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რეზიუმე 

oTar niSnianiZis disertacia ,,eleqtruli sistemebis 

normaluri da gansakuTrebuli reJimebi” exeba aqtualur 

problemas. naSromi Sedgeba 122 gverdisagan da doqtoris 

akademiuri xarisxis mosapoveblad wardgenili disertaciis 

gaformebis instruqciis mixedviT moicavs: titulis gverds, 

xelmowerebis gverds, saavtoro uflebebis gverds, reziumes or 

enaze (qarTul-inglisuri), Sinaarss (sarCevs). ZiriTadi teqsti 

Sedgeba Sesavlis, literaturis mimoxilvis, eqvsi Tavis, 

daskvnis da gamoyenebuli literaturis siisagan. 

SesavalSi ganxilulia kvlevis aqtualoba, problemis 

Seswavlis mdgomareoba, kvlevis mizani da amocanebi, kvlevis 

sagani, Teoriuli da meTodologiuri safuZvlebi, kvlevis 

mecnieruli siaxle, naSromis praqtikuli mniSvneloba, naSromis 

aprobacia, misi moculoba da struqtura. 

pirvel TavSi ganxilulia aRniSnul problemasTan 

dakavSirebuli Teoriuli safuZvlebi. eleqtruli sistemebis 

Canacvlebis sqemebi da maTi elementebi; ganxilulia aRniSnul 

sakiTxTan dakavSirebuli literatura.  

meore TavSi ganxilulia sistemis mdgomareobis amsaxveli 

gantolebebi, kvanZuri da konturuli gantolebebis miRebis 

meTodebi. ganxilulia eleqtruli qselebis analizis 

topologiuri meTodebi. warmodgenilia eleqtruli reJimis 

aRmweri universaluri gantolebebi. ganxilulia kvanZuri 

gantolebebis Sedgena transformatoruli kavSirebis 

gaTvaliswinebiT. 

mesame TavSi mocemulia eleqtruli qselebis 

ganzogadebuli parametrebis, kvanZebis sakuTari da 

urTierTwinaRobebisa da Stoebis sakuTari da 

urTierTgamtarobis matricebis gaangariSebis meTodebi. 

damuSavebulia gaangariSebis meTodika, romelic iZleva 

garkveul upiratesobas arsebulTan SedarebiT da agreTve 



iZleva kompiuteruli resursebis dazogvis saSualebas. 

ganxilulia grZivi dazianebebis denisa da Zabvis wyaroebiT 

modelirebis sakiTxebi. 

meoTxe TavSi mocemulia normaluri reJimis parametrebis 

gaangariSebis algoriTmebi (ganivi da grZivi ganzogadebuli 

parametrebis saSualebiT). Seicavs Zabvis regulirebis 

imitacias. iTvaliswinebs datvirTvis damokidebulebas Zabvaze, 

asaxuls statikuri maxasiaTebliT. programaSi 

gaTvaliswinebulia informaciis dagroveba monacemTa bazaSi 

cxrilebis saxiT, romelic warmoadgens SemdgomSi sawyis 

informacias sxvadasxva tipis gaangariSebebSi.  

mexuTe TavSi mocemulia simetriul mdgenelTa meTodis 

gamoyeneba arasimetriuli reJimebis angariSis dros. romlis 

arsi mdgomareobs arasimetriuli reJimis daSlaSi sam 

simetriul reJimad. ganxilulia arasimetriuli reJimebis 

analizi gansakuTrebuli fazis simetriuli mdgenelebis 

saSualebiT da damuSavebulia misi realizaciisaTvis 

aucilebeli saangariSo meTodebi. 

meeqvse TavSi mocemulia grZivi asimetriis dros miRebuli 

reJimebis analizi dazianebuli fazis simetriuli mdgenelebis 

saSualebiT. am SemTxvevaSi xazis gawyvetis modelirebas 

vaxdenT dazianebis adgilze idealuri Zabvis wyaros CarTviT. 

yvela saxis grZivi dazianeba warmodgenilia rogorc erTfaza 

dazianebebis Sesabamisi reJimebis zeddeba (xazis ori da sami 

fazis gawyveta warmodgenilia rogorc fiqtiur xazebSi 

erTfaza gawyvetebis dros miRebuli eleqtruli reJimebis 

zeddeba damatebiTi pirobis gaTvaliswinebiT) aseTi midgoma 

warmoadgens mecnierul siaxles da reJimebis analizis 

SesaZleblobebs SeuzRudavs xdis. 

bolos mocemulia daskvna da gamoyenebuli literaturis 

CamonaTvali. 

  



Abstract  

Otar Nishnianidze’s dissertacion “Electrical Systems for normal and special 

modes” concerns actual problems. The work consists of 122 pages and according the 

guidance for thesis drawing up, presented for receiving academic degree of Doctor, 

contains: pages of a title, a signature, author’s rights, abstract in two languages 

(Georgian-English), content. Main text consists of introduction, discussion of the 

literature, six chapters, conclusion and the list of used literature. 

Actuality of the research, conditions of problem learning, objects and goals, 

subject of the research, theoretical and methodological basis, scientific news of the 

research, approbation of the work, its size and structure are reviewed in the 

introduction. 

Theoretical principles associated with mentioned problem are discussed in the 

first chapter. Equations expressing the condition of the system replacement schemes  

are  discussed. Literature associated to this issue is reviewed. 

In the second chapter there is discussed system state reflecting equations, 

methods of obtaining of nodal and cycle equations. Topological methods of electrical 

network analysis are discussed. The electrical mode is describing of the universal 

equations. In the chapter is described making of nodal equation considering 

transformer coupling. 

In the third chapter is presented calculating methods of electric network 

generalized parameters, own and interconductivity matrixes of nodes and 

branches. There is elaborated and explained methods of calculation of generalized 

parameters, which gives specific advantages than the last one and it also gives 

possibility to save computer resources. linear asymmetry  issues are discussed of 

the current and voltage sources modeling. 

In the fourth chapter is presented algorithm of parameters calculation for 

normal mode. It consists of tension regulating imitation. In the program is considered 

accumulation of information in database through schedules which becomes initial 

information in different type of calculations. In the chapter is described line break 

modeling through ideal current and tension sources. 



In the fifth chapter is discussed application of center limiter method. 

Formation of joint method for calculating asymmetric malfunction parameters gives 

possibility of conducting relevant accounts in case of any kind of and combination 

damage. Analysis of asymmetric damages is based upon center limiter methods which 

main point is to divide asymmetric mode into three symmetric modes in order in each 

conformity diagram to apply all those methods equal to symmetric systems. The 

analysis of asymmetric mode object moves through a Symmetric particular phase. 

There are developed methods for the realization of the required reporting. 

In the sixth chapter is discussed mode analysis in linear asymmetry through 

Damaged phase center limiters. We make line breaking modeling at the place of 

damage through tension source which tension corresponds to tension at the place of 

break with size and direction. We can make imitation of the line break of any number 

by switching relevant ideal tension sources on. We presented breaking of two and 

three phases of all lines as in actual lines while single breaks which means confluence 

of actual lines. In case of confluence own and interconductivity of the lines are equal 

and this condition is maintained in all three conformity diagrams. Such an approach is 

scientific innovation and that makes modes of analysis  any opportunities. 

At the end conclusions and the list of used literature is given. 
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შესავალი 

eleqtruli sistemebis da qselebis gaangariSebis 

praqtikaSi damyarebuli reJimebis angariSebs kvlevis saerTo 

moculobaSi mniSvnelovani nawili ukavia. es exeba eleqtruli 

sistemebis da qselebis rogorc proeqtirebis, aseve 

eqspluataciis stadiebs. ra tipis qselebisTvisac ar unda 

tardebodes es angariSebi, yvela SemTxvevaSi gvixdeba operireba 

rTuli Canacvlebis sqemebiT, romlebic Seicavs aTobiT da 

asobiT kvanZs da Stos. am pirobebSi eleqtruli qselis 

damyarebuli reJimis sawyisi gantolebebis xeliT amoxsna 

SeuZlebelia. swored, damyarebuli reJimebis angariSi gaxda 

eleqtroenergetikis erT-erTi pirveli amocana, sadac farTo 

gamoyeneba hpova kompiuterebma. ricxviTi algoriTmebis da 

kompiuteruli programebis Seqmna moiTxovda damyarebuli reJimis 

gantolebebis formirebas da amoxsnis zogadi meTodebis 

damuSavebas, romlebic erTdroulad ar iyo damokidebuli 

eleqtruli sistemis Canacvlebis sqemis sirTuleze da 

konfiguraciaze da amave dros, maqsimalurad iTvaliswinebda 

sistemebis zogad Tvisebebs. 

eleqtruli qselebis reJimis maTematikuri modelireba 

gulisxmobs eleqtruli qselis maTematikuri modelis Seqmnas da 

modelis realizacias kompiuterze ricxviTi algoriTmis da 

kompiuteruli programis damuSavebis gziT. rogorc wesi, 

eleqtruli sistemis elementebis (generatorebis, 

transformatorebis, eleqtrogadamcemi xazebis, datvirTvebis) 

maTematikuri modelebis Seqmnisas iyeneben maTi Canacvlebis 

sqemebis – gamartivebul fizikur modelebs, romlebic Sedgeba 

idealizirebuli elementebisagan. 

eleqtruli energiis gadacema da ganawileba unda xdebodes 

qselis muSaobis normalur reJimSi, anu uzrunveyofili unda 

iyos muSaobis saimedooba da energiis xarisxi. xSirad 

normaluri reJimis darRveva xdeba sxvadasxva avariuli 



situaciebisas. magaliTad mokle SerTvebiT, xazis an fazis 

gawyvetebiT, an maTi kombinaciiT (sxvadasxva saxis grZivi da 

ganivi dazianebebiT). qselis elementebi daculi unda iyos 

avariuli denebis mier dazianebisagan. 

energetikuli sistemis mdgradi, uavario da ekonomiuri 

muSaoba SeuZlebelia sareleo dacvisa da avtomatikis 

mowyobilobebis gareSe. dazianebuli ubnis swrafi da 

seleqtiuri gamorTva xdeba Tanamedrove sareleo dacvis 

mowyobilobebiT. maTi saimedo muSaobisaTvis gaTvlili unda 

iyos SesaZlo avariuli parametrebi. am parametrebis gaTvla-

gaangariSebas eZRveneba mravali naSromi da jer kidev 

mimdinareobs am mimarTulebiT kvleva Zieba. Cven davamuSaveT 

meTodika rTuli avariuli reJimebis gasaangariSeblad. 

realuri movlenebi da obieqtebi sakmaod rTulia. maTi 

Seswavlisas mkvlevarebi iZulebuli arian Seqmnan modelebi – 

Sesaswavli movlenebisa da obieqtebis gamartivebuli aslebi. 

modelis Seqmnisas SenarCunebuli unda iyos realuri movlenis 

an obieqtis arsebiTi Tvisebebi, e.i. modeli unda iZleodes swor 

informacias praqtikisTvis moTxovnili sizustiT. meores mxriv, 

modeli unda iyos martivi, advilad misawvdomi Sesaswavlad da 

saWiro informaciis misaRebad (risTvisac iqmneba igi). rac ufro 

gamarTlebulia SerCeuli modeli, rac ufro kargad asaxavs is 

realuri movlenis an obieqtis arsebiT Tvisebebs, miT ufro 

warmatebuli iqneba misi gamokvleva da sasargebloa am 

gamokvleviT miRebuli Sedegebi da rekomendaciebi. 

adamianis codnis TiTqmis yvela sferoSi maTematika iZleva 

analizis da prognozis universalur da Zalian efeqtur meTods 

– maTematikuri modelirebis meTods, romlis ZiriTad etaps 

warmoadgens maTematikuri modelis Seqmna. 

maTematikuri modeli aris realuri samyaros garkveuli 

klasis movlenebis an obieqtebis miaxloebiTi aRwera 

maTematikuri simbolikis saSualebiT. 



maTematikuri modeli, romelic dafuZnebulia raRac 

gamartivebaze, idealizaciaze, ar aris realuri movlenis an 

obieqtis gaigiveba da aris maTi miaxloebiTi aRwera. swored imis 

gamo, rom realuri movlena an obieqti Secvlilia Sesabamisi 

modeliT, aris saSualeba, davsvaT maTi Seswavlis amocana, 

rogorc maTematikuri da analizisTvis gamoviyenoT 

universaluri maTematikuri aparati, romelic ar aris 

damokidebuli movlenis an obieqtis konkretul bunebaze, 

maTematika saSualebas iZleva, erTi midgomiT aRvweroT 

faqtorebis da dakvirvebebis farTo wre, CavataroT maTi 

detaluri raodenobrivi analizi, viwinaswarmetyveloT, rogor 

ganviTardeba movlena an rogor moiqceva obieqti sxvadasxva 

pirobebSi. 

modelis analiziT miRebul Sedegebs realur movlenasTan 

an obieqtTan aqvs miaxloebiTi xasiaTis kavSirebi. maTi sizuste 

gansazRvrulia modelis da movlenis, an obieqtis Sesabamisobis, 

adekvaturobis xarisxiT. Sedegebis sizustis, Sesabamisobis 

sakiTxi aris maTematikuri modelirebis erT-erTi yvelaze 

mniSvnelovani da rTuli. es sakiTxi ar aris wminda maTematikuri 

da rogorc wesi, maTematikuri meTodebiT ar wydeba. modelis 

safuZvelze miRebuli Sedegebis WeSmaritebis ZiriTadi 

kriteriumi aris eqsperimenti, praqtika. 

kompiuteruli teqnologiebis ganviTarebis Semdeg 

Teoriuli kvlevis ZiriTadi meTodi praqtikulad gaxda 

maTematikuri modelireba. es imiT aixsneba, rom maTematikuri 

modelis agebisa da gamokvlevis sirTule ZiriTadad 

damokidebulia Sesaswavli movlenis an obieqtis sirTuleze. 

inJiners, rogorc wesi, saqme aqvs rTul, xSirad Zalian 

rTul movlenebTan da obieqtebTan.maTematikuri amocanebis 

ricxviTi meTodebi cnobili iyo ufro adre, sanam 

gamoCndebodnen kompiuterebi, magram maTi gamoyeneba xdeboda 

Zalian iSviaTad didi gamoTvlebis gansakuTrebuli 

Sromatevadobis gamo. amis gamo rTuli maTematikuri modelebis 



gamartiveba xdeboda damatebiTi daSvebebis miRebiT. modelis 

gamartiveba amcirebda Sesaswavl movlenasTan an obieqtTan misi 

adekvaturobis xarisxs, kvlevis Sedegebi xdeboda naklebad 

zusti da saintereso. zogjer ki aseTi gziT miRebuli Sedegebi 

mcdari iyo. kompiuterebis gamoCenam praqtikulad gadawyvita 

gamoTvlebis probleba. 

kompiuterebis bazaze ricxviTi meTodebis gamoyenebam 

sagrZnoblad gaafarTova maTematikuri amocanebis klasi, 

romelTa mimarT SesaZlebeli gaxda amomwuravi analizis 

Catareba. axla maTematikuri modelis aRebisas ar aris saWiro 

Zlieri gamartiveba. ZiriTadi yuradReba mimarTuli aris imaze, 

rom modelSi gaTvaliswinebuli iyos Sesawavli movlenis an 

obieqtis yvela arsebiTi Tviseba. modelis aRebis Semdeg sakiTxi 

dgeba Sesabamisi maTematikuri amocanis ricxviTi algoriTmis 

SemuSavebaze da kompiuterze mis realizaciaze. Tanamedrove 

kompiuterebze realizebuli maTematikuri modelebi avidnen 

Sesaswavli realuri movlenebis an obieqtebis Sesabamisobis iseT 

doneze, rom Tu adre saubrobdnen laboratoriul 

eqsperimentebze fizikur modelebze, axla saubroben gamoTvliT 

eqsperimentebze maTematikur modelebze. 

bolo dros sainJinro saqmis TiTqmis yvela dargSi 

gamoCndnen kompiuteruli programebi, romlebsac gaaCnia didi 

SesaZleblobebi Sesabamisi sainJinro amocanebis amoxsnaSi da, 

rac gansakuTrebiT mimzidvelia, kompiuterTan Zalian 

gamartivebuli dialogis saSualeba, magram ar arsebobs 

universaluri kompiuteruli programebi, romlis saSualebiT 

amoixsneba nebismieri konkretuli sainJinro dargis amocana. ar 

SeiZleba brmad vendoT yvela Sedegs, am Sedegebs sWirdeba 

Semowmeba da analizi. 

arsebuli meTodebi saSualebas iZlevian gaviangariSoT 

erTjeradi avariis reJimis parametrebi. dazianebebi SeiZleba 

iyos simetriuli da arasimetriuli mokle SerTvebi, xazisa da 

fazis gawyvetebi. es meTodebi aseve iZlevian saSualebas 



gaangariSebuli iqnas denebi da Zabvebi erTdroulad ori 

dazianebis SemTxvevaSi, rogoricaa magaliTad erT ubanSi fazis 

gawyveta da meore ubanSi simetriuli an arasimetriuli mokle 

SerTva da a.S. 

warmodgenili meTodikis safuZvelze SevqmeniT 

maTematikuri modeli. am meTodis gamoyenebiT konkretuli 

qselisaTvis CavatareT angariSebi erTdrouli arasimetriuli 

dazianebebis SemTxvevaSi. angariSebs vawarmoebdiT programa 

MATLAB-is saSualebiT. am modelis safuZvelze SeiZleba 

damuSavdes programa monacemTa bazis marTvis sistemaSi, 

Tanamedrove dizainiTa da grafikiT. 

naSromSi warmodgenilia arasimetriuli avariuli reJimebis 

parametrebis gaangariSebis algoriTmebi, dafuZnebuli sistemis 

mdgomareobis amsaxvel kvanZur gantolebebze. 

xazebis gawyvetis SemTxvevaSi, simetriuli sistemebisaTvis 

Camoyalibebuli Teoria gadaitaneba avariuli reJimebis 

simetriul mdgenelebSi. 

raki avariuli denebis mdgenelebi cirkulireben mxolod 

Sesabamisi mimdevrobis sqemaSi, yvela is kanoni da debuleba, rac 

samarTliania simetriuli sistemebisaTvis, samarTliania 

TiToeuli mimdevrobis sqemaSi arsebuli eleqtruli 

reJimebisaTvis. e.i. TiToeuli mimdevrobis sqemaSi 

damokidebuleba denebsa da Zabvebs Soris aRiwereba kvanZuri 

gantolebebiT, winaswar, TiToeuli mimdevrobis sqemisaTvis 

gaTvlili kvanZuri gamtareblobebis matricis saSualebiT. am 

gantolebaTa gaangariSeba xdeba xazebis gawyvetis dros da 

dgenili sasazRvro pirobebis gaTvaliswinebiT, rasac ucnobebis 

ricxvi dahyavs dazianebaTa ricxvamde. amgvarad erTi fazis 

gawyvetis sasazRvro pirobebi mosaxerxebelia unificirebuli 

gantolebebis misaRebad. am damatebiT pirobas Seesabameba erT-

erTi dazianebuli fazis Zabvebis (pirdapiri da uku mimdevrobis 

sqemebSi) Semobruneba 1200-iT. raki yvela dazianeba warmoadgens 

erTfaza dazianebebis kombinacias, warmodgenili meTodikiT 



saSualeba gveZleva gaviangariSoT nebismieri simetriuli da 

arasimetriuli avariuli reJimebi. 

  



თავი I 

1.1 ნაშრომში წარმოდგენილ პრობლემასთან დაკავშირებით არსებული 

ლიტერატურის მიმოხილვა 

 

energosistemis proeqtireba da eqspluatacia moiTxovs 

didi raodenobiT kvlevebs da gaangariSebis Catarebas 

normaluri da avariuli reJimebis parametrebis gansazRvrasTan  

dakavSirebiT. am kvlevebs miekuTvnebian damyarebuli normaluri 

reJimebis gaangariSebebi, statikuri da dinamikuri mdgradobis 

analizi, aqtiuri da reaqtiuli simZlavreebis ganawilebis 

optimizacia, mokle SerTvis denebis gansazRvra, maregulirebeli 

mowyobilobebisa da avariis sawinaaRmdego avtomatikis danayenTa 

parametrTa ganszRvra da sxva. energosistemis ganviTareba iwvevs 

am tipis samuSaoebis garTulebas, rac Tavis mxriv moiTxovs 

Tanamedrove kompiuteruli teqnologiebis maRal dones. 

 eleqtroenergetikuli sistemis reJimebis gaangariSebasTan 

dakavSirebiT gamoqveynebulia didi raodenobiT literatura. [1] 

am SromebSi ganxilulia am problemis, kerZod reJimis 

parametrebis gaangariSebis sxvadasxva meTodebi. mocemulia 

topologiuri analizis safuZvlebi da kompiuteruli 

teqnologiebis gamoyenebiT am problemis gadawyvetis 

Tanamedrove midgoma [2] detalurad aris ganxiluli sistemis 

mdgomareobis ZiriTadi gantolebebi da am gantolebebis 

klasifikacia. [3] naSromi eZRvneba eleqtruli sistemis 

damyarebuli reJimebis gaangariSebis sxvadasxva meTodebs 

(kvanZurs, konturuls). garda amisa ganxilulia am amocanis 

amoxsnis sxvadasxva meTodebi rogorc pirdapiri  aseve 

iteraciuli. gamokveTilia am meTodebis gansxvaveba da 

upiratesoba konkretuli amocanebis gadawyvetis dros. 

gansakuTrebuli adgili ukavia Tanamedrove algoriTmebs, 

romlebic didi ganzomilebis amocanebis gadawyvetis saSualebas 



iZleva da uzrunvelyofs kompiuteruli resursebis efeqturad 

gamoyenebas. 

nebismieri eleqtruli reJimi rogorc normaluri aseve 

avariuli aRiwereba erTi da igive gantolebebiT. amitom 

gansakuTrebuli yuradReba eqceva sistemis mdgomareobis aRmwer 

gantolebebs. topologiuri analizis safuZvelze xdeba sistemis 

mdgomareobis amsaxveli gantolebebis warmodgena incidenciis 

matricebis saSualebiT. ganxilulia gantolebaTa amoxsnis 

rogorc pirdapiri (matricis Sebruneba, gausis meTodi da sxva), 

aseve iteraciuli meTodebi (martivi iteracia, zeidelisa da 

niutonis meTodi). gansakuTrebuli yuradReba aqvs daTmobili 

ganzogadebulparametrebiani matriculi gantolebebiT sistemis 

mdgomareobis aRweras. am gantolebebis gamoyenebas rogorc 

normaluri aseve avariuli reJimebis parametrebis gaangariSebis 

dros. 

el. qselis eleqtruli reJimebis parametrebis gaangariSeba 

da analizi warmoebs Canacvlebis sqemebis mixedviT. Canacvlebis 

sqema ZiriTadad SeiZleba warmodgenili iyos yvela arsebuli 

Stos pasiuri parametrebiT - winaRobebiTa da gamtarobebiT, an 

ganzogadebuli parametrebiT. yvela SemTxvevaSi sqemis 

topologia aisaxeba incidenciis l  da  ll matricebiT, romlebic 

Tavis mxriv aisaxebian sqemis pasiuri parametrebis amsaxvel 

matricebSi. 

avariuli reJimebis gaangariSebis Sedegad miRebuli 

aqtiuri parametrebi warmoadgenen erT-erT safuZvels sareleo 

dacvis samsaxuris gamarTuli muSaobisaTvis. amJamad arsebuli 

meTodebiT [2,9] warmoebs erTjeradi grZivi da ganivi 

dazianebebis gaangariSeba. arasimetriuli reJimis angariSi 

ganxilulia simetriul mdgenelTa meTodis bazaze [2]. am meTodis 

Tanaxmad arasimetriuli reJimi warmoadgens sami simetriuli 

reJimis zeddebas, romlebic Seesabamebian pirdapiri, uku da 

nulovani mimdevrobis sqemebs. TiToeuli am mimdevrobis reJimis 

angariSisas samarTliania yvela is meTodika, rac samarTliania 



simetriuli sistemebisaTvis. bolo dros warmodgenili 

kompiuteruli programebiT gaangariSebas axdenen erTdroulad 

ori dazianebis, simetriuli da arasimetriuli, SemTxvevebisTvis. 

Cven CavatareT samuSaoebi da kvleva-Zieba raTa mogvexerxebina 

yvela tipis grZivi dazianebis gaangariSeba. 

energosistemis sxvadasxva pirobebSi funqcionirebisas 

Cndeba arasrulfazovani reJimebis eleqtruli parametrebis 

gaangariSebis saWiroeba, ris gamoc aucilebeli xdeba 

arasrulfazovani reJimebis parametrebis gaangariSebis meTodikis 

damuSaveba. garda avariuli reJimebis analizisa aucilebelia 

aseve damyarebuli arasrulfaza reJimebis ganxilvac, vinaidan 

energomomaragebis saimedoobis uzrunvelsayofad dasaSvebia 

xangrZlivi droiT aseTi reJimebis arsebobac. 

normaluri reJimis gaangariSebas gansakuTrebuli 

mniSvneloba eniWeba im garemoebebis gamo, rom am angariSis 

Sedegebi (nakadganawileba, kvanZuri Zabvebi, Zabvisa da simZlavris 

danakargebi) aucilebelia ara marto eqspluataciis 

procesisaTvis, aramed aucilebelia sxvadasxva amocanis amoxsnis 

drosac. rogorebicaa eleqtruli reJimebis optimizacia, 

gardamavali procesebis, simetriuli da arasimetriuli reJimebis 

angariSi da sxva. 

normaluri reJimis parametrebi gamoiyenebian avariuli 

reJimebis gasaangariSebladac. TviTon avariuli reJimis 

parametrebis gansazRvra aseve aucilebel amocanas warmoadgens, 

vinaidan avariuli parametrebis winaswari gansazRvris gareSe 

warmoudgenelia sistemis usafrTxo muSaobis uzrunvelyofa. 

eleqtruli reJimebis angariSis Casatareblad aucilebelia 

eleqtruli sistemis principuლi sqemis warmodgena misi 

Canacvlebis sqemiT. 

el. sistemis Canacvlebis sqemaSi generacia da 

momxmareblis tvirTebi SeiZleba warmodgenili iyos rogorc 

kvanZuri denebis (denis wyaroebis) an simZlavreebis saSualebiT, 

aseve Zabvis wyaroebiTa da Stoebis winaRobebiT an gamtarobebiT. 



 

1.2 ელექტრული სისტემების ჩანაცვლების სქემები და მათი ელემენტები 

 

eleqtruli wredi ewodeba erTmaneTTan SeerTebul 

gamtars, naxevargamtars da dieleqtrikuli sxeulebis 

erTobliobas, romelSic eleqtromagnituri procesebis aRwera 

SesaZlebelia eleqtruli denebis da Zabvebis cnebis saSualebiT. 

wredebis Teoriis abstraqcia Sedgeba wredis yoveli 

elementis denebis da Zabvebis simravleebis garkveuli 

Sefardebis warmodgeniT. 

wredebSi eleqtromagnituri energiis gardaqmnis 

procesebis aRwerisaTvis iyeneben idealizebul elementebs, 

yovel elementSi procesebi dakavSirebulia velis energiis erT 

saxeobasTan. wredis elementebi ganixileba, rogorc maTematikuri 

modelebi, sadac erTmaneTs ukavSirdeba denebi da Zabvebi. amis 

garda, yovel elements Seesabameba specialuri grafikuli 

simbolo. wredis gamosaxulebas aseTi grafikuli elementebis 

saSualebiT ewodeba wredis sqema, romelic Zalian moxerxebulia 

wredis Seswavlis dros. 

eleqtruli wredis analizi, Cveulebriv warmoebs 

grafikuli gamosaxulebis mimarT, romelsac eleqtruli wredis 

sqema ewodeba. 

eleqtruli sqema Sedgeba wredis yvela elementis 

standartuli, grafikuli simboloebisagan da gviCvenebs maTi 

SeerTebis Tanmimdevrobas da amasTanave asaxavs gansaxilveli 

eleqtruli wredis Tvisebebs. eleqtruli sqemis elementebi 

iyofian aqtiur da pasiur elementebad. 

aqtiuri elementebia – eleqtruli energiis wyaroebi, sadac 

araeleqtruli energiis formebi gardaiqmneba eleqtrul 

formaSi. asxvaveben or ZiriTad aqtiur elements: Zabvis wyaro 

(e.m.Z.) da denis wyaro. 



idealizirebul denis wyaros uwodeben wredis elements, 

romelic qmnis mocemul dens 𝑖𝑖(𝑡𝑡) imis damoukideblad, ra Zabvaa 

mis polusebze. denis wyaroebs Seesabamebian eleqtrosadgurebis 

generatorebi da momxmarebelTa datvirTvebi. denis wyaroebi 

arian elqtroenergiis wyaroebi romelTac datvirTvis winaRobis 

cvlilebisas denis mniSvneloba ar ecvlebaT. aseTi reJimi 

SesaZlebelia maSin roca Sida winaRoba gacilebiT aRemateba 

datvirTvis winaRobas. marTlac generatoris winaRoba 

damyarebul reJimSi, 3-4-jer metia gare datvirTvis winaRobaze. 

amitom nominaluri parametrebiT muSaobis dros, gare winaRobis 

mcire cvlilebisas, generatoris denis mniSvneloba SegviZlia 

ucvlelad CavTvaloT. 

idealizirebul Zabvis wyaros uwodeben wredis elements, 

romelic qmnis Tavis momWerebze mocemul Zabvas 𝑢𝑢(𝑡𝑡) = −𝑒𝑒(𝑡𝑡) imis 

damoukideblad, ra deni gadis wyaroSi. Zabvis wyaroebi 

warmoadgenenLelqtroenergiis wyaroebs, romelTa gamomyvanebze 

Zabva ar icvlis mniSvnelobas datvirTvis cvlilebisas sakmaod 

did zRvrebSi. es niSnavs imas, rom Zabvis wyaros Sida winaRoba 

imdenad mcirea, rom Zabvis vardna masze Zalzed pataraa.Aamis 

gamo Zabvis wyaros SeuZlia SeinarCunos ucvleli sididis Zabva 

momWerebze gare denis cvlilebisas sakmaod did farglebSi. 

pasiuri elementebi – eleqtromagnituri energiis 

mimRebebia. maTSi eleqtromagnituri energia gardaiqmneba 

araeleqtruli energiis formebSi – aqtiuri winaRoba 

(gamtaroba), an grovdeba (akumulirdeba) eleqtruli velis 

energiis formiT (tevadoba) an magnituri velis energiis formiT 

(induqciuroba). tevadoba da induqciuroba aris energiis 

reaqtiuli mimRebebi an reaqtiuli elementebi. 

aqtiur winaRobaSi deni Zabvis proporciulia. es 

idealizacia Seesabameba omis kanons: 𝑢𝑢𝑟𝑟 = 𝑖𝑖𝑟𝑟𝑅𝑅 an 𝑖𝑖𝑟𝑟 = 𝑢𝑢𝑟𝑟
𝑅𝑅
. winaRobis 

Sebrunebul sidides uwodeben gamtarobas. gazomvis erTeuli 

aris simensi. 



zemoT CamoTvlili pasiuri elementebis ZiriTadi 

parametrebi arian aqtiuri winaRoba R, iduqtivoba L, da tevadoba 

C.  wredis parametrebi ama Tu im xarisxiT damokidebulni arian 

denze da Zabvaze. magaliTad winaRoba R damokidebulia denze, 

radganac denis gazrdisas izrdeba gamtaris temperatura. 

kondensatoris tevadoba damokidebulia Zabvaze, xolo koWas 

induqtivoba ki denze. es damokidebuleba umravles SemTxvevaSi 

Zalzed sustia da amitom SegviZlia misi ugulebelyofa. e. i. Cven 

SegviZlia wredis pasiuri elementebis maxasiaTeblebi 

warmovidginoT swori xazebiT. wredis aseT elementebs ewodebaT 

wrfivi. wrfiv elementebSi winaRoba _ R, tevadoba _ C, induqtivoba 

_ L mudmivi sidideebia, anuAar arian elementSi gamaval denze da 

modebul Zabvaze damokidebulni. 

realur eleqtrul wredebSi: mocemuli winaRoba 

uzrunvelyofilia, rogorc wesi, specialuri nakeTis – 

rezistoris CarTviT; mocemuli tevadoba – specialuri nakeTis – 

kondensatoris CarTviT; mocemuli induqciuroba – koWebis da 

gamtarebis CarTviT. idealizirebuli elementebisgan 

gansxvavebiT, eleqtruli wredebis realuri elementebi 

xasiaTdeba parametrebis simravliT. maTi nawilis modelireba 

SesaZlebelia aseve idealizirebuli elementebisagan Sedgenili 

ekvivalenturi eleqtruli sqemebis (Canacvlebis sqemebis) 

daxmarebiT. 

eleqtruli wredis damyarebuli reJimi, mudmivi denisa da 

Zabvis wyaroebis arsebobisas, aris wredis iseTi mdgomareoba, 

romlis drosac deni nebismier StoSi da Zabva nebismier kvanZSi 

aris ucvleli xangrZlivi drois ganmavlobaSi. damyarebul 

reJimSi gvaqvs wrfivi pasiuri elementebi da moduliTa da faziT 

ucvleli denis wyaroebi. aseT SemTxvevaSi damyarebuli reJimi 

aRiwereba wrfivi algebruli gantolebebiT. aseT wredebs 

ewodebaT wrfivi eleqtruli wredebi. es SemTxveva Seesabameba 

eleqtruli sistemis damyarebuli reJimis angariSs, rodesac 



datvirTvebisa da generatorebis denebs, eleqtrosistemis 

nebismier kvanZSi gaaCniaT ucvleli sididis moduli da faza. 

yvela realuri wredi aris arawrfivi, magram xSirad 

modelirebis saWiro sizuste arawrfivobis ugulvebelyofis 

saSualebas iZleva. 

