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Sesavali 

 

Zaluri eleqtroteqnikuri kompleqsebisa da sistemebis saimedo 

da uwyveti muSaoba ganisazRvreba maTi Semadgeneli elementebis _ 

transformatorebis, amomrTvelebis, gadaZabvebisagan dacvis 

mowyobilobebis mdgomareobiT. isini rTuli da Zvirad Rirebuli 

mowyobilobebia, romelTa eqspluatacia da diagnostika moiTxovs ara 

marto axali meTodebis damuSavebas da xelsawyoebis Seqnas, aramed 

maRalkvalificiuri specialistebis aRzrdasac, romelSic gan-

sakuTrebuli roli winamdebare saxelmZRvanelos ekisreba. 

ukanasknel wlebSi izrdeba moZvelebuli eleqtromowyo-

bilobebis parki, maT ricxvSi iseTi eleqtromowyobilobebisa, 

romelTa eqspluataciis xangrZlivobam dasaSvebs gadaaWarba, ris 

gamoc gamwvavda saimedoobis problema. izrdeba mowyobilobis 

avariuloba, rasac mivyavarT materialur danakargebTan, energiis 

Sewyvetasa da momsaxure personalis did safrTxesTan. garda amisa, 

axali aparaturis Rirebulebis mravaljeradi gazrda da Sesabamisi 

investiciebis Semcireba problematurs xdis maRalvoltiani 

eleqtromowyobilobis Secvlas. 

aqedan gamomdinare, gansakuTrebuli mniSvneloba eniWeba im 

energetikuli mowyobilobebis muSaobis xangrZlivobis gazrdas, 

romlebmac ukve amowura resursi an imyofeba amowurvis zRvarze.  

zeTvsebuli mowyobilobis funqcionirebis efeqturobis amaRlebis 

erT-erTi perspeqtiuli mimarTulebaa eleqtromowyobilobebis 

mdgomareobis kontrolis, teqnikuri momsaxureobisa da remontis  

sistemebis daxvewa. 

teqnikuri mdgomareobis mixedviT, remontebis sistemaze 

gadasvlisas xarisxobrivad icvleba moTxovnebi eleqtromowyobilobis 

diagnostikuri sistemis mimarT, romlis drosac diagnostirebis 

mTavari amocanaa xangrZliv periodze gaTvlili 

eleqtromowyobilobis teqnikuri mdgomareoba. am amocanis gadawyveta 

aratrivialuria da SesaZlebelia mxolod meTodebis, saSualebebis, 

algoriTmebisa da diagnostirebis organizaciul-teqnikuri formebis 

daxvewis Semdeg. 
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eleqtromowyobilobis faqtiuri mdgomareobis gansazRvra 

dafuZnebulia sakontrolo parametrebis Sefasebaze, romelTaTvisac 

ganisazRvreba sagangaSo da avariuli signalizaciis doneebi. 

diagnostikuri kontrolis ZiriTadi amocanaa mowyobilobis 

avariuli mtyunebis Tavidan acileba, misi mdgomareobis gansazRvra da 

narCeni resursis prognozireba, rogorc saimedoobis erT-erTi mTavari 

maCvenebeli. 

diagnostikuri dakvirvebis mTavari obieqtisa da yvela ma-

Ralvoltiani eleqtroteqnikuri aparatisaTvis saerToa eleqtruli 

izolacia. saizolacio elementebSi saeqspluatacio faqtorebis 

xangrZlivi zemoqmedebis dros SeiZleba aRiZras defeqtebi, romlis 

eleqtrofizikuri da meqanikuri maxasiaTeblebi gansxvavdeba normalur 

mdgomareobaSi myofi dieleqtrikebis maxasiaTeblebisagan. 

maRalvoltian eleqtrul aparatebSi gamagrilebel da 

maionebel saSualebad satransformatoro zeTi gamoiyeneba. zeTiT 

avsebuli eleqtromowyobilobis saimedo muSaoba zeTis xarisxzea 

damokidebuli. satransformatoro zeTis mniSvnelovani 

saeqspluatacio maxasiaTeblebia: gamrRvevi Zabva, tenisa da gaxsnili 

airebis Semcveloba, afeTqebis temperatura da sxva. am maxasiaTeblebis 

gazomvas praqtikaSi mxolod specialurad ganswavluli ma-

Ralkvalificiuri personali atarebs. 

izolaciis seriozuli defeqtebi Ceulebriv SeimCneva 

maRalvoltiani gamocdis miReba-Cabarebisas da montaJis adgilze 

gamocdisas. Tu mowyobilobam gaiara es gamocda, maSin izolaciis 

SeumCnevel defeqtebs normaluri muSaobis pirobebSi ar mivyavarT 

izolaciis mTlian garRvevamde. amasTanave, mowyobilobis Semdgomi 

eqspluataciis dros es defeqtebi viTardeba da izrdeba, rac 

saboloo jamSi iwvevs eleqtromowyobilobis mTlianad dazianebas. 

muSa Zabvis qveS izolaciis mdgomareobis kontrolisaTvis 

gamoiyeneba iseTi meTodebi, rogoricaa zeTis temperaturisa da 

SemyvanebSi wnevis gazomva, avzSi gazis gamoyofis intensiurobis, zeTis 

donisa da tenianobis gansazRvra.  

eleqtromowyobilobis diagnostikis sakiTxebSi erT-erTi 

ZiriTadi mimarTulebaa qvesadguris yvelaze mTavari elementis _ 

Zaluri transformatorebis diagnostika. es gamowveulia Zaluri 
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transformatoris maRali RirebulebiT, misi mniSvnelobiT 

eleqtromomaragebis saimedoobis sakiTxebSi, ganviTarebis adreul 

stadiaze dazianebebisa da defeqtebis gansazRvris sirTuliT. 

ganasxvaveben saerTo da specialuri daniSnulebis Zalur 

transformatorebs. saerTo daniSnulebis Zaluri transformatorebi 

gamoiyeneba iseTi qselebisa da momxmareblebis kvebisaTvis, romlebic 

ar xasiaTdeba muSaobis gansakuTrebuli pirobebiT, datvirTvis 

xasiaTiTa da muSaobis reJimebiT, xolo specialuri daniSnulebis 

Zaluri transformatorebi gamoiyeneba iseTi qselebisa da 

momxmareblebis kvebisaTvis, romlebic xasiaTdeba muSaobis 

gansakuTrebuli pirobebiT, datvirTvis xasiaTiTa da muSaobis 

reJimebiT. aseTi qselebisa da momxmareblebis ricxvs miekuTvneba 

miwisqveSa maRarosa da Saxtis qselebi da danadgarebi, gammarTveli 

mowyobilobebi, Eeleqtruli Rumlebi da sxva.  

transformatorebis umetesoba mravali wlis ganmavlobaSi 

muSaobs sxvadasxva klimatur pirobebSi da ganicdis 

eleqtromagnituri da meqanikuri bunebis Siga da gare zemoqmedebas. 

amitom, transformatorebis eqspluataciisas gamoricxuli ar aris 

aRiZras sxvadasxva saxis defeqti, romlebic sxvadasxvanairad aisaxeba 

maT muSaobaze. erTi saxis defeqtebiT transformatorma SeiZleba 

xangrZlivad imuSaos, xolo sxvadasxva saxis defeqtebiT saWiroa maTi 

dauyonebliv muSaobidan gamoyvana. TiToeul SemTxvevaSi muSaobis 

gagrZelebis SesaZlebloba ganisazRvreba dazianebis xasiaTiT. 

personalis araoperatiulobis gamo, umniSvnelo defeqtebis 

gamosworebisaTvis zomebis aradroul miRebas transformatorebis 

avariul gamorTvamde mivyavarT. 

dReisaTvis saqarTvelos elmomaragebis sistemaSi Zaluri 

transformatorebis mniSvnelovanma nawilma amowura Tavisi muSaobis 

resursi. qveynis ekonomikuri situacia, agreTve transformatorebis 

saerTo raodenobis didi ricxvi ar iZleva uaxloes xanSi maTi 

Secvlis saSualebas. amitom, transformatorebis eqspluataciis 

saimedoobis SesanarCuneblad mniSvnelovani roli maT diagnostikur 

kontrols ekisreba. 

msoflio gamocdileba gviCvenebs, rom mZlavri trans-

formatorebis SemTxveviTi avariiT gamowveuli ekonomiuri zarali, 
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romelic Zabvis Sewyvetis gamo dakavSirebulia samrewvelo 

sawarmoebis gaCerebasTan, milionobiT  dolariT ganisazRvreba. ukve 

ar vlaparakobT im udides danaxarjebze, romelic saWiroa am Zvirad 

Rirebuli mowyobilobis muSaunarianobis aRsadgenad. amitom, 

transformatorebis drouli diagnostika metad aqtualuri Temaa. 

sazRvargareT Catarebulma statistikurma gamokvlevebma aCvena, 

rom Zaluri transformatoris mtyunebis albaToba weliwadSi 0,0062 

Seadgens. sxva sityvebiT rom vTqvaT, es niSnavs, rom 160 zeTiani 

transformatoris mqone energosistemaSi, ukidures SemTxvevaSi, 

SesaZlebelia erTi avaria weliwadSi. meore mxriv, Tanamedrove 

eleqtroenergetikis damaxasiaTebeli tendencia ZiriTadi Zaluri 

mowyobilobebis cveTis xarisxis zrda da arasakmarisi ganaxlebis 

tempebia.Ddazianebis mizezebi dakavSirebulia eqspluataciis cud 

pirobebTan, uxarisxo remontsa da montaJTan. mniSvnelovan rols 

asrulebs transformatoris konstruqciis calkeuli elementebis 

faruli defeqtebi da uxarisxo saizolacio masalebi. 

amJamad Zaluri transformatorebisa da avtotransformatorebis 

saeqspluatacio maxasiaTeblebis gansazRvrisa da sistemebis defeqtebis 

ganviTarebis donis SefasebisaTvis mimarTaven kompleqsur diagnostikur 

gamokvlevas. aseTi gamokvlevebi saSualebas gvaZlevs ara marto 

gamovavlinoT ganviTarebadi defeqtebi, SevafasoT maTi saSiSroebis 

done, aramed davasabuToT kapitaluri remontis saWiroeba, moculoba 

da vadebi. 

teqnikuri mdgomareobis arsebuli meTodebi da saSualebebi, 

mowyobilobis kompleqsuri gamokvlevisas defeqtebis umravlesobis 

SemCnevis saSualebas iZleva. magram kompleqsuri gamokvlevebi, maTi 

didi Sromatevadobisa da Rirebulebis gamo, sruldeba mxolod 

strategiuli eleqtromowyobilobebis remontze gadayvanis dros da 

bunebrivia, ver uzrunvelyofs ganviTarebadi defeqtebis droul 

SemCnevas. 

principuli problemaa koncefciis Teoriuli uzrunvelyofis 

arsebiTi CamorCena diagnostikis Tanamedrove saSualebebisa da 

informaciuli teqnologiebis miRwevebis realuri 

SesaZleblobebisagan. 
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ukanaskneli ori aTwleulis ganmavlobaSi msoflio masStabiT 

ganuwyvetliv muSavdeba da praqtikaSi inergeba qvesadgurebisa da 

transformatorebis diagnostikuri meTodebi da xelsawyoebi, 

romlebic damzadebulia Tanamedrove mikroeleqtronikis bazaze. maT 

safuZvelze gamoCnda  Tanamedrove vibrodiagnostikis, Tbovizoruli 

kontrolis, zeTis qromatografiuli analizis, oscilografebisa da 

registratorebis mravali saxeoba, romlebic advilad uerTdeba 

personalur kompiuterebs. 
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I. Tavi. maRali Zabvis manawilebeli  

mowyobilobebis aparatura da 

maTi diagnostika 

 

1.1. avariebisa da mtyunebebis mizezebi qvesadgurebsa 

da eleqtrul qselebSi 

 

qvesadgurebis muSakTa ZiriTadi movaleoba eleqtromo-

wyobilobebis saimedo muSaoba da momxmarebelTa uwyveti 

eleqtromomaragebaa. qvesadgurebis normaluri muSaobis darRvevis 

yvela SemTxveva (mokled SerTvisas mowyobilobis avtomaturi 

gaTiSva, personalis mcdari moqmedeba, momxmarebelTaTvis 

eleqtroenergiis Sewyveta da sxva) ganixileba, rogorc avariebi an 

mtyunebani muSaobaSi. qvesadgurebSi avariebi SeiZleba moxdes 

mowyobilobis moulodneli dazianebiT, SesaZlo gadaZabviTa da 

eleqtruli rkalis zemoqmedebiT, mowyobilobis muSaobis reJimis 

darRveviT, mtyunebiT releuri dacvis, avtomatikis, meoreuli 

komutaciis aparaturis mowyobilobebis muSaobaSi, operatiuli, 

saremonto, sawarmoo samsaxurebis personalis mcdari moqmedebiT. 

mowyobilobis moulodneli dazianebis mizezi, rogorc wesi, aris: 

mowyobilobis uxarisxo montaJi da remonti (mag., amomrTvelebis 

mtyuneba gadacemis meqanizmebisa da amZravebis cudi daregulirebis 

gamo); mowyobilobis araswori  eqspluatacia; kontaqturi 

SeerTebebis mouvleloba, romelsac mivyavarT maT gadaxurebamde, 

muSa denis wredis gawyvetamde da mokled SerTvamde; mowyobilobis 

damzadebis konstruqciisa da teqnologiis defeqtebi (saqarxno 

defeqtebi); bunebrivi daZveleba da izolaciis daCqarebuli cveTa. 

magaliTad, transformatoris gragnilebis temperaturis  dasaSvebze 

metad, 60C-iT sistematuri aweva misi izolaciis SesaZlo gamoyenebis 

vadas orjer amcirebs. 

eleqtrodanadgarebis muSaobis darRvevis mizezi SeiZleba iyos 

Weqa-quxilisa da komutaciuri gadaZabvebi. am dros ziandeba 

transformatorebis, amomrTvelebis, gamTiSebisa da sxva 

mowyobilobebis izolacia. izolaciis dasaSvebze metad gaWuWyianeba 

da danestianeba iwvevs mis gadafarvasa da garRvevas. 
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6_35 kv Zabvis qselebSi miwasTan erTfaza mokled SerTvas 

(tevaduri denebis arasakmarisi kompensaciis gamo) Tan axlavs 

Camamiwebeli rkalis wva, romelsac mivyavarT gadaZabvebamde, 

eleqtruli manqanebisa da aparatebis izolaciis garRvevamde, 

izolatorebis daSlamde, salteebis gadnobamde, kompleqturi 

manawilebeli mowyobilobebis ujredebSi meoreuli komutaciis 

qselebis gadawvamde da sxva. 

releuri dacvis, avtomatikis, meoreuli komutaciis aparaturis 

mowyobilobebis muSaobaSi mtyunebaTa mizezebia: uwesivroba reles 

eleqtrul da meqanikur nawilebSi; darRvevebi kontaqtur 

SeerTebebSi; sakontrolo kabelebisa da marTvis wredebis ZarRvebis 

gawyveta; reles dayenebisa da maxasiaTeblebis udroo cvlileba da 

araswori SerCeva; releuri dacvisa da avtomatikis sqemebSi 

defeqtebi da Secdomebi montaJSi; personalis araswori moqmedeba am 

mowyobilobebis momsaxurebisas. 

TiToeulma mizezma mokled SerTvisas SeiZleba migviyvanos 

mowyobilobis gamorTvis mtyunebamde an araseleqciur gamorTvamde, 

ramac SeiZleba mZime Sedegebi gamoiwvios. kerZod, adgilobrivi 

avariebi SeiZleba sistemur avariebamde ganviTardes.  

gadarTvebis Sesrulebisas umravles SemTxvevaSi, personalis 

mcdari moqmedebis mizezebia: operatiuli disciplinis darRveva; 

teqnikuri eqspluataciis wesebis moTxovnebisadmi upasuxismgeblo 

damokidebuleba; instruqciis arasakmarisi codna; uyuradReboba; 

sakuTari moqmedebisadmi ukontroloba da sxva. 

zemoT CamoTvlilia avariis gamomwvevi ZiriTadi da yvelaze 

xSirad ganmeorebadi mizezebi. ar aris naCvenebi mravali sxva mizezi, 

romelsac SeiZleba adgili hqondes qvesadgurebisa da eleqtruli 

qselebis eleqtromowyobilobis eqspluataciis dros. 

qvesadgurebSi avariebi SedarebiT iSviaTia, magram Tavisi 

SedegebiT mniSvnelovania. isini ZiriTadad specialuri avtomaturi 

mowyobilobebiT swordeba, sxva SemTxvevebSi maTi likvidacia 

operatiuli personalis moqmedebiT xdeba. 

operatiuli personalis mier avariis likvidacia moicavs: 

dazianebuli mowyobilobis gancalkevebisaTvis saWiro gadarTvebis 

Sesrulebas; avariis ganviTarebis aRkveTas; xanZris gaCenis SemTxvevaSi 
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xanZris keris lokalizaciasa da likvidacias; personalis 

usafrTxoebis dacvas; umokles droSi momxmareblebisaTvis 

eleqtromomaragebis aRdgenas; qselidan gamorTuli mowyobilobis 

mdgomareobis garkvevasa da mis muSaobaSi CasarTavad an remontze 

dasayeneblad zomebis miRebas. 

  

1.2. izolatorebi, maTi daniSnuleba da klasifikacia 

    

eleqtruli danadgarebisa da calkeuli aparatebis dengamtari 

nawilebi erTmaneTisa da miwisagan saimedod unda iyos izolirebuli. 

am funqciisa da dengamtari nawilebis dasamagreblad sxvadasxva saxis 

izolatori gamoiyeneba, romlebmac unda daakmayofilon Semdegi 

moTxovnebi: uzrunvelyos sakmarisi eleqtruli simtkice, 

gansazRvruli eleqtruli velis daZabulobiT (kv/m), romlis drosac 

izolatori kargavs dieleqtrikis Tvisebebs; unda gaaCndes sakmarisi 

meqanikuri simtkice, raTa gauZlos qselis mokled SerTvis dros 

calkeul dengamtar nawilebs Soris aRZrul dinamiur Zalvebs; 

uzrunvelyon TavianTi Tvisebebis ucvleloba garemo pirobebis 

(Tovli, wvima da sxva) cvlilebis dros; gaaCndeT sakmarisi 

Tbomedegoba anu gansazRvrul farglebSi temperaturis cvlilebis 

dros ar Seicvalos Tavisi eleqtruli Tvisebebi da hqondeT iseTi 

zedapiri, romelic iqneba mdradi eleqtruli ganmuxtvis zemoqmedebis 

mimarT. 

izolatorebis eleqtrul maxasiaTeblebs miekuTvnebian: 

nominaluri da gamrRvevi (minimaluri Zabva, romlis drosac xdeba 

izolaciis garRveva) Zabvebi; samrewvelo sixSiris (50 hc) ganmuxtvisa 

da dayovnebis Zabvebi mSral (mSrali ganmuxtvis dros xdeba 

izolatoris zedapiris gadafarva saizolacio Tvisebebis dakargvis 

gareSe) da svel (roca izolatoris zedapiria dasvelebuli) 

mdgomareobaSi; impulsuri anu orive polarobis 50%-iani ganmuxtvis 

Zabva. 

izolatorebis ZiriTad meqanikur maxasiaTeblebs miekuTvnebian: 

minimaluri (nominaluri) damSleli datvirTva (niutonebSi), romelic 

modebulia izolatoris Tavze RerZis perpendikularuli 

mimarTulebiT; zomebi da masa. 
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Tavisi daniSnulebis mixedviT izolatorebi iyofian sasadgure, 

saaparato da saxazo izolatorebad. 

sasadgure da saaparato izolatorebi gamoiyenebian  

eleqtruli sadgurebisa da qvesadgurebis gamanawilebel mo-

wyobilobebSi salteebis izolaciisa da damagrebisaTvis da 

Sesabamisad, aparatebis dengamtari nawilebis izolaciisa da 

damagrebisaTvis.  

izolatorebi dieleqtrikad gamoyenebuli masalebis mixedviT 

iyofa faifuris, minisa da polimerul izolatorebad. isini yvelaze 

ufro srulad pasuxoben zemoT wayenebul moTxovnebs. dReisaTvis 

yvelaze ufro gavrcelebulia faifurisa da minis izolatorebi. 

ufro metad ki nawrTobi minisagan damzadebuli izolatorebi. es 

aixsneba imiT, rom maT gaaCniaT rigi upiratesobebiAfaifuris 

izolatorebTan SedarebiT. kerZod, minis izolatorebis damzadebis 

teqnologiuri procesi mTlianad avtomatizirebuli da 

meqanizirebulia; minis gamWirvaloba saSualebas iZleva garegani 

daTvalierebis dros advilad SevniSnoT wvrilmani bzarebi da sxvada-

sxva Sinagani defeqtebi; minis izolatorebis gamoyeneba saSualebas 

iZleva uari vTqvaT eqspluataciis procesSi girlandebis Zabvis qveS 

periodul profilaqtikur gamocdaze, radganac nawrTobi minis 

TiToeul dazianebas mivyavarT maizolirebeli TefSis daSlasTan, 

romelic SeiZleba advilad SeniSnos saeqspluatacio personalma 

eleqtrogadacemis xazebis Semovlis dros. meqanikurad ufro didi 

simtkiciT gamoirCevian polimeruli (minaplastikuri) izolatorebi. 

maT gaaCniaT atmosferuli gaWuWyianebis mimarT maRali mdgradoba, 

hidrofoburoba, montaJis moxerxebuloba da simartive, gadaZabvebis 

mimarT maRali medegoba, maRali vandalomdgradoba da minisa da 

faifuris izolatorebTan SedarebiT 90%-iT ufro msubuqia. dadebiT 

TvisebebTan erTad unda aRiniSnos maTi naklic. kerZod, arasakmarisad 

aris ganviTarebuli warmoebis erTiani sistema; masalis ukmarisoba; 

praqtikulad ar arsebobs xangrZlivi eqspluataciis gamocdileba.   

aparatebis mTeli rigi detalebi, romlebic asruleben 

izolatoris funqcias, gansakuTrebiT im aparatebisa, romlebic 

moTavsebulia garsacmis SigniT da avsebulia saizolacio zeTiT 

mzaddeba bakelitis, getinaqsisa da teqstolitisagan. saizolacio 
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Tvisebebis gaumjobesebis mizniT faifuris korpusi garedan dafarulia 

WiquriT. 

izolatoris fuZeze, xolo salteebisa da aparatebis dengamtari 

nawilebis dasamagreblad izolatorze gamoiyeneba faifurze 

damagrebuli metaluri nawili – armatura. armaturas faifurze 

yvelaze xSirad amagreben sxvadasxva saxis iseTi macementebeli 

sagozavebiT, romelTa moculobiTi gafarToebis koeficienti axloa 

faifuris gafarToebis koeficientTan. izolatorebis armatura 

gaTvlilia mniSvnelovan meqanikur datvirTvaze da Sedgeba ovaluri 

an kvadratuli miltuCisagan, romelsac gaaCnia naxvreti qvemodan 

WanWikisaTvis da metalis Tavi kuTxvili naxvretiT zemodan sadenis 

dasamagreblad. izolatorebs, romlebic gaTvlilia nakleb meqanikur 

datvirTvaze, ara aqvT miltuCa da Tavi. maTTvis gaTvaliswinebulia 

metalis sadebi xraxniani naxvretiT, romelic Camagrebulia faifuris 

Reros siRrmeSi. am izolatorebs aqvT mcire zomebi da masa.   

sasadgure da saaparato izolatorebi Tavis mxriv, iyofian 

sayrden da gamaval izolatorebad. 

               

    
      a)                     Bb)                    g) 

 

http://www.energy-21.ru/files/images/osk_8_20_a01_2_uxl_2.jpg
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   d)                       e)                      v) 

nax.1.1. sayrdeni izolatorebi 

a – faifuris, dabali Zabvis; b – faifuris maRali Zabvis;  

g – polimeruli; d – sayrden-manWvalisebri, maRali Zabvis; 

e – keramikis, maRali Zabvis; v – keramikis sayrden-Rerovani,  

maRali Zabvis 

sayrdeni izolatorebis (nax. 1.1) daniSnulebaa eleqtruli 

sadgurebis, qvesadgurebisa da kompleqturi gamanawilebeli 

mowyobilobebis dengamtari nawilebisa da aparatebis damagreba da 

izolacia. gamoiyenebian agreTve saharo xazebis sayrdenebze sadenebis 

dasamagreblad. sayrdeni izolatorebi iyofian Rerovan da 

manWvalisebr izolatorebad. Rerovan izolatorebs gaaCniaT mTliani 

faifuris Rero gamoSverili wiboebiT. dayenebis saxeobis mixedviT 

Rerovani izolatorebi iyofa Siga da gare dayenebis izolatorebad. 

Siga dayenebis Rerovani sayrdeni izolatorebs 6-dan 35 kv 

Zabvamde gaaCniaT konusuri forma erTi an ori mcire wiboTi. 

izolatori tanis simaRles gansazRvravs nominaluri Zabva, xolo mis 
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diametrsa da armaturis saxes _ minimaluri dasaSvebi datvirTva. rac 

ufro didia dasaSvebi datvirTva, miT ufro myarad unda iqnes 

damagrebuli izolatori fuZeze. 

gare dayenebis Rerovan sayrden izolatorebs amzadeben 10_110 

kv Zabvaze. maT ganxilulisagan gansxvavebiT gaaCniaT ufro farTo 

wiboebi.    

 gare dayenebis manWvalisebri sayrdeni izolatorebs   6-35 kv 

Zabvaze aqvT iseTi forma, rom wvimis dros sveldeba mxolod zemodan, 

qvemodan is yovelTvis mSralia. 10 kv Zabvamde manWvalisebr 

izolatorebs gaaCniaT monoliTuri faifuris korpusi, xolo 10 kv 

zemoT aqvT igive faifuris korpusi, romelic Sedgeba erTmaneTTan 

SeerTebuli ramdenime nawilisagan. aseTi SeerTebis dros izrdeba 

izolatoris gamrRvevi Zabvis sidide da meqanikuri simtkice. aseTi 

saxis izolatorebi fuZeze magrdeba Tujis manWvaliT miltuCasTan 

erTad. zemoT dengamtari nawilebis dasamagreblad gaTvaliswinebulia 

Tujis xufi kuTxviliani xvrelebiT. 

gamavali izolatorebis (nax.1.2) daniSnulebaa eleqtruli 

sadgurebisa da qvesadgurebis daxuruli gamanawilebeli 

mowyobilobebisa da kompleqturi gamanawilebeli mowyobilobebis 10 

kv Zabvamde da 100 hc sixSiremde dengamtari nawilebis  gatareba da 

izolacia. 

Siga dayenebis gamavali izolatorebi gamoiyeneba tran-

sformatorebis avzebidan, zeTiani da sahaero amomrTvelebidan maRali 

Zabvis sadenebis gamosayvanad da agreTve Senobis kedlebSi gamavali 

sadenebis izolaciisaTvis. gare dayenebis izolatorebis daniSnulebaa 

daxuruli gamanawilebeli mowyobilobebis Ria gamanawilebel 

mowyobilobebTan an eleqtrogadacemis xazebTan dengamtari nawilebis 

SeerTeba da izolacia. 
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       Aa)                   b)                     g)                 

nax. 1.2. gamavali izolatorebi 

a _Kkeramikis armirebuli; b _ keramikis araarmirebuli;  

g _ polimeruli 

35 kv Zabvamde Siga dayenebis gamaval izolatorebs aqvT Rru 

faifuris korpusi mcire wiboebiT. gadaxurvebsa da kedlebSi 

izolatorebis dasamagreblad mis Sua nawilSi gaTvaliswinebulia 

miltuCa, xolo torsebze sadenebis dasamagreblad – liTonis xufi. 

2000 a denamde gamaval izolatorebs gaaCniaT sworkuTxovani 

ganivkveTis Reroebi, xolo 2000 a-ze zeviT aqvT specialuri 

konstruqciis xufebi, romlebzec magrdeba dengamtari salteebi. 

did nominalur denze (1000 a da meti) gaTvaliswinebuli 

izolatorebis induqciuri denebiT gamowveuli damatebiTi 

danakargebis Tavidan acilebis mizniT miltuCebi da xufebi mzaddeba 

aramagnituri masalisagan – specialuri markis Tujisagan. 

transformatorebisa da zeTiani amomrTvelebis gamavali 

izolatorebis korpusis haerze momuSave nawils aqvs ufro farTo 

wiboebi. 

saxazo izolatorebis (nax.1.3) daniSnulebaa sahaero gadacemis 

xazebSi, eleqtruli sadgurebisa da qvesadgurebis gamanawilebel 

mowyobilobebSi sadenebis damagreba da izolacia. isini mzaddeba 

faifurisa da nawrTobi minisagan. konstruqciis mixedviT isini iyofian 

manWvalisebr da sakid  izolatorebad. 

http://www.energy-21.ru/files/images/shp-10.jpg
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             a)                       b)                  g) 

                                

 
          Dd)N                     Ee)                                             

v) 

nax. 1.3. saxazo izolatorebi 

a _ manWvalisebri, minis; b _ manWvalisebri, faifuris dabali Zabvis; g _ 

manWvalisebri, faifuris maRali Zabvis; d _ Camosakidi, minis; e _ Camosakidi, 

orfrTiani, minis; v _ Camosakidi polimeris 

manWvalisebri izolatorebi ZiriTadad gamoiyeneba 1 kv Zabvamde 

sahaero xazebSi, iSviaTad 6_35 kv Zabvaze isic mcire kveTis sadenebis 



 22 

dros. 6_10 kv da qveviT Zabvaze izolatorebi mzaddeba 

erTelementiani, xolo 20_35 kv-ze – orrelementiani. manWvalisebri 

izolatorebi sayrdenebze magrdeba manWvalebis an kakvebis 

saSualebiT. Tu saWiroa, saimedobis amaRlebis mizniT ankerul 

sayrdenebze amagreben ara erT, aramed or da sam manWvlisebr 

izolators. 

sakid izolatorebs kreben girlandebad. arsebobs damWeri da 

damWimi girlandebi. damWer girlandebs amontaJeben saSualedo, xolo 

damWims _ ankerul sayrdenebze. izolatorebis raodenoba girlandaSi 

damokidebulia xazis Zabvaze. magaliTad, 35 kv Zabvis liTonis an 

rkinabetonis sayrdenebiani saharo xazis damWer girlandaSi unda iyos 

sami izolatori; 110 kv Zabvis xazSi – 6_8; 220 kv-ze – 10_14 da a.S.  

sakidi izolatoris konstruqcia da girlandis awyobis sqema 

mocemulia nax. 1.4-ze, xolo awyobili girlandis suraTi nax. 1.5-ze. 

 
           a)                            b) 

nax. 1.4. izolatorebis girlanda 

a – damWeri; b _ damWimi. 1 - sakidi; 2 – pirveli izolatori; 

3 – bolo izolatori; 4 – orTaTiani sayure; 

5 – damWimi momWeri; 6 – sadeni 
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nax. 1.5. izolatorebis girlianda 

1.3. Semyvanebi 

 

maRalvoltiani Semyvanebi (nax.1.6) warmoadgenen faifuris 

gamaval izolatorebs, romelTa Siga Rrus gavliT gadis dengamtari 

Rero da gamoiyenebian transformatorebis gragnilebis boloebis 

gareT gamosayvanad da maT qselSi CasarTavad.  
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nax. 1.6. maRalvoltiani Semyvanebis saxeebi 

isini yendeba transformatoris saxuravze, iSviaTad avzis 

gverdiT kedelze. transformatoris SigniT Semyvani SeerTebulia 

gragnilTan, xolo gareT eleqtroqselTan. garda amisa isini Seadgenen 

maSuntirebeli reaqtorebis, zeTiani amomrTvelebis ganuyofel nawils 

da gamoiyeneba agreTve  rogorc daxuruli gamanawilebeli 

mowyobilobebis damoukidebeli elementi. igi gamoiyeneba SenobaSi da 

Senobis gareT  arsebuli  eleqtrodanadgarebis erTmaneTTan 

SesaerTeblad.    

Tavisi daniSnulebis mixedviT Semyvanebi iyofa: 

- Semyvanebi transformatorebisaTvis (avtotransfor-

matorebisaTvis); 

- Semyvanebi reaqtorebisaTvis ; 

- Semyvanebi zeTiani amomrTvelebisaTvis; 

- saxazo Semyvanebi; 

- Sinagani izolaciis mixedviT isini iyofian; 

- qaRald-zeTiani; 

- myari; 

- zeTbarieruli; 

- elgazuri. 

 

1.4. izolatorebisa da Semyvanebis  diagnostika 

   

sakidi da sayrdeni izolatorebis diagnostikis dros, pirvel 

rigSi, garegani daTvalierebiT mowmdeba faifuris, armaturis, Wiquris 

mTlianoba, armirebisa da nestmedegi safaris wesivruloba. amis Semdeg 

eleqtromowyobilobis gamocdis normebis mixedviT 2500 v 

megaommetriT izomeba izolaciis winaRoba. TiToeuli elementis 

izolaciis winaRoba unda iyos aranakleb 300 momisa. Tu izolacia ar 

akmayofilebs am moTxovnebs da garegani defeqtebi SesamCnevi ar aris, 

maSin momsaxure personalis mier unda moxdes izolaciis gawmenda da 

garecxva, ris Semdegac unda moxdes 1 wuTis ganmavlobaSi izolaciis 

gamocda samrewvelo sixSiris aweuli ZabviT. gamosacdeli Zabvis 
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mniSvnelobebi erTelementiani izolatorebisaTvis mocemulia cxrilSi 

1.1. 

cxrili 1.1 

Ddanadgaris nominaluri  

Zabva, kv 
3 6 10 15 20 35 

Ggamosacdeli Zabva normaluri izolaciiT, 

kv 
24 32 42 55 65 95 

Ggamosacdeli Zabva Semsubuqebuli 

izolaciiT, kv 
14 21 32 48 _ _ 

 

Cveulebriv pirobebSi sakidi da mravalelmentiani sayrdeni 

izolatoris TiToeuli elementi gamoicdeba 50 kv Zabvaze 1 wuTis 

ganmavlobaSi. 

rogorc zemoT aRvniSneT, minis sakidi izolatorebis gamocda 

aweuli ZabviT ar xdeba, radgan maTi defeqtebi garegani 

daTvalierebiT advilad SeiniSneba. 

izolatorebis diagnostikisaTvis farTod gamoiyeneba 

Tbovizoruli meTodi. romelic dafuZnebulia defeqturi elementebis 

temperaturis cvlilebaze, ris gamoc icvleba infrawiTeli 

gamosxivebis intensivoba, romelic fiqsirdeba Tbovizoruli 

xelsawyoebiT. faifuris sakidi da sayrdeni izolatorebis 

diagnostikisaTvis saWiroa maRali mgrZnobiarobis Tbovizoruli 

aparatura. 

polimeruli izolatorebis dazianeba eqspluataciis umetes 

SemTxvevaSi, rogorc wesi, ganpirobebulia damcavi garsacmis 

hermetulobis darRveviTa da izolatorSi nestis SeRweviT. 

polimeruli izolatorebis diagnostikisaTvis, garda garegani 

daTvalierebisa, rekomendirebulia gamoyenebul iqnas infrawiTeli da 

ultraiisferi kontrolis meTodebis urTierTSerwyma. amasTanave, 

infrawiTeli kontrolis meTodi unda iyos ZiriTadi, romelic 

saSualebas iZleva gamovavlinoT defeqtebi dazianebis sawyis etapze. 

ultraiisferi meTodi ki iqneba damatebiTi, romelic gamoavlens 

defeqtebs izolatoris Zlieri dazianebis SemTxvevaSi.  

Semyvanebisa da gamavali izolatorebis diagnostikis dros, 

pirvel rigSi, garegani daTvalierebiT mowmdeba faifuris gare 

mdgomareoba, anaxleCebisa da bzarebis ararseboba, armaturis, sazomi 
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gamomyvanis Camamiwebeli sadenisa da potenciometruli  mowyobilobis  

wesivruloba, zeTis done safarToebelSi. Semyvanis gamocdis win 

misgan aiReba zeTis sinji da mowmdeba eleqtrul simtkiceze 

standartul zeTsarRvevSi. zeTis gamrRvevi Zabva 35_220 kv klasis 

SemyvanebisaTvis unda iyos aranakleb 40 kv, xolo 330_500 kv klasis 

SemyvanebisaTvis aranakleb 55 kv. 

 

nax. 1.7. Semyvanis izolaciis winaRobis gazomvis sqema 

1 _ ekrani-rgoli; 2 _ gamosacdeli gamomyvani; 

3 _ megaommetri 

1000_2500 v megaommetriT awarmoeben ZiriTadi da sazomi 

gamomyvanebis izolaciis winaRobis gazomvas miltuCas mimarT nax. 1.7-

ze moyvanili sqemiT. gazomili winaRoba unda iyos aranakleb 1000 

momi. sazomi gamomyvanis izolaciis winaRobis gazomvisas unda moixsnas 

damcavi garsacmi da Camamiwebeli sadeni. Semyvanis SecdomiT dawunebis 

Tavidan acilebis mizniT rekomendirebulia izolaciis winaRobis 

gazomva vawarmooT ekrani-rgolis dadebiT (nax.1.7). 

qaRald-zeTiani izolaciis mqone Semyvanis izolaciis winaRobis 

gazomva warmoebs nax.1.8-ze warmodgenili zeTiT avsebuli Semyvanis 

izolaciis Canacvlebis sqemebisa da cxrili 1.2-Si mocemuli  

miTiTebebis mixedviT. 
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nax.1.8. zeTiT avsebuli Semyvanis izolaciis Canacvlebis sqema:  

C1 _ Semyvanis ZiriTadi izolacia; C2 – sazomi kondensatoris izolacia; C3  _ 

bolo Semonafenis izolacia sazomi milisis mimarT; 1 _ Semyvanis dengamtari 

Rero; gpm _ potenciometruli mowyobilobis gamomyvani; gsaz – sazomi 

gamomyvani. 

 

cxrili 1.2. Semyvanebis izolaciis 

 winaRobis gazomvis sqema 

Ca
na
c
vl

eb
is
 

sq
em
a 
(n
ax
.1
.8
) Semyvanis 

izo-

laciis 

gasazomi 

ubani 

megaommetris momWerebis SeerTeba (nax.1.7) 

SeniSvna momWeri 

`Л“ 

momWeri 

`З“ 

momWeri 

`Э“ 
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1 2 3 4 5 6 

a 

C1 gpm-Tan 1-Tan Camiwebulia ggaz.Camiweb. 

C1 gpm-Tan Camiwebulia ggaz-Tan 1 Camiweb. 

C2 ggaz-Tan gpm-Tan Camiwebulia 1 Camiweb. 

C2 gpm-Tan ggaz-Tan 1-Tan  

C3  Camiwebulia 1-Tan, gpm-Tan  

C3 ggaz-Tan Camiwebulia gpm-Tan 1 Camiweb. 

b 

C1 gpm-Tan 1-Tan Camiwebulia  

C2  Camiwebulia 1-Tan 

ggaz Camiweb. 

Semyvanis 

SigniT 

g 

C1  1-Tan Camiwebulia  

C3  Camiwebulia 1-Tan  

C1 + C3  Camiwebulia Tavisufalia 1 Camiweb. 

d C1 1-Tan Camiwebulia Tavisufalia  

 

Semyvanebisa da gamavali izolatorebisaTvis, romelTa ZiriTadi 

izolacia aris zeTbarieruli, qaRald-zeTisa da bakelitis, aseve 

unda Catardes dieleqtrikuli danakargebis kuTxis tangensis tg  

gazomva. dieleqtrikuli danakargebis kuTxis tangensis mniSvnelobebma 

rogorc ZiriTadi, aseve sazomi kondensatoris izolaciisaTvis  ar 

unda gadaaWarbos cxrili 1.3-Si naCveneb mniSvnelobebs.  

Semyvanebisa da gamavali izolatorebisaTvis, romelTac gaaCniaT 

specialuri gamomyvani potenciometruli mowyobilobisaTvis, 

dieleqtrikuli danakargebis kuTxis tangensis tg  gazomva swarmoebs 

ZiriTadi da sazomi kondensatoris izolaciisaTvis. erTdroulad 

warmoebs tevadobis gazomva. 

 tg -s gazomvasTan erTad unda gaizomos Semyvanis tevadobebi: 

dengamtar Rerosa da sazom gamomyvans; dengamtar Rerosa da sazom 

kondensators Soris; Semyvanis ukanasknel Semonafensa da SemaerTebel 

miliss Soris; 

SemyvanebisaTvis, romelTac izolaciis Semonafenis bolo fenidan 

gaaCniaT sazomi gamomyvani, dieleqtrikuli danakargebis kuTxis 

tangensis tg  gazomva rekomendirebulia 3 kv Zabvis dros. 

cxrili 1.3. Semyvanebisa da gamavali izolatorebis ZiriTadi   

izolaciisa da sazomi kondensatoris izolaciis dieleqtrikuli danakargebis 
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kuTxis tangensis tgδ udidesi dasaSvebi mniSvnelobebi + 200C temperaturis 

dros 

gamosacdeli obieqtis 

dasaxeleba da ZiriTadi 

izolaciis saxe 

dieleqtrikuli danakargebis kuTxis tangensi 

tg , % nominaluri Zabvis dros, kv 

3_15 20_35 60_110 150_220 330 500 

zeTavsebuli Semyvanebi 

da gamavali  izolato-

rebi zeTbarieruli 

izolaciiT 

_ 3,0 2,0 2,0 1,0 1,0 

zeTavsebuli Semyvanebi 

da gamavali  izolato-

rebi qaRald-zeTiani 

izolaciiT 

_ _ 1,0 0,8 0,7 0,5 

Semyvanebi da gamavali 

izolatorebi bakelitis 

izolaciiT, maT Soris 

zeTavsebuli 

3,0 3,0 2,0 _ _ _ 

Semyvanebisa da gamavali izolatorebis qaRald-zeTiani 

izolaciis bolo fenebis mdgomareobis SefasebisaTvis SeiZleba 

gavakeToT orientacia dieleqtrikuli danakargebis kuTxis tangensis 

tg  saSualo mniSvnelobebze: 110_115 kv _ 3 %; 220 kv _ 2 %; 

330_500 kv – 2 %. 

tg -s gazomvis dros Semyvanebis mdgomareobis Sefaseba unda 

swarmoebdes ara marto misi absoluturi mniSvnelobiT, aramed wina 

gazomil mniSvelobebTan SedarebiT Semyvanebis tg -s xasiaTisa da 

tevadobis  cvlilebis gaTvaliswinebiT. 

sxvadasxva konstruqciuli Sesrulebis zeTavsebuli Semyvanebis 

dieleqtrikuli danakargebis rekomendirebuli gazomvis sqemebi 

mocemulia nax.1.9-ze da cxrili 1.4-Si. 
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 a) 

 

 
Nb) 

Nnax. 1.9. Semyvanebis izolaciis dieleqtrikuli danakargebis kuTxis tgδ 

gazomvis principuli sqema. a) C1 tevadobis gazomvis normaluri sqema; b) 

gadabrunebuli sqema C2 da C3  kondensatorebis gazomvisaTvis; 1 _ denamtari 

Rero; gt – gamosacdeli transformatori; k – etalonuri kondensatori; sb 

– cvladi denis sazomi bogiri; S – gamosacdeli Semyvani 

cxrili 1.4. zeTavsebuli Semyvanebis izolaciis tgδ-s  

gansazRvris sqemebi 

Ca
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em
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sqemis 

saxe 

sazomi bogiris momWerebis 

SeerTeba 

 

 

SeniSvna 
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momWeri 

`CN” 

momWeri 

`CX” 

momWeri 

`Э “ 

 

a 

C1 normaluri 1-Tan gpm-Tan Camiweb. ggaz Camiw. 

C2 normaluri gpm-Tan ggaz-Tan Camiweb. igive 

C1 + C2 normaluri 1-Tan ggaz-Tan Camiweb. igive 

C3 Sebruneb. Camiweb. ggaz-Tan 1-Tan _ 

 

b 

C1 Sebruneb. Camiweb. 1-Tan _ gpm Camiw. 

C1 normaluri 1-Tan gpm-Tan Camiweb. _ 

C2 Sebruneb. Camiweb. gpm-Tan 1-Tan _ 

C1 + C2 Sebruneb. Camiweb. 1-Tan _ _ 

g 

C1 normaluri 1-Tan ggaz-Tan Camiweb. 
ggaz gan- 

miwebulia 

C3 Sebruneb. Camiweb. ggaz-Tan 1-Tan 
ggaz gan- 

miwebulia 

d C1 Sebruneb. Camiweb. 1-Tan _  

 

qaRald-zeTiani SemyvanebisaTvis ZiriTadi izolaciis tgδ-sa da 

tevadobis gazomvis garda aucilebelia C2 sazomi kondensatoris 

izolaciisa da C3 ukanaskneli Semonafenis izolaciis Sefaseba  

Semyvanis SemaerTebeli milisis mimarT. 

ZiriTadi izolaciis (tevadoba C1) dieleqtrikuli danakargebis 

kuTxis tangensi izomeba normaluri sqemiT 10 kv gamosacdeli Zabvis 

dros; sazomi kondensatoris C2 – Sebrunebuli sqemiT, 5_10 kv Zabvis 

dros; C3 – Sebrunebuli sqemiT, 5 kv Zabvis dros. im SemTxvevebSi, 

roca gvaqvs Semyvanis SemaerTebeli milisis miwisagan izolirebis 

saSualeba, maSin  C2 an C3 sazomi kondensatoris tgδ izomeba 

normaluri sqemiT. normaluri sqemiT C2 an C3 tevadobebis gazomvis 

dros (nax.1.19.a) Camiweba moixsneba gasazomi gamomyvanidan da Sema-

erTebeli milisidan, xolo Sebrunebuli sqemiT gazomvis dros 

(nax.1.9.b) – mxolod gasazomi gamomyvanidan. 

qaRald-zeTiani izolaciiT zeTvsebuli Semyvanebis konstruqcia 

Sesrulebulia iseTnairad, rom magaliTad, 110 kv SemyvanebisaTvis 

ukanasknel  sazom Semonafensa da miltuCas Soris dadebulia 

qaRaldis 2-3 fena (0,4_0,6 mm), xolo danarCeni nawili (10-11 mm) 

avsebulia zeTiT. faqtiurad zeTis RreCo meryeobs mniSvnelovan 
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sazRvrebSi, xolo zogjer saerTod ar aris. amitom C3 tevadoba erTi 

tipis SemyvanebisaTvis SeiZleba meryeobdes mniSvnelovan sazRvrebSi.  

Semyvanebis izolaciis gazomva warmoebs aranakleb +100C 

temperaturis dros. 

Zalur transformatorebze dayenebuli Semyvanebis tgδ-s 

gazomvisas, transformatoris gragnilebi erTmaneTTan eleqtrulad 

unda iyos SeerTebuli, raTa gamoricxuli iqnes gragnilebis 

induqciurobis gavlena gazomvis Sedegebze. aseve dawvrilebiT unda 

gaizomos Semyvanis temperatura, radgan mis qveda nawils aqvs zeTis 

zeda fenebis temperatura, xolo zeda nawils garemos temperatura. 

amitom zeTvsebuli  SemyvanebisaTvis, romlebic dayenebulia Zalur 

transformatorebze, Semyvanis temperatura SeiZleba SevafasoT 

Semdegi formuliT:  

tSemyv = 0,34 tgar. + 0,66 tzeT., 

xolo zeTian amomrTvelebze dayenebuli zeTvsebuli 

SemyvanebisaTvis Semyvanis temperaturad miRebulia amomrTvelis zeTis 

temperatura. 

tgδ-s gazomva rekomendirebuli ar aris vawarmooT 0_50C 

temperaturis diapazonSi, radgan izolatorebis daorTqvlisa da sxva 

faqtorebis  gamo miiReba arazusti Sedegi. ukidures SemTxvevaSi 

zamTris periodSi tgδ-s gasazomad unda moxdes izolaciis gaTboba 

+50C temperaturaze metad. 

izolaciis winaRobis Riz da tgδ-s gazomvis Sedegebis 

damakmayofilebeli mniSvnelobebis dros warmoebs Semyvanebis gamocda 

samrewvelo sixSiris aweuli ZabviT faifuris izolatorisaTvis 1 wT-

is ganmavlobaSi da 5 wT-is ganmavlobaSi organuli myari 

masalebisagan damzadebuli izolatorebisaTvis. gamosacdeli Zabvebis 

mniSvnelobebi igivea, rac sakidi da sayrdeni izolatorebis  

SemTxvevaSi (cxrili 1.1). 

Semyvanebi da gamavali izolatorebi miiCneva vargisad, Tu maT 

ara aqvT xiluli dazianebebi da gauZles eleqtrul gamocdebs 

garRvevis gareSe. 

Tu tgδ-s gazomili mniSvneloba aRemateba dasaSveb normas, maSin 

Semyvans an gamaval izolators aSroben. izolatoris gaSroba 

xorcieldeba saSrob kameraSi 50_600C temperaturis dros da 
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grZeldeba 5_6 saaTis ganmavlobaSi. Tu gaSrobis Semdegac tgδ-s 

mniSvneloba aRemateba dasaSveb normas, maSin aseTi Semyvani an 

izolatori dawunebuli unda iqnes. 

