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eleqtroenergetikul sistemaSi ganusazRvrelobis 

pirobebSi aqtiuri simZlavris operatiuli rezervis 

optimaluri dagegmva 

  
d. jafariZe, T. maRraZe 

 

dasabuTebulia eleqtroenergetikul sistemaSi aqtiuri simZlavris operatiuli 
rezervis optimaluri dagegmvis aucilebloba da Seswavlilia Sesabamisi msoflio 
gamocdileba. SemuSavebulia aqtiuri simZlavris mocdenis Sefasebis zogadi 
albaTur-variantuli algoriTmi, aramkafio logikis meTodis gamoyenebiT 
calkeuli datvirTvis kvanZebis da mTlianad eleqtroenergetikuli sistemis 
saimedoobis doneebis da misaRebi riskebis ganmsazRvreli meTodologia. 
SemuSavebulia eleqtroenergetikuli sistemis operatiuli rezervis 
yovelsaaTobrivi raodenobis ganmsazRvreli algoriTmi. paralelurad momuSave 
generatorebze yovelsaaTobrivad ganxorcielebulia operatiuli rezervis da 
eleqtroenergetikul sistemaSi simZlavreTa ganawilebis simulacia normaluri da 
avariuli reJimebis dros. eleqtroenergetikul sistemaSi arsebuli 
eleqtrogadacemis xazebSi drois garkveul monakveTSi gamtaruunarobis arsebobis 
SemTxvevisTvis SemuSavda optimizaciis zogadi funqcia SezRudvebiT da Sesabamisi 
makoreqtirebeli algoriTmi, romelic axdens rezervis da simZlavreTa iseT 
gadanawilebas sistemaSi, rom normaluri da avariuli reJimebis dros arsebuli 
gadatvirTuli eleqtrogadacemis xazi an xazebi ganitvirTeba. SemuSavebuli 
meTodikis praqtikaSi aprobaciis mizniT magaliTisaTvis ganxilulia 
eleqtroenergetikuli sistema da miRebulia Sesabamisi Sedegi. 

 

sakvanZo sityvebi: el.sistema, rezervi, aqtiuri simZlavre, aramkafio 

logika, algoriTmi, saimedooba, riski 

 

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 daubalan-seblobis kompensacia da ganaxorcielos  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. 

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 SemTxveviTi 
procesebis maxasiaTeblebis statistikur Sefasebasa da maT urTierTkavSirze 
sixSiris da aqtiuri simZlavris avtomaturi regulirebis Tanamedrove 
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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 [6,7,8,9,11]. 

msoflios ganviTarebuli qveynebis eleqtroenergetikul sistemebs gaaCniaT  
operatiuli rezervis dadgenis gansxvavebuli kriteriumebi [3,11], romelTa 
CamonaTvali mocemulia cxr. 1-Si  
 

 

 

sxvadasxva qveynebis eleqtroenergetikuli sistemis  
operatiuli rezervis moTxovnebi  

cxrili 1 
 

eleqtroenergetikuli 
sistema kriteriumi ( ) 

saqarTvelo moxmarebis minimum 10% Minimum  (1) 
avstralia da axali 

zelandia max( ) (2) 

BC Hydro (kanada) max( ) (3) 
Manitoba Hydro  

(kanada 2) 
80% max( ) + 20%( ) (4) 

Yucon Electrical 
 (kanada 3) max( )+10%( ) (5) 

belgia 
UCTE wesebi. (evropuli qveynebis energogaerTianeba). 

minimum 460 mgvt 

kalifornia 
 

(6) 

safrangeTi 
UCTE wesebi. (evropuli qveynebis energogaerTianeba). 

minimum 500 mgvt 

PJM (southern) (aSS) 
samxreTi 

max( ) (7) 

PJM (western)  (aSS) 
dasavleTi 

1.5%( ) (8) 

PJM (Other) (aSS) sxva 
danarCeni 

pikuri datvirTvis 1.1 % + tipiur dReebsa da saaTebSi albaTobrivi 
angariSebi 

espaneTi minimum  3( )
1/2    maqsimum 6( )

1/2 (9) 

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 (10) 

 

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

didi gamomuSavebaa (el. sadguri);  - datvirTvaa. 
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rogorc cxr. 7-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 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 [6,7,8,11]. 