Tu eleqtruli wredis pasiuri elementebis parametrebi 

damokidebulni arian gamaval denze da modebul Zabvaze, maSin 

aseTi elementebis maxasiaTeblebic arawrfivia, da aseT 

elementebs ewodebaT arawrfivi. viciT, rom iseT eleqtrul 

wreds romelic Seicavs Tundac erT arawrfiv elements ewodeba 

arawrfivi. 

eleqtruli sistemebis damyarebuli reJimebis angariSisas, 

pasiuri elementebis arawrfivoba, rogorc wesi ar aris 

gaTvaliswinebuli. am mxriv Canacvlebis sqemis grZivi nawili, 

yovelTvis wrfivia. amave dros, rogorc wesi, damyarebuli 

reJimebis angariSisas iTvaliswineben denis wyaroebis arawrfiv 

maxasiaTeblebs. 

denis wyaroebis arawrfivoba Seesabameba kvanZebSi 

generatorebisa da momxmareblebis tvirTebis mocemas mudmivi 

simZlavriT,Aaseve datvirTvebis mocemas maTi statikuri 

maxasiaTeblebiT, romlebic warmoadgenen momxmareblis tvirTis 

damokidebulebas Zabvaze. aseTi arawrfivi denis wyaroebis 

arsebobisas eleqtruli sistemis damyarebuli reJimebi aRiwereba 

arawrfivi algebruli gantolebebiT anu damyarebuli reJimis 

arawrfivi gantolebebiT. 

eleqtruli sistemis reJimi ganisazRvreba masSi Semavali 

eleqtrosadgurebis da momxmareblebis datvirTvebiT, agreTve 

gadamcemi qselebis mdgomareobiT. eleqtrosadgurebis, 

generatorebis da momxmareblebis datvirTvebi icvleba dRe-

Ramis, kviris, wlis manZilze. damyarebuli normaluri reJimebi 

eleqtrul sistemas SeiZleba hqondes bevri, magram maTi 

parametrebi moTavsebuli iyos SesaZlo minimaluri datvirTvebis 

reJimidan SesaZlo maqsimaluri datvirTvebis reJimamde. qselis 



eleqtruli datvirTvebis cvlilebebi xdeba drois yovel 

momentSi. eleqtruli sistemebis da qselebis damyarebuli 

reJimebi (zusti gagebiT) praqtikulad ar arsebobs. damyarebulad 

iTvleba reJimi, roca drois gansaxilvel periodSi misi 

parametrebis saSualo mniSvneloba an  ar icvleba, an icvleba 

umniSvnelod. 

eleqtruli sistemis damyarebul reJimSi igulisxmeba 

samfaza cvladi denis simetriuli sistemis simetriuli 

damyarebuli reJimi. am pirobebSi eleqtruli sistemis 

Canacvlebis (saangariSo) sqema iqmneba erTi fazisTvis neitraliT 

(kvanZiT, romlis Zabva aris nulis toli) da Sedgeba eleqtruli 

wredis elementebisagan: e.m.Z. da denis wyaroebi, aqtiuri 

winaRobebi, induqciurobebi da tevadobebi. 

eleqtruli sistemis Canacvlebis sqemis yvela elementi 

SesaZlebelia davyoT aqtiur da pasiur elementebad. 

rogorc aRvniSneT, aqtiuri elementi ewodeba iseT 

elements, romelic axdens eleqtroenergiis generirebas da 

moxmarebas (eleqtrosadgurebis generatorebi da qvesadgurebis 

datvirTvebi). rogorc wesi, damyarebuli reJimebis angariSis 

dros aqtiuri elementebi warmogvidgebian denebis wyaroebis an 

mocemuli denebis saxiT. 

pasiur elementebs miekuTvneba eleqtruli sistemis 

elementebi, romlebic axorcielebs eleqtruli energiis 

gadacemas da gardaqmnas (eleqtrogadamcemi xazebi, 

transformatorebi da avtotransformatorebi, agreTve grZivi da 

ganivi kompensaciis araregulirebadi statikuri mowyobilobebi). 

am elementebis Canacvlebis sqemebi Sedgeba aqtiuri, induqciuri 

da tevaduri winaRobebisagan, romlebic qmnis grZiv (neitralTan 

aradakavSirebuli) an ganiv (neitralTan dakavSirebuli) Stoebs. 

zog SemTxvevaSi transformatoris an avtotransformatoris 

Canacvlebis sqemis damagnitebuli Sto Sedis angariSebSi 

simZlavris mudmivi warTmeviT, romelic, rogorc datvirTva, 

mocemulia denis wyaros saxiT. Tu eleqtruli sistemebis 



Canacvlebis sqema ar daiyvaneba Zabvis erT safexuramde, maSin 

transformatoruli elementebis Canacvlebis sqemebSi 

winaRobebis garda SehyavT idealuri (danakargebis gareSe) 

transformatorebi. 

cvladi denis eleqtruli qselebi samfaziania. damyarebuli 

reJimebis angariSis dros ganixileba simetriuli da 

sinusoidaluri denebis da Zabvebis simetriuli qseli. am 

SemTxvevaSi SesaZlebelia mxolod erTi fazis Canacvlebis 

sqemis da reJimis parametrebis ganxilva. 

eleqtruli qselebis nominaluri Zabvebi aris fazaTaSoris 

Zabvebi. kvanZis fazaTaSorisi Zabvaa: 𝑈𝑈 = 𝑈𝑈′ + 𝑗𝑗𝑈𝑈′′̇  sadac, 𝑈𝑈′ Zabvis 

aqtiuri da 𝑈𝑈′′ reaqtiuli mdgenelebia. 

analogiurad, xazis (an kvanZis) deni: 𝐼𝐼̇ = 𝐼𝐼′ + 𝑗𝑗𝐼𝐼′′ 

erTi fazis sruli simZlavre: �̇�𝑆ფ = �̇�𝑈ფ𝐼𝐼∗̇ 

sadac  𝐼𝐼∗̇ − aris denis SeuRlebuli kompleqsi. 

sami fazis sruli simZlavre �̇�𝑆 = 3𝑆𝑆ფ̇ = 3𝑈𝑈ფ̇𝐼𝐼∗̇ = √3�̇�𝑈𝐼𝐼∗̇ = 𝑃𝑃 + 𝑗𝑗𝑗𝑗 

sadac 𝑃𝑃 = √3𝑈𝑈𝐼𝐼 cos𝜑𝜑 da 𝑗𝑗 = √3𝑈𝑈𝐼𝐼 sin𝜑𝜑φ- Sesabamisad, samive 

fazis aqtiuri da reaqtiuli simZlavre (𝜑𝜑 kuTxe denis da Zabvis 

kompleqsebs Soris). 

aqedan kvanZuri deni: 𝐼𝐼̇ = 𝑆𝑆∗̇

√3𝑈𝑈∗
= 𝑃𝑃−𝑗𝑗𝑗𝑗

√3(𝑈𝑈′ −𝑗𝑗𝑈𝑈′′ )
 

sabolood Cven SegviZlia davaskvnaT: Tu energosistemis 

Canacvlebis sqema, romelic warmodgenilia wrfivi pasiuri 

elementebiT R, L, C da denis wyaroebi mocemulia mudmivi sididis 

deniTa daFfaziT, maSin aseTi reJimi aRiwereba wrfivi 

algebruli gantolebebiT. xolo Tu energosistemis Canacvlebis 

sqemaSi denis wyaroebi mocemulia simZlavriT: 𝐼𝐼კვ =
𝑆𝑆კვ∗

√3𝑈𝑈კვ∗
 (1.3.1), 

maSin es reJimi aRiwereba arawrfivi algebruli gantolebebiT. 

aseTi saxiT warmodgenil denis wyaroze amboben, rom igi 

arawrfivia, radganac is damyarebuli reJimis amsaxvel 

gantolebaSi jdeba ara rogorc mudmivi sidide (rogorc R, C, 



L),Aaramed rogorc Zabvis funqcia. es Cans (1.3.1) gantolebidanac, 

sadac Skv
*=const 

eleqtruli wredis topologiuri Tvisebebi ar aris 

damokidebuli wredSi Semavali elementebis tipze da Tvisebaze. 

azri aqvs eleqtruli wredis sqemis yoveli Sto gamovsaxoT 

wiris monakveTiT Semavali. 

eleqtruli wredi da Sesabamisad misi sqema Seicavs 

Stoebs, kvanZebs da konturebs. 

eleqtruli wredis ubani erTi an ramdenime elementiT, 

romlebSic gadis erTi da igive deni, warmoadgens Stos. Tu 

StoSi CarTulia energiis wyaro, is aris aqtiuri Sto, xolo 

wyaros ararsebobis SemTxvevaSi – pasiuri Sto. 

wredis SeerTebis wertils, sadac Tavs iyris sami da meti 

Sto, ewodeba kvanZi. 

wredis Caketil nawils, romelic Seicavs ramodenime Stos 

konturi ewodeba. Tu eleqtruli wredis sqemas ar gaaCnia 

konturebi, maSin mas ewodeba gaxsnili. gaxsnil sqemebSi 

TiToeuli kvanZis kveba xorcieldeba mxolod erTi mxridan.  

TiToeuli kvanZi iRebs kvebas araumetes erTi Stodan. romelime 

Stos gamorTva gamoiwvevs yvela im kvanZis kvebis Sewyvetas 

romlebic kvebas iRebdnen am Stos gavliT. sqema, romelic 

Seicavs Tundac erT  konturs ewodeba Caketili sqema. Caketil 

sqemaSi arsebobs erTi kvanZi mainc, romelic kvebas iRebs ori an 

meti Stodan. romelime Stos gamorTva ar gamoiwvevs kvebis 

Sewyvetas. 

Sto, romelic Sedis mxolod erT konturSi warmoadgens 

aramosazRvre Stos. sxva SemTxvevaSi aris mosazRvre Sto. 

konturi – romelic Seicavs mxolod erT aramosazRvre Stos 

aris damoukidebeli konturi. 

imisaTvis rom viangariSoT eleqtruli sistemis muSaobis 

reJimi saWiroa, rom Tavdapirvelad SevadginoT misi Canacvlebis 

sqema. 



gaangariSeba tardeba mTeli rigi daSvebebis 

gaTvaliswinebiT. es daSvebebi amartivebs gaangariSebas. amave 

dros, daSvebebi ar unda amaxinjebdes fizikur suraTs da ar 

unda iwvevdes rezultatebis mniSvnelovan cdomilebas. 

CamovTvaloT es daSvebebi. 

1. davuSvaT rom, sistemis yvela elementi simetriulia. e.i. 

CavTvaloT rom, maTi fazebis winaRobebi tolia. generatorebsa 

da transformatorebSi simetria arsebobs bunebrivad, maTi 

konstruqciidan gamomdinare. asimetriiT xasiaTdeba gadamcemi  

xazebi. 

A da C fazebis sadenebs Soris manZili orjer metia A da B 

an B da C fazebis sadenebs Soris manZilTan SedarebiT. amis gamo 

A da C fazebis 1 km sigrZis induqciuri winaRoba metia, vidre B 

fazis. es gansxvaveba didi ar aris. Tu aviRebT samive fazis 

winaRobebis saSualo ariTmetikul sidides, davinaxavT rom, 

gansxvaveba massa da fazebis winaRobebs Soris 1,7—3,6%-ia. 

praqtikuli gaangariSebisaTvis es cdomileba mniSvnelovan rols 

ar asrulebs. amitom gadamcemi xazis simetriulobis daSveba 

savsebiT misaRebia. 

2. generatorebis brunTa ricxvi miRebulia mudmivad da 

sinqronulis tolad, (nax. 1). mokle SerTvis dros generatorebis 

datvirTvebi icvleba. es iwvevs maTi brunTa ricxvis 

cvalebadobas. magram generatorebis didi meqanikuri 

inerciulobis gamo, es cvlileba m.S-is arsebobis ganmavlobaSi 

umniSvneloa da SeiZleba CaiTvalos rom, sistemis yvela 

generatori sinqronuli kuTxuri siCqariT brunavs. 



nax.1  
 

es daSveba saSualebas gvaZlevs ganvixiloT sistema, 

romelSic yvela e.m.Zalas aqvs 50 herci sixSire. generatorebis 

realuri brunTa ricxvis mxedvelobaSi miReba migviyvanda 

situaciamde, sadac yvela e.m.Zalas eqneboda Tavisi, 50 hercisagan 

gansxvavebuli sixSire. 

3. datvirTvis Canacvleba winaRobiT. 

eleqtruli sistemis kvanZebSi mierTebuli datvirTva 

mravalgvaria. is Sedgeba ganaTebis naTurebisagan, eleqtruli 

gamacxeleblebisagan, sxvadasxva eleqtruli xelsawyoebisa da, 

rac mTavaria, sinqronuli da asinqronuli Zravebisagan. aseTi 

kompleqsuri datvirTvis Canacvlebis sqemis Sedgena 

SeuZlebelia. yvela konkretul SemTxvevaSi misi Semadgenloba 

iqneba sxvadasxva. garda amisa, m.S-is SemTxvevaSi, asinqronuli da 

sinqronuli Zravebi gzavnian m.S-is dens. es deni milevadia, 

magram m.S-is pirvel momentSi saWiroa misi mxedvelobaSi miReba. 

Catarebuli kvlevebiT dadginda, rom kompleqsuri datvirTva 

SeiZleba Seicvalos ekvivalenturi reaqtiuli winaRobiT da 

saTanado e.m.ZaliT. datvirTvis ekvivalenturi induqciuri 

winaRobis sidide aiReba misi Zabvis da sruli simZlavris 

mixedviT (nax. 2). 



nax.2

 

e.m.Zala aiReba normaluri Zabvis 0,85–is tolad. aseTi 

daSveba ar aris mkacri, magram praqtikisaTvis sakmarisi 

sizustis rezultats iZleva. 

  



თავი II 

სისტემის მდგომარეობის ამსახველი განტოლებები 

2.1 კირხჰოფის კანონებზე დაფუძნებული განტოლებები 

 

Canacvlebis sqemis pasiuri parametrebiT warmodgenis 

SemTxvevaSi qselis pasiuri parametrebi aisaxebian konturuli 

winaRobebiT –konturebis sakuTari da urTierTwinaRobebis 

matriciT Zkont, an kvanZuri gamtarobebiT - kvanZebis sakuTari da 

urTierTgamtarobebis matriciT Ykv. xolo, Tu Canacvlebis sqema 

warmodgenilia yvela arsebuli Stos ganzogadebuli 

parametrebiT - kvanZebis sakuTari da urTierTwinaRobebis 

matriciT Zkv da Stoebis sakuTari da urTierTgamtarobebis 

matriciTYSt. 

kvanZuri denebis (denis wyaroebis) an simZlavreebis, aseve 

Zabvis wyaroebiTa da Sesabamisi winaRobebiT an gamtarobebiT 

warmodgenili Canacvlebis sqemebis gamoyenebas safuZvlad udevs 

garkveuli mosazreba da mizani, romelic SeiZleba 

gamomdinareobdes amocanis specifikurobidan da arsebuli 

resursebis SesaZleblobidan. magaliTad, yvelaze martiv 

SemTxvevaSi, rodesac SesaZlebelia eleqtruli reJimis 

gaangariSeba mxolod mocemuli kvanZuri denebisa (simZlavreebis) 

da bazisuri (amavdroulad mabalansirebeli) kvanZis mocemuli 

Zabvis safuZvelze. 

am dros sistemis mdgomareoba SeiZleba aRwerili iyos 

rogorc kvanZuri, ise konturuli gantolebebiT. meore saxis 

Canacvlebis sqemis gamoyenebis SemTxvevaSi sistemis mdgomareoba 

SeiZleba aRiweros rogorc konturuli, ise 

ganzogadebulparametrebiani gantolebebiT, rac warmoadgens 

eleqtruli sistemis mdgradobis analizisa da avariuli 

reJimebis parametrebis gaangariSebis safuZvels. 

eleqtruli sistemis damyarebuli reJimebi maTematikurad 

aRiwereba gantolebebis ori jgufiT: 1) wrfivi algebruli 



gantolebebiT, romlebic akavSirebs wrfivi eleqtruli wredis 

Canacvlebis sqemis pasiuri elementebis denebs da Zabvebs; 2) 

arawrfivi gantolebebiT, romlebic akavSirebs energiis 

wyaroebis da datvirTvebis simZlavreebs, denebs da Zabvebs. 

yovel eleqtrul wredSi, kirxhofis kanonebis gamoyenebiT, 

SeiZleba ganisazRvros denebi yvela danarCen ubnebSi. amisaTvis 

unda Sedges imdeni toloba, ramdenic ucnobi denia wredSi. unda 

SevniSnoT, rom tolobebis ricxvi, romelic SeiZleba kirxhofis 

kanonis mixedviT Sedges, yovelTvis metia ucnobi denebis 

ricxvze, magram am tolobebis nawili warmoadgens danarCenebis 

Sedegs. 

Tu wreds aqvs n kvanZi, maSin kirxhofis pirveli kanonis 

gamoyenebiT saWiroa Sedgenil iqnas mxolod (n-1) gantoleba. 

danarCeni tolobebi Sedgenili iqneba kirxhofis meore kanonis 

mixedviT; yuradReba unda mieqces imas, rom konturi, 

romlisTvisac toloba Sedgeba, Seicavdes iseT Stos mainc, 

romelic ar Sedis winaT Sedgenil tolobebSi. 

wrfivi eleqtruli sistemis mdgomareoba aRiwereba 

kirxhofis pirveli da meore kanonis da omis kanonis safuZvelze 

Sedgenili gantolebebiT. saangariSo praqtikaSi farTod 

gamoiyeneba gardaqmnili konturuli da kvanZuri gantolebebi. 

amasTan, kvanZuri gantolebebi Rebulobs yvelaze martiv saxes, 

eleqtruli wredis aqtiuri elementebi moicema mxolod denis 

wyaroebiT, konturuli gantolebebi – e.m.Z-is wyaroebiT. 

didi raodenobis elementebis mqone ganStoebuli 

eleqtruli wredebisTvis konturuli gantolebebis formirebis 

sirTulem, am gantolebebis Tvisebebis damokidebulebam 

damoukidebeli konturebis sistemis SerCevaze da Senacvlebis 

sqemis Stoebis raodenobis gazrdam aqtiuri elementebis e.m.Z-is 

wyaroebiT wardgenis dros ganapiroba kompiuterze eleqtruli 

sistemebis damyarebuli reJimebis angariSis dros konturuli 

gantolebebis bevrad iSviaTi gamoyeneba, vidre kvanZuri 

gantolebebisa. 



ganvixiloT kvanZuri Zabvebis gantolebis miRebis 

konkretuli magaliTi (nax.3). 
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nax.3 

 

meoTxe kvanZi aviRoT mabalansirebel kvanZad. amave kvanZis 

Zabva iyos bazisuri Zabva 4U . Ddenebis mimarTuleba StoebSi 

avirCioT nebismierad Tu amoxsnis Semdeg denis sidides miviRebT 

uaryofiTi niSniT, maSin am denis realuri mimarTuleba ar 

emTxveva Cvens mier aRebul nakadganawilebas, maSin dens naxazze 

Seecvleba mimarTuleba. nax.3_ze mocemuli wredis 1, 2, 3 

kvanZebisaTvis davweroT kirxhofis I kanonis mixedviT 

gantolebebi: 

 

�
𝐼𝐼41 − 𝐼𝐼12 = −𝐼𝐼1

−𝐼𝐼24 − 𝐼𝐼23 + 𝐼𝐼12 = −𝐼𝐼2
𝐼𝐼23 − 𝐼𝐼34 = 0

�  (2.1.1) 

 

meoTxe kvanZisTvis gantolebis daweras, azri ar aqvs, 

radganac kirxhofis 1 kanonis Tanaxmad wrfivad damoukidebeli 

kvanZuri gantolebebis ricxvi kvanZebis ricxvze erTiT naklebia. 

amitom bazisuri kvanZis Zabva aiReba angariSis gareSe. 

StoebSi gamavali denebi gamovsaxoT am StoebSi Zabvis 

vardnebiT, gveqneba: 

 

�
𝑌𝑌1∆𝑈𝑈1 − 𝑌𝑌2∆𝑈𝑈2 = −𝐼𝐼1

−𝑌𝑌2∆𝑈𝑈2 + 𝑌𝑌4∆𝑈𝑈4 + 𝑌𝑌3∆𝑈𝑈3 = 𝐼𝐼2
𝑌𝑌4∆𝑈𝑈4 − 𝑌𝑌5∆𝑈𝑈5 = 0

�  (2.1.2) 



StoebSi Zabvis vardnebi gamovsaxoT kvanZuri Zabvebis 

saSualebiT: 

⎩
⎪
⎨

⎪
⎧
∆𝑈𝑈1 = 𝑈𝑈4 − 𝑈𝑈1
∆𝑈𝑈2 = 𝑈𝑈1 − 𝑈𝑈2
∆𝑈𝑈3 = 𝑈𝑈2 − 𝑈𝑈4
∆𝑈𝑈4 = 𝑈𝑈2 − 𝑈𝑈3
∆𝑈𝑈5 = 𝑈𝑈3 − 𝑈𝑈4

�  (2.1.3) 

 

Tu (2.1.3)_s SevitanT (2.1.2)_Si gveqneba: 

 

�
𝑌𝑌1(𝑈𝑈4 − 𝑈𝑈1) − 𝑌𝑌2(𝑈𝑈1 − 𝑈𝑈2) = −𝐼𝐼1

−𝑌𝑌2(𝑈𝑈1 − 𝑈𝑈2) − 𝑌𝑌4(𝑈𝑈2 − 𝑈𝑈3) + 𝑌𝑌3(𝑈𝑈2 − 𝑈𝑈4) = 𝐼𝐼2
𝑌𝑌4(𝑈𝑈2 − 𝑈𝑈3) − 𝑌𝑌5(𝑈𝑈3 − 𝑈𝑈4) = 0

� 

 

gavxsnaT frCxilebi da cnobili sidideebi gadavitaoT 

marjvniv 

�
(𝑌𝑌1+𝑌𝑌2) ∙ 𝑈𝑈1 − 𝑌𝑌2 ∙ 𝑈𝑈1 = 𝐼𝐼1 + 𝑌𝑌1 ∙ 𝑈𝑈4

−𝑌𝑌2 ∙ 𝑈𝑈1 + (𝑌𝑌2 + 𝑌𝑌3 + 𝑌𝑌4) ∙ 𝑈𝑈2 − 𝑌𝑌4 ∙ 𝑈𝑈3 = 𝐼𝐼2 + 𝑌𝑌3 ∙ 𝑈𝑈4
−𝑌𝑌4 ∙ 𝑈𝑈2 + (𝑌𝑌4 + 𝑌𝑌5) ∙ 𝑈𝑈3 = 0 + 𝑌𝑌5 ∙ 𝑈𝑈4

�  (2.1.4) 

 

Y11=Y1+Y2; Y22=Y2+Y3+Y4; Y4+Y5=Y33 _ warmoadgenen kvanZebis 

sakuTar gamtareblobebs. isini sididiT tolia kvanZTan 

mierTebuli Stoebis gamtareblobebis jamis. igulisxmeba is 

Stoc romelic aerTebs mabalansirebel kvanZsa da mocemul 

kvanZs. danarCeni sidideebi Y2; Y4 warmoadgenen kvanZebis 

urTierTgamtareblobebs konkretuli sqemisaTvis (nax.3). 

𝑌𝑌1 + 𝑌𝑌2 = 𝑌𝑌11 , 𝑌𝑌2 + 𝑌𝑌3 + 𝑌𝑌4 = 𝑌𝑌22, 𝑌𝑌4 + 𝑌𝑌5 = 𝑌𝑌33; da 𝑌𝑌12 = 𝑌𝑌21 = 𝑌𝑌2; 

𝑌𝑌32 = 𝑌𝑌23 = 𝑌𝑌44 gantolebaTa sistema miiRebs Semdeg saxes: 

 

�
𝑌𝑌11 ∙ 𝑈𝑈1 − 𝑌𝑌12 ∙ 𝑈𝑈2 = −𝐼𝐼1 + 𝑌𝑌1 ∙ 𝑈𝑈4
−𝑌𝑌21 ∙ 𝑈𝑈1 + 𝑌𝑌22 ∙ 𝑈𝑈3 = 𝐼𝐼2 + 𝑌𝑌3 ∙ 𝑈𝑈4
−𝑌𝑌32 ∙ 𝑈𝑈2 + 𝑌𝑌33 ∙ 𝑈𝑈3 = 0 + 𝑌𝑌5 ∙ 𝑈𝑈4

�  (2.1.5) 

 

Tu eleqtruli wredi Sedgeba n+1 raodenobis kvanZisagan da 

bazisuri Zabva udris nuls, maSin n raodenobis damoukidebeli 



kvanZisaTvis daweril kvanZuri Zabvebis gantolebebs zogadad 

eqnebaT Semdegi saxe: 

 

�

𝑌𝑌11 ∙ 𝑈𝑈1 − 𝑌𝑌12 ∙ 𝑈𝑈2 − 𝑌𝑌13 ∙ 𝑈𝑈3 −⋯− 𝑌𝑌1𝑛𝑛 ∙ 𝑈𝑈𝑛𝑛 = 𝐼𝐼1
−𝑌𝑌21 ∙ 𝑈𝑈1 + 𝑌𝑌22 ∙ 𝑈𝑈2 − 𝑌𝑌23 ∙ 𝑈𝑈3 −⋯− 𝑌𝑌2𝑛𝑛 ∙ 𝑈𝑈𝑛𝑛 = 𝐼𝐼2
… … … … … … … … … … … … … … … … … … … … … …
−𝑌𝑌𝑛𝑛1 ∙ 𝑈𝑈1 − 𝑌𝑌𝑛𝑛2 ∙ 𝑈𝑈2 − 𝑌𝑌𝑛𝑛3 ∙ 𝑈𝑈3 −⋯+ 𝑌𝑌𝑛𝑛𝑛𝑛 ∙ 𝑈𝑈𝑛𝑛 = 𝐼𝐼𝑛𝑛

�  (2.1.6) 

 

(2.1.6) gantolebaTa sistemaSi kvanZebSi denis wyaroebis 

niSani damokidebulia imaze Tu ra saxis kvanZs warmoadgens 

mocemuli kvanZi _ datvirTvis Tu generaciis. Tu or kvanZs 

Soris, eleqtrul wredSi ar aris SemaerTebeli Sto, maSin (2.1.5) 

gantolebaTa sistemaSi Sesabamisi gamtaroba aiReba 0-is toli. 

(2.1.6) gantolebaTa sistemis koeficientTa matricas, anu 

kvanZebis sakuTar da urTierTgamtarobis matricas eqneba saxe: 

 

�
𝑌𝑌11 −𝑌𝑌12 0
−𝑌𝑌21 𝑌𝑌22 −𝑌𝑌23

0 −𝑌𝑌32 𝑌𝑌33

� 

 

aseve kvanZuri denebi da kvanZuri Zabvebi warmodgenili 

veqtor-svetebis saxiT iqneba: 

𝐼𝐼 = �
−𝐼𝐼1
𝐼𝐼2
0
�;  𝑈𝑈 = �

𝑈𝑈1
𝑈𝑈2
𝑈𝑈3

� 

zemoTTqmulis safuZvelze aRniSnuli magaliTisTvis 

kvanZuri Zabvebis gantoleba miiRebs saxes: 

 

�
𝑌𝑌11 −𝑌𝑌12 0
−𝑌𝑌21 𝑌𝑌22 −𝑌𝑌23

0 −𝑌𝑌32 𝑌𝑌33

� ∙ �
𝑈𝑈1
𝑈𝑈2
𝑈𝑈3

� = �
−𝐼𝐼1
𝐼𝐼2
0
� + �

𝑈𝑈4 ∙ 𝑌𝑌1
𝑈𝑈4 ∙ 𝑌𝑌3
𝑈𝑈4 ∙ 𝑌𝑌5

� 

 

anu kvanZuri Zabvebis gantoleba Caiwereba Semdegnairad: 

 

�̇�𝑌კვ ∙ �̇�𝑈კვ = 𝐼𝐼კ̇ვ + �̇�𝑌ბ ∙ 𝑈𝑈ბ  (2.1.7) 

 



(2.1.5) gantoleba SegviZlia gadavweroT Semdegi saxiTac: 

�
𝑌𝑌11 ∙ (𝑈𝑈1 − 𝑈𝑈4) − 𝑌𝑌12 ∙ (𝑈𝑈2 − 𝑈𝑈4) = −𝐼𝐼1

−𝑌𝑌21 ∙ (𝑈𝑈1 − 𝑈𝑈4) − 𝑌𝑌22 ∙ (𝑈𝑈2 − 𝑈𝑈4) + 𝑌𝑌23(𝑈𝑈3 − 𝑈𝑈4) = 𝐼𝐼2
−𝑌𝑌32 ∙ (𝑈𝑈2 − 𝑈𝑈4) − 𝑌𝑌33 ∙ (𝑈𝑈3 − 𝑈𝑈4) = 0

� 

rogorc ukve aRvniSneT bolo gantolebaTa sistema 

analogiuria (2.1.5) gantolebaTa sistemis.  gantolebaTa sistema 

warmovadginoT matriculi saxiT: 

�
𝑌𝑌11 −𝑌𝑌12 0
−𝑌𝑌21 𝑌𝑌22 −𝑌𝑌23

0 −𝑌𝑌32 𝑌𝑌33

� ∙ �
𝑈𝑈1 − 𝑈𝑈4
𝑈𝑈2 − 𝑈𝑈4
𝑈𝑈3 − 𝑈𝑈4

� = �
−𝐼𝐼1
𝐼𝐼2
0
� 

mabalansirebeli kvanZis arCeva, aseve misi Zabvis arCeva 

(Ub=0, Ub≠0) ar axdens zegavlenas angariSis rezultatze. 

Ykv(U-Ub)=Ikv gantolebis amoxsna gvaZlevs (U-Ub)=∆U veqtor-

svets. igi warmoadgens ZabvaTa vardnis sidiedebs mabalansirebel 

kvanZsa da mocemul kvanZs Soris _ ∆U1;  ∆U2;  ∆U3; ……. ∆Un. amis 

Semdeg Cven SegviZlia ganvsazRvroT ZabvaTa realuri sidideebi 

kvanZebSi U-Ub=∆U;U=∆U+Ub. da Sesabamisad U1=∆U1+Ub; U2=∆U2+Ub; 

U3=∆U3+Ub ......Un=∆Un+Ub; 

ganvixiloT damyarebuli reJimebis modelirebis dros 

eleqtruli sistemis Canacvlebis wrfivi eleqtruli wredi. 

CavTvaloT, rom am wredis aqtiuri elementebi aris mxolod 

denis wyaroebi. amas garda, simartivis da TvalsaCinoebis mizniT, 

CavTvaloT, rom eleqtruli sistemis Canacvlebis sqema 

miyvanilia Zabvis erT safexurze. es niSnavs, rom pasiuri 

elementebi aris mxolod aqtiuri winaRobebi (Canacvlebis sqemaSi 

idealuri transformatorebi ar aris). 

am pirobebisTvis 𝑛𝑛 kvanZis mqone nebismieri konfiguraciis 

eleqtruli wredis kvanZuri gantolebebi matriculi formiT 

Caiwereba: 𝑌𝑌Σ�̇�𝑈Σ = √3𝐼𝐼Σ̇̇  

sadac 𝑌𝑌Σ - kvanZuri winaRobebis 𝑛𝑛 rigis kvadratuli 

matricaa; 𝑈𝑈Σ - yvela kvanZis xazuri (fazebs Soris) Zabvebis 

veqtoruli matrica; 𝐼𝐼Σ̇ - yvela kvanZis denis wyaros (mocemuli 

denebis) fazuri mniSvneloba, aRebuli “plus” niSniT 



generatorebisTvis da “minus” niSniT datvirTvisTvis (rogorc 

adre miviReT mocemuli denisTvis dadebiTi mimarTuleba 

kvanZisken). kvanZuri gantolebebis formireba daiyvaneba 𝑌𝑌Σ 

matricis Sedgenamde: 

1) 𝑌𝑌Σ matricis yoveli diagonaluri elementi 𝑌𝑌𝑖𝑖𝑖𝑖(𝑖𝑖 = 1,2 …𝑛𝑛 

tolia 𝑖𝑖 kvanZTan dakavSirebuli yvela Stoebis gamtarobebis 

jamis; 

2) matricis yoveli aradiagonaluri elementi 𝑌𝑌𝑖𝑖𝑗𝑗 (𝑖𝑖, 𝑗𝑗 =

1,2 …𝑛𝑛; 𝑖𝑖 ≠ 1 tolia 𝑖𝑖 da 𝑗𝑗 kvanZebis damakavSirebeli Stos 

gamtarobis, aRebuls Sebrunebuli niSniT. 

aqedan gamomdinareobs 𝑌𝑌Σ matricis Semdegi Tvisebebi: 

1) 𝑌𝑌Σ matrica simetriulia: transponireba ar cvlis 

matricas 𝑌𝑌Σ𝑇𝑇 = 𝑌𝑌Σ ; 

2) realuri eleqtruli sistemebis Canacvlebis sqemebisTvis 

𝑌𝑌Σ matricis diagonaluri elementebi nulisagan gansxvavebulia 

da rogorc wesi, moduliT aRemateba Sesabamisi striqonis an 

svetis aradiagonalur elementebs, rac Zalian mniSvnelovania 

efeqturi ricxviTi algoriTmebis Seqmnis dros. 

𝑌𝑌Σ matricebis ganxiluli Tvisebebis gaTvaliswineba iZleva 

rTuli eleqtruli sistemebis damyarebuli reJimebis 

algoriTmebis da kompiuteruli programebis gamoTvliTi 

efeqturobis mniSvnelovani gazrdis saSualebas da gansazRvravs 

angariSis Tanamedrove meTodebis SerCevas. 

maTematikuri TvalsazrisiT, dambalansebeli kvanZis 

SerCeva aris Tavisufali nebismier SemTxvevaSi, magram 

gamoTvliTi (amoxsnis miRebis) TvalsazrisiT, mizanSewonilia 

bazisuri da dambalansebeli kvanZebis damTxveva, radgan am 

SemTxvevaSi xdeba kvanZuri gamtarobebis matricis zemoT 

aRniSnuli Tvisebebis SenarCuneba. 

 

 



2.2 სისტემის მდგომარეობის ამსახველი განტოლებების მიღება 

ტოპოლოგიური ანალიზის მეთოდების გამოყენებით 

 

sistemis mdgomareobis amsaxveli yvela gantoleba emyareba 

kirxhofis kanonebs. am gantolebebis pirdapiri amoxsna iZleva 

kvanZur Zabvebsa da denebs StoebSi da maTi ricxvi udris 

damoukidebeli konturebisa da kvanZebis jams. amitom ufro 

xSiri gamoyeneba aqvs kirxhofis gantolebebis gardasaxviT 

miRebul kvanZur da konturul gantolebebs, romelTa 

ganzomilebac mniSvnelovnad naklebia uSualod kirxhofis 

kanonebis mixedviT Sedgenil gantolebebTan SedarebiT. 

yvela SemTxvevaSi sqemis topologia aisaxeba incidenciis I 

da II matricebiT, romlebic Tavis mxriv aisaxebian sqemis pasiuri 

parametrebis amsaxvel matricebSi. 

Tavdapirvelad ganvmartoT Tu ras niSnavs incidenciis I 

(M) matrica. incidenciis I matrica asaxavs kavSirebs 

damoukidebel kvanZebsa da Stoebs Soris, anu el. qselis 

grafikul saxes. igi Seicavs imden striqons ramdeni 

damoukidebeli kvanZi aris el. wredSi da imden svets, ramdeni 

Stoc aris amave wredSi. svetisa da striqonebis gadakveTaze 

iwereba +1, -1 an 0 imisda mixedviT svetis nomris Sesabamisi Sto 

uerTdeba Tu ara striqonis nomris Sesabamis kvanZs. “+” an “-“ 

iTvaliswinebs denis mimarTulebas ganxilul wredSi. 

imisaTvis, rom davinaxoT Tu ra principze dgeba 

incidenciis I matrica, amisaTvis ganvixiloT konkretuli 

magaliTi. 
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e.i Tu Sto sqemaze SeerTebulia kvanZSi, maSin am Stos 

svetisa da striqonis gadakveTeze iwereba 1, -1 imisda mixedviT, 

deni Sedis kvanZSi, Tu gamodis kvanZidan. magaliTad: 1-2, 1-3, 1-4 

Stoebi ,,1” kvanZSi arian SerTulni. 1-3 da 1-4 Stoebidan deni 

Sedis ,,1” kvanZSi da amitom incidenciis matricaSi ,,1” kvanZis 

Sesabamisi striqonisa, da 1-3 da 1-4 Sesabamisi Stoebis svetebis 

gadakveTaze iwereba 1, xolo 1-2 StoSi ki deni gamodis ,,1” 

kvanZidan, amitom incidenciis matricaSi ,,1” kvanZis striqonisa 

da 1-2 Stos Sesabamisi svetis gadakveTaze iwereba -1. aseve 

vakeTebT danarCeni kvanZebisa da StoebisaTvis. 

e.i. rogorc davinaxeT incidenciis I matrica maTematikurad 

asaxavs sqemis grafs. 

ganvixiloT kvanZuri gamtareblobis matricis miReba 

incidenciis I matricis 𝑀𝑀–is gamoyenebiT: 

𝑌𝑌კვ𝑈𝑈კვ = 𝐼𝐼კვ(2.2.1) 

sadac Ukv da Ikv - kvanZuri Zabvebisa da denebis veqtor 

matricebia. 

Ykv-is Sedgenisas gaTvaliswinebulia sqemis topologia 

incidencis pirveli matricis M-is saSualebiT, matricas 



romelic asaxavs kvanZebisa da Stoebs Soris kavSirs mocemul 

sqemaSi. 

𝑀𝑀 ∙ 𝐼𝐼შტ = 𝐼𝐼კვ  (2.2.2)    -   kirxhofis pirveli kanoni. 

𝑌𝑌დ ∙ 𝑈𝑈შტ = 𝐼𝐼შტ  (2.2.3) - omis kanonis matriculi wesi. 

𝑀𝑀𝑇𝑇 ∙ 𝑈𝑈კვ = 𝑈𝑈შტ  (2.2.4) - Zabvis vardna gamosaxuli kvanZuri 

ZabvebiT. 

(2.2.2), (2.2.3), (2.2.4) matriculi tolobebis safuZvelze 

vRebulobT: 

𝑀𝑀𝑌𝑌დ𝑀𝑀𝑇𝑇𝑈𝑈კვ = 𝐼𝐼კვ  (2.2.5) 

sadac 𝑀𝑀 ∙ 𝑌𝑌დ ∙ 𝑀𝑀𝑇𝑇 = 𝑌𝑌კვ 

gamosaxuleba aris kvanZuri gamtareblobebis matrica 

warmodgenili incidenciis I matricis saSualebiT. Tu bazisuri 

Zabva ar udris nuls da mocemulia misi mniSvneloba Ub maSin 

kvanZuri Zabvebis gantoleba matriculi formiT iRebs saxes: 

𝑀𝑀𝑌𝑌დ𝑀𝑀𝑇𝑇(𝑈𝑈კვ − 𝑈𝑈ბ) = 𝐼𝐼კვ (2.2.6) 

anu 𝑌𝑌კვ(𝑈𝑈კვ − 𝑈𝑈ბ) = 𝐼𝐼კვ (2.2.7) 

mocemuli matriculi gantolebis Sebrunebuli forma 

iqneba: 

𝑈𝑈კვ − 𝑈𝑈ბ = 𝑍𝑍კვ𝐼𝐼კვ 

sadac 𝑍𝑍კვ kvanZuri winaRobebis matricaa 

𝑍𝑍კვ = 𝑌𝑌კვ−1 (2.2.8) 

dasaxuli amocanebidan gamomdinare, SesaZlebelia 

gamoyenebuli iqnes Canacvlebis sqema sadac mocemuli iqneba 

rogorc kvanZuri denebi (simZlavreebi), aseve StoebSi CarTuli 

e.m.Z-ebi. magaliTad, rodesac xdeba sxvadasxva transformaciis 

koeficientis gaTvaliswineba eleqtruli reJimis parametrebis 

gaangariSebis dros. sxva SemTxvevaSi rodesac Canacvlebis 

sqemaSi generacia da datvirTva mocemulia pasiuri Stos saxiT, 

SeiZleba mocemuli iyos kvanZuri denebic. rodesac Canacvlebis 

sqemis StoebSi CarTulia e.m.Z-ebi omis kanoni warmodgenili 

Stoebis sakuTari winaRobebiT iRebs saxes: 

𝑈𝑈შტ = 𝑍𝑍შტ𝐼𝐼შტ − 𝐸𝐸 (2.2.9) 



aq E aris StoebSi CarTuli Zabvis wyaroebis veqtor-

matrica, 

𝑍𝑍შტ = 𝑍𝑍დ– Stoebis winaRobebis veqtor-matrica. 