  

1.5. izolatorebis remonti 

     

Tu izolatorebis gawmendisa da garegani daTvalierebis dros 

Wiquris zedapirze aRmoCnda 1 sm2-mde farTobisa da 1 mm-mde siRrmis 

bzarebi da anaxleCebi, maSin izolators ar cvlian da defeqtur 

adgilebs faraven bakelitis an gliftalis laqiT. Tu armireba 

amoifSvna, maSin is aRdgenili unda iqnes, risTvisac faifuris an 

metalis zedapiri unda gasufTavdes WuWyisa da zeTis laqisagan. 

amofSvnili moculoba unda amoivsos sagozaviT, romelic 

momzadebulia 1 wili portlandcementisa da 1.5 wili silisagan. Aam 

narevis 100 wili azelili unda iqnes 40 wil wyalTan. aseTi 

sagozaviT SeiZleba visargebloT 1_1.5 sT-is ganmavlobaSi. 

Tu saWiroa aRdges im izolatorebis armireba, romlebic exebian 

satransformatoro zeTs, maSin sagozavi unda momzaddes 3 wili 

murdasangisa da 1 wili teqnikuri vazelinisagan. 

Tu izolatorebze SemCneuli iqna didi zomis bzarebi da 

anaxleCebi, maSin isini unda Seicvalos imave zomis  axali 

izolatorebiT. 

 

1.6. gamTiSebi 

 

gamTiSi aris maRali Zabvis aparati, romelic gamoiyeneba 

xiluli gawyvetis SeqmnisaTvis da ganamxoloebs muSaobidan 

gamoyvanil mowyobilobas Zabvis qveS myofi dengamtari nawilebisagan, 

rac iZleva mowyobilobis saremonto samuSaoebis usafrTxod 

Catarebis SesaZleblobas.  

gamTiSebs ar gaaCniaT rkalCamqrobi mowyobilobani da amitom 

isini ZiriTadad gamoiyeneba datvirTvis gareSe da Zabvis qveS an Zabvis 

gareSe myofi  eleqtruli wredebis CarTva- amorTvisaTvis da agreTve 

gamTiSTan erT mTlian kompleqtSi myofi Camamiweblis daxmarebiT 

amorTuli ubnebis CamiwebisaTvis. 
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gamTiSebisadmi wayenebuli moTxovnebi SemdegSi mdgomareobs: 

- gamTiSma unda Seqmnas wredis cxadi xiluli wyveta, 

romelic Seesabameba danadgaris Zabvis klass; 

- gamTiSebis amZravebs unda hqondeT CarTva-amorTvis 

mdgomareobis danebis xisti fiqsaciis mowyobiloba. garda 

amisa maT unda gaaCndeT saimedo sayrdenebi, romlebic 

zRudaven danebis mobrunebas mocemulze meti kuTxiT;  

- gamTiSebi unda CairTos da amoirTos garemos gauaresebuli 

pirobebis (mag. yinvian amindSi) drosac; 

- sayrdenma da wevis izolatorebma unda gauZlos sa-

komutacio operaciebis dros warmoSobil meqanikur 

datvirTvebs; 

- gamTiSis mTavar danebs Camamiwebeli mowyobilobis  

danebTan unda gaaCndeT blokireba, raTa gamoiricxos maTi 

erTdrouli CarTva. 

1.7. gamTiSebis klasifikacia da mowyobiloba 

 

6_10 kv Zabvis gamTiSebis calkeuli tipebi erTmaneTisagan 

gansxvavdebian: dayenebis saxeobis mixedviT _ Siga da gare dayenebis; 

polusebis mixedviT – erTpolusa da sampolusa; danis moZraobis 

xasiaTis mixedviT – vertikalur-sabruni, vertikalur-Camrazi da 

moqanave tipis. 

gamTiSebis CarTvisa da amorTvisaTvis gamoiyeneba xelis, 

eleqtroZraviani da pnevmaturi amZravebi. Tavis mxriv xelis amZravebi 

iyofa berketian da Wiaxraxnuli gadacemiT. berketiani amZravebi 

SeiZleba dayenebul iqnes rogorc Ria aseve daxurul gamanawilebel 

mowyobilobebSi. aseTi amZravis saxeluri gadaadgildeba vertikalur 

sibrtyeSi 120–150 gradusiT. gamorTvisas saxeluri gadmobrundeba 

qveviT, xolo CarTvisas – zeviT. xelis amZravebi yendeba igive 

sayrdenze, romelzec damontaJebulia gamTiSi. amZravi iZleva 

saSualebas araswori operaciebis Tavidan acilebis mizniT ganxorci-

eldes gamTiSis meqanikuri an eleqtruli blokireba. 35 kv Zabvamde 

Siga dayenebis erTpolusa gamTiSebi imarTeba izolirebuli StangebiT. 

eleqtroZraviani amZravebi Siga da gare dayenebis gamTiSebisaTvis. maT 

gaaCniaT Rilakiani marTvis pultebi RilakebiT: “CarTulia”, 
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“amorTulia” da “sdeq”. pnevmaturi amZravebi dayenebulia uSualod 

gamTiSis gasarTTan, amitom sawevaris saWiroeba aRar aris. 

Ppnevmaturi amZravebi gamoirCevian mdovre muSaobiT. maT gamoiyeneben 

iq, sadac gaaCniaT SekumSuli haeris mosamzadebeli danadgarebi. 

pnevmaturi amZravebis marTva xdeba distanciurad CarTvisa da amor-

Tvis eleqtromagnitebis daxmarebiT.  

nax. 1.10. a-ze naCvenebia Siga dayenebis 10 kv Zabvis sampolusa 

vertikalur-Camrazi tipis gamTiSi, misi amZravi (nax.1.10.b) da foto 

(nax.1.10. g); nax. 1.11-ze Wiaxraxniani xelis amZravi. 

Siga da gare dayenebis gamTiSebis konstruqcia gansxvavdeba maTi 

muSaobis pirobebidan gamomdinare. gare dayenebis gamTiSebs unda 

gaaCndeT lipyinulis dros warmoSobili yinulis qerqis damSleli 

samarjvi. garda amisa maT gamoiyeneben datvirTvis mcire denebis 

amosarTavad, risTvisac maT gaaCniaT rkalCamqrobi rqebi. 

Siga dayenebis gamTiSebi gamoiyeneba stacionarul da 

kompleqtur gamanawilebel mowyobilobebSi 10 kv Zabvamde. 

 

 
         a)                     b)                  g) 

nax. 1.10.  Siga dayenebis 10 kv Zabvis sampolusa vertikalur-Camrazi tipis  

gamTiSi (a) da misi amZravi (b); gamTiSis foto (g). 
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1 _ berketi; 2 _ RerZi; 3 da 7 _ sayrdeni izolatorebi; 4 _ moZravi 

izolatori; 5 _ dana; 6 _ uZravi kontaqti; 8 _ CarCo;  

9 _ kontaqtebis bloki; 10 _ amorTul mdgomareobaSi amZravis berketis 

saketi; 11 _ Tamasa; 12 _ berketi. 

 

N 

nax. 1.11. Wiaxraxniani xelis amZravi 

1 _ marTvis saxeluri; 2 _ ukana sakisari; 3 _ kbilana; 

4 da 9 _ lilvi; 5 _ berketi; 6 _ Tamasa; 7 _ caluRi (“xomuti”); 

8 _ Wiaxraxni; 10 _ korpusi. 

 nax. 1.12-ze mocemulia 10 kv Zabvis erTpolusa gamTiSi, xolo 

nax. 1.13-ze gare dayenebis 35, 110 da 220 kv Zabvis horizontalur-

sabruni РНДЗ-2-110 tipis gamTiSi. 

 

      nax. 1.12. 10 kv Zabvis erTpolusa gamTiSi 
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a)                            b) 

nax. 1.13. gare dayenebis 35, 110 da 220 kv Zabvis horizontalur- sabruni 

РНДЗ-2-110 tipis gamTiSis ZiriTadi nawilebi (a) da misi foto (b). 1 _ Ziri; 

2 da 9 – izolatorebis svetebi; 3 – momWerebi; 

4 – moqnili kavSiri; 5 _ dana; 6 _ TiTisebri lamelebi; 7 _ niCabi; 

8 _ Camamiwebeli danis kontaqti; 10 _ svetis sakisari; 11 _ Camamiwebeli 

danebi; 12 _ berketi; 13 – sawevari; 14 _ lilvi; 15 – amZravi 

Zalovani transformatorebis neitralis CamiwebisaTvis 

gamoiyeneba gare dayenebis specialuri erTpolusa Camamiweblebi 

amZraviT, romlis sawevarebi Camamiweblidan izolirebulia faifuris 

izolatorebiT. 

gamTiSis ZiriTad kvanZebs warmoadgenen: 

- CarCo, romelzec akrefilia yvela danarCeni kvanZebi; 

- CarCoze uZravad damagrebuli sayrdeni an gamavali 

izolatorebi; saqusleze damagrebuli sabruni izo-

latorebi, romlebic gamTiSis CarTvisa da amorTvis dros 

Tavisi RerZis garSemo mobrundebian ama Tu im kuTxiT; 

- sakontaqto sistema Sedgeba: erTi an ori uZravi 

kontaqtisagan; moZravi kontaqtisagan e.w. gamTiSis 
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danisagan; moZravi kontaqtidan uZrav kontaqtze denis 

gadacemis mowyobilobisagan, romelic warmoadgens mcocavi 

kontaqtis erT erT saxes an moqnil kavSirs; berketiani 

meqanizmisagan izolaciis sawevariT, romlis saSualebiTac 

gamTiSis CarTvisa da amorTvis Ddros xorcieldeba moZravi 

kontaqtebis gadaadgileba; Camiwebis danebisa da 

kontaqtebisagan, romlebic SeiWrebian Camiwebis danebSi. es 

kontaqtebi magrdeba an uZrav kontaqtebze, an ZiriTadi 

kontaqturi sistemis danebze. 

mimyvani salteebi (sadenebi) mierTebulia an gamTiSis gamomyvan 

boloebTan, romlebic warmoadgenen damoukidebel detals, an 

gaerTianebulia uZrav kontaqtebTan. 

gamTiSs SeiZleba ar gaaCndes Camiwebis danebi; SeiZleba gaaCndes 

erTi an orive  mxridan. Camiwebis danebi meqanikurad blokirebulia 

ZiriTadi meqanikuri sistemis danebTan imgvarad, rom CarTuli danebis 

dros SeuZlebelia CavrToT Camiwebis danebi da piriqiT. 

sayrdeni izolatorebis meqanikuri simtkicis amaRleba miRweulia 

ori izolatoris paralelurad dayenebiT.           

gamTiSebis gamoyeneba gamaTanabrebeli da datvirTvis mcire 

denebis amosarTavad 

energosistemebSi Catarebuli mravalricxovani cdebis sa-

fuZvelze dadgenilia, rom gamTiSebiT SeiZleba CairTos da amoirTos 

sahaero da sakabelo xazebis damuxtvis, Zalovani transformatorebis 

uqmi svlis (damamagnitebeli), gamaTanabrebeli da mcire datvirTvis 

denebi. gamaTanabrebeli deni gadis eleqtrulad dakavSirebuli 

qselis or wertils Soris da ganpirobebulia eleqtruli kavSiris 

CarTvis an amorTvis momentSi Zabvebis sxvaobiT an datvirTvis 

gadanawilebiT. 

6_10 kv Zabvis daxurul gamanawilebel mowyobilobebSi 

gamTiSebiT dasaSvebia Semdegi mniSvnelobis denebis CarTva da 

amorTva: 

- 6 kv Zabvisas: damamagnitebeli deni – 3.5 a, damuxtvis deni 

– 2.5 a, miwasTan SerTvis deni – 4 a; 

- 10 kv Zabvisas: damamagnitebeli deni – 3.0 a, damuxtvis deni 

– 2.0 a, miwasTan SerTvis deni – 3 a. 
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polusebs Soris dayenebuli saizolacio tixari iZleva 

saSualebas CarTvisa da amorTvis deni gaizardos 1,5-jer. 

6_10 kv Zabvis gare dayenebis sampolusa meqanikur amZraviani 

gamTiSebiT dasaSvebia 70 a-mde sididis gamaTanabrebeli da 15 a-mde 

sididis datvirTvis denebis CarTva da amorTva. 

gamTiSebi xSirad aRWurvilia stacionaruli CamamiweblebiT, rac 

iZleva saSualebas remontze dayenebul mowyobilobaze ar mivaerToT 

gadasatani Camiweba, amasTanave gamoricxavs gadasatani Camiwebis 

mierTebis procesisas usafrTxoebis wesebis darRvevis SesaZleblobas.  

           

1.8. gamTiSebTan Sesasrulebeli operaciebis teqnika 

 

gamanawilebel mowyobilobebSi mierTebis gamTiSebis, romelTac 

TavianT wredSi gaaCniaT amomrTveli, CarTvisa da amorTvis operaciebi 

unda Sesruldes amomrTvelis amorTuli mdgomareobis Semowmebis 

Semdeg. 

gamTiSis CarTvis an amorTvis win saWiroa vawarmooT garegani 

daTvaliereba. gamTiSebs, amZravebs da blokirebis mowyobilobebs ar 

unda hqondeT iseTi dazianebebi, romlebic xels SeuSlian operaciebis 

Sesrulebas. gansakuTrebuli yuradReba unda mieqces gamTiSis 

maSuntirebeli zRudarebis ar arsebobas. raime defeqtis SemCnevis 

SemTxvevaSi Zabvis qveS gamTiSebTan unda Sesruldes gansakuTrebuli 

sifrTxiliT da mxolod gadarTvebze gankargulebis gamcemi piris 

nebarTviT. akrZalulia gamTiSebTan operaciebis Catareba, Tu izo-

latorebs gaaCniaT bzarebi. 

xelis amZraviani gamTiSebis CarTva unda moxdes swrafad, magram 

svlis bolos dartymis gareSe. kontaqtebs Soris rkalis gaCenisas 

gamTiSis danebi ar unda davabrunoT ukan, radgan am dros rkali 

SeiZleba dagrZeldes, gadafaros fazebs Soris arsebuli daSoreba da 

gamoiwvios mokled SerTva. CarTvis operacia yvela SemTxvevaSi unda 

Sesruldes bolomde. kontaqtebis Sexebisas rkali Caqreba ise, rom ar 

daazianebs mowyobilobebs. 

gamTiSebis amorTvas awarmoeben nela da frTxilad. pirvel 

rigSi awarmoeben amZravis saxeluris sasinj moZraobas, raTa 

darwmundnen sawevis wesivrulobaSi, izolatorebis ryevisa da 
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dazianebis ar arsebobaSi. Tu danebis daSorebisas aRiZra rkali maSin 

saWiroa gamTiSi dauyonebliv CairTos da rkalis warmoSobis mizezis 

garkvevamde masze operaciebi aRar vawarmooT. 

erTpolusa gamTiSebze operatiuli Stangebis daxmarebiT 

operaciebi unda vawarmooT im TanmimdevrobiT, romelic uz-

runvelyofs personalis usafrTxoebas. davuSvaT, personali SecdomiT 

Seudga datvirTvis qveS myofi gamTiSis amorTvas. Sereuli 

datvirTvis dros ufro usafrTxoa sami gamTiSidan pirvelis amorTva, 

radganac am SemTxvevaSi ar aRiZvreba mZlavri rkali im SemTxvevaSic 

ki, roca wredSi gadis nominaluri deni, radgan danebis ganSorebis 

momentSi maT Soris gaCndeba mcire sididis potencialTa sxvaoba, 

ramdenadac erTi mxriv amorTuli gamTiSi iqneba kvebis wyaros Zabvis 

qveS, xolo meore mxriv garkveuli drois ganmavlobaSi masze 

moqmedebs or fazaze momuSave sinqronuli da asinqronuli Zravebisa 

da gamanawilebel qselebSi dayenebuli kondensatorebis mier 

aRZruli TiTqmis erTnairi emZ-ebi.  

gamTiSis meore danis amorTvisas warmoiSveba mZlavri rkali, 

xolo mesame danis amorTvisas rkali saerTod ar warmoiSveba. 

radganac gamTiSis rigiT meore danis amorTva warmoadgens ufro 

safrTxes, amitom igi SeZlebisdagvarad unda iyos gamTiSis danarCeni 

fazebidan moSorebiT. amitom gamTiSebis nebismieri ganlagebis dros 

pirvel rigSi unda amoirTos Sua fazis dana. Semdeg gamTiSebis 

horizontalur rigSi ganlagebis dros rigrigobiT amorTaven kidura 

danebs. gamTiSebis vertikalurad ganlagebis dros jer amorTaven 

zeda danas, xolo Semdeg _ qvedas. 

erTpolusa gamTiSebis CarTvis operaciebi sruldeba 

ukuTanmimdevrobiT. 

wredebSi, romlebic Seicaven amomrTvelebs zambariani amZraviT, 

operaciebi gamTiSebze unda moxdes Sesustebuli zambarebis dros, 

raTa gamTiSebze operaciebis warmoebisas gamoiricxos amomrTvelebis 

SemTxveviTi CarTva. 

6_10 kv Zabvis qselebSi transformatoris damamagnitebeli denis 

GgamTiSebis amorTvis win, gadaZabvebis Tavidan acilebis mizniT, 

pirvel rigSi unda amoirTos rkalCamqrobi reaqtori. 

  



 42 

1.9. gamTiSebze operaciebis Semsrulebeli  

personalis piradiusafrTxoeba 

 

Zabvis qveS myof gamTiSebze nebismieri operaciebis Sesrulebisas 

operaciis Semsrulebelma amZravis aparatTan unda SeirCios iseTi 

adgili, raTa izolatorebis SemTxveviT daSlisa da Camocvenis 

SemTxvevaSi Tavidan aicilos mosalodneli tramvebi, agreTve 

eleqtruli rkalis aRZvris SemTxvevaSi daicvas Tavi misi pirdapiri 

zemoqmedebisagan. 

miuRebelia operaciis warmoebis momentSi SevxedoT gamTiSis 

kontaqtur nawilebs. amasTanave CarTvisa da amorTvis operaciebis 

dasrulebis Semdeg gamTiSis mTavari danebisa da stacionaruli 

Camamiweblis danebis mdgomareobis Semowmeba aucilebelia, radgan 

praqtikaSi xSirad yofila SemTxvevebi, roca mTavari danebi bolomde 

ar aris CarTuli, stacionaluri Camamiweblis calkeuli fazebis 

danebi ar aris amorTuli, danebi acdenilia satuCes da sxva. amitom 

gamTiSis TiToeuli faza saTiTaod unda iqnes Semowmebuli miuxedavad 

imisa, Tu ra mdgomareobaSia danarCeni fazebis danebi da maT Soris 

arsebuli meqanikuri kavSiri. 

    

1.10. gamTiSebis remonti 

 

gamTiSebis remonti moicavs izolatorebis, dengamtari 

nawilebis, amZravis meqanizmisa da karkasis remonts. 

dasawyisSi benzinSi dasvelebuli CvriT izolatorebidan 

moaSoreben mtvers, WuWys da defeqtebis gamovlenisa da aRmofxvris 

mizniT yuradRebiT daaTvaliereben mas. Semdeg unda Semowmdes: 

- gamTiSis moZravi da uZravi kontaqtebis izolatorebze da 

dengamtari gamavali izolatorebis karkasze  damagreba; 

- gamTiSis CarTvisas moZrav kontaqts uZravis mimarT ar unda 

hqondes wanacvleba. Tu wanacvleba iwvevs moZravi 

kontaqtis dartymas uZravze, maSin misi gamosworeba 

SeiZleba UuZravi kontaqtis mdgomareobis cvlilebiT;  
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- gamTiSis UuZravi kontaqtebis salteebTan SeerTebis 

adgilze kontaqtis saimedoba. momWeri qanCis garda 

daWerili unda iyos winaRqanCiT (“kontrgaika”); 

- 0.05 mm sisqis saceciT unda Semowmdes gamTiSis moZravi da 

uZravi kontaqtebis Sexebis simWidrove, romelic unda 

gavides araumetes 5_6 mm siRrmeze. simWidrovis cvlileba 

miiRweva gamTiSis moZrav kontaqtze arsebuli spiraluri 

zambaris moWeriT. kontaqtis simWidrove unda iyos iseTi, 

rom Sezidvis Zalva 600 a-mde denis gamTiSebisaTvis ar 

unda aRematebodes 100-200 niutons; 

- samfaza gamTiSis danebis CarTvis erTdrouloba. danebis 

CarTvis araerTdrouloba ar unda aRematebodes 3 mm-s. 

regulireba miiRweva calkeuli fazebis samarTis da 

sawevaris sigrZis cvlilebiT. gamTiSis dana CarTul 

mdgomareobaSi uZravi kontaqtis fuZidan unda iyos 

daSorebuli araumetes 5 mm-isa; 

- gamTiSis blok-kontaqtebis CarTvis momenti. CarTvis 

procesSi gamTiSis blok-kontaqtis wredi unda CairTos 

danis satuCesTan miaxloebisas (dasaSvebia danebis 

satuCesTan miaxloeba 5 gradusiT). gamorTvis SemTxvevaSi – 

dana moSorebuli unda iqnes satuCedan misi sruli svlis 

75 %-iT. regulireba miiRweva blok-kontaqtis sawevaris 

sigrZis cvlilebiTa da eqvswaxnagian lilvze sakontaqto 

sayeluris mobrunebiT; 

- Camamiwebeli danebis lilvis gamTiSis karkasTan moqnili 

kavSiris firfitebis mTlianoba da Camamiwebeli saltes 

SeerTeba gamTiSTan. gamTiSis CarCosa da Camamiwebeli 

saltes zedapirebis saimedod SesaerTeblad qanCisaTvis 

gankuTvnili naxvretis garSemo zedapirs gaaprialeben, 

wausvamen vazelinis Txel fenas da SeaerTeben qanCiT. 

koroziis Tavidan acilebis mizniT, qanCis garSemo adgili 

unda SeiRebos; 

- gamTiSi da Camamiwebeli danebis lilvis meqanikuri 

blokirebis muSaobis mkafiooba. gamTiSisa da amZravis 

moxaxune nawilebs faraven uyinavi sapoxiT, xolo saWiroebis 
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SemTxvevaSi winaswar wmenden benzinSi dasvelebuli CvriT, 

gaasufTaveben zumfaris qaRaldiT, moaSoreben Jangs da 

Rebaven; 

- gamTiSis satuCisa da danis kontaqtis adgilis zedapirs 

asufTaveben foladis rbili jagrisiT da  faraven 

vazelinis an uyinavi sapoxis Txeli feniT. 

kapitalurad SekeTebulma gamTiSma unda gaiaros gamocda. 

 

1.11. mokledSemrTvelebi 

 

mokledSemrTveli warmoadgens eleqtrul aparats, romlis 

daniSnulebaa Zalovan transformatorebSi Sinagani dazianebis dros 

eleqtromomaragebis qselebSi swrafad Seqmnas  xelovnuri mokled 

SerTva, rac gamoiwvevs amomrTvelebis amorTvas. kvebav xazze Zabvis 

moxsnis Semdeg ganmacalkeveblis saSualebiT ganamxoloeben 

dazianebul transformators, xolo xazs CarTaven muSaobaSi 

avtomaturi ganmeorebiTi CarTviT. 

mokledSemrTvelebi gamcalkevebelTan erTad gamoiyeneba 

qvesadgurebis gamartivebul sqemebSi ZviradRirebuli Zalovani 

amomrTvelebis magier. amgvari Secvla saSualebas iZleva dazogili 

iqnas mniSvnelovani fuladi saxsrebi, radganac Zalovani 

amomrTvelebis Rirebuleba Zalian Zviria. rac ufro metia mierTebebi 

qvesadgurze da rac ufro maRalia Zabva maRal mxareze, miT ufro 

SesamCnevi xdeba gamartivebuli sqemebis gamoyenebis sargeblianoba. 

ZiriTadad gamartivebulma sqemebma farTo gamoyeneba hpova 35, 110 kv 

Zabvebze. mokledSemrTvelebi yendeba Camiwebul neitralian qselebSi 

erT fazaze, izolirebul neitralian qselebSi _ or fazaze. mok-

ledSemrTvelebis CarTva xdeba avtomaturad, xolo gamorTva- xeliT. 

Tanamedrove pirobebSi mokledSemrTvelbis gamoyeneba 

SezRudulia im qvesadgurebiT, sadac isini dayenebulia. amJamad maTi 

warmoeba aRar xdeba, radgan qvesadguris gamartivebul sqemebs 

gaaCniaT naklebi saimedoba da qvesadgurebis ZviradRirebuli 

mowyobilobebis dazianebis didi albaToba, vidre Zalovan 

amomrTvelebian sqemebs. 
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mokledSemrTvelis mowyobiloba da moqmedebis principi. nax. 1.14-

ze mocemulia КЗ–110 tipis mokledSemrTvelisa da misi amZravis 

konstruqcia.  
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               a)                            b) 

Nnax. 1.14.  КЗ – 110 tipis mokledSemrTvelis Semadgeneli nawilebi (a) da 

misi foto amZravis gareSe (b). 1 _ amZravi; 2 _ sawevari; 

3 _  izolatoris sveti; 4 _ uZravi kontaqti; 5 – izolatori; 

6 _ denis transformatori; 7 _ moZravi dana 

110_220 kv Zabvis qselebSi mokledSemrTvelebi sruldeba 

erTpolusiani, xolo 35 kv Zabvis qselebSi – orpolusiani. 

КЗ–110 tipis mokledSemrTvelis konstruqcia Sedgeba Rerovani 

izolatorisagan, romelzec damagrebulia uZravi kontaqti. moZravi 

dana maizolirebeli sawevariT mierTebulia karadaSi CaSenebul 

zambarian amZravTan. amZravi emsaxureba mokledSemrTvelis CamrTveli 

zambarebis momarTvas, danis daWeras gamorTul mdgomareobaSi da 

CamrTveli danis xeliT gamorTvas. 

mokledSemrTvelis gamorTul mdgomareobaSi amZravis zambarebi 

momarTulia da mzad aris moqmedebisaTvis. mokledSemrTvelis 

CarTvisaTvis dazianebuli transformatoris dacva miawvdis 

operatiul dens CarTvis eleqtromagnits, romelic sacemeli 

berketebis sistemebiT imoqmedebs saketelaze  da dana CairTveba. dro, 

eleqtromagnitis CarTvaze brZanebis gacemis momentidan 

mokledSemrTvelis kontaqtebis srul CarTvamde, Seadgens  0,35 wm-s.  

mokledCamrTvelis moqmedebis 

principi SemdegSi mdgomareobs: 

transformatorze (T1) (nax. 

1.15) avariis SemTxvevaSi masze 

dayenebuli dacva miawodebs 

Zabvas Sesabamisi mokled-

SemrTvelis (SC1) CarTvis koWas 

da mokledSemrTveli CarTavs 

Tavis kontaqtebs, riTac Seqmnis 

miwasTan xelovnur mokled 

SerTvas. am mokled SerTvaze 

reagirebas moaxdens magistra-

luri sahaero gadacemis xazis 

dacva da saTao amomrTvelis 

(Q) daxmarebiT gaiTiSeba mTeli 
 

Nnax. 1.15. satransformatoro  
qvesadguris gamartivebuli sqema 

http://upload.wikimedia.org/wikipedia/commons/8/80/Electric_substation_without_high_voltage_switchgear.svg
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qvesadguri. drois mcire monakveTis Semdeg xazze imuSavebs 

avtomaturi ganmeorebiTi CarTva da CarTavs saTao amomrTvels. 

avtomaturi ganmeorebiTi CarTvis amuSavebamde amuSavdeba 

dazianebuli transformatoris ganmacalkevebeli (E1) da amorTavs mas 

qselidan. amgvarad, TiToeul mierTebaze calkeuli amomrTvelis gamo-

yenebis gareSe SesaZlebelia gamoirTos dazianebuli ubani da 

qvesadguri darCes muSaobaSi. A  

 

1.12. ganmacalkeveblebi 

 

ganmacalkevebeli warmoadgens udeno maRali Zabvis eleqtruli 

wredis calkeuli ubnebis avtomaturad gamosarTvel sakomutacio 

aparats. Tavisi konstruqciiT isini mcired gansxvavdebian 

gamTiSebisagan. maTi sakontaqto sistema gaTvlili ar aris 

datvirTvis qveS operaciebisaTvis. ganmacalkeveblebis ZiriTadi 

daniSnulebaa eleqtruli wredis dazianebuli ubnis yvela mxridan 

amomrTvelebiT amorTvis Semdeg swrafad ganacalkevos es ubani. 

ganmacalkeveblis danebis marTva xorcieldeba amZraviT, romelic 

uzrunvelyofs avtomatur, distanciur da adgilobriv amorTvas, 

agreTve xeliT CarTvas. amorTvis procesi grZeldeba amorTvis 

impulsis miwodebidan 0.5_0.6 wm-is ganmavlobaSi. nax.1.16-ze mocemulia 

ОДЗ – 2-35 tipis ganmacalkeveblis Semadgeneli nawilebi da misi 

foto. 

ganmacalkeveblebi gamoiyeneba iseT satransformatoro 

qvesadgurebSi, romelTac maRal mxareze ar gaaCniaT Zalovani 

amomrTvelebi. aseT qvesadgurebSi ganmacalkeveblebTan erTad 

Cveulebriv yendeba mokledSemrTvelebi, romelTa daniSnulebaa, 

swrafad Seqmnan xelovnuri mZlavri mokled SerTva, romlebic Semdeg 

amoirTvebian saTao amomrTvelebiT. mokledSemrTvelebis amorTul 

mdgomareobaSi yofnisas misi amZravi momarTulia da mzad aris 

CarTvisaTvis. releuri dacvis mowyobilobidan impulsis miwodebis 

dros eleqtromagniti gaanTavisuflebs CamrTvel zambaras da mokled 

SemrTveli CairTveba. ganmacalkevebeli CairTveba im momentSi, roca 

wredSi mokled SerTvis denis gavla Sewydeba. ganmacalkeveblis 

swori amuSavebisaTvis amZravSi gaTvaliswinebulia blokireba, 
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romelic gamorTvis nebas rTavs mokled SemrTvelis wredSi denis 

gaqrobis Semdeg. 

 

 
            

Nnax. 1.16. ganmacalkevebeli. 1 da 3 – danebi; 2 – sakontaqto mowyobiloba;  

4 _ svetebi; 5 _ gamomrTveli zambara; 6 – sakisrebi; 7 _ CarCo; 8 – 

berketi; 9 _ sawevari; 10 _  ganmacalkeveblis amZravi; 11 _ Camamiwebeli  

danebis amZravi; 12 _ milisebri sawevari; 

13 _ Camamiwebeli danebi 

ganmacalkeveblebi mzaddeba 35,110 da 220 kv Zabvebze. igi 

warmoadgens orsvetian aparats (nax. 1.15) danebis horizontalur 

sibrtyeSi mobrunebiT. saizolacio svetebi dayenebulia cokolSi 

CaSenebul sakisrebze. saizolacio svetebis zeda nawilSi 
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damagrebulia mTavari sakontaqto danebi. erT danaze dayenebulia 

sakontaqto lamelebi (firfitebi). sakontaqto gamomyvanebi  

SeerTebulia mTavar sakontaqto danebTan spilenZis lentisagan 

damzadebuli moqnili kavSiriT. ganmacalkeveblis CarTvis dros danis 

bolo Sedis lamelis kontaqtSi, romelic damagrebulia mopirdapire 

danis boloze.  

ganmacalkeveblis amorTva xdeba svetebs Soris moTavsebul 

sawevarze dayenebuli da zemodan damcavi garsacmiT damagrebuli ori 

zambaris SekumSvisas dagrovili energiis xarjze. gamomrTveli 

zambarebis mopirdapire mxares svetebs Soris moTavsebul sawevarze 

dayenebulia rezinis buferi, romelic moqmedebs ganmacalkeveblis 

moZravi nawilebis gaCerebis momentSi. ganmacalkeveblis CarTvisaTvis 

amZravidan dawola gadaecema berketebis sistemis saSualebiT. misi 

CarTva xdeba xeliT, mosaxsneli saxeluriT. saxeluri mobrunebuli 

unda iqnes saaTis isris moZraobis sawinaaRmdego mimarTulebiT 35_40 

bruniT. ganmacalkeveblis amorTva xdeba distanciurad an 

avtomaturad. 

zogierTi konstruqciis ganmacalkeveblebSi gaTvaliswinebulia 

Camiwebis danebi. aseT konstruqciebSi mTavari da Camiwebis danebis 

arasworad CarTvis Tavidan acilebis mizniT gaTvaliswinebulia 

meqanikuri blokireba. 

 

1.13. gamTiSebis, mokledSemrTvelebisa da 

 ganmacalkeveblebis diagnostika 

 

diagnostikis dros pirvel rigSi tardeba garegani daT-

valiereba, sadac yuradReba unda mieqces kontaqturi SeerTebisa da 

aparatebis izolaciis mdgomareobas. kontaqturi SeerTebebi 

warmoadgens gamTiSebisa da ganmacalkeveblebis yvelaze 

sapasuxixmgeblo da sust nawils. gaWuWyianebis, daJangvisa da susti 

moWeris dros kontaqtebi SeiZleba ara mxolod gadaxurdes, aramed 

daiwvas kidec. gaxurebis niSnebis SemCnevisas swarmoebs gaxurebis 

temperaturis Semowmeba. Tu gaxurebis temperatura aWarbebs 

dasaSvebs, maSin gamTiSebi saWiroa garemontdes. 
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gamTiSebis, ganmacalkeveblebisa da mokledSemrTvelebis 

izolatorebis zedapirebi unda iyos sufTa. gaWuWyianebuli 

zedapirebi uamindobis pirobebSi iwveven izolatorebis gadafarvas. 

daTvalierebisas yuradReba unda mieqces, rom izolatorebs ar 

gaaCndeT grZivi da rgoluri bzarebi, agreTve dazianebebi armaturaSi 

da cementis nakerebSi. zedapiruli defeqtis SemCnevisa, romlebic 

amcireben izolatoris meqanikur da dieleqtrikul simtkices, aparati 

unda gamoviyvanoT saremontod. 

mokledSemrTvelis amuSavebis Semdeg qvesadguris daTvalierebis 

dros yuradReba unda mieqces ara marto transformatorebis 

mdgomareobas, aramed TviT mokledSemrTvelis sawevarebisa da 

maizolirebeli Casmebis mTlianobas, romelTa dazianeba warmoadgens 

mokledSemrTvelis TviTneburad CarT-vis ZiriTad mizezs. 

ganmacalkeveblebisa da mokledSemrTvelebis muSaobaSi 

mtyunebani xSirad xdeba amZravis meqanizmebis uwesivrobebis, 

gaWuWyianebisa da gaxexvis, marTvisa da blokirebis wredebSi 

defeqtebis gamo. amitom amZravebis momsaxureobis dros  unda 

Catardes dawvrilebiTi daTvaliereba. 

garegani daTvalierebis Semdeg unda moxdes organuli 

masalisagan damzadebuli sawevarebis izolaciis winaRobis gazomva 

2500 v megaommetriT. izolaciis winaRobebi unda iyos aranakleb 

cxrili 1.5-Si moyvanili mniSvnelobebisa. 

unda gaizomos erT- an mravalelementiani svetebis TiToeuli 

izolatoris winaRoba. igi unda iyos aranakleb 300 momi. amis Semdeg 

unda Catardes izolatoris gamocda samrewvelo sixSiris  aweuli 

ZabviT. keramikuli izolatorebis gamocdis dro 1 wuTia, xolo myari 

organuli masalisagan damzadebuli izolatorebisa – 5 wuTi. 

sayrden-Rerovani izolatorebis eleqtruli simtkice Zalian maRalia, 

amitom maTi eleqtruli  gamocda aucilebeli ar aris, xolo 

meqanikuri simtkice 35-220 kv Zabvis gamTiSebisa da ganmacalkeveblebi-

saTvis mowmdeba Runvaze.Mmravalelementiani manWvalisebri izo-

latoris TiToeul elementze modebuli unda iqnes 50 kv Zabva 1 

wuTis ganmavlobaSi. 

     cxrili 1.5 

Nnominaluri Zabva, kv 3-10 15-150 220 da meti 
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izolaciis winaRoba, momi 1000 3000 5000 

 

kontaqtebis regulirebis xarisxi gamTiSebisa da ganma-

calkeveblebisaTvis 110 kv da zeviT Zabvaze, agreTve gamTiSebisaTvis 

nominaluri deniT 1000 a da zeviT nebismier Zabvaze mowmdeba mudmivi 

deniT winaRobis gazomviT. winaRobebis mniSvnelobebi unda iyos 

araumetes qvemoT moyvanil cxrili 1.6-Si naCvenebisa.         

                                                     cxrili 1.6 

Nnominaluri deni, a Kkontaqtebis winaRoba, mkomi 

600 175 

1000 120 

2000 50 

  

UdinamometriT unda Semowmdes gamTiSebisa da ganmacalke-

veblebis moZravi danis gamowevis Zalva. dinamometri unda movdoT 

sakontaqto wertilSi. gazomvis Sedegad miiReba Zalva, romlis 

drosac moZravi kontaqti gamodis uZravidan. araswori Sedegis 

Tavidan asacilebis mizniT, gamTiSis konstruqciisa da dayenebidan 

gamomdinare, Zala unda moedos mkacrad horizontalurad an 

vertikalurad. Zalvis minimaluri mniSvnelobebi moyvanilia cxrili 

1.7-Si.  

 

cxrili 1.7 

Nnominaluri deni, amperi 400-600 1000-2000 3000 

Ggamowevis Zalva, niutoni 196 392 784 

 

regulirebis sisworis SefasebisaTvis mokledSemrTvelebSi 

eleqtronuli wammzomiT awarmoeben moZravi nawilebis moZraobis 

drois gazomvas CarTvisas, xolo ganmacalkeveblebSi – amorTvisas. 

Ggazomvis monacemebi unda Sedardes saqarxno monacemebs an dasaSveb 

normebs. 

gamTiSebis, mokledSemrTvelebisa da ganmacalkeveblebis 

saboloo SefasebisaTvis, romelTac gaaCniaT eleqtruli amZravi 

awarmoeben mravaljerad CarTvasa da gamorTvas operatiuli denis 

normaluri Zabvisa da misi 80, 90 da 110%-is dros. 
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1.14. ganmmuxtvelebi 

 

ganmmuxtvelebi gamoiyeneba Weqa-quxilisa da eleqtruli 

wredebis dros warmoSobili gadaZabvebis SezRudvis mizniT, romlebic 

zemoqmedeben eleqtro gadacemis xazis izolaciaze an 

eleqtrosadguris mowyobilobaze. 

ganmmuxtvelebi aris ori saxis: ventiluri da milisebri. 

ventiluri ganmmuxtvelebi gamoiyeneba eleqtrodanadgarebis 

mowyobilobebis  eleqtruli wredebis komutaciisa da Weqa-quxilis 

dros warmoSobili gadaZabvebis SezRudvis mizniT.  

ganmmuxtvelis damcavi moqmedeba ganpirobebulia imiT, rom 

izolaciisaTvis saSiSi gadaZabvis gamovlenisTanave moxdeba 

ganmmuxtvelis sanaperwklo Sualedis garRveva, xolo ganmmuxtvelis 

gavliT gamavali impulsuri deni muSa winaRobis arawrfivobis gamo 

ar Seqmnis izolaciisaTvis saSiS Zabvas. 

Tavisi daniSnulebis mixedviT ventiluri ganmmuxtvelebi iyofa: 

eleqtromowyobilobis atmosferuli gadaZabvebisagan damcavi; 

manqanebisa da mowyobilobebis atmosferuli da xanmokle Siga 

gadaZabvebisagan damcavi da wevis eleqtromowyobilobebis 

gadaZabvebisagan damcavi. nax. 1.17.a-ze WrilSi mocemulia PBO_10 tipis 

ventiluri ganmmuxtveli, nax. 1.17.b-ze misi foto, xolo nax. 1.17.g-ze 

satransformatoro qvesadgurze damontaJebuli saxiT. imisi volt-

amperuli maxasiaTebeli. 
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nax.1.17. PBO -10 tipis ventiluri ganmmuxtveli. WrilSi (a), foto (b) da 

damontaJebul mdgomareobaSi (g). 1 _ Semyvani; 2 _ rezinis safeni; 3 _ 

zambara; 4 _ bakelitis cilindri; 5 – Teqis safenebi; 

6 _ vilitis diskoebi; 7 _ faifuris safari; 8 _ diafragma; 

9 – Camamiwebeli sarWebi; 10 _  metalis segmenti; 11 – samagri caluRi; 12 _ 

ganmmuxtvelis sanaperwklo Sualedi; 13 _ xufi 

 

ganmmuxtveli Sedgeba ori ZiriTadi kvanZisgan: sanaperwklo 

Sualedis blokisagan da vilitis diskoebis svetisagan (muSa 

winaRoba), romlebic moTavsebulia ozonomedegi reziniT 

SemWidroebulHhermetuli faifuris korpusSi. mravaljeradi sahaero 

Sualedi Sedgeba ramdenime mimdevrobiT SeerTebuli erTeuli 

Sualedebisagan, romlebic moTavsebulia qaRald-bakelitis budeSi. 

TiToeuli sahaero Sualedi Sedgeba ori figuruli sayelurisagan, 

romelTa Soris moTavsebulia mikanitis rgolebi. sahaero Sualedebis 

mTeli bloki moTavsebulia korpusis zeda nawilSi da daWerilia spi-

raluri zambariT. muSa winaRoba Sedgeba vilitis diskoebis 

nakrebisagan, romlebic erTmaneTTan CarTulia mimdevrobiT da 

gaaCniaT ventiluri Tvisebebi: Mmodebuli Zabvis gazrdiT vilitis 
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gamtaroba mkveTrad izrdeba xolo Zabvis SemcirebiT – mkveTrad 

mcirdeba. ganmmuxtvelis Semyvans aqvs specialuri yuri WanWikiT mis 

Camosakideblad, xolo myarad dasamagreblad gamoyeneba 

metalokonstruqciis caluRi. maRali Zabvis xazis fazis gamtari 

firfitis gavliT sahaero SualedTan SeerTebulia zemodan, xolo 

Camamiwebeli gamtari uSualod an muSa winaRobasTan eleqtruli 

kontaqtis mqone  amuSavebis registratoris gavliT – qvemodan. 

normalur reJimSi sahaero Sualedebi qselisagan gamoyofilia 

muSa winaRobiT. gadaZabvebis aRZvrisas sahaero Sualedebi gairRveva 

da qseli SeerTdeba miwasTan vilitis winaRobis gavliT. sahaero 

Sualedis garRvevis pirvel momentSi vilitis diskoebze modebuli 

iqneba maqsimaluri gadaZabva da am dros maTi gamtaroba iqneb 

udidesi. miwasTan ganmuxtvis Sedegad qselis Zabva mcirdeba da 

diskoebis gamtarobac mcirdeba. 

vilitis rezistoris tipiuri volt-amperuli maxasiaTebeli 

mocemulia nax. 1.18.a-ze. mcire denebis dros winaRoba didia da denis 

zrdiT Zabva wrfivad izrdeba (ubani A). didi denebis dros winaRoba 

mkveTrad mcirdeba da Zabva TiTqmis ar izrdeba (ubani B). 

nax.1.18. b-ze naCvenebia denis mrudebi muSa rezistorSi. muSa 

rezistoris arawrfivobis gamo mcirdeba Zabva. denis nulTan misvlis 

siCqaris Semcireba denis nulovani mniSvnelobis areSi amcirebs rkalis 

simZlavres. yvelaferi es amsubuqebs  eleqtrodebs Soris rkalis 

qrobis process. 

  
                  a)                                b) 
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nax. 1.18.  PBC -10 tipis ventiluri ganmmuxtvelis volt-amperuli 

maxasiaTebeli. 1 _ 50 hc sixSiris wyaros Zabva; 2 _ induqciuri winaRobiT 

gansazRvruli denis mrudi; 3 _ muSa winaRobiT gansazRvruli denis mrudi 

   G  

muSa rezistorebi mzaddeba 0,1_0,15 m diametrisa da 20_60 mm 

sisqis diskos saxiT, romlebic erTmaneTTan myarad dakavSirebulia 

Txevadi miniT. gamrRvevi Zabvis Semcirebis mizniT diskoebis ricxvi 

SeiZleba Semcirdes. denis gavlis dros diskoebis temperatura 

imatebs. Ddidi amplitudisa da mcire (aTeuli mikrowami) 

xangrZlivobis impulsuri denebis gavlis dros rezistorebi ver 

aswreben gaxurebas maRal temperaturamde. samrewvelo sixSiris mcire 

denebis xangrZlivad gavlisas  rezistorebis temperaturam SeiZleba 

gadaaWarbos dasaSveb sidides, diskoebi kargaven Tavis ventilur 

Tvisebebs da ganmmuxtveli gamodis mwyobridan. 100 mm diametris 

diskos denis impulsis dasaSvebi amplituda aris 10 ka 40 mkwm 

xangrZlivobiT. impulsuri denis gavlis Semdeg ganmmuxtvelSi iwyebs 

gavlas samrewvelo sixSiris Tanmxlebi deni. am denis nulovan 

mniSvnelobasTan miaxloebisas vilitis winaRoba mkveTrad izrdeba da 

ganmmuxtveli mzad aris Semdgomi muSaobisaTvis. 

 

1.15.Mmilisebri ganmmuxtvelebi 

 

milisebri ganmmuxtvelebi gamoiyeneba maRali Zabvis xazebisa da 

3 dan 110 kv-mde Zabvis eleqtrosadgurebisa da qvesadgurebis 

eleqtromowyobilobebis izolaciis gadaZabvebisagan dacvis mizniT, 

agreTve eleqtrogadacemis xazebis Sesustebul adgilebsa da 

qvesadgurebis misadgomebTan. 

eleqtrogadacemis xazebis dengamtar nawilebTan milisebri 

ganmmuxtvelebis CarTva xdeba gare sanaperwklo SualediT. Mmilisebri 

ganmmuxtvelebi, rogorc wesi, uzrunvelyofen 7_8 warmatebul 

amoqmedebas, ris Semdegac igi unda Seicvalos. nax. 1.19-ze mocemulia 

РТВ-10-0, 5/2, 5 У1 tipis milisebri ganmmuxtvelis Wrili da saerTo 

saxe. 
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                   a)                            b) 

 

Nnax.1.19. milisebri ganmmuxtveli WrilSi (a) da saerTo saxe (b).  

1 _Mmetalis eleqtrodebi; 2 – viniplastis mili; 3 _ metalis daboloeba; 4 

_ momWeri 

 

РТВ-10-0, 5/2, 5 У1 tipis Gganmmuxtveli konstruqciulad 

warmoadgens viniplastis milSi (2) moTavsebuli metalis ori 

eleqtrodis (1) mier Sedgenil daxurul sanaperwklo Sualedebian 

aparats. erTi eleqtrodis bolo momWeris (4) saSualebiT 

SeerTebulia Ria daboloebasTan. ganmmuxtvelebis damagreba 

xorcieldeba caluRebis daxmarebiT. 

normaluri muSaobis dros milisebri ganmmuxtveli gamoyofilia 

xazisagan sahaero SualediT. gadaZabvebis gaCenis dros gairRveva 

sanaperwklo Sualedebi da impulsuri deni gadava miwaSi. impulsuri 

denis gavlis Semdeg ganmmuxtvelSi miedineba samrewvelo sixSiris 

Tanmxlebi deni. armagenerirebeli masalisagan damzadebuli garsakris 

viwro arxSi eleqtrodebs Soris arsebul SualedSi ainTeba rkali. 

garsakris SigniT aiwevs wneva. Warmoqmnili airebs SeuZliaT 

gamovidnen rgolur eleqtrodSi arsebuli xvreliT, rodesac deni mi-

aRwevs nulovan mniSvnelobas ganmmuxtvelidan gamomavali airebiT 

Siga sanaperwklo Sualedis gavliT moxdeba rkalis Caqroba. 

Camamiwebel eleqtrods gaaCnia buferuli moculoba, sadac grovdeba 

SekumSuli airis potencialuri energia. denis nulovani mniSvnelobis 

dros buferuli moculobidan xdeba haeris daberva, rac xels uwyobs 

rkalis efeqtur Caqrobas. 
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samrewvelo sixSiris zRvrulad dasaSvebi gamorTvis denis 

mniSvneloba ganisazRvreba garsakris meqanikuri simtkiciT da 

fibrobakelitis garsakrisaTvis Seadgens 10 ka, xolo viniplastis 

garsakrisaTvis _ 20 ka. 50 hc sixSiris Tanmxlebi denis mniSvneloba 

damokidebulia ganmmuxtvelis ganlagebis adgilze da energosistemis 

muSaobis reJimidan gamomdinare icvleba farTo diapazonSi. amitom 

saWiroa ganmmuxtvelis dayenebis adgilze cnobili iyos mokled 

SerTvis denebis minimaluri da maqsimaluri mniSvneloba. 

ganmmuxtvelis minimaluri deni ganisazRvreba milis qrobiTi unariT. 

rac ufro naklebia gamosabolqvi arxis diametri da rac ufro metia 

misi sigrZe, miT ufro naklebia gaTiSvis denis qveda zRvari. amasTanave 

didi denebis dros milSi aRiZvreba maRali wneva, amitom arasakmarisi 

meqanikuri simtkicis milis dros SeiZleba moxdes ganmmuxtvelis 

daSla. dReisaTvis gamoSvebulia maRali simtkicis viniplastis 

ganmmuxtvelebi 20 ka-mde gamorTvis deniT. 

milisebri ganmmuxtvelebis muSaobas Tan axlavs Zlieri xmovani 

efeqti airebis gamotyorcniT. airebis gamotyorcnis zonas aqvs 

konusis forma diametriT 3,5 da simaRliT 2,2 m, amitom ganmmuxtvelis 

ganlagebisas saWiroa am zonaSi ar moxvdnen maRali potencialis 

mqone elementebi. 

