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individualuri pirovnebebis an institutebis mier 

zemomoyvanili dasaxelebis disertaciis gacnobis mizniT 

moTxovnis SemTxvevaSi misi arakomerciuli miznebiT kopirebisa 

da gavrcelebis ufleba miniWebuli aqvs saqarTvelos teqnikur 

universitets. 

 

---------------------------------------------------------------------------------------------------------------- 

avtoris xelmowera 

avtori inarCunebs danarCen sagamomcemlo uflebebs da arc 

mTliani naSromis da arc misi calkeuli komponentebis 

gadabeWdva an sxva raime meTodiT reproduqcia dauSvebelia 

avtoris werilobiTi nebarTvis gareSe. 

avtori irwmuneba, rom naSromSi gamoyenebuli saavtoro 

uflebebiT daculi masalebze miRebulia Sesabamisi nebarTva 

(garda is mcire zomis citatebisa, romlebic moiTxoven mxolod 

specifiur mimarTebas literaturis citirebaSi, rogorc es 

miRebulia samecniero naSromebis Sesrulebisas) da yvela 

maTganze iRebs pasuxismgeblobas. 
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reziume 

 

eqspluatacia nebismieri nominaluri Zabvis sahaero da 

sakabelo xazebis, dakavSirebulia simZlavris energiis 

danakargebTan. xazebSi danakargebi dakavSirebulia fizikuri 

procesebis gansakuTrebulobasTan: sadenebSi denis gavlis dros 

gamoyofili siTbo, arasrulyofa xazebis, dakavSirebuli 

izolaciis gavliT denis gadinebasTan da mTeli rigi mizezebi. 

danakargebs agreTve adgili aqvs transformatorebSi, 

avtotransformatorebSi, sxvadasxva daniSnulebis 

makompensirebel mowyobilobebSi da sxva saqselo 

mowyobilobebSi. 

sadisertacio samuSaoSi ganxilulia simZlavris da 

Sesabamisad energiis danakargebi eleqtrogadacemis Semdeg 

elementebSi: 

- maRali da zemaRali (220 kv da meti) Zabvis xazebSi, 

romlebic awarmoeben eleqtroenergiis gadacemas da ganawilebas 

eleqtrosistemis sakvanZo wertilebs Soris; 

- maRali da zemaRali  Zabvis makompensirebel 

mowyobilobebSi; 

- maRali da zemaRali Zabvis transformatorebSi. 

eleqtroenergiis jamuri danakargebis daaxloebiT meoTxedi 

nawili modis 220 kv da meti Zabvis qselebSi. 

ganxilulia ganivi kompensaciis roli simZlavris 

danakargebis Semcirebis rekomendaciebis SemuSavebaSi. 

naSromis pirvel TavSi warmodgenilia simZlavris da 

energiis danakargebi eleqtrogadacemaSi. 

ganxilulia simZlavris danakargebi xazebSi, miRebulia 

ZiriTadi Tanafardobebi danakargebis angariSisaTvis. naCvenebia, 

rom danakargebi xazSi proporciulia energiis sruli 

simZlavris nakadze da uqmi svlis danakargebze. danakargebis 

SemcirebisaTvis mizanSewonilia gadacemis reJimi ise unda 
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aiwyos, rom gadasacemi aqtiuri simZlavre naklebi unda iyos 

naturalur simZlavreze. cvalebadi aqtiuri simZlavris 

pirobebSi mizanSewonilia reJimebis marTva maregulirebeli 

mowyobilobis saSualebiT, romlis ricxvSi mniSvnelovan adgils 

ikavebs marTvadi ganivi kompensacia. Zabvebis ganawileba, 

uzrunvelyofs idealizirebul gadamcem xazebSi simZlavris 

danakargebis minimums. naCvenebi, rom sadenebSi SeiZleba 

Sevamcirod danakargebi 8%-iT ganivi kompensaciis gziT 

maqsimaluri dasaSvebi Zabvis amaRlebis gareSe. Seswavlilia 

simZlavris danakargebi ganivi kompensaciis mowyobilobebSi. 

naCvenebia, rom marTvadi ganivi kompensaciis mowyobilobebSi 

danakargebi damokidebulia ara mxolod maTi konstruqciuli 

gansakuTrebulobaze, aramed gadacemis reJimze, gansazRvruli 

makompensirebeli mowyobilobis muSaobiT. ganixileba simZlavris 

danakargebi gvirgvinze. naCvenebia, rom gvirgvinis warmoSobis 

pirobas  warmoadgens xazis Zabvis gazrda kritikul doneze. 

dadgenilia gadacemis Zabvis regulirebasa da simZlavris 

danakargebs Soris kavSiri. 

naSromis meore TavSi ganxilulia marTvadi ganivi 

kompensaciis teqnikuri maCveneblebi, rogoricaa xazis dammuxtavi 

simZlavre, xazis gaswvriv ganivi kompensaciis danadgaris 

ganawileba, Zabvis xangrZlivi amaRlebis SezRudva, ganivi 

kompensaciis danadgaris ganlageba, marTvadi ganivi kompensaciis 

danadgaris simZlavre da moTxovnebi Rrma regulirebasTan. 

naSromnis mesame TavSi ganxilulia ganivi kompensaciisaTvis 

mowyobilobebis saxeobebi, rogoricaa Zabvis parametruli 

stabilizatorebi, marTvadi reaqtorebi da transformatorebi, 

reaqtor-tiristoruli blokebi, kondensatorul-tiristoruli 

blokebi, sinqronuli kompensatorebi da ganivi kompensaciisaTvis 

sxvadasxva saxis mowyobilobebis Sepirispireba. 

naSromis meoTxe TavSi mocemulia saqarTvelos energetikul 

sistemaSi eleqtroenergiis danakargebis Semcirebis 
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rekomendaciebis SemuSaveba. ZiriTadi yuradreba miqceulia 

eleqtrogadacemaSi teqnikuri xasiaTis simZlavris danakargebis 

Semcirebis RonisZiebebis gatarebasTan, romelic iTvaliswinebs 

gadacemis elementebis modernizacias maRaltemperaturuli 

zegamtaruli masalebis gamoyenebiT. ganxilulia axali Taobis 

energetikuli daniSnulebis zegamtaruli transformatori 

maRali teqnikur-ekonomikuri maCveneblebiT, damuSavebulia misi 

maTematikuri modeli da Seswavlilia gragnilebis sadenebis 

dengamtarunarianoba da danakargebi cvlad magnitur velSi. 

damuSavebulia axali Taobis zegamtaruli statikuri 

makompensirebeli mowyobiloba rogorc eleqtruli simZlavris 

danakargebis Semcirebis da Zabvis stabilizaciis erT-erTi 

efeqturi saSualeba. Catarebulia analizi Sida gadametZabvebis 

eleqtrogadacemaSi. 
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Resume 
 

Exploitation of any air or cable lines of nominal power is associated to losses of 

energy capacity. Losses in the lines are associated to the specialty of physical 

processes: warm, dedicated during passing the electricity in the cables, incompleteness 

of lines, associated to draining of the electricity through isolation and a number of 

reasons. We meet losses as well in the transformers, in auto-transformers, in 

compensating adjustments of different importance and in various web adjustments.  

 

In the thesis one has discussed losses of capacity and correspondingly the energy in 

the following elements of energy transmission: 

 

- In the high and super-high (220 KW and higher) voltage lines, which perform 

transferring and sharing electricity among the key points of the electric system; 

- In high and super-high voltage compensating adjustments; 

- In high and super-high voltage transformers; 

 

The forth part is in the voltage web of 220 KW and higher. One has discussed the role 

of transverse compensation in elaborating the references for decreasing the capacity 

losses. 

 

In the first chapter of the work one has presented losses of capacity and energy in 

electric transformer. One has discussed capacity losses in lines; one has accepted the 

general ratios for calculating the losses. It is shown that losses are proportional in the 

line on full-power energy flow. For decreasing the losses it is important to arrange the 

transfer regime so, that the active power, to be transferred, must be less than the 

natural power. In the terms of changing active power it is advisable to rule the regimes 

by means of regulating adjustment, among which governing transverse compensation 

has an important role. Voltage sharing secures minimum capacity losses in idealized 

transforming liens. It is shown that in the cables we can decrease the losses with 8% 

by the way of transverse compensation without raising the maximal permitted voltage. 

One has studied losses of power in the adjustments of transverse compensation. It is 

shown that losses in the adjustments of controlled transverse compensation do not 
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depend only on their constructive specialty, but on the transforming regime, by means 

of special compensating adjustments. One has discussed power losses on the crown. It 

is show that cause for crow forming is increasing the line voltage on critical level. 

Relation between regulating the transferring voltage and power losses is established. 

 

In the second chapter of the work one has discussed technical indexes of controlled 

transverse compensation, as is the line charging power, sharing the transverse 

compensation adjustment along the line, limiting the prolonged raising of the power, 

arranging the transverse compensation adjustment, power of controlled transverse 

compensation adjustment and demands for deep regulation. 

 

In the third chapter of the work one has discussed some types of transverse 

compensation adjustments, as are the voltage parameter stabilizers, guided reactors 

and transformers, reactor-thyristor blocks, condensing-thyristor blocks, synchronic 

compensators and confrontation of different type adjustments for transverse 

compensation.  

 

In the forth chapter of the work one gives the references for decreasing the electricity 

losses in Georgian energetic system. One pays the attention to the measures of 

decreasing the power losses of technical character in power transmission, foreseeing 

modernization of transmission elements by usage of high-temperature, super-transitive 

materials. One has discussed super-transitive transformer of new generation energetic 

importance with high technical-economical indexes, one has processed its 

mathematical model and studied cable power capacity and losses in changing 

magnetic field. One has processed super-transitive static compensating adjustment of 

new generation as one of the effective means for decreasing the losses of electric 

power and voltage stabilization.   
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naxazebis nusxa 

 

nax.1.1. gv.23  xazis bolos reaqtiuli simZlavris 𝑞𝑞2 

damokidebuleba gadacemuli aqtiuri simZlavreze 𝑃𝑃2. 

nax.1.2. gv.27  xazis gamtarunarianoba, romelic Seesabameba 

sadenebSi minimalur danakargebs (nominaluri Zabvebis dros). 

nax.1.3. gv.34  xazis gaswvriv Zabvis optimaluri ganawileba. 

nax.1.4. gv.36  reaqtiuli simZlavre idealuri xazis boloebSi 

minimaluri danakargebis reJimSi (𝑈𝑈1 = 𝑈𝑈2). 

nax.1.5. gv.39  simZlavris danakargebi (mTliani xazi) da 

rotoris deni (punqtiriT) sinqronuli kompensatoris. 

nax. 1.6. gv.42  simZlavris danakargebi marTvad reaqtorSi 

mbrunavi magnituri veliT. 

nax. 1.7. gv.48  principuli sqema Zabvis regulirebis marTvadi 

ganivi kompensaciiT. 

nax.2.1. gv.52 marTvadi ganivi kompensaciis danadgaris 

ganlageba a) xazis boloebSi; b) xazis boloebSi da SuaSi. 

nax. 2.2. gv.57  marTvadi ganivi kompensaciis mierTebis sqemebi. 

a-xazze qvesadgurTan axlos; b- qvesadgurze. 

nax. 2.3. gv.60  ganivi kompensaciis danadgaris kombinirebuli 

sqemebi. amr - aramarTvadi reaqtori; t-transformatori; sk-

sinqronuli kompensatori; mr-marTvadi reaqtori. 

nax.4.1. gv.87  zegamtaruli transformatoris gragnilebis 

dacva denSemzRudveli mowyobilobis saSualebiT. 

nax. 4.2. gv.92  zegamtaruli transformatori calke agznebis 

gragniliT. 

nax. 4.3. gv.96 calkeuli agznebis gragniliT zgt-is 

gragnilis ganlageba. 

nax. 4.4. gv.97   calkeuli agznebis gragniliT zgt-is 

saangariSo sqema. 

nax. 4.5. gv.102  sqemebi da veqtoruli diagramebi. 
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nax. 4.6. gv.110  matricis winaRobis gavlenis gansazRvra 

danakargebze. 

nax. 4.7. gv.116  g/x-Si simZlavris cvlilebis sqemebi m.m-is 

gareSe (a) da m.m-is dadgmiT momxmarebelTan. 

nax. 4.8. gv.121 zgsmm-is eleqtruli sqema da misi marTvis 

sistema. 

d.t. -denis transformatori; 

Z.t. - Zabvis transformatori; 𝑉𝑉𝑉𝑉1 − 𝑉𝑉𝑉𝑉6-tiristoruli 

ventilebi. 
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samecniero siaxle: 

 

1. damuSavebulia eleqtrogadacemaSi teqnikuri xasiaTis 

simZlavris danakargebis Semcirebis RonisZiebebi, romelic 

iTvaliswinebs gadacemis elementebis modernizacias 

maRaltemperaturuli zegamtaruli masalebis gamoyenebiT. 

2. damuSavebulia axali Taobis energetikuli daniSnulebis 

zegamtaruli transformatori maRali teqnikur-ekonomikuri 

maCveneblebiT, damuSavebulia misi maTematikuri modeli da 

Seswavlilia gragnilebis sadenebis dengamtarunarianoba da 

danakargebi cvlad magnitur velSi. 

3. damuSavebulia axali Taobis zegamtaruli statikuri 

makompensirebeli mowyobiloba rogorc eleqtruli simZlavris  

danakargebis Semcirebis da Zabvis stabilizaciis erT-erTi 

efeqturi saSualeba. 

praqtikuli Rirebuleba: sadisertacio samuSaoSi miRebuli 

Sedegebi SeiZleba gamoyenebuli iqnes eleqtrogadacemis 

elementebis modernizaciis - damuSavebis dros. 

publikaciebi. sadisertacio samuSaoebis Sedegebi 

gamoqveynebuli iqna xuT samecniero statiaSi. 

sadisertacio samuSaos ZiriTadi Sedegebi moxsenebuli iqna 

stu-s studentTa Ria 82-e (2014 w) saerTaSoriso samecniero 

konferenciaze da akaki wereTlis saxelmwifo universitetSi me-

III saerTaSoriso samecniero konferenciaze, energetika: 

regionuli problemebi da ganviTarebis perspeqtivebi (2015 w.). 

disertaciis struqtura da moculoba. disertacia Sedgeba 

Sesavlisa da 4 Tavisagan, romlebic gadmocemulia 130 gverdze 

Seicavs 18 naxazs, 2 cxrils da 37 dasaxelebis literaturas. 
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Sesavali 

 

samuSaos aqtualoba. eqspluatacia nebismieri nominaluri 

Zabvis sahaero da sakabelo xazebis, dakavSirebulia simZlavris 

energiis danakargebTan. xazebSi danakargebi dakavSirebulia 

fizikuri procesebis gansakuTrebulobasTan: sadenebSi denis 

gavlis dros gamoyofili siTbo, arasrulyofa xazebis, 

dakavSirebuli izolaciis gavliT denis gadinebasTan da mTeli 

rigi mizezebi. danakargebs agreTve adgili aqvs 

transformatorebSi, avtotransformatorebSi, sxvadasxva 

daniSnulebis makompensirebel mowyobilobebSi da sxva saqselo 

mowyobilobebSi. aqedan gamomdinare eleqtroenergiis 

danakargebis Semcirebis rekomendaciebis SemuSaveba ar kargavs 

aqtualobas. 

samuSaos mizani: damuSavebuli iqnes energetikul sistemaSi 

eleqtroenergiis danakargebis Semcirebis rekomendaciebi. 

ZiriTadi yuradReba miqceuli iqnes eleqtrogadacemaSi 

teqnikuri xasiaTis simZlavrs danakargebis Semcirebis 

RonisZiebebis gatarebasTan, romelic iTvaliswinebs gadacemis 

elementebis modernizacias maRaltemperaturuli zegamtaruli 

masalebis gamoyenebiT. 

ZiriTadi amocanebi: dasaxuli miznis Sesabamisad 

formulirebuli iqna Semdegi amocanebi: 

1. gaanalizebuli iqnes simZlavris da energiis danakargebi 

eleqtrogadacemaSi. Zabvebis ganawileba, simZlavris danakargebi 

ganivi kompensaciis mowyobilobebSi, simZlavris danakargebi 

gvirgvinze, gadacemis Zabvis regulirebasa da simZlavris 

danakargebs Soris kavSiri. 

2. ganxiluli iqnes marTvadi ganivi kompensaciis teqnikuri 

maCveneblebi, rogoricaa xazis dammuxtavi simZlavre, xazis 

gaswvriv ganivi kompensaciis danadgaris ganawileba, Zabvis 

xangrZlivi amaRlebis SezRudva, ganivi kompensaciis danadgaris 
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ganlageba, marTvadi ganivi kompensaciis danadgaris simZlavre da 

moTxovnebi Rrma regulirebasTan. 

3. gaanalizebuli iqnes ganivi kompensaciisaTvis 

mowyobilobebis saxeobebi, rogoricaa Zabvis parametruli 

stabilizatorebi, marTvadi reaqtorebi da transformatorebi, 

reaqtor-tiristoruli blokebi, kondensatorul-tiristoruli 

blokebi, sinqronuli kompensatorebi da ganivi kompensaciisaTvis 

sxvadasxva saxis mowyobilobebis Sepirispireba. 

4. SemuSavebuli iqnes eleqtroenergiis teqnikuri xasiaTis 

danakargebis Semcirebis rekomendaciebi, romelic iTvaliswinebs 

gadacemis elementebis modernizacias maRaltemperaturuli 

zegamtaruli masalebis gamoyenebiT. ganxiluli unda iqnes axali 

Taobis energetikuli daniSnulebis zegamtaruli 

transformatori maRali teqnikur-ekonomikuri maCveneblebiT, 

damuSavebuli iqnes misi maTematikuri modeli da Seswavlili 

iqnes gragnilebis sadenebis dengamtarunarianoba da danakargebi 

cvlad magnitur velSi. damuSavebuli unda iqnes axali Taobis 

zegamtaruli statikuri makompensirebeli mowyobiloba rogorc 

eleqtruli simZlavris danakargebis Semcirebis da Zabvis 

stabilizaciis erT-erTi efeqturi saSualeba. 

kvlevis meTodebi. sadisertacio samuSaos Sesrulebisas 

gamoyenebuli iqna Teoriuli da empiriuli SemecnebiTi meTodebi, 

Teoriul doneze es meTodia induqciurad dakavSirebuli 

wredebis Teoria. empiriul doneze gamoyenebuli iqna 

maTematikuri modelirebis meTodebi. 
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literaturuli mimoxilva 

 

eleqtroenergiis warmoeba da moxmareba izrdeba swrafi 

tempiT. erTdroulad rTuldeba energiis gardaqmnis procesebi, 

farTovdeba energetikuli danadgarebis da agregatebis 

mravalsaxeoba, romlebmac unda uzrunvelyon racionaluri 

reJimebi sxvadasxva saxis momxmareblebis eleqtromoma-

ragebisaTvis. sxvadasxva dargebis energouzrunvelyofis 

ricxobrivi maCveneblebis zrdasTan erTad did rols TamaSobs 

energiis danakargebis Semcirebis rekomendaciebis SemuSaveba. 

eleqtruli energiis danakargebi warmoadgens erT-erT 

ZiriTad faqtors, romelic gansazRvravs ekonomiur maCvenebels, 

rogorc eleqtrogadacemaze mTlianad, ise misi calkeul 

elementebSi. 

eleqtroenergiis danakargebis Semcirebis rekomendaciebis 

mizniT samuSaoSi ganxilulia simZlavris danakargebi 

eleqtrogadacemis elementebSi, rogoricaa gadamcemi xazebi, 

miRebulia ZiriTadi Tanafardoebebi danakargebis angariSisaTvis, 

Seswavlilia simZlavris danakargebi ganivi kompensaciis 

mowyobilobebSi. naCvenebia, rom marTvadi ganivi kompensaciis 

mowyobilobebSi danakargebi damokidebulia ara mxolod maTi 

konstruqciuli gansakuTrebulobaze, aramed gadacemis reJimze, 

gansazRvruli makompensirebeli mowyobilobis muSaobiT [1-6]. 

samuSaoSi Seswavlilia marTvadi ganivi kompensaciis 

teqnikuri maCveneblebi,  rogoricaa xazis dammuxtavi simZlavre, 

xazis gaswvriv ganivi kompensaciis danadgaris ganawileba, ganivi 

kompensaciis danadgaris ganlageba da sxva. 

ganxilulia ganivi kompensaciisaTvis mowyobilobebis 

saxeobebi, rogoricaa Zabvis parametruli stabilizatorebi, 

marTvadi reaqtorebi, reaqtor-tiristoruli blokebi, 

kondensatorul-tiristoruli blokebi da sxva [8,9]. 
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damuSavebulia eleqtrogadacemaSi teqnikuri xasiaTis 

simZlavris danakargebis Semcirebis RonisZiebebi, romelic 

iTvaliswinebs gadacemis elementebis modernizacias 

maRaltemperaturuli zegamtaruli masalebis gamoyenebiT. 

damuSavebulia axali Taobis energetikuli daniSnulebis 

zegamtaruli transformatori maRali teqnikur-ekonomikuri 

maCveneblebiT, damuSavebulia misi maTematikuri modeli da 

Seswavlilia gragnilebis sadenebis dengamtarunarianoba da 

danakargebi cvlad magnitur velSi. damuSavebulia axali Taobis 

zegamtaruli statikuri makompensirebeli mowyobiloba rogorc 

eleqtruli simZlavris danakargebis Semcirebis da Zabvis 

stabilizaciis erT-erTi efeqturi saSualeba [12-37] 
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Tavi I. simZlavris da energiis danakargebi 

eleqtrogadacemaSi 

1.1. simZlavris danakargebi xazebSi [37] 

 

cvladi denis gadamcem xazSi ℓ, km, sigrZiT, Sesabamisi 

parametrebiT 𝑟𝑟𝑜𝑜 , omi/km, 𝑥𝑥𝑜𝑜 , omi/km, 𝑔𝑔𝑜𝑜 , 1/(omi.km), da 𝑏𝑏𝑜𝑜 , 1/(om.km), 

damyarebuli reJimis ZiriTadi parametrebi (Zabva xazis boloebSi 

𝑈𝑈�1 da 𝑈𝑈�2, denebi 𝐼𝐼1̅ da 𝐼𝐼2̅) dakavSirebulia cnobili 

TanafardobebiT [1] 

𝑈𝑈�1 = 𝑈𝑈�2𝑐𝑐ℎ𝑦𝑦ℓ + √3𝐼𝐼2̅𝑍𝑍𝑐𝑐𝑠𝑠ℎ𝑦𝑦ℓ;

𝐼𝐼1̅ = 𝑈𝑈�2

√3𝑍𝑍𝑐𝑐
𝑠𝑠ℎ𝑦𝑦ℓ + 𝐼𝐼2̅𝑐𝑐ℎ𝑦𝑦ℓ,

  (1.1) 

sadac 𝑦𝑦 = 𝛽𝛽 + 𝑗𝑗𝑗𝑗 = �(𝑟𝑟𝑜𝑜 + 𝑗𝑗𝑋𝑋𝑜𝑜)(𝑔𝑔𝑜𝑜 + 𝑗𝑗𝑏𝑏𝑜𝑜)     (1.2) 

- gavrcelebis koeficienti, rad/km; 

𝑍𝑍𝑐𝑐 = �𝑟𝑟𝑜𝑜+𝑗𝑗𝑗𝑗𝑜𝑜
𝑔𝑔𝑜𝑜+𝑗𝑗𝑏𝑏𝑜𝑜

= 𝑍𝑍𝑐𝑐(𝛼𝛼 − 𝑗𝑗𝑗𝑗)  (1.3) 

- xazis talRuri winaRoba, omi. 

𝑎𝑎2 + 𝑏𝑏2 = 1 da gansaxilveli klasis 𝑈𝑈 = 220 kv xazisTvis 

𝑎𝑎 ≫ 𝑏𝑏. eleqtruli sruli simZlavris nakadi samfaza simetriul 

sistemaSi  

𝑆𝑆̅ = √3𝑈𝑈�𝐼𝐼∗̅   (1.4) 

dauSvaT xazis bolos aqtiuri simZlavre (𝑃𝑃2) mocemulia, 

moxerxebulia gamoviyenoT Semdegi gamosaxuleba xazSi 

danakargebisaTvis: 

∆𝑃𝑃 = 𝑅𝑅𝑒𝑒(𝑆𝑆1̅) − 𝑃𝑃2  (1.5) 

sadac 𝑆𝑆1̅ = √3𝑈𝑈�1𝐼𝐼1̅∗  (1.6) 

gavxsnaT (1.5) gamosaxuleba (1.1)-is CasmiT (1.4)-Si (1.2) da (1.3)-is 

gaTvaliswinebis gziT, miviRebT: 

∆𝑃𝑃 = 𝑃𝑃𝑐𝑐{(𝑎𝑎𝑎𝑎ℎ𝛽𝛽ℓ𝑐𝑐ℎ𝛽𝛽ℓ − 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏ℓ𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐ℓ) + 𝑃𝑃2[(𝑠𝑠ℎ2𝛽𝛽ℓ𝑠𝑠𝑠𝑠𝑠𝑠2𝑎𝑎ℓ + 𝑐𝑐ℎ2𝛽𝛽ℓ𝑐𝑐𝑐𝑐𝑐𝑐2𝑎𝑎ℓ − 1) +

(𝑎𝑎2 − 𝑏𝑏2)(𝑠𝑠ℎ2𝛽𝛽ℓ𝑐𝑐𝑐𝑐𝑐𝑐2𝑎𝑎ℓ + 𝑐𝑐ℎ2𝛽𝛽ℓ𝑠𝑠𝑠𝑠𝑠𝑠2𝛼𝛼ℓ)]−
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2𝑞𝑞2𝑎𝑎𝑎𝑎 (𝑠𝑠ℎ2𝛽𝛽ℓ𝑐𝑐𝑐𝑐𝑐𝑐2𝑎𝑎ℓ + 𝑐𝑐ℎ2𝛽𝛽ℓ𝑠𝑠𝑠𝑠𝑠𝑠2𝛼𝛼ℓ) + (𝑃𝑃2
2 + 𝑞𝑞2

2)(𝑎𝑎𝑎𝑎ℎ𝛽𝛽ℓ𝑐𝑐ℎ𝛽𝛽ℓ + 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏ℓ𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐ℓ)},

          (1.7) 

 sadac 𝑃𝑃2 = 𝑃𝑃2
𝑃𝑃𝑐𝑐
 da 𝑞𝑞2 = 𝑄𝑄2

𝑃𝑃𝑐𝑐
 

-xazis boloSi aqtiuri da reaqtiuli simZlavre 

naturaluri simZlavris wilSi. naturaluri simZlavre 

(gansazRvruli xazuri ZabviT xazis bolos) 

𝑆𝑆𝑐̅𝑐 = 𝑃𝑃𝑐𝑐 + 𝑗𝑗𝑄𝑄𝑐𝑐 = 𝑈𝑈2
2 𝑍𝑍𝑐𝑐∗,⁄  

sadac 𝑍𝑍𝑐𝑐 = �(𝑟𝑟𝑜𝑜 + 𝑗𝑗𝑗𝑗𝑜𝑜) (𝑔𝑔𝑜𝑜 + 𝑗𝑗𝑏𝑏𝑜𝑜)⁄ - mudmivi kompleqsuri sidide, 

romelic cnobilia xazis talRuri winaRobiT; 𝑟𝑟𝑜𝑜 ,𝑥𝑥𝑜𝑜 = 𝜔𝜔𝐿𝐿𝑜𝑜 ;  𝑔𝑔𝑜𝑜 , 𝑏𝑏 =

𝜔𝜔𝜔𝜔𝑜𝑜-aqtiuri da induqciuri winaRoba, aqtiuri da tevaduri 

gamtaroba Sesabamisad xazis erTeul sigrZeze. 

TuU sadenis aqtiuri winaRoba mcirea, SedarebiT 

induqciurTan (𝑟𝑟𝑜𝑜 ≪ 𝑥𝑥𝑜𝑜), rogorc mas adgili aqvs mZlavr sahaero 

gadamcem xazebSi gvirgvinis movlenis gaTvaliswinebis gareSe 

(𝑔𝑔𝑜𝑜 = 0), maSin ZalaSia Semdegi gamosaxuleba [2]: 

𝑃𝑃𝑐𝑐 ≈ 𝑈𝑈2
2 𝑍𝑍𝑐𝑐⁄ ; 𝑄𝑄𝑐𝑐 ≈ −𝑃𝑃𝑐𝑐 𝑟𝑟𝑜𝑜 2𝑥𝑥𝑜𝑜⁄ ; 

(1.7) gamosaxuleba SeiZleba warmovidginoT Semdegi saxiT: 

∆𝑃𝑃 = 𝑃𝑃𝑐𝑐[𝑘𝑘1 + 𝑘𝑘2𝑃𝑃2 + 𝑘𝑘3𝑞𝑞2 + 𝑘𝑘4(𝑃𝑃2
2 + 𝑞𝑞2

2)]  (1.8) 

𝑘𝑘1 − 𝑘𝑘4 koeficientebi ganisazRvreba mxolod xazis sakuTari 

parametrebiT (kveTi da sadenis tipi, maTi ganlageba sayrdenze, 

xazis sigrZe) da araa damokidebuli gadacemis reJimze. 

(1.8) dan Cans, rom danakargebi xazSi proporciulia energiis 

sruli simZlavris nakadze da uqmi svlis danakargebze, e.i. 

danakargebi xazSi, roca bolo mxare ganrTulia (𝑃𝑃2 = 0; 𝑞𝑞2 = 0). 

(1.7)-is Sesabamisad 𝑘𝑘1 − 𝑘𝑘4 koeficientebi tolia: 

𝑘𝑘1 = 𝑎𝑎𝑎𝑎ℎ𝛽𝛽ℓ𝑐𝑐ℎ𝛽𝛽ℓ − 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏ℓ𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐ℓ; 

𝑘𝑘2 = 𝑠𝑠ℎ2𝛽𝛽ℓ𝑠𝑠𝑠𝑠𝑠𝑠2𝛼𝛼ℓ + 𝑐𝑐ℎ2𝛽𝛽ℓ𝑐𝑐𝑐𝑐𝑐𝑐2𝛼𝛼ℓ − 1 + (𝑎𝑎2 − 𝑏𝑏2)𝑠𝑠ℎ2𝛽𝛽ℓ𝑐𝑐𝑐𝑐𝑐𝑐2𝛼𝛼ℓ + 𝑐𝑐ℎ2𝛽𝛽ℓ𝑠𝑠𝑠𝑠𝑠𝑠2𝛼𝛼ℓ; 

(1.9) 

𝑘𝑘3 = −2𝑎𝑎𝑎𝑎(𝑠𝑠ℎ2𝛽𝛽ℓ𝑐𝑐𝑐𝑐𝑐𝑐2𝛼𝛼ℓ + 𝑐𝑐ℎ2𝛽𝛽ℓ𝑠𝑠𝑠𝑠𝑠𝑠2𝛼𝛼ℓ); 

𝑘𝑘4 = 𝑎𝑎𝑎𝑎ℎ𝛽𝛽ℓ𝑐𝑐ℎ𝛽𝛽ℓ + 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏ℓ𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐ℓ; 
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amgvarad, simZlavris danakargebi xazSi, romlis parametrebi 

cnobilia, ganisazRvreba mocemuli aqtiuri da reaqtiuli 

simZlavreebiT xazis boloSi (1.7) an (1.8) gamosaxulebis 

saSualebiT. 

dauSvaT xazis bolos reaqtiuli simZlavre ucnobia.  

maSin aucilebelia avirCioT sawyis parametrebad romelime 

sxva parametris sidide, magaliTad Zabvis moduli xazis 

dasawyisSi (𝑈𝑈2 igulisxmeba mocemuli) an kuTxe Zabvis veqtorebs 

Soris xazis Tavsa da boloSi. SemoviyvanoT xazSi Zabvis vardnis 

cneba e.i. Tanafardoba Zabvebis modulebis xazis sawyissa da 

boloSi: 

ℵ = |𝑈𝑈�1| |𝑈𝑈�2|⁄    (1.10) 

aRniSnuli parametrebis cvalebadobis diapazoni Seadgens 

0,95-1,05 500 kv da meti Zabvis xazisTvis, rac sagrZnoblad 

amartivebs ℵ sididis SerCevas. 

(1.1) gamosaxulebidan, (1.10)-is gaTvaliswinebiT, martivi 

gamartivebis Semdeg miviRebT formulas 𝑄𝑄2 −is gansazRvrisaTvis: 

𝑄𝑄2 =

𝑃𝑃𝑐𝑐 �−
𝑏𝑏𝑏𝑏ℎ𝛽𝛽ℓ𝑐𝑐ℎ𝛽𝛽ℓ+𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 ℓ𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 ℓ

𝐷𝐷
+

ℵ2−𝑐𝑐ℎ2𝛽𝛽ℓ𝑐𝑐𝑜𝑜𝑠𝑠2𝛼𝛼ℓ−𝑠𝑠ℎ2𝛽𝛽ℓ𝑠𝑠𝑖𝑖𝑛𝑛2𝛼𝛼ℓ−−2𝑃𝑃2𝑎𝑎𝑠𝑠ℎ𝛽𝛽ℓ𝑐𝑐ℎ𝛽𝛽ℓ−𝑏𝑏𝑠𝑠𝑖𝑖𝑛𝑛𝛼𝛼ℓ𝑐𝑐𝑜𝑜𝑠𝑠𝛼𝛼ℓ𝐷𝐷+𝑏𝑏𝑠𝑠ℎ𝛽𝛽ℓ𝑐𝑐ℎ𝛽𝛽ℓ+𝑎𝑎𝑠𝑠𝑖𝑖𝑛𝑛
𝛼𝛼ℓ𝑐𝑐𝑜𝑜𝑠𝑠𝛼𝛼ℓ2𝐷𝐷2−𝑃𝑃22, (1.11) 

sadac 𝐷𝐷 = 𝑠𝑠ℎ2𝛽𝛽ℓ𝑐𝑐𝑐𝑐𝑐𝑐2𝛼𝛼ℓ + 𝑐𝑐ℎ2𝛽𝛽ℓ𝑠𝑠𝑠𝑠𝑠𝑠2𝛼𝛼ℓ. 

xazSi simZlavris danakargebi, romelic Seicavs ℵ 

mniSvnelobas, Semdeg pouloben (1.7) an (1.8) gamosaxulebiT. 

