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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 simZlavris 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 

ganlageba, marTvadi ganivi kompensaciis danadgaris simZlavre da 

moTxovnebi Rrma regulirebasTan. 
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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. 

 

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 
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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. 

 

samuSaos ZiriTadi Sinaarsi 

 

SesavalSi dasabuTebulia problemebis aqtualoba, 

Camoyalibebuli da gansazRvrulia gamosakvlevi sakiTxis wre, 

aseve kvlevis mizani da amocanebi. formulirebulia naSromis 

mecnierul siaxleTa da praqtikuli mniSvnelobis ZiriTadi 

aspeqtebi. 

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 
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svlis danakargebze. danakargebis SemcirebisaTvis 

mizanSewonilia gadacemis reJimi ise unda aiwyos, rom gadasacemi 

aqtiuri simZlavre naklebi unda iyos naturalur simZlavreze. 

cvalebadi aqtiuri simZlavris pirobebSi mizanSewonilia 

reJimebis marTva maregulirebeli mowyobilobis saSualebiT, 

romlis ricxvSi mniSvnelovani adgils ikavebs marTvadi ganivi 

kompensacia. Zabvebis ganawileba, uzrunvelyofs idealizirebul 

gadamcem xazebSi simZlavris danakargebis minimums. naCvenebia, 

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. 

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. 

naSromis 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. 
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meoTxe TavSi mocemulia energetikul sistemaSi 

eleqtroenergiis danakargebis Semcirebis 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.  

internetis bolo monacemebiT aSS-Si mimdinareobs 

mSenebloba msoflioSi pirveli eleqtrogadamcemi xazis-

maRaltemperaturuli zegamtaruli kabelis. 600 metris sigrZis 

xazi awyobilia zegamtarebisagan sigrZiT 100 metri 

monakveTisagan da gaTvlilia 140 adenis 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 - 

1960�temperaturamde. SedarebisTvis kabeli spilenZis ZarRvebiT, 

gaTvlili gadacemaze aseTi eleqtruli simZlavriT, unda iyos 

asjer meti kveTis. amave TavSi ganxilulia 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 
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maCveneblebs da afarToebs misi praqtikuli gamoyenebis 

SesaZleblobas. 

zegamtaruli transformatoris (zgt) gragnilebi SeiZleba 

Sesrulebuli iqnes, rogorc dabaltemperaturul 4,2 k 

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 � sadenis mTlian 

kveTSi rCeba mudmivi da optimizaciis amocana dadis sadenSi 

joulis eleqtruli danakargebis minimalur miRebasTan. deni 

wriuli kveTis � diametris Cveulebriv sadenSi ar aris 

damokidebuli magnitur velze � = �� ���  (1) 

sadenis kveTis mixedviT denis simkvrive � = 	
��
 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 

mastabilizebeli metalSi eleqtruli da grigaluri 

danakargebis Semcireba. 

2. zgs-is dengamtarunarianobis amaRleba da sadenis xarjis 

Semcireba. 
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3. zgs-is da transformatoris zegamtaruli gragnilebis 

induqciurobis da induqciuri winaRobis Semcireba. zgt-is mokle 

SerTvis Zabvis ��% 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 dengamtarunarinoba 

mkveTrad mcirdeba da danakargebi zgs-Si izrdeba. 

maqsimaluri dengamtarunarianoba minimaluri danakargebis 

SemTxvevgaSi 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 magniturio veliT (zgsl). zgsl optimalur 

formad iTvleba sadenis cilindruli forma. magnituri veli 

aseT zgs-Si SeiRweva sadenis zedapiridan, romelic 

gansazRvrulia SeRwevadobis siRrmiT � da roca � tolia zgsl-

is radiusis ��, aseTi zgs srulad Sevsebulia deniT. aRniSnuli 

denis sidide miRebulia kritikuli denis mniSvnelobad  �k = ����k�,  (2) 

sadac�-zgsl-is diametria; �� = 4� ∙ 10� hn/m. kritikuli deni 

Seesabameba velis magnituri induqciis kritikul mniSvnelobas 

zgs-is zedapirze. �� = �k 
denis simkvrive �k am SemTxvevaSi, agreTve aRwevs Tavis 

kritikul mniSvnelobas 
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�k = !k"s = 4 #k�� $�,   (3) 

sadac%s-sadenis kveTis farTi. 