 

1.16. ventiluri ganmmuxtvelebis  diagnostika 

   

ventiluri ganmmuxtvelebis daTvalierebisas yuradReba unda 

mieqces faifuris safaris, saarmaturo nakerebisa da rezinis 

SemamWidroeblis mTlianobas. safari yovelTvis unda iyos sufTa, 

radganac ventiluri ganmmuxtvelebi gaTvlili ar aris 

gaWuWyianebuli atmosferos mqone raionebSi samuSaod. safaris 

zedapirze WuWyi amaxinjebs Zabvis ganawilebas ganmmuxtvelis garSemo, 

ramac SeiZleba gamoiwvios ganmmuxtvelis gadafarva normaluri muSa 

Zabvis drosac ki.  

Tu miltuCa SeerTebebis WanWikebis Tavebi da qanCebi SeuRebavia, 

maSin miltuCas saxuravebis zedapirze SeiZleba gamoCndes Jangis 

naRvenTi, romelic Seqmnis denis gatarebis gzas, ramac SeiZleba 
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migviyvanos ganmmuxtvelis zedapiris gadafarvamde. aseTi 

ganmmuxtvelebi unda gamoirTos da maTi zedapiri unda gaiwmindos. 

saSiSroebas warmoadgens ganmmuxtvelis garSemo maRali balaxi, 

romelmac SeiZleba daaSuntos misi qveda elementebi. ganmmuxtvelis 

izolaciis gaWuWyianebis SemTxvevaSi igi unda gamoirTos da gaixexos, 

xolo balaxi moiTibos. balaxis mospobis efeqtur saSualebas 

warmoadgens ganmmuxtvelis dayenebis zonaSi niadagis qimiuri 

damuSaveba. 

eqspluataciis gamocdileba aCvenebs, rom ganmmuxtvelebis SigniT 

SeiZleba iyos dazianebebi: maSuntirebeli rezistorebis wredis 

gawyveta, mimdevrobiT SeerTebuli rezistorebis diskoebis 

danestianeba da sxva. aseTi saxis dazianebebi Cveulebriv vlindeba 

profilaqtikuri gamocdebisas. 

amavdroulad, ganmmuxtvelis SigniT dazianebis procesis 

ganviTarebis dros SeiZleba aRiZras ganmmuxtvelebisaTvis 

aradamaxasiaTebeli xmauri, romlebic SeiZleba SemCneuli iqnas 

mosmeniT. 

ganmmuxtvelebze yvela saxis samuSaoebi Catarebuli unda iqnes 

kibe-pwkalidan. misadgmeli kibis gamoyenebam SeiZleba gamoiwvios 

faifuris saxuravis gatexva. 

ganmmuxtvelis mierTebebis Camiweba unda moxdes stacionaruli 

CamamiwebliT, xolo misi arqonis SemTxvevaSi ganmmuxtvelis axlos 

dayenebuli gadasatani CamamiwebliT. 

ventiluri ganmmuxtvelebis izolaciis saerTo da calkeuli 

elementis winaRobis gazomva unda moxdes 2500 v megaommetriT. PBП 

seriis ganmmuxtvelis saerTo winaRoba unda iyos aranakleb 5000 momi. 

PBC seriis ganmmuxtveli aiwyoba calkeuli elementebisagan 

svetis saxiT. Zabvis SedarebiT Tanabari ganawilebis mizniT 

rekomendirebulia ganmmuxtvelis awyoba erTi jgufis elementebisagan. 

naklebi winaRobis elementebi unda ganlagdes Zabvis qveS myof 

sadenTan (saltesTan) axlos, xolo didi winaRobis elementi – 

fundamentis FfilasTan axlos.  

PBC seriis ganmmuxtvelis calkeuli elementebis winaRobebi 

iyofa eqvs jgufad. TiToeuli jgufis winaRoba megaomebSi mocemulia 

cxrili 1.8-Si. 
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cxrili 1.8 

jgufis nomeri PBC -33 PBC -20 PBC - 15 

0 480 - 615 240 - 315 160 - 215 

1 615 - 810 315 - 415 215 - 285 

2 810 - 1100 415 - 550 285 - 385 

3 1100 - 1450 550 - 785 385 - 515 

4 1450 - 1850 785 - 965 515 - 675 

5 1850 - 2450 965 - 1265 675 - 885 

  

PBM – 6, PBM – 10, PBM – 15, PBM – 20  tipis ganmmuxtvelebi 

Sedgebian erTi ZiriTadi elementisagan da aqvT winaRobis 

mniSvnelobebi megaomebSi Semdegi sazRvrebSi; PBM – 6 -100 – 250 momi; 

PBM – 10 -170- 550 momi; PBM – 15 - 600 – 2000 momi, PBM – 20 - 1000 - 

10000  momi. PBM – 35 tipis ganmmuxtveli Sesdgeba ori ZiriTadi 

elementisagan winaRobiT 600–2000 momi;  PBMГ -110 tipis ganmmuxtveli 

Sesdgeba sami PBMГ – 150 - oTxi, PBMГ – 220- eqvsi, PBMГ – 330 - rva, 

PBMГ – 400 - aTi, PBMГ – 500 – Tormeti ZiriTadi elementebisagan 

winaRobiT 400–2500 momi (jgufebis mixedviT: pirveli – 400 – 700 

momi, meore – 700 – 1000 momi, mesame  - 1000 1500 momi, meoTxe – 1500 

– 2500 momi). 

kombinirebuli ganmmuxtvelebi Sesdgebian: PBMK – 330 П -17 

elementisagan (11 ZiriTadi, 3 ventiluri, 3 sanaperwklo); PBMK – 

400П  - 21 elementisagan  (13 ZiriTadi, 4 ventiluri, 4 sanaperwklo), 

PBM K– 500 – 27 elementisagan (17 ZiriTadi, 5 ventiluri, 5 

sanaperwklo). am ganmmuxtvelebis ventiluri elementebis winaRobebia 

(5_55) X 10-3 momi, sanaperwklo elementebis - 300 – 1600 momi, 

ZiriTadi  elementebis – 120 – 500 momi (pirveli jgufi - 120 – 250 

momi, meore jgufi - 250 – 350 momi, mesame jgufi – 350 – 500 momi). 

ganmmuxtvelebis gamtarobis (gaJonvis) denis mniSvnelobis 

gazomva  warmoebs nax. 1.20-ze warmodgenili sqemiT. 

ventiluri ganmmuxtvelebis gamtarobis denebi damokidebulia 

kvebis wyaros Zabvaze, amitom gamtarobis denebis gazomvis dros 

gamarTuli Zabvis kontroli unda vawarmooT maRali Zabvis mxridan 

kilovoltmetriT an gavzomoT gamtarobis denebi mocemuli tipis 

ganmmuxtvelebisaTvis dagraduirebuli etalonuri elementis 
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daxmarebiT. amisaTvis gamtarobis denebis gazomvis sqemaSi gamosacdeli 

ganmmuxtvelis magier Cadgamen etalonur elements (CH-2), 

maregulirebeli mowyobilobis daxmarebiT zrdian gamosacdel Zabvas 

im mniSvnelobamde, romlis drosac gamtarobis deni tolia mocemuli 

tipis ganmmuxtvelis gamtarobis denis saSualo normirebuli 

mniSvnelobisa. Semdeg sqemaSi etalonuri elementis magier Cadgamen 

gamosacdel ganmmuxtvels da gazomaven misi gamtarobis dens imave 

sacdel Zabvaze. Tu am dros gamtarobis deni Seesabameba normas, maSin 

ganmmuxtvelis elementi akmayofilebs moTxovnebs. etalonuri 

elementis dagraduireba TiToeuli tipis ganmmuxtvelisaTvis warmoebs 

cal-calke. 

 
nax. 1.20.  ganmmuxtvelis gamtarobis denis gazomvis sqema. R1 – damcavi 

rezistori; at – avtotransformatori; tr – gamosacdeli transformatori; 

V1 – voltmetri; D- gammarTveli; R2 – denSemzRudi rezistori; R3 – 

damatebiTi rezistori arawrfivi voltamperuli maxasiaTebliT; C – 

gamasworebeli kondensatori; FV – gamosacdeli ganmmuxtveli; A1 da A2 – 

mikroampermetrebi; V2 – kilovoltmetri V1 voltmetris 

dagraduirebisaTvis;  R2 _ denSemzRudi rezistoris winaRoba (komi) airCeva 

pirobidan R2 ≥ Ugamosacd. (kv)/0,1 

 

gamrRvevi Zabvisa da gamtarobis denis mniSvnelobebi mocemulia 

ganmmuxtvelebis sapasporto monacemebSi.   

 

1.17. gadaZabvebis arawrfivi SemzRudvelebi 
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gadaZabvebis arawrfivi SemzRudvelebi (nax. 1.21) miekuTvneba 

maRali Zabvis aparatebs da gamoiyeneba eleqtromowyobilobebis 

yvela saxis gadaZabvebisagan dacvis mizniT, romlebic SeiZleba 

aRiZras samrewvelo sixSiris cvladi denis saSualo da maRali 

klasis Zabvebis eleqtrul qselebSi. es aparatebi xasiaTdebian kargi 

saeqspluatacio TvisebebiTa da saimedobiT. ventiluri 

ganmmuxtvelebisagan gansxvavebiT maT ar gaaCniaT sanaperwklo 

Sualedebi. 

am SemzRudvelebis moqmedebis principi damyarebulia TuTiis 

Jangis arawrfivi voltamperuli maxasiaTeblis gamoyenebaze. 

SemzRudvelze nominaluri Zabvis modebis dros masSi gamaval dens 

aqvs tevadobiTi xasiaTi da Zalian mcirea. gadaZabvebis aRZvris dros 

SemzRudvelSi gamavali deni zvaviseburad izrdeba da SeiZleba 

miaRwios ramdenime aTas ampers. denis impulsis gavlis Semdeg, 

romelic ganpirobebulia SemzRudvelze Zabvis gazrdiT, misi 

izolacia aRsdgeba da gamavali deni daubrundeba Tavis nominalur 

aTeulobiT mikroamper mniSvnelobas. nax. 1.21-ze mocemulia ОПН/ТЕL-

35,110, xolo nax.1.22-ze _ ОПН 27-220  tipis gadaZabvis arawfivi 

SemzRudveli WrilSi da saerTo saxiT. 
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                  a)                                   b) 

nax. 1.21. ОПН/ТЕL-35,110  tipis gadaZabvis arawrfivi SemzRudveli WrilSi (a) 

da saerTo saxe (b): 1 da 4 _ eleqtrodi; 
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2 _ rezistori; 3 _ saizolacio korpusi 

ОПН/ТЕL-35,110  tipis gadaZabvis arawfivi SemzRudveli 

gamoSvebulia rogorc Siga, aseve gare dayenebisaTvis, xolo ОПН 27-

220 – mxolod gare dayenebisaTvis. SemzRudvelebs aqvT erTnairi 

konstruqcia da erTmaneTisgan gansxvavdebian mxolod saizolacio 

korpusis sigrZiT. isini warmoadgenen sayrdeni tipis vertikaluri 

dayenebis aparatebs. mtkice minaepoqsidis cilindri, romlis SigniTac 

moTavsebulia mimdevrobiT SeerTebuli rezistorebi, uzrunvelyofs 

moTxovnil meqanikur Tvisebebs. metalis miltuCa da silikonis izola-

cia erTdroulad qmnian rogorc gare saizolacio zedapirs, aseve 

rezistorebis svetis Siga izolacias, romelic gansazRvravs 

SemzRudvelis saizolacio Tvisebebs. 
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                a)                                   b) 

nax. 1.22. ОПН 27-220 tipis gadaZabvis arawrfivi SemzRudveli WrilSi (a) da 

saerTo saxe (b): 1 – zeda miltuCa; 2 _ gare izolacia; 

3 _ minaepoqsidis cilindri; 4 da 11 _ damcavi mowyobiloba; 
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5 _ gamonabolqvis mimarTulebis markeri; 6 _ samagri WanWiki; 

7 – Camiwebis WanWiki;  8 _ qveda miltuCa; 9 _ rezistori; 

10 _ Siga izolacia; 12 – sakontaqto momWeri 

gadaZabvis arawrfivi SemzRudvelebi, romlebmac unda Secvalon 

ventiluri ganmmuxtvelebi, SeiZleba dayenebuli iqnes maTTan erTad 

erT eleqtrodanadgarze. amitom gadaZabvebisagan dacvis sistemis 

rekonstruqcia SeiZleba moxdes TandaTanobiT. 

gadaZabvebis arawrfivi SemzRudvelebis upiratesobebia: 

- konstruqciis simartive da maRali saimedoba; 

- ganmmuxtvelebTan SedarebiT gadaZabvebis ufro Rrma 

SezRudva; 

- saizolacio korpusis gare gaWuWyianebisadmi medegoba; 

- Sinagani gadaZabvis SezRudvis unari; 

- polimerul korpusiani SemzRudvelebis didi 

feTqebadusafrTxoeba; 

- ganmmuxtvelebTan SedarebiT mcire masa da gabaritebi; 

- SeiZleba gamoyenebul iqnes mudmivi denis qselebSi. 

SemzRudvelebi airCeva misi dayenebis adgilze cxrili 1.9-Si 

mocemuli muSa Zabvebis mixedviT. 

cxrili 1.9  

eleqtromo-

wyobilobis 

Zabvis 

klasi, kv 

eleqtromo-

wyobilobis 

udidesi muSa 

Zabva, kv 

eleqtruli  

qselis nomina-

luri Zabva, kv 

el.qselis udidesi 

xangrZlivad dasa-

Svebi Zabva, kv 

6 7,2 6,0 6,9 

6 7,2 6,9 7,2 

10 12 10,0 11,5 

10 12 11,0 12,0 

27 30 27,0 30,0 

35 40,5 35,0 40,5 

                             

gadaZabvebis SemzRudveli arCeuli unda iqnes eleqtro-

mowyobilobis udidesi muSa Zabvis mixedviT. Semdeg mxedvelobaSi 

miRebuli unda iqnes miwasTan erTfaza mokled SerTvis deni da misi 

xangrZlivoba, gadaZabvebis savaraudo saxeebi, Sinagani gadaZabvebis 

jeradoba, qselis struqtura da misi elementebis maxasiaTeblebi.  
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Zalovani transformatorebis Weqa-quxilis dros warmoSobili 

gadaZabvebisagan dasacavad SemzRudvelebi dayenebuli unda iqnes 

sakomutacio aparatamde da transformatoris Semyvanidan qvesadguris 

Camamiwebel mowyobilobasTan mierTebuli unda iqnes umoklesi gziT  

(nax.1.23). 

transformatorTan erTad 

erT ujredSi dayenebis dros 

rekomendirebulia SemzRudveli 

dayendes mcvelebamde, rom 

impulsuri denis gavlis dros 

Tavidan aviciloT mcvelebis 

gadawva. 

SemzRudveli, rogorc wesi, 

dasacav mowyobilobasTan 

mierTebulia paralelurad 

“faza_miwa” sqemiT, amasTanave, 

SemzRudvelis mierTeba Camiwebis 

saltesTan xorcieldeba xistad 

qanCis saSualebiT, xolo fazur 

saltesTan – umoklesi gziT, ara-

nakleb 6mm2 ganivkveTis  erTZar-

Rviani spilenZis  sadeniT an 

aranakleb 16 mm2  ganivkveTis 

aluminis sadeniT. 

eqspluataciis procesSi SemzRudvelebi ar eqvemdebarebian 

remonts da mTeli muSaobis periodSi ar moiTxoven  aweuli ZabviT 

profilaqtikur gamocdebs. SemzRudvelis muSaobis normatiuli 

xangrZlivobis vadaa 25 weli, xolo eqspluataciis sagarantio vadaa 

5 weli. 

 

 

1.18. gadaZabvebis arawrfivi SemzRudvelebis diagnostika 

 

gadaZabvebis arawrfivi SemzRudvelebis diagnostika mcired 

gansxvavdeba ganmmuxtvelebis diagnostikisagan. 

 

nax.1.23. gadaZabvebis 

SemzRudvelis 

dayeneba transformatorze 
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pirvel rigSi tardeba garegani daTvaliereba ventiluri 

ganmmuxtvelebis msgavsad. Semdeg 2500 v megaommetriT izomeba 

izolaciis winaRoba da gamtarobis deni. elementis izolaciis 

winaRoba unda iyos aranakleb 7000 momi.  

sanaperwklo Sualedis ar arsebobis gamo normalur reJimSi 

rezistorSi yovelTvis gadis mcire sididis gamtarobis deni, rac 

iwvevs TuTiis oqsidis keramikis daZvelebas. amitom eqspluataciis 

dros sistematiurad unda Semowmdes gamtarobis denis mniSvnelobebi 

da ar davuSvaT misi gazrda im mniSvnelobamde, romelic gamoiwvevs 

rezistorebis Tbur garRvevasa da mwyobridan gamosvlas. 

gamtarobis denis mniSvnelobas zomaven samrewvelo sixSiris 

Zabvaze nax. 1.24-ze moyvanili sqemiT. 

 
nax.1.24. gadaZabvebis SemzRudvelis gamtarobis denis gazomvis sqema muSa 

Zabvis qveS. 1 _ gadaZabvebis SemzRudveli; 2 _ Camiwebis dana; 

3 _ amuSavebis registratori; 4 _ damcavi arawrfivi rezistori; 5 da 7 – 

rezistorebi МЛТ -2, 15 komi; 6 _ ganmmuxtveli P-350; 8 _ cvladi denis 

miliampermetri; 9 _ mudmivi denis miliampermetri; 

10 – diodi 10 ma denze. AB- gasazomi sqemis CasarTavi momWerebi 

gamosacdeli Zabva ОПН-110 tipis SemzRudvelebisaTvis Seadgens 

73 kv, xolo yvela danarCeni tipisaTvis _ 75_100 kv. gamtarobis deni 

ar unda aRematebodes sapasporto monacemebs 20%-ze metad, 

praqtikulad _ 1 ma-s. udidesi dasaSvebi gamtarobis denis 

mniSvnelobebi SemzRudvelis tipebis mixedviT moyvanilia  cxrili 1.7-

Si. 
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cxrili 1.7 

SemzRudveli tipi ОПН- 110 ОПН- 150 ОПН -220 ОПН -330 

Ddeni, ma 1,5 1,5 1,8 3,0 

ОПН_500 da ОПНИ–500 tipis SemzRudvelebis gamtarobis denis 

mniSvnelobebi 75 kv Zabvis dros unda iyos 0,5_0,8 ma, xolo 100 kv 

Zabvisas 0,7_1,0 ma. 

   

1.19. izolatoris mdgomareobis kontrolis xelsawyoebi 

    

faifuris sayrden-Rerovani izolatorebis meqanikuri 

mdgomareobis, eleqtrul aparatebSi, eleqtruli sadgurebisa da 

qvesadgurebis gamanawilebel mowyobilobebSi, kompleqturi 

gamanawilebeli mowyobilobebSi dengamtari nawilebis izolaciisa da 

damagrebisaTvis gamoyenebuli faifuris sayrden-Rerovani 

izolatorebisa da rezervis izolatorebis  meqanikuri mdgomareobis 

kontrolisaTvis, rogorc Zabvis moxsniT, aseve Zabvis mouxsnelad 

gamoiyeneba mobiluri indikatoruli kompleqsi МИК_1 (nax.1.25). misi 

gamoyeneba SeiZleba nebismier amindSi, garda Weqa-quxilisa – 30 

gradus temperaturamde. 

izolatorebis meqanikuri mdgomareobis kontrolis gan-

xorcielebisaTvis indikators gaaCnia registraciis bloki, romelic 

uzrunvelyofs informaciis gadacemas personalur kompiuterze. 

romelzec gadacemuli informaciis miReba damuSavebisaTvis 

dayenebulia specializirebuli programebis paketi. blokze 

daregistrirebuli informacia gadaecema sakontrolo punqts, sadac 

diagnostikuri maxasiaTeblebis miRebis mizniT muSavdeba specialuri 

programiT da miRebuli Sedegebis analiziT msjeloben izolatoris 

muSa unarianobaze. bloks SeuZlia sakuTar maxsovrobaSi Seinaxos ara-

nakleb 1000 gazomvis Sedegi. 

 

 

 

 

 

 

 

nax. 1.25. mobiluri indika-
toruli kompleqsi  МИК – 1 

  

 

 
nax. 1.26. akustukur-emisiuri 

kontrolis xelsawyo ПАК- 3М 
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sayrden-Rerovani izolatorebis diagnostikis saqmeSi did 

gamoyenebas poulobs agreTve akustikur-emisiuri kontrolis xelsawyo 

ПАК–3М (nax. 1.26). igi warmoadgens kompaqtur, gadasatan, 

indikatoruli tipis, orarxian xelsawyos, romelic iZleva gamTiSis 

polusebis erTdroulad ori izolatoris kontrolis saSualebas. 

xelsawyo iWers, aZlierebs da gadaamuSavebs akustikur-emisiur 

signalebs da cifrul tabloze gamoitans am signalebis aqtivobis 

mimdinare mniSvnelobebs. kontrolis Catarebis Sedegad xelsawyo asa-

xavs izolatorebis akustikur-emisiur maxasiaTeblebs da avtomaturad 

iRebs gadawyvetilebas izolatorebis Semdgomi eqspluataciisaTvis 

vargisianobis Sesaxeb “norma” an “defeqti”.  

akustikur-emisiuri meTodi dafuZnebulia ganviTarebadi bzarebis 

mqone masalaSi generirebuli akustikuri signalebis registraciaze. 

registraciis Sedegad ganisazRvreba bzarebis parametrebi, xolo 

Semdeg maTi raodenoba da nakeTobaSi defeqtebis ganviTarebis xarisxi. 

saSiSi bzarebis ganviTareba, romelsac mivyavarT izolatoris 

texvamde, SeiZleba aRmovaCinoT kaizeris efeqtis daxmarebiT, romelic 

mdgomareobs imaSi, rom kargi xarisxis nakeTobaSi ormagi meqanikuri 

datvirTvisas meore ciklSi akustikur-emisiuri aqtivoba praqtikulad 

nulis tolia, xolo mzardi bzaris arsebobisas – didia. 

sayrden-Rerovani izolatorebis mdgomareobis kontroli 

tardeba Semdegi TanmimdevrobiT: windawin airCeva sacdeli 

datvirTva, romelic toli unda iyos mocemuli tipis izolatoris 

minimaluri damSleli datvirTvis 40%-is an konkretuli pirobebidan 

gamomdinare – cotaTi ufro mcire. gamTiSis polusebis or 

izolatoris zeda miltuCebze amagreben mosaWim mowyobilobas, xolo 
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faifurebze akustikur-emisiur gadamwodebs. abruneben mosaWimi 

mowyobilobis saval xraxns  da izolatorebze moqmed Zalvas zrdian 

dasaSveb mniSvnelobamde. am mniSvnelobas iWeren 60 wm-is 

ganmavlobaSi. Semdeg datvirTvas amcireben arCeul sacdel 

mniSvnelobamde. miRweul mudmiv sacdel datvirTvaze xelsawyo 

analizs ukeTebs jamur akustikur-emisiur aqtivobas da iRebs 

gadawyvetilebas izolatoris vargisianobis Sesaxeb. 

maRali (110 kv) Zabvis  sayrden-Rerovani izolatorebis 

mdgomareobis kontrolis Tanamedrove xelsawyos warmoadgens 

akustikuri kontrolis xelsawyo МЕТАКОН – ЭКСПРЕСС -110 (nax. 

1.27). xelsawyo gamoiyeneba 110 kv Zabvis faifuris sayrden-Rerovani 

izolatirebis operatiuli diagnostikisaTvis. igi saSualebas iZleva 

gamokvleuli iqnas faifuris izolatorebis nebismieri tipi, martivia 

eqspluataciaSi, imarTeba erTi RilakiT, romelic ganlagebulia 

sartyamis saxelurze, ar moiTxovs specialur codnas gamocdis 

CatarebisaTvis. energodamoukidebeli maxsovrobisa da personalur 

kompiuterTan kavSiris interfeisis arseboba saSualebas iZleva 

gamokvlevis aqti miviRoT gamocdis CatarebisTanave. 

 

 
Nnax. 1.27. akustikuri kontrolis xelsawyo  

МЕТАКОН _ ЭКСПРЕСС _110 
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 sxva xelsawyoebTan SedarebiT misi ZiriTadi upiratesobebia: 

xelsawyo vargisia 110 kv Zabvaze gankuTvnili faifuris nebismieri 

tipis sayrden-Rerovani izolatoris gamokvlevisaTvis; SesaZlebelia 

rogorc damontaJebuli, aseve daumontaJebeli izolatorebis 

kontrolisaTvis; xelsawyoSi gamoyenebulia izolatorebis gamocdis 

dautvirTavi meTodi, ris gamoc gamocdis procesSi izolatoris 

simtkice ar mcirdeba; erTi izolatoris sruli gamocdis dro 

mosamzadebeli operaciebis CaTvliT ar aRemateba 5 wT-s; gamocdis 

Sedegebi inaxeba xelsawyos mexsierebaSi, SeiZleba gadacemuli iqnes 

kompiuterze, (rac iZleva saSualebas Tvalyuri vadevnoT TiToeuli 

izolatoris mdgomareobas ramdenime wlis ganmavlo-baSi) da 

daibeWdos aqtis saxiT. 

  

1.20. maRalvoltiani dnobadi mcvelebi 

 

sasoflo eleqtrul danadgarebSi maRal Zabvaze gamoiyeneba 

ПКТ,  ПКН da  ПВТ tipis mcvelebi. 

ПКТ  tipis mcvelebi kvarcis siliT (nax.1.28) mzaddeba 6_35 kv 

Zabvaze da 40–400 a nominalur denze. farTo gavrceleba hpova  ПКТ 

-10 tipis mcvelebma 10 kv Zabvaze, romlebic yendeba 10/0,38 kv Zabvis 

sasoflo satransformatoro qvesadgurebze maRali Zabvis mxares. 

 



 73 

              

 
         

nax.1.28. ПКТ tipis mcvelebi 

M 

nax. 1.29.a-ze naCvenebia ПКТ tipis mcveli damontaJebul 

mdgomareobaSi. cokolze (metalis CarCo) damagrebulia ori sayrdeni 

izolatori. mcvelis masra TiTberis xufebiT Cadgmulia sakontaqto 

mowyobilobaSi da CaWerilia CamketiT. Camketi gaTvaliswinebulia 

imisaTvis, rom mokled SerTvis  dros gamavali didi denebis gamo 

aRZrulma eleqtrodinamiurma Zalvebma masra ar gamoagdos 

sakontaqto mowyobilobidan. Mmcvelebi mzaddeba rogorc Siga, aseve 

gare dayenebisaTvis. aseve mzaddeba specialurad gaZlierebuli mcve-

lebi gamorTvis momatebuli zRvruli simZlavriT.  

mcvelis masra (nax.1.29.b) Sedgeba kvarcis siliT avsebuli 

faifuris milisagan, romelic armirebulia TiTberis xufebiT  da 

saxuraviT. 

dnobad sadgmels amzadeben movercxlili spilenZis mavTulisagan. 

7,5 a-mde nominaluri denis dros gamoiyeneba wibovan keramikul 

gularaze daxveuli ramdenime paraleluri sadgmeli (nax. 1.29.b), 

xolo ufro didi denebis dros gamoiyeneba ramdenime spiraluri 

sadgmeli (nax.1.29.g). 
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                    a)             b)             g) 

nax.1.29. ПКТ -10 tipis mcveli: a _ damontaJebul mdgomareobaSi; 

b _ masra dnobadi sadgmeliT keramikis Zirze 7,5 a-mde nominalur denze; g _ 

masra dnobadi sadgmeliT spiralis saxiT 10–400 a nominalur denze: 1 _ 

sayrdeni izolatori; 2 _ sakontaqto momWeri; 3 – sabjeni; 4 _ sakontaqto 

tuCebi; 5 _ fiqsirebis saketi; 

6 _ masra; 7 _ Ziri; 8 _ saxuravi; 9 _ TiTberis garsakrebi; 

10 _ faifuris mili; 11 _ dnobadi sadgmeli; 12 _ spiraluri dnobadi 

sadgmeli; 13 _ kvarcis sila; 14 _ keramikis fuZe; 

15 _ damxmare dnobadi sadgmeli; 16 _ amuSavebis maCvenebeli 

   

aseTi konstruqcia uzrunvelyofs rkalis kargad qrobas, 

radganac sadgmelebs gaaCniaT mniSvnelovani sigrZe da mcire kveTi. 

sadgmelis Ddnobis temperaturis Sesamcireblad gamoyenebulia 

metalurgiuli efeqti. 

gadaZabvebis Sesamcireblad, romlebic SeiZleba aRiZras rkalis 

swrafad qrobis dros kvarcis marcvlebs Soris arsebul viwro 

arxebSi (xvrelebSi), gamoyenebulia sxvadasxva kveTis sadgmelebi. es 

uzrunvelyofs rkalis qrobis xelovnur gaWianurebas.  
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mcvelis masra germetizirebulia. faifuris milis kvarcis siliT 

avsebis Semdeg saxuravis xvrels guldasmiT miarCilaven. amitom ПКТ 

tipis mcveli uxmaurod muSaobs. mcvelis amuSaveba ganisazRvreba 

maCvenebliT 16, romelic normalur mdgomareobaSi daWimulia milis 

SigniT specialuri foladis sadgmeliT. amave dros SekumSul 

mdgomareobaSi daWerilia zambaraTi. roca mcveli amuSavdeba, muSa 

sadgmelTan erTad gadaiwveba foladis sadgmelic, radgan masSi 

gaivlis mTliani deni. Sedegad maCvenebeli 16 ganTavisufldeba 

zambarisagan  da amovardeba milidan. 

ПКН  (Zveli saxelwodeba ПКТ) tipis mcvelebi (nax. 1.31) 

gamoiyeneba Zabvis mzomi transformatorebis dacvisaTvis. zemoT 

ganxiluli ПКТ tipis mcvelebisagan gansxvavebiT maT aqvT 

konstantanis dnobadi sadgmeli, romelic daxveulia keramikis 

gularaze. aseT sadgmels gaaCnia ufro maRali kuTri winaRoba. 

maRali kuTri winaRoba da sadgmelis mcire kveTi  uzrunvelyofs 

denSemzRudav efeqts. 

               
nax. 1.31. ПКН  tipis mcveli 

 

ПКН  tipis mcvelebi SeiZleba dayenebuli iqnen didi mokled 

SerTvis simZlavreebis (1000 mva) mqone qselebSi. gaZlierebuli ПКНУ  

tipis mcvelebisaTvis gamosarTavi simZlavris sidide saerTod 

SeuzRudavia. ПКН  tipis mcvelebs ПКТ  tipis mcvelebTan SedarebiT 

gaaCniaT mcire zomebi da ar arian aRWurvili amuSavebis maCvenebliT. 

dnobadi sadgmelis gadawvis Sesaxeb SeiZleba vimsjeloT Zabvis 

transformatoris meoreul wredSi CarTuli mzomi xelsawyoebis 

Cvenebebis mixedviT. 



 76 

gamosabolqvi  ПВТ  tipis  (Zveli saxelwodeba _ sasroli                                            

ПСН tipis) mcvelebi mzaddeba 10–110 kv Zabvaze (nax.1.32). isini 

gamoiyeneba Ria gamanawilebel mowyobilobebSi. soflis eleqtrul 

qselebSi farTod gamoiyeneba ПВТ–35 tipis mcvelebi 35/10 kv Zabvis 

transformatorebis dacvisaTvis. 

 
             a)                           b) 

nax.1.32. ПВТ- 35  tipis mcvelis saerTo saxe (a)  da misi  masra (b): 1 _ Ziri; 

2 _ sayrdeni izolatori; 3 _ zeda Tavi; 4 _ qveda Tavi; 5 _ sakontaqto  

dana; 6 _ masra; 7 _ korpusi; 8 da 9 – vinilitis milebi; 10 – foladis 

milisi; 11 –  dnobadi sadgmeli; 12 _ dengamtari Rero; 13 _ moqnili 

gamtari; 14 – daboloeba 

 

mcvelis masris ZiriTad elements warmoadgens viniplastisagan 

damzadebuli airmagenerirebeli mili. milis SigniT moTavsebulia 

moqnili sadeni, romelic erTi boloTi SeerTebulia masris metalis 

TavSi moTavsebul dnobad mcvelTan, xolo meore boloTi sakontaqto 

bunikTan.  

mcvelis masra ganlagebulia cokolze damagrebul or sayrden 

izolatorze. masris Tavi zeda izolatorze CaWerilia specialuri 

damWeriT. qveda izolatorze damagrebulia sakontaqto dana 

spiraluri zambariT, romelic cdilobs moabrunos dana RerZis 

garSemo da daayenos sawyis mdgomareobaSi. dana gadabmulia masris 

sakontaqto bunikTan. am tipis mcvelebSi gamoyenebulia TuTiis 

dnobadi sadgmelebi, agreTve spilenZisa da foladis ormagi 

sadgmelebi. foladis sadgmeli ganlagebulia spilenZis sadgmelis 
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paralelurad da Tavis Tavze iRebs zambaris Zalvas, romelic 

cdilobs gamoagdos masridan moqnili sadeni; mokled SerTvis dros 

jer gadneba spilenZis, xolo Semdeg foladis sadgmeli. 

dnobadi mcvelis gadawvis Semdeg sakontaqto dana ganTa-

visufldeba, zambaris moqmedebiT mobrundeba, Tavisken eweva moqnil 

sadens, romelic Semdeg amovardeba masridan. 

sadgmelis gadnobis Semdeg warmoSobili rkalis moqmedebiT 

viniplastis milis kedlebi intensiurad gamohyofen airebs. wneva 

milSi aiwevs da iaris nakadi qmnis mZlavr grZiv Sebervas, romelic 

aqrobs rkals. Mmasris qveda naxvretSi gavarvarebuli airebis 

gamotyorcnas Tan axlavs srolis xma. 

dnobadi sadgmeli moTavsebulia ara milSi, aramed cali 

boloTi daxSul liTonis xufSi. es gamoricxavs airebis warmoqmnas 

muSaobis normalur reJimSi, roca dnobadi sadgmeli SeiZleba 

gaxurdes maRal temperaturamde. 

warmoeba uSvebs gamosabolqvi ПВТ – 35 МУ 1 tipis mcvels. Aam 

mcvelis masras, zemoT ganxilulisagan gansxvavebiT gaaCnia liTonis 

milaki (gantoteba), masSi dayenebulia spilenZis sarqveli, romelic 

xuravs gantotebis ganiv Sesaber xvrels.  mokled SerTvis didi 

denebis dros, roca intensiurad viTardeba rkali, wneva masraSi 

swrafad izrdeba da gamoagdebs sarqvels, ris Sedegadac gantotebis 

xvreli gaiReba. mcire denebis mier warmoqmnili rkalis qrobis dros 

es xvreli rCeba Caketili, rac uzrunvelyofs masraSi wnevis awevas. 

УПС– 35 У1  tipis marTuli mcvelebi damuSavebulia ПВТ  – 35 

МУ 1 mcvelebis bazaze da gamoiyeneba 35/6 – 10 kv Zabvis 

transformatorebis dacvisaTvis. misi Seqmnis ZiriTadi mizania 

mcvelebis arsebiTi xarvezis – mimdevrobiT dayenebuli aparatebis 

gafantuli parametrebis SeTanxmebis siZnelis  gamosworeba. 

marTuli mcvelis masris SigniT moqnili sadeni dnobad 

sadgmelTan SeerTebulia ara xistad, aramed sakontaqto sistemis 

gavliT, romelic uzrunvelyofs releuri dacvis amoqmedebis dros 

dnobadi sadgmelis wredis gawyvetas amZravis moqmedebiT. roca 

moxdeba mokled SerTva, releuri dacva amoqmeddeba da amZravis 

moqmedebis Sedegad sakontaqto dana moqnil kavSirTan erTad 

gadaadgildeba qvemoT. am dros masris SigniT moTavsebuli 
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sakontaqto sistema gaiTiSeba. rkalis Caqrobis danarCeni procesebi 

rCeba igive. mokled SerTvis didi denebis dros marTuli mcvelis 

dnobadi sadgmeli gadaiwveba ufro adre, vidre amuSavdeba releuri 

dacva.    

 

1.21.  maRali Zabvis dnobadi mcvelebis diagnostika 

    

 maRali Zabvis mcvelebis diagnostika iwyeba sayrdeni 

izolatorebis, kontaqtebisa da mcvelis masris  mtverisa da 

WuWyisagan gawmendiT. Semdeg yuradRebiT unda vawarmooT garegani 

daTvaliereba da davrwmundeT izolatorisa da maRali Zabvis 

mcvelebis masrebis torcebze TiTberis xufebis armaturis 

mTlianobaSi. gabzaruli sayrdeni izolatorebi da masrebi unda 

Seicvalos, xolo darRveuli armatura unda aRsdges. 

unda Semowmdes TiTberis xufebis an danebis sakontaqto 

zedapirebis Sexebis simWidrove mzambarav kontaqtebTan. Tu saWiroa 

ufro mWidro Semowvdoma, maSin sakontaqto momWerebi da rkinis kavi 

unda moikecos. Tu sakontato momWerebis spilenZma gaxurebisagan 

dakarga drekadoba, maSin kontaqtebi unda Seicvalos. 

mcvelebis amuSavebis maCvenebel cilindruli gamonaSverze xelis 

daWeriT mowmdeba masraSi SigniT da gareT misi moZraobis simsubuqe. 

mcveli, romlis amuSavebis maCvenebelma remontis Semdeg ar SeiZina 

gadaadgilebis simsubuqe, ukeTesia Seicvalos, xolo Tu ara gvaqvs 

sarezervo mcveli, maSin Zveli mcveli davtovoT muSaobaSi, radganac 

maCveneblis defeqti gavlenas ver moaxdens misi gamorTvis unariano-

baze. 

garda amisa, unda Semowmdes mcvelis salteebTan SeerTebis 

kontaqtis xarisxi. cudi kontaqti iwvevs masris sakontaqto 

zedapiris, sakontaqto momWerebisa da dnobadi sadgmelis 

temperaturis dasaSvebze metad awevas, ramac SeiZleba migviyvanos 

mcvelis cru amuSavebamde. 

 remontis procesSi saWiroa Semowmebul iqnes mcvelis 

nominaluri Zabvisa da denis Sesabamisoba dasacavi danadgaris an 

qselis ubnis  ZabvasTan da gadatvirTvis  dasaSveb denTan. 
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qselis ZabvasTan SedarebiT naklebi nominaluri Zabvis mcvelis 

gamoyenebis dros SeiZleba moxdes misi daSla, radganac dnobad 

sadgmels eqneba arasakmarisi sigrZe  da rkali ar Caqreba. 

maqsimaluri denis mixedviT arasworad SerCeuli mcveli SeiZleba 

gaxdes cru gaTiSvis an dasacavi danadgaris mwyobridan gamosvlis 

mizezi. 

    

1.22.  defeqtebis gamovlena gamanawilebeli mowyobilobebis 

sakontaqto  SeerTebebsa da sahaero xazebSi 

    

rogorc cnobilia, daniSnulebis, konstruqciis, masalebis 

SeerTebis xerxis, gamoyenebis aresa da sxva faqtorebis mixedviT 

ganasxvaveben WanWikebiT, SeduRebiT, mirCilviT, dawnexviTa da 

dagrexviT kontaqtur SeerTebebs. 

SeduRebiT kontaqturi SeerTebis defeqtebi. SeduRebiT 

Sesrulebuli kontaqturi SeerTebis eqspluataciis dros defeqtebis 

aRZvris mizezi SeiZleba iyos: mocemuli patrametrebidan gadaxra, 

SemoWrebi, buStebi, SeuduRebloba, bzarebi, gaukeTebeli kraterebi, 

sadenebis gadawva, SemaerTebeli sadenebis araTanaRerZuloba, 

daboloebebis araswori arCeva, SeerTebebSi damcavi safaris 

ararseboba da sxva. 

Termuli SeduRebis teqnologiam ver uzrunvelyo didi kveTis 

(240 mm2 da meti) sadenebis SeduRebiT SeerTebisas saimedo muSaoba. es 

dakavSirebulia imasTan, rom SesaerTebeli sadenebis SeduRebis 

procesSi xdeba maTi arasakmarisi gacxeleba da maTi boloebis 

araTanabari miaxloeba, ris gamoc xdeba gare naxvevebis gadawva, 

SeuduRebloba, Camjdari fuWvilebi da wida. Sedegad mcirdeba 

SeduRebiT SeerTebis meqanikuri simtkice, rasac davyavarT 

naangariSevze ufro mcire datvirTvamde da ankeruli sayrdenis 

maryuJSi sadenis gawyvetamde an gadawvamde. 

ankeruli sayrdenebis maryuJebSi SeduRebis defeqtebs maTi 

eqspluataciis mcire vadebis dros  mivyavarT sahaero xazebis 

gaTiSvasTan. SeduRebiT SeerTebebSi calkeuli gamtarebis gawyvetis 

Sedegad izrdeba kontaqtis gardamavali winaRoba da misi 

temperatura. defeqtis ganviTarebis siCqare am SemTxvevaSi arsebiTad 
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damokidebulia mTel rig faqtorebze: datvirTvis denis sidideze, 

sadenis daWimulobaze, qarisa da vibraciul zemoqmedebebze da sxva.  

dawnexili kontaqturi SeerTebis defeqtebi. dakvirvebebma aCvena, 

rom dawnexiT Sesrulebul kontaqtur SeerTebebSi defeqtebi 

gamowveulia daboloebebisa da masrebis araswori SerCeviT, 

daboloebebSi ZarRvebis arasruli SeyvaniT, dawnexis arasakmarisi 

xarisxiT da sxva. dawnexiT SeerTebis Semowmebis erT erT xerxs 

warmoadgens SeerTebis winaRobis gazomva mudmivi deniT. kontaqturi 

SeerTebis winaRobis minimaluri sididis kriteriumad miRebulia 

mTliani sadenis ekvivalenturi ubnis winaRoba. dawnexili SeerTeba 

iTvleba eqspluataciisaTvis vargisad, Tu misi winaRoba araumetes 1,2- 

jer aRemateba mTliani sadenis ekvivalenturi ubnis winaRobas. 

maerTeblis dawnexisas misi winaRoba mkveTrad mcirdeba, magram 

wnevis gazrdiT stabiluri xdeba da umniSvnelod icvleba. 

maerTeblis winaRoba Zlier mgrZnobiarea dasawnexi sadenebis 

sakontaqto zedapirebis mdgomareobis mimarT. sakontaqto zedapirebze 

aluminis oqsidis arseboba iwvevs maerTeblis kontaqturi winaRobis 

mkveTr zrdas da momatebul siTbos gamoyofas. 

dawnexili SeerTebis ZiriTadi maxasiaTebelia dawnexis xarisxi da 

meqanikuri simtkice. maerTeblis meqanikuri simtkicis gazrdiT misi 

kontaqturi winaRoba mcirdeba. maerTeblis  meqanikuri simtkicis 

maqsimums Seesabameba kontaqturi winaRobis minimumi.  

WanWikebiT kontaqturi SeerTebis defeqtebi. WanWikebis 

daxmarebiT Sesrulebuli kontaqturi SeerTebebs yvelaze xSirad 

gaaCniaT defeqtebi sayeluris gareSe spilenZisa da aluminis 

SeerTebis, TefSa zambarebis ararsebobis, agresiul an nestian 

garemoSi aluminis daboloebis uSualod eleqtromowyobolobis 

spilenZis gamomyvanebTan mierTebis, WanWikebis arasakmarisad moWeris 

dros da sxva. 

didi denebis (3000 a da meti) dros aluminis salteebis 

WanWikebiT kontaqtur SeerTebas aqvs eqspluataciaSi arasakmarisi 

stabiluroba. Tu 1500 a-mde denebis dros kontaqturi SeerTebebi 1_2 

weliwadSi moiTxoven WanWikebis erTxel gadaWeras, analogiuri 

SeerTebebi 3000 a da zemoT yovelwliurad  saWiroeben sakontaqto 

zedapirebis gawmendasa da gadaWeras. aseTi operaciis saWiroeba 
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dakavSirebulia imasTan, rom aluminisagan damzadebul, did denebze 

gankuTvnil saltesadenebSi kontaqturi SeerTebis adgilze ufro 

intensiurad mimdinareobs oqsidis afskis warmoqmnis procesi. oqsidis 

warmoqmnis process xels uwyobs foladis WanWikisa da aluminis sal-

tes wrfivi gafarToebis sxvadasxva temperaturuli koeficienti. 

saltesadenSi mokled SerTvis an cvladi datvirTvis denebis 

gavlisas, gansakuTrebiT didi sigrZis saltesadenSi, aRiZvreba 

vibracia da xdeba aluminis saltes sakontaqto zedapiris deformacia. 

am SemTxvevaSi salteebis ori sakontaqto zedapiris momWimavi Zalva 

sustdeba da maT Soris arsebuli sapoxis fena orTqldeba. oqsidis 

afskis warmoqmnis Sedegad kontaqtebis Sexebis farTobi, anu 

kontaqturi wertilebis ricxvi da sidide, romelSic gadis deni, 

mcirdeba. amasTan erTad izrdeba maTSi denis simkvrive, romelmac 1 

sm2- ze SeiZleba miaRwios 1000 a-s, ris gamoc es wertilebi Zlier  

xurdeba. temperatura aRwevs kontaqtis masalis dnobis temperaturas 

da kontaqtebis zedapirebs Soris warmoiqmneba Txevadi metalis wveTi, 

romelic temperaturis Semdgomi gazrdiT duRdeba da kontaqturi 

SeerTebis garSemo sivrce ionizirdeba, ramac gamanawilebel 

mowyobilobaSi SeiZleba gamoiwvios mravalfaza SerTva. magnituri 

Zalebis moqmedebis Sedegad rkali SeiZleba gadaadgildes 

gamanawilebeli mowyobilobis saltes gaswvriv, rac migviyvans umZimes 

Sedegebamde. 

eqspluataciis gamocdileba gviCvenebs, rom didi denebis dros 

arasakmarisi saimedobiT xasiaTdeba erTi WanWikiT salteebis 

kontaqturi SeerTeba. aseTi SeerTeba dasaSvebia 1000 a-mde denebis 

dros, magram ziandebian 400–630 a denzec. erTWanWikiani kontaqturi 

SeerTebis saimedobis amaRleba moiTxovs mTel rig teqnikur 

RonisZiebebs maTi eleqtruli winaRobis stabilizaciisaTvis. 

WanWikebiT kontaqtur SeerTebebSi defeqtebis ganviTarebis procesi 

mimdinareobs xangrZlivi periodis ganmavlobaSi da damokidebulia 

mTel rig faqtorebze: datvirTvis denze, muSaobis reJimze 

(stabiluri TuUcvalebadi), qimiuri reagentebis zemoqmedebaze, qarze, 

WanWikebis moWeris Zalvaze  da sxva. 

kontaqturi SeerTebis gardamavali winaRobis TandaTanobiTi 

gazrda xdeba drois gansazRvrul momentamde, ris Semdegac xdeba 
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kontaqturi zedapirebis mkveTri gauareseba intensiuri siTbos 

gamoyofiT, rac damaxasiTebelia kontaqturi SeerTebis avariuli 

mdgomareobiT. 

dagrexviT Sesrulebuli kontaqturi SeerTebis mtyunebani 

ZiriTadad ganpirobebulia montaJis defeqtiT. sadenebis arasruli 

dagrexvas mivyavarT maerTeblidan sadenis gawevasTan da mis 

gawyvetasTan. izolaciisagan gausufTavebeli sadenebi qmnian did 

gardamaval winaRobas, ris Sedegadac maerTebelSi xdeba sadenis 

gadaxureba da gadawva. 



 83 

Tavi 2. maRali Zabvis amomrTvelebi  

da maTi diagnostika 

 

2.1. maRali Zabvis amomrTvelebi, maTi daniSnuleba 

da klasifikacia 

 

maRali Zabvis amomrTveli warmoadgens nebismieri qvesadguris 

ZiriTad sakomutacio aparats, romlis gamarTul  muSaobazec 

umravles SemTxvevaSi damokidebulia momxmarebelTa uwyveti da 

saimedo eleqtromomarageba. igi gamoiyeneba denebis CarTvisa da 

gamorTvisaTvis eleqtruli wredebis yvela saeqspluatacio reJimSi: 

nominaluri datvirTvis, Zalovani transformatorebis uqmi svlis, 

xazebisa da salteebis damuxtvis denebis CarTva-gamorTvis, mokled 

SerTvis denebis gamorTvisaTvis, agreTve eleqtruli danadgarebis 

sqemebis cvlilebis dros. am aparatis damaxasiTebeli Taviseburebaa 

rkalCamqrobi mowyobilobis Semcveloba, romelic uzrunvelyofs 

maRali Zabvis wredebis gaTiSvis dros aRZruli rkalis Caqrobas. 