(1.7), (1.8) da (1.11) gamosaxulebebi gamomdinare Tavisi 

sirTuliT, warmoSobs garkveul uxerxulobas praqtikuli 

gamoyenebisaTvis. 

exla ganvixiloT angariSis SedarebiT gamartivebuli 

meTodi. 
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gansakuTrebulobas sahaero gadacemi xazis 220 kv da meti 

Zabvis warmoadgens is, rom reaqtiuli xvedriTi parametrebi 

gacilebiT metia aqtiur parametrebze: 𝑥𝑥0 ≫ 𝑟𝑟0 da 𝑏𝑏𝑜𝑜 ≫ 𝑔𝑔𝑜𝑜 . amitom 

pirveli miaxloebiT SeiZleba mxedvelobaSi ar miviRoT aqtiuri 

winaRoba da gamtaroba xazSi denis modulze. aseTi daSvebis 

Sedegad (1.2) da (1.3) mkacri gamosaxulebis nacvlad SeiZleba 

miviRoT: 

𝛾𝛾 ≈ 𝑗𝑗𝑗𝑗 da 𝑍𝑍𝑐𝑐 = 𝑧𝑧𝑐𝑐 ,   (1.12) 

ris Sedegad gamosaxuleba denisaTvis 𝑥𝑥km manZilze xazis 

bolodan Caiwereba Semdegi saxiT 

𝐼𝐼𝑥̅𝑥 = 𝑈𝑈�2

√3𝑍𝑍𝑐𝑐
[𝑃𝑃2𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 + 𝑗𝑗(𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 − 𝑞𝑞2𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐)],  (1.13) 

xolo reaqtiuli simZlavre xazis boloSi 𝑄𝑄2 tolia 

𝑄𝑄2 = 𝑃𝑃𝑐𝑐 ��
ℵ

𝑠𝑠𝑠𝑠𝑠𝑠 2𝛼𝛼ℓ
− 𝑃𝑃2

2 − 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐ℓ�  (1.14) 

roca xazis boloebSi Zabvebis modulebi tolia, maSin ℵ =

1, reaqtiuli simZlavre xazis TavSi da boloSi erTmaneTis 

tolia. 𝑃𝑃 < 𝑃𝑃𝑐𝑐 . 

𝑄𝑄1 = 𝑄𝑄2 = 𝑃𝑃𝑐𝑐 ��
1

𝑠𝑠𝑠𝑠𝑠𝑠 2𝛼𝛼ℓ
− 𝑃𝑃2

2 − 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐ℓ�  (1.15) 

roca aqtiuri simZlavre naklebia xazis naturalur 

simZlavreze, naturaluri simZlavre warmoadgens reaqtiuli 

simZlavris wyaros (nax. 1.1). 

22 
 



0,4

0,2

0

-0,2

0,4 1,2

q2

P2

600 km

450 km

300 km
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nax.1.1. xazis bolos reaqtiuli simZlavris 𝑞𝑞2 damokidebuleba 

gadacemuli aqtiuri simZlavreze 𝑃𝑃2. 

Zabvis vardnis dros reaqtiuli simZlavre xazis dasawyisSi 

tolia: 

𝑄𝑄1 = 𝑃𝑃𝑐𝑐 ��
ℵ2

𝑠𝑠𝑠𝑠𝑠𝑠 2𝛼𝛼ℓ
− 𝑃𝑃2

2 − ℵ2𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐ℓ�  (1.16) 

roca ℵ > 1 da 𝑃𝑃2 < 𝑃𝑃𝑐𝑐 reaqtiuli simZlavre xazis bolos 

aRmoCndeba naklebi, vidre momxmareblis;  𝑃𝑃2-is gazrdiT is 

pirvelad aRwevs nulovan mniSvnelobas da icvlis niSans, e.i. 

iwyebs miwodebas bolo qvesadguris saltidan xazSi. (1.14)-is 

CasmiT (1.13)-Si, miviRebT gamosaxulebas, romelic gansazRvravs 

xazis nebismier wertilSi denis damokidebulebas Zabvis 

vardnasTan xazis boloebSi: 

𝐼𝐼𝑥̅𝑥 = 𝑈𝑈�2

√3𝑍𝑍𝑐𝑐
�𝑃𝑃2𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 + 𝑗𝑗 �𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 + 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐ℓ𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 − 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐�ℵ2 𝑠𝑠𝑠𝑠𝑠𝑠2𝛼𝛼ℓ⁄ − 𝑃𝑃2

2�� (1.17) 
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damokidebuleba xazis boloSi energiis nakadis simZlavresa 

da Zabvis vardnas Soris gamoisaxeba Semdegi TanafardobiT: 

ℵ = �(𝑃𝑃2
2 + 𝑞𝑞2

2)𝑠𝑠𝑠𝑠𝑠𝑠2𝛼𝛼ℓ + 𝑐𝑐𝑐𝑐𝑐𝑐2𝛼𝛼ℓ + 2𝑞𝑞2𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠ℓ𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐ℓ  (1.18) 

xazis sadenSi simZlavris danakargebi ∆𝑃𝑃 = 3∫ 𝐼𝐼𝑥𝑥2𝑟𝑟𝑜𝑜𝑑𝑑𝑥𝑥
𝑡𝑡
𝑜𝑜  (1.19) 

(1.17)-is CasmiT (1.19)-Si da mis integrirebiT, miviRebT 

gamosaxulebas simZlavris danakargebisTvis xazSi nebismieri 

reJimis muSaobis dros: 

∆𝑃𝑃 = 𝑃𝑃𝑐𝑐
𝑟𝑟𝑜𝑜ℓ
𝑍𝑍𝑐𝑐
�1

2
− 𝑠𝑠𝑠𝑠𝑠𝑠 2𝛼𝛼ℓ

4𝛼𝛼ℓ
+ 1−𝑐𝑐𝑐𝑐𝑐𝑐 2𝛼𝛼ℓ

2𝛼𝛼ℓ
× �𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐ℓ − � ℵ2

𝑠𝑠𝑠𝑠𝑠𝑠 2𝛼𝛼ℓ
− 𝑃𝑃2

2� + �1
2

+

𝑠𝑠𝑖𝑖𝑛𝑛2𝛼𝛼ℓ4𝛼𝛼ℓ𝑐𝑐𝑡𝑡𝑔𝑔2𝛼𝛼ℓ+ℵ2𝑠𝑠𝑖𝑖𝑛𝑛2𝛼𝛼ℓ−2𝑐𝑐𝑡𝑡𝑔𝑔𝛼𝛼ℓℵ2𝑠𝑠𝑖𝑖𝑛𝑛2𝛼𝛼ℓ−𝑃𝑃22 (1.20) 

(1.20) gamosaxuleba gardaqmnis Semdeg warmogvidgeba Semdegi 

saxiT 

Δ𝑃𝑃 = 𝑃𝑃𝑐𝑐
𝑟𝑟𝑜𝑜ℓ
𝑍𝑍𝑐𝑐
�𝐴𝐴 − 𝐵𝐵� ℵ2

𝑠𝑠𝑠𝑠𝑠𝑠 2𝛼𝛼ℓ
− 𝑃𝑃2

2�,  (1.21) 

sadac 𝐴𝐴 = (ℵ2 + 1) � 1
2𝑠𝑠𝑠𝑠𝑠𝑠 2𝛼𝛼ℓ

+ 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 ℓ
2𝛼𝛼ℓ

�; 

𝐵𝐵 = [𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐ℓ + 1 𝛼𝛼ℓ⁄ ]    (1.22) 

- koeficientebi, romlebic damokidebulia xazis 

parametrebze da masSi Zabvis vardnebze. 

(1.21) gamosaxuleba iZleva SesaZleblobas vipovoT mocemuli 

aqtiuri simZlavris 𝑃𝑃2 Sesabamisi danakargebi sadenSi. 

Tu reJimis sawyisi parametrebis ricxvSi gamoiyeneba aqtiuri 

da reaqtiuli simZlavre gadacemis boloSi, maSin danakargebis 

angariSebisaTvis SeiZleba gamoyenebuli iqnes (1.18) formula. misi 

(1.19)-Si CasmiT da integrirebis Semdeg miviRebT: 

∆𝑃𝑃 = 𝑃𝑃𝑐𝑐
𝑟𝑟𝑜𝑜ℓ
2𝑍𝑍𝑐𝑐

�(𝑃𝑃2
2 + 𝑞𝑞2

2) �1 + 𝑠𝑠𝑠𝑠𝑠𝑠2𝛼𝛼ℓ
2𝛼𝛼ℓ

� + �1 − 𝑠𝑠𝑠𝑠𝑠𝑠2𝛼𝛼ℓ
2𝛼𝛼ℓ

� − 𝑞𝑞2
2𝑠𝑠𝑠𝑠𝑠𝑠 2𝛼𝛼ℓ

𝛼𝛼ℓ
�.  (1.23) 

ganvixiloT damokidebuleba xazSi danakargebis, gadacemis 

reJimis sawyisi parametrebis variaciisagan: 𝑄𝑄2;𝑈𝑈2;  𝜘𝜘. 

- gadacemaSi (𝜘𝜘) Zabvis vardna. (1.21)-is diferencirebiT 𝜘𝜘-is 

mixedviT da nulTan gatolebiT miviRebT warmoebuls: 
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𝑑𝑑(∆𝑃𝑃)
𝑑𝑑ℵ

= 𝑃𝑃𝑐𝑐
𝑟𝑟𝑜𝑜ℓ
𝑍𝑍𝑐𝑐

⎣
⎢
⎢
⎡
𝜘𝜘 �

1
𝑠𝑠𝑠𝑠𝑠𝑠2𝛼𝛼ℓ

+
𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐ℓ
𝛼𝛼ℓ

� −
𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐ℓ + 1 𝛼𝛼ℓ⁄

𝑠𝑠𝑠𝑠𝑠𝑠2𝛼𝛼ℓ
𝜘𝜘

� 𝜘𝜘2

𝑠𝑠𝑠𝑠𝑠𝑠2𝛼𝛼ℓ − 𝑃𝑃2
2
⎦
⎥
⎥
⎤

= 0, 

saidanac 

𝜘𝜘opt. = 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠ℓ�� 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 ℓ+1/𝛼𝛼ℓ
1+𝑠𝑠𝑠𝑠𝑠𝑠2𝛼𝛼ℓ/(2𝛼𝛼ℓ)

�
2

+ 𝑃𝑃2
2  (1.24) 

rogorc (1.24)-dan gamomdinareobs Zabvis vardnis optimaluri 

mniSvneloba gadacemaSi icvleba aqtiuri simZlavris cvlilebis 

dros, saxeldobr izrdeba kvaldakval 𝑃𝑃2 −is zrdasTan da miT 

mniSvnelovnad, vidre grZeli xazi. amgvarad, grZeli xazisTvis 

600 km gadacemuli simZlavris gazrdis dros, nulidan 𝑃𝑃2 = 𝑃𝑃𝑐𝑐 

optimaluri mniSvneloba Zabvis vardnis, icvleba 1,0-dan 1,1-mde; 

SedarebiT mokle xazisTvis sigrZiT 350 km igive gadacemuli 

simZlavris dros 𝜘𝜘-s cvlilebis diapazoni viwrovdeba 1,0-1,04-mde. 

unda aRiniSnos, rom 𝜘𝜘 −s optimaluri mniSvnelobidan gadaxriT 

danakargebis gazrda aRmoCndeba umniSvnelo, rac dakavSirebulia 

metad damreci xasiaTis, maTi cvlilebis aRniSnuli sididis 

variaciis dros. saSualod xazisTvis sigrZiT 500-600 km-mde 

TiToeuli procentiT gadaxra 𝜘𝜘-is misi optimaluri 

mniSvnelobidan danakargebi xazSi izrdeba 0,2-0,3%-iT. 

- Zabva. eleqtrogadacemis boloebSi Zabvis mniSvneloba 

zemoqmedebs reJimis yvela parametrebze, maT Soris xazSi 

simZlavris danakargebze. aRniSnuli gavlenis SefasebisTvis 

SeiZleba gamoviyenoT (1.21) gamosaxuleba Secvlili saxiT: 

∆𝑃𝑃 = 𝑟𝑟𝑜𝑜ℓ
𝑍𝑍𝑐𝑐
�𝐴𝐴 𝑈𝑈2

2

𝑍𝑍𝑐𝑐
− 𝐵𝐵� 𝜘𝜘2𝑈𝑈2

4

𝑍𝑍𝑐𝑐2𝑠𝑠𝑠𝑠𝑠𝑠 2𝛼𝛼ℓ
− 𝑃𝑃2

2�,   (1.25) 

sadac 𝑃𝑃2-aqtiuri simZlavre, mgvt; 𝑈𝑈2-Zabva, kv; 𝐴𝐴 da 𝐵𝐵 

koeficientebi, damokidebuli mxolod xazis parametrebisagan. 𝑃𝑃2-

aqtiuri simZlavris TiToeul mniSvnelobas Seesabameba 𝑈𝑈2-Zabvis 

garkveuli mniSvneloba, romlis drosac adgili aqvs sadenebSi 

danakargebis minimalur mniSvnelobas.  

𝑑𝑑∆𝑃𝑃 𝑑𝑑𝑈𝑈2⁄  warmoebulis nulTan gatolebiT, miviRebT: 
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𝑟𝑟𝑜𝑜ℓ
𝑍𝑍𝑐𝑐

�
2𝑈𝑈2

𝑍𝑍𝑐𝑐
𝐴𝐴 − 4𝜘𝜘2𝑈𝑈2

3𝛽𝛽 �2𝑍𝑍𝑐𝑐2𝑠𝑠𝑠𝑠𝑠𝑠2𝛼𝛼ℓ�
𝜘𝜘2𝑈𝑈2

4

𝑍𝑍𝑐𝑐2𝑠𝑠𝑠𝑠𝑠𝑠2𝛼𝛼ℓ
− 𝑃𝑃2

2�

−1

� = 0,     (1.26) 

saidan, roca 𝜘𝜘 = 1, gveqneba: 

𝑈𝑈2
4 = 𝑃𝑃2

2𝑍𝑍𝑐𝑐2𝐴𝐴2𝑠𝑠𝑠𝑠𝑠𝑠 4𝛼𝛼ℓ
𝐴𝐴2𝑠𝑠𝑠𝑠𝑠𝑠 2𝛼𝛼ℓ−𝐵𝐵2   (1.27) 

(1.27) gamosaxuleba moxerxebulia warmovidginoT Semdegi 

saxiT: 

𝑈𝑈2 = 𝑚𝑚�𝑃𝑃2,  (1.28) 

sadac 𝑚𝑚 = 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠ℓ�𝐴𝐴𝑍𝑍𝑐𝑐/√𝐴𝐴2𝑠𝑠𝑠𝑠𝑠𝑠2𝛼𝛼ℓ − 𝐵𝐵24
  (1.29) 

- koeficienti, romelic damokidebulia mxolod xazis 

parametrebze. 

(1.28)-dan Cans, rom Zabva, romelic uzrunvelyofs sadenebSi 

danakargis minimums, unda icvlebodes farTo zRvrebSi 

gadasacemi aqtiuri simZlavris cvlilebis dros. nominaluri 

Zabvebi Tanamedrove eleqtruli sistemebis - 500, 750 da 1150 kv - 

warmoadgenen optimalurs danakargebis mimarT sadenebSi, mxolod 

roca SedarebiT eleqtrogadacemis susti datvirTvis dros, 

roca is ar aWarbebs 600-700 km sigrZis xazebisaTvis 0,35-0,5 

mniSvnelobas naturaluri simZlavris da mniSvnelovnad mcire 

mokle xazebisaTvis. 

nax. 1.2-ze 𝑃𝑃, ℓ koordinatebSi naCvenebia mrudeebi, romlebic 

Seesabameba nominalur Zabvebs da gviCvenebs rogori datvirTvis 

da gadacemis sigrZis SerwymiT aRniSnuli Zabvebi uzrunvelyofen 

sadenebSi minimalur danakargebs. nax. 1.2-is zeda mrudze Zabva 

unda iyos nominalurze didi, qveda mrudze nominalurze 

naklebi, romlebic uzrunvelyofs mocemul reJimSi minimalur 

danakargebs. mrudeebi, mocemuli nax. 1.2, iZleva SesaZleblobas 

miviRoT warmodgena mizanSewonilobaze Zabvebis donis 

cvlilebaze sadenebSi danakargebis Semcirebis mizniT. mTeli 

rigi mosazrebebis mixedviT Zabvebis cvlileba gadacemis 

boloebSi dasaSvebia viwro zRvrebSi. 
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-reaqtiuli simZlavre xazis boloSi. reaqtiuli simZlavris 

mniSvneloba da niSani xazis boloSi axasiaTebs gadacemis 

muSaobis reJims da masSi danakargebs. 

0

500

250

750

1000

1250

150 300 450 600

Popt[mgvt]
M1150 kv

750 kv

500 kv

l [km]

 

nax. 1.2. xazis gamtarunarianoba, romelic Seesabameba 

sadenebSi minimalur danakargebs (nominaluri Zabvebis dros) 

 (1.23) gamosaxuleba gansazRvravs damokidebulebas xazSi 

danakargebsa mocemuli Zabvis dros xazis boloSi, reaqtiuli 

simZlavris mniSvnelobaze da niSanze gadacemis aRniSnul 

wertilSi. reaqtiuli simZlavris mniSvneloba, romelic 

Seesabameba xazSi minimalur danakargebs, SeiZleba vipovoT ∆𝑃𝑃-s 

warmoebulis 𝑞𝑞2-iT nulTan gatolebiT: 
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𝑑𝑑(∆𝑃𝑃)
𝑑𝑑𝑑𝑑2

= 𝑃𝑃𝑐𝑐
𝑟𝑟𝑜𝑜ℓ
2𝑍𝑍𝑐𝑐

�2𝑞𝑞2 �1 + 𝑠𝑠𝑠𝑠𝑠𝑠2𝛼𝛼ℓ
2𝛼𝛼ℓ

� − 2𝑠𝑠𝑠𝑠𝑠𝑠 2𝛼𝛼ℓ
𝛼𝛼ℓ

� = 0 (1.30) 

saidanac  

𝑞𝑞2, opt = 𝑠𝑠𝑖𝑖𝑖𝑖2𝛼𝛼ℓ
𝑠𝑠𝑠𝑠𝑠𝑠𝛼𝛼ℓ𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 ℓ+𝛼𝛼ℓ

    (1.31) 

1000 km-mde sigrZis xazisaTvis minimalur danakargebs aqvs 

adgili garkveuli reaqtiuli simZlavris dros miwodebuli 

xazidan bolo sistemaSi (𝑞𝑞2, opt>0). 

amgvarad, danakargebis SemcirebisTvis mizanSewonilia 

gadacemis reJimi ise avawyoT, rom gadasacemi aqtiuri simZlavre 

naklebi unda iyos naturalur simZlavreze. 

avRniSnoT, rom reaqtiuli simZlavris gadatana gadacemis 

bolo sistemaSi dakavSirebulia danakargebis gazrdasTan. amitom 

reJimis Zabvis optimizacia danakargebis minimaluri pirobis 

mixedviT realur pirobebSi sruldeba mTlianad qselisaTvis.  

ganxiluli damokidebuleba aqtiuri simZlavris danakargebis 

sadenebSi reJimis parametrebisgan gviCvenebs, rom cvalebadi 

aqtiuri simZlavris pirobebSi mizanSewonilia reJimebis marTva 

maregulirebeli mowyobilobis saSualebiT, romlis ricxvSi 

mniSvnelovani adgils ikavebs marTvadi ganivi kompensacia. 

marTva ganivi kompensaciiT cvlis Zabvas qselSi ise, rom 

miiRweva danakargebis Semcireba. 

 

1.2. Zabvebis ganawileba 

 

Zabvebis ganawileba, uzrunvelyofs idealizirebul gadamcem 

xazebSi simZlavris danakargebis minimums. wina paragrafSi 

aRniSnuli iyo, rom xazis boloebSi nominaluri Zabvis dros 

fardobiTi minimaluri danakargebi miiReba, roca gadasacemi 

aqtiuri simZlavre, naklebia naturalur simZlavreze. Sesabamis 

Zabvis ganawilebis gasagebad xazis gaswvriv ganvixiloT 

idealizirebuli gadacema ℓ, km sigrZiT, mocemuli ZabvebiT xazis 

boloebSi da ganawilebuli sigrZis mixedviT marTvadi ganivi 
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kompensaciiT. simZlavris danakargebi sadenebSi aseTi 

idealizirebul gadacemaSi warmoadgens danakargebis qveda 

zRvars, romlisTvisac iqneba miaxloebuli danakargebi sadenebSi 

realur gadacemaSi makompensirebuli mowyobilobiT. danakargebi 

ganivi makompensirebel mowyobilobaSi, agreTve danakargebi 

gvirgvinze mxedvelobaSi ar miiReba. 

gantolebas, romelic akavSirebs Zabvas da dens 𝑑𝑑𝑑𝑑 xazis 

elementis nebismier wertilSi, Cawerili kompleqsuri formiT, 

gaaCnia Semdegi saxe: 

�
𝑈𝑈�

𝑑𝑑𝑑𝑑
= [𝑟𝑟𝑜𝑜 + 𝑗𝑗𝑗𝑗𝑜𝑜]𝐼𝐼 ̅

𝑑𝑑𝐼𝐼̅

𝑑𝑑𝑑𝑑
= 𝑗𝑗[𝑏𝑏𝑜𝑜 + 𝑏𝑏𝑜𝑜′ ]𝑈𝑈� = 𝑗𝑗𝑏𝑏𝑋𝑋𝑈𝑈�,

�  (1.32) 

sadac 𝑟𝑟𝑜𝑜 ,𝑋𝑋𝑜𝑜 ,𝑏𝑏𝑜𝑜-xazis xvedriTi parametrebi; 𝑏𝑏𝑜𝑜′  -xvedriTi 

reaqtiuli gamtaroba, romelmac SeiZleba miiRos uaryofiTi 

(induqciuri) an dadebiTi (tevaduri) mniSvneloba, ganpirobebuli 

ganawilebuli ganivi kompensaciis mowyobilobiT. 

danakargebi xazis sadenebSi proporciulia denis modulis 

kvadratis da araa damokidebuli mis fazisgan. xazis nebismier 

wertilSi denis modulis gansazRvrisaTvis gardavqmnaT (1.32) 

gamosaxuleba Semdegi aRniSvnebis gamoyenebiT: 

𝑈𝑈� = 𝑈𝑈𝑋𝑋𝑒𝑒𝑗𝑗𝑗𝑗𝑗𝑗 ;   𝐼𝐼 ̅ = 𝐼𝐼𝑋𝑋𝑒𝑒𝑗𝑗𝑗𝑗𝑗𝑗   (1.33) 

sadac 𝑈𝑈𝑥𝑥 , 𝐼𝐼𝑥𝑥 , 𝛿𝛿𝑥𝑥 , 𝜉𝜉𝑥𝑥 − 𝑥𝑥 sivrculi koordinatis funqciebi, 

aTvlili gadacemis mimRebis bolos. 

(1.33)-is Casmis Semdeg (1.32)-is pirveli diferencialuri 

gantolebaSi miviRebT: 

𝑑𝑑𝑑𝑑𝑥𝑥
𝑑𝑑𝑑𝑑

𝑒𝑒𝑗𝑗𝑗𝑗𝑗𝑗 + 𝑗𝑗𝑒𝑒𝑗𝑗𝑗𝑗𝑗𝑗 𝑈𝑈𝑥𝑥
𝑑𝑑𝑑𝑑𝑥𝑥
𝑑𝑑𝑑𝑑

= (𝑟𝑟𝑜𝑜 + 𝑗𝑗𝑗𝑗𝑜𝑜)𝐼𝐼𝑥𝑥𝑒𝑒𝑗𝑗𝜉𝜉𝑥𝑥 (1.34) 

gadavideT maCvenebliani Caweris formidan trigonometriul 

formaSi, miviRebT namdvili da warmosaxviTi mdgenelebisTvis 

Semdegi gamosaxulebebs: 

�
𝑑𝑑𝑑𝑑𝑥𝑥
𝑑𝑑𝑑𝑑

𝑐𝑐𝑐𝑐𝑐𝑐𝛿𝛿𝑥𝑥 − 𝑈𝑈𝑥𝑥
𝑑𝑑𝑑𝑑𝑥𝑥
𝑑𝑑𝑑𝑑

𝑠𝑠𝑠𝑠𝑠𝑠𝛿𝛿𝑥𝑥 = 𝐼𝐼𝑥𝑥(𝑟𝑟𝑜𝑜𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑥𝑥 − 𝑋𝑋𝑜𝑜𝑠𝑠𝑠𝑠𝑠𝑠𝜉𝜉𝑥𝑥);
𝑑𝑑𝑑𝑑𝑥𝑥
𝑑𝑑𝑑𝑑

𝑠𝑠𝑠𝑠𝑠𝑠𝛿𝛿𝑥𝑥 + 𝑈𝑈𝑥𝑥
𝑑𝑑𝑑𝑑𝑥𝑥
𝑑𝑑𝑑𝑑

𝑐𝑐𝑐𝑐𝑐𝑐𝛿𝛿𝑥𝑥 = 𝐼𝐼𝑥𝑥(𝑟𝑟𝑜𝑜𝑠𝑠𝑠𝑠𝑠𝑠𝜉𝜉𝑥𝑥 + 𝑋𝑋𝑜𝑜𝑐𝑐𝑐𝑐𝑐𝑐𝜉𝜉𝑥𝑥)
� (1.35) 
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(1.35)-dan SeiZleba vipovoT gamosaxuleba denis modulis 

kvadratisaTvis: 

𝐼𝐼𝑥𝑥2 = 1
𝑟𝑟𝑜𝑜2+𝑋𝑋𝑜𝑜2

��𝑑𝑑𝑑𝑑𝑥𝑥
𝑑𝑑𝑑𝑑
�

2
+ 𝑈𝑈𝑥𝑥2 �

𝑑𝑑𝑑𝑑𝑥𝑥
𝑑𝑑𝑑𝑑
�

2
� (1.36) 

xazis erTi fazis sadenebSi danakargebi tolia: 

Δ𝑃𝑃 = ∫ 𝐼𝐼𝑥𝑥2𝑟𝑟𝑜𝑜𝑑𝑑𝑑𝑑 = 𝑟𝑟𝑜𝑜
𝑟𝑟0

2+𝑋𝑋0
2 ∫ ��𝑑𝑑𝑑𝑑𝑥𝑥

𝑑𝑑𝑑𝑑
�

2
+ 𝑈𝑈𝑥𝑥2 �

𝑑𝑑𝑑𝑑𝑥𝑥
𝑑𝑑𝑑𝑑
�

2
� 𝑑𝑑𝑑𝑑𝑡𝑡

0
ℓ

0  (1.37) 

(1.37) gamosaxuleba gansazRvravs danakargebs ℓ, km sigrZis 

aqtiur winaRobaSi, SemdgomSi gamoiyeneba Zabvis optimaluri 

ganawilebisaTvis xazis gaswvriv. 

danakargebi sadenebSi, rogorc es Cans (1.37) dan 

damokidebulia 𝑈𝑈𝑥𝑥 da 𝛿𝛿𝑥𝑥 cvladebze, TiToeuli maTgani Tavis 

mxriv warmoadgens funqcias 𝑋𝑋 damoukidebeli cvladis. 

damokidebuli cvladebi 𝑈𝑈𝑥𝑥 da 𝛿𝛿𝑥𝑥 dakavSirebulia erTmaneTTan 

diferencialuri gantolebiT, romlis saxe SeiZleba vipovoT 

(1.32)-is pirveli gantolebidan. 

kompleqsuri Zabvis 𝑈𝑈� meore warmoebuli damoukidebeli 𝑋𝑋 

cvladis mixedviT tolia: 

𝑑𝑑2𝑈𝑈�

𝑑𝑑𝑑𝑑 2 = (𝑟𝑟0 + 𝑗𝑗𝑗𝑗𝑜𝑜) 𝑑𝑑𝐼𝐼̅

𝑑𝑑𝑑𝑑
= 𝑗𝑗(𝑟𝑟0 + 𝑗𝑗𝑗𝑗𝑜𝑜)𝑏𝑏𝑥𝑥𝑈𝑈�  (1.38) 

(1.38) gamosaxulebis marcxena nawilSi 𝑈𝑈� = 𝑈𝑈𝑥𝑥ℓ𝑗𝑗𝑗𝑗𝑗𝑗 -is Casmis 

Semdeg miviRebT: 

𝑑𝑑2𝑈𝑈�

𝑑𝑑𝑋𝑋2 = 𝑑𝑑2𝑈𝑈𝑥𝑥
𝑑𝑑𝑑𝑑 2 ℓ𝑗𝑗𝑗𝑗𝑗𝑗 − 𝑈𝑈𝑥𝑥 �

𝑑𝑑𝑑𝑑𝑥𝑥
𝑑𝑑𝑑𝑑
�

2
ℓ𝑗𝑗𝑗𝑗𝑗𝑗 + 𝑗𝑗 �2 𝑑𝑑𝑑𝑑𝑥𝑥

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑𝑥𝑥
𝑑𝑑𝑑𝑑

+ 𝑈𝑈𝑥𝑥
𝑑𝑑2𝛿𝛿𝑥𝑥
𝑑𝑑𝑑𝑑 2 � ℓ𝑗𝑗𝛿𝛿𝑥𝑥 (1.39) 

kavSiris saZiebo gantoleba 

 

𝑑𝑑2𝑈𝑈𝑥𝑥
𝑑𝑑𝑑𝑑 2 − 𝑈𝑈𝑥𝑥 �

𝑑𝑑𝑑𝑑𝑥𝑥
𝑑𝑑𝑑𝑑
�

2
+ 𝑋𝑋0

𝑟𝑟0
�2 𝑑𝑑𝑑𝑑𝑥𝑥

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑𝑥𝑥
𝑑𝑑𝑑𝑑

+ 𝑈𝑈𝑥𝑥
𝑑𝑑2𝛿𝛿𝑥𝑥
𝑑𝑑𝑑𝑑 2 � = 0  (1.40) 

xazis sadenebSi minimaluri danakargebis amocana dadis 

klasikuri variaciuli amocanaze da SeiZleba amoixsnas cnobili 

eileris gantolebebiT, romelsac unda akmayofilebdes saZiebo 

funqciebi 𝑈𝑈𝑥𝑥 da 𝛿𝛿𝑥𝑥 eqstremaluri ∆𝑃𝑃 realizaciisTvis, e.i. 

integrali (1.37). 

aRniSnuli miznisaTvis gamoiyeneba ori gantoleba eileris: 
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𝐹𝐹𝑢𝑢 −
𝑑𝑑
𝑑𝑑𝑑𝑑
𝐹𝐹𝑈𝑈′ = 0 da 𝐹𝐹𝛿𝛿 −

𝑑𝑑
𝑑𝑑𝑑𝑑
𝐹𝐹𝛿𝛿′ = 0,    (1.41) 

sadac 𝐹𝐹𝑈𝑈 ,𝐹𝐹𝑈𝑈′ ,𝐹𝐹𝛿𝛿 ,𝐹𝐹𝛿𝛿′ - kerZo warmoebulebi integralis qveS 

funqciebis, romlebic Rebuloben Semdeg mniSvnelobebs: 

𝐹𝐹𝑈𝑈 = 2𝑈𝑈𝑥𝑥 �
𝑑𝑑𝑑𝑑𝑥𝑥
𝑑𝑑𝑑𝑑
�

2
;  𝐹𝐹𝑈𝑈′ = 2 𝑑𝑑𝑑𝑑𝑥𝑥

𝑑𝑑𝑑𝑑
;  𝐹𝐹𝛿𝛿 = 0; 𝐹𝐹𝛿𝛿′ = 2𝑈𝑈𝑥𝑥2 �

𝑑𝑑𝑑𝑑𝑥𝑥
𝑑𝑑𝑑𝑑
� (1.42) 

(1.42)-is CasmiT (1.41)-Si, miviRebT: 

𝑑𝑑2𝑈𝑈𝑥𝑥
𝑑𝑑𝑑𝑑 2 − 𝑈𝑈𝑥𝑥 �

𝑑𝑑𝑑𝑑𝑥𝑥
𝑑𝑑𝑑𝑑
�

2
= 0    (1.43) 

2𝑈𝑈𝑥𝑥
𝑑𝑑𝑑𝑑𝑥𝑥
𝑑𝑑𝑑𝑑

𝑑𝑑𝑑𝑑𝑥𝑥
𝑑𝑑𝑑𝑑

+ 𝑈𝑈𝑥𝑥2
𝑑𝑑2𝛿𝛿𝑥𝑥
𝑑𝑑𝑑𝑑 2 = 𝑑𝑑

𝑑𝑑𝑑𝑑
�𝑈𝑈𝑥𝑥2

𝑑𝑑𝑑𝑑𝑥𝑥
𝑑𝑑𝑑𝑑
� = 0 (1.44) 

(1.44)-dan Cans, rom 𝑈𝑈𝑥𝑥2
𝑑𝑑𝑑𝑑𝑥𝑥
𝑑𝑑𝑑𝑑

= 𝐶𝐶, sadac 𝐶𝐶-integrirebis mudmiva, 

rac mogviwodebs gamovricxoT 𝛿𝛿𝑥𝑥 cvladi (1.37) gamosaxulebidan, 

romlis Semdeg (1.37) gadaiwereba Semdeg saxeSi 

∆𝑃𝑃 = 𝑟𝑟0
𝑟𝑟0

2+𝑋𝑋0
2 ∫ ��𝑑𝑑𝑑𝑑𝑥𝑥

𝑑𝑑𝑑𝑑
�

2
+ 𝐶𝐶2

𝑈𝑈𝑋𝑋
2� 𝑑𝑑𝑑𝑑

𝑡𝑡
0   (1.45) 

integrirebis mudmiva 𝐶𝐶 SeiZleba gamoisaxos aqtiuri da 

reaqtiuli simZlavriT xazis mimRebis bolos (𝛿𝛿𝑥𝑥 = 0); amisaTvis 

(1.35)-is meore gantolebis orive mxares gavamravlebT 𝑈𝑈𝑥𝑥 -ze: 

�𝑈𝑈𝑥𝑥2
𝑑𝑑𝛿𝛿𝑥𝑥
𝑑𝑑𝑑𝑑
�
𝑥𝑥=0

= 𝐶𝐶 = 𝑋𝑋0𝑃𝑃2 + 𝑟𝑟0𝑄𝑄2  (1.46) 

aq reaqtiuli simZlavre 𝑄𝑄2 iTvleba dadebiTi, Tu is 

miewodeba xazidan bolo qvesadguris salteze. 

eileris meore gantolebis gamoyenebiT, miviRebT (1.45)-dan 

meore rigis araxazovan diferencialur ganti\olebas 𝑈𝑈𝑥𝑥 saZiebo 

cvladis mimarT: 

𝑑𝑑2𝑈𝑈𝑥𝑥
𝑑𝑑𝑑𝑑 2 + (𝑋𝑋0𝑃𝑃2+𝑟𝑟0𝑄𝑄2)2

𝑈𝑈𝑥𝑥3
= 0  (1.47) 

zogadi amonaxsni (1.47) gantolebis Caiwereba Semdegi saxiT 

𝑈𝑈𝑥𝑥 = �𝐶𝐶1(𝑋𝑋 + 𝐶𝐶2)2 − 1
𝐶𝐶1

(𝑋𝑋0𝑃𝑃2 + 𝑟𝑟0𝑄𝑄2)2, (1.48) 

sadac 𝐶𝐶1 da 𝐶𝐶2 - integrirebis mudmivebi, romlebic 

moiZebneba (1.48)-dan gamomdinare iqedan, rom xazis bolo mimRebze 

(X=0) 𝑈𝑈𝑥𝑥 = 𝑈𝑈2, xolo sawyis boloze (𝑥𝑥 = ℓ) 𝑈𝑈𝑥𝑥 = 𝑈𝑈1. Sesabamisad 

miviRebT: 
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�

𝐶𝐶1 = 1
ℓ2 �𝑈𝑈1

2 + 𝑈𝑈2
2 − 2�𝑈𝑈1

2𝑈𝑈2
2 + ℓ2(𝑋𝑋0𝑃𝑃2 + 𝑟𝑟0𝑄𝑄2)2�

𝐶𝐶2 = ℓ
2
� 𝑈𝑈1

2−𝑈𝑈2
2

𝑈𝑈1
2+𝑈𝑈2

2−2�𝑈𝑈1
2𝑈𝑈2

2+ℓ2(𝑋𝑋0𝑃𝑃2+𝑟𝑟0𝑄𝑄2)2
− 1�

⎭
⎪
⎬

⎪
⎫

 (1.49) 

cvladi denis mZlavri da grZeli xazebi Cveulebriv 

eqspluataciaSi imyofebian toli ZabvebiT xazis boloebSi, e.i. 

