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eleqtruli qselebis damyarebuli reJimebis 

kompiuteruli modelireba 

 
n.Turqia, T.baxtaZe, v.axalaZe 

 

warmodgenilia erTiani maTematikuri modeli, romelic saSualebas iZleva movaxdinoT 
damyarebuli normaluri da avariuli reJimebis kompiuteruli modelireba monacemTa bazebis 
marTvis sistemebSi. 

normaluri da avariuli reJimebis aqtiuri parametrebis gansazRvris orive amocana 

efuZneba erTsa da imave gantolebebs, magram Tvisobrivad mkveTrad gansxvavdeba 

erTmaneTisagan. normaluri reJimis parametrebis gansazRvris dros gadamwyveti mniSvneloba 

eniWeba energiis xarisxs. amitom nebismieri amonaxsni ar aris damakmayofilebeliEda 

aucilebelia amoxsnis procesze zemoqmedebis SesaZleblobis uzrunvelyofa, rac 

gaTvaliswinebulia warmodgenil modelSi. SemoTavazebuli gantolebebis safuZvelze, 

simetriul mdgenelTa meTodis gamoyenebiT, SesaZlebelia algoriTmis damuSaveba nebismieri 

saxis arasimetriuli avariuli reJimis gasaangariSeblad. 

sakvanZo sityvebi: damyarebuli reJimi, kvanZuri Zabvebi, kvanZuri denebi, veqtor-

matriccebi, eleqtromamoZravebeli Zala 

 

normaluri da simetriuli avariuli reJimebis parametrebis gaangariSeba 

warmoebs Canacvlebis sqemis mixedviT, romelsac adgenen erTi fazisaTvis, radganac 

simetriuli eleqtroreJimis pirobebSi, erTi da igive ubnis samive fazis aqtiuri 

parametrebi mxolod 1200–iT aris erTmaneTisgan daZruli. erTi fazisaTvis 

eleqtroparametrebis gansazRvris Semdeg, danarCeni fazebisaTvis igive parametrebs 

vpoulobT miRebuli Sedegebisa da veqtorebis Zvris operatoris  

saSualebiT. 

arasimetriuli reJimebis dros denebisa da Zabvebis simetriuloba irRveva da 

reJimis aqtiuri parametrebis gansazRvris amocanis gadawyveta SesaZlebeli xdeba 

qselis arasimetriuli reJimis simetriul reJimebad daSlis Sedegad, romlebic 

realizebuli iqnebian pirdapiri, uku da nulovani mimdevrobis sqemebSi da aqtiuri 

parametrebis urTierTdamokidebulebis yvela kanoni, dadgenili simetriuli 

qselebisaTvis, samarTliani iqneba TiToeuli mimdevrobis sqemisaTvis. amgvarad, Cveni 

pirveladi amocanaa damyarebuli, simetriuli (normaluri da avariuli) reJimebis 

kompiuteruli modelireba monacemTa bazebis marTvis sistemebSi.  

es ori amocana: normaluri da avariuli reJimebis aqtiuri parametrebis 

gansazRvra efuZneba erTsa da imave gantolebebs, magram Tvisobrivad mkveTrad 

gansxvavdebian erTmaneTisagan. normaluri reJimis parametrebis gansazRvris dros 

gadamwyveti mniSvneloba eniWeba energiis xarisxs. aqedan gamomdinare nebismieri 

amonaxsni ar aris damakmayofilebeliEda saWiro xdeba sistemuri avtomatikis 

moqmedebis imitireba da sawyis monacemebze  zemoqmedebis ganxorcieleba, rogoricaa, 

magaliTad, Zabvis regulireba, grZivi da ganivi kompensaciis ganxorcieleba, 

datvirTvis Zabvaze damokidebulebis gaTvaliswineba da sxv. yvelaferi es moiTxovs, 

kvanZuri Zabvebis gantolebebSi Tavisufali wevrebi warmodgenili iyos ara denebis, 

aramed generaciisa da momxmareblis datvirTvis simZlavreebis saxiT. miRebuli 
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arawrfivi gantolebebis amoxsna warmoebs romelime iteraciuli meTodiT da 

SesaZlebeli xdeba amoxsnis procesze zemoqmedebis ganxorcieleba reaqtiuli 

simZlavreebis  nakadebis marTvis saSualebiT. 