Caketili eleqtruli wredis gaTiSvis dros daSorebul 

kontaqtebs Soris aRiZvreba eleqtruli rkali. rkali warmoiSveba 

0,5 a denisa da 15 v Zabvis drosac ki. misi xangrZlivoba 

damokidebulia wredis parametrebsa da rkaluri Sualedis 

deionizaciis pirobebze. rkalSi erTdroulad xdeba ionizaciis 

procesi (muxtis Tavisufali gadamtanebis – eleqtronebisa da 

dadebiTad damuxtuli ionebis warmoqmna) da deionizaciis (muxtis 

Tavisufali gadamtanebis deionizaciis) procesi. rkali iwvis manam, 

sanam deionizaciis procesi ar gaxdeba ufro intensiuri, vidre 

ionizaciisa. maSasadame, rkalis swrafad CaqrobisaTvis saWiroa 

deionizaciis procesis gaZliereba, radganac rkalis arxSi 

temperatura aRwevs 40000C da intensiurad mimdinareobs airis garemos 

Termuli ionizacia. 

diddenebiani eleqtruli wredebis gaTiSvisaTvis Seqmnilia 

amomrTveli aparatebi, romelTac gaaCniaT Semdegi saxis rkalmqrobi 

mowyobilobebi: 

- airebiT Seberva, sadac rkalis arxSi garedan Semodis haeri 

an rkalCamqrobi kameraSi moTavsebuli mineraluri zeTidan, 



 84 

organuli minidan an fibradan rkalis temperaturis 

moqmedebis Sedegad gamoyofili gazi. rkalis gavliT haeris 

an gazis gavla iwvevs rkalis Caqrobas;  

- magnituri Sebervis Sedegad rkalis Setaceba viwro 

xvrelSi. saizolacio masalisagan damzadebuli xvrelis 

kedlebSi xdeba muxtebis neitralizacia, rkalis gaciveba 

da Caqroba; 

- rkalis danawevreba mokle rkalebad. rkalis TiToeul 

mokle ubanze aRiZvreba Zabvis vardna, ris Sedegadac 

rkalSi gamoyofili energia arasakmarisia misi wvisaTvis. 

muSaobis TiToeul reJims gaaCnia Tavisebureba, romelic 

ganisazRvreba im wredis parametrebiT, romelSic dayenebulia 

amomrTveli. muSaobis mZime reJimad iTvleba mokled SerTvis denebis 

gaTiSva, roca amomrTveli ganicdis mniSvnelovani sididis 

eleqtrodinamiuri Zalebisa da maRali temperaturis zemoqmedebas. 

SedarebiT mcire damagnitebisa da xazebis damuxtvis denebis 

gaTiSvasac aqvs Tavisi gansakuTrebuloba, dakavSirebuli saSiSi 

komutaciuri gadaZabvebis aRZvrasTan, rac warmoadgens amomrTvelis 

muSaobis umZimes reJims. 

es amomrTvelebi warmoadgenen rTul konstruqcias, romlebic 

imarTebian eleqtromagnituri, zambariani, pnevmaturi an hidravlikuri 

amZravebiT.  

maRali Zabvis amomrTveli Sedgeba: sakontaqto sistemisagan 

rkalCamqrobi mowyobilobiT, dengamtari nawilebis, korpusis, 

saizolacio konstruqciisa da amZravi meqanizmisagan. 

maRalvoltiani amomrTvelebisadmi wayenebuli moTxovnebi. 

amomrTveli maRalvoltiani sistemis metad sapasuxismgeblo aparatia. 

amomrTvelis mtyunebis SemTxvevaSi viTardeba avaria, rasac mivyavarT 

darRvevebamde da did materialur danakargebamde, rac 

dakavSirebulia eleqtroenergiisa da aqedan gamomdinare, msxvili 

samrewvelo sawarmoebis muSaobis SewyvetasTan. amasTan dakavSirebiT 

amomrTvelisadmi wayenebuli  moTxovnebia: 

a) maRali saimedoba. avariis reJimebSi amomrTvelSi gadian 300 

ka–mde denebi. Aamitom mowyobilobis mwyobridan gamosvlis Tavidan 

acilebis mizniT avariis reJimebis likvidacia unda moxdes minimalur 
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droSi. maRali saimedobis miRweva dakavSirebulia did siZneleebTan, 

radgan amomrTvelSi mimdinareobs rTuli procesebi, romlebic ar 

eqvemdebarebian mTlian maTematikur aRweras. 

saimedobisadmi moTxovna erT EerTi umniSvnelovanesia, radganac 

amomrTvelis saimedo muSaobaze damokidebulia energosistemis muSaoba 

da aqedan gamomdinare momxmarebelTa eleqtromomaragebis saimedoba. 

saimedoba reglamentirebulia. ricxobrivad igi SeiZleba gamoisaxos 

Seuferxebeli muSaobis an mtyunebaTa intensivobis albaTobiT. 

amomrTvelis muSaobis xangrZlivobis vada unda iyos aranakleb 20 

weli. 

didi raodenobis statistikuri masalebis analizma aCvena, rom 

amomrTvelebis mtyunebaTa 70% modis aparatis meqanizmebis 

damtvrevis, 10% _ izolaciis dazianebis, xolo 20 % _ sxva 

mizezebiT. 

amomrTvelebma meqanikuri cveTamedegobiT denis gareSe unda 

gauZlos 2000 operacias 35 kv Zabvamde, xolo 110 kv-s zemoT – 1000 

operacias. 

mtyuneba-uwesivrobas, romelic ar aZlevs saSualebas 

amomrTvels Seasrulos Tavisi ZiriTadi funqcia, miekuTvneba CarTvis 

an gamorTvis brZanebis Seusrulebloba, aparatis izolaciis 

gadafarva, dengamtari nawilebis dazianeba da rkalis Cauqrobloba.  

b) swrafqmedeba. swrafqmedebisadmi moTxovna unda gavigoT 

rogorc wredis gaTiSva mokled SerTvis dros SesaZlo minimalur 

droSi. gamorTvis dro gamoiTvleba gamorTvaze brZanebis gacemidan 

yvela polusze rkalis Caqrobamde. Tanamedrove amomrTvelebis 

gaTiSvis dro Seadgens 2 periods anu 0,04 wm-s. 

g) reviziebs Soris vadebis gazrda. amomrTvelis gamoyvana muSa 

mdgomareobidan reviziisa da remontisaTvis dakavSirebulia did 

siZneleebTan, radgan an unda gadavideT gamanawilebeli mowyobilobis 

sxva sqemaze an ubralod gamovrToT momxmarebeli. amasTan 

dakavSirebiT amomrTvels unda SeeZlos reviziisa da remontis gareSe 

rac SeiZleba mokled SerTvis denebis bevrjer gaTiSva. Tanamedrove 

amomrTvelebs SeuZliaT reviziis gareSe moaxdinon mokled SerTvis 

denebis aTamde gaTiSva. amomrTvelis gamorTvas ar unda axldes alisa 
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da gavarvarebuli gazebis gamotyorcna, ramac SeiZleba migviyvanos 

gamanawilebeli mowyobilobis izolaciis gadafarvamde. 

d) atmosferuli zemoqmedebisadmi medegoba. amomrTvelebs, 

romlebic gaTvlilia Ria gamanawilebel mowyobilobebSi samuSaod, 

unda SeeZloT gauZlon atmosferul zemoqmedebebs: tenianobis awevas, 

wvimas, Tovls, lipyinuls, gare izolaciis gaWuWyianebas, qars, 

miwisZvras. 

saxelmwifo standartis mixedviT maRali Zabvis amomrTvelebi 

xasiaTdebian Semdegi parametrebiT: 

- nominaluri Zabva Unom, (qselis Zabva, romelzec muSaobs 

amomrTveli); 

- nominaluri deni Inom, (CarTul amomrTvelSi gamavali deni, 

romlis drosac mas SeuZlia muSaoba xangrZlivi drois 

ganmavlobaSi); 

- amorTvis nominaluri deni I0 nom – mokled SerTvis udidesi 

denis moqmedi mniSvneloba, romelic SeuZlia amorTos 

amomrTvelma muSa Zabvis udidesi mniSvnelobis dros 

operaciis mocemul ciklsa aRmdgeni Zabvis mocemuli 

pirobebis dros; 

- amorTvis denSi aperioduli denis fardobiTi dasaSvebi 

Semcveloba; 

- Tu amomrTveli daniSnulia avtomaturi ganmeorebiTi 

CarTvisaTvis (agC), maSin uzrunvelyofili unda iqnes 

Semdegi ciklebi: cikli t1 – amorTvis operacia – tud – 

CarTvis operacia – 180 wm – myisi amorTvis operacia; 

cikli 2: amorTvis operacia - 180 wm – CarTvis operacia – 

180 wm – myisi amorTvis operacia, sadac tud – 

amomrTvelisaTvis garantirebuli minimaluri udeno pauza 

(dro rkalis Caqrobidan Semdgomi CarTvisas denis 

gavlamde) agC dros. am drois mniSvneloba Cveulebrivi agC 

– dros Seadgens 0,3–1,2 wm, xolo swrafmoqmedi agC-s dros 

– 0,3 wm-s.Mmdgradoba gamWoli mokled SerTvis denebis 

dros, romlebic xasiaTdebian Termuli mdgradobis IT  

denebiTa  da zRvruli gamWoli deniT; 
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- CarTvis nominaluri deni – es aris mokled SerTvis deni, 

romelic mocemul ciklSi, nominaluri Zabvis dros, 

Sesabamisi amZraviT, kontaqtebis SeuduReblad da sxva 

dazianebis gareSe SeuZlia CarTos amomrTvelma; 

- amorTvis sakuTari dro – drois Sualedi gamorTvaze 

brZanebis miwodebis momentidan rkalCamqrobi kontaqtebis 

daSorebis dawyebis momentamde; 

daniSnulebis mixedviT maRalvoltiani amomrTvelebi iyofian: 

- qseluri amomrTvelebi 6 kv da met Zabvaze. isini 

gamoiyenebian eleqtrul wredebSi (garda eleqtruli 

manqanebisa da eleqtroTermuli danadgarebis wredebisa) da 

maTi daniSnulebaa normalur pirobebSi denis gatareba da 

komutacia, agreTve denis gatareba mocemuli drois 

ganmavlobaSi da komutacia  iseT mocemul aranormalur 

reJimSi, rogoricaa mokled SerTva; 

- generatoruli amomrTvelebi 6 dan 20 kv Zabvamde. isini 

gamoiyenebian eleqtruli manqanebis (generatorebis, 

sinqronuli kompensatorebis, mZlavri eleqtroZravebis) 

wredebSi da maTi daniSnulebaa denis gatareba da 

komutacia, rogorc normalur pirobebSi, aseve gaSvebis 

reJimSi da mokled SerTvis dros; 

- amomrTvelebi 6 dan 220 kv Zabvaze eleqtroTermuli 

danadgarebisaTvis, romlebic gamoyenebulia msxvili 

eleqtroTermuli danadgarebis (mag., foladsadnobi, 

madanTermul da sxva saxis) wredebSi. maTi daniSnu-lebaa 

denis gatareba da komutacia, rogorc normalur 

pirobebSi, aseve sxvadasxva saeqspluatacio reJimebsa da 

mokled SerTvis dros; 

- specialuri daniSnulebis amomrTvelebi. 

dayenebis saxeobis mixedviT amomrTvelebi iyofian:    

- sayrdeni, romelTac miwaze gaaCniaT sayrdeni tipis 

ZiriTadi izolacia; 

- sakidi, romelTac miwaze gaaCniaT sakidi tipis ZiriTadi 

izolacia; 
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- kedlis, romelic damagrebulia daxuruli gamanawilebeli 

mowyobilobis kedelze; 

- gamosagorebeli, romelTac gaaCniaT samarjvebi ga-

manawilebeli mowyobilobis ujredidan gamosagoreblad; 

- kompleqtur gamanawilebel mowyobilobebSi CasaSenebeli. 

ganlagebisa da klimaturi Sesrulebis kategoriebis mixedviT: 

- arsebobs Senobis SigniTa da gareT gaTbobisa da 

ventilaciis sxvadasxva pirobebiT ganlagebis xuTi 

kategoria; 

- geografiuli adgilmdebareobis mixedviT amommrTvelebi 

mzaddeba eqvsi klimaturi SesrulebiT (У, ХЛ,  ТВ, ТС, Т, О 

). 

maRalvoltiani amomrTvelebis mwarmoeblebi. maRali Zabvis 

amomrTvelebis msxvili mwarmoeblebis ricxvi arc Tu ise didia, rac 

ganpirobebulia 1980–2000 wlebSi warmoebis SerwymebiTa da 

STanTqmebiT. Ggadacemis qselebisa da gamanawilebeli mowyobilobebis 

maRalvoltiani amomrTvelebis ZiriTad mwarmoeblebs warmoadgenen: 

ABB, Areva  T&D, Siemens, Toshiba, Mitsubishi, Schneider Electric 

da Eaton. ruseTSi 110–220 kv qselebisaTvis elgazuri amomrTvelebis 

msxvil mwarmoebels warmoadgens Энергомашкорпорация. agreTve 

awarmoeben 35 kv Zabvamde gamanawilebeli qselebisaTvis vakuumur 

amomrTvelebs. 

eleqtrul wredSi maRali 

Zabvisa da didi denebis dros 

maRali Zabvis amomrTvelebis 

ZiriTad problemas warmoadgens 

kontaqtebis gaTiSvis dros 

warmoqmnili rkaluri ganmuxtvis 

Caqroba (nax. 2.1). Tu eleqtrul 

wredSi mokled SerTvis deni 

aRmoCndeba amomrTvelis dasaSveb 

denze meti, maSin sistemas ar 

SeuZlia Caaqros rkali da 

amomrTveli am SemTxvevaSi 

usargebloa.  

 
nax. 2.1. eleqtruli rkali 

http://ru.wikipedia.org/wiki/%D0%A4%D0%B0%D0%B9%D0%BB:Lichtbogen_3000_Volt.jpg
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rkalis Caqrobis garemos mixedviT ganasxvaveben: sahaero, zeTian, 

elgazur, vakuumur da eleqtromagnitur amomrTvelebs. 

2.2. sahaero amomrTvelebi 

 

sahaero amomrTveli warmoadgens eleqtrul aparats, romelSic 

kontaqtebis CarTva da amorTva, aseve eleqtruli rkalis Caqroba 

xdeba SekumSuli haeris saSualebiT. sahaero amomrTvelebSi 

SekumSuli haeris wneva meryeobs 4-dan 60 atmosferomde. SekumSuli 

haeri asrulebs or funqcias _ rkalis qrobisa da amomrTvelis 

meqanizmebiT marTvis. xolo dengamtari nawilebisa da rkalCamqrobi 

mowyobilobis izolacia xorcieldeba faifuris an sxva myari 

saizolacio masalisagan. sahaero amomrTvelebis konstruqciuli 

sqemebi sxvadasxvaa da damokidebulia maT nominalur Zabvaze, gamor-

Tul mdgomareobaSi kontaqtebs Soris saizolacio Sualedis Seqmnisa 

da rkalCamqrob mowyobilobaSi SekumSuli haeris miwodebis xerxze, 

amomrTvelis marTvis sistemaze, maSuntirebeli rezistorebisa da 

Zabvis gamyofebis arsebobaze da sxva. 
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           a)                               b) 

nax.2.2. ISARC tipis datvirTvis sahaero amomrTvelis konstruqciuli sqema da 

saerTo saxe: 1 _ zeda izolatori rkalmqrobi kameriT; 2 _ zeda gamomyvani; 

3 _ zeda uZravi kontaqti; 4 _ sakontaqto bude; 5 _ rkaluri kontaqtis 

Rero; 6 _ qveda izolatori; 7 _ qveda gamomyvani; 8 _ uZravi sakontaqto 

cilindri; 9 _ qveda mimarTveli bude; 10 _ mTavari amZravis berketi; 11 _ 

mTavari amZravi lilvi; 12 – mbiZgavi; 13 – Camamiwebeli gamTiSis amZravis 

lilvi; 14 _ Camamiweblis gamTiSi; 15 _ Camamiwebeli gamTiSis uZravi 

kontaqti; 16 _ mimmarTveli cilindri; 17 _ saqSeni; 18 _ moZravi kontaqti; 

19 _ Rero; 20 – meqanikuri safari; 21 _ momWeri rgoli; 

22 – amortizatori 
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konstruqciulad sahaero amomrTveli Sedgeba sami ZiriTadi 

elementisagan: rezervuari SekumSuli haeris maragiT, rkalCamqrobi 

mowyobiloba da eleqtropnevmaturi amZravi. nax. 2.2-ze 

warmodgenilia ISARC tipis datvirTvis sahaero amomrTvelis 

konstruqciuli sqema da saerTo saxe. Aam tipis amomrTvelis 

daniSnulebaa 50 hc sixSirisa da 6,10 15, 20 kv Zabvisa da 630 

amperamde nominaluri denis izolirebuli an Camiwebulneitraliani 

wredebis komutacia. nax.2.3-ze mocemulia ВВБ-330Б tipis sahaero amom-

rTvelis konstruqciuli sqema, xolo nax.2.3-ze – saerTo xedi. 

 

          
 

                 a)                              b) 

nax.2.3. ВВБ-330Б tipis sahaero amomrTvelis konstruqciuli sqema (a) da  

saerTo xedi (b): 1 da 2 – salteebi; 3 _ polusis marTvis karada; 4 _ 

izolatorebis centraluri kolona; 5 _ sayrdeni izolatorebi; 6 _ ekrani; 

7 _ milisi; 8 da 12 – mTavari kontaqtebi; 10 _ saSualedo izolatori; 9 

da 11 – rkalmqrobin kamerebi 

 

35 kv zeviT sahaero amomrTvelebSi rkalmqrobi mowyobiloba da 

misi kontaqtebi ganlagebulia uSualod SekumSul haerian 
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rezervuarSi, romelic gaTiSul kontaqtebs Soris qmnis saWiro 

eleqtrul simtkices (na.2.4). gaTiSvis dros moZrav 6 da uZrav 7 

kontaqtebs Soris aRiZvreba eleqtruli rkali. erTdroulad gaiReba 

sarqveli 10 da SekumSuli haeri saqSeni 9 da airsarini arxis 12 

gavliT gamodis rezervuaridan 11. rkalmimReb eleqtrodebze 8 

dauberavs SekumSuli haeris nakadi da rkali qreba. sarqveli 10 

ixureba da SekumSuli haeri wyvets gamosvlas atmosferoSi. 

 
nax.2.4. daxurul ganmacalkevebeliani sahaero amorTvelis principuli sqema: 1 

_ CarTvis eleqtromagniti; 2 _ SekumSuli haeris miwodebis sarqveli; 3 _ 

amorTvis eleqtromagniti; 

4 _ saizolacio Stanga; 5 _ zambara; 6 _ moZravi kontaqtebi; 

7 _ uZravi kontaqtebi; 8 _ rkalmimRebi eleqtrodebi; 9 _ saqSeni; 

10 _ gamoSvebis sarqveli; 11 _ rezervuari; 12 _ airsarini arxi 

 

erT rezervuarSi Cveulebriv ganlagebulia 2 mimdevrobiTi 

wyveta, romlebic erTobliobaSi qmnian e.w. modulur rkalCamqrob 

elements (moduls). konstruqciisa da SekumSuli haeris wnevis 

mixedviT erTi moduliT SeiZleba gaTiSos 110_250 kv Zabvis wredi. 

didi Zabvebis amomrTvelebi Sedgebian ramdenime mimdevrobiT 

SeerTebuli da erTdroulad moqmedi modulebisagan. 
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ВВБ seriis amomrTvelebis modulebis raodenoba Seadgens:  110 

kv Zabvis dros – erTi; 220 kv – ori; 330 kv – oTxi; 500 kv – eqvsi; 

750 kv – rva, xolo msxvilmodulian amomrTvelebSi (ВВБК, ВНВ) 

modulebis raodenoba Sesabamisad orjer mcirea. 

TiToeul wyvetaze Zabvebis Tanabari ganawileba miiRweva 

amomrTvelis ZiriTadi kontaqtebis paralelurad aqtiuri winaRobis 

an tevadobis CarTviT.   

did nominalur denze gankuTvnil amomrTvelebs aqvT mTavari da 

rkalCamqrobi konturebi. amomrTvelis CarTul mdgomareobaSi denis 

ZiriTadi nawili gadis Riad ganlagebul mTavar kontaqtebSi. 

amomrTvelis amorTvisas pirvelad gaiTiSeba mTavari kontaqtebi, ris 

Semdegac mTeli deni gaivlis meore kameraSi moTavsebul rkalCamqrob 

kontaqtebSi. am kontaqtebis ganrTvis momentSi rezervuaridan pirvel 

kameraSi miewodeba SekumSuli haeri, iqmneba mZlavri Seberva, ro-

melic aqrobs rkals. Seberva SeiZleba iyos ganivi da grZivi.GgaTiSul 

mdgomareobaSi kontaqtebs Soris saWiro saizolacio Sualedi 

rkalCamqrob kameraSi iqmneba kontaqtebis sakmarisi daSorebis gziT an 

Riad ganlagebuli specialuri ganmacalkevebliT. ganmacalkeveblis 

gamorTvis Semdeg Sewydeba kameraSi SekumSuli haeris miwodeba da 

rkalCamqrobi kontaqtebi Caiketeba.   

aseTi konstruqciuli sqemiT Sesrulebuli amomrTvelebi 

mzaddeba Siga dayenebisaTvis 15 da 20 kv Zabvaze da 20000 a denze 

(seria ВВГ),  agreTve 35 kv Zabvaze (ВВЭ – 35- 20/1600УЗ). 

Ria dayenebisaTvis gankuTvnil amomrTvelebSi rkalCamqrobi 

kamera ganlagebulia faifuris izolatoris SigniT, amasTanave 35 kv 

Zabvaze sakmarisia gvqondes erTi gawyveta fazaze, xolo 110 kv-ze – 

ori gawyveta fazaze. gansxvaveba am or konstruqcias Soris 

mdgomareobs imaSi, rom 35 kv amomrTvelSi saizolacio Sualedi 

iqmneba rkalCamqrob kameraSi, xolo 110 kv da zeviT amomrTvelebSi 

rkalis Caqrobis Semdeg gaiTiSeba ganmacalkevebeli  kontaqtebi da 

ganmacalkeveblis kamera mTeli gaTiSuli mdgomareobis ganmavlobaSi 

rCeba Sevsebuli SekumSuli haeriT. am dros rkalCamqrob kameraSi Se-

kumSuli haeri ar miewodeba da kontaqtebi ar Caiketeba. rac ufro 

maRalia nominaluri Zabva da gamosarTavi simZlavre, miT ufro meti 

wyvetebi unda gvqondes fazaze rkalCamqrob kamerasa da 
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ganmacalkevebelSi (mag. 330 kv – rva; 500 kv – aTi). ramdenime 

rkalCamqrobi mowyobilobis daxmarebiT eleqtruli rkalis Caqrobis 

mravaljeradi wyvetis xerxiT miiRweva TiToeul maTganze Zabvis 

jeradi Semcireba.  

sahaero amomrTvelebis Rirsebebi: feTqebad- da xanZar-

usafrTxoeba; swrafqmedeba da swrafadmoqmedi agC-s ganxorcielebis 

SesaZlebloba; maRali gamorTvis unarianoba; xazis tevaduri denebis 

saimedo gamorTva; rkalCamqrobi kontaqtebis mcire cveTa; 

rkalCamqrob kamerebTan advilad SeRwevis SesaZlebloba; msxvili 

kvanZebisagan gare da Siga dayenebisaTvis vargisi seriebis Seqmnis 

SesaZlebloba. 

sahaero amomrTvelebis naklovanebebi: sakompresoro danadgaris 

saWiroeba; mTeli rigi detalebisa da kvanZebis rTuli konstruqcia; 

SedarebiT maRali Rirebuleba; CaSenebuli denis transformatoris 

dayenebis siZnele. 

 

2.3. sahaero amomrTvelebis diagnostika 

 

sahaero amomrTvelebis diagnostikis dros pirvel rigSi, unda 

Catardes garegani daTvaliereba. garegan daTvalierebisas mowmdeba 

sahaero amomrTvelis yvela fazis mdgomareoba sasignalo naTurebisa 

da manometrebis Cvenebebis mixedviT. yuradReba unda mieqces sahaero 

amomrTvelis saerTo mdgomareobas, haeris gaJonvas (mosmeniT), 

rkalCamqrobi kamerebisa da ganmacalkeveblebis izolatorebis, 

maSuntirebeli rezistorebisa da Zabvis tevaduri gamyofebis, sayrdeni 

svetebisa da maizolirebeli saWimebis simTeles, agreTve izo-

latorebis zedapirebis sisufTaves. unda Semowmdes salteebisa da 

aparatebis momWerebis kontaqturi SeerTebis gaxurebis xarisxi.  

gamanawilebel karadebSi dayenebuli manometrebis mixedviT 

mowmdeba haeris wneva amomrTvelebis rezervuarebSi da misi miwodeba 

ventilaciaze. 2 mpa wnevaze gaTvlili amomrTvelis wneva agC-Ti 

muSaobis dros unda iyos 1,9 – 2,15 mpa farglebSi, xolo agC-s gareSe 

1,6 – 2,1 mpa farglebSi. amomrTveli ar unda modiodes moqmedebaSi 

haeris wnevis naCvenebi mniSvnelobebis qvemoT dawevisas. am mizniT 

marTvis sqemaSi gaTvaliswinebulia blokireba, romelic xels uSlis 
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operaciis Catarebas. 1,6 mpa-s qvemoT wnevis dros erTi romelime 

manometri gaTiSavs CarTva-gamorTvis wreds, xolo meore 1,9 mpa-s 

qvemoT wnevis dros agC-s wreds gadarTavs gamorTvaze. 

didi mniSvneloba aqvs amomrTvelis izolatorebis Siga Rrus 

mSrali haeriT uwyvet ventilacias, rac gamoricxavs izolatorebis 

SigniT wylis orTqlis kondensacias. haeris ventilaciaze uwyveti 

miwodeba xdeba gaqarvis maCvenebliT (es aris minis mili, romelSic 

moTavsebulia aluminis burTula). burTula haeris Wavlis moqmedebiT 

qmnis haeris moZraobis xilvadobas. igi unda imyofebodes maCvenebelze 

datanil gakawrul xazebs Soris. Hhaeris xarjis regulireba xdeba 

reduqtoruli sarqvelis zeda nawilSi moTavsebuli xraxniT.  

amomrTvelis CarTva, romelic didi xnis ganmavlobaSi iyo 

ventilaciis gareSe, unda moxdes misi izolaciis gaSrobis Semdeg 

gaZlierebuli Sebervis gziT (Sebervis maCveneblis burTula unda iyos 

zeda mdgomareobaSi) 12_24 sT-is ganmavlobaSi. 

garegani daTvalierebis dros vizualurad mowmdeba rezinis 

SemWidroebebis mTlianoba rkalmqrobi kamerebis, ganmacalkeveblebisa 

da maTi sayrdeni svetebis izolatorebis SeerTebebSi, radgan 

gamoyenebul rezinis SemWidroebebs ar gaaCniaT sakmarisi 

plastikuroba da droTa ganmavlobaSi izrdeba maTi narCeni 

deformacia. dazianebis mqone amomrTvelebTan operacia ar daiSveba. 

eqspluataciis procesSi sahaero amomrTvelebis momsaxureoba 

moicavs Semdeg RonisZiebebs: TveSi 1_2-jer amomrTvelebis 

rezervuarebidan unda mocildes dagrovili kondensati. amave 

periodulobiT unda SevuberoT muSa wnevis SekumSuli haeriT. 

Sebervis periodulobis daucvelobas garemo temperaturis uecari 

cvlilebisas mivyavarT amomrTvelis rezervuarebSi nestis 

kondensaciasTan da haergamanawilebel qselSi yinulis warmoSobasTan. 

sahaero amomrTvelebis diagnostika moicavs agreTve dazianebuli 

kontaqturi wyvetebis, CarTvisa da amorTvis droiTi maxasiaTeblebis 

gansazRvrasa da kontaqtebis gardamavali winaRobis  gazomvas.  

                

2.4. zeTiani amomrTvelebi 
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zeTian amomrTvelebSi kontaqtebs Soris warmoSobili rkali 

iwvis satransformatoro zeTSi. rkalis energiis zemoqmedebiT zeTi 

iSleba da warmoSobili airebi da orTqli gamoiyeneba misi 

qrobisaTvis. dengamtari nawilebis izolaciis xerxis mixedviT 

ganasxvaveben ori saxis zeTian amomrTvels: avziani da mcirezeTiani. 

orive saxis amomrTvelSi rkalis Sualedis deionizaciis meTodebi 

erTnairia. gansxvaveba mxolod zeTis raodenobasa da kontaqturi 

sistemis Camiwebuli korpusisagan izolaciaSia. avzian amomrTvelebSi 

dengamtari nawilebi erTmaneTisa da miwisagan izolirebulia zeTis 

saSualebiT, romelic moTavsebulia miwasTan SeerTebul foladis 

avzSi. mcirezeTian amomrTvelebSi dengamtari nawilebis izolacia 

erTmaneTisa da miwisagan warmoebs myari dieleqtrikebisa da zeTis 

saSualebiT. 

zeTiani amomrTvelebi xasiaTdebian nominaluri deniTa da ZabviT. 

garda amisaUsaWiroa vicodeT gamorTvis denis sidide da am denis 

gamorTvis SemTxvevaSi Zabvis aRdgenis siCqare. es sidideebi mocemulia 

amomrTvelebze damagrebul saqarxno firniSebze. 

Tanamedrove pirobebSi zeTiani amomrTvelebi aRar iwarmoeba. 

miuxedavad imisa, rom mimdinareobs teqnikuri gadaaxleba, gaivlis 

kidev ramdenime weli, sanam ar moxdeba ukanaskneli zeTiani 

amomrTvelis demontaJi. amitom maTi diagnostikis sakiTxebis Seswavla 

jer kidev aqtualuria.  

 

2.5. avziani zeTiani amomrTvelebi 

 

avziani amomrTvelebi, 6-15 kv Zabvamde  gamoiyeneba Siga 

dayenebisaTvis, xolo 35 kv da zeviT Zabvaze _ gare dayenebisaTvis. 

amJamad maTi warmoeba aRar xdeba, magram dReisaTvis eqspluataciaSi 

kidev rCeba maTi didi raodenoba. avzian amomrTvelebSi zeTi 

gamoiyeneba rkalis Casaqrobad da dengamtari nawilebis 

izolaciisaTvis. 10 kv Zabvamde (zogierTi tipis amomrTvelebSi 35 kv-

mde) amomrTvels gaaCnia erTi avzi, romelSic moTavsebulia samive 

fazis kontaqtebi. nax. 2.5a-ze warmodgenilia ВМЭ-6-200-1,25 tipis 

erTavziani zeTiani amomrTveli, xolo nax.2.5b-ze _ misi 

konstruqciuli sqema. 
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avziani zeTiani amomrTveli Sesrulebulia foladis avzisagan 17, 

romelSic Casxmulia satransformatoro zeTi. avzis qveda nawilSi, 

romelic SigniT izolirebulia specialuri faneriT 14, moTavsebulia 

zeTis gamosaSvebi onkani 16. zeTis done kontroldeba zeTis 

maCvenebeli milis 13 saSualebiT. avzTan miltuCebiT 12 da WanWikebiT 

11 damagrebulia Tujis saxuravi 10. gamavali izolatorebi 9 

CaSvebuli da damagrebulia avzis SigniT. am izolatorebSi 

gatarebulia dengamtari Reroebi romelTa boloebze damagrebulia 

uZravi kontaqtebi 3. avzis saxuravis qveS Seqmnilia buferuli sahae-

ro zona A, romlidanac haeri gazsarini milis 5 saSualebiT gareT 

gamoidevneba. 
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            a)                                  b) 

nax.2.5. ВМЭ-6-200-1,25 tipis erTavziani zeTiani amomrTveli (a) da misi 

konstruqciuli sqema (b): 1 _ moZravi kontaqti; 2 _ gazis buStula; 3 _ 

uZravi kontaqti; 4 _ WanWiki; 5 _ gazsarini mili; 6, 7 da 19 – mrudxara-

barbaca meqanizmis sawevara; 8 _ lilvi; 

9 _ gamavali izolatori; 10 _ saxuravi; 11 _ WanWiki; 12 _ miltuCa; 13 _ 

zeTis maCvenebeli mili; 14 _ faneri; 15 _ traversi; 16 – zeTis gamosaSvebi 

onkani; 17 _ foladis avzi; 18 _ gamomrTveli zambara; 20 _ mimmarTveli; 21 

_ Stanga; A – buferuli sivrce 

  

zeTiani amomrTvelis CarTva gamorTva xdeba amZraviT, romelic 

zemoqmedebs amomrTvelis lilvze 8. CarTvisas lilvi mrudxara-

barbaca meqanizmis sawevarebis 6, 7, 19 daxmarebiT mobrundeba saaTis 

isris moZraobis mimarTulebiT da mimmarTveli 20 awevs sakontaqto 

traverss 15, romlebzec damagrebulia amomrTvelis sami fazis 

moZravi kontaqtebi. moZravi kontaqtebi Caiketeba gamavali 

izolatorebis dengamtari nawilebis boloebze damagrebul uZrav 

kontaqtebTan. am dros gamomrTveli zambara 15 SeikumSeba da CarTul 

mdgomareobaSi amomrTveli daWerilia amZravis meqanikuri saketiT. 

gamorTvis dros amZravi gadawevs sakets. gamomrTveli zambaris 

18 moqmedebiT Stanga 21 gadaadgildeba qveviT da kontaqtebi 3 da 1 

erTmaneTs daSordebian. maT Soris aRiZvreba rkali, xolo maT 

garSemo – airis buStulebi 2, romlebic Sedgebian zeTis daSlis 

produqtebisagan (70% wyalbadi, 20% eTileni). buStulis wneva 

Seadgens 0,2_0,4 mpa-s. wyalbads gaaCnia didi Tbogamtaroba da maRali 

eleqtruli simtkice, rac gamoiyeneba rkalis Casaqrobad. warmoqmnili 

airebi gaivlian zeTis fenas da gadadian buferul A sivrceSi. 

airebma zeTis fenaSi gavlis dros unda moaswron gaciveba, 

sxvagvarad SesaZlebelia maTi swrafi gamoxeTqa da buferul sivrceSi 

wyalbadisa da Jangbadis SeerTebis dros warmoiqmnas  mgrgvinavi 

narevi.  

zeTis Zalian didi raodenobis dros SeiZleba moxdes misi 

gadmoRvra avzidan milis 5 gavliT. amitom saWiroa zeTis donisa da 

xarisxis mudmivi kontroli. aseve gamavali izolatorebis zedapiris 
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sisufTave, romlebzedac SeiZleba  moxdes gamorTvis dros 

warmoqmnili naxSirisa da metalis galRobili nawilakebis dagroveba. 

gamorTvisas rkali ramdenjerme aRdgeba da qreba. amitom avziani 

amomrTvelebis gamorTvis dro Zalian didia (0,15_0,2 wm). amaSi 

gamoixateba am tipis amomrTvelebis muSaobis erT-erTi uaryofiTi 

mxare, ris gamoc mas ZiriTadad iyeneben 6 kv Zabvamde. aseve igi zeTis 

didi moculobis gamo aris feTqebadsaSiSi.  

nax.2.6-ze warmodgenilia 35 kv Zabvis zeTiani amomrTvelis 

saerTo saxe, sadac TiToeuli fazisaTvis gankuTvnilia TiTo avzi, 

xolo nax.2.7-ze – misi konstruqciuli sqema.  

amomrTvelis avzi 1 Sesrulebulia furclovani foladisagan da 

aqvs cilindruli forma. avzis korpusTan garedan miduRebulia TaTebi 

amomrTvelis saxuravTan 10 damagrebisaTvis. avzis zeda nawilSi aris 

ferso, romlis qvemoTac miduRebulia nipeli masze mimagrebuli zeTis 

maCvenebliT 19. avzis kedlebis izolacia 2 da fazaTaSorisi 

gadaRobvebi damzadebulia eleqtromuyaosagan. avzs gaaCnia 

mowyobiloba amomrTvelis afeTqebis Tavidan acilebis mizniT. igi 

Sedgeba  Txelkedliani milebis naWrebisagan, romlebic Camocmulia 

sarWebze 17, romlebic avzs amagreben amomrTvelis saxuravTan. 

 

nax. 2.6. 35 kv zeTiani amomrTvelis saerTo saxe 
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saxuravs 10 gaaCnia oTxi korZi 5 amomrTvelis damWer 

konstruqciaze dasamagreblad. saxuravze dayenebulia eqvsi gamavali 

izolatori 3, romelTa SigniT gatarebulia dengamtari Reroebi 4 

da airsarini. saxuravis qveS ganlagebulia amomrTvelis amZravi 

meqanizmi. saxuravis korZebSi Caxraxnilia foladis sarWebi 17. 

amomrTvelis kontaqtebi torsulia. moZravi kontaqtebi 18 

Sedgebian spilenZis salteebisagan. saltis qveS gadebulia П–sebri 

formis foladis cokoli da isini damagrebulia saizolacio 

masalisagan damzadebul Stangaze. saltisa da cokolis Sua nawilSi 

aris ori naxvreti, romlebSic Sedian Stangis daboloebebSi 

Caxraxnili sarWebi. TiToeul sarWze erTi meoreze Camocmulia ori 

zambara. moZrav kontaqtebs sarWebTan ara aqvT xisti SeerTeba da 

SeuZliaT gadaadgildnen maTze da SekumSon zambara. es zambarebi 

uzrunvelyofen moZrav da uZrav kontaqtebs Soris saWiro kontaqtur 

dawnevas. 

 
 

nax.2.7. 10 kv zeTiani amomrTvelis konstruqciuli sqema. 1 _ avzi; 2 _ avzis 

izolacia; 3 _ faifuris izolatorebi; 4 _ dengamtari Rero; 5 _ korZi; 6 _ 

uZravi kontaqti; 7 _ xraxni; 8 _ zeTis Casasxmelo xvrelis sacobi; 9 _ 

amomrTvelis lilvi; 10 _ saxuravi; 11 _ amomrTvelis amZravTan SesaerTebeli 

Cangali; 12 _ SemamWidroebeli safeni; 13 _ ferso; 14 _ zambara; 15 _ avzis 
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fskeri; 16 – zeTis gamosaSvebi xvrelis sacobi; 17 _ sarWi; 18 _ moZravi 

kontaqtebi; 19 _ zeTis donis maCvenebeli 

amomrTvelis amZravi meqanizmi lilvis brunviT moZraobas 

gardaqmnis moZravi kontaqtebis sworxazovan moZraobad. 

am amomrTvelebSi rkalis qrobis procesi xdeba Semdegnairad: 

eleqtruli rkali, romelsac aqvs maRali temperatura Slis mis 

garSemo arsebul zeTs airad. aRiZvreba ori mimdevrobiT CarTuli 

rkali. TiToeuli am rkalis garSemo iqmneba airis buStula, 

romelSic wneva aRwevs 10_12 atm. da gandevnis airs avzis saxuravsa 

da zeTis zedapirs Soris arsebul sahaero baliSSi. sahaero baliSi 

ikavebs avzis moculobis 20_30%-s da icavs amomrTvels afeTqebisagan 

didi denebiT gamowveuli zeTis donis awevis dros. 

rkalis Caqrobis dros didi mniSvneloba aqvs kontaqtebis 

daSorebis siCqares. siCqaris gazrdiT mcirdeba rkalis wvis 

xangrZlivoba. 

nax.2.8-ze warmodgenilia 35 kv Zabvis zeTiani amomrTvelis 

saerTo saxe da misi erTi fazis Wrili. 

     
                  a)                                 b) 

nax.2.8. 35 kv Zabvis zeTiani amomrTvelis saerTo saxe (a) da misi erTi fazis 

Wrili (b): 1 _ foladis saxuravi; 2 _ sakontaqto gamomyvani; 3 _ saxuravi; 4 
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_ yinvagamZle mastika; 5 – bakelitis milisi; 6 – Semyvanis faifuris safari; 

7 – denis transformatori; TB-35; 8 – mimmarTveli milisi; 9 – uZravi 

kontaqti; 10 – amomrTvelis rkalmqrobi kamera; 11 – saizolacio 

eleqtromuyao; 12 – zeTis gamaTbobeli; 13 _ zeTis gamosaSvebi onkani; 14 – 

polusis avzi; 15 – Semyvanis dengamtari Rero; 16 – Stanga; 17 – mosaWimi 

sarWi; 18 – amZravi meqanizmi 

6-10 kv danadgarebSi gamoiyenebdnen ВМБ_10, ВМЭ–6, ВМЭ–10, ВС 

_10 tipis amomrTvelebs. amJamad maT cvlian mcirezeTiani da 

elgazuri amomrTvelebiT. avziani amomrTvelebi xasiaTdebian 

konstruqciis simartiviT, ramac ganapiroba maTi farTo gamoyeneba. 

martivi amomrTvelebisagan gansxvavebiT maT gaaCniaT rkalmqrobi 

kamerebi.  

avziani zeTiani amomrTvelebis ZiriTadi upiratesobebia: 

konstruqciis simartive; maRali gamorTvis unarianoba; gare 

dayenebisaTvis vargisoba; CaSenebuli denis transformatorebis 

dayenebis SesaZlebloba. 

avziani zeTiani amomrTvelis uaryofiTi mxareebia: feTqebad- da 

xanZarsaSiSroeba; avzsa da SemyvanebSi zeTis donisa da mdgomareobis 

perioduli kontrolis saWiroeba; zeTis didi moculoba (mag. У_220 

tipis amomrTvelSi samive polusze saWiroa 27000 kg zeTi), rac 

ganapirobebs mis Sesacvlelad drois did danaxarjebs; zeTis didi 

maragis saWiroeba; Siga dayenebisaTvis gamouyenebloba; swrafadmoqmedi 

agC-saTvis uvargisia; metalis didi danaxarjebi, didi masa, mouxerxe-

belia gadasatanad, montaJisa da gawyobisaTvis. 

     

2.6. mcirezeTiani amomrTvelebi 

    

   mcire zeTianma (qoTnianma) amomrTvelebma farTo gavrceleba 

hpoves 6, 10, 20, 35, 110 kv eleqtrosadgurebisa da qvesadgurebis  

daxurul; 6, 10 da 35 kv kompleqtur da 35, 110 da 220 kv  Ria 

gamanawilebel mowyobilobebSi. erT erTi saxis (ВПМ  - 10 tipis) 

mcirezeTiani amomrTveli mocemulia nax. 2.9-ze. 

mcire zeTian amomrTvelebSi zeTi ZiriTadad gamoiyeneba rogorc 

rkalmqrobi garemo da nawilobriv gaTiSul kontaqtebs Soris 

izolaciisaTvis. dengamtari nawilebis erTmaneTisa da Camiwebuli 

konstruqciebisagan izolacia xorcieldeba faifuris an sxva saxis 
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myari maizolirebeli masalisagan. Siga dayenebis amomrTvelis 

kontaqtebi moTavsebulia foladis avzakSi (qoTanSi) da amis gamo 

uwodeben maT “qoTnians”.  35 kv da zemoT Zabvebze gankuTvnil zeTian 

amomrTvelebs gaaCniaT faifuris korpusi.  

       

 
 

nax. 2.9. mcirezeTiani amomrTvelebi 
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amomrTvelis moqmedebis principi damyarebulia kontaqtebis 

gaTiSvis dros warmoqmnili rkalis airzeTiani narevis nakadiT 

Caqrobaze. rkalis wvis dros, maRali temperaturis moqmedebiT, 

intensiurad iSleba satransformatoro zeTi da warmoiqmneba 

airzeTiani narevis nakadi. es nakadi rkalis wvis zonaSi ganTavsebul 

specialur rkalmqrob mowyobilobaSi iRebs gansazRvrul 

mimarTulebas da aqrobs rkals. 

yvelaze ufro didi gamoyeneba aqvT 6_10 kv Zabvis kiduli tipis 

ВМП seriis amomrTvelebs (nax.2.10. a, b, g). am amomrTvelebSi korpusi 

damagrebulia faifuris izolatorebze yvela samive polusisaTvis 

saerTo CarCoze. TiToeul polusSi gaTvaliswinebulia kontaqtebis 

erTi wyveta da rkalmqrobi kamera. 

didi nominaluri denebis dros kontaqtebis erTi wyvili  (muSa 

da rkalmqrobi) sakmarisi ar aris, amitom muSa kontaqtebi 

gaTvaliswinebulia amomrTvelis gareT (nax.2.10. g, d), xolo 

rkalmqrobi kontaqtebi – metalis avzakis SigniT. didi gasaTiSi 

denebis dros TiToeul poluss gaaCnia ori rkalmqrobi wyveta. am 

sqemiT sruldeba МГГ da МГ seriis amomrTvelebi 20 kv Zabvamde 

CaTvliT. masiuri gare muSa kontaqtebi 4 saSualebas iZleva 

damzaddes amomrTvelebi did nominalur denebze (12000 a-mde). 
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Nnax. 2.10. mcirezeTiani ВМП seriis amomrTvelebis konstruqciuli sqemebi: 1 

_ moZravi kontaqti; 2 – rkalmqrobi kamera; 3 – uZravi kontaqti; 4 – muSa 

kontaqtebi 

nax. 2.10-ze mocemulia mcirezeTiani amomrTvelebis kon-

struqciuli sqemebi. 

gamosawevi Sesrulebis kompleqturi gamanawilebeli mo-

wyobilobebisaTvis specialurad damuSavebulia da mzaddeba ВК seriis 

mcirezeTiani svetiani amomrTveli (nax.2.10.e). 35 kv da zemoT svetiani 

amomrTvelebis korpusi mzaddeba faifurisagan da avsebulia zeTiT 

(nax.2.10.v). 35 da 110 kv amomrTve-lebSi gaTvaliswinebulia erTi 

gawyveta fazaze, ufro did Zabvebze – ori da meti gawyveta. 

ВМП seriis amomrTvelebi farTod gamoiyeneba 6_10 kv Zabvis 

daxurul kompleqtur gamanawilebel mowyobilobebSi. isini 
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gaTvlilia 630–3150 a nominalur da 20 da 31,5 ka gamorTvis denze. 

zeTis raodenoba 630_1600 a denze gankuTvnil amomrTvelebSi 5,5 kg-

ia, xolo 3150 a denze – 8 kg. mTeli seriis polusebis Siga 

mowyobiloba erTnairia. amitom am seriis amomrTvelebs dawvrilebiT 

ganvixilavT.  

nax. 2.11-ze mocemulia ВМП–10 tipis mcirezeTiani amomrTvelis 

mowyobilobis sqema; nax. 2.12-ze _ rozetuli kontaqtis mowyobilobis 

sqema, xolo nax.2.13-ze – rkalmqrob kameraSi rkalis qrobis procesis 

sqema. 

amomrTvelis polusebi damontaJebulia SeduRebul CarCoze. 

CarCos SigniT ganlagebulia amZravis saerTo lilvi berketebiT, 

gamomrTveli zambarebi, zambariani da zeTiani dempferebi. CarCoze 

dayenebulia sayrdeni izolatorebi, romlebzec dayenebulia 

polusebi, xolo polusebs Soris – saizolacio tixarebi. 

polusebi Sesrulebulia izolirebuli cilindris saxiT, romlis 

boloebzec moarmirebulia liTonis miltuCebi. zeda miltuCaze dam-

agrebulia korpusi moZravi meqanizmiT, demgamtari ReroTi, 

gorgolaWebiani denis amrTmevi mowyobilobiTa da zeTgamyofiT. qveda 

miltuCaze damagrebulia saxuravi rozetuli kontaqtiTa da zeTis 

donis maCvenebliT. 
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N 

nax.2.11. ВМП – 10 tipis mcirezeTiani amomrTvelis mowyobilobis sqema: 

a)Ggare xedi; b) amomrTvelis fazis Wrili; 1 – foladis CarCo; 2 – 

gamomrTveli zambara; 3 – ormxara berketi; 4 – amomrTvelis lilvi; 5 – 

zambariani dempferi; 6 – Camiwebis WanWiki; 7- sayrdeni izolatori; 8 – fazis 

avzaki; 9 – zeTiani dempferi; 10 – zeTis maCvenebeli; 11 – izolirebuli 

sawevari; 12 – berketi; 13 – gammarTveli meqanizmi; 14 – zeTgamomyofi; 15 – 

airis gamosasvleli arxi; 16 – saxuravi; 17 – zeTis Casasxmeli naxvretis 

sacobi; 18 – zeTgamomyofis naxvreti; 19 – korpusi; 20 – berketi; 21 – 

sakontaqto Rero; 22 – minaepoqsidis cilindri; 23 – kameris centraluri 

arxi; 24 – gverdiTi gamosabolqvi arxi; 25 – rkalmqrobi kamera; 26 – fazis 

qveda saxuravi; 27 – zeTis gamosaSvebi sacobi; 28 – gamomyvani salte; 29 – 

uZravi kontaqti; 30 – qveda miltuCi; 31 – buferuli sivrce; 32 – zeTis 

jibe; 33 – moZravi kontaqti; 34 – zeda gamomyvani; 35 – momyvani salte; 36 

– denis amrTmevi gorgolaWebi 
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Nnax. 2.12. rozetuli kontaqtebis mowyobilobis sqema: 1- spilenZis segmenti; 

2 – dasaWeri zambara; 3 – sayrdeni rgoli; 4 – moqnili kavSiri; 5 – 

kontaqtsaWeri; 6 – metalokeramikis samosi 

 

  

 
          a)                  b)                     g) 

Nnax.2.13. rkalmqrob kameraSi rkalis qrobis procesis sqema. 1 _ moZravi 

kontaqti; 2 _ zeTis jibe; 3 – gamosabolqvi arxi; 4 – minaepoqsidis 

cilindri; 5 – rozetuli kontaqti; 6 – qveda miltuCi; 7 – fazis saxuravi; 

А – sahaero buferi 
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amomrTvelis dengamtari wredi Sedgeba zeda sakontaqto 

gamomyvanis, mimmarTveli Reroebis, denis amrTmevi gorgolaWebis, 

dengamtari Reros (sanTelis), rozetuli kontaqtisa da qveda 

sakontaqto gamomyvanisagan. 

moZravi kontaqtidan (sanTlidan) mimmarTvel Reroebze denis 

gadasvla xdeba moZravi konusuri gorgolaWebis gavliT. isini 

awyobilia wyvilad da zambarebiTY miWerilia sanTlebTan da 

mimmarTvel ReroebTan. sakontaqto wneva ar regulirdeba. 

gardamavali winaRobis Semcirebis mizniT mimmarTveli Reroebis, 

gorgolaWebis, rozetuli kontaqtebis firfitebis (lamelebis) 

zedapirebi movercxlilia. kontaqtebis eleqtruli rkalis moqmedebis 

mimarT mdgradobisa da muSaobis xangrZlivobis vadis gazrdis mizniT, 

sanTlis mosaxsneli daboloeba da rozetuli kontaqtebis firfitebis 

boloebi mopirkeTebulia rkalmedegi metalokeramikiT. 

rozetuli kontaqtebis firfitebi moqnili kavSiriT Se-

erTebulia qveda saxuravTan, romelic erTdroulad gamoyenebulia 

sakontaqto gamomyvanad. firfitebis daWera dengamtar Reroze xdeba 

zambarebiT. 

zeTis dempferis daniSnulebaa amomrTvelis gamorTvis dros 

dartymis Serbileba, xolo zambariani dempferisa _ dartymis 

Serbileba CarTvis dros. garda amisa, dempferis zambara zrdis Zalvas 

amomrTvelis gamorTvisas da amaRlebs kontaqtebis gaTiSvis siCqares. 

izolirebuli cilindris SigniT rozetuli kontaqtebis Tavze 

dayenebulia rkalmqrobi kamera. 

eleqtruli rkalis qrobis dros rkalmqrobi kameridan  

gamovardnili satransformatoro zeTi miiswrafvis zemoT. zeTis 

nawili miaRwevs zeTgamyofamde miexeTqeba masze da Camoedineba qvemoT 

airebi xvrelis gavliT gadian zeTgamyofamde da Semdeg saxuravSi 

arsebuli arxis gavliT gareT gamoifrqvevian. saxuravi damzadebulia 

saizolacio masalisagan, romelsac gaaCnia xraxniani sacobiT 

daxuruli zeTis Casasxmeli naxvreti. polusis qveda miltuCas gaaCnia 

zeTis maCvenebeli, romlis daniSnulebaa polusSi zeTis donis kon-

troli. minis milze aris ori niSnuli, romelTa Soris unda iyos 

zeTis  done. 
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zeTiani amomrTvelis mimdinare remonti unda Catardes 

weliwadSi erTxel, xolo kapitaluri – 6 weliwadSi erTxel. 

