasiaTis xdomilebebi, optimalurobis kriteriumis 

maformirebeli faqtorebi da SezRudvebis mTeli kompleqsi. 

       naSromis praqtikuli mniSvneloba. sadisertacio 

naSromSi ganxorcielebuli kvlevis Sedegebi warmatebiT 

SeiZleba  iqnes gamoyenebuli warmoebis  im momijnave sferoebSi, 

sadac saqme gvaqvs biznes-inJineringis proncipebiT sistemebis 

marTvasTan. kvlevis Sedegebis praqtikaSi danergvas didi efeqtis 

motana SeuZlia socialur-politikur sferoSi da teqnikuri 

progresis daCqarebaSi. aRniSnuli ganpirobebulia imiT, rom 

eleqtroenergetikuli sistemis muSaobis reJimebis optimaluri 

marTva uzrunvelyofs organizaciis saqmianobis teqnikur-

ekonomikuri maCveneblebis gaumjobesebas. Sesabamisad, 

eleqtroenergiis tarifebis dadgenis obieqturobas da moiTxovs 

warmoebaSi axali progresuli teqnologiis danergvas. 

       aprobacia. sadisertacio naSromis ZiriTadi Sedegebi 

gamnoqveynebulia saerTaSoriso recenzirebad da referirebad 

samecniero JurnalebSi: “energia”, “EnergyOnline”, “biznes-

inJineringi” da “saqarTvelos ekonomika” Semdegi samecniero 

Sromebis saxiT:  

       1. jafariZe d. maRraZe T. “eleqtroenergetikul sistemaSi 

prevenciuli remontebis optimaluri dagegmva”. Jurnali “biznes-

inJineringi”. #.2 Tbilisi. gv:107-115. 2013 weli. 

       2. arTilayva a. maRraZe T. “prognozirebis modelebis 

gamoyenebiT energokompaniis wminda mogebis gaangariSebis 

Taviseburebebi”. Jurnali “energia”. #1(65). Tbilisi. gv: 53-57. 2013 

weli. 
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       3. jafariZe d. maRraZe T. “biznes-inJineringis principebiT 

eleqtroenergetikuli sistemis optimaluri marTvis 

uzrunvelsayofad eleqtroenergiis moxmarebis moklevadiani 

prognozireba”. Jurnali “biznes-inJineringi”. #4. Tbilisi. gv: 188-

194. 2012 weli. 

       4. Japaridze D. Magradze T. “Optimal planning of operative reserve of active 

power in power system under conditions of uncertainty”. Online scientific-technical 

journal “EnergyOnline”. #6. Tbilisi. Pages: 1-16. 2012 year. 

       5. Japaridze D. Magradze T. “Middle-term prediction of electricity demand 

in Georgia by using of multifactor model”. International scientific-analytical journal 

“Economy of Georgia”. #3(136). Pages: 32-38. 2009 year. 

              6.  jafariZe d. maRraZe T. “saqarTveloSi eleqtroenergiis 

warmoebis saSualo-vadiani prognozireba”. saerTaSoriso 

samecniero-analitikuri Jurnali “saqarTvelos ekonomika”. #7-

8(128-129). gv: 96-101. 2008 weli. 

       naSromis Tematikis irgvliv saqarTvelos teqnikur 

universitetSi moewyo ori Tematuri seminari da koloqviumi 

Semdegi saxelwodebebiT: 

        I seminari: “eleqtroenergetikuli sistemis 

eleqtrosadgurebis muSaobis reJimebis marTvis msoflio 

gamocdileba da Tanamedrove meTodebis saqarTveloSi danergvis 

perspeqtivebi” 

        II seminari: “saqarTvelos energetikuli usafrTxoebis 

mdgomareobis Sefaseba da misi amRlebis gzebi” 

        koloqviumi: “eleqtroenergetikul sistemaSi aqtiuri 

simZlavris operatiuli rezervis da remontebis optimaluri 

dagegmva”. 

        sadisertacio naSromis ZiriTadi sakiTxebi moxsenebis 

saxiT gaSuqda samecmniero konferenciaze saxelwodebiT: 

       1. “eleqtroenergetikul sistemaSi ganusazRvrelobis 

pirobebSi aqtiuri simZlavris operatiuli rezervis optimaluri 

dagegmva”. aSS-s saerTaSoriso ganviTarebis saagentos 
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“hidroenergetikaSi investiciebis xelSewyobis proeqtisa” da 

saqarTvelos teqnikuri universitetis erToblivi konferencia: 

“axalgazrda inJinrebis roli saqarTvelos energetikis 

seqtorSi”. stu. 17 aprili, 2013 weli.  

      naSromis moculoba da struqtura. sadisertacio naSromi 

moicavs 169 gverds. igi Sedgeba, Sesavlis, literaturis 

mimoxilvis, Sedegebis gansjisa da daskvniTi nawilisagan. 

Sedegebis gansja Tavis mxriv Sedgeba 4 Tavisa da 8 

paragrafisgan. TiToeul Tavs Tan erTvis Tavisi daskvna. 

naSromSi CarTulia 46 cxrili, 22 naxazi, 33 danarTi, naSroms 

Tan erTvis gamoyenebuli literaturis nusxa.
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ლიტერატურის მიმოხილვა 

 

        eleqtroenergetikuli sistemis garTulebis da simZlavris 

mudmivi zrdis pirobebSi didi mniSvneloba eniWeba sistemis 

muSaobis reJimebis optimaluri marTvis sakiTxis gadawyvetas. 

optimizaciis RonisZiebebis gatareba ar moiTxovs did kapitalur 

xarjebs, magram maTi gamoyenebiT warmoiqneba is rezervi, romelic 

saSualebas iZleva mniSvnelovnad amaRldes el. energiis warmoebis, 

gadacemisa da ganawilebis ekonomikuri, teqnikuri da sxv. 

efeqtianoba. 

        eleqtroenergetikuli sistemebis muSaobis reJimebis 

maTematikuri modelirebis/dagegmvis problemebis da maTi gadaWris 

gzebi Camoyalibebulia msoflioSi cnobili mecnierebis 

fundamenturi Sromebis Rrma mecnieruli analizis safuZvelze 

[1,2,3,4,5]. 

        eleqtroenergetikul sistemaSi muSaobis reJimebis 

dagegmvis kuTxiT arsebuli meTodebi iyofa sam kategoriad: 

determinirebuli, aratradiciuli da hibriduli meTodebi [6].   

        eleqtroenergetikuli sistemebis muSaobis reJimebis 

maTematikuri modelirebis yvelaze metad gavrcelebuli meTodebia: 

arawrfivi programirebis [7], dinamikuri programirebis [8] da 

lagranJis meTodi [9]. aRniSnul meTodebSi dispetCerizaciis dRe-

Ramuri periodi iyofa Tanabar periodebad, sadac erTi periodis 

datvirTva CaTvlilia mudmiv sidided [10]. 

        beCerti da kvatni iyvnen pirvelni, romelTac SemogvTavazes 

paralelurad mimuSave Tboeleqtrosadgurebis generatorebs Soris 

aqtiuri datvirTvis optimaluri ganawilebis SezRudvebi. maT 

gaaerTianes analitikuri da aqtiuri simZlavris ekonomikuri 

ganawilebis principebi erT dinamikuri optimaluri kontrolis 



27 

 

problemad. SemuSavebul iqna Sesabamisi kontroleri, romelic 

amoxsnil iqna pontriaginis maqsimumis principis mixedviT [11]. 

        arawrfivi programirebis algoriTmi Semotanil iqna [7] 

mier, aqtiuri simZlavris optimaluri ganawilebis problema 

gadawyvetilia sistemis operatiuli rezervis SezRudvis 

gaTvaliswinebiT. Tumca masSi ar aris gaTvaliswinebuli 

eleqtrogadacemis danakargebi, ris gamoc aRniSnulma meTodma 

dakarga praqtikuloba. 

         [8] naSromSi Tanmimdevruli aproqsimaciis safuZvelze 

SemuSavebulia procedura, romelSic aqtiuri simZlavris 

ganawilebis problema dayofilia ramdenime etapad. yovel etapze 

problemis gadawyveta ganxorcielebulia ori generatoris 

monawileobiT. SemoTavazebul iqna sami damawyvilebeli sqema, 

magram konkretuli saukeTeso sqema ar iqna SemoTavazebuli. 

pirvelad SemoTavazebul iqna wriuli-dawyvilebis sqema, sadac 

generatorebs hqondaT miniWebuli indeqsebi saTbobis xarjis 

fardobiTi nazrdis mixedviT “yvelaze iafi”-dan “yvelaze Zviri”-

mde. Semdgomi Tanmimdevroba gulisxmobda spiraluri dawyvilebis 

sqemas. “yvelaze iafi” generator dawyvilda “yvelaze ZvirTan”, 

Semdgom “yvelaze Zviri” generatori dawyvilda Semdgom “yvelaze 

iafTan”. Semdgom “yvelaze iafi” dawyvilda “yvelaze ZvirTan” da 

a.S. zemoT aRniSnuli ori sqemis kombinacia warmoadgens mesame 

dawyvilebis sqemas. 

         [8,11,12]-Si SemoTavazebuli meTodebi ugulebelyofen 

eleqtrogadacemis danakargebs da operatiuli rezervis 

SezRudvebs. meores mxriv vudma [9]-Si gaiTvaliswina aRniSnuli 

SezRudvebi magram ar gaiTvaliswina Tboeleqtrosadgurebis 

turbinebis sarqvelis datvirTvis efeqti. aRniSnuli amoxsnil iqna 

lagranJis mamravlebis meSveobiT. 
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        sistemaSi aqtiuri simZlavris optimaluri ganawilebis 

dagegmva wrfivi programirebis meTodebiT Semotanil iqna [13]-Si 

usafrTxoebis da emisiis SezRudvebis gaTvaliswinebiT. magram 

aRniSnul kvlevaSi ar aris gaTvaliswinebuli operatiuli 

rezervis SezRudvebi da Tboeleqtrosadgurebis turbinebis 

sarqvelis datvirTvis efeqti. 

[14] kvlevis avtorebma Seqmnes ramdenime etapiani problemis 

amoxsnis algoriTmi. algoriTmi warmoadgens maTi wina samuSaos 

[15] gafarToebas. algoriTmi Seicavs generatorebis datvirTvis 

cvlilebis diapazonis SezRudvas da ramdenime etapian periodebs. 

TiToeuli etapi Sedis miznis funqciaSi lagranJis mamravlis 

saxiT. algoriTmi Seicavs usafrTxoebis SezRudvebs, 

Tboeleqtrosadgurebis turbinebis sarqvelis datvirTvis efeqtis 

gaTvaliswinebis gareSe.  

[16] avtorebma gaanalizes eleqtroenergetikuli sistemis 

dinamikuri SezRudvebis gavlenis efeqti aqtiuri simZlavreebis 

optimalur moklevadian ganawilebaze deregulirebul garemoSi 

Tanmimdevruli dinamikuri programirebis meTodis gamoyenebiT. 

sistemis usafrTxoeba gaTvaliswinebul iqna mudmivi denis modelis 

meSveobiT, eleqtrogadacemis danakargebis ugulebelyofiT.  

      [17] avtorma gamoiyena miuleris algoriTmi aqtiuri 

simZlavris optimaluri ganawilebis problemis gadasaWrelad. 

SemoTavazebuli algoriTmi gulisxmobs lambda mniSvnelobebis 

SerCevas. Semdgom, generatorebis mier eleqtroenergiis warmoeba 

gamoxatulia lambdiT interpolaciis meTodis gamoyenebiT da 

lambdis realuri mniSvnelobebi gamoTvlilia aqtiuri simZlavris 

balansis SezRudvebiT miuleris meTodis gamoyenebiT. aprobacia 

ganxorcielda or satesto sistemaze, da Sedegebi Sedarebul iqna 

sxva konkuretul meTodebis SedegebTan amoxsnis drois kuTxiT. 

uTanasworo SezRudvebi Seicavda generatorebis datvirTvis 
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diapazonis cvlilebis da warmoebis zRvrebis SezRudvebs. 

eleqtrogadacemis danakargebi iqna ugulebelyofili.                                             

        brentis meTodi – Zebnis meTodi [18] iqna gamoyenebuli [19]-Si 

paralelurad momuSave generatorebis saTbobis xarjis fardobiTi 

nazrdis gasagebad Tboeleqtrosadgurebis turbinebis sarqvelis 

datvirTvis efeqtis gaTvaliswinebis gareSe. lambdis minimaluri 

da maqsimaluri mniSvnelobebi gamoTvil iqna generatoris 

minimaluri da maqsimaluri warmoebis safuZvelze. winaswar 

gansazRvrvruli datvirTvis dros lambdis optimaluri 

mniSvneloba mirebul iqna brentis meTodis gamoyenebiT. 

gaTvaliswinebul iqna eleqtrogadacemis danakargebi, magram ar 

iqna gaTvalisiwnebuli operatiuli rezervis mniSvneloba. 

Semotavazebuli meTodi ufro swrafi iyo sxva meTodebTan 

SedarebiT da operaciuli xarjebi umniSvnelod mcire iyo sxva 

meTodebis SedegebTan SedarebiT. 

        aqtiuri simZlavris optimaluri ganawilebis mizniT 

Hemamalini et al. [20]-Si gamoiyena maklarenis mwkrivebze dafuZnebuli 

lagranJis meTodi. Semotavazebuli meTodi iTvaliswinebs 

Tboeleqtrosadgurebis turbinebis sarqvelis datvirTvis efeqts 

(sinusoidaluri funqcia). aproqsimaciis Secdomis gasworebis 

mizniT gaTvaliswinebul iqna damatebiTi faqtorebi. Aprobacia 

ganxorcielda 3 sistemaze Tboeleqtrosadgurebis turbinebis 

sarqvelis datvirTvis efeqtis, operatiuli rezervis da 

eleqtrogadacemis danakargebis gaTvaliswinebiT. meTodis mTavari 

upiratesobaa siswrafe da sxva meTodebTan SedarebiT saTbobis 

xarjis SedarebiT mcire mniSvneloba. 

       evristikuli meTodebi determinirebul meTodebTan 

SedarebiT warmoadgenen SedarebiT axal meTodebs. arsebobs 

sxvadasxva saxis meTodebi: genetikuri algoriTmebi da sxv da 

algoriTmebi [21]. 
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 [22] avtorebis mier SemoTavazebul iqna paraleluri mikro 

genetikuri algoriTmis modeli generatorebis datvirTvis mixedviT 

dajgufebis safuZvelze. kvlevaSi gaTvaliswinebulia 

eleqtrogadacemis danakargebi. Tboeleqtrosadgurebis turbinebis 

sarqvelis datvirTvis efeqti da operatiuli rezervi ar aris 

gaTvaliswinebuli. 

[23]-Si PSO algoriTmi SemoTavazebulia problemis 

amosaxsnelad. aRniSnul kvlevaSi gaTvaliswinebulia operatiuli 

rezervi, eleqtrogadacemis danakargebi da usafrTxoebis 

SezRudvebi. meTodis mTavari upiratesobas warmoadgens siswrafe. 

[24]-Si damuSavebulia aqtiuri simZlavris optimaluri 

ganawilebis mravalmiznobrivi optimizaciis problemis 

amonaxazisni. masSi gaTvaliswinebulia Semdegi miznis funqciebi: 

saTbobis xarji da emisiis maCvenebeli. SezRudvebSi 

gaTvaliswinebulia Tboeleqtrosadgurebis turbinebis sarqvelis 

datvirTvis efeqti da eleqtrogadacemis danakargebi. aRniSnuli 

ori funqcia gaerTianebul iqna erT funqciad miznis-miRwevis 

meTodis gamoyenebiT [25]. sabolood PSO algoriTmi iqna 

gamoyenebuli erTiani miznis funqciis amoxsnisTvis. 

 [26]-Si kvlevaSi avtorma SeimuSava ara-dominanti sortirebis 

genetikuri algoriTmi-II  (NSGA-II), rom erTdroulad 

minimizirebuliyo mTliani saTbobis xarji da emisia. SezRudvebSi 

gaTvaliswinebuli iyo Tboeleqtrosadgurebis turbinebis 

sarqvelis datvirTvis efeqti da eleqtrogadacemis danakargebi. 

avtorma SemogvTavaza pareto-optimaluri amonaxazisnebi. 

upiratesoba mdgomareobs amonaxazisnis nakleb droSi. 

[27] kvlevaSi gamoyenebul iqna PSO algoriTmi fasze 

dafuZnebuli socialuri sargeblianobis maqsimizaciisTvis 

konkurentuli bazris pirobebSi. gaTvaliswinebuli iyo ormxrivi 

moTxovna miwodeba. damatebiT gaTvaliswinebuli iyo emisiis, 
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usafrTxoebis da eleqtrogadacemis danakargebis SezRudvebi. 

ganxilulia vaWrobis ori periodi da amoxsnilia problema 

Tavidan SezRudvebis gareSe, xolo Semdeg SezRudvebiT. kvlevam 

aCvena, rom SezRudvebis raodenobis zrdasTan erTad TandaTan 

mcirdeboda socialuri sargeblianoba. 

elitaruli genetikuri algoriTmi iyo aqtiuri simZlavris 

optimaluri ganawilebis problemis gadawyvetisTvis [28]-Si. 

kvlevaSi generatoris Rirebulebis funqcias hqonda wrfivi xasiaTi 

da gaTvaliswinebuli iyo eleqtrogadacemis danakargebi. 

dispetCerizaciis periodi daiyo 48 intervalad. TiToeuli periodi 

amoixsna warmatebiT. 

SezRuduli EP meTodi iqna gamoyenebuli [29] kvlevaSi. 

SezRudvebSi gaTvaliswinebulia Tboeleqtrosadgurebis 

turbinebis sarqvelis datvirTvis efeqti. ar aris 

gaTvaliswinebuli eleqtrogadacemis danakargebi. meTodSi 

simulaciis dros SezRudvebisgan gadaxrebi koreqtirdeba 

iteraciuli procesiT. imisaTvis, rom dagenenirdes axali 

populacia SemoTavazebulia Semdegi procedura. SemTxveviT 

SerCeul dros TviTneburad SeirCa ori generatori da 

gamomuSavebuli simZlavris wili gadanawilda generatorebs Soris 

ise, rom ar darRveuliyo dawesebuli SezRudvebi. aRniSnuli 

midgoma moiTxovs did dros gansakuTrebiT didi sistemebisaTvis. 

[30] kvlevaSi avtorebma aqtiuri simZlavris optiumaluri 

ganawileba ganaxaziorcieles SA meTodis gamoyenebiT. SezRudvebSi 

gaTvaliswinebulia Tboeleqtrosadgurebis turbinebis sarqvelis 

datvirTvis efeqti da eleqtrogadacemis danakargebi. meTodi 

aprobirebul iqna erT satesto sistemaze. amoxsnas dasWirda 6 

wuTi. avtorebma daaskvnes, rom algoriTmis gamoyeneba 

paralelurad momuSave platformebze Seamcirebs amoxsnis dros. 
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aqtiuri simZlavris optimaluri ganawilebis problemis 

amoxsnisTvis [31] kvlevaSi  SemoTavazebul iqna QEA gazrdili 

realuri-parametruli kvanturi evoluciuri algoriTmi. masSi 

gaTvaliswinebulia Tboeleqtrosadgurebis turbinebis sarqvelis 

datvirTvis efeqti. ar aris gaTvaliswinebuli eleqtrogadacemis 

danakargebi. garda amisa, SemuSavebul iqna ori evristikuli 

algoriTmi amonaxazisnis misaRebi zonis aRdgenisa da 

amonaxazisnis xarisxis gaumjobesebis mizniT. algoriTmebia: 

misaRebi zonis aRdgenis algoriTmi (FRAH) da saTbobis xarjis 

fardobiTi nazrdis optimizaciis evristikuli algoriTmi (ICH). 

meTodi aprobirebul iqna or sistemaze. Mirebuli Sedegebi ufro 

gaumjobesda alternatiuli meTodiT miRebul SedegebTan 

SedarebiT. 

[32] kvlevaSi SemoTavazebulia aqtiuri simZlavris 

ganawilebis problemis amoxsnis mravalricxovani Zebnis algoriTmi 

(MTS). optimizaciis problema iTvaliswinebs eleqtrogadacemis 

danakargebs da Tboeleqtrosadgurebis turbinebis sarqvelis 

datvirTvis efeqti gaTvaliswinebulia muSaobis akrZaluli 

zonebis safuZvelze. tradiciuli meTodis gaumjobesebis mizniT 

avtorebma SeimuSaves damatebiTi procedurebi: inicializacia 

(dasarwmuneblad, rom populacia akmayofilebs SezRudvebis 

moTxovnebs), adapturi Zebna (bijis adapturi cvla, mezobeli 

amonaxazisnebis generirebisTvis), mravalricxovani Zebna 

(pareleluri procesorebis mier), gadakveTa (genetikuli 

algoriTmis paraleluri amonaxazisnebis gaumjobesebis mizniT), 

reinicializaciis procesi (naadrevi konvergenciis Tavidan 

acilebis mizniT, rodesac Zebna Cerdeba lokalur amonaxazisnze). 

meTodis efeqturoba dadginda statistikuri monacemebis 

safuZvelze. standartuli gadaxra da amoxsnis dro iyo 

mniSvnelovnad mcire sxva meTodebTan SedarebiT. 
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 [33] kvlevaSi avtorebma Semoitanes upiratesobaze 

dafuZnebuli ara-dominanti sortirebis genetikuri algoriTmi 

(PNSGA). ar iqna gaTvaliswinebuli eleqtrogadacemis danakargebi 

da Tboeleqtrosadgurebis turbinebis sarqvelis datvirTvis 

efeqti.  

[34] kvlevaSi SemuSavebul iqna cvladis skalirebis 

hibriduli diferencialuri evoluciuri algoriTmi (VSHDE). 

aRniSnuli meTodSi gaTvaliswinebulia eleqtrogadacemis 

danakargebi, Tboeleqtrosadgurebis turbinebis sarqvelis 

datvirTvis efeqti da operatiuli rezervi. operatiuli rezervis 

yovelsaaTobriv moculobad miRebul iqna datvirTvis 5%. 

Aprobirebul iqna 2 satesto sistemaze. amoxsnis dro Seadgenda 7 

da 23 saaTs 10 da 20 generatoriani sistemebisTvis. 

[35]-Si SemuSavebul iqna modelis Zebnis algoriTmi (PS). 

saTbobis xarjis maxasiaTebeli Seicavs Tboeleqtrosadgurebis 

turbinebis sarqvelis datvirTvis efeqts. gaTvaliswinebulia 

datvirTvis diapazonis cvlilebis da eleqtrogadacemis 

danakargebis SezRudvebi, magram ar iqna gaTvaliswinebuli 

operatiuli rezervis SezRudva.  

[36] da [37]-Si SemuSavebul iqna xelovnuri imunuri sistema 

(AIS). algoriTmi iTvaliswinebs 4 iteraciul algoriTms: 

SemTxveviTi populaciis generacia e.w imunuri ujredebi an 

antisxeulebi, populaciis TiToeuli wevris klonireba msgavsebis 

procentuli mniSvnelobis mixedviT, mutaciis meqanizmi cnobili, 

rogorc maturaciis procesi, gaumjobesebis armqone an lokalur 

amonaxazisnSi gaWedili antisxeulebis ganadgureba e.w daberebis 

operatori. meTodebis aprobacia ganxorcielda or satesto 

sistemaze. miRebuli Sedegebi amonaxazisnis xarisxis da drois 

mixedviT iyo ukeTesi sxva meTodebTan SedarebiT. 
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       Tanamedrove pirobebSi sabazro ekonomikis ganviTarebasTan  

erTad izrdeba saTbob-energetikuli kompleqsis dargebis 

ganviTarebis strategiis damuSavebis aucilebloba [38]. 

       problemis gadawyvetis aqtualobidan gamomdinare 

eleqtroenergiis moxmarebis moklevadiani prognozirebisadmi 

mravali cnobili mecnieris naSromia miZRvnili 

[39,40,41,42,43,44,45,46,47,48,49].  

       am kvlevebSi ZiriTadi aqcentebi gadatanilia prognozirebis 

statistikur meTodebze (avtoregresiis meTodi, sezonuri mrudebis 

meTodi, faqtoruli analizi, wrfivi algoriTmi dafuZnebuli 

momavlis ganWvretaze uaxloesi warsulis monacemebis mixedviT). es 

meTodebi saSualebas iZlevian dReebis sxvadasxva tipebisaTvis 

aigos avtoregresiuli modelebi. sxva faqtorebi, iseTebi 

rogorebicaa haeris temperatura, ganaTebulobis xarisxi, dRis 

xangrZlivoba, kviris dRe, zamTris drois sazafxulo droze 

gadasvla da piriqiT, eqstra-ordinaluri movlenebis, amindis 

pirobebis prognozebi da sxva faqtorebi gamoyenebulia 

gasaSualebuli sidideebiT, maTi gavlena gaTvaliswinebulia 

eleqtroenergiis moxmarebis warsuli mniSvnelobebis mixedviT. es 

meTodi saSualebas iZleva miviRoT prognozis kargi Sedegebi 

stabilur situaciebSi [39,42,44,45,46], Tumca maTi parametrebis 

moulodneli mkveTri cvlilebebis dros aseTi midgoma ar iZleva 

saSualebas gavakeToT situaciis swori prognozi, imis gamo, rom 

saqarTveloSi adgili aqvs situaciebis mkveTr cvalebadobas 

eleqtroenergiis momxarebis moklevadiani prognozirebis 

miTiTebuli meTodi ver ganxorcieldeba saTanado sizustiT. Cvens 

qveyanaSi eleqtroenergiis moTxovnis moklevadiani prognozis 

sirTules mniSvnelovanwilad ganapirobebs momxmareblebis didi 

ricxvis arseboba da eleqtroenergiis moxmarebaze moqmedi mravali 

faqtoris gaTvaliswinebis aucilebloba. 
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       amasTan mecnierTa umravlesoba [40,41,43,47,48,49] 

eleqtroenergiis moxmarebis moklevadiani prognozirebisaTvis 

optimalurad Tvlis araklasikuri meTodebis gamoyenebas 

(xelovnuri neironuli qselebi, aramkafio logika, genetikuri 

algoriTmebi da sxva), vinaidan eleqtroenergiis moTxovna 

moklevadian periodSi rogorc wrfivad ise arawrfivad 

damokidebulia mraval faqtorze misi klasikuri meTodebiT 

prognozireba gaZnelebulia. SeuZlebelia klasikuri meTodebis 

prognozirebis dros rTuli kavSirebis gaTvaliswineba. 

       swored amitom bolo periodSi specialistebis mxridan 

[40,41,43,47,48,49], romlebic dakavebulebi arian eleqtroenergiis 

moxmarebis droiTi mwkrivebis prognoziT sul ufro didi 

yuradReba eqceva xelovnur neironul qselebs. ZiriTadi 

mimzidveloba xelovnuri neironuli qselis gamoyenebis 

eleqtroenergiis moxmarebis prognozirebaSi mdgomareobs imaSi, 

rom am SemTxvevaSi SesaZlebelia gamoyenebuli iqnes Semavali 

parametrebis didi raodenoba – istoriuli monacemebi 

eleqtroenergiis moxmarebaze da Sesabamisi istoriuli monacemebi 

maTze moqmed yvela faqtorze, rac mTavaria Semavali parametrebis 

gavlenis funqcia gamosaval Sedegze SeiZleba iyos nebismieri 

sirTulis (araswrfivi, arastacionaruli) da ucnobi formis. garda 

amisa, modelis Semavali parametrebis nawili SeiZleba iyos 

ricxviTi nawili, kategorialuri [40,41,43,47,48,49,50]. 

       problemis aqtualobidan gamomdinare ukanasknel aTwleulSi 

msoflioSi simZlavris operatiuli rezervis optimaluri dagegmvis 

sxvadasxva aspeqtebTan dakavSirebuli kvlevebi sakmao intensivobiT 

warmoebs [4,5,6,7,8,9,10,11]. am SromebSi dasabuTebulia imis 

aucilebloba, rom mocemuli momentisaTvis Casatarebelia 

gegmazomieri samuSaoebi Teoriul-albaTobrivi analizisa da 

eleqtroenergetikul sistemebSi saeqspluatacio DSeSfoTebebis 
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SemTxveviTi procesebis maxasiaTeblebis statistikur Sefasebasa da 

maT urTierTkavSirze sixSiris da aqtiuri simZlavris avtomaturi 

regulirebis Tanamedrove principebis normatiul safuZvlebze, 

avariuli urTierTdaxmarebis ganxorcielebis principebze da 

operatiuli rezervirebis sxva problemebze. maT Soris sxva 

eleqtroenergetikul sistemebTan integraciis perspeqtivasTan 

dakavSirebul sakiTxebze. 

       aqve xazi unda gaesvas im faqts, rom eleqtroenergetikuli 

sistemebis aqtiuri simZlavreebis rezervis mobilobis da sididis 

gansazRvris arsebuli meTodika mTeli sisruliT ver pasuxobs 

praqtikis moTxovnebs, radganac sustad aris orientirebuli drois 

intervalebSi avtomatur da operatiul marTvaSi gamosayeneblad. 

eleqtroenergetikuli sistemebis operatiuli rezervis optimaluri 

dagegmvis praqtikaSi farTod aris gamoyenebuli determinirebuli 

da albaTuri meTodebi [53,54,55,56,58]. 

       msoflios ganviTarebuli qveynebis eleqtroenergetikul 

sistemebs gaaCniaT  operatiuli rezervis dadgenis gansxvavebuli 

kriteriumebi [59,60], romelTa CamonaTvali mocemulia cxril #1-Si  
 

 

cxrili #1 sxvadasxva qveynebis eleqtroenergetikuli sistemis  
operatiuli rezervis moTxovnebi 

 
 

eleqtroenergetikuli 
sistema 

kriteriumi ( ) 

saqarTvelo moxmarebis minimum 10% (   

avstralia da  
axali zelandia 

max( ) 

BC Hydro (kanada) max( ) 

Manitoba Hydro  
(kanada 2) 

80% max( ) + 20%( )  

Yucon Electrical  
(kanada 3) 

max( )+10%( )  

belgia 
UCTE wesebi.  