avariuli reJimebis gaangariSebis dros sxva problemebTan gvaqvs saqme, 

gansakuTrebiT arasimetriuli reJimebis analizis SemTxvevaSi, radganac samive fazis 

parametrebi gansxvavebulia da mxolod erTi fazis Sesabamisi Canacvlebis sqemis 

Sedgena da am fazis parametrebiT operireba SeuZlebelia. am SemTxvevaSi, rogorc 

ukve aRvniSneT, viyenebT simetriul mdgenelTa meTods, rac faqtobrivad warmoadgens 

arasimetriuli reJimis sam simetriul reJimad warmodgenas. TiToeuli mimdevrobis 

sqemaSi aqtiuri parametrebis urTierTdamokidebuleba ki aRiwereba wrfivi 

gantolebebiT. simetriul mdgenelebadD daSla iwvevs ucnobebis ricxvis gazrdas. 

garda amisa, rTuldeba aqtiuri parametrebis urTierTdamokidebulebis gansazRvra. 

aqedan gamomdinare, saWiroa Sesabamisi algoriTmebis damuSaveba, simetriul 

mdgenelTa meTodis efeqturad gamoyenebisaTvis. 

normaluri reJimis aqtiuri parametrebisa da denebis avariuli mdgenelebis jami 

iZleva avariuli denebisa da Zabvebis  mniSvnelobebs qselSi. garda aRniSnulisa, 

normaluri reJimis parametrebi warmoadgenen sawyis informacias avariuli 

mdgenelebis gasaangariSeblad. 

aqedan avariuli mdgenelebis gansazRvramde saWiroa normaluri reJimis 

parametrebis gaangariSeba sistemis mdgomareobis aRmweri romelime gantolebiT. 

unificirebul gantolebebs, romlebic akavSireben erTmaneTTan eleqtroreJimis oTx  

ZiriTad parametrs - , aqvs saxe [1]: 

                                                   ;                                                              (1) 

 anu    

                                             (2) 

sadac kvanZuri Zabvebisa da kvanZuri denebis veqtor-matricebi; 

StoebSi gamavali denebisa da Zabvebis veqtor-matricebi; Yd - 

Stoebis gamtarobebis diagonaluri matrica; M - incidenciis I matrica, romelSic 

asaxulia sqemis topologia. 

imis mixedviT, Tu romeli reJimis aqtiuri parametrebia saangariSo da ra sawyis 

informacias vflobT ganisazRvreba (1) gantolebis ucnobebi da Tavisufali wevrebi. 

Tu mocemulia rogorc kvanZuri denebi , ise StoebSi CarTuli emZ-ebi , (2)-dan 

vRebulobT:                                   

                                          .                                         (3) 

Tu mocemulia xolo   vRebulobT kvanZuri Zabvebis gantolebas [2] : 

                            ,                              (4)          
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anu                                               

                            , ,   

sadac  M 

                                                         (5) 

kvanZuri winaRobebis matricaa. 

(2)-dan vRebulobT gantolebas, romelic akavSirebs StoebSi CarTul emZ-s 

StoebSi gamaval denebTan: 

                                                          .        (6) 

aq  

                        .              (7)  

warmoadgens Stoebis sakuTari da urTierTgamtarobis matricas. 

aRniSnuli gantolebebiT vpoulobT normaluri reJimis aqtiur parametrebs. Cvens 

mier realizebuli maTematikuri modeli  efuZneba gantoleba (4)-s:  

                  , 

sadac   

                                  .                           (8) 

kvanZuri simZlavreebisa da bazisuri Zabvis gaTvaliswinebiT aRniSnuli gantoleba 

xdeba arawrfivi da iZens saxes [2]: 

                               .                     (9) 

anu  

                              ,                    (10) 

aq  bazisur ZabvaTa veqtor- matrica; kvanZuri simZlavreebisa da 

Zabvebis veqtor-matricebis uri elementebis SeuRlebuli kompleqsebi. 

gantoleba (10)-dan misi orive mxaris -ze gamravlebiT vRebulobT saiteracio 

formas, romelic realizebulia Cvens programaSi.  

                                                     (11) 

aRniSnuli programiT warmoebs normaluri reJimis aqtiuri parametrebis-kvanZuri 

Zabvebisa da xazebSi simZlavreebis (denebis) nakadebis gansazRvra, rac warmoadgens 

eleqtrosistemis normalurad funqcionirebis uzrunvelyofis erT-erT ZiriTad 

amocanas. programaSi realizebulia Zabvis regulatoris muSaobis imitacia, ganivi da 

grZivi kompensaciis ganxorcielebis saSualeba da sxv.  
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amgvarad, garda im sirTuleebisa, romlebic dakavSirebulia fizikuri procesebis 

aRmweri maTematikuri modelis SeqmnasTan, adgili aqvs sirTuleebs, dakavSirebuls 

didi ganzomilebis mqone qseluri amocanebis amoxsnasTan. pirvel rigSi, es exeba 

generatorul salteebze Zabvis regulirebis problemas, datvirTvebis statikuri 

maxasiaTeblebis gaTvaliswinebas, reaqtiuli simZlavris kompensaciis ganxorcielebis 