𝑈𝑈1 = 𝑈𝑈2 am SemTxvevaSi gamosaxuleba 𝐶𝐶1 da 𝐶𝐶2 martivdeba: 

�𝐶𝐶1 = 2
ℓ2 �𝑈𝑈2

2 −�𝑈𝑈2
4 + ℓ2(𝑋𝑋0𝑃𝑃2 + 𝑟𝑟0𝑄𝑄2)2�

𝐶𝐶2 = −ℓ 2⁄
�  (1.50) 

(1.50)-is CasmiT (1.48)-Si ganvsazRvravT saZiebo Zabvis 

ganawilebas xazis gaswvriv, romelic uzrunvelyofs mocemuli 

aqtiuri simZlavris dros gadacemis minimalur danakargebs 

sadenebSi: 

𝑈𝑈𝑥𝑥2 = (𝑋𝑋0𝑃𝑃2+𝑟𝑟0𝑄𝑄2)2

�𝑈𝑈2
4+ℓ2(𝑋𝑋0𝑃𝑃2+𝑟𝑟0𝑄𝑄2)2−𝑈𝑈2

2

ℓ2

2
− ��𝑈𝑈2

4 + ℓ2(𝑋𝑋0𝑃𝑃2 + 𝑟𝑟0𝑄𝑄2)2 − 𝑈𝑈2
2� 2

ℓ2 �
2𝑥𝑥−ℓ

2
�

2
 (1.51) 

xazis boloebSi erTi da igive Zabvis dros gadacemis Sua 

wertilSi 𝑋𝑋 = ℓ 2⁄  myardeba Zabvis eqstremumi. Zabvis cvalebadoba 

xazis gaswvriv mimdinareobs paraboluri kanonis mixedviT. 

(1.51) gamosaxuleba SeiZleba gamartivdes, Tu mxedvelobaSi 

ar miviRebT aqtiuri winaRobis gavlenas Zabvis cvlilebis 

xasiaTze xazis gaswvriv. dauSvaT 𝑟𝑟0 = 0, maSin (1.51)-is nacvlad 

miviRebT: 

�𝑈𝑈𝑥𝑥
𝑈𝑈2
�

2
= 𝐾𝐾2 − (𝐾𝐾2 − 1) �2𝑥𝑥

ℓ
− 1�

2
  (1.52) 

sadac 𝐾𝐾 = 𝑈𝑈𝑒𝑒 2⁄ 𝑈𝑈2⁄ -xazSi Zabvis maqsimaluri jeradoba. nax. 1.3. 

mocemulia 𝑈𝑈𝑥𝑥 mrudeebis ojaxi, agebuli (1.52) gantolebis 

mixedviT sxvadasxva sigrZis xazisaTvis ZabviT 1150 kv xvedriTi 

parametrebiT: 

𝑟𝑟0 = 0,0135 omi/km; 𝑋𝑋0 = 0,268 omi km; 𝑏𝑏𝑜𝑜 = 4,45 ∙ 10−6(omi.km)-1 

roca 𝑃𝑃2 = 𝑃𝑃𝑐𝑐 . 

rogorc nax. 1.3-dan Cans danakargebis Semcireba sadenebSi 

miiRweva Zabvis amaRlebis Sedegad xazis Sualedur wertilebSi, 

boloebSi Zabvebis mimarT. ganivi kompensaciis ar arsebobis dros 
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an Zabvis Tanabari ganawilebiT gadacemis gaswvriv Zabva rCeba 

praqtikulad ucvleli. 

xazisaTvis, romlis sigrZe aWarbebs 600 km, Zabvis amaRleba 

gamodis dasaSvebi zRvrebis (+5%) gareT. aseT gadacemaSi 

minimaluri danakargebis reJimi roca 𝑃𝑃2 = 𝑃𝑃𝑐𝑐 ar SeiZleba 

ganxorcieldes xazis izolaciis gaZlierebis gareSe. gadacemis 

mcire simZlavris dros (𝑃𝑃2 ≪ 𝑃𝑃𝑐𝑐 ) Zabva xazis Sua wertilSi 

minimaluri danakargebis reJimSi unda iyos dabali, vidre Zabva 

xazis boloebSi. sadenebSi minimaluri danakargebis dasadgenad 

ganivi kompensaciis ganawilebis kanonis dasadgenad gautolod 

(1.38) da (1.39) gamosaxulebebis namdvili nawilebi: 

𝑑𝑑2𝑈𝑈𝑥𝑥
𝑑𝑑𝑑𝑑 2 − 𝑈𝑈𝑥𝑥 �

𝑑𝑑𝑑𝑑𝑥𝑥
𝑑𝑑𝑑𝑑
�

2
= −𝑋𝑋0𝑏𝑏𝑥𝑥𝑈𝑈𝑥𝑥  (1.53) 

Semdeg, (1.53)-Si CavsvaT 
𝑑𝑑𝑑𝑑𝑥𝑥
𝑑𝑑𝑑𝑑

 mniSvneloba (1.46)-dan, miviRebT: 

 

𝑑𝑑2𝑈𝑈𝑥𝑥
𝑑𝑑𝑑𝑑 2 −

𝑋𝑋0𝑃𝑃2+𝑟𝑟0𝑄𝑄2
𝑈𝑈𝑥𝑥3

= −𝑋𝑋0𝑏𝑏𝑥𝑥𝑈𝑈𝑥𝑥  (1.54) 

(1.47)-dan 𝑑𝑑2𝑈𝑈𝑥𝑥 𝑑𝑑𝑑𝑑2⁄  mniSvnelobis CasmiT (1.54)-Si vpoulobT:  

𝑏𝑏𝑥𝑥 = 2
𝑋𝑋0

(𝑋𝑋0𝑃𝑃2+𝑟𝑟0𝑄𝑄2)2

𝑈𝑈𝑥𝑥4
,   (1.55) 

saidanac saZiebo 𝑏𝑏𝑥𝑥′  mniSvneloba tolia: 

𝑏𝑏𝑥𝑥′ = 2
𝑋𝑋0

(𝑋𝑋0𝑃𝑃2+𝑟𝑟0𝑄𝑄2)2

𝑈𝑈𝑥𝑥4
− 𝑏𝑏0,  (1.56) 

sadac 𝑈𝑈𝑥𝑥 -xazis bolodan 𝑋𝑋 manZilze Zabvis mniSvneloba, 

ganisazRvreba (1.51)-is an (1.52)-is mixedviT. 
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nax. 1.3. xazis gaswvriv Zabvis optimaluri ganawileba 

Tu avRniSnavT 𝐾𝐾𝑥𝑥 = 𝑈𝑈𝑥𝑥 𝑈𝑈2⁄ , maSin (1.56) gamosaxuleba SeiZleba 

gadavweroT Semdegi saxiT: 

𝑏𝑏𝑥𝑥′ = 𝑏𝑏𝑜𝑜 ��
𝑃𝑃2
𝑃𝑃𝑐𝑐
�

2 2
𝐾𝐾𝑥𝑥4
�1 + 𝑟𝑟0𝑄𝑄2

𝑋𝑋0𝑃𝑃2
�

2
− 1� (1.57) 

xazSi Zabvis amaRlebis jeradobis dros 

𝐾𝐾𝑥𝑥′ = 1,19�𝑃𝑃2
𝑃𝑃𝑐𝑐

+ 𝑟𝑟𝑜𝑜𝑄𝑄𝑟𝑟
𝑋𝑋0𝑃𝑃𝑐𝑐

   (1.58) 

sidide 𝑏𝑏𝑥𝑥′  uaxlovdeba nuls; es niSnavs, rom xazis mocemul 

wertilSi ganivi kompensacias gansaxilvel reJimSi ar saWiroebs. 

xazis im wertilebisaTvis, sadac 𝐾𝐾𝑥𝑥 > 𝐾𝐾𝑥𝑥′ , saWiroa induqciuri 

xasiaTis ganivi kompensacia, roca 𝐾𝐾𝑥𝑥 < 𝐾𝐾𝑥𝑥′ , - saWiroa tevaduri 

xasiaTis ganivi kompensacia. amgvarad, minimaluri danakargebis 

34 
 



reJimis uzrunvelyifisaTvis xazis sadenebSi marTvadi ganivi 

kompensaciis mowyobiloba unda CairTos ara mxolod 

moTxovnili reaqtiuli simZlavris cvlilebisTvis, aramed misi 

niSnis cvlilebiTac. 

Tu 𝐾𝐾𝑥𝑥′ < 1, rac SeiZleba moxdes 𝑃𝑃2 < 𝑃𝑃𝑐𝑐 pirobebSi, maSin 

marTvadi ganivi kompensacias xazis yvela wertilebSi unda 

qondes induqciuri xasiaTi. 

minimaluri danakargebis reJimi xasiaTdeba garkveuli 

mniSvnelobiT xazis boloebSi reaqtiuli simZlavris. 

𝑄𝑄2 −is angariSisaTvis (1.35)-is pirveli gantolebis marcxena 

da marjvena nawili gavamravloT 𝑈𝑈𝑥𝑥 -ze; xazis bolo 

mimRebisaTvis (𝑥𝑥 = 0; 𝛿𝛿𝑥𝑥 = 0) miiReba: 

𝑈𝑈𝑥𝑥
𝑑𝑑𝑑𝑑𝑥𝑥
𝑑𝑑𝑑𝑑

= 𝑟𝑟0𝑃𝑃2 − 𝑋𝑋0𝑄𝑄2  (1.59) 

(1.51)-is diferencirebiT 𝑋𝑋-is mixedviT da 𝑈𝑈𝑥𝑥𝑑𝑑𝑑𝑑𝑥𝑥 𝑑𝑑𝑑𝑑⁄  

mniSvnelobis CasmiT (1.59)-dan miviRebT: 

��𝑈𝑈2
4 + ℓ2(𝑋𝑋0𝑃𝑃2 + 𝑟𝑟0𝑄𝑄2)2 − 𝑈𝑈2

2� ℓ⁄ = 𝑟𝑟0𝑃𝑃2 − 𝑋𝑋0𝑄𝑄2 (1.60) 

(1.60)-is amoxsna 𝑄𝑄2-is mimarT, daSvebiT, rom 𝑟𝑟0
2 𝑋𝑋0

2 = 0⁄ , 

miviRebT: 

𝑄𝑄2 = 𝑄𝑄𝑐𝑐 �1 + 2 𝑟𝑟0
𝑋𝑋0

𝑃𝑃2
𝑄𝑄𝑐𝑐
− �1 + 2 𝑟𝑟0

𝑋𝑋0

𝑃𝑃2
𝑄𝑄𝑐𝑐

+ �𝑃𝑃2
𝑄𝑄𝑐𝑐
�

2
�,   (1.61) 

sadac 𝑄𝑄𝑐𝑐 = 𝑈𝑈2
2/(𝑋𝑋0ℓ) 

damokidebuleba 𝑃𝑃2 aqtiuri simZlavresa da 𝑄𝑄2 reaqtiuli 

simZlavres Soris SeiZleba, rogorc dadebiTi ise uaryofiTi. 

xazis boloebSi erTi da igive Zabvis dros idealuri xazisTvis 

gadasacemi reaqtiuli simZlavre 𝑄𝑄1 = 𝑄𝑄2 = 𝑄𝑄. nax. 1.4 mocemulia 

damokidebuleba 𝑞𝑞 = 𝑓𝑓(𝑃𝑃2) xazebisaTvis sigrZeebiT 500,700, 1000 da 

1500 km. 

sadenebSi minimaluri danakargebis absoluturi sidideebis 

gansazRvrisaTvis (1.45)-Si CavsvaT 𝑈𝑈𝑥𝑥 da 𝑑𝑑𝑑𝑑𝑥𝑥 𝑑𝑑𝑑𝑑⁄  mniSvnelobebi, 

miRebuli (1.48) Tanafardobidan, da SevasruloT integrireba. 
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roca 𝑈𝑈1 = 𝑈𝑈2 minimaluri danakargebi xazis (sami faza) sadenebSi 

tolia: 

∆𝑃𝑃 = 𝑟𝑟0ℓ𝐶𝐶1
𝑟𝑟0

2+𝑋𝑋0
2 −

2𝑟𝑟0(𝑋𝑋0𝑃𝑃2+𝑟𝑟0𝑄𝑄2)
𝑟𝑟0

2+𝑋𝑋0
2 ℓ𝑛𝑛

𝑋𝑋0𝑃𝑃2+𝑟𝑟0𝑄𝑄2+𝐶𝐶1ℓ 2⁄
𝑋𝑋0𝑃𝑃2+𝑟𝑟0𝑄𝑄2−𝐶𝐶1ℓ 2⁄

   (1.62) 

sadac 𝐶𝐶1 gamoiTvleba (1.50)-is Sesabamisad.  

(1.62) gamosaxulebis mixedviT idealuri xazisTvis 1150 kv 

Zabvis, 600 km sigrZis, roca 𝑃𝑃2 = 𝑃𝑃𝑐𝑐 , Sesrulebuli angariSebma 

aCvena, rom sadenebSi SeiZleba Sevamcirod danakargebi 8%-iT 

ganivi kompensaciis gziT maqsimaluri dasaSvebi Zabvis amaRlebis 

gareSe. aRniSnul paragrafSi mxedvelobaSi araa miRebuli 

danakargebi makompensirebel mowyobilobaSi. 
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nax. 1.4. reaqtiuli simZlavre idealuri xazis boloebSi 

minimaluri danakargebis reJimSi (𝑈𝑈1 = 𝑈𝑈2) 
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1.3. simZlavris danakargebi ganivi kompensaciis 

mowyobilobebSi 

 

marTvadi ganivi kompensaciis mowyobilobebSi danakargebi 

damokidebulia ara mxolod maTi konstruqciuli 

gansakuTrebulobaze, aramed gadacemis reJimze, gansazRvruli 

makompensirebeli mowyobilobis muSaobiT. 

ganvixilod aRniSnuli sakiTxi detalurad ori tipis 

marTvadi ganivi kompensaciis mowyobilobebis magaliTze: 

sinqronuli kompensatoris da reaqtoris mbrunavi magnituri 

veliT. aRniSnul mowyobilobebs gaaCnia danakargebi (1-2%). 

SedarebisTvis ganvixiloT agreTve danakargebi maSuntirebel 

reaqtorSi xazovani maxasiaTebliT, romlebic farTod 

gamoiyeneba 330 kv da maRali Zabvis qselebSi. 

- nominaluri Zabvis dros maSuntirebel reaqtorSi sruli 

aqtiuri simZlavris danakargebi Seadgens 0,35-0,5%[3]. dabali 

cifri ekuTvnis didi simZlavris reaqtors, romelic gamoiyeneba 

750 kv da maRali Zabvis qselebSi. 

maSuntirebel reaqtorSi danakargebi SeiZleba davyoT, 

rogorc sxva eleqtromowyobilobebSi, ori mdgeneliT: 

danakargebi magnitogamtarSi da danakargebi gragnilebSi. Zabvis 

nominaluri mniSvnelobidan gadaxris dros icvleba sruli 

danakargebi reaqtorSi, Tanac calkeuli mdgenelebi icvleba 

sxvadasxvagvarad. pirveli miaxloebiT, rogorc es SeiZleba 

miRebuli iqnes gadacemis reJimebis angariSis dros, simZlavris 

danakargebi maSuntirebel reaqtorSi gamoiTvleba formuliT 

∆𝑃𝑃 = ∆𝑃𝑃ном(𝑈𝑈 𝑈𝑈ном⁄ )2  (1.63) 

am SemTxvevaSi reaqtori warmogvidgeba ucvleli aqtiuri 

gamtarobiT, gansazRvruli misi nominaluri parametrebiT. qselis 

sxva elementebTan SedarebiT aramarTavad maSuntirebel 
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reaqtorSi danakargebis cvlilebas zogierTi angariSebis dros 

mxedvelobaSi ar Rebuloben da miiReben mas = ∆𝑃𝑃ном-is tolad. 

aramarTvad maSuntirebel reaqtorSi danakargebis 

damokidebuleba Zabvisagan airCeva Sesabamisad reJimebis 

angariSis mixedviT, - sinqronuli kompensatori SeiZleba 

SeerTebuli iqnes maRali Zabvis xazTan mxolod 

transformatoris saSualebiT, qvesadgurze. 

danakargebi transformatorSi SeiZleba ganisazRvros 

cnobili meTodiT [3] uqmi svlis ∆𝑃𝑃𝑥𝑥 da datvirTvis ∆𝑃𝑃𝐾𝐾 

danakargebis mixedviT 

∆𝑃𝑃𝑇𝑇 = ∆𝑃𝑃𝑥𝑥 + ∆𝑃𝑃𝐾𝐾(𝑆𝑆 𝑆𝑆ном⁄ )2,  (1.64) 

sadac 𝑆𝑆 - transformatoris datvirTva, mva. 

didi simZlavris transformatorebSi fardobiTi danakargebi 

Cveulebriv Seadgens [3] nominaluri simZlavris %-s: 

∆𝑃𝑃𝑥𝑥 = 0,06 ÷ 0,12 da ∆𝑃𝑃𝐾𝐾 = 0,24 ÷ 0,35 

marTvadi ganivi kompensaciis danadgarSi didi 

gamtarunarianobis xazisaTvis SeiZleba gamoyenebuli iqnes 

mZlavri sinqronuli kompensatori, romelSic sruli danakargebi 

nominalur reJimSi tolia 1,0÷ 1,3%, maT Soris [4]-is Tanaxmad: 

mudmivi danakargebi 0,35∆𝑃𝑃Σ , cvladi danakargebi statorSi 0,25∆𝑃𝑃Σ , 

cvladi danakargebi rotorSi 0,20∆𝑃𝑃Σ , damatebiTi danakargebi 

0,20∆𝑃𝑃Σ , sadac∆𝑃𝑃Σ - sruli danakargebi kompensatoris nominaluri 

simZlavris dros. 

damatebiTi danakargebi dakavSirebulia rTul 

damokidebulebaSi sinqronuli kompensatoris reJimTan. teqniko-

ekonomiuri angariSebis Sesrulebis dros mizanSewonilia 

SemovitanoT gamartivebuli daSveba, romlis Tanaxmad fardobiTi 

sidide aRniSnuli danakargebis nominalur reJimSi iyofa 

Tanabrad statorisa da rotoris wredebs Soris, xolo sxva 

reJimebSi icvleba statorisa da rotoris denis kvadratis 

proporciulad. aseTi gamartivebis Sedegad nominaluri 

reJimisaTvis SeiZleba miviRoT: 
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�
მუდმივი დანაკარგები 0,35∆𝑃𝑃Σ ;

ცვლადი დანაკარგები სტატორში 0,35∆𝑃𝑃Σ ;
ცვლადი დანაკარგები როტორში 0,3∆𝑃𝑃Σ

� (1,65) 

sinqronuli kompensatoris sxva gansakuTrebuloba, romelic 

agreTve unda iqnas gaTvaliswinebuli, warmoadgens 

damokidebuleba rotoris denis datvirTvisagan. rogorc 

cnobilia, sinqronuli kompensators SeuZlia imuSaos reaqtiuli 

simZlavris generaciis reJimSi an misi moxmarebis reJimSi; uqmi 

svlis reJimSi (𝑄𝑄 = 0) Seesabameba rotoris dens gansxvavebuls 

nulisgan. roca rotoris deni nulis tolia sinqronuli 

kompensatori moiTxovs gansazRvrul reaqtiul simZlavres; 

rotoris denis mimarTulebis Secvlis dros (uaryofiTi agzneba) 

reaqtiuli simZlavris moTxovna SeiZleba kidev gaizardos. 

sinqronuli kompensatoris rotoris denis damokidebuleba 

mis reJimze atarebs rTul xasiaTs; dauSvaT, rom aRniSnuli 

damokidebuleba sworxazovania (nax.15). 
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nax. 1.5. simZlavris danakargebi (mTliani xazi) da rotoris 

deni (punqtiriT) sinqronuli kompensatoris. 
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SemovitanoT aRniSvna: 

𝐶𝐶 =
�𝑄𝑄𝐼𝐼r=0�

𝑄𝑄n+�𝑄𝑄𝐼𝐼r=0�
,  (1.66) 

sadac 𝑄𝑄n - sinqronuli kompensatoris nominaluri simZlavre, 

mvar; 𝑄𝑄𝐼𝐼r=0-sinqronuli kompensatoris simZlavre agznebis moxsnis 

dros, mvar. 

danakargebi rotorSi warmogvidgeba Semdegi saxiT: 

Δ𝑃𝑃r = Δ𝑃𝑃r,n[𝐶𝐶2 + 2𝐶𝐶(1 − 𝐶𝐶)𝑄𝑄 𝑄𝑄n + (1 − 𝐶𝐶)2(𝑄𝑄 𝑄𝑄n⁄ )2⁄ ],  (1.67) 

sadac Δ𝑃𝑃𝑃𝑃,n-sinqronuli kompensatoris rotorSi danakargebi 

nominaluri simZlavris dros; 𝑄𝑄-simZlavre mocemul reJimSi, 

dadebiTi generaciis dros da uaryofiTi reaqtiuli simZlavris 

moxmarebis dros. 

amgvarad, danakargebi sinqronul kompensatorSi nebismieri 𝑄𝑄 

datvirTvis dros, miiReba rogorc dadebiTi, ise uaryofiTi 

mniSvneloba, (1.65) da (1.67) safuZvelze miviRebT: 

Δ𝑃𝑃sk = ∆𝑃𝑃Σ{0,35 + 0,3𝐶𝐶2 + 0,6𝑐𝑐(1 − 𝑐𝑐)𝑄𝑄 𝑄𝑄n + [0,35 + 0,3(1 − 𝑐𝑐)2](𝑄𝑄 𝑄𝑄n⁄ )2⁄ } 

(1.68) 

nax. 1.5 naCvenebia damokidebuleba danakargebis sinqronuli 

kompensatoris reJimisagan. danakargebi sinqronul kompensatorSi 

praqtikulad gavlenas ar axdens mis srul simZlavris 

mniSvnelobaze da amitom SeiZleba mxedvelobaSi ar miviRoT 

transformatori datvirTvis gansazRvris dros, romlis 

saSualebiT sinqronuli kompensatori uerTdeba maRali Zabvis 

xazs. 

jamuri danakargebi blokSi transformatori - sinqronuli 

kompensatori ganisazRvreba Semdegi gamosaxulebiT: 

Δ𝑃𝑃 = Δ𝑃𝑃𝑥𝑥 + Δ𝑃𝑃𝐾𝐾(𝑄𝑄 𝑆𝑆n⁄ )2 + Δ𝑃𝑃sk,  (1.69) 

sadac 𝑄𝑄 -sinqronuli kompensatoris simZlavre; 

𝑆𝑆n,Δ𝑃𝑃𝑥𝑥 ,Δ𝑃𝑃𝐾𝐾  -nominaluri simZlavre, mva, da danakargebi, mgvt, 

transformatoris nominalur reJimSi. 

- marTvadi reaqtori mbrunavi magnituri veliT, rogorc 

sinqronuli kompensatori, SeerTebulia maRali Zabvis xazTan 
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transformatoriT, romelic warmogvidgeba erTiani blokiT 

transformatori - marTvadi reaqtori. danakargebi 

transformatorSi ganisazRvreba (1.64)-iT. 

marTvadi reaqtori mbrunavi magnituri veliT didi 

simZlavriT, winaswari SefasebiT xasiaTdeba Semdegi danakargebis 

fardobiTi mniSvnelobebiT: normalur reJimSi 2%-mde; 

minimaluri datvirTvis reJimSi tolia nominaluris 10%. 

fardobiTi danakargebis cvlileba marTvad reaqtorSi 

mbrunavi magnituri veliT zemod mocemuli sawyisi monacemebiT 

warmogvidgeba kvadratuli damokidebulebiT Semdegi saxiT: 

Δ𝑃𝑃m.r = 𝑄𝑄n �0,0065 + 0,0135 �𝑄𝑄−0,1𝑄𝑄n

0,9𝑄𝑄n
�

2
�,  (1.70) 

sadac 𝑄𝑄 da 𝑄𝑄n -simZlavre mocemul reJimSi da nominaluri 

simZlavre marTvadi reaqtoris, mgva. 

nax. 1.6 naCvenebia damokidebuleba danakargebis marTvad 

reaqtorSi misi reJimisagan nominaluri Zabvis dros. 

jamuri danakargebi aqtiuri simZlavris blokSi 

transformatori - marTvadi reaqtori warmogvidgeba Semdegi 

gamosaxulebiT: 

Δ𝑃𝑃 = Δ𝑃𝑃𝑥𝑥 + Δ𝑃𝑃𝑘𝑘 �
𝑄𝑄
𝑆𝑆n
�

2
+ Δ𝑃𝑃m.r  (1.71) 

sadac 𝑆𝑆n,Δ𝑃𝑃𝑥𝑥 ,Δ𝑃𝑃𝑘𝑘 -nominaluri simZlavre da danakargebi 

transformatorSi normalur reJimSi. 

winaswar CarTuli transformatoris arseboba ganivi 

kompensaciis danadgarSi, Sesrulebuli marTvadi reaqtoris 

bazaze mbrunavi magnituri veliT an sinqronuli kompensatoriT, 

zemoqmedebs blokis jamur maxasiaTebelze: transformatori 

moqmedebs rogorc mimdevrobiT CarTuli aramarTvadi reaqtori, 

ris Sedegad qselidan moTxovnili reaqtiuli simZlavre 

aRmoCndeba meti faqtiuri datvirTvaze marTvadi makompensirebel 

mowyobilobaze, xolo gacemuli qselSi (sinqronuli 

kompensatoris variantSi) naklebi: 

𝑄𝑄sk = 𝐼𝐼𝑥𝑥
100

𝑆𝑆n + ℓ𝐾𝐾
100

�𝑄𝑄
𝑆𝑆n
�

2
+ 𝑄𝑄, (1.72) 
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sadac 𝑆𝑆n, I𝑥𝑥 , ℓ𝑘𝑘 -nominaluri simZlavre, mgva da 

transformatoris parametrebi, %; 𝑄𝑄-datvirTva makompensirebeli 

mowyobilobis, mgv.a. 
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1.6. simZlavris danakargebi marTvad reaqtorSi mbrunavi 
magnituri veliT 

 

1.4. simZlavris danakargebi gvirgvinze 
 

sahaero xazis sadenebze gansazRvrul pirobebSi aRiZvreba 

gvirgvinisebri ganmuxtva (gvirgvini), ganpirobebuli energiis 

ganbneviT garemomcveli sivrceSi, rasac mivyavarT simZlavris da 

energiis saerTo danakargebis gazrdasTan eleqtrogadacemaSi. 

gvirgvinisebri ganmuxtvis procesis analizi sahaero xazis 

sadenebze ganxilulia specialur literaturaSi [5]. unda 

aRiniSnos, rom gvirgvinisAANwarmoSobis pirobas warmoadgens 

xazis Zabvis gazrda kritikul donemde - gvirgvinis sawyisi Zabva. 
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gvirgvinis sawyisi Zabva damokidebulia sxvadasxva 

faqtorebze, romlebic SeiZleba daiyos or jgufad: pirvel 

jgufSi Sedis sadenis geometriuli zomebi, faza, fazebs Soris 

manZili, fazebsa da miwas Soris, sadenis gare zedapiris 

mdgomareoba; meore jgufSi Sedis faqtorebi, dakavSirebuli 

atmosferos mdgomareobasTan, - haeris simkvrive, misi fardobiTi 

tenianoba, xasiaTi da intensivoba naleqis, sadenze yinulis 

danaleqi da sxva. sxvadasxva pirobebSi Zabvis gazrdiT 

danakargebi gvirgvinze uecrad izrdeba. gvirgvini xazis 

sadenebze Tanxmlebia, garda simZlavris danakargebisa, 

egredwodebuli reaqtiuli efeqtisa, romelic gamovlindeba 

dammuxtavi simZlavris gazrdiT, fazis jamuri muSa tevadobis 

cvlilebis Sedegad. 

samfaza xazSi horizontalurad ganlagebul sadenebiT, 

gvirgvinis reaqtiuli efeqti didi xarisxiT gamovlindeba Sua 

fazaze, vidre kiduri fazebze, maTze gvirgvini aRiZvreba ufro 

dabal Zabvaze da gamovlindeba ufro intensiurad. simZlavris 

danakargebi Sua fazaze SeiZleba miaRwios 150%-s kiduri fazebis 

danakargebis. 

zemod Tqmulidan gamomdinareobs, rom gvirgvinisebri 

ganmuxtvis aRZvra da intensivoba sahaero xazis sadenebze 

ganxiluli unda iqnes, rogorc SemTxveviTi movlena, xolo 

simZlavris danakargebi mocemul drois momentSi - rogorc 

SemTxveviTi sidide. 

gasaSualebuli maxasiaTebeli gvirgvinisebri ganmuxtvis 

saSualo wliuri xvedriTi danakargebis saxiT gvirgvinze, 

kvt.sT/km an kvt/km,. gamoiyeneba eleqtrogadacemis dagegmarebis 

dros, ar iZleva saSualebas vimsjeloT faqtiur simZlavris 

danakargebze mocemul drois momentSi. wliuri energiis 

danakargebis sidide miiReba danakargebidan, romelsac adgili 

aqvs sxvadasxva drois momentSi gare pirobebis gaTvaliswinebiT, 
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da ar gansazRvravs aRniSnuli danakargebis ganawilebas misi 

gamovlenis albaTobiT. 

sahaero xazisTvis misi konstruqciuli Sesrulebis 

damoukideblad erTaderT saSualebas zemoqmedebisa simZlavris 

danakargebis doneze, dakavSirebuli gvirgvinisebri 

ganmuxtvasTan, warmoadgens Zabvis cvlileba. aseTi RonisZiebis 

dasabuTebisaTvis, rogorc Zabvis dadableba, axdens zegavlenas 

gadacemis reJimis sxva maCvenebelze (danakargebi sadenebis 

gaxurebaze, mdgradobaze da a.S). aucilebelia gagvaCndes saimedo 

warmodgena momqmedi simZlavris danakargebze gvirgvinze 

gansaxilvel drois momentSi. 

simZlavris danakargebis absolituri sidide gamowveuli 

gvirgvinisebri ganmuxtvisagan iangariSeba meTodiT, romelic 

aRwerila [5], an uSualod gazomviT momqmed gadacemaze 

specialuri gamzomi mowyobilobis saSualebiT. 

xangrZlivi sistematuri dakvirveba momqmed xazze 

saSualebas iZleva dazustebisa, warmodgenaze simZlavris 

danakargebis cvlilebis SesaZleblobis xasiaTze gamowveuli 

gvirgviniT realur piribebSi ganxilulia [6]. 

cxrili 1.1-Si [5]-dan mocemulia kvlevis Sedegebi simZlavris 

danakargebis gamowveuli gvirgvinisebri ganmuxtvisagan cudi 

amindis pirobebSi 500 kv Zabvis xazze sadenebiT 3𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴330 da 

gaxleCili bijiT 400 mm. mocemuli eqsperimentis xangrZlivoba 

cudi amindSi Seadgenda 43% sruli drois dakvirvebis romelic 

grZeldeboda daaxloebiT 2,5 weli. xazze Zabva dakvirvebis 

periodSi icvleboda nominaluridan ±1% zRvrebSi. 

erTnairi Zabvis dros saSualo simZlavris danakargebi kargi 

amindis pirobebSi Seadgenda 5-8-jer naklebs, vidre cud amindSi. 

simZlavris danakargebis Sefasebis dros gvirgvinze 

ganfenili gadamcemi xazisTvis aucilebelia gaviTvaliswinoT 

sxvadasxva klimaturi pirobebi xazis trasaze, romelic 

dakavSirebulia gvirgvinze simZlavris danakargebis 

44 
 



maxasiaTeblebi gvirgvinis araerTgvarovani intensivobaze 

gadacemis calkeul ubnebze. ganivi kompensaciiT marTva iZleva 

saSualebas ubnebis mixedviT Zabvis regulirebis. 

 

cxrili 1.1 

amindi 

danaka-

rgebis 

xangrZ-

livoba, 

sT 

simZlavris 

danakargebi kvt/km 
cud amindSi 

energiis 

danakargebis 

wili, % 

saSualo 

danakargebi 

droSi 

maqsima-

luri 

wvima 734 44,6 313 12,7 

sveli Tovli 390 34,1 198 5,1 

mSrali Tovli 1035 20,3 119 8,2 

haeris 

amaRlebuli 

tenianoba (90%) 

3929 17,0 186 25,8 

Rrubeli 1345 28,4 360 14,8 

nami 220 30,0 170 2,6 

mcire wvima 1291 70,7 374 30,4 

moyinva 49 26,4 56 0,4 

sul 8993 28,7 - 100 

 

1.5. gadacemis Zabvis regulirebasa da simZlavris 

danakargebs Soris kavSiri  

 

gadacemaSi eleqtruli energiis simZlavris nakadis 

ucvlelobis dros aqtiuri simZlavris danakargebi, rogorc iyo 

naCvenebi ganisazRvreba Zabvis doniT. gadacemis Zabvis dasaSvebi 

zRvarze zemoqmedebiT, SeiZleba SevcvaloT sasurveli 

mimarTulebiT aqtiuri simZlavris danakargebi da uzrunvelyoT 
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amgvarad simZlavris sruli danakargebis minimaluri 

mniSvneloba, romelic Sedgena danakargebisagan sadenebSi, 

gvirgvinze, marTvad da aramarTvad makompensirebel 

mowyobilobebSi da transformatorebSi, romelic akavSirebs 

gansaxilvel eleqtrogadacemas sxva sididis Zabvis qselTan. 

Zabvis cvlileba sxvadasxvagvarad aRiqmeba danakargebis 

calkeul mdgenelebze. gadacemis SedarebiT mcire simZlavris 

dros - 0.3𝑃𝑃𝑐𝑐 , sadenebSi danakargebis SemcirebisTvis unda 

Sevamcirod Zabva, maSin roca 𝑃𝑃 > 0,3𝑃𝑃𝑐𝑐 danakargebis 

SemcirebisaTvis sadenebSi yovelTvis sasurvelia gvqondes xazi 

metobiT dasaSvebi (+5%) Zabva. sxva xasiaTi gaaCnia gvirgvinze 

danakargebis damokidebulebas Zabvisagan. maT SemcirebisaTvis 

yovelTvis mizanSewonilia xazis eqspluatacia naklebi dasaSvebi 

ZabviT. danakargebi aramarTvad sakompensacio mowyobilobaSi 

mcirdeba Zabvis SemcirebiT, rodesac danakargebi marTvad 

sakompensacio mowyobilobaSi ganisazRvreba ara Zabvis doniT, 

aramed mowyobilobis gantvirTviT reaqtiuli simZlavrisagan, 

gamomdinare saerTo moTxovnebiT eleqtrogadacemis reJimisagan. 

danakargebi kavSiris transformatorSi ganisazRvreba energiis 

nakadis simZlavriT, gamavali masSi, da naklebad damokidebulia 

Zabvis donidan. 

moyvanili saerTo warmodgena aqtiuri simZlavris 

danakargebis xasiaTze eleqtrogadacemis elementebSi Zabvis 

regulirebis dros gviCvenebs, rom aqtiuri simZlavris 

46 
 



danakargebis minimizaciis amocana Zabvis regulirebis gziT 

warmoadgens optimizaciis amocanas, romlis praqtikuli amoxsna 

SeiZleba miRebuli iqnes mxolod kompiuteruli teqnikis 

daxmarebiT. am SemTxvevaSi amocana unda amoixsnas ara 

gankerZoebulad calkeuli eleqtrogadacemisTvis, aramed yvela 

qselisaTvis, rogorc mocemuli, ise uaxloesi Sereuli ZabvebiT. 