(evropuli qveynebis energogaerTianeba). 
minimum 460 mgvt 
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kalifornia 

 

 
  

safrangeTi 
UCTE wesebi.  

(evropuli qveynebis energogaerTianeba). 
minimum 500 mgvt 

PJM (southern)  
(aSS) samxreTi max( ) 

PJM (western)  
(aSS) dasavleTi 

1.5%( )  

PJM (Other)  
(aSS) sxva 
danarCeni 

pikuri datvirTvis 1.1 % +tipiur dReebsa 
da saaTebSi albaTuri  

angariSebi 

espaneTi 
minimum  3( )

1/2     

maqsimum 6( )
1/2  

holandia 
UCTE wesebi.  

(evropuli qveynebis energogaerTianeba). 
minimum 300 mgvt 

UCTE 
(evropuli  
qveynebis 

energogaerTianeba) 

ar arsebobis dadgenili standarti. 
rekomendirebuli maqsimumia:   

(10 +150
2
)

1/2
-150  

 

        

       sadac,  – t periodis i el. sadguris gamomuSavebaa;  - t 

periodis yvelaze didi gamomuSavebaa (el. sadguri);  - datvirTvaa. 

 

       rogorc cxril #1-Si moyvanili monacemebidan Cans 

eleqtroenergetikuli sistemebis aqtiuri simZlavris operatiuli 

rezervis dagegmvis kriteriumebi ZiriTadad atareben 

determinirebul xasiaTs da maTSi ar aris gaTvaliswinebuli el. 

sistemaSi mimdinare SemTxveviTi procesebi. ar aris naCvenebi 

operatiuli rezervis optimizaciis problemis gadawyvetis gzebi. 

eleqtroenergetikul sistemebSi aqtiuri simZlavris operatiuli 

rezervis optimaluri dagegmva moiTxovs problemisadmi kompleqsur 

midgomas. yvela im faqtoris gaTvaliswinebas, romlebic moqmedeben 

el. sistemis muSaobis saimedoobaze. el. sistemebis funqcionirebis 

moTxovnili saimedoobis uzrunvelsayofad aucilebelia sistemaSi 
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arsebobdes aqtiuri simZlavris operatiuli rezervis iseTi 

moculoba, romelic nebismieri el. gadacemis xazis da el. 

sadguris avariuli gamorTvis SemTxvevaSi maqsimalurad 

daakmayofildeba momxmareblis el. energiიs moTxovna da 

minimumamde daiyvaneba rogorc mwarmoeblis, agreTve momxmareblis 

mosalodneli zarali. am amocanis gadawyvetis yvelaze efeqtur 

gzad migvaCnia el. sistemis funqcionirebis mimdinare procesebis 

SefasebaSi albaTuri meTodis gamoyeneba. es meTodi saSualebas 

gvaZlevs riskis indeqsis saSualebiT analizi CavutaroT 

sxvadasxva operatiuli procesebis scenarebs [53,54,55,58]. 

       Catarebuli kvlevebis [51,52,53,54,55,58] analizi cxadyofs, rom 

eleqtroenergetikul sistemaSi operatiuli rezervis albaTuri 

gziT dadgenis dros gamoyenebulia mxolod magenerirebeli 

simZlavreebis avariuli gamorTvebis statistika da eleqtruli 

sistemisTvis misaRebi riskis done garkveuli drois monakveTSi 

(dRe-Rame) miRebulia mudmiv sidided. aRniSnulma garemoebam 

SesaZloa gamoiwvios operatiuli rezervis sakmarisze meti an 

naklebi sididiT gansazRvra, rac saboloo jamSi aisaxeba 

eleqtroenergetikuli sistemis saimedoobis da usafrTxoebis 

donis dawevis an ekonomikurad gaumarTlebeli simZlavris 

rezervis sididis dadgenaSi. 

       msoflios sxvadasxva energokompaniebis muSaobis da 

aRniSnuli mimarTulebiT Catarebuli kvlevebis [61,62,63,64,65,66,67] 

analiziT irkveva, rom eleqtroenergetikul sistemebSi remontebis 

optimaluri dagegmvis uzrunvelsayofad mravali problemaa 

gadasaWreli. rogorc wesi, energetikul sistemebSi ar aris 

SemuSavebuli remontebis dagegmvis strategia. sistemuri xasiaTi ar 

aqvs micemuli avariuli gamorTvebis analizs, remontebis dagegmva 

xorcieldeba ZiriTadad teqnikuri miznebis mixedviT, saTanado 

ekonomikuri faqtorebis gaTvaliswinebis gareSe. remontebis 
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prevenciuli dagegmva warmoebs optimizaciis tradiciuli 

principebiT, remontis optimalurobaze moqmedi faqtorebis 

Sefasebis gareSe. rac mTavaria problemis gadawyvetas ar aqvs 

micemuli kompleqsuri xasiaTi. aRniSnulidan gamomdinare 

eleqtroenergetikul sistemaSi prevenciuli remontebis 

optimaluri dagegmva unda ganxorcieldes Rrma mecnieruli 

kvlevis Sedegebis mixedviT, risTvisac pirvel rigSi  

eleqtroenergetikul sistemaSi Semavali eleqtruli sadgurebis, 

eleqtrogadacemis xazebis eleqtromowyobilobebis da 

danadgarebis teqnikuri mdgomareoba unda Sefasdes kompleqsurad. 

unda efuZvnebodes mTlianad sistemis saimedoobis maxasiaTeblebs 

da eleqtroenergetikul sistemaSi prevenciuli remontebis 

Catarebis optimaluri xangrZlivobis gansazRvris meTodikas. rac 

mTavaria eleqtroenergetikuli sistemis saimedo muSaobis 

uzrunvelyofaSi gamoikveTos remontebis prevenciuli dagegmvis 

roli da remontebis optimizaciis amocana unda gadaiWras masze 

moqmedi yvela SesaZlo faqtoris gaTvaliswinebiT. 

       rogorc zemoT moyvanili analizi gviCvenebs, miuxedavad 

Teoriuli xasiaTis Sromebisa, amJamad moqmedi algoriTmebi da 

programebi srulad ver akmayofileben eleqtroenergiis 

moklevadiani moxmarebis prognozirebis, aqtiuri simZlavris 

operatiuli rezervis, prevenciuli remontebis dagegmvis da 

mTlianobaSi eleqtroenergetikuli sistemebis muSaobis reJimebis 

optimaluri marTvisadmi wayenebul moTxovnebs. isini ar atareben 

kompleqsur xasiaTs, maTSi ar aris gaTvaliswinebuli yvela is 

teqnikur-ekonomikuri kriteriumi da SezRudva, rac waeyeneba 

sabazro ekonomikis pirobebSi eleqtroenergetikuli sistemis 

muSaobis reJimebis optimalur marTvas. 

         aRniSnulidan gamomdinare gansakuTrebul aqtualobas 

iZens eleqtroenergetikul sistemaSi eleqtroenergiis 
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moklevadiani moxmarebis prognozirebis, aqtiuri simZlavris 

operatiuli rezervis dagegmvis, prevenciuli remontebis 

optimaluri dagegmvis da eleqtroenergetikuli sistemebis 

muSaobis reJimebis optimizaciis problemebis iseTi saxiT 

gadawyveta, rom masSi maqsimalurad gaTvaliswinebuli iyos yvela 

is SesaZlo faqtori da SezRudva, romelic maqsimalurad 

uzrunvelyofs sistemis muSaobis efeqtianobas.  
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1. შედეგები და მათი განსჯა 

Tavi I. eleqtroenergiis moxmarebis moklevadiani 

prognozireba 

 

1.1 amocanis dasma da problemis gadawyvetis meTodologia 

 

       cnobilia, rom biznes-inJineringis qvakuTxeds marTvisadmi 

procesuli midgoma warmoadgens [68]. am TvalsazrisiT nebismieri 

organizacia SeiZleba ganvixiloT rogorc procesebis nakrebi. 

procesis optimalurad marTvas mivyavarT dasaxuli miznis 

miRwevisken da procesis mizani warmoCindeba rogorc efeqtianobis 

kriteriumi. 

       energosistemis funqcionirebisadmi procesuli midgoma 

moiTxovs marTvis tradiciul meTodebze uaris Tqmas, mis 

seriozul gaazrebas. aq wina planze dgeba misi reJimebis 

operatiuli marTvis, moklevadian perioSi muSaobis srulyofilad 

dagegmvis, eleqtrosadgurebsa da eleqtrul qselebs Soris 

datvirTvebis optimaluri ganawilebis da eleqtroenergiis 

moTxovnis dakveTili sidididan minimaluri gadaxris 

uzrunvelyofa. sagulisxmoa, rom dakveTili sidididan 

eleqtroenergiis faqtiuri moxmarebis gansazRrul procentze 

metad gadaxra ganapirobebs mabalansirebeli bazridan 

eleqtroenergiis Sesyidvas gazrdili fasebiT. naklebi mxrisken 

gadaxra isjeba damatebiTi gadasaxadiT miuwodebeli 

eleqtroenergiisaTvis. 

       aRniSnulidan gamomdinare biznes-inJineringis principebis 

safuZvelze, optimaluri procesuli marTvis ganxorcielebisaTis 

aucilebelia moklevadian periodSi (saaTi, dRe-Rame) 

eleqtroenergiis moxmarebis maRali sizustiT prognozireba. 
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       eleqtroenergiis moxmarebis moklevadiani prognozis maRali 

sizuste saSualebas iZleva SevamciroT eleqtrobazris subieqtebis 

finansuri danakargebi. am amocanis gadawyveta gansakuTrebiT 

sapasuxismgebloa saqarTvelosTvis, radganac qveynis 

energosistemaSi da eleqtroenergetikuli bazris subieqtebis 

mniSvnelovan nawils ar gaaCniaT sakuTari simZlavreebi da ar 

SeuZliaT gavlena iqonion momxmareblebis datvirTvebze.  

       literaturis mimoxilvis analizis safuZvelze 

eleqtroenergiis moklevadiani moxmarebis prognozirebisTvis 

SerCeul iqna xelovnuri neironuli qselebis meTodi 

[40,41,43,47,48,49,50]. 

       xelovnuri neironuli qselebi warmoadgenen analitikur 

sistemebs, sadac dasmuli amocanebi arasakmarisad mkafiod aris 

formulirebuli. formulirebis arasakmarisi sizuste SeiZleba 

xelovnuri neiornuli qselis unariT TviTswavlebis unarze 

monacemebSi ipovos dafaruli da gaugebari kavSirebi. xelovnuri 

neironuli qselis mniSvnelovan Tvisebas warmoadgens unari gare 

garemos cvlilebebze damikidebulebiT Seicvalos Tavisi qceva da 

codna. 
 

       eleqtroenergiis moxmarebis prognozirebisaTvis neironuli 

qselis asagebad aucilebelia maTze moqmedi faqtorebis 

gaTvaliswineba. faqtorebis dasadgenad Catarebul iqna 

korelaciuri analizi. korelaciuri matricis Sesadgenad [47,69] 

gamoTvlilia SerCeviTi saSualoebi: 






n

i
j

x
nj

1

1
  (1)  




n

i

y
nj

1

1
  (2)  da SerCeviTi saSualo 

kvadratuli gadaxrebi: 








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2
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






n

i

n

i
j

S

1

2
)(

1

22
 (4) 

korelaciis SerCeviTi koeficienti tolia: 
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Sn

jj
n

n

i
y

j
x

j













1  (5) sadac, j – faqtoris nomeri, i – weli, n – 

wlebis raodenoba.  

       sawyisi informaciis saxiT analizisa da eqspertuli 

Sefasebis safuZvelze eleqtroenergiis moxmarebasTan kavSiris 

dasadgenad ganxilulia 16 sawyisi faqtori. maT Soris, haeris 

minimaluri da maqsimaluri temperatura, qaris siCqare, naleqebi, 

dRis xangrZlivoba, sadResaswaulo da uqme dReebSi 

eleqteroenergiis moxmareba, saprognozo periodSi damatebiT 

mierTebuli momxareblebis raodenoba, bunebrivi gazis moxmareba. 

       korelaciuri analizis Casatareblad saWiro sawyisi 

informacia mocemulia #2 cxrilSi: 

 

cxrili #2 eleqtroenergiis moklevadian moxmarebaze  
moqmedi faqtorebi 

 
 

# faqtori aRniSvna SeniSvna 

1 1 dRis win arsebuli moxmareba X1 mln. kvt. sT 
2 2 dRis win arsebuli moxmareba X2 mln. kvt. sT 

3 3 dRis win arsebuli moxmareba X3 mln. kvt. sT 

4 4 dRis win arsebuli moxmareba X4 mln. kvt. sT 

5 5 dRis win arsebuli moxmareba X5 mln. kvt. sT 

6 6 dRis win arsebuli moxmareba X6 mln. kvt. sT 
 

7 
7 dRis win arsebuli moxmareba X7 mln. kvt. sT 

 

8 
 

dRe 

 

X8 
dRis nomeri 

(1,2,3,..,7) 
9 14 dRis win arsebuli moxmareba X9 mln. kvt. sT 

10 minimaluri temperatura X10 gradusi 
11 maqsimaluri temperatura X11 gradusi 
 

12 
QdRis ganmavlobaSi qaris saSualo 

siCqare 

 

X12 
kuburi 

metri wamSi 

13 QdRis ganmavlobaSi naleqebis 
saSualo raodenoba 

X6 mm 

14 dRis xangrZlivoba X14 sT da wuTi 
15 dResaswauli X15 (0 an 1) 
16 damatebiT mierTebul momxmarebelTa X16 raodenoba/ 
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raodenoba/simZlavre mgvt 
17 eleqtroenergiis dRis moTxovna 

saprognozo periodSi 
Y mln. kvt. sT 

 
 

        korelaciuri analizis miRebuli mniSvnelobebis safuZvelze 

ganxorcielebulia eleqtroenergiis moklevadian moxmarebaze 

moqmedi saboloo faqtorebis formireba, kerZod naklebad 

korelirebadi faqtori amoRebul iqneba modelidan. 

       xelovnuri neironuli qselebis meSveobiT eleqtroenergiis 

moxmarebis moklevadiani prognozis gansaxorcieleblad 

aucilebelia Semavali da gamomavali faqtorebis erTmaneTTan 

dakavSireba. Semavali da gamomavali faqtorebi erTmaneTs 

ukavSirdebian F(k) aqtivaciiis funqciiT [40,41,43,47,48,49,50]. 

       signalis gadacemis meqanizmis gasagebad ganxilulia neironi, 

romelSic Semodis  (6) waxnagis gavliT signalebi 

 (7). jamuri Sewonili signali tolia:      

(8) 

gamomavali signali neironze iangariSeba rogorc   

(9) 

       sadac, F(net) funqcias ewodeba SemomsazRvreli an aqtivaciis 

funqcia. 

       msoflio praqtikaSi [40,41,43,47,48,49,50] gavrcelebulia F(k) 

aqtivaciis Semdegi funqciebi: logistikur-sigmoiduri, zRvruli, 

ჰiperbolur-tangensuri, nulovani logistikur-sigmoiduri, 

bipolarul-sigmoiduri.  

       aqtivaciis fuqciis saxis SesarCevad Catarda 

eqsperimentaluri kvleva. CamoTvlili funqciebidan optimaluris 

SerCevas safuZvlad daedo saSualo kvadratuli Secdomis minimumis 
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kriteriumi [40,41,43,47,48,49,50]. saSualo kvadratuli Secdoma 

gamoTvlilia Semdegi formuliT: 

 

(10)  sadac, (11) 

 

dk(n) – faqtiuri mniSvneloba k neironis n dros, Yk(n) – modeliT 

miRebuli mniSvneloba k neironis n dros. 

       neironuli qselis Semdgomi optimizacia xdeba Yk(n) 

mniSvnelobis minimizaciiT faqtorebis sxvadasxva wonebis 

gaTvaliswinebiT. maTi wonebis cvalebadobis formulas aqvs 

Semdegi saxe: 

(12) 

       aRniSnuli kriteriumiT SemuSavebulia faqtiuri da modeliT 

gansazRvrul gamomaval faqtorebs Soris minimizaciisaTvis 

Secdomebis gasworebis algoriTmi, romelsac aqvs naxazi. #1-ze 

mocemuli saxe: 

 

naxazi. #1 Secdomebis gasworebis algoriTmi 

 

       xelovnuri neironuli qselis struqturebis analizis 

Sedegad mivediT im daskvnamde, rom eleqtroenergiis moxmarebis 

moklevadiani prognozirebisaTvis umjobesia gamoyenebuli iqnes 
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xelovnuri neironuli qselis konfiguracia pirdapiri gavrcelebis 

(perceptonebi) Secdomis uku gavrcelebis meTodiT swavleba. 

xelovnuri neironuli qselis struqturis SerCevis dros 

gaTvaliswinebuli iqna dafaruli Sreebis da am SreebSi neironebis 

iseTi raodenoba, romlebic srulad akmayofileben 

eleqtroenergiis moTxovnis moklevadiani prognozis sizustisadmi 

moTxovnas.  

       zemoT Camoyalibebuli meTodologiis Sesabamisad 

SemuSavebul  iqna eleqtroenergetikul sistemis datvirTvis 

kvanZebis eleqtroenergiis moxmarebis moklevadiani (dRe-

Ramuri/saaTobrivi) prognozirebis algoriTmi, romelsac aqvs 

cxril #3-Si mocemuli saxe: 

 

cxrili #3 eleqtroenergetikuli sistemis datvirTvis kvanZis 
eleqtroenergiis moxmarebis moklevadiani prognozirebis algoriTmi 

 

1 dasawyisi 

2 
eleqtroenergetikul sistemaSi arsebuli i (i=1,…,n ) datvirTvis 

kvanZebis siis formireba 

3 
i (i=1,…,n ) datvirTvis kvanZebis eleqtroenergiis dRe-Ramuri 

(saaTobrivi) moxmarebis warsuli j (j=1,…,m) monacemebis 
formireba 

4 
i (i=1,…,n ) datvirTvis kvanZebis eleqtroenergiis moxmarebaze 
moqmedi sawyisi Xi (i=1,…,k) faqtorebis (adgilmdebareobis 

mixedviT) formireba 

5 
korelaciuri analizis safuZvelze i (i=1,…,n ) datvirTvis 

kvanZebis eleqtroenergiis moxmarebaze moqmedi saboloo Xi 

(i=1,…,k) faqtorebis formireba 

6 
eqsperimentaluri kvlevis safuZvelze i (i=1,…,n ) datvirTvis 
kvanZebisTvis aqtivaciis funqciis da neironebis faruli da 

arafaruli Sreebis raodenobis SerCeva 

7 
i (i=1,…,n ) datvirTvis kvanZebis  eleqtroenergiis moxmarebis 
moklevadiani (dRe-Ramuri/saaTobrivi) modelebis SerCeva 

8 
SerCeuli modelis safuZvelze i (i=1,…,n ) datvirTvis kvanZebis 

eleqtroenergiis moklevadiani (saaTobrivi/dRe_Ramuri) 
moxmarebis prognozireba 

9 dasasruli 
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1.2 eqsperimentuli nawili 

 

       SemuSavebuli meTodika aprobirebul iqna ss “Telasi”-s 

magaliTze. sawyisi informaciis saxiT gamoyenebulia ss “Telasi”-s 

mier 2011 wlis martis TveSi moxmarebuli eleqtroenergiis 

maCveneblebi [70,71,72]. eleqtroenergiis moxmarebasTan kavSiris 

dasadgenad ganxilulia cxril #2-Si mocemuli sawyisi 16 faqtori. 

       korelaciuri analizis Casatareblad saWiro sawyisi 

informacia mocemulia #4 cxrilSi: 

 

cxrili #4 eleqtroenergiis moklevadian moxmarebaze moqmedi  
faqtorebis mniSvnelobebi 

 
 

gagrZeleba: 
 

# X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 

1 7,5 7,215 7,493 7,54 7,946 8,09 8,001 2 8,193 -1 

2 7,614 7,5 7,215 7,493 7,54 7,946 8,09 3 7,985 -2 

3 7,214 7,614 7,5 7,215 7,493 7,54 7,946 4 7,499 2 

4 7,001 7,214 7,614 7,5 7,215 7,493 7,54 5 8,201 5 

5 6,567 7,001 7,214 7,614 7,5 7,215 7,493 6 7,808 8 

6 6,488 6,567 7,001 7,214 7,614 7,5 7,215 7 7,43 7 

7 6,093 6,488 6,567 7,001 7,214 7,614 7,5 1 7,756 6 

8 6,977 6,093 6,488 6,567 7,001 7,214 7,614 2 8,001 5 

9 6,933 6,977 6,093 6,488 6,567 7,001 7,214 3 8,09 3 

10 7,023 6,933 6,977 6,093 6,488 6,567 7,001 4 7,946 3 

11 7,359 7,023 6,933 6,977 6,093 6,488 6,567 5 7,54 3 

12 7,338 7,359 7,023 6,933 6,977 6,093 6,488 6 7,493 3 

13 6,584 7,338 7,359 7,023 6,933 6,977 6,093 7 7,215 2 

14 6,144 6,584 7,338 7,359 7,023 6,933 6,977 1 7,5 6 

15 6,269 6,144 6,584 7,338 7,359 7,023 6,933 2 7,614 6 

16 6,122 6,269 6,144 6,584 7,338 7,359 7,023 3 7,214 5 

17 5,887 6,122 6,269 6,144 6,584 7,338 7,359 4 7,001 6 

# X11 X12 X13 X14 X15 X16 Y 

1 9 13,6 0 11:03 0 3832/119 7,614 
2 16 18,2 0 11:06 0 0 7,214 
3 18,4 24,5 0 11:12 0 0 7,001 
4 19 16,4 0 11:15 0 0 6,567 
5 14,2 23,6 0 11:16 0 0 6,488 
6 21 26,6 0 11:19 0 0 6,093 
7 10,2 19 0,8 11:22 0 0 6,977 
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       korelaciuri analizis Sedegebi asaxulia #5 cxrilSi: 

 

cxrili #5 korelaciuri analizis Sedegebi 

faqtori X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 

moxmareba 0,64 0,17 -0,17 -0,24 -0,13 0,18 0,44 -0,49 0,59 -0,66 -0,87 
 

gagrZeleba: 

faqtori X12 X13 X14 X15 X16 

moxmareba -0,61 -0,82 0,26 0,11 0,43 
        

       korelaciuri analizis cxadyofs, rom yvela SerCeul 

faqtors gaaCnia sakmarisad didi korelacia eleqtroenergiis 

moxmarebasTan mimarTebaSi. Sesabamisad cxril #2-Si mocemuli 

Teqvsmetive faqtori CarTulia moklevadiani momxarebis 

prognozirebis modelSi. 

       zemoT Camoyalibebuli meTodologiis da cxrili #4-is 

monacemebis safuZvelze programuli paketis  PredictorXL meSveobiT, 

sxvadasxva aqtivaciis funqciis, neironebis arafaruli da faruli 

Sreebis sxvadasxva raodenobebis mixedviT eqsperimentiT dadgenil 

iqna q. TbilisSi eleqtroenergiis moTxovnis moklevadiani 

prognozirebis (dRiuri) optimaluri modeli. Catarebulma kvlevam 

aCvena, rom q. Tbilisis eleqtroenergiis moxmarebis moklevadiani 

prognozis yvelaze didi sizustiT ganxorcieleba SesaZlebelia, 

8 12,5 44,9 1 11:23 0 0 6,933 
9 9 36,4 0 11:26 0 0 7,023 
10 10 54,4 0 11:30 0 0 7,359 
11 10,4 48,9 0 11:33 0 0 7,338 
12 15,5 35,1 0 11:34 0 0 6,584 
13 22 22,2 0 11:37 0 0 6,144 
14 22 25,3 0 11:40 0 0 6,269 
15 20,8 21,7 0 11:44 0 0 6,122 
16 22 24,5 0 11:47 0 0 5,887 
17 23 22 0 11:50 0 0 5,857 
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neironebis faruli Sreebis – 2 da  aqtivaciis logistikur-

sigmoiduri funqciiT. 

       am funqcia aqvs Semdegi saxe: 
iii

iii

xba

xba

e

e
axf








1
),(   (13)  

      sadac, X – eleqtroenergiis moxmarebaze moqmedi ix faqtoria; 

ia  da ib  – regresiis koeficientebia; 

       zemoT moyvanili monacemebis safuZvelze q. TbilisSi 

eleqtroenergiis moTxovnis moklevadiani (dRiuri) prognozirebis 

xelovnuri neironuli qselebis models aqvs Semdegi naxazi. #2-Si 

moyvanili saxe: 

 

 

 
naxazi. #2  q. Tbilisis eleqtroenergiis moxmarebis moklevadiani 

(dRiuri)  prognozirebis modeli 
 
 

       naxazi. #2-ze mocemuli xelovnuri neironuli qselis 

modelis da #4 cxrilSi moyvanili monacemebis safuZvelze 

gakeTebulia momavali periodis (1 dRe) moklevadiani prognozi: (ix. 

cxrili #6, #7 da naxazi. #3):  

       paralelurad mravalfaqtoruli modelis meSveobiT gakeTda 

momavali 3 dRis prognozireba [69]. mravalfaqtoruli modelis 

Sesadgeni da misi koeficientebis gamosaTvleli gantolebaTa 

sistema miiRebs saxes: 

X1 

X2 

 

X16 

 

Wk1 

Wk2 

Wk9 

  
iii

iii

xba

xba

e

e
axf








1
),(   (13) 
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(14) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

mravalfaqtorian models aqvs Semdegi saxe: 

 

183897.2160053.0

1333725.012002387.01109715.010066227.0

941705.0815163.0745708.0672379.0

512242.0438486.03542948.01846928.0









x

xxxx

xxxx

xxxxy

  (15) 

 

269,6144,11123,251122106

95,787977,66933,65023,74359,73338,72584,61144,6

144,61437,11122,221122102

9215,7877093,66977,65933,64023,73359,72338,71584,6

584,61434,11121,35115,15103

9493,7867488,66093,65977,64933,63023,72359,71338,7

338,71433,11129,48114,10103

954,78575671,66488,65093,64977,63933,62023,71359,7

359,7143,11124,541110103

9946,67847001,765671,65488,64093,63977,62933,61023,7

023,71426,11124,36119103

909,8837214,76001,755671,64488,63093,62977,61933,6

933,61423,1113129,44115,12105

9001,8827614,76214,75001,745671,63488,62093,61977,6

933,61423,1113129,44115,12105

9001,8827614,76214,75001,745671,63488,62093,61977,6

977,61422,11138,01219112,10106

9756,7875,76614,75214,74001,73567,62488,61093,6

093,61419,11126,261121107

943,7877215,765,75614,74214,73001,72567,61488,6

488,61416,11126,23112,14108

9808,7867493,76215,755,74614,73214,72001,71567,6

567,61415,11124,161119105

9201,885754,76493,75215,745,73614,72214,71001,7

001,71412,11125,24114,18102

9499,7847946,7654,75493,74215,735,72614,71214,7

214,71406,11122,1811161029985,7

83709,8709,86946,7554,74493,73215,725,71614,7

614,716119143,11126,1311910

9193,8827001,8609,85946,7454,73493,72215,715,7
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       modelis adekvaturobis SemowmebisaTvis saprognozo 

modelSi ar iqna CarTuli bolo 1 dRis maCvenebeli da Catarda 

SedarebiTi analizi mravalfaqtoriani modelis SedegebTan. 