35 kv da zeviT Zabvaze mci-

rezeTiani amomrTvelebis kon-

struqciis daxvewa nominaluri 

denebisa da gamorTvis unarianobis 

gazrdis mizniT grZeldeba. 

mrewvelobis mier amJamad ga-

moSvebulia mcirezeTiani amom-

rTvelebi 110_220 kv Zabvaze (nax. 

2.14.). maTi konstruqciis ganmas-

xvavebeli Taviseburebaa mcirezeTiani 

faifuris svetebi, romelTagan 

TiToeuli Sedgeba sayrdeni da 

sakamero izolatorebisagan. 

sakamero izolatorebSi 

ganlagebulia rkalmqrobi mo-

wyobilobebi da marTvis meqanizmebi. 

zeTavsebuli svetebi hermetulia. 

maTSi zeTis zemoTa sivrce Sevsebulia azotiT, romelic imyofeba mu-

dmivi wnevis (0,5_1 mpa) qveS. wneva iqmneba amomrTvelis muSaobaSi 

Seyvanis win da es wneva SenarCundeba morig remontamde.  

 

   2.7. zeTiani amomrTvelebis diagnostika 

 

zeTiani amomrTvelebis diagnostika iwyeba garegani daT-

valierebiT, romliTac mowmdeba TiToeuli amomrTvelis mdgomareoba 

sasignalo mowyobilobis Cvenebis mixedviT da am Cvenebis Sesabamisoba 

operatiul sqemaze gamosaxul mdgomareobasTan. mowmdeba agreTve 

Semyvanebis faifuris saxuravebis zedapirebis, izolatorebisa da 

sawevarebis mdgomareoba, damcavi sarqvelebis membranebis mTlianoba 

da airsaniridan zeTis gamosvlis ar arseboba.zeTis gaJonvis kvali 

SeduRebis nakerebSi, gasarTebSi, onkanebSi. smeniT gansazRvraven amom-

rTvelSi tkacanisa da xmauris ar arsebobas. Termoafskis feris 

 
nax.2.14. 110 kv Zabvis mcire- 

zeTiani amomrTvelebi 
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mixedviT gansazRvraven kontaqturi SeerTebis temperaturas. 

yuradReba unda mieqces zeTis dones avzSi. 

amZravebis muSaobaSi mtyunebebis Tavidan acilebis mizniT 

saWiroa maTi muSaobis perioduli Semowmeba. gamorTvisas mtyunebis 

dros saWiroa amomrTveli dauyonebliv garemontdes. 

maT gamarTul muSaobas unda mieqces gansakuTrebuli yuradReba, 

saWiroa periodulad Semowmdes amomrTvelebis dengamtari nawilebis 

korpusTan izolaciis sidide. rkalCamqrob kameraSi Sida gadafarva 

xSirad gamowveulia zeTis uxarisxobiT _ misi saizolacio Tvisebebis 

dakargviT. amitom, rogorc praqtika gviCvenebs, 6_10 kv zeTiani 

amomrTvelebis profilaqtikuri SekeTebis dros saWiro xdeba zeTis 

Secvla axali mineraluri zeTiT, xolo Tu profilaqtikidan profi-

laqtikamde moxda zeTiani amomrTvelis 5-5 avariuli gamorTva, zeTis 

saizolacio Tvisebebis sagrZnoblad Semcirebis gamo saWiro xdeba misi 

Secvla. 110_220kv momuSave zeTiani amomrTvelebis zeTis gamrRvevi 

Zabvis dasadgenad sinji aRebuli unda iqnas profilaqtikur SekeTebis 

dros. Sedegebis analizis Semdeg saWiroa miRebuli iqnas saTanado 

gadawyvetileba zeTis gaSrobis an Secvlis Sesaxeb. 

profilaqtikuri SekeTebis dros unda Semowmdes rkalCamqrobis 

yvela detali. moZravi nawilebis izolacias akontroleben misi 

winaRobis megaommetriT gazomviT. izolacia iTvleba 

damakmayofileblad Tu 3_10 kv amomrTvelebisaTvis Seadgens 100 mom; 

15_150 kv ZabvisaTvis 5000 mom. zeTiani amomrTvelis 

eleqtromagnitebis CarTva unda xdebodes nominaluri Zabvis  80_110%-

s dros, xolo gamorTva 65_125%-s dros. 

rkalCamqrobi mowyobilobebis izolaciis mdgomareoba  mowmdeba 

Semyvanebis dieleqtrikuli kargvebis tgδδmixedviT, es sidide 

ZiriTadad gansazRvravs myari izolaciis tenianobas da zeTis 

defeqtianobas, rac sabolood gansazRvravs aqtiur da tevaduri 

denebis fardobas. saWiroebis SemTxvevaSi rkalCamqrobis Sida 

izolaciis gaSrobas axdenen demontaJis gareSe 90_1000C temperaturis 

haeris daberviT 30_40 sT ganmavlobaSi. gaSroba SesaZlebelia 

agreTve rkalCamqrobis Sida sivrceSi 1000 vat naTuris anTebis 8_10 

sT ganmavlobaSi ris Sedegadac igi Seivseba mSrali transformatoris 
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zeTiT. saWiroa amomrTvelis kontaqtebis gardamavali winaRobis ga-

zomva. 

am winaRobis sidide yvela saxis amomrTvelebisaTvis normalur 

mdgomareobaSi unda iyos 100_350 kom farglebSi, Tu es sidide 

gadazrdilia, saWiroa saTanado RonisZiebis Catareba mis 

Sesamcireblad. 

amomrTvelebis amZravi meqanizmebis kinetikuri sqemis 

daTvalierebisas, saWiroa davrwmundeT SeuZlia Tu ara amomrTvelis 

amZravs mokle CarTvisas gamorTos wredi, im SemTxvevaSic Tu 

CamrTveli meqanizmi agrZelebs mis moqmedebas CarTvis mimarTulebiT. 

saWiroa periodulad Semowmdes CamrTveli meqanizmis moqmedeba sami 

sxvadasxva sididis Zabvis dros 1.15; 1; 0.8 Unom. Yyvela am sididis dros 

CamrTveli unda CairTos da gamoirTos samjer. saWiroa periodulad 

Semowmdes saxsruli SeerTebebis, amZravi zambarebis, meqanikurad 

SeerTebuli konstruqciuli nawilakebis mdgomareoba, saWiroa 

SeizeTos kvanZebi. 

saWiroa Semowmdes blokirebis wredebi da meqanizmebi, romlebic 

ar gvaZleven CarTuli zeTiani amomrTvelis muSa mdgomareobaSi 

Cayenebisa da muSa mdgomareobaSi CarTuli amomrTvelebis 

sakontrolo mdgomareobaSi Cayenebis SesaZleblobas. saWiroa 

Semowmdes dacvis sistemis efeqtiani moqmedeba zeTiani amomrTvelebis 

sakontrolo mdgomareobaSi yofnisas. Semowmdes xmovani signalizaciis 

wredebis wesrigSi yofna da avariulad gamorTvis mizezebis 

vizualurad maCvenebeli wredebisa da aparaturis qmediTunarianoba. 

daTvalierebisas aRmoCenili uwesrigobis aRmofxvris Semdeg 

saWiroa zeTiani amomrTvelebis muSaobis Semowmeba. Ria 

gamanawilebeli mowyobilobebis SemTxvevaSi Semowmeba xdeba 

datvirTvis gareSe maTi distanciuri CarTva-gamorTviT, xolo 

daxuruli gamanawilebeli mowyobilobebis SemTxvevaSi _ 

amomrTvelebis CarTva-gamorTviT maTi sakontrolo mdgomareobaSi 

yofnisas. 

cxrilSi 2.1 mocemulia zeTiani amomrTvelebis aparaturis gare 

izolaciis sagamocdo Zabvebi. 

 

cxrili 2.1 zeTiani amomrTvelebis aparaturis gare izolaciis 

sagamocdo Zabvebi 
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muSa  
Zabva  
 kv 

       sagamocdo Zabva kv. izolaciisas 

normaluri 

keramikuli 

normaluri 
keramikuli 
nivTierebebis 

Semsubuqebu 
li keramikis 

Semsubuqebuli 

keramikuli 

nivTierebebis 

3 24 21.6 13 11.7 

6 32 28.8 21 18.9 

10 42 37.8 32 28.8 

15 55 49.5 48 43.2 

20 65 58.5 _ _ 

35 95 85.5 _ _ 

 

 

2.8. zeTiani amomrTvelebis gawyoba da gamocda 

 

mTlianad akrefili da revizirebuli zeTiani amomrTveli 

gawyobis win mowmdeba memontaJe personalis mier kontaqtebis 

erTdroulad CarTva-amorTvaze. maT mierve izomeba moZravi nawilis 

svlis sidide, kontaqtebis moWeriloba da xelis sidide CarTvis dros. 

amomrTvelis zeTi avsebamde izomeba organuli masalisgan 

damzadebuli moZravi da mimmarTveli nawilebis izolaciis winaRoba, 

avzis izolaciis, damWeri sarWebis da rkalCamqrobi mowyobilobis 

izolaciis winaRoba Riz, amisaTvis amorTul amomrTvelze CarTaven 

megaommetrs erTi mxriv traversiT, xolo meore mxriv avzze. zeTis 

Camosxmis Semdeg zomaven moZravi nawilis izolaciis winaRobas 

amomrTvelis CarTuli mdgomareobis dros. gazomva warmoebs 2500 v 

megaommetriT. izolaciis winaRoba unda iyos: 10kv-mde muSa Zabvis 

dros aranakleb 1000 momi; 15_150kv _ aranakleb 3000 momi, 220 kv da 

zeviT _ aranakleb 5000 momi. calke mowmdeba avzis izolaciis 

winaRoba. amisaTvis mis zedapirze zeda da qveda nawilebSi moedeba 

droebiTi eleqtrodebi da masTan SeerTdeba megaommetris gamtarebi. 

Tu gazomvis Sedegebi naklebia dasaSvebze saWiroa gaizomos Riz.a 

winaRoba amorTul amomrTvelze gamomyvanebis damoklebiT. am 

SemTxvevaSi moZravi nawilebis izolaciis winaRoba ganisazRvreba 

amomrTvelis CarTul (Riz.C) da amorTul (Riz.a) mdgomareobaSi 

miRebuli gazomvis Sedegebis mixedviT formuliT 

Riz = Riz.C X Riz.a / (Riz.a – Riz.C) 
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Tu am SemTxvevaSi izolaciis winaRoba naklebia normiT 

dadgenilze, maSin avzis izolacia eqvemdebareba gaSrobas. amZravis 

meoradi wredis izolaciis winaRoba izomeba 1000 v megaommetriT da 

unda iyos aranakleb 1000 momi. 

zeTiani amomrTvelebis Semyvanebi gamoicdeba maTi amomrTvelze 

dayenebamde. Ddayenebis Semdeg swarmoebs izolaciis dieleqtrikuli 

danakargebis kuTxis tg gazomva mTlianad akrefil amomrTvelze nax. 

2.15-ze mocemuli avtomaturi sazomi xelsawyoTi  an tg -s sazomi 

sxva xelsawyoebiT. 

Tu tg -s mniSvneloba aRemateba dasaSvebs, maSin awarmoeben 

gazomvas avzis izolaciis gamoricxviT, risTvisac CamouSveben avzs, 

gadmoasxamen zeTs, daamokleben rkalsaqrob kamerebs, Tu am 

SemTxvevaSi Semyvanebis izolaciis tg  Semcirdeba 4%-ze metad, maSin 

amomrTvelis Sida izolacia eqvemdebareba gaSrobas. zeTis 

ganmeorebiTi Casxmis SemTxvevaSi swarmoebs izolaciis winaRobis 

Semowmeba 2500 v megaommetriT da tg gazomva CarTuli da amorTuli 

amomrTvelebis dros. izolaciis winaRoba da dieleqtrikuli 

danakargebi orive SemTxvevaSi unda iyos erTnairi. gamosacdeli Zabva 

miewodeba TiToeuli fazis orive Semyvans. 

 
Nnax. 2.15. DTL tipis kuTri eleqtruli winaRobisa da dieleqtrikuli 

danakargebis kuTxis avtomaturi sazomi xelsawyo 
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aweuli ZabviT zeTiani amomrTvelis izolaciis gamocda warmoebs 

samrewvelo sixSireze 1 wuTis ganmavlobaSi cxrili 2.2-Si mocemuli 

ZabvebiT. 

                                                       

cxrili 2.2. zeTiani amomrTvelis sagamocdo Zabvebi 

amomrTvelis nominaluri 

Zabva, kv 
3 6 10 15 20 24 27 35 

gamosacdeli Zabva 

nominaluri izolaciisTvis, 

kv 

22 

 

29 

 

38 49 58 63 72 85 

 

meoradi wredebisa da amZravi gragnilebis izolacia gamoicdeba 

1000v Zabvaze 1 wuTis ganmavlobaSi. 

sakontaqto sistemis regulirebis mniSvnelovan maxasiaTebel 

sidides warmoadgens misi winaRoba mudmivi denis mimarT. misi gazomva 

xdeba calkeuli fazebis mixedviT amomrTveli muSa kontaqtebis 

TiToeuli wyvilisaTvis nax. 2.16.- ze mocemuli sqemis  mixedviT Ф – 

415 tipis  mikroommetriT, P – 239 mudmivi denis ormagi bogiriT an 

ampermetr-voltmetris meTodiT. winaRobis sidideebi unda 

Seesabamebodes cxrili 2.3-s  monacemebs. 

 

nax. 2.16. amomrTvelis kontaqturi sistemis winaRobis mudmivi deniT 
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gazomvis sqema: za -zeTiani amomrTveli;    sb -  sazomi bogiri;  

kw – kvebis wyaro 

 

zeTiani amomrTvelebisa da misi amZravis swori regulirebis 

ZiriTad Sesamowmebel sidides warmoadgens CarTva-gamorTvis siCqare. 

aRniSnuli Semowmeba swarmoebs zeTiT mTlianad gavsebul zeTian 

amomrTvelze, aranakleb +100C temperaturaze; CarTvisa da gamorTvis 

eleqtromagnitis gragnilis boloebze operatoruli denis nominalur 

Zabvaze, agreTve CarTvis eleqtromagnitis momWerebze 0.8 Unom da 

amorTvis eleqtromagnitebze 0.65 Unom Zabvaze. 

cxrili 2.3. zeTiani amomrTvelis fazebis winaRobebi 

 

amomrTvelis tipi 

nominaluri 

Zabva, kv 

nominaluri 

deni, a 

amomrTvelis 

fazis winaRoba, 

mkomi 

ВМП-10; ВМП-10К     10 600       55 

       1000       40 

  1500       30 

  5000     15; 300* 

ВЭМ-6; ВЭМ-10      6-10 2000       45 

  3200       45 

           М-10       10 5000     10; 300* 

          МГГ-10      6-10 2000       30 

  3000       20 

  sxva tipebi      3-10 200      350 

  600      150 

  1000      100 

  2000       75 

         МГ-20      20 6000     15; 300* 

         МГГ-20      20 2000     30; 250* 

  3000     20; 250* 

ВМ-35жВБ-35жВМД-35      35 600       550 

        C-35      35 630     310;9 

  3200     55;14** 

     ВМТ-110;МКП-110      110 1000      130 

              ВМ-125      110 600      500 
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             ВМТ-220      220 1000      130 

            МКП-220      220 600    1200; 260** 

          У-220-10      220 600    1400;600** 

           МКП-500      500 1500 2350;350**;500*** 

SeniSvna. * _ rkalmqrobi kontaqtebi; 

 ** _ erTi kamera; 

 *** _ moZravi kontaqtebi. 

 

amomrTvelis siCqaris maxasiaTeblebi unda Seesabamebodes cxrili 

2.4-Si mocemul sidideebs.  

    

 
                 a)                            b) 

Nnax.2.17. vibrografi ВЭ -1 (a) da vibrogramis gadaReba (b): 1 – sadgari; 2 _ 

korpusi; 3 _ gragnili; 4 _ gulara; 5 _ Ruza; 6 – foladis zambara; 7 – 

saweri mowyobiloba; 8 – xis Tamasa; 

9 – qaRaldis lenta; 10 – vibrograma 

CarTva-gamorTvis siCqaris gazomva warmoebs vibrografiT (nax. 

2.17.a). igi Sedgeba brtyeli zambarisagan (vibratori), 

eleqtromagnitisa da Camweri mowyobilobebisagan. xelsawyos Cveneba 

fiqsirdeba qaRaldis lentaze vibrogramis saxiT (nax.2.17.b). igi qselSi 

irTveba  12 v Zabvisa da 50 hc sixSiris dros. 
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cxrili 2.4. zeTiani amomrTvelis siCqaris maxasiaTeblebi 

amomrTvelis tipi 
amZravis 

tipi 

Kkontaqtebis moZraobis siCqare 

rkal- 

Camqrobi 
saSualedo maqsimaluri 

МКП-500 МПЭ-504 2.4/1.6 3.7/2.8 3.7/4.0 

МКП-200;У-220-10 МПЭ-44 2.7/1.5 4.4/2.8 4.4/3.6 

ВМТ-110; ВМТ-220 ППР 8.2/5.0 - 9/8.5 

ВМК-110; 110 В ПП-35 7.5/5.0 - 7.8/5.3 

C-35 ПЭ-31 2.4/1.2 - 3.0/1.8 

ВМ-35; ВМП-35 ПC-10 -/1.0 - 1.7/2.0 

МГ-20 ПC-31 2.0/1.8 - 2.1/2.0 

МГ-10 ПC-31 2.5/1.8 - 2.5/2.0 

МГГ-10 ПЭ-2 1.4/2.1 - 1.7/3.0 

ВМГ-133 ПC-10 2.8/2.0 - 2.8/3.0 

ВМП-10 ПЭ-11 3.5/3.0 - 4.5/4.2 

vibrograma (nax.2.18) eqvemdebareba gaSifvras. amisaTvis 

vibrograma daiyofa ramdenime ubnad, romelTa sigrZe TiToeul 

SemTxvevaSi damokidebulia vibrogramis sigrZeze. 

 

 
N 

nax. 2.18. amomrTvelis vibrograma da misi damuSaveba 

 

vibrogramis ubnebad dayofis Semdeg TiToeuli maTganisaTvis maTi 

sigrZe zustad izomeba milimetrebiani saxazaviT an milimetruli 

qaRaldis zoliT, xolo traversis moZraobis dro ganisazRvreba 

rxevaTa periodebis ricxviT ubanze, saSualo siCqare mocemul ubanze 

(nax. 2.18) ganisazRvreba formuliT: 
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VsaS. =Lub/t, m/wm,  

sadac Lub – ubnis sigrZea; t _ ubanze raversis moZraobis dro (wm). 

radganac vibrogramis vibraciis rxevaTa sixSire tolia 100 hc, amitom 

erTi periodis Sesabamisi dro tolia 0,01 wm-is, xolo n raodenobis 

sinusoidis Sesabamisi dro iqneba n X 0,01 wm. 

traversis svlis romelime wertilSi siCqaris gansazRvrisaTvis 

gamoiTvleba saSualo siCqare am wertilis mimdebare ori periodis 

intervalSi, formuliT: 

VsaS = (V1saS, + V2saS)/2 

amgvarad miRebul siCqareTa saSualo mniSvnelobebis mixedviT 

aigeba amomrTvelis traversis moZraobis siCqaris ganvlil gzaze 

damokidebuleba (nax.2.19): 

VsaS = f(L) 

 
nax.2.19. amomrTvelis traversis moZraobis siCqaris ganvlil  

gzaze damokidebulebis grafiki 

 

yvela mrudisaTvis rekomendirebulia SevuTavsoT koordinatTa 

saTavis mdgomareoba “CarTulia.” amomrTvelis regulireba iTvleba 

damakmayofileblad, Tu siCqaris miRebuli mniSvnelobebi saqarxno 

monacemebisgan ar gansxvavdeba  ±15%- iT winaaRmdeg SemTxvevaSi 

regulireba xdeba Tavidan da izomeba traversis moZraobis siCqare.  

drois aTvlisaTvis gamoiyeneba eleqtronuli wamzomi, 

miliwammzomi an oscilografi. radganac eleqtrul wammzoms aqvs 

didi cdomileba (0.05wm), amitom swrafmoqmedi amomrTvelis 

SemowmebisaTvis ZiriTadad gamoiyeneba miliwammzomi an oscilografi. 
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am dros izomeba CarTvis sakuTari dro “amorTvaze” Zabvis impulsis 

miwodebidan kontaqtebis gaTiSvis dawyebamde. 

moTxovnili normebidan gamomdinare samontaJo personalis mier 

mowmdeba meqanizmis Tavisufali moSveba amZravis CarTuli 

mdgomareobis dros. 

mowmdeba agreTve damuSavebis minimaluri MZabva, romelic unda 

iyos gamorTvis dros amZravis gragnilis Zabvis aranakleb 35% da ara 

umetes 65%. 

CarTvis kontaqtorebma unda uzrunvelyos amomrTvelis saimedo 

CarTva nominaluri Zabvis 80%-is Zabvis dros. 

mxedvelobaSi miiReba, rom amZravis amuSavebis procesSi icvleba 

gragnilis induqtivoba da Sesabamisad R da L-is Tanafardoba, 

SemowmebisaTvis rekomendirebulia sqema reostatiT. amomrTvelis 

damamTavrebeli gamocdis dros axdenen mravaljerad CarTva 

gamorTvas nominaluri Zabvis 110. 100. 90. 80%-is dros. Zabvis 

TiToeul mniSvnelobaze  gasinjva xdeba  3_5jer. 

 

2.9. elegazuri amomrTvelebi 

 

elegazuri amomrTvelebi Tanamedrove maRalvoltiani 

amomrTvelebis erT erTi saxea. elegazi warmoadgens inertul gazs, 

romlis simkvrive 5-jer aRemateba haeris simkvrives. eleqtruli 

simtkice 2-3 jer maRalia haeris simtkiceze; 0,2 mpa wnevis dros 

elgazis eleqtruli simtkice Seesabameba zeTis simtkices. elegazur 

amomrTvelebSi rkalis qroba xorcieldeba didi siCqariT moZravi 

maRali rkalmqrobi Tvisebebis mqone elegazis (eqvsftoriani gogirdis 

SF6) gacivebis xarjze, romelic gamoiyeneba rogorc maizolirebeli 

garemo. 

damuSavebulia elegazuri amomrTvelebis konstruqciebi 6, 10, 

35, 110, 220, 330, 500 da 750 kv Zabvebze. 

nax. 2.20-ze warmodgenilia ABB firmis zogierTi saxis elegazuri 

amomrTveli. 
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         a) B                   b)                    g) 
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   d)                    e)                       v) 

nax.2.20. ABB firmis elegazuri amomrTvelebi: a _ 6 kv; b _ 10 kv; 

g _ 35 kv; d _ 110_220 kv; e _ 330 kv; v _ 500 kv 

  M 

elegazur amomrTvelebSi gamoiyeneba rkalis qrobis ori 

principi. erTi principi mdgomareobs elegazis maRali wnevis aredan 

dabali wnevis areSi gadadinebis efeqtis gamoyenebaSi, ris Sedegadac 

gamorTvis dros kontaqtebs Soris AaRZruli rkali civdeba. am dros 

elegazis Txevad mdgomareobaSi gadasvlis Tavidan asacileblad, 

romlis drosac uaresdeba rkalmqrobi Tviseba, maRali wnevis avzi 

saWiroa gavaTboT aranakleb +100C tempeaturamde, risTvisac 

gamoiyeneba specialuri sistema.  

meore principi aris avtokompresoruli, sadac gamoiyeneba TviT 

rkalmqrob kameraSi kompresoruli mowyobilobis mier Seqmnili wnevis 

vardna. amisaTvis amomrTveli ivseba 0,6 mpa wnevis elegaziT. am dros 

uzrunvelyofilia misi moqmedebis saimedoba _ 400C temperaturamde. 

kompresoruli mowyobiloba konstruqciulad dakavSirebulia 

aparatis moZrav kontaqtTan da qmnis wnevis vardna 0,6_0,8 mpa 

sazRvrebSi, rac uzrunvelyofs eleqtruli gazis gamosvlis 

kritikuli siCqaris miRebasa da rkalis efeqtur Caqrobas nominaluri, 

mokled SerTvis, tevaduri da induqciuri denebis gamorTvis dros. 

agreTve uzrunvelyofs komutaciuri gadaZabvebis dabal dones. Ees 

saSualebas iZleva Semcirebul iqnas amomrTvelis amZravis simZlavre, 

rkalCamqrobi kontaqtebis cveTa, amaRldes amomrTvelis meqanikuri 

da eleqtruli resursebi. 

nax.2.21-ze warmodgenilia 110 kv Zabvis elegazuri amomrTvelis 

polusis konstruqciuli sqema gamorTuli mdgomareobis dros. 
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Nnax.2.21. 110 kv Zabvis elegazuri amomrTvelis polusis konstruqciuli sqema 

gamorTuli mdgomareobis dros. 1 _ lilvi; 2 _ saizolacio sawevari; 3 – 

ekrani; 4 _ diskosebri izolatori; 5 da 6 – moZravi da uZravi kontaqtebi; 

7 – sayrdeni izolatori; 

8 _ garsacmi; 9 _ mSTanTqmeli filtri 

 

amomrTveli warmoadgens hermetul aluminis korpuss 8, 

romelSic CamontaJebulia rkalmqrobi mowyobiloba (110 kv Zabvis 

amomrTvelSi erTi wyvetiT). yvela tipisa da principis  amomrTvelSi 

elegazi erTdroulad asrulebs izolaciisa da rkalqrobis funqcias. 

rkalmqrobi mowyobiloba damagrebulia rezervuarSi izolatorebze 

7. amomrTvelis gamomyvanebi gadian izolatorebSi da hermetizebulia. 

kontaqtebi rozetuli Sesrulebisaa zambariani lamelebiT. 

rkalmqrobi mowyobilobis moZravi nawili 5 gadaadgildeba amZravis 

CangalTan 3, berketTan 11 da lilvTan 1 SeerTebuli saizolacio 

sawevaris 2 saSualebiT. rkalmqrobi mowyobilobis moZravi nawilis 

safuZvels warmoadgens cilindri, romlis boloze daagrebulia 

mTavari moZravi dguSi da Rru Woki (romelic damagrebulia 

saizolacio sawevarze 2) lamelis moZravi kontaqtiT. 

rkalmqrobi mowyobilobis uZrav nawils, garda cilindris 

dguSisa, aqvs rkalmqrobi da lamelis dengamtari kontaqtebi. es 

kontaqtebi gardamavali korpusis gavliT dakavSirebulia erTerTi 

denis transformatoris gamosavali lamelis kontaqtTan. Ddenis 

gadasvla uZravi dguSidan moZrav cilindrze xorcieldeba dguSSi 

mosriale kontaqtebiT. denis gza CarTuli amomrTvelis dros gadis 

rkalmqrobi mowyobilobis uZravi kontaqtidan 6 moZravi 

kontaqtisaken 5. rezervuaris fskerze moTavsebulia mSTanTqmeli 

filtri 9, romelic emsaxureba narCeni tenisa da elegazis daSlis 

produqtebis STanTqmas. 

nax.2.22-ze warmodgenilia mTlianad ВЭ-27,5 tipis elegazuri 

amomrTvelis konstruqciuli sqema. 

6 da 10 kv Zabvebze gankuTvnil amomrTvelebSi, garda rkalis 

elegazur garemoSi brunvis principisa, gamoyenebulia avtokompresiis 

principi, rac kompleqsSi qmnis rkalis saimedo Caqrobis pirobebs. 35 

da 110 kv Zabvis amomrTvelebs gaaCniaT polusze TiTo kamera, xolo 
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220 kv-ze – ori kamera. garda amisa, damuSavebulia amomrTvelis 

konstruqciebi ori da sami mimarTulebiT. aseTi aparati cvlis or an 

sam amomrTvels. rac qvesadgurSi maTi dayenebisas iZleva mniSvnelovan 

ekonomias. 

gamorTvis dros amZravi gadaadgilebs moZrav sistemas qveviT. am 

dros elegazi SeikumSeba uZrav dguSsa da saqSens Soris arsebul 

moculobaSi. rogorc ki kontaqtebi iwyebs gaTiSvas moZrav da uZrav 

kontaqtebs Soris aRiZvreba rkali da imavdroulad milisebri 

kontaqtebidan iwyeba Seberva. moZravi sistemis Semdgomi svlisas 

milisebri kontaqtebi gamodian saqSenidan da iqmneba elegazis Zlieri 

nakadi, romelic aqrobs rkals. rkalis Caqrobisas  elegazis daSlis 

Sedegad warmoiSveba mcire raodenobis daSlis produqtebi, romlebic 

STainTqmeba specialuri filtrebiT. 

N                     
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nax. 2.22. ВЭ -27,5 tipis elegazuri amomrTvelis konstruqciuli sqema: 1 – 

elegazis baloni; 2 _ reduqtori; 3 da 4 _ filtrebi; 5 _ korpusi; 6 _ 

izolirebuli sawevari; 7 – qveda sakontaqto gamomyvani; 8 da 23 – moZravi 

kontaqtebis rozetebi; 9 da 27 – epoqsidis cilindrebi; 10 – dguSi; 11 – 

moZravi sakontaqto Rero; 12 _ Wiqa; 13 – rkalCamqrobi kontaqti; 14 – 

zeda sakontaqto gamomyvani; 15 _ zambara; 16 – sarqveli; 17 _ xufi; 18 _ 

Tavi; 19 _ zambara; 20 _ amomrTvelis uZravi kontaqti; 21 _ saqSeni; 22 _ 

Wiqa; 24 _ korpusi; 25 _ sakontaqto gorgolaWebi; 26 _ faifuris safari; 28 

_  amomrTvelis lilvi; 29 _ hermetuli  qveSi; 30 _ saxeluri 

  

2.10. vakuumuri amomrTvelebi 

 

ukanasknel wlebSi aRsaniSnavia vakuumuri komutatorebis 

intensiuri gamoyeneba 6_35 kv Zabvis areSi vakuumuri kontaqtorebis, 

datvirTvis amomrTvelebis, kompleqturi gamanawilebeli 

mowyobilobebis vakuumuri amomrTvelebis Seqmnis saqmeSi. es 

ganpirobebulia misi udavo upiratesobebiT sxva tipis amomrTvelebTan 

SedarebiT: maRali swrafqmedeba, sruli feTqebad- da 

xanZarusafrTxoeba, ekologiuri sisufTave, temperaturis farTo 

diapazoni (-700 - + 2000 C), maRali saimedoba, minimaluri 

saeqspluatacio danaxarjebi, minimaluri gabarituli zomebi da wona, 

dartymiTi da vibraciuli datvirTvebisadmi maRali mdgradoba, 

maRali cveTamedegoba, didi sakomutacio resursi, mcire 

energomoxmareba operatiuli Zabvis salteebidan, meoradi wredebis 

mkvebavi operatiuli Zabvis farTo diapazonSi gamoyenebis 

SesaZlebloba, eqspluataciis mTeli xnis ganmavlobaSi ar saWiroebs 

momsaxureobas. 

maRal Zabvebze vakuumis gamoyenebiT rkalis Caqrobis principi 

didi xania cnobilia, magram misi praqtikuli realizacia SesaZlebeli 

gaxda teqnikuri SesaZleblobebis gamovlenis Semdeg, roca Seiqmna 

didi zomebis vakuumsufTa sadeni da saizolacio masalebi, am 

masalebis vakuumsufTa wyobebi  da maRali vakuumi 1,3(10-2–10-5) pa. 

vakuumuri amomrTvelis  mTavar nawils warmoadgens rkalCamqrobi 

kamera. nax.2.23-ze naCvenebia sxvadasxva firmis nier warmoebuli 

vakuumuri amomrTvelebis saerTo saxe. 

 



 126 

 

            a) B                   b)                        g) 

 

 
         d)                    e)                     v) 

  
          z)                    T)                  i) 

nax.2.23. sxvadasxva firmis nier warmoebuli vakuumuri amomrTvelebis saerTo 

saxe. a _ ABB-4,16 kv; b _ Schneider Electric - 6 kv; g _ Таврида Электрик 
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- 10 kv; d _ Астер Электро - 10 kv; e _ Hyundai heavy industries  - 10 kv; v 

– Siemens - 110 kv; z – Crompton Greaves -10 kv; 

T – Элвест – 35 kv ;  i _ Элвест – 110 kv 

 

nax.2.24.a-ze naCvenebia Schneider Electric-is firmis Evolis se-

riis  10 kv vakuumuri amomrTvelis rkalCamqrobi kameris Wrili. 

kamera muSaobs Semdegnairad: uZravi 1 da moZravi 8 kontaqtebi 

CarTulia gare denur momWerebTan. kontaqtebis gaTiSvis dros 

vakuumur kameraSi  aRiZvreba eleqtruli rkali, romelic 

warmoadgens kontaqtebis metalis orTqlis mier Seqmnis gamtar 

garemos. rkalis Caqroba xdeba vakuumur rkalCamqrob kameraSi, 

romelic Sedgeba keramikuli cilindris 3 SigniT dayenebuli 

sakomutacio kamerisagan 4. uZravi kontaqti 1 sayrdeni izolatoris 

saSualebiT myarad mierTebulia amomrTvelis korpusTan, xolo 

moZravi kontaqti 8 –amomrTvelis amZravTan. vakuumur kameraSi 

moZravi kontaqtis svla ganpirobebulia metalis silfoniT 5 da 

Seadgens 8 mm-s. 

kontaqtebis daSorebis Semdeg eleqtruli rkali qreba denis 

pirvelive nulovani mniSvnelobis dros. komutirebuli denis 

eleqtruli rkalis mier Seqmnili metalis orTqli rkalis 

Caqrobidan ramdenime mikrowamis ganmavlobaSi kondensirdeba 

kontaqtebis zedapirze da am dros kargavs Tavis dengamtar Tvisebas. 

Zalian mcire raodenobiT ki kondensirdeba sakomutacio kameris 4 

zedapirze, romelic icavs keramikul cilindrs 3 gamtari metalis 

feniT damtverianebisagan da unarCunebs mas saizolacio Tvisebebs. 
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                  a)                     b) 

 

nax.2.24. vakuumuri rkalCamqrobi kameris saerTo saxe (a) da kameraSi 

magnituri velis Seqmnis principi (b). 1 _ uZravi kontaqti; 2 _ gare xvia; 3 _ 

keramikuli cilindri; 4 _ sakomutacio kamera (ekrani); 5 _ metalis 

silfoni; 6 _ miltuCa; 7 _ moZravi kontaqtis mimmarTveli; 8 – uZravi 

kontaqti 

10 ka gamorTvis denebisaTvis eleqtruli rkali Tanabrad 

nawildeba kontaqtebis zedapirebze. ufro didi denebis SemTxvevaSi 

eleqtruli rkali vakuumur kameraSi Tavmoyrilia erT wertilSi. 

kontaqtebis Termuli gadatvirTvis Tavidan acilebis mizniT 40 ka-mde 

mokled SerTvis denebis dros  amomrTvelSi gamoyenebulia kamera 

aqsialuri magnituri veliT (AMF sistema). am sistemis ideaa, rom 

amomrTvelis uZravi kontaqtis sistemaSi iyos erTi xvia (nax.2.24.b), 
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romelic Seqmnis aqsialur magnitur vels. es magnituri veli denis 

nebismieri sididis SemTxvevaSi kontaqtebis zedapirze rkals daiWers 

Tanabarganawilebulad.  

kamerebis moZravi kontaqtebi imarTeba saerTo amZraviT, 

izolirebuli sawevarebis daxmarebiT da gamorTvisas gadaadgildebian 

8 mm-ze, rac saSualebas iZleva miRweul iqnes gamorTvis maRali 

siCqare. 

dadebiT TvisebebTan erTad vakuumur amomrTvelebs gaaCniaT 

naklovanebebic. vakuumuri amomrTvelebis sakontaqto sistema 

moTavsebulia Rrma vakuumSi, romlis eleqtruli simtkice bevrad 

aRemateba atmosferuli wnevis dros haeris simtkices. rkalis qroba 

xdeba denis pirvelive nulovan mniSvnelobaze gavlis dros rkalis 

aredan garemomcvel garemoSi damuxtuli nawilakebis difuziis 

Sedegad. rkali ainTeba metalis kontaqtebis orTqlis ionizaciis 

Sedegad. sxvanairad ar iqneboda, radgan vakuumSi Tavisufali muxtebi 

ar arseboben. kontaqtebis gaTiSvisas kontaqtebis zedapirebis kveTi 

mcirdeba da temperatura izrdeba da Sesabamisad xdeba metalis 

gadnoba da aorTqleba. damproeqteblebi cdiloben amomrTvelis 

sakontaqto sistemaSi gamoiyenon Zneladdnobadi masalebi, magram 

jerjerobiT optimaluri masala ar moiZebna.  

     

2.11. elegazuri da vakuumuri amomrTvelebis diagnostika 

 E  

elegazuri amomrTvelebis diagnostikis dros, pirvel rigSi, 

mowmdeba maTi saerTo mdgomareoba: gare zedapirebis sisufTave, 

eleqtruli ganmuxtvebis, tkacanisa da vibraciis xmebis ar arseboba. 

mowmdeba ventilaciis muSaoba, haeris temperatura gamanawilebeli 

mowyobilobis SenobaSi, romelic ar unda iyos 50C-ze naklebi. 

mowmdeba amomrTvelebis pnevmaturi amZravebis rezervuarebSi 

SekumSuli haeris wneva. igi unda iyos 1,6_2,1 mpa farglebSi. 

yuradReba unda mieqces rezervuarebis Camamiwebeli sadenebis 

mdgomareobas.  

elegazuri amomrTvelebis Semowmebisas yuradReba unda mieqces 

amomrTvelebis rezervuarebSi elegazis wnevas, raTa Tavidan 

aviciloT elegazis gaJonva da Sesabamisad, saizolacio SualedebSi 
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eleqtruli simtkicis Semcireba. wnevis Semowmeba xdeba manometris 

Cvenebis mixedviT da simkvrivis mzomiT. roca garemos temperatura 

icvleba did farglebSi, maSin wnevis gazomva miuRebelia da am 

SemTxvevaSi signalizaciis specialuri mowyobilobebi afrTxileben 

personals elegazis uecari gaJonvis Sesaxeb.  

normaluri eqspluataciis pirobebSi prqtikulad SeuZlebelia 

miRweul iqnes rezervuarebis absoluturi hermetizacia, amitom 

gardauvalia elegazis gaJonva, romelic wlis ganmavlobaSi ar unda 

aRematebodes mTeli masis 3%. wnevis nominaluri mniSvnelobidan 

gadaxrisas saWiroa miRebul iqnes zomebi rezervuarebis elegaziT 

Sesavsebad. elegazis daweuli wnevis dros amomrTvelebze operaciebi 

dauSvebelia. personals unda axsovdes, rom elegazi haerze 5-jer 

mZimea da gaJonvis dros grovdeba iatakisa da daweul adgilebSi 

(sardafebSi, tranSeebSi, sakabelo arxebSi). aseT adgilebSi myofma 

personalma SeiZleba igrZnos Jangbadis ukmarisoba da xuTva. SenobaSi 

sufTa elegazis koncentraciis usafrTxo doned iTvleba 0,1%, xolo 

xanmokle drois ganmavlobaSi – 1%-mde. elegazis didi koncentraciis 

mqone garemoSi adamianma SeiZleba uecrad dakargos grZnoba, amis 

Tavidan asacileblad saWiroa sufTa haeris miwodeba. amitom gamanawi-

lebeli mowyobilobebis iseT SenobebSi, sadac SemCneulia elegazis 

gaJonva, samuSaoebis warmoeba unda moxdes CarTuli  ventilaciis 

dros individualuri dacvis saSualebebis gamoyenebiT, radgan 

amomrTvelis rezervuaris gawvis SemTxvevaSi atmosferoSi 

gamoifrqveva eleqtruli rkaliT elegazis daSlis produqtebi. 

daSlis produqtebi Seicaven aqtiur maRaltoqsikur ftoridebsa da 

gogirdis SenaerTebs. es qimiuri SenaerTebi gazobriv da myar 

mdgomareobaSi adamianisaTvis Zlier saSiSia. 

vakuumuri amomrTvelebis SemTxvevaSi mowmdeba izolatorebis 

zedapirebis sisufTave, anaxleCebis, bzarebis, ganmuxtvisa da 

gvirgvinebis  nakvalevis  ararseboba.   

vakuumuri amomrTvelebis sakomutacio resursi Seadgens 20-dan 

50 aTasamde cikls “CarTva-gamorTva” nominaluri denis dros. 

saeqspluatacio maxasiaTeblebis, rogoricaa: mTavari da rkalCamqrobi 

kontaqtebis svla, CarTvisa da gamorTvis dros sakontaqto Reroebis 

moZraobis siCqare (siCqaris maxasiaTeblebi), amomrTvelis dengamtaris 
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sruli winaRoba, izolaciis winaRoba, CarTvisa da gamorTvis drois 

gansazRvra da maTi Sedareba saqarxno monacemebTan, Semowmeba ar moi-

Txoveba. ris gamoc vakuumuri amomrTvelebi ar moiTxoven kapitalur, 

mimdinare, saSualo da riggareSe remontebs, agreTve mTeli muSaobis 

xangrZlivobis ganmavlobaSi, romelic tolia 25 wlisa da metis, ar 

saWiroebs teqnikuri mdgomareobis Semowmebis Catarebas radganac 

qarxana-damamzadeblis mier Cadebulia didi meqanikuri resursi. 

 

2.12. Tanamedrove vakuumuri amomrTvelebi, romlebic  

ar moiTxoven teqnikur momsaxureobas 

 

pirvel vakuumur amomrTvels, romelSic gamoyenebulia 

Camosasxmeli vakuumuri rkalCamqrobi kamerebis kombinacia, 

warmoadgens VM1 tipis amomrTveli (nax.2.25.a). igi ar saWiroebs 

teqmomsaxureobas, radgan mas gaaCnia magnituri amZravi  da 

eleqtronuli mmarTveli mowyobiloba, xolo damxmare gadamrTveli 

mowyobilobis magier aqvs gadamwodebi. maTi funqciebi imdenad 

saimedoa, rom maTi arsebobis Sesaxeb SeiZleba daviviwyoT. 

amomrTvelSi pirvelad aris gamoyenebuli axali konstruqciis 

polusebi. vakuumuri rkalCamqrobi kamerebi (nax. 2.25.b) polusuri 

nawilis kompleqtTan erTad qmnian  integrirebul bloks. es 

miRweuli iqna Camosxmis specialurad damuSavebuli teqnologiis 

gamoyenebis gziT, romlis drosac vakuumuri rkalCamqrobi kamera 

uSualod aris moTavsebuli epoqsidis fisSi da qmnis amomrTvelis 

polusur nawils. ris gamoc Tavidanve gamoricxulia CamrTvel 

elementze gareSe zegavlena. 
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           a)                       b)                 g)            

 

nax.2.25. VM1 tipis amomrTvelis saerTo saxe (a), rkalmqrobi 

kamera (b) da magnituri amZravi (g) 

 

ukanaskneli wlebis ganmavlobaSi maRali Zabvis amomrTvelebSi 

vakuumuri rkalCamqrobi kamerebis warmatebiT gamoyenebam ganapiroba 

maTi gaerTianeba magnituri amZravis (nax. 2.25.g) teqnologiasTan. erTi 

teqnologiis moTxovnebi optimalurad morgebulia meoris 

SesaZleblobasTan. vakuumuri rkalCamqrobi kamerisaTvis magnitis 

teqnologia iZleva Sesabamis maxasiaTeblebs “aweva dro” da “Zala 

dro”. amZravis yvela funqcia integrirebulia amomrTvelis magnitur 

amZravSi. amZravi es aris magnituri sistema ori myari mdgomareobiT, 

romelSic Ruzis gadarTva Sesabamis kidura mdgomareobebSi 

gamowveulia ori eleqtrulad aRZruli koWis magnituri velebiT. 

Ruza daWerilia kidura mdgomareobebSi ori mudmivi magnitiT. 
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gadarTva xdeba erTi romelime koWis aRgznebis dros im momentSi, 

roca mizidvis Zala gadaaWarbebs mudmivi magnitebis damWer Zalas. 

 
 

nax.2.26. amomrTvelis marTvis sistema 

 

amZravis magnituri konturis maxasiaTeblebi daproeqtebulia 

imgvarad, rom Ruzas SeuZlia saxelurian lilvTan erTad imoqmedos 

rkalCamqrobi kameris moZrav kontaqtze. mmarTveli Zalis Seqmnisa da 

gadatanis aseTi xerxi gamoricxavs cveTas. ris gamoc SeiZleba 

vawarmooT Zalian didi raodenobis gadarTvebi da SeiZleba iTqvas, 

rom teqnikuri momsaxureoba saWiro ar aris. 

amomrTvelis moTxovnili simZlavre CarTul an gamorTul 

mdgomareobaSi 4 vt-ze naklebia. ganmeorebiTi CarTvis ciklis Semdeg 

damxmare kvebidan denis moxmareba ramdenime wamis ganmavlobaSi 2 a-ze 

naklebia. Ddagrovili energia warmodgenilia ara mxolod KkoWaSi, 

aramed axorcielebs eleqtronikis kvebasac (nax.2.26). energiis 

raodenoba sakmarisia damxmare kvebis Sewyvetis SemTxvevaSi 200 wm-is 

ganmavlobaSi maTanabrebeli konturis kvebisaTvis. 

nax.2.27-ze warmodgenilia VM1 tipis vakuumuri amomrTvelis 

mowyobiloba. 
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nax.2.27. VM1 tipis vakuumuri amomrTvelis mowyobiloba: 1 _ zeda 

sakontaqto momWeri; 2 _ vakuumuri rkalCamqrobi kamera; 3 _ milisi 

epoqsidis fisiT; 4 _ qveda sakontaqto momWeri; 5 _ moqnili SeerTeba; 6 _ 

sakontaqto zambara; 7 _ saizolacio SemaerTebeli sawevari; 8 _ lilvi 

sawevariT; 9 _ awevis momarTva; 10 _ amomrTvelis mdgomareobis 

deteqtirebis gadamwodi; 11 _ CamrTveli koWi; 12 _ mudmivi magniti; 13 _ 

magnitis Ruza; 14 _ amomrTveli koWa; 15 _ savario xeliT gamorTvis 

meqanizmi; 16 – magnituri amZravis metalis garsacmi 

 

detalebis dawvrilebiTi arCeva da saimedo konstruqcia iZleva 

maqsimaluri saimedobis garantias eleqtromagnituri Tavsebadobis 

pirobebis gaTvaliswinebiT. 

sistemis Semadgenel nawils warmoadgens gareSe mxridan 

kompleqturi izolacia. igi aRWurvilia Sinagani sakuTari kontrolis 

marTvis eleqtronuli sistemiT. amomrTvelis marTvis sistemis 

koncefcia raime damxmare gadarTvebis gareSe saSualebas iZleva 

meqanikuri saboloo mdgomareobis deteqtirebisaTvis gamoyenebuli 

iqnas induqciuri ukontaqto gadamwodebi, romlebic reagireben 
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miaxloebaze. am gadamwodebma praqtikaSi gaiares Semowmeba da 

CarTulni arian avtomaturi monitoringis sistemaSi. 

yvela saWiro Semavali da gamavali signalebi damokidebuli ar 

arian damxmare Zabvis saxeobaze. sadenebis mierTeba sruldeba 

wamosacmeli teqnologiiT. marTvis eleqtronuli bloki 

gadamwodebTan erTad asrulebs amomrTvelis yvela funqciisa da 

Tavisi sakuTari funqcionaluri saimedobis monitorings. 