Tanamedrove eleqtruli sistemebSi Zabvis regulireba 

xorcieldeba eleqtrosadgurebis generatorebiT, sinqronuli 

kompensatorebiT, dadgmuli sakvanZo qvesadgurebSi, 

makompensirebeli mowyobilobiT momxmarebelebTan, 

transformatorebiT datvirTvis qveS transformaciis 

koeficientis cvlilebiT da regulirebadi transformatorebiT, 

dadgmuli qselSi.  

cvladi denis mZlavri eleqtrogadacemis Zabvis regulireba 

ekonomiuri reJimis Seqmnis mizniT (simZlavris danakargebis 

Semcireba) SeZlebisdagvarad unda moxdes decentralizebulad, 

e.i. ganxorcieldes gadacemidan uSualod axlos ise, rom 

minimaluri xarisxiT imoqmedos eleqtrosistemis sxva 

elementebis Zabvebze. aseTi adgilobrivi regulirebisaTvis 

mizanSewonilia gamoyenebuli iqnes kavSiris transformatori, 

romelsac gaaCnia mowyobiloba datvirTvis qveS transformaciis 

koeficientis cvlilebis. aRniSnul kvanZSi reaqtiuli 

simZlavris arsebobis dros eleqtrogadacemis Zabvis cvlileba 
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naklebad imoqmedebs eleqtrogadacemis danarCeni nawilis Zabvis 

doneze. 

cvladi denis eleqtrogadacemos Zabvis regulirebis 

efeqtur saSualebas warmoadgens mowyobiloba marTvadi ganivi 

kompensaciis. ganivi kompensaciis mowyobilobis gantvirTvis 

cvlilebas mivyavarT reaqtiuli simZlavris nakadis 

cvlilebasTan kavSiris transformatoris gavliT, rac iwvevs 

Zabvis cvlilebas salteze, romelzec CarTulia gansaxilveli 

xazi (nax. 1.7). 

g
mgk

Zekv S=P+jQ

 

nax. 1.7. principuli sqema Zabvis regulirebis marTvadi ganivi 

kompensaciiT. 

g - sistemis ekvivalenturi generatori; 𝑍𝑍ekv-sistemis 

ekvivalenturi winaRoba. 

martiv SemTxvevaSi, roca transformatori mierTebulia 

mZlavri eleqtrosistemis kvanZTan, romlis Zabva praqtikulad ar 

icvleba, Zabvis cvlileba gadacemaze, %, gamowveuli marTvadi 

ganivi kompensaciis moqmedebiT, tolia: 

∆𝑈𝑈 = ℓ𝐾𝐾∆𝑄𝑄пк
𝑆𝑆ном

,              (1.73)U 

sadac 𝑆𝑆n-kavSiris transformatoris nominaluri simZlavre, 

mgva; ℓ𝐾𝐾-transformatoris mokled SerTvis Zabva, %; ∆𝑄𝑄sk-

makompensirebeli mowytobilobis damatebiTi gantvirTva. 
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im SemTxvevaSi, roca damatebiTi moTxovnili reaqtiuli 

simZlavre iwvevs Zabvis cvlilebas qvesadguris salteze, 

romelzec CarTulia kavSiris transformatori, regulirebis 

efeqti iqneba ufro meti, vidre es gamoisaxeba (1.73)-iT. 

 

1.6. gadacemaSi energiis danakargebi 

eleqtruli energiis danakargebi warmoadgens erT-erT 

ZiriTad faqtors, romelic gansazRvravs ekonomiur maCvenebels, 

rogorc eleqtrogadacemaze mTlianad, ise misi calkeul 

elementebSi. zogad saxeSi energiis danakargebi 𝑇𝑇 drois 

SualedSi eleqtrogadacemis nebismier elementSi tolia: 

∆∋= � ∆𝑃𝑃(𝑡𝑡)𝑑𝑑𝑑𝑑,              (1.74)
𝑇𝑇

0
 

sadac ∆𝑃𝑃(𝑡𝑡) - simZlavris danakargebi mocemul drois 

momentSi. 

gadacemis gansaxilveli elementebisaTvis - xazi, marTvadi 

makompensirebeli mowyobiloba, transformatori - simZlavris 

danakargebi drois mocemul momentSi ganisazRvreba eleqtruli 

energiis simZlavris nakadiT, gadacemuli xaziT. mxolod 

aramarTvadi maSuntirebeli reaqtorebisaTvis ganmsazRvrel 

sidides warmoadgens Zabva. 

yuradRebas imsaxurebs danakargebis cvlilebis xasiaTi 

sxvadasxva elementebSi gadacemis simZlavris cvlilebid dros. 

𝑃𝑃2 aqtiuri simZlavris gazrdiT danakargebi xazis sadenebSi 

izrdeba, magram danakargebi marTvad ganivi kompensaciis 

mowyobilobaSi mcirdeba (igulisxmeba, rom (𝑃𝑃 < 𝑃𝑃𝑐𝑐). 

maqsimaluri danakargebi marTvad makompensirebel 

mowyobilobaSi Seesabameba uqmi svlis reJims, roca danakargebi 

xazis sadenebSi minimaluria. 

calke unda ganvixilod danakargebi gvirgvinze, romlis, 

sidide, rogorc es naCvenebi iyo gaaCnia SemTxveviTi xasiaTi. 
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eleqtrogadacemis elementebSi simZlavris danakargebis 

cvlilebis gansakuTrebuloba, rogorc es aRniSnuli iyo zemod, 

eWvis qveS ayenebs sruli danakargebis angariSis cnobil meTods 

danakargebis wliuri saaTebis 𝜏𝜏 ricxvis gamoyenebiT. 

gadacemaSi energiis danakargebis gansazRvrisaTvis metad 

miesadageba reJimebis damaxasiaTebeli meTodi [7], romlis 

Tanaxmad eleqtrogadacemis faqtiurad araxazovani datvirTvis 

grafiki drois gaswvriv Seicvleba safexurovaniT, bunebrivia, 

aseTi Secvla grafikis TiToeuli safexuris warmoadgens reJimis 

damaxasiaTebels, romlis xangrZlivoba aRmoCndeba cnobili. 

aseTi midgomiT energiis danakargebi 𝑇𝑇 drois periodSi 

ganisazRvreba gamosaxulebiT. 

∆∋= �∆𝑃𝑃𝑖𝑖𝑇𝑇𝑖𝑖

𝑛𝑛

1

,                           (1.75) 

sadac ∆𝑃𝑃𝑖𝑖-simZlavris danakargebi 𝑖𝑖 damaxasiaTebeli reJimis; 

𝑇𝑇𝑖𝑖 − 𝑖𝑖 damaxasiaTebeli reJimis xangrZlivoba; aRniSnul 

SemTxvevaSi 

𝑇𝑇 = �𝑇𝑇𝑖𝑖                               (1.76)
𝑛𝑛

1

 

gvirgvinze energiis danakargebis Sefaseba, Seadgens energiis 

sruli danakargebis mcire nawils (2%) [3], rekomendirebulia 

arsebuli monacemebis safuZvelze Catardes sxvadasxva Zabvebis 

xazebisaTvis gvirgvinze saSualo wliuri simZlavris 

danakargebis angariSi. 
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Tavi II. marTvadi ganivi kompensaciis teqnikuri 

maCveneblebi 

2.1. xazis dammuxtavi simZlavre 

 

sahaero da sakabelo xazebi warmoadgenen reaqtiuli 

simZlavris wyaros, roca maTi gantvirTva aqtiuri simZlavriT 

naklebia naturalurze. 

qvemod [3]-is Tanaxmad mocemulia gasaSualebeli xvedriTi 

mniSvneloba reaqtiuli (dammuxtavi) simZlavris, generirebuli 

dautvirTavi samfaza xaziT, nominaluri Zabvis dros (diapazonis 

sidide, aRniSnuli varskvlaviT, uCvenebs damokidebulebas 

dammuxtavi simZlavris sadenis an Zafis kveTisagan; kveTis 

gazrdiT dammuxtavi simZlavre izrdeba). 

sahaero xazisTvis: 

𝑈𝑈, kv . . . . . 220  330  500  750  1150 

𝑄𝑄dam, mvar/km …0,13-0,14*  0,37-0,39 *   0,94-0,95*   2,25     5,9 

sakabelo xazisTvis: 

𝑈𝑈, kv . . . . . 35  100  220  330  500 

𝑄𝑄dam, mvar/km …0,23-0,29*  1,2-1,6 *   3,6-5,0*   9,0     17,0 

cvladi denis dammuxtavi simZlavre, sahaero da sakabelo 

xazebisTvis, ganisazRvreba maTi konstruqciiT: fazebs Soris 

manZiliT da fazebsa da miwas Soris; sadenebis ganlagebiT 

fazaSi; sadenis kveTiT; fazebs Soris izolaciis dieleqtrikuli 

TvisebebiT. dammuxtavi simZlavre, mvar, proporciulia xazis 

sigrZis da momqmedi Zabvis kvadratis: 

𝑄𝑄dam. = 𝑏𝑏0𝑈𝑈2ℓ,  (2.1.) 

sadac 𝑏𝑏0-xazis xvedriTi tevaduri gamtaroba, (omi.km)-1; 𝑈𝑈 - 

momqmedi Zabva; kv; ℓ - xazis sigrZe, km. 

kabelebis konstruqciuli gansakuTrebulobidan gamomdinare 

maTi xvedriTi dammuxtavi simZlavre 15-30-jer aWarbebs sahaero 

xazis xvedriTi dammuxtavi simZlavres imave nominaluri ZabviT. 

51 
 



amitom, miuxedavad SedarebiT sakabelo xazis sigrZe gacilebiT 

naklebia sahaero gadamcem xazze, sakiTxi ganivi kompensaciis 

mowyobilobis gamoyeneba sakabelo qselSi SedarebiT dabal 

Zabvebze ara nakleb aqtualuria, vidre zemaRali Zabvis sahaero 

qselSi. 

 

2.2. xazis gaswvriv ganivi kompensaciis 

danadgaris ganawileba 

 arsebiTi gavlena teqnikur maCvenebelze, gaaCnia ganivi 

makompensirebeli mowyobilobis (rogorc marTvadi ise ara 

marTvadi) ganlagebas gadacemaze. nax. 2.1 naCvenebia marTvadi 

ganivi kompensaciis danadgaris ganlageba. 

1150 kv 1150 kv

3500 mva

ℓ = 600 km 

a)

3500 mva

 

1150 kv 1150 kv

1750 mva

b)

3500 mva 1750 mva

ℓ = 300km ℓ = 300km 

 

nax. 2.1. marTvadi ganivi kompensaciis danadgaris ganlageba 

a) xazis boloebSi; b) xazis boloebSi da SuaSi 
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1150 kv Zabvis xazSi, 600 km sigrZis, romlis TiToeuli faza 

warmogvidgeba rva sadenis koniT 𝐴𝐴𝐴𝐴400,  roca ganivi 

makompensirebeli mowyobiloba jamuri simZlavriT 3500 mvar 

ganlagebulia erTnairad bolo qvesadgurebSi (50%-50%), sadac 

SenarCunebulia nominaluri Zabva (nax. 2.1, a), simZlavris 

danakargebi sadenebSi (gvirgvinis gaTvaliswinebis gareSe) uqmi 

svlis reJimSi (𝑃𝑃2 = 0) Seadgens daaxloebiT 6,5 mgvt. im 

SemTxvevaSi, roca imave xazisTvis, magram xazis Sua wertilSi 

moTavsebulia makompensirebeli mowyobiloba, igive jamuri 

simZlavriT (25%-50%-25%) (nax. 2.1, b) uqmi svlis reJimSi, 

sadenebSi danakargebi mcirdeba 1,55 mgvt-mde. 

 

 

2.3. Zabvis xangrZlivi amaRlebis SezRudva 

 

reaqtiuli simZlavre, generirebuli xazebiT da miwodebuli 

bolo qvesadgurebis salteebze, ganisazRvreba ZabvebiT gadacemis 

boloebSi, an maTi calkeul ubnebze, maTi sigrZiT da 

eleqtruli energiis simZlavris nakadiT, gadacemuli mocemuli 

xaziT. didi reaqtiuli simZlavres bolo qveadguris salteebze 

aqvs adgili uqmi svlis reJimSi da mcire datvirTvis reJimSi 

(𝑃𝑃 ≪ 𝑃𝑃𝑐𝑐); energiis nakadis simZlavris gazrdis mixedviT 

reaqtiuli simZlavris danakargebi xazis induqciur winaRobaSi 

izrdeba da misi miwodeba bolo qvesadgurebze mcirdeba, da 

uaxlovdeba nuls, roca aqtiuri simZlavre, axlosaa xazis 

naturaluri simZlavresTan. xazSi dammuxtavi denebis gavlis 

Sedegad Zabva xazis Sualedur wertilebSi iqneba gansxvavebuli 

boloebSi Zabvisagan. rogorc cnobilia, xazis boloebSi 

erTnairi Zabvis SemTxvevaSi an misi calkeul ubnebSi da 

gadacemis gantvirTvis dros xazis naturaluri simZlavreze 

naklebi, Zabva izrdeba xazis boloebidan misi Sua nawilisaken, 

sadac miiRweva maqsimaluri mniSvneloba. Zabvis amaRlebis 
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jeradoba xazis Sua wertilSi, SedarebiT ZabvasTan xazis 

boloebSi, izrdeba xazis sigrZis gazrdasTan, xolo misi 

maqsimalur mniSvnelobas adgili aqvs uqmi svlis reJimSi. 

eleqtruli energiis nakadis simZlavris gazrdiT xazis 

naturaluri simZlavreze zeviT, iwvevs aucileblobas mivawodoT 

xazSi reaqtiuli simZlavre bolo qvesadgurebisa salteebidan. 

aRniSnul reJimebSi Zabva xazis Sualedur wertilebSi iqneba 

dabali, vidre mis boloebSi. zemod moyvanili mosazreba Zabvis 

cvlilebis xasiaTze miekuTvneba cvladi denis xazebs, romlis 

sigrZe ar aRemateba 1200-1300 km. 

500 kv da meti Zabvis sahaero xazisaTvis izolaciis 

normaluri muSaobis pirobis mixedviT muSa Zabvis amaRleba 

nominalurze ar unda aWarbebdes 5%. aRniSnuli moTxovnis 

Sesruleba dakavSirebulia sahaero xazis qvesadgurebs Soris 

manZilis SezRudvasTan. 

unda aRiniSnos, rom Zabvis amaRleba xazis boloSi 

imoqmedebs ara mxolod mis izolaciaze, aramed qvesadguris 

ZiriTadi mowyobilobis izolaciaze: transformatorebi, 

gamTiSvelebi, amomrTvelebi da a.S., romlisTvisac aRniSnuli 

faqtori gansakuTrebiT saSiSia. 

ganvixilavT ra uqmi svlis reJims, romelic xasiaTdeba 

Zabvis mniSvnelovani amaRlebiT xazis Sualedur wertilebSi, 

SeiZleba davadginoT maqsimaluri xazis sigrZe, romlisTvisac 

Zabva Sualedur wertilebSi ar gamova dasaSvebi zRvrebidan. 

xazis uqmi svlis reJimisaTvis kavSiri maqsimaluri Zabvasa 

da Zabvas Soris, romelic SenarCunebulia xazis boloebSi, 

ganisazRvreba, martivi gamosaxulebiT, romelic gamomdinareobs 

(1.1)-dan: 

𝑈𝑈�maqs. = 𝑈𝑈bol. 𝑐𝑐ℎ𝑦𝑦ℓ1⁄ ,   (2.2) 

sadac ℓ1 tolia xazis sigrZis naxevris, romlis orive 

boloebSi SenarCunebulia erTnairi Zabva 𝑈𝑈bol. 
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umravles SemTxvevaSi 500 kv da meti Zabvis gadacemis 

normaluri reJimi gadacemis da mimRebis qvesadgurebi 

gansxvavdebian umniSvnelod, rac iZleva saSualebas gamoviyenoT 

(2.2) gamosaxuleba winaswari analizisaTvis xazis gaswvriv Zabvis 

cvlilebis xasiaTiT. 

xazis erToblivi CarTvis dros Zabva gaxsnil boloSi 

𝑈𝑈�maqs. = 𝑈𝑈� 𝑐𝑐ℎ𝑦𝑦ℓ⁄   (2.3) 

SevniSnavT, rom xazis Tavisufal boloSi Zabvis amaRleba 

imoqmedebs ara mxolod mis izolaciaze, aramed qvesadguris 

ZiriTadi mowyobilobis izolaciaze: transformatorebi, 

gamTiSvelebi, amomrTvelebi da a.S. 

saangariSo gamosaxulebis gamartivebisaTvis SeiZleba 

mxedvelobaSi ar miviRoT xazis aqtiuri winaRoba, misi simciris 

gamo. 500 kv da meti Zabvis xazisaTvis aqtiuri winaRoba 8-20-jer 

naklebia induqciur winaRobaze. CavTvalod 𝑟𝑟0 sadenis tolia 

nulis, miviRebT gavrcelebis koeficienti 

𝛾𝛾 = 𝑗𝑗𝑗𝑗,    (2.4) 

rac iZleva saSualebas (2.3)-Si 𝑐𝑐ℎ𝑦𝑦ℓ-is nacvlad SemoviyvanoT 

𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐ℓ. 

aseTi daSvebis dros sahaero xazis monakveTis zRvruli 

sigrZe sakvanZo wertilebs Soris, romelSic SenarCunebulia 

nominaluri Zabva, tolia 

ℓzRv. = 2
𝛼𝛼
𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 �𝑈𝑈nom.

𝑈𝑈maqs.
� (2.5) 

sahaero xazisTvis 500 kv da meti ZabvisTvis 𝛼𝛼-s mniSvneloba 

imyofeba zRvrebSi (1,06-1.09)⋅10-3 rad/km, rac gansazRvravs roca 

𝑈𝑈maqs. = 1,05𝑈𝑈nom. xazis sakvanZo wertilebs Soris monakveTebis 

zRvruli sigrZe, romelSic SenarCunebulia nominaluri Zabva 

Seadgens 590-600 km. xazis erTmxrivi CarTvis dros zRvruli 

sigrZe aRmoCndeba orjer naklebi, e.i. ar aRemateba 300 km. 

mocemuli monacemebi gviCvenebs, rom Zabvis SezRudvis 

mixedviT uqmi svlis reJimSi da mcire datvirTvis dros sahaero 
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xazi sigrZiT 300 km-mde SeiZleba Sevides eqspluataciaSi ama Tu 

im damatebiTi mowyobilobis gareSe; xazi sigrZiT 300-dan 600 km-

mde unda aRiWurvos ganivi kompensaciis mowyobilobiT, romelic 

zRudavs Zabvas gaxsnili xazis boloSi; 

roca xazis sigrZe metia 600 km-ze, makompensirebeli 

mowyobiloba aucilebelia movaTavsod xazis Sualedur 

wertilebSi. 

 

2.4. ganivi kompensaciis danadgaris ganlageba 

 

ganivi kompensaciis danadgaris ganlageba maRali Zabvis 

xazis bolos qvesadgurebze, makompensirebeli mowyobilobis 

mierTebis sqema SeiZleba daiyos ori principialurad 

gansxvavebuli jgufad. pirvel jgufs miekuTvneba varianti ganivi 

kompensaciis mowyobilobis mierTeba maRali Zabvis xazTan 

uSualod axlos qvesadguris saltisgan, saxazo amomrTvelis 

Semdeg (nax. 2.2, a); meore jgufs miekuTvneba mierTeba 

makompensirebel mowyobilobis qvesadguris saltesTan, rogorc 

maRali, ise dabali Zabvis safexurze (nax. 2.2, b) umravles 

SemTxvevaSi transformatorebi da avtotransformatorebi, 

dadgmuli damadablebel qvesadgurze, gaaCniaT mesame gragnili 

ZabviT 10-35 kv, sakmarisi simZlavriT, romelic SeiZleba 

gamoyenebuli iqnes makompensirebeli mowyobliobis 

misaerTeblad. teqnikuri maxasiaTeblebi mocemuli sqemebis 

SesamCnevad gansxvavdeba. 
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a) b)

 

nax. 2.2. marTvadi ganivi kompensaciis mierTebis sqemebi.  

a-xazze qvesadgurTan axlos; b- qvesadgurze 

ganvixiloT mocemuli sqemebi detalurad da gamomavlinoT 

maTi upiratesoba. 

xazis calmxrivi gamorTvis dros damyarebuli da 

gardamavali reJimebSi gadametZabvis SezRudva, agreTve misi 

dayeneba Zabvis qveS erT-erTi qvesadguris mxridan SesaZlebelis 

ganivi kompensaciis mowyobilobiT, mxolod im pirobiT maTi 

mierTebiT xazTan amomrTvelis Semdeg. am SemTxvevaSi 

transformatoris an avtotransformatoris gamorTva ar 

gamoiwvevs saSiS gadametZabvas gadacemaze. 

Zabvis regulireba qvesadguris maRali Zabvis salteze, 

marTvadi ganivi kompensaciiT, mierTebuli uSualod xazTan, 

miiRweva naklebi diapazonis regulirebiT da ar iwvevs 

mniSvnelovan Zabvis cvlilebas sxva Zabvis qselSi, 

dakavSirebuli mocemul qvesadgurTan. 

 

2.5. marTvadi ganivi kompensaciis danadgaris 

simZlavre da moTxovnebi Rrma regulirebasTan 

 

fizikuri parametrebi, romlebic gansazRvraven ganivi 

kompensaciis danadgaris simZlavres, warmoadgenen xazis 

reaqtiuli simZlavris maqsimalur Warbi da deficitur 

simZlavres, makompensirebeli mowyobilobis ganlagebis adgilSi. 
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es sidideebi Tvisobrivad gadacemis reJimebis xasiaTidan 

gansazRvruli, saxeldobr uqmi svlis reJimebiT da gadacemis 

maqsimaluri aqtiuri simZlavriT. 

maqsimaluri aqtiuri simZlavris reJimSi reaqtiuli 

simZlavris deficits mivyavarT xazSi Zabvis SemcirebasTan, rac 

amcirebs paraleluri muSaobis mdgradobis marags da 

erTdroulad iwvevs xazSi danakargebis gazrdas.  

momqmed eleqtrogadacemaSi dammuxtavi simZlavris 

kompensaciis xarisxi, romlis qveS igulisxmeba misi fardobiTi 

wili, moTxovnili makompensirebeli mowyobilobiT, icvleba 

farTo zRvrebSi. magaliTad yofil sabWoTa kavSirSi pirveli 

gadacema 400-500 kv Zabvaze sigrZiT 800-100 km, maTi 

eqspluataciaSi Seyvanis momentSi gamoyenebuli iyo aramarTvadi 

ganivi kompensacia, romlis simZlavre ar aWarbebda 40% xazis 

monakveTis dammuxtavi mowyobilobis. aseTi xarisxis  

kompensaciis dros adgili aqvs siZneleebs zogierTi reJimebis 

ganxorcilebeaSi [8]. 

reaqtiuli simZlavris gadacema transformatorebiT an 

avtotransformatorebiT qvesadgurebSi maRali Zabvis qselidan 

dabali Zabvis qselSi iwvevs arasasurvel Zabvis doneebis 

cvlilebas, aramwarmoeblurad gadatvirTvas mowyobilobebs da 

iwvevs danakargebis gazrdas. 

kompensaciis xarisxis arCeva konkretuli gadacemisaTvis 

emyareba adgilobriv pirobebs, romelSic Sedis iseTi faqtorebi, 

rogorc eleqtrosistemis maxasiaTeblebi, ganpirobebuli 

reaqtiuli simZlavris balansiT. zogadi rekomendaciebi ganivi 

kompensaciis mowyobilobis simZlavris  mixedviT midis 

kompensaciis xarisxis amaRlebasTan xazis nominaluri Zabvis 

gazrdasTan, misi dayvana zRvrul mniSvnelobamde (100%) an masTan 

axlos zemaRali Zabvis gadacemisaTvis. 

qvemod moyvanilia monacemebi, romlebic axasiaTeben 

nominalur simZlavres ganivi kompensaciis mowyobilobis 100 km 
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sigrZeze erTjaWviani sahaero xazis Zabvis sxvadasxva doneebiT, 

romelic Seesabameba dammuxtavi simZlavris srul kompensacias: 

𝑈𝑈kv. . . . . . .  220  330  500  750  1150 

makompensirebeli danadgaris nominaluri simZlavre,    

mgvar ..      13,5  38   95   225   590 

cvladi denis mZlavri gadacemis reJimebis analizi 

gviCvenebs, rom bevri maTgani, gansakuTrebiT pirvelad atareben 

eleqtroenergiis nakads, romlis simZlavre ar aWarbebs 60-70% 

xazis naturalur simZlavres. aRniSnul pirobebSi ganivi 

kompensaciis mowyobilobis simZlavris cvlileba im sididemde, 

romelic moeTxoveba muSa reJims, iqneba naklebi, vidre maTi 

nominluri simZlavris dros, arCeuli uqmi svlis reJimis 

mixedviT. aqedan gamomdinare SesaZlebloba rogor 

davakompleqtod ganivi kompensaciis danadgari, ise rom maT 

SemadgenlobaSi Sediodes rogorc marTvadi mowyobiloba, ise 

aramarTvadi.  nax. 2.3 naCvenebia principialuri  sqemebi 

kombinirebuli danadgarebis. TiToeul konkretul SemTxvevaSi 

ganivi kompensaciis danadgaris Semadgenlobis SerCeva unda 

dasabuTdes ekonomiuri mosazrebiT, Tumca pirveli SexedviT 

Secvla nawilSi marTvadi reaqtoris aramarTvadiT 

warmogvidgeba mizanSewonili rogorc kapitaluri dabandebiT, 

ise simZlavris da energiis danakargebis mixedviT. 
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nax. 2.3. ganivi kompensaciis danadgaris kombinirebuli sqemebi. 

amr- aramarTvadi reaqtori; t -transformatori; 

sk - sinqronuli kompensatori; mr - marTvadi reaqtori; 
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Tavi III. ganivi kompensaciisaTvis mowyobilobebis 

saxeobebi 

3.1. zogadi monacemebi 

ganivi kompensacia gamoiyeneba im mizniT, rom uzrunvelyoT 

Zabvebis ganawileba xazebSi da zemoqmedeba movaxdinoT 

reaqtiuli simZlavris mniSvnelobaze da niSanze gadacemis 

boloebSi da kvanZebSi, sadac xorcieldeba transformatoruli 

kavSiri sxva Zabvis xazebTan. Tu kompensacia sruldeba marTvadi 

statikuri kompensatorebis safuZvelze, maSin gaCndeba 

SesaZlebloba gadavwyvitod sami ZiriTadi reJimuli amocanebi:  

- paraleluri muSaobis mdgradobis uzrunvelyofa; 

- normalur reJimebSi Zabvis regulireba; 

- Sida gadametZabvebis SezRudva. 

gadacemis sawyis boloSi da im kvanZebSi, sadac gagvaCnia 

generatorebi eleqtruli energiis, Cveulebriv mimarTulia 

reaqtiuli simZlavris balansis SenarCunebisken. meore mxriv 

sinqronuli generatorebis erTeuli simZlavris gazrda, 

miRweuli aqtiuri masalebis intensiuri gamoyenebiT, zRudavs 

maT SesaZleblobas, rogorc reaqtiuli simZlavris wyaro da 

momxmarebeli. izrdeba nominaluri simZlavris koeficienti: 100 

mgvt simZlavris turbogeneratorisTvis - 0,8; 500 mgvt simZlavris 

turbogeneratorisTvis - 0,85; 800 da 1200 mgvt simZlavris 

turbogeneratorebisTvis - 0,9. momavalSi perspeqtiuli 2000 da 

3000 mgvt simZlavris turbogeneratorebisTvis 
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gaTvaliswinebulia - 0,95. izrdeba gardamavali reaqtiuli 

winaRoba daaxloebiT 40%-mde orpolusiani generatorebisTvis 

da 50%-mde oTxpolusiani generatorebisTvis. mcirdeba rotoris 

forsirebis denis dasaSvebi xangrZlivoba. Sedegad uaresdeba 

energosistemaSi generatorebis paraleluri muSaobis pirobebi, 

kerZod reaqtiuli simZlavris moTxovnis reJimSi. 

didi simZlavreebis generatorebis aRniSnuli 

gansakuTrebuloba, moiTxovs eleqtrosadgurebSi reaqtiuli 

simZlavris statikuri kompensatorebis gamoyenebas Zabvebis 

reJimebis uzrunvelyofisaTvis. Sesabamisad izrdeba gadacemis 

gamtarunarianoba mdgradobis pirobebis mixedviT [9]. aseTi 

dayofa funqciis aqtiuri (sasargeblo) da reaqtiuli (gacvliTi) 

simZlavreebis generaciis warmoadgens metad perspeqtiuls 

energetikuli sistemis reJimebis efeqturi marTvisaTvis. 

ganivi kompensaciis saSualeba, dadgmuli gadacemaze 

damyarebuli reJimebis pirobebis mixedviT, raTqma unda 

zemoqmedebs  Zabvebis ganawilebaze da mniSvnelobaze gardamaval 

reJimebSi. garda amisa zemaRali Zabvis (1000 kv-ze meti) 

gadacemaSi Sida gadametZabvis SezRudvis sakiTxebi gavlenas 

axdenen kompensaciis saSualebis SerCevaze [10]. makompensirebeli 

mowyobilobebis zogierTi saxeebi iTavseben marTvis Tvisebas 

arawrfivi bunebrivi volt-amperuli maxasiaTeblebis, 

xasiaTdebian gadametZabvebis SezRudviT. raTqma unda aseTi 
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Tvisebebis SeTavseba erT mowyobilobaSi warmoadgens mis 

Rirsebas. 

makompensirebeli mowyobilobis regulirebis siCqares 

gaaCnia mniSvnelovani mniSneloba gamtarunarianobis 

amaRlebisaTvis statikuri mdgradobis pirobis mixedviT. 

makompensirebeli saSualebis Rirebuleba da energiis danakargebi 

masSi zegavlenas axdens mTlianad gadacemis ekonomikur 

maCvenebelze da miT mniSvnelovnad, rac metia misi 

gamtarunarianoba. 

moeTxoveba maRali saimedoobis xarisxi makompensirebel 

mowyobilobas, radgan misi dazianebis SemTxvevaSi mniSvnelovnad 

mcirdeba gadacemis gamtarunarianoba. 

bolos, makompensirebeli saSualebis mierTebam ar unda 

gamoiwvios gadacemis eqspluataciis garTuleba: sinqronuli 

kompensatorebisTvis es SeiZleba iyos mokled SerTvis denis 

gazrda, gardamavali procesis xarisxis Semcireba, 

kompensatorebis gamovardna sinqronizmidan; statikuri 

kompensatorebisaTvis - maRali rogos harmonikebis warmoqmna. 

marTvadi ganivi kompensaciis saSualeba SeiZleba daiyos 

moqmedebis principis mixedviT or jgufad: Zabvis parametruli 

stabilizatori da maregulirebeli mowyobiloba. 

maregulirebeli mowyobilobas miekuTvneba: marTvadi 

reaqtorebi, reaqtor-tiristoruli da kondensatorul-
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tiristoruli blokebi da statikuri kompensatorebi maT 

safuZvelze, agreTve sinqronuli kompensatorebi. 

termini statikuri kompensatori aRniSnavs kompleqsur 

mowyobilobas, ar Seicavs moZrav nawilebs, romelic 

sasargebloa rogorc momxmareblisTvis, ise reaqtiuli 

simZlavris generirebisaTvis. reaqtiuli simZlavris mniSvneloba 

icvleba kompensatoris maregulirebel elementze zemoqmedebis 

gziT, kerZod, mis momWerebze Zabvis ucvlelobis dros. 

reaqtiuli simZlavre parametruli stabilizatoris, 

kompensatorisgan da maregulirebeli mowyobilobisagan 

gansxvavebiT, icvleba mxolod momWerebze Zabvis cvlilebis 

dros. 

500 kv da meti Zabvis gadacemaze Cveulebriv ayeneben 

maSuntirebel araregulirebad reaqtorebs xazovani volt-

amperuli maxasiaTeblebiT. 

 

3.2. Zabvis parametruli stabilizatorebi 

 

parametruli stabilizatoris ZiriTad elements 

warmoadgens gajerebuli reaqtori, e.i. reaqtori arawrfivi 

volt-amperuli maxasiaTeblebiT, ganpirobebuli gajerebiT misi 

magnituri sistemis. reaqtoris magnituri sistema mzaddeba 

civnaglini foladisagan, mcire xvedriTi danakargebiT da 

praqtikulad damagnitebis marTkuTxa maxasiaTebliT. warmodgenas 
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maxasiaTeblis daxrilobaze iZleva Semdegi cifrebi, romlebic 

miekuTvneba reaqtors 45 mv.a, 11 kv; dinamikuri induqciuri 

winaRoba gajerebis areSi -0,4 omi;  

gaujerebel areSi - 30 omi, e.i. 75-jer meti. aqtiuri 

simZlavris danakargebi nominaluri denis dros naklebia 0,7%-iT. 

muSa Zabva gajerebuli reaqtoris ar aWarbebs 33 kv, da is 

SeerTebulia xazTan transformatoriT. Sualeduri 

transformatoris magnituri ganbnevis winaRoba emateba 

reaqtoris winaRobas da izrdeba is 30-40%-iT. angariSebi 

aCvenebs, rom aseTi dinamikuri winaRobis dros da reaqtoris 

nominaluri simZlavris dros misi mastabilizirebuli moqmedeba 

savsebiT arasakmarisia. amitom gajerebuli reaqtoris 

mimdevrobiT CarTulia kondensatori, rom Sevamcirod Zabvis 

mixedviT statizmi. kondensatorebis batareebis simZlavre 

Seadgens 10-15% reaqtiuli simZlavris. 

SevniSnavT, rom tevaduri kompensaciis dros reaqtoris 

wredSi ganbnevis winaRoba gardauvalia da misi Sesruleba 

maRali muSa ZabviT, tolia xazis Zabvis. 

Zabvis parametruli stabilizatori SeiZleba aigos 

gajerebuli reaqtoris bazaze mbrunavi magnituri veliT. 

upiratesoba magnituri sistemis mbrunavi magnituri veliT 

gamoixateba sruli gamoricxviT maRali rigis harmonikebis. 

Zabvis parametruli stabilizatoris uaryofiT mxares 

warmoadgens statizmi Zabvis mixedviT, romelic Seadgens 
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ramodenime procents. kondensatoris gareSe parametruli 

stabilizatori reaqtoris wredSi ara efeqturia, rogorc 

saSualeba gamtarunarianobis amaRlebisa, Tumca sasargebloa 

Sida gadametZabvis SezRudvisaTvis. 