(2.2.9)-dan gansazRvruli Stoebis denebis matrica iqneba: 

𝐼𝐼შტ = 𝑍𝑍დ−1𝑈𝑈შტ + 𝑍𝑍დ−1𝐸𝐸 = 𝑌𝑌დ𝑈𝑈შტ + 𝑌𝑌დ𝐸𝐸 (2.2.10) 

(2.2.5), (2.2.9) da (2.2.10)-is gaTvaliswinebiTHvRebulobT 

kvanZuri Zabvebis gantolebas StoebSi e.m.Z-is arsebobis dros. 

𝑀𝑀𝑌𝑌დ𝑀𝑀𝑇𝑇𝑈𝑈კვ = 𝐼𝐼კვ −𝑀𝑀𝑌𝑌დ𝐸𝐸 

anu 

𝑌𝑌კვ𝑈𝑈კვ = 𝐼𝐼კვ −𝑀𝑀𝑌𝑌დ𝐸𝐸  (2.2.11) 

am gantolebis Sebrunebuli forma iqneba: 

𝑈𝑈კვ = 𝑌𝑌კვ−1𝐼𝐼კვ − 𝑌𝑌კვ−1𝑀𝑀𝑌𝑌დ𝐸𝐸 = 𝑍𝑍კვ𝐼𝐼კვ − 𝑍𝑍კვ𝑀𝑀𝑌𝑌დ𝐸𝐸 (2.2.12) 

amgvarad Canacvlebis sqemas zogadad SeiZleba Seicavdes 

rogorc kvanZur denebs ise StoebSi CarTul e.m.Z-ebs. 

nax.4-ze warmodgenili sqemisaTvis gvaqvs: 

𝑀𝑀 = �
−1 1 1 0 0
1 0 0 1 0
0 −1 0 −1 1

� _ incidenciis I matricaa; 

 

�̇�𝑌დ =

⎣
⎢
⎢
⎢
⎡
𝑌𝑌11 0 0 0 0
0 𝑌𝑌22 0 0 0
0 0 𝑌𝑌33 0 0
0 0 0 𝑌𝑌44 0
0 0 0 0 𝑌𝑌55⎦

⎥
⎥
⎥
⎤

_ diagonaluri matricaa; 

 

𝑀𝑀𝑇𝑇 =

⎣
⎢
⎢
⎢
⎡
−1 1 0
1 0 −1
1 0 0
0 1 −1
0 0 0 ⎦

⎥
⎥
⎥
⎤
_ transponirebuli matricaa 

 

miviReTY kvanZuri gamtareblobis matrica: 

 

�̇�𝑌კვ = 𝑀𝑀�̇�𝑌დ𝑀𝑀𝑇𝑇 = �
(𝑌𝑌1−2 + 𝑌𝑌1−3 + 𝑌𝑌1−4) −𝑌𝑌1−2 −𝑌𝑌1−4

−𝑌𝑌1−2 (𝑌𝑌1−2 + 𝑌𝑌2−3) −𝑌𝑌2−3
−𝑌𝑌1−3 −𝑌𝑌2−3 (𝑌𝑌1−3 + 𝑌𝑌2−3 + 𝑌𝑌3−4)

� 



e.i. rogorc vxedavT kvanZuri gamtareblobebis matricaSi 

sakuTari gamtareblobebis adgilas iwereba im gamtareblobebis 

jami, romlebic uSualod uerTdebian am kvanZs, xolo 

urTierTgamtareblobis adgilas iwereba am kvanZsa da mezobel 

kvanZs Soris arsebuli gamtaroba aRebuli ,,-“ niSniT. 

kirxhofis II kanonis safuZvelze gantolebebis miRebis 

dros viyenebT incidenciis II matricas (N). incidenciis II 

matrica asaxavs kavSirs el. qselis damoukidebel konturebsa da 

Stoebs Soris. Seicavs imden striqons ramdeni damoukidebeli 

konturi gvaqvs el. wredSi da imden svets ramdeni Stoc gvaqvs 

amave wredSi. striqonisa da svetis gadakveTaze iwereba +1, -1 

imisda mixedviT Tu striqonis nomris Sesabamisi konturis 

Semovlis mimarTuleba emTxveva Tu ara mocemuli svetis nomris 

Sesabamis StoSi gamavali denis mimarTulebas. 

imisaTvis, rom damoukidebeli konturebi gamovyoT sqemidan, 

amisaTvis es sqema SeiZleba daiSalos xed da kavSirebad. xe aris 

is Sto, romlebic ar qmnian konturs, magram Seicaven yvela 

kvanZs, xolo kavSiris yovelive elements Seesabameba yvela 

damoukidebuli konturi. am mosazrebidan gamomdinare 

aucilebelia TiToeuli sqema daiSalos xed da kavSirebad. 
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ganvixiloT konturul winaRobaTa matricis miReba 

incidenciis II matricis gamoyenebiT: 

𝑁𝑁 ∙ �̇�𝑍დ ∙ 𝑁𝑁𝑇𝑇 = �̇�𝑍კონტ  (2.2.13) 

sadac 𝑁𝑁 = �0 −1 1 0 −1
1 1 0 −1 0 � _ incidenciis II matricaa; 

 

�̇�𝑍დ =

⎣
⎢
⎢
⎢
⎡
𝑍𝑍1 0 0 0 0
0 𝑍𝑍2 0 0 0
0 0 𝑍𝑍3 0 0
0 0 0 𝑍𝑍4 0
0 0 0 0 𝑍𝑍5⎦

⎥
⎥
⎥
⎤

 _ diagonaluri matricaa; 

 

𝑁𝑁𝑇𝑇 =

⎣
⎢
⎢
⎢
⎡

0 1
−1 1
1 0
0 −1
−1 0 ⎦

⎥
⎥
⎥
⎤
 _ transponirebuli matricaa 

 

sistemis mdgomareobis amsaxveli erT_erTi gantolebaa 

konturuli gantoleba, romelic dafuZvnebulia ZiriTadad 

kirxhofis II kanonze. kirxhofis II kanoniT iwereba imdeni 

gantoleba ramdeni damoukidebeli konturi gvaqvs aRniSnul 

qselSi. 

�̇�𝑍კონტ ∙ 𝐼𝐼კ̇ონტ = �̇�𝐸კონტ  (2.2.14) 

�̇�𝑍კონტ - damoukidebeli konturebis sakuTari da       

urTierTwinaaRmdegobebis matricaa. 

omis kanoni – �̇�𝑍დ ∙ 𝐼𝐼შ̇ტ = ∆�̇�𝑈შტ 

𝑁𝑁 ∙ ∆�̇�𝑈შტ = �̇�𝑈კონტ  (2.2.15) 

𝑁𝑁 ∙ �̇�𝑍დ ∙ 𝐼𝐼შ̇ტ = �̇�𝑈კონტ  (2.2.16) 

𝑁𝑁𝑇𝑇 ∙ 𝐼𝐼კ̇ონტ = 𝐼𝐼შ̇ტ  (2.2.17) 

(2.2.16)_is gaTvaliswinebiT (2.2.17)_dan vRebulobT: 

𝑁𝑁 ∙ �̇�𝑍დ ∙ 𝑁𝑁𝑇𝑇 ∙ 𝐼𝐼კ̇ონტ = �̇�𝑈კონტ  (2.2.18) 

ganvixiloT konturuli gantolebis miReba praqtikul 

magaliTze (nax.6) 



2 3

I II III

1 4

 
nax.6 rTuli qselis Canacvlebis sqema konturuli gantolebebis 

misaRebad 

SevadginoT konturul winaRobaTa matrica mocemuli 

sqemisaTvis: 

𝑁𝑁 ∙ 𝑍𝑍დ ∙ 𝑁𝑁𝑇𝑇 = �
(𝑍𝑍1 + 𝑍𝑍2 + 𝑍𝑍3) −𝑍𝑍3 0

−𝑍𝑍3 (𝑍𝑍3 + 𝑍𝑍4 + 𝑍𝑍5) −𝑍𝑍5
0 −𝑍𝑍5 (𝑍𝑍5 + 𝑍𝑍6 + 𝑍𝑍7)

�

 
 

sabolod miviRebT konturul gantolebas matriculi 

saxiT: 

𝑁𝑁 ∙ 𝑍𝑍დ ∙ 𝑁𝑁𝑇𝑇 ∙ 𝐼𝐼კონტ = �
(𝑍𝑍1 + 𝑍𝑍2 + 𝑍𝑍3) −𝑍𝑍3 0

−𝑍𝑍3 (𝑍𝑍3 + 𝑍𝑍4 + 𝑍𝑍5) −𝑍𝑍5
0 −𝑍𝑍5 (𝑍𝑍5 + 𝑍𝑍6 + 𝑍𝑍7)

� ∙ �
𝐼𝐼𝐼𝐼
𝐼𝐼𝐼𝐼𝐼𝐼
𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼
�

= �
𝐸𝐸1
𝐸𝐸2
𝐸𝐸3

�

 
 

e.i rogorc vxedavT konturul winaRobaTa matricaSi 

konturis sakuTari winaRobis adgilas iwereba am konturSi 

Semavali yvela winaRobebis jami, xolo urTierTwinaRobis 

adgilas iwereba aRebuli konturebis damakavSirebeli winaRoba 

,,-“ niSniT. 

 

 

 

 



2.3 სისტემის მდგომარეობის აღმწერი უნიფიცირებული განტოლებები 

 

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. 

amgvarad, avariuli mdgenelebis gansazRvramde saWiroa 

normaluri reJimis parametrebis gaangariSeba sistemis 

mdgomareobis aRmweri romelime gantolebiT. oTxi ZiriTadi 

aqtiuri parametris 𝑈𝑈კვ, 𝐼𝐼კვ, 𝐼𝐼შტ,𝐸𝐸შტ urTierTdamakavSirebel 

gantolebebs aqvs saxe : 

 

𝑀𝑀𝑌𝑌დ𝑀𝑀𝑇𝑇𝑈𝑈კვ + 𝑀𝑀𝑌𝑌დ𝐸𝐸შტ = 𝐼𝐼კვ
𝑌𝑌დ𝑀𝑀𝑇𝑇𝑈𝑈კვ + 𝑌𝑌კვ𝐸𝐸შტ = 𝐼𝐼შტ

  (2.3.1) 

sadac: 𝑈𝑈კვ, 𝐼𝐼კვ aris kvanZuri Zabvebisa da kvanZuri denebis 

veqtor-marticebi; 

𝐼𝐼შტ,𝐸𝐸შტ - StoebSi gamavali denebisa da Zabvebis veqtor-

matricebi; 

𝑀𝑀𝑌𝑌დ𝑀𝑀𝑇𝑇 = 𝑌𝑌კვ kvanZuri gamtarobis matrica; 

(2.3.1) gantolebaTa sistema warmoadgens universalur 

maTematikur models, romliTac aRiwereba nebismieri 

damyarebuli reJimi eleqtrul sistemaSi. kvanZuri  gantolebebi 

warmoadgenen mis kerZo SemTxvevas. 

(2.3.1) gantolebebidan vRebulobT yvela kerZo SemTxvevas, 

sawyis informaciasTan dakavSirebuls. SemTxveva, rodesac 

mocemulia mxolod kvanZuri denebi, miiReba (2.3.1)-dan. 

𝑌𝑌კვ𝑈𝑈კვ = 𝐼𝐼კვ (2.3.2) 

Tu bazisuri Zabva ar udris nuls da mocemulia misi 

mniSvneloba Ub, maSin kvanZuri Zabvebis gantoleba matriculi 

formiT iRebs saxes: 



𝑀𝑀𝑌𝑌დ𝑀𝑀𝑇𝑇(𝑈𝑈კვ − 𝑈𝑈ბ) = 𝐼𝐼კვ (2.3.3) 

anu   𝑌𝑌კვ(𝑈𝑈კვ − 𝑈𝑈ბ) = 𝐼𝐼კვ (2.3.4) 

matriculi gantolebis Sebrunebuli forma iqneba: 

𝑈𝑈კვ − 𝑈𝑈ბ = 𝑍𝑍კვ𝐼𝐼კვ 

sadac 𝑍𝑍კვ kvanZuri winaRobebis matricaa 

𝑍𝑍კვ = 𝑌𝑌კვ−1 (2.3.5) 

dasaxuli amocanebidan gamomdinare, SesaZlebelia 

gamoyenebuli iqnes Canacvlebis sqema sadac mocemuli iqneba 

rogorc kvanZuri denebi (simZlavreebi), aseve StoebSi CarTuli 

e.m.Z-ebi. es amocanac aris kerZo SemTxveva, romelic miiReba (2.3.1) 

zogadi gantolebebidan.     

amgvarad (2.3.1)-is gaTvaliswinebiTHvRebulobT kvanZuri 

Zabvebis gantolebas StoebSi e.m.Z.-is arsebobis dros. 

𝑀𝑀𝑌𝑌დ𝑀𝑀𝑇𝑇𝑈𝑈კვ = 𝐼𝐼კვ −𝑀𝑀𝑌𝑌დ𝐸𝐸 

Aanu 

𝑌𝑌კვ𝑈𝑈კვ = 𝐼𝐼კვ −𝑀𝑀𝑌𝑌დ𝐸𝐸 (2.3.6) 

am gantolebis Sebrunebuli forma iqneba: 

𝑈𝑈კვ = 𝑌𝑌კვ−1𝐼𝐼კვ − 𝑌𝑌კვ−1𝑀𝑀𝑌𝑌დ𝐸𝐸 = 𝑍𝑍კვ𝐼𝐼კვ − 𝑍𝑍კვ𝑀𝑀𝑌𝑌დ𝐸𝐸 (2.3.7) 

amgvarad, (2.3.1) gantolebaTa sistema warmoadgens 

universalur maTematikur models, romliTac aRiwereba 

nebismieri damyarebuli reJimi eleqtrul sistemaSi. 

 

 

2.4 კვანძური ძაბვების განტოლების შედგენა ტრანსფორმატორული 
კავშირების გათვალისწინებით 

 

eleqtrosadgurebis da momxmareblebis datvirTvebis 

erToblioba warmoadgens eleqtruli sistemis reJimis 

damoukidebel maxasiaTeblebs. deni, qselebis xazebSi da 



transformatorebSi simZlavris nakadebi, qvesadgurebis 

salteebze Zabvis doneebi damokidebulia momxmareblebis da 

eleqtrosadgurebis datvirTvebis sidideebze, eleqtruli qselis 

parametrebze da warmoadgens reJimis damokidebuli 

maxasiaTeblebis simravles. 

damyarebuli reJimebis angariSis dros eleqtruli 

sadgurebis generatorebis Sesabamisi wyaroebi SesaZlebelia iyos 

warmodgenili Semdegi saxiT: 

mudmivi aqtiuri da reaqtiuli simZlavre (𝑃𝑃𝑗𝑗-generatori) 

𝑃𝑃გ = 𝑐𝑐𝑐𝑐𝑛𝑛𝑐𝑐𝑡𝑡, 𝑗𝑗გ = 𝑐𝑐𝑐𝑐𝑛𝑛𝑐𝑐𝑡𝑡. mudmivi aqtiuri simZlavris micema 

Seesabameba eleqtrul sistemaSi generatorebis muSaobis realur 

pirobebs; misi SenarCuneba xdeba generatorebze sixSiris 

regulirebiT. radgan generatorebze ar aris reaqtiuli 

simZlavris regulatorebi, mudmivi reaqtiuli simZlavris micema 

ar Seesabameba reJimis realur marTvas. 𝑗𝑗გ = 𝑐𝑐𝑐𝑐𝑛𝑛𝑐𝑐𝑡𝑡 micema xSirad 

aris aucilebeli damyarebuli da optimaluri reJimebis 

angariSis dros. magaliTad, im SemTxvevaSi, roca 𝑗𝑗გ aucileblad 

unda iyos toli zRvruli dasaSvebi mniSvnelobis. rogorc wesi, 

generirebis kvanZebisTvis fiqsirebuli 𝑃𝑃გ da 𝑗𝑗გ dros ar aris 

cnobili kvanZis Zabvis moduli 𝑈𝑈გ da faza 𝛿𝛿გ (an, rac igivea, 

Zabvis aqtiuri 𝑈𝑈გ′ da reaqtiulis 𝑈𝑈გ′′ Semadgenlebi). 

mudmivi aqtiuri simZlavre da Zabvis moduli (𝑃𝑃𝑈𝑈-

generatori) 𝑃𝑃გ = 𝑐𝑐𝑐𝑐𝑛𝑛𝑐𝑐𝑡𝑡, 𝑈𝑈გ = 𝑐𝑐𝑐𝑐𝑛𝑛𝑐𝑐𝑡𝑡. am SemTxvevaSi cvladebi, 

rogorc wesi, aris reaqtiuli simZlavre da Zabvis faza. roca 

𝑃𝑃გ = 0, kvanZebi Tavisufali reaqtiuli simZlavriT Seesabameba 

sinqronul kompensatorebs, roca 𝑃𝑃გ ≠ 0 - generatorebs. aseT 

kvanZebs ewodeba reaqtiuli simZlavris dambalansebeli. Zabvis 

mudmivi modulis micema 𝑗𝑗გ = 𝑣𝑣𝑣𝑣𝑟𝑟 dros Seesabameba generatorebis 

da sinqronuli kompensatorebis muSaobis realur pirobebs, roca 

Zabvis regulatorebi inarCuneben 𝑈𝑈გ = 𝑐𝑐𝑐𝑐𝑛𝑛𝑐𝑐𝑡𝑡. 

Zabvis mudmivi moduli da faza 𝑈𝑈გ = 𝑐𝑐𝑐𝑐𝑛𝑛𝑐𝑐𝑡𝑡, 𝛿𝛿გ = 𝑐𝑐𝑐𝑐𝑛𝑛𝑐𝑐𝑡𝑡. aseT 

kvanZebSi cvladebs warmoadgens aqtiuri da reaqtiuli 



simZlavre, es niSnavs, rom 𝑃𝑃გ = 𝑣𝑣𝑣𝑣𝑟𝑟, 𝑗𝑗გ = 𝑣𝑣𝑣𝑣𝑟𝑟. sawyisi monacemebis 

micemis es xerxi Seesabameba kvanZebs, romlebic aris aqtiuri da 

reaqtiuli simZlavris dambalansebeli da Zabvis bazisuri. aseT 

kvanZebs ewodeba dambalansebeli. damyarebuli reJimebis 

angariSis da maTi optimizaciis dros SesaZlebelia ramodenime 

dambalansebeli kvanZis SerCeva. yoveli maTgani Seesabameba 

sixSiris regulirebaSi monawile sadgurs, romelic iRebs 

sakuTar Tavze aqtiuri simZlavris disbalansebs da amave dros, 

sistemaSi inarCunebs mudmiv sixSires. erTi an ramodenime 

dambalansebeli kvanZis Semotana Seesabameba daSvebas, rom 

eleqtrul sistemaSi sixSire mudmivia. 

Cven aqamde vixilavdiT kvanZuri Zabvebis gantolebebs im 

SemTxvevisaTvis roca mTliani elqtruli wredi dayvanili iyo 

erTi Zabvis safexurze. realurad eleqtruli qseli SeiZleba 

Seicavdes ramodenime Zabvis safexurs. Tu Cven aseTi qselis 

angariSs vawarmoebT adre ganxiluli meTodis saSualebiT, 

kvanZebSi Zabvebis realuri mniSvnelobebis gasagebad saWiro 

iqneba miRebuli Zabvebis gadaangariSeba sxvadasxva 

safexurebisaTvis. es moxdeba Sesabamis transformaciis 

koeficientebze gayofiT an gamravlebiT, rac sakmaod Sromatevad 

process warmoadgens rTuli konfiguraciis mqone qselisaTvis. 

qvemoT warmodgenilia meTodi, romlis mixedviTac angariSi 

warmoebs transformaciis koeficientis gaTvaliswinebiT. 
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nax.7 Canacvlebis sqema transformatoruli kavSirebis 

gaTvaliswinebiT 

nax.7-ze mocemulia martivi eleqtruli sistema romelic, 

Sedgeba ramodenime Zabvis safexurisagan U1, U2, U3 Cveni mizania 

SevadginoT kvanZuri Zabvebis gantolebebi iseTnairad, rom maTi 

amoxsniT miviRoT, pirdapir, saWiro Zabvis sidideebi 

gadaangariSebis gareSe. me_4 kvanZi miviCnioT mabalansirebel 

kvanZad da aviRoT Zabvis garveuli U4=Ub mniSvneloba (romelic 

realur sididesTan axlos aris). kvanZuri Zabvebis gantolebebi 

SevadginoT 1, 2, 3, kvanZebisaTvis. am kvanZebSi CvenTvis cnobilia 

Zabvis safexuris Sesabamisi fazuri denebis sidideebi ( 321 ,, III  ), 

aseve cnobilia eleqtrogadacemis xazebis, transformatorebis 

Zabvis safexurebis Sesabamisi gamtareblobebis sidideebi 

4321 ,,, YYYY  . 

TiToeuli transformatoris transformaciis 

koeficientebi da StoSi gamavali denebi gamovsaxoT 

Semdegnairad: 

𝐾𝐾1 = �̇�𝑈1
�̇�𝑈1
′ ;  𝐾𝐾2 = �̇�𝑈2

�̇�𝑈2
′ ;  𝐾𝐾3 = �̇�𝑈3

�̇�𝑈3
′ ;  𝐼𝐼1̇′ = 𝐼𝐼1̇

𝐾𝐾1
; 𝐼𝐼2̇′ = 𝐼𝐼2̇

𝐾𝐾2
;  𝐼𝐼4̇′ = 𝐼𝐼4̇

𝐾𝐾3
 



SevadginoT kvanZuri Zabvebis gantolebebi kirxhofis I 

kanonze dayrdnobiT. 1 kvanZisaTvis kirxhofis I kanons eqneba 

saxe: 

−𝐼𝐼1̇′ + 𝐼𝐼3̇ = −𝐼𝐼1̇  (2.4.1) 

sadac _ 𝐼𝐼1̇′ = 𝐼𝐼1̇
𝐾𝐾1

= 1
𝐾𝐾1
�𝑈𝑈4 − �̇�𝑈1

′ � ∙ 𝑌𝑌1̇ 

radgan �̇�𝑈1
′ = �̇�𝑈1

𝐾𝐾1
, amitom 𝐼𝐼1̇′ = 1

𝐾𝐾1
�𝑈𝑈4 − �̇�𝑈1

′ � ∙ 𝑌𝑌1̇, 

𝐼𝐼3̇ = ��̇�𝑈1 − �̇�𝑈2� ∙ 𝑌𝑌3 radgan 1-4 ubanze ar gvaqvs 

transformatoruli kavSirebi 

sabolood gveqneba: 

− 1
𝐾𝐾1
�𝑈𝑈4 −

�̇�𝑈1
𝐾𝐾1
� ∙ �̇�𝑌1 − ��̇�𝑈1 − �̇�𝑈2� ∙ �̇�𝑌3 = −𝐼𝐼1̇  

ganvixiloT 2 kvanZi da davweroT am kvanZisaTvis kirxhofis 

I kanonis mixedviT gantoleba: 

−𝐼𝐼2̇′ − 𝐼𝐼3̇ + 𝐼𝐼4̇ − 𝐼𝐼2̇ = 0  (2.4.2) 

sadac _ 𝐼𝐼2̇′ = 𝐼𝐼2̇
𝐾𝐾2

= 1
𝐾𝐾2
�𝑈𝑈4 − �̇�𝑈2

′ � ∙ 𝑌𝑌2̇ 

radgan �̇�𝑈2
′ = �̇�𝑈2

𝐾𝐾2
, amitom 

𝐼𝐼2̇′ = 1
𝐾𝐾2
�𝑈𝑈4 −

�̇�𝑈2
′

𝐾𝐾2
� ∙ 𝑌𝑌2̇, 

𝐼𝐼4̇ = �𝑈𝑈2 − �̇�𝑈3
′ � ∙ �̇�𝑌4 

radgan �̇�𝑈3
′ = �̇�𝑈3

𝐾𝐾3
, amitom 

𝐼𝐼4̇ = �𝑈𝑈2 −
�̇�𝑈3

𝐾𝐾3
� ∙ �̇�𝑌4 

sabolood gveqneba: 

− 1
𝐾𝐾2
�𝑈𝑈4 −

�̇�𝑈2
𝐾𝐾2
� ∙ 𝑌𝑌2̇ − ��̇�𝑈1 − �̇�𝑈2� ∙ 𝑌𝑌3 + �𝑈𝑈2 −

�̇�𝑈3
𝐾𝐾3
� ∙ �̇�𝑌4 = 𝐼𝐼2̇  (2.4.3) 

ganvixiloT 3 kvanZi da davweroT am kvanZisaTvis kirxhofis 

I kanonis mixedviT gantoleba: 

−𝐼𝐼4̇′ = −𝐼𝐼3̇  (2.4.4) 

sadac _ 𝐼𝐼4̇′ = 𝐼𝐼4̇
𝐾𝐾3

= 1
𝐾𝐾3
�𝑈𝑈2 − �̇�𝑈3

′ � ∙ �̇�𝑌4 

amitom 

𝐼𝐼4̇′ = 1
𝐾𝐾3
�𝑈𝑈2 −

�̇�𝑈3
𝐾𝐾3
� ∙ �̇�𝑌4, 



sabolood gveqneba: 

− 1
𝐾𝐾3
�𝑈𝑈2 −

�̇�𝑈3
𝐾𝐾3
� ∙ �̇�𝑌4 = −𝐼𝐼3̇  (2.4.5) 

radganac TiToeuli kvanZisaTvis Sedgenili gvaqvs kvanZuri 

Zabvebis gantoleba, SegviZlia davweroT kvanZuri Zabvebis 

gantolebaTa sistema mTliani eleqtruli wredisaTvis: 

 

⎩
⎪
⎨

⎪
⎧ − 1

𝐾𝐾1
�𝑈𝑈4 −

�̇�𝑈1
𝐾𝐾1
� ∙ �̇�𝑌1 − ��̇�𝑈1 − �̇�𝑈2� ∙ �̇�𝑌3 = −𝐼𝐼1̇

− 1
𝐾𝐾2
�𝑈𝑈4 −

�̇�𝑈2
𝐾𝐾2
� ∙ �̇�𝑌2 − ��̇�𝑈1 − �̇�𝑈2� ∙ �̇�𝑌3 + �𝑈𝑈2 −

�̇�𝑈3
𝐾𝐾3
� ∙ �̇�𝑌4 = −𝐼𝐼2̇

− 1
𝐾𝐾3
�𝑈𝑈2 −

�̇�𝑈3
𝐾𝐾3
� ∙ �̇�𝑌4 = −𝐼𝐼3̇

�  (2.4.6) 

 

(2.4.6) gantolebebSi Sesabamisi moqmedebebis Catarebis 

Semdeg miviRebT: 

 

⎩
⎪
⎨

⎪
⎧ � 1

𝐾𝐾1
2 ∙ �̇�𝑌1 + �̇�𝑌3� ∙ �̇�𝑈1 − �̇�𝑌3 ∙ �̇�𝑈2 = −𝐼𝐼1̇ + 1

𝐾𝐾1
∙ �̇�𝑌1 ∙ 𝑈𝑈4

−�̇�𝑌3 ∙ �̇�𝑈1 + � 1
𝐾𝐾1

2 ∙ �̇�𝑌2 + �̇�𝑌3 + �̇�𝑌4� ∙ �̇�𝑈2 −
1
𝐾𝐾3
∙ �̇�𝑌4 ∙ 𝑈𝑈3 = 𝐼𝐼2̇ + 1

𝐾𝐾2
∙ �̇�𝑌2 ∙ 𝑈𝑈4

− 1
𝐾𝐾3
∙ �̇�𝑌4 ∙ 𝑈𝑈2 + 1

𝐾𝐾3
2 ∙ �̇�𝑌4 ∙ 𝑈𝑈3 = −𝐼𝐼3

�  (2.4.7) 

 

zemoT mocemuli kvanZuri Zabvebis gantolebaTa sistemis 

amoxsniT SegviZlia ganvsazRvroT kvanZebSi Zabvebis saZiebeli 

sidideebis kompleqsuri mniSvnelobebi Sesabamisi 

safexurisaTvis. 

kvanZuri Zabvebis gantolebaTa sistema, transformaciis 

koeficientis gaTvaliswinebiT, SegviZlia gamovsaxoT matricaTa 

namravlis saSualebiT, rogorc adre ganxilul SemTxvevebSi. 

ganvixiloT qvemoT mocemuli matriculi gamosaxuleba: 

 

⎣
⎢
⎢
⎢
⎡�

1
𝐾𝐾1

2 ∙ �̇�𝑦1 + �̇�𝑦3� −�̇�𝑦3 0

−�̇�𝑦3 � 1
𝐾𝐾2

2 ∙ �̇�𝑦2 + �̇�𝑦3 + �̇�𝑌4� − 1
𝐾𝐾3
∙ �̇�𝑦4

0 − 1
𝐾𝐾3
∙ �̇�𝑦4

1
𝐾𝐾3

2 ∙ �̇�𝑦4 ⎦
⎥
⎥
⎥
⎤

∙ �
�̇�𝑈1

�̇�𝑈12

�̇�𝑈3

� = �
−𝐼𝐼1̇
𝐼𝐼2̇
−𝐼𝐼3̇

� + �

1
𝐾𝐾1
∙ �̇�𝑦1 ∙ 𝑈𝑈4

1
𝐾𝐾2
∙ �̇�𝑦2 ∙ 𝑈𝑈4

0

� (2.4.8) 

 



ganvixiloT zemoT mocemuli matricis TiToeuli nawili 

da vnaxoT Tu ra principze dayrdnobiT dgeba kvanZuri Zabvebis 

gantolebaTa sistemis Sesabamisi matrica, rodesac saqme gvaqvs 

sxvadasxva safexuris ZabvebTan. 

Tavdapirvelad unda aRvniSnoT, rom yvela Stos 

gamtarebloba naangariSebia Sesabamisi maRali Zabvis 

safexurisaTvis. 

Tu transformatoruli Sto kvanZSi SerTulia dabali 

Zabvis mxridan, maSin am StosGgamtarebloba kvanZis sakuTari 

gamtareblobis   [ nnY ] angariSisas aiReba saangariSo sidideze K2–

jer naklebi sididiT, sadac K aris Sesabamisi Stos 

transformaciis koeficienti, xolo Tu Sto kvanZSi SerTulia 

maRali Zabvis mxridan, maSin kvanZis sakuTari gamtareblobis 

angariSisas aiReba saangariSo sididiT. 

magaliTad ganvixiloT ,,1’’ kvanZis sakuTari gamtarebloba: 

�̇�𝑌11 = �
1
𝐾𝐾1

2 ∙ �̇�𝑦1 + �̇�𝑦3� 

 

aRniSnuli gamtareblobis Sto 1 kvanZTan mierTebulia 

dabali Zabvis mxridan, amitom 11Y –is angariSisas 1Y aviReT K1
2–

jer naklebi sididis 2
1

1

K
Y

, xolo radgan 1-2 StoSi ar aris 

CarTuli transformatori,  3Y  aiReba Cveulebriv,  saangariSo 

sididiT. 

aseve gveqneba 2  kvanZisTvisac: 

�̇�𝑌22 = �
1
𝐾𝐾1

2 ∙ �̇�𝑦2 + �̇�𝑦3 + �̇�𝑦4� 

 

2-4 Sto 2 kvanZTan mierTebulia dabali Zabvis mxridan, 

amitom �̇�𝑌22_is angariSisas �̇�𝑌2 _ aiReba K2
2–jer naklebi sididiT 

�̇�𝑌2
𝐾𝐾2

2 . 

2-3 Sto 2 kvanZTan mierTebulia maRali Zabvis mxridan, amitom 

�̇�𝑌22-is angariSisas �̇�𝑌4 aiReba Cveulebriv, saangariSo sididiT _ �̇�𝑌4. 



aqac 1_2 StoSi ar aris transformatoruli Sto da �̇�𝑌3 aiReba 

Cveulebriv,  saangariSo sididiT. 

me-3 kvanZis sakuTari gamtaroba �̇�𝑌33 udris: �̇�𝑦33 = 1
𝐾𝐾3

2 ∙ �̇�𝑦4 

kvanZebis urTierTgamtarobebis angariSisas ki Tu 

erTmaneTTan dakavSirebulia ori sxvadasxva safexuris kvanZi, 

maSin maTi urTierTgamtareblobebi aiReba, saangariSo sidideze 

K–jer naklebi sididiT, xoloTu erTmaneTTan dakavSirebulia 

ori erTnairi safexuris kvanZi, maSin maTi 

urTierTgamtareblobebi aiReba, Cveulebriv saangariSo sididiT. 

magaliTad 2 da 3 kvanZebi warmoadgenen, Zabvis sxvadasxva 

safexurs da Sesabamisad kvanZuri gamtarobebis matricis 

Sedgenisas maTi urTierTgamtarebloba udris: 

�̇�𝑌23 = −
𝑌𝑌4

𝐾𝐾3
 

(2.4.8) gantoleba gadavweroT matriculi formiT: 

�̇�𝑌კვ�̇�𝑈კვ = 𝐼𝐼კ̇ვ + �̇�𝑌კვ[𝑈𝑈ბ] 

anu Tu gaviTvaliswinebT am gamosaxulebaSi incidenciis I 

matricas, gveqneba: 

�𝑀𝑀�̇�𝑌დ𝑀𝑀𝑇𝑇��̇�𝑈კვ = �
𝑆𝑆𝑖𝑖∗

𝑈𝑈𝑖𝑖∗
� + �𝑀𝑀�̇�𝑌დ𝑀𝑀𝑇𝑇�[𝑈𝑈ბ] 

mokled ganvixiloT kvanZuri gamtareblobebis miReba 

nax.7_ze mocemuli sqemisaTvis. 

incidenciis I matricas eqneba saxe: 

𝑀𝑀 =

⎣
⎢
⎢
⎢
⎢
⎢
⎡−

1
𝐾𝐾1

0 1 0

0 −
1
𝐾𝐾2

−1 1

0 0 0 −
1
𝐾𝐾3⎦
⎥
⎥
⎥
⎥
⎥
⎤

 

transformaciis koeficientis gaTvaliswineba xdeba iseve, 

rogorc zemoT ganxiluli kvanZuri gamtareblobebis matricis 

Sedgenisas. 

ukanaskneli matricis transponirebis SemTxvevaSi gveqneba: 



𝑀𝑀𝑇𝑇 =

⎣
⎢
⎢
⎢
⎢
⎢
⎢
⎡−

1
𝐾𝐾1

0 0

0 −
1
𝐾𝐾2

0

1 −1 0

0 1 −
1
𝐾𝐾3⎦
⎥
⎥
⎥
⎥
⎥
⎥
⎤

 

xolo diagonaluri matrica: 

�̇�𝑌დ = �

�̇�𝑦1 0 0 0
0 �̇�𝑦2 0 0
0 0 �̇�𝑦3 0
0 0 0 �̇�𝑦4

� 

yvelafer amis gaTvaliswinebiT kvanZuri gamtareblobebis 

matricas eqneba Semdegi saxe: 

�̇�𝑌კვ = 𝑀𝑀�̇�𝑌დ𝑀𝑀𝑇𝑇 =

⎣
⎢
⎢
⎢
⎢
⎢
⎡−

1
𝐾𝐾1

0 1 0

0 −
1
𝐾𝐾2

−1 1

0 0 0 −
1
𝐾𝐾3⎦
⎥
⎥
⎥
⎥
⎥
⎤

�

�̇�𝑦1 0 0 0
0 �̇�𝑦2 0 0
0 0 �̇�𝑦3 0
0 0 0 �̇�𝑦4

�

⎣
⎢
⎢
⎢
⎢
⎢
⎢
⎡−

1
𝐾𝐾1

0 0

0 −
1
𝐾𝐾2

0

1 −1 0

0 1 −
1
𝐾𝐾3⎦
⎥
⎥
⎥
⎥
⎥
⎥
⎤

=

=

⎣
⎢
⎢
⎢
⎢
⎢
⎡�

1
𝐾𝐾1

2 �̇�𝑦1 + �̇�𝑦3� −�̇�𝑦3 0

−�̇�𝑦3 �
1
𝐾𝐾2

2 �̇�𝑦2 + �̇�𝑦3 + �̇�𝑦4� −
1
𝐾𝐾3
�̇�𝑦4

0 −
1
𝐾𝐾3
�̇�𝑦4 −

1
𝐾𝐾3

2 �̇�𝑦4⎦
⎥
⎥
⎥
⎥
⎥
⎤

 

 

mocemuli gamosaxuleba warmoadgens kvanZuri 

gamtareblobebis matricas ( kvY ) transformaciis koeficientis 

gaTvaliswinebiT. 

vuCvenoT, rom (2.4.8) gantolebis wevri �

1
𝐾𝐾1
�̇�𝑦1�̇�𝑈4

1
𝐾𝐾2
�̇�𝑦2�̇�𝑈4

0

� udris 

�̇�𝑌კვ ∙ [𝑈𝑈4] veqtors. 



mocemuli sqemisaTvis, 1 da 2 kvanZebi erTi da igive 

nominaluri Zabvebis kvanZebia (𝐾𝐾1 = 𝐾𝐾2 = 𝐾𝐾), amitom [𝑈𝑈4] veqtors 

eqneba saxe: �
𝐾𝐾�̇�𝑈4

𝐾𝐾�̇�𝑈4

𝐾𝐾 ∙ 𝐾𝐾3�̇�𝑈4

�, xolo 

�̇�𝑌კვ ∙ 𝑈𝑈ნ =

⎣
⎢
⎢
⎢
⎢
⎢
⎡�

1
𝐾𝐾1

2 �̇�𝑦1 + �̇�𝑦3� −�̇�𝑦3 0

−�̇�𝑦3 �
1
𝐾𝐾2

2 �̇�𝑦2 + �̇�𝑦3 + �̇�𝑦4� −
1
𝐾𝐾3
�̇�𝑦4

0 −
1
𝐾𝐾3
�̇�𝑦4 −

1
𝐾𝐾3

2 �̇�𝑦4⎦
⎥
⎥
⎥
⎥
⎥
⎤

�
𝐾𝐾�̇�𝑈4

𝐾𝐾�̇�𝑈4

𝐾𝐾 ∙ 𝐾𝐾3�̇�𝑈4

� = 

= �

1
𝐾𝐾1
�̇�𝑦1�̇�𝑈4

1
𝐾𝐾2
�̇�𝑦2�̇�𝑈4

0

�. 