 

cxrili #6 faqtiuri periodis saprognozo maCveneblebi da  
procentuli gadaxra 

 
 

# 
 
 

q. Tbilisis 2011 
w. martis Tvis 

eleqtroenergiis 
moxmareba 
 (faqtiuri) 

moxmareba (prognozi) 

procentuli 
gadaxra, % 

 
 

modelis struqtura: 16-9-1 
nulovani logariTmuli-

sigmoiduri funqcia 
11500 iteracia 

1 7,614 7,605 0,018 
2 7,214 7,228 0,022 
3 7,001 6,994 -0,034 
4 6,567 6,559 -0,015 
5 6,488 6,506 -0,104 
6 6,093 6,055 0,619 
7 6,977 6,978 0,044 
8 6,933 6,933 -0,072 
9 7,023 7,017 -0,042 
10 7,359 7,365 0,011 
11 7,338 7,335 0,025 
12 6,584 6,581 0,016 
13 6,144 6,152 -0,232 
14 6,269 6,270 -0,008 

 

 
cxrili #7 saprognozo periodis (sami dRis) prognozi da procentuli 

gadaxra sxvadasxva meTodTan SedarebiT 
 

# 

q. Tbilisis  
2011 w. 
martis  
Tvis 

eleqtro 
energiis 
moxmareba 
 (faqtiuri) 

moxmarebis  
(prognozi) procentuli  

gadaxra % modelis struqtura: 
16-2-1 

nulovani 
logariTmuli-
sigmoiduri 
funqcia 

mravalf 
aqtoriani 
modeli 

xelovnuri 
neironuli 
qselis 
modeli 

mravalf 
aqtoriani 
modeli 

1 6,122 6,14 6,001 0,29 2 
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naxazi #3 q. Tbilisis el.energiis moxmarebis 2011 wlis martis Tvis 
yoveldRiuri faqtiuri da saprognozo maCveneblebi  
(xelovnuri neironuli qselis modeliT miRebuli) 

 

       cxril #7-Si miRebuli Sedegebi cxadyofs neironuli qselis 

upiratesob  mravalfaqtorian modelTan SedarebiT, Tumca unda 

aRiniSnos, rom masac sakmao sizustiT SeuZlia moklevadiani 

prognozis gakeTeba. 

        

 

I Tavis daskvna 

 

     Catarebuli kvlevebis Sedegebidan gamomdinare gakeTebulia  

Semdegi daskvnebi: 

     1. korelaciuri analizis safuZvelze dadgenilia 

eleqtroenergiis moklevadian moxmarebaze moqmedi faqtorebi; 
 

     2. damuSavda eleqtroenergetikul sistemaSi eleqtroenergiis 

moxmarebis moklevadiani prognozirebis meTodika da Sesabamisi 

algoriTmi; 

     3. SemuSavebuli meTodika aprobirebul iqna q. Tbilisis 

magaliTze. q. TbilisSi eleqtroenergiis moxmarebis moklevadiani 
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prognozirebisaTvis SeirCa xelovnuri neironuli qselis 

struqtura da konfiguracia, aqtivaciis funqcia da SemuSavda 

eleqtroenergiis moxmarebis prognozirebis optimaluri modeli. 

miRebuli Sedegi cxadyofs SemuSavebuli meTodis upiratesobas 

sxva meTodebTan SedarebiT. 

     4. eleqtroenergiis moxmarebis moklevadiani prognozirebis 

SemuSavebuli optimaluri meTodika da algoriTmi atarebs 

universalur xasiaTs. aRniSnuli meTodikiT SesaZlebelia 

nebismieri qalaqis, raionis da mTeli qveynis eleqtroenergiis 

moxmarebis (saaTobrivi/dRe-Ramuri)  moklevadiani prognozis 

maRali sizustiT Sesruleba. prognozirebis miRebuli modeli da 

algoriTmi saSualebas iZleva ganxorcieldes 

eleqtroenergetikuli sistemis optimaluri operatiuli marTva, 

moklevadian periodSi muSaobis srulyofili dagegmva, reJimebis 

saTanado sizustiT gaangariSeba, eleqtrosadgurebsa da eleqtrul 

qselebs Soris datvirTvebis optimaluri ganawileba, 

eleqtroenergiis moTxovnis dakveTil sidididan minimaluri 

gadaxris uzrunvelyofa. 
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Tavi II. eleqtroenergetikul sistemaSi ganusazRvrelobis 

pirobebSi aqtiuri simZlavris operatiuli rezervis 

optimaluri dagegmva 

 

2.1 amocanis dasma da problemis gadawyvetis meTodologia 

 

       eleqtroenergetikul sistemebSi magenenirebeli 

simZlavreebis rezervireba warmoadgens sistemis funqcionirebis 

saimedoobis amaRlebis erT-erT umniSvnelovanes faqtors. 

simZlavris operatiuli rezervis aucilebeli sididis, optimaluri 

struqturis SenarCunebis da mobilurobis Seqmna rTuli 

saangariSo da saeqspluatacio amocanaa. am amocanis efeqturad 

gadawyveta eleqtroenergetikul sistemas saSualebas aZlevs 

droulad moaxdinos aqtiuri simZlavris daubalanseblobis 

kompensacia da ganaxaziorcielos  Tavisi ZiriTadi funqcia, 

saTanado xarisxis eleqtroenergiiT momxmareblebis uwyveti 

momarageba. 

       muSaobis normaluri da avariuli reJimebis realizaciis 

pirobebSi qveynis eleqtroenergetikuli sistemisaTvis simZlavris 

rezervirebis sirTule da problemis aqtualoba ganpirobebulia 

eleqtrosadgurebis da qselebis ZiriTadi mowyobilobebis 

siZveliT, saTbobis balansis struqturis araxelsayreli 

cvlilebiT da misi Sesrulebis sirTuliT, simZlavris 

rezervirebis normatiuli da mareglamentirebeli dokumentebis 

arasrulyofilebiT. 

       warmodgenil naSromSi SemoTavazebulia operatiuli 

rezervis sididis gansazRvris axali meTodika, rac efuZvneba 

magenenirebeli simZlavreebis avariuli gamorTvebis statistikis da 

eleqtroenergetikuli sistemisTvis drois garkveul monakveTSi 

(saaTi) saimedoobis sxvadasxva donis maCveneblebs. Catarebuli 
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kvlevebiT dadgenilia, rom eleqtroenergetikuli sistemisTvis 

drois garkveul monakveTSi (saaTi) misaRebi riskis donis 

gansazRvra damokidebulia datvirTvis kvanZebis  im periodSi 

arsebuli datvirTvebis sidideebsa da saimedoobis doneze.  

       eleqtroenergetikul sistemaSi SesaZlo SeSfoTebebis 

sxvadasxva scenarebis safuZvelze magenerirebeli wyaroebis 

aqtiuri simZlavris mocdenis SefasebisaTvis gamoyenebulia zogad 

albaTur-variantuli algoriTmi [53,54,55,58], romelic mocemulia 

cxril #8-Si: 

 

cxrili #8 aqtiuri simZlavris mocdenis Sefasebis zogadi  
albaTur-variantuli algoriTmi 
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1 2 n 

P
 

 
1 

1 1 1  

 
(1
6)
 

0 

 (20) 

 
1 

 
2 

1 1 0  

 
(1
7)
 

 

 (21) 

 (23) 

 
3 

1 0 1  
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*  (22) 

 
(24) 
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4 

0 1 1  

 
(1
9)
  

 (14) 

 (25) 

N 
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. 

. 
. 
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. 

. 
. 
. 

 

       sadac, , ,…,  - n scenaris individualuri albaTobaa;  

, ,...,  n scenaris jamuri albaTobaa;  - i 

generatoris mzadyofnis koeficienti; P – n scenaris xelmisawvdomi 

simZvlavre;  - n generatoris maqsimaluri gamomuSaveba. 

       SeniSvna: 1 - aRniSnulia generatoris CarTuli mdgomareoba,  

               0 – aRniSnulia generatoris gamorTuli mdgomareoba.  

 

       vinaidan eleqtroenergetikul sistemaSi aqtiuri simZlavris 

operatiuli rezervis sididis cvalebadoba SemTxveviTi xasiaTisaa 

da mimdinareobs ganusazRvrelobis pirobebSi, 

eleqtroenergetikuli sistemisTvis drois garkveul monakveTSi 

(saaTi) misaRebi Yt saimedoobis donis sworad gansazRvraSi yvela 

sxva cnobil meTodebTan SedarebiT upiratesoba eniWeba aramkafio 

logikis meTods [57,58,73].  

       kvlevebma gviCvena, rom el. sistemisaTvis drois garkveul 

monakveTSi (saaTi) misaRebi Ys saimedooba unda Sefasdes ordoniani 

aramkafio logikis modelis meSveobiT. am modelis 

SemuSavebisaTvis saWiroa iseTi X1, X2,…Xn faqtorebis SerCeva 

romlebic uzrunvelyofen Ys saimedoobis donis srulyofilad 

Sefasebas. analizis safuZvelze SerCeul iqna ori faqtori: X1 - 

TiToeuli datvirTvis kvanZis saaTobrivi datvirTva da X2 - 

TiToeuli datvirTvis kvanZis saimedoobis done. 
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       pirvel doneze ganxorcielda TiToeuli datvirTvis kvanZis 

Y1, Y2,…, Yi misaRebi riskis donis Sefaseba X1 da X2 faqtorebis 

safuZvelze. meore doneze moxda Y1, Y2,…, Yi riskis doneebis 

safuZvelze saboloo Ys riskis donis Sefaseba. eqspertuli 

Sefasebis safuZvelze Sedgenilia X1 da X2 maxasiaTeblebis 

gavlenis matrica Y1, Y2,…, Yi da Ys saimedoobis doneze. Sedegebi 

mocemulia cxril #9-sa da #10-Si.   
 

 

cxrili #9 pirveli donisaTvis X1 da X2 faqtorebis gavlena  
Y1, Y2,…, Yi sidideebze  

 

faqtori 
X1 X2 

zrda zrda 

Y1, Y2,…, Yi izrdeba izrdeba 
 

cxrili #10 meore donisaTvis Y1, Y2,…, Yi  riskis  
maxasiaTeblebis gavlena Ys sidideze 

 

faqtori 
Y1, Y2,…, Yi 

zrda 
Ys  izrdeba 

 

       i  datvirTvis kvanZisTvis X1, X2, Y1, Y2,…, Yi da Ys riskis 

donis maxasiaTeblebis aramkafio simravleze dasayvanad 

gamoyenebulia samkuTxedis wevris funqcia da yovelsaaTobrivi 

maCveneblebi dayofilia 32 nawilad, romelsac aqvs naxazi. #4 

mocemuli zogadi saxe: 
 

 

naxazi. #4 samkuTxedis wevris zogadi funqcia 
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       X1, X2 maxasiaTeblebis damokidebulebisY Y1,Y2,…,Yi -ze da 

Y1,Y2,…,Yi maxasiaTeblebis Ys riskis doneze Sefasebis funqciuri 

damokidebulebaa:  

Y Y1,Y2,…,Yi  = ψ1(X1, X2),  (26) 

Ys = ψ2(Y1,Y2,…,Yi) (27) 

       sadac,  ψ1 da ψ2 proceduraa, romelic Seicavs  wesebis bazas 

da akavSirebs  X1, X2, Y1,Y2,…,Yi  da Ys maxasiaTeblebs erTmaneTTan. 

       X1 da X2 maxasiaTeblebis gavlenis matricis safuZvelze i 

raodenobis datvirTvis kvanZisaTvis n raodenobis Camoyalibebuli 

wesebis mixedviT dgindeba yovel  X1 da X2 maxasiaTeblis 

cvalebadobis gavlena Yt-s mniSvnelobaze da Y1,Y2,…,Yi-s 

cvalebadobis gavlena Ys  maxasiaTebelze. am procesis aRwera 

mocemulia naxazi. #5-ze: 

 

 
 

naxazi. #5 Camoyalibebuli wesebis zogadi struqtura 
 

       sadac, termi – X1, X2, Y1,Y2,…,Yi  da Ys maxasiaTeblebis i 

intervalia; Dos – i intervalis Sesabamisi wesis wonaa; 

 

       warmodgenili Semsvleli informaciis damuSavebisa 

(fazifikacia) da saboloo Sedegis (defazifikacia) misaRebad  

sxvadasxva datvirTvis kvanZis gaTvaliswinebiT SemuSavda aramkafio 

modelirebis procesis mimdinareobis interaqtiuli zogadi blok-

sqema (naxazi. #6). 
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naxazi. #6 aramkafio modelirebis interaqtiuli zogadi blok-sqema 
 

       sadac, dati – i kvanZis saaTobrivi datvirTvaa; riski – i datvirTvis 

kvanZis moTxovnili saaTobrivi riskis donea; RBi (dati) – i kvanZis i 

datvirTvis Yi riskis doneze gavlenis wesebis maCvenebeli blokia; 

RBi (riski) – i datvirTvis kvanZis i riskis donis Yi riskis doneze gavlenis 

wesebis maCvenebeli blokia; Y1,..,Yi – i datvirTvis kvanZis Sefasebuli 

riskis donea;  Ys - eleqtroenergetikuli sistemis yovelsaaTobrivi 

misaRebi riskis donea. 

       saboloo Sedegis miReba (defazifikacia) ganxorcielda 

minimaqsis meTodis gamoyenebiT [57,58,73]. 

       Catarebuli kvlevebis Sedegebidan gamomdinare 

SemuSavebulia eleqtroenergetikuli sistemis operatiuli 

rezervis yovelsaaTobrivi sididis ganmsazRvreli algoriTmi, 

romelic asaxulia cxril #11-Si: 
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cxrili #11 eleqtroenergetikuli sistemis operatiuli rezervis 
yovelsaaTobrivi sididis ganmsazRvreli algoriTmi 

 
 

1 dasawyisi 
2 scenari # 1, 2, 3, . . N  formireba 

3 
Sesabamisi aramkafio logikis modelis da yovelsaaTobriviYt 

riskis donis formireba 

4 
,  ,  ,   jamuri albaTobebis da Yt 

Sedareba 

5 
Yt <= , (28) maSin  (25) albaTobis Sesabamisi # 1, 2, 

3, . . N scenaris arCeva 

6 
amorCeuli N scenaris Sesabamisi P xelmisawvdomi simZlavris 

SerCeva 

7 
t saaTisTvis minimalurad saWiro operatiuli rezervi 

Rt = Dt –P (29) 
8 arsebuli rezervis  Ra1, Ra2, …, Ran formireba (Ran = Dt - ) (30) 

9 

Tu Ran >= Rt, (31) maSin maSin sistemas ar esaWiroeba damatebiT 
operatiuli rezervi optimaluri operatiuli rezervi:  

RO = Ran; (32) 
Tu Ran< Rt, maSin maSin sistemas esaWiroeba damatebiT  

Rf = Rt- Ran (33)  
operatiuli rezervi; optimaluri operatiuli rezervi:  

RO = Ran + Rt  
1 
(34) 

10 
proporciis meTodis gamoyenebiT [1] RO  optimaluri operatiuli 

rezervis ganawileba paralelurad momuSave magenenirebel 
wyaroebze 

11 dasasruli 
 

       paralelurad momuSave magenenirebeli wyaroebis mier 

eleqtroenergiis warmoebis da Sesabamisi operatiuli rezervis 

eleqtrogadacemis xazebSi optimaluri ganawilebis mizniT niuton-

rafsonis meTodis gamoyenebiT yovelsaaTobrivad 

ganxorcielebulia eleqtroenergetikul sistemaSi simZlavreTa 

ganawilebis simulacia normaluri da avariuli reJimebis dros 

[1,74]. eleqtroenergetikul sistemaSi arsebuli eleqtrogadacemis 

xazebSi drois garkveul monakveTSi gamtaruunarobis arsebobis 

SemTxvevisTvis SemuSavda optimizaciis zogadi funqcia 

SezRudvebiT [1], romelic axdens operatiuli rezervis da 

simZlavreTa iseT gadanawilebas sistemaSi, rom normaluri da 
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avariuli reJimebis dros arsebuli gadatvirTuli 

eleqtrogadacemis xazi an xazebi ganitvirTeba. miznis funqcias 

SezRudvebiT aqvs Semdegi zogadi saxe: 
 

   miznis funqcia (35) 

SezRudvebi: 
 

  (37) 

 (40) 

 

(44) 

 (48)                                 

       sadac, 

        - eleqtroenergetikuli sistemis statikuri maxasiaTeblis 

daxrilobis koeficientia; 

        -  generatoris statikuri maxasiaTeblis daxrilobis 

koeficientia,  

        -  generatoris nominaluri (maqsimaluri) simZlavrea; 

        -  generatorze proporciiT ganawilebuli rezervis 

sididea; 

        -  paralelurad momuSave generatorebze gansazRvruli 

rezervis saerTo raodenobaa; 

        -  generatoris warmoeba nominaluri reJimis dros; 

        -  generatoris mier damatebiT ganviTarebuli simZlavrea 

avariuli reJimis pirobebSi, romelime  generatoris avariuli 

gamorTvis dros;  

        -  generatoris avariuli gamorTvis SemTxvevaSi 

sistemis sixSiris gadaxra; 

        - avariuli reJimis pirobebSi  generatoris jamuri 

warmoebaa  generatoris avariuli gamorTvis dros; 
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       -  generatoris gamorTvamde misi faqtiuri 

gamomuSaveba; 

        - datvirTvis statikuri maxasiaTeblis daxrilobis 

koeficientia; 

        - statikuri maxasiaTeblis daxrilobis koeficientia  

generatoris avariuli gamorTvis SemTxvevaSi; 

        – simZlavris rezervis koeficientia; 

        – avariulad gamorTuli generatoris nominaluri 

(maqsimaluri) simZlavrea; 

       X – gadatvirTuli eleqtrogadacemis xazis mkvebavi kvanZis 

gamomuSavebaa. 

        –  sT-is dros optimaluri operatiuli rezervis 

sididea; 

        –  sT-is dros datvirTvis kvanZebis moxmarebaa; ; 

 

       1 - SeniSvna: damatebiT saWiro operatiuli rezervi 

ganawilebulia magenenirebel wyaroebze, xolo moxmarebis dafarvis 

deficiti algoriTmSi gaTvaliswinebulia rogorc importi. 

       miRebuli optimizaciis zogadi funqciis safuZvelze 

SemuSavebulia simulaciis Sedegad eleqtroenergetikul sistemaSi 

arsebuli eleqtrogadacemis xazebSi drois garkveul monakveTSi 

gamtaruunarobis arsebobis SemTxvevis makoreqtirebeli zogadi 

algoriTmi, romelic asaxulia cxril #12-Si: 

 

cxrili #12 makoreqtirebeli algoriTmi 
 

 

1 dasawyisi 

2 

paralelurad momuSave magenenirebeli wyaroebis t sT-is 

warmoebis da proporciis meTodis gamoyenebiT maTze 
gadanawilebuli Ri  operatiuli rezervis sididis mixedviT 

normaluri da avariuli reJimis pirobebSi eleqtrogadacemis 
xazebSi simZlavreTa ganawilebis simulacia 

3 
simulaciis Sedegad miRebuli eleqtrogadacemis xazebis 
faqtiuri tvirTis Sedareba dasaSveb gamtarunarianobasTan 
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normalur da avariul reJimebis dros: 
Tu  (46) maSin i xazi ar aris gadatvirTuli, 

maSin gadadi 7 etapze 
Tu  (47) maSin i xazi gadatvirTulia da 

gadadi Semdeg - 3 etapze 
4 i=1,….n gadatvirTuli xazebis formireba 

5 

makoreqtirebeli optimizaciis funqciis meSveobiT 
paralelurad momuSave magenenirebeli wyaroebis t sT-is 

warmoebis da proporciis meTodis gamoyenebiT maTze 

gadanawilebuli Ri operatiuli rezervis axali sididis 
gansazRvra 

6 
normaluri da avariuli reJimis pirobebSi eleqtrogadacemis 

xazebSi simZlavreTa ganawilebis simulacia 
7 dasasruli 

 

       eleqtroenergetikul sistemaSi sxvadasxva maCveneblebis 

(wylis Camonadeni, datvirTva da sxv.) cvalebadoba SemTxveviTi 

xasiaTisaa da mimdinareobs ganusazRvrelobis pirobebSi, misi 

zusti prognozireba faqtiurad SeuZlebelia, ramac SesaZlebelia 

gamoiwvios calkeuli eleqtrosadgurebis da mTlianad 

eleqroenergetikuli sistemis muSaobis Seferxeba. amitom saWiroa 

yovelsaaTobrivi da dRe-Ramuri muSaobis reJimebis modelirebis da 

operatiuli rezervis optimaluri sididis dagegmvis dros 

gaTvaliswinebuli iyos hidroeleqtrosadgurebisa da sistemis 

jamuri datvirTvis sxvadasxva ganusazRvrelobebi. 

       msoflio praqtikaSi arsebobs sxvadasxva SemTxveviTi 

procesebis aRmweri ganawilebis kanonebi [75]. sxvadasxva 

meTodebTan SedarebiT upiratesoba eniWeba monte-karlos meTods, 

romelic efuZneba normaluri ganawilebis kanons. igi albaTuri 

meTodia da udgeba stoqasturi xasiaTis amocanebs [76]. 

       aRniSnuli meTodi saSualebas iZleva ganusazRvrelobis 

pirobebSi moiZebnos dasmuli amocanis amonaxazisni. igi efuZvneba 

normaluri ganawilebis kanons da mis safuZvelze SemTxveviTi 

cifrebis generaciis saSualebiT xorcieldeba ama Tu im 

situaciis/procesis imitacia. Tu mravaljer ganvaxorcielebT erTi 



64 

 

da imave sawyisi mdgomareobis SemTxveviT simulacias gamovlindeba 

yvela an TiTqmis yvela SesaZlo mosalodneli Sedegi. rac meti 

iqneba iteraciis raodenoba miT meti iqneba albaToba ama Tu im 

movlenis moxdenis.  

       albaTobis TeoriaSi normaluri ganawileba (igive gausis 

ganawileba) warmoadgens uwyveti tipis ganawilebas [75,76]. is aRwers 

iseTi SemTxveviTi sididis ganawilebas, romelic 

koncentrirebulia erTi mniSvnelobis irgvliv. grafikulad 

normaluri ganawilebis simkvrives zaris forma aqvs. analizurad 

igi Semdegnairad Caiwereba: 

 (49) 

       sadac  parametri warmoadgens ganawilebis maTematikur 

lodins, anu  x-is im mniSvnelobas, romlis garSemoc 

koncentrirdeba ganawileba (romlis moxdenis albaTobac yvelaze 

didia), xolo  axasiaTebs ganawilebis dispersias (igive 

variacias), anu gafantulobas. rac ufro didia am ukanasknelis 

mniSvneloba, miT ufro "brtyelia" ganawilebis simkvrivis grafiki 

da piriqiT. funqcia simetriulia  wrfis mimarT da sruldeba 

piroba p(x)→0, roca x→±∞, anu rac ufro gadaxrilia mniSvneloba 

maTematikuri lodinidan, miT ufro naklebia misi moxdenis 

albaToba. 

       davuSvaT eleqtroenergetikuli sistema Sedgeba n 

raodenobis generatorebisgan, romlis i sT-Tvis warmoebebia P1, P2,.., 

Pn. eleqtroenergetikuli sistemis jamuri generaciaa . (50) 

sistemaSi m raodenobis datvirTvis kvanZia, romelTa datvirTvebia 

D1, D2,..,Di. sistemis jamuri datvirTvaa i sT-Tvis . (51) 

       davuSvaT i sT-Tvis eleqtroenergetikuli sistemis 

centralur dispetCers aqvs molodini, rom sxvadasxva faqtorebis 

ganusazRvrelobis gamo i sT-Tvis muSaobaSi myofi 
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hidroeleqtrosadgurebis P1, P2,.., Pn generaciebis da sistemis jamuri 

datvirTvis prognozuli mniSvnelobebidan mosalodneli gadaxrebi 

+-10 % farglebSi imeryevebs.  

       SesaZlo gadaxrebis maqsimalur da minimalur mniSvnelobebs 

aqvT cxril #13-Si mocemuli saxe:  
 

 

cxrili #13 i saaTis momuSave eleqtroenergetikul sistemaSi 
paralelurad hidroeleqtrosadgurebis generatorebis  warmoebis da 

datvirTvis nominaluri mniSvnelobebidan SesaZlo procentuli gadaxrebi 
 

generatori 

generatori datvirTva 

1 2 n 

(52) 

maqsimaluri +10%  
 

 
  

(53) 

minimaluri 10%  
 

 
  

(54) 
 

       sadac,  - eleqtroenergetikuli sistemis i saaTis 

jamuri datvirTvaa Tboeleqtrosadgurebis da generaciis sxva 

wyaroebis eleqtroenergiis generaciis gamoklebiT (garda 

hidroeleqtrosadguris gamomuSavebisa). 

       maTematikurad ganusazRvrelobis aRweris mizniT i sT-Tvis 

ganxorcielebulia mosalodneli yvela SesaZlo gadaxrebis 

simulacia cxril #13-Si mocemul farglebSi monte-karlos 

meTodis gamoyenebiT Tanabarzomieri ganawilebis kanonis [76] 

safuZvelze SemTxveviTi cifrebis generaciiT. Sedegebi mocemulia 

cxril #14-Si: 

 



66 

 

cxrili #14 i saaTis eleqtroenergetikul sistemaSi paralelurad 
momuSave hidroeleqtrosadgurebis generatorebis  warmoebis da 
datvirTvis nominaluri mniSvnelobebidan SesaZlo gadaxrebi 

sxvadasxva scenarebi 
 

scenari 

generatori datvirTva 

1 2 n 

(55) 

simulacia-1  
 

 
  

(56) 

simulacia-2  
 

 
  

(57) 

simulacia-n  
 

 
  

(58) 
 

       sxvadasxva scenarebisaTvis miRebulia aqtiuri simZlavris 

SesaZlo ubalansobebi, romelic gamoiTvleba Semdegi formuliT: 

(59) 

       sadac,  - j scenaris dros eleqtroenergetikuli 

sistemis jamuri generaciaa;  - j scenaris dros 

eleqtroenergetikuli sistemis jamuri datvirTvaa;  - j scenaris 

dros eleqtroenergetikuli sistemis aqtiuri simZlavris 

ubalansobaa. Aqtiuri simZlavris SesaZlo daubalanseblobis 

scenarebs aqvT cxril #15-Si mocemuli saxe: 

cxrili #15 i saaTis eleqtroenergetikuli sistemis aqtiuri simZlavris 
SesaZlo daubalanseblobebis scenarebi 

 

scenari daubalansebloba 

simulacia-1  
simulacia-2  

simulacia-n  
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       , ,  mniSvnelobebis normaluri ganawilebis mrudis 

asagebad gamoTvlilia saSualo ariTmetikuli da strandartuli 

gadaxra Semdegi formulebiT: 

 (60) 

       sadac, M – saSualo ariTmetikulia, S – standartuli 

gadaxra,  - n scenaris Sesabamisi aqtiuri simZlavris  

ubalansobaa, N – scenaris (simulaciis) raodenoba. 

       gansazRvruli M da S mniSvnelobebis safuZvelze (1) 

formulis mixedviT agebulia normaluri ganawilebis mrudi. 

       miRebuli mniSvnelobebis sxvadasxva albaTobebis 

gamosaTvlelad Sedgenili normaluri ganawilebis mrudi 

gadayvanilia standartul normaluri ganawilebis mruded, romlis 

saSualo ariTmetikuli =0 da standartuli gadaxra =1.  

       ubalansobis albaTobis gamosaTvlelad gamoyenebulia Z 

qulebis Sefaseba, romelsac  mniSvneloba gadahyavs Z 

standartizebul qulaSi. mas aqvs Semdegi saxe: 

 (61) 

       Z sxvadasxva qulebis Sesabamisad standartuli normaluri 

ganawilebis cxrilis meSveobiT vsazRvravT Sesabamis albaTobas. 

       eleqtroenergetikuli sistemis i yovelsaaTobrivi 

operatiuli rezervis minimaluri sididis (sxvadasxva 

ganusazRvrelobebis gaTvaliswinebiT) gamosaTvlelad naxazi #6 

SemuSavebuli aramkafio logikis modeliT miRebuli 

yovelsaaTobrivi misaRebi riskis doneebis mixedviT 

ganxorcielebulia Sesabamisi albaTobebis SerCeva, romlis 

safuZvelzec amorCeulia SesaZlo daubalanseblobis sididide. 
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       SemuSavebulia i sT-Tvis eleqtroenergetikuli sistemis 

aqtiuri simZlavris operatiuli rezervis minimaluri sididis 

ganmsazRvreli cxril #16-Si mocemuli algoriTmi. 