 

3.3. marTvadi reaqtorebi da transformatorebi 

 

reaqtorebi marTvadia, romlis parametrebi icvleba 

Semagnitebis saSualebiT. analogiurad marTvadia 

transformatorebi roca misi magnitogamtari Semagnitdeba 

reaqtiuli momxmareblis gazrdis mizniT. 

marTvadi reaqtorebi arseboben grZivi, ganivi da 

rgolisebri SemagnitebiT (bolo - roca gamoiyeneba mbrunavi 

magnituri veli). 

rgolisebri Semagniteba gamoiyeneba reaqtorebis 

marTvisaTvis mbrunavi magnituri veliT. aseTi tipis reaqtorebi 

xasiaTdebian eleqtromagnituri simetriiT, romlis SenarCuneba 

xorcieldeba mudmivi denis SemagnitebiT. praqtikulad 

gamoricxulia reaqtoris denSi maRali rigis harmonikebi 

(naklebia 1%-ze), yvela normalur reJimebSi, miuxedavad imisa, 

rom mimdinareobs magnitogamtaris Semagniteba da amiT 

ganpirobebulia volt-amperuli maxasiaTeblebis arawrfivoba. 

reaqtoris upiratesobas warmoadgens agreTve gamoricxva 

pirdapiri eleqtromagnituri kavSiris ZiriTadi samfaza 
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gragnilsa da marTvis gragnils Soris, uzrunvelyofs mudmivi 

denis wyaros forsirebis efeqturobas. konstruqciulad aseTi 

reaqtori SeiZleba damzaddes 300-400 mgva erTeuli simZlavriT, 

35 kv Zabvamde. 

 

3.4. reaqtor-tiristoruli blokebi 

 

reaqtor-tiristoruli blokebi warmoadgenen kombinacias 

aramarTvadi reaqtorisa da wrfivi maxasiaTeblebiT da 

tiristorebiT, marTvadi specialuri kanoniT. bunebrivia, rom 

orove elementi, magroveblis da regulirebis unda iqnes 

gaTvlili blokis nominalur denze da Zabvaze. 

marTvad reaqtorSi gamoiyeneba magnituri maZliereblis 

efeqti, amitom maregulirebeli rgolis simZlavre (mudmivi denis 

wyaro) miiReba ori-sami rigiT naklebi, vidre reaqtoris 

nominaluri simZlavre. 

reaqtor-tiristoruli blokSi gaTvaliswinebulia 

Sualeduri transformireba xazis ZabvasTan, radgan ekonomikuri 

mosazrebiT tiristorebi xelsayrelia daidgas saSualo Zabvaze 

35 kv-mde. 

principSi tiristorebi SeiZleba gamoviyenoT rogorc 

gasaRebi reaqtorebis simZlavris safexurovani 

regulirebisaTvis. tiristorebis saSualebiT komutacia SeiZleba 
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ganvaxorcielod gardamavali procesis gareSe reaqtoris 

sakomutacio wredSi. 

didi simZlavris blokebSi xorcieldeba mdovre regulireba 

reaqtiuli simZlavris tirostorebis gaRebis kuTxis cvlilebiT, 

e.i. denis gatarebis xangrZlivoba gansaxilvel periodSi. am 

dros aRiZvreba maRali rigis harmonikebi, romlebic aRwevs 5% 

da mets. reaqtor-tiristoruli bloki SeiZleba CairTos 

muSaobaSi mxolod maRali rigis hamonikebis filtrTan 

erToblivad. 

reaqtor-tiristoruli blokSi simZlavris regulireba 

xorcieldeba swrafad, muSa sixSiris erTi-ori periodSi. 

 

3.5. kondensatorul-tiristoruli blokebi 

 

reaqtor-tiristoruli blokebisagan gansxvavebiT 

kondensatorul-tiristoruli blokebSi tiristorebi gamoiyeneba 

gasaRebis reJimSi da axorcieleben kondensatorebis simZlavris 

safexurovan cvlilebas. blokebSi ar aqvs adgili maRali rigis 

harmonikebis generacias. 

paralelurad SeerTebuli aramarTvadi reaqtoris 

kondensatorul-tiristoruli blokTan warmoadgens statikur 

kompensators kargi teqnikuri maxasiaTeblebiT: fazuri 

regulirebis SesaZlebloba; ZiriTadi sixSireze reJimis 

mdgradoba; maRali rigis harmonikebis ar arseboba; swrafqmedeba. 
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unda aRiniSnos agreTve, rom cvladi denis gadacemis ganivi 

kompensaciisaTvis, sadac araa aucilebeli fazuri regulireba, 

SeiZleba Seiqmnas ufro iafi da metad saimedo statikuri 

kompensatori kombinaciis gziTAararegulirebadi kondensatorTa 

batareebiT da  mbrunavi magnituri veliT marTvadi reaqtorebiT. 

kondensatorul-tiristorul bloks uwyveti (fazuri) 

regulirebiT, uwodeben agreTve reaqtiuli simZlavris wyaros 

(rsw). 

 

3.6. sinqronuli kompensatorebi 

 

rogorc cnobilia, kompensatoris nominaluri simZlavre 

naCvenebia reaqtiuli simZlavris generaciis reJimisaTvis. 

moTxovnis reJimSi is mcirdeba 0,7-0,8 nominaluramde. simZlavris 

danakargebi kompensatorSi Seadgens daaxloebiT 1% nominaluris, 

Tanac danakargebis mesame nawili araa damokidebuli statorSi 

denis sidideze. 

ZiriTadi upiratesoba sinqronuli kompensatoris, rogorc 

saSualeba ganivi kompensaciis, warmoadgens mdovre regulireba 

da gamosadegia, rogorc generaciisaTvis, ise momxmareblisaTvis 

reaqtiuli simZlavris, agreTve SedarebiT dabali Rirebuleba. 

sinqronuli kompensatoris naklovanebas warmoadgens misi 

mbrunavi nawili, romelic saWiroebs mudmiv kontrols. ara 
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nakleb weliwadSi erTxel sinqronuli kompensatori gamoirTveba 

kontrolisa da remontisaTvis. 

sinqronuli kompensators gaaCnia didi Sida winaRoba da 

didi drois mudmiva agznebis wreds, da amitom unda iyos 

aRWurvili Zlieri moqmedebis avtomaturi regulatoriT, romlis 

struqturuli sqema mniSvnelovnad rTulia, vidre, magaliTad, im 

SemTxvevaSi, roca gvaqvs marTvadi reaqtori mbrunavi magnituri 

veliT. 

kompensatoris momWerebze Zabvis stabilizaciisaTvis misi 

agznebis sistema unda iyos gaTvlili 10-15 jeradze Zabvis 

forsirebis, rac mniSvnelovnad amaRlebs kompensatoris 

Rirebulebas da arTulebs mis konstruqcias. 

kompensatoris Sida winaRobis gavlena SeiZleba Semcirdes 

kondensatorebis CarTviT statoris gragnilebis wredSi. meore 

mxriv am dros iqmneba piroba, TviTagznebis aRZvris da manqanis 

TviTgaSvebis. TviTagzneba SeiZleba gaswordes damatebiTi 

agznebis gragnilis daxmarebiT ganivi RerZSi, romelic ikvebeba 

calke agznebiT. simZlavre damatebiTi gragnilis 7-10% Seadgens 

ZiriTadi agznebis gragnilis simZlavris normalur reJimSi. 

bolos, SeiZleba aRiniSnos, rom sinqronuli kompensatori 

axdens mcire gavlenas gadacemaSi Sida gadametZabvebis 

mniSvnelobaze. maTi SezRudvisaTvis aucilebelia maSuntebeli 

reaqtori wrfivi, an ukeTesia arawrfivi maxasiaTebliT. 
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3.7. ganivi kompensaciisaTvis sxvadasxva saxis 

mowyobilobebis Sepirispireba 

 

marTvadi ganivi kompensacia SeiZleba realizebuli iqnes 

sinqronuli kompensatorebis saSualebiT da statikuri 

kompensatorebiT ar Seicavs mbrunav nawilebs. muSa Zabva 

kompensatorebis da statikuri mowyobilobebis ar aWarbebs 35 kv. 

mierTeba gadacemaze xorcieldeba Sualeduri transformatoriT. 

maregulirebeli rgoli marTvadi kompensaciis aRmoCnda 

mizanSewonili Sesrulebuliyo saSualo Zabvaze. 

sinqronuli kompensatorebi didi xania gamoiyeneba 

eleqtrul qselebSi Zabvis daWerisaTvis normalur reJimebSi da 

qselebSi eleqtruli energiis danakargebis SemcirebisaTvis. 

aseTi kompensatorebis gamoyeneba cvladi denis gadacemis 

gamtarunarianobis amaRlebisaTvis rTuldeba. es naklovanebebi 

ganpirobebulia kompensatoris moqmedebis principidan 

gamomdinare. 

teqnikur literaturaSi naTlad ikveTeba tendencia 

sinqronuli kompensatorebze uaris Tqmis da maTi SecvliT 

statikuri kompensatorebiT. 

nebismieri statikuri kompensatori Seicavs magrovebel 

elementebs (induqciurobas, tevadobas) da maregulirebel 

elements. maregulirebel elements warmoadgens tiristori. 
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kompensatori marTvadi reaqtoris safuZvelze regulirdeba 

magnituri maZliereblis efeqtis gamoyenebiT, romlis 

koeficienti didi simZlavris reaqtorSi icvleba 300-dan 500-mde. 

es niSnavs, rom tiristoruli danadgaris simlavre, romelic 

kvebavs marTvis wreds, Seadgens 1-2% reaqtoris nominaluri 

simZlavris. 

sxvadasxva tipis statikuri kompensatorebi SeiZleba 

Sesrulebuli iqnes swrafmomqmedi, ekvivalenturi drois 

mudmivaTi 0,05-0,1 wm, rogorc es moeTxoveba statikuri 

mdgradobis pirobis mixedviT gamtarunarianobis amaRlebisaTvis. 

uzrunvelyofilia agreTve aucilebeli zRvrebi reaqtiuli 

simZlavris regulirebis da Zabvis stabilizaciis sizuste. 

gajerebuli da marTvadi reaqtorebi, agreTve reaqtoruli-

tiristoruli blokebi efeqturad zRudaven Sida gadametZabvas. 

amaSi mdgomareobs maTi mniSvnelovani upiratesoba sinqronuli 

kompensatorebTan SedarebiT. 
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Tavi IV. saqarTvelos energetikul sistemaSi 

eleqtroenergiis danakargebis Semcirebis 

rekomendaciebis SemuSaveba 

 

4.1. zogadi monacemebi 

 

momxmareblebis nominaluri muSaobis uzrunvelyofisaTvis 

aucilebelia rogorc aqtiuri, ise reaqtiuli simZlavre. 

reaqtiuli simZlavre ixarjeba magnituri velis SeqmnisaTvis da 

ar moiTxovs sawvavis xarjs. Tumca misi gadacema xaziT 

dakavSirebulia garkveul xarjebTan aqtiuri simZlavris qselis 

elementebSi. aRniSnul elementebSi ixarjeba reaqtiuli 

simZlavre, rac moiTxovs misi generaciis gazrdas. amitom 

reaqtiuli simZlavris moTxovnis Semcirebas mivyavarT aqtiuri 

simZlavris ekonomiasTan, simZlavris danakargebis SemcirebasTan. 

qselis racionaluri dagegmarebis amocana (arCeva 

konfiguraciis, kveTis, transformatorebis simZlavreebi da sxva) 

da qselis ganviTarebis optimizacia mdgomareobs SenarCunebuli 

iqnes Tanafardoba qselis Rirebulebasa da simZlavris 

danakargebs Soris, e.i. uzrunvelyofaSi dayvanili danaxarjebis 

minimumis. meore mxriv SesaZlebelia RonisZiebebis Catareba 

simZlavris danakargebis SemcirebisaTvis, romelic ar moiTxovs 

did danaxarjebs; dayeneba specialuri pirveladi (voltsamati 

transformatorebis, makompensirebeli mowyobilobebis da sxva) 

da meoradi (avtomatikis da sareleo dacvis) mowyobiloba. 
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cxrili 4.1-Si naCvenebia simZlavris  danakargebis ZiriTadi 

saxeebi qselis sxvadasxva pirobiTi jgufebisaTvis. Tavis mxriv 

danakargebi iyofa: teqnikuri, organizaciuli da komerciuli. 

teqnikuri - iTvaliswinebs qselis rekonstruqcias da 

Secvlas an dayenebas damatebiTi mowyobilobebis. maT 

miekuTvneba: 

- makompensirebeli mowyobilobis dayeneba; 

- sadenebis Secvla sadenebiT didi an naklebi kveTebiT; 

- gadatvirTuli da dautvirTavi transformatorebis Secvla; 

- maregulirebeli mowyobilobis dadgma; 

- transformaciis koeficientis avtomaturi regulireba; 

- kondensatorTa batareebis simZlavris avtomaturi 

regulireba; 

- simZlavris nakadebis regulirebis mowyobilobis dayeneba 

maRali da zemaRali Zabvis araerTgvarovani Sekrul qselebSi. 

- qselebis gadayvana ufro maRali nominaluri Zabvaze; 

- obieqtebis kapitaluri mSeneblobis Semdeg qselebis 

konfiguraciis da optimaluri sqemebis Seqmna; 

- danergva Tanamedrove releuri dacvis, avtomatikis, 

telemeqanikis da gazomvis mowyobilobebis. 

organizaciuli - iTvaliswinebs momsaxurebis gaumjobesebas, 

qselebis sqemebis da maTi muSaobis reJimebis optimizacias. 

maT miekuTvneba: 
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- reaqtiuli simZlavris mixedviT qselebis damyarebuli 

reJimebis optimizacia; 

- 10-35 kv. Zabvis qselis gayofis optimizacia; 

- sistemaSi reaqtiuli simZlavris deficitis dros sistemis 

generatorebis gadayvana sinqronuli kompensatorebis reJimSi; 

- radialuri qselebis kvebis centrSi muSa Zabvebis 

optimizacia; 

- mcire datvirTvis reJimebSi transformatorebis gamorTva; 

- qselebSi fazebis datvirTvis gaTanabreba; 

- momsaxurebis da remontebis xarisxis gaumjobeseba da 

xangrZlivobis Semcireba; 

- danakargebis Semcirebis axali meTodebis gamokvleva da 

damuSaveba. 

komerciuli - iTvaliswinebs momsaxurebis gaumjobesebas. 

maT miekuTvneba: 

- mricxvelebis dayeneba; 

- brZola datacebasTan; 

- aRricxvianobis sistemis gaumjobeseba. 

simZlavris danakargebis Semcirebis RonisZieba xorcieldeba 

rogorc dagegmarebis ise eqspluataciis procesSi. 

saeqsploatacio RonisZiebas atareben mudmivad reJimebis 

optimizaciiT. 
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cxrili 4.1. simZlavris da energiis danakargebis saxeebi 

energosistemis qselebis 

jgufebi 

danakargebis ZiriTadi saxeebi 

zemaRali qseli (330-750 kv) da 

maRali (110-330 kv) Zabvis 110-750 

kv (grZeli eleqtrogadacema; 

sistemaTaSorisi kavSiri; sis-

temadwarmoqmnili qseli 110-500 

kv) 

 

 

 

 

 

 

 

ganmanawilebeli qseli saSualo 

Zabvebis 10-35 kv. 

 

 

 

 

ganmanawilebeli qseli dabali 

Zabvis 1000 v-mde 

uqmi svla: 

(datvirTvaze ara damokidebuli) 

- gvirgvinze 

- transformatorebi foladSi 

-makompensirebeli mowyobilobis 

paralelur wredebSi 

datvirTvis: 

(damokidebuli datvirTvaze) 

-xazebSi 

- transformatorebis gragnilebSi 

- makompensirebeli mowyobilobis 

mimdevrobiT wredebSi 

datvirTvis: 

- xazebSi 

- transformatorebis gragnilebSi 

uqmi svla: 

transformatorebis gragnilebSi 

datvirTvis: 

- xazebSi 

- gamowveuli fazis arasimetriuli 

datvirTviT 

 

qselSi datvirTvis gazrdiT danakargebi izrdeba da 

Tanafardoba qselis Rirebulebasa da danakargebs Soris 

gadaixreba nominalurisagan, momxmareblebis qselSi aqtiuri da 

reaqtiuli datvirTvis cvlileba dakavSirebulia aqtiuri da 

reaqtiouli simZlavreebis gadadinebis cvlilebasTan 

energosistemaSi Sesabamisi cvlilebiT masSi danakargebis. amitom 
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danakargebis done aucilebelia mudmivad vakontroloT, 

radganac isini axasiaTeben mTeli qselis muSaobis 

ekonomiurobas. 

 

4.2. eleqtrogadacemis arsebuli da perspeqtiuli 

sistemebi 

 

dRemde daaxloebiT 95% eleqtroenergiis gadaecema sahaero 

xazebiT. es ganpirobebulia mTeli rigi arsebiTi upiratesobiT, 

romlebiTac xasiaTdeba sahaero xazebi: 

- naklebi danaxarjebi mSeneblobaze. Rirebuleba erTi 

sahaero xazis Seadgens 1/9-1/26-is miwisqveSa kabelis Rirebulebis 

igive gamtarunarianobiT [11]; 

- dazianebis swrafi aRmofxvra; 

- dabali dieleqtrikuli danakargebi, vinaidan izolaciad 

gamoyenebulia haeri; 

- SesaZlebloba uzrunvelyofis maRali Zabvis xarjze didi 

gamtarunarianobis miRweva. 

grZeli sahaero xazisTvis gamtarunarianoba ganisazRvreba 

naturaluri simZlavriT, xolo mokle sahaero xazisTvis 

gaxurebis simZlavriT. naturaluri simZlavre ganisazRvreba 

ZabviT 

𝑃𝑃nat. = 𝑈𝑈2

𝑍𝑍talR.
, 
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sadac 𝑈𝑈-gadacemis Zabva; 𝑍𝑍talR. - sahaero xazis talRuri 

winaRoba. talRuri winaRoba mZlavri sahaero xazisTvis Seadgens 

200-400 oms. 

amgvarad, sahaero xazis gamtarunaroanoba SeiZleba 

gaizardos ori meTodiT. pirveli, SeiZleba gavzardoT Zabva 1000-

1500 kv. am mimarTulebiT mimdinareobs warmatebiTi kvlevebi.  

meore, SeiZleba gavzardoT simZlavre, gacxelebis mixedviT, 

romelic 3-7 jer aWarbebs naturalur simZlavres. amis miRweva 

SeiZleba sadenebis zomebis gazrdiT da wredebis ricxvis 

gazrdiT erT sayrdenze. 

amJamad miwisqveSa sakabelo wredi, maRali simZlavris 

Seadgens 4-5% yvela mZlavri xazis sigrZis. amis mizezi 

dakavSirebulia kabelis maRali RirebulebiT da misi montaJis 

sirTuleze, romelic 10-20 jer metia misi Rirebuleba, Sesabamisi 

sahaero xazis RirebulebasTan. 

rogorc arniSnuli iyo dResdReobiT eleqtroenergia 

ZiriTadad gadaicema sahaero gadamcemi xazebiT da mxolod misi 

mcire nawiloi gadaicema uSualod miwisqveSa kabelebiT. ZiriTad 

erT-erT mizezs warmoadgens SedarebiT sahaero gadamcemi 

xazebis aramaRali Rirebuleba. 

meore mxriv unda aRiniSnos, rom momavalSi etapobrivad 

gaizrdeba eleqtrogadacema miwisqveSa kabeliT, gansakuTrebiT 

didi qalaqebis raionebSi, sadac aseTi miwisqveSa kabelebi 

misaRebia. 
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internetis bolo monacemebiT aSS-Si mimdinareobs 

mSenebloba msoflioSi pirveli eleqtrogadamcemi xazis - 

maRaltemperaturuli zegamtaruli kabelis. 600 metri sigrZis 

xazi awyobilia zegamtarebisagan sigrZiT 100 metri 

monakveTebisagan da gaTvlilia 140a denis Zalaze da 138 kv. 

Zabvaze. dengamtari zegamtari warmodgenilia kompoziciuri 

masalis zolebisagan (itriumi-bariumi-spilenZi) sisqiT 0,2 mm da 

siganiT 4 mm. mTeli konstruqcia kabelis civdeba Txevadi 

azotiT - 196 𝐶𝐶0  temperaturamde. SedarebisTvis kabeli spilenZis 

ZarRvebiT, gaTvlili gadacemaze aseTi eleqtruli simZlavriT, 

unda iyos asjer meti kveTis. 

 

4.3. axali Taobis energetikuli daniSnulebis 

zegamtaruli transformatori maRali teqnikur-

ekonomikuri maCveneblebiT 

 

zegamtaruli gragnilebis gamoyeneba Zalovan 

transformatorebSi gavlenas axdens, rogorc eleqtromagnitur 

procesebze, romlebic mimdinareobs masSi, aseve mis 

konstruqciul Sesrulebaze, aumjobesebs teqnikur-ekonomikur 

maCveneblebs da afarToebs misi praqtikuli gamoyenebis 

SesaZleblobas. 

zegamtaruli transformatoris (zgt) gragnilebi SeiZleba 

Sesrulebuli iqnes, rogorc dabaltemperaturul 4,2 k 
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zegamtarebis (dtzg), aseve maRaltemperaturul 77 k zegamtarebis 

(mtzg) gamoyenebis safuZvelze. 

zegamtaruli sadenebis (zgs) gamoyenebis ZiriTad 

upiratesobas warmoadgens masSi denis simkvrivis gazrdis 

SesaZlebloba ori-sami rigiT, SedarebiT Cveulebriv (spilenZi, 

alumini) sadenebis denis simkvrivesTan. arsebiTi gansxvaveba zgs-

a da Cveulebriv sadenebs Soris warmoadgens is, rom zgs-Si 

danakargebis da denis simkvrivis dasaSvebi sidideebi 

mTlianobaSi damokidebulia magnituri velis intensivobaze, 

roca Cveulebriv sadenebSi aseTi damokidebulebas adgili ara 

aqvs. amasTan dakavSirebiT angariSis meTodebi da optimizaciis 

amocanebi Cveulebriv sadenebSi da zgs-Si sxvadasxvaa. 

Cveulebriv sadenebSi denis simkvrive 𝑗𝑗 sadenis mTlian kveTSi 

rCeba mudmivi da optimizaciis amocana dadis sadenSi joulis 

eleqtruli danakargebis minimalur miRebasTan. deni wriuli 

kveTis 𝑑𝑑 diametris Cveulebriv sadenSi ar aris damokidebuli 

magnitur velze 

𝑖𝑖 = 𝜋𝜋
4
𝑗𝑗𝑑𝑑2   (4.1) 

sadenis kveTis mixedviT denis simkvrive 𝑗𝑗 = 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 da deni sadenis 

diametris kvadratis proporciulia. 

zgt-is Zalovani gragnilebis zgs-Si optimizaciis amocana 

farToa da mdgomareobs SemdegSi: 

1. sadenis zegamtarul dengamtaris ZarRvebSi histerezisuli 

da grigaluri danakargebis Semcireba da aseve zgs-is 
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mastabilizebeli metalSi eleqtruli da grigaluri 

danakargebis Semcireba.  

2. zgs-is dengamtarunarianobis amaRleba da sadenis xarjis 

Semcireba. 

3. zgs-is da transformatoris zegamtaruli gragnilebis 

induqciurobis da induqciuri winaRobis Semcireba. zgt-is mokle 

SerTvis Zabvis 𝑈𝑈𝐾𝐾% Semcireba. 

4. zgs-is saimedoobis amaRleba misi stabilizaciis 

safuZvelze. 

zgs-Si denebis simkvrive ar rCeba mudmivi zgs-is kveTis 

mixedviT da damokidebulia velis magnituri induqciis 

mniSvnelobaze gansaxilvel wertilSi da zgs-is zedapirze 

magnituri induqciis sidideze. zgs-is zedapirze magnituri veli 

SeiZleba Seiqmnas ara mxolod TviT zgs-is deniT, aramed sxva 

denebiT, axlos ganlagebuli zgs-iT. jamuri magnituri velis 

intensivobis gazrdiT, denis simkvrive da dengamtarunarianoba 

mkveTrad mcirdeba da danakargebi zgs-Si izrdeba. maqsimaluri 

dengamtarunarianoba minimaluri danakargebis SemTxvevaSi 

miiRweva, roca srulad gamoricxulia gare magnituri velebi, 

roca zgs imyofeba sakuTar magnitur velSi, Seqmnili TviT zgs-

is deniT. am SemTxvevaSi dengamtarunarianoba da danakargebi zgs-

Si damokidebulia mxolod sadenis sakuTar parametrebze. aseT 

sadenebs SemdgomSi vuwodebT zgs lokalizebul magnituri 

veliT (zgsl). zgsl optimalur formad iTvleba sadenis 
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cilindruli forma. magnituri veli aseT zgs-Si SeiRweva 

sadenis zedapiridan, romelic gansazRvrulia SeRwevadobis 

siRrmiT 𝜆𝜆 da, roca 𝜆𝜆 tolia zgsl-is radiusis 𝑟𝑟0, aseTi zgs 

srulad Sevsebulia deniT. aRniSnuli denis sidide miRebulia 

kritikuli denis mniSvnelobad 

𝑖𝑖k = 𝜋𝜋
𝜇𝜇0
𝐵𝐵k𝑑𝑑,   (4.2) 

sadac 𝑑𝑑-zgsl-is diametria; 𝜇𝜇0 = 4𝜋𝜋 ∙ 10−7hn/m. 

kritikuli deni Seesabameba velis magnituri induqciis 

kritikul mniSvnelobas zgs-is zedapirze. 

𝐵𝐵0 = 𝐵𝐵k 

denis simkvrive 𝑗𝑗kam SemTxvevaSi, agreTve aRwevs Tavis 

kritikul mniSvnelobas 

𝑗𝑗k =
𝑖𝑖k
𝑆𝑆s

= 4
𝐵𝐵k
𝜇𝜇0

1
𝑑𝑑
,  4.3) 

sadac 𝑆𝑆s-sadenis kveTis farTia. 

(4.2) formulidan Cans, rom zgs-is dengamtarunarianoba 

izrdeba misi 𝑑𝑑 diametris proporciulad da ara diametris 

kvadratisa 𝑑𝑑2, rasac adgili aqvs Cveulebriv sadenebSi (4.1) 

formula. garda amisa, zgs-is dengamtarunarianoba ganisazRvreba 

velis magnituri induqciis kritikuli mniSvnelobiT sadenis 

zedapirze. es garemoeba dakavSirebulia imasTan, rom, rogorc 

(4.3) formulidan Cans, zgs-is 𝑑𝑑 diametris gazrdiT kritikuli 

denis simkvrive mcirdeba. Sesabamisad, zgs-is diametris Semcireba 

iwvevs kritikuli denis simkvrivis da sadenis 
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dengamtarunarianobis gazrdas. zgs-is diametris SemcirebiT 

miiRweva, agreTve mniSvnelovani Semcireba histerezisuli da 

grigaluri danakargebis sadenSi. aRniSnulTan dakavSirebiT, 

mizanSewonilia didi diametris erTZarRviani zgs-is nacvlad 

gamoyenebuli iqnes, mravalZarRviani zegamtaruli sadenebi 

lokalizebuli magnituri veliT (mZzgsl), romelSic 

zegamtaruli ZarRvis diametris 𝑑𝑑Z, SedarebiT sadenis 

diametrTan Seadgens umniSvnelo sidides. lokalizebuloba 

magnituri velis mravalZarRviani zegamtaruli sadenis 𝑑𝑑Z << 𝑑𝑑s, 

miiRweva zegamtarul ZarRvebs Soris manZilis gazrdis xarjze, 

e.i. zgs-is Sevsebis koeficientis SemcirebiT, garkveul 

optimalur sididemde, romlis drosac urTierT magnituri 

gavlena zegamtarul ZarRvebs Soris praqtikulad gamoricxulia. 

mZzgsl-is safuZvelze mizanSewonilia Sesruleba 

transformatorebis Zalovani gragnilebis, roca garda 

dengamtarunarianobisa da m.q,k-is gazrdisa, dgas amocana gare 

magnituri velebis da Zalovani gragnilebis reaqtiuli 

winaRobebis Semcirebis. 

mZzgs-Si dengamtarunarianobis gazrda da matricaSi 

grigaluri denebisagan gamowveuli danakargebis Semcireba 

miiRweva dagrexili sadenebis xarjze. 

zgs-is saimedoobis amaRlebisaTvis, roca gamovlindeba masSi 

gragnilis normaluri faza, aucilebelia zegamtaruli sadenebis 

stabilizaciis gamoyeneba, raTa aRikveTos normaluri fazis 
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gavrceleba. zegamtaruli ZarRvis kveTsa da stabilizaciis 

metals Soris Tanafardobis cvalebadobiT, SeiZleba SevcvaloT 

stabilizaciis xarisxi da urTierTgavlenis xarisxi zegamtarul 

ZarRvebs Soris. mZzgs-is Sevsebis koeficienti 

𝐾𝐾S =
𝑆𝑆zgZ
𝑆𝑆sr

, 

sadac 𝑆𝑆zgZ-zegamtaruli ZarRvebis kveTi, 

𝑆𝑆sr -zegamtaruli sadenis sruli kveTi. 

mZzgs-is 𝐾𝐾S Seadgens 0,3-0,6: mZzgsl-is ki 𝐾𝐾S ≪ 1. 

energetikuli daniSnulebis zgt-is SeqmnisaTvis aucilebelia 

gamoyenebuli iqnes zgs maRali gamtarunarianobiT. aRniSnuli 

miznis miRwevisaTvis gamoiyeneba mZzgsl, romelSic 

urTierTzemoqmedeba calkeuli zegamtaruli ZarRvebis magnituri 

velebis dayvanilia minimumamde. gragnilis sadenebis aseTi 

SesrulebiT ganisazRvreba gamtarunarianoba. 

msoflioSi pirveli erTfaza zgt simZlavriT 15 kva, ZabviT 

22/2,23 iyo damzadebuli da gamocdili aSS-Si 1961 wels [12]. misi 

gragnilebi iyo damzadebuli tyviis sadenisagan. 

1963 wels safrangeTSi iyo damzadebuli da gamocdili zgt 

simZlavriT 2,75 kva [13]. misi gragnilebi iyo damzadebuli 

𝑁𝑁𝑁𝑁 − 15%𝑍𝑍𝑟𝑟 Senadnobisagan. gragnilebSi denis simkvrive 

Seadgenda 2 × 104a/sm2 transformatoris maqsimaluri simZlavris 

dros, m.q.k. -99,3%, roca meorad gragnilSi deni Seadgenda 15 a-s. 

1967 wels safrangeTSi iyo damzadebuli da gamocdili 

meore modeli zgt-is simZlavriT 6,6 kva [14]. aRniSnuli modeli 
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wina modelTan gansxvavebiT iyo damzadebuli ufro mtkice da 

saSualebas iZleoda Catarebuliyo gamocda xangrZlivi droiT 

mokle SerTvis, uqmi svlisa da datvirTvis reJimebSi. Sedegad 

Seswavlili iqna zgt-Tan dakavSirebuli problema. zgt-is 

pirveladi da meoradi Zabvebi Sesabamisad Seadgenda 220/440 v. 

transformators gaaCnda ori identuri dabali Zabvis (220 v) 

gragnili, romlebic transformatoris gareT gamomyvanebze, 

erTmaneTTan SeerTebuli iyo mimdevrobiT 440 v Zabvaze an 

paralelurad 220 v Zabvaze, rac saSualebas iZleoda zgt-is 

gamocdisa maTi SeerTebis sxvadasxva sqemebis dros. gragnilebis 

SesrulebisaTvis gamoyenebuli iyo zgs 𝑁𝑁𝑁𝑁 − 25%𝑍𝑍𝑟𝑟 diametriT 

0,254 mm. zgt-is maqsimaluri simZlavre iyo miRweuli 6,6 kva, ori 

dabali Zabvis gragnilebSi erTi da igive sididis denebiT 15a, 

SeerTebuli paralelurad. zgt-is maqsimaluri m.q.k. Seadgenda 

99,53%, maRali Zabvis gragnilSi 5a denis dros da 99,83%, 15 a 

denis dros, xolo sruli m.q.k. angariSis mixedviT, gacivebaze 

daxarjuli simZlavris gaTvaliswinebiT Seadgina 96%. 

zgt-is damuSaveba feromagnituri gularas gareSe 

warmodgenilia avstriaSi [15,16] Catarebuli samuSaoebSi. 

Zalovani zgt feromagnituri gularas gareSe gamoricxavs 

danakargebs gularaSi. 

inglisuri firmis Ferranti Ltd mier iyo damuSavebuli da 

gamocdili zgt-is nimuSi simZlavriT 250 kva [17]. 
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firmam Westinghouse (aSS) daamuSava proeqti samfaza Zalovani 

zgt-is simZlavriT 1000 mva, ZabvebiT 22/500 kv, mokle SerTvis 

ZabviT 𝑈𝑈𝐾𝐾 = 12%, zegamtaruli gragnilebi Sesrulebulia 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 da 

𝑁𝑁𝑁𝑁3𝑆𝑆𝑛𝑛 masalisagan. Catarebuli iqna Sedareba zeTian 

transformatorTan, romelsac gaaCnia analogiuri parametrebi 

[18]. dabali da maRali Zabvis TiToeuli zegamtaruli gragnili 

Sedgeba paralelurad SeerTebuli ZiriTadi da damxmare 

gragnilebisagan. ZiriTadi gragnili atarebs TiTqmis srul 

datvirTvas damyarebul reJimSi, xolo damxmare - avariul 

reJimSi. 

dabali Zabvis gragnili -erTfeniania sadenis kveTiT 

0,43 × 0,32sm2, xolo maRali Zabvis gragnili -xuTfeniania sadenis 

kveTiT 0,15 × 0,8 sm2. kabelis Sevsebis koeficienti 𝐾𝐾S = 1/3. 

kabelis ZarRvis diametri naklebia 100 mkm. gragnilebi 

moTavsebulia toroidul kriostatSi. zegamtaruli gragnilebis 

gacivebisaTvis gamoiyeneba Txevadi heliumi, romelsac gaaCnia 

maRali eleqtrosaizolacio simtkice da dabali 𝑡𝑡𝑡𝑡𝑡𝑡.  

zgt-is m.q.k. nominaluri simZlavris 1000 mva dros tolia 

99,85%. zgt-is Sedarebam zeTian transformatorTan aCvena, rom 

saimedoobis mixedviT zgt SeiZleba Sesruldes tolfasiani 

zeTiani transformatorisa; am SemTxvevaSi zgt-s gaaCnia naklebi 

masa, xolo zomebi misi TiTqmis igivea, rogorc zeTiani 

transformatoris (1000 mva zgt-is masa, 500 kv maRali ZabviT, 

Seadgens 64%-s zeTiani transformatoris masis); zgt-is sruli 
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Rirebuleba mTeli misi eqspluataciis vadaSi danakargebis 

gaTvaliswinebiT Seadgens 71%-s zeTiani transformatoris 

sruli Rirebulebis. 