  



თავი III 

ელექტრული ქსელების განზოგადოებული პარამეტრები. 
ხაზის გაწყვეტის მოდელირება იდეალური დენისა და ძაბვის 

წყაროებით 

3.1. კვანძების საკუთარი და ურთიერთწინაღობა 
 

kvanZebis sakuTari da urTierTwinaRobis matricis 

elementebis gansazRvra SesaZlebelia rogorc gazomvebiT aseve 

gardasaxvebiTac (am elementebis Sinaarsis dasadgenad). 

vTqvaT mcemulia sqema kvanZebis n raodenobiT nax.8 

5

i j1

2


0

n

 
nax.8 zogadi sqema kvanZebis n raodenobiT 

 

kvZ  matricis pirveli striqonis elementebis dasadgenad 

mocemul sqemaSi 1 da 0 kvanZs Soris CavrToT Zabvis wyaro 1U . 

gavzomoT kvanZuri deni 1I  da Zabvebi danarCen kvanZebSi 

ji UUU ......2 . Sesabamisi kvanZuri Zabvis fardoba pirveli kvanZis 

denTan _ 1I  gvaZlevs kvZ  matricis pirveli striqonis elementebs: 

�̇�𝑍11 = 𝑈𝑈1
𝐼𝐼1
;  �̇�𝑍12 = 𝑈𝑈2

𝐼𝐼1
;  �̇�𝑍13 = 𝑈𝑈3

𝐼𝐼1
∙∙∙ �̇�𝑍1𝑖𝑖 = 𝑈𝑈1𝑖𝑖

𝐼𝐼1
∙∙∙ �̇�𝑍1𝑗𝑗 = 𝑈𝑈𝑗𝑗

𝐼𝐼1
 

analogiurad i_uri kvanZisaTvis i_uri striqonis  

elementebis dasadgenad i_ur kvanZSi CavrToT Zabvis wyaro iU . 

gavzomoT kvanZuri deni iI  da Zabvebi danarCen kvanZebSi 

jUUU ..., 21  da kvZ  matricis i_uri striqoni iqneba: 

�̇�𝑍𝑖𝑖1 = 𝑈𝑈1
𝐼𝐼𝑖𝑖
;  �̇�𝑍𝑖𝑖2 = 𝑈𝑈2

𝐼𝐼𝑖𝑖
;  �̇�𝑍𝑖𝑖3 = 𝑈𝑈3

𝐼𝐼𝑖𝑖
∙∙∙ �̇�𝑍𝑖𝑖𝑖𝑖 = 𝑈𝑈𝑖𝑖

𝐼𝐼𝑖𝑖
∙∙∙ �̇�𝑍𝑖𝑖𝑗𝑗 = 𝑈𝑈𝑗𝑗

𝐼𝐼𝑖𝑖
 



zemoT ganxiluli meTodiT SegviZlia miviRoT kvZ  matricis 

nebismieri striqonis elementebi: 

𝑍𝑍კვ =

⎣
⎢
⎢
⎢
⎡
𝑍𝑍11 𝑍𝑍12 𝑍𝑍13 ⋯ 𝑍𝑍1𝑛𝑛
𝑍𝑍21 𝑍𝑍22 𝑍𝑍23 ⋯ 𝑍𝑍2𝑛𝑛
𝑍𝑍31 𝑍𝑍32 𝑍𝑍33 ⋯ 𝑍𝑍3𝑛𝑛
⋯ ⋯ ⋯ ⋯ ⋯
𝑍𝑍𝑛𝑛1 𝑍𝑍𝑛𝑛2 𝑍𝑍𝑛𝑛3 ⋯ 𝑍𝑍𝑛𝑛𝑛𝑛 ⎦

⎥
⎥
⎥
⎤

 rogorc vTqviT am elementebis gansazRvra SesaZlebelia 

agreTve sqemis gardasaxviTac (martivi sqemis SemTxvevaSi). kvanZis 

sakuTari winaRobis gansazRvris SemTxvevaSi sqema unda 

gardavsaxoT ise, rom darCes aRniSnuli i-uri da bazisuri kvanZi.

 

urTierTwinaRobebis gansazRvrisaTvis, gardasaxvebiT sqema 

unda daviyvanoT T_s magvar oTxpolusaze, sadac SenarCunebuli 

iqneba bazisuri kvanZi da is wyvili kvanZebisa, romelTa Sorisac 

veZebT urTierTwinaRobas. vTqvaT gvinda pirvelsa da meore 

kvanZs Soris urTierTwinaRobis gansazRvra (nax.9). 

1 2

0
 

nax.9 ,,T”_sebri sqema 

I kvanZis sakuTari winaaRmdegoba: 1131 ZZZ =+  

II kvanZis sakuTari winaaRmdegoba: 2232 ZZZ =+  

xolo 1_sa da 2 kvanZs Soris urTierTwinaaRmdegoba 

314 ZZ =  

ganvixiloT magaliTi: 



0
 

nax.10 

sakuTari winaRoba miiReba sqemis SeyursviT gansaxilvel 

kvanZsa da nulovan kvanZs Soris. 

I kvanZis sakuTari winaRoba 11Z  iqneba: 

�̇�𝑍4 + �̇�𝑍5 = �̇�𝑍6;  �̇�𝑍2 + �̇�𝑍7 = �̇�𝑍8 

�̇�𝑍3//�̇�𝑍6 = �̇�𝑍7;  �̇�𝑍11 = �̇�𝑍1//�̇�𝑍8 

II kvanZis sakuTari winaRoba 22Z  iqneba: 

76322754

621

Z//Z//ZZ 



==+

=+

   ; ZZZ
ZZZ

 

III kvanZis sakuTari winaRoba 33Z  iqneba: 

5833736

847621

Z//ZZ// 



==

=+=+

   ; 

   ; 

ZZZ
ZZZZZZ

 

rac Seexeba urTierTwinaRobas 1_sa da 2 kvanZs Soris 12Z  

ganisazRvreba Semdegnairad: 

736654 // ZZZZZZ  ==+    ; . 

nax.10-ze warmodgenili sqemas gardasaxvebis Sedegad eqneba 

saxe: 

 



miRebuli samkuTxedi gardavsaxoT varskvlavad, da Sedegad 

vRebulobT 1_sa da 2 kvanZs Soris urTierTwinaRobas _ 12Z . 

 
analogiurad SegviZlia moviqceT 2_sa da 3 kvanZs Soris 

urTierTwinaRobis gansazRvrisaTvis. 23Z _is gansasazRvrad sqemis 

gardasaxvebis dros SenarCundeba 2 da 3 kvanZi da miRebuli 

oTxpolusas Sesabamisi winaRoba iqneba urTierTwinaRoba 2_sa da 

3 kvanZebs Soris. 

 
rac Seexeba 1_sa da 3 kvanZs Soris urTierTwinaRobis 

gansazRvras _ saWiroa nax.10_ze warmodgenili varskvlavi unda 

gadaviyvanoT  samkuTxedSi: 

 
garadaqmnebis Sedegad gveqneba: 

1058971 //// ZZZZZZ  ==    ;  

Sedegad miviRebT sqemas, romelic gadadis varskvlavSi: 



1 6Z

9Z

3

10Z
11Z

0
 

 
varskvlavis elementi: 1311 ZZ  = _aris sakuTari winaRoba 1 da 

3 kvanZebs Soris. 

analogiurad SegviZlia gansazRvroT nebismieri martivi 

qselis elementebis sakuTari da urTierTwinaRobebi. 

 

 

3.2 მატრიცის შებრუნების ოპერაციის ფიზიკური არსი 

 

damyarebuli reJimebis SemTxeveSi el. sistemis mdgomareoba 

ZiriTadad aRiwereba kvanZuri parametrebisa da konturuli 

parametrebis damakavSirebeli gantolebebiT, anu kvanZuri 

Zabvebisa da konturuli denebis gantolebebiT. es gantolebebi 

warmoadgenen safuZvels, rogorc normaluri aseve avariuli 

reJimebis modelirebis SemTxvevaSi. maTi modificirebiTa da 

Semdgomi maTematikuri gardasaxvebiT SesaZlebelia miviRoT 

ganzogadoebulparametrebiani gantolebebi, romelTa meSveobiTac 

ufro efeqturad (maTematikuri gaangariSebis raodenobis 



Semcirebis TvalsazrisiT) aRiwereba sxvadasxva damyarebuli 

eleqtruli reJimebi. 

pirvel rigSi davadginoT matricis Sebrunebis operaciis 

Sesabamisoba garkveuli sqemis gardasaxvebTan da reJimul 

modelirebasTan. 

kvkvkv IUY =⋅  gantolebis Sesabamisi reJimis modelireba 

SeiZleba yvela kvanZsa da bazisur kvanZs Soris Zabvis wyaroebis 

CarTviT. am SemTxevaSi pasiuri sqema warmoadgens bazisur kvanZsa 

da yvela kvanZis damoklebis Sedegad miRebul qselis sqemas 

(Zabvis wyaroebis winaRobebi nulis tolia), xolo kvkvkv UIZ =⋅  

gantolebiT sistemis mdgomareobis asaxvis SemTxvevaSi, reJimis 

modelireba SeiZleba denis wyaroebis CarTviT yvela kvanZsa da 

bazisur kvanZs Soris. am SemTxevaSi kvanZebis damoklebas 

bazisur kvanZze adgili ar eqneba, vinaidan denis wyaros 

winaRoba usasrulod didia. 

cxadia, rom am or gantolebas Soris kavSiri aisaxeba 

tolobiT: 

kv
-1
kv ZY =  

amgvarad SegviZlia gavakeToT daskvna: damoklebul 

kvanZebiani sqemis gamtareblobis matricis Sebruneba iZleva 

gaxsnil Suntebiani (Tu Sunts vuwodebT nulovani winaRobis 

Stos nebismier  kvanZsa da bazisur kvanZs Soris) sqemis kvanZuri 

winaRobebis matricas da piriqiT. 

zemoTTqmulis sailustraciod ganvixiloT magaliTi (nax.11 

a, b): 

 

a)                           b) 



nax. 11 (a, b) StoebSi CarTuli Zabvis wyaroebis Secvla denis 

wyaroebiT 

I sqemisaTvis kvanZuri gamtareblobis matricas eqneba saxe: 

�
(𝑌𝑌1 + 𝑌𝑌2) −𝑌𝑌2
−𝑌𝑌2 (𝑌𝑌2 + 𝑌𝑌3)� 

II sqemisaTvis kvanZuri winaRobis matricas eqneba saxe: 

⎣
⎢
⎢
⎢
⎡
𝑍𝑍1 ∙ (𝑍𝑍2 + 𝑍𝑍3)
𝑍𝑍1 + 𝑍𝑍2 + 𝑍𝑍3

𝑍𝑍1 ∙ 𝑍𝑍3

𝑍𝑍1 + 𝑍𝑍2 + 𝑍𝑍3
𝑍𝑍1 ∙ 𝑍𝑍3

𝑍𝑍1 + 𝑍𝑍2 + 𝑍𝑍3

𝑍𝑍3 ∙ (𝑍𝑍1 + 𝑍𝑍2)
𝑍𝑍1 + 𝑍𝑍2 + 𝑍𝑍3 ⎦

⎥
⎥
⎥
⎤
 

 

nax.11 a -ze warmodegnili sqema ganekuTvneba Sekrul 

oTxpolusas (nax.12 a), vinaidan Zabvis wyaroebis winaRobebi 

nulis tolia, xolo nax.11 b _ gaxsnil oTxpolusas _ nax.12 b 

(denis wyaroebis winaRobebi usasrulod didia). 

1 321

21
ZZZ

ZZ

++

⋅

321

32

ZZZ

ZZ

++

⋅

321

1 3

ZZZ

ZZ

++

⋅
z1 z3

z21 2 2

y1 y3

y21 2

 
a)                                    BBბ) 

nax.12 Zabvisa da denis wyaros moqmedebiT miRebuli Sekruli da 

gaxsnili oTxpolusebi 

 

am oTxpolusebis Semavali (sakuTari) da saerTo (urTierT) 

parametrebi qmnian erTmaneTis Sebrunebul matricebs. 

Tu parametrebs mivaniWebT konkretul mniSvnelobebs 

gveqneba: 



    
     

 

� 0,5 −0,25
−0,25 0,75 � ∙ �42� = �1,5

0,5�    �
2,4 0,8
0,8 1,6� ∙ �

1,5
0,5� = �42� 

� 0,5 −0,25
−0,25 0,75 �

−1
= �2,4 0,8

0,8 1,6� 

 

e.i. rogorc vxedavT matricis Sebruneba eqvivalenturia 

procesisa, rodesac qselSi garkveul adgilze CarTuli erTi 

saxis energiis wyaroebi (Zabvis an denis) icvleba meore saxis 

(Zabvis an denis) energiis wyaroTi. vinaidan am dros xdeba sqemis 

Sesabamisad Secvla_ nulovani winaRoba icvleba usasrulod 

didi winaRobiT an piriqiT. 

praqtikul magaliTze davamtkicoT, rom damoklebul 

kvanZebiani sqemis gamtareblobebis matricis Sebruneba iZleva 

gaxsnilSuntebiani sqemis kvanZuri winaRobebis matricas. 

�
(𝑌𝑌1 + 𝑌𝑌2) −𝑌𝑌2
−𝑌𝑌2 (𝑌𝑌2 + 𝑌𝑌3)�

−1
= �

𝑍𝑍1∙(𝑍𝑍2+𝑍𝑍3)
𝑍𝑍1+𝑍𝑍2+𝑍𝑍3

𝑍𝑍1∙𝑍𝑍3
𝑍𝑍1+𝑍𝑍2+𝑍𝑍3

𝑍𝑍1∙𝑍𝑍3
𝑍𝑍1+𝑍𝑍2+𝑍𝑍3

𝑍𝑍3∙(𝑍𝑍1+𝑍𝑍2)
𝑍𝑍1+𝑍𝑍2+𝑍𝑍3

�, anu   kvkv ZY =−1  

viciT, rom 𝑌𝑌1 = 1
𝑍𝑍1
;  𝑌𝑌2 = 1

𝑍𝑍2
 . . .  𝑌𝑌𝑛𝑛 = 1

𝑍𝑍𝑛𝑛
, 𝑌𝑌კვ = �𝑌𝑌11 𝑌𝑌12

𝑌𝑌21 𝑌𝑌22
�; 



𝑍𝑍კვ = �𝑍𝑍11 𝑍𝑍12
𝑍𝑍21 𝑍𝑍22

� 

SemoviRoT aRniSvna: 

 

⎣
⎢
⎢
⎢
⎡
𝑍𝑍1 ∙ (𝑍𝑍2 + 𝑍𝑍3)
𝑍𝑍1 + 𝑍𝑍2 + 𝑍𝑍3

𝑍𝑍1 ∙ 𝑍𝑍3

𝑍𝑍1 + 𝑍𝑍2 + 𝑍𝑍3
𝑍𝑍1 ∙ 𝑍𝑍3

𝑍𝑍1 + 𝑍𝑍2 + 𝑍𝑍3

𝑍𝑍3 ∙ (𝑍𝑍1 + 𝑍𝑍2)
𝑍𝑍1 + 𝑍𝑍2 + 𝑍𝑍3 ⎦

⎥
⎥
⎥
⎤

= �𝑍𝑍11 𝑍𝑍12
𝑍𝑍21 𝑍𝑍22

� 

 

gveqneba: 

 

�
� 1
𝑍𝑍1

+ 1
𝑍𝑍2
� − 1

𝑍𝑍2

− 1
𝑍𝑍2

� 1
𝑍𝑍2

+ 1
𝑍𝑍3
�
� ∙ �𝑍𝑍11 𝑍𝑍12

𝑍𝑍21 𝑍𝑍22
� = �1 0

0 1�  (3.4.1) 

 

pirveli da meore striqoni gavamravloT pirvel svetze: 

⎩
⎨

⎧
𝑍𝑍2 + 𝑍𝑍1

𝑍𝑍2 ∙ 𝑍𝑍1
∙ 𝑍𝑍11 −

1
𝑍𝑍2
∙ 𝑍𝑍21 = 1

−
1
𝑍𝑍2
∙ 𝑍𝑍11 +

𝑍𝑍3 + 𝑍𝑍2

𝑍𝑍2 ∙ 𝑍𝑍3
∙ 𝑍𝑍21 = 0

� 

 

⎩
⎨

⎧ 𝑍𝑍21 = �
𝑍𝑍2 + 𝑍𝑍1

𝑍𝑍2 ∙ 𝑍𝑍1
∙ 𝑍𝑍11 − 1� ∙ 𝑍𝑍2 = 0

−
1
𝑍𝑍2
∙ 𝑍𝑍11 +

𝑍𝑍3 + 𝑍𝑍2

𝑍𝑍2 ∙ 𝑍𝑍3
∙ 𝑍𝑍11 ∙

𝑍𝑍2 + 𝑍𝑍1

𝑍𝑍1
−
𝑍𝑍2 + 𝑍𝑍3

𝑍𝑍3
= 0

� 

 

sabolood gveqneba: 

𝑍𝑍11 =
𝑍𝑍1 ∙ 𝑍𝑍2(𝑍𝑍2 + 𝑍𝑍3)

(𝑍𝑍2 + 𝑍𝑍3)(𝑍𝑍2 + 𝑍𝑍1) − 𝑍𝑍1 ∙ 𝑍𝑍3
=

𝑍𝑍1 ∙ 𝑍𝑍2[𝑍𝑍2 + 𝑍𝑍3]
𝑍𝑍2

2 + 𝑍𝑍1 ∙ 𝑍𝑍2 + 𝑍𝑍2 ∙ 𝑍𝑍3 + 𝑍𝑍1 ∙ 𝑍𝑍3 − 𝑍𝑍1 ∙ 𝑍𝑍3

= �
𝑍𝑍1 ∙ (𝑍𝑍2 + 𝑍𝑍3)
𝑍𝑍1 + 𝑍𝑍2 + 𝑍𝑍3

� 

𝑍𝑍21 =
(𝑍𝑍2 + 𝑍𝑍1)

𝑍𝑍1
∙
𝑍𝑍1 ∙ (𝑍𝑍2 + 𝑍𝑍3)
𝑍𝑍1 + 𝑍𝑍2 + 𝑍𝑍3

− 𝑍𝑍2 =
𝑍𝑍2

2 + 𝑍𝑍1 ∙ 𝑍𝑍3 + 𝑍𝑍3 ∙ 𝑍𝑍2 + 𝑍𝑍1 ∙ 𝑍𝑍3 − 𝑍𝑍1 ∙ 𝑍𝑍2 − 𝑍𝑍2
2 − 𝑍𝑍2 ∙ 𝑍𝑍3

𝑍𝑍1 + 𝑍𝑍2 + 𝑍𝑍3
=

= �
𝑧𝑧1 ∙ 𝑧𝑧3

𝑧𝑧1 + 𝑧𝑧2 + 𝑧𝑧3
� 

amjerad I gantolebis I da II striqoni gavamravloT II 

svetze, gveqneba: 



⎩
⎨

⎧
𝑍𝑍2 + 𝑍𝑍1

𝑍𝑍2 ∙ 𝑍𝑍1
∙ 𝑍𝑍12 −

1
𝑍𝑍2
∙ 𝑍𝑍22 = 0

−
1
𝑍𝑍2
∙ 𝑍𝑍12 +

𝑍𝑍3 + 𝑍𝑍2

𝑍𝑍2 ∙ 𝑍𝑍3
∙ 𝑍𝑍22 = 1  

�

⎩
⎪
⎨

⎪
⎧ 𝑍𝑍22 =

(𝑍𝑍2 + 𝑍𝑍1) ∙ 𝑍𝑍2

𝑍𝑍2 ∙ 𝑍𝑍1
∙ 𝑍𝑍12

−
1
𝑍𝑍2
∙ 𝑍𝑍12 +

𝑍𝑍3 + 𝑍𝑍2

𝑍𝑍2 ∙ 𝑍𝑍3
∙ 𝑧𝑧12 ∙

𝑍𝑍2 + 𝑍𝑍1

𝑍𝑍1 ∙ 𝑍𝑍2
= 1

� 

da sabolood gveqneba: 

𝑍𝑍12 =
𝑍𝑍1 ∙ 𝑍𝑍2 ∙ 𝑍𝑍3

𝑍𝑍1 ∙ 𝑍𝑍2 + 𝑍𝑍2
2 + 𝑍𝑍2 ∙ 𝑍𝑍3

= �
𝑍𝑍1 ∙ 𝑍𝑍3

𝑍𝑍1 + 𝑍𝑍2 + 𝑍𝑍3
� 

𝑍𝑍22 =
𝑍𝑍1 + 𝑍𝑍2

𝑍𝑍1
∙

𝑍𝑍1 ∙ 𝑍𝑍3

𝑍𝑍1 + 𝑍𝑍2 + 𝑍𝑍3
= �

𝑍𝑍3 ∙ (𝑍𝑍1 + 𝑍𝑍2)
𝑍𝑍1 + 𝑍𝑍2 + 𝑍𝑍3

� 

e.i movaxdineT kvanZuri gamtareblobebis matricis 

Sebruneba, ris Sedegadac miviReT kvanZuri winaRobebis matrica: 

�𝑌𝑌11 𝑌𝑌12
𝑌𝑌21 𝑌𝑌22

�
−1

= �𝑍𝑍11 𝑍𝑍12
𝑍𝑍21 𝑍𝑍22

� 

anu 

�
(𝑌𝑌1 + 𝑌𝑌2) −𝑌𝑌2
−𝑌𝑌2 (𝑌𝑌2 + 𝑌𝑌3)�

−1
=

⎣
⎢
⎢
⎢
⎡
𝑍𝑍1 ∙ (𝑍𝑍2 + 𝑍𝑍3)
𝑍𝑍1 + 𝑍𝑍2 + 𝑍𝑍3

𝑍𝑍1 ∙ 𝑍𝑍3

𝑍𝑍1 + 𝑍𝑍2 + 𝑍𝑍3
𝑍𝑍1 ∙ 𝑍𝑍3

𝑍𝑍1 + 𝑍𝑍2 + 𝑍𝑍3

𝑍𝑍3 ∙ (𝑍𝑍1 + 𝑍𝑍2)
𝑍𝑍1 + 𝑍𝑍2 + 𝑍𝑍3 ⎦

⎥
⎥
⎥
⎤
 

 

 

 

3.3 გაუსის მეთოდის შესაბამისობა სქემის გარდასახვებთან 

 

matricul gantolebaSi nebismieri striqonis Sesabamisi 

ucnobebis gamoricxva Seesabameba Tavisufali wevrebis gausis 

formuliT gadaangariSebas. Sesabamisad miviRebT erTiT nakleb 

gantolebaTa ricxvs. aRniSnuli operacia Seesabameba 

gansaxilveli sqemis gardasaxvas, anu Sesabamisi konturebis 

ricxvis erTiT Semcirebas. 

ganvixiloT konkretuli magaliTi rTuli Sekruli 

qselisTvis. 



1 2

II I III

 
nax.13 rTuli Sekruli qseli 

 

mocemuli sqemisaTvis davweroT konturuli gantoleba: 

�
(𝑍𝑍2 + 𝑍𝑍3 + 𝑍𝑍4) −𝑍𝑍2 𝑍𝑍4

−𝑍𝑍2 (𝑍𝑍1 + 𝑍𝑍2) 0
𝑍𝑍4 0 (𝑍𝑍4 + 𝑍𝑍5)

� ∙ �
𝐼𝐼1
𝐼𝐼2
𝐼𝐼3
� = �

𝐸𝐸1
𝐸𝐸2
𝐸𝐸2

�  (3.3.1) 

mocemuli gantolebidan k1I _ konturuli denis gamoricxva, 

rasac Seesabameba koeficientebisa da Tavisufali wevrebis 

gausis formuliT gadaangariSeba, gamoiwvevs konturebis ricxvis 

erTiT Semcirebas, anu Sesabamisi gantolebebisa da ucnobebis 

ricxvis erTiT Semcirebas. 

I gantolebidan gamovricxoT konturuli k1I  deni, gveqneba: 

⎣
⎢
⎢
⎢
⎡(𝑍𝑍1 + 𝑍𝑍2) −

𝑍𝑍2
2

𝑍𝑍2 + 𝑍𝑍3 + 𝑍𝑍4

𝑍𝑍2𝑍𝑍4

𝑍𝑍2 + 𝑍𝑍3 + 𝑍𝑍4
𝑍𝑍2𝑍𝑍4

𝑍𝑍2 + 𝑍𝑍3 + 𝑍𝑍4
(𝑍𝑍4 + 𝑍𝑍5) −

𝑍𝑍4
2

𝑍𝑍2 + 𝑍𝑍3 + 𝑍𝑍4⎦
⎥
⎥
⎥
⎤
∙ �𝐼𝐼2𝐼𝐼3

� = �𝐸𝐸2
′

𝐸𝐸3
′ � 

 

gveqneba: 

⎣
⎢
⎢
⎡�𝑍𝑍1 +

𝑍𝑍2𝑍𝑍3 + 𝑍𝑍2𝑍𝑍4

𝑍𝑍2 + 𝑍𝑍3 + 𝑍𝑍4
�

𝑍𝑍2𝑍𝑍4

𝑍𝑍2 + 𝑍𝑍3 + 𝑍𝑍4
𝑍𝑍2𝑍𝑍4

𝑍𝑍2 + 𝑍𝑍3 + 𝑍𝑍4
�𝑍𝑍5 +

𝑍𝑍2𝑍𝑍4 + 𝑍𝑍3𝑍𝑍4

𝑍𝑍2 + 𝑍𝑍3 + 𝑍𝑍4
�
⎦
⎥
⎥
⎤
∙ �𝐼𝐼2𝐼𝐼3

� = �𝐸𝐸2
′

𝐸𝐸3
′ � 

bolo matriculi gantoleba gadavweroT Semdegnairad: 

 

�
�𝑍𝑍1 + 𝑍𝑍2𝑍𝑍3

𝑍𝑍2+𝑍𝑍3+𝑍𝑍4
+ 𝑍𝑍2𝑍𝑍4

𝑍𝑍2+𝑍𝑍3+𝑍𝑍4
� 𝑍𝑍2𝑍𝑍4

𝑍𝑍2+𝑍𝑍3+𝑍𝑍4
𝑍𝑍2𝑍𝑍4

𝑍𝑍2+𝑍𝑍3+𝑍𝑍4
�𝑍𝑍5 + 𝑍𝑍2𝑍𝑍4

𝑍𝑍2+𝑍𝑍3+𝑍𝑍4
+ 𝑍𝑍3𝑍𝑍4

𝑍𝑍2+𝑍𝑍3+𝑍𝑍4
�
� ∙ �𝐼𝐼2𝐼𝐼3

� = �𝐸𝐸2
′

𝐸𝐸3
′ �  (3.5.2) 

 



axla Tu movaxdenT nax.13_ze warmodgenili samkuTxedis 

gardasaxvas varskvlavSi, gveqneba: 

6
432

32 Z
ZZZ

ZZ
=

++

⋅
7

432

43 Z
ZZZ

ZZ
=

++

⋅

8
432

42 Z
ZZZ

ZZ
=

++

⋅

1Z
5Z

1 2

 

rogorc vxedavT I gantolebaSi k1I _ konturuli deni 

gamovricxeT gausis meTodis saSualebiT. es Seesabameba I 

gantolebis ucnobebis ricxvis erTiT Semcirebas. gardasaxvis 

Semdeg miRebuli konturebis sakuTari winaRobebia: 

𝑍𝑍11 = 𝑍𝑍1 +
𝑍𝑍2𝑍𝑍3

𝑍𝑍2 + 𝑍𝑍3 + 𝑍𝑍4
+

𝑍𝑍2𝑍𝑍4

𝑍𝑍2 + 𝑍𝑍3 + 𝑍𝑍4
= 𝑍𝑍1 + 𝑍𝑍6 + 𝑍𝑍8 

𝑍𝑍22 = 𝑍𝑍5 +
𝑍𝑍2𝑍𝑍4

𝑍𝑍2 + 𝑍𝑍3 + 𝑍𝑍4
+

𝑍𝑍3𝑍𝑍4

𝑍𝑍2 + 𝑍𝑍3 + 𝑍𝑍4
= 𝑍𝑍5 + 𝑍𝑍7 + 𝑍𝑍8 

xolo urTierTwinaRoba aris 𝑍𝑍12 = 𝑍𝑍21 = 𝑍𝑍2𝑍𝑍4
𝑍𝑍2+𝑍𝑍3+𝑍𝑍4

= 𝑍𝑍8 

aRniSnul gamosaxulebas Tu gaviTvaliswinebT (3.3.2) 

gamosaxulebaSi, gveqneba: 

�𝑍𝑍11 𝑍𝑍12
𝑍𝑍21 𝑍𝑍22

� ∙ �𝐼𝐼2𝐼𝐼3
� = �𝐸𝐸2

′

𝐸𝐸3
′ � 

e. i rogorc davinaxeT matricul gantolebaSi nebismieri 

ucnobis gausis formuliT gamoricxva Seesabameba mocemul 

sqemaSi konturebis ricxvis erTiT Semcirebas. 

 

 

 

 

 

 



3.4 კვანძების საკუთარი და ურთიერთწინაღობებისა და შტოების 

საკუთარი და ურთიერთგამტარობების მატრიცების გაანგარიშების 

მეთოდები 

 

Tu wrfiv gantolebaTa sistema asaxavs denebisa da Zabvebis 

urTierTdamokidebulebas, maSin igi faqtiurad aris am 

gantolebebis saZiebeli cvladebis anu Sesabamisi idealuri 

wyaroebis mier Seqmnili eleqtruli reJimebis superpozicia da 

mas Seesabameba sawyisi fizikuri modelis ekvivalenturi 

fizikuri modeli, sadac es energiis wyaroebi arian CarTuli. 

magaliTad, kvanZuri Zabvebis matriculi gantoleba 

kvkvkv IUY =⋅  aris saZiebeli Zabvebis toli idealuri Zabvis 

wyaroebis mier Seqmnili reJimebis superpozicia da mas 

Seesabameba fizikuri modeli, sadac kvanZebsa da bazisur kvanZs 

Soris CarTulia idealuri Zabvis wyaroebi (gantolebaTa 

ucnobebis Sesabamisi). xolo konturuli matriculi gantoleba 

kkk UIZ =⋅  aris saZiebeli denebis toli idealuri denis 

wyaroebis mier Seqmnili eleqtruli reJimebis superpozicia da 

mas Seesabameba fizikuri modeli, sadac es idealuri denis 

wyaroebi CarTulia kavSiris StoebSi. 

fizikur modelebSi denis wyaros Secvla Zabvis wyaroTi 

da piriqiT, iwvevs Sesabamisi gantolebebis koeficientTa 

matricis Sebrunebas. 

ganvixiloT ganzogadebulparametrebiani gantolebebis 

miReba ekvivalenturi fizikuri modelis safuZvelze, vinaidan am 

gantolebebs gansakuTrebuli mniSvneloba eniWeba eleqtruli 

qselebis analizis dros. 

ganvsazRvroT kvanZuri winaRobebis matricis elementebi 

konturuli gantolebebis saSualebiT. eleqtrul qselSi 

(nax.14_a) yvela kvanZsa da bazisur kvanZs Soris CavrToT 

kvanZuri denis toli da mimarTulebiTac Tanxvdenili idealuri 



denis wyaro (nax.14_b), amiT Cven qselisa da sawyis eleqtrul 

reJims ucvlels vtovebT. 

1
2Z

1Z

2

3Z

4Z
3

5Z
kont2I

kv3I

kont1I

kv1I kv2I

a)

1
2Z

1Z

2

3Z

4Z
3

5Z

kont2I
kont1I

1I
2I 3I

b)  
nax.14 martivi qselis Canacvlebis sqemebi kvanZebis 

sakuTari da urTierTwinaRobebis matricis misaRebad 

 

Tu nax.14_a-ze warmodgenil qselSi xis elementebad 

gvqonda arCeuli 1, 3, 5 Stoebi, maSin kavSiris Stoebad iqnebian 2 

da 4 Stoebi. me-2 da me-4 StoebSi CavrToT konturuli denebis 

toli sididisa da maTi mimarTulebis mqone idealuri denis 

wyaroebi. am denis wyaroebis CarTviTac ar Seicvleba eleqtruli 

reJimi (nax.14_b) 

nax.14_b-ze warmodgenil qselSi StoebSi arCeuli denebis 

mimarTulebis mixedviT SevadginoT konturuli denebis 

gantolebebi. konturebis raodenoba sawyis qselSi iyo 2, 

romelTac Seesabameboda kavSiris Stoebi 2, 4. denis wyaroebis 

CarTviT miviReT damatebiTi konturebi, romelTa ricxvi udris 



kvanZebis ricxvs. mTlianad, gafarToebul qselSi, damoukidebeli 

konturebis ricxvi iqneba (m-n)+n=m, sadac n aris kvanZebis 

ricxvi, m_Stoebis ricxvi. 

gafarToebuli qselisaTvis (nax.14_b), idealuri denis 

wyaros usasrulod didi Siga winaRobis gaTvaliswinebiT, 

SevadginoT konturuli gantolebebi: 

⎩
⎪
⎨

⎪
⎧

(𝑍𝑍1 + 𝑍𝑍2 + 𝑍𝑍3) ∙ 𝐼𝐼1კონტ − 𝑍𝑍3 ∙ 𝐼𝐼2კონტ − 𝑍𝑍1𝐼𝐼1 + 𝑍𝑍3𝐼𝐼2 + 0 = 𝑈𝑈1კონტ

−𝑍𝑍3 ∙ 𝐼𝐼1კონტ + (𝑍𝑍3 + 𝑍𝑍4 + 𝑍𝑍5) ∙ 𝐼𝐼2კონტ + 0 − 𝑍𝑍3𝐼𝐼2 + 𝑍𝑍5𝐼𝐼3 = 𝑈𝑈2კონტ
−𝑍𝑍1 ∙ 𝐼𝐼1კონტ + 0 + 𝑍𝑍1𝐼𝐼1 + 0 + 0 = 𝑈𝑈1

𝑍𝑍3 ∙ 𝐼𝐼1კონტ − 𝑍𝑍3 ∙ 𝐼𝐼2კონტ + 0 + 𝑍𝑍3𝐼𝐼2 + 0 = 𝑈𝑈2
0 + 𝑍𝑍5 ∙ 𝐼𝐼2კონტ + 0 + 0 + 𝑍𝑍5𝐼𝐼3 = 𝑈𝑈3

�     (3.4.1) 

unda aRiniSnos, rom ZiriTadi damoukidebeli konturebi da 

kvanZebSi denis wyaroebis CasmiT warmoqmnili (erTiT naklebi 

kvanZebis ricxvis toli) damoukidebeli konturebi gadanomrilia 

cal-calke, raTa Semdgom gardasaxvebis Catarebis Sedegad 

miRebuli gantolebebis da cvladebis nomeracia Seesabamebodes 

kvanZebis nomeracias. 