    

2.13. eleqtromagnituri amomrTvelebi 

 

eleqtromagnituri amomrTvelebi rkalis CaqrobisaTvis ar 

moiTxoven arc zeTsa da arc SekumSul haers, rac ganapirobebs maT 

upiratesobas sxva tipis amomrTvelebTan SedarebiT. zeTis ar arseboba 

amartivebs maT eqspluatacias da xdis mas mTlianad feTqebad- da 

xanZarusafrTxod. Aam tipis amomrTvelebis ZiriTadi uaryofiTi 

Tvisebaa is, rom maTi gamoyeneba SeiZleba mxolod  6_15 kv Zabvaze. 

amJamad maTi gamoSveba ar xdeba.  

nax.2.28.a-ze mocemulia eleqtromagnituri amomrTvelis saxe, 

xolo nax.2.28.b-ze – misi principuli sqema. isini ZiriTadad gamoiyeneba 

SaxtebSi da iseT adgilebSi, sadac aris meTanis saSiSroeba. 

viwroxvreliani kameris mqone eleqtromagnitur amomrTvelebSi 

rkali qreba eleqtromagnituri velis zemoqmedebiT (magnituri 

daberviT) saizolacio kameris kedlebs Soris viwro xvrelSi misi 

gawelvisa da intensiuri gaciebis Sedegad. magnituri veli iqmneba 

denis gamorTvis procesSi rkalmqrob koWebSi gavlis dros. am dros 

xdeba intensiuri Tbomasagacvla rkals, garSemo airsa da rkalqmrobi 

kameris kedlebs Soris,  ris gamoc iqmneba xelsayreli pirobebi 

rkalis CaqrobisaTvis. amomrTvelis CarTuli mdgomareobis dros mag-

nituri Sebervis koWebi 3 da 8 daSuntebulia. kontaqtebis gaTiSvisas 

warmoqmnili rkali dengamtari konturis eleqtrodinamiuri Zalvisa 

da Tburi nakadebis Sedegad gadaadgildeba zeviT da CarTavs koWebs, 

Seiqmneba ganivi magnituri veli, romelic moaxdens rkalis Semdgom 

gawelvas da rkali qreba gawelvisa da sxvadasxva konfiguraciis 

saizolacio firfitebTan, metalis (deionur)  meserTan (romelSic 
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rkali ixliCeba ramdenime mimdevrobiT SeerTebul mokle rkalebad) 

Sexebisa da gaciebis Sedegad. 

 
             a)                               b) 

nax.2.28. eleqtromagnituri amomrTvelis saerTo saxe (a) da misi principuli 

sqema (b): 1 da 15 – gasarTi kontaqtebi; 2 _ uZravi kontaqti; 3 da 8 – 

magnituri Sebervis koWebi; 3’ da 8’ – magnituri polusebi; 4 da 7 – rqebi; 5 

– ganivi tixari; 6 – deionuri meseri; 

9 _ moZravi kontaqti; 10 _ dabervis mili; 11 _ amZravi; 12 – RerZi; 

13 _ cilindri; 14 _ dguSi; I, II, III da IV – rkalis mdgomareoba Caqrobis 

dros 

2.14. amomrTvelebis Rirsebebi da naklovanebebi 

E 

eleqtruli qselebisa da dawesebulebebis winaSe, romelTac 

TavianT balansze gaaCniaT maRalvoltiani 6_10 kv amomrTvelebi, 

adre Tu gvian dgeba maTi SeZenis amocana da ismeba kiTxva: rogori 

tipis amomrTveli avirCioT? kiTxvaze pasuxis gacema damokidebulia 

eqspluataciis konkretul pirobebze da  organizaciis finansur 

SesaZleblobaze, magram qvemoT mocemuli sxvadasxva tipis 

amomrTvelebis Rirsebebi da naklovanebebi did daxmarebas gagiwevT 

amomrTvelebis arCevis saqmeSi. 

daviwyoT yvelaze Zveli, 6_10 kv Zabvis mcirezeTiani amo-

mrTvelebiT. maTi ZiriTadi Rirsebebia: SedarebiT dabali fasi, 

sxvadasxva kvanZebis universaloba. aseTi amomrTvelebi gamoirCevian 

konstruqciis simartiviT, xSirad maT aremonteben rekonstruqciis 
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dros, roca dagegmili ar aris ujredis Secvla. zogierTi modeli 

SeiZleba dayenebul iqnas rogorc Ria, aseve daxurul gamanawilebel 

mowyobilobebSi. unificirebuli kvanZebis gamoyenebiT sxvadasxva 

Zabvaze amomrTvelebis seriis Seqmnis saSualeba. 

mcire zeTiani amomrTvelebis uaryofiTi mxareebia: feTqebad- da 

xanZarsaSiSroeba (avzian amommrTvelebTan SedarebiT mniSvnelovnad 

naklebi); swrafad moqmedi agC-s ganxorcielebis SeuZlebloba; 

rkalCamqrobi kameris perioduli kontroli, masSi zeTis damateba da 

xSiri cvla; CaSenebuli denis transformatorebis dayenebis siZnele; 

SedarebiT mcire gamorTvis unarianoba. uaryofiTi mxareebis fonze 

maTi Rirsebebi SeiZleba arasakmarisi aRmoCndes. 

vakuumuri amomrTvelebi absoluturad xanZar- da feTqe-

badusafrTxoa, nebismieri temperaturis dros inarCuneben Tavis 

Sromisunarianobas, gaaCniaT nominalur denebze CarTva- gamorTvis 

didi resursi, agresiul garemoSi eqspluataciis SesaZlebloba, 

komutaciis maRali siCqare da ganmeorebiTi CarTvisaTvis mzadyofna. es 

aris amomrTvelebis yvelaze sufTa tipi, ar aWuWyianebs 

gamanawilebel mowyobilobebsa da garemos, muSaobs uxmaurod, gaaCnia 

eqspluataciis mcire xarjebi: izolaciis gawmenda, amZravis mimdinare 

remonti da rkalCamqrobi kamerebis iSviaTi Secvla did sirTules ar 

warmoadgens. mcire gabaritebi da maTi nebismierad ganlagebis 

SesaZlebloba saSualebas iZleva SevamciroT gamanawilebeli 

mowyobilobis zomebi. 

magram aseTi amomrTvelebiT mcire induqciuri denebis gaTiSvisas 

aris komutaciuri gadaZabvebis warmoqmnis albaToba. erT romelime 

rkalCamqrob kameraSi vakuumis dakargvis SemTxvevaSi xdeba 

kontaqtebis SeduReba, ris gamoc saWiroa gamorTvis Semdeg yvela 

fazaze Zabvis ar arsebobis kontroli. rkalCamqrobi mowyobilobebis 

resursi mokled SerTvis denebis gasaTiSad  mcirea. 

elegazuri amomrTvelebi vakuumuri amomrTvelebis msgavsad 

mTlianad xanZar- da feTqebadusafrTxoa da xSirad urTi-

erTSecvladia. gaaCniaT maRali gamorTvis unarianoba. isini SeiZleba 

dayenebul iqnas rogorc Ria, aseve daxurul gamanawilebel 

mowyobilobebSi. gaaCnia rkalCamqrobi mowyobilobis xangrZlivi 

muSaobis vada. 
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am amomrTvelebis eqspluataciis sirTules warmoadgens elegazi, 

romelic Zviria da garda amisa momsaxureobisas  gawmendis, Sevsebisa 

da gadatumbvisaTvis moiTxovs specialur mowyobilobas. 

eleqtromagnituri amomrTvelebi yvelaze naklebad gav-

rcelebuli amomrTvelebia da praqtikulad ukve aRar iwarmoeba. 

igic xanZar- da feTqebadusafrTxoa, gamoirCeva maRali gamorTvis 

unarianobiT, rkalCamqrob mowyobilobas aqvs mcire cveTa. xSiri 

komutaciis pirobebSi misi gamoyeneba kargi arCevania. 

magram maT gaaCniaT rTuli rkalCamqrobi kamera. mcired 

gamoiyeneba Ria gamanawilebel mowyobilobebSi da SezRudulia 

nominaluri Zabva, rogorc wesi gamoiyeneba 6_10 kv dros. 

 

2.15.AamomrTvelebis meqanikuri nawilebis diagnostika 

 

statistikuri monacemebis mixedviT amomrTvelebis mtyunebaTa da 

uwesivrobaTa 80% modis meqanikur defeqtebze. am mtyunebaTa 

gansazRvruli nawili gamowveulia amomrTvelis im meqanizmebis 

defeqtebiT, romelTa funqciaa amZravis energia gardaqmnan 

kontaqtebis winsvliT moZraobis energiad. aseTi meqanizmebi arsebobs 

nebismier amomrTvelSi. amitom qvemoT moyvanili aparatura da 

meTodebi erTnairad gamoyenebadia yvela saxis amomrTvelebisaTvis. 

magram yvelaze ufro aqtualuria maTi gamoyeneba zeTian 

amomrTvelebSi Semdegi mizezebis gamo: 

- zeTiani amomrTvelebis meqanizmebi yvelaze ufro rTulia; 

- zeTiani amomrTvelebi ufro mravalricxovania, miuxedavad 

imisa, rom mimdinareobs teqnikuri gadaiaraReba, gaivlis 

kidev mravali weli manam, sanam moxdeba ukanaskneli 

zeTiani amomrTvelis demontaJi; 

- eqspluataciaSi myofi zeTiani amomrTvelis umravlesobam 

amowura Tavisi muSaobis resursi. 

cnobilia, rom amomrTvelebis xangrZlivi eqspluataciis  

Sedegad izrdeba maTi mgrZnobiaroba cveTis faqtorebis mimarT, rasac 

mivyavarT defeqtebis ganviTarebis siCqaris zrdasTan. amitom mravali 

wlis manZilze gamoyenebuli, mkafiod reglamentirebuli teqnikuri 

da saremonto momsaxureobis sistema ver uzrunvelyofs aseTi 
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danadgaris saimedo muSaobas. gacveTilma amomrTvelma morigi 

remontis Semdeg SeiZleba ubralod “ver miaRwios” gegmiT 

gaTvaliswinebul Semdgom remontamde. sazRvargareT ukve sakmaod 

didi xania warmatebiT muSa Zabvis qveS amomrTvelebis teqnikuri 

mdgomareobis uwyveti kontroli (monitoringi). es saSualebas iZleva 

droulad miviRoT informacia aRZruli uwesivrobis Sesaxeb da 

saWiroebis SemTxvevaSi gegmiuri remontidan gadavideT aragegmiurze. 

yuradsaRebia, rom aseTi sistemebi moiTxoven did danaxarjebs da 

gamarTlebulia mxolod sapasuxismgeblo obieqtebisaTvis, magaliTad 

sistemaSi Semavali qvesadgurebis amomrTvelebisaTvis. 

mxedvelobaSi iReben ra zemoTmoyvanil garemoebebs, sawarmoebis 

sul ufro didi ricxvma daiwyo amomrTvelebis teqnikuri 

mdgomareobis Sesaxeb informaciis miRebis xerxebis gamoyeneba da 

ganviTareba perioduli gamokvlevebis Catarebis gziT. am 

gamokvlevebis Taviseburebas warmoadgens gamokvlevebs Soris mcire 

intervali da kompleqsuri xasiaTi. kompleqsuroba gamoixateba saWiro 

informaciis misaRebad kontrolis meTodebisa da saSualebebis 

sxvadasxvagvarobaSi. gamokvlevebis ekonomiuri efeqtianobis amaRlebis 

mizniT upiratesoba unda mieces kontrolis im meTodebsa da saSuale-

bebs, romlebic gvaZleven saSualebas: 

1. miviRoT informacia amomrTvelis eqspluataciidan 

gamoyvanis gareSe. magaliTad, kontaqtebis gardamavali winaRobis 

Semowmebis Tbovizorul meTods; zeTSevsebuli Semyvanebis 

dieleqtrikuli maxasiaTeblebis kontrols maRali Zabvis qveS da 

sxva; 

2. miRebul iqnes informacia amomrTvelis daSlis, zeTis 

Camosxmis, maSuntirebeli rezistorebis gamorTvisa da sxva gareSe. 

magaliTad SeiZleba moviyvanoT amomrTvelis dauSlelad 

dinamikaSi droiTi maxasiaTeblebis, svlisa da siCqaris kontroli 

xelsawyoTa daxmarebiT; 

3. erTbaSad kontrolis qveS movaqcioT amomrTvelis 

ramdenime kvanZi an gavakontroloT kvanZis ramdenime 

maxasiaTebeli; 

4. gavacnobieroT dazianeba ganviTarebis adreul stadiaze; 
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5. miviRoT ganzogadoebuli Sefaseba teqnikuri 

mdgomareobis Sesaxeb, magaliTad, narCeni sakomutacio an 

meqanikuri resursi. 

garkveuli drois ganmavlobaSi srulyofil meTodad miaCndaT 

vibraciuli kontrolis meTodi, romelic dafuZnebulia gaSvebis 

momentSi amomrTvelSi aRZruli vibraciis registraciasa da analizze. 

aseTi azris gavrcelebas xeli Seuwyo vibraciuli meTodis 

STambeWdavma warmatebebma mbrunavi manqanebis: eleqtroZravebis, 

generatorebis, ventilatorebis da sxvaTa diagnostikis saqmeSi. 

warmatebebi pirvel rigSi ganpirobebuli iyo imiT, rom sxvadasaxva 

uwesivrobebis SemTxvevebSi didi moculobiT Catarebuli eqsperimen-

taluri gamokvlevebis safuZvelze konkretuli tipis manqanebisaTvis 

registrirebul vibraciebSi moZebnil iqna mkafio diagnostikuri 

niSnebi. 

amomrTvelebis vibrodiagnostikis SemTxvevebSi aseTi moculobis 

samuSaoebi ar Catarebula da arc aris gasakviri, Tu mxedvelobaSi 

miviRebT amomrTvelebis tipebis da maTi uwesivrobebis mravalsaxeobas. 

Seqmnili iqna mxolod xelsawyoebi vibraciis registraciisaTvis da 

kriteriumebis gansazRvrisaTvis; Sedgenil iqna raRac maTematikuri 

aparati, romelic garkveuli albaTobiT zogadad axasiaTebda amom-

rTvelis meqanikur mdgomareobas (resurss). aseTi midgomis xarvezs 

warmoadgens kriteriumebis utyuarobis Semowmebis siZnele da 

amomrTvelis calkeuli kvanZebisa da elementebis defeqtebis mimarT 

dabali mgrZnobiaroba. 

qvemoT ganxiluli meTodis arsi SemdegSi  mdgomareobs: 

amomrTvelis gaSvebis dros  xdeba meqanizmis erTi romelime 

elementis (moZravi kontaqtis, traversis, amZravis lilvisa da sxvaTa) 

gadaadgilebis procesis registracia grafikis saxiT. miRebuli grafiki 

unda Sedardes mTlianad wesivrul mdgomareobaSi myofi amomrTvelis 

analogiuri elementis grafikTan. 

am meTodis principuli gansxvaveba vibrodiagnostikur  meTodTan 

SedarebiT  mdgomareobs imaSi, rom vibrodiagnostikuri meTodis 

gamoyenebis dros informacia miiReba iribi gziT, meqanikuri procesebis 

Tanmxlebi vibraciebis mixedviT. mocemul SemTxvevaSi informacia 

miiReba uSualod meqanikuri procesidan. cxadia, rom meore 
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SemTxvevaSi sasargeblo informaciis moculoba ufro didia, xolo 

gareSe faqtorebiT gamowveuli damaxinjebebi (vibrodiagnostikis 

dros amomrTvelis fundamentis masalam: foladi an betoni SeiZleba 

Secvalos vibraciis speqtri) mcirea da interpretaciis Sedegebi 

martivi da utyuaria. 

meTodis ZiriTadi debulebebi: 

1. amomrTvelis meqanizmi warmodgenili unda iqnes calkeuli 

rgolebisagan (amZravi, berketebi, sawevari, traversebi da sxva), 

romlebic erTmaneTTan dakavSirebulia xisti kavSiriT 

mimdevrobiT an paralelurad. ase rom, faqtiurad moZravi 

kontaqtis moZraobis registraciis grafiki ganisazRvreba yvela 

Semadgeneli meqanizmis urTierTqmedebiT da erTi elementis 

urTierTqmedebis parametris cvlilebac (defeqti) (magaliTad, 

folxvis gazrda, zambaris moSveba, srialis xaxunis gazrda) ki 

maSinve tovebs Tavis kvals jamur grafikze. gansakuTrebul 

gamonakliss warmoadgens tipis amomrTvelis meqanizmebi, radgan 

maTSi gamoyenebulia moqnili kavSirebi – polispastebi da pro-

cesis maregistrirebeli grafiki ar eqvemdebareba analizs. 

2. rgolebis nawils (mag., dempferebs, rkalCamqrobi mowyobilobis 

uZrav kontaqtebs da sxva) ar gaaCniaT xisti kavSiri danarCen 

meqanizmebTan, magram ukureaqciis xarjze am rgolebis 

urTierTqmedeba agreTve aisaxeba procesis grafikze. 

3. meqanizmis kinematikur wredSi gadaadgilebis gadamwodis 

dayenebis adgils ar waeyeneba mkacri moTxovnebi. wrfivi 

gadaadgilebis gadamwodi procesis Sesaxeb informacias iRebs 

kinematikuri wredis gamosasvlelze, xolo kuTxuri 

gadaadgilebis gadamwodi – mis Sesasvlelze. Semdeg is 

gadaiqceva gadamcem funqciad mis gamosasvlelze. amasTanave 

meqanizmSi xisti kavSirebis gamo am SemTxvevas ar mivyavarT 

grafikebSi principul gansxvavebamde. 

4. amomrTvelis meqanizmis regulirebisa da misi muSaobis Sefasebis 

dros koordinatebad Cveulebriv gamoiyeneben traversis an 

moZravi kontaqtis svlas. amave koordinatiT SeiZleba 

warmovidginoT amomrTvelis meqanizmis mTeli muSaoba da misi 

nawilebis urTierTqmedeba. ufro metic, erTi da igive tipisa da 
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sxvadasxva egzempliarebis amomrTvelebis grafikebis svlis 

gaswvriv gaSlas mivyavarT erTsa da imave masStabTan, rac 

aadvilebs maT Sedarebas etalonTan – gamarTuli amomrTvelis 

grafikTan. amitom analizis dros svlis koordinatis gamoyeneba 

ufro mosaxerxebelia. amasTan zogierTi defeqti ufro naTlad 

Cans droSi gaSlil grafikze. es gansakuTrebiT sasargebloa 

CarTvisa da gamorTvis droebis xelSeSlebis gamovlenisa da 

meqanizmis rgolebis muSaobis sinqronizmis darRvevis analizis 

dros. am SemTxvevaSi saWiroa gavaanalizoT orive grafiki. 

5. mxedvelobaSia misaRebi, rom meqanikuri nawilebis urTierTqmedeba 

Zlier gavlenas axdens maTi moZraobis siCqareze. siCqaris 

maxasiaTebeli unda gaanalizdes rogorc  svlis an drois 

funqcia. am dros “svla” an “dro” koordinatiT ganisazRvreba 

urTierTqmedebis dawyebis momenti, xolo “siCqaris” koordinatiT 

misi sidide. 

6. sxvadasxva rgolebis urTierTqmedeba SezRudulia procesis 

calkeuli ubnebiT (mag. gamomrTveli zambara energias gadascems 

procesis dasawyisSi; dempferi moqmedebaSi  Sedis procesis bolos 

da a.S.). amitom viciT ra amomrTvelis konstruqcia, mTeli 

grafiki unda davyoT ubnebad, sadac TvalnaTliv gamoCndeba 

konkretuli rgolis gavlena, rac saSualebas mogvcems 

movaxdinoT SemCneuli defeqtebis lokalizeba da identificireba. 

7. operaciebSi “gamorTva” da “CarTva” icvleba urTierTmoqmedi 

rgolebis Semadgenloba, maTi urTierTqmedebis rigi da sxva. 

rgolebis defeqtebi am operaciebSi sxvadasxvagvarad mJRavndeba, 

rac ganapirobebs CarTvisa da gamorTvis procesebis grafikebis 

registraciisa da analizis saWiroebas. 

8. analizisaTvis sirTules warmoadgens  ramdenime rgolis gavlenis 

droSi zeddebis SemTxveva, radganac gaurkvevelia romeli 

rgolia maT Soris defeqtiani. aq SesaZlebelia sxvadasxva xerxiT 

midgoma. Tu rgolebs gaaCniaT sxvadasxva maxasiaTeblebi, maSin 

maTi urTierTSeniRbuli moqmedeba SesaZlebelia mxolod svlis 

SezRudul ubanze. Tu rgolebi identuria da kinematikur 

wredSi CarTulia paralelurad, rogorc magaliTad amomrTvelis 

sami polusi, am SemTxvevaSi maTi swori funqcionirebis ZiriTadi 
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pirobaa maTi muSaobis sinqronuloba. romelime polusis muSaobis 

arasinqronuloba maSinve mJRavndeba meore polusze miRebul 

grafikze. Tu gadaviRebT samive polusis grafikebs da maT 

erTmaneTze davadebT, maSin ufro darwmunebiT ganvsazRvravT 

defeqtur rgols. 

procesis registraciis aparatura. meqanikuri procesebis 

registracia mosaxerxebelia Catardes xelsawyoebiT: ПКВ / М5Н, ПКВ 

/М6Н, ПКВ / М7, ПКВ / У3. vakuumuri amomrTvelebisaTvis 

eqspluataciis procesSi moiTxoveba mxolod droiTi maxasiaTeblebis 

kontroli. siCqaris maxasiaTeblebi Sefasdeba moZravi kontaqtis mier 

gansazRvruli ubnis gavlis drois mixedviT. es dro moicema 

amomrTvelis kompleqtSi arsebuli specialuri sakontaqto 

gadamwodiT. gadamwodi SeiZleba CairTos sami polusidan nebismier 

erT erTze.  

xelsawyoTa kompleqtSi Sedian preciziuli cifruli ga-

damwodebi gadaadgilebis maRali daSvebebiT: wrfivi gadaadgilebis – 

ДП -12,  0-1000 mm diapazonze da 0,5 mm daSvebiT; ДП -31, 0-40  mm 

diapazonze da 0,05 mm daSvebiT; kuTxuri gadaadgilebis - ДП -21,   0-

3600  diapazonze da 0,090 daSvebiT. xelsawyo saSualebas gvaZlevs 

miviRoT sami saxis grafiki: V = f(t), S = f(t),  V= f(s),  sadac V  

– moZraobis siCqarea,  S – svla,  t – dro. dro fiqsirdeba yoveli 

100 mkwm-is Semdeg, xolo siCqare gamoiTvleba araumetes 4% 

cdomilebiT.  

gadamwodebi gaTvlilia im adgilebSi dasamagreblad, sadac 

dasawyisSi gaTvaliswinebulia siCqaris maxasiaTeblebis gadaReba. 

amgvarad, wrfivi gadaadgilebis gadamwodi magrdeba Stangis 

damWerze, xolo kuTxuri gadaadgilebis gadamwodi – amZravis lilvis 

Sverilze.KkuTxuri gadaadgilebis gadamwodis gamoyenebis dros 

amZravis lilvis kuTxuri moZraobis mniSvneloba xelsawyos 

procesoris mier gadaangariSdeba amomrTvelis kinematikur sqemaSi 

moZravi kontaqtis wrfivi gadaadgilebis mniSvnelovnad, romelic 

mudmivad inaxeba mexsierebaSi. 

meqanikuri procesis aseTi dawvrilebiTi warmodgena iZleva 

mxolod amomrTvelis vargisianobaze zogad warmodgenas. am dros 

daregistrirebuli, procesis sruli grafiki ki Seicavs informacias 
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amomrTvelis meqanizmebis calkeuli kvanZebisa da elementebis 

mdgomareobis Sesaxeb. grafikuli informaciis fasi kidev ufro 

izrdeba adamianis tvinis SesaniSnavi unaris gamo, romelsac SeuZlia 

swrafad daamuSaos da gamoicnos amomrTvelis mdgomareobis 

xarisxobrivi Sefaseba, ixelmZRvanelos ra grafikis formis 

standartulidan mcire gadaxris drosac, rac moiTxoveba defeqtis 

gaCenis SemTxvevisaTvis. 

xelsawyo ПКВ/М6Н   saSualebiT gazomili da gamoTvlili 

maxasiaTeblebi CaSenebuli TermoprinteriT ibeWdeba cxrilur da 

grafikul saxeSi. 

nax.2.29-ze naCvenebia  ПКВ/М6Н    xelsawyosa da   ПУВ/10 pul-

tis maRalvoltian zeTian amomrTvelTan mierTebis xerxi (xelsawyoTa 

instruqciiT), romelTa mixedviTac gadaiReba qvemoT mocemuli 

maxasiaTeblebi. 

grafiki saSualebas iZleva xarisxobrivad SevafasoT amomrTvelis 

mdgomareoba da movaxdinoT misi ramdenime kvanZis diagnostireba. 

Rilakze `beWdva” TiTis orjer daWeriT SeiZleba miviRoT kidev ori 

grafiki: siCqarisa da svlis  droze damokidebulebis. grafikebze aseve 

aisaxeba kontaqtebis CarTva-amorTvis procesi yvela samive polusis 

zrialiT. 

 
nax.2.29. ПКВ/М6Н    xelsawyosa da   ПУВ/10 pultis maRalvoltian 

amomrTvelTan mierTebis xerxi 
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grafikebis analizis magaliTebi. meTodis ilustracia movaxdinoT 

МКП–110 М tipis zeTiani amomrTvelis A, B, C polusebis kontaqtebze 

gadaRebuli CarTva-amorTvis siCqaris maxasiaTeblebis grafikebze, 

romlebic mocemulia qvemoT. 

magaliTi 1. nax.2.30-ze moyvanilia gamarTuli amomrTvelis 

gamorTvis procesis grafiki. am grafikze SeiZleba gamovyoT xuTi 

ubani, romlebic aRniSnulia isrebiTa da asoebiT: moZraobis 

dawyebidan b wertilamde  _ ubani ab;   ubnebi  bc; cd;  de da ef.. 

Tu grafiks gavSlidiT droSi, maSin grafikze gamoCndeboda kidev 

erTi ubani: impulsis brZanebis gacemis momentidan moZraobis 

dawyebamde – ubani Oa (es ubani kargad Cans nax. 2.30-ze). 

gavaanalizoT TiToeul ubanze mimdinare procesebi: 

ubani 𝑂𝑎 – amZravis mier brZanebis “gamorTva” damuSaveba da 

gaSveba. es ubani unda gaanalizdes droSi gaSlili grafikze. 𝑎 

wertilis mier amZravis mier brZanebis damuSaveba mTavrdeba. 

ubani 𝑎𝑏. Stangis gaqaneba traversTan erTad kontaqtebis 

rkalCamqrobi mowyobilobebisa da gamomrTveli zambarebis moqmedebiT. 

kontaqtebis gaTiSva 𝑏 wertilSi. 

 
nax.2.30. gamarTuli amomrTvelis gamorTvis procesis grafiki 

ubani 𝑏𝑐. kontaqtebis zambarebma Sewyvites muSaoba da Semdgomi 

gaqaneba Stangisa traversTan erTad xdeba rkalCamqrobi 

mowyobilobisa gamomrTvelis zambarebis moqmedebis Sedegad. 

ubani 𝑐𝑑. moqmedeba Sewyvites zambarebma da Stangis traversTan 

erTad moZraoba xdeba inerciisa da simZimis Zalis moqmedebis xarjze. 
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ubani 𝑑𝑒. moqmedebaSi Sedis zeTiani buferi, romelSic qreba 

Stangisa da traversis siCqare. 

ubani 𝑒𝑓. grZeldeba moqmedeba zeTiani buferisa. Stanga 

traversTan erTad simZimis Zalis moqmedebiT moZraobs nela da 

Cerdeba 𝑓 wertilSi. 

moyvanili siCqaris grafikis mixedviT SeiZleba SevafasoT 

kontaqtebis, rkalCamqrobi mowyobilobisa da gamomrTveli zambarebis 

muSaoba. zeTiani buferisa da mimmarTveli mowyobilobis muSaoba. 

garda amisa, viciT ra Stangis svla traversTan erTad 𝑎 wertilidan 

gaCerebamde (86 mm miyvanili grafikze), Seesabameba zeTiani buferis 

muSaobas da viciT agreTve, rom Stangis damagrebis RerZis 

centrisaTvis da zeTiani buferis Wokis Sexebis wertilisaTvis 

mxareulebis mxareTa Tanafardoba Seadgens daaxloebiT 2:1 da 

SeiZleba davaskvnaT, rom am ubnze zeTiani Wokis svla daaxloebiT 

Stangis traversTan erTad svlis naxevaris tolia (43 mm). 

magaliTi 2. 

nax.2.31-ze mocemulia gamarTuli amomrTvelis CarTvis procesis 

grafiki. aqac SeiZleba gamovyoT agreTve xuTi ubani. am ubnebze 

mimdinare procesebi Semdegia: 

ubani 𝑂𝑎 _  amZravis amuSavebis dayovneba. es ubani unda ga-

analizdes droSi gaSlil grafikze. 

ubani 𝑎𝑏. Stangis gaqaneba traversTan erTad eleqtromagnituri 

amZravis moqmedebis xarjze. 

ubani 𝑏𝑐. wertilSi xdeba moZravi kontaqtebis Sexeba 

rkalCamqrobi mowyobilobis qveda kontaqtebTan. siCqare mkveTrad 

ecema moZravi nawilebis masis gazrdis gamo. 

ubani 𝑐d. grZeldeba eleqtromagnituri Zravis traversis 

gaqaneba, magram traversi ukve moZraobs StangasTan da rkalCamqrobi 

mowyobilobebis moZrav kontaqtebTan erTad. 
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nax. 2.31. gamarTuli amomrTvelis CarTvis procesis grafiki 

ubani 𝑑𝑒. Aam ubanze muSaobas wyvets eleqtromagnituri amZravi. 

xdeba gamomrTveli rkalCamqrobi mowyobilobisa moZrav kontaqtebTan 

erTad 𝑒 wertilSi Stanga traversTan erTad Cerdeba. 

magaliTi 3. nax.2.32-ze mocemulia zeTiani buferis dazianebis 

mqone amomrTvelis gaTiSvis procesis grafiki. 

 
nax.2.32. zeTiani buferis dazianebis mqone amomrTvelis gaTiSvis procesis 

grafiki 

rogorc am grafikidan Cans, zeTiani buferis dazianebis mqone 

amomrTvelSi xdeba mxreulis mkveTri dartyma buferze da Stanga 

traversTan erTad gaCerebamde asrulebs mravaljerad uku moZraobas, 

ris gamoc warmoiSveba spirali 1-2. 
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magaliTi 4. Nnax. 2.33-ze warmodgenilia amomrTvelis ori 

polusis gamorTvis procesis grafikebis (droSi gaSlili) zeddeba.     

N 

 
nax. 2.33. amomrTvelis ori polusis gamorTvis procesis  

grafikebis (droSi gaSlili) zeddeba 

     N 

aq moyvanili grafikebi mowmoben imaze, rom saerTo amZravis 

mqone amomrTvelis ori polusis Stangebi traversebTan erTad 

moZraoben erTmaneTisagan Zlier gansxvavebuli siCqareebiT. es ki 

SesaZlebelia polusebs Soris didi folxvis (“luftis”) dros. 

moZraobis dawyebis Semdeg C polusis, rkalmqrobi mowyobilobis 

an gamomrTveli zambarebis cudi mdgomareobis gamo, Stanga 

traversTan erTad moZraobs naklebi siCqariT, vidre B polusisa. am 

dros polusebs Soris airCeva folxva.  wertilis 1 Sesabamis droSi 

polusebs Soris xdeba moZravi masebis urTierTqmedeba. erTi Stanga 

traversTan erTad iRebs amaCqarebel impulss, xolo meore – 

mamuxruWebels. am momentidan xdeba traversebis moZraobis siCqaris 

cvlileba. Wertili 2 Sesabamis droSi Stangebis moZraobis siCqareebi 

stabiluri xdeba, magram erTmaneTisagan mainc gansxvavebulia. folxva 

airCeva sxva mimarTulebiT. wertili 3 Sesabamis droSi B polusis 

Stanga traversTan erTad iwyebs damuxruWebas zeTiani buferiT, xolo 

C polusis Stanga ganagrZobs moZraobas mniSvnelovani siCqariT. 

wertili 4 Sesabamis droSi xdeba moZravi masebis urTierTqmedeba. C 

Ppolusis Stanga traversTan erTad iRebs mamuxruWebel impulss, 

xolo  B polusisa – amaCqarebels. C Ppolusis damuxruWebis ubanze 
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intensiuri zemoqmedebis Sedegad  B polusis  damuxruWebis ubanze 

gaCnda siCqaris naxtomebi. 

amave naxazze kargad Cans, rom oa ubani – brZanebis dawyebis 

momentidan moZraobis dawyebamde. drois am intervalSi amZravis mier 

xdeba “gamorTva” brZanebis damuSaveba. a wertilSi brZanebis 

damuSaveba mTavrdeba. drois am intervalis xangrZlivobiT SeiZleba 

ganisazRvros “damnaSave” amomrTvelis gamorTvis drois dayovnebaSi. 

Tu drois es intervali aWarbebs gansazRvrul sidides (gamarTul 

mdgomareobaSi myofi amomrTvelis grafikTan SedarebiT), maSin 

gamorTvas ayovnebs amZravi. winaaRmdeg SemTxvevaSi amZravi 

normalurad muSaobs da gamorTvis procesis gaWianurebis mizezis 

dasadgenad gaanalizebuli unda iqnes amomrTvelis siCqaruli maxa-

siaTeblebi. 

 

2.16. amomrTvelebis diagnostikis xelsawyoebi da 

sistemebi 

   

amomrTvelebis mdgomareobis diagnostikis sistemebi da-

muSavebulia sxvadasxva tipisa da markis maRalvoltiani 

amomrTvelebis teqnikuri mdgomareobis Sefasebisa da narCeni resursis 

gansazRvrisaTvis. 

maRalvoltiani amomrTvelebis kontrolis xelsawyo ПКВ/М7 

USB-Ti. es xelsawyo (nax.2.34) gamoiyeneba zeTiani, elegazuri, 

vakuumuri da eleqtromagnituri amomrTvelebis dauSlelad 

kontrolisaTvis, romelTac gaaCniaT 4 wyvetis wertilamde. aseve 

mokledSemrTvelebisa da ganmamxoloeblebis kontrolisaTvis. 
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nax.2.34. maRalvoltiani amomrTvelebis kontrolis  

xelsawyo ПКВ/М7 USB-Ti 

 

xelsawyo aRWurvilia universaluri analoguri SesasvleliT 

realur droSi Zabvisa da winaRobis registraciisaTvis. masTan 

SeiZleba CairTos elegazuri amorTvelis saStato rezistoruli 

gadamwodi, romelic aris xelsawyos kompleqtaciaSi saxazo da 

kuTxuri gadaadgilebis gadamwodebTan erTad da romlebic 

saSualebas iZlevian gadaRebuli iqnes siCqaris maxasiaTeblebi yvela 

tipis amomrTvelisaTvis saqarxno moTxovnebis Tanaxmad. 

nax.2.35-ze mocemulia ПКВ/М7-is zeTian amomrTvelze tipiuri 

CarTvis sqema. 

http://www.skbpribor.ru/images/pribor/m71.jpg
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nax.2.35. ПКВ/М7-is zeTian amomrTvelze tipiuri CarTvis sqema 

 

xelsawyos funqciebi arsebiTad gafarToebulia specialuri 

programuli uzrunvelyofis safuZvelze. sakomutacio aparatis yvela 

maxasiaTebeli izomeba dinamikaSi misi CarTvisa da gamorTvis dros. 

amomrTvelis droiTi ciklis sazomi sistema TM 1600  (nax.2.36.a) 

zomavs amomrTvelis droiT cikls (800 kv-mde). drois arxebi iweren 

mTavari da sxva damxmare kontaqtebis CarTvisa da gamorTvis dros. 

arxebi damoukidebelia  da amitom SeiZleba gaizomos amomrTvelis 

kameraSi mimdevrobiT SeerTebuli kontaqtebis droiTi maxasiaTeblebi 

maTi ganrTvis gareSe. xelsawyo SeiZleba aRWurvili iqnes xangrZlivi 

kontrolis funqciiT. 

^ 
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          a)                              Bb) 

nax.2.36 amomrTvelis droiTi ciklis sazomi sistema TM 1600 (a)  

da programuli uzrunvelyofa CABA WIN 

      

TM 1600  blokSi  Cadgmuli  MA 61 moduliT SeiZleba ga-

daRebul iqnas kontaqtebis svla, siCqare, deni, Zabva da sxva. agreTve 

SesaZlebelia kontaqtebis dinamiuri winaRobisa da vibraciis  gazomva 

da analizi.  

sistemaSi CamontaJebuli printeri ramdenime wamis Semdeg 

cxrilebis an grafikebis (nax.2.36.b) saxiT beWdavs Sedegebs. Ggrafikebis 

detaluri analizisaTvis SesaZlebelia mrudis romelime ubnis 

gadideba. Mmas gaaCnia kompiuterTan kavSiris saSualebebi. 

Pprogramuli uzrunvelyofa CABA saSualebas iZleva amomrTvelebis 

testireba movaxdinoT swrafad da saimedod. 

testireba kontroldeba saerTo test-gegmebiT, romlebic 

avtomaturad airCeva TiToeuli tipis amomrTvelisaTvis. amomrTvelis 

yoveli  amuSavebis Semdeg kompiuteris ekranze gamoCndeba Sedegebi 

cxrilebis an grafikebis saxiT, sadac aRniSnuli iqneba amuSavebis dro, 

siCqare, ganvlili manZili. testirebis Sedegi grafikebis zeddebiT 

SeiZleba dauyonebliv Sedardes wina testirebis SedegebTan da 

etalonur gazomvebTan. Sedegebi SeiZleba Senaxuli iqnes kompiuteris 

diskze ise, rom sxvadasxva dros miRebuli Sedegebi SevadaroT 

erTmaneTs. amgvarad SeiZleba Tvalyuri vadevnoT amomrTvelis 

mdgomareobis TandaTanobiT cvlilebas. 

amomrTvelis vakuumuri kameris testeri VIDAR (nax.2.37.a) 

gamoiyeneba amomrTvelebis vakuumuri kameris mdgomareobis Se-

mowmebisaTvis. am xelsawyos muSaobis safuZvels warmoadgens 
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damokidebuleba gamrRvev Zabvasa da vakuumis xarisxs Soris. xelsawyo 

Zalian martivi gamosayenebelia _ mwvane naTura gviCvenebs, rom kamera 

wesrigSia, xolo wiTeli _ uwesivroa. 

 
         a)                                       b)                  

g) 

nax.2.37. vakuumuri kameris testeri VIDAR (a), kvebis wyaro B10E (b) da 

mikroommmetri MOM200A (g) 

 

kvebis wyaro (nax.2.37.b) uzrunvelyofs regulirebad mudmiv 

Zabvas 24-dan 250 v-mde, safexurebiT: 24, 48, 110, 250 v. amomrTvelis 

koWebis Sesamowmeblad. gaaCnia calke gamosasvleli mudmivi denis 

eleqtroZravebis kvebisaTvis 24–250 v farglebSi, safexurebiT: 30, 40, 

70, 90, 185, 200, 250 v; aqvs cvladi Zabvis gamosasvleli 24–250 v 

diapzonSi. 

mikroommmetri MOM200A (nax.2.37.g) gamoiyeneba amomrTvelebis, 

ganmacalkeveblebis, mcvelebis danebiani kontaqtebiT, salte da 

saxazo SeerTebebis da sxva kontaqtebis winaRobis gasazomad. 

xelsawyos muSaoba dafuZnebulia mikroprocesorul gazomvebze da 

Sedegebis Senaxvaze 

Sinagani programa saSualebas iZleva SevasruloT calkeuli 

testi an testebis seria da Sedegebi SevinaxoT. Ddenis 

transformatorebis swrafi da moxerxebuli ganmagnitebisaTvis 

gamoyenebulia cvladi denis gamosasvleli. gaaCnia winaRobis gazomvis 

ori diapazoni: 0_1999 mkomi; 0_19,99 mkomi. 
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Tavi 3. mokle cnobebi transformatorebis 

Sesaxeb 

 

3.1. transformatoris mokle istoria da Zaluri transformatorebis 

ZiriTadi elementebi da  

muSaobis principi 

 

M movlena, romelic safuZvlad daedo eleqtruli tran-

sformatoris moqmedebas aRmoCenili iqna 1831 wels ingliseli 

fizikosis maikl faradeis mier eleqtrobis dargSi kvlevebis 

Catarebis dros. am kanonis aRmoCenidan 45 wlis Semdeg rusi pavle 

iabloCkovis mier dapatentebuli iqna pirveli transformatori 

gaxsnili gulariT, xolo 1884 wels ingliseli Zmebis joni da 

eduard gopkinsonebis mier Seqmnili iqna Caketil gulariani 

transformatori romelic Seicavda Tanamedrove transformatorebis 

TiTqmis yvela ZiriTad elements.  

Tanamedrove Zaluri transformatori warmoadgens rTul 

mowyobilobas, romelic Sedgeba sxvadasxva saxis konstruqciuli 

elementebis didi raodenobisagan, romlebic ama Tu im saxiT gavlenas 

axdenen mis muSaobaze. 

Zaluri transformatoris daniSnulebaa rogorc eleq-

troenergiis gardaqmna eleqtrul qselebsa da danadgarebSi, aseve 

eleqtroenergiis miReba da gamoyeneba.Aarsebobs erTfaza, orfaza, 

samfaza Zaluri transformatorebi da avtotransformatorebi. 

nax.3.1-ze mocemulia erTfaza (a) da samfaza (b) transfo-

rmatorebis magnituri nakadebis Sekvris gzebi. 

Tanamedrove transformatorebi mcired gansxvavdebian XIX 

saukunis dasawyisis transformatorebisagan. isini iseve Sedgebian 

izolirebuli firfitebisagan da spilenZis gamtarebisagan 

damzadebuli gragnilebisagan. Tanamedrove transformatorebi Tavis 

winamorbedebs simZlavris mixedviT 500-jer aRematebian. maTi 

simZlavre aRwevs 1 mln kvt-ze mets, xolo Zabvis mixedviT 15-jer 

aRematebian da SeuZliaT imuSaon 1150 kv Zabvis dros. eqspluataciis 

xangrZlivoba meryeobs 25- dan 50 wlamde; maTi masa erTeulovan 
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simZlavreze gaangariSebiT Semcirda daaxloebiT 10-jer, xolo margi 

qmedebis koeficientma gadaaWarba 99%-s. 

 

nax.3.1. erTfaza (a) da samfaza (b) transformatorebis 

magnituri nakadebis Sekvris gzebi 

M 

mokled ganvixiloT Zaluri transformatoris muSaobis principi. 

transformatorSi gamtarisagan daxveul gragnils, romelic 

mierTebulia kvebis wyarosTan da qmnis magnitur vels, pirveladi 

ewodeba. meore gragnils, romelSic am velis moqmedebiT aRiZvreba 

eleqtromamoZravebeli Zala (emZ) da mierTebulia eleqtroenergiis 

momxmarebelTan, ewodeba meoreuli. 

transformatoris muSaoba dafuZnebulia or bazisur principze: 

1.  droSi cvalebadi eleqtruli deni qmnis droSi cvalebad 

magnitur vels (eleqtromagnetizmi); 

2.  magnituri nakadis cvlileba gragnilSi iwvevs eleqt-

romamoZravebeli Zalis (emZ) aRZvras (eleqtromagnituri induqcia). 
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Tu pirvelad gragnils CavrTavT cvladi denis wredSi (nax.3.1.a), 

maSin masSi gaivlis cvladi deni da magnitogamtarSi anu gularaSi 

Seqmnis cvlad magnitur nakads. gularis gavliT Sekruli magnituri 

nakadi ganWolavs meoreuli gragnilis xviebs da daainduqcirebs masSi 

induqciis emZ-s. Tu meoreuli gragnilis boloebze mivaerTebT 

eleqtroenergiis raime mimRebs, maSin induqcirebuli emZ-is moqmedebiT 

meoreul gragnilSi mimRebis gavliT gaivlis deni. es deni Tavis mxriv, 

qmnis magnitur nakads, romelic pirvelad gragnilSi gamavali denis 

mier Seqmnili magnituri nakadis sawinaaRmdegoa.  

transformatoris efeqturi muSaobisaTvis saWiroa, rom 

pirvelad da meoreul gragnilebs Soris iyos idealuri induqciuri 

kavSiri da TiToeul maTgans gaaCndes maRali TviTinduqcia. es niSnavs, 

rom magnituri velis yvela Zalxazi, romelic moculia pirveladi 

gragniliT, aseve moculi unda iyos meoreuli gragniliTac. ase rom, 

mocemuli denis cvlilebis siCqaris dros TiToeuli gragnilis mier 

Seqmnili magnituri nakadi unda iyos didi. orive es piroba SeiZleba 

Sesruldes, Tu orive gragnils davaxvevT rkinis gularaze ise, 

rogorc es gaakeTa faradeim Tavis pirvel eqsperimentebSi. rkina 

daaxloebiT 10 000-jer zrdis magnituri velis Zalxazebis 

raodenobas. aseTi masalebis Sesaxeb amboben, rom maT aqvT maRali 

magnituri SeRwevadoba. garda amisa, rkinis gulara axdens magnituri 

induqciis Zalxazebis lokalizebas, ris wyalobiTac transformatoris 

gragnilebi sivrceSi SeiZleba iyvnen erTmaneTisagan gayofili da amave 

dros induqciurad dakavSirebulni. 

rkinis gulara warmoadgens yvela Tanamedrove Zaluri 

transformatoris ganuyofel nawils, xolo spilenZi da alumini maTi 

dabali eleqtruli winaRobis gamo iyvnen da rCebian gragnilebis 

dasamzadebel masalad. 

idealuri transformatoris parametrebi mniSvnelovnad 

damokidebulia gularas Tvisebebze, saxeldobr, am dargSi iqna 

miRweuli yvelaze didi progresi. gularas dasamzadebeli masalis 

mniSvnelovani Tvisebaa magnituri SeRwevadoba, magnituri gaJRenTva, 

eleqtruli winaRoba da danakargebi histerezisze.Mmagnituri 

SeRwevadoba SeiZleba warmovidginoT, rogorc magnitur velSi 

moTavsebuli masalaSi warmoqmnili magnituri Zalxazebis 
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raodenoba.Mmagnituri gaJRenTva es aris magnituri masalis 

mdgomareoba, romlis drosac misi damagniteba aRwevs zRvrul 

mniSvnelobas.Ees ori Tviseba gansazRvravs gularas Zalur 

maxasiaTeblebs. G 

transformatorSi adgili aqvs energiis danakargebs, romelTa 

sidide damokidebulia mis konstruqciis xarisxze  da 

`satransformatoro rkinis” masalaze (eleqtroteqnikur foladze). 

danakargebi foladSi ZiriTadad gamowveulia gularis gaxurebiT, 

histerezisiTa da grigaluri denebiT. iseT transformatorSi, sadac 

`rkina” monoliTuria, danakargebi mniSvnelovnad metia, vidre im 

transformatorSi, sadac gulara Sedgeba mravali seqciisagan, radgan 

am SemTxvevaSi mcirdeba grigaluri denebi. praqtikaSi monoliTuri 

gularebi ar gamoiyeneba. transformatoris magnitogamtarSi danakar-

gebis SemcirebisaTvis satransformatoro firfitebi mzaddeba spe-

cialuri xarisxis satransformatoro foladisagan, romelsac 

damatebuli aqvs siliciumi. siliciumi amaRlebs rkinis kuTr 

winaRobas eleqtruli denis mimarT. erTmaneTisagan izolaciis mizniT 

firfitebi dafarulia laqiT. 

gularas masalas eleqtruli winaRoba mniSvnelovania imdenad, 

ramdenadac is saSualebas iZleva Semcirdes grigaluri denebiT 

gamowveuli danakargebi. 

histerezisi magnitur masalebSi amcirebs transformatoris 

moqmedebis margi qmedebis koeficients. `damagnitebuli” atomebis 

jgufebs Soris urTierTqmedebis Sedegad masala agrZelebs 

damagnitebul mdgomareobaSi yofnas. amitom roca gare magnituri 

velis daZabuloba droebiT mcirdeba, masala myisve ver reagirebs. am 

Seyovnebas transformatorSi cvladi denis yovel ciklSi mivyavarT 

energiis danakargebTan.  

transformatorebis gularebis srulyofis mTeli istoriis 

manZilze Catarebuli sainJinro kvlevebis ZiriTadi miznebi iyo 

magnituri SeRwevadobis, gaJRenTvis wertilisa da eleqtruli 

winaRobis amaRleba da histerezisze danakargebis Semcireba. am 

gamokvlevebSi mniSvnelovan rols TamaSobs mrudi, romelic 

grafikulad aRwers damokidebulebas dasamagnitebeli masalis iseT 

Tvisebebs Soris rogoricaa magnituri SeRwevadoba, magnituri 
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gaJRenTva da histerezisi. es mrudi warmoadgens magnituri velis 

induqciasa da daZabulobas Soris damokidebulebis grafiks. cvladi 

denis TiToeuli ciklis damaxasiaTebel mruds aqvs S asos forma Sevi-

wroebadi boloebiT (nax.3.2). misi daxris kuTxe Seesabameba magnituri 

SeRwevadobis sidides; is zeda wertili (A), romelSic mrudi 

swordeba Seesabameba gaJRenTvis wertils, xolo АВСА1В1С1А mrudiT 

SemosazRvruli farTobi Seesabameba histereziss.  

mkvlevarebs mudam ainteresebdaT, Tu rogor miekuTvneba es 

Tvisebebi masalis fizikur Tvisebebs. TiToeuli Tviseba damokidebulia 

elementarul magnitebs _ atomebs Soris urTierTqmedebis xasiaTze. es 

urTierTqmedeba ganisazRvreba rkinis kristaluri struqturisa da 

sxva elementebis – minaerTebis atomebis arsebobiT. mecnierebas, am 

rTuli urTierTqmedebis Sesaxeb, magnituri domenebis Teoria ewodeba. 

es Teoria mecnierebs exmareba transformatorebisaTvis moZiebuli 

iqnes ufro srulyofili masalebi. 

foladisagan damzadebuli Txeli 

firfitebi, romlisganac Sedgeboda 

pirveli transformatorebis gularebi, 

xasiaTdebodnen histerezisze 

mniSvnelovani danakargebiT. SemdgomSi 

danakargebma TandaTan iwyes Semcireba 

foladis xarisxis dawvrilebiTi SerCevis 

xarjze da 1900 wlisaTvis SesaZlebeli 

gaxda danakargebis orjer Semcireba. 

amis Semdeg dadga masalis daZvelebas-

Tan dakavSirebuli problema. 

eqspluataciis vadis zrdasTan erTad izrdeba danakargebi 

histerezisze.  