Zalovani zgt-is Seqmnisa da praqtikuli gamoyenebis erT-erT 

mniSvnelovan problemas warmoadgens misi zegamtaruli 

gragnilebis gadasvla normalur gamtarobis fazaSi, romelic 

warmoadgens zgt-is muSaobis avariul reJims. aRniSnuli 

mimarTulebiT mimdinareobs intensiuri muSaoba zgt-is 

damuSavebis paralelurad. nax. 4.1 naCvenebia zgt-is dacvis sqema 

denSemzRudveli mowyobilobis saSualebiT [19]. denSemzRudveli 

mowyobiloba 1 avariul reJimSi zrdis transformatoris 8 

gragnilebis reaqtiul winaRobas da amcirebs dens usafrTxo 

donemde. 

8

5 4

1 6 7

2 3

 

nax. 4.1. zegamtaruli transformatoris gragnilebis dacva 

denSemzRudveli mowyobilobis saSualebiT 
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tevadoba SerCeulia rezonansSi induqtor 5-Tan. mokle 

SerTvis reJimis aRZvris dros reaqtori 6, romelic mimdevrobiT 

CarTulia aqtiuri winaRobasTan 7, gaiJRinTeba da amoklebs 

tevadobas, izrdeba transformatoris reaqtiuli winaRoba 

induqciuri winaRoba 5-is sididiT. induqtori 5-is Sesrulebis 

SemTxvevaSi zgs-iT da rkinis gulariT, SeiZleba gaerTiandes 

zgt-is meorad gragnilTan da moTavsdes zgt-Tan erTad erT 

kriostatSi. 

ruseTis federaciaSi zgs amzadeben sxvadasxva zegamtaruli 

mowyobilobebisaTvis, maT Soris zgt-isTvis НПО ВНИИКП [20] da 

ВНИИHM [21]. amJamad ВНИИHM awarmoebs: 

• mravalZarRvian sadenebs 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 da 𝑁𝑁𝑏𝑏3𝑆𝑆𝑛𝑛 bazaze. 

• wriuli sadenebi spilenZis matricaSi (50-ze meti 

tipiuri zomebiT diametriT 0,1-2,0 mm diapazonSi, 

boWkoTa ricxviT 6-dan 130000 mde, sigrZiT 30 km-mde); 

• sadenebi marTkuTxa kveTiT (7 dan 28 mm2-mde) kritikuli 

denebiT 18000 a-mde, magnitur velSi 5 tl. 

Tanamedrove samamulo da ucxour literaturaSi 

gamoqveynebul samecniero-teqnikuri masalebis analizis Sedegad 

Cans, rom bolo periodSi dtzg 4,2 k transformatorebis 

proeqtebis damuSaveba mcirdeba. es dakavSirebulia mtzg 77 k 

movlenis aRmoCenasTan da mis safuZvelze sadenebis 

damzadebasTan. transformatoris dtzg Zalovani gragnilebis 

gacivebisaTvis gamoiyeneba Txevadi heliumi 4,2 k, rac 
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dakavSirebulia maRali energodanaxarjebTan. mtzg 77 k Zalovani 

gragnilebis gacivebisaTvis gamoiyeneba Txevadi azoti 77 k, 

romelsac gaaCnia gacilebiT dabali energodanaxarjebi. 

aRniSnulma garemoebam misca udidesi biZgi ara mxolod Zalovani 

zgt-is ganviTarebas, aramed yvela zegamtarul 

eleqtromowyobilobebs [22]. dieleqtrikuli Tvisebebi Txevadi 

azotos ukeTesia, vidre Txevadi heliumis. 

bolo dros miRweulia didi warmateba mtzg sadenebis 

damuSavebaSi da damzadebaSi Zalovani eleqtromowyobilo-

bebisaTvis. isini xasiaTdebian maRali kritikuli denebiT da 

dabali TviTRirebulebiT, rac aCqarebs mis praqtikul 

gamoyenebas zgt-ebSi. 

firma Alcated Cables and Components gamouSva 

maRaltemperaturuli sadeni vismutis safuZvelze, 1 km-is 

sigrZis, romlis bazaze, SeiZleba damzaddes Zalovani 

gragnilebi transformatorisaTvis. sadenis denis kritikuli 

simkvrive aWarbebs 2 × 104 a/sm2 Txevadi azotis temperaturis 77 k 

dros. aRniSnuli firmis sawarmoo simZlavre saSualebas iZleva 

yovelwliurad daamzados aseTi sadeni 150 km sigrZis [23]. 

ruseTis federaciaSi amJamad maRaltemperaturuli 

sadenebisa da mis safuZvelze kabelebis damzadebaze muSaobs 

ВНИИHM (moskovi. mis nawarms warmoadgens [24] 

maRaltemperaturuli sadenebi itriumis da vismutis keramikuli 

SenaerTebiT. 
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pirvelad msoflioSi maRaltemperaturuli zegamtaruli 

Zalovani transformatoris proeqti simZlavriT 100 mva, ZabvebiT 

66/22 kv iyo ganxorcielebuli 1988 wels, maRaltemperaturuli 

zegamtarobis movlenis aRmoCenidan 2 wlis Semdeg [25]. 

aRniSnuli mimarTulebiT intensiurad mimdinareobs muSaoba. 

zgt-i lokalizebuli ganbnevis magnituri veliT sruldeba 

feromagnituri magnitogamtariT da mis gareSec. zgt-ebSi 

feromagnituri magnitogamtariT ganbnevis magnituri velis 

lokalizireba miiRweva: 

• mZzg-dan damzadebuli seqcionirebuli pirveladi da 

meoradi gragnilebis gamoyenebiT. pirveladi gragnili 

datvirTulia ara mxolod muSa deniT, aramed 

damagnitebis deniTac, romelic qmnis arakompensirebul 

ganbnevis magnitur vels da auaresebs Zalovani 

gragnilebis muSaobis pirobebs; 

• gragnilebisaTvis mZzgsl-is gamoyeneba, aRniSnul 

SemTxvevaSi gragnilebi sruldeba xviebis mWidro 

daxveviT. gragnilis Sevsebis koeficienti TiTqmis 1-is 

tolia. 

zgt-Si feromagnitur magnitogamtaris gareSe, ganbnevis 

magnituri velis lokalizirebis miRweva SeuZlebelia, roca 

transformatoris pirveladi Zalovani gragnili gamoyenebulia 

agznebis magnituri velis SeqmnisaTvis. am SemTxvevaSi 

damagnitebis deni aWarbebs muSa dens, zgt-Si warmoiqmneba 
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Zlieri, arakompensirebuli dauSvebeli sididis magnituri veli. 

amasTan dakavSirebiT aRiZvreba aucilebloba agznebis magnituri 

velis SeqmnisaTvis, calke gragnilis gamoyenebisa zgt-Si [26]. 

calke agznebis gragnili sruldeba agreTve 

maRaltemperaturuli zegamtaruli sadenisagan da misi 

optimizaciis ZiriTadi amocana mdgomareobs, Seqmnas agznebis 

magnituri veli zgt-is sahaero magnitogamtarSi, gragnilebSi 

minimaluri danakargebis da zegamtaruli masalebis minimaluri 

danaxarjis pirobebSi. 

nax.4.2. naCvenebia zgt calke agznebis gragniliT, romlis 

pirveladi mxares erTi gragnilis nacvlad Sesrulebulia ori 

gragnili „1“ da „a“, xolo meore mxares Sesrulebulia erTi 

gragnili „2“. gragnilebi „1“ da „a“ ikvebebian Zabvebidan 𝑈𝑈1 da 𝑈𝑈a, 

xolo „2“ gragnili SeerTebulia datvirTvis wredTan 𝑈𝑈2 ZabviT. 

aseTi samgragnila transformators ZabvebiT 𝑈𝑈1,𝑈𝑈2,𝑈𝑈a SeuZlia 

imuSaos sxvadasxva energetikul reJimebSi. 
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U1
1

Ua

a

U2
2 datvirTva

 

nax. 4.2. zegamtaruli transformatori calke agznebis gragniliT 

Tu, magaliTad, „1“ da „2“ gragnilebs gaaCnia erTmaneTis 

mimarT Zlieri magnituri kavSiri da susti magnituri kavSiri „a“ 

gragnilTan, maSin denis nebismieri cvlileba „2“ gragnilSi 

gamoiwvevs Sesabamis denis cvlilebas ZiriTadad „1“ gragnilSi 

da ara „a“ gragnilSi. am pirobebSi, eleqtruli energia „2“ 

gragnils da datvirTvis wreds miewodeba, ZiriTadad „1“ 

gragnilidan. meorad wredSi datvirTvis cvlileba gavlenas ar 

moaxdens „a“ gragnilze. „a“ gragnilSi gaivlis deni daaxloebiT 

iseTi sididis, rogorc iyo datvirTvis cvlilebamde da „a‘ 

gragnili moiTxovs reaqtiul simZlavres. „a“ gragnilis mier 

moTxovnili reaqtiuli deni da reaqtiuli simZlavre iqneba 

damokidebeli masze modebuli Zabvis sidideze  𝑈𝑈a. aseT 

pirobebSi, „a“ gragnili asrulebs agznebis rols, xolo „1“ da 

„2“-Zalovani gragnilebis rols. Zalovani gragnilebidan 

uSualod agznebis denis gamoricxva iZleva saSualebas 

92 
 



erTmaneTisgan pirveladi da meoradi gragnilebis sruli 

kompensaciisa da aRniSnuli gragnilebis garSemo yvela 

magnituri nakadebis Semcirebisa, rac Tavis mxriv iwvevs zgt.-Si 

danakargebis Semcirebas, dengamtarunarianobis da simZlavris 

gazrdas. 

 

4.4. energetikuli daniSnulebis zegamtaruli 

transformatoris maTematikuri modeli [28] 

 

energetikuli daniSnulebis zegamtaruli transformatoris 

[27] maTematikuri modelis damuSavebisaTvis da 

eleqtromagnituri procesebis analizis CatarebisaTvis 

stacionarul da gardamaval reJimebSi, aucilebelia 

zegamtaruli transformatoris (zgt) parametrebis gansazRvra - 

misi aqtiuri winaRobebis da induqciurobebis. 

zgt-is aqtiuri winaRobebi dakavSirebulia Tburi 

danakargebis gamoyofasTan zegamtarul gragnilebSi, roca maTSi 

gadis cvladi deni, agreTve magnitogamtarSi (feromagnituri 

gularas arsebobis dros), cvladi magnituri velis agznebis 

dros. zgt-is induqciuroba da induqciuri winaRoba 

dakavSirebulia ganbnevis arxSi ganbnevis magnituri velebis 

warmoqmnasTan, Seqmnili datvirTvis denebiT da magnitogamtarSi 

agznebis velebiT, warmoqmnili damagnitebis denebiT. 
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TiToeuli zegamtaruli gragnilis aqtiuri winaRoba 

Sedgeba sami mdgenelisagan: 

∆𝑅𝑅 −aqtiuri winaRoba, dakavSirebuli zegamtarul sadenSi 

eleqtrul danakargebTan; 

∆𝑅𝑅his. - ekvivalenturi winaRoba, dakavSirebuli zegamtarul 

sadenSi histerizisul danakargebTan; 

∆𝑅𝑅grig.- winaRoba, dakavSirebuli zegamtarul sadenSi da 

fuZe-SreSi grigalur danakargebTan. 

amgvarad sruli aqtiuri winaRobebisTvis muSa gragnilebis 

da agznebis gragnilisTvis Sesabamisad gveqneba; 

�
𝑟𝑟1 = ∆𝑅𝑅1 + ∆𝑅𝑅1his. + ∆𝑅𝑅1grig.

𝑟𝑟2 = ∆𝑅𝑅2 + ∆𝑅𝑅2his. + ∆𝑅𝑅2grig.

𝑟𝑟a = ∆𝑅𝑅a + ∆𝑅𝑅a.his. + ∆𝑅𝑅a.grig.

�  (4.4) 

sadac: ∆𝑅𝑅1,∆𝑅𝑅2,∆𝑅𝑅a - eleqtruli danakargebi Sesabamisad 

pirveladi, meoradi da agznebis gragnilis; 

∆𝑅𝑅1his.,∆𝑅𝑅2his.,∆𝑅𝑅a.his.- ekvivalenturi aqtiuri winaRobebi, 

iTvaliswinebs histerezisul danakargebs Sesabamisad pirvelad, 

meorad da agznebis gragnilSi; 

∆𝑅𝑅1grig., ∆𝑅𝑅2grig.,∆𝑅𝑅a.grig.-winaRobebi, iTvaliswinebs grigalur 

danakargebs Sesabamisad pirvelad, meorad da agznebis 

gragnilSi. 

zgt-is ganxilvis dros, calkeuli agznebis gragniliT, 

rogorc samgragnila transformatori, aucilebelia cxra 

induqciurobis gansazRvra. Tumca, gamartivebuli midgomis dros, 

SeiZleba SemovifargloT induqciurobebis naklebi raodenobiT, 
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saxeldobr: 𝐿𝐿1gan., 𝐿𝐿2gan., -pirveladi da meoradi gragnilebis 

ganbnevis induqciurobebi; 

𝐿𝐿a.gan., -agznebis gragnilis ganbnevis induqciuroba; 

𝑀𝑀-pirvelad (meorad) gragnilebs da agznebis gragnils 

Soris urTierTinduqciuroba. 

zegamtarul transformatorSi, gansxvavebiT Cveulebriv 

transformatorisagan, aucilebelia damatebiT gaviTvaliswiinoT 

gragnilis kinetikuri induqciuroba, dakavSirebuli gragnilebSi 

zegamtaruli eleqtronebis Tavisuflad moZravi kinetikuri 

energiasTan. kinetikuri induqciurobis 𝐿𝐿k sididisgan aris 

damokidebuli eleqtruli winaRobebis sidideebi ∆𝑅𝑅1,∆𝑅𝑅2,∆𝑅𝑅a da 

Sesabamisad zegamtaruli gragnilebis dengamtarunarianoba. 

𝐿𝐿1gan., 𝐿𝐿2gan., 𝐿𝐿a.gan., 𝑀𝑀,𝑀𝑀a induqciurobebis sidideze kinetikuri 

induqciuroba 𝐿𝐿k praqtikulad gavlenas ver axdens SedarebiT 

umniSvnelo sididis gamo. 

nax. 4.3 naCvenebia calkeuli agznebis gragniliT zgt-is 

gragnilebis ganlageba. aseTi dayofa gragnilebis funqciis 

SeiZleba dauSvaT, gragnilebis garkveuli ganlagebiT 

erTmaneTis mimarT. magaliTisTvis naCvenebia gragnilebis 

ganlageba Reroiani tipis zgt-Si. 
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a 1 2

Wa W1 W2

 

 

nax. 4.3. calkeuli agznebis gragniliT zgt-is 

gragnilebis ganlageba 

agznebis gragnili - a xviaTa ricxviT 𝑊𝑊a imyofeba 

gularasTan axlos, xolo pirveladi - 1 da meoradi -2 

gragnilebi xviaTa ricxvebiT 𝑊𝑊1 da 𝑊𝑊2 imyofebian garkveuli 

daSorebiT agznebis gragnilisagan da ganlagebulia axlos 

erTmaneTis mimarT. 

Cveulebriv orgragnila transformatorSi pirveladi 

gragnili iTavsebs Zalovani gragnilis da agznebis gragnilis 

daniSnulebas. amasTan dakavSirebiT, datvirTvis reJimSi 

pirveladi gragnilis deni Sedgeba ori mdgenelisagan: agznebis 

deni, romelic warmoqmnis ZiriTad magnitur nakads 

transformatoris magnitogamtarSi, da datvirTvis deni, romelic 

akompensirebs meorad gragnilSi dens. 
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zgt-Si pirveladi mxares, rogorc iyo aRniSnuli, 

Sesrulebulia ori gragnili, am SemTxvevaSi 1 - gragnilSi unda 

gaiaros mxolod datvirTvis denma, xolo agznebis gragnilSi- 

mxolod agznebis denma. 

viTvaliswinebT, rom zgt-is samive gragnili erTmaneTTan 

magniturad dakavSirebulia, denebi da simZlavreebi 

damokidebulia gragnilebis parametrebze. 

zgt-is Tanafardobebis miRebisaTvis, aucilebelia gamovideT 

samgragnila transformatoris zogadi gantolebebidan [29]. 

garkveuli daSvebebiT, saangariSo sqema samgragnila 

transformatoris miiRebs saxes, nax. 4.4. 

U1

r1

L1gan.

M1

i1

Ua La.gan.

ra

Ma

U2

r2

L2gan.

M2

M12

M1a

M2a

ia

i2

 

nax. 4.4. calkeuli agznebis gragniliT zgt-is saangariSi sqema. 
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miRebulia Semdegi daSvebebi: 

• wredi Seicavs mxolod aqtiur da induqciur winaRobebs, 

tevaduri denebi gamoricxulia; 

• gragnilebis yvela parametrebi mudmivia, da wredi 

xazovania; 

• zogadi amonaxsnis miRebisaTvis, gragnilebs gaaCnia aqtiuri 

winaRoba: 𝑟𝑟1, 𝑟𝑟2, 𝑟𝑟a.  

zgt-is gragnilebisaTvis eleqtruli wonasworobis 

gantolebebs eqneba Semdegi saxe. 

 

�
𝑈𝑈1 = 𝑟𝑟1𝑖𝑖1 + �𝐿𝐿1gan. + 𝑀𝑀1�

𝑑𝑑𝑑𝑑1
𝑑𝑑𝑑𝑑

+ 𝑀𝑀12
𝑑𝑑𝑑𝑑2
𝑑𝑑𝑑𝑑

+ 𝑀𝑀1a
𝑑𝑑𝑑𝑑a
𝑑𝑑𝑑𝑑

−𝑈𝑈2 = 𝑟𝑟2𝑖𝑖2 + �𝐿𝐿2gan. + 𝑀𝑀2�
𝑑𝑑𝑑𝑑2
𝑑𝑑𝑑𝑑

+ 𝑀𝑀21
𝑑𝑑𝑑𝑑1
𝑑𝑑𝑑𝑑

+ 𝑀𝑀2a
𝑑𝑑𝑑𝑑a
𝑑𝑑𝑑𝑑

𝑈𝑈a = 𝑟𝑟a𝑖𝑖a + �𝐿𝐿a.gan. + 𝑀𝑀a�
𝑑𝑑𝑑𝑑a
𝑑𝑑𝑑𝑑

+ 𝑀𝑀1a
𝑑𝑑𝑑𝑑a
𝑑𝑑𝑑𝑑

+ 𝑀𝑀2a
𝑑𝑑𝑑𝑑2
𝑑𝑑𝑑𝑑 ⎭

⎪
⎬

⎪
⎫

 (4.5) 

 

(4.5) gantolebaTa sistemaSi 𝑟𝑟1, 𝑟𝑟2, 𝑟𝑟a - gragnilebis aqtiuri 

winaRobebi; 𝐿𝐿1gan., 𝐿𝐿2gan., 𝐿𝐿a.gan. - gragnilebis ganbnevis 

induqciurobebi; 

𝑀𝑀1, 𝑀𝑀2,𝑀𝑀a,𝑀𝑀1a,𝑀𝑀2a - urTierTinduqciurobebis koeficienti. 

induqciurobebis koeficientebisaTvis gveqneba: 

�

𝑀𝑀1 = 𝑊𝑊1
2Λ1 = 𝑀𝑀;                       𝑀𝑀2a = 𝑀𝑀a2 = 𝑊𝑊2𝑊𝑊aΛ2a;

𝑀𝑀2 = 𝑊𝑊2
2Λ2;                                          𝐿𝐿1gan. = 𝑊𝑊1

2Λ1gan.;
𝑀𝑀a = 𝑊𝑊a

2Λa;                                             𝐿𝐿2gan. = 𝑊𝑊2
2Λ2gan.;

𝑀𝑀12 = 𝑀𝑀21 = 𝑊𝑊1𝑊𝑊2Λ12;                       𝐿𝐿a.gan. = 𝑊𝑊a
2Λa.gan.

𝑀𝑀1a = 𝑀𝑀a1 = 𝑊𝑊1𝑊𝑊aΛ1a;                                                            
⎭
⎪⎪
⎬

⎪⎪
⎫

   (4.6) 
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(4.6) gantolebaTa sistemaSi Λ1,Λ2,Λa,Λ12,Λ1a,Λ2a,Λ1.gan.,Λ2.gan.,Λa.gan.-

Sesabamisi gragnilebis magnituri gamtarobebi, zogad 

SemTxvevaSi gansxvavdeba erTmaneTisagan; 𝑊𝑊1,𝑊𝑊2,𝑊𝑊a-pirveladi, 

meoradi da agznebis gragnilebis xviaTa ricxvi. 

angariSis gamartivebisaTvis, im SemTxvevaSi, roca 1 da 2 

gragnilebi ganlagebulia erTmaneTisagan axlos (nax.4.3), 

SeiZleba dauSvaT: 

�Λ1 = Λ2 = Λ12 = Λ; 
Λ1ა = Λ2ა = Λა

�   (4.7) 

 

(4.7) Tanafardobis gaTvaliswinebiT, (4.6) gantolebebidan 

miviRebT: 

�
𝑀𝑀1 = 𝑊𝑊1

2Λ;                       𝑀𝑀12 = 𝑀𝑀21 = 𝑊𝑊1𝑊𝑊2Λ;
𝑀𝑀2 = 𝑊𝑊2

2Λ;                       𝑀𝑀1a = 𝑀𝑀a1 = 𝑊𝑊1𝑊𝑊aΛa;
𝑀𝑀a = 𝑊𝑊a

2Λa;                      𝑀𝑀2a = 𝑀𝑀a2 = 𝑊𝑊2𝑊𝑊aΛa;
�  (4.8) 

 

(4.6-4.8) Tanafardobebis gaTvaliswinebiT (4.5) gantolebaTa 

sistema miiRebs Semdegi saxes: 

�
𝑈𝑈1 = 𝑟𝑟1𝑖𝑖1 + 𝑊𝑊1

2Λ1gan.
𝑑𝑑𝑑𝑑1
𝑑𝑑𝑑𝑑

+ 𝑊𝑊1
2Λ 𝑑𝑑𝑑𝑑1

𝑑𝑑𝑑𝑑
+ 𝑊𝑊1𝑊𝑊2Λ

𝑑𝑑𝑑𝑑2
𝑑𝑑𝑑𝑑

+ 𝑊𝑊1𝑊𝑊aΛa
𝑑𝑑𝑑𝑑a
𝑑𝑑𝑑𝑑

−𝑈𝑈2 = 𝑟𝑟2𝑖𝑖2 + 𝑊𝑊2
2Λ2gan.

𝑑𝑑𝑑𝑑2
𝑑𝑑𝑑𝑑

+ 𝑊𝑊2
2Λ 𝑑𝑑𝑑𝑑2

𝑑𝑑𝑑𝑑
+ 𝑊𝑊2𝑊𝑊1Λ

𝑑𝑑𝑑𝑑1
𝑑𝑑𝑑𝑑

+ 𝑊𝑊2𝑊𝑊aΛa
𝑑𝑑𝑑𝑑a
𝑑𝑑𝑑𝑑

𝑈𝑈a = 𝑟𝑟a𝑖𝑖a + 𝑊𝑊a
2Λagan.

𝑑𝑑𝑑𝑑a
𝑑𝑑𝑑𝑑

+ 𝑊𝑊a
2Λa

𝑑𝑑𝑑𝑑a
𝑑𝑑𝑑𝑑

+ 𝑊𝑊a𝑊𝑊1Λa
𝑑𝑑𝑑𝑑1
𝑑𝑑𝑑𝑑

+ 𝑊𝑊a𝑊𝑊2Λa
𝑑𝑑𝑑𝑑2
𝑑𝑑𝑑𝑑 ⎭
⎪
⎬

⎪
⎫

  (4.9) 

  

SemoviyvanoT Semdegi aRniSvnebi: 

𝐾𝐾1a = 𝑊𝑊1
𝑊𝑊a
 - transformaciis koeficienti pirvelad gragnilsa 

da agznebis gragnils Soris; 

𝐾𝐾12 = 𝑊𝑊1
𝑊𝑊2

 - transformaciis koeficienti pirvelad da meorad 

gragnilebs Soris; 
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𝑖𝑖2′ = − 1
𝐾𝐾12

𝑖𝑖2,   𝑖𝑖a′ = 1
𝐾𝐾1a

𝑖𝑖a   (4.10) 

𝑖𝑖a′ - agznebis deni dayvanili pirvelad gragnilTan; 

𝑖𝑖2′  - meoradi deni dayvanili pirvelad gragnilTan. 

Tu daviyvanT meorad gragnilis da agznebis gragnilis 

yvela sidideebs pirvelad gragnilTan, gaviTvaliswinebT (4.9) da 

(4.10) gantolebebs, gardaqmnis Semdeg, miviRebT transformatoris 

Semdegi dayvanili gantolebaTa sistemas 

 

�

𝑈𝑈1 = 𝑟𝑟1𝑖𝑖1 + 𝐿𝐿1gan.
𝑑𝑑𝑑𝑑1
𝑑𝑑𝑑𝑑

+ 𝑀𝑀𝑑𝑑�𝑖𝑖1−𝑖𝑖2′ �
𝑑𝑑𝑑𝑑

+ 𝛼𝛼𝛼𝛼 𝑑𝑑𝑑𝑑a′

𝑑𝑑𝑑𝑑

𝑈𝑈2
′ = −𝑟𝑟2

′ 𝑖𝑖2′ − 𝐿𝐿2gan.
𝑑𝑑𝑑𝑑2

′

𝑑𝑑𝑑𝑑
+ 𝑀𝑀𝑑𝑑�𝑖𝑖1−𝑖𝑖2′ �

𝑑𝑑𝑑𝑑
+ 𝛼𝛼𝛼𝛼 𝑑𝑑𝑑𝑑a′

𝑑𝑑𝑑𝑑

𝑈𝑈a
′ = 𝑟𝑟a′ 𝑖𝑖a′ + 𝐿𝐿a.gan.

𝑑𝑑𝑑𝑑a′

𝑑𝑑𝑑𝑑
+ 𝑎𝑎𝑎𝑎 𝑑𝑑�𝑖𝑖1−𝑖𝑖2′ +𝑖𝑖a′ �

𝑑𝑑𝑑𝑑 ⎭
⎪
⎬

⎪
⎫

  (4.11) 

(4.11) gantolebaTa sistemaSi gvaqvs Semdegi aRniSvnebi: 

 

�

𝛼𝛼 = Λa

Λ
;                                    𝐿𝐿agan.′ = 𝐾𝐾1a

2 𝐿𝐿a.gan.;
𝑈𝑈2
′ = −𝐾𝐾12𝑈𝑈2;                                  𝑟𝑟2

′ = 𝐾𝐾12
2 𝑟𝑟2

𝑈𝑈a
′ = 𝐾𝐾1a𝑈𝑈a;                                   𝑟𝑟a′ = 𝐾𝐾1a

2 𝑟𝑟a
𝐿𝐿2gan.
′ = 𝐾𝐾12

2 𝐿𝐿2gan.                                                ⎭
⎪
⎬

⎪
⎫

 (4.12) 

(4.11) gantolebaTa sistema aRwers gardamaval procesebs 

zgt-Si. miviRoT aRniSvna 𝑃𝑃 = 𝑑𝑑
𝑑𝑑𝑑𝑑
, ramodenime gardaqmnis Semdeg 

(4.11) gantolebaTa sistemidan miviRebT: 

�
𝑈𝑈1 = 𝑟𝑟1𝑖𝑖1 + 𝑃𝑃𝐿𝐿1gan.𝑖𝑖1 + 𝑃𝑃𝑃𝑃(𝑖𝑖1 − 𝑖𝑖2′ ) + 𝑃𝑃𝑃𝑃𝑃𝑃(𝑖𝑖1 − 𝑖𝑖2′ + 𝑖𝑖a′ )

−𝑈𝑈2
′ = −𝑟𝑟2

′ 𝑖𝑖2′ − 𝑃𝑃𝐿𝐿2gan.
′ 𝑖𝑖2′ + 𝑃𝑃(1 − 𝛼𝛼)𝑀𝑀(𝑖𝑖1 − 𝑖𝑖2′ ) + 𝑃𝑃𝑃𝑃𝑃𝑃(𝑖𝑖1 − 𝑖𝑖2′ + 𝑖𝑖a′ )

𝑈𝑈a
′ = 𝑟𝑟a 𝑖𝑖a′ + 𝑃𝑃𝐿𝐿a.gan.′ 𝑖𝑖a′ + 𝛼𝛼𝛼𝛼𝛼𝛼(𝑖𝑖1 − 𝑖𝑖2′ + 𝑖𝑖a′ )

� (4.13’) 

(4.13’) gantolebaTa sistemidan iolad miviRebT, zgt-is 

stacionaruli procesebis gantolebebs, Tu 𝑃𝑃-s SevcvliT 𝑗𝑗𝑗𝑗-Ti, 

sadac 𝜔𝜔 - kuTxuri sixSire, pirveladi gragnilze modebuli 

Zabvis. Tu avRniSnavT 𝜔𝜔𝜔𝜔 = 𝑥𝑥𝑀𝑀 , maSin stacionaruli 

reJimebisaTvis gantolebaTa sistemas kompleqsur formaSi aqvs 

Semdegi saxe: 
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�
𝑈𝑈1 = 𝑟𝑟1𝐼𝐼1 + 𝑗𝑗𝑋𝑋1gan.𝐼𝐼1 + 𝑗𝑗(1 − 𝛼𝛼)𝑋𝑋𝑀𝑀�𝐼𝐼1 − 𝐼𝐼2′ � + 𝑗𝑗𝑗𝑗𝑋𝑋𝑀𝑀�𝐼𝐼1 − 𝐼𝐼2′ + 𝐼𝐼a′ �,
−𝑈𝑈2

′ = 𝑟𝑟2
′ 𝐼𝐼2′ + 𝑗𝑗𝑋𝑋2gan.𝐼𝐼2′ − 𝑗𝑗(1 − 𝛼𝛼)𝑋𝑋𝑀𝑀�𝐼𝐼1 − 𝐼𝐼2′ � − 𝑗𝑗𝑗𝑗𝑋𝑋𝑀𝑀�𝐼𝐼1 − 𝐼𝐼2′ + 𝐼𝐼a′ �,

𝑈𝑈a
′ = 𝑟𝑟a′ 𝐼𝐼a′ + 𝑗𝑗𝑋𝑋agan.𝐼𝐼a′ + 𝑗𝑗𝑗𝑗𝑋𝑋𝑀𝑀�𝐼𝐼1 − 𝐼𝐼2′ + 𝐼𝐼a′ �

� (4.13 

zegamtarul transformatorebSi stacionaruli da 

gardamavali procesebis angariSisaTvis damuSavebuli sainJinro 

meTodi, SeiZleba gamoyenebuli iqnes eleqtromagnituri 

procesebis SeswavlisaTvis zegamtaruli eleqtrul manqanebSi, 

mudmivi da cvladi denis eleqtrogadamcem xazebSi, zegamtarul 

induqciur magroveblebSi da a.S. romlis bazaze, SeiZleba 

Seiqmnas zegamtaruli eleqtruli da eleqtromagnituri 

sistemebi. 

 

4.5. zegamtaruli transformatorebis 

gragnilebis sadenebis  

dengamtarunarianoba da danakargebi cvlad 

magnitur velSi [30] 

 

energetikuli daniSnulebis zegamtaruli 

transformatorebis damuSaveba da Seqmna moiTxovs zegamtaruli 

(zg) sadenebis gamoyenebas maRali dengamtarunarianobiT da 

dabali danakargebiT. aRniSnuli miznis miRweva SesaZlebelia 

mravalZarRviani zegamtaruli sadenebiT lokalizebuli 

magnituri veliT (mZzgsl), romelSic urTierT gavlena 

calkeuli ZarRvebis magnituri velebis dayvanilia minimumamde. 

gragnilebis aseTi SesrulebiT dengamtarunarianoba TiToeuli 

zg ZarRvis ganisazRvreba sakuTari magnituri veliT da sakuTari 

parametrebiT. Tu erTZarRviani zg sadenSi (nax. 4.5, a) gadis 

cvladi sinusoiduri deni 

𝑖𝑖 = 𝐼𝐼m𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = 𝐼𝐼
∗
m
𝐼𝐼k𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑡𝑡,       𝐼𝐼

∗
m

= 𝐼𝐼m
𝐼𝐼k
 (4.14) 
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Bo
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izg

L

a)
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I I
Izg

ϕk I

InIzg

U

b)

ϕk I

UU
I

∆Xk∆Rn

∆UR ∆Uk

v)

 
nax.4.5 sqemebi da veqtoruli diagramebi 

 

sadenis zedapirze magnituri induqciisaTvis gveqneba: 

𝐵𝐵𝑜𝑜 = 𝜇𝜇𝑜𝑜
𝑖𝑖

2𝜋𝜋𝑟𝑟𝑜𝑜
=𝑖𝑖
∗ 𝐵𝐵k;  𝐵𝐵

∗
𝑜𝑜 = 𝐵𝐵𝑜𝑜

𝐵𝐵k
= ; 𝑖𝑖∗ 𝐵𝐵

∗
𝑜𝑜m =𝐼𝐼

∗
m
;  𝐵𝐵k = 𝜇𝜇𝑜𝑜

𝐼𝐼k
2𝜋𝜋𝑟𝑟𝑜𝑜

; (4.15 

sadac 𝐼𝐼k-denis kritikuli mniSvneloba, 

𝐼𝐼
∗
m

= 𝐼𝐼m
𝐼𝐼k
 - maqsimaluri denis fardobiTi mniSvneloba. 

zegamtarul sadenSi deni Sedgeba ori mdgenelisagan (nax.4.5a) 
𝑖𝑖 = 𝑖𝑖n + 𝑖𝑖zg  (4.16) 

 
sadac 𝑖𝑖n-denis aqtiuri mdgenelia, an deni gamowveuli 

normaluri eleqtronebisagan, 

𝑖𝑖zg - denis zegamtaruli mdgeneli. 

sruli denis aqtiuri mdgeneli izRudeba winaRobiT, 

romlisTvisac 

𝑅𝑅n = 𝜌𝜌n
ℓ
𝑆𝑆𝜆𝜆

= 𝜌𝜌n𝑜𝑜
𝑛𝑛
∗
n

ℓ
𝑆𝑆𝑜𝑜 𝑆𝑆𝜆𝜆

∗ = 1

𝑛𝑛n
∗

𝑆𝑆𝜆𝜆
∗ 𝑅𝑅n0,   (4.17) 

sadac 𝑅𝑅n0 = 𝜌𝜌n0
ℓ
𝑆𝑆𝑜𝑜
, 

ℓ-sadenis sigrZea, 

𝜌𝜌n = 𝜌𝜌n𝑜𝑜
𝑛𝑛
∗
n

-sadenis xvedriTi winaRobaa, 
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𝑆𝑆𝜆𝜆
∗ = 𝑆𝑆𝜆𝜆

𝑆𝑆𝑜𝑜
 - zg sadenis deniT dakavebuli fardobiTi farTia 

mTliani farTis 𝑆𝑆𝑜𝑜 = 𝜋𝜋𝑟𝑟𝑜𝑜2 nawilidan,  

𝜌𝜌n0-xvedriTi winaRobaa, roca 𝑛𝑛
∗
n
=1, 

𝑛𝑛
∗
n

= 𝑛𝑛n
𝑛𝑛𝑜𝑜
 - normaluri eleqtronebis simkvrivis fardobiTi 

mniSvnelobaa, 

𝑛𝑛n- erTeul moculobaSi normaluri eleqtronebis ricxvi, 

𝑛𝑛0- erTeul moculobaSi saerTo eleqtronebis ricxvi. 