 
 

cxrili #16 eleqtroenergetikuli sistemis aqtiuri simZlavris 
operatiuli rezervis minimaluri sididis ganmsazRvreli algoriTmi 

(ganusazRvrelobis gaTvaliswinebiT) 
 

1 dasawyisi 

2 
i (i=1,…,24) saaTisTvis paralelurad momuSave 

hidroeleqtrosadgurebis k (k=1,…,n) generatorebis siis 
formireba 

3 
i (i=1,…,24) saaTisTvis paralelurad momuSave 

hidroeleqtrosadgurebis k (k=1,…,n) generatorebis da sistemis 
datvirTvis sidideebis formireba 

4 

i (i=1,…,24) saaTisTvis paralelurad momuSave 
hidroeleqtrosadgurebis k (k=1,…,n) generatorebis da sistemis 

datvirTvis sidideebis SesaZlo procentuli gadaxrebis 
formireba 

5 

i (i=1,…,24) saaTisTvis paralelurad momuSave 
hidroeleqtrosadgurebis k (k=1,…,n) generatorebis da sistemis 

datvirTvis sidideebis gadaxrebis zeda da qveda zRvrebis 
formireba 

6 

monte-karlos meTodis da Tanabari ganawilebis kanonis 
safuZvelze i (i=1,…,24) saaTisTvis paralelurad momuSave 

hidroeleqtrosadgurebis k (k=1,…,n) generatorebis da sistemis 
datvirTvis sidideebis gadaxrebis sxvadasxva m (m=1,…,j) 

scenarebis formireba 

7 
i (i=1,…,24) saaTisTvis eleqtroenergetikuli sistemis aqtiuri 

simZlavris  daubalanseblobebis scenarebis formireba 

8 
i (i=1,…,24) saaTisTvis aqtiuri simZlavris  

daubalanseblobebis saSualo ariTmetikuli M da standartuli 
gadaxris S mniSvnelobebis formireba 

9

9 

normaluri ganawilebis kanonis safuZvelze i (i=1,…,24) 

saaTisTvis  daubalanseblobebis Sesabamisi albaTobebis 
gamoTvla da normaluri ganawilebis mrudis ageba 

10 

naxazi #2.3 SemuSavebuli aramkafio logikis modeliT 
miRebuli yovelsaaTobrivi misaRebi riskis doneebis mixedviT 
normaluri ganawilebis mrudidan Sesabamisi albaTobebis da 

 daubalanseblobebis SerCeva 

11 dasasruli 
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2.2 eqsperimentuli nawili 

 

       eleqtroenergetikuli sistemis aqtiuri simZlavris 

yovelsaaTobrivi operatiuli rezervis optimaluri dagegmvis 

meTodikis praqtikaSi aprobaciis mizniT magaliTisaTvis 

ganxilulia eleqtroenergetikuli sistema. cxril #17, danarT #1 

da #2-Si, naxazi #7-Si mocemulia sistemis maxasiaTeblebi. 

sistemaSi arsebuli Zabva 220 kv-ia. gamartivebis mizniT reaqtiuli 

tvirTebi da karvebi egx-ebSi miRebulia 0-is tolad. 

       danarT #1, #2-is da cxril #8-is monacemebis mixedviT 

miRebulia eleqtroenergetikuli sistemis magenenirebeli wyaroebis 

aqtiuri simZlavris mocdenis albaTobriv-variantuli danarTi #3. 

 

 
 

naxazi #7 eleqtroenergetikuli sistemis calxazovani sqema 2 

 

 

 

 

2 SeniSvna: gamartivebis mizniT ramdenime generatori naxaziazze 
warmodgenilia erT generatorad. 
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  cxrili #17. eleqtroenergetikuli sistemis eleqtrogadacemis  
xazebis gamtarunarianoba 

 

 

 

 

 

 

        

 

 
 

        
 
 
 
 
 

       danarTi #2-is monacemebis mixedviT sistemaSi arsebuli 5 

datvirTvis kvanZisaTvis zemoT moyvanili meTodologiis 

safuZvelze SemuSavebulia aramkafio logikis modeli, romelic 

asaxulia naxazi. #8-ze.L 

       programuli paketis Fuzzytech-is bazaze Sesrulebuli 

gaangariSebiT dadgenilia eleqtroenergetikuli sistemis 

yovelsaaTobrivad TiToeuli datvirTvis kvanZis saimedoobis Y1, Y2, 

Y3, Y4, Y5 da mTlianad sistemisTvis saWiro Ys riskis doneebi. 

analizis Sedegebi mocemulia cxril #18-Si. 
 

 

naxazi #8 yovelsaaTobrivi riskis donis Sefasebis 
aramkafio logikis ordoniani modeli 

egx # kvanZidan kvanZamde 
dasaSvebi 

gamtarunarianoba, mgvt 
1 1 2 1000 
2 1 3 1000 
3 2 3 1000 
4 2 4 1000 
5 2 5 1000 
6 2 6 750 
7 2 6 750 
8 3 4 1000 
9 4 5 1000 
10 5 7 1000 
11 6 7 1000 
12 6 7 1000 
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cxrili #18 eleqtroenergetikuli sistemis yovelsaaTobrivad 
misaRebi riskis done 

 

saaTi 0-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8 

Y1 0.0156 0.0167 0.018 0.0165 0.0156 0.0166 0.0193 0.0165 
Y2 0.0248 0.0211 0.0205 0.0239 0.0216 0.0201 0.0215 0.0213 
Y3 0.0292 0.021 0.0286 0.0234 0.0212 0.0297 0.0273 0.0254 
Y4 0.018 0.0175 0.02 0.0174 0.0156 0.0166 0.0132 0.0153 
Y5 0.0143 0.0143 0.015 0.015 0.0136 0.0133 0.02 0.0103 
Ys 0.022 0.02 0.0222 0.0216 0.0191 0.02 0.0218 0.0207 

saaTi 8-9 9-10 10-11 11-12 12-13 13-14 14-15 15-16 
Y1 0.0109 0.0181 0.0182 0.0169 0.0138 0.0136 0.0153 0.0103 
Y2 0.0226 0.0217 0.0199 0.0213 0.0179 0.0224 0.0152 0.0196 
Y3 0.0205 0.0218 0.0202 0.0246 0.0232 0.0215 0.0266 0.0259 
Y4 0.0166 0.0127 0.0138 0.0134 0.0172 0.0147 0.0176 0.0103 
Y5 0.0108 0.0111 0.0115 0.0158 0.0127 0.0188 0.0113 0.0154 
Ys 0.0195 0.0188 0.0189 0.0205 0.0189 0.0202 0.0201 0.0203 

saaTi 16-17 17-18 18-19 19-20 20-21 21-22 21-22 22-23 
Y1 0.0134 0.0123 0.02 0.012 0.0114 0.0149 0.0156 0.02 
Y2 0.02 0.0255 0.0231 0.0182 0.0152 0.0189 0.0214 0.0177 
Y3 0.0231 0.0252 0.0216 0.02 0.0233 0.0245 0.02 0.0267 

Y4 0.0176 0.0103 0.0115 0.0172 0.0156 0.0178 0.013 0.0175 
Y5 0.0161 0.0131 0.0131 0.0149 0.0137 0.017 0.0167 0.014 
Ys 0.0205 0.0194 0.0184 0.019 0.0183 0.0209 0.0202 0.0202 

 

       danarT #1, #2 da cxril #18 asaxuli monacemebiT da 

cxril #11-Si mocemuli algoriTmiT gansazRvrulia 

eleqtroenergetikul sistemaSi yovelsaaTobrivi operatiuli 

rezervis optimaluri sidide da Sedegebi Setanilia cxril #19-Si. 

 

    cxrili #19 eleqtroenergetikul sistemaSi yovelsaaTobrivi 
operatiuli rezervis optimaluri sidide 

 
 

 

saaTi 0-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8 

arsebuli  

operatiuli rezervi 
920 520 920 720 420 720 920 440 

damatebiT saWiro  

operatiuli 

rezervi 

0 0 0 0 0 0 0 0 

sul operatiuli  

rezervi 
920 520 920 720 420 720 920 440 
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% datvirTvasTan 28.75 14.44 28.75 21.17 11.35 21.17 28.75 11.95 

saaTi 8-9 9-10 10-11 11-12 12-13 13-14 14-15 15-16 

arsebuli  

operatiuli rezervi 
200 340 280 580 320 560 340 220 

damatebiT saWiro 

operatiuli rezervi 
220 80 140 0 100 0 80 200 

sul operatiuli  

rezervi 
420 420 420 580 420 560 420 420 

% datvirTvasTan 10.71 11.11 10.93 16.38 11.05 15.73 11.11 10.76 

saaTi 16-17 17-18 18-19 19-20 20-21 21-22 21-22 22-23 

arsebuli  

operatiuli rezervi 
520 280 480 240 120 620 400 700 

damatebiT saWiro 

operatiuli rezervi 
0 140 0 180 300 0 20 0 

sul operatiuli  

rezervi 
520 420 480 420 420 620 420 700 

% datvirTvasTan 14.44 10.93 13.18 10.82 10.5 17.714 11.29 20.46 
 
 

       eleqtroenergetikul sistemaSi paralelurad momuSave 

generatorebze yovelsaaTobrivi operatiuli rezervis optimaluri 

ganawilebisaTvis gamoyenebulia  proporciis meTodi [1]. Sedegebi 

mocemulia naxazi. #9-ze. 

 

 

 
naxazi. #9 eleqtroenergetikul sistemaSi paralelurad momuSave 

generatorebze ganawilebuli operatiuli rezervis sidide 



       cxril #8-sa da naxazi #9-ze mocemuli monacemebidan 

gamomdinare eleqtroenergetikul sistemaSi paralelurad 

momuSave generatorebis mier eleqtroenergiis warmoebas aqvs 

naxazi #10-ze asaxuli saxe: 

 

 

 
naxazi. #10 eleqtroenergetikul sistemaSi paralelurad momuSave 

generatorebis mier eleqtroenergiis warmoeba 
 

       zemoaRniSnuli meTodologiis Sesabamisad miRebuli 

operatiuli rezervis optimalurobis dasadgenad 

yovelsaaTobrivad ganxorcielebulia sistemaSi arsebuli 

yvelaze didi simZlavris 29-e generatoris avariuli gamorTvis 

simulacia da Sedegebi Setanilia cxrili #20-sa da gamosaxulia 

naxazi #11-ze. 
 

cxrili #20 29-e generatoris gamorTvis simulaciis Sedegebi 
 

saaTi 0-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8 
darCenili 
operatiuli 
rezervi, mgvt 

620.44 183.43 620.44 401.86 74.23 401.86 620.44 96.04 

sixSiris gadaxra -0.171 -0.192 -0.171 -0.182 -0.198 -0.182 -0.171 -0.197 
jamuri datvirTvis 

Semcireba, mgvt 
-22 -28 -22 -25 -29 -25 -22 -29 

jamuri datvirTvis 
Semcireba, % 

0,68 0,77 0,68 0,73 0,78 0,73 0,68 0,78 

saaTi 8-9 9-10 10-11 11-12 12-13 13-14 14-15 15-16 
darCenili 75.83 74.81 75.25 248.94 74.96 227.10 74.81 75.68 
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operatiuli 
rezervi, mgvt 

sixSiris gadaxra -0.197 -0.197 -0.197 -0.189 -0.197 -0.190 -0.197 -0.197 
jamuri datvirTvis 

Semcireba, mgvt 
-31 -30 -30 -27 -30 -27 -30 -31 

jamuri datvirTvis 
Semcireba, % 

0,79 0,79 0,78 0,76 0,78 0,75 0,79 0,79 

saaTi 16-17 17-18 18-19 19-20 20-21 21-22 21-22 22-23 
darCenili 
operatiuli 
rezervi, mgvt 

183.44 75.25 139.70 75.54 76.40 292.64 74.38 380.02 

sixSiris gadaxra -0.192 -0.197 -0.194 -0.197 -0.196 -0.187 -0.197 -0.183 
jamuri datvirTvis 

Semcireba, mgvt 
-28 -30 -28 -31 -31 -26 -29 -25 

jamuri datvirTvis 
Semcireba, % 

0,77 0,78 0,76 0,79 0,77 0,74 0,77 0,73 

 

 
 

naxazi #11: eleqtroenergetikul sistemaSi paralurad momuSave 
generatorebis eleqtroenergiis yovelsaaTobrivi warmoeba 29-e 

generatoris gamorTvis SemTxvevaSi 
 

 

       eleqtrogadacemis xazebis gantarunarianobis 

Sesamowmeblad 24 sT-Tvis ganxorcielebulia sistemaSi 

simZlavreTa ganawilebis simulacia programa PowerWorld-is 

gamoyenebiT [74] normalur da avariul reJimebSi. 1 saaTisTvis 

miRebul Sedegebs aqvT naxazi #12 da #13-ze gamosaxuli saxe:  
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naxazi #12. eleqtroenergetikul sistemaSi eleqtroenergetikul 
sistemaSi simZlavreTa ganawileba normalur reJimSi 

 

 

naxazi #13. eleqtroenergetikul sistemaSi simZlavreTa ganawileba 
avariul reJimSi 29-e generatoris gamorTvis dros 

 
 

       rogorc naxazi. #13-dan Cans 29-e generatoris avariuli 

gamorTvis SemTxvevaSi 6-2 kvanZebs Soris ori eleqtrogadacemis 

xazi gadaitvirTeba.   
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       cxril #12-Si mocemuli makoreqtirebeli algoriTmis 

safuZvelze ganxorcielebuli angariSebis Sedegebs aqvT naxazi 

#14 da naxazi #15-ze mocemuli saxe. 

 

 

naxazi. #14. eleqtroenergetikul sistemaSi simZlavreTa ganawilebis 
koreqtirebuli sidideebi normalur reJimSi 

 

 

naxazi. #15 eleqtroenergetikul sistemaSi simZlavreTa ganawilebis 
koreqtirebuli sidideebi avariul reJimSi 29-e generatoris  

gamorTvis SemTxvevaSi 

 

       rogorc naxazi #14 da #15-dan Cans arc normalur da arc 

avariul reJimSi eleqtroenergetikuli sistemis arcerTi 
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generatori da eleqtrogadacemis xazi ar aris gadatvirTuli. 

simulaciis Sedegebi 1 sT-isTvis mocemulia cxril #21-Si. 

 

cxrili #21. 1 sT-is simulaciis Sedegebi 
 
 

dasaxeleba sawyisi koreqtirebuli 
sistemaSi darCenili  

operatiuli rezervi, mgvt 
620.44 518,62 

sixSiris gadaxra -0.171 -0,1556 

sistemaSi 
Zabvebis 
doneebi 

minimaluri 
normaluri 

reJimi 
211,2 213,4 

maqsimaluri 
avariuli 
reJimi 

202,4 206,8 

minimaluri 
normaluri 

reJimi 
231 231 

maqsimaluri 
avariuli 
reJimi 

231 231 

jamuri datvirTvis Semcireba, mgvt -22 -19,9168 
 

       cxril #16-Si mocemuli algoriTmis safuZvelze 

ganusazRvrelobis pirobebSi eleqtroenergetikuli sistemis 

aqtiuri simZlavris operatiuli rezervis optimaluri sididis 

(minimaluri) angariSis Sedegebi mocemulia cxril #22-Si. 

 

cxrili #22. eleqtroenergetikuli sistemis aqtiuri simZlavris 
operatiuli rezervis sidide (minimaluri, ganusazRvrelobis 

gaTvaliswinebiT) 
 

 

saaTi 0-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8 
Ys 0.022 0.02 0.0222 0.0216 0.0191 0.02 0.0218 0.0207 

saSualo 0,34 0,19 -0,15 -0,05 0,14 -0,06 0,06 -0,07 
st. gadaxra 112,82 129,21 112,19 121,24 133,18 120,69 112,39 133,16 
minimaluri 
operatiuli 

rezervi  
257 300 255 278 310 279 258 305 

% 
datvirTvasTan 

8,03 8,33 7,97 8,18 8,38 8,21 8,06 8,29 

saaTi 8-9 9-10 10-11 11-12 12-13 13-14 14-15 15-16 
Ys 0.0195 0.0188 0.0189 0.0205 0.0189 0.0202 0.0201 0.0203 

saSualo 0,0122 0,0122 0,0122 0,0268 0,0122 0,0156 0,0122 0,0122 
st. gadaxra 134,73 134,73 134,73 128,20 134,73 128,41 134,73 134,73 
minimaluri 
operatiuli 

312 315 315 297 315 295 310 310 
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rezervi 
% 

datvirTvasTan 
7,96 8,33 8,20 8,39 8,29 8,29 8,20 7,95 

saaTi 16-17 17-18 18-19 19-20 20-21 21-22 22-23 23-24 
Ys 0.0205 0.0194 0.0184 0.019 0.0183 0.0209 0.0202 0.0202 

saSualo -0,104 0,012 -0,09 0,012 0,012 0,10 0,012 0,075 
st. gadaxra 129,64 134,73 132,96 134,73 134,73 125,30 134,73 121,98 
minimaluri 
operatiuli 

rezervi 
298 312 311 315 316 289 310 281 

% 
datvirTvasTan 

8,28 8,13 8,54 8,12 7,90 8,26 8,33 8,22 

 

 

II Tavis daskvna 

 

       Catarebuli kvlevebis Sedegad: 
 

1. SemuSavebulia eleqtroenergetikuli sistemis sxvadasxva 

magenenirebeli wyaroebis avariuli scenarebis formirebis 

algoriTmi; 

2. eleqtroenergetikuli sistemis da misi datvirTvis kvanZebis 

riskis donis Sefasebis ordoniani aramkafio logikis 

maTematikuri modeli; 

3. proporciis meTodis gamoyenebiT aqtiuri simZlavris 

operatiuli rezervis optimaluri sidideebi gadanawilebulia 

paralelurad momuSave generatorebze; 

4. eleqtroenergetikul sistemaSi arsebuli eleqtrogadacemis 

xazebSi drois garkveul monakveTSi avariuli reJimis pirobebSi 

gamtaruunarobis arsebobis SemTxvevisTvis SemuSavebulia 

optimizaciis funqcia da Sesabamisi makoreqtirebeli algoriTmi, 

romelic axdens operatiuli rezervis da aqtiur simZlavreTa 

iseT gadanawilebas sistemaSi, rom normaluri da avariuli 

reJimebis dros arsebuli gadatvirTuli eleqtrogadacemis xazi 

an xazebi ganitvirTeba. 
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5. Camoyalibebulia eleqtroenergetikuli sistemis aqtiuri 

simZlavris operatiuli rezervis optimaluri dagegmvis 

meTodika da algoriTmi; 

6. SemuSavebulia eleqtroenergetikul sistemaSi paralelurad 

momuSave hidroeleqtrosadgurebsa da datvirTvis kvanZebis 

datvirTvebis ganusazRvrelobebis safuZvelze 

eleqtroenergetikuli sistemisTvis yovelsaaTobrivad saWiro 

aqtiuri simZlavris operatiuli rezervis minimaluri 

optimaluri sididis ganmsazRvreli meTodika da Sesabamisi 

algoriTmi; 

7. SemuSavebuli meTodika atarebs universalur xasiaTs is 

eleqtroenergetikul sistemas saSualebas aZlevs magenenirebeli 

mowyobilobebis parametrebis, datvirTvis kvanZebis saimedoobis 

maxasiaTeblebis, el.gadacemis xazebis gamtarunarianobis da 

eleqtroenergiaze yovelsaaTobrivi moTxovnis parametrebis 

Sesabamisad optimalurad dagegmos operatiuli rezervis 

yovelsaaTobrivi sidide. 
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Tavi III. eleqtroenergetikul sistemaSi prevenciuli 

remontebis optimaluri dagegmva 
 

3.1 amocanis dasma da problemis gadawyvetis meTodologia 

 

       eleqtroenergetikuli sistemis muSaobis saimedoobis 

uzrunvelyofaSi gansakuTrebuli mniSvneloba eniWeba remontebis 

optimalurad dagegmvas. remontebis dagegmvaSi gaTvaliswinebuli 

unda iyos optimalurobis saerTo principebi, rac niSnavs  

mowyobilobebis faqtiuri teqnikur-ekonomikuri mdgomareobis, 

dadgenili normativebis da arsebuli resursebis Sesabamisad 

prevenciuli remontebis Catarebas eleqtrosadgurebis da 

sistemaSi Semavali sxva mowyobilobebis gegmiur-

gamafrTxilebli remontebis arsebuli sistemis CarCoebSi. 

remontebis Catarebaze dakveTis momzadebas win unda uswrebdes 

saremonto samuSaoebis moculobis da xangrZlivobis Sefasebas. 

saremonto rezervis simZlavris mdgeneli unda daigegmos, 

energosistemis muSaobis saimedoobisadmi wayenebuli 

moTxovnebis mixedviT, agregatebis da mowyobilobebis remontis 

xangrZlivoba unda SeizRudos saeqspluatacio da teqnologiuri 

xasiaTidan gamomdinare.        

       dasmuli problemebis gadawyvetis mizniT literaturis 

mimoxilvis analizis safuZvelze da Catarebuli kvlevis 

Sedegad eleqtroenergetikul sistemaSi Semaval 

energoobieqtebze arsebuli mowyobiloba-danadgarebis teqnikuri 

mdgomareobis kompleqsurad SefasebaSi gamoikveTa aramkafio 

logikis meTodis didi upiratesoba [73,57,58]. es meTodi 

saSualebas iZleva eleqtrodanadgarebis teqnikur-ekonomikuri 

mdgomareobis SefasebaSi gaTvaliswinebul iqnas faqtorebis 

didi raodenoba. amocana mdgomareobs imaSi, rom 

eleqtroenergetikuli sistemis energoobieqtebze arsebuli 

eleqtrodanadgarebis teqnikur-ekonomikuri SefasebisaTvis 

SeirCes iseTi X1, X2,…Xn faqtorebi, romlebic uzrunvelyofen i 
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eleqtrodanadgaris Yd reitingis srulyofilad dadgenas. 

arsebuli gamocdilebis [61,62,63,64,65,66,67] da realuri 

mdgomareobis analizis safuZvelze SerCeuli iqna 12 faqtori: 

       X1 - eleqtrodanadgaris mimdinare teqnikuri mdgomareoba 

(vizualuri), qula; 

       X2 - personalis usafrTxoebaze zemoqmedeba, qula; 

       X3 – eleqtroenergetikuli sistemis saimedoobaze 

zemoqmedeba, qula; 

       X4 - garemoze zemoqmedeba, qula; 

       X5 - eleqtrodanadgaris Rirebuleba, lari; 

       X6 - eleqtrodanadgaris avariuli gamorTvebis sixSire, 

procenti/100; 

       X7 - eleqtrodanadgaris remontis dro, saaTi; 

       X8 - eleqtrodanadgaris remontisTvis saWiro saremonto 

personalis raodenoba, kaci; 

       X9 - eleqtrodanadgaris eqspluataciaSi yofnis 

xangrZlivoba, weli; 

       X10 - eleqtrodanadgaris teqnikuri mdgomareobis gazomvis 

Sedegebi, qula; 

       X11 - xangrZlivoba (bolos Catarebuli remontidan), weli; 

       X12 - eleqtrodanadgaris saSualo datvirTva, procenti; 

       Yd – eleqtrodanadgaris mimdinare reitingi, qula. 
 

       Yd – dabali qula (reitingi) aRniSnavs, eleqtrodanadgaris 

cud mimdinare teqnikur-ekonomikur mdgomareobas. 
 

       X1,..,X12 faqtorebis SefasebaTa sistema mocemulia cxril 

#23-Si: 

 

cxrili #23. X1,..,X12 faqtorebis da Yd reitingis SefasebaTa sistema 
 

# faqtori 
SefasebaTa sistema  

(minimaluri da maqsimaluri zRvrebi) 
1 X1 1 (cudi) 2 (saSualo) 3 (kargi) 
2 X2 1 (didi) 2 (saSualo) 3 (mcire) 
3 X3 1 (didi) 2 (saSualo) 3 (mcire) 
4 X4 1 (didi) 2 (saSualo) 3 (mcire) 
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5 X5 
Sesafasebeli I1,I2,…,In el.danadgarebis Z1, 

Z2,…,Zn Rirebulebebs Soris  minimaluri da 
maqsimaluri mniSvneloba 

6 X6 

Sesafasebeli I1,I2,…,In el.danadgarebis G1, 

G2,…,Gn avariuli gamorTvebis sixSireebs 
Soris  minimaluri da maqsimaluri 

mniSvneloba  

7 X7 
Sesafasebeli I1,I2,…,In el.danadgarebis T1, 

T2,…,Tn saremonto droebs Soris minimaluri 
da maqsimaluri mniSvneloba 

8 X8 

Sesafasebeli I1,I2,…,In el.danadgarebis 
remontisTvis saWiro P1, P2,…,Pn saremonto 

personalis raodenobebs Soris minimaluri da 
maqsimaluri mniSvneloba 

9 X9 
Sesafasebeli I1,I2,…,In el.danadgarebis E1, 

E2,…,En eqspluataciaSi yofnis xangrZlivobebs 
Soris minimaluri da maqsimaluri mniSvneloba 

10 X10 1 (cudi) 2 (saSualo) 3 (kargi) 

11 X11 

Sesafasebeli I1,I2,…,In el.danadgarebis bolos 
Catarebuli remontidan K1, K2,…,Kn 

xangrZlivobebs Soris minimaluri da 
maqsimaluri mniSvneloba 

12 X12 0 % (mcire) 50 % (saSualo) 100 % (didi) 
13 Yd 1 (cudi) 2 (saSualo) 3 (kargi) 

 

 

       eqspertuli Sefasebis safuZvelze Sedgenilia X1,..,X12  

maxasiaTeblebis gavlenis matrica Yd reitingze. Sedegebi 

Setanilia cxril #24-Si. 

 

 

cxrili #24. X1,..,X12  maxasiaTeblebis gavlenis matrica 
Yd reitingze 

 

faqtori 
X1 X2 X3 X4 X5 X6 

zrda zrda zrda zrda zrda zrda 

Yd 

zrda zrda zrda zrda kleba kleba 

dadebiTi kavSiri 
uaryofiTi 
kavSiri 

 

gagrZeleba: 
 

faqtori 
X7 X8 X9 X10 X11 X12 

zrda zrda zrda zrda zrda zrda 

Yd 

kleba kleba kleba zrda kleba kleba 

uaryofiTi kavSiri 
dadebiTi 
kavSiri 

uaryofiTi 
kavSiri 
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       Yd reitingis da X1, X2,…,X12 faqtorebis aramkafio 

simravleze dasayvanad gamoyenebulia samkuTxedis wevris 

funqcia da cxril #1-Si asaxuli maCveneblebi dayofilia 32 

nawilad. erT-erTi maCvenebels aqvs naxazi. #16 mocemuli zogadi 

saxe: 

 
 

naxazi #16 samkuTxedis wevris zogadi funqcia 
 

 

       X1, X2,…,X12 faqtorebis Yd reitingis Sefasebaze funqciur 

damokidebulebasYaqvs Semdegi saxe:    
    

Y Y1,Y2,…,Yi  = ψ1(X1, X2), (62)  Ys = ψ2(Y1,Y2,…,Yi) (62) 
 

       sadac,  ψ1 da ψ2 proceduraa, romelic Seicavs  wesebis 

bazas da akavSirebs  X1, X2,…, X12 da Yd maxasiaTeblebs 

erTmaneTTan. 

       X1, X2,…, X12 faqtorebis Yd reitingze gavlenis matricis n 

raodenobis Camoyalibebuli wesebis mixedviT dgindeba yovel  

X1, X2,…, X12 maxasiaTeblis cvalebadobis gavlena Yd-s 

mniSvnelobaze. es procesi aRwerilia naxazi. #17-ze: 

 
 

naxazi #17 Camoyalibebuli wesebis zogadi struqtura 
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       sadac, termi – X1, X2,…, X12 da Yd maxasiaTeblebis i 

intervalia; Dos – i intervalis Sesabamisi wesis wonaa; 

       warmodgenili Semsvleli informaciis damuSavebisa 

(fazifikacia) da saboloo Sedegis (defazifikacia) misaRebad 

sxvadasxva datvirTvis kvanZis gaTvaliswinebiT SemuSavda 

aramkafio modelirebis procesis mimdinareobis interaqtiuli 

zogadi blok-sqema (naxazi. #18). 