SesaZleblobas. efeqturi algoriTmis Sesaqmnelad saWiroa aseve kompleqsur 

ricxvebiani gantolebebis amoxsnis meTodis SerCeva. 

zeidelis meTodTan SedarebiT, ukeTesi Sedegi miviReT martivi iteraciis 

meTodis gamoyenebisas, vinaidan am dros saSualeba mogveca yoveli Semdgomi 

iteraciuli biji dagvekavSirebina gardamavali procesis Sesabamis eleqtroreJimTan, 

rasac warmateba ar hqonda zeidelis meTodis gamoyenebisas. amgvari maTematikuri 

modelis miReba marTebuli gamodga  matricis gamoyenebis SemTxvevaSi, rasac ver 

mivaRwieT kvanZuri gamtareblobis, anu gantolebis sawyisi formis (4) gamoyenebisas, 

vinaidan  matricis gamoyenebis SemTxvevaSi ( matricis gamoyenebasTan SedarebiT) 

TiToeul bijze miRebuli kvanZuri Zabvebi axlos arian saZiebelTan da swrafi 

krebadobac uzrunvelyofilia. 

iteraciuli procesis realizebisaTvis (4) kompleqsur sidideebiani gantoleba 

iSleba or gantolebaTa sistemad - namdvili da kompleqsur sidideebianad, da 

iteraciuli procesi grZeldeba reaqtiuli simZlavris koreqtirebis pirobebSi. 

kvanZuri Zabvebis gansazRvris Semdeg ganisazRvreba denebi da  simZlavreebis 

ganawileba qselSi.  

garda amisa, miRebuli kvanZuri Zabvebi da StoebSi gamavali denebi warmoadgenen 

sawyis informacias sxvadasxva saxis simetriuli da arasimetriuli avariuli 

reJimebis parametrebis gasaangariSeblad [3], rac aseve aucilebelia energosistemis 

normalurad funqcionirebisaTvis.  

avariuli reJimebis (mokle SerTvebisa da xazebis gawyvetebis) parametrebis 

gaangariSebas vawarmoebT igive unificirebuli wrfivi gantolebebiT (2), sadac 

adgili Secvlili eqnebaT saZiebel cvladebsa da Tavisufal wevrebs, anu ucnobebad 

warmogvidgeba kvanZuri denebi da emZ xazebSi ( ), mocemul sidideebad ki, 

winaswar gaangariSebuli,   avariamdeli reJimis kvanZuri Zabvebi da StoebSi 

gamavali denebi .  

Sesabamisi gardasaxvebis Semdeg (2)-dan vRebulobT: 

              ;             (12) 

         , 

(12) gantolebebis saSualebiT aRiwereba eleqtroreJimi e.w. ganivi da grZivi 

dazianebebis nebismieri kombinaciis SemTxvevaSi. 

mxolod mokle SerTvis denebis angariSis dros, anu rodesac adgili ar aqvs 

gawyvetebs da , gvrCeba erTi matriculi gantoleba erTi ucnobiT – kvanZuri 

gantolebis Sebrunebuli forma: 

                                                                      . 
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mxolod gawyvetebis SemTxvevaSi avariuli parametrebi gaiangariSeba Semdegi 

gantolebiT: 

                                                   . 

rogorc zemoT aRvniSneT: 

                                                        , 

                                                        . 

Tu SemoviRebT aRniSvnebs:  

                              ;                                     

                               ,  

gveqneba: 

                               .                    (13) 

miRebuli gantolebebiT SesaZlebelia gaviangariSoT simetriuli avariuli 

reJimis aqtiuri parametrebi nebismieri raodenobis erTdrouli simetriuli mokle 

SerTvebisa da xazebis gawyvetis SemTxvevaSi. arasimetriuli dazianebebis dros 

simetriuli sistemebisaTvis damuSavebuli meTodika ganixileba simetriul 

mdgenelebTan mimarTebaSi, anu aRniSnuli gantolebebis Sedgena warmoebs pirdapiri, 

uku da nulovani mimdevrobis denebisa da ZabvebisaTvis, am mimdevrobebis sqemebis 

pasiuri parametrebis saSualebiT, TiToeuli avariisaTvis damaxasiaTebeli sasazRvro 

pirobebis gaTvaliswinebiT. 
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