(2) formulidan Cans, rom zgs-is dengamtarunarianoba 

izrdeba misi � diametris proporciulad da ara diametris 

kvadratisa ��, rasac adgili aqvs Cveulebriv sadenebSi (1) 

formula. garda amisa, zgs-is dengamtarunarianoba ganisazRvreba 

velis magnituri induqciis kritikuli mniSvnelobiT sadenis 

zedapirze. es garemoeba dakavSirebulia imasTan, rom rogorc (3) 

formulidan Cans, zgs-is � diametris gazrdiT kritikuli denis 

simkvrive mcirdeba. Sesabamisad, zgs-is diametris Semcireba 

iwvevs kritikuli denis simkvrivis da sadenis 

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�Z, SedarebiTY sadenis 

diametrTan Seadgens umniSvnelo sidides. lokalizebuloba 

magnituri velis mravalZarRviani zegamtaruli sadenis �Z ≪ �s, 
miiRweva zegamtarul ZarRvebs Soris manZilis gazrdis xarjze, 

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

optimalur sididemde, romlis drosac urTierT mgnituri 

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. 
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zgs-is saimedoobis amaRlebisaTvis, roca gamovlindeba masSi 

gragnilis normaluri faza, aucilebelia zegamtaruli sadenebis 

stabilizaciis gamoyeneba, raTa aRikveTos normaluri fazis 

gavrceleba. zegamtaruli ZarRvis kveTsa da stabilizaciis 

metals Soris Tanafardobos cvalebadobiT, SeiZleba SevcvaloT 

stabilizaciis xarisxi da urTierTgavlenis xarisxi zegamtarul 

ZarRvebs Soris. 

mZzgs-is Sevsebis koeficienti 

'S = %zgZ%sr  
sadac%zgZ-zegamtaruli ZarRvebis kveTi, %sr-zegamtaruli sadenis sruli kveTi. 

mZzgs-is 'S Seadgens 0,3-0,6l mZzgsl-is ki 'S ≪ 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. 

literaturuli mimoxilvidan zgt-is m.q.k. nominaluri 

simZlavris 1000 mva dros tolia 99,85%. zgt-is Sedarebam zeTian 

transformtorTan 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 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 
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warmoadgens zgt-is muSaobis avariul reJims. aRniSnuli 

mimarTulebiT mimdinareobs intensiuri muSaoba zgt-is 

damuSavebis paralelurad. nax.1. naCvenebia zgt-is dacvis sqema 

denSemzRudveli mowyobilobis saSualebiT. denSemzRudveli 

mowyobiloba 1 avariul reJimSi zrdis transformatoris 8 

gragnilebis reaqtiul winaRobas da amcirebs dens usafrTxo 

donemde. 

 

nax. 1. zegamtaruli transformatoris gragnilebis dacva 

denSemzRudveli mowyobilobis saSualebiT 

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. 

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 zegamtaruli 

eleqtromowyobilobebs. 

dieleqtrikuli Tvisebebi Txevadi azotis ukeTesia, vidre 

Txevadi heliumis. 

bolo dros miRweulia didi warmateba mtzg sadenebis 

damuSavebaSi da damzadebaSi Zalovani 

eleqtromowyobilobebisaTvis. isini xasiaTdebian maRali 

kritikuli denebiT da dabali TviTRirebulebiT, rac aCqarebs 

mis praqtikul gamoyenebas zgt-ebSi. 