1900 wlidan gularas masalis muSa maxasiaTeblebi mecnieruli 

kvlevebis Sedegad mniSvnelovnad iqna gaumjobesebuli. 

transformatoris konstruqciis elementebi, romlebSic gadis 

eleqtruli deni (gragnilebi, gamomyvanebi da sxva) da romlebic 

erTmaneTTan SeerTebulia gansazRvruli sqemiT, qmnian 

transformatoris konstruqciis Camiwebuli nawilebisagan 

izolirebul eleqtrul wreds. saizolacio detalebi Sesrulebulia 

 
  nax.3.2. histerezisis   

maryuJi 
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sxvadasxva saxis myari saizolacio masalebisagan: muyaos, qaRaldis, xis, 

getinaqsisa da sxva. zeTian transformatorebSi Casxmulia 

satransformatoro zeTi.  

magnitogamtari masze Camocmul gragnilebTan erTad 

warmoadgens transformatoris aqtiur nawils, xolo danarCeni 

elementebi _ pasiur nawils. gragnilebis sxvadasxva nawilebis 

SeerTeba erTmaneTTan da gadamrTvelebTan xdeba gamomyvanebis 

saSualebiT. 

Zaluri transformatoris aqtiuri nawili moTavsebulia avzSi, 

romelic avsebulia zeTiT. avzis kedelze Cveulebriv damagrebulia 

zeTis gamacivebeli  radiatorebi. 

transformatorebis gragnilebis qselze misaerTeblad 

gamoyenebulia Semyvanebi, romlebic Sedgeba dengamtari nawilebisagan 

(Reroebi an milebi), faifuris safarisagan da sayrdeni miltuCasagan. 

Semyvanebi magrdeba avzis saxuravze an kedelze. am dros misi qveda 

nawili moTavsebulia avzis SigniT zeTSi, xolo zeda nawili avzis 

gareT haerSi. zeTiT avsebul Semyvanebs gaaCniaT sakuTari zeTis 

avtonomiuri moculoba. 

gragnilebi izolirebulia rogorc erTmaneTisagan, ise 

gularasagan. Uufro maRali Zabvis gragnils ewodeba maRali Zabvis 

(mZ) gragnili, xolo ufro dabali Zabvis gragnils – dabali Zabvis 

(dZ) gragnili.  

transformatoris pirveladi gragnilis xviaTa ricxvis 

Sefardebas meoreuli gragnilis xviaTa ricxvTan transformatoris 

transformaciis koeficienti ewodeba. transformaciis koeficienti 

gamoisaxeba formuliT: 

K = W1/W2, 

sadac   W1 – pirveladi gragnilis xviaTa ricxvia, xolo   W2  –

meoreuli gragnilis. 

Cveulebriv, pirveladi da meoreuli gragnilebis Zabvebi 

sxvadasxvaa. Tu pirveladi Zabva naklebia meoreulze, maSin 

transformators ewodeba amamaRlebeli da K<1, xolo Tu metia – 

damadablebeli da K>1. Cveulebriv nebismieri transformatori 

SeiZleba gamoyenebuli iqnas rogorc amamaRlebel, ise damadablebel 

transformatorad. amamaRlebeli transformatorebi gamoiyeneba Sors 
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manZilze eleqtroenergiis gadasacemad, xolo damadablebeli – 

momxmareblebs Soris eleqtroenergiis gasanawileblad. 

transformatorebis eqspluataciis dros iqmneba misi ko-

eficientis cvlilebis (anu Zabvis regulirebis) saWiroeba. Zabvis 

regulireba erTi saxis transformatorebSi xdeba qselidan gamorTvis 

Semdeg, xolo sxva saxis transformatorebSi – datvirTvis qveS. 

erTfaza transformatorebs gamoiyeneben sayofacxovrebo 

xelsawyo-danadgarebSi, denisa da Zabvis sazom transformatorebad; 

induqciuri, madanTermuli, ferosadnobi da sxva eleqtroRumelebis 

kvebisaTvis. Zalovani transformatorebi bunebrivi zeTis gacivebiT 

(nax.1.3.a) gamoiyeneba rkinigzebze avtoblokirebisa da signalizaciis 

aparaturis kvebisaTvis. aseT transformatorebSi gaTvaliswinebulia 

Zabvis regulireba. erTfaza transformatorebi gamoSvebulia 6, 10, 27 

da 35 kv Zabvebze 0,63–10 kva simZlavriT. zemZlavri erTfaza tran-

sformatorebs 750 kv maRal Zabvamde ageben msxvili Tbo da 

hidroeleqtrosadgurebisa da damadablebeli qvesadgurebisaTvis. 

amasTanave eleqtroenergiis gadacemisaTvis ar gamoiyeneben erTfaza 

cvlad dens. am miznisaTvis farTo gamoyeneba hpova samfaza 

denma.Aamitom transformatorTa umetesoba samfazaa. 

   
        a)                          b) 

nax.3.3. erTfaza (a) da samfaza (b) transformatorebis gare xedi 

 

samfaza denis transformireba SesaZlebelia sami erTfaza 

transformatoris gamoyenebiT, romelTa pirveladi da meoreuli 
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gragnilebi SeerTebulia samfaza sistemaSi varskvlavad (nax.3.1.b) an 

samkuTxedad. swored amgvarad muSaoben msxvil eleqtrosadgurebSi 

dayenebuli mZlavri erTfaza transformatorebi. isini pirveladi 

gragnilebiT CarTulni arian generatoris Sesabamis fazebTan; maTi 

meoreuli gragn-ilebi SeerTebulia varskvlavad da CarTulni arian 

sahaero gadacemis xazis Sesabamis fazebTan. umravles SemTxvevaSi 

samfaza transformatori warmodgenilia erT mTlianobaSi (nax.3.3, b). 

aseTi transformatoris magnitogamtari Sedgeba sami Rerosagan, 

romlebic zemodan da qvemodan Caketilia uRlebiT (nax.3.4.). 

B 

nax..3.4. samfaza transformatoris gragnilebis  

magnitogamtarze ganlagebis sqema 

 

TiToeul Reroze Camocmulia erTi pirveladi da erTi 

meoreuli gragnili. pirveladi gragnilebi SeerTebulia varskvlavad 

an samkuTxedad, aseve SeerTebulia meoreuli gragnilebi. Rero 

gragnilebiT warmoadgens erTfaza transformators. amitom 

yvelaferi is, rac zemoT iyo Tqmuli erTfaza transformatorze 

mTlianad vrceldeba samfaza transformatoris TiToeul fazaze. 

nax.3.4-ze naCvenebia samfaza trans-formatoris gragnilebis 

magnitogamtarze ganlagebis sqema, xolo nax.3.5-ze moyvanilia samfaza 

transformatoris mowyobiloba. 
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samfaza transformatoris TiToeul ReroSi pirvelad gragnilSi 

gamavali denis mier aRiZvreba magnituri nakadi.  TiToeuli 

pirveladi gragnili miekuTvneba samfaza sistemis erT romelime fazas, 

amitom gragnilebSi gamavali deni, iseve rogorc modebuli Zabvebi 

samfazaa da aqedan gamomdinare, magnituri nakadebic samfazaa, 

romlebic erTmaneTis mimarT daZrulni arian 1200-iT. 

 
nax.3.5. samfaza transformatoris mowyobiloba: 1 _ Termometri; 2 _ maRali 

Zabvis gragnilis Semyvani; 3 _ dabali Zabvis gragnilis Semyvani; 4 _ avzSi 

zeTis Casasxmelis sacobi; 5 _ zeTis maCvenebeli; 6 _ safarToebelSi zeTis 

Casasxmelis sacobi; 7 _ safarToebeli; 8 _ magnitogamtari; 9 _ dabali 

Zabvis gragnili; 10 _ maRali Zabvis gragnili; 11 _ zeTis gamosaSvebi sacobi; 

12 _ zeTis avzi; 

13 _ zeTis gaciebis radiatorebi 

 

yvela zemoT moyvanili miekuTvneba samfaza orgragnila 

transformatorebs, romelTac TiToeul Reroze gaaCniaT ori 

gragnili – pirveladi da meoreuli. aseT transformators SeuZlia 

gardaqmnas erTi sididis Zabva meore sididis Zabvad. magram bevr 
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SemTxvevaSi es sakmarisi ar aris. Zalian xSirad saWiro xdeba gvqondes 

ori meoreuli Zabva, magaliTad, 110/35/10kv. 

 

3.2. transformatoris nominaluri monacemebi da  

teqnikuri maxasiaTeblebi 

 

Zaluri transformatorebi erTmaneTisagan gansxvavdebian 

nominaluri simZlavriT, Zabvis klasiT, MmuSaobis pirobebiTa da 

reJimebiT, konstruqciuli SesrulebiT. 

transformatoris ZiriTadi monacemebi da maxasiaTeblebi 

naCvenebia saqarxno firfitaze. firfita damagrebulia 

transformatoris avzze. masze naCvenebia Semdegi parametrebi: 

transformatoris tipis aRniSvna; fazaTa ricxvi; sixSire, hc; dayenebis 

saxe (Siga Tu gare); nominaluri simZlavre, kva; samgragniliani 

transformatorisaTvis TiToeuli gragnilis simZlavre; gragnilebis 

SeerTebis sqema da jgufi; Zabva nominalur safexurze da gragnilebis 

gamStoebebze, kv; nominaluri deni, a; mokled SerTvis Zabva 

procentebSi; gacivebis xerxi; mTliani transformatoris, zeTisa da 

aqtiuri nawilis masa, tona. 

nominaluri simZlavrisa da Zabvis klasis mixedviT, Zaluri 

transformatorebi pirobiTad iyofa cxrili 3.1-Si moyvanil jgufebad 

(gabaritebad). 

warmoebis mier gamoSvebulia transformatorebi civ da 

tropikul klimatian raionebSi samuSaod, gare da Siga dayenebis, 

saerTo da specialuri daniSnulebis. 

gaciebis mixedviT transformatorebi iyofian: mSral, zeTian da 

arawvadi Txevadi dieleqtrikiT. 

saerTo daniSnulebis transformatorebis asoiT aRniSvnebSi 

gvxvdeba Semdegi aRniSvnebi: A  – avtotransformatori; O an T _  

erTfaza an samfaza; P – dabali Zabvis gaxleCili gragniliT; M – 

gaciebis saxe: haeris bunebrivi gaciebiT an zeTis bunebrivi 

cirkulaciiT; ДЦ – haeris an zeTis iZulebiTi cirkulacia; Ц – 

wylisa da zeTis iZulebiTi cirkulacia; НДЦ da НЦ – zeTis 

mimarTuli dineba ДЦ da Ц sistemebSi; Т gaciebis saxis aRniSvnis 
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Semdeg – samgragnila transformatori; Н –  datvirTvis qveS Zabvis 

regulatoriT; С – sakuTari moxmarebis. 

 

cxrili 3.1. Zaluri transformatorebis simZlavreTa  

diapazonebi da klasebi 

Ggabaritis nomeri simZlavris diapazoni, kva Zabvis klasi, kv 

I 100 _ mde 35-mde 

II 100 _ 1000 35-mde 

III 1000 _ 6300 35-mde 

IV 6300-ze meti 35-mde 

V 40000-ze meti 35 _ 110 

VI 40000 _ 80000 330-mde 

VII 80000 _ 200000 330-mde 

VIII 200000-ze meti 330-mde da zemoT 

 

nominaluri simZlavre da Zabvis klasi naCvenebia asoiTiAaRniSvnis 

Semdeg wiladis saxiT, romlis mricxvelSi naCvenebia nominaluri 

simZlavre kilovoltamperebSi, xolo mniSvnelSi Zabvis klasi 

kilovoltebSi. 

pirobiTi aRniSvnebis magaliTebi: ТМ 1000/1074У1 – samfaza 

orgragnila transformatori zeTis bunebrivi gaciebiT. nominaluri 

simZlavre 1000 kva, Zabvis klasi 10 kv, 1974 wlis konstruqcia, gare 

dayenebis. ТРДНС 25000/3574Т1 – samfaza orgragniliani 

transformatori dabali Zabvis gaxleCili gragniliT, haeris 

iZulebiTi cirkulaciiT gacivebiT, Zabvis datvirTvis qveS 

regulirebiT, eleqtrosadguris sakuTari moxmarebisaTvis, nominaluri 

simZlavriT 25 mva, Zabvis klasi 35 kv, 1974 wlis konstruqcia, 

tropikuli SesrulebiT, gare dayenebis. 

3.3. avtotransformatorebi 

 

avtotransformatorebi warmoadgenen qvesadgurebis Zalur 

danadgarebs, romelTa daniSnulebaa qselSi Zabvis donis cvlileba. 

avtotransformatori transformatoris variantia, romelSic 

pirveladi da meoreuli gragnilebi pirdapir aris SeerTebuli da 

erTmaneTTan aqvT ara marto eleqtromagnituri, aramed eleqtruli 

kavSiric da eleqtruli energiis gadacema pirveladi wredidan 
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meoreulze xdeba rogorc magnituri veliT, aseve eleqtruli gziTac. 

Aavtotransformatoris gragnils aqvs ramdenime gamomyvani (minimum 3), 

romelTa meSveobiT miiReba sxvadasxva sididis Zabvebi. 

avtotransformatoris upiratesobas warmoadgens maRali mqk, radgan 

simZlavris mxolod nawili eqvemdebareba gardaqmnas – es arsebiTad 

mniSvnelovania, roca Semavali da gamomavali Zabvebi erTmaneTisagan 

mcired gansxvavdebian. maT uaryofiT mxared iTvleba pirvelad da 

meoreul wredebs Soris eleqtruli izolaciis ararseboba. 

samrewvelo qselebSi, sadac Camiwebuli nulovani sadenis arseboba 

aucilebelia, am faqtors mniSvneloba ara aqvs, magram mniSvnelovania, 

rom naklebia foladis xarji gularisaTvis, spilenZis xarji 

gragnilebisaTvis, mcire wona da gabaritebi, dabali Rirebuleba. 

gansakuTrebiT efeqturia avtotransformatoris gamoyeneba im 

SemTxvevaSi, roca meoreuli Zabva didad ar gansxvavdeba 

pirveladisagan. 

eqspluataciaSi farTo gamoyeneba hpoves avtotransfor-

matorebma 220 kv da zemoT Zabvaze (nax.3.6.a). isini ZiriTadad, rogorc 

wesi, mzaddeba samgragnila, romelTac garda eleqtrulad 

SeerTebuli gragnilisa gaaCniaT magniturad SeerTebuli gragnilic. 

Cveulebriv es gragnili dabali Zabvisaa, romelTanac SeiZleba 

mierTebuli iqnas generatori (eleqtrosadgurebSi), sinqronuli 

kompensatori (qvesadgurebSi) an SeiZleba gamoyenebuli iqnas 

adgilobrivi momxmareblebis kvebisaTvis 35 kv Zabvamde. nax.3.6.b-ze 

mocemulia samfaza avtotransformatoris principuli sqema. qselidan 

kveba miewodeba А, В, С. Semyvanebze, xolo dabali Zabva moixsneba a, b, 

c gamomyvanebidan. samfaza avtotransformatorebSi gamoiyeneba 

mxolod gragnilebis varskvlava SeerTeba. 
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                a)                             b) 

nax.3.6. avtotransformatoris saerTo xedi (a) da  

principuli sqema (b) 

 

 

3.4. transformatoris gragnilebis SeerTebis  

sqemebi da jgufebi 

 

gragnilebis SeerTebis sqemebi. samfaza transformatorebis 

eqspluataciis dros didi mniSvneloba aqvs gragnilebis SeerTebis 

sqemebisa da jgufebis cnebebs. 

arsebobs samfaza transformatoris TiToeuli mxaris  fazuri  

gragnilebis SeerTebis sami ZiriTadi xerxi: 

1. varskvlava SeerTeba (pirobiTi aRniSvna Y), romlis 

drosac yvela fazis gragnilis TiTo bolo erT wertilSia 

SeerTebuli. am wertils neitraluri wertili ewodeba. 

2. samkuTxa anu delta SeerTeba (pirobiTi aRniSvna , D 

an Д ), romlis drosac fazis gragnilebi mimdevrobiT aris 

SeerTebuli da qmnian rgols (an samkuTxeds). 

3. zigzagiseburi SeerTeba (pirobiTi aRniSvna Z). 

trasformatoris pirveladi, meoreuli da mesameuli mxareebis 

gragnilebi SeiZleba SeerTebulni iqnen zemoTmoyvanili nebismieri 

xerxiT. 
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varskvlava SeerTeba bunebrivad airCeva yvelaze maRali Zabvebis 

SemTxvevaSi, roca neitraluri wertili gamoiyeneba 

eleqtromomaragebisaTvis. nebismier SemTxvevaSi gadaZabvebisa da 

pirdapiri Camiwebis Tavidan acilebis mizniT gaTvaliswinebulia 

neitraluri gamavali izolatori. ukanasknel SemTxvevaSi ekonomiis 

mizniT neitralis izolaciis done SeiZleba iyos ufro dabali, vidre 

gragnilis fazuri bolo. 

varskvlavad SeerTebul gragnils gaaCnia is upiratesoba, rom 

transformaciis koeficientis regulirebis gadarTva SeiZleba 

gaTvaliswinebuli iyos neitralur boloze, sadac aseve SeiZleba 

ganlagebuli iqnes xviaTa ricxvis gadamrTveli.  

varskvlava SeerTeba gamoiyeneba transformatoris erT mxareze, 

meore mxare SeeerTebuli unda iyos samkuTxedad, gansakuTrebiT im 

SemTxvevebSi, Tu varskvlava SeerTebis neitrali dagegmilia 

eleqtromomaragebisaTvis. gragnilis samkuTxedad SeerTeba 

uzrunvelyofs amperxviebis balanss neitralsa da varskvlava 

SeerTebis TiToeul fazaSi  gamavali nulovani Tanmimdevrobis 

denisaTvis, rac iZleva nulovani TanmimdevrobisaTvis sruli winaRobis 

misaReb sidides.  

gragnilebis samkuTxedad SeerTebis gareSe nulovani 

Tanmimdevrobis dens mivyavarT gularaSi nulovani Tanmimdevrobis 

denebis velamde. Tu gularas gaaCnia sami Rero, maSin mocemuli veli 

uRlidan uRlamde SeaRwevs avzis kedlebis ganWolviT, rac iwvevs 

siTbos gamoyofas. javSniani an xuT Reroiani gularis SemTxvevaSi, 

mocemuli veli SeaRwevs gverdiT Reroebs Soris da nulovani 

Tanmimdevrobis sruli winaRoba sagrZnoblad moimatebs, ris 

Sedegadac miwasTan garRvevis SemTxvevaSi warmoqmnili deni iqneba 

iseTi susti, rom damcavi rele ver amuSavdeba.  

samkuTxa SeerTebis dros TiToeul fazur gragnilSi gamavali 

deni 3 -jer naklebia fazaSi gamaval denze, maSin roca varskvlava 

SeerTebis dros TiToeul fazur gragnilSi gamavali xazuri deni 

tolia qselis xazSi gamavali denisa. meore mxriv, samkuTxa SeerTebis 

dros varskvlava SeerTebisas arsebuli Zabvis sididis SesanarCuneblad 

moiTxoveba xviaTa sammagi raodenoba. gragnilebis samkuTxa SeerTebis 

gamoyeneba momgebiania maRali Zabvis transformatorebSi, roca denis 
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Zala didia, xolo Zabva SedarebiT dabali; ase magaliTad, 

amamaRlebeli transformatoris dabali Zabvis gragnilebSi. 

gragnilebis samkuTxa SeerTeba iZleva denis mesame rigis 

harmonikebis samkuTxedis SigniT cirkulirebis saSualebas. denis mesame 

rigis harmonikebi saWiroa gularaSi magnituri induqciis nakadisa da 

aRZruli Zabvis sinusoiduri formis damaxinjebis Tavidan acilebis 

mizniT. mesame rigis sinusoidur denebs yvela samive fazaSi aqvT 

erTnairi xangrZlivoba.Aam denebs ar SeuZliaT cirkulireba 

varskvlavad SeerTebul gragnilebSi manam, sanam gragnilebis 

neitrali Sekruli ar iqneba. 

damamagnitebeli denis SemadgenlobaSi denis mesame rigis 

harmonikebis naklebobam SeiZleba migviyvanos aRZruli Zabvis formis 

mniSvnelovan damaxinjebamde im SemTxvevebSi, Tu gularas gaaCnia 5 

Rero an Sesrulebulia javSnian variantSi. samkuTxedad SeerTebuli 

transformatoris gragnili asworebs mocemul darRvevas, radganac 

samkuTxedad SeerTebuli gragnili uzrunvelyofs harmoniuli denebis 

milevas.  

gamanawilebeli transformatorebis maRali Zabvis mxareze 

gragnilebis samkuTxedad SeerTebis dros nominaluri simZlavris 

misaRwevad saWiro deni SeiZleba aRmoCndes Zalian mcire sididis, 

xolo gragnilisaTvis saWiro sadenis kveTi metad mouxerxebelia 

qarxnuli damzadebisaTvis. amgvar SemTxvevebSi maRali Zabvis gragnili 

SeerTebuli unda iqnes varskvlavad, xolo meoreuli gragnili – 

zigzagiseburad. nulovani Tanmimdevrobis denebi, romlebic 

cirkulireben zigzagiseburi SeerTebis or ganStoebaSi, erTmaneTs 

abalansireben, dabali mxaris nulovani Tanmimdevrobis sruli wi-

naRoba ZiriTadad ganisazRvreba gragnilis or ganStoebas Soris 

arsebuli magnituri velis fantvis nakadiT da warmoadgens Zalian 

mcire sidides. 

standartebiT dadgenilia gragnilebis, maTi erTmaneTTan 

SeerTebis sqemebisa da asoiTi aRniSvnebis pirobiTi grafikuli 

gamosaxulebani. maRali Zabvis fazuri gragnilebis sawyisebi 

aRiniSnebian didi laTinuri asoebiT: A,B,C; xolo boloebi – X, Y, Z 

asoebiT. fazebis Tanmimdevroba A,B,C miRebulia aiTvalos marcxnidan 

marjvniv, Tu transformators SevxedavT maRali Zabvis gamomyvanebis 
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mxridan. dabali Zabvis gragnilebis sawyisebi aRiniSnebian patara 

laTinuri asoebiT _ a, b, c; xolo maTi boloebi – x, y, z-iT. 

samgragniliani transformatorebisaTvis saSualo Zabvis gragnilis 

sawyisebi aRiniSnebian asoebiT AT, BT, CT, xolo boloebi _ XT, YT, ZT 

asoebiT. nax.3.7-ze mocemulia gragnilebis pirobiTi grafikuli da 

asoiTi aRniSvnebi. 

 
N  a)                     b)                      g) 

nax.3.7 gragnilebis pirobiTi grafikuli da asoiTi aRniSvnebi: 

a _ maRali; b _ saSualo; g _ dabali Zabvis gragnilebi 

 

 gragnilebis SeerTebis jgufebi. transformatoris gragnilebis 

SeerTebis jgufebi ganisazRvreba maRali da dabali Zabvis 

gragnilebis erTsaxela xazur (magaliTad,EAB da Eab an EBA  da Eba) emZ-

ebs Soris arsebuli fazaTa ZvriT. 

Ggragnilebis SeerTebis sqemebidan da maTi sawyisebisa da 

boloebis SeerTebis rigidan gamomdinare (gragnilebis daxvevis 

mimarTuleba erTnairia) miiReba gragnilebis SeerTebis sxvadasxva 

jgufebi. 

jgufebis (Sesabamisad Zvris kuTxis) aRniSvnisaTvis tradiciulad 

gamoiyeneba saaTis ciferblatis magaliTi. radganac Zvris kuTxe 

icvleba 00-dan 3600-mde da Zvris jeradoba Seadgens 300, amitom 

SeerTebis jgufebis aRniSvnisaTvis gamoiyeneba ricxvTa rigi 1-dan 12-

mde, romelSic TiToeuli erTeuli Seesabameba 300-ian Zvris kuTxes. 

amitom SesaZlebelia miRebul iqnes samfaza transformatorebis 

gragnilebis SeerTebis Semdegi jgufebi: 0; 1; 2; 3; . . . .11. am jgufebs 

Seesabameba transformatoris maRali da dabali Zabvis gragnilebis 

erTsaxela xazuri emZ-ebis veqtorebs Soris arsebuli Zvris KkuTxeebi: 

00; 300; 600; 900; . . . . 3300. 
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luwi jgufebi (2, 4, 6, 8, 10, 12 anu 0) miiReba im SemTxvevaSi, 

Tu maRali da dabali Zabvis gragnilebi SeerTebulia erTnairad – 

varskvlavad an samkuTxedad. 

kenti jgufebi (1, 3, 5, 7, 9, 11 ) miiReba im SemTxvevaSi, Tu  

erTi Zabvis gragnilebi SeerTebulia varskvlavad, xolo meore _ 

samkuTxedad. 

maRali Zabvis gragnilis xazuri emZ-is veqtors SeuTavseben 

saaTis wuTebis isars da daayeneben uZravad cifr 12 (0)-ze. dabali 

Zabvis gragnilis xazuri Zabvis veqtors SeuTavseben saaTis isars da 

daayeneben saaTis ciferblatis im cifrze, romelic gansazRvravs 

SeerTebis jgufs. amasTanave isrebs Soris kuTxe tolia erTsaxela 

xazur emZ-ebs Soris arsebuli Zvris kuTxis. 

saxelmwifo standarti iTvaliswinebs samfaza orgragniliani 

transformatorebis damzadebas, romelTa gragnilebis SeerTebis 

sqemebi da jgufebia: Y/YH-0; Y/ -11;YH/ -11; Y/ZH -11; /YH -11; / – 0. 

Ppirveli aRniSvna Seesabameba maRali Zabvis, xolo meore – dabali 

Zabvis gragnils. 

erTfaza orgragnila transformatori mzaddeba 1/1-0 SeerTebis 

sqemiTa da jgufiT. 

 

3.5. veqtoruli diagramebis praqtikuli sistema 

 

SeerTebis sqemebisa da jgufebis praqtikuli mniSvneloba Zalian 

didia. Oori an sami transformatoris paraleluri muSaobis erTerTi 

ZiriTadi pirobaa, rom yvela isini miekuTvnebodnen gragnilebis 

SeerTebis erTsa da imave jgufs.  

gragnilebis SeerTebis jgufebis TeoriaSi gamoyenebuli 

veqtoruli aRniSvnis praqtikuli sistema moiTxovs gragnilebis 

daxvevis mimarTulebis codnas. arsebobs gragnilebis daxvevis ori 

mimarTuleba – marcxena da marjvena. am mimarTulebebis 

gansxvavebisaTvis saWiroa SeTanxmeba, Tu ra iTvleba gragnilebis 

sawyisad.gragnilebis mTeli rigi tipebisaTvis, magaliTad, 

cilindruli da xraxnulisaTvis iTvleba, rom gragnilis sawyisi 

mdebareobs iq, sadac megragnile awyobs pirvel xvias.  
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                       a)                  b) 

nax.3.8. marcxena (a) da marjvena (b) daxvevis dabali 

Zabvis gragnilebi 

 

Tu nebismieri tipis koWas (gragnils) davxedavT zemodan sawyisis 

mxridan da Tu am dros gamtarebis daxvevis mimarTuleba saaTis isris 

moZraobis mimarTulebis sawinaaRmdegoa, maSin iTvleba, rom koWa 

marcxena daxvevisaa (nax.3.8.a). Tu gamtarebis daxvevis mimarTuleba 

saaTis isris moZraobis mimarTulebis Tanxvdenilia, maSin koWa 

marjvena daxvevisaa. 

Tu nebismieri tipis koWaze daxvevis mimarTulebis Seucvlelad 

kvebas miviyvanT ara sawyisze, aramed boloze, maSin ConCxis Reros 

damagniteba moxdeba ukumimarTulebiT, vidre maSin, roca kveba 

miewodeba koWis sawyiss.Aaqedan gamomdinare, sawyisisa da bolos 

markirebis Secvla identuria daxvevis mimarTulebis sapirispirod 

Secvlisa. Tu koWas CamovacmevT Reroze iseTnairad, rom koWis sawyisi 

AA AaRmoCndeba qveviT, xolo bolo X – zeviT da axla kvebas 

miviyvanT koWis zeda gamomyvanTan, anu CavTvliT, rom X aris sawyisi 

A, maSin Reros damagnitebis mimarTuleba darCeba ucvleli. amgvarad, 

koWis gadabruneba da imavdroulad misi boloebis markirebis Secvla 

ar cvlis koWis daxvevis mimarTulebas. 

veqtoruli aRniSvnebis praqtikuli sistema gamomdinareobs 

iqedan, rom cnobili unda iyos orive gragnilis daxvevis mimarTuleba 

erTnairia Tu sxvadasxvaa. aRniSvnebis Teoriuli sistemebisagan 

gansxvavebiT, praqtikul sistemebSi iTvleba, rom pirveladi U1 da 
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meoreuli U2 Zabvebisa da aRZruli E1 da E2 emZ-ebis veqtorebs  aqvT 

erTnairi mimarTuleba (nax.3.9.a). Tu CavTvliT, rom orive gragnils 

aqvs daxvevis erTi da igive mimarTuleba da veqtorebis dadebiT mi-

marTulebas Seesabameba granilebis Semovlis mimarTuleba dawyebuli 

X da Sesabamisad x bolodan A da a sawyisebisaken (nax.3.9.b). 

am Semovlisas yvela generirebuli Zabvisa da Zabvis vardnis 

Sejamebam unda mogvces X da A wertilebs Soris Zabvis erTi da igive 

mniSvneloba (nax.3.9.g). aseTive mtkiceba SeiZleba gakeTdes meoreuli 

konturisTvisac. 

erTfaza transformatorebisaTvis veqtoruli aRniSvnebis 

praqtikul sistemas mivyavarT daskvnamde, romelic SeiZleba advilad 

Semowmdes praqtikaSi. Tu gragnilebs gaaCniaT Zabvebi U1da U2 da 

amasTanave orive gragnili erTnairad aris daxveuli, maSin veqtorebi 

U1 da U2  unda iyos paraleluri da erTnairad mimarTuli (nax.3.9.a). 

orive gragnilis wredSi Semovla unda vawarmooT X da Sesabamisad x 

boloebidan (nax.3.9.b) am SemTxvevaSi miRebulia, rom veqtoruli 

diagrama agebulia drois im momentisaTvis, roca A da a wertilebs 

aqvT ufro maRali potenciali, vidre X da x wertilebs. cxadia, rom 

Tu gragnilebi daxveuli iqneba sxvadasxvagvarad, maSin aseTi SeerTeba 

mogvcems U1 da U2 Zabvebis sxvaobas. 

            a)                       b)                        g) 

nax.3.9. veqtoruli aRniSvnebis praqtikuli sistema: a _ maRali da dabali 

Zabvebis veqtorebi; b _ erTfaza transformatoris maRali da dabali Zabvis 

gragnilebis sqemebi; g _ erTnairad daxveuli gragnilebis Zabvebis Sekreba 

samfaza sistemebisaTvis, garda amisa, saWiroa erTi da igive fazis 

kuTvnili veqtorebis paraleluri gamosaxva. 
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amgvarad, veqtoruli aRniSvnebis praqtikuli sistema moiTxovs 

ara mxolod droiTi (amplituda da faza), aramed sivrciTi sidideebis 

dazustebasa da Zabvisa da denis veqtorebis aRniSvnebs Soris kavSirs. 

Zabvis veqtorisaTvis saWiroa davadginoT, romel maxasiaTebel 

wertils, gragnilis sawyissa Tu bolos drois pirobiTad mocemul 

momentSi aqvs ufro maRali potenciali da Sesabamisad avirCioT 

Zabvis veqtoris mimarTuleba. denisaTvis saWiroa davadginoT 

elementarul konturSi denis cirkulaciis mimarTuleba generatorisa 

da datvirTvis raRac pirobiTi urTierTganlagebis dros (nax.3.10). 

veqtoruli aRniSvnebis praqtikul sistemebSi pirveladi da 

meoreuli denebi aRiniSneba paraleluri da erTnairad mimarTuli 

veqtorebiT, Tu orive gragnils aqvs daxvevis erTi da igive 

mimarTuleba da mxedvelobaSi ar miiReba damamagnitebeli denebi. 

denebis es mimarTuleba Seesabameba lencis kanons. 

 
nax.3.10. konturis kanonikuri forma 

transformatorebisaTvis, iseve, rogorc yvela induqciurad 

dakavSirebuli wredisaTvis saWiroa kidev erTi sivrciTi niSani – 

maRali da dabali Zabvis gragnilebis daxvevis mimarTulebebi. 

gragnilebis sqemebisa da veqtoruli diagramebis grafikuli 

Sesrulebis gamartivebis mizniT mizanSewonilia SemovitanoT 

damatebiT Semdegi pirobebi: 

a. yvela gragnili aRiniSneba martivi rkalebiT koWis 

tipis, xviaTa ricxvis, fenaTa raodenobisa da sxvaTa miuxedavad.  

yvela momWeris aRniSvna mocemulia nax.3.11-ze. zigzaguri 

sqemisaTvis Stoebs Soris arsebuli SeerTebebis meti 

TvalsaCinoebisaTvis Semotanilia calkeuli Stoebis saSualedo 

momWerebis aRniSvnebi: a1-x1,b1-y1, c1-z1 (nax.3.11.g). 

b. erTnairad daxveuli gragnilebi aRiniSnebian erT mxares 

mimarTuli rkalebis sistemiT (nax.3.12); 
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g. sxvadasxva mimarTulebiT daxveuli koWebis rkalebi 

aRiniSnebian sxvadasxva mxares mimarTuli rkalebis sistemiT. am 

SemTxvevaSi SeiZleba CavTvaloT, rom maRali Zabvis gragnils aqvs 

marjvena daxveva, Tu mas davakvirdebiT zemodan A momWeridan. 

dabali Zabvis gragnils aqvs marcxena daxveva, Tu mas 

davakvirdebiT a momWeridan.MmoxerxebulobisaTvis gragnilebis 

sawyisebs ganalageben zemoT da sxvadasxva saxeliani gragnilebis 

misaRebad erT gragnils daaxveven marjvena, xolo meores marcxena 

mimarTulebiT. zigzagur sqemaSi ufro mosaxerxebelia orive 

gragnili daxveuli iqnes erTnairi mimarTulebiT, magram Siga 

StoebisaTvis maTi qveda momWerebi gamoyenebuli unda iqnes 

rogorc sawyisebi (nax.3.11.g). 

    
             a)                 b)                   g) 

nax.3.11. dabali Zabvis gragnilebis ZiriTadi sqemebi da  

veqtoruli diagramebi: a _ varskvlava SeerTeba; 

b _ samkuTxa SeerTeba; g _ zigzaguri SeerTeba 

yvela sqemaSi rekomendirebulia, rom fazaTa Tanmimdevroba 

daixazos ise, rasac sinamdvileSi adgili aqvs maRali da dabali 

Zabvis gragnilebisaTvis, Tu maT davakvirdebiT am gragnilebis 

ganStoebebis mxridan. amis gaTvaliswinebiT maRali da dabali Zabvis 

gragnilebis fazaTa Tanmimdevroba unda iyos iseTi, rogorc es 

naCvenebia nax.3.11.g-ze. es piroba mniSvnelovnad aadvilebs montaJis 

dros sqemis awyobis siswores. 

es pirobiToba SemoRebulia imitom, rom cnobilia SeerTebis 

sqemebis Sesrulebisas Secdomebis didi raodenoba. imis gamo, rom 
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Teoriul sqemebSi maRali da Ddabali Zabvis gragnilebis fazaTa 

Tanmimdevroba erTnairad iyo miRebuli, maSin roca dabali Zabvis 

mxares fazaTa Tanmimdevroba sul sxvaa, Tu dabali Zabvis gragnils 

SemxedavT misi ganStoebebis mxridan. 

amitom fazaTa Tanmimdevroba dabali Zabvis mxares sruldeba ise, 

rogorc es naCvenebia nax.3.11-ze, raTa sqema rac SeiZleba axlos iyos 

samontaJo SesrulebasTan.M 

zigzaga SeerTebis sqema (nax.3.11.g) Sesrulebulia samontaJo 

sqemis Sesabamisad, roca zigzagis orive Stos ax1 da xa1 da a.S. aqvT 

daxvevis erTnairi mimarTuleba da ganlagebulia Reros mTel 

sigrZeze. es sqema yvelaze metad waagavs zigzaga SeerTebis faqtiuri 

Sesrulebis sqemas. 

yvelaze xSirad gamoyenebul zigzaga sqemebSi calkeuli Stoebi 

ganlagebulia erTmaneTis qveS Reros mTel simaRleze (nax.3.12), ramac 

SeiZleba migviyvanos dabneulobamde da gragnilis zigzagis sqema 

praqtikulad sworad ver Sevasrulod. zigzagis Stoebis ganlageba 

ori koWis saxiT Reros naxevar simaRleze ar gamoiyeneba, radgan am 

dros mniSvnelovnad izrdeba fantvis nakadi da damatebiTi 

danakargebi. 

         
    a)          b)          g)               d) 

nax.3.12. dabali Zabvis zigzaga SeerTebis sqemis variantebi 

3.6. saaTuri aRniSvna 

  

gragnilebis SeerTebis sqemebidan gamomdinare dabali da  maRali 

Zabvis veqtorebis sistema SeiZleba daZrulni iyvnen erTmaneTis 

mimarT. 

nax.3.13-ze mocemulia samkuTxedi varskvlavze SeerTebis sqemis 

veqtoruli diagrama. maRali Zabvis gragnilebis samkuTxa sqemis 
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Seabamisi fazuri Zabvis OB veqtori gavlebulia sistemis `simZimis 

centridan”, SeTavsebulia saaTis wuTebis isarTan da dayenebulia.  

dabali Zabvis ob veqtori maRali Zabvis erTsaxela OB 

veqtorisagan wanacvlebulia raRac kuTxiT. imave kuTxiT aris 

wanacvlebuli sxva fazebis Sesabamisi veqtorebic. 

 

nax.3.13. transformatoris gragnilebis SeerTebis  

sqemebis saaTuri aRniSvna 

 

SeerTebis sqemebisaTvis varskvlavi, samkuTxedi da zigzagi 

veqtoruli aRniSvnebis erTi sistemis (a,b,c) mobrunebis kuTxe meore 

sistemis (A,B,C) mimarT yovelTvis 300-is jeradia. imavdroulad saaTis 

isari d, romelic gavlebulia veqtorebis sistemis `simZimis 

centridan” dabali Zabvis erTsaxela veqtoris (mocemul SemTxvevaSi 

ob veqtoris) wveros gavliT, gviCvenebs SeerTebis jgufis saaTur 

aRniSvnas. nax. 3.14-is Tanaxmad SeerTebis jgufi SeiZleba CaiTvalos 3 

sT-is tolad. Ee.i. am SemTxvevaSi Cven gvaqvs SeerTebis jgufi ∆/Y -3. 

rogorc saaTis ciferblatidan Cans OB da ob Zabvis veqtorebs Soris 

kuTxe 900 -ia. danarCeni veqtorebis wveroebic A da a, C da c 

erTmaneTis mimarT daZrulni iqnebian 900-iT imave mxareze, rogorc B 

da b fazebis  veqtorebis wveroebi. 

nax.3.13-ze maRali Zabvis gragnilisaTvis arCeulia samkuTxa 

SeerTeba. erTi sistemis veqtorebis meoris mimarT wanacvlebis 

saCveneblad aRebulia maRali Zabvis samkuTxedad SeerTebuli sqemis 
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ara xazuri Zabvis АВ veqtori, aramed am SeerTebis Sesabamisi fazuri 

Zabvis ОВ veqtori. 

transformatoris gragnilebi SeiZleba daxveuli iyvnen 

erTnairad an sxvadasxvagvarad. amitom erTfaza transformatorebs 

SeiZleba hqondeT SeerTebis ori jgufi. pirvel SemTxvevaSi  erTi 

mimarTulebiT daxveuli gragnilebisaTvis iTvleba, rom gragnilebis 

SeerTebis jgufia 0 da aRiniSneba 1/1 – 0-iT, xolo sxvadasxva daxvevis  

SemTxvevaSi SeerTebis jgufia 6 da aRiniSneba 1/1 – 6-iT. saaTuri 

aRniSvna (0 da 6) am SemTxvevaSic ganisazRvreba samfaza sqemebis 

analogiurad. 

saqarTvelos  eleqtromomaragebis sistemebSi gamoyenebuli 

transformatorebis udidesi nawili warmoebulia yofil sabWoTa 

respublikebSi. isini ZiriTadad gamoSvebulia or jgufad: Y/YH-0 da 

Y/ -11, magram gragnilebis boloebis sistemis fazebTan mierTebis 

mixedviT gvxvdeba 1, 5, da 7 SeerTebis jgufebic. 

samfaza transformatorebis gragnilebis sxvadasxva   SeerTebis 

jgufebis magaliTebi  moyvanilia nax.3.14-ze, sadac wertilebiT 

aRniSnulia erTsaxela momWerebi. erTsaxela momWerebi iseTi 

momWerebia, romlebSic denebis erTnairi mimarTulebis dros 

TviTinduqciisa da urTierTinduqciis nakadebi erTmaneTs emTxvevian. 
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nax.3.14. samfaza transformatoris gragnilebis SeerTebis jgufebi da maTi 

veqtoruli diagramebi. 1, 4, 5 SemTxvevebSi gragnilebis daxveva erTnairia, 

xolo 2, 3, 6 SemTxvevebSi – sxvadasxvaa. isrebiT naCvenebia gragnilebis emZ-

ebis mimarTuleba 
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3.7. transformatoris muSaobis reJimebi da margi qmedebis 

koeficienti 

 

arsebobs transformatoris muSaobis sami reJimi: uqmi svlis, 

datvirTvisa da mokledSerTvis reJimebi. 

1. uqmi svlis reJims adgili aqvs im SemTxvevaSi, 

roca transformatoris meoreuli wredi gaTiSulia, ris 

Sedegadac meoreul gragnilSi deni ar gadis.Uuqmi svlis 

cdis safuZvelze SeiZleba ganisazRvros transformatoris 

transformaciisa da margi qmedebis koeficientebi, aseve 

danakargebi foladSi; 

2. datvirTvis reJims adgili aqvs maSin, roca  

transformatoris meoreul gragnilze mierTebulia 

datvirTva. Mmocemuli reJimi transformatorisaTvis 

ZiriTadi muSa reJimia; 

3. mokled SerTvis reJimi miiReba im SemTxvevaSi, 

roca meoreuli gragnilis boloebi mokled aris Caketili. 

Aam reJimis daxmarebiT ganisazRvreba sasargeblo 

simZlavris mier transformatoris wredSi arsebuli 

gamtaris gaxurebiT gamowveuli danakargebi. 

transformatoris margi qmedebis koeficienti ganisazRvreba 

formuliT: 

2

0 1

2

1

1
P P n

P n

 
 




 

sadac P0 transformatoris uqmi svlis danakargebia nominaluri Zabvis 

dros, kvt; P1 – datvirTvis danakargebi nominaluri denis dros, kvt; 

P2 _ datvirTvaze gadacemuli aqtiuri simZlavrea, kvt; n – 

datvirTvis fardobiTi koeficienti (nominaluri denis dros n=1)  

 

3.8. transformatorebis paraleluri muSaoba 

 

transformatorebis paralelurad CarTva maTi iseTi SeerTebaa, 

romlis drosac maRali da dabali Zabvis erTsaxela momWerebi 

CarTulia qselis erTsaxela sadenebTan (salteebTan). 
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transformatorebis paraleluri muSaoba moxerxebuli da 

ekonomiuria. SeiZleba davayenoT erTi didi simZlavris 

transformatori, romlis simZlavre sakmarisi iqneba nebismieri 

SesaZlo datvirTvisaTvis, magram maSin es transformatori CarTuli 

unda gvqondes mTeli drois ganmavlobaSi miuxedavad imisa, rom mTeli 

simZlavriT imuSavebs mxolod drois umniSvnelo nawilSi. 

cnobilia, rom rogorc ar unda iyos transformatori 

datvirTuli, masSi yovelTvis arsebobs mudmivi, uqmi svlis 

danakargebi. uqmi svlis danakargebi warmoadgens simZlavris 

usargeblo danakargebs magnitogamtarSi. momxmarebeli SeiZleba 

Seeguos am danakargebs transformatoris sruli datvirTvis dros. 

magram nawilobrivi datvirTvis dros, roca transformatori gascems 

misi simZlavris mxolod nawils, maSin uqmi svlis danakargebi mis 

eqspluatacias xdian araekonomiurs. amitom umravles SemTxvevaSi erTi 

didi simZlavris transformators cvlian ori an ramdenime naklebi 

simZlavris transformatorebiT. transformatorebs rTaven para-

lelurad. Pparalelurad muSaobis dros maTi maRali Zabvis 

gragnilebi mierTebulia saerTo mkvebav qselTan, xolo dabali Zabvis 

gragnilebi – eleqtroenergiis mimRebebis eleqtromomaragebis saerTo 

qselTan, magram drois yovel momentSi Zabvis qveS imyofeba 

transformatorebis minimaluri saWiro raodenoba. Tu datvirTva 

izrdeba, maSin damatebiT CarTaven axal transformatorebs, xolo 

roca datvirTva mcirdeba, maSin transformatorebis nawils 

gamorTaven. amgvarad, momuSave transformatorebis ricxvi yovelTvis 

Seesabameba datvirTvas. 

radganac erTi transformatoris uqmi svlis danakargebi 

yovelTvis naklebia vidre yvela transformatoris jamuri uqmi svlis 

danakargebi, amitom maTi paralelurad muSaobis upiratesoba cxadia. 