Catarebuli kvlevebis [4,5,6,7,8,11] 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. 

warmodgenil naSromSi SemoTavazebulia operatiuli rezervis sididis 
gansazRvris axali meTodika, rac efuZvneba magenenirebeli simZlavreebis 
avariuli gamorTvebis statistikis da eleqtro-energetikuli sistemisTvis 
drois garkveul monakveTSi (saaTi) saimedoobis sxvadasxva donis maCveneblebs. 
Catarebuli 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 [5,6,7,10], 
romelic mocemulia cxr. 2-Si. 

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 [2,9,10].  

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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aqtiuri simZlavris mocdenis Sefasebis zogadi albaTur-variantuli 
algoriTmi 

cxrili 2 
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1 2 n 

P
 

 

1 
1 1 1 

 

 0  (11) 
 

1 

 

2 
1 1 0 

  

 (12) 
 

(15) 

 

3 
1 0 1 

  

 

*

 (13) 

 

(16) 

 

4 
0 1 1 

  

 (14) 
 

(17) 

N 
. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

 
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 – generatoris gamorTuli mdgomareoba.  
 

pirvel doneze ganxorcielda TiToeuli datvirTvis kvanZis Y1, Y2,…, Yi 
saimedoobis Sefaseba X1 da X2 faqtorebis safuZvelze. meore doneze moxda Y1, 

Y2,…, Yi saimedoobis doneebis safuZvelze saboloo Ys saimedoobis donis 
Sefaseba. eqspertuli Sefasebis safuZvelze Sedgenilia X1 da X2 

maxasiaTeblebis gavlenis matrica Y1, Y2,…, Yi da Ys saimedoobis doneze. Sedegebi 
mocemulia cxr. 3 da 4-Si.   

 

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

 cxrili 3 
 

faqtori 
X1 X2 

zrda zrda 

Y1, Y2,…, Yi izrdeba izrdeba 
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meore donisaTvis Y1, Y2,…, Yi  saimedoobis maxasiaTeblebis gavlena  
Ys sidideze  

cxrili 4 
 

faqtori Y1, Y2,…, Yi 
zrda 

Ys  izrdeba 
 

 

i  datvirTvis kvanZisTvis X1, X2, Y1, Y2,…, Yi da Ys saimedoobis donis 
maxasiaTeblebis aramkafio simravleze dasayvanad gamoyenebulia samkuTxedis 
wevris funqcia da yovelsaaTobrivi maCveneblebi dayofilia 32 nawilad, 
romelsac aqvs nax.1 mocemuli zogadi saxe: 

 
 

 

nax. 1. samkuTxedis wevris zogadi funqcia 
 

 

X1, X2 maxasiaTeblebis damokidebulebisY Y1,Y2,…,Yi -ze da Y1,Y2,…,Yi 

maxasiaTeblebis Ys saimedoobis doneze Sefasebis funqciuri damokidebulebaa:       

Y             Y1,Y2,…,Yi  = ψ1(X1, X2),  (18) Ys = ψ2(Y1,Y2,…,Yi),                  (19) 

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 nax. 2-ze: 

 

 
 

nax. 2. Camoyalibebuli wesebis zogadi struqtura 
 

sadac, termi – X1, X2, Y1,Y2,…,Yi  da Ys maxasiaTeblebis i intervalia; Dos – i 
intervalis Sesabamisi wesis wonaa. 
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warmodgenili Semsvleli informaciis damuSavebisa (fazifikacia) da 
saboloo Sedegis (defazifikacia) misaRebad  sxvadasxva datvirTvis kvanZis 
gaTvaliswinebiT SemuSavda aramkafio modelirebis procesis mimdinareobis 
interaqtiuli zogadi blok-sqema (nax. 3). 

 

 

nax. 3. aramkafio modelirebis interaqtiuli zogadi blok-sqema 

 sadac, dati – i kvanZis saaTobrivi datvirTvaa; riski – i datvirTvis kvanZis 
moTxovnili saaTobrivi saimedoobis donea; RBi (dati) – i kvanZis i datvirTvis Yi 

saimedoobis doneze gavlenis wesebis maCvenebeli blokia; RBi (riski) – i datvirTvis 
kvanZis i saimedoobis donis Yi saimedoobis doneze gavlenis wesebis maCvenebeli 
blokia; Y1,..,Yi – i datvirTvis kvanZis Sefasebuli saimedoobis donea;  Ys - 

eleqtroenergetikuli sistemis yovelsaaTobrivi saimedoobis donea. 
  

saboloo Sedegis miReba (defazifikacia) ganxorcielda minimaqsis meTodis 
gamoyenebiT [2,9,10]. 