firmaAlcated Cables and Components gamouSva 

maRaltemperaturuli sadeni vismutis safuZvelze, 1 km-is 

sigrZis, romlis bazaze, SeiZleba damzaddes Zalovani 

gragnilebi transformatorisTvis. 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. 

ruseTis federaciaSi amJamad maRaltemperaturuli sadenebis 

da mis safuZvelze kabelebis damzadebaze muSaobs 

ВНИИНМ(moskovi). mis nawarms warmoadgens maRaltemperaturuli 

sadenebi itriumis da vismutis keramikuli SenaerTebiT. 

pirvelad msoflioSi maRaltemperaturuli zegamtaruli 

Zalovani transformatoris proeqti simZlavriT 100 mgva, ZabvebiT 

66/22 kv iyo ganxorcielebuli 1988 wels, maRaltemperaturuli 

zegamtarobis movlenis aRmoCenidan 2 wlis Semdeg. aRniSnuli 

mimarTulebiT intensiurad mimdinareobs muSaoba. 

zgt-i lokalizebuli ganbnevis magnituri veliT sruldeba 

feromagnituri magnitogamtariT da mis gareSec. zgt-ebSi 
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feromagnituri magnitogamtariT ganbnevis magnituri velis 

lokalizeba miiRweva: 

• mZzg-dan damzadebuli seqcionirebuli pirveladi da 

meoradi gragnilebis gamoyenebiT. pirveladi gragnili 

datvirTulia ara mxolod muSa deniT, aramed 

damagnitebis deniTac, romelic qmins 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, ganbnebis 

magnituri velis lokalizebis miRweva SeuZlebelia, roca 

transformatoris pirveladi Zalovani gragnili gamoyenebulia 

agznebis magnituri velis SeqmnisaTvis. am SemTxvevaSi  

damagnitebis deni aWarbebs muSa dens, zgt-Si warmoiqmneba 

Zlieri, arakompensirebuli dauSvebeli sididis magnituri veli. 

amasTan dakavSirebiT aRiZvreba aucilebloba agznebis magnituri 

velis SeqmnisaTvis, calke gragnilis gamoyenebisa zgt-Si. 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 danaxarjebis pirobebSi. 

nax.2naCvenebia 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 �$ da �a, 

xolo “2” gragnili SeerTebulia datvirTvis wredTan �� ZabviT. 

aseTi samgragnila transformators ZabvebiT �$, ��, �a  SeuZlia 

imuSaos sxvadasxva energetikul reJimebSi. 
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nax. 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  �a. aseT 

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

„2“-Zalovani gragnilebis rols. Zalovani gragnilebidan 

uSualod agznebis denis gamoricxva iZleva saSualebas 

erTmaneTisgan pirveladi da meoradi gragnilebis sruli 

kompensaciisa da aRniSnuli gragnilebis garSemo yvela 

magnituri nakadebis Semcirebisa, rac Tavis mxriv iwvevs zgt.-Si 
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danakargebis Semcirebas, dengamtarunarianobis da simZlavris 

gazrdas. 

zgt-is maTematikuri modelis damuSavebisaTvis da 

eleqtromagnituri procesebis analizis CatarebisaTvis 

stacionalur da gardamaval reJimebSi, aucilebelia misi 

parametrebis gansazRvra, rogoricaa 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 

winaRobadakavSirebulia ganbnevis arxSi ganbnevis magnituri 

velebis warmoqmnasTan, Seqmnili datvirTvis denebiT da 

magnitogamtarSi agznebis velebiT, warmoqmnili damagnitebis 

denebiT. 