 

 

 
naxazi #18. eleqtrodanadgaris kompleqsuri teqnikur-ekonomikuri 

mdgomareobis Sefasebis zogadi modeli 
 

       sadac, technical,…,datvirtva (pirveli bloki) – i faqtoria; RBi – i 

faqtoris Yd reitingze gavlenis wesebis maCvenebeli blokia; Yd – 

eleqtrodanadgaris mimdinare reitingia. 

       saboloo Sedegis miReba (defazifikacia) ganxorcielda 

maqsimumis centris meTodis gamoyenebiT (minimaqsis principi) 

[73,57,58], romelsac aqvs Semdegi zogadi saxe: 
 

 (63) 
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       sadac,  - i faqtoria;  - i faqtoris mniSvnelobis 

damajereblobis xarisxia (albaToba) 
 

       zemoaRniSnuli meTodologiiT energoobieqtze arsebuli 

yvela eleqtrodanadgarisaTvis ganxorcielda teqnikur-

ekonomikuri mdgomareobis Sefaseba da miRebulia Yd1,…, Ydn 

SefasebaTa simravle. 

       energoobieqtze arsebuli eleqtrodanadgarebis 

prevenciuli remontebisaTvis gamoyofili  Bd SezRuduli 

biujetis pirobebSi Yd1,…, Ydn SefasebaTa simravleebis 

safuZvelze optimalurad SeirCeva eleqtrodanadgarebis is 

erToblioba, romelTac gaaCniaT dabali reitingi (cudi 

mimdinare teqnikur-ekonomikuri mdgomareoba).  

       zemoaRniSnuli problema gamoisaxeba Semdegi 

kriteriumebis saxiT: 

1. prevenciul remontSi gasayvani el.mowyobilobebis 

raodenobis maqsimumi; 

2. prevenciul remontSi gasayvani dabali reitingis mqone 

el.mowyobilobebis maqsimumi; 

3. prevenciuli remontisTvis gamoyofili Tanxis 

gamoyenebis maqsimumi. 

       matematikurad optimizaciis [69,77] funqcia, SezRudvebiT 

gamoisaxeba Semdegnairad: 

 

    (64) 

SezRudvebi: 
 

   
 

      
                                          (65) 
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       sadac, Yd – el.danadgarebis jamuri reitingia; R (Bd) – 

prevenciuli remontebisaTvis gamoyofili jamuri biujetis 

Tanxaa; Di – 0 an 1 (0 el.danadgari ar eqvemdebareba prevenciul 

remonts, 1 el.danadgari eqvemdebareba prevenciul remonts); D - 

prevenciul remontSi gasuli el.danadgarebis jamuri 

raodenobaa; Ydi – i el.danadgaris mimdinare reitingia. 
 

       Catarebuli kvlevebis Sedegebidan gamomdinare 

SemuSavebulia eleqtroenergetikuli sistemis energoobieqtze 

arsebuli eleqtrodanadgarebis/mowyobilobebis mimdinare 

teqnikur-ekonomikuri mdgomareobis Sefasebis algoriTmi, 

romelic asaxulia cxril #25-Si: 

 

cxrili #25. eleqtroenergetikuli sistemis energoobieqtze arsebuli 
el.danadgarebis/mowyobilobebis mimdinare teqnikur-ekonomikuri 

mdgomareobis Sefasebis algoriTmi 
 

 

1 dasawyisi 
2 Sesafasebeli I1,I2,…,In el.danadgarebis siis formireba 

3 
I1,I2,…,In el.danadgarebis SefasebaTa sistemis formireba 

(minimaluri da maqsimaluri zRvrebi) 

4 
eqspertuli Sefasebis safuZvelze X1,..,X12  

maxasiaTeblebis Yd reitingze gavlenis matricis 
formireba 

5 
Yd reitingis da X1, X2,…, X12 faqtorebis aramkafio 

simravleze dayvana 

6 
X1, X2,…, X12 faqtorebis Yd reitingze gavlenis matricis 

n raodenobis Camoyalibebuli wesebis formireba 
7

7 
el.danadgaris kompleqsuri teqnikuri mdgomareobis 

Sefasebis modelis formireba 

8 
Sesafasebeli I1,I2,…,In eleqtrodanadgarisaTvis 

teqnikuri mdgomareobis Sefaseba da Yd1,…, Ydn SefasebaTa 
simravlis formireba 

9
9 

prevenciuli remontebisaTvis gamoyofili  Bd SezRuduli 
biujetis pirobebSi Yd1,…, Ydn SefasebaTa simravleebis 

safuZvelze optimizaciis miznis funqciis (kriteriumebis) 
da Sesabamisi SezRudvebis formireba 

10 
SemuSavebuli (4) optimizaciis funqciis safuZvelze 

prevenciul remontSi gasayvani el.danadgarebis siis 
formireba 

11 dasasruli 
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       eleqtroenergetikul sistemaSi t drois monakveTSi 

magenenirebeli wyaroebis remontebis optimaluri dagegmvis 

gadasawyvetad SemuSavebuli meTodologia atarebs kompleqsur 

xasiaTs, masSi gaTvaliswinebulia optimizaciis Semdegi 

kriteriumebi:  

       1. operatiuli rezervis maqsimumi (mgvt-Si) max;R  

       2. hidroeleqtrosadgurebis mier wylis gamoyenebis 

maqsimumi (kubur metrSi) max;H  

       3. remontSi gasayvani generatorebis avariuli gamorTvebis 

albaTobis (koeficientis) maqsimumi .maxO  

       zemoaRniSnuli 3 kriteriumis mixedviT SemuSavda 

generatorebis prevenciuli remontebis optimaluri dagegmvis 

wliuri (kvireebis mixedviT) grafikis wrfivi optimizaciis 

funqcia da algoriTmi, romelsac aqvs Semdegi saxe:          

                               miznis funqcia      maxX                   (68) 

                        SezRudvebi 

                                                  X=R-H+O                                       
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       sadac, iAij   kviraa, j generatoris remontSi gayvanis 

mdgomareobaa.  

       generatoris mdgomareobis aRniSvna: 0 - agregati ar aris 

remontSi, 1 agregati remontSia; 

       Ri – i kviris aqtiuri simZlavris rezervis sidide, mgvt-Si; 

       Mi – eleqtroenergetikuli sistemisTvis i kviris aqtiuri 

simZlavris rezervis saWiro raodenobaa; 

       Gidadgm – i generatoris dadgmuli simZlavrea, mgvt-Si; 

       Di – i kviris eleqtroenergetikuli sistemis pikuri 

datvirTvaa, mgvt-Si; 

       Piremont – i kviris remontSi gasuli generatorebis jamuri 

simZlavrea, mgvt-Si; 

       hij – i kviras j generatoris wylis Camonadenia, kubur 

metrSi; 

       Hi – i kviras remontSi gasuli hesebis mkvebavi mdinareebis 

jamuri wylis Camonadenia, kubur metrSi; 

       oij – i kviras j generatoris gamorTvis albaTobaa; 

       Oi – i kviras remontSi gayvanili generatorebis avariuli 

gamorTvebis jamuri albaTobebia (koeficientebia); 

               Gd – eleqtroenergetikuli sistemis dadgmuli simZlavrea, 
mgvt-Si; 
       Catarebuli kvlevebis Sedegebidan gamomdinare 

SemuSavebulia eleqtroenergetikuli sistemaSi prevenciul 

remontSi gasayvani generatorebis optimaluri wliuri (kvireebis 

mixedviT) grafikis formirebis algoriTmi, romelic asaxulia 

cxril #26-Si: 

 

cxrili #26. eleqtroenergetikuli sistemaSi prevenciul remontSi 
gasayvani generatorebis optimaluri wliuri (kvireebis mixedviT) 

grafikis formirebis algoriTmi 
 
 

1 dasawyisi 
2 remontSi gasayvani J1,J2,…,Jn generatorebis siis formireba 

3 
J1,J2,…,Jn generatorebis da eleqtroenergetikuli sistemis 

monacemebis: Gidadgm, oij, Gd, hij, Di formireba 
4 optimizaciis miznis funqciis (kriteriumebis) da Sesabamisi 
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SezRudvebis formireba 

5 
optimizaciis funqciis safuZvelze J1,J2,…,Jn generatorebis 
prevenciuli remontebis optimaluri dagegmvis wliuri 

(kvireebis mixedviT) grafikis formireba 

6 
zemoaRniSnuli grafikis safuZvelze eleqtroenergetikuli 
sistemis aqtiuri simZlavris yovelkvireuli operatiuli 

rezervis formireba 
7 dasasruli 

 

 

3.2 eqsperimentuli nawili 
 

        zemoaRniSnuli meTodologiis praqtikuli aprobaciis 

mizniT ganxilulia erT-erTi qvesadguris minaerTis ujredi, 

romlis calxazovani sqema mocemulia naxazi. #19-ze: 
 

 

naxazi #19. qvesadguris erT-erTi minaerTis ujredis  
calxazovani sqema 

 

       eqspertuli Sefasebis safuZvelze naxazi. #19-ze mocemuli 

calxazovani sqemis elementebis monacemebi Setanilia danarT 

#4-Si. 

       cxril #25-Si mocemuli algoriTmis gamoyenebiT, danarT 

#4-is monacemebis safuZvelze miRebul Sedegebs aqvT cxril 

#27-Si mocemuli saxe: 

 

cxrili #27 el.danadgarebis teqnikur-ekonomikuri maCveneblebi 
(reitingi) 

 

elementi dasaxeleba reitingi 
Q0 salte 2.0 
Q2 gamTiSveli 1.9667 
Q3 Semomavali salte 1.9791 
Q4 amomrTveli 2.1389 
Q8 denis tr-ri 2.1666 
Q9 gamTiSveli 2.1963 
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       prevenciuli remontebisaTvis gamoyofili biujetis Tanxis 

maqsimaluri 10000 laris pirobebSi optimizaciis funqcia miiRebs 

Semdeg saxes: 

                                                 L – max                                              (66) 

SezRudvebi: 

                                                               D+R- Yd  - L = 0                                              

 1000* D1 + 2000* D2 +1000* D3 +4000* D4 +1500* D5+3000* D6 = R         (67) 

 2* D1 + 1.9667* D2 + 1.9791* D3 + 2.1389* D4 +2.1666* D5 +2.1963* D6 = Yd    

                                                         R<=10000                                             

                                                D1,D2,D3,D4,…, Dn: 0, 1    

                               

       optimizaciis Sedegad miRebulia Yd = 8,281 Sefasebis 

saerTo reitingi da prevenciuli remontisTvis SerCeuli 

el.mowyobilobebis CamonaTvali mocemulia cxril #28-Si. 
 

 

cxrili #28. prevenciuli remontisTvis SerCeuli el.danadgarebi 
 

elementi dasaxeleba 
prevenciuli 

remontis Catareba 
Q0 salte ara 
Q2 gamTiSveli ki 
Q3 Semomavali salte ki 
Q4 amomrTveli ki 
Q8 denis tr-ri ara 
Q9 gamTiSveli ki 

 

 

 

 

 

         

       cxril #26-Si warmodgenili algoriTmis da SemuSavebuli 

meTodologiis praqtikaSi gamoyenebis mizniT, prevenciuli 

remontebis optimaluri dagegmva ganxorcielebulia erT-erTi 

eleqtroenergetikuli sistemis magaliTze, romelic aerTianebs 

32 magenenirebel wyaros (generators). ganxiluli 

eleqtroenergetikuli sistemis pirobebia: prevenciul remontSi 

unda gavides yvela generatori TiToeuli 1 kviris 

xangrZlivobiT. aqtiuri simZlavris yovelkvireuli rezervis 

unda iyos nolze meti. angariSisaTvis sawyisi monacemebi 

mocemulia danarT #5, #6-Si da naxazi. #20-ze. 
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naxazi. #20. hidroeleqtrosadgurebis saSualo wyalmomarageba 
(mkvebavi mdinareebis wylis Camonadeni) kvireebis mixedviT, m3/wm 

 
 

        (12), (13), (14) optimizacis funqciasa da gantolebaTa 

sistemaSi sawyisi monacemebis Casmis da Sesabamisad misi 

amoxsniT miviRebT eleqtroenergetikul sistemaSi momuSave 

generatorebis remontebis optimalur grafiks, romlis Sedegebic 

Setanilia cxril #29-Si. 

cxrili #29. generatorebis remontebis optimaluri grafiki kvirebis 
mixedviT 

 

genera 

tori 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

kvira 21 43 24 33 44 36 28 6 52 15 19 27 21 36 1 10 

genera 

tori 
17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 

kvira 45 14 28 3 24 34 47 38 5 17 16 26 24 28 1 1 
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III Tavis daskvna 
 

        Catarebuli kvlevebis Sedegad, SemuSavebulia: 

        1. eleqtroenergetikul sistemaSi Semaval 

energoobieqtebze arsebuli mowyobiloba-danadgarebis teqnikur-

ekonomikuri mdgomareobis kompleqsuri Sefasebis matematikuri 

modeli da mis safuZvelze Camoyalibebulia am problemis 

gadawyvetis meTodologia da algoriTmi. 

        2. prevenciuli remontebisTvis gamoyofili SezRuduli 

biujetis pirobebSi remontSi gasayvani eleqtodanadgarebis 

optimaluri SerCevis optimizaciis funqcia da algoriTmi.  

        3. magenenirebeli wyaroebis prevenciuli remontebis 

wliuri (kvireebis mixedviT) grafikis optimaluri dagegmvis 

optimizaciis funqcia da algoriTmi.  

        eleqtroenergetikul sistemaSi prevenciuli remontebis 

zemoT Camoyalibebuli meTodologia atarebs universalur 

xasiaTs, misi gamoyeneba SesaZlebelia nebismieri 

energokompaniisTvis. aRniSnuli meTodikis praqtikaSi danergva 

mniSvnelovanwilad ganapirobebs eleqtrosistemis saimedo 

funqcionirebas, momxarebelTa eleqtroenergiiT uwyvet 

eleqtromomaragebas da gaaumjobesebs organizaciis ekonomikur 

maCveneblebs. 
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Tavi IV. eleqtroenergetikuli sistemis muSaobis 

reJimebis optimaluri dagegmva 

 

4.1 amocanis dasma da problemis gadawyvetis meTodologia 

 
        eleqtroenergetikuli sistemis garTulebis da 

simZlavris mudmivi zrdis pirobebSi didi mniSvneloba eniWeba 

sistemis normaluri reJimebis optimaluri marTvis sakiTxis 

gadawyvetas. optimizaciis RonisZiebebis gatareba ar moiTxovs 

did kapitalur xarjebs, magram maTi gamoyenebiT warmoiqneba is 

rezervi, romelic saSualebas iZleva mniSvnelovnad amaRldes 

el. energiis warmoebis, gadacemisa da ganawilebis ekonomikuri, 

teqnikuri da sxv. efeqtianoba. 

        literaturuli mimoxilvis analizidan gamomdinare 

gansakuTrebul aqtualobas iZens eleqtroenergetikuli 

sistemebis muSaobis reJimebis optimizaciis problemis iseTi 

saxiT gadawyveta, rom masSi maqsimalurad gaTvaliswinebuli 

iyos yvela is SesaZlo faqtori, romelic maqsimalurad 

uzrunvelyofs sistemis muSaobis efeqtianobas. funqcionirebis 

saimedoobasTan erTad miRweuli unda iyos sistemaSi Semavali 

yvela subieqtis interesebis dacva.  

        eleqtroenergetikuli sistemebis funqcionirebis 

reJimebis optimaluri dagegmvis msoflioSi gamoCenili 

mecnierebis am sakiTxisadmi miZRvnili kvlevebis [1,2,3,4,5] 

Sedegebis Seswavlis da literaturuli mimoxilvis analizis 

Sedegad mivediT im daskvnamde, rom dasmuli problemis 

srulyofilad gadaWra SesaZlebelia kvlevisadmi sistemuri 

midgomiT da optimizaciis iseTi kriteriumis SerCeviT, 

romelsac eqneba kompleqsuri xasiaTi da moicavs optimizaciaze 

moqmed yvela SesaZlo faqtors. 

        swored am garemoebis gaTvaliswinebiT aris SerCeuli 

eleqtroenergetikuli sistemis funqcionirebis reJimebis qvemoT 

CamoTvlili kriteriumebi: 



94 

 

        sawyis etapze aqtiuri simZlavris optimaluri 

ganawilebisTvis SemuSavebulia optimizaciis funqcia Semdegi 

kriteriumebisa da SezRudvebis gaTvaliswinebiT: 

 

- maregulirebeli hidroeleqtrosadgurebis gamomuSaveba 

– maqsimumi; 

- maregulirebeli hidroeleqtrosadgurebis datvirTvis 

grafikSi monawileoba –  maqsimumi; 

- maregulirebeli hidroeleqtrosadgurebidan iZulebiT 

gaSvebuli wylis moculoba –  minimumi; 

- maregulirebel eleqtrosadgurebis wylis xarji - 

minimumi; 

- sezonuri hidroeleqtrosadgurebis gamomuSaveba – 

maqsimumi; 

- sezonuri hidroeleqtrosadgurebis gamouyenebeli 

wylis moculoba – Z minimumi; 

- Tboeleqtrosadgurebis saTbobis xarji -  minimumi; 

- Tboeleqtrosadgurebis CO2 emisia -  minimumi; 

- eleqtroenergiis warmoebis Seferxebebis riskis done – 

 minimumi; 

- eleqtroenergiis warmoebis saSualo Sewonili tarifi – 

 minimumi. 

        eleqtrosadgurebs aqtiuri simZlavris optimaluri 

ganawilebis optimizaciis fuqnciis Sesadgenad sawyis etapze 

ganxorcielebulia eleqtrosadgurebis (agregatebis) 

energetikuli maxasiaTeblebis ageba [1,2,5]. 

        eleqtroenergiis warmoebis, gadacemisa da ganawilebis 

procesSi energosistemis TiToeuli elementis, 

danadgarmowyobilobebis muSaobis efeqturoba damokidebulia 

mTel rig teqnikur-ekonomikur maxasiaTeblebze, romelTa Soris 
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mniSvnelovani roli uWiravs eleqtrosadgurebis (agregatebis) 

energetikul maxasiaTeblebs [1,2,5]. 

        eleqtroenergetikuli reJimebis optimizaciis amocanebis 

gadasawyvetad gantolebaTa sistemaSi eleqtrosadguris saxarjo 

da Tboeleqtrosadgurebis mavne nivTierebebis gamonabolqvis 

emisiis maxasiaTeblebis gaTvaliswinebis mizniT gamoyenebulia 

maxasiaTeblebis generatoris datvirTvaze damokidebulebis 

aRmweri meore rigis polinomis funqcia [1,2,5  
-  

  (70) wylis xarjis energetikuli maxasiaTebeli 

 (71) saTbobis xarjis energetikuli maxasiaTebeli 

                     sadac, B – saTbobis xarjia a, b, c – saTbobis da wylis 

xarjis maxasiaTeblebis koeficientebia; P – Tboeleqtrosadguris 

da hidroeleqtrosadguris generatorebis eleqtroenergiis 

mimdinare gamomuSavebaa; 

        saxarjo maxasiaTeblebis agebis safuZvels SeiZleba 

warmoadgendes rogorc qarxnuli monacemebi, aseve naturaluri 

gazomvebis Sedegebi. Qqarxnuli monacemebi eqspluataciis 

pirobebSi icvleba da, amitom,  saWiroa periodulad Catardes 

naturaluri gazomvebi.  naturaluri gazomvebi saSualebas 

gvaZlevs davadginoT saqarxno monacemebis droSi cvlilebis 

dinamika da, aqedan gamomdinare, aseTi gazomvebis Sedegebi ufro 

miaxloebulia realobasTan.  

        zemoaRniSnuli saTbobis xarjis energetikuli 

maxasiaTebeli aRwers mxolod mcire simZlavris erTsarqveliani 

orTqlturbiniani turbinebis saxarjo maxasiaTeblebs. 

praqtikaSi Tboeleqtrosadguris eqspluataciis dros saTbobis 

xarji gacilebiT metia vidre saTbobis xarjis kvadratuli 

maxasiaTebelis SemTxvevaSi, rac ganpirobebulia sarqvelebis 

raodenobiTa da maTi maxasiaTeblebiT, rasac “sarqvelis 

datvirTvis efeqts” uwodeben [78,79,80]. didi simZlavris 

orTqlturbiniani Tboeleqtrosadgurebi eqspluataciis 
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procesSi datvirTvis gazrdis dros TanmimdevrobiT 

xorcieldeba sarqvelebis gaReba/daketva. TiToeuli sarqvelis 

gaRebis dros xdeba saTbobis xarjis didi zrda, rac 

gamowveulia danakargebiT. aRniSnuli TandaTanobiT iklebs 

sarqvelis gaRebasTan erTad. aRniSnulis gaTvaliswinebiT 

saTbobis saxarjo maxasiaTebeli miiRebs naxazi. #21-ze mocemul 

saxes: 
 

 

naxazi #21. saTbobis saxarjo maxasiaTebeli sarqvelis efeqtis 
gaTvaliswinebiT da gaTvaliswinebis gareSe (5 sarqvelis SemTxvevaSi) 

 

        optimizaciis funqciaSi “sarqvelis datvirTvis efeqti”-s 

gasaTvaliswineblad msoflio praqtikaSi gamoyenebulia 

sinusoidaluri funqcia [78,79,80]. 

saboloo maxasiaTebels aqvs Semdegi saxe: 

  (71) 

        sadac, B – saTbobis xarjia a, b, c – saTbobis xarjis 

maxasiaTeblis koeficientebia;  da  sarqvelis mdgomareobis 

amsaxveli wertilebis koeficientebia. Pmin – Tboeleqtrosadguris 

generatoris mier eleqtroenergiis dasaSvebi minimaluri 

gamomuSavebaa; P - Tboeleqtrosadguris generatoris 

eleqtroenergiis mimdinare gamomuSavebaa; 

        didi globaluri problema,  romelic ukavSirdeba 

energoefeqturobas, aris garemos dacva anu energetikis garemoze 

negatiuri zemoqmedebis Semcireba. energetikis ganviTareba 
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gavlenas axdens garemomcvel samyaros yvela struqturul 

elementze:  atmosferoze,  hidrosferoze Tu liTosferoze. 

energoresursebis maqsimalurad dazogva da maTi ekologiurad 

usafrTxod gamoyeneba Tanamedrove sakacobrio problemaa.  

saqarTvelos energosistemis dabalefeqturoba uSualo 

kavSirSia garemos dabinZurebis masStabebTan. 

eleqtroenergetikuli sistema magenenirebeli wyaroebi 

Tboeleqtrosadgurebi, romlebic organuli saTbobis udides 

momxmareblebs warmoadgenen   atmosferuli haeris yvelaze didi 

damabinZurebelic arian.  organuli saTbobis wvis Sedegad 

atmosferoSi gamoibolqveba sxvadasxva mavne nivTierebebi: SO2-is,  

NOX, CO2,  V2O5 da mtvris emisiebi [81]. 

        aqedan gamomdinare Tboeleqtrosadgurebis reJimebis 

optimizacia garda saTbobis xarjis minimizaciisa, agreTve 

aqtualuria atmosferoSi gamonabolqvi sxvadasxva mavne 

nivTierebebis optimizaciis kuTxidac. 

        aRniSnulidan gamomdinare optimizaciis funqciaSi 

Semotanilia CO2 emisiis maxasiaTebeli [13,24,26]. 

  CO2-is emisiis maxasiaTebeli (72) 

        sadac, C – CO2 emisiis moculobaa; Co, a, b – CO2 emisiis 

maxasiaTeblis koeficientebia; P - Tboeleqtrosadguris 

generatoris eleqtroenergiis mimdinare gamomuSavebaa; 

 eqsperimentiT (naturaluri gazomvebis) monacemebis safuZvelze 

analizuri gamosaxulebis misaRebad gamoyenebulia umcires  

 

        zemoaRniSnuli kriteriumebisa da eleqtrosadgurebis 

maxasiaTeblebis safuZvelze eleqtroenergetikul sistemaSi 

yovelsaaTobrivad (dRe_Ramurad) eleqtrosadgurebs Soris 

aqtiuri simZlavris optimaluri ganawilebis uzrunvelsayofad 

SemuSavebulia arawrfivi optimizaciis funqcia Semdegi 

SezRudvebiT: 
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miznis funqcia:   

 

 (73) 

SezRudvebi: 

    saZiebo cvladebi:     

    generatoris statusi:     

    eleqtroenergetikuli balansi:    

    importi: Tu  maSin                   (74) 

              sxva SemTxvevaSi             

    eqsporti: Tu  maSin                

               sxva SemTxvevaSi           

     

        sadac, 

 

         – eleqtroenergetikul sistemaSi arsebuli 

maregulirebeli hidroeleqtrosadgurebis jamuri dRe-Ramuri 

gamomuSavebaa, mgvt.sT; 

         - eleqtroenergetikul sistemaSi arsebuli 

sezonuri hidroeleqtrosadgurebis jamuri dRe-Ramuri 

gamomuSavebaa, mgvt.sT; 

         - eleqtroenergetikul sistemaSi arsebuli sezonuri 

hidroeleqtrosadgurebis gamouyenebeli wylis jamuri dRe-

Ramuri moculobaa, mln.m3; 

         - eleqtroenergetikul sistemaSi arsebuli 

maregulirebeli hidroeleqtrosadgurebis dRe-Ramuri 

datvirTvis grafikSi maqsimaluri monawileobis aRmniSvneli 

cvladia (eleqtroenergetikuli sistemis jamuri datvirTvisa da 

maregulirebeli hidroeleqtrosadgurebis jamuri warmoebis 

Soris sxvaobaa), mgvt.sT; 

         - eleqtroenergetikul sistemaSi arsebuli 

maregulirebeli wyalsacavebidan iZulebiT gaSvebuli wylis 

jamuri dRe-Ramuri moculobaa, mln. m3; 
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         - eleqtroenergetikul sistemaSi arsebuli 

Tboeleqtrosadgurebis jamuri dRe_Ramuri saTbobis xarjia, 

kg/sT; 

         - eleqtroenergetikul sistemaSi arsebuli 

maregulirebeli hidroeleqtrosadgurebis jamuri dRe_Ramuri 

wylis xarjia, m3/wm; 

         – eleqtroenergetikul sistemaSi arsebuli 

Tboeleqtrosadgurebis jamuri dRe-Ramuri CO2 emisiis 

moculobaa, kg/sT; 

         – eleqtroenergetikul sistemaSi arsebuli 

eleqtrosadgurebis eleqtroenergiis warmoebis Seferxebebis 

riskis jamuri dRe-Ramuri done; 

                –  saaTs k generatoris el.energiis 

gamomuSavebaa (maregulirebeli hidroeleqtrosadguri), mgvt.sT; 

         -  saaTs o generatoris el.energiis gamomuSavebaa 

(sezonuri hidroeleqtrosadguri), mgvt.sT; 

         -  saaTs f generatoris el.energiis gamomuSavebaa 

(Tboeleqtrosadguri), mgvt.sT; 

         -  saaTs y generatoris el.energiis gamomuSavebaa 

(sxva generaciis wyaro), mgvt.sT; 

         -  saaTs k generatoris mdgomareobaa (0 - 

gamorTulia, 1 - CarTulia); 

         -  saaTs o generatoris mdgomareobaa (0 - 

gamorTulia, 1 - CarTulia); 

         -  saaTs f generatoris mdgomareobaa (0 - 

gamorTulia, 1 - CarTulia); 

         -     saaTs y generatoris mdgomareobaa (0 - 

gamorTulia, 1 - CarTulia); 

         -  saaTs eleqtroenergetikuli sistemaSi 

eleqtroenergiis gamomuSavebaa, mgvt.sT; 

         -  saaTs eleqtroenergetikuli sistemaSi 

importirebuli eleqtroenergiis moculobaa, mgvt.sT; 
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         -  saaTs eleqtroenergetikuli sistemis datvirTvaa, 

mgvt.sT; 

         -  saaTs eleqtroenergetikuli sistemidan 

eqsportirebuli eleqtroenergiis moculobaa, mgvt.sT; 

 

 

maregulirebeli hidroeleqtrosadgurebSi: 

 

- eleqtroenergiis gamomuSaveba ganisazRvreba Semdegi 

gamosaxulebiT: 

 

         (75) 

        

Tu  maSin  

sxva SemTxvevaSi  

        sadac,  

         – saaTia; 

         – maregulirebeli hidroeleqtrosadguris nomeria; 

        m – eleqtroenergetikul sistemaSi arsebuli 

maregulirebeli hidroeleqtrosadguris raodenobaa; 

        n – i maregulirebel hidroeleqtrosadgurze mdgari 

generatorebis raodenobaa; 

        k – i maregulirebel hidroeleqtrosadgurze arsebuli 

generatorebis nomrebia; 

         –  saaTs k generatoris mier el.energiis 

minimaluri gamomuSavebaa, mgvt.sT; 

         –  saaTs k generatoris mier el.energiis 

maqsimaluri gamomuSavebaa, mgvt.sT; 
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         - –  saaTs k generatoris mier el.energiis 

gamomuSavebaa, mgvt.sT; 

         -  saaTs maregulirebeli 

hidroeleqtrosadguris jamuri gamomuSavebaa, mgvt.sT; 

         - i maregulirebeli hidroeleqtrosadguris mier 

el.energiis dRe-Ramuri gamomuSavebaa, mgvt.sT; 

         - eleqtroenergetikul sistemaSi arsebuli 

maregulirebeli hidroeleqtrosadguris mier el.energiis dRe-

Ramuri gamomuSavebaa, mgvt.sT; 

 

 

- datvirTvis grafikSi maqsimaluri monawileoba iangariSeba 

formuliT: 

    (76) 

        sadac, 

         –  saaTs eleqtroenergetikuli sistemis jamuri 

datvirTvaa, mgvt.sT; 

         –  saaTs eleqtroenergetikuli sistemis jamuri 

datvirTvisa da maregulirebeli hidroeleqtrosadgurebis 

jamuri warmoebis Soris sxvaobaa, mgvt.sT. 