(3.2.1) gantolebaTa sistema, gadawerili matriculi saxiT, 

iqneba: 

⎣
⎢
⎢
⎢
⎡
(𝑍𝑍1 + 𝑍𝑍2 + 𝑍𝑍3) −𝑍𝑍3 −𝑍𝑍1 𝑍𝑍3 0

−𝑍𝑍3 (𝑍𝑍3 + 𝑍𝑍4 + 𝑍𝑍5) 0 −𝑍𝑍3 𝑍𝑍5
−𝑍𝑍1 0 𝑍𝑍1 0 0
𝑍𝑍3 −𝑍𝑍3 0 𝑍𝑍3 0
0 𝑍𝑍5 0 0 𝑍𝑍5⎦

⎥
⎥
⎥
⎤

∙

⎣
⎢
⎢
⎢
⎡
𝐼𝐼1კონტ
𝐼𝐼2კონტ
𝐼𝐼1
𝐼𝐼2
𝐼𝐼3 ⎦

⎥
⎥
⎥
⎤

=

⎣
⎢
⎢
⎢
⎡
𝑈𝑈1კონტ
𝑈𝑈2კონტ
𝑈𝑈1
𝑈𝑈2
𝑈𝑈3 ⎦

⎥
⎥
⎥
⎤

   (3.4.2) 

(3.4.1) gantolebaTa sistemis pirveli gantolebidan 𝐼𝐼1კონტ-is 

gamoricxva, rasac Seesabameba gantolebaTa sistemis 

koeficientebisa da Tavisufali wevrebis gausis formuliT 

gadaangariSeba, gamoiwvevs pirveli ZiriTadi konturis 

gardasaxvas varskvlavSi, anu konturebis ricxvis erTiT 

Semcirebas, Sesabamisi gantolebebisa da ucnobebis ricxvis 

erTiT Semcirebas. 

Semdeg miRebuli axali (erTiT naklebi rigis) gantolebaTa 

sistemidan gamoiricxeba 𝐼𝐼2კონტ ucnobi, rac kidev erTi rigiT 

Seamcirebs gantolebaTa sistemas, da zogadad (K raodenobis 

ZiriTadi konturebis arsebobis SemTxvevaSi) es procesi 



grZeldeba manam, sanam ar gamoiricxeba yvela ZiriTadi 

damoukidebeli konturis Sesabamisi konturuli deni. Sedegad 

vRebulobT kvanZuri denebisa da Zabvebis damakavSirebel 

gantolebebs. 

zemoT aRwerili procesi SeiZleba ganxorcieldes 

matricebis blokebad dayofiT da identuri moqmedebebis 

CatarebiT. (3.4.2) gantoleba davyoT blokebad: 

� 𝑍𝑍𝐼𝐼 𝑍𝑍𝐼𝐼𝐼𝐼
𝑍𝑍𝐼𝐼𝐼𝐼𝐼𝐼 𝑍𝑍𝐼𝐼𝐼𝐼

� ∙ � 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼
� = �𝑈𝑈𝐼𝐼𝑈𝑈𝐼𝐼𝐼𝐼

�  (3.4.3) 

 

sadac – 𝑍𝑍𝐼𝐼 = �
(𝑍𝑍1 + 𝑍𝑍2 + 𝑍𝑍3) −𝑍𝑍3

−𝑍𝑍3 (𝑍𝑍3 + 𝑍𝑍4 + 𝑍𝑍5)�; 

 

𝑍𝑍𝐼𝐼𝐼𝐼 = �−𝑍𝑍1 𝑍𝑍3 0
0 −𝑍𝑍3 −𝑍𝑍5

�;   𝑍𝑍𝐼𝐼𝐼𝐼𝐼𝐼 = �
−𝑍𝑍1 0
𝑍𝑍3 −𝑍𝑍3
0 𝑍𝑍5

�;   𝑍𝑍𝐼𝐼𝐼𝐼 = �
𝑍𝑍1 0 0
0 𝑍𝑍3 0
0 0 𝑍𝑍5

� 

 

𝐼𝐼𝐼𝐼 = �
𝐼𝐼1კონტ
𝐼𝐼2კონტ

�;  𝑈𝑈𝐼𝐼 = �
𝑈𝑈1კონტ
𝑈𝑈2კონტ

�;  𝐼𝐼𝐼𝐼𝐼𝐼 = �
𝐼𝐼1
𝐼𝐼2
𝐼𝐼3
�;   𝑈𝑈𝐼𝐼𝐼𝐼 = �

𝑈𝑈1
𝑈𝑈2
𝑈𝑈3

� 

cxadia, rom pirveli bloki IZ  warmoadgens konturul 

winaRobaTa matricas 𝑍𝑍𝐼𝐼 = 𝑁𝑁 ∙ 𝑍𝑍დ ∙ 𝑁𝑁𝑇𝑇 sadac N  aris incidenciis II 

matricia, bloki IIZ  aris matricebis namravli 𝑁𝑁 ∙ 𝑍𝑍დ ∙ 𝐸𝐸′𝑇𝑇 , sadac 

𝐸𝐸′ aris matrica, romelic asaxavs gzas kvanZidan bazisur 

kvanZamde, qselis xis elementebis meSveobiT, anu kavSirebis 

matricas kvanZebsa da bazisur kvanZs Soris CarTuli denis 

wyaroebis mier Seqmnili konturebisaTvis. 

(3.4.3) tolobis gausis meTodiT gadaangariSebisas 

vRebulobT: 

(𝑍𝑍𝐼𝐼𝐼𝐼 − 𝑍𝑍𝐼𝐼𝐼𝐼𝐼𝐼 ∙ 𝑍𝑍𝐼𝐼−1 ∙ 𝑍𝑍𝐼𝐼𝐼𝐼) ∙ 𝐼𝐼𝐼𝐼𝐼𝐼 = 𝑈𝑈𝐼𝐼𝐼𝐼 − 𝑍𝑍𝐼𝐼𝐼𝐼𝐼𝐼 ∙ 𝑍𝑍𝐼𝐼−1 ∙ 𝑈𝑈1  (3.4.4) 

anu 𝑍𝑍კვ ∙ 𝐼𝐼კვ = 𝑈𝑈კვ  (3.4.5) 

sadac - 𝑍𝑍კვ = 𝑍𝑍𝐼𝐼𝐼𝐼 − 𝑍𝑍𝐼𝐼𝐼𝐼𝐼𝐼 ∙ 𝑍𝑍𝐼𝐼−1 ∙ 𝑍𝑍𝐼𝐼𝐼𝐼   

da 𝑈𝑈კვ = 𝑈𝑈𝐼𝐼𝐼𝐼 − 𝑍𝑍𝐼𝐼𝐼𝐼𝐼𝐼 ∙ 𝑍𝑍𝐼𝐼−1 ∙ 𝑈𝑈𝐼𝐼  (3.4.6) 



zemoT ganxilulis safuZvelze vaskvniT, rom kvanZuri 

winaRobebis matricis misaRebad pirvel rigSi saWiroa 

gafarToebuli sqemisaTvis konturul winaRobaTa matricis 

Sedgena. amisaTvis incidenciis II matricas (Sedgenils 

aragafarToebuli qselisaTvis) unda daematos kvanZebSi denis 

wyaroebis CarTviT miRebuli damatebiTi n damoukidebeli 

konturis Sesabamisi striqonebi (xeSi Semavali Stoebis ricxvi 

da Semadgenloba rCeba ucvleli, kavSirebis siaSi Semaval 

Stoebs daemateba denis wyaroebis CarTviT warmoqmnili Stoebi). 

Tu N-iT aRvniSnavT ZiriTadi sqemisaTvis incidenciis me-2 

matricas, gafarToebuli qselisaTvis incidenciis me-2 matrica 

iqneba: 

𝑁𝑁𝐼𝐼 = �𝑁𝑁𝐸𝐸𝐼𝐼�  (3.4.7) 

sadac IE -iqneba incidenciis me-2 matricis is nawili, 

romelic gansazRvravs kavSirs kvanZebSi denis wyaroebis CarTvis 

Sedegad miRebul konturebsa da Stoebs Soris. masSi 

striqonebis ricxvi toli iqneba kvanZebis ricxvis da misi 

Semadgenloba damokidebuli iqneba sqemis xed da kavSirebad 

daSlis Sedegze. 

ganxiluli magaliTis SemTxvevaSi: 

𝑁𝑁 = �−1 1 1 0 0
0 0 −1 1 1�; 𝐸𝐸

𝐼𝐼 = �
1 0 0 0 0
0 0 1 0 0
0 0 0 0 1

�; 𝑁𝑁𝐼𝐼 =

⎣
⎢
⎢
⎢
⎡
−1 1 1 0 0
0 0 −1 1 1
1 0 0 0 0
0 0 1 0 0
0 0 0 0 1⎦

⎥
⎥
⎥
⎤
 (3.4.8) 

 

gafarToebuli qselisaTvis konturul winaRobaTa matrica 

gamosaxuli incidenciis me-2 matricis saSualebiT iqneba: 



𝑍𝑍კონტ = 𝑁𝑁′ ∙ 𝑍𝑍დ ∙ 𝑁𝑁′𝑇𝑇 =

=

⎣
⎢
⎢
⎢
⎡
−1 1 1 0 0
0 0 −1 1 1
1 0 0 0 0
0 0 1 0 0
0 0 0 0 1⎦

⎥
⎥
⎥
⎤
∙

⎣
⎢
⎢
⎢
⎡
𝑍𝑍1 0 0 0 0
0 𝑍𝑍2 0 0 0
0 0 𝑍𝑍3 0 0
0 0 0 𝑍𝑍4 0
0 0 0 0 𝑍𝑍5⎦

⎥
⎥
⎥
⎤

∙

∙

⎣
⎢
⎢
⎢
⎡
−1 0 1 0 0
1 0 0 0 0
1 −1 0 1 0
0 1 0 0 0
0 1 0 0 1⎦

⎥
⎥
⎥
⎤

=

=

⎣
⎢
⎢
⎢
⎡
(𝑍𝑍1 + 𝑍𝑍2 + 𝑍𝑍3) −𝑍𝑍3 −𝑍𝑍1 𝑍𝑍3 0

𝑍𝑍3 (𝑍𝑍3 + 𝑍𝑍4 + 𝑍𝑍5) 0 −𝑍𝑍3 𝑍𝑍5
−𝑍𝑍1 0 𝑍𝑍1 0 0
𝑍𝑍3 −𝑍𝑍3 0 𝑍𝑍3 0
0 𝑍𝑍5 0 0 𝑍𝑍5⎦

⎥
⎥
⎥
⎤

= � 𝑍𝑍𝐼𝐼 𝑍𝑍𝐼𝐼𝐼𝐼
𝑍𝑍𝐼𝐼𝐼𝐼𝐼𝐼 𝑍𝑍𝐼𝐼𝐼𝐼

� 

  

𝑍𝑍კონტ = �𝑁𝑁𝐸𝐸′ � ∙ �𝑍𝑍დ� ∙
[𝑁𝑁𝑇𝑇 ∙ 𝐸𝐸′𝑇𝑇] = �

𝑁𝑁 𝑍𝑍დ
𝐸𝐸′ 𝑍𝑍დ

� ∙ [𝑁𝑁𝑇𝑇 ∙ 𝐸𝐸′𝑇𝑇] = 

= �
𝑁𝑁 ∙ 𝑍𝑍დ ∙ 𝑁𝑁𝑇𝑇 𝑁𝑁 ∙ 𝑍𝑍დ ∙ 𝐸𝐸′𝑇𝑇

𝐸𝐸′ ∙ 𝑍𝑍დ ∙ 𝑁𝑁𝑇𝑇 𝐸𝐸′ ∙ 𝑍𝑍დ ∙ 𝐸𝐸′𝑇𝑇
� = � 𝑍𝑍𝐼𝐼 𝑍𝑍𝐼𝐼𝐼𝐼

𝑍𝑍𝐼𝐼𝐼𝐼𝐼𝐼 𝑍𝑍𝐼𝐼𝐼𝐼
�  (3.4.9) 

 

(3.4.9) konturul denTa gantoleba gafarToebuli 

sqemisaTvis, Sedgenili incidenciis me-2 matricis 

gaTvaliswinebiT, iqneba: 

� 𝑍𝑍𝐼𝐼 𝑍𝑍𝐼𝐼𝐼𝐼
𝑍𝑍𝐼𝐼𝐼𝐼𝐼𝐼 𝑍𝑍𝐼𝐼𝐼𝐼

� ∙ � 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼
� = �

𝑁𝑁 ∙ 𝑍𝑍დ ∙ 𝑁𝑁𝑇𝑇 𝑁𝑁 ∙ 𝑍𝑍დ ∙ 𝐸𝐸′𝑇𝑇

𝐸𝐸′ ∙ 𝑍𝑍დ ∙ 𝑁𝑁𝑇𝑇 𝐸𝐸′ ∙ 𝑍𝑍დ ∙ 𝐸𝐸′𝑇𝑇
� ∙ � 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼

� = �𝑈𝑈𝐼𝐼𝑈𝑈𝐼𝐼𝐼𝐼
�  (3.4.10) 

gausis meTodiT II  gamosaxvis SemTxevavSi miviRebT: 

�𝐸𝐸′ ∙ 𝑍𝑍დ𝐸𝐸′𝑇𝑇 − 𝐸𝐸′ ∙ 𝑍𝑍დ𝑁𝑁𝑇𝑇�𝑁𝑁 ∙ 𝑍𝑍დ ∙ 𝑁𝑁𝑇𝑇�−1 ∙ 𝑁𝑁 ∙ 𝑍𝑍დ ∙ 𝐸𝐸′𝑇𝑇� 𝐼𝐼𝐼𝐼𝐼𝐼 = 

= 𝑈𝑈𝐼𝐼𝐼𝐼 − 𝐸𝐸′ ∙ 𝑍𝑍დ ∙ 𝑁𝑁𝑇𝑇 ∙ �𝑁𝑁 ∙ 𝑍𝑍დ𝑁𝑁𝑇𝑇�−1𝑈𝑈1 (3.4.11) 

ukanasknel gamosaxulebaSi: 

𝐸𝐸′ ∙ 𝑍𝑍დ ∙ 𝐸𝐸′𝑇𝑇 − 𝐸𝐸′ ∙ 𝑍𝑍დ ∙ 𝑁𝑁𝑇𝑇 ∙ �𝑁𝑁 ∙ 𝑍𝑍დ ∙ 𝑁𝑁𝑇𝑇�
−1
∙ 𝑁𝑁 ∙ 𝑍𝑍დ ∙ 𝐸𝐸′𝑇𝑇 = 𝑍𝑍კვ  (3.4.12) 

warmoadgens kvanZuri winaRobebis matricas, III - kvanZuri 

denebis matricas. 

Tu (3.4.12) gantolebidan ZiriTadi damoukidebeli 

konturebis Sesabamisi ucnobebis gamoricxvas gausis meTodiT 



movaxdenT mimdevrobiT, bijebis raodenoba iqneba damoukidebeli 

konturebis rixvis toli, rasac kvanZuri winaRobebis matricis 

angariSis sxva meTodebTan SedarebiT (vTqvaT kvanZuri 

gamtareblobebis matricis Sebruneba) garkveuli upiratesoba 

gaaCnia manqanuri drois ekonomiis TvalsazrisiT. rac kidev 

ufro mniSnelovani xdeba am angariSebis mravaljeradi Catarebis 

SemTxevaSi, rasac SeiZleba hqondes adgili sxvadasxva 

energetikuli amocanebis iteraciuli meTodebiT gadawyvetis 

dros. 

zemoTTqmulis safuZvelze SeiZleba davaskvnaT, rom 

konturul denTa meTodi aris superpozicia reJimebisa, rodesac 

kavSirebis StoebSi CarTulia denis wyaroebi. Tu yvela kavSiris 

StoSi CarTulia Sesabamisi denis wyaro, bunebrivia, maTi wredis 

Sekvris gza gaivlis mxolod xis im Stoebze, romlebic qmnian 

konturs konkretuli kavSiris StosaTvis (denis wyaros 

usasrulod didi winaRobis gamo). 

eleqtroenergetikis maTematikuri amocanebis Camoyalibebis 

dros aseve farTo gamoyeneba aqvs Stoebis sakuTari da 

urTierTgamtarobis matricas. ganvixiloT misi miReba 

ekvivalenturi fizikuri modelis safuZvelze. 

Y ′ _iT aRvniSnoT Stoebis sakuTari da urTierTgamtarobis 

matrica, romelic akavSirebs Stoebis denebs StoebSi CarTul 

Zabvis wyaroebTan. Y ′  matricis Sesadgenad unda movnaxoT iseTi 

fizikuri modeli, romlis Sesabamisi gantolebebis Sedgena 

martivad moxdeba. amisaTvis SevadginoT ekvivalenturi fizikuri 

modeli (nax. 15-b), sadac kvanZebsa da bazisur kvanZs Soris 

CarTuli iqneba idealuri Zabvis wyaroebi 321 ,, UUU ′′′    ise, rom 

maTi Zabvis sidideebi da mimarTuleba emTxveodes sawyisi qselis 

kvanZuri Zabvebis sidideebsa da mimarTulebas. cxadia, rom nax.15 

a-ze da nax.15 b-ze warmodgenili qselebis eleqtruli reJimebi 

erTnairi iqneba. nax.15 b-ze warmodgenili qselisaTvis StoebSi 

Zabvebisa da denebis damakavSirebeli gantolebebis Sedgena  

sirTules ar warmoadgens, vinaidan idealuri Zabvis wyaroebi 



nulovani Siga winaRobebis gamo amokleben wreds, da Tu Cven 

yvela StoSi gamaval dens warmovadgenT, rogorc CarTuli Zabvis 

wyaroebis mier Seqmnili eleqtruli reJimebis superpoziciis 

Sedegs, rac SesaZlebelia pirdapiri sqemis mixedviT, miviRebT: 

1 2Y

1Y

2

3Y

4U 3

5Y

2U

1U 3U

4Y

5U

4

1 2Y

1Y

2

3Y

4U 3

5Y

2U

1U 3U

4Y

5U

4

1U ′
3U ′

2U ′

a)

b)
 

nax.15 martivi qselis Canacvlebis sqemebi Stoebis sakuTari 

da urTierTgamtarobebis matricis misaRebad 

⎣
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎡
(𝑦𝑦1 + 𝑦𝑦2) −𝑦𝑦2 0 𝑦𝑦1 −𝑦𝑦2 0 0 0
−𝑦𝑦2 (𝑦𝑦2 + 𝑦𝑦3 + 𝑦𝑦4) −𝑦𝑦4 0 𝑦𝑦2 −𝑦𝑦3 −𝑦𝑦4 0

0 −𝑦𝑦4 (𝑦𝑦4 + 𝑦𝑦5) 0 0 0 𝑦𝑦4 −𝑦𝑦5
𝑦𝑦1 0 0 𝑦𝑦1 0 0 0 0
−𝑦𝑦2 𝑦𝑦2 0 0 𝑦𝑦2 0 0 0

0 −𝑦𝑦3 0 0 0 𝑦𝑦3 0 0
0 −𝑦𝑦4 𝑦𝑦4 0 0 0 𝑦𝑦4 0
0 0 −𝑦𝑦5 0 0 0 0 𝑦𝑦5 ⎦

⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎤

∙

⎣
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎡
𝑈𝑈1
′

−𝑈𝑈2
′

𝑈𝑈3
′

𝑈𝑈1
𝑈𝑈2
𝑈𝑈3
𝑈𝑈4
𝑈𝑈5 ⎦

⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎤

=

⎣
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎡
𝐼𝐼1′
𝐼𝐼2′
𝐼𝐼3′
𝐼𝐼1
𝐼𝐼2
𝐼𝐼3
𝐼𝐼4
𝐼𝐼5⎦
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎤

 

koeficientebis matrica aRvniSnoT Y , da davyoT blokebad: 

𝑌𝑌𝐼𝐼 = �
(𝑦𝑦1 + 𝑦𝑦2) −𝑦𝑦2 0
−𝑦𝑦2 (𝑦𝑦2 + 𝑦𝑦3 + 𝑦𝑦4) −𝑦𝑦4

0 −𝑦𝑦4 (𝑦𝑦4 + 𝑦𝑦5)
�; 



𝑌𝑌𝐼𝐼𝐼𝐼 = �
𝑦𝑦1 −𝑦𝑦2 0 0 0
0 𝑦𝑦2 −𝑦𝑦3 −𝑦𝑦4 0
0 0 0 𝑦𝑦4 −𝑦𝑦5

�; 

 

𝑌𝑌𝐼𝐼𝐼𝐼𝐼𝐼 =

⎣
⎢
⎢
⎢
⎡
𝑦𝑦1 0 0
−𝑦𝑦2 𝑦𝑦2 0

0 −𝑦𝑦3 0
0 −𝑦𝑦4 𝑦𝑦4
0 0 −𝑦𝑦5⎦

⎥
⎥
⎥
⎤

; 𝑌𝑌𝐼𝐼𝐼𝐼 =

⎣
⎢
⎢
⎢
⎡
𝑦𝑦1 0 0 0 0
0 𝑦𝑦2 0 0 0
0 0 𝑦𝑦3 0 0
0 0 0 𝑦𝑦4 0
0 0 0 0 𝑦𝑦5⎦

⎥
⎥
⎥
⎤

 

 

advilad SesamCnevia, rom pirveli bloki warmoadgens 

kvanZuri gatareblobis matricas 𝑌𝑌𝐼𝐼 = 𝑀𝑀 ∙ �̇�𝑌დ ∙ 𝑀𝑀𝑇𝑇 , meore bloki aris 

matricebis namravli 𝑌𝑌𝐼𝐼𝐼𝐼 = 𝑀𝑀 ∙ �̇�𝑌დ, mesame bloki 𝑌𝑌𝐼𝐼𝐼𝐼𝐼𝐼 = �̇�𝑌დ ∙ 𝑀𝑀𝑇𝑇 , xolo 

meoTxe bloki 𝑌𝑌𝐼𝐼𝐼𝐼 = �̇�𝑌დ - Stoebis gamtareblobebis diagonaluri 

matricaa. 

amgvarad, ekvivalenturi fizikuri modelis Sesabamisi 

gantolebis koeficientebis matricas aqvs saxe: 

𝑌𝑌 = �
𝑀𝑀 ∙ �̇�𝑌დ ∙ 𝑀𝑀𝑇𝑇 𝑀𝑀 ∙ �̇�𝑌დ
�̇�𝑌დ ∙ 𝑀𝑀𝑇𝑇 �̇�𝑌დ

� 

anu aris kvanZuri gamtareblobis matrica nax.15-ze 

warmodgenili qselisTvis. amave qselisaTvis incidenciis I 

matricas aqvs saxe: 

𝑀𝑀′ = �𝑀𝑀𝐸𝐸�  (3.2.13) 

sadac E aris erTeulovani matrica Stoebis ricxvis toli 

rigis. Sesabamisad kvanZuri gamtareblobis matricis miReba 

SeiZleba formuliT: 

𝑌𝑌 = �𝑁𝑁𝐸𝐸′� ∙ �𝑌𝑌დ�
[𝑀𝑀𝑇𝑇 ∙ 𝐸𝐸𝑇𝑇] = �

𝑀𝑀 ∙ 𝑌𝑌დ ∙ 𝑀𝑀𝑇𝑇 𝑀𝑀 ∙ 𝑌𝑌დ
𝑌𝑌დ ∙ 𝑀𝑀𝑇𝑇 𝑌𝑌დ

� 

Tu kvanZuri gamtareblobis matriculi gantolebidan 

gamovricxavT ucnobebs 𝑈𝑈1
′ ,𝑈𝑈2

′ ,𝑈𝑈3
′  miviRebT saZiebel gantolebaTa 

sistemas, romelic asaxavs urTierTdamokidebulebebs StoebSi 

CarTul Zabvis wyaroebsa da SoebSi gamaval denebs Soris, 

romlis koeficientTa matrica iqneba saZiebeli Stoebis 

sakuTari da urTierTgamtareblobis matrica. ucnobebis 



gamoricxva am gantolebidan SeiZleba vawarmooT gausis meTodiT. 

ris Sedegadac saZiebeli matrica miiRebs saxes: 

𝑌𝑌′ = 𝑌𝑌𝐼𝐼𝐼𝐼 − 𝑌𝑌𝐼𝐼𝐼𝐼𝐼𝐼 ∙ 𝑌𝑌𝐼𝐼−1 ∙ 𝑌𝑌𝐼𝐼𝐼𝐼 = 𝑌𝑌დ − 𝑌𝑌დ ∙ 𝑀𝑀𝑇𝑇 ∙ �𝑀𝑀 ∙ 𝑍𝑍დ ∙ 𝑀𝑀𝑇𝑇�
−1
∙ 𝑀𝑀 ∙ 𝑌𝑌დ  (3.4.14) 

zemoTTqmulidan gamomdinare SeiZleba vTqvaT, rom 

ganzogadebulparametrebiani gantolebebis Sesabamisi 

koeficientebis matricebis Sedgena warmoebs ekvivalenturi 

fizikuri modelis safuZvelze Sedgenili incidenciis 

matricebis (3.4.7), (3.4.13) da (3.4.12), (3.4.14) gamosaxulebebis 

mixedviT. 

zemoTTqmulis safuZvelze SeiZleba davaskvnaT: kvanZuri 

Zabvebis gantoleba aris sistemis mdgomareobis amsaxveli 

gantoleba, rodesac yvela kvanZsa da bazisur kvanZs Soris 

CarTulia Zabvis wyaro da TviToeuli Zabvis wyarosaTvis 

konturi ganisazRvreba bazisur kvanZze damoklebuli kvanZebis 

gaTvaliswinebiT (Zabvis wyarosGnulovani Siga winaRobis gamo). 

igive exeba ganzogadoebulparametrebian gantolebebsac. Tu 

ganvixilavT gantolebas, romelic akavSirebs ucnob kvanZur 

denebs kvanZur ZabvebTan, unda warmovidginoT ucnobi denis 

wyaroebi CarTuli kvanZebsa da bazisur kvanZs Soris. am 

SemTxvevaSi koeficientebis matrica iqneba kvanZebis sakuTari da 

urTierTwinaRobebis matrica. 

xolo Tu ganvixilavT gantolebas, romelic akavSirebs 

Stoebis gawyvetis adgilze Zabvebs, gawyvetamde am StoSi 

arsebul denebTan, unda warmovidginoT ucnobi Zabvis wyaroebi 

CarTuli gawyvetis adgilas. am SemTxvevaSi gantolebis 

koeficientebis matrica iqneba Stoebis sakuTari (Semavali) da 

urTierTgamtarobebis matrica. 

 

 

 

 



3.5 ხაზის გაწყვეტის მოდელირება იდეალური დენისა 

და ძაბვის წყაროებით 

 

eleqtrogadamcemi xazi aris eleqtruli sistemebis 

yvelaze gavrcelebuli elementi, romelic akavSirebs 

erTmaneTTan misi sqemis calkeul sakvanZo wertilebs. sxva 

elementebisgan (sinqronuli eleqtruli manqanebi, 

transformatorebi, eleqtromimRebebi da a.S.) gansxvavebiT, mas 

axasiaTebs erTi mniSvnelovani Tavisebureba, kerZod, is aris 

elementi sigrZeze ganawilebuli parametrebiT. 

xazebiT eleqtroenergiis gadacema ganpirobebulia 

eleqtromagnituri velis gavrcelebiT mavTulebSi (kabelis 

ZarRvebSi) da maT garemo sivrceSi. cvladi Zabvis qmedebiT 

sahaero xazSi mavTulebis garSemo warmoiSoba cvladi magnituri 

veli da agreTve fazur mavTulebs Soris, yovel mavTulsa da 

dedamiwas Soris cvladi eleqtruli veli. cvladi eleqtruli 

veli warmoqmnis gadanacvlebis denebs (damuxtvis denebi). maTi 

mniSvnelobebi damokidebulia gamtarebis garSemo ganTavsebuli 

dieleqtrikis Tvisebebze da potencialTa sxvaobaze mavTulsa da 

dedamiwas Soris, samfaziani xazis SemTxvevaSi agreTve 

potencialebis sxvaobaze fazur mavTulebs Soris. damuxtvis 

denebi emateba datvirTvis dens da gansazRvraven xazis gaswvriv 

saerTo denis cvlilebas. am deniT gamowveuli magnituri velis 

daZabuloba agreTve icvleba xazis gaswvriv. Tavis mxriv, es 

iwvevs imas, rom e.m.Z-ebis TviTinduqcia da urTierTinduqcia 

xazis sigrZis sxvadasxva elementebisTvis ar aris toli. am e.m.Z-

ebis aratoloba gansazRvravs xazis gaswvriv Zabvis da 

gadanacvlebis denebis cvlilebis rTul kanons. 

konkretul magaliTze ganvixiloT xazis gawyvetis 

modelireba denisa da Zabvis wyaroebiT. nax.16a-ze warmodgenili 

sqemisaTvis mocemulia kvanZuri denebi: 1321 === kvkvkv III a, e.m.Z. 



E1=4v. CarTuli pirvel StoSi da Stoebis winaRobebi: Z1=Z2=2 omi, 

Z3=Z4=Z5=1 omi. 

miRebuli eleqtruli reJimi warmodgenili qselisaTvis 

naCvenebia nax.16 b-ze. 

1

1=4Z 1=5Z1kvI
3kvI

2 3

2=1Z

2=2Z 1=3Z

4=1E

2kvI

1, 3125 a

E1=4 v

0,125a

1a

1,812a

1 2

1a

3,75v

2,625v

1, 8125v

1a1,125a

0, 8125a

3

a)

b)

nax . 16  
nax.16 b) warmodgenili el. reJimi aris 1kvI , 2kvI , 3kvI  denebisa 

da E1 e.m.Z-is mier Seqmnili el. reJimebis superpozicia. (nax.17 a, b, 

g, d) TiToeuli am energiis wyaros (kvanZuri denebi SeiZleba 

warmodgenili iqnan idealuri denis wyaroebiT, romlebic 

CarTuli iqnebian Sesabamis kvanZsa da bazisur kvanZs Soris. maT 

mier Seqmnili denebi vrceldebian erTsa da imave pasiur wredSi, 

radganac idealuri denis wyaroebis Sida winaRobebi usasrulod 

didia, xolo Zabvis wyarosi ki udris nuls. 



0,25 0,25

1

2

0,5

3
1

2

1a 1
1

2

0,25

0,5a

I1 kv=1

0,375

1

2
0,25

3
1

2

1 1

2

0,25

0,75v 0,375

0,375 I2kv

1a

0, 6875

1

2

0,125

3
1

2

1

1

2

0, 3125

0, 1875

0,375v 0, 6875v

I 3kv=1a

1a

0,125 0, 5 a
E1 =4v

1a

0,5a

1

1a 0,5a

1

2

1

1

2

a ) 

g)
nax . 17

d)

b)

 

nax.17-ze warmodgenili eleqtruli reJimebis zeddeba 

iZleva el. reJims, romelic asaxulia sqemaze nax.16 b. 

nax.16 a-ze warmodgenil sqemaze movaxdinoT me-4 xazis anu 

Z1-2-is gawyveta. miviRebT reJims nax.18. 

0,75
1a

1a

1,25

1 2

1a 1a

3

2 1

0,25
6v

1,5v

ΔU=6-1,5=4,5v

 
nax.18 

 

nax.18-ze warmodgenil qselSi Zabva 1 da 2 kvanZebs Soris 

(anu xazis gawyvetis adgilas) aris 5,45,1621 =−=−=∆ UUU v. 



rogorc zemoT aRvniSneT, xazis gawyvetis modelireba 

SeiZleba denis wyaroTi. im StoSi, sadac SemdgomSi ganixileba 

gawyveta unda CavrToT idealuri denis wyaro, romelsac eqneba 

sawyisi denis toli I=1.125 da sawinaaRmdegod mimarTuli deni. 

avariuli denebi StoebSi miiReba denebis avariuli 

mdgenelebisa (nax.19) da sawyisi reJimis (nax.16 a) denebis 

superpoziciis Sedegad (nax.20). 

0, 5625

1

2
3

1

2

1
1

2

1,125a

0, 5625

0, 5625

I=1,125

nax.19

1,125

 

1,25a

1

2 31

2

1 a 0,25a

0,75a

I=-1,125

1a 1a 1a

6v

4v

I=0

1,5v
1,25v

nax.20

I=1,125

 
 



nax.20-dan Cans, rom me-4-e StoSi deni tolia nulis, xolo 

Zabva gawyvetis adgilas: ∆𝑈𝑈 = 6 − 1,5 = 4,5 v, rac emTxveva nax.18-ze 

moyvanil sidideebs. 

Tu gvinda xazis gawyvetis modelireba Zabvis wyaroTi, 

romelsac rogorc ukve aRvniSneT, aqvs garkveuli upiratesoba 

denis wyaroebiT modelirebasTan SedarebiT, unda ganvsazRvroT 

avariuli Stos sakuTari gamtaroba anu gamtaroba gawyvetis 

adgilas miRebul kvanZebs Soris. 

ganxiluli sqemisaTvis es sidide iqneba 𝑌𝑌44 = 0,25, xolo 

𝑌𝑌44 ∙ ∆𝑈𝑈4 = 𝐼𝐼4 saidanac ∆𝑈𝑈4 = 𝐼𝐼4
𝑌𝑌44

= 1,125
0,25

= 4,5 

aq - 4U∆  aris Zabva gawyvetis adgilas, 4I - me-4 StoSi 

gamavali deni gawyvetamde. anu Zabvis wyaros sidide, romelic 

Seqmnis denebis avariul mdgenelebs StoebSi, iqneba 4,5 v. 

sakuTriv avariuli denebis mniSvneloba StoebSi iqneba denebis 

avariuli mdgenelebisa (nax.21) da sawyisi reJimis denebis (nax.16) 

zeddebis Sedegi. 

0,5625

1

2 31

2

1,125

0,5625

0,5625

4,5v

1,125

1 1

2

nax.21  
 

fizikur modelebSi idealuri denis wyaros Secvla 

idealuri Zabvis wyaroTi, an piriqiT, iwvevs Sesabamisi 

gantolebebis koeficientTa matricis Sebrunebas. vinaidan Zabvis 

wyaros denis wyaroTi Secvla gamoiwvevs Sesabamisi Stoebis 

gaxsnas da denis wyaros Zabvis wyaroTi Secvla ki gaxsnili 



Stoebis SeerTebas, rac dasturdeba moyvanili magaliTiT. meore 

modelis gamoyenebis dros dazianebis adgilisa da raodenobis 

mixedviT ar icvleba Sesabamisi gantolebebis koeficientebi, anu 

pasiuri sqemis parametrebi. rac warmoadgens am modelis 

upiratesobas pirvelTan SedarebiT. 

pirveli modelis SemTxvevaSi, im Stos, sadac gvaqvs 

gawyveta, Sesabamisi parametris meqanikurad amoSla matricidan, 

rogorc amas adgili hqonda meore modelis SemTxvevaSi, ver 

moxerxdeba. am SemTxvevaSi (3.2.1) tolobidan is cvladebi, anu im 

Stos denebi, sadac ara aqvs adgili gawyvetas, unda gamoiricxos 

gausis meTodiT, rac gulisxmobs yvela darCenili elementis 

(koeficientebisa da Tavisufali wevrebis) gadaangariSebas. 

1a

1

1

2

1a

1a

1a 1a 1a

6v

E=4v

2v
1v

nax.22 el. reJimi me-4 da me-5 Stoebis 
gawyvetis SemTxvevaSi

 

 

ganvixiloT erTdrouli dazianeba or StoSi. nax.22-is me-4 

da me-5 StoebSi adgili aqvs gawyvetas. jer movaxdinoT gawyvetis 

modelireba denis wyaroebiT. denis wyaros denis sidide unda 

udrides avariul dens ganxilul StoSi da iyos mimarTuli 

sapirispirod. viangariSoT avariuli mdgenelebi (nax.23 a) da 

Semdeg movaxdinoT sawyis reJimze (nax. 16 b) zeddeba. miviRebT 

avariuli reJimis dros denebis mniSvnelobebs StoebSi (nax.23 b). 