TiToeuli zegamtaruli gragnilis aqtiuri winaRoba 

Sedgeba sami mdgenelisagan: ∆* −aqtiuri winaRoba, dakavSirebuli zegamtarul sadenSi 

eleqtrul danakargebTan; ∆*his. - ekvivalenturi winaRoba, dakavSirebuli zegamtarul 

sadenSi histerizisul danakargebTan; ∆*grig.- winaRoba, dakavSirebuli zegamtarul sadenSi da 

fuZe-SreSi grigalur danakargebTan. 

amgvarad sruli aqtiuri winaRobebisTvis muSa gragnilebis 

da agznebis gragnilisTvis Sesabamisad gveqneba; 

,�$ = ∆*$ + ∆*$his. + ∆*$grig.�� = ∆*� + ∆*�his. + ∆*�grig.�a = ∆*a + ∆*a.his. + ∆*a.grig..  (4) 

sadac: ∆*$, ∆*�, ∆*a - eleqtruli danakargebi Sesabamisad 

pirveladi, meoradi da agznebis gragnilis; 
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∆*$his., ∆*�his., ∆*a.his.- ekvivalenturi aqtiuri winaRobebi, 

iTvaliswinebs histerezisul danakargebs Sesabamisad pirvelad, 

meorad da agznebis gragnilSi; ∆*$grig., ∆*�grig., ∆*a.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, 

saxeldobr: /$gan., /�gan., -pirveladi da meoradi gragnilebis 

ganbnevis induqciurobebi; /a.gan., -agznebis gragnilis ganbnevis induqciuroba; 0-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 /k sididisgan aris 

damokidebuli eleqtruli winaRobebis sidideebi ∆*$, ∆*�, ∆*a da 

Sesabamisad zegamtaruli gragnilebis dengamtarunarianoba. /$gan., /�gan., /a.gan., 0,0a induqciurobebis sidideze kinetikuri 

induqciuroba /k praqtikulad gavlenas ver axdens SedarebiT 

umniSvnelo sididis gamo. 

nax. 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. 3. calkeuli agznebis gragniliT zgt-is 

gragnilebis ganlageba 

agznebis gragnili - a xviaTa ricxviT 1a imyofeba 

gularasTan axlos, xolo pirveladi - 1 da meoradi -2 

gragnilebi xviaTa ricxvebiT 1$ da 12 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. 

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. 
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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. 

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: �$, ��, �a.  

 

nax. 4. calkeuli agznebis gragniliT zgt-is saangariSi sqema. 

zgt-is gragnilebisaTvis eleqtruli wonasworobis 

gantolebebs eqneba Semdegi saxe. 
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, �$ = �$�$ + 2/$gan. +0$3 �!4�5 +0$� �!6�5 +0$a �!a�5−�� = ���� + 2/�gan. +0�3 �!6�5 +0�$ �!4�5 +0�a �!a�5�a = �a�a + 2/a.gan. +0a3 �!a�5 +0$a �!a�5 +0�a �!2�5 89:
9;
 (5) 

 

(5) gantolebaTa sistemaSi �$, ��, �a - gragnilebis aqtiuri 

winaRobebi; /$gan., /�gan., /a.gan. - gragnilebis ganbnevis 

induqciurobebi; 0$,0�, 0a, 0$a,0�a- urTierTinduqciurobebiskoeficienti. 

induqciurobebis koeficientebisaTvis gveqneba: 

,
0$ = 1$�Λ$ = 0;																						0�a = 0a2 = 1�1aΛ�a;0� = 1��Λ�; 																																										/$gan. = 1$�Λ$gan.;0a = 1a

�Λa; 																																												/�gan. = 1��Λ�gan.;0$� = 0�$ = 1$1�Λ$�; 																							/a.gan. = 1a
�Λa.gan.0$a = 0a1 = 1$1aΛ$a;																																																												899

:
99;
   (6) 

(6) gantolebaTa sistemaSi Λ$, Λ�, Λa, Λ$�, Λ1a, Λ2a, Λ$.gan.,Λ�.gan.,Λa.gan.-

Sesabamisi gragnilebis magnituri gamtarobebi, zogad 

SemTxvevaSi gansxvavdeba erTmaneTisagan; 1$,1�,1a-pirveladi, 

meoradi da agznebis gragnilebis xviaTa ricxvi. 