Catarebuli kvlevebis Sedegebidan gamomdinare SemuSavebulia 
eleqtroenergetikuli sistemis operatiuli rezervis yovelsaaTobrivi sididis 
ganmsazRvreli algoriTmi, romelic asaxulia cxr. 5-Si. 

eleqtroenergetikuli sistemis operatiuli rezervis 
yovelsaaTobrivi raodenobis ganmsazRvreli algoriTmi  

cxrili 5 
 

dasawyisi 

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

Sesabamisi aramkafio logikis modelis da yovelsaaTobriviYt 
saimedoobis donis formireba 

, (20) ,  ,  (23)  jamuri albaTobebis da Yt 
Sedareba 

Yt <= , (24) maSin  (25) albaTobis Sesabamisi # 1, 2, 3, . . N 
scenaris arCeva    (15) 

amorCeuli N scenaris Sesabamisi P xelmisawvdomi simZlavris SerCeva 

t saaTisTvis minimalurad saWiro operatiuli rezervi Rt = Dt –P (26) 

arsebuli rezervis  Ra1, Ra2, …, Ran formireba (Ran = Dt - ) (27) 

Tu Ran >= Rt, (28) maSin maSin sistemas ar esaWiroeba damatebiT operatiuli 
rezervi optimaluri operatiuli rezervi: RO = Ran; (29) 

Tu Ran< Rt, maSin maSin sistemas esaWiroeba damatebiT Rf = Rt- Ran (30) 
operatiuli rezervi; optimaluri operatiuli rezervi: RO = Ran + Rt  

1          
(31) 

proporciis meTodis gamoyenebiT [1] RO  optimaluri operatiuli rezervis 
ganawileba paralelurad momuSave magenenirebel wyaroebze 

dasasruli 
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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 
[1,12]. eleqtroenergetikul sistemaSi arsebuli eleqtrogadacemis xazebSi 
drois garkveul monakveTSi gamtaruunarobis arsebobis SemTxvevisTvis 
SemuSavda optimizaciis zogadi funqcia SezRudvebiT [1], romelic axdens 
rezervis da simZlavreTa iseT gadanawilebas sistemaSi, rom normaluri da 
avariuli reJimebis dros arsebuli gadatvirTuli eleqtrogadacemis xazi an 
xazebi ganitvirTeba. miznis funqcias SezRudvebiT aqvs Semdegi zogadi saxe: 

 

                         miznis funqcia                         (32) 

                               SezRudvebi: 

 

                                        (34) 

    

(37) 

  (41) 

 (45) 

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; 

 -   generatoris gamorTvamde misi faqtiuri gamomuSaveba; 

 - datvirTvis statikuri maxasiaTeblis daxrilobis koeficientia; 

 - statikuri maxasiaTeblis daxrilobis koeficientia  generatoris 

avariuli gamorTvis SemTxvevaSi; 
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 – 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 
cxr. 6-Si. 

makoreqtirebeli algoriTmi 
 cxrili 6 

 

dasawyisi 

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 
simulaciis Sedegad miRebuli eleqtrogadacemis xazebis faqtiuri tvirTis 
Sedareba dasaSveb gamtarunarianobasTan 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 

i=1,….n gadatvirTuli xazebis formireba 
makoreqtirebeli optimizaciis funqciis meSveobiT paralelurad momuSave 

magenenirebeli wyaroebis t sT-is warmoebis da proporciis meTodis gamoyenebiT 

maTze gadanawilebuli Ri operatiuli rezervis axali sididis gansazRvra 
normaluri da avariuli reJimis pirobebSi eleqtrogadacemis xazebSi 

simZlavreTa ganawilebis simulacia 
dasasruli 

 

 
eleqtroenergetikuli sistemis aqtiuri simZlavris yovelsaaTobrivi 

operatiuli rezervis optimaluri dagegmvis meTodikis praqtikaSi aprobaciis 
mizniT magaliTisaTvis ganxilulia eleqtroenergetikuli sistema. cxr. 7, 8 da 
9-Si da nax. 4-Si mocemulia sistemis maxasiaTeblebi. sistemaSi arsebuli Zabva 
220 kv-ia. gamartivebis mizniT reaqtiuli tvirTebi da karvebi egx-ebSi 
miRebulia 0-is tolad. 