𝑅𝑅n𝑜𝑜-normalur mdgomareobaSi zg sadenis winaRoba, roca 𝑛𝑛
∗
n

= 1 

sruli denis zegamtaruli mdgeneli izRudeba kinetikuri 

induqciurobiT 

𝐿𝐿k = ℓk
ℓ
𝑆𝑆𝜆𝜆

=
ℓk

𝑛𝑛
∗
zg

ℓ

𝑆𝑆
∗
𝜆𝜆𝑆𝑆𝑜𝑜

= 1

𝑛𝑛
∗
zg𝑆𝑆𝜆𝜆

∗ 𝐿𝐿k𝑜𝑜   (4.18) 

sadac 𝑛𝑛zg
∗ =

𝑛𝑛zg
𝑛𝑛0

 - zegamtaruli eleqtronebis simkvrivis 

fardobiTi mniSvnelobaa 

 𝐿𝐿k𝑜𝑜 = ℓk𝑜𝑜
ℓ
𝑆𝑆𝑜𝑜

;  ℓk =
ℓk𝑜𝑜

𝑛𝑛
∗
zg

-xvedriTi kinetikuri induqciuroba, 𝑛𝑛zg-

erTeul moculobaSi zegamtaruli eleqtronebis ricxvi. 

ℓk𝑜𝑜-xvedriTi kinetikuri induqciuroba, roca 𝑛𝑛zg
∗ = 1; 

ℓk𝑜𝑜 = 𝑚𝑚
𝑛𝑛0𝑒𝑒2, sadac 𝑚𝑚 -eleqtronebis masa; 𝑒𝑒- eleqtronebis muxtis 

mniSvneloba. 

𝑛𝑛zg
∗ da 𝑛𝑛

∗
n
 eleqtronebis simkvrivis cvlilebis 

gansazRvrisaTvis, maqsimaluri denisagan damokidebulebaSi 

gveqneba 

𝑛𝑛zg
∗ = 1 −𝐵𝐵

∗
m
𝛾𝛾0 1 −𝐼𝐼

∗
m
𝛾𝛾0 ;  𝑛𝑛n

∗ =𝐵𝐵
∗

0m
𝛾𝛾0=𝐼𝐼

∗
0m
𝛾𝛾0    

sadac 𝛾𝛾𝑜𝑜-uganzomilebo koeficienti, romelic miiReba 

eqsperimentaluri gziT [1].  

deniT dakavebuli farTi, icvleba denis SeRwevis 

siRrmisagan damokidebulebaSi: 

= 𝑆𝑆𝜆𝜆
𝑆𝑆𝑜𝑜𝑆𝑆

∗ =
2𝜋𝜋�𝑟𝑟𝑜𝑜−

𝜆𝜆
2�𝜆𝜆

𝜋𝜋𝑟𝑟𝑜𝑜2
,  (4.19) 

sadac 𝜆𝜆-denis SeRwevadobis siRrme,  
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𝜆𝜆 = 𝜆𝜆𝑜𝑜

� 𝑛𝑛zg
∗

= 𝜆𝜆𝑜𝑜

�1−𝐼𝐼
∗
m
𝛾𝛾0
  (4.20) 

𝜆𝜆𝑜𝑜 - denis SeRwevadobis siRrme (londoniseburi). 

zg sadenis maqsimaluri dengamtarianoba ganisazRvreba denis 

SevsebiT, romlis drosac denis zegamtaruli mdgeneli miaRwevs 

maqsimums. 𝜆𝜆 = 𝑟𝑟𝑜𝑜 pirobis dros denis SevsebisaTvis miviRebT: 

𝐽𝐽m
Sevs. = �1 − �𝜆𝜆𝑜𝑜

𝑟𝑟𝑜𝑜
�

2𝛾𝛾𝑜𝑜
  (4.21) 

denebis momqmedi mniSvnelobebis gansazRvrisaTvis, gveqneba 

(nax. 4.5, b). 

∗
𝐼𝐼 = ∗

𝐼𝐼n
+ ∗

𝐼𝐼zg
,  (4.22) 

sadac 𝐼𝐼
∗
n

= 𝑈𝑈
∗

𝑅𝑅n
;  𝐼𝐼

∗
zg

= 𝑈𝑈
∗

𝑗𝑗𝑗𝑗k
;  𝑋𝑋k = 𝜔𝜔𝐿𝐿k 

deni iwvevs sadenSi Zabvis vardnas (nax. 4.5, v): 

= Δ𝑍𝑍𝑈𝑈
∗ = �Δ𝑅𝑅n + 𝑗𝑗Δ𝑋𝑋k� ,𝐼𝐼∗𝐼𝐼

∗  (4.23) 

sadac Δ𝑍𝑍 =
𝑗𝑗𝑋𝑋k𝑅𝑅n
𝑅𝑅n+𝑗𝑗𝑋𝑋k

=  Δ𝑅𝑅n + 𝑗𝑗Δ𝑋𝑋k =/Δ𝑍𝑍/𝑒𝑒𝑗𝑗𝑗𝑗 k, 

Δ𝑅𝑅n =
𝑅𝑅n𝑋𝑋k2

𝑅𝑅n
2+𝑋𝑋k2

 , 

Δ𝑋𝑋k =
𝑋𝑋k𝑅𝑅n

2

𝑅𝑅n
2+𝑋𝑋k2

 , 

𝜑𝜑k = 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎
Δ𝑋𝑋k
Δ𝑅𝑅

, 

|Δ𝑍𝑍| =
𝑅𝑅n𝑋𝑋k

�𝑅𝑅n
2+𝑋𝑋k2

. 

sruli denis mdgenelebisaTvis gveqneba: 

𝐼𝐼n = Δ𝑍𝑍
𝑅𝑅n
𝐼𝐼 =

𝑋𝑋k

�𝑅𝑅n
2+𝑋𝑋k2

𝐼𝐼,  (4.24) 

𝐼𝐼zg = Δ𝑍𝑍
𝑋𝑋k
𝐼𝐼 = 𝑅𝑅n

�𝑅𝑅n
2+𝑋𝑋k2

𝐼𝐼,  (4.25) 

fardobiTi farTi sadenis deniT Sevsebamde tolia: 

𝑆𝑆
∗ = 𝜆𝜆

𝑟𝑟𝑜𝑜
�2 − 𝜆𝜆

𝑟𝑟𝑜𝑜
� = 𝜆𝜆𝑜𝑜

𝑟𝑟𝑜𝑜�1−𝐼𝐼
∗
m
𝛾𝛾0

 �2 − 𝜆𝜆𝑜𝑜

𝑟𝑟𝑜𝑜�1−𝐼𝐼
∗
m
𝛾𝛾0
�  (4.26) 

0 < ∗
𝐼𝐼m

< ∗
𝐼𝐼m
Sevs.

, sadenis deniT Sevsebis Semdeg ∗𝑆𝑆 = 1 
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Δ𝑅𝑅 winaRobaSi aqtiuri danakargebis gansazRvrisaTvis 

gveqneba  

Δ𝑃𝑃 = 𝐼𝐼n2𝑅𝑅n = 𝐼𝐼2Δ𝑃𝑃 =
𝑅𝑅n𝑋𝑋k2

𝑅𝑅n
2+𝑋𝑋k2

𝐼𝐼2  (4.27) 

sadenis kveTis deniT SevsebiT, kinetikuri induqciuri winaRoba 

izrdeba usasrulobamde, deni aRwevs kritikul mniSvnelobas: 

𝐼𝐼 = 𝐼𝐼k = 𝐼𝐼n;  𝐼𝐼zg = 0;  Δ𝑃𝑃 = 𝑅𝑅n𝐼𝐼2  (4.28) 

sadeni srulad gadadis normalur mdgomareobaSi. 

transformatoris zegamtarul gragnilebSi danakargebis 

gansazRvrisaTvis aucilebelia vicodeT danakargebis calkeuli 

saxeebis sidide sadenis zg ZarRvebSi, gamowveuli ZarRvebis 

sakuTari denebiT, saxeldobr: eleqtruli danakargebi ZarRvis 

denisagan gamowveuli; grigaluri da histerezisuli danakargebi 

magnituri velis mier gamowveuli, Seqmnili ZarRvebis denebis 

mier; eleqtruli danakargebi zg sadenis matricaSi, matricis 

denisgan gamowveuli; grigaluri danakargebi matricaSi 

ZarRvebis magnituri velisgan gamowveuli. 

dauSvaT, rom zg ZarRvSi gadis sinusoiduri deni 

𝑖𝑖 = 𝐼𝐼m𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠, 

sadac 𝐼𝐼m-maqsimaluri denis mniSvnelobaa zg ZarRvebSi, 

𝜔𝜔 − kuTxuri sixSire, 𝜔𝜔 = 314 r/wm. 

𝑖𝑖 deni SeiZleba warmovidginoT Semdegi saxiT: 

𝑖𝑖 = 𝐼𝐼k 𝐼𝐼m 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠, 

 

sadac - 𝑖𝑖 denis myisa mniSvneloba, zg ZarRvebSi; 

𝐼𝐼
∗
m

=
𝐼𝐼m
𝐼𝐼k

; 0 <𝐼𝐼
∗
m
< 1, 

sadac 𝐼𝐼
∗
m
- maqsimaluri denis fardobiTi mniSvneloba. 

roca 𝐼𝐼
∗
m

= 1 ZarRvi gadadis normalur mdgomareobaSi, 

ikargeba zegamtaroba. ZarRvebis deni mis zedapirze qmnis vels 

𝐵𝐵𝑜𝑜Z. = 𝜇𝜇0
𝑖𝑖
𝜋𝜋𝑑𝑑Z

, 

* 
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sadac 𝑑𝑑Z −zg ZarRvis diametri, 𝜇𝜇0 = 4𝜋𝜋 ∙ 10−7h/m 

𝐵𝐵𝑜𝑜Z. magnituri induqciis mniSvnelobas, 𝐼𝐼k kritikuli denis 

saSualebiT eqneba Semdegi saxe:  

𝐵𝐵𝑜𝑜Z. = 𝜇𝜇0
𝐼𝐼k 𝐼𝐼m
𝜋𝜋𝑑𝑑Z

𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 

magnituri induqciis kritikuli mniSvneloba 

𝐵𝐵k = 𝜇𝜇0
𝐼𝐼k
𝜋𝜋𝑑𝑑Z

, 

Sesabamisad 𝐵𝐵𝑜𝑜Z. = 𝐵𝐵k 𝐼𝐼m 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 

maqsimaluri magnituri induqciis fardobiTi mniSvneloba: 

𝐵𝐵
∗
om

=
𝐵𝐵𝑜𝑜m
𝐵𝐵k

=𝐼𝐼
∗
m
 

Tu sadeni Seicavs 𝑁𝑁 zg ZarRvs, maSin magnituri induqcia sadenis 

zedapirze  

𝐵𝐵s = 𝜇𝜇𝑜𝑜
𝑁𝑁 ∙ 𝑖𝑖
𝜋𝜋𝐷𝐷s

, 

sadac 𝐷𝐷s - sadenis diametri. 

Tu sadeni Sesrulebulia mWidrod Sevsebuli zg ZarRvebiT, maSin  

𝐷𝐷Z ≅ √𝑁𝑁  𝑑𝑑Z  

am SemTxvevaSi sadenis zedapirze magnituri induqcia 

𝐵𝐵s = 𝜇𝜇𝑜𝑜
𝑁𝑁 ∙ 𝑖𝑖

𝜋𝜋√𝑁𝑁  𝑑𝑑Z
= 𝐵𝐵𝑜𝑜Z√𝑁𝑁, 

e.i. 𝐵𝐵k aWarbebs 𝐵𝐵𝑜𝑜Z sidides √𝑁𝑁-jer, da roca 𝐵𝐵s = 𝐵𝐵k 

dengamtarunarianoba sadenis mcirdeba √𝑁𝑁-jer, SedarebiT erTi 

ZarRvis dengamtarunarianobasTan. 

sadenis 𝐵𝐵s induqciis SenarCunebisaTvis erTi ZarRvis 𝐵𝐵𝑜𝑜Z 

doneze aucilebelia: 

• gaizardos sadenis diametri √𝑁𝑁-jer, zg ZarRvebis 

ricxvis SenarCunebiT da maTi Tanabari ganlagebiT 

sadenis kveTis mixedviT; maSin sadenis 

dengamtarunarianoba iqneba gazrdili √𝑁𝑁-jer.  

• Semcirdes √𝑁𝑁-jer zg ZarRvis ricxvi sadenSi, misi 

diametris SenarCunebis dros; dengamtarunarianoba am 

* 

* 
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SemTxvevaSi ar iqneba Secvlili, magram zg ZarRvis 

moculoba sadenSi Semcirdeba √𝑁𝑁-jer. 

orive SemTxvevaSi, yvela zg ZarRvebi sadenSi imyofeba 

sakuTar magnitur velSi. 

amasTan dakavSirebiT, danakargebis gansazRvris dros, 

vgulisxmobT, rom zg sadeni Tavisufalia gare magnituri 

velebisagan.  

eleqtruli danakargebi zegamtaris ∆𝑅𝑅 winaRobaSi 

∆𝑃𝑃el.zg. = 𝐼𝐼2∆𝑅𝑅 = 1
2
𝐼𝐼m2𝐼𝐼k2∆𝑅𝑅, radgan 𝐼𝐼 =

∗
𝐼𝐼m
√2
 

aqtiuri ∆𝑅𝑅 winaRobisTvis gveqneba: 

∆𝑅𝑅 =
𝑋𝑋k

2

𝑅𝑅n
2 + 𝑋𝑋k

2 𝑅𝑅n =
1

1 + �𝑅𝑅n
𝑋𝑋k
�

2 𝑅𝑅n, 

sadac 𝑅𝑅n-winaRoba, romelic zRudavs dens, Seqmnili normaluri 

eleqtronebis moZraobiT. 

𝑅𝑅n =
1

𝐼𝐼
∗
m

𝛾𝛾0 𝑅𝑅n𝑜𝑜 

𝑅𝑅no = ℓ
𝑆𝑆
𝜌𝜌n𝑜𝑜 , 

sadac 𝑅𝑅no- gragnilis winaRoba normalur mdgomareobaSi, roca 

𝐼𝐼
∗
m

𝛾𝛾 = 1; 𝜌𝜌no-zegamtaris xvdriTi winaRoba normalur 

mdgomareobaSi. 

kinetikuri induqciuri winaRoba 𝑋𝑋k, romelic zRudavs 

zegamtarul dens tolia 

𝑋𝑋k = 𝑋𝑋ko
1

1−𝐼𝐼
∗
m
𝛾𝛾0  

𝑋𝑋kо = ℓkо
ℓ
𝑆𝑆
  

sadac 𝑋𝑋kо-gragnilis kinetikuri induqciuri winaRoba, roca 

𝐼𝐼
∗
m

𝛾𝛾0
=o  

* 

107 
 



∆𝑅𝑅-is ricxobrivi Sefaseba, roca 𝜌𝜌n𝑜𝑜 = 4 ∙ 10−7 omi. m, ℓკ0
=

10−22 omi, m roca 𝐼𝐼
∗
m

𝛾𝛾0 = 0,5,Δ𝑅𝑅 = 10−22𝑅𝑅n𝑜𝑜 , e.i. eleqtruli 

danakargebi metad mcirea da isini mxedvelobaSi ar miiReba. 

grigaluri danakargebis gansazRvrisaTvis, ganvixiloT 

elementaruli 𝑑𝑑𝑑𝑑 fena, romelic imyofeba 𝑥𝑥 manZilze zg ZarRvis 

zedapiridan. es elementaruli 𝑑𝑑𝑑𝑑 fena Sebmulia 𝜙𝜙𝑥𝑥 magnitur 

nakadTan  

𝜙𝜙𝑥𝑥 = ℓ𝐵𝐵𝑜𝑜𝑋𝑋 = ℓ𝐵𝐵კ 𝐵𝐵0𝑋𝑋 = ℓ𝐼𝐼∗m 𝐼𝐼კ𝑋𝑋 

sadac 𝐵𝐵0 = 𝐵𝐵𝑜𝑜
𝐵𝐵კ
 

magnituri nakadi warmoiqmneba zegamtaruli denis mdgeneliT. 

dauSvaT, rom magnituri induqcia sadenis SigniT inarCunebs 

Tavis maqsimalur mniSvnelobas 𝐵𝐵0მ, sadac –𝐵𝐵0მ,  magnituri 

induqcia sadenis zedapirze. e.m.Z-is maqsimaluri mniSvneloba, 

warmoqmnili magnituri nakadis cvlilebiT, tolia 

𝐸𝐸მ = 𝜔𝜔ℓ𝑥𝑥𝐼𝐼m𝐼𝐼კ 
𝑅𝑅𝑥𝑥 winaRoba elementaruli 𝑑𝑑𝑑𝑑 fenis tolia 

𝑅𝑅𝑥𝑥 = 𝜌𝜌n
ℓ
𝑆𝑆𝑥𝑥
 

sadac 𝑆𝑆𝑥𝑥-ganivi kveTis farTi, 𝑆𝑆𝑥𝑥 = 2𝜋𝜋(𝑟𝑟 − 𝑥𝑥)𝑑𝑑𝑑𝑑 elementarul 𝑑𝑑𝑑𝑑 

fenaSi danakargebi damokidebulia magnituri velis SeRwevadobis 

siRrmeze 𝜆𝜆 da tolia: 

Δ𝑃𝑃𝑥𝑥 =
𝐸𝐸მ

2𝑥𝑥
𝑅𝑅𝑥𝑥

=
𝜔𝜔2

𝜌𝜌n
2𝜋𝜋ℓ𝑥𝑥2(𝑟𝑟 − 𝑥𝑥)𝐼𝐼∗მ

2𝐼𝐼კ2𝑑𝑑𝑑𝑑 

grigaluri danakargebis gansazRvrisaTvis aucilebelia 

gaintegrireba ∆𝑃𝑃𝑥𝑥 , roca 𝑥𝑥 icvleba 0-dan 𝜆𝜆-mde: 

∆𝑃𝑃გრიგ. =
1
2
�Δ𝑃𝑃xdx
𝜆𝜆

0

=
1
2
�
𝜔𝜔2

𝜌𝜌n

𝜆𝜆

0

2𝜋𝜋ℓ𝐼𝐼∗მ
2𝐼𝐼კ2𝑋𝑋2(𝑟𝑟 − 𝑥𝑥)𝑑𝑑𝑑𝑑 

gaintegrirebisas, miviRebT: 

∆𝑃𝑃გრიგ. =
𝜔𝜔2

3𝜌𝜌n
𝐼𝐼
∗

მ
2𝐼𝐼კ ℓ𝑟𝑟𝜆𝜆3 �1−

3
4
∙
𝜆𝜆
𝑟𝑟
� 𝜋𝜋 

 

CavsvaT 𝜌𝜌n da 𝜆𝜆-is mniSvnelobebi 

* 

* 

* 
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𝜌𝜌n = 𝜌𝜌n0
∗
𝐼𝐼m
𝛾𝛾𝑜𝑜 𝜆𝜆 = 𝜆𝜆𝑜𝑜

�1−𝐼𝐼
∗
m
𝛾𝛾0
, 

grigaluri danakargebisaTvis miviRebT gamosaxulebas 

∆𝑃𝑃გრიგ. =
1
3
𝜔𝜔2

𝜌𝜌n0
ℓ𝑟𝑟𝜋𝜋𝐼𝐼∗მ

2𝐼𝐼კ2𝜆𝜆𝑜𝑜3
1

�1 −𝐼𝐼
∗
m
𝛾𝛾0�

3
2
⎝

⎛1 −
3
4

 
𝜆𝜆𝑜𝑜

𝑟𝑟�1 −𝐼𝐼
∗
m
𝛾𝛾0
⎠

⎞ 

𝐼𝐼
∗

მ
2
-is gazrdiT danakargebi izrdeba. roca 𝐼𝐼

∗
მ
2 =𝐼𝐼

∗
მ.Sevs.≈ 1, 𝜆𝜆 = 𝑟𝑟 

miiRweva maqsimaluri mniSvneloba. 

∆𝑃𝑃გრიგ.მ.. =
𝜔𝜔2

3𝜌𝜌n0
𝐼𝐼კ2ℓ𝑟𝑟𝑟𝑟

1
4
 

Tu gaviTvaliswinebT, rom zg ZarRvis moculoba 𝑉𝑉 = 𝜋𝜋𝑟𝑟2ℓ, maSin 

∆𝑃𝑃გრიგ.მ =
1

12𝜌𝜌n
𝜔𝜔2𝑟𝑟2𝑉𝑉𝐼𝐼კ2 

matricaSi grigaluri danakargebisaTvis analogiurad, SeiZleba 

miviRoT gamosaxuleba 

∆𝑃𝑃გრიგ.მატ. = 𝜔𝜔2

3𝜌𝜌მატ.
𝐼𝐼
∗

მ
2𝐼𝐼კ2ℓ𝑏𝑏4𝜋𝜋 1

4
, 

sadac 𝜌𝜌მატ.- matricis xvedriTi winaRoba; 𝑏𝑏 - matricis sigane; ℓ- 

ZarRvis sigrZe; 𝜆𝜆-magnituri velis SeRwevis siRrme; 𝑟𝑟ძ 

zegamtaruli ZarRvis radiusi. 

matricaSi grigaluri danakargebis garda, miRebulia 

Sefasdes zg ZarRvis winaRobis gavleniT eleqtruli 

danakargebi. matricis winaRoba 𝑅𝑅მატ. SeerTebulia paralelurad 

𝑅𝑅ნ winaRobasTan (nax.4.6) 
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nax. 4.6. matricis winaRobis gavlenis gansazRvra danakargebze 

𝑅𝑅მატ.,𝑅𝑅ნ  winaRobebis SecvliT erTi ekvivalenturi winaRobiT 𝑅𝑅ეკვ., 

miviRebT wreds, romelSic kinetikuri induqcuri winaRoba 𝑋𝑋კ 

SeerTebulia paralelurad ekvivalenturi winaRobasTan 

𝑅𝑅ეკვ. =
𝑅𝑅ნ ∙𝑅𝑅მატ.

𝑅𝑅ნ+𝑅𝑅მატ.
, 

rac axdens gavlenas ∆𝑅𝑅 winaRobaze, romelic ganisazRvreba 

gamosaxulebiT 

∆𝑅𝑅 =
𝑅𝑅ეკვ.𝑋𝑋კ

2

𝑅𝑅ეკვ. + 𝑋𝑋კ
2 

histerezisuli danakargebi ∆𝑃𝑃ჰისტ. gamowveuli sakuTari 

magnituri veliT ganisazRvreba Semdegi gamosaxulebiT [31]: 

∆𝑃𝑃ჰისტ. =
𝜇𝜇𝑜𝑜
𝜋𝜋
𝐼𝐼კ2ℓ𝑓𝑓

1
6
�
∆𝐼𝐼
2𝐼𝐼კ
�

3

 

viTvaliswinebT, ra 

∆𝐼𝐼
2𝐼𝐼კ

=
2𝐼𝐼მ
2𝐼𝐼კ

=𝐼𝐼
∗

მ  

miviRebT:  

∆𝑃𝑃ჰისტ. =
𝜇𝜇𝑜𝑜
6𝜋𝜋

𝑓𝑓ℓ𝐼𝐼კ2 𝐼𝐼
∗

მ
3
 

 

𝑅𝑅მატ. 

𝑅𝑅ნ 

𝑋𝑋კ 

𝑅𝑅მატ. ∙ 𝑅𝑅ნ 

 

 

𝑅𝑅მატ. + 𝑅𝑅ნ 

 

 

𝑋𝑋კ 
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gamosaxuleba miRebulia im SemTxvevisaTvis, roca kritikuli 

denis simkvrive 𝐼𝐼კ araa damokidebuli 𝐵𝐵𝑜𝑜 magnitur velze. 

gamovsaxoT kritikuli deni 𝐼𝐼კ misi simkvrivis 𝑗𝑗კ-is saSualebiT: 

𝐼𝐼კ = 𝜋𝜋𝑟𝑟2𝑗𝑗კ 

da gaviTvaliswinoT, rom zegamtaris moculoba 

𝑉𝑉 = 𝜋𝜋𝑟𝑟2ℓ, 

maSin histerezisuli danakargebisTvis gamosaxulebas eqneba 

Semdegi saxe: 

∆𝑃𝑃ჰისტ. =
𝜇𝜇𝑜𝑜
6𝜋𝜋

𝑓𝑓ℓ(𝜋𝜋𝑟𝑟2)2𝑗𝑗კ2 𝐼𝐼
∗

მ
3 =

𝜇𝜇𝑜𝑜
6𝜋𝜋

𝑓𝑓𝜋𝜋𝜋𝜋2𝑗𝑗კ2 𝐼𝐼
∗

მ
3𝑉𝑉 

∆𝑃𝑃ჰისტ. =
1
6
𝜇𝜇𝑜𝑜𝑓𝑓𝑟𝑟2𝑗𝑗კ2𝑉𝑉

∗
𝐼𝐼მ

3
 

histerezisuli danakargebi erTeul moculobaSi gamoiTvleba 

formuliT 

∆𝑃𝑃hist.
𝑉𝑉

=
1

24
𝜇𝜇0𝑓𝑓𝑑𝑑Z2𝑗𝑗k2 𝐼𝐼

∗
მ
3
 

sruli danakargebi erT zegatarul ZarRvSi tolia: 

∆𝑃𝑃ძ = ∆𝑃𝑃ელ.ზგ. + ∆𝑃𝑃ელ.მატ. + ∆𝑃𝑃გრიგ.მატ. + ∆𝑃𝑃გრიგ.ზგ + ∆𝑃𝑃ჰისტ.ზგ. 

mravalZarRviani zegamtaruli sadenebis (mZzgs) muSaobis piroba 

arsebiTad gansxvavdeba erTZarRviani zg sadenis muSaobis 

pirobisagan. zg ZarRvi mZzgs-Si imyofeba mZzgs-is sxva ZarRvebis 

gare magnitur velSi. 

garda amisa gare magnituri veli zg ZarRvis Seiqmneba, agreTve 

zg ZarRvebiT, Semavali zegamtaruli gragnilebis sxva mZzgs-Si.  

zg ZarRvis jamuri magnituri veli 𝐵𝐵�𝑜𝑜  xasiaTdeba zg ZarRvis 

zedapirze magnituri induqciis ori mdgeneliT: magnituri 

induqciis ganivi mdgeneli 𝐵𝐵�𝑜𝑜⊥  da paraleluri mdgeneli - 𝐵𝐵�𝑜𝑜∥   

𝐵𝐵�𝑜𝑜 = 𝐵𝐵�𝑜𝑜⊥ + 𝐵𝐵�𝑜𝑜∥  (4.29) 

magnituri veli zg ZarRvebSi aRwevs maqsimalur mniSvnelobas 

𝐵𝐵𝑜𝑜⊥ = 𝜇𝜇𝑜𝑜
𝐼𝐼
𝜋𝜋𝜋𝜋
,  (4.30) 
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sadac 𝐼𝐼 zg sadenis deni; 𝐷𝐷 - zg sadenis diametri. Tu zg sadenSi 

moTavsebulia ZarRvebi 𝑑𝑑 diametriT, Sevsebis koeficienti 

𝐾𝐾შევს. = 1, ZarRvebis ricxvi 𝑁𝑁 tolia, 

𝑁𝑁 ≅ �𝐷𝐷
𝑑𝑑
�

2
                   (4.31) 

zg ZarRvSi, roca 𝑖𝑖ძ = 𝑖𝑖კ, zg sadenSi 𝐼𝐼 = 𝐼𝐼კ da induqcia 𝐵𝐵𝑜𝑜⊥ = 𝐵𝐵კ , 

(4.30) gantoleba miiRebs Semdegi saxes: 

𝐵𝐵კ = 𝜇𝜇𝑜𝑜 �
𝐷𝐷
𝑑𝑑
�

2 𝑖𝑖ძ.კ
პერ.

𝜋𝜋𝜋𝜋
𝐾𝐾შევს.     (4.32) 

 

sadac 𝑖𝑖ძ.კ
პერ.

-kritikuli deni zg periferiuli ZarRvis zg sadenSi. 

(4.32) gantolebidan ZarRvis kritikuli denisaTvis miviRebT: 

𝑖𝑖ძ.კ
პერ. =

𝜋𝜋𝜋𝜋𝐵𝐵კ

𝜇𝜇𝑜𝑜𝐾𝐾შევს. �
𝐷𝐷
𝑑𝑑�

2 = 𝑖𝑖ძ.კ.
განმხ. �

𝑑𝑑
𝐷𝐷𝐾𝐾შევს.

� ,        (4.33) 

sadac 𝑖𝑖ძ.კ.
განმხ.

 –ganmxoloebuli ZarRvis kritikuli deni zg sadenSi. 

𝑖𝑖ძ.კ.
განმხ. =

𝜋𝜋
𝜇𝜇𝑜𝑜
𝑑𝑑ძ𝐵𝐵კ, 

rogorc (4.33) gantolebidan Cans, gare zg ZarRvis kritikuli 

deni 
𝑑𝑑

𝐷𝐷𝐷𝐷შევს.
 jer naklebia ganmxoloebli ZarRvis kritikuli denis 

mniSvnelobaze. 

𝐼𝐼კ − � 1
𝐾𝐾შევს.

𝑖𝑖ძ.კ.
განმხ. 𝑑𝑑

𝐷𝐷
� �𝐷𝐷

𝑑𝑑
�

2
𝐾𝐾შევს. = 𝐷𝐷

𝑑𝑑
𝑖𝑖ძ.კ.

განმხ.
 (4.34) 

(4.34) gantoleba gviCvenebs, rom kritikuli deni 𝐼𝐼კ izrdeba �
𝐷𝐷
𝑑𝑑
�-is 

proporciulad. dengamtarunarianoba zg sadenis izrdeba 
𝐷𝐷
𝑑𝑑
-jer 

an √𝑁𝑁. 

zg sadenis denis saSualo simkvrivis Semcireba da 

zegamtaris moculobis gazrda iwvevs zegamtarul gragnilSi 

danakargebis gazrdas. zegamtrul transformatorebSi 

gragnilebis danakargebis SemcirebisaTvis da 

dengamtarunarianobis gazrdisaTvis gamoiyeneba dagrexili 

mravalZarRva zegamtaruli sadenebi. 
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gare magnituri veli daainduqcirebs denebs zegamtarul 

ZarRvebSi, qmnis cvlad magnitur vels da danakargebs, rogorc 

sadenis TviT zg ZarRvebSi, ise mis matricaSi. dainduqcirebuli 

e.m.Z. mravalZarRva zg sadenSi dagrexili ZarRvebiT 

ganisazRvreba eleqtromagnituri induqciis kanonis Tanaxmad 

warmoqmnili konturSi araerTgvarovani struqturiT, Semdgari 

normaluri metalis matricisagan da zg Zafebisagan. 

dagrexili sadenebSi, Zabva ori zg ZarRvebs Soris 

periodulad icvlis niSans, rac Zlieri xarisxiT zRudavs 

denebs zegamtaruli sadenis matricaSi. 

dengamtarunarianobis da danakargebis damokidebuleba 

dagrexvis bijisgan grZivi da ganivi magnitur velebSi 

gamokvleulia SromebSi [32-34]. lokalizebuli magnituri veliT, 

mravaZarRviani zegamtaruli sadenebSi maRali 

dengamtarunarianoba Serwymulia danakargebis dabal donesTan. 

isini xasiaTdeba dabali induqciurobiT da maRali efeqturobiT. 

imasTan dakavSirebiT, rom zegamtaruli transformatorebis 

gragnilebis winaSe dgas amocana danakargebis Semcirebisa da 

dengamtarunarianobis gazrdisa, agreTve induqciurobisa da gare 

magnituri velebis Semcirebisa, mZzgsl-is saSualebiT 

SesaZlebeli xdeba gragnilis sadenebis TiToeuli zg ZarRvis 

kritikuli denis miyvana maqsimalur sididemde. zegamtaruli 

sadenis Sevsebis koeficientis SerCeviT da 

𝐾𝐾შევს. = 𝑑𝑑
𝐷𝐷

;   𝑁𝑁 = 𝐷𝐷
𝑑𝑑
    (4.35) 

(4.35) pirobis gaTvaliswinebiT (4.33) gantolebis Sesabamisad 

miviRebT 

𝑖𝑖ძ.კ
პერ.

=𝑖𝑖ძ.კ.
განმხ.

     (4.36) 

e.i. kritikuli deni periferiuli ZarRvis izrdeba 

ganmxoloebuli ZarRvis kritikuli denamde. (4.34) gantolebis 

Tanaxmad kritikuli denisaTvis, (4.35) pirobis gaTvaliswinebiT, 

miviRebT 

113 
 



𝐼𝐼კ = 𝑖𝑖ძ.კ.
განმხ. �𝐷𝐷

𝑑𝑑
�     (4.37) 

imasTan dakavSirebiT, rom zegamtaruli ZarRvebi imyofebian 

sakuTar lokalizebul magnitur velebSi, lokalizebuli 

mravlZarRviani zegamtaruli sadeni ar saWiroebs dagrexvas da 

transpormacias. danakargebi lokalizebuli mravalZarRviani 

zegamtaruli sadenebSi ganisazRvreba calkeuli zegamtaruli 

ZarRvebis jamuri danakargebiT. 

∆𝑃𝑃𝑁𝑁𝑁𝑁∆𝑃𝑃ძ, sadac 𝑁𝑁 = 𝐷𝐷
𝑑𝑑
 

zg sadenebis gamtarunarianobis gazrdisaTvis da masSi 

danakargebis SemcirebisaTvis zg sadeni sruldeba 

mravalZarRviani.imasTan dakavSirebiT, rom sadenis zg ZarRvi 

mgrZnobiarea gare magnituri velis mimarT, maTi 

dengamtarunarianoba mravalZarRviani zg sadenSi mniSvnelovnad 

mcirdeba ZarRvebis ricxvis gazrdiT da maT Soris manZilis 

Semcirebis dros. zg sadenis da zg ZarRvis mocemuli diametris 

dros sadenSi ZarRvebis SemcirebiTY, manZili maT Soris izrdeba, 

magnituri urTierTqmedeba ZarRvebs Soris sustdeba da 

dengamtarunarianoba zg ZarRvis izrdeba. zg ZarRvis raodenobis 

optimaluri mniSvneloba wriuli kveTis zg mravalZarRva 

sadenSi: 𝑁𝑁ძ = 𝐷𝐷ს
𝑑𝑑ძ
, aRniSnuli raodenoba zg ZarRvebis Seesabameba 

zg sadenis Sevsebis koeficients: 𝐾𝐾შევს. = 𝑑𝑑ძ
𝐷𝐷ს
. 

aseTi geometriuli Tanafardobis dros, TiToeuli zg 

ZarRvi, zg sadenSi praqtikulad imyofeba sakuTr magnitur 

velSi, romelic lokalizebulia mis irgvliv. aseTi 

lokalizebuli mravalZarRviani zegamtaruli sadenebi, SeiZleba 

gamoyenebuli iqnes energetikuli daniSnulebis 

transformatorebis Zalovan gragnilebSi, eleqtruli manqanebis 

Ruzis gragnilebSi, eleqtrokabelebSi, eleqtroenergiis 

zegamtaruli induqciuri magroveblis solenoidSi, 

eleqtrogadamcem xazebSi da sxva. 
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yvela am SemTxvevaSi mravalZarRva zegamtaruli sadenis, 

lokalizebuli magnituri velis gamoyenebis dros, mcirdeba 

sadenis induqciuroba, induqciuri winaRoba da induqciuri 

Zabvis vardna. gragnilebSi zegamtaruli masalis xarji mcirdeba 

𝐷𝐷ს
𝑑𝑑ძ
-jer. 