angariSis gamartivebisaTvis, im SemTxvevaSi, roca 1 da 2 

gragnilebi ganlagebulia erTmaneTisagan axlos (nax.3), SeiZleba 

dauSvaT: ,Λ$ = Λ� = Λ$� = Λ;	Λ$ა = Λ�ა = Λა
?   (7) 

 

(7) Tanafardobis gaTvaliswinebiT, (6) gantolebebidan 

miviRebT: 

, 0$ = 1$�Λ;																						0$� = 021 = 1$12Λ;0� = 1��Λ;					 																	0$a = 0a1 = 1$1aΛa;0a = 1a
�Λa; 																					0�a = 0a2 = 1�1aΛa;.  (8) 

 

(6-8) Tanafardobebis gaTvaliswinebiT (5) gantolebaTa 

sistema miiRebs Semdegi saxes: 
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, �$ = �$�$ +1$�Λ$gan. �!4�5 +1$�Λ �!4�5 +1$1�Λ �!6�5 +1$1aΛa
�!a�5−�� = ���� +1��Λ�gan. �!6�5 +1��Λ �!6�5 +1�1$Λ �!4�5 +1�1aΛa
�!a�5�a = �a�a +1a

�Λagan.
�!a�5 +1a

�Λa
�!a�5 +1a1$Λa

�!4�5 +1a12Λa
�!2�5 89:

9;
  (9) 

 SemoviyvanoT Semdegi aRniSvnebi: '$a = @4@a
 - transformaciis koeficienti pirvelad gragnilsa 

da agznebis gragnils Soris; '$� = @4@2- transformaciis koeficienti pirvelad da meorad 

gragnilebs Soris; 

 ��A = − $�46 ��,			�aA = $�4a �a   (10) 

�aA - agznebis deni dayvanili pirvelad gragnilTan; �2A - meoradi deni dayvanili pirvelad gragnilTan. 

Tu daviyvanT meorad gragnilis da agznebis gragnilis 

yvela sidideebs pirvelad gragnilTan, gaviTvaliswinebT (9) da 

(10) gantolebebs, gardaqmnis Semdeg, miviRebT transformatoris 

Semdegi dayvanili gantolebaTa sistemas 

 

, �$ = �$�$ + /$gan. �!4�5 +0 �2!4�!6B 3�5 + C0 �!aB�5��A = −��A��A − /�gan. �!6B�5 +0 �2!4�!6B 3�5 + C0 �!aB�5�a
A = �aA�aA + /a.gan. �!aB�5 + D0 �2!4�!6BE!aB3�5 89:

9;
  (11) 

(11) gantolebaTa sistemaSi gvaqvs Semdegi aRniSvnebi: 

 

,C = FaF ; 																																			/agan.A = '$a� /a.gan.;�2A = −'$��2; 																																		�2A = '$�� �2�a
A = '$a�a;																																			�aA = '$a� �a/2gan.A = '$�� /2gan. 89:

9;
 (12) 

(11) gantolebaTa sistema aRwers gardamaval procesebs zgt-

Si. miviRoT aRniSvna G = ��5, ramodenime gardaqmnis Semdeg (11) 

gantolebaTa sistemidan miviRebT: 
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, �$ = �$�$ + G/$gan.�$ + G0H�$ − ��A I + GC0H�$ − ��A + �aAI−��A = −��A��A − G/�gan.A ��A + GH1 − CI0H�$ − ��A I + GC0H�$ − ��A + �aAI�a
A = �a �aA + G/a.gan.A �aA + CG0H�$ − ��A + �aAI J (13’) 

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

stacionaruli procesebis gantolebebs, Tu G-s SevcvliT �K-Ti, 

sadac K - kuTxuri sixSire, pirveladi gragnilze modebuli 

Zabvis. Tu avRniSnavT K0 = LM, maSin stacionaruli 

reJimebisaTvis gantolebaTa sistemas kompleqsur formaSi aqvs 

Semdegi saxe: 