 

 

- wylis xarji gamoiTvleba: 

                   (77) 

 

        sadac, 
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         -  saaTs i maregulirebeli 

hidroeleqtrosadguris k generatoris wylis xarjis 

energetikuli maxasiaTeblis koeficientebia; 

         -  saaTs i maregulirebeli 

hidroeleqtrosadguris k generatoris  Sesabamisi datvirTvis 

wylis xarjia, m3/wm; 

         -  saaTs i maregulirebeli 

hidroeleqtrosadguris k generatoris  Sesabamisi datvirTvis 

wylis saaTobrivi xarjia, m3/wm; 

        - i maregulirebeli hidroeleqtrosadguris dRe-

Ramuri wylis xarjia, m3/wm; 

         – eleqtroenergetikul sistemaSi arsebuli 

maregulirebeli hidroeleqtrosadgurebis jamuri dRe-Ramuri 

wylis xarjia, m3/wm; 

 

 

- wylis balansi ganisazRvreba Semdegi gamosaxulebiT: 

 

 

       (78) 

        sadac, 

         -  saaTs i maregulirebeli hidroeleqtrosadguris 

wyalsacavSi arsebuli wylis moculobaa, mln. m3; 

         -  saaTs i maregulirebeli hidroeleqtrosadguris 

wyalsacavSi wylis bunebrivi Camonadenia, m3/wm; 

         -  saaTs i maregulirebeli hidroeleqtrosadguris 

wylis xarjia, m3/wm, eleqtroenergiis warmoebaze; 

         -  saaTs i maregulirebeli hidroeleqtrosadguridan 

iZulebiT gaSvebuli wylis moculobaa, m3/wm; 

         -  saaTs i maregulirebeli 

hidroeleqtrosadguridan iZulebiT gaSvebuli wylis 

maqsimaluri (dasaSvebi) moculobaa, m3/wm; 
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         - i maregulirebeli hidroeleqtrosadguridan dRe-

Ramurad iZulebiT gaSvebuli wylis jamuri moculobaa, m3/wm; 

         - eleqtroenergetikul sistemaSi arsebuli 

maregulirebeli wyalsacavidan iZulebiT gaSvebuli wylis 

jamuri moculobaa, m3/wm. 

 

- eleqtroenergiis gamomuSavebis riskis donis Sefaseba 

warmoebs gantolebiT: 

 

      (79) 

        sadac,  

         – saaTia; 

         – maregulirebeli hidroeleqtrosadguris nomeria; 

        m – eleqtroenergetikul sistemaSi arsebuli 

maregulirebeli hidroeleqtrosadguris raodenobaa; 

        n – i maregulirebel hidroeleqtrosadgurze mdgari 

generatorebis raodenobaa; 

        k – i maregulirebel hidroeleqtrosadgurze arsebuli 

generatorebis nomrebia; 

         - –  saaTs i maregulirebeli hidroeleqtrosadguris 

k generatoris mier el.energiis gamomuSavebaa, mgvt.sT; 

         -  saaTs i maregulirebeli 

hidroeleqtrosadguris k generatoris gamorTvis albaTobaa; 

         -  saaTs i maregulirebeli 

hidroeleqtrosadguris k generatoris riskis done; 

         saaTs i maregulirebeli 

hidroeleqtrosadguris gamomuSavebis riskis done; 

         – i maregulirebeli hidroeleqtrosadguris 

gamomuSavebis dRe-Ramuri riskis done; 
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         - eleqtroenergetikul sistemaSi arsebuli 

maregulirebeli hidroeleqtrosadgurebis dRe-Ramuri 

gamomuSavebis riskis done. 

 

 

- gayiduli eleqtroenergiidan miRebuli Semosavalis 

saangariSo formulas aqvs saxe: 

                    (80) 

 

 

        sadac, 

         – saaTia; 

         – maregulirebeli hidroeleqtrosadguris nomeria; 

        m – eleqtroenergetikul sistemaSi arsebuli 

maregulirebeli hidroeleqtrosadguris raodenobaa; 

        n – i maregulirebel hidroeleqtrosadgurze mdgari 

generatorebis raodenobaa; 

        k – i maregulirebel hidroeleqtrosadgurze arsebuli 

generatorebis nomrebia; 

         - –  saaTs i maregulirebeli hidroeleqtrosadguris 

k generatoris mier el.energiis gamomuSavebaa, mgvt.sT; 

         -  saaTs i maregulirebeli 

hidroeleqtrosadguris k generatoris eleqtroenergiis 

warmoebis tarifia, lari/mgvt.sT; 

         -  saaTs i maregulirebeli 

hidroeleqtrosadguris k generatoris Semosavalia, lari/sT; 

         saaTs i maregulirebeli 

hidroeleqtrosadguris Semosavalia, lari/sT; 
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         – i maregulirebeli hidroeleqtrosadguris dRe-

Ramuri Semosavalia, lari/sT; 

         - eleqtroenergetikul sistemaSi arsebuli 

maregulirebeli hidroeleqtrosadgurebis jamuri dRe-Ramuri 

Semosavalia, lari/sT. 

 

- sxva sasadgure da hidroteqnikuri SezRudvebi 

iangariSeba: 

 

Qhpp(reg)jk,sxva+ ≤    (81) 

 

sadac, 

       -  saaTs i maregulirebeli 

hidroeleqtrosadguridan iZulebiT gaSvebuli wylis 

maqsimaluri (dasaSvebi) moculobaa, m3/wm; 

       -  saaTs i maregulirebeli hidroeleqtrosadguridan 

iZulebiT gaSvebuli wylis moculobaa, m3/wm; 

      Qhpp(reg)jk,sxva -  saaTs i maregulirebeli 

hidroeleqtrosadguris k generatoris sxva wylis xarjia 

gamowveuli sxvadasxva hidroteqnikuri da sasadgure 

SezRudvebiT, kerZod mdinaris sanitaruli normebi, irigaciis 

moTxovnebi da sxva, m3/wm. 

 

 

sezonuri hidroeleqtrosadgurebSi: 

 

- eleqtroenergiis gamomuSaveba iangariSeba 

gamosaxulebiT: 

                (82) 
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Tu  maSin  

sxva SemTxvevaSi  

        sadac,  

         – saaTia; 

         – sezonuri hidroeleqtrosadguris nomeria; 

        z – eleqtroenergetikul sistemaSi arsebuli sezonuri 

hidroeleqtrosadguris raodenobaa; 

        w – i sezonur hidroeleqtrosadgurze mdgari 

generatorebis raodenobaa; 

        o – i sezonur hidroeleqtrosadgurze arsebuli 

generatorebis nomrebia; 

         –  saaTs o generatoris mier el.energiis 

minimaluri gamomuSavebaa, mgvt.sT; 

         –  saaTs o generatoris mier el.energiis  

maqsimaluri gamomuSavebaa, mgvt.sT; 

         - –  saaTs o generatoris mier el.energiis 

gamomuSavebaa, mgvt.sT; 

         -  saaTs sezonuri hidroeleqtrosadguris mier 

el.energiis jamuri gamomuSavebaa, mgvt.sT; 

         - i sezonuri hidroeleqtrosadguris mier 

el.energiis dRe-Ramuri gamomuSavebaa, mgvt.sT; 

         - eleqtroenergetikul sistemaSi arsebuli 

sezonuri hidroeleqtrosadguris mier el.energiis dRe-Ramuri 

gamomuSavebaa, mgvt.sT; 

 

 

- wylis xarjis moculoba gamoiTvleba Semdegi 

gamosaxulebiT: 

                      (83) 
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        sadac,  

         -  saaTs i sezonuri hidroeleqtrosadguris o 

generatoris wylis xarjis energetikuli maxasiaTeblis 

koeficientebia; 

         -  saaTs i sezonuri hidroeleqtrosadguris o 

generatoris  Sesabamisi datvirTvis wylis xarjia, m3/wm; 

         -  saaTs i sezonuri hidroeleqtrosadguris o 

generatoris  Sesabamisi datvirTvis wylis saaTobrivi xarjia, 

m3/wm; 

        - i sezonuri hidroeleqtrosadguris dRe-Ramuri 

wylis xarjia, m3/wm; 

         – eleqtroenergetikul sistemaSi arsebuli 

sezonuri hidroeleqtrosadgurebis jamuri dRe-Ramuri wylis 

xarjia, m3/wm; 

 

- eleqtroenergiis gamomuSavebis riskis donis Sefaseba 

warmoebulia Semdegi formulebiT: 

      (84) 

 

        sadac,  

         – saaTia; 

         – sezonuri hidroeleqtrosadguris nomeria; 

        z – eleqtroenergetikul sistemaSi arsebuli sezonuri 

hidroeleqtrosadguris raodenobaa; 

        w – i sezonur hidroeleqtrosadgurze mdgari 

generatorebis raodenobaa; 

        o – i sezonur hidroeleqtrosadgurze arsebuli 

generatorebis nomrebia; 
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         –  saaTs  i sezonuri hidroeleqtrosadguris o 

generatoris mier el.energiis gamomuSavebaa, mgvt.sT; 

         -  saaTs i sezonuri hidroeleqtrosadguris o 

generatoris gamorTvis albaTobaa; 

         -  saaTs i sezonuri hidroeleqtrosadguris o 

generatoris riskis done; 

         saaTs i sezonuri hidroeleqtrosadguris 

gamomuSavebis riskis done; 

         – i sezonuri hidroeleqtrosadguris 

gamomuSavebis dRe-Ramuri riskis done; 

         - eleqtroenergetikul sistemaSi arsebuli 

sezonuri hidroeleqtrosadgurebis el.energiis dRe-Ramuri 

gamomuSavebis riskis done. 

 

- gayiduli eleqtroenergiidan miRebuli Semosavali 

iangariSeba formuliT: 
 

      (85) 

 
 

        sadac, 

         – saaTia; 

         – sezonuri hidroeleqtrosadguris nomeria; 

        z – eleqtroenergetikul sistemaSi arsebuli sezonuri 

hidroeleqtrosadguris raodenobaa; 

        w – i sezonur hidroeleqtrosadgurze mdgari 

generatorebis raodenobaa; 

        o – i sezonur hidroeleqtrosadgurze arsebuli 

generatorebis nomrebia; 

         - –  saaTs i sezonuri hidroeleqtrosadguris o 

generatoris mier el.energiis gamomuSavebaa, mgvt.sT; 
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         -  saaTs i sezonuri hidroeleqtrosadguris o 

generatoris eleqtroenergiis warmoebis tarifia, lari/mgvt.sT; 

         -  saaTs i sezonuri hidroeleqtrosadguris o 

generatoris Semosavalia, lari/sT; 

         saaTs i sezonuri hidroeleqtrosadguris 

Semosavalia, lari/sT; 

         – i sezonuri hidroeleqtrosadguris dRe-Ramuri 

Semosavalia, lari/sT; 

         - eleqtroenergetikul sistemaSi arsebuli 

sezonuri hidroeleqtrosadgurebis jamuri dRe-Ramuri 

Semosavalia, lari/sT. 

 

TboeleqtrosadgurebSi: 

 

        - eleqtroenergiis gamomuSaveba iangariSeba: 

           (86) 

 

Tu  maSin  

sxva SemTxvevaSi  
       

        sadac,  

         – saaTia; 

         – sezonuri Tboeleqtrosadguris nomeria; 

        z – eleqtroenergetikul sistemaSi arsebuli 

Tboeleqtrosadguris raodenobaa; 

        w – i Tboeleqtrosadgurze mdgari generatorebis 

raodenobaa; 

        o – i Tboeleqtrosadgurze arsebuli generatorebis 

nomrebia; 

         –  saaTs o generatoris mier el.energiis 

minimaluri gamomuSavebaa, mgvt.sT; 
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         –  saaTs o generatoris mier el.energiis 

maqsimaluri gamomuSavebaa, mgvt.sT; 

         - –  saaTs o generatoris mier el.energiis 

gamomuSavebaa, mgvt.sT; 

         -  saaTs Tboeleqtrosadguris mier el.energiis 

jamuri gamomuSavebaa, mgvt.sT; 

         - i Tboeleqtrosadguris mier el.energiis dRe-

Ramuri gamomuSavebaa, mgvt.sT; 

         - eleqtroenergetikul sistemaSi arsebuli 

Tboeleqtrosadguris mier el.energiis dRe-Ramuri gamomuSavebaa, 

mgvt.sT; 

 

 

- saTbobis xarjis moculoba ganisazRvreba Semdegi 

gamosaxulebiT: 

      (87) 

 

        sadac, 

         -  saaTs i Tboeleqtrosadguris f generatoris 

saTbobis xarjis energetikuli maxasiaTeblis koeficientebia; 

         -  saaTs i Tboeleqtrosadguris f generatoris                   

         Sesabamisi datvirTvis saTbobis xarjia, kg/sT; 

         -  saaTs i Tboeleqtrosadguris f generatoris           

         Sesabamisi datvirTvis wylis saaTobrivi xarjia, 

kg/sT; 

        - i Tboeleqtrosadguris dRe-Ramuri saTbobis 

xarjia, kg/sT; 
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         – eleqtroenergetikul sistemaSi arsebuli 

Tboeleqtrosadgurebis jamuri dRe-Ramuri saTbobis xarjia, 

kg/sT; 

 

- -is emisiis moculoba iangariSeba Semdegi formuliT: 

             (88) 

 
 

        sadac,  

         -  saaTs i Tboeleqtrosadguris v generatoris 

 emisiis maxasiaTeblis koeficientebia; 

         -  saaTs i Tboeleqtrosadguris v generatoris          

         Sesabamisi datvirTvis pirobebSi  emisiis 

saaTobrivi raodenobaa, kg/sT; 

         -  saaTs i Tboeleqtrosadguris  jamuri 

datvirTvis pirobebSi  emisiis saaTobrivi raodenobaa, kg/sT; 

        - i Tboeleqtrosadguris  dRe-Ramuri emisiis 

raodenobaa, kg/sT; 

         – eleqtroenergetikul sistemaSi arsebuli 

Tboeleqtrosadgurebis  emisiis jamuri dRe-Ramuri 

raodenobaa, kg/sT; 

 

- eleqtroenergiis gamomuSavebis riskis donis Sefaseba 

sruldeba formuliT: 
 

              (89) 
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        sadac, 

         – saaTia; 

         – Tboeleqtrosadguris nomeria; 

        r – eleqtroenergetikul sistemaSi arsebuli 

Tboeleqtrosadguris raodenobaa; 

        u – i Tboeleqtrosadgurze mdgari generatorebis 

raodenobaa; 

        f – i Tboeleqtrosadgurze arsebuli generatorebis 

nomrebia; 

         - –  saaTs  i Tboeleqtrosadguris o generatoris 

mier el.energiis gamomuSavebaa, mgvt.sT; 

         -  saaTs i Tboeleqtrosadguris o generatoris 

gamorTvis albaTobaa; 

         -  saaTs i Tboleqtrosadguris o generatoris 

riskis done; 

         saaTs i Tboeleqtrosadguris gamomuSavebis 

riskis done; 

         – i Tboeleqtrosadguris gamomuSavebis dRe-

Ramuri riskis done; 

         - eleqtroenergetikul sistemaSi arsebuli 

Tboeleqtrosadgurebis dRe-Ramuri gamomuSavebis riskis done. 

 

 

- gayiduli eleqtroenergiidan miRebuli Semosavali 

naangariSebulia Semdegi gamosaxulebiT: 
 

           (90) 

 
 

        sadac, 

         – saaTia; 
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         – Tboeleqtrosadguris nomeria; 

        r – eleqtroenergetikul sistemaSi arsebuli 

Tboeleqtrosadguris raodenobaa; 

        u – i Tboeleqtrosadgurze mdgari generatorebis 

raodenobaa; 

        f – i Tboeleqtrosadgurze arsebuli generatorebis 

nomrebia; 

         - –  saaTs i Tboeleqtrosadguris f generatoris mier 

el.energiis gamomuSavebaa, mgvt.sT; 

         -  saaTs i Tboeleqtrosadguris f generatoris 

eleqtroenergiis warmoebis tarifia, lari/mgvt.sT; 

         -  saaTs i Tboeleqtrosadguris f generatoris 

Semosavalia, lari/sT; 

         saaTs i Tboeleqtrosadguris Semosavalia, 

lari/sT; 

         – i Tboeleqtrosadguris dRe-Ramuri Semosavalia, 

lari/sT; 

         - eleqtroenergetikul sistemaSi arsebuli 

Tboeleqtrosadgurebis jamuri dRe-Ramuri Semosavalia, 

lari/sT. 

 

- Tburi (Termuli) SezRudvebis angariSi Catarebulia 

or etapad: 

 

- Pirvel etapze iangariSeba generatorebis CarTul 

mdgomareobaSi yofnis (muSaobis) minimaluri dro: 
 

Tf,on,i,j ≥ Tf,up,i,j   (91) 

sadac, 

                  Tf,on,j –  saaTs i Tboeleqtrosadguris f generatoris 

CarTul mdgomareobaSi yofnis (muSaobis) droa, sT;  
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                  Tf,up,i,j -  saaTs i Tboeleqtrosadguris f generatoris 

CarTul mdgomareobaSi yofnis (muSaobis) dasaSvebi minimaluri 

droa, sT. 

 

- meore etapze iangariSeba generatorebis gamorTul 

mdgomareobaSi yofnis minimaluri dro: 

 

Tf,off,i,j ≥ Tf,down,i,j     (92) 

 

sadac, 

                  Tf,off,j –  saaTs i Tboeleqtrosadguris f generatoris 

gamorTul mdgomareobaSi yofnis droa, sT;  

                  Tf,off,i,j -  saaTs i Tboeleqtrosadguris f generatoris 

gamorTul mdgomareobaSi yofnis minimaluri droa, sT. 

 

 

generaciis sxva wyaroebis: 

 
 

- eleqtroenergiis gamomuSavebis moculobebis angariSi 

warmoebs Semdegi gamosaxulebiT: 

 

                                     (93) 

Tu  maSin  

sxva SemTxvevaSi  

        sadac, 

         – saaTia; 

         – sxva eleqtrosadguris nomeria; 

        z – eleqtroenergetikul sistemaSi sxva 

eleqtrosadguris raodenobaa; 
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        w – i sxva eleqtrosadgurze mdgari generatorebis 

raodenobaa; 

        o – i sxva eleqtrosadgurze arsebuli generatorebis 

nomrebia; 

         –  saaTs o generatoris mier el.energiis 

minimaluri gamomuSavebaa, mgvt.sT; 

         –  saaTs o generatoris mier el.energiis 

maqsimaluri gamomuSavebaa, mgvt.sT; 

         - –  saaTs o generatoris mier el.energiis 

gamomuSavebaa, mgvt.sT; 

         -  saaTs sxva eleqtrosadguris mier el.energiis 

jamuri gamomuSavebaa, mgvt.sT; 

         - i sxva eleqtrosadguris mier el.energiis dRe-

Ramuri gamomuSavebaa, mgvt.sT; 

         - eleqtroenergetikul sistemaSi arsebuli sxva 

eleqtrosadguris mier el.energiis dRe-Ramuri gamomuSavebaa, 

mgvt.sT; 

 

- pirveladi resursis xarjis angariSi Catarebulia 

Semdegi formulebiT: 

                             (94) 

 
         

        sadac, 
 

         -  saaTs i sxva eleqtrosadguris y generatoris 

pirveladi resursis xarjis energetikuli maxasiaTeblis 

koeficientebia; 
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         -  saaTs i sxva eleqtrosadguris y 

generatoris  Sesabamisi datvirTvis pirveladi resursis 

xarjia, kg(m3/)/sT(wm);; 

         -  saaTs i sxva eleqtrosadguris y generatoris          

         Sesabamisi datvirTvis pirveladi resursis 

saaTobrivi xarjia, kg(m3/)/sT(wm);; 

        - i sxva eleqtrosadguris pirveladi resursis 

dRe-Ramuri xarjia, kg(m3/)/sT(wm);; 

         – eleqtroenergetikul sistemaSi arsebuli sxva 

eleqtrosadgurebis pirveladi resursis jamuri dRe-Ramuri 

xarjia, kg(m3/)/sT(wm); 

 

 

- eleqtroenergiis gamomuSavebis riskis done 

Sefasebulia  gamosaxulebiT: 

                      (95) 

 
 

        sadac, 

         – saaTia; 

         – sxva eleqtrosadguris nomeria; 

        d – eleqtroenergetikul sistemaSi arsebuli sxva 

eleqtrosadguris raodenobaa; 

        x – i sxva eleqtrosadgurze mdgari generatorebis 

raodenobaa; 

        y – i sxva eleqtrosadgurze arsebuli generatorebis 

nomrebia; 

         - –  saaTs  i sxva eleqtrosadguris y generatoris 

mier el.energiis gamomuSavebaa, mgvt.sT; 
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         -  saaTs i sxva eleqtrosadguris y generatoris 

gamorTvis albaTobaa; 

         -  saaTs i sxva eleqtrosadguris y generatoris 

riskis done; 

         saaTs i sxva eleqtrosadguris gamomuSavebis 

riskis done; 

         – i sxva eleqtrosadguris gamomuSavebis dRe-

Ramuri riskis done; 

         - eleqtroenergetikul sistemaSi arsebuli sxva 

eleqtrosadgurebis dRe-Ramuri gamomuSavebis riskis done. 

 
 

 

- gayiduli eleqtroenergiidan miRebuli Semosavali 

ganisazRvreba Semdegi gamosaxulebiT: 

               (96) 

 
 

        sadac, 

         – saaTia; 

         – sxva eleqtrosadguris nomeria; 

        d – eleqtroenergetikul sistemaSi arsebuli sxva 

eleqtrosadguris raodenobaa; 

        x – i sxva eleqtrosadgurze mdgari generatorebis 

raodenobaa; 

        y – i sxva eleqtrosadgurze arsebuli generatorebis 

nomrebia; 

         - –  saaTs i sxva eleqtrosadguris y generatoris 

mier el.energiis gamomuSavebaa, mgvt.sT; 

         -  saaTs i sxva eleqtrosadguris y generatoris 

eleqtroenergiis warmoebis tarifia, lari/mgvt.sT; 
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         -  saaTs i sxva eleqtrosadguris y generatoris 

Semosavalia, lari/sT; 

         saaTs i sxva eleqtrosadguris Semosavalia, 

lari/sT; 

         – i sxva eleqtrosadguris dRe-Ramuri Semosavalia, 

lari/sT; 

         - eleqtroenergetikul sistemaSi arsebuli sxva 

eleqtrosadgurebis jamuri dRe-Ramuri Semosavalia, lari/sT. 

 

- eleqtroenergiis warmoebis saSualo Sewonili tarifis 

saangariSo formulas aqvs saxe: 

   (97) 

         - eleqtroenergetikul sistemaSi arsebuli 

eleqtrosadgurebis warmoebuli eleqtroenergiis saSualo dRe-

Ramuri saSualo Sewonili tarifis sidide, lari/mgvt.sT; 

         -  saaTs maregulirebeli 

hidroeleqtrosadgurebis Semosavalia, lari/sT; 

         -  saaTs sezonuri hidroeleqtrosadgurebis 

Semosavalia, lari/sT; 

         -  saaTs Tboeleqtrosadgurebis Semosavalia, 

lari/sT; 

 -  saaTs generaciis sxva wyaroebis Semosavalia, lari/sT; 

         -  saaTs maregulirebeli 

hidroeleqtrosadgurebis gamomuSavebaa, mgvt.sT; 

         -  saaTs sezonuri hidroeleqtrosadgurebis 

gamomuSavebaa, mgvt.sT; 

         -  saaTs Tboeleqtrosadgurebis gamomuSavebaa, 

mgvt.sT; 

         -  saaTs generaciis sxva wyaroebis gamomuSavebaa, 

mgvt.sT; 
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        SemuSavebuli optimizaciis funqcia erTis mxriv 

axorcielebs eleqtroenergetikul sistemaSi generatorTa 

Semadgenlobis optimizacias da meores mxriv adgens maT Soris 

aqtiuri simZlavris optimaluri ganawilebis parametrebs. 

        Semdgom etapze eleqtroenergetikul sistemaSi 

eleqtrosadgurebs Soris aqtiuri simZlavris optimalur 

ganawilebaSi (1) algoriTmis safuZvelze gansazRvruli aqtiuri 

simZlavris yovelsaTobrivi operatiuli rezervis sidideebis 

gaTvaliswinebis mizniT eleqtroenergetikul sistemaSi 

arsebuli TiToeuli generatoris maqsimaluri simZlavreebi 

(gamomuSaveba) SezRudvebi Seicvleba da miiRebs Semdeg saxes: 

 

 (98) 

 

 (99) 

 

 (100) 

 

 (101) 

        sadac,  

         - j saaTs k  generatoris operatiuli rezervis 

sididea (maregulirebeli hidroeleqtrosadguri), mgvt.sT; 

         – j saaTs o  generatoris operatiuli rezervis 

sididea (sezonuri hidroeleqtrosadguri), mgvt.sT; 

         - j saaTs f  generatoris operatiuli rezervis 

sididea (Tboeleqtrosadguri), mgvt.sT; 

         - j saaTs y  generatoris operatiuli rezervis 

sididea (generaciis sxva wyaro), mgvt.sT. 

        Semdgom etapze yovelsaaTobrivad reaqtiuli simZlavris 

warmoebis optimizaciis mizniT dadgenilia j saaTisTvis 

eleqtroenergetikul sistemaSi paralelurad momuSave 

generatorebis reaqtiuli simZlavris warmoebis zeda da qveda 

zRvrebi generatorebis simZlavris koeficientis saTanado 

doneze SenarCunebis gziT. 
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        TiToeuli generatorisTvis simZlavris koeficientis 

minimumalur doned miRebul iqna 0,85. aqtiuri simZlavris 

mixedviT simZlavreTa samkuTxedis safuZvelze [82] dadgenil iqna 

reaqtiuli simZlavris gamomuSavebis/moxmarebis zeda da qveda 

zRvrebi: 

zeda zRvari:     (102) 

qveda zRvari aris misi Sebrunebuli sidide    (103). 

        meoTxe etapze zemoT damuSavebuli meTodikis 

safuZvelze eleqtroenergetikul sistemaSi j saaTisTvis 

damyarebuli reJimis angariSisa da simulaciis (simZlavreTa 

ganawileba, sxvadasxva teqnikuri parametrebis (Zabva, 

eleqtrogadacemis xazebis datvirTuloba da sxv.) mizniT 

gamoyenebulia niuton-rafsonis meTodi [83,84]. 

        mexuTe etapze j saaTisTvis eleqtroenergetikul 

sistemaSi arsebuli aqtiuri simZlavris danakargebis 

generatorebze optimaluri ganawilebis mizniT gamoyenebulia 

aqtiuri simZlavris fardobiTi nazrdis meTodi [1]. aRniSnuli 

meTodis meSveobiT j saaTisTvis eleqtroenergetikul sistemaSi 

arsebuli mabalansirebeli kvanZis mimarT gaangariSebulia 

generatorebis aqtiuri simZlavris fardobiTi nazrdis 

mniSvnelobebi da sistemis jamuri danakargi. aqtiuri simZlavris 

danakargi gadanawilebulia generatorebis fardobiTi danakargis 

mniSvnelobebis minimumis principiT, yvelaze mcire mniSvnelobis 

mqone generatorebze maTi gamomuSavebis SesaZleblobebis 

mixedviT. 

        meeqvse etapze zemoaRniSnuli meTodikiT gansazRvruli 

mniSvnelobebis mixedviT  j saaTisTvis niuton-rafsonis meTodis 

gamoyenebiT ganxorcielebulia eleqtroenergetikuli sistemis 

reJimuli parametrebis saboloo mniSvnelobebis dadgena. 