 

4.6. axali Taobis zegamtaruli statikuri 

makompensirebeli mowyobiloba rogorc eleqtruli 

simZlavris danakargebis Semcirebis da Zabvis 

stabilizaciis erT-erTi efeqturi saSualeba 

 

eleqtruli momxmareblebis normaluri muSaobis uzrunvel-

yofisaTvis aucilebelia, rogorc aqtiuri ise reaqtiuli 

simZlavre. reaqtiuli simZlavre ixarjeba magnituri velis 

Seqmnaze, misi gadacema xazebiT (g/x) dakavSirebulia qselis 

elementebSi aqtiuri simZlavris garkveul danaxarjebTan. qselis 

elementebSi ixarjeba agreTve reaqtiuli simZlavre, rac 

moiTxovs misi generaciis gazrdas. amitom reaqtiuli simZlavris 

Semcirebas Tan axlavs aqtiuri simZlavris ekonomia da 

Sesabamisad simZlavris danakargebis Semcireba. 

simZlavris danakargebis Semcirebis RonisZieba xorcieldeba, 

rogorc qselis daproeqtebis dros, ise misi eqspluataciis 

dros.  

rogorc cnobilia simZlavris danakargebi g/x-Si tolia [35]: 

∆𝑃𝑃 = 3𝐼𝐼2𝑅𝑅 = 𝑃𝑃2+𝑄𝑄2

𝑈𝑈2 𝑅𝑅 = 𝑆𝑆2

𝑈𝑈2 𝑅𝑅;   

∆𝑄𝑄 = 3𝐼𝐼2𝑋𝑋 =
𝑃𝑃2 + 𝑄𝑄2

𝑈𝑈2 𝑋𝑋 =
𝑆𝑆2

𝑈𝑈2 𝑋𝑋, 

 

sadac ∆𝑃𝑃,∆𝑄𝑄-g/x-Si aqtiuri da reaqtiuli simZlavris danakargebi; 

𝑅𝑅,𝑋𝑋 - g/x-is aqtiuri da induqciuri winaRoba; 

𝐼𝐼 - g/x-Si gamavali deni; 

(4.38 
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𝑃𝑃,𝑄𝑄- g/x-Si aqtiuri da reaqtiuli simZlavre; 

𝑆𝑆- g/x-Si sruli simZlavre. 

𝑈𝑈- g/x-is Zabva. 

rogorc (4.38)-dan Cans aqtiuri da reaqtiuli simZlavris 

danakargebi damokidebulia rogorc 𝑃𝑃-ze ise 𝑄𝑄-ze. danakargebi 

ukuproporciulia Zabvis kvadratisa. amitom Zabvis mcire gazrda 

iZleva simZlavris danakargebis mniSvnelovnad Semcirebas. 

reaqtiuli simZlavre damokidebulia momxmareblis xasiaTze. 

rogorc (4.38)-dan Cans reaqtiuli simZlavris gadacema g/x-iT 

generatoridan momxmareblamde did manZilze, iwvevs danakargebis 

gazrdas, radganac izrdeba 𝑅𝑅 da 𝑋𝑋. reaqtiuli simZlavris 𝑄𝑄 

gazrdiT izrdeba, rogorc reaqtiuli ise aqtiuri simZlavris 

danakargebi. 

imisaTvis rom ar gadaitvirTos xazi reaqtiuli simZlavriT, 

mm-s dgamen momxmarebelTan axlos. maSin (nax.4.7) danakargebi 

xazSi mcirdeba (4.39) mniSvnelobidan 

 

∆𝑃𝑃 = 𝑃𝑃2+𝑄𝑄2

𝑈𝑈2 𝑅𝑅; 

∆𝑄𝑄 = 𝑃𝑃2+𝑄𝑄2

𝑈𝑈2 𝑋𝑋; 

  

(4.40) mniSvnelobamde 

∆𝑃𝑃 =
𝑃𝑃2 + (𝑄𝑄 − 𝑄𝑄m.m)2

𝑈𝑈2 𝑅𝑅   

∆𝑄𝑄 = 𝑃𝑃2+(𝑄𝑄−𝑄𝑄m.m)2

𝑈𝑈2 𝑋𝑋. 

 

a)      𝑃𝑃 + 𝑗𝑗𝑗𝑗    b)    𝑃𝑃 + 𝑗𝑗(𝜃𝜃 − 𝜃𝜃m.m) 

           

 

     𝑃𝑃 + 𝑗𝑗𝑗𝑗       𝑃𝑃 + 𝑗𝑗𝑗𝑗 

nax. 4.7. g/x-Si simZlavris cvlilebis sqemebi m.m-is gareSe (a) da 

m.m-is dadgmiT momxmarebelTan. 

(4.39) 

(4.40) 

 𝜃𝜃m.m 
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rogorc (4.40)-dan Cans, rac metia m.m-is simZlavre 𝑄𝑄m.m, miT 

metad mcirdeba simZlavris danakargebi. 

reaqtiuli simZlavris kompensacia warmoadgens mniSvnelovan 

saSualebas eleqtromomaragebis efeqturobis amaRlebisa. 

samrewvelo sawarmoebSi ventiluri eleqtroamZravebis, 

eleqtrolizuri gammarTvelis, mZlavri eleqtroRumelebis da 

sxva momxmareblebis danergva, mkveTradcvalebadi datvirTviT, 

arasinusoiduri deniT umetes SemTxvevaSi, iwvevs mkvebavi 

sistemis Zabvis formis damaxinjebas saerTo mierTebis wertilSi. 

es damaxinjeba gamovlindeba harmonikebis saxiT, Zabvis rxeviT, 

ganaTebis cimcimiT, Zabvis vardniT, arasimetriiT, eleqtronuli 

mowyobilobis muSaobis SeferxebiT. eleqtruli manqanebis 

gragnilebis gadaxurebiT da maTi eqspluataciis vadis 

SemcirebiT. Zabvis damaxinjebis dasaSvebi done saerTo 

ddaniSnulebis energomomaragebis sistemisaTvis reglamentirdeba 

saxelmwifo standartiT ГОСТ13109-97. 

garda amisa, aRniSnuli datvirTvebi warmoadgenen 

mniSvnelovan momxmareblebs reaqtiuli simZlavris, ris Sedegad 

SeiZleba moxdes Zabvis dauSvebeli gadaxra da mkvebavi g/x-Si 

danakargebis gazrda. 

reaqtiuli simZlavris kompensaciisaTvis, Zabvis 

stabilizaciisaTvis da eleqtroenergiis xarisxis parametrebis 

SesabamisobisaTvis saxelmwifo standartis ГОСТ13109-97 

moTxovnebTan, farTo gamoyeneba hpova statikuri 

makompensirebeli mowyobilobebma. [36]. 

statikuri makompensirebeli mowyobilobas SeuZlia, rogorc 

gasces, ise miiRos qselidan reaqtiuli simZlavre. aRniSnuli 

Tviseba saSualebas iZleva Zabvis regulirebisa. Ramis saaTebSi, 

roca datvirTva sagrZnoblad mcirdeba, SeiZleba Zabva uecrad 

gaizardos, rac saSiSroebas warmoadgens 

eleqtromowyobilobebis izolaciisaTvis. imisaTvis, rom 
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SevamciroT Zabva, aucilebelia gavzardoT Zabvis danakargebi 

(4.41)-dan (4.42)-mde. 

∆𝑈𝑈 = 𝑃𝑃𝑃𝑃+𝑄𝑄𝑄𝑄
𝑈𝑈

  (4.41) 

∆𝑈𝑈 = 𝑃𝑃𝑃𝑃+(𝑄𝑄+𝑄𝑄m.m.)𝑋𝑋
𝑈𝑈

  (4.42) 

amisaTvis mm-bam unda moixmaros qselidan reaqtiuli 

simZlavre. kondensatorebi ki Zabvis Semcirebis momentSi unda 

gamoirTos nawilobriv an mTlianad, vinaidan kondensatorebi 

mxolod gascemen qselSi reaqtiul simZlavres. reaqtiuli 

simZlavris gazrdam (4.42)-is Tanaxmad Zabvis Semcirebis mizniT, 

SeiZleba gamoiwvios simZlavris danakargebis gazrda (4.38)-is 

Tanaxmad. Tumca aRniSnuli procesi mimdinareobs SedarebiT 

mcire droiT da eleqtromowyobilobebis izolaciis 

SenarCunebisaTvis, zogjer Tvlian dasaSvebad danakargebis aseTi 

gazrdas. 

samuSaoSi ganxilulia axali Taobis zegamtaruli 

statikuri makompensirebeli mowyobiloba (zgsmm), rogorc 

eleqtruli simZlavris danakargebis Semcirebis da Zabvis 

stabilizaciis erT-erTi efeqturi saSualeba. 

nax. 4.8 gamosaxulia zgsmm-is eleqtruli sqema 

metalurgiuli qarxnisaTvis eleqtrorkaluri RumelebiT (erR) 

da foladis kompleqsuri damuSavebis agregatebiT (fkda). sqema 

Sedgeba sami kondensatoruli batareasagan, SeerTebuli 

samkuTxedad, mudmivad SeerTebuli datvirTvis kvebis wredSi. 

agreTve sami induqciuri denis regulatorisagan gayofili 

zegamtaruli droselebiT, SeerTebuli samkuTxedad da 

CarTulia paralelurad kondensatorebis batareasTan. 

regulatorebis tiristorebis marTva xorcieldeba avtomaturad. 

marTvad signals warmoadgens mocemuli reaqtiuli simZlavrisa 

da datvirTvis mier moTxovnili reaqtiuli simZlavres Soris 

sxvaoba. rac ufro met reaqtiul simZlavres moixmars datvirTva, 

miT metia regulatorebis tiristorebis gaRebis kuTxe 𝑄𝑄gaR. da 

miT naklebi mniSvneloba gaaCnia 𝑖𝑖𝐿𝐿𝐿𝐿 , 𝑖𝑖𝐿𝐿𝐿𝐿 , 𝑖𝑖𝐿𝐿𝐿𝐿 reaqtiul denebs, 
118 

 



moTxovnili regulatorebis mier mkvebavi qselidan. datvirTvis 

mier moTxovnili reaqtiuli simZlavres gansazRvravs gazomvis 

sqema. imasTan dakavSirebiT, rom ganixileba samfaza simetriuli 

datvirTva, gazomva SeiZleba ganxorcieldes erT fazaSi. 

signali, romelic proporcioulia mocemuli reaqtiuli 

simZlavris mniSvnelobisa da gazomvis sqemidan miRebuli 

mniSvnelobas Soris sxvaobis, miewodeba regulatoris bloks, 

romlis gamosasvlelidan signali miewodeba tiristoruli 

ventilebis marTvis sistemas. marTvis sistemis gamosasvlelidan 

miRebuli impulsebi miewodeba induqciuri denis regulatorebis 

tiristorebs. sruli simetriis uzrunvelyofisaTvis, 

tiristorebis gaRebis kuTxeebi 𝑄𝑄gaR. yvela regulatorisaTvis 

unda iyos erTnairi, regulirebis yvela diapazonSi. induqciuri 

xasiaTis datvirTva moiTxovs mkvebavi qselidan reaqtiuli 

simZlavres, romelic SeiZleba icvlebodes garkveul zRvrebSi 

𝑄𝑄d.min. ÷ 𝑄𝑄d.maq. kondensatorTa batarea gamoimuSavebs kompensaciis 

uzrunvelyofis pirobidan datvirTvis maqsimalur reaqtiul 

simZlavres 𝑄𝑄𝑐𝑐 , e.i. unda Sesruldes toloba  

𝑄𝑄d.maqs. = 𝑄𝑄𝑐𝑐 = −𝜔𝜔𝐶𝐶𝐶𝐶maqs.
2 /2  (4.43) 

induqciuri denis regulatorma unda SeinarCunos mudmiv 

doneze mkvebavi qselidan moTxovnili reaqtiuli simZlavre. 

aRniSnuli piroba SeiZleba Caiweros Semdegi saxiT 

𝑄𝑄d + 𝑄𝑄𝐿𝐿 = 𝑄𝑄𝑐𝑐 = 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,   (4.44) 

sadac 𝑄𝑄𝐿𝐿 - induqciuri denis regulatoris moTxovnili 

reaqtiuli simZlavre. imasTan dakavSirebiT, rom mkvebavi Zabva 

saerToa mm-is yvela blokebisaTvis, (4.44) Tanafardoba SeiZleba 

warmodgenili iqnes Semdegi saxiT: 

𝐼𝐼r.d + 𝐼𝐼r.L + 𝐼𝐼r.c = 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,  (4.45) 

an 𝐼𝐼d𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠d + 𝐼𝐼𝐿𝐿𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝐿𝐿 = 𝐼𝐼𝑐𝑐𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑐𝑐 = 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐    (4.46) 

rogorc Cans, datvirTvis reaqtiuli denis cvlileba 

Tanxmlebi unda iyos induqciuri regulatoris reaqtiuli denis 

iseTive cvlilebisa, raTa aRniSnuli denebis jami darCes 
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mudmivi. datvirTvis reaqtiuli simZlavris cvlilebis diapazoni, 

Sepirobebulia regulatoris induqciuri denis cvlilebis 

saWiro diapazonTan, romelic SeiZleba ganisazRvros 

Tanafardobidan 

∆𝐼𝐼𝐿𝐿 =
𝑄𝑄𝑐𝑐−�𝑄𝑄d.maqs.−𝑄𝑄d.min.�

𝑈𝑈qs.
  (4.47) 

Tu induqciuri denis regulirebis saWiro diapazoni ∆𝐼𝐼𝐿𝐿 ar 

SeuZlia uzrunvelyos erTma regulatorma, SeiZleba miuerTdes 

paralelurad kidev ramodenime analogiuri regulatorebi. es 

iZleva praqtikulad SeuzRudavi SesaZleblobebs reaqtiuli 

simZlavris regulirebisa, moTxovnili mkvebavi qselidan. 

zgsmm-is sqemis realizacia, uzrunvelyofs swrafqmedebiT 

datvirTvis reaqtiuli simZlavris kompensacias da 

eleqtroenergiis xarisxis maCveneblebis gaumjobesebas, 

datvirTvis simZlavris koeficientis gazrdas da eleqtruli 

simZlavris danakargebis Semcirebas. 
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nax. 4.8. zgsmm-is eleqtruli sqema da misi marTvis sistema. 

d.t-denis transformatori: Z.t. - Zabvis transformatori; 𝑉𝑉𝑉𝑉1 −

𝑉𝑉𝑉𝑉6-tiristoruli ventilebi. 
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4.7. Sida gadametZabvebi eleqtrogadacemaSi 

 

Sida gadametZabva ewodeba Zabvis amaRlebas nominaluri 

mniSvnelobaze zeviT, aRZruli eleqtrogadacemis garkveul 

reJimebSi, rogoricaa damyarebuli an gardamavali. zemaRali 

Zabvs eleqtrogadacemaSi aseTi gadametZabva ufro saSiSia, vidre 

atmosferuli, aRZruli Weqa-quxilis movlenis Sedegad, da 

saxeldobr isini gansazRvraven izolaciis dones. Sida 

gadametZabvis SezRudva saSualebas iZleva avamaRloT 

ekonomiuri efeqtianoba zemaRali Zabvis eleqtrogadacemis. 

maqsimaluri Sida gadametZabva ZiriTadad SeiniSneba gardamaval 

reJimebSi; maTi xangrZlivoba izRudeba ZiriTadi sixSiris 

ramodenime periodiT. Tavisufali mdgenelis milebis Semdeg 

eleqtromagnituri gardamavali procesSi darCeba kvazi 

damyarebuli gadametZabva, romlis done nela icvleba, 

magaliTad, sinqronuli kompensatorebis da generatorebis 

agznebis regulatorebis moqmedebiT. kvazi damyarebuli 

gadametZabva grZeldeba ramodenime wamidan ramodenime wuTamde, 

sanam ar CairTveba maSuntirebeli reaqtori an sxva RonisZieba. 

kvazi damyarebuli gadametZabvas adgili aqvs 

eleqtrogadacemis gawyvetis dros, mcire datvirTvis dros, 

dazianebuli fazebis gamorTvis dros da a.S. 

Sida gadametZabva SeiZleba gaZlierdes rezonansuli 

movlenebiT ZiriTad sixSireze an anomaluri sixSireze, 

gamovlenili gadacemis zogierTi elementebis arawrfivi 

maxasiaTeblebi. 

ekonomiuri mosazrebidan dasaSvebi jeradoba Sida 

gadametZabvis amcireben eleqtrogadacemis nominaluri Zabvis 

gazrdiT. 

SemovitanoT aRniSvnebi: 𝑈𝑈d-maqsimaluri xangrZlivi dasaSvebi 

muSa Zabva; 𝑘𝑘d=𝑈𝑈d 𝑈𝑈n⁄  gardamaval procesSi dartymis Zabvis 𝑈𝑈d 
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Sefardeba fazis muSa Zabvaze, ewodeba gadametZabvis koeficienti 

- 𝐾𝐾. 

gadametZabvis koeficienti 𝐾𝐾 SeiZleba warmodgenili iqnes 

koeficientebis namravlis, romelSic gaTvaliswinebulia 

gadametZabva stacionalur reJimSi 𝐾𝐾s da gardamaval procesSi 𝐾𝐾d 

𝐾𝐾 =
𝑈𝑈d

𝑈𝑈maq,f
=

𝑈𝑈d
𝑈𝑈maq,s

=
𝑈𝑈maq,s

𝑈𝑈maq,f
= 𝑘𝑘d𝑘𝑘s (4.48) 

erTfaza xazSi komutaciis dros sawyisi nulovani 

pirobebiT dartymis koeficientma ar SeiZleba gadaaWarbos 

mniSvnelobas 2,0. samfaza gadacemaSi dartymis koeficienti 

SeiZleba aRmoCndes 2,0-ze meti. dartymis koeficientis gazrda 

SeiZleba agreTve gamowveuli iyos maRali rigis harmonikebis 

warmoqmnasTan. 

110-220 kv. Zabvis gadacemaSi Sida gadametZabvis koeficienti 

didi albaTobiT ar aWarbebs 3,0, amitom dacva gadametZabvisgan 

airCeva atmosferuli gadametZabvis pirobidan da aiwyoba 

gvarlis da martivi ventiluri mclelebis safuZvelze. zemaRali 

Zabvis gadacemaSi gadametZabvis koeficienti didi albaTobiT 

aWarbebs 3,0-s. maRali gadametZabva gadacemaSi dakavSirebulia 

eleqtruli energiis didi nakadebis rxevebTan. rxevebis periodis 

ganmavlobaSi magnituri energia, dagrovili sistemis induqciur 

elementebSi, gadadis eleqtrul energiaSi tevadur elementebSi, 

romelic tolia 

∋𝑐𝑐= 1
2
𝐶𝐶𝐶𝐶d

2 = 1
2
𝐶𝐶�𝑈𝑈maq.√2𝐾𝐾�

2
= 𝐶𝐶𝐶𝐶d

2𝑘𝑘2  (4.49) 

energiis nakadis simZlavre, romelic modis rxevebis dros 

sigrZis erTeulze, SeiZleba gamovsaxoT xazis xvedriTi 

dammuxtavi simZlavriT nominaluri Zabvis dros: 

𝑆𝑆∋ = 𝑄𝑄dam.𝑘𝑘2𝑘𝑘d2 

magaliTad, dagrovili energia xazis monakveTze 1150 kv 

Zabvis 100 km sigrZiT, 2,5-jeradi gadametZabvis momentSi, tolia 12 

mgjoulis, xolo energiis nakadis simZlavre Seesabameba 4000 

mgva. 
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gadametZabvis SezRudvisaTvis mowyobiloba unda iyos 

gaTvlili energiis mZlavri nakadis marTvaze. 

gadametZabvis Semcirebis tendencia ewinaaRmdegeba 

Rirebulebis amaRlebas da moTxovnebs damcavi mowyobilobis 

moTxovnebs. maqsimaluri gadametZabva damokidebulia sistemis 

mraval parametrebze, maT Soris mniSvnelovans warmoadgens: muSa 

Zabva, sistemis mokled SerTvis (m.S.) simZlavre, 

eleqtrogadacemis xazis sigrZe, makompensirebeli mowyobilobis 

tipi da kompensaciis xarisxi, xazis pirdapiri da nulovani 

mimdevrobis reaqtiuli fardoba. calkeuli faqtorebis 

zegavlenis gamovlenisaTvis ganvixiloT zogierTi Teoriuli da 

eqsperimentuli kvlevebis Sedegebi. 

cnobilia, rom dartymis gadametZabvis dadgomis dro 

izrdeba xazis sigrZis gazrdasTan erTad: 500 km sigrZis 

xazisTvis dartymis gadametZabva SeimCneva pirveli 

naxevarperiodSi, 1000 km sigrZis xazSi meore naxevarperiodSi, 

1500 km sigrZis xazSi mesame naxevarperiodSi. dartymis 

koeficienti mcirdeba xazis sigrZis gazrdiT. 

gadametZabvis angariSis dros generatorebi warmodgenilia 

emZ-ebis saxiT, CarTuli winaRobaze: zegardamavali 𝑋𝑋𝑑𝑑′′ , Tu drois 

mudmiva generatoris damamSvidebeli gragnilis metia 

gardamavali procesis droze; gardamavli 𝑋𝑋𝑑𝑑′ , Tu drois mudmiva 

damamSvidebeli gragnilis naklebi an Tanazomadia gardamavali 

procesis xangrZlivobis. ekvivalenturi winaroba mkvebavi 

sistemis, ukuproporciulia misi simZlavris, agreTve unda 

gaviTvaliswinoT adgilobrivi datvirTvis mademfirebeli efeqti, 

romelic ikvebeba generatorul Zabvaze da saSualo qselis 

Zabvidan. 

maqsimaluri gadametZabva dautvirTavi grZeli xazis CarTvis 

dros aRiZvreba eleqtrosistemis ganviTarebis pirvel etapze, 

roca misi simZlavre mcirea, xazis dasawyisSi Zabvis 

rezonansuli amaRlebis Sedegad. 
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damyarebuli gadametZabva ZiriTad sixSireze arasimetriul 

reJimebSi Cveulebriv gamoiTvleba simetriul mdgenelTa 

meTodiT. mokled SerTvis wertilis mimarT wredis Semavali 

winaRobebis pirdapiri, uku da nulovani mimdevrobis 

gansazRvriT, SeiZleba viangariSoT damyarebuli gadametZabva 

dauzianebel fazaSi. aucilebeli piroba didi gadametZabvis 

aRZvrisa warmoadgens sxvadasxva niSnebi pirdapiri da nulovani 

mimdevrobis Semavali winaRobebis; am dros Cveulebriv 

gulisxmoben, rom pirdapiri da uku mnimdevrobis Semavali 

winaRobebi tolia �𝑍𝑍Sem,1 = 𝑍𝑍Sem,2�. aseTi meTodi angariSis mkacrad 

gamoiyeneba wrfivi sistemebisTvis, sadac ar Seicavs gajerebul 

reaqtorebs, transformatorebs, agreTve mbrunav eleqtrul 

manqanebs dazianebis adgilTan axlos (am SemTxvevaSi 𝑍𝑍Sem,1 ≠ 𝑍𝑍Sem,2). 
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daskvnebi 

 

1. ganxilulia simZlavris da energiis danakargebi 

eleqtrogadacemaSi da misi elementebSi. miRebulia 

Tanafardobebi danakargebis angariSisTvis. 

2. Seswavlilia Zabvebis ganawileba, romelic uzrunvelyofs 

idealizirebul gadamcem xazebSi simZlavris danakargebi 

minimums. 

3. gaanalizebulia cvalebadi aqtiuri simZlavris pirobebSi 

reJimebis marTva maregulirebeli mowyobilobis saSualebiT, 

romlis ricxvSi mniSvnelovan adgils ikavebs marTvadi ganivi 

kompensacia. Seswavlilia simZlavris danakargebi ganivi 

kompensaciis mowyobilobebSi. 

4. ganxilulia simZlavris danakargebi gvirgvinze, 

dadgenilia, rom gvirgvinis warmoSobis piriobas warmoadgens 

xazis Zabvis gazrda kritikul doneze. 

5. Seswavlilia marTvadi ganivi kompensaciis teqnikuri 

maCveneblebi; xazis dammuxtavi simZlavre, xazis gaswvriv ganivi 

kompensaciis mowyobilobis ganawileba, misi simZlavre da 

moTxovnebi Rrma regulirebasTan. 

6. ganxilulia ganivi kompensaciis mowyobilobebis ZiriTadi 

tipebi, maTi SedarebiTi analizi, parametrebisa da maCveneblebis 

mixedviT. 

7. damuSavebulia eleqtroenergiis teqnikuri xasiaTis 

danakargebis Semcirebis rekomendaciebi,  romlebic 

dafuZnebulia gadacemis elementebis modernizaciaze 

maraltemperaturuli zegamtaruli masalebis gamoyenebiT. 

8. damuSavebulia axali Taobis energetikuli daniSnulebis 

zegamtaruli transformatori maRali teqnikur-ekonomikuri 

maCveneblebiT. 

9. damuSavebulia axali Taobis zegamtaruli statikuri 

makompensirebeli mowyobiloba rogorc eleqtruli simZlavris 
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danakargebis Semcirebis da Zabvis stabilizaciis erT-erTi 

efeqturi saSualeba. 

10. damuSavebulia maTematikuri modeli da Seswavlilia 

zegamtaruli transformatoris da zegamtaruli statikuri 

makompensirebeli mowyobilobis gragnilebis sadenebis 

dengamtarunarianoba da danakargebi cvlad magnitur velSi. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
 

127 
 



gamoyenebuli literatura 

 

1. Энергетика СССР в 1976-1980 годах/под ред. А.М. Некрасова, М.Г. 

Первухина.-М.: Энергия, 1977-288 с. 

2. Дальние передачи переменного тока/И.С. Брук, П.И. Зубков, А.А. 

Крюков и др.-М.: Изд-во АН СССР, 1958. - 259 с. 

3. Справочник по проектированию электроэнергетических систем .под ред. 

С.С. Рокотяна, И.М. Шапиро - 2-е изд. - М.: Энергия, 1977. - 288 с. 

4. Синхронные компенсаторы/С.И. Гольденберг, Л.С. Моз, З.Б. Нейман, 

В.З. Пекне. - М.: Энергия, 1969. - 287 с. 

5. Левитов В.И. Корона переменного тока. - М.: Энергия, 1975.-280 с. 

6. Левитов В.И., Полков В.И. Исследования короны на высоковольтных 

передачах. - Изв. АН СССР. Энергетика и транспорт, 1964, №3, с,5-16. 

7. К расчету годовых потерь в электрических сетях энергосистем /Г.Ф. 

Горазеева, В.В. Ершевич, Г.А. Илларионов и др. - электричество, 1969, №11, 

с.19-23. 

8. Совалов С.А. Режимы электропередач 400-500 кв. ЕЭС. - М.: Энергия, 

1967. - 304 с. 

9. Г.В. Михневич, А.Е. Раздин, В.М. Фиалков, А.Н Курочкин. Повышение 

устойчивости сверхмощных турбогенераторов с помощью управляемых 

реакторов. - Электричество, 1970, №7, с.51-55. 

10.Elslinger R., Lamontagne G., Roy I.C. Transmission of 16000 MW over a 

distance of 1200 km from James Bay to Hydro-Quebec load centers. - Conference 

Internationale des Grands Reseaux Electrigues (CIGRE), 25 Session, report 32-07, 

1974. 

11. Underground Power Transmission Report to the Federal Power Commission 

by the Commissions Advisory Committee on Underground Transmission, April 1966, 

by Arthur D. Little.  

12. Казовский Е.Я., Карцев В.П., Шахтарин В.П. Сверхпроводящие 

магнитные системы. Наука, Л., 1967. 

13. Веников В.А., Зуев Э.Н., Околотин В.С. Сверхпроводники в 

энергетике. Энергия, М., 1972, 

128 
 



14. Фастовский В.Г., Петровксий Ю.В., Ровинский А.С. Криогенная 

техника. Энергия, М., 1974. 

15. Klaudy P.A. “Some experiments relating to the layout of superconducting 

transformers” III Advances in Cryogening Engineering, N.Y., 1965, vol.9. 

16. Hirczy H. “Kraftlinienverkettung und Streuung bei eisenlosen 

Transformatoren mit verschachtelten supraleitenden Ringwicklungen“, Archiv fur 

Electrotechnik, 1972, N55, S1-9. 

17. „Plastics used for suoerconducting transformers//Applied plastics, 1965, vol. 

8, N8, P.68. 

18. Riemersma H., Barton M.L., Litz D.C., Eckels P.N., Murphy I.H., Roach 

J.F. “Application of superconducting technology transformers” IEEE Trans. on Power 

Appar. and Sist 1981, vol. 100, N7, p.3398. 

19.Thanawala H.L. “Improved a.c. power transforming assembley пат: англии 

кл.: Н2Н (НО2h), N1119877, заявлю 20.06.67, опубл. 17.07.68. 

20. Рычагов А.В., Свалов Г.Г., Сытников В.Е., Таран А.В. 

Сверхпроводящие обмоточные провода для магнитных систем различного 

назначения”. Кабельная техника, 1992, №1, с.6-9. 

21. ВНИИНМ “Сверхпроводящие материалы различных назначений”. 

Российский электротехнический конгресс Секция 9. Сверхпроводящие и 

электротехнические установки М. 1999. 

22. Глебов И.А., Черноплеков Н.А., Альтов В.А. “Использование 

сверхпроводимости - магистранльное направление развития электроэнергетки 

XXI века”. Российский электроэнергетический конгресс Секция 9. 

Сверхпроводящие и энергетические установки, М., 1999. 

23. “Alcatel produces 1 km of superconducting wire” Electrical Rcv. (Gr.Brit), 

1998, 231, N8, c.14. 

24. ВНИИНМ им. Акад. А.А. Богвара “Сверхпроводящие материалы 

различных назначений”. Россиский электротехнический конгресс Секция 9. 

Сверхпроводящие и электротехнические установки М. 1999. 

25. Yamamoto M., Ishigohka T., Kaiho K., Kimura Y. “Conceptual design of a 

power transformer with high Tc superconductor” Proc. 12 th Int. Cryog. Eng. Conf. 

Southampton 12-15 July 1988, ICEC Cuildford, 1988, c.734-738. 

129 
 



26. Кохреидзе Т.К. Математическая модель электромагнитных устройств 

трансформаторного типа. Изд-во “технический университет”, 2000. 

27. koxreiZe T., koxreiZe k. axali Taobis energetikuli 

daniSnulebis zegamtaruli transformatori maRali teqnikur-

ekonomikuri maCveneblebiT. “energia”, #1(69), 2014. 

28. T. koxreiZe, k. koxreiZe. energetikuli daniSnulebis 

zegamtaruli transformatoris maTematikuri modeli. 

„inteleqtuali“, #26, 2014, gv.205-211. 

29. Калантаров П.Л. «Схема эквиватентная трехобмоточному 

трансформатору». Электричество 1948, №3. 

30. T. koxreiZe, k. koxreiZe. zegamtaruli transformatorebis 

gragnilebis sadenebis dengamtarunarianoba da danakargebi 

cvlad magnitur velSi. “energia”, #2(70), 2014, gv.8-17. 

31. Г. Брехна. Сверхпроводящие магнитные системы. Мир, М., 1976. 

32. Schiiki K., Aharak., Kudo M. A.c. loss and twisting effects in 

superconducting composite conductor. Japan. J. Appl. phys., 1974, V.13, №2, 

P.345. 

33. Kwasnitza K., Horwath I. Reduction of the a.   c. losses of multifilament 

superconductors by the use of low twist rate. J. Appl. phys., 1976, V.47,№11, 

P.5038. 

34.   И.А. Глебов, Ч. Лаверик, В.Н. Шахтарин. Электрофизические 

проблемы использования сверхпроводимости. Наука Л., 1980. 

35. Блок В.Н. Электрические сети и системы. М.: «Высшая школа» 1986.-

430 с.:ил. 

36. Супронович Г. Улучшение коэффициента мощности 

преобразовательных установок: Пер. с польск.-М.: Энергоатомиздат, 1985.-136 

с., ил. 

37. k. koxreiZe, S. nemsaZe, T. koxreiZe. maRali Zabvis gadamcem 

xazebSi simZlavris danakargebis angariSis maTematikuri modeli. 

me-III saerTaSoriso samecniero konferencia, energetika: 

regionuli problemebi da ganviTarebis perspeqtivebi, 

moxsenebebis krebuli, quTaisi, saqarTvelo, 2015, gv.71-75. 

130 
 


	cxrilebis nusxa
	Sesavali
	literaturuli mimoxilva
	Tavi I. simZlavris da energiis danakargebi eleqtrogadacemaSi
	1.1. simZlavris danakargebi xazebSi [37]
	1.2. Zabvebis ganawileba
	1.3. simZlavris danakargebi ganivi kompensaciis mowyobilobebSi
	1.4. simZlavris danakargebi gvirgvinze
	1.5. gadacemis Zabvis regulirebasa da simZlavris danakargebs Soris kavSiri
	1.6. gadacemaSi energiis danakargebi

	Tavi II. marTvadi ganivi kompensaciis teqnikuri maCveneblebi
	2.1. xazis dammuxtavi simZlavre
	2.2. xazis gaswvriv ganivi kompensaciis danadgaris ganawileba
	2.3. Zabvis xangrZlivi amaRlebis SezRudva
	2.4. ganivi kompensaciis danadgaris ganlageba
	2.5. marTvadi ganivi kompensaciis danadgaris simZlavre da moTxovnebi Rrma regulirebasTan

	Tavi III. ganivi kompensaciisaTvis mowyobilobebis saxeobebi
	3.1. zogadi monacemebi
	3.2. Zabvis parametruli stabilizatorebi
	3.3. marTvadi reaqtorebi da transformatorebi
	3.4. reaqtor-tiristoruli blokebi
	3.5. kondensatorul-tiristoruli blokebi
	3.6. sinqronuli kompensatorebi
	3.7. ganivi kompensaciisaTvis sxvadasxva saxis mowyobilobebis Sepirispireba

	Tavi IV. saqarTvelos energetikul sistemaSi eleqtroenergiis danakargebis Semcirebis rekomendaciebis SemuSaveba
	4.1. zogadi monacemebi
	4.2. eleqtrogadacemis arsebuli da perspeqtiuli sistemebi
	4.3. axali Taobis energetikuli daniSnulebis zegamtaruli transformatori maRali teqnikur-ekonomikuri maCveneblebiT
	4.4. energetikuli daniSnulebis zegamtaruli transformatoris maTematikuri modeli [28]
	4.6. axali Taobis zegamtaruli statikuri makompensirebeli mowyobiloba rogorc eleqtruli simZlavris danakargebis Semcirebis da Zabvis stabilizaciis erT-erTi efeqturi saSualeba
	4.7. Sida gadametZabvebi eleqtrogadacemaSi

	daskvnebi
	gamoyenebuli literatura