, �$ = �$N$ + �O$gan.N$ + �H1 − CIOM2N$ − N�A3 + �COM2N$ − N�A + NaA3,−��A = ��AN�A + �O�gan.N�A − �H1 − CIOM2N$ − N�A3 − �COM2N$ − N�A + NaA3,�a
A = �aANaA + �Oagan.NaA + �COM2N$ − N�A + NaA3 J (13) 

zegamtarul transformatorebSi stacionaruli da 

gardamavali procesebis angariSisaTvis damuSavebuli sainJinro 

meTodi, SeiZleba gamoyenebuli iqnes eleqtromagnituri 

procesebis SeswavlisaTvis.  

samuSaoSi Seswavlilia zegamtaruli transformatorebis 

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. eleqtruli momxmareblebis normaluri 

muSaobis uzrunvelyofisaTvis aucilebelia, rogorc aqtiuri ise 

reaqtiuli simZlavre. reaqtiuli simZlavre ixarjeba magnituri 

velis Seqmnaze, misi gadacema gadamcemi 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 
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xorcieldeba, rogorc qselis daproeqtebis dros, ise misi 

eqspluataciis dros. 

rogorc cnobilia simZlavris danakargebi g/x-Si tolia: 

∆G = 3N�* = Q6ER6S6 * = "6S6 *;		   (14) 

∆T = 3N�O = G� + T��� O = %��� O, 
 

sadac∆G, ∆T-g/x-Si aqtiuri da reaqtiuli simZlavris danakargebi; *, O - g/x-is aqtiuri da induqciuri winaRoba; N - g/x-Si gamavali deni; G, T- g/x-Si aqtiuri da reaqtiuli simZlavre; %- g/x-Si sruli simZlavre. �- g/x-is Zabva. 
rogorc (14)-dan Cans aqtiuri da reaqtiuli simZlavris 

danakargebi damokidebulia rogorc G-ze ise T-ze. danakargebi 

ukuproporciulia Zabvis kvadratisa. amitom Zabvis mcire gazrda 

iZleva simZlavris danakargebis mniSvnelovnad Semcirebas. 

reaqtiuli simZlavre damokidebulia momxmareblis xasiaTze. 

rogorc (14)-dan Cans reaqtiuli simZlavris gadacema g/x-iT 

generatoridan momxmareblamde did manZilze, iwvevs danakargebis 

gazrdas, radganac izrdeba * da O. reaqtiuli simZlavris T 
gazrdiT izrdeba, rogorc reaqtiuli ise aqtiuri simZlavris 

danakargebi. 

imisaTvis rom ar gadaitvirTos xazi reaqtiuli simZlavriT, 

makompensirebel mowyobilobas (m.m) dgamen momxmarebelTan axlos. 

maSin (nax.5) danakargebi xazSi mcirdeba (15) mniSvnelobidan 

 

∆G = Q6ER6S6 *; (15) 

∆T = Q6ER6S6 O; 
 

(16 mniSvnelobamde 
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∆G = Q6EHR�Rm.mI6S6 * 
∆T = Q6EHR�Rm.mI6S6 O. 

 

a)G + �U    b)    G + �HU − Um.mI 
       

 

   				G + �U     G + �U 
 

nax. 5. g/x-Si simZlavris cvlilebis sqemebi m.m-is gareSe (a) da 

m.m-is dadgmiT momxmarebelTan. 

rogorc (16)-dan Cans, rac metia m.m-is simZlavre Tm.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 

daniSnulebis energomomaragebis sistemisaTvis reglamentirdeba 

saxelmwifo standartiT. 

garda amisa, aRniSnuli datvirTvebi warmoadgenen 

mniSvnelovan momxmareblebs reaqtiuli simZlavris, ris Sedegad 

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

danakargebis gazrda. 