0,8125

1

2
3

1

2

1,125

0,8125

0,8125

I1

1,125

1 1

2

I2

4

1a

1

2 31

21a

1a

I=-1,125

1a 1a 1a

6v

E=4v

I4=0
2v

1v

2
1

I5=0

1

4
a) denebis avariuli mdgenelebi b) denebis avariuli mdgenelebis zeddeba 

normaluri reJimis denebTan

nax.23 me-4 da me-5 StoebSi erTdrouli dazianebis SemTxveva

I=1,125 I=0,8125

I=-0,8125

 
nax.23 b-ze miRebuli el. reJimi anu denis wyaroebis 

CarTviT miRebuli reJimi emTxveva el. reJims, romelic miiReba 

me-4 da me-5 Stoebis gamorTviT. am SemTxvevaSi cnobilia denis 

wyaros sidide, romliTac xdeba avariis modelireba (igi udris 

avariamdeli denis mniSvnelobas) da ucnobia avariuli reJimis 

Sesabamisi sqemis pasiuri parametrebis mniSvneloba, romelic 

unda ganisazRvros dazianebebis adgilmdebareobisa da 

raodenobis Sesabamisad. Zabvis wyaroebiT modelirebis 

SemTxvevaSi ki piriqiT, ucvlelia sqemis parametrebi (Zabvis 

wyaroebis nulovani winaRobis gamo) da saZiebelia Zabvis 

mniSvnelobebi. 

ganvixiloT or adgilas gawyvetis modelireba Zabvis 

wyaroebiT. 

CavrToT gawyvetis adgilas Zabvebis toli nax.22-is 

idealuri Zabvis wyaroebi me-4 da me-5 StoebSi. am Zabvis 

wyaroebiT miRebuli el. reJimi warmodgenilia nax.24 a, b-ze. 

0,51a

0,5

0,5

4v

1a

0,3125
0,125

0,3125

0,8175

0,125 1v

1,125

0,8125

0,3125

1,125

a) b) g)

nax.24 denebis avariuli mdgenelebi

0,8125

E=1vE=4v

 



denis wyaroebis CarTviT miRebuli modelis Sesabamisi 

maTematikuri modeli davukavSiroT Zabvis wyaroebis CarTviT 

miRebuli modelis Sesabamis gantolebebs. 

pirvel SemTxvevaSi, rodesac qordebad arCeuli gvqonda me-

4 da me-5 Stoebi, sistemis mdgomareobis aRmwer gantolebad, anu 

maTematikur modelad avirCieT konturul denTa gantoleba: 

�𝑍𝑍44 ∙ 𝐼𝐼4 + 𝑍𝑍45 ∙ 𝐼𝐼5 = 𝑈𝑈4
𝑍𝑍54 ∙ 𝐼𝐼4 + 𝑍𝑍55 ∙ 𝐼𝐼5 = 𝑈𝑈5

� anu �𝑍𝑍44 𝑍𝑍45
𝑍𝑍54 𝑍𝑍55

� �𝐼𝐼4𝐼𝐼5
� = �𝑈𝑈4

𝑈𝑈5
� 

sadac [𝑍𝑍] aris konturul winaRobaTa matrica. 

aRniSnuli magaliTisaTvis am gantolebas eqneba saxe: 

� 5 −2
−2 4 � �𝐼𝐼4𝐼𝐼5

� = �𝑈𝑈4
𝑈𝑈5
� 

Tu SevitanT 𝐼𝐼4 da 𝐼𝐼5 denebis mniSvnelobebs, rac 

ganisazRvreba avariamdeli denebis mniSvnelobis mixedviT anu 

𝐼𝐼4 = 1,125, 𝐼𝐼5 = 0,8125, miviRebT: � 5 −2
−2 4 � � 1,125

0,8125� = �𝑈𝑈4
𝑈𝑈5
� da 

� 5 ∙ 1,125 − 2 ∙ 0,8125 = 4
−2 ∙ 1,125 + 4 ∙ 0,8125 = 1

�, anu 𝑈𝑈4 = 4, 𝑈𝑈5 = 1 

rac emTxveva (nax. 23) warmodgenil reJims. 

zogadad sqema SeiZleba ganxiluli iqnes, rogorc xeSi 

Semavali Stoebisa da qordebis erToblioba. Tu yvela qordis 

gawyvetis modelirebas vaxdenT denis wyaroebiT, Sesabamisi 

koeficientebis matrica iqneba konturebis sakuTari da 

urTierTwinaRobebis matrica. Tu romelime qorda ar gvaqvs 

gawyvetili konturuli gantolebebidan unda gamoiricxos im 

konturis konturuli deni, sadac ar gvaqvs gawyveta. gamoricxva 

igulisxmeba gausis meTodiT, rodesac wrfiv gantolebaTa 

sistema daiyvaneba erTi rigiT nakleb sistemaze. Cveni magaliTis 

SemTxvevaSi rodesac ar gvaqvs gawyveta me-5 StoSi, maSin 

gantolebebidan gamoiricxeba gausis meTodiT 𝐼𝐼5 deni da 

miviRebT: 

�𝑍𝑍44 −
𝑍𝑍45 ∙𝑍𝑍54
𝑍𝑍55

� 𝐼𝐼4 = 𝑈𝑈4 −
𝑍𝑍45 ∙𝑍𝑍54
𝑍𝑍55

   (3.5.1) 

aq 𝑈𝑈5 = 0 radganac me-5 StoSi ar gvaqvs gawyveta. 

SevitanoT ricxviTi mniSvnelobebi da gveqneba: 



�5 − 2∙2
4
� ∙ 1,125 = (5 − 1) ∙ 1,125 = 4 ∙ 1,125 = 4,5v. 

rac emTxveva nax.20-ze warmodgenil reJims sadac gvaqvs 

gawyveta mxolod me-4 StoSi, analogiurad miviRebT Zabvis 

mniSvnelobas mxolid me-5 Stos gawyvetis dros (nax. 25): 

�𝑍𝑍55 −
𝑍𝑍45 ∙𝑍𝑍54
𝑍𝑍44

� 𝐼𝐼5 = 3,2 ∙ 0,8125 = 2,6 v. 

amgvarad, Tu gvaqvs winaswar gaangariSebuli konturul 

winaRobaTa matrica da gvinda gaviangariSoT ramodenime StoSi 

(qordaSi) gawyvetis arsebobis dros Zabvis mniSvneloba, 

Sesabamisi gantolebebis koeficientebis matrica miiReba 

konturul winaRobaTa matricis gausis meTodiT gadaangariSebis 

Sedegad. 

ganvixiloT xazis gawyvetis modelireba Zabvis wyaroebis 

CarTviT. 

sistemis mdgomareobis aRmwer gantolebas eqneba saxe: 

�𝑌𝑌44 𝑌𝑌45
𝑌𝑌54 𝑌𝑌55

� �𝑈𝑈4
𝑈𝑈5
� = �𝐼𝐼4𝐼𝐼5

�                      �𝑌𝑌44 ∙ 𝑈𝑈4 + 𝑌𝑌45 ∙ 𝑈𝑈5 = 𝐼𝐼4
𝑌𝑌54 ∙ 𝑈𝑈4 + 𝑌𝑌55 ∙ 𝑈𝑈5 = 𝐼𝐼5

� 

aq matrica 𝑌𝑌 - qordebis sakuTari da urTierTgamtarobebis 

matrica warmoadgens aRniSnuli qordebis Sesabamisi konturebis 

sakuTari da urTierTwinaRobebis matricis Sebrunebul matricas. 

𝑌𝑌 = 𝑍𝑍−1 = � 5 −2
−2 4 �

−1
= � 0,25 0,125

0,125 0,3125� 

SevitanoT ricxviTi mniSvnelobebi da amovxsnaT me-2 

modelis Sesabamisi gantolebebi: 

� 0,25 ∙ 𝑈𝑈4 + 0,125 ∙ 𝑈𝑈5 = 1,125
0,125 ∙ 𝑈𝑈4 + 0,3125 ∙ 𝑈𝑈5 = 0,8125

�  (3.5.4) 

saidanac 𝑈𝑈4 = 4 da 𝑈𝑈5 = 1 

ganvixiloT xazis gawyveta mxolod me-4 StoSi, gveqneba: 

0,25𝑈𝑈4 = 1,125 da 𝑈𝑈4 = 1,125
0,25

, saidanac 𝑈𝑈4 = 4,5 

miRebuli sididis mniSvneloba emTxveva Zabvas me-4 Stos 

gawyvetis adgilas. 



mxolod me-5 Stos gawyvetis SemTxvevaSi avariuli Zabvis 

mniSvneloba ganisazRvreba Semdegnairad: 0,3125𝑈𝑈5 = 0,8125 

saidanac 𝑈𝑈5 = 0,8125
0,3125

= 2,6 

0,8125

2omi

1,8a

0,8

0,2

4 v

1omi
1a

4,5v

1a

2,6v

1 2 3

1a

nax.25  
 

Zabvis wyaroebiT modelirebas aqvs upiratesoba denis 

wyaroebiT modelirebasTan SedarebiT, vinaidan nebismieri 

dazianebis SemTxvevaSi ucnobebis damakavSirebeli 

koeficientebis matricis (Stoebis sakuTari da 

urTierTgamtarobebis) elementebi rCebian ucvleli da 

Seesabamebian sawyisi sqemis parametrebs. yoveli konkretuli 

situaciisaTvis elementebis amorCeva xdeba sawyisi sqemis 

Sesabamisi matricidan. 

denis wyaroebiT modelirebisas saWiro xdeba gausis 

meTodiT konturul winaRobaTa matricis gadaangariSeba 

gawyvetebis sxvadasxva kombinaciis Sesabamisad. 

  



თავი IV 

ენერგოსისტემის ნორმალური რეჟიმის პარამეტრების 

გაანგარიშების ალგორითმები 

4.1 ნორმალური რეჟიმის პარამეტრების გაანგარიშება განივი 

განზოგადებული პარამეტრების საშუალებით 

 

ganvixiloT energosistemis normaluri reJimis 

parametrebis gaangariSeba kvanZuri gantolebebis safuZvelze, 

rodesac mocemulia kvanZuri denebi. amisaTvis ganvixiloT 

maTematikuri modeli, romelic efuZneba kvanZuri Zabvebis 

gantolebas: 

( ) kvbkvkv IUU  =−Υ  

am SemTxvevaSi bazisuri Zabva ar udris nuls da kvanZuri 

deni warmodgenilia kvanZuri simZlavris saSualebiT, anu 

�̇�𝑌კვ�̇�𝑈კვ = �𝑆𝑆𝑖𝑖
∗

𝑈𝑈𝑖𝑖
∗� + �̇�𝑈კვ𝑈𝑈ბ  (4.1.1) 

sadac kvΥ _ aris kvanZebis sakuTari da urTierTgamtarobis 

matrica. 

kvU , bU _ kvanZuri Zabvebisa da bazisuri Zabvebis 

veqtormatricebi. 

𝐼𝐼კვ̇ = �𝑆𝑆𝑖𝑖
∗

𝑈𝑈𝑖𝑖
∗� _ kvanZuri denebis veqtor_matrica. 

(4.1.1) gantolebis orive mxare gavamravloT kvΥ  matricis 

Sebrunebul matricaze _ kvZ , gveqneba: 

𝑍𝑍კვ̇ 𝑌𝑌კვ̇ 𝑈𝑈კვ̇ = 𝑍𝑍კვ ∙̇ �𝑆𝑆𝑖𝑖
∗

𝑈𝑈𝑖𝑖
∗� + 𝑍𝑍კვ̇ 𝑌𝑌კვ̇ 𝑈𝑈ბ̇  (4.1.2) 

rTuli, sxvadasxva nominaluri Zabvis mqone, sqemis 

SemTxvevaSi bU  veqtoris ageba pirdapiri sqemis mixedviT xdeba 

Semdegnairad: jer pirdapiri sqemidan ganisazRvreba bkv U⋅Υ  

namravli, romelic warmoadgens bazisur kvanZTan SeerTebuli 



Stoebis gamtareblobaze bU  Zabvis namravlisagan Sedgenil 

veqtors, romelic SemdgomSi gamravldeba kvZ  matricaze. 

amgvarad miiReba yvela kvanZisaTvis Zabvis is nawili, romelic 

warmoadgens bazisur Zabvas transformaciis koeficientis 

gaTvaliswinebiT. 

radgan: EYZ == kv
-1
kvkvkv ΥΥ  amitom (4.1.2) gantoleba miiRebs 

saxes: 

𝑈𝑈კვ̇ = 𝑍𝑍კვ ∙̇ �𝑆𝑆𝑖𝑖
∗

𝑈𝑈𝑖𝑖
∗� + 𝑍𝑍კვ̇ 𝑌𝑌კვ̇ 𝑈𝑈ბ anu 𝑈𝑈კვ̇ = 𝑍𝑍კვ ∙̇ �𝑆𝑆𝑖𝑖

∗

𝑈𝑈𝑖𝑖
∗� + 𝑈𝑈ბ 

bolo gamosaxuleba SegviZlia gadavweroT matriculad: 

⎣
⎢
⎢
⎡�̇�𝑈1

�̇�𝑈2
…
�̇�𝑈𝑛𝑛⎦
⎥
⎥
⎤

= �
�̇�𝑍11 … �̇�𝑍1𝑛𝑛
… … … 
�̇�𝑍𝑛𝑛1 … �̇�𝑍𝑛𝑛𝑛𝑛

� ∙ �

𝑆𝑆1
∗

𝑈𝑈1
∗

…
𝑆𝑆𝑛𝑛∗

𝑈𝑈𝑛𝑛∗

� + �
𝑈𝑈ბ
…
𝑈𝑈ბ

�  (4.1.3) 

(4.1.3) gantoleba, rogorc arawrfivi matriculi gantoleba, 

ixsneba romelime iteraciuli meTodiT. Cvens SemTxvevaSi - 

martivi iteraciis meTodiT. SemoviRoT aRniSvna ∗

∗

=
i

i
i U

S
I  da (4.1.3) 

gadavweroT Semdegnairad: 

�
�̇�𝑈1 = �̇�𝑍11𝐼𝐼1̇ + �̇�𝑍12𝐼𝐼2̇ +  … + �̇�𝑍1𝑛𝑛𝐼𝐼�̇�𝑛 + 𝑈𝑈ბ
… … … … … … … … … … … … … … … … …
�̇�𝑈𝑛𝑛 = �̇�𝑍𝑛𝑛1𝐼𝐼1̇ + �̇�𝑍𝑛𝑛2𝐼𝐼2̇ +  … + �̇�𝑍𝑛𝑛𝑛𝑛 𝐼𝐼�̇�𝑛 + 𝑈𝑈ბ

� (4.1.4) 

nulovan miaxloebad miviCnioT kvanZebSi nominaluri 

Zabvebis mniSvneloba da pirveli miaxloeba iqneba: 

�
𝑈𝑈1

(1)̇ = 𝑓𝑓 �𝑈𝑈1
(0)̇ ,𝑈𝑈2

(0)̇  … 𝑈𝑈𝑛𝑛
(0)̇ �

… … … … … … … … … … … … … …
𝑈𝑈𝑛𝑛

(1) = 𝑓𝑓 �𝑈𝑈1
(0)̇ ,𝑈𝑈2

(0)̇  … 𝑈𝑈𝑛𝑛
(0)̇ �

� (4.1.5) 

analogiurad i_uri miaxloeba iqneba: 

�
𝑈𝑈1

(𝑖𝑖) = 𝑓𝑓�𝑈𝑈1
(𝑖𝑖−1),𝑈𝑈2

(𝑖𝑖−1)  … 𝑈𝑈𝑛𝑛
(𝑖𝑖−1)�

… … … … … … … … … … … … … …
𝑈𝑈𝑛𝑛

(𝑖𝑖) = 𝑓𝑓�𝑈𝑈1
(𝑖𝑖−1),𝑈𝑈2

(𝑖𝑖−1)  … 𝑈𝑈𝑛𝑛
(𝑖𝑖−1)�

�  (4.1.6) 

iteraciuli procesi wydeba maSin, rodesac sxvaoba or 

momdevno miaxloebas Soris iqneba naklebi winaswar aRebul 



mcire ricxvze ε , romelic Tavis mxriv ganisazRvreba sasurveli 

sizustis mixedviT. 

amgvarad, Tu: 

��̇�𝑈1
(𝑖𝑖) − �̇�𝑈1

(𝑖𝑖−1)� < 𝜀𝜀

��̇�𝑈2
(𝑖𝑖) − �̇�𝑈2

(𝑖𝑖−1)� < 𝜀𝜀
… … … … … … … …
��̇�𝑈𝑛𝑛

(𝑖𝑖) − �̇�𝑈𝑛𝑛
(𝑖𝑖−1)� < 𝜀𝜀

 __ iteraciuli procesi 

wydeba da miRebuli bolo miaxloeba iqneba amonaxsni, anu 

kvanZuri Zabvebis mniSvneloba. 

kompiuterze praqtikuli realizaciisaTvis saWiroa 

aRniSnul algoriTmSi garkveuli cvlilebebisa da damatebebis 

Setana, romelic saSualebas mogvcems gadavwyvitoT rogorc 

rTuli energosistemisaTvis damaxasiaTebeli problemebis, aseve 

garkveuli algoriTmuli sirTuleebi dakavSirebuli rTuli 

didi ganzomilebis mqone qselur amocanebTan. 

pirvel rigSi es exeba generatorul salteebze Zabvis 

regulirebis problemas da datvirTvebis statiuri 

maxasiaTeblebis gaTvaliswinebas. efeqturi programebis 

Sesaqmnelad saWiroa aseve Sesaferisi maTematikuri meTodis 

SerCeva. 

iteraciuli procesis realizaciisaTvis (4.1.4) 

kompleqsursidideebiani gantoleba iSleba or gantolebaTa 

sistemad namdvili da kompleqsuri sidideebisTvis: 

























⋅⋅⋅⋅⋅

⋅⋅⋅⋅⋅

=

























′′
⋅⋅⋅⋅⋅

′′
′
⋅⋅⋅⋅⋅

′

⋅

























⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅
⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅

⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅
−⋅⋅⋅⋅⋅−⋅⋅⋅⋅⋅

⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅
−⋅⋅⋅⋅⋅−⋅⋅⋅⋅⋅

n

n

n

n

nnnnnn

nn

nnnnnn

nn

IR

IR
IA

IA

U

U
U

U

GGBB

GGBB
BBGG

BBGG

1

1

1

1

11

111111

11

111111

 

(4.1.2) matriculi gantoleba warmovadginoT or 

gantolebaTa sistemad denis namdvili da warmosaxviTi 

nawilisaTvis: 
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kvanZuri denebis veqtor matrica davSaloT or veqtorad: 

(vwerT veqtors i_uri komponentisaTvis):
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(4.1.7)-is gaTvaliswinebiT (4.1.4) gantolebaTa sistemis i_uri 

gantoleba warmovadginoT (namdvili da warmosaxviTi nawilebi) 

Semdegnairad: 

b

b
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generatorul salteebze Zabvis regulirebis miznebisaTvis 

iteraciis yovel bijze mowmdeba piroba: 

𝑈𝑈𝑖𝑖 < 1,03 ∙ 𝑈𝑈𝑖𝑖
მოც

 an 𝑈𝑈𝑖𝑖 > 0,97 ∙ 𝑈𝑈𝑖𝑖
მოც

  (4.1.8) 

sadac moc
iU  aris sasurveli Zabva i_uri generatoris 

salteze, romelic ganisazRvreba sawyisi monacemebiT 

zemoTTqmulis gaTvaliswinebiT (4.1.1) gadavweroT 

Semdegnairad: 

[𝑈𝑈𝑖𝑖∗]−1 ∙ �̇�𝑌კვ��̇�𝑈კვ − 𝑈𝑈ბ� = �̇�𝑈𝑖𝑖 ∙ 𝑈𝑈𝑖𝑖−1[𝑆𝑆𝑖𝑖∗] (4.1.9) 

sadac [𝑈𝑈𝑖𝑖∗] _ n  rigis diagonaluri matricaa. 

(4.1.8) da (4.1.9) pirobis Sesrulebis SemTxvevaSi ganisazRvreba 

reaqtiuli simZlavre tolobidan: 



[𝑈𝑈𝑖𝑖∗]−1 ∙ �̇�𝑌კვ��̇�𝑈კვ − 𝑈𝑈ბ� = [𝑃𝑃𝑖𝑖 − 𝑗𝑗𝑗𝑗𝑖𝑖], 

Tu 𝑗𝑗𝑖𝑖 > 𝑗𝑗𝑚𝑚𝑣𝑣𝑚𝑚 , maSin (4.1.7) gamosaxulebaSi 𝑗𝑗𝑖𝑖 = 𝑗𝑗𝑚𝑚𝑣𝑣𝑚𝑚 , 

Tu 𝑗𝑗𝑖𝑖 < 𝑗𝑗𝑚𝑚𝑣𝑣𝑚𝑚  maSin (4.1.7) gamosaxulebaSi 𝑗𝑗𝑖𝑖 = 𝑗𝑗𝑚𝑚𝑣𝑣𝑚𝑚 , 

iteraciuli procesi grZeldeba reaqtiuli simZlavris 

koreqtirebis pirobebSi. 

kvanZuri Zabvebis gansazRvris Semdeg denebisa da Semdgom 

simZlavreebis ganawileba qselSi sirTules aRar warmoadgens. 

 

 

4.2 რეჟიმის პარამეტრების განსაზღვრა გრძივი განზოგადებული 

პარამეტრების საშუალებით 

 

(2.3.1) gantolebebidan miviReT gamosaxuleba, romelic 

iZleva saSualebas gaviangariSoT reJimis parametrebi, rodesac 

mocemulia StoebSi CarTuli e.m.Zalebi. denebis povna StoebSi 

moxdeba (4.2.1) gantolebiT:  

�𝑌𝑌დ − �𝑌𝑌დ𝑀𝑀𝑇𝑇��𝑀𝑀 𝑌𝑌დ𝑀𝑀𝑇𝑇�
−1
�𝑀𝑀 𝑌𝑌დ�� 𝐸𝐸შტ = 𝐼𝐼შტ  (4.2.1) 

Tu mocemulia StoebSi Casmuli e.m.Z. da kvanZuri denebi, 

gaangariSebebs vawarmoebT Semdegi gamosaxulebis mixedviT: 

�𝑌𝑌დ − �𝑌𝑌დ𝑀𝑀𝑇𝑇��𝑀𝑀 𝑌𝑌დ𝑀𝑀𝑇𝑇�
−1
�𝑀𝑀 𝑌𝑌დ�� 𝐸𝐸შტ = 𝐼𝐼შტ − �𝑌𝑌დ𝑀𝑀𝑇𝑇��𝑀𝑀 𝑌𝑌დ𝑀𝑀𝑇𝑇�

−1
𝐼𝐼კვ  (4.2.2) 

amgvarad, normaluri reJimis aqtiur parametrebs, anu 

avariuli reJimis gasaangariSeblad sawyis sidideebs 

ganvsazRvravT (4.1.2), (4.2.1), an (4.2.2) gantolebebidan. denebis 

avariuli mdgenelebis ganmsazRvreli modelis maTematikuri 

asaxva iqneba matriculi gantoleba (4.2.1), anu xazebis gawyvetis 

Sedegad damyarebuli reJimis asaRwerad virCevT (4.2.1) 

gantolebas, sadac saZiebeli avariuli parametrebi aisaxeba 𝑈𝑈შტ 

veqtoris saxiT, xolo sawyisi monacemebi, anu avariamdeli 

denebis mniSvneloba im xazebSi, sadac adgili aqvs dazianebas 

iqneba veqtor–matrica 𝐼𝐼შტ. aRniSnuli veqtoris is elementebi, 

romelTa indeqsebi Seesabameba dazianebuli Stoebis nomrebs 



iqneba avariamdeli denebis toli, xolo danarCeni elementebi – 

denis avariuli mdgenelebi StoebSi. matricis yvela elementi, 

garda im elementebisa, romlebic Seesabamebian Zabvebs gawyvetis 

adgilas, iqneba nulis toli. 

(4.2.1) gantolebis mixedviT, Stoebis sakuTari da 

urTierTgamtarobis matrica𝑌𝑌შტ. aisaxeba formuliT: 

𝑌𝑌დ − �𝑌𝑌დ𝑀𝑀𝑇𝑇��𝑀𝑀 𝑌𝑌დ𝑀𝑀𝑇𝑇�
−1
�𝑀𝑀 𝑌𝑌დ� = 𝑌𝑌შტ  (4.2.3) 

  



თავი V 

გრძივი ასიმეტრიის დროს მიღებული რეჟიმების 

ანალიზი განსაკუთრებული ფაზის სიმეტრიული 

მდგენელების საშუალებით 

5.1 სიმეტრიულ მდგენელთა მეთოდის გამოყენება არასიმეტრიული 

რეჟიმების ანგარიშის დროს 

 

eleqtrodanadgarebis umravlesoba muSaobs simetriul 

reJimebSi. am wredebSi mkveTri asimetria atarebs avariul 

xasiaTs da warmoiSveba, rogorc wesi, erT romelime kveTSi. 

asxvaveben asimetriis or saxes: ganivi da grZivi asimetria. 

ganivi asimetria warmoiSveba im SemTxvevebSi, rodesac 

fazebs da neitrals (miwas) an calkeul fazebs Soris 

CairTvebian erTmaneTis aratoli winaRobebi. eleqrodanadgarebSi 

ganivi asimetriis yvelaze gavrcelebuli SemTxvevebi aris erTi 

an ori fazis miwaze, an fazebis erTmaneTTan mokle SerTviT 

gamowveuli asimetria. fazaTa Soris mokle SerTvebi (orfaza da 

samfaza) warmoiSvebian qselebSi, rogorc damiwebuli, ise 

izolirebuli neitraliT. erTfaza mokle SerTvebi SesaZlebelia 

iyos mxolod qselebSi damiwebuli neitraliT. 

grZivi asimetria warmoiSveba im SemTxvevaSi, roca fazis 

xazis gakveTaSi irTvebian erTmaneTis aratoli winaRobebi. grZiv 

asimetrias ekuTvnis erTi an ori sadenis gawyveta. 

asimetriis adgilze Zabvebi da denebi dakavSirebulia 

erTmaneTTan gansazRvruli SefardebebiT. am Sefardebebs 

SesaZlebelia ewodos asimetriis adgilze sasazRvro pirobebi. 

ganvixiloT isini sxvadasxva SemTxvevisTvis. 

sistemaSi arasimetriuli reJimebis angariSi rTul 

amocanas warmoadgens. imisaTvis, rom es amocana gadawyvetili 

iyos ufro martivad, arsebobs xelovnuri meTodi, romelsac 

simetriul mdgenelTa meTodsac uwodeben. 



nebismieri sami veqtorisagan Semdgari arasimetriuli 

sistema SeiZleba calsaxad daiSalos sam simetriul sitemad: 

pirdapiri, uku da nulovani mimdevrobis sistemebad - 

𝐹𝐹𝑣𝑣′ ,𝐹𝐹𝑏𝑏′ ,𝐹𝐹𝑐𝑐′ ,𝐹𝐹𝑣𝑣′′ ,𝐹𝐹𝑏𝑏′′ ,𝐹𝐹𝑐𝑐′′  da 𝐹𝐹𝑣𝑣0,𝐹𝐹𝑏𝑏0,𝐹𝐹𝑐𝑐0. 

�
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021
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�  (5.1.1) 

veqtorTa sistemebi SeiZleba iyos fazuri Zabvis da denis 

veqtorTa sistemebi. aRniSnul debulebas Tu davukavSirebT 

samfaza eleqtrul qsels, SeiZleba vTqvaT, rom nebismieri 

arasimetriuli eleqtruli reJimi SeiZleba warmovadginoT, 

rogorc sami simetriuli eleqtruli reJimis zeddeba. (5.1.1) 

tolobebi samarTliani iqnebian fazuri denebisa da 

ZabvebisaTvis. 
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simetriul sistemaSi veqtorebis jami udris nuls 𝐹𝐹𝐴𝐴 + 𝐹𝐹𝐵𝐵 +

𝐹𝐹𝐶𝐶 = 0 SemoRebulia fazis operatori a, romelic warmoadgens   

veqtors, romlis argumenti udris 120𝑐𝑐 , moduli ki -  erTs. 

nebismieri veqtoris a-ze gamravlebis SemTxvevaSi xdeba am 

veqtoris Semobruneba 120𝑐𝑐 -iT saaTis sawinaaRmdego 

mimarTulebiT. misi mniSvneloba ganisazRvreba Semdegnairad 

veqtori a davamTxvioT namdvil ricxvTa RerZs da Semdeg 

SemovabrunoT 120𝑐𝑐 -iT.  

;30sin 0⋅= aX  da raki |𝑣𝑣| = 1 x=
2
130sin 0 = ; 

2
3

4
1130cos 0 =−=⋅= aY ; 

2
3

2
1

⋅+−= ja
 

2
3

2
100 1202402 jeea jj −−=== −  



13 =a  

012 =++ aa  

radganac denisa da Zabvis mdgenelebi (pirdapiri, uku, 

nulovani) warmoadgenen simetriul sistemebs,  fazur denebs 

(Zabvebs) Soris Zvris kuTxe aris 1200, xolo moduli aqvT toli. 

sakmarisia erT-erTi fazis denis (Zabvis) gansazRvra da danarCen 

fazebSi maT mniSvnelobebs ganvsazRvravT operator a-s 

meSveobiT. 

e.i. Tu simetriul sistemaSi gvaqvs erT-erTi fazuri 

parametris mniSvneloba Cven a operatoris meSveobiT SegviZlia 

ganvsazRvroT danarCeni fazuri parametrebi. magaliTad Tu 

cnobilia A fazis deni (Zabva), B da C fazebisaTvis SegviZlia 

davweroT: 

AB IaI  ⋅= 2  da AC IaI  ⋅=  

AB UaU  ⋅= 2  da AC UaU  ⋅=  anu zogadad - (5.1.2) 

AB FaF  ⋅= 2 ; CC FaF  ⋅=  

⎩
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� (5.1.3) 

veqtorebis a operatoris saSualebiT warmodgena 

mniSvnelovnad amcirebs saZiebeli parametrebis raodenobas. (5.1.1) 

da (5.1.2)-is gaTvaliswinebiT davamyaroT kavSiri fazur 

parametrebsa da simetriul mdgenelebs Soris. 

(5.1.3) gantolebaTa sistemis amoxsna iZleva: 

⎩
⎪⎪
⎨

⎪⎪
⎧ ( )CBAA FFFF  ++=

3
10

( )CBAA FaFaFF  ⋅+⋅+=′ 2

3
1

( )CBAA FaFaFF  ⋅+⋅+=″ 2

3
1

�  (5.1.4) 

nulovani mimdevrobis sistema warmoadgens erTfaza 

sistemas, amitom arasimetriul samfaza sistemaSi nulovani 



mimdevrobis Zabva warmoadgens neitralis Zabvas miwis mimarT. 

gauwonasworebel sistemebSi, anu sistemebSi sadac gvaqvs 

nulovani mimdevrobis denebi, fazuri denebis veqtoruli jami 

udris nulovani mimdevrobis denis gasammagebul mniSvnelobas. 

pirdapiri, uku da nulovani mimdevrobis sqemebis pasiuri 

parametrebi zogadad gansxvavdebian erTmaneTisagan. 

pirdapiri mimdevrobis deni ukavSirdeba pirdapiri 

mimdevrobis Zabvas, omis kanonis safuZvelze, mxolod pirdapiri 

mimdevrobis sqemaSi. aseve uku da nulovani mimdevrobis denebi: 

�
ZIU ′⋅′=′∆
ZIU ′′⋅′′=′′∆

000 ZIU ⋅=∆

�  (5.1.5) an  �
YUI ′⋅′∆=′

YUI ′′⋅′′∆=′′
000 YUI ⋅∆=

�  (5.1.6) 

sadac 𝐼𝐼′ , 𝐼𝐼′′ , 𝐼𝐼0,𝑈𝑈′ ,𝑈𝑈′′ ,𝑈𝑈0 −StoebSi gamavali denebisa da 

Sesabamisi Zabvis vardnebis veqtor - matricebia saTanado 

mimdevrobis sqemisaTvis 𝑍𝑍′ , 𝑍𝑍′′ ,𝑍𝑍0,𝑌𝑌′ ,𝑌𝑌′′ ,𝑌𝑌0 Stoebis winaRobebisa 

da gamtarobebis matricebia pirdapiri, uku da nulovani 

mimdevrobis sqemebisaTvis. generatorebSi arsebobs mxolod 

pirdapiri mimdevrobis e.m.Z. 

fazebis gawyvetis adgilas Zabvisa da denis simetriuli 

mdgenelebisaTvis SeiZleba davweroT: 

�
ZIEU ′⋅′−=′

ZIU ′′⋅′′−=′′
000 ZIU ⋅−=

�  (5.1.7) an  �
YUII N ′⋅′−=′

YUI ′′⋅′′−=′′
000 YUI ⋅−=

�  (5..8) 

grZivi asimetriis sxvadasxva SemTxvevisTvis gantolebebi 

iwereba 𝑈𝑈�̇�𝐴 ,𝑈𝑈�̇�𝐵 ,𝑈𝑈�̇�𝐶 ZabvebisTvis da 𝐼𝐼�̇�𝐴 , 𝐼𝐼�̇�𝐵 , 𝐼𝐼�̇�𝐶 denebisTvis asimetriis 

adgilze. Tu fazis kveTSi CarTulia winaRoba, masze Zabva da 

deni dakavSirebulia omis kanoniT. xazis gawyvetis dros am 

fazis deni iqneba nulis toli, gawyvetis ararsebobis dros 

asimetriis adgilze nulis tolia Zabva. 

arasimetriuli ubnis 𝐼𝐼�̇�𝐴 , 𝐼𝐼�̇�𝐵 , 𝐼𝐼�̇�𝐶 fazuri denebis da 𝑈𝑈�̇�𝐴 ,𝑈𝑈�̇�𝐵 ,𝑈𝑈�̇�𝐶 

fazuri Zabvebis simetriuli mdgenelebis meTodis angariSis 

algoriTmi iqneba asimetriis yvela saxisTvis erTnairi: 



1) adgenen saangariSo sqemas, romelSic kompensaciis 

Tanaxmad xazis asimetriul ubans cvlian ekvivalenturi wyaroTi 

arasimetriuli 𝑈𝑈�̇�𝐴 ,𝑈𝑈�̇�𝐵 ,𝑈𝑈�̇�𝐶 Zabvebis sistemiT. ganivi asimetriis 

dros es wyaro irTveba fazebis da miwas Soris, grZivi 

asimetriis dros – fazebis kveTaSi. 

2) wredSi moqmedi denebis, Zabvebis, e.m.Z-is samfaza 

arasimetriul sistemebs warmoadgenen pirdapiri, uku da 

nulovani mimdevrobis mdgenelebis jamiT. 

3) sawyis wreds cvlian sami sqemiT, sadac TiToeulSi dgas 

winaRoba da moqmedeben Sesabamisi mimdevrobis e.m.Zalebi, Zabvebi 

da denebi. radgan es sqemebi iqnebian simetriuli, sakmarisia 

angariSi vawarmooT erTi fazisTvis. aqedan gamomdinare, 

angariSisTvis adgenen Canacvlebis sam erTfazian sqemas: 

pirdapiri, uku da nulovani mimdevrobis. 

4) Canacvlebis erTfazian sqemebs gardaqmnian umartives 

saxeze. maTTvis kirxhofis meore kanoniT adgenen gantolebebs. 

5) asimetriis adgilebze damatebiT Caiwereba sasazRvro 

pirobebi, maTSi Zabvebi da denebi gamoisaxeba simetriuli 

mdgenelebis saSualebiT. 

6) xsnian gantolebaTa sistemas, angariSoben denebis da 

Zabvebis simetriul mdgenelebs. 