        #1,2,3,4 TavebSi Camoyalibebuli meTodologiis mixedviT 

eleqtroenergetikul sistemaSi j saaTisTvis muSaobis 
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optimaluri reJimis angariSisa da dagegmvisaTvis SemuSavebulia 

cxril #30-Si mocemuli algoriTmi: 

cxrili #30. Eleqtroenergetikul sistemaSi yovelsaaTobrivi 
(dRe_Ramuri) muSaobis optimaluri reJimis angariSisa da dagegmvis 

algoriTmi 
 
 

1 dasawyisi 

2 
eleqtroenergetikul sistemaSi i (i=1,..,24) saaTisTvis g 

(g=1,..,k) generatorebis da maTi teqnikuri parametrebis siis 
formireba 

3 
 

eleqtroenergetikul sistemaSi j (j=1,…,n) datvirTvis 
kvanZebis da maTi teqnikuri parametrebis siis formireba  

4 
i (i=1,..,24) saaTisTvis eleqtroenergiis moklevadian 

moxmarebaze moqmedi X1,…, X16 faqtorebis saprognozo 
mniSvnelobebis formireba 

5 
 

j (j=1,…,n) datvirTvis kvanZis eleqtroenergiis moxmarebis 
moklevadiani prognozirebisaTvis Sesabamisi saprognozo 

modelis (xelovnuri neironuli qseli) SerCeva 

6 
 

j (j=1,…,n) datvirTvis kvanZis eleqtroenergiis moxmarebis 
moklevadiani i (i=1,..,24) (saaTobrivi, dRe-Ramuri) 

mniSvnelobebis prognozireba 

7 
j (j=1,…,n) datvirTvis kvanZis i (i=1,..,24) yovelsaaTobrivi 

saprognozo mniSvnelobebis formireba 

8 
cxrili #25 da #26-is algoriTmebis safuZvelze i (i=1,..,24) 

saaTisTvis prevenciul remontSi gayvanili g (g=1,..,k) 
generatorebis siis formireba 

9 
i (i=1,..,24) saaTisTvis prevenciul remontSi gauyvaneli g 

(g=1,..,k) generatorebis siis formireba 

10 
g (g=1,..,k) generatorebisaTvis energetikuli da CO2 emisiis 

maxasiaTeblebis formireba 

11 
(73) optimizaciis funqciis safuZvelze i (i=1,..,24) saaTisTvis 
aqtiuri simZlavris optimaluri ganawileba eqsportis da 

importis gaTvaliswinebiT 

12 
11-e etapis safuZvelze paralelurad momuSave 

generatorebis siis formireba 

13 

(73) optimizaciis funqciis da 12-e etapze formirebuli 
siis safuZvelze  i (i=1,..,24) saaTisTvis eleqtroenergetikul 

sistemaSi aqtiuri simZlavris operatiuli rezervis 
formireba 

14 

(73) optimizaciis funqciis da 13-e etapze formirebuli 
operatiuli rezervis safuZvelze  i (i=1,..,24) saaTisTvis 

eleqtroenergetikul sistemaSi aqtiuri simZlavris 
optimaluri ganawileba operatiuli rezervis, eqsportis da 

importis gaTvaliswinebiT 
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15 
i (i=1,..,24) saaTisTvis g (g=1,..,k) generatorebis optimaluri 

aqtiuri simZlavreebis formireba 

16 
i (i=1,..,24) saaTisTvis g (g=1,..,k) generatorebis reaqtiuli 

simZlavris warmoebisa da moxmarebis minimaluri da 
maqsimaluri zRvrebis formireba 

17 
i (i=1,..,24) saaTisTvis eleqtroenergetikuli sistemis 

damyarebuli reJimis angariSi da simulacia 

18 

i (i=1,..,24) saaTisTvis g (g=1,..,k) generatorebis aqtiuri 
simZlavris danakargebis fardobiTi nazrdis mniSvnelobebis 

formireba da mis safuZvelze paralelurad momuSave 
generatorebze danakargebis gadanawileba 

19 
aqtiuri simZlavris danakargebis gaTvaliswinebiT i (i=1,..,24) 

saaTisTvis eleqtroenergetikuli sistemis reJimuli 
parametrebis saboloo siis formireba 

20 dasasruli 

 
 

4.2 eqsperimentuli nawili 
 

        SemuSavebuli algoriTmis aprobaciis mizniT ganxilulia 

eleqtroenergetikuli sistema, romlis teqnikuri parametrebia 

cxril ##31,32,33,34,35,36-Si mocemuli monacemebi. sistemis 

calxazovani sqema mocemulia naxazi #22-ze. 

eleqtroenergetikuli sistemisTvis yovelsaaTobrivad 

reaqtiuli simZlavris siWarbes an deficits abalansebs eqsport-

importis mabalansebeli salte. 

 

nax. #22 eleqtroenergetikuli sistemis calxazovani sqema 
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cxrili #31 eleqtroenergetikuli sistemis  
eleqtrogadacemis xazebis teqnikuri parametrebi 

 
eg

x
 #

 

s
al

t
id

an
 

s
al

t
em
d
e 

s
ig

r
Ze
, 
km
 

sadeni – AC-240/32 
dasaSvebi 

deni grZivi parametrebi ganivi parametrebi 

aqtiuri 
winaRoba 

R 
omi/km 

reaqtiuli 
winaRoba 

X 
omi/km 

gamtaroba 
Bx10

-6
 

omi/km 

gamtaroba 
Gx10

-6 

omi/km 
A, amperi 

1 1 2 20 0,121 0,435 2,60 0 610 

2 1 2 20 0,121 0,435 2,60 0 610 

3 1 2 20 0,121 0,435 2,60 0 610 

4 1 3 30 0,121 0,435 2,60 0 610 

5 1 3 30 0,121 0,435 2,60 0 610 

6 2 3 40 0,121 0,435 2,60 0 610 

7 2 4 80 0,121 0,435 2,60 0 610 

8 2 5 60 0,121 0,435 2,60 0 610 

9 2 6 50 0,121 0,435 2,60 0 610 

10 3 4 40 0,121 0,435 2,60 0 610 

11 4 5 30 0,121 0,435 2,60 0 610 

12 5 7 40 0,121 0,435 2,60 0 610 

13 6 7 60 0,121 0,435 2,60 0 610 

14 6 7 60 0,121 0,435 2,60 0 610 

 
 
 

cxrili #32. maregulirebeli hidroeleqtrosadguris 
teqnikuri monacemebi: 

 

wyalsacavi (rezervuari) 
maqsimaluri moculoba, m3 100000 
minimaluri moculoba, m3 80000 

iZulebiT wyalgaSvebis maqsimaluri  
moculoba, m3 

100000 

eleqtruli parametrebi 

generatori 
#1 

sruli simZlavre, mva 588 
simZlavris koeficienti  

maqsimaluri warmoeba,mgvt 500 
minimaluri warmoeba, mgvt 0 

generatori 
#2 

sruli simZlavre, mva 588 
simZlavris koeficienti  

maqsimaluri warmoeba,mgvt 500 

minimaluri warmoeba, mgvt 0 
tarifi, lari/kvt.sT 0,03 

riskis done 
g-1 0,03 
g-2 0,01 
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cxrili #33. sezonuri hidroeleqtrosadguri #1-is 
teqnikuri monacemebi: 

 

generatori 
#1 

sruli simZlavre, mva 58,8 
simZlavris koeficienti  

maqsimaluri warmoeba,mgvt 50 
minimaluri warmoeba, mgvt 0 

tarifi, lari/kvt.sT 0,04 
riskis done 0,01 

 

cxrili #34. sezonuri hidroeleqtrosadguri #2-is 
teqnikuri monacemebi: 

 

generatori 
#1 

sruli simZlavre, mva 47 
simZlavris koeficienti  

maqsimaluri warmoeba,mgvt 40 
minimaluri warmoeba, mgvt 0 

tarifi, lari/kvt.sT 0,03 
riskis done 0,02 

 

cxrili #35. Tboeleqtrosadguri #1-is teqnikuri monacemebi: 

generatori 
#1 

sruli simZlavre, mva 588 
simZlavris koeficienti  

maqsimaluri warmoeba,mgvt 500 
minimaluri warmoeba, mgvt 0 

tarifi, lari/kvt.sT 0,1 
riskis done 0,03 

 

cxrili #36. Tboeleqtrosadguri #2-is teqnikuri monacemebi: 

generatori 
#1 

sruli simZlavre, mva 588 
simZlavris koeficienti  

maqsimaluri warmoeba,mgvt 500 

minimaluri warmoeba, mgvt 0 
tarifi, lari/kvt.sT 0,098 

riskis done 0,01 
 

         

        hidroeleqtrosadgurebze wylis bunebrivi Camonadenis 

dRe-Ramuri (saaTobrivi) prognozi mocemulia cxril #37-Si. 
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cxrili #37. eleqtroenergetikuli sistemis  
hidroeleqtrosadgurebze wylis Camonadenis dRe-Ramuri prognozi 

sT 1 2 3 4 5 6 7 8 
maregulirebeli hesi 120 207 132 120 110 110 105 115 
sezonuri hesi #1 43 75 48 45 42 43 42 45 
sezonuri hesi #2 20 34 21 19 18 18 17 18 

sT 9 10 11 12 13 14 15 16 
maregulirebeli hesi 120 115 110 120 120 100 130 110 
sezonuri hesi #1 48 47 46 50 51 44 57 49 
sezonuri hesi #2 18 17 17 17 17 15 17 16 

sT 17 18 19 20 21 22 23 24 
maregulirebeli hesi 134 110 150 160 120 160 130 100 
sezonuri hesi #1 60 50 70 77 57 80 64 49 
sezonuri hesi #2 17 15 17 17 15 17 15 14 

        

        cxril #29-Si moyvanili algoriTmis da (29)-e 

optimizaciis funqciis Sesabamisad eleqtroenergetikul 

sistemaSi arsebuli generatorebis saeqspluatacio 

mdgomareobebs eqnebaT cxril #38-Si mocemuli saxe: 
 

 

cxrili #38. eleqtroenergetikul sistemaSi arsebuli 
generatorebis saeqspluatacio mdgomareobebi 

sT 1 2 3 4 5 6 7 8 
generatori #1 
(mareg. hesi) 

1 1 1 1 1 1 1 1 

generatori #2 
(mareg. hesi) 

1 1 1 1 1 1 1 1 

generatori #5 
(Tesi) 

1 1 1 1 1 1 1 1 

generatori #6 
(Tesi) 

1 1 1 1 1 1 1 1 

generatori #3 
(sezonuri hesi) 

1 1 1 1 1 1 1 1 

generatori #4 
(sezonuri hesi) 

1 1 1 1 1 1 1 1 

sT 9 10 11 12 13 14 15 16 
generatori #1 
(mareg. hesi) 

1 1 1 1 1 1 1 1 

generatori #2 
(mareg. hesi) 

1 1 1 1 1 1 1 1 

generatori #5 
(Tesi) 

1 1 1 1 1 1 1 1 

generatori #6 
(Tesi) 

1 1 1 1 1 1 1 1 
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generatori #3 
(sezonuri hesi) 

1 1 1 1 1 1 1 1 

generatori #4 
(sezonuri hesi) 

1 1 1 1 1 1 1 1 

sT 17 18 19 20 21 22 23 24 
generatori #1 
(mareg. hesi) 

1 1 1 1 1 1 1 1 

generatori #2 
(mareg. hesi) 

1 1 1 1 1 1 1 1 

generatori #5 
(Tesi) 

1 1 1 1 1 1 1 1 

generatori #6 
(Tesi) 

1 1 1 1 1 1 1 1 

generatori #3 
(sezonuri hesi) 

1 1 1 1 1 1 1 1 

generatori #4 
(sezonuri hesi) 

1 1 1 1 1 1 1 1 

         

        algoriTmis, optimizaciis funqciis da cxril #37-Si 

mocemuli generatorebis saeqspluatacio mdgomareobebis 

safuZvelze eleqtrosadgurebs Soris aqtiuri simZlavris sawyis 

optimalur ganawilebas eqneba cxril #39-Si mocemuli saxe: 

 
cxrili #39. eleqtrosadgurebs Soris aqtiuri  

simZlavris sawyisi optimaluri ganawileba 

sT 1 2 3 4 5 6 7 8 
generatori #1 
(mareg. hesi) 

223 358 235 212 204 182 194 199 

generatori #2 
(mareg. hesi) 

223 358 235 212 204 182 194 184 

generatori #5 
(Tesi) 

104 62 230 299 355 329 412 486 

generatori #6 
(Tesi) 

119 71 265 345 408 378 472 500 

generatori #3 
(sezonuri hesi) 

20 32 22 21 20 20 20 21 

generatori #4 
(sezonuri hesi) 

11 20 12 11 10 9 9 9 

warmoebis jami 700 900 1000 1100 1200 1100 1300 1400 
importi 0 0 0 0 0 0 0 0 
eqsporti 0 0 0 0 0 0 0 0 
datvirTva 700 900 1000 1100 1200 1100 1300 1400 

sT 9 10 11 12 13 14 15 16 
generatori #1 
(mareg. hesi) 

223 203 193 212 212 173 231 193 
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generatori #2 
(mareg. hesi) 

223 203 193 212 212 173 231 193 

generatori #5 
(Tesi) 

500 402 365 299 253 198 187 179 

generatori #6 
(Tesi) 

500 462 420 344 291 228 216 206 

generatori #3 
(sezonuri hesi) 

22 22 21 23 23 21 25 23 

generatori #4 
(sezonuri hesi) 

9 9 8 9 9 7 9 7 

warmoebis jami 1478 1300 1200 1100 1000 800 900 800 
importi 22,5 0 0 0 0 0 0 0 
eqsporti 0 0 0 0 0 0 0 0 

datvirTva 1500 1300 1200 1100 1000 800 900 800 
sT 17 18 19 20 21 22 23 24 

generatori #1 
(mareg. hesi) 

239 193 268 284 223 276 231 173 

generatori #2 
(mareg. hesi) 

239 193 254 284 223 276 231 173 

generatori #5 
(Tesi) 

87 86 40 41 150 142 234 337 

generatori #6 
(Tesi) 

100 99 49 50 172 164 269 388 

generatori #3 
(sezonuri hesi) 

27 23 30 32 26 33 28 23 

generatori #4 
(sezonuri hesi) 

8 7 9 9 7 8 7 6 

warmoebis jami 700 600 650 700 800 900 1000 1100 
importi 0 0 0 0 0 0 0 0 

eqsporti 0 0 0 0 0 0 0 0 
datvirTva 700 600 650 700 800 900 1000 1100 

         

        algoriTmis Sesabamisad davuSvaT eleqtroenergetikul 

sistemas j saaTs esaWiroeba cxril #40-Si mocemuli operatiuli 

rezervis Semdegi raodenobebi: 

 
cxrili #40. eleqtroenergetikuli sistemisTvis  

yovelsaaTobrivad saWiro operatiuli rezervis sidide 

sT 1 2 3 4 5 6 7 8 
generatori #1  
(mareg. hesi) 

22 36 25 21 19 19 18 19 

generatori #2  
(mareg. hesi) 

22 36 25 21 19 19 18 19 

generatori #5 (Tesi) 13 9 25 34 41 36 47 51 
generatori #6 (Tesi) 13 9 25 34 41 36 47 51 
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jami 70 90 100 110 120 110 130 140 
sT 9 10 11 12 13 14 15 16 

generatori #1  
(mareg. hesi) 

22 20 19 21 21 17 22 20 

generatori #2  
(mareg. hesi) 

22 20 19 21 21 17 22 20 

generatori #5 (Tesi) 52 45 41 34 29 23 23 20 
generatori #6 (Tesi) 52 45 41 34 29 23 23 20 

jami 148 130 120 110 100 80 90 80 
sT 17 18 19 20 21 22 23 24 

generatori #1  
(mareg. hesi) 

23 20 27 28 22 29 23 16 

generatori #2  
(mareg. hesi) 

23 20 27 28 22 29 23 16 

generatori #5 (Tesi) 12 10 6 7 18 16 27 39 
generatori #6 (Tesi) 12 10 6 7 18 16 27 39 

jami 70 60 65 70 80 90 100 110 
         

        cxril #40-Si mocemuli operatiuli rezervis 

gaTvaliswinebiTYeleqtrosadgurebs Soris aqtiuri simZlavris 

optimalur ganawilebas (29)-e optimizaciis funqciaSi (95), (96), 

(97), (98) SezRudvebis SetaniT eqneba cxril #41-Si mocemuli 

saxe: 

cxrili #41. eleqtrosadgurebs Soris aqtiuri simZlavris 
optimaluri ganawileba operatiuli rezervis gaTvaliswinebiT 

sT 1 2 3 4 5 6 7 8 
generatori #1 
(mareg. hesi) 

201 322 221 191 173 173 165 173 

generatori #2 
(mareg. hesi) 

201 322 221 191 174 174 165 173 

generatori #5 
(Tesi) 

124,23 94,84 243,57 319,06 382,81 336,31 453,04 449,17 

generatori #6 
(Tesi) 

143,08 109,25 280,46 367,35 440,74 387,21 453,29 449,17 

generatori #3 
(sezonuri hesi) 

20 32 22 21 20 20 20 21 

generatori #4 
(sezonuri hesi) 

11 20 12 11 10 9 9 9 

warmoebis jami 700 900 1000 1100 1200 1100 1264 1274 
importi 0 0 0 0 0 0 35,8 126 
eqsporti 0 0 0 0 0 0 0 0 
datvirTva 700 900 1000 1100 1200 1100 1300 1400 

sT 9 10 11 12 13 14 15 16 
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generatori #1 
(mareg. hesi) 

201 182 173 191 191 156 199 183 

generatori #2 
(mareg. hesi) 

201 182 174 191 191 156 199 183 

generatori #5 
(Tesi) 

448,42 449,43 382,70 318,92 272,40 214,28 217,74 187,51 

generatori #6 
(Tesi) 

448,42 455,26 440,60 367,19 313,64 246,74 250,72 215,93 

generatori #3 
(sezonuri hesi) 

22 22 21 23 23 21 25 23 

generatori #4 
(sezonuri hesi) 

9 9 8 9 9 7 9 7 

warmoebis jami 1330 1300 1200 1100 1000 800 900 800 
importi 170,3 0 0 0 0 0 0 0 
eqsporti 0 0 0 0 0 0 0 0 

datvirTva 1500 1300 1200 1100 1000 800 900 800 
sT 17 18 19 20 21 22 23 24 

generatori #1 
(mareg. hesi) 

206 183 242 249 201 258 208 145 

generatori #2 
(mareg. hesi) 

206 183 241 249 201 258 208 146 

generatori #5 
(Tesi) 

117,94 94,48 59,55 74,99 170,26 159,54 255,11 362,84 

generatori #6 
(Tesi) 

135,84 108,83 68,62 86,40 196,07 183,72 293,74 417,74 

generatori #3 
(sezonuri hesi) 

27 23 30 32 26 33 28 23 

generatori #4 
(sezonuri hesi) 

8 7 9 9 7 8 7 6 

warmoebis jami 700 600 650 700 800 900 1000 1100 
importi 0 0 0 0 0 0 0 0 

eqsporti 0 0 0 0 0 0 0 0 

datvirTva 700 600 650 700 800 900 1000 1100 

 

        eleqtroenergetikuli sistemis dRe-Ramuri muSaobis reJimis 

angariSisaTvis gamoyenebulia niuton-rafsonis meTodi [83,84]. 

reJimebis modelireba gakeTda programa PowerWrold-is daxmarebiT 

[74]. 

        sawyis etapze (99) da (100) gamosaxulebebis safuZvelze 

dadginda pararelulad momuSave TiToeuli generatoris 

reaqtiuli simZlavris warmoebisa da moxmarebis optimaluri 

zRvrebi, romelTac aqvT cxril #42-Si mocemuli saxe: 
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cxrili #42. paralelurad momuSave generatoris 
reaqtiuli simZlavris warmoebis zeda da qved zRvrebi 

 

sT 1 2 3 4 5 6 7 8 
generatori #1 
(mareg. hesi) 125 200 137 118 107 107 102 107 

generatori #2 
(mareg. hesi) 125 200 137 118 107 107 102 107 

generatori #5 
(Tesi) 77 59 151 198 237 208 281 278 

generatori #6 
(Tesi) 89 68 174 228 273 240 281 278 

generatori #3 
(sezonuri hesi) 12 20 14 13 12 12 12 13 
generatori #4 
(sezonuri hesi) 7 12 7 7 6 6 6 6 

sT 9 10 11 12 13 14 15 16 
generatori #1 
(mareg. hesi) 125 113 107 118 118 97 123 113 

generatori #2 
(mareg. hesi) 125 113 107 118 118 97 123 113 

generatori #5 
(Tesi) 278 279 237 198 169 133 135 116 

generatori #6 
(Tesi) 278 282 273 228 194 153 155 134 

generatori #3 
(sezonuri hesi) 14 14 13 14 14 13 15 14 
generatori #4 
(sezonuri hesi) 6 6 5 6 6 4 6 4 

sT 17 18 19 20 21 22 23 24 
generatori #1 
(mareg. hesi) 128 113 150 154 125 160 129 90 

generatori #2 
(mareg. hesi) 128 113 150 154 125 160 129 90 

generatori #5 
(Tesi) 73 59 37 46 106 99 158 225 

generatori #6 
(Tesi) 84 67 43 54 122 114 182 259 

generatori #3 
(sezonuri hesi) 17 14 19 20 16 20 17 14 
generatori #4 
(sezonuri hesi) 5 4 6 6 4 5 4 4 

 

        programa Powerworld-is gamoyenebiT j saaTisTvis 

modelirebul iqna eleqtroenergetikuli sistemis muSaobis 

optimaluri reJimebi.  aqtiuri simZlavris danakargebis nazrdis 
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meTodis [1] gamoyenebiT TiToeuli generatorisTvis 

gaangariSebul iqna danakargebis fardobiTi nazrdis 

mniSvnelobebi mabalansebeli kvanZis mimarT, romelTa 

mniSvnelobebsac aqvT cxril #43-Si mocemuli saxe: 

cxrili #43. paralelurad momuSave generatorebis aqtiuri simZlavris 
fardobiTi danakargebis nazrdi mabalansebeli kvanZis mimarT 

 

sT 1 2 3 4 5 6 7 8 
generatori #1 
(mareg. hesi) 0,0112 0,0259 0,0142 0,0121 0,0103 0,0109 0,0099 0,0034 

generatori #2 
(mareg. hesi) 0,0112 0,0259 0,0142 0,0121 0,0103 0,0109 0,0099 0,0034 

generatori #5 
(Tesi) 0,0054 0,0144 0,0087 0,0084 0,008 0,0081 0,0074 0,0021 

generatori #6 
(Tesi) -0,0194 -0,014 -0,0236 -0,0265 -0,0302 -0,0262 -0,0326 -0,0413 

generatori #3 
(sezonuri hesi) -0,0166 -0,0136 -0,0205 -0,0233 -0,0262 -0,0233 -0,0276 -0,035 
generatori #4 
(sezonuri hesi) -0,0003 -0,0038 0,0003 0,0014 0,0026 0,0019 0,0026 0,0035 

danakargi 7,358 11,954 11,504 12,523 14,632 13,333 15,3 16,72 
sT 9 10 11 12 13 14 15 16 

generatori #1 
(mareg. hesi) 0,004 0,0139 0,0112 0,0159 0,0134 0,0063 0,0099 0,0067 

generatori #2 
(mareg. hesi) 0,004 0,0139 0,0112 0,0159 0,0134 0,0063 0,0099 0,0067 

generatori #5 
(Tesi) 0,0016 0,0117 0,009 0,0117 0,009 0,0034 0,0057 0,0033 

generatori #6 
(Tesi) -0,0442 -0,0291 -0,0294 -0,0234 -0,0236 -0,0247 -0,0231 -0,0165 

generatori #3 
(sezonuri hesi) -0,0377 -0,0249 -0,0258 -0,022 -0,0213 -0,0208 -0,017 -0,0171 
generatori #4 
(sezonuri hesi) 0,0033 0,0022 0,0029 0,0006 0,0003 0,0019 0,0012 0,0013 

danakargi 18,24 18,214 16,66 13,428 11,314 8,14 9,138 8,02 
sT 17 18 19 20 21 22 23 24 

generatori #1 
(mareg. hesi) 0,012 0,0093 0,0165 0,0178 0,0112 0,0163 0,0153 0,0133 

generatori #2 
(mareg. hesi) 0,012 0,0093 0,0165 0,0178 0,0112 0,0163 0,0153 0,0133 

generatori #5 
(Tesi) 0,0055 0,0035 0,0078 0,0088 0,0057 0,009 0,0104 0,0101 

generatori #6 
(Tesi) -0,0136 -0,0132 -0,0088 -0,0106 -0,0211 -0,0185 -0,021 -0,0213 

generatori #3 -0,0142 -0,0134 -0,0111 -0,013 -0,018 -0,0149 -0,0192 -0,0223 
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(sezonuri hesi) 
generatori #4 
(sezonuri hesi) -0,0007 -0,0005 -0,0024 -0,0023 0,0003 -0,0012 -0,0001 0,0018 

danakargi 5,65 5,96 6,16 6,98 7,45 9,44 11,54 12,13 
 
 
        aqtiuri simZlavris danakargebis gadanawileba 

gaTvaliswinebulia aqtiuri simZlavris danakargebis fardobiTi 

nazrdis minimumis principiT maregulirebeli 

hidroeleqtrosadgurebis an Tboeleqtrosadgurebis 

generatorebze gamomuSavebis zeda zRvris (operatiuli rezervis 

CaTvliT) dacviT. gadanawilebul danakargebs aqvT cxril #44-Si 

mocemuli saxe: 

cxrili #44. eleqtroenergetikul sistemaSi gadanawilebuli 
aqtiuri simZlavris danakargebis mniSvnelobebi 

sT 1 2 3 4 5 6 7 8 
generatori 
#6 (Tesi) 

150,53 121,34 292,19 380,19 455,79 400,88 
impor
ti 

impor
ti 

 sT 9 10 11 12 13 14 15 16 

generatori 
#1  

(mareg. hesi) 

im
po

r
t
i 

im
po

r
t
i 

(1
3)
 

5-
e 
g
en
er

at
o
r
i 

- 
45
5 

6-
e 
g
en
er

at
o
r
i 

–
 4
55
; 

5-
e 
g
en
er

at
o
r
i 

–
 3
85
,5
 

380,97 325,18 255,014 260,05 224,1 

 sT 17 18 19 20 21 22 23 24 
generatori 

#1 
(mareg. hesi) 

141,55 114,84 74,87 93,45 203,65 193,34 305,52 430,23 

 

        generatorebis aqtiuri simZlavris warmoeba operatiuli 

rezervis da danakargebis gaTvaliswinebiT miiRebs cxril #45-Si 

mocemul saxes: 
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cxrili #45. eleqtrosadgurebs Soris aqtiuri simZlavris 
optimaluri ganawileba aqtiuri simZlavris operatiuli 

rezervis da danakargebis gaTvaliswinebiT 
 

sT 1 2 3 4 5 6 7 8 
generatori #1 
(mareg. hesi) 

201 322 221 191 173 173 165 173 

generatori #2 
(mareg. hesi) 

201 322 221 191 174 174 165 173 

generatori #5 
(Tesi) 

124,23 94,84 243,57 319,06 382,81 336,31 453,04 449,17 

generatori #6 
(Tesi) 

150,52 121,34 292,18 380,18 455,79 400,88 453,29 449,17 

generatori #3 
(sezonuri hesi) 

20 32 22 21 20 20 20 21 

generatori #4 
(sezonuri hesi) 

11 20 12 11 10 9 9 9 

warmoebis jami 700 900 1000 1100 1200 1100 1264 1274 
importi 0 0 0 0 0 0 51,08 142,7 
eqsporti 0 0 0 0 0 0 0 0 
datvirTva 700 900 1000 1100 1200 1100 1300 1400 
aqtiuri 

simZlavris 
danakargi 

7,75 12,18 11,75 13,24 15,6 13,19 16,41 17,06 

sT 9 10 11 12 13 14 15 16 
generatori #1 
(mareg. hesi) 

201 182 173 191 191 156 199 183 

generatori #2 
(mareg. hesi) 

201 182 174 191 191 156 199 183 

generatori #5 
(Tesi) 

448,42 455 385,46 318,92 272,40 214,28 217,74 187,51 

generatori #6 
(Tesi) 

448,42 455,26 455 380,97 325,17 255,01 260,04 224,09 

generatori #3 
(sezonuri hesi) 

22 22 21 23 23 21 25 23 

generatori #4 
(sezonuri hesi) 

9 9 8 9 9 7 9 7 

warmoebis jami 1330 1300 1200 1100 1000 800 900 800 
importi 188,5 12,77 0 0 0 0 0 0 
eqsporti 0 0 0 0 0 0 0 0 
datvirTva 1500 1300 1200 1100 1000 800 900 800 
aqtiuri 

simZlavris 
danakargi 

18,38 18,03 16,46 13,89 11,57 9,29 9,78 7,6 

sT 17 18 19 20 21 22 23 24 
generatori #1 
(mareg. hesi) 

206 183 242 249 201 258 208 145 

generatori #2 206 183 241 249 201 258 208 146 
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(mareg. hesi) 
generatori #5 

(Tesi) 
117,94 94,48 59,55 74,99 170,26 159,54 255,11 362,84 

generatori #6 
(Tesi) 

141,54 114,84 74,87 93,45 203,64 193,33 305,52 430,22 

generatori #3 
(sezonuri hesi) 

27 23 30 32 26 33 28 23 

generatori #4 
(sezonuri hesi) 

8 7 9 9 7 8 7 6 

warmoebis jami 700 600 650 700 800 900 1000 1100 

importi 0 0 0 0 0 0 0 0 
eqsporti 0 0 0 0 0 0 0 0 
datvirTva 700 600 650 700 800 900 1000 1100 
aqtiuri 

simZlavris 
danakargi 

6,48 5,32 6,42 7,44 8,9 9,87 11,63 13,06 

        

        SemoTavazebuli meTodikis safuZvelze eleqtro-

energetikuli sistemis muSaobis optimalur 24 saaTian reJims 

aqvs danarTebSi ##9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29, 

30,31,32 mocemuli saxe. cxrili #45-is monacemebis safuZvelze 

agebuli eleqtroenergetikuli sistemis 24 saaTiani reJimis 

parametrebi mocemulia danarT #33-Si. 