cxr. 7 da 8-is monacemebis mixedviT miRebulia eleqtroenergetikuli 
sistemis magenenirebeli wyaroebis aqtiuri simZlavris mocdenis albaTobriv-
variantuli cxr. 10. 
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nax. 4. eleqtroenergetikuli sistemis calxazovani sqema 2) 

 

  eleqtroenergetikuli sistemis eleqtrogadacemis  
xazebis gamtarunarianoba 

 cxrili 7 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2) SeniSvna: gamartivebis mizniT ramdenime generatori naxazze warmodgenilia erT 
generatorad 

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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eleqtroenergetikuli sistemis generatorebis teqnikuri monacemebi 
 cxrili 8 

maxasiaTebeli g
-1
 

g
-2
 

g
-3
 

g
-4
 

g
-5
 

g
-6
 

g
-7
 

g
-8
 

g
-9
 

g
-1
0 

g
-1
1 

g
-1
2 

g
-1
3 

g
-1
4 

g
-1
5 

g
-1
6 

g
-1
7 

g
-1
8 

g
-1
9 

g
-2
0 

g
-2
1 

g
-2
2 

g
-2
3 

g
-2
4 

g
-2
5 

g
-2
6 

g
-2
7 

g
-2
8 

g
-2
9 

g
-3
0 

j
am
i 

maqs. warmoeba 30
 

30
 

30
 

30
 

30
 

30
 

30
 

30
 

30
 

30
 

30
 

50
 

50
 

10
0 

10
0 

10
0 

10
0 

10
0 

10
0 

10
0 

20
0 

20
0 

25
0 

25
0 

30
0 

30
0 

30
0 

35
0 

42
0 

42
0 

41
20
 

min. wamoeba 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

avariuli 
gamorTvis 
albaToba 

0.
01
 

0.
02
 

0.
03
 

0.
02
 

0.
04
 

0.
01
 

0.
01
 

0.
01
 

0.
02
 

0.
01
 

0.
02
 

0.
01
 

0.
01
 

0.
02
 

0.
01
 

0.
03
 

0.
01
 

0.
02
 

0.
02
 

0.
01
 

0.
02
 

0.
03
 

0.
01
 

0.
01
 

0.
04
 

0.
01
 

0.
02
 

0.
03
 

0.
01
 

0.
01
 

- 

statikuri 
maxasiaTeblis 
daxrilobis 
koeficienti 

15
 

15
 

20
 

25
 

30
 

15
 

15
 

15
 

20
 

20
 

15
 

25
 

15
 

30
 

15
 

25
 

15
 

20
 

25
 

30
 

30
 

15
 

15
 

20
 

30
 

25
 

20
 

30
 

25
 

30
 

- 

 

 

eleqtroenergetikuli sistemis datvirTvis kvanZebis saaTobrivi teqnikuri monacemebi  
cxrili 9 

d
at

vd
a

t
ir

T
vi

s
 k
va
nZ
i 

s
T
-1
 

s
T
-2
 

s
T
-3
 

s
T
-4
 

s
T
-5
 

s
T
-6
 

s
T
-7
 

s
T
-8
 

s
T
-9
 

s
T
-1
0 

s
T
-1
1 

s
T
-1
2 

s
T
-1
3 

s
T
-1
4 

s
T
-1
5 

s
T
-1
6 

s
T
-1
7 

s
T
-1
8 

s
T
-1
9 

s
T
-2
0 

s
T
-2
1 

s
T
-2
2 

s
T
-2
3 

s
T
-2
4 saimedoobis 

done 
(albaToba) 

#1 720 685.4 639.2 691.4 720.2 686.2 597 691 880.6 635.4 632.6 676.8 780.2 788.2 730.6 904.2 794 831.6 574.2 840.6 863 744.6 722 568 0.01 