 

 

5.2 ავარიული რეჟიმის პარამეტრების ანგარიში განსაკუთრებული ფაზის 

სიმეტრიული მდგენელების საშუალებით 

 

amgvarad, grZivi asimetriis dros arsebuli eleqtruli 

reJimebis analizi SesaZlebelia simetriuli mdgenelebis 

meTodis gamoyenebiT, romlis arsic mdgomareobs arasimetriuli 

reJimis daSlaSi sam simetriul reJimad, anu reJimebad, romlebic 

myardeba pirdapiri, uku da nulovani mimdevrobis sqemebSi da 

sadac samarTliania simetriuli qselebisaTvis dadgenili 

kanonebi. rogorc ukve aRvniSneT, aqtiuri parametrebis 



urTierTdamokidebulebebis asaRwerad qselis pasiuri ganivi 

parametrebis nacvlad, rogorc [2] literaturaSia mocemuli, 

viyenebT grZiv ganzogadebul parametrebs da maTi saSualebiT 

aRvwerT ZiriTad gantolebebs TiToeuli mimdevrobis 

sqemisaTvis. 

amgvarad (4.2.1) gantoleba unda SevadginoT TiToeuli 

mimdevrobis sqemisTvis, amisaTvis unda gaviangariSoT Stoebis 

sakuTari da urTierTgamtarobebis matricebi pirdapiri, uku da 

nulovani mimdevrobis sqemebisaTvis: 𝑌𝑌′ , 𝑌𝑌′′ ,𝑌𝑌0. 

qselis ganivi ganzogadebuli parametrebis nacvlad 

rogorc [2] literaturaSia aRwerili, viyenebT grZiv 

ganzogadebul parametrebs da Sesabamisad avariuli reJimebis 

aRmweri ZiriTadi gantolebebi iReben saxes: 

�
𝐼𝐼′ = 𝐼𝐼𝑁𝑁 − 𝑌𝑌′𝑈𝑈′

𝐼𝐼′′ = −𝑌𝑌′′ 𝑈𝑈′′

𝐼𝐼0 = −𝑌𝑌0𝑈𝑈0

�  (5.2.1) 

aq 𝑌𝑌′ ,𝑌𝑌′′ ,𝑌𝑌0 − Stoebis sakuTari da urTierTgamtarobebia 

pirdapiri, uku da nulovani mimdevrobis sqemebSi; 

𝑈𝑈′ ,𝑈𝑈′′ ,𝑈𝑈0, 𝐼𝐼′ , 𝐼𝐼′′ , 𝐼𝐼0 −  Zabvebi da denebia pirdapiri, uku da 

nulovani mimdevrobebis sqemebSi; 

𝐼𝐼𝑁𝑁 −  deni dazianebis adgilas sawyis reJimSi. 

pirdapiri da uku mimdevrobis sqemebi ar Seicaven 

neitraluri sadenis winaRobas, radgan nulovan sadenSi am 

mimdevrobis denebi ar gaivlian (pirdapiri da uku 

mimdevrobisaTvis 𝐼𝐼�̇�𝐴 + 𝐼𝐼�̇�𝐵 + 𝐼𝐼�̇�𝐶 = 0); 

nulovani mimdevrobis sqema Sedgeba miwaze arasimetriuli 

(erTfaza an orfaza) mokle SerTvis dros da agreTve, erTi an 

ori fazis gawyvetis dros. nulovani mimdevrobis Canacvlebis 

sqemis Sedgena unda iwyebodes im wertilidan, sadac warmoiSva 

asimetria. imisaTvis, rom nulovani mimdevrobis denebis 

gavlisaTvis miviRoT Caketili wredi, sqemaSi unda iyos, erTi 

mainc, damiwebuli neitrali; 



nulovani mimdevrobis sqemaSi neitraluri sadenis winaRoba 

Seiyvaneba sammag sidided. es aris dakavSirebuli imasTan, rom 

nulovan sadenSi gadis samive fazis 𝐼𝐼0 denebi (𝐼𝐼�̇�𝑁 = 3𝐼𝐼0̇). 

warmovadginoT arasrulfaza reJimis parametrebis 

angariSis meTodi, romelic gulisxmobs avariuli parametrebis 

gansazRvras gansakuTrebuli (ori fazis gawyvetis SemTxvevaSi 

igulisxmeba is faza, romelic ar aris gawyvetili) fazis denis 

simetriuli mdgenelebis saSualebiT. 

ZiriTadi gantolebebi gamovsaxoT qselis grZivi 

ganzogadebuli parametrebiT - Stoebis sakuTari da 

urTierTgamtarobebiT. 

erTjeradi dazianebis SemTxvevaSi, dazianebis adgilas 

gansakuTrebuli fazebisaTvis ganvsazRvroT pirdapiri, uku da 

nulovani mimdevrobis Zabvebis mniSvneloba. 

Tu generatoris e.m.Z-ebis sistema simetriulia, generatoris 

fazuri Zabva iqneba warmodgenili mxolod pirdapiri 

mimdevrobis sqemaSi. 

rogorc cnobilia TiToeuli mimdevrobis sqemisaTvis 

gvaqvs: 

�
𝐼𝐼𝐴𝐴0 = 1/3(𝐼𝐼𝐴𝐴 + 𝐼𝐼𝐵𝐵 + 𝐼𝐼𝐶𝐶)

𝐼𝐼𝐴𝐴′ = 1/3(𝐼𝐼𝐴𝐴 + 𝑣𝑣𝐼𝐼𝐵𝐵 + 𝑣𝑣2𝐼𝐼𝐶𝐶)
𝐼𝐼𝐴𝐴′′ = 1/3(𝐼𝐼𝐴𝐴 + 𝑣𝑣2𝐼𝐼𝐵𝐵 + 𝑣𝑣𝐼𝐼𝐶𝐶)

� (5.2.2) da �
𝑈𝑈𝐴𝐴0 = 1/3(𝑈𝑈𝐴𝐴 + 𝑈𝑈𝐵𝐵 + 𝑈𝑈𝐶𝐶)

𝑈𝑈𝐴𝐴′ = 1/3(𝑈𝑈𝐴𝐴 + 𝑣𝑣𝑈𝑈𝐵𝐵 + 𝑣𝑣2𝑈𝑈𝐶𝐶)
𝑈𝑈𝐴𝐴′′ = 1/3(𝑈𝑈𝐴𝐴 + 𝑣𝑣2𝑈𝑈𝐵𝐵 + 𝑣𝑣𝑈𝑈𝐶𝐶)

�  (5.2.3) 

(5.2.3) gamosaxulebiT e.m.Z-ebis arasimetriuli sistema 

iSleba simetriul mdgenelebad da Sedis yoveli mimdevrobis 

Canacvlebis sqemaSi; 

vinaidan konkretul dazianebas axasiaTebs garkveuli 

sasazRvro piroba da kerZod, erTi fazis gawyvetis SemTxvevaSi 

gvaqvs toloba: 

�
𝐼𝐼𝐴𝐴 = 0
𝑈𝑈𝐵𝐵 = 0
𝑈𝑈𝐶𝐶 = 0

�  (5.2.4) 

(5.2.3) da (5.2.4) gamosaxulebebis mixedviT gveqneba: 

𝑈𝑈𝐴𝐴′ = 𝑈𝑈𝐴𝐴′′ = 𝑈𝑈𝐴𝐴0 = 1
3
𝑈𝑈𝐴𝐴 (5.2.5) 

da radganac 𝐼𝐼𝐴𝐴 = 0, 



𝐼𝐼𝐴𝐴′ + 𝐼𝐼𝐴𝐴′′ + 𝐼𝐼𝐴𝐴0 = 0  (5.2.6) 

(5.2.1) gantolebebis ajamva (5.2.5) da (5.2.6) pirobebis 

gaTvaliswinebiT gvaZlevs: 

𝑈𝑈𝐴𝐴′ = 𝐼𝐼𝑁𝑁
(𝑌𝑌′ +𝑌𝑌′′ +𝑌𝑌0)

  (5.2.7) 

xolo fazuri Zabva dazianebis adgilas iqneba 𝑈𝑈𝐴𝐴 = 3𝑈𝑈𝐴𝐴′ . 

𝐴𝐴 xazuri sadenis gawyvetis ganxiluli SemTxvevisTvis 

pirdapiri, uku da nulovani mimdevrobis denebis da Zabvebis 

veqtoruli diagramebi da gawyvetis adgilze denebis da Zabvebis 

veqtoruli diagramebi naCvenebia nax.26-ze. 

UA1

UC1 UB1

UA2

UC2 UB2

UA0 UB0 UC0

IA1

IC1
IB1

IA2

IC2 IB2
IA0 IB0 IC0

UA1

UC1 UB1

UA2

UA0

UA

UC0

UB2

UB0

UC2

UC=0 UB=0

IA1

IC1

IB0IC0
IC2 IB2

IB1 IBIC

IA=0
IA2

IA0

nax.26 

im SemTxvevaSi, roca datvirTvas ara aqvs kavSiri miwasTan 

(datvirTva SeerTebulia varskvlavad nulovani sadenis gareSe an 

samkuTxedad), nulovani mimdevrobis 𝐼𝐼0 deni iqneba nulis toli, 

radgan misi cirkulaciisaTvis Caketili gza ar arsebobs da 

nulovani mimdevrobis sqema iqneba ganrTuli. im SemTxvevaSi, 

roca wreds ar gaaCnia neitraluri sadeni, nulovani mimdevrobis 

𝐼𝐼0̇ denebs ara aqvT cirkulaciisaTvis Caketili gza. aqedan, 

datvirtvis SeerTebis varsklvlavad nulovani sadenis gareSe an 

samkuTxedad 𝐼𝐼0̇ = 0 da xazuri denebis angariSisTvis adgenen 



mxolod or sqemas: pirdapiri da uku mimdevrobis. nulovani 

mimdevrobis sqema ar dgeba. 

ori fazis (BBda C fazebis) gawyvetis SemTxvevaSi gvaqvs 

dualuri amocana, anu Semdegi sasazRvro pirobebi: 

�
𝐼𝐼𝐵𝐵 = 0
𝐼𝐼𝐶𝐶 = 0
𝑈𝑈𝐴𝐴 = 0

�  (5.2.8) 

zemoTTqmulis analogiurad miviRebT Semdeg tolobebs: 

𝐼𝐼𝐴𝐴′ = 𝐼𝐼𝐴𝐴′′ = 𝐼𝐼𝐴𝐴0 = 1
3∙𝐼𝐼𝐴𝐴

  (5.2.9)   da 𝑈𝑈𝐴𝐴 = 𝑈𝑈𝐴𝐴′ + 𝑈𝑈𝐴𝐴′′ + 𝑈𝑈𝐴𝐴0  (5.2.10) 

imisaTvis, rom ganvsazRvroT Zabvebi dazianebul B da C 

fazebSi, saWiroa jer ganvsazRvroT A fazis pirdapiri, uku da 

nulovani mimdevrobis Zabvebi da Semdeg sasazRvro pirobebis 

gamoyenebiT ganvsazRvroT saZiebeli Zabvebi. 

miviRebT: 

𝑈𝑈𝐵𝐵𝐹𝐹 = 𝑣𝑣2𝑈𝑈𝐴𝐴′ + 𝑣𝑣𝑈𝑈𝐴𝐴′′ + 𝑈𝑈𝐴𝐴0 = 𝑈𝑈𝐴𝐴′ (𝑣𝑣2 − (𝑣𝑣𝑌𝑌0 + 𝑌𝑌′′ )/(𝑌𝑌′′ + 𝑌𝑌0))  (5.2.11) 

𝑈𝑈𝐶𝐶𝐹𝐹 = 𝑣𝑣𝑈𝑈𝐴𝐴′ + 𝑣𝑣2𝑈𝑈𝐴𝐴′′ + 𝑈𝑈𝐴𝐴0 = 𝑈𝑈𝐴𝐴′ (𝑣𝑣 − (𝑣𝑣2𝑌𝑌0 + 𝑌𝑌′′ )/(𝑌𝑌′′ + 𝑌𝑌0))  (5.2.12) 

ganvixiloT ricxviTi magaliTi, romelic warmodgenilia  

nax.27-ze. gawyveta gvaqvs xazis, anu me-4 Stos, B da C fazebSi. 

veZebT Zabvebs gawyvetis adgilas. transfomatorebis gragnilebis 

SeerTebis Tanaxmad nulovani mimdevrobis denebis cirkulacias 

adgili ar eqneba, Sesabamisad nulovani mimdevrobis sqemis 

ganzogadebuli parametrebi iqneba nulis toli. 

Н-1

10,5 kv
115 kv

Л-1
6,3 kv

H-2
T-1 T-2

 

a – sawyisi sqema, 



(1)

(2)

(3) (4) (5) (6)

j0,9                         j 0,21                        j0,19                      j 0,21                         j3,6
  (j0,45)                     (j0,21)                     (j0,19)                    (j0,21)                     (j1,05)

j2,4

(j0,7)

1 2 3 4

1,67 1,0514

-j0.249

- j
0.

43
8

-j.687

0,999

b – Canacvlebissqema 

nax.27 

 

pirveli kvanZis Zabva 𝑈𝑈1
𝑁𝑁 = 1.05144,   meore kvanZis Zabva 𝑈𝑈2

𝑁𝑁 =

0.999  (nax.27). 

nax.27-ze warmodgenil qselSi arsebuli 

transformatorebis gragnilTa SeerTeba gamoricxavs nulovani 

denebis arsebobas arasrulfazovani reJimebis dros. 

pirdapiri da uku mimdevrobis sqemebis parametrebi 

fardobiT erTeulebSi warmodgenilia nax.27b-ze. uku mimdevrobis 

sqemis parametrebi mocemulia frCxilebSi. 

ganvsazRvroT grZivi ganzogadebuli parametrebi nax.27-ze 

warmodgenili sqemisaTvis incidenciis I  matricas eqneba saxe: 

𝑀𝑀 = �

−1
0
0
0

1
0
0
0

1
−1
0
0

0
1
−1
0

0
0
1
−1

0
0
0
1

�; 

110 kv-ianqselSi induqtiuroba bevrad metia aqtiurze, 

amitom ganxilul magaliTSi Stoebis aqtiuri winaRobebi 

ugulvebelyofilia.e.i.i–uriStos winaRoba iqneba: 𝑍𝑍𝑖𝑖 = 0 + 𝐽𝐽𝑋𝑋𝑖𝑖 da 

Sesabamisad Stoebis diagonaluri matrica pirdapiri mimdevrobis 

sqemisaTvis iqneba: 



𝑍𝑍დ =

⎣
⎢
⎢
⎢
⎢
⎡ 0 + j0.9

0
0
0
0
0

0
0 + 𝑗𝑗2.4

0
0
0
0

0
0

0 + 𝑗𝑗0.21
0
0
0

0
0
0

0 + 𝑗𝑗0.19
0
0

0
0
0
0

0 + 𝑗𝑗0.21
0

0
0
0
0
0

0 + 𝑗𝑗3.6⎦
⎥
⎥
⎥
⎥
⎤

 

romelic SeiZleba gadavweroT Semdegnairad: 

𝑍𝑍დ = 𝑗𝑗

⎣
⎢
⎢
⎢
⎢
⎡
 0.9

0
0
0
0
0

0
2.4
0
0
0
0

0
0

0.21
0
0
0

0
0
0

0.19
0
0

0
0
0
0

0.21
0

0
0
0
0
0

3.6⎦
⎥
⎥
⎥
⎥
⎤

 

Stos gamtaroba, z-is Sebrunebuli sidide, iqneba: 

𝑌𝑌𝑖𝑖 = 1
0+𝑗𝑗𝑋𝑋𝑖𝑖

= 0−𝑗𝑗𝑋𝑋𝑖𝑖
𝑋𝑋𝑖𝑖

2 = − 𝑗𝑗1
𝑋𝑋𝑖𝑖

= −𝑗𝑗𝑌𝑌𝑖𝑖 da Sesabamisad, gamtarobebis 

diagonaluri matrica pirdapiri mimdevrobis sqemisaTvis iqneba: 

𝑌𝑌დ = 𝑍𝑍დ−1 = −𝑗𝑗

⎣
⎢
⎢
⎢
⎢
⎡
 1.1111

0
0
0
0
0

0
0.4167

0
0
0
0

0
0

4.7619
0
0
0

0
0
0

5.2632
0
0

0
0
0
0

4.7619
0

0
0
0
0
0

0.277⎦
⎥
⎥
⎥
⎥
⎤

 

pirdapiri mimdevrobis sqemis Stoebis sakuTari da 

urTierTgamtarobis matrica iqneba: 

𝑌𝑌შტ = 𝑌𝑌დ − 𝑌𝑌1 ∙ 𝑌𝑌კვ−1 ∙ 𝑌𝑌2, 

sadac: 𝑌𝑌1 = 𝑌𝑌დ𝑀𝑀𝑇𝑇 = −𝑗𝑗

⎣
⎢
⎢
⎢
⎢
⎡
−1.1111
0.4167
4.7619

0
0
0

0
0

−4.7619
5.2632

0
0

0
0
0

−5.2632 
4.7619

0

0
0
0
0

−4.7619
0.277 ⎦

⎥
⎥
⎥
⎥
⎤

, 

𝑌𝑌2 = 𝑀𝑀𝑌𝑌დ = −𝑗𝑗 �

−1.1111
0
0
0

0.4167
0
0
0

 4.7619 
−4.7619 

0
0

0
5.2632
−5.2632

0

0
0

4.7619 
−4.7619

0
0
0

0.2770

� 

𝑌𝑌კვ−1 = �𝑀𝑀𝑌𝑌დ𝑀𝑀′�
−1

= −𝑗𝑗 �

6.2897   
−4.7619

0
0

−4.7619 
10.0251
−5.2632

0

0
−5.2632
10.0251

 −4.7619 

0
0

−4.7619
5.0389

�

−1

=

= 𝑗𝑗 �

0.5667
0.5385
0.5129
0.4847

 0.5385
 0.7112
 0.6775
 0.6403

 0.5129
 0.6775
 0.8264
 0.7810

 0.4847
 0.6403
 0.7810
 0.9365

� 



𝑌𝑌შტ′ = 𝑌𝑌დ − 𝑌𝑌დ𝑀𝑀′�𝑀𝑀𝑌𝑌დ𝑀𝑀′�
−1
𝑀𝑀𝑌𝑌დ = 𝑌𝑌შტ′ =

= −𝑗𝑗

⎣
⎢
⎢
⎢
⎢
⎡

0.4115
0.2623
0.1492 
0.1492 
0.1492 
0.1492 

0.2623
0.3183
−0.0559
−0.0559
−0.0559
−0.0559

0.1492
−0.0559
0.2051
0.2051
0.2051
0.2051

0.1492
−0.0559
0.2051
0.2051
0.2051
0.2051

0.1492
−0.0559
0.2051
0.2051
0.2051
0.2051

0.1492
−0.0559
0.2051
0.2051
0.2051
0.2051 ⎦

⎥
⎥
⎥
⎥
⎤

 

analogiurad, uku mimdevrobis sqemis parametrebis 

mixedviT, vRebulobT Stoebis sakuTari da urTierTgamtarobis 

matricas 𝑌𝑌შტ′′ . 

uku mimdevrobis winaRobaTa diagonalur matricas eqneba 

saxe: 

𝑍𝑍დ = 𝑗𝑗

⎣
⎢
⎢
⎢
⎢
⎡
0.45

0
0
0
0
0

0
0.7
 0 
0
0
0

 0 
0

0.21
0
0
0

0
0
0

0.19
0
0

0
0
0
0

0.21
0

0
0
0
0
0

 1.05⎦
⎥
⎥
⎥
⎥
⎤

, 

xolo misi Sebrunebuli matrica – gamtarobebis 

diagonaluri matrica iqneba: 

𝑌𝑌დ = 𝑍𝑍დ−1 = −𝑗𝑗

⎣
⎢
⎢
⎢
⎢
⎡
2.2222

 0 
0
0
0
0

0
1.4286

0
0
0
0

0
0

4.7619
0
0
0

0
0
0

5.2632
0
0

0
0
0
0

4.7619
0

0
0
0
0
0

0.9524⎦
⎥
⎥
⎥
⎥
⎤

 

iseve, rogorc pirdapiri mimdevrobis sqemis ganxilvis 

dros gvqonda, uku mimdevrobis sqemis ganzogadebul parametrebs 

– Stoebis sakuTar da urTierTgamtarobebs vpoulobT 

formuliT: 

𝑌𝑌შტ′′ = 𝑌𝑌დ − 𝑌𝑌დ𝑀𝑀′�𝑀𝑀𝑌𝑌დ𝑀𝑀′�
−1
𝑀𝑀𝑌𝑌დ = 

= −𝑗𝑗

⎣
⎢
⎢
⎢
⎢
⎡
1.0612     

0.7464
0.3147
0.3147
0.3147
0.3147

0.7464 
0.9487
−0.2023
−0.2023
−0.2023
−0.2023

0.3147
−0.2023
0.5171
0.5171
0.5171
0.5171

0.3147
−0.2023
0.5171
0.5171
0.5171
0.5171

0.3147
−0.2023
0.5171
0.5171
0.5171
0.5171

0.3147
−0.2023
0.5171
0.5171
0.5171
0.5171 ⎦

⎥
⎥
⎥
⎥
⎤

, 

ganvsazRvroT avariamdeli reJimis parametrebis 

mniSvnelobebi. 



𝑌𝑌შტ′ matricisa da pirvel StoSi CarTuli e.m.Z-is 𝐸𝐸1 =

1.67 saSualebiT vpoulobT avariamdeli denebis mniSvnelobebs 

StoebSi: 

𝐼𝐼შ̇ტ = 𝑌𝑌′შტ𝐸𝐸1 = −𝑗𝑗

⎣
⎢
⎢
⎢
⎢
⎡

0.4115
0.2623
0.1492 
0.1492 
0.1492 
0.1492 

0.2623
0.3183
−0.0559
−0.0559
−0.0559
−0.0559

0.1492
−0.0559
0.2051
0.2051
0.2051
0.2051

0.1492
−0.0559
0.2051
0.2051
0.2051
0.2051

0.1492
−0.0559
0.2051
0.2051
0.2051
0.2051

0.1492
−0.0559
0.2051
0.2051
0.2051
0.2051 ⎦

⎥
⎥
⎥
⎥
⎤

⎣
⎢
⎢
⎢
⎢
⎡
1.67

0
0
0
0
0 ⎦
⎥
⎥
⎥
⎥
⎤

=

= −𝑗𝑗

⎣
⎢
⎢
⎢
⎢
⎡
0.6873
0.4381
0.2492
0.2492
0.2492
0.2492⎦

⎥
⎥
⎥
⎥
⎤

 

denebis avariul mdgenelebs vsazRvravT  pirdapiri da uku 

mimdevrobis sqemebidan. dazianebis adgilas, me-4 StoSi, vsvavT 

pirdapiri da uku mimdevrobis Zabvebs (𝑈𝑈4
′ , 𝑈𝑈4

′′ ), romlebic 

erTmaneTis tolia. imis gaTvaliswinebiT, rom mocemul qselSi 

nulovani mimdevrobis denebi nulis tolia, radganac nax.27-ze 

warmodgenil qselSi arsebuli transformatorebis gragnilTa 

SeerTeba gamoricxavs nulovani denebis arsebobas 

arasrulfazovani reJimebis miRebis SemTxvevaSi. anu 𝑌𝑌44
0 = 0. 

𝑈𝑈4
′ = 𝑈𝑈4

′′ =
𝐼𝐼4𝑁𝑁

𝑌𝑌44
′ + 𝑌𝑌44

′′ = −
𝑗𝑗0.2492

−𝑗𝑗 0.2051 − 𝑗𝑗0.5171
= 0.3455 

Zabvis avariul mdgenels qmnis sawinaaRmdegod mimarTuli 

e.m.Z.-is mqone Zabvis wyaro. e.i. pirdapiri da uku mimdevrobis 

denebis Semqmneli Zabvis wyaros sidide iqneba: 𝑈𝑈4
′ = 𝑈𝑈4

′′ = −0.3455 



1 2 3 4

(1) (6)(5)(4)(3)

j0,21 j3,6j0,19 j0,21

j2,4

j0,9

(2) -j0,0193

j0,0709j0,0516

-0.3455

ა) denebis avariuli mdgenelebi pirdapiri mimdevrobis qselSi

1 2 3 4

(1) (6)(5)(4)(3)

j0,21 J1.05j0,19 j0,21

J0.7

j0,45

(2) -j0,07

j0,1788j0,1088

-0.3455

ბ) denebis avariuli mdgenelebi uku mimdevrobis qselSi

nax.28

 

amgvarad, pirdapiri da uku mimdevrobis sqemebis StoebSi 

CarTuli Zabvebis veqtor–matricebs eqnebaT saxe: 

𝑈𝑈′ =

⎣
⎢
⎢
⎢
⎢
⎡

0
0
0

−0.3458
0
0 ⎦

⎥
⎥
⎥
⎥
⎤

,         𝑈𝑈′′ =

⎣
⎢
⎢
⎢
⎢
⎡

0
0
0

−0.3458
0
0 ⎦

⎥
⎥
⎥
⎥
⎤

. 

pirdapiri mimdevrobis sqemis parametrebis mixedviT, 

vpoulobT pirdapirimimdevrobis denebs 



𝐼𝐼′̇𝑣𝑣𝑒𝑒𝑡𝑡 = 𝑌𝑌′𝑣𝑣𝑒𝑒𝑡𝑡𝑈𝑈′ = −𝑗𝑗

⎣
⎢
⎢
⎢
⎢
⎡

0.4115
0.2623
0.1492 
0.1492 
0.1492 
0.1492 

0.2623
0.3183
−0.0559
−0.0559
−0.0559
−0.0559

0.1492
−0.0559
0.2051
0.2051
0.2051
0.2051

0.1492
−0.0559
0.2051
0.2051
0.2051
0.2051

0.1492
−0.0559
0.2051
0.2051
0.2051
0.2051

0.1492
−0.0559
0.2051
0.2051
0.2051
0.2051 ⎦

⎥
⎥
⎥
⎥
⎤

⎣
⎢
⎢
⎢
⎢
⎡

0
0
0

−0.3458
0
0 ⎦

⎥
⎥
⎥
⎥
⎤

=

= 𝑗𝑗

⎣
⎢
⎢
⎢
⎢
⎡

0.0516
−0.0193
0.0709
0.0709
0.0709
0.0709 ⎦

⎥
⎥
⎥
⎥
⎤

 

uku mimdevrobis sqemis parametrebis mixedviT, vpoulobT 

uku mimdevrobis denebs 

𝐼𝐼′′̇ 𝑣𝑣𝑒𝑒𝑡𝑡 = 𝑌𝑌′′𝑣𝑣𝑒𝑒𝑡𝑡𝑈𝑈′′ = −𝑗𝑗

⎣
⎢
⎢
⎢
⎢
⎡
1.0612     

0.7464
0.3147
0.3147
0.3147
0.3147

0.7464 
0.9487
−0.2023
−0.2023
−0.2023
−0.2023

0.3147
−0.2023
0.5171
0.5171
0.5171
0.5171

0.3147
−0.2023
0.5171
0.5171
0.5171
0.5171

0.3147
−0.2023
0.5171
0.5171
0.5171
0.5171

0.3147
−0.2023
0.5171
0.5171
0.5171
0.5171 ⎦

⎥
⎥
⎥
⎥
⎤

⎣
⎢
⎢
⎢
⎢
⎡

0
0
0

−0.3458
0
0 ⎦

⎥
⎥
⎥
⎥
⎤

=

= 𝑗𝑗

⎣
⎢
⎢
⎢
⎢
⎡

0.1088
−0.0700
0.1788
0.1788
0.1788
0.1788 ⎦

⎥
⎥
⎥
⎥
⎤

 

radganac aRniSnul wredSi nulovani mimdevrobis denebi 

udris nuls, dazianebis adgilas, me-4 StoSi pirdapiri da 

nulovani mimdevrobis denebi unda iyvnen toli da 

sawinaaRmdegod mimarTuli, raTa dakmayofildes erTfaza 

gawyvetis dros arsebuli piroba (5.2.4). marTlac, 

𝐼𝐼4′ = 𝐼𝐼4𝑁𝑁 − 𝑈𝑈4
′ 𝑌𝑌44

′ = −𝑗𝑗0.2491— (−𝑗𝑗0.0709) = −𝑗𝑗0.178 

𝐼𝐼4′′ = −(−𝑗𝑗0.1788) = 𝑗𝑗0.178 

ganvsazRvroT A fazis denebi mocemuli sqemis yvela StoSi: 

𝐼𝐼𝐴𝐴 = 𝐼𝐼𝑁𝑁 − 𝐼𝐼𝑣𝑣𝑒𝑒𝑡𝑡′ − 𝐼𝐼𝑣𝑣𝑒𝑒𝑡𝑡′′ = 𝑗𝑗

⎣
⎢
⎢
⎢
⎢
⎡
0.6873
0.4381
0.2492
0.2492
0.2492
0.2492⎦

⎥
⎥
⎥
⎥
⎤

+ 𝑗𝑗

⎣
⎢
⎢
⎢
⎢
⎡

0.0516
−0.0193
0.0709
0.0709
0.0709
0.0709 ⎦

⎥
⎥
⎥
⎥
⎤

+ 𝑗𝑗

⎣
⎢
⎢
⎢
⎢
⎡

0.1088
−0.0700
0.1788
0.1788
0.1788
0.1788 ⎦

⎥
⎥
⎥
⎥
⎤

= 𝑗𝑗

⎣
⎢
⎢
⎢
⎢
⎡
−0.527
−0.527

0
0
0
0 ⎦

⎥
⎥
⎥
⎥
⎤

 

dazianebis adgilas Zabva iqneba: 

𝑈𝑈4
𝐴𝐴 = 3𝑈𝑈4

′ = 3 ∗ 0.3455 = 1.0365 



ori fazis gawyvetis SemTxvevaSi avariuli Zabvebis 

gasaangariSebeli formulebi (5.2.11), (5.2.12) nulovani denebis 

ararsebobis pirobebSi, iReben saxes: 

�̇�𝑈′ = 𝐼𝐼𝑁𝑁

𝑌𝑌′
, �̇�𝑈𝐵𝐵𝐹𝐹 = �̇�𝑈𝐴𝐴′ (𝑣𝑣2 − 1),            �̇�𝑈𝐶𝐶𝐹𝐹 = �̇�𝑈𝐴𝐴′ (𝑣𝑣 − 1),  (5.2.13) 

amgvarad, Cveni magaliTis SemTxvevaSi angariSs vawarmoebT 

mxolod pirdapiri mimdevrobis sqemis parametrebis mixedviT. 

radganac deni induqtiur wredebSi CamorCeba Zabvas 900 −iT, misi 

mniSvneloba iqneba:𝐼𝐼4̇ = −𝑗𝑗0.2497. xolo me-4 Stos sakuTari 

gamtaroba- 𝑌𝑌44
′ = 0 − 𝑗𝑗0.2051. (5.2.13) formulebis gamoyenebiT 

vRebulobT Zabvebis mniSvnelobebs dazianebis adgilas: 

�̇�𝑈𝐴𝐴′ = −
𝑗𝑗0.2492
−𝑗𝑗0.2051

= 1.215 

�̇�𝑈𝐵𝐵𝐹𝐹 = 1.215(−1.5− 𝑗𝑗0.866) = −1.822 − 𝑗𝑗1.0522  (5.2.14) 

�̇�𝑈𝐶𝐶𝐹𝐹 = 1.215(−1.5 + 𝑗𝑗0.866) = −1.822 + 𝑗𝑗1.0522  (5.2.15) 

  



თავი VI 

6.1 გრძივი ასიმეტრიული რეჟიმების გაანგარიშება დაზიანებული 

ფაზის პარამეტრების მიხედვით 

 

ganvixiloT fazebis gawyvetis dros eleqtruli reJimis 

gaangariSeba ara gansakuTrebuli, aramed dazianebuli fazebis 

Sesabamisi aqtiuri parametrebis simetriuli Semdgenebis 

saSualebiT (igulisxmeba, rom erTi Stos ori fazis gawyveta 

aris ori erTdrouli erTfaza gawyvetis reJimebis 

superpozicia). 

erTfaza dazianebebis (fazebis gawyvetis), sasazRvro 

pirobebi mosaxerxebelia unificirebuli gantolebebis misaRebad. 

amitom warmodgenili meTodikis Tanaxmad, yvela saxis dazianebas 

ganvixilavT rogorc erTfaza avariuli reJimebis zeddebas 

(damatebiTi SemzRudavi pirobebis gaTvaliswinebiT), mag. ori 

fazisgawyvetas - rogorc or erTfaza gawyvetas, sami fazis - 

rogorc sam erTfaza gawyvetas. amgvarad, aseTi midgoma 

warmoadgens mecnierul siaxles da saSualebas iZleva wrfivi 

gantolebebiT aRiweros avariuli reJimiLerTdrouli 

simetriuli da arasimetriuli dazianebis dros da ganivi 

avariebis analizis saSualebebi SeuzRudavi gaxados. 

gantolebebis koeficientebi -Stoebis gamtarobebi fazebis 

gawyvetis adgilas, gaTvlili unda iyos winaswar (sawyisi qselis 

Sesabamisad) pirdapiri, uku da nulovani mimdevrobis 

sqemebisaTvis. jer ganvixiloT simetriuli gawyvetebisaTvis 

Camoyalibebuli meTodi, romelic Semdgom ganzogadebulia 

arasimetriuli dazianebebisaTvis. 

erTi fazis gawyvetis SemTxvevaSi viyenebT avariuli 

reJimebis aRmwer ZiriTad gantolebebს (5.1.1) da aRniSnuli 

dazianebis sasazRvro pirobebს: 



�
𝐼𝐼�̇�𝐴 = 0
𝑈𝑈�̇�𝐵 = 0
𝑈𝑈�̇�𝐶 = 0

� 

aq 𝑌𝑌′ ,𝑌𝑌′′ ,𝑌𝑌0 − Stoebis sakuTari da urTierTgamtarobebia 

pirdapiri, uku da nulovani mimdevrobis sqemebSi. 

𝑈𝑈′̇ ,𝑈𝑈′′̇ ,𝑈𝑈0̇ , 𝐼𝐼′̇ , 𝐼𝐼′′̇ , 𝐼𝐼0̇ −  Zabvebi da denebia pirdapiri, uku da 

nulovani mimdevrobebis sqemebSi; 

𝐼𝐼�̇�𝑁 −  deni dazianebis adgilas sawyis reJimSi. 

rogorc cnobilia, erTjeradi dazianebis SemTxvevaSi, 

dazianebis adgilas gansakuTrebuli fazebisaTvis pirdapiri, uku 

da nulovani mimdevrobis denebisa da Zabvebis mniSvneloba 

TviToeuli mimdevrobis sqemis mixedviT aris: 

𝑈𝑈𝐴𝐴′̇ = 𝑈𝑈𝐴𝐴′′̇ = 𝑈𝑈𝐴𝐴0̇ = 1
3
𝑈𝑈�̇�𝐴  (6.1.1) 

da radganac 𝐼𝐼�̇�𝐴 = 0, 

𝐼𝐼𝐴𝐴′̇ + 𝐼𝐼𝐴𝐴′′̇ + 𝐼𝐼𝐴𝐴0̇ = 0  (6.1.2) 

(5.1.1) gantolebebis ajamva (6.1.1) da (6.1.2) pirobebis 

gaTvaliswinebiT gvaZlevs: 

𝑈𝑈𝐴𝐴′̇ = 𝐼𝐼̇𝑁𝑁

𝑌𝑌′ +𝑌𝑌′′ +𝑌𝑌0  (6.1.3) 

xolo fazuri Zabva dazianebis adgilas iqneba 𝑈𝑈�̇�𝐴 = 3𝑈𝑈𝐴𝐴′̇ . 

rogorc ukve aRvniSneT, zemoTganxiluli modelis 

safuZvelze SeiZleba ganvixiloT nebismieri raodenobis da 

nebismier adgilas momxdari erTfaza dazianeba. raki pirdapiri 

mimdevrobis denebi cirkulireben mxolod pirdapiri mimdevrobis 

sqemaSi, uku mimdevrobis denebi – uku mimdevrobis sqemaSi da 

nulovani mimdevrobis Sesabamisad – nulovani mimdevrobis 

qselSi da am qselebSi damyarebuli eleqtruli reJimebi 

simetriulia, gantolebebs vwerT mxolod erTi fazisaTvis. Tu 

sxvadasxva adgilas momxdari dazianeba erTsaxela fazebSia, e.i 

Zabvis wyaroebi Casmulia erTsaxela fazebSi, maTi 

urTierTdamokidebulebis gantolebebi daiwereba iseve, rogorc 

simetriuli reJimebis dros. 



Tu dazianeba sxvadasxva fazebSia momxdari, maSin yvela 

dazianebis adgilis aqtiuri parametric unda gamovsaxoT im 

fazis mixedviT, romel fazaSic aris dazianeba. mag. Tu 

dazianebas aqvs adgili 𝑖𝑖 − uri Stos 𝐵𝐵  fazaSi da gantoleba 

iwereba am StosaTvis, yvela sxva dazianebis amsaxveli Zabvebi 

gamoisaxeba Sesabamisi Stos 𝐵𝐵 fazis Zabvisa da veqtorTa Zvris 

operatoris 𝑣𝑣𝑗𝑗120 −is saSualebiT. 

pirdapiri da uku mimdevribis qselebi qmnian simetriul 

samfaza qselebs, sadac adgili aqvs samive fazis gawyvetas, 

nulovani mimdevrobis qselSi ki gvaqvs erTfaza denebi, 

romlebic gadian fazebSi da brundebian miwiT. 

ganvixiloT SemTxveva, rodesac 𝑖𝑖 − ur StoSi gawyvetilia 

faza 𝐵𝐵, xolo 𝑗𝑗 −Si -  faza 𝐶𝐶. gantolebaTa sistema SevadginoT  

avariuli reJimis aRmweri ZiriTadi gantolebebis (5.1.1) mixedviT. 