(16) 

 Um.m 
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reaqtiuli simZlavris kompensaciisaTvis, Zabvis 

stabilizaciisaTvis da eleqtroenergiis xarisxis parametrebis 

SesabamisobisaTvis saxelmwifo standartis moTxovnebTan, farTo 

gamoyeneba hpova statikuri makompensirebeli mowyobilobebma. 

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 

SevamciroT Zabva, aucilebelia gavzardoT Zabvis danakargebi 

(17)-dan (18)-mde. ∆� = QVERWS   (17) 

∆� = QVEHRERm.m.IWS   (18) 

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 (18)-is Tanaxmad Zabvis Semcirebis mizniT, 

SeiZleba gamoiwvios simZlavris danakargebis gazrda (14)-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. 6 gamosaxulia zgsmm-is eleqtruli sqema metalurgiuli 

qarxnisaTvis eleqtrorkaluri RumelebiT (erR) da foladis 

kompleqsuri damuSavebis agregatebiT (fkda). sqema Sedgeba sami 

kondensatoruli batareasagan, SeerTebuli samkuTxedad, 
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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 TgaR.da 

miT naklebi mniSvneloba gaaCnia �XY, �X#, �XZ reaqtiul denebs, 

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 proporciulia 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 TgaR.yvela regulatorisaTvis 

unda iyos erTnairi, regulirebis yvela diapazonSi. induqciuri 

xasiaTis datvirTva moiTxovs mkvebavi qselidan reaqtiuli 

simZlavres, romelic SeiZleba icvlebodes garkveul zRvrebSi Td.min. ÷ Td.maq.kondensatorTa batarea gamoimuSavebs kompensaciis 

uzrunvelyofis pirobidan datvirTvis maqsimalur reaqtiul 

simZlavres T\, e.i. unda Sesruldes toloba  Td.maqs. = T\ = −K��maqs.
� /2  (19) 

induqciuri denis regulatorma unda SeinarCunos mudmiv 

doneze mkvebavi qselidan moTxovnili reaqtiuli simZlavre. 

aRniSnuli piroba SeiZleba Caiweros Semdegi saxiT 
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Td + TX = T\ = 	
��
,	  (20) 

sadacTX - induqciuri denis regulatoris moTxovnili 

reaqtiuli simZlavre. imasTan dakavSirebiT, rom mkvebavi Zabva 

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

warmodgenili iqnes Semdegi saxiT: Nr.d + Nr.L + Nr.c = 	
��
,  (21) 

an Nd���`d + NX���`X = N\���`\ = 	
��
  (22) 

rogorc Cans, datvirTvis reaqtiuli denis cvlileba 

Tanxmlebi unda iyos induqciuri regulatoris reaqtiuli denis 

iseTive cvlilebisa, raTa aRniSnuli denebis jami darCes 

mudmivi. datvirTvis reaqtiuli simZlavris cvlilebis diapazoni, 

Sepirobebulia regulatoris induqciuri denis cvlilebis 

saWiro diapazonTan, romelic SeiZleba ganisazRvros 

Tanafardobidan 

∆NX = Ra�bRd.maqs.�Rd.min.cSqs.
  (23) 

Tu induqciuri denis regulirebis saWiro diapazoni ∆NX 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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1. ganxilulia simZlavris da energiis danakargebi 

eleqtrogadacemaSi da misi elementebSi. miRebulia 

Tanafardobebi danakargebis angariSisTvis. 

2. Seswavlilia Zabvebis ganawileba, romelic uzrunvelyofs 

idealizirebul gadamcem xazebSi simZlavris danakargebis 

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 pirobas 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 

danakargebis Semcirebis da Zabvis stabilizaciis erT-erTi 

efeqturi saSualeba. 
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10. damuSavebulia maTematikuri modeli da Seswavlilia 

zegamtaruli transformatoris da zegamtaruli statikuri 

makompensirebeli mowyobilobis gragnilebis sadenebis 

dengamtarunarianoba da danakargebi cvlad magnitur velSi. 
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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 

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 
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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.   

 

 