        SemoTavazebuli meTodikis upiratesobis dasabuTebis 

mizniT Catarebulia SedarebiTi analizi saTbobis xarjis 

minimumis kriteriumis meTodTan. analizis Sedegebi mocemulia 

cxril #46-Si. 
 

cxrili #46. SedarebiTi analizis Sedegebi 
 

maCvenebeli 

kriteriumi 
% 

procentuli 
sxvaoba 

saTbobis 
xarjis 
minimumi 

SemoTavazebuli 
meTodika 

saSualo 
Sewonili 
tarifi 

6,24 6,2 -0,65 %  

saTbobis 
xarji 

4154 4351 4,74 %  

wylis xarji 4711 4711 0 
hesebis 

gamomuSaveba 
11429 

11429 
 

0 

Tesebis 12300 12300 0 
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gamomuSaveba 

Semosavali 154218 153612 -0,39 % 
riskis done 532 472 -12,7 %  

CO2 emisia 30576436 24785015 - 23,36 %  

importi 22,5 22,5 0 

eqsporti 0 0 0 
 

        rogorc SedarebiTi analizidan Cans iseTi maCveneblebi 

rogorebicaa: wylis xarji, hesebis gamomuSaveba, Tesebis 

gamomuSaveba, importi da eqsporti darCa ucvleli, xolo 

saSualo Sewonili tarifi Semcrida 0,65 %-iT, Semosavali 

Semcirda 0,39 %-iT, eleqtrosadgurebis gamomuSavebis riskis 

done Semcirda 12,7 %-iT, Tboeleqtrosadgurebze CO2 emisia 

Semcirda 23,36 %-iT, saTbobis xarji gaizarda 4,74 %-iT. 

        SedarebiTi analizi cxadyofs SemoTavazebuli meTodikis 

upiratesobas tradiciul saTbobis xarjis minimumis kriteriumis 

meTodTan SedarebiT. 

 

IV Tavis daskvna 

 

        Catarebuli kvlevis Sedegad: 

   1. eleqtroenergetikul sistemaSi sxvadasxva teqnikur- 

ekonomikuri kriteriumebis safuZvelze SemuSavebulia 

aqtiuri simZlavris optimaluri ganawilebis optimizaciis 

funqcia; 

 2. dadgenilia paralelurad momuSave generatorebs Soris  

reaqtiuli simZlavris warmoebis optimaluri zRvrebi; 

    3. danakargebis fardobiTi nazrdis principis safuZvelze   

       paralelurad momuSave generatorebze ganxorcielebulia  

      aqtiuri simZlavris danakargebis optimaluri ganawileba;  

4. Camoyalibebulia eleqtroenergetikuli sistemis muSaobis 

reJimebis optimaluri dagegmvis meTodologia, 

SemuSavebulia Sesabamisi meTodika da algoriTmi; 
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5. eleqtroenergetikuli sistemis muSaobis reJimebis 

simulacia ganxorcielebulia niuton-rafsonis meTodis 

gamoyenebiT; 

6. SemuSavebuli meTodika aprobirebul iqna 

eleqtroenergetikuli sistemis magaliTze da Catarebulia 

SedarebiTi analizi saTbobis xarjis minimumis meTodTan. 
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3. დასკვნები 

                      Catarebuli kvlevebis Sedegebidan gamomdinare 

gakeTebulia Semdegi daskvnebi: 

        1. korelaciuri analizis safuZvelze dadgenilia 

eleqtroenergiis moklevadian moxmarebaze moqmedi faqtorebi; 

        2. damuSavebulia eleqtroenergiis moxmarebis 

moklevadiani prognozirebis meTodika da Sesabamisi algoriTmi; 

        3. SemuSavebuli meTodika aprobirebulia q. Tbilisis 

magaliTze. q. Tbilisis eleqtroenergiis moxmarebis 

moklevadiani prognozirebisaTvis SerCeulia xelovnuri 

neironuli qselis struqtura da konfiguracia, aqtivaciis 

funqcia da formirebulia eleqtroenergiis moxmarebis 

prognozirebis optimaluri modeli. miRebuli Sedegi cxadyofs 

SemuSavebuli meTodis upiratesobas sxva meTodebTan SedarebiT. 

        4. aRniSnuli meTodika da algoriTmi atarebs 

universalur xasiaTs. misi gamoyenebiT SesaZlebelia nebismieri 

qalaqis, raionis da mTeli qveynis eleqtroenergiis moxmarebis 

(saaTobrivi/dRe-Ramuri)  moklevadiani prognozis maRali 

sizustiT Sesruleba. prognozirebis miRebuli modeli da 

algoriTmi saSualebas iZleva ganxorcieldes 

eleqtroenergetikuli sistemis optimaluri operatiuli marTva, 

moklevadian periodSi muSaobis srulyofili dagegmva, reJimebis 

saTanado sizustiT gaangariSeba, eleqtrosadgurebsa da 

eleqtrul qselebs Soris datvirTvebis optimaluri ganawileba, 

eleqtroenergiis moTxovnis dakveTil sidididan minimaluri 

gadaxris uzrunvelyofa. 
 

       5. Camoyalibebulia eleqtroenergetikuli sistemis 

sxvadasxva magenenirebeli wyaroebis avariuli scenarebis 

formirebis algoriTmi; 
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       6. SemuSavebulia eleqtroenergetikuli sistemis da misi 

datvirTvis kvanZebis saimedoobis donis Sefasebis ordoniani 

aramkafio logikis maTematikuri modeli; 

       7. proporciis meTodis gamoyenebiT aqtiuri simZlavris 

operatiuli rezervis optimaluri sidideebi gadanawilebulia 

paralelurad momuSave generatorebze; 

       8. eleqtroenergetikul sistemaSi arsebuli 

eleqtrogadacemis xazebSi drois garkveul monakveTSi avariuli 

reJimis pirobebSi gamtaruunarobis arsebobis SemTxvevisTvis 

SemuSavebulia optimizaciis funqcia da Sesabamisi 

makoreqtirebeli algoriTmi, romelic axdens operatiuli 

rezervis da aqtiur simZlavreTa iseT gadanawilebas sistemaSi, 

rom normaluri da avariuli reJimebis dros arsebuli 

gadatvirTuli eleqtrogadacemis xazi an xazebi ganitvirTeba. 

        9. Camoyalibebulia eleqtroenergetikuli sistemis 

aqtiuri simZlavris operatiuli rezervis optimaluri dagegmvis 

meTodika da algoriTmi; 

        10. eleqtroenergetikul sistemaSi paralelurad momuSave 

hidroeleqtrosadgurebsa da datvirTvis kvanZebis datvirTvebis 

ganusazRvrelobebis safuZvelze formirebulia 

eleqtroenergetikuli sistemisTvis yovelsaaTobrivad saWiro 

aqtiuri simZlavris operatiuli rezervis minimaluri 

optimaluri sididis ganmsazRvreli meTodika da Sesabamisi 

algoriTmi; 

        11. 9-e da 10-e punqtebSi Camoyalibebuli meTodika atarebs 

universalur xasiaTs. is eleqtroenergetikul sistemas 

saSualebas aZlevs magenenirebeli mowyobilobebis parametrebis, 

datvirTvis kvanZebis saimedoobis maxasiaTeblebis, 

eleqtrogadacemis xazebis gamtarunarianobis da 

eleqtroenergiaze yovelsaaTobrivi moTxovnis parametrebis 

Sesabamisad optimalurad dagegmos operatiuli rezervis 

yovelsaaTobrivi sidide. 
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        12. eleqtroenergetikul sistemaSi Semaval 

energoobieqtebze arsebuli mowyobiloba-danadgarebis teqnikur-

ekonomikuri mdgomareobis kompleqsuri Sefasebis SerCeuli 

matematikuri modelis safuZvelze Camoyalibebulia am 

problemis gadawyvetis meTodologia da Sesabamisi algoriTmi. 

        13. prevenciuli remontebisTvis gamoyofili SezRuduli 

biujetis pirobebSi remontSi gasayvani eleqtodanadgarebis 

optimalurobis uzrunvelsayofad miRebulia optimizaciis 

funqcia da Sesabamisi algoriTmi.  

        14. dadgenilia eleqtroenergetikuli sistemis 

magenenirebeli wyaroebis prevenciuli remontebis wliuri 

(kvireebis mixedviT) grafikis optimaluri dagegmvis 

optimizaciis funqcia da Sesabamisi algoriTmi.  

        15. eleqtroenergetikul sistemaSi prevenciuli 

remontebis Camoyalibebuli meTodologia atarebs universalur 

xasiaTs, misi gamoyeneba SesaZlebelia nebismieri 

energokompaniisTvis. aRniSnuli meTodikis praqtikaSi danergva 

mniSvnelovanwilad ganapirobebs eleqtrosistemis saimedo 

funqcionirebas, momxarebelTa eleqtroenergiiT uwyvet 

eleqtromomaragebas da gaaumjobesebs organizaciis ekonomikur 

maCveneblebs. 

        16. eleqtroenergetikul sistemaSi sxvadasxva teqnikur- 

ekonomikuri kriteriumebis safuZvelze SerCeulia aqtiuri 

simZlavris optimaluri ganawilebis optimizaciis funqcia; 

17. dadgenilia paralelurad momuSave generatorebs 

Soris  reaqtiuli simZlavris warmoebis da moTxovnis 

optimaluri zRvrebi; 

18. danakargebis fardobiTi nazrdis principis 

safuZvelze paralelurad momuSave generatorebze 

ganxorcielebulia aqtiuri simZlavris danakargebis optimaluri 

ganawileba;  
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  19. Camoyalibebulia eleqtroenergetikuli sistemis 

muSaobis reJimebis optimaluri dagegmvis meTodika da Sesabamisi 

algoriTmi; 

   20. niuton-rafsonis meTodis gamoyenebiT 

ganxorcielebulia eleqtroenergetikuli sistemis muSaobis 

reJimebis simulacia; 

         21. arawrfivi programirebis meTodiT  wina etapebze 

damuSavebuli eleqtroenergiis moxmarebis moklevadiani 

saprognozo parametrebis, operatiuli rezervis optimaluri 

sagegmo maCveneblebis, prevenciuli remontebis grafikis 

monacemebis, sasadgure da sistemaSi arseuli sxva SezRudvebis 

gaTvaliswinebiT SemuSavebulia eleqtroenergetikuli sistemis 

muSaobis reJimebis optimizaciis mravalfaqtoriani maTematikuri 

modeli da misi Sesabamisi algoriTmi.  

       warmodgenili meTodologia atarebs universalur 

xasiaTs. misi gamoyenebiT SesaZlebelia nebismieri sididis da 

konfiguraciis eleqtroenergetikul sistemis funqcionirebis 

optimaluri reJimebis dagegmva. meTodologia aprobirebul iqna 

eleqtroenergetikuli sistemis magaliTze. saTbobis xarjis 

minimumis meTodTan SedarebiTma analizma cxadyo SemuSavebuli 

meTodikis upiratesoba. 
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danarTi #4. naxazi #4-ze mocemuli calxazovani sqemis elementebis monacemebia 
 
 

el
em
en
t
i 

dasaxeleba X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 

el,danadgaris 
prevenciuli 
remontis  
xarji, 
lari 

prevenciuli 
remontebisTvis 
gamoyofili 
biujetis 

maqsimaluri  
Tanxa, 
lari 

Q0 salte 3 3 1 3 2000 0,05 10 3 20 - 19 90 1000 

10000 

Q2 gamTiSveli 2 2 1 3 3000 0,04 15 4 10 - 10 90 2000 

Q3 
Semomavali 

salte 
3 3 1 3 2000 0,025 10 3 20 - 19 90 1000 

Q4 amomrTveli 1 1 1 2 5000 0,03 25 5 10 - 12 90 4000 
Q8 denis tr-ri 1 1 1 2 2500 0,02 20 3 15 3 13 90 1500 
Q9 gamTiSveli 2 2 1 3 3000 0,01 15 4 12 - 14 90 3000 



danarTi #5. eleqtroenergetikuli sistemis generatorebis teqnikuri monacemebi 

 

generatori 
1 

(hidro) 
2 

(hidro) 
3 

(hidro) 
4 

(hidro) 
5 

(hidro) 
6 

(hidro) 
7 

(hidro) 
8 

(hidro) 

dadgmuli simZlavre, mgvt 12 12 12 12 12 20 20 20 

avariuli gamorTvis 
albaToba 

0,01 0,02 0,03 0,01 0,02 0,04 0,05 0,03 

generatori 
9 

(hidro) 
10 

(hidro) 
11 

(hidro) 
12 

(hidro) 
13 

(hidro) 
14 

(hidro) 
15 

(hidro) 
16 

(hidro) 
dadgmuli simZlavre, mgvt 20 76 76 76 76 100 100 100 

avariuli gamorTvis 
albaToba 

0,02 0,02 0,01 0,02 0,01 0,01 0,03 0,02 

generatori 
17 

(hidro) 
18 

(hidro) 
19 

(hidro) 
20 

(hidro) 
21 

(hidro) 
22 

(hidro) 
23 

(hidro) 
24 

(hidro) 

dadgmuli simZlavre, mgvt 100 100 100 155 155 155 155 197 

avariuli gamorTvis 
albaToba 

0,03 0,04 0,01 0,01 0,02 0,03 0,01 0,01 

generatori 
25 

(hidro) 
26 

(hidro) 
27 

(hidro) 
28 

(hidro) 
29 

(hidro) 
30 

(hidro) 
31 

(Tbo) 
32 

(Tbo) 

dadgmuli simZlavre, mgvt 197 197 197 197 197 350 400 400 

avariuli gamorTvis 
albaToba 

0,01 0,02 0,01 0,02 0,03 0,03 0,05 0,05 
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danarTi #6. eleqtroenergetikuli sistemis pikuri datvirTvis maCveneblebi kvireebis mixedviT, mgvt 

 

kvira 1 2 3 4 5 6 7 8 9 10 
datvirTva 2456,7 2565 2502,3 2376,9 2508 2396,85 2371,2 2297,1 2109 2100,45 

kvira 11 12 13 14 15 16 17 18 19 20 
datvirTva 2037,75 2071,95 2006,4 2137,5 2054,85 2280 2148,9 2385,45 2479,5 2508 

kvira 21 22 23 24 25 26 27 28 29 30 
datvirTva 2439,6 2311,35 2565 2527,95 2553,6 2453,85 2151,75 2325,6 2282,85 2508 

kvira 31 32 33 34 35 36 37 38 39 40 

datvirTva 2057,7 2211,6 2280 2077,65 2069,1 2009,25 2223 1980,75 2063,4 2063,4 

kvira 41 42 43 44 45 46 47 48 49 50 

datvirTva 2117,55 2120,4 2280 2510,85 2522,25 2590,65 2679 2536,5 2684,7 2764,5 

kvira 51 52 - - - - - - - - 
datvirTva 2850 2721,75 - - - - - - - - 
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danarTi #7. datvirTvis kvanZebis aqtiuri da reaqtiuli simZlavreebis moxmarebis prognozi 

sT 1 2 3 4 5 6 7 8 

datvirTva 
aqti
uri 

reaqti
uli 

aqtiu
ri 

reaqt
iuli 

aqti
uri 

reaqti
uli 

aqti
uri 

reaqt
iuli 

aqti
uri 

reaqti
uli 

aqti
uri 

reaqt
iuli 

aqti
uri 

reaqt
iuli 

aqti
uri 

reaqtiu
li 

kvanZi #1 100 10 130 13 150 15 150 15 166 17 150 15 183 18 200 20 
kvanZi #2 200 20 230 23 240 24 250 25 266 27 240 24 283 28 300 30 
kvanZi #3 150 15 180 18 190 19 210 21 226 23 210 21 243 24 260 26 
kvanZi #4 150 15 180 18 200 20 220 22 236 24 220 22 253 25 270 27 
kvanZi #5 50 5 100 10 120 12 150 15 166 17 150 15 183 18 200 20 
kvanZi #6 50 5 80 8 100 10 120 12 140 14 130 13 155 16 170 17 

jami 700 70 900 90 1000 100 1100 110 1200 120 1100 110 1300 130 1400 140 

sT 9 10 11 12 13 14 15 16 

datvirTva 
aqti
uri 

reaqti
uli 

aqtiur
i 

reaqt
iuli 

aqtiu
ri 

reaqti
uli 

aqti
uri 

reaqti
uli 

aqti
uri 

reaqtiu
li 

aqti
uri 

reaqti
uli 

aqti
uri 

reaqti
uli 

aqti
uri 

reaqtiu
li 

kvanZi #1 216 22 183 18 166 17 120 12 120 12 116 12 180 18 216 22 
kvanZi #2 316 32 283 28 266 27 250 25 240 24 216 22 230 23 116 12 
kvanZi #3 276 28 243 24 226 23 220 22 200 20 166 17 130 13 166 17 
kvanZi #4 286 29 253 25 236 24 210 21 190 19 166 17 180 18 166 17 
kvanZi #5 216 22 155 16 140 14 150 15 150 15 66 7 80 8 70 7 
kvanZi #6 190 19 183 18 166 17 150 15 100 10 70 7 100 10 66 7 

jami 1500 150 1300 130 1200 120 1100 110 1000 100 800 80 900 90 800 80 

sT 17 18 19 20 21 22 23 24 



154 

 

datvirTva 
aq
t
iu

r
i 

r
ea
qt

iu
l
i 

aq
t
iu

r
i 

r
ea
qt

iu
l
i 

aq
t
iu

r
i 

r
ea
qt

iu
l
i 

aq
t
iu

r
i 

r
ea
qt

iu
l
i 

aq
t
iu

r
i 

r
ea
qt

iu
l
i 

aq
t
iu

r
i 

r
ea
qt

iu
l
i 

aq
t
iu

r
i 

r
ea
qt

iu
l
i 

aq
t
iu

r
i 

r
ea
qt

iu
l
i 

kvanZi #1 100 10 84 8 94 9 94 9 116 12 190 19 150 15 120 12 

kvanZi #2 150 15 134 13 134 13 154 15 216 22 220 22 230 23 210 21 

kvanZi #3 150 15 134 13 144 14 164 16 156 16 140 14 190 19 230 23 

kvanZi #4 190 19 170 17 180 18 180 18 176 18 170 17 180 18 220 22 

kvanZi #5 60 6 44 4 54 5 54 5 70 7 100 10 130 13 160 16 
kvanZi #6 50 5 34 3 44 4 54 5 66 7 80 8 120 12 160 16 

jami 700 70 600 60 650 65 700 70 800 80 900 90 1000 100 1100 110 
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danarTi #8. eleqtrosadgurebis generatorebis saTbobis saxarjo da CO2 emisiis maxasiaTeblebi 
 

maregulirebeli (wyalsacaviani) hesi 

g-1,g-2, datvirTva 500 450 400 350 300 250 200 150 100 50 

gazomvebiT miRebuli 146,24 129,59 113,64 98,39 83,84 69,99 56,84 44,39 32,64 21,59 
saangariSo (sapasporto) xarji 146,3 129,62 113,71 98,45 83,89 70 56,87 44,42 32,65 21,6 

cdomileba, % 0,041 0,02 0,06 0,06 0,05 0,01 0,05 0,06 0,03 0,04 
energetikuli (wylis saxarjo) 

maxasiaTebeli 

 

 

mdinaris (gamdinare) hesi-1 
g-1, datvirTva 50 45 40 35 30 25 20 15 10 5 

gazomvebiT miRebuli 150,24 127,2 106,2 87,24 70,24 55,24 42,24 31,24 22,24 15,24 
saangariSo (sapasporto) xarji 150,226 127,16 106,1 87,1253 70,1261 55,113 42,168 31,111 21,8353 14,386 

cdomileba, % 0,02 0,09 0,12 0,1 0,08 0,07 0,03 0,04 0,09 0,13 
energetikuli (wylis saxarjo) 

maxasiaTebeli 

 

 

mdinaris (gamdinare) hesi-2 
g-1, datvirTva 40 35 30 25 20 15 10 5 

gazomvebiT miRebuli 77 64,12 52,5 42,125 33 25,125 18,5 13,125 
saangariSo (sapasporto) xarji 76,97 63,98 52,27 41,88 32,75 24,84 18,33 12,82 

cdomileba, % 0,02 0,09 0,12 0,1 0,08 0,07 0,03 0,04 
energetikuli (wylis saxarjo) 

maxasiaTebeli 

 

 

Tboeleqtrosadguri-1 
g-1, datvirTva 500 450 400 350 300 250 200 150 100 50 

saTbobi 

gazomvebiT miRebuli 151,24 134,59 118,64 103,39 88,84 74,99 61,84 49,39 37,64 26,59 
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saangariSo (sapasporto) xarji 151,29 134,69 118,58 103,45 88,75 74,92 61,81 49,43 37,61 26,62 
cdomileba, % 0,033 0,07 0,05 0,05 0,10 0,09 0,04 0,08 0,07 0,11 

energetikuli (saTbobis 
saxarjo) maxasiaTebeli 

 
 
 
 

 
(gamartivebis mizniT ugulebelyofilia “sarqvelis datvirTvis efeqti”) 

CO2 emisia 

gazomvebiT miRebuli 1619957 1311937 1036366 793246,2 582575,9 404355,6 258585,3 145265 64394,69 15974,39 

saangariSo (sapasporto) xarji 1620000 1313000 1035900 793100 582999 404458 258501 145261 64385 15958 

cdomileba, % 0,002 0,08 -0,04 0,01 0,07 0,02 0,03 0,002 0,01 0,103 

CO2 emisiis maxasiaTebeli 
 

 
Tboeleqtrosadguri-2 

saTbobi 
g-1, datvirTva 500 450 400 350 300 250 200 150 100 50 

gazomvebiT miRebuli 196,24 174,59 153,64 133,39 113,84 94,99 76,84 59,39 42,64 26,59 
saangariSo (sapasporto) xarji 196,21 174,62 153,67 133,46 113,95 94,9 76,78 59,33 42,67 26,58 

cdomileba, % 0,015 0,017 0,01 0,05 0,09 0,09 0,07 0,10 0,07 0,03 

energetikuli (saTbobis 
saxarjo) maxasiaTebeli 

 
 

 
(gamartivebis mizniT ugulebelyofilia “sarqvelis datvirTvis efeqti”) 

CO2 emisia 

gazomvebiT miRebuli 1406479 1138976 899663,7 688541,1 505608,4 3508566 224313,1 125950,5 55777,84 13795,19 
saangariSo (sapasporto) xarji 1405354 1137951 899303,8 688128 505254,5 3506812 224268,2 125912,7 55772,26 13780,02 

cdomileba, % 0,08 0,09 0,04 0,06 0,07 0,05 0,02 0,03 0,01 0,11 

CO2 emisiis maxasiaTebeli  

 



eleqtroenergetikuli sistemis 24 saaTiani (dRe_Ramuri) muSaobis 
optimaluri reJimebi 

 

 
 

danarTi #9. eleqtroenergetikuli sistemis muSaobis optimaluri 
reJimi (1 saaTi) 

 
 

 
danarTi #10. eleqtroenergetikuli sistemis muSaobis optimaluri 

reJimi (2 saaTi) 
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danarTi #11. eleqtroenergetikuli sistemis muSaobis optimaluri 
reJimi (3 saaTi) 

 
 
 

 
 

danarTi #12. eleqtroenergetikuli sistemis muSaobis optimaluri 
reJimi (4 saaTi) 
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danarTi #13. eleqtroenergetikuli sistemis muSaobis optimaluri 
reJimi (5 saaTi) 

 

 
 

danarTi #14. eleqtroenergetikuli sistemis muSaobis optimaluri 
reJimi (6 saaTi) 
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danarTi #15. eleqtroenergetikuli sistemis muSaobis optimaluri 
reJimi (7 saaTi) 

 

 
 

danarTi #16. eleqtroenergetikuli sistemis muSaobis optimaluri 
reJimi (8 saaTi) 
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danarTi #17. eleqtroenergetikuli sistemis muSaobis optimaluri 
reJimi (9 saaTi) 

 
 

 
 

danarTi #18. eleqtroenergetikuli sistemis muSaobis optimaluri 
reJimi (10 saaTi) 
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danarTi #19. eleqtroenergetikuli sistemis muSaobis optimaluri 
reJimi (11 saaTi) 

 
 

 
 

danarTi #20. eleqtroenergetikuli sistemis muSaobis optimaluri 
reJimi (12 saaTi) 
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danarTi #21. eleqtroenergetikuli sistemis muSaobis optimaluri 
reJimi (13 saaTi) 

 
 

 
  

danarTi #22. eleqtroenergetikuli sistemis muSaobis optimaluri 
reJimi (14 saaTi) 
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danarTi #23. eleqtroenergetikuli sistemis muSaobis optimaluri 
reJimi (15 saaTi) 

 
 

 
 

danarTi #24. eleqtroenergetikuli sistemis muSaobis optimaluri 
reJimi (16 saaTi) 
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danarTi #25. eleqtroenergetikuli sistemis muSaobis optimaluri 
reJimi (17 saaTi) 

 
 

 
 

danarTi #26. eleqtroenergetikuli sistemis muSaobis optimaluri 
reJimi (18 saaTi) 
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danarTi #27. eleqtroenergetikuli sistemis muSaobis optimaluri 
reJimi (19 saaTi) 

 
 

 
 

danarTi #28. eleqtroenergetikuli sistemis muSaobis optimaluri 
reJimi (20 saaTi) 
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danarTi #29. eleqtroenergetikuli sistemis muSaobis optimaluri 
reJimi (21 saaTi) 

 
 

 
 

danarTi #30. eleqtroenergetikuli sistemis muSaobis optimaluri 
reJimi (22 saaTi) 
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danarTi #31. eleqtroenergetikuli sistemis muSaobis optimaluri 
reJimi (23 saaTi) 

 
 

 
 

danarTi #32. eleqtroenergetikuli sistemis muSaobis optimaluri 
reJimi (24 saaTi) 

 



danarTi #33. eleqtroenergetikuli sistemis 24 saaTiani reJimis parametrebi 
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