𝑖𝑖 − uri Stos gantoleba samive mimdevrobis qselSi iqneba: 

�

𝑌𝑌𝑖𝑖𝑖𝑖′ 𝑈𝑈𝑖𝑖′̇ + 𝑌𝑌𝑖𝑖𝑗𝑗′ 𝑣𝑣𝑈𝑈𝑗𝑗′̇ = 𝐼𝐼𝑖𝑖�̇�𝐵 − 𝐼𝐼𝑖𝑖′̇ = 𝑣𝑣2𝐼𝐼𝑖𝑖�̇�𝐴 − 𝐼𝐼𝑖𝑖′̇

𝑌𝑌𝑖𝑖𝑖𝑖′′ 𝑈𝑈′𝑖𝑖′̇ + 𝑌𝑌𝑖𝑖𝑗𝑗′′ 𝑣𝑣2𝑈𝑈𝑗𝑗′̇ = −𝐼𝐼𝑖𝑖′′̇

𝑌𝑌𝑖𝑖𝑖𝑖0𝑈𝑈𝑖𝑖0̇ + 𝑌𝑌𝑖𝑖𝑗𝑗0𝑈𝑈𝑗𝑗0̇ = −𝐼𝐼𝑖𝑖′̇
�  (6.1.4) 

aseve 𝑗𝑗 − uri StosaTvis gveqneba: 

�
𝑌𝑌𝑗𝑗𝑖𝑖′ 𝑣𝑣2𝑈𝑈𝑖𝑖′̇ + 𝑦𝑦𝑗𝑗𝑗𝑗′ 𝑈𝑈𝑗𝑗′̇ = 𝐼𝐼𝑗𝑗�̇�𝐶 − 𝐼𝐼𝑗𝑗′̇ = 𝑣𝑣𝐼𝐼𝑗𝑗�̇�𝐴 − 𝐼𝐼𝑗𝑗′̇

𝑌𝑌𝑗𝑗𝑖𝑖′ ′ 𝑣𝑣𝑈𝑈𝑖𝑖′′̇ + 𝑌𝑌𝑗𝑗𝑗𝑗′′ 𝑈𝑈𝑗𝑗′′̇ = −𝐼𝐼𝑗𝑗′′̇

𝑌𝑌𝑗𝑗𝑖𝑖0𝑈𝑈𝑖𝑖0̇ + 𝑌𝑌𝑗𝑗𝑗𝑗0𝑈𝑈𝑗𝑗0̇ = −𝐼𝐼𝑗𝑗0̇
�  (6.1.5) 

SevkriboT (6.1.4) gantolebebi (6.1.1) da (6.1.2) pirobebis 

gaTvaliswinebiT, miviRebT: 

(𝑌𝑌𝑖𝑖𝑖𝑖′ + 𝑌𝑌𝑖𝑖𝑖𝑖′′ + 𝑌𝑌𝑖𝑖𝑖𝑖0)𝑈𝑈𝑖𝑖′̇ + �𝑣𝑣𝑌𝑌𝑖𝑖𝑗𝑗′ + 𝑣𝑣2𝑌𝑌𝑖𝑖𝑗𝑗′′ + 𝑌𝑌𝑖𝑖𝑗𝑗0�𝑈𝑈𝑗𝑗′̇ = 𝑣𝑣2𝐼𝐼𝑖𝑖�̇�𝐴  (6.1.5) 

analogiurad, erTfaza gawyvetis pirobebis (6.1.1) da (6.1.2) 

gaTvaliswinebiT SevkriboT (6.1.5) gantolebebi, miviRebT: 

(𝑣𝑣2𝑌𝑌𝑗𝑗𝑖𝑖′ + 𝑣𝑣𝑌𝑌𝑗𝑗𝑖𝑖′′ + 𝑌𝑌𝑗𝑗𝑖𝑖0)𝑈𝑈𝑖𝑖′̇ + �𝑌𝑌𝑗𝑗𝑗𝑗′ + 𝑌𝑌𝑗𝑗𝑗𝑗′′ + 𝑌𝑌𝑗𝑗𝑗𝑗0�𝑈𝑈𝑗𝑗′̇ = 𝑣𝑣𝐼𝐼𝑗𝑗𝐴𝐴  (6.1.6) 

amgvarad (6.1.5) da (6.1.6) gantolebebi qmnian sistemas, 

romlis amonaxsnis gasammagebuli mniSvnelobebi warmoadgens 

Zabvebs dazianebuli 𝑖𝑖 da 𝑗𝑗 −uri Stoebis 𝐵𝐵 da 𝐶𝐶 fazebSi 

gawyvetis adgilas. 



�
(𝑌𝑌𝑖𝑖𝑖𝑖′ + 𝑌𝑌𝑖𝑖𝑖𝑖′′ + 𝑌𝑌𝑖𝑖𝑖𝑖0)𝑈𝑈𝑖𝑖′̇ + �𝑣𝑣𝑌𝑌𝑖𝑖𝑗𝑗′ + 𝑣𝑣2𝑌𝑌𝑖𝑖𝑗𝑗′′ + 𝑌𝑌𝑖𝑖𝑗𝑗0�𝑈𝑈𝑗𝑗′̇ = 𝑣𝑣2𝐼𝐼𝑖𝑖�̇�𝐴
(𝑣𝑣2𝑌𝑌𝑗𝑗𝑖𝑖′ + 𝑣𝑣𝑌𝑌𝑗𝑗𝑖𝑖′′ + 𝑌𝑌𝑗𝑗𝑖𝑖0)𝑈𝑈𝑖𝑖′̇ + �𝑌𝑌𝑗𝑗𝑗𝑗′ + 𝑌𝑌𝑗𝑗𝑗𝑗′′ + 𝑌𝑌𝑗𝑗𝑗𝑗0�𝑈𝑈𝑗𝑗′̇ = 𝑣𝑣𝐼𝐼𝑗𝑗�̇�𝐴

�   (6.1.7) 

angariSebis unificirebis mizniT, yvela xazis ori da sami 

fazis gawyveta, warmovadgineT, rogorc fiqtiur xazebSi 

erTfaza gawyvetebis dros miRebuli eleqtruli reJimebis 

zeddeba damatebiTi pirobis gaTvaliswinebiT, rac gulisxmobs im 

fiqtiuri xazebis Serwymas. Serwymis SemTxvevaSi fiqtiuri 

xazebis sakuTari da urTierTgamtaroba erTmaneTis tolia da es 

piroba daculia samive mimdevrobis sqemaSi. 

�
(𝑌𝑌𝑖𝑖𝑖𝑖′ + 𝑌𝑌𝑖𝑖𝑖𝑖′′ + 𝑌𝑌𝑖𝑖𝑖𝑖0)𝑈𝑈𝑖𝑖𝐵𝐵′̇ + (𝑣𝑣𝑌𝑌𝑖𝑖𝑖𝑖′ + 𝑣𝑣2𝑌𝑌𝑖𝑖𝑖𝑖′′ + 𝑌𝑌𝑖𝑖𝑖𝑖0)𝑈𝑈𝑖𝑖𝐶𝐶′̇ = 𝑣𝑣2𝐼𝐼𝑖𝑖�̇�𝐴
(𝑣𝑣2𝑌𝑌𝑖𝑖𝑖𝑖′ + 𝑣𝑣𝑌𝑌𝑖𝑖𝑖𝑖′′ + 𝑌𝑌𝑖𝑖𝑖𝑖0)𝑈𝑈𝑖𝑖𝐵𝐵′̇ + (𝑌𝑌𝑖𝑖𝑖𝑖′ + 𝑌𝑌𝑖𝑖𝑖𝑖′′ + 𝑌𝑌𝑖𝑖𝑖𝑖0)𝑈𝑈𝑖𝑖𝐶𝐶′̇ = 𝑣𝑣𝐼𝐼𝑖𝑖�̇�𝐴

�  (6.1.8) 

miRebuli gantolebebis amonaxsnis gasammagebuli 

mniSvneloba warmoadgens i-ur StoSi Zabvebs B da C fazebSi 

gawyvetis adgilas. 

nax.29-ze warmodgenili sqemisaTvis ganvixiloT me-4 xazis B  da C  

fazebis gawyvetis Sedegad miRebuli avariuli reJimis Sesabamisi  

gantolebebi: 

�
(𝑌𝑌44

′ + 𝑌𝑌44
′′ +)𝑈𝑈4𝐵𝐵

′̇ + (𝑣𝑣𝑌𝑌44
′ + 𝑣𝑣2𝑌𝑌44

′′ )𝑈𝑈4𝑐𝑐
′̇ = 𝑣𝑣2𝐼𝐼𝑖𝑖�̇�𝐴

(𝑣𝑣2𝑌𝑌44
′ + 𝑣𝑣𝑌𝑌44

′′ )𝑈𝑈4𝐵𝐵
′̇ + (𝑌𝑌44

′ + 𝑌𝑌44
′′ )𝑈𝑈4𝑐𝑐

′̇ = 𝑣𝑣𝐼𝐼𝑗𝑗�̇�𝐴
�  (6.1.9) 

rogorc zemoT aRvniSneT, nax.29–ze warmodgenili 

transformatorebis gragnilebis SeerTebis sqema gamoricxavs 

nulovani mimdevrobis denebis arsebobas da avariuli 

parametrebi ganpirobebuli arian mxolod pirdapiri da uku 

mimdevrobis sqemebiT. Amitom me-4 Stos sakuTari gamtarobebia: 

rogorc ukve aRvniSneT unificirebis mizniT, yvela xazis 

ori da sami fazis gawyveta, warmovadgineT, rogorc fiqtiur 

xazebSi erTfaza gawyvetebis dros miRebuli eleqtruli 

reJimebis zeddeba damatebiTi pirobis gaTvaliswinebiT, rac 

gulisxmobs am fiqtiuri xazebis Serwymas. Serwymis SemTxvevaSi 

fiqtiuri xazebis sakuTari da urTierTgamtaroba erTmaneTis 

tolia da es piroba daculia samive mimdevrobis sqemaSi. 

mocemuli sqemis parametrebis mixedviT (6.1.9) gantoleba 

iRebs saxes: 



� 0 − 𝑗𝑗0.7221
0.2701 + 𝑗𝑗0.3610

−0.2701 + 𝑗𝑗0.3610
0 − 𝑗𝑗0.7221 � �

�̇�𝑈4𝐵𝐵
′

�̇�𝑈4𝐶𝐶
′ � = �−0.2158 + 𝑗𝑗0.1246

0.2158 + 𝑗𝑗0.1246 �  

(6.1.10) 

Amonaxsni iqneba: 

𝑈𝑈′ = �−0.6073 − 𝑗𝑗0.3507
−0.6073 + 𝑗𝑗0.3507� 

(6.1.10) gantolebis amonaxsnis gasammagebuli mniSvnelobebi 

warmoadgens Zabvebs dazianebuli me-4 xazis 𝐵𝐵 da 𝐶𝐶 fazebis 

gawyvetis adgilas. 

�̇�𝑈𝑓𝑓 = �−1.8222 − 𝑗𝑗1.0521
−1.8222 + 𝑗𝑗1.0521� 

xazis gawyvetis modelireba SeiZleba movaxdinoT 

dazianebis adgilze idealuri Zabvis wyaros CarTviT, romlis 

Zabva, rogorc sididiT aseve mimarTulebiT, Seesabameba gawyvetis 

adgilis Zabvas. nebismieri raodenobis xazis gawyvetis adgilis 

imitacia SeiZleba movaxdinoT Sesabamisi idealuri Zabvis 

wyaroebis CarTviT. amasTan nebismieri raodenobis gawyvetebis 

kombinaciisas sqemis pasiuri parametrebi, gansazRvruli e.m.Zalis 

wyaroebis urTierTdamokidebulebiT, e.m.Z-is wyaros Sida 

winaRobis nulTan tolobis gamo, saangariSo sqemis Sesabamisi 

parametrebi ucvleli rCeba. 

ganvixiloT SemTxveva, roca gawyvetebi gvaqvs 𝑖𝑖, 𝑗𝑗, 𝑘𝑘 StoebSi. 

𝑖𝑖 StoSi gawyvetili gvaqvs faza 𝐴𝐴, 𝑗𝑗 StoSi – faza 𝐵𝐵 da 𝑘𝑘 StoSi 

faza – 𝐶𝐶. 

�

(𝑦𝑦𝑖𝑖𝑖𝑖′ + 𝑦𝑦𝑖𝑖𝑖𝑖′′ + 𝑦𝑦𝑖𝑖𝑖𝑖0)𝑢𝑢𝑖𝑖′ + (𝑣𝑣𝑦𝑦𝑖𝑖𝑗𝑗′ + 𝑣𝑣2𝑦𝑦𝑖𝑖𝑗𝑗′′ + 𝑦𝑦𝑖𝑖𝑗𝑗0 )𝑢𝑢𝑗𝑗′ + (𝑣𝑣2𝑦𝑦𝑖𝑖𝑘𝑘′ + 𝑣𝑣𝑦𝑦𝑖𝑖𝑗𝑗′′ + 𝑦𝑦𝑖𝑖𝑗𝑗0 )𝑢𝑢𝑘𝑘′ = 𝑖𝑖𝑖𝑖𝐴𝐴
�𝑣𝑣2𝑦𝑦𝑗𝑗𝑖𝑖′ + 𝑣𝑣𝑦𝑦𝑗𝑗𝑖𝑖′′ + 𝑦𝑦𝑗𝑗𝑖𝑖0�𝑢𝑢𝑖𝑖′ + (𝑦𝑦𝑗𝑗𝑗𝑗′ + 𝑦𝑦𝑗𝑗𝑗𝑗′′ + 𝑦𝑦𝑗𝑗𝑗𝑗0 )𝑢𝑢𝑗𝑗′ + (𝑣𝑣𝑦𝑦𝑗𝑗𝑘𝑘′ + 𝑣𝑣2𝑦𝑦𝑗𝑗𝑘𝑘′′ + 𝑦𝑦𝑗𝑗𝑘𝑘0 )𝑢𝑢𝑘𝑘′ = 𝑖𝑖𝑗𝑗𝐵𝐵 = 𝑣𝑣2𝑖𝑖𝑗𝑗𝐴𝐴

(𝑣𝑣𝑦𝑦𝑘𝑘𝑖𝑖′ + 𝑣𝑣2𝑦𝑦𝑘𝑘𝑖𝑖′′ + 𝑦𝑦𝑘𝑘𝑖𝑖0 )𝑢𝑢𝑖𝑖′ + �𝑣𝑣2𝑦𝑦𝑘𝑘𝑗𝑗′ + 𝑣𝑣𝑦𝑦𝑘𝑘𝑗𝑗′′ + 𝑦𝑦𝑘𝑘𝑗𝑗0 �𝑢𝑢𝑗𝑗′ + (𝑦𝑦𝑘𝑘𝑘𝑘′ + 𝑦𝑦𝑘𝑘𝑘𝑘′′ + 𝑦𝑦𝑘𝑘𝑘𝑘0 )𝑢𝑢𝑘𝑘′ = 𝑖𝑖𝑘𝑘𝑐𝑐 = 𝑣𝑣𝑖𝑖𝑗𝑗𝐴𝐴

�(6.1.11) 

miRebuli gamosaxulebis Sedegebis gasammagebuli 

mniSvneloba aris xazis gawyvetis adgilas fazuri Zabva, erTi 

fazis gawyvetis sasazRvro pirobebis gaTvaliswinebiT:𝑢𝑢𝑖𝑖𝐴𝐴 =

3𝑢𝑢𝑖𝑖′ ;  𝑢𝑢𝑗𝑗𝐵𝐵 = 3𝑢𝑢𝑗𝑗′ ;   𝑢𝑢𝑘𝑘𝑐𝑐 = 3𝑢𝑢𝑘𝑘′ . 

(6.1.11)-is analogiurad SeiZleba SevadginoT gantolebaTa 

sistema, romelic gawyvetis adgilas Zabvas akavSirebs nebismieri 

kombinaciis erTfaza gawyvetasTan. 



simetriuli avariuli reJimi, miRebuli 𝑖𝑖 xazis yvela fazis 

gawyvetis Sedegad, SeiZleba ganvixiloT rogorc sami 

arasimetriuli reJimis zeddeba, TiToeuli miRebuli erTi fazis 

gawyvetis Sedegad, anu ganxilulia, rogorc 𝐴𝐴,𝐵𝐵,𝐶𝐶 fazebis 

Sesabamisad 𝑖𝑖, 𝑗𝑗, 𝑘𝑘 Stobis gawyvetiT miRebuli reJimebis zeddeba, 

aRniSnuli Stoebis sakuTari da urTierTgamtarobebis tolobis 

gaTvaliwinebiT. e.i. gvaqvs Semdegi: 

�
𝑦𝑦𝑖𝑖𝑖𝑖′ = 𝑦𝑦𝑗𝑗𝑗𝑗′ = 𝑦𝑦𝑘𝑘𝑘𝑘′ = 𝑦𝑦𝑖𝑖𝑗𝑗′ = 𝑦𝑦𝑖𝑖𝑘𝑘′ = 𝑦𝑦𝑗𝑗𝑘𝑘′

𝑦𝑦𝑖𝑖𝑖𝑖′′ = 𝑦𝑦𝑗𝑗𝑗𝑗′′ = 𝑦𝑦𝑘𝑘𝑘𝑘′′ = 𝑦𝑦𝑖𝑖𝑗𝑗′′ = 𝑦𝑦𝑖𝑖𝑘𝑘′′ = 𝑦𝑦𝑗𝑗𝑘𝑘′′

𝑦𝑦𝑖𝑖𝑖𝑖0 = 𝑦𝑦𝑗𝑗𝑗𝑗0 = 𝑦𝑦𝑘𝑘𝑘𝑘0 = 𝑦𝑦𝑖𝑖𝑗𝑗0 = 𝑦𝑦𝑖𝑖𝑘𝑘0 = 𝑦𝑦𝑗𝑗𝑘𝑘0
�  (6.1.12) 

magaliTisaTvis ganvixiloT sami fazis gawyveta meoTxe 

StoSi (nax. 29a). angariSebi ganxorcielebulia mocemuli 

meTodikiT. pirdapiri (uku) mimdevrobis Canacvlebis sqemebi 

warmodgenilia nax.29b. sqemis parametrebi mocemulia fardobiT 

erTeulebSi. 

Г ТР1 Л.П ТР2
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0.21

5

0.57

3

0.57 2

 

d) 

nax.29 a, b, g, d. 

 

ganxiluli magaliTisaTvis nulovani mimdevrobis sqemis 

mixedviT nulovani mimdevrobis denebi ar iarsebebs. 

arasimetriuli wyvetebis nebismieri kombinaciis angariSi 

iwarmoeba pirdapiri da uku mimdevrobis sqemebis 

ganzogadoebuli parametrebiT, 𝑌𝑌′ da 𝑌𝑌′′  matricis elementebiT. 

avariamdeli reJimis aqtiuri parametrebi datanilia sqemaze 

nax.29 b, g.  ganzogadoebuli parametrebi SeirCeva, 𝑌𝑌′ da 

𝑌𝑌′′ matricebidan. radgan vTvliT, rom qselis aqtiuri winaRobebi 

nulis tolia da gvaqvs mxolod induqtioba, meoTxe StosaTvis 

miviRebT: 𝑌𝑌44
′ = 0 − 𝑗𝑗0,2123, 𝑌𝑌44

′′ = 0 − 𝑗𝑗0,5516 

gawyvetamde meoTxe Stos fazebSi denebi iyo: 

𝑖𝑖𝐴𝐴 = 0 − 𝑗𝑗0,212 

𝑖𝑖𝐵𝐵 = 𝑣𝑣2𝑖𝑖𝐴𝐴 = −0,1836 + 𝑗𝑗0,106 

𝑖𝑖𝐶𝐶 = −𝑣𝑣𝑖𝑖𝐴𝐴 = 0,1836 + 𝑗𝑗0,106 



aq 𝑣𝑣 = −0,5 + 𝑗𝑗0,866; 𝑣𝑣2 = −0,5 − 𝑗𝑗0,866 

warmodgenili meTodikis Tanaxmad sami fazis gawyveta 

warmodgenilia rogorc sami erTfaza wyvetis kerZo SemTxvevebi. 

es gvaZlevs saSualebas SevimuSaoT saerTo midgoma qselis 

nebismier StoSi fazebis erdrouli simetriuli da 

arasimetriuli gawyvetebis angariSisas. am SemTxvevaSi toloba 

miiReba (6.1.11)-dan. gaviTvaliswinoT, rom nulovani mimdevrobis 

denebi nulis tolia da (6.1.12) toloba 

�
(𝑦𝑦44

′ + 𝑦𝑦44
′′ )𝑢𝑢4𝐴𝐴

′ + (𝑣𝑣𝑦𝑦44
′ + 𝑣𝑣2𝑦𝑦44

′′ )𝑢𝑢4𝐵𝐵
′ + (𝑣𝑣2𝑦𝑦44

′ + 𝑣𝑣𝑦𝑦44
′ ′ )𝑢𝑢4𝐶𝐶

′ = 𝑖𝑖4𝐴𝐴
(𝑣𝑣2𝑦𝑦44

′ + 𝑣𝑣𝑦𝑦44
′′ )𝑢𝑢4𝐴𝐴

′ + (𝑦𝑦44
′ + 𝑦𝑦44

′′ )𝑢𝑢4𝐵𝐵
′ + (𝑣𝑣𝑦𝑦44

′ + 𝑣𝑣2𝑦𝑦44
′′ )𝑢𝑢4𝐶𝐶

′ = 𝑖𝑖4𝐵𝐵 = 𝑣𝑣2𝑖𝑖4𝐴𝐴
(𝑣𝑣𝑦𝑦44

′ + 𝑣𝑣2𝑦𝑦44
′′ )𝑢𝑢4𝐴𝐴

′ + (𝑣𝑣2𝑦𝑦44
′ + 𝑣𝑣𝑦𝑦44

′′ )𝑢𝑢4𝐵𝐵
′ + (𝑦𝑦44

′ + 𝑦𝑦44
′′ )𝑢𝑢4𝐶𝐶

′ = 𝑖𝑖4𝐶𝐶 = 𝑣𝑣𝑖𝑖4𝐴𝐴

� 

Tu CavsvamT fazaTa Zvris operatoris mniSvnelobas, aseve 

gaviTvaliswinebT pirdapiri da uku mimdevrobis sqemebSi meoTxe 

Stos sakuTari gamtareblobis mniSvnelobebs da meoTxe Stos 

fazur denebs, miviRebT: 

�
(0 − 𝑗𝑗0,7640)(−0,2944 + 𝑗𝑗0,3820)(0,2940 + 𝑗𝑗0,3820)
(0,2940 + 𝑗𝑗0,3820)(0 − 𝑗𝑗0,7640)(−0,2940 + 𝑗𝑗0,3820)
(−0,2944 + 𝑗𝑗0,3820)(0,2944 + 𝑗𝑗0,3820)(0 − 𝑗𝑗0,7640)

� �
𝑢𝑢4𝐴𝐴
′

𝑢𝑢4𝐵𝐵
′

𝑢𝑢4𝐶𝐶
′
� = 

= �
0 − 𝑗𝑗0,2120

−0,1840 + 𝑗𝑗0,1060
0,1840 + 𝑗𝑗0,1060

� (6.1.13) 

(6.1.13) sistemis amoxsniT miviRebT: 

𝑈𝑈′ = �
𝑢𝑢4𝐴𝐴
′

𝑢𝑢4𝐵𝐵
′

𝑢𝑢4𝐶𝐶
′
� = �

0,3333 − 𝑗𝑗0
−0,1668 − 𝑗𝑗0,2889
−0,1668 + 𝑗𝑗0,2890

�; 

𝑈𝑈′ veqtoris gasammagebuli parametrebi warmoadgens Zabvas 

fazebis wyvetis adgilas fardobiT erTeulebSi, rac emTxveva 

aqtiur parametrebs romlebic gaangariSebulia meoTxe Stos 

wyvetis SemTxvevaSi. aRniSnuli gamosaxulia nax. 30-ze. 
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ganxiluli magaliTi amtkicebs SemoTavazebuli meTodikis 

marTebulobas fazebis gawyvetis nebismieri kombinacia 

ganxiluli iqnes, rogorc erTfaza gawyvetebis zeddebis Sedegi. 

ganvixiloT mexuTe Stos 𝐴𝐴 fazis wyveta meoTxe StoSi 

samfaza wyvetis dros. amisaTvis virCevT aRniSnuli Stoebis 

sakuTarr da urTierTgamtareblobas da gadaviangariSoT 

formulebiT, romlebic gansazRvravs (6.1.11) tolobis 

koeficients fazebis Tanxvedrisas, CamorCenisas da winswrebisas. 

𝑌𝑌1 = �
𝑌𝑌44
′ 𝑌𝑌45

′

𝑌𝑌54
′ 𝑌𝑌55

′ � = �0 − 𝑗𝑗0,2120 0 + 𝑗𝑗0,0377
0 + 𝑗𝑗0,1381 0 − 𝑗𝑗0,2120�, 

𝑌𝑌2 = �
𝑌𝑌44
′′ 𝑌𝑌45

′′

𝑌𝑌54
′′ 𝑌𝑌55

′′ � = �0 − 𝑗𝑗0,5520 0 + 𝑗𝑗0,1381
0 + 𝑗𝑗0,1758 0 − 𝑗𝑗0,5520�. 

Tanmxvedri fazebisTvis gveqneba: 

𝑌𝑌თანმხ = 𝑌𝑌1 + 𝑌𝑌2 = �0 − 𝑗𝑗0𝑗𝑗7640 0 + 𝑗𝑗0,1758
0 + 𝑗𝑗0,1758 0 − 𝑗𝑗0,7640�, 

CamorCenili fazisTvis gveqneba 

𝑌𝑌ჩამორჩ = 𝑣𝑣𝑌𝑌1 + 𝑣𝑣2𝑌𝑌2 = �−0,2944 + 𝑗𝑗0,3820 0,0869 − 𝑗𝑗0,0879
0,0869 − 𝑗𝑗0,0879 −0,2944 + 𝑗𝑗0,3820� 

xolo winsmwrebi fazisTvis gveqneba: 

𝑌𝑌წინმსწრ = 𝑣𝑣2𝑌𝑌1 + 𝑣𝑣𝑌𝑌2 = � 0,2944 + 𝑗𝑗0,3820 −0,0869 − 𝑗𝑗0,0879
−0,0869 − 𝑗𝑗0,0879 0,2944 + 𝑗𝑗0,3820 �. 

toloba, romelic asaxavs avariul reJims, mexuTe StoSi 

mxolod A fazis gawyvetas da meoTxe StoSi samive fazis 

gawyvetis dros miiRebs saxes: 



⎣
⎢
⎢
⎢
⎡ (𝑦𝑦44

′ + 𝑦𝑦44
′′ ) (𝑣𝑣𝑦𝑦44

′ + 𝑣𝑣2𝑦𝑦44
′′ ) (𝑣𝑣2𝑦𝑦44

′ + 𝑣𝑣𝑦𝑦44
′′ ) (𝑦𝑦45

′ + 𝑦𝑦45
′′ )

(𝑣𝑣2𝑦𝑦44
′ + 𝑣𝑣𝑦𝑦44

′′ ) (𝑦𝑦44
′ + 𝑦𝑦44

′′ ) (𝑣𝑣𝑦𝑦44
′ + 𝑣𝑣2𝑦𝑦44

′′ ) (𝑣𝑣𝑦𝑦45
′ + 𝑣𝑣2𝑦𝑦45

′′ )
(𝑣𝑣𝑦𝑦44

′ + 𝑣𝑣2𝑦𝑦44
′′ ) (𝑣𝑣2𝑦𝑦44

′ + 𝑣𝑣𝑦𝑦44
′′ ) (𝑦𝑦44

′ + 𝑦𝑦44
′′ ) (𝑣𝑣2𝑦𝑦45

′ + 𝑣𝑣𝑦𝑦45
′′ )

(𝑦𝑦54
′ + 𝑦𝑦54

′′ ) (𝑣𝑣𝑦𝑦54
′ + 𝑣𝑣2𝑦𝑦54

′′ ) (𝑣𝑣2𝑦𝑦54
′ + 𝑣𝑣𝑦𝑦54

′′ ) (𝑦𝑦55
′ + 𝑦𝑦55

′′ ) ⎦
⎥
⎥
⎥
⎤

⎣
⎢
⎢
⎡
𝑢𝑢4𝐴𝐴
′

𝑢𝑢4𝐵𝐵
′

𝑢𝑢4𝐶𝐶
′

𝑢𝑢5𝐴𝐴
′ ⎦
⎥
⎥
⎤

=

= �

𝑖𝑖4𝐴𝐴
𝑣𝑣2𝑖𝑖4𝐴𝐴
𝑣𝑣𝑖𝑖4𝐴𝐴
𝑖𝑖5𝐴𝐴

� 

Tanmxvedr, CamorCenil da winmswrebi fazebis 

gamosaxulebaSi gamtareblobis mniSvnelobebis Casmisas miviRebT: 

⎣
⎢
⎢
⎡

(0 − 𝑗𝑗0𝑗𝑗7640) (−0,2944 + 𝑗𝑗0,3820) (0,2944 + 𝑗𝑗0,3820) (0 + 𝑗𝑗0,1758)
(0𝑗𝑗2944 + 𝑗𝑗0𝑗𝑗3820) (0 − 𝑗𝑗0,7640) (−0,2944 + 𝑗𝑗0,3820) (0,0869 − 𝑗𝑗0,0879)
(−0,2944 + 𝑗𝑗0,3820) (0,2944 + 𝑗𝑗0,3820) (0 − 𝑗𝑗0,7640) (−0,0869 − 𝑗𝑗0,0879)

(0 + 𝑗𝑗0,1758) (0,0869 − 𝑗𝑗0,0879) (0,0869 − 𝑗𝑗0,0879) (0 − 𝑗𝑗0,7640) ⎦
⎥
⎥
⎤
 

⎣
⎢
⎢
⎡
𝑢𝑢4𝐴𝐴
′

𝑢𝑢4𝐵𝐵
′

𝑢𝑢4𝐶𝐶
′

𝑢𝑢5𝐴𝐴
′ ⎦
⎥
⎥
⎤

= �

0 − 𝑗𝑗0𝑗𝑗2120
−0,1840 + 𝑗𝑗0,1060
0,1840 + 𝑗𝑗0,1060

0 − 𝑗𝑗0,2120

� 

am tolobebidan miRebuli mniSvnelobebi warmoadgens 

meoTxe da mexuTe StoSi fazebis gawyvetisas Zabvebis pirdapiri 

mimdevrobis mniSvnelobebs. 

𝑈𝑈შტ =

⎣
⎢
⎢
⎡
𝑢𝑢4𝐴𝐴
′

𝑢𝑢4𝐵𝐵
′

𝑢𝑢4𝐶𝐶
′

𝑢𝑢5𝐴𝐴
′ ⎦
⎥
⎥
⎤

= �

0,3824 − 𝑗𝑗0
−0,1913 − 𝑗𝑗0,2812
−0,1912 + 𝑗𝑗0,2813

0,3455 − 𝑗𝑗0

� 

Tu movaxdenT mexuTe Stos 𝐴𝐴 fazis gawyvetisas avariuli 

parametrebis gamoTvlas (ar iarsebebs meoTxe Sto samive fazis 

gawyvetis gamo) sqemis axali konfiguraciisaTvis formuliT 𝑌𝑌′ 

da 𝑌𝑌′′  matricis elementebis winaswari gadaangariSebisas 

miviRebT: 𝑢𝑢5𝐴𝐴
′ = 0,3455 − 𝑗𝑗0, rac amtkicebs warmodgenili meTodis 

marTebulobas. 



დასკვნა 

nebismieri saxis arasimetriuli reJimebis gasaangariSeblad 

veyrdnobiT simetriul mdgenelTa meTods, romlis Tanaxmadac 

arasimetriuli reJimi iSleba sam simetriul reJimad. angariSebis 

unificirebis mizniT movaxdineT nebismieri saxisa da raodenobis 

xazis gawyvetebis warmodgena, rogorc erTfaza gawyvetebis 

kombinacia. 

normaluri reJimis gaangariSebas gansakuTrebuli 

mniSvneloba eniWeba im garemoebebis gamo, rom am angariSis 

Sedegebi aucilebelia aramarto eqspluataciis procesisaTvis, 

aramed aucilebelia sxvadasxva amocanis amoxsnis drosac. 

energosistemis normalurad funqcionirebisaTvis aseve 

aucilebelia avariuli reJimebisa da damyarebuli arasrulfaza 

reJimebis parametrebis gaangariSeba da analizi. damyarebuli 

arasrulfaza reJimebis ganxilvas gansakuTrebuli mniSvneloba 

eniWeba im garemoebebis gamo, rom energomomaragebis saimedoobis 

uzrunvelsayofad dasaSvebia xangrZlivi droiT aseTi reJimebis 

arseboba. 

nebismieri eleqtruli reJimi rogorc normaluri aseve 

avariuli aRiwereba erTi da imave gantolebebiT. topologiuri 

analizis safuZvelze xdeba sistemis mdgomareobis amsaxveli 

gantolebebis warmodgena incidenciis matricebis saSualebiT. 

gansakuTrebuli yuradReba aqvs daTmobili 

ganzogadebulparametrebiani matriculi gantolebebiT sistemis 

mdgomareobis aRweras da am gantolebebis gamoyenebas rogorc 

normaluri aseve avariuli reJimebis parametrebis gaangariSebis 

dros. 

kvlevis mizans warmoadgenda meTodikis damuSaveba, 

romelic iZleva avariuli parametrebis gaangariSebis saSualebas 

nebismieri saxisa da raodenobis grZivi dazianebis dros.  

eleqtruli qselis eleqtruli reJimebis parametrebis 

gaangariSeba da analizi warmoebs Canacvlebis sqemebis mixedviT. 



sqemis topologia aisaxeba incidenciis l  da  ll matricebiT, 

romlebic Tavis mxriv aisaxebian sqemis pasiuri parametrebis 

amsaxvel matricebSi. 

SemoTavazebuli unificirebuli meTodikis safuZvelze 

SesaZlebelia Sesruldes rTuli avariuli reJimebis 

gaangariSeba. arasimetriuli dazianebebis SemTxvevaSi, 

simetriuli sistemebisaTvis Camoyalibebuli Teoria 

gavrcelebulia avariuli reJimebis simetriul mdgenelebzec. 

rogorc cnobilia, arasimetriuli dazianebebis analizi 

eyrdnoba simetriul mdgenelTa meTods, romlis arsi 

mdgomareobs arasimetriuli reJimis daSlaSi sam simetriul 

reJimad, raTa Semdgom TviToeuli mimdevrobis sqemaSi 

gamoyenebuli iqnes yvela is meTodi, romelic samarTliania 

simetriuli sistemebisaTvis. kavSiri mimdevrobebs Soris 

myardeba avariis adgilas im sasazRvro pirobebis mixedviT, 

romelic axasiaTebs ama Tu im dazianebas. 

erTfaza dazianebebis sasazRvro pirobebi mosaxerxebelia 

unificirebuli gantolebebis misaRebad. amitom warmodgenili 

meTodikis Tanaxmad, yvela saxis dazianeba ganxilulia rogorc 

erTfaza avariuli reJimebis zeddeba (damatebiTi SemzRudavi 

pirobebis gaTvaliswinebiT). gadamcemi xazis samive fazis 

gawyveta warmoidgineba rogorc sami erTfaza gawyvetis Sedegad 

miRebuli reJimis zeddeba (aseve ganixileba ori fazis 

gawyvetac). 

aseTi midgoma warmoadgens mecnierul siaxles. igi 

saSualebas iZleva wrfivi unificirebuli gantolebebiT 

aRiweros avariuli reJimiLerTdrouli simetriuli da nebismieri 

saxis arasimetriuli dazianebis dros. avariebis analizis 

saSualebebi ki SeuzRudavi gaxados. gantolebebis koeficientebi, 

anu Stoebis sakuTari da urTierTgamtarobebi, gaTvlili 

pirdapiri, uku da nulovani mimdevrobis sqemebisaTvis, 

warmodgenili meTodikis Tanaxmad, ucvleli rCebian avariebis 

nebismieri raodenobisa da kombinaciebis SemTxvevaSi, radganac 



avariuli reJimi modelirebulia nulovani winaRobis mqone 

Zabvis wyaroebiT.warmodgenili meTodikisa da programa MATLAB-

is saSualebiT Catarebuli angariSebis safuZvelze Seqmnilia 

maTematikuri modeli. Camoyalibebuliaarasimetriuli gawyvetebis 

aRmweri unificirebuli gantolebebis Sedgenis algoriTmi, 

romelic am amocanis kompiuteruli programis damuSavebis 

saSualebas mogvcems. 
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