#2 544 683.4 702.2 584.4 665.2 716.2 668 674 629.6 661.4 724.6 675.8 796.2 637.2 895.6 735.2 721 630.6 612.2 784.6 897 759.6 672 802 0.02 

#3 561 840.4 582.2 758.4 832.2 540.2 626 692 857.6 812.4 863.6 717.8 763.2 823.2 651.6 674.2 767 698.6 818.2 875.6 762 719.6 878 646 0.03 

#4 633 649.4 561.2 652.4 713.2 679.2 790 723 678.6 806.4 770.6 785.8 658.2 742.2 644.6 886.2 645 891.6 847.2 658.6 712 638.6 797 649 0.01 
#5 742 741.4 715.2 713.4 769.2 778.2 519 900 873.6 864.4 848.6 683.8 802.2 569.2 857.6 700.2 673 787.6 788.2 720.6 766 637.6 651 755 0.01 

jami, 
mgvt 

3200 3600 3200 3400 3700 3400 3200 3680 3920 3780 3840 3540 3800 3560 3780 3900 3600 3840 3640 3880 4000 3500 3720 3420  

 

eleqtroenergetikuli sistemis aqtiuri simZlavris mocdenis albaTobriv-variantuli cxrili  
cxrili 10 

gamorTuli 
generatori g

-1
 

g
-2
 

g
-3
 

g
-4
 

g
-5
 

g
-6
 

g
-7
 

g
-8
 

g
-9
 

g
-1
0 

g
-1
1 

g
-1
2 

g
-1
3 

g
-1
4 

g
-1
5 

g
-1
6 

g
-1
7 

g
-1
8 

g
-1
9 

g
-2
0 

g
-2
1 

g
-2
2 

g
-2
3 

g
-2
4 

g
-2
5 

g
-2
6 

g
-2
7 

g
-2
8 

g
-2
9 

g
-3
0 

yvela CarTulia 

individualuri 
albaToba 0.

00
7 

0.
00
7 

0.
00
7 

0.
00
7 

0.
00
7 

0.
00
7 

0.
00
7 

0.
00
7 

0.
00
7 

0.
00
7 

0.
00
7 

0.
00
7 

0.
00
7 

0.
00
7 

0.
00
7 

0.
00
7 

0.
00
7 

0.
00
7 

0.
00
7 

0.
00
7 

0.
00
7 

0.
00
7 

0.
00
7 

0.
00
7 

0.
00
7 

0.
00
7 

0.
00
7 

0.
00
7 

0.
00
7 

0.
00
7 

0.
74
0 

jamuri 
albaToba 0.

22
4 

0.
21
7 

0.
20
9 

0.
20
2 

0.
19
4 

0.
18
7 

0.
17
9 

0.
17
2 

0.
16
4 

0.
15
7 

0.
14
9 

0.
14
2 

0.
13
4 

0.
12
7 

0.
12
0 

0.
11
2 

0.
10
5 

0.
09
7 

0.
09
0 

0.
08
2 

0.
07
5 

0.
06
7 

0.
06
0 

0.
05
2 

0.
04
5 

0.
03
7 

0.
03
0 

0.
02
2 

0.
01
5 

0.
00
7 

0.
96
4 

xelmisawvdomi 
simZlavre 40
90
 

40
90
 

40
90
 

40
90
 

40
90
 

40
90
 

40
90
 

40
90
 

40
90
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90
 

40
90
 

40
70
 

40
70
 

40
20
 

40
20
 

40
20
 

40
20
 

40
20
 

40
20
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20
 

39
20
 

39
20
 

38
70
 

38
70
 

38
20
 

38
20
 

38
20
 

37
70
 

37
00
 

37
00
 

41
20
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cxr. 9-is monacemebis mixedviT sistemaSi arsebuli 5 datvirTvis kvanZisaTvis 
zemoT moyvanili meTodologiis safuZvelze SemuSavebulia aramkafio logikis 
modeli, romelic asaxulia nax. 5-ze.L 

 
 

 
 

nax. 5. yovelsaaTobrivi saimedoobis donis Sefasebis 
aramkafio logikis ordoniani modeli 

 

      
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 saimedoobis 
doneebi. analizis Sedegebi mocemulia cxr. 11-Si.  

     

eleqtroenergetikuli sistemis yovelsaaTobrivad 
saWiro saimedoobis (misaRebi riskis) done  

cxrili 11 
 

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 
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cxr. 8, 9 da 10 asaxuli monacemebiT da cxr. 5-Si mocemuli algoriTmiT 
gansazRvrulia eleqtroenergetikul sistemaSi yovelsaaTobrivi operatiuli 
rezervis optimaluri sidide da Sedegebi Setanilia cxr. 12-Si. 

 

eleqtroenergetikul sistemaSi yovelsaaTobrivi 
operatiuli rezervis optimaluri sidide  

cxrili 12 
 

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 

% 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 grafik 1-ze. 

 

 

grafiki 1. eleqtroenergetikul sistemaSi paralelurad momuSave 
generatorebze ganawilebuli operatiuli rezervis sidide 
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cxr. 5-sa da grafik 1-ze mocemuli monacemebidan gamomdinare 
eleqtroenergetikul sistemaSi paralelurad momuSave generatorebis mier 
eleqtroenergiis warmoebas aqvs grafik 2-ze asaxuli saxe: 

 

 
 

grafiki 2. eleqtroenergetikul sistemaSi paralelurad momuSave generatorebis 
mier eleqtroenergiis warmoeba 

 
 

29-e generatoris gamorTvis simulaciis Sedegebi  
cxrili 13 

 

saaTi 0-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8 
sistemaSi 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 
sistemaSi darCenili operatiuli 

rezervi, mgvt 
75.83 74.81 75.25 248.94 74.96 227.10 74.81 75.68 

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 
sistemaSi 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 
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zemoaRniSnuli meTodologiis Sesabamisad miRebuli operatiuli rezervis 
optimalurobis dasadgenad yovelsaaTobrivad ganxorcielebulia sistemaSi 
arsebuli yvelaze didi simZlavris 29-e generatoris avariuli gamorTvis 
simulacia da Sedegebi Setanilia cxr. 13-sa da gamosaxulia grafiki 3-iT. 

 

 
 

grafiki 3. 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 [12]. 1 sT-vis miRebul Sedegebs aqvT Semdegi saxe:  

 

  

sqema 1. eleqtroenergetikul 
sistemaSi simZlavreTa ganawileba 

normalur reJimSi 

sqema 2. eleqtroenergetikul 
sistemaSi avariul reJimSi29-e 
generatoris gamorTvis dros 
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rogorc grafiki 2-dan Cans 29-e generatoris avariuli gamorTvis SemTxvevaSi 6-
2 kvanZebs Soris ori eleqtrogadacemis xazi gadaitvirTeba.   

cxr. 5-Si mocemuli makoreqtirebeli algoriTmis safuZvelze ganxor-
cielebuli angariSebis Sedegebs aqvT nax.#6 da nax. 7-ze mocemuli saxe. 

 

  

nax. 3. eleqtroenergetikul sistemaSi 
simZlavreTa ganawilebis koreqtirebuli 

sidideebi normalur reJimSi 

nax. 4. eleqtroenergetikul sistemaSi 
simZlavreTa ganawilebis koreqtirebuli 

sidideebi avariul reJimSi 29-e 
generatoris sidideebi avariul reJimSi 

29-e 

 
 

rogorc grafikidan 3 da 4 Cans, arc normalur da arc avariul reJimSi 
eleqtroenergetikuli sistemis arcerTi generatori da eleqtrogadacemis xazi ar 
aris gadatvirTuli. simulaciisSedegebi 1 sT-isTvis mocemulia cxr. 14-Si. 

cxrili 14 
 

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 

 
daskvna 

Catarebuli kvlevebis Sedegad Camoyalibebulia eleqtroenergetikuli 
sistemis aqtiuri simZlavris operatiuli rezervis optimaluri dagegmvis 
meTodika, romelic atarebs universalur xasiaTs. eleqtroenergetikul sistemas 
es meTodika saSualebas aZlevs magenenirebeli mowyobilobebis parametrebis, 
datvirTvis kvanZebis saimedoobis maxasiaTeblebis, el. gadacemis xazebis 
gamtarunarianobis da eleqtroenergiaze yovel-saaTobrivi moTxovnis parametrebis 
Sesabamisad optimalurad dagegmos operatiuli rezervis yovelsaaTobrivi sidide. 
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