Uumetes SemTxvevaSi foladSi danakargebis ekonomia mokle droSi 

gamoisyidis transformatorebis SesaZenad daxarjul Tanxebs da 

amasTanave Tavidan iqneba acilebuli erTi transformatoris 

gadatvirTva da sxva transformatorebis dautvirTaoba. 

imisaTvis, rom Tavidan iqnes acilebuli Secdomebi paraleluri 

CarTvis dros TiToeuli transformatorisaTvis simZlavrisa da 

maRali mxaris Zabvis mixedviT standartebiT dadgenilia mokled 
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SerTvis Zabvis gansazRvruli mniSvneloba. magaliTad, 10 kv Zabvisa da 

400 kva simZlavrisa transformatorebisaTvis mokled SerTvis Zabva Uk 

= 4,5%; igive simZlavrisa da 35 kv Zabvis dros Uk = 6,5%; 2500 kva 

simZlavrisa da 10 kv Zabvis dros Uk = 5,5%; xolo 35 kv Zabvis dros 

Uk = 6,5%; 

praqtikuli Sesrulebis dros standartiT daSvebulia 

paralelurad CairTos  transformatorebi, romelTa mokled SerTvis 

Zabvebi erTmaneTisagan gansxvavdebian araumetes ±10%. 

transformatorebis paraleluri muSaobis mesame piroba 

mdgomareobs imaSi, rom paralelurad momuSave yvela tran-

sformatoris SeerTebis jgufi iyos erTi da igive, anu maRali Zabvis 

tolobis SemTxvevaSi saWiroa agreTve maRali da dabali Zabvis 

gragnilebis xazuri Zabvebis veqtorebs Soris kuTxeebi iyos erTnairi. 

paraleluri muSaobis dros transformatorebis ukeT gamoyenebis 

mizniT saWiroa datvirTvebi maT Soris ganawilebuli iqnes 

simZlavreTa pirdapirproporciulad. es miiRweva gragnilebis erTnairi 

SeerTebis jgufebiT, nominaluri  pirveladi da meoreuli Zabvebisa 

da mokled SerTvis Zabvebis  tolobiT.  

pirveli pirobis darRveva iwvevs transformatoris  gragnilebs 

Soris did gamaTanabrebel denebs, romlebsac mivyavarT maT zedmet 

gadaxurebamde. nominaluri pirveladi da meoreuli Zabvebis tolobas 

mivyavarT transformaciis koeficientebis tolobamde, romlebic, didi 

sididis gamaTanabrebeli denebis Tavidan acilebis mizniT, 

erTmaneTisagan ar unda gansxvavdebodnen maTi saSualo mniSvnelobis 

±5%-ze metad.  

nax.3.15-ze mocemulia samfaza transformatorebis paralelurad 

muSaobaSi CarTvis sqema. 
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nax.3.15. samfaza transformatorebis paralelurad  

muSaobaSi CarTvis sqema 

 

transformatorebis paraleluri muSaobis dros maT mok-

ledDSerTvis Zabvebis saSualo mniSvnelobebs Soris gansxvaveba 

dasaSvebia ±10%, radganac am sidideebs Soris gansxvaveba iwvevs im 

transformatoris gadatvirTvas, romlis mokled SerTvis Zabvis 

mniSvneloba naklebia, garda amisa rekomendirebulia paralelurad 

momuSave transformatoris simZlavreebs Soris Sefardeba ar 

aRematebodes 3:1-s.  

paralelurad momuSave transformatorebis S1 da S2 dat-

virTvebis ganawileba eqvemdebareba gantolebas  

S1/S2 = ( S1nom/ S2nom)X ( Uk2/Uk1) 

sadac S1nom da S2nom – paralelurad CarTuli transformatorebis 

nominaluri simZlavreebia, xolo Uk1 da Uk2 – maTi mokled SerTvis 

Zabvebi, gamosaxuli procentebSi. 

sxvadasxva mokled SerTvis Zabvis mqone paralelurad momuSave 

transformatorebs Soris datvirTvis ramdenadme gadanawileba xdeba 

maTi transformaciis koeficientebis cvlilebiT, pirveladi gragnilis 

ganStoebebis gadarTvis gziT. gadarTvebi unda vawarmooT iseTnairad, 

rom dautvirTavi transformatorebis meoreuli Zabva uqmi svlis 

dros iyos meti, vidre gadatvirTviT momuSave transformatorebisa. 

gamonaklisis saxiT dasaSvebia sxvadasxva transformaciis 

koeficientebisa da mokled SerTvis Zabvebis mqone transformatorebis 

paraleluri muSaoba mxolod im pirobiT, rom arc erTi 

transformatori ar iyos gadatvirTuli dasaSvebi normis zeviT. 
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samfaza transformatorebis paraleluri CarTvis dros saWiroa 

maTi erTsaxela momWerebi CarTuli iyos qselis erTsa da imave 

sadenTan. transformatorebis CarTvis win unda moxdes maTi fazireba. 

 

3.9. moTxovnebi Tanamedrove Zalovani  

transformatorebis mimarT 

 

im transformatorebs, romlebic warmoadgenen eleqtrul 

qselebsa da sistemebSi eleqtroenergiis gadacemis elementebs, 

waeyenebaT Zalian maRali moTxovnebi saimedobis,  sakmarisi 

datvirTvisa da gadatvirTvis unarianobis nawilsa da muSaobis 

xangrZlivobaSi. aranakleb mniSvnelovani moTxovnaa transformatoris 

warmoebis, eqspluataciisa da remontis  gaiafeba masalebisa da 

SromiTi danaxarjebis Semcirebis xarjze. 

Tanamedrove transformatorebis mSenebloba uwyvetad ixveweba. 

gamoiyeneba ufro maRali xarisxis masalebi, rac iZleva saSualebas 

Semcirdes transformatorisa da misi calkeuli nawilebis masa 

simZlavrisa da saimedobis Semcirebis gareSe. magaliTisaTvis SeiZleba 

moviyvanoT satransformatoro foladi. dReisaTvis civad naglini 

foladisagan damzadebuli magnitogamtari SeiZleba aRvagznoT ufro 

Zlierad, vidre adre gamoyenebuli cxlad naglini foladisagan 

damzadebuli. amitom erTi da igive simZlavris transformatoris masa 

civad naglini magnitogamtaris SemTxvevaSi ufro mcirea, vidre 

cxlad naglinisas. 

foladis firfitebis mxurvalemedegi izolaciiT dafarva ikavebs 

ufro nakleb moculobas, vidre laqis fena, rac aseve iwvevs dadebiT 

efeqts. 

Tanamedrove pirobebSi gragnilebi mzaddeba aluminisagan, 

romelic spilenZze ufro iafia da naklebad deficituri. 

ufro sasargeblod gamoiyeneba transformatoris avzi, rac 

amcirebs zeTis masas. 

transformatorebis warmoeba nakaduri meTodiT mniSvnelovnad 

amcirebs SromiT danaxarjebs. 

iafi eqspluatacia da saimedoba – es aris ZiriTadi moTxovnebi, 

romelic waeyeneba I da II gabaritebis transformatorebs, romlebic 
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muSaoben saqalaqo da sasoflo gamanawilebel qselebSi. isini 

dadgmulia erT an ortransformatorian qvesadgurebSi da 

teritoriulad Zalian  gabneulia. uSualo momsaxure personali maT 

ar hyavT, dakvirveba xorcieldeba periodulad. rogorc wesi, aseT 

qvesadgurebSi sarezervo transformatorebi ar aris. amitom TiToeu-

li gamorTva iwvevs eleqtromomaragebis Sewyvetas mniSvnelovan 

teritoriaze. 

sxvadasxva atmosferulma movlenebma gavlena ar unda iqonion 

transformatoris muSaobaze. Zabvebis rxevebma, aseve arasimetriuli 

muSaobis reJimebma, romlebic ganpirobebulia ZiriTadad erTfaza 

momxmareblebiT ar unda daarRvion transformatoris 

eleqtrodinamiuri mdgradoba. 

didi mniSvneloba aqvs transformatorebis momsaxureobis 

moxerxebulobas. transformatorebi ZiriTadad dayenebulia 

sayrdenebze. miwidan advilad unda Candes  haersaSrobSi sorbentis 

feri da zeTis maCvenebelSi _ Termometris Cveneba. sezonSi aranakleb 

erTxel transformators gamorTaven qselidan da gadamrTveliT 

axdenen dabali Zabvis koreqtirebas. qselSi muSaobis reJimis 

cvlilebis dros aseTi operacia sruldeba riggareSe.  

aseTi samuSaoebis Semdeg, rogorc wesi, unda moxdes 

transformatoris dawvrilebiTi daTvaliereba, zeTis gaJonvis 

gamovlena da aRmofxvra, saWiroebis SemTxvevaSi sorbentis Secvla, 

Termometris skalis, zeTis maCveneblis minisa da radiatorebis 

milebis gawmenda. 

Zalian didi mniSvneloba aqvs danakargebis sidides. rac ufro 

mcirea transformatoris erTeulovani simZlavre, miT ufro metia 

danakargebi simZlavris erTeulze. amitom I da II gabaritis 

transformatorebisaTvis, romlebic CarTulia mTeli wlis 

ganmavlobaSi, didia uqmi svlis danakargebi anu danakargebs foladSi 

moaqvT didi ekonomiuri zarali da amcireben qselSi eleqtroenergiis 

xarisxs. 

 

3.10. transformatoris gadaZabvebi 

 



 185 

eqspluataciis procesSi transformatorebze SeiZleba gaCndes 

iseTi Zabvebi, romlebic aRematebian dasaSveb mniSvnelobebs. am 

SemTxvevaSi adgili aqvs gadaZabvebs. maTi xangrlivobis mixedviT 

gadaZabvebi iyofa or jgufad: xanmokle da gardamaval gadaZabvebad. 

xanmokle gadaZabvebi  warmoadgenen samrewvelo sixSiris Zabvebs 

fardobiTi xangrZlivobiT, romelic irxeva 1 wamze naklebidan 

ramdenime saaTis sazRvrebSi. 

gardamavali gadaZabvebi es aris xanmokle gadaZabvebi ramdenime 

nanowamidan ramdenime miliwamamde sazRvrebSi. gardamavali 

gadaZabvebi SeiZleba iyos rxeviTi da ararxeviTi. Cveulebriv maT aqvT 

calmxrivi mimarTulebis moqmedeba. 

transformatorze SeiZleba erTdroulad iyos xanmokle da 

gardamavali gadaZabvebis kombinaciac.  

gadaZabvebis warmoSoba klasificirdeba or ZiriTad jgufad: 

gadaZabvebi, romlebic gamowveulia atmosferuli zemoqmedebiT da 

gadaZabvebi, romlebic warmoSobilia Zaluri sistemis SigniT. 

atmosferuli zemoqmedebiT gamowveuli gadaZabvebi yvelaze 

xSirad aRiZvreba transformatorze mierTebuli maRali Zabvis 

gadacemis xazebis axlos atmosferuli ganmuxtvisas. amasTanave zogjer 

atmosferul ganmuxtvis impulss SeuZlia daazianos transformatori 

an gadacemis xazi. Zabvis pikuri sidide damokidebulia Weqa-quxilis 

denis impulsze, romelic warmoadgens statistikur cvlads. 

registrirebulia 100 ka-ze meti Weqa-quxilis deni. maRali Zabvis 

gadacemis xazebze Catarebuli gazomvebis Sedegebis mixedviT 

SemTxvevebis 50%-Si Weqa-quxilis impulsis pikuri denis sidide 10_20 

ka farglebSia. zemoqmedebis wertilsa da transformators Soris 

daSoreba gavlenas axdens transformatoris damazianebeli impulsis 

zrdis droze. rac naklebia es daSoreba, miT naklebia es dro. 

transformatoris Zaluri sistemis SigniT warmoSobili 

gadaZabvebi moicavs rogorc xanmokle, aseve gardamaval gadaZabvebs, 

romlebic aRiZvrebian eqspluataciisa pirobebis cvlilebis Sedegad. 

cvlileba SeiZleba gamowveuli iyos komutaciis procesis darRveviT. 

droebiTi gadaZabvebi  SeiZleba gamowveuli iyos miwasTan mokled 

SerTviT, datvirTvis davardniT an dabalsixSiruli rezonansis 

fenomeniT. 
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gardamavali gadaZabvebi aRiZvrebian im SemTxvevaSi, roca xdeba 

transformatorebis sistemasTan xSiri CarTva da gamorTva. am saxis 

gadaZabvebi aseve SeiZleba aRiZras gare izolaciis anTebisas. 

reaqtiuli datvirTvis gadarTvisas gardamavalma Zabvam SeiZleba 

miaRwios nominaluris 6_7-jer met sidides. 

 

 

 

3.11. transformatoris Zabvis regulireba 

 

datvirTvis mixedviT icvleba eleqtruli qselis Zabva. 

eleqtromimRebebis normaluri muSaobisaTvis saWiroa, rom Zabva 

dasaSvebze metad ar gadaixaros standartuli mniSvnelobidan, ris 

gamoc gamoiyeneba qselSi Zabvis regulirebis sxvadasxva xerxebi. 

qvesadguris salteebze Zabvis regulirebis erTerTi yvelaze ufro 

gavrcelebuli xerxia transformatoris ganStoebebis gadarTva. am 

mizniT transformatoris gragnilebze gaTvaliswinebulia 

saregulirebeli ganStoebebi da maTi specialuri gadamrTvelebi, 

romelTa daxmarebiTac icvleba muSaobaSi CarTuli xviaTa ricxvi, 

riTac izrdeba an mcirdeba transformaciis koeficienti. 

K mZ-dZ = UmZ/UdZ = WmZ/WdZ’ 

sadac WmZ da WdZ Sesabamisad muSaobaSi CarTuli maRali da dabali 

Zabvis gragnilebis xviaTa ricxvebia. 

maRali da dabali Zabvis gragnilebs Soris transformaciis 

koeficientis cvlileba saSualebas iZleva dabali Zabvis salteebze 

SenarCunebuli iqnes Zabvis sidide nominalurTan axlos, roca raime 

mizezis gamo pirveladi an meoreuli Zabva gadaixreba nominaluri 

sidididan. 

xviaTa seqciebis gadarTvas awarmoeben qselidan gamorTul 

transformatorze agznebis gareSe gadamrTveli mowyobilobiT an 

muSaobaSi myof transformatorze uSualod datvirTvis qveS 

gadamrTveli mowyobilobiT. didi simZlavris transformatorebs 

agznebis gareSe gadamrTveli mowyobilobis SemTxvevaSi gaaCniaT xuTi 

ganStoeba, nominalurTan SedarebiT, Zabvis oTxi safexuris misaRebad 

(±5% Un). transformatoris Zabvis klasidan, misi Sesrulebidan da 
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regulirebis safexurebis ricxvidan  gamomdinare gamoiyeneba sxvadasxva 

konstruqciis ganStoebebis gadamrTvelebi. isini SeiZleba iyos samfaza 

da  erTfaza. nax. 3.16.a-ze mocemulia doluri tipis erTfaza 

gadamrTveli. erTfaza gadamrTveli yendeba maRali Zabvis gragnilis 

TiToeul fazaze. misi sakontaqto sistema Sedgeba uZravi 

kontaqtebisagan – Rru dengamtari Reroebisagan 3 (X1-X6 nax.3.16.b), 

romlebic SeerTebulia gragnilebis ganStoebebTan 2 da rgoli 5 

moZrav kontaqtebTan, romlebic Caketaven uZravi kontaqtebis sxva-

dasxva wyvilebs. sakontaqo rgoli gadaadgildeba muxla lilviT 4, 

romlis RerZi maizolirebeli Stangis 6 daxmarebiT SeerTebulia 

transformatoris saxuravze moTavsebul amZravTan. gadamrTveli 

damontaJebulia izolirebul safuZvelze 1.  

   
              a)                               b) 

nax.3.16. doluri tipis ganStoebebis gadamrTveli (a) da ganStoebebis 

gadarTvis sqema (b), romlis drosac X3 da X4 Reroebi SeerTebulia 

sakontaqto rgoliT 

 

ganStoebebi yvelaze xSirad sruldeba im mxareze, romelic 

eqspluataciis procesSi eqvemdebareba Zabvis cvlilebas. Cveulebriv 

es aris maRali Zabvis mxare. maRali Zabvis mxareze ganStoebebis 

gakeTebas aqvs is upiratesoba, rom xviaTa didi raodenobis gamo maTi 

raodenobis ±2,5 % da ±5%-is aReba SeiZleba vawarmooT didi 
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sizustiT. garda amisa, maRali Zabvis mxareze denis Zala naklebia da 

gadamrTveli ufro kompaqturi miiReba. 

gadarTva agznebis gareSe. gadarTvis mocemuli tipi gamoiyeneba 

sezonuri gadarTvebis dros. imis gamo, rom  igi moiTxovs 

transformatoris qselidan gamorTvasa da momxmarebelze 

eleqtroenergiis Sewyvetas, amitom SeuZlebelia misi regularulad 

Sesruleba. agznebis gareSe gadamrTveli mowyobiloba saSualebas 

iZleva transformatoris transformaciis koeficienti Seicvalos –

5%-dan +5%-mde. mcire simZlavris transformatorebze gadarTva 

xorcieldeba ori ganStoebis daxmarebiT, xolo saSualo da didi 

simZlavris transformatorebze oTxi ganStoebis daxmarebiT, 

TiToeulze 2,5%-iT. 

gamorTuli transformatoris gragnilebis gadarTvis dros 

gadamrTveli mowyobiloba ufro martivi da iafia. amasTanave 

gadarTva dakavSirebulia momxmareblebisaTvis eleqtroenergiis 

SewyvetasTan da ar SeiZleba misi xSirad warmoeba. amitom es xerxi 

umTavresad gamoiyeneba qselur damadablebel transformatorebSi 

meoreuli Zabvis koreqciisaTvis datvirTvis sezonur cvlilebasTan 

dakavSirebiT. 

agznebis gareSe xviaTa ricxvebis gadamrTvelebi. Aam tipis 

gadamrTvelebs aqvT sakmaod martivi mowyobiloba, romelic 

warmoadgens arCeul gadamrTvelTan gragnilebis xviaTa ricxvebis 

SeerTebas. rogorc aRvniSneT, igi gamoiyeneba gamorTuli 

transformatoris dros. 

maTi kontaqtebis dawneva xdeba zambaris saSualebiT, romelsac 

SeuZlia gamoiwvios vibracia. Tu gadamrTveli erTi da igive 

mdgomareobaSi iyo mravali wlis ganmavlobaSi, maSin SesaZlebelia 

kontaqtis wertilSi masalis daJangvis an daSlis gamo kontaqtis 

winaRoba TandaTanobiT gaizardos. am dros xdeba gaxureba da 

naxSirbadis daleqva, romelic kidev ufro zrdis kontaqtebis 

winaRobas da amcirebs gaciebis xarisxs. sabolood dgeba ukontrolo 

situacia da SesZlebelia transformatori gamorTos gazurma dacvam 

an moxdes mokled SerTva. amis Tavidan acilebis mizniT saWiroa misi 

regularuli momsaxureoba, kontaqtebis zedapiris gawmenda. 
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Zabvis regulireba datvirTvis qveS. gadarTvebis es tipi 

gamoiyeneba operatiuli gadarTvebisaTvis, romelic dakavSirebulia 

datvirTvis mudmiv cvalebadobasTan (magaliTad dRisiT da RamiT 

qselSi datvirTva sxvadasxvaa). transformatoris Zabvisa da 

simZlavris mixedviT datvirTvis qveS gadamrTvels transformaciis 

koeficienti SeuZlia Secvalos ±10%-dan ±16%-mde. Zabvis regulireba 

xorcieldeba maRali Zabvis mxares, radganac iq denis Zala naklebia 

da gadamrTveli mowyobiloba iafi da martivia. regulireba SeiZleba 

swarmoebdes rogorc avtomaturad, aseve xeliTYan marTvis 

sadispetCero pultidan. 

datvirTvis qveS xviaTa ricxvis gadamrTveli. datvirTvis qveS 

xviaTa ricxvis gadamrTveli warmoadgens ujreds an izolirebul 

cilindrs kontaqtebis rigiT, romelTanac SeerTebulia 

saregulirebeli gragnilis xviaTa ricxvis gadamrTveli. ujredis 

SigniT  saregulirebeli gragnilis ganivad bijurad gadaaadgildeba 

ori sakontaqto berketi. orive berketi eleqtrulad SeerTebulia 

kontaqtoris Semyvan klemebTan. erTi berketi imyofeba xviaTa ricxvis 

aqtiuri gadamrTvelis mdgomareobaSi da atarebs datvirTvis dens, 

xolo meore berketi tvirTis gareSea da Tavisuflad gadaaadgildeba 

xviaTa ricxvis meore gadamrTvelisaken. gadamrTveli mowyobilobis 

kontaqtebi arasdros ar wyveten eleqtrul dens da SeiZleba 

imyofebodnen transformatoris zeTSi. mowyobilobas, romelic am 

gadarTvebs asrulebs, kontaqtori ewodeba.  

Zabvis avtomaturi regulireba. xviaTa ricxvis gadamrTveli 

yendeba imisaTvis, rom uzrunvelyos Zabvis regulireba 

transformatorTan SeerTebul sistemebSi. sruliadac ar aris 

aucilebeli, rom mizani yovelTvis iyos mudmivi meoreuli Zabvis 

SenarCuneba. gare wredma SeiZleba ganicados Zabvis vardna da es 

vardna unda iyos kompensirebuli. 

xviaTa ricxvis gadamrTvelis marTvis mowyobiloba ar 

warmoadgens TviT xviaTa ricxvis gadamrTvelis nawils. is miekuTvneba 

sadguris releur sistemas. principSi xviaTa ricxvis gadamrTveli 

mxolod iRebs brZanebas: aamaRlos Tu daadablos Zabva. amasTanave 

erTi da igive sadguris SigniT sxvadasxva transformatorebs Soris 

koordinaciis funqcia warmoadgens xviaTa ricxvis gadamrTvelis 
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teqnologiis nawils. roca sxvadasxva transformatorebi SeerTebulia 

paralelurad, maSin maTi xviaTa ricxvis gadamrTvelma orive 

transformatorSi sinqronulad unda imoZraos. es miiRweva imiT, rom 

erT transformators aqvs gragnili rogorc wamyvani 

transformatori, xolo meores _ rogorc daqvemdeba-rebuli 

transformatori.  

mimdevrobiT maregulirebeli transformatorebi. mZlavri 

transformatrorebisa da avtotransformatorebis transformaciis 

koeficientis regulirebisaTvis zogjer gamoiyeneba maregulirebeli 

transformatorebi, romlebic mimdevrobiT CairTvebian 

transformatorebTan da saSualebas iZlevian cvalon Zabva rogorc 

sididiT, aseve faziT. maregulirebeli transformatorebis sirTulisa 

da maRali Rirebulebis gamo Zabvis regulirebis aseTi xerxi iSviaTad 

gamoiyeneba. 
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Tavi 4. transformatorebis diagnostika 

 

4.1. Zaluri transformatoris diagnostikis  

ZiriTadi meTodebi 

 

Zalovani transformatorebis diagnostika SeiZleba vawarmooT 

remontSi gamoyvaniT da remontSi gamoyvanis gareSe (uwyveti 

diagnostikis meTodi). 

Zalovani transformatorebis diagnostika remontSi gamoyvaniT 

swarmoebs eleqtroteqnikuri da qimiuri gamocdebis meTodebiT. 

aucilebeli eleqtruli gamocdebis CamonaTvalSi Sedian: 

- yvela gragnilis izolaciis winaRobis gazomva da 

absorbciis koeficientis gansazRvra; 

- gragnilebis izolaciis dieleqtrikuli danakargebisa da 

tevadobis gazomva; 

- satransformatoro zeTis gamrRvevi Zabvis gansazRvra;  

- Txevadi dieleqtrikis dieleqtrikuli danakargebis kuTxis 

tangensis gansazRvra; 

- gragnilebis winaRobis gansazRvra mudmivi deniT ga-

damrTveli mowyobilobis an agznebis gareSe gadamrTvelis 

yvela ganStoebaze; 

- uqmi svlis denisa da danakargebis gazomva mcire erTfaza 

agznebis dros; 

- 125 mva da zeviT simZlavris transformatorebisaTvis 

mokled SerTvis sruli winaRobis gansazRvra; 

- gragnilebis transformaciis koeficientis gansazRvra; 

- maRali Zabvis Semyvanebis izolaciis winaRobis gazomva da 

absorbciis koeficientis gansazRvra; 

- maRali Zabvis Semyvanebis izolaciis dieleqtrikuli 

danakargebisa da tevadobis gazomva; 

- izolaciis gamocda 50 hc sixSiris aweuli ZabviT. 

damatebiTi eleqtruli gamocdebis CamonaTvalSi Sedian: 

- nawilobrivi ganmuxtvis wyaroebis ganlagebis adgilisa da 

donis gansazRvra eleqtruli meTodebiT da maTi 

lokalizacia akustikuri meTodiT; 
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- gragnilebis deformaciis gamovlena transformatoris 

gardamavali reJimebis analizis gziT; impulsuri da 

sixSiruli maxasiaTeblebis daxmarebiT; aweuli Zabvis dros 

nawilobrivi ganmuxtvebis gazomviT; mokled SerTvis 

induqciuri da sruli winaRobebis, dabali Zabvis 

impulsebisa da magnituri induqciis  gansazRvris meTodiT; 

- gragnilebSi xviaTaSorisi mokled SerTvis gansazRvra 

transformatoris gareSe magnituri velis gazomviT; 

- Zalovani transformatoris elementebis vibraciis 

gansazRvra; 

- gadamrTveli mowyobilobis mdgomareobis Sefaseba: wriuli 

diagramebis gadaReba, datvirTvis qveS gadamrTvelis 

sakontaqto sistemis oscilografireba da sxva. 

aucilebeli qimiuri gamocdebis CamonaTvalSi Sedian: 

- myari izolaciis sinestis Sefaseba; 

- zeTSi gaxsnili airebis qromatografiuli analizi; 

- Txevadi dieleqtrikis mJavuri ricxvis gansazRvra; 

- Txevadi dieleqtrikis wyalSi xsnadi mJavebis gansazRvra; 

- Txevadi dieleqtrikis xarisxobrivi da raodenobrivi 

nestSemcvelobis gansazRvra; 

- Txevadi dieleqtrikis afeTqebis temperaturis gansazRvra; 

- Txevadi dieleqtrikis antimJavuri misarTis gansazRvra 

(eleqtromowyobilobaSi Casxmamde); 

- Txevadi dieleqtrikis sisufTavis klasis gansazRvra; 

- Txevad dieleqtrikSi xsnadi Slamis Semcvelobis dadgena; 

- Txevad dieleqtrikSi airSemcvelobis qarxana- da-

mamzadeblis instruqciasTan Sesabamisobis dadgena; 

- gragnilebis qaRaldis izolaciis mdgomareobis po-

limerizaciis xarisxis mixedviT Sefaseba; 

damatebiTi qimiuri gamocdebis CamonaTvalSi Sedian: 

- simRvrivis dadgena; 

- daZvelebis produqtebis gansazRvra infrawiTeli 

speqtroskopiis daxmarebiT (speqtraluri analizi); 



 193 

- sxvadasxva temperaturul reJimSi Zalovani tran-

sformatoris avzidan da maRali Zabvis Semyvanebis 

siRruidan aRebuli zeTis kuTri moculobiTi gamtarobisa 

da dieleqtrikuli danakargebis kuTxis gazomva. 

Zalovani transformatorebis uwyveti kontrolis meTodebs 

miekuTvnebian: 

- Tbovizoruli; 

- vibraciuli; 

- transformatorSi zeTSi gaxsnili airebis Semcvelobis 

gansazRvra, sinestisa da temperaturis kontroli; 

- akustikuri; 

- nawilobrivi ganmuxtvis; 

- Zabvis qveS gadamrTvelis meqanikuri mdgomareobis 

sixSiruli meTodiTa da amZravi mowyobilobis eleq-

troZravis datvirTvis an denis cvlilebiT Sefaseba; Zabvis 

qveS gadamrTveli mowyobilobis kontaqtebis cveTis 

Sefaseba avzis zeTSi aratradiciuli airebis koncentraciis 

gazomviTa da agreTve transformatoris ZiriTad avzsa da 

Zabvis qveS gadamrTveli mowyobilobis avzs Soris 

temperaturis sxvaobis gansazRvriT; 

- boWkovan-optikuri gadamwodebis daxmarebiT cxeli 

wertilebis gansazRvra; 

- maRali Zabvis Semyvanebis muSa Zabvis qveS kontroli fazebs 

Soris gamtarobebisa da danakargebis kuTxis Sedarebis 

gziT; 

- magnituri velis induqciis gazomva transformatoris avzis 

gaswvriv. 

ukanasknel xanebSi intensiurad viTardeba da inergeba Zalovani 

transformatorebis uwyveti kontrolis meTodebi Tanamedrove 

kompiuteruli teqnologiebisa da analizis monacemebis avtomaturi 

Sekrebisa da damuSavebis  meTodebis gamoyenebiT. Aam meTodebis 

gamoyeneba xorcieldeba uSualod transformatoris sazRvrebSi 

ganlagebuli sxvadasxva saxis gadamwodebis daxmarebiT. 

  qvemoT ganvixilavT transformatoris aucilebeli  

eleqtruli gamocdebisa da uwyveti kontrolis ZiriTad meTodebs, 
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rac Seexeba qimiuri gamocdis meTodebs, maT Sesaxeb dawvrilebiT aris 

moyvanili prof. r. CixlaZis mier Sedgenil saxelmZRvaneloSi [5]. 

 

4.2. transformatoris gragnilebis SeerTebis jgufebis gansazRvra 

galvanometriT 

 

transformatoris SeerTebis jgufi axasiaTebs maRali, saSualo 

da dabali Zabvis erTsaxela fazebis xazuri Zabvebis veqtorebis Zvris 

kuTxes. SeerTebis jgufis Semowmebisas SeiZleba gamovlenili iqnes 

transformatorebis Semyvanebis araswori markireba, gragnilebis 

ganStoebebis gamomyvanebTan araswori mierTeba. samfaza 

transformatorebSi sakmarisia SevamowmoT SeerTebis jgufi or wyvil 

gragnils Soris. 

eqspluataciis pirobebSi gragnilebis SeerTebis jgufebis 

gansazRvra xdeba mudmivi denis meTodiT, sadac sakontrolo 

xelsawyod gamoyenebulia galvanometri (nax.4.1). 

erTfaza transformatoris po-

larobis gansazRvrisaTvis maRali 

Zabvis gragnilze miewodeba xanmokle 

mudmivi deni, xolo dabali Zabvis 

gragnilze mierTebulia 

galvanometri. amasTanave mudmivi 

denis kvebis wyarosa da ga-

lvanometris plus momWerebi mi-

erTebulia gragnilebis erTsaxela 

fazebis  momWerebTan. Nnax.4.2-ze 

naCvenebia kvebis wyarosa da 

galvanometris erTfaza trans-

formatoris gragnilebTan CarTvis 

sqema. Tu transformatoris maRali 

da dabali Zabvis gragnilebi 

daxveulia erTi mimarTulebiT, maSin 

mudmivi denis wredis xanmokle 

CarTvis SemTxvevaSi galvanometris isari gadaixreba marjvniv, xolo 

gaTiSvisas – marcxniv. es adasturebs gragnilebis boloebis swor 

 

nax. 4.1. galvanometri M2032 



 195 

markirebas. Ggalvanometris isris marjvniv gadaxra aRiniSneba “ + “ 

niSniT, marcxniv gadaxra ~ – “ niSniT. 

 

nax.4.2. erTfaza Zaluri transformatoris gragnilebis SeerTebis gansazRvris 

sqema: T – Zaluri transformatori; GB – akumulatoris batarea; K –

CamrTveli; G – galvanometri 

samfaza orgragniliani transformatoris SeerTebis jgufebis 

SemowmebisaTvis mudmivi denis Zabvis wyaro mimdevrobiT CairTveba 

maRali Zabvis AB, BC, AC gragnilebis boloebi da mowmdeba 

galvanometris isris gadaxra ab, bc, ac fazebze. am dros tardeba 

cxra gazomva. nax. 4.3-ze moyvanilia samfaza orgragniliani 

transformatoris Semowmebis sqemebi SeerTebis jgufisaTvis Y/Y -12 (0). 

isris gadaxris “+“ da “–“ niSnebi naCvenebia wredis CarTvis 

momentisaTvis. samfaza samgragniliani transformatorisa da 

avtotransformatorebis  SeerTebis jgufebis Sesamowmeblad pirvel 

rigSi kveba miewodeba maRali Zabvis gragnilze, xolo galvanometris 

isris gadaxra kontroldeba saSualo da dabali Zabvis gragnilebze. 

Semdeg kveba miewodeba saSuali Zabvis gragnils, xolo galvanometris 

isris gadaxra kontroldeba dabali Zabvis gragnilze. 
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nax.4.3. samfaza transformatoris Y/Y- 12 (0) SeerTebis 

jgufis gansazRvra 

         

nax.4.4-ze moyvanilia transformatoris SeerTebis me-11 jgufis 

Semowmebis sqema. zogierTi Semowmebis dros galvanometris isris 

gadaxra ar xdeba (uCvenebs 0-s). 

 

 

nax.4.4. samfaza transformatoris Y/- 11 SeerTebis 

jgufis gansazRvra 

 

mudmivi denis meTodi martivia, magram gazomvebis dros moiTxovs 

did yuradRebas, gansakuTrebiT SeerTebis me-11 jgufis Semowmebisas, 

roca galvanometris isarma unda gviCvenos nulovani mdgomareoba. 

zogjer galvanometris maRali mgrZnobiarobis dros xelsawyos isari 

mkafiod ar uCvenebs nulovan mdgomareobas. am SemTxvevaSi unda 

SevamciroT kvebis wyaros Zabva. galvanometris mgrZnobiarobis 
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Sesamcireblad mis mimdevrobiT unda CavrToT rezistori, romlis 

winaRoba SeirCeva kvebis wyaros Zabvisa da galvanometris mgrZnobia-

robis mixedviT. 

qvemoT mocemuli cxrili 4.1 (n.i. bulgakovis cxrili) gamoiyeneba 

Zaluri transformatoris SeerTebis jgufebis gansazRvrisaTvis. 

cxrili 4.1-dan Cans, rom TiToeuli jgufi sruliad 

ganisazRvreba erTi striqonis an erTi svetis CvenebebiT, anu sami 

gazomvis SedegiT. danarCeni eqvsi gazomvis Sedegi emsaxureba gamzomi 

xelsawyos sqemis sworad muSaobis damtkicebas. 

cxrili 4.1. Zaluri transformatoris SeerTebis jgufebis gansazRvris 

cxrili 

kveba 

miyvanilia 

momWerebTan 

transformatoris momWerebTan mierTebuli 

xelsawyos gadaxra 

ab bc ca ab bc ca ab bc ca 

 jgufi 12 jgufi 4 jgufi 8 

AB + _ _ _ _ + _ + _ 

BC _ + _ + _ _ _ _ + 

CA _ _ + _ + _ + _ _ 

 jgufi ^6 jgufi 10 jgufi 2 

AB   _ + + + + _ + _ + 

BC + _ + + + + + + _ 

CA + + _ + _ + _ + + 

 jgufi 11 jgufi 3 jgufi 7 

AB + 0 _ 0 _ + _ + 0 

BC _ + 0 + 0 _ 0 _ + 

CA 0 _ + _ + 0 + 0 _ 

 jgufi 1 jgufi 5 jgufi 9 

AB + _ 0 _ 0 + 0 + _ 

BC 0 + _ + _ 0 _ 0 + 

CA _ 0 + 0 + _ + _ 0 

 

yvela SemTxvevaSi niSnebi ~ + “ da “ _ “ dasmulia maRali 

Zabvis gragnilis mxares denis miwodebis momentisaTvis. pirvelad 

wredSi denis gamorTvisas meoreulSi niSnebi iqneba Sebrunebuli. 

aRniSnuli meTodiT SeerTebis jgufebis gansazRvras aqvs 

uaryofiTi mxareebi. kerZod, gazomvebi da gadarTvebi swarmoebs 
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xeliT; gragnilebis sxvadasxva sqemebiT SeerTebisas moiTxoveba 

gazomvis sxvadasxva sqema da miRebuli Sedegebis Sedareba cxrili 4.1-

is monacemebTan. 

P.S. rogorc zemoT ganxilulidan Cans, transformatoris 

SeerTebis jgufebis gansazRvra da Sesabamisi veqtoruli diagramebis 

ageba dakavSirebulia Sesabamisi samuSaoebis didi sizustiTa da 

dakvirvebiT  CatarebasTan, sadac gamoricxulia umniSvnelo Secdomac 

ki. saqarTvelos teqnikuri universitetis energetikisa da 

telekomunikaciis  fakultetis zogadi da Teoriuli  

eleqtroteqnikis (amJamad eleqtroteqnikisa da energetikuli 

danadgarebis diagnostikis) #16 kaTedraze profesor amberki 

aburjaniasa da am striqonebis avtoris, sruli profesoris Tengiz 

muselianis mier mravali wlis ganmavlobaSi mimdinareobda da  

samecniero-kvleviTi samuSaoebi induqciurad dakavSirebuli wredebis 

maTematikuri modelebis damuSavebisa transformatorebis SeerTebis 

jgufebis Sesaxeb da gamoqveynebul iqna mravali samecniero naSromi, 

romlebSic dadgenili iqna, rom literaturaSi moyvanil 

transformatoris maTematikur modelebSi urTierTinduqciis niSnebi, 

erTsaxela momWerebi da induqcirebuli emZ-ebis mimarTulebebi aiReba 

nebismierad. amis gamo ignorirebulia energiis Senaxvis kanoni da 

zogierT SemTxvevaSi Teoria daSorebulia praqtikisagan. Ddadgenili 

iqna, rom transformatoris gragnilebis SeerTebis jgufebis 

gansazRvrisas aucilebelia erTsaxela momWerebis moniSvna maTi cnebis 

($3.6)  gaTvaliswinebiT (radgan maRali da dabali Zabvis gragnilebis 

Sesabamisi  A da a, B da b, C da c  boloebis dasaxelebebi ar niSnavs 

erTsaxela momWerebs). induqcirebul emZ-ebs  (Sesabamisad, Zabvebs) 

erTsaxela momWerebis mimarT aqvT mkacrad gansazRvruli ucvleli 

mimarTuleba. amis gamo eleqtroteqnikosTa saerTaSorisi komisias 

JenevaSi gaegzavna winadadeba rom samfaza transformatorebis 

warmoebisas gaTvaliswinebuli yofiliyo maTSi  mimdinare realuri 

fizikuri procesebi, damuSavebuliyo axali standarti, romlis mixed-

viTac amJamad arsebuli  gragnilebis SeerTebis 12 jgufebis magier 

(romelTagan zogierTi dafuZnebulia mcdar warmodgenaze, rom 

urTierTinduqciis emZ icvlis Tavis mimarTulebas momWeris markirebis 

SecvliT) miRebuli yofiliyo realuri fizikuri procesebis Sesabamisi 
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mxolod  4 SeerTebis jgufi: Y/Y -12 (0); / -0 ; Y/ - 11; /Y – 11, 

rac bevrad gaamartivebda transformatorebis gragnilebis SeerTebis 

jgufebis dadgenisa da maTi veqtoruli diagramebis agebis samuSaoebs. 

imis gamo, rom saqarTvelo ar aris am komisiis wevri qveyana, 

aRniSnuli winadadebis ganxilvas jerjerobiT uari eTqva. 

 

4.3. fazebis aRniSvnis cikluri gadaadgileba 

 

transformatorebis paraleluri muSaobisaTvis gamoyenebis 

SesaZleblobis garkvevis mizniT saWiroa ganxiluli iqnes sxvadasxva 

SemTxvevebi: fazebis momWerebis ganlagebis cvlileba; saWiroa 

ganisazRvros SeerTebis romeli jgufi miiReba fazebis SeerTebis 

rigiTobis ama Tu im darRvevis SemTxvevaSi, romelsac yovelTvis 

SeiZleba adgili hqondes transformatorebis montaJis dros.  

ganixileba fazebis momWerebis aRniSvnis cvlilebis ori saxe: 1. 

cikluri gadaadgileba, roca erTdroulad icvleba samive fazis 

momWerebis aRniSvna maRali, dabali an orive Zabvis mxares; 2. ori 

fazis gadaadgileba aRniSvnebis gadaadgilebis sami SemTxvevisaTvis. 

mxedvelobaSi gvaqvs is SemTxvevebi, roca yvela zemoTnaCvenebi 

gadaadgilebebi xdeba transformatoris saxuravze da ar keTdeba 

gadaerTebebi transformatoris SigniT gragnilebSi.  

 

 
 

Nnax. 4.5. transformatorebis paralelurad CarTvis  magaliTi 

a) qselis fazebis standartuli mierTeba transformatoris momWerebTan; b) 

qselis fazebis ara standartuli mierTeba transformatoris momWerebTan 

praqtikaSi miRebulia qselis fazebisa da transformatoris 

erTnairi asoiTi aRniSvna (nax.4.5.a), SemdgomSi asoiTi aRniSvnebi 
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yovelTvis miekuTvneba qselis fazebs, xolo maTi Tanmimdevroba 

asaxavs momWerebis ganlagebas transformatoris saxuravze, Tu mas 

SevxedavT Sesabamisad maRali da dabali Zabvis gamomyvanebis mxridan. 

Qqselisa da transformatoris fazebis standartuli ganlageba 

Semoklebulad aRiniSneba ase: ABC – cba. 

nax.4.5.b-ze naCvenebia, rom maRali Zabvis mxares gakeTebulia 

momWerebis aRniSvnebis cikluri gadaadgileba. sadac qselis A  faza 

mierTebulia Sua momWerTan, romelTanac adre mierTebuli iyo B 

faza. es B faza mierTebulia momWerTan, romelTanac adre mierTebuli 

iyo C faza, xolo es ukanaskneli mierTebulia A fazis adgilze. aseT 

ciklur gadaadgilebas uwodeben gadaadgilebas saaTis isris 

moZraobis mimarTulebiT. nax.4.5.b-ze analogiuri gadaadgileba gake-

Tebulia dabali Zabvis mxares. SemoklebiT aseTi gadaadgileba 

iwereba Semdegnairad: CAB – bac. 

zogierT SemTxvevebSi ufro meti sicxadisaTvis  gamoyenebulia 

transformatoris fazebis dasaxeleba – marcxena, Sua, marjvena, Tu 

mas SevxedavT Sesabamisi fazis gamomyvanis  mxridan. ase magaliTad, 

nax.4.5.b-ze dabali Zabvis mxares b faza miyvanilia marcxena momWerTan, 

xolo maRali Zabvis mxares B faza miyvanilia marjvena momWerTan. 

aRniSvnebis ufro TvalsaCino sistema miiReba, maSin, roca TiToeuli 

fazis aRniSvnisaTvis gamoyenebuli iqneba ori aso. maRali ZabvisaTvis 

pirveli aso aRniSnavs qselis fazis, xolo meore – tran-

sformatorisas. Ddabali ZabvisaTvis pirveli aso aRniSnavs 

transformatoris fazas, xolo meore – qselis fazas. maSin nax.4.5. b-

saTvis miviRebT: AB, CA, BC : ac,ba,cb. 

   

 

 

 

4.4. transformatorebis fazireba paraleluri  

muSaobisaTvis 

 

transformatorebis paralelur muSaobaSi CarTvisaTvis winaswar 

warmoebs maTi fazireba. fazireba iTvaliswinebs TiToeuli 
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transformatoris meoreuli Zabvebis simetriis Semowmebas da 

momWerebs Soris Zabvebis gazomvas.  

rogorc wesi, fazireba sruldeba transformatoris dabal 

Zabvaze. 1000 v-mde Zabvis gragnilebze fazirebisaTvis gamoyenebul 

unda iqnes eleqtromagnituri voltmetri, romlis gazomvis zRvari 

metia ormag meoreul xazur Zabvaze. gazomvis dros Caketili 

eleqtruli eleqtruli wredis misaRebad fazirebis gragnilebi 

winaswar unda SevaerToT erT wertilSi. Camiwebulneitralian 

gragnilebSi aseTi wertilia neitralis miwasTan SeerTebis wertili. 

izolirebuli neitralis SemTxvevaSi fazirebis gragnilebis nebismier 

or bolos perefazirebiT aerTeben. nax.4.6-ze mocemulia paralelurad 

muSaobaSi CarTvisaTvis  transformatorebis fazirebis sqema 

 
        a)                                b) 

nax.4.6. paralelurad muSaobaSi CarTvisaTvis  transformatorebis fazirebis 

sqema: a _ Camiwebuli neitralis SemTxvevaSi; 

b _ izolirebuli neitralis SemTxvevaSi 

 

Camiwebuli neitralis SemTxvevaSi fazirebis dros (nax.4.6.a) jer 

izomeba Zabva a1 gamomyvansa da a2, b2, c2  gamomyvanebs Soris.; Semdeg b1 

gamomyvansa da a2, b2, c2 gamomyvanebs Soris.  da bolos c1  gamomyvansa 

da a2, b2, c2  gamomyvanebs Soris. 

izolirebuli neitralis SemTxvevaSi (nax.4.6. b) jer а2 – а1 

momWerebs erTmaneTTan zRudariT aerTeben da zomaven Zabvas b2 – b1 

da  c2 – c1 momWerebs Soris; Semdeg zRudariT aerTeben b2 – b1 

momWerebs da zomaven Zabvas а2 – а1 da с2 – с1 momWerebs Soris da 

bolos zRudariT aerTeben с2 – с1 momWerebs da zomaven Zabvas а2 – а1 

da b2 – b1.momWerebs Soris.  
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transformatorebis paraleluri muSaobisaTvis aerTeben im 

boloebs romelTa Soris Zabva ar aris. Tu aRniSnul momWerebs Soris 

Zabva gansxvavebulia nulisagan, maSin montaJis dros daSvebulia 

Secdoma da mis gamosworebamde transformatorebis paralelurad 

CarTva ar SeiZleba. 

 

4.5. transformatoris dazianebebis ZiriTadi saxeebi 

 

transformatorebis eqspluataciis dros gamoricxuli ar aris 

aRiZras sxvadasxva saxis defeqtebi, romlebic sxvadasxva xarisxiT 

aisaxeba maT muSaobaze. erTi saxis defeqtebiT transformatori 

SeiZleba xangrZlivad darCes muSaobaSi, xolo sxva saxis defeqtebiT 

saWiroa maTi dauyonebliv muSaobidan gamoyvana. TiToeul SemTxvevaSi 

muSaobis Semdgomi gagrZelebis SesaZlebloba ganisazRvreba dazianebis 

xasiaTiT. personalis araoperatiulobasa da umniSvnelo defeqtebis 

gamosworebisaTvis zomebis udroo miRebas mivyavarT 

transformatorebis avariul gamorTvamde. 

dazianebis mizezebi dakavSirebulia eqspluataciis cud 

pirobebTan, uxarisxo remontsa da montaJTan. mniSvnelovan rols 

TamaSobs transformatoris konstruqciis calkeuli elementebis 

faruli defeqtebi da arasakmarisi xarisxis saizolacio masalebi. 

cxrili 2-Si moyvanilia dazianebis saxeebi da maTi savaraudo 

mizezebi. 

 

cxrili 2. dazianebis saxeebi da maTi savaraudo mizezebi  

uwesivrobis saxe uwesivrobis mizezi 

gadaxureba gadatvirTva 

gadaxureba zeTis dabali done 

gadaxureba mokled SerTva 

gadaxureba arasakmarisi gaciveba 

garRveva gadatvirTva 

garRveva zeTis gaWuWyianeba 

garRveva zeTis dabali done 

garRveva xviebis izolaciis daZveleba 

gawyveta mirCilvis cudi xarisxi 

gawyveta mZlavri eleqtromeqanikuri deformacia 
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m.S.dros 

momatebuli guguni awyobili magnitogamtaris dawnexvis mosusteba 

momatebuli guguni gadatvirTva 

momatebuli guguni arasimetriuli datvirTva 

momatebuli guguni mokled SerTva gragnilSi 

 

transformatoris tipiur dazianebebad iTvleba izolaciis, 

magnitogamtarebis, gadamrTveli mowyobilobebis, ganStoebebis, 

zeTvsebuli da faifuris Semyvanebis dazianebebi. 

umetes SemTxvevebSi dazianeba uecrad ar xdeba, aramed raime 

araxelsayreli faqtoris xangrZlivi zemoqmedebiT. Warmoqmnili 

defeqtis drouli gamovlena saSualebas iZleva miRebuli iqnes 

zomebi misi Semdgomi ganviTarebis aRsakveTad da transformatoris 

muSaunarianobis SesanarCuneblad. 

Zalovan transformatorebSi dazianebis yvelaze ufro 

gavrcelebuli saxea maRalvoltiani Semyvanebis dazianeba. 110 kv da 

zeviT Semyvanebis dazianeba ZiriTadad dakavSirebulia qaRaldis fuZis 

datenianebasTan. Semyvanis SigniT tenis moxvedra SesaZlebelia 

SemWidrovebis uxarisxo SesrulebasTan, zeTis damatebisas 

daqveiTebuli dieleqtrikuli simtkicis satransformatoro zeTis 

CasxmasTan. transformatoris Semyvanebis dazianeba gansakuTrebiT 

saSiSia da iwvevs ara marto Semyvanebis, aramed TviT 

transformatoris mniSvnelovan dazianebas, rasac, rogorc wesi, Tan 

axlavs xanZari da mniSvnelovani materialuri zarali. 

saeqspluatacio personali yovelTvis droulad ver amCnevs 

dazianebebs da amis gamo  ver axdens dazianebuli Semyvanis gamocvlas. 

dReisaTvis eqspluataciaSia hermetuli da arahermetuli 

zeTvsebuli Semyvanebi da agreTve Semyvanebi myari izolaciiT. 330_500 

kv Zabvis zeTiT Sevsebuli Semyvanebi ZiriTadad ziandeba izolaciis 

eleqtruli garRveviT, rac gamowveulia arahermetul konstruqciaSi 

sinestis SeRweviTa da bakelitisa da qaRaldis izolaciis 

danestianebiT. amitom saWiroa izolaciis mdgomareobis drouli 

kontroli zeTis qromatografiuli analizi. 

arahermetuli Sesrulebis Semyvanebi, romelTac mowyobilobis 

amuSavebis Semdeg aReniSneba izolaciis dieleqtrikuli danakargebis 
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kuTxis tgδ-s da tevadobis mkveTri gauareseba, dauyonebliv unda 

Seicvalos. 

arahermetuli Semyvanebis yvelaze ufro sust kvanZad iTvleba 

zeTiani hidrosaketisa da silikageliani haersaSrobis daxmarebiT 

zeTis dacvis sistema. xangrZlivi eqspluataciis dros, gansakuTrebiT 

silikagelis dagvianebiT gamocvlis SemTxvevaSi, zeTi teniandeba, 

uaresdeba misi saizolacio maxasiaTeblebi, ris Sedegadac zeTSi 

SeiZleba aRiZras nawilobrivi ganmuxtvebi. SemdgomSi qaRaldis 

izolaciis zedapirze iwyebs warmoqmnas e.w. “mcocavi” ganmuxtva: izo-

laciis dazianebuli zedapiris erTi an ramdenime sawyisi wertilidan 

cocaven gawvis adgilebi, romlebic izolaciis Sesustebul 

zedapirebze qmnian rTul naxats. rogorc ki “mcocavi” ganmuxtva 

miuaxlovdeba Camiwebul nawils, xdeba izolaciis garRveva mokled 

SerTvis aRZvriT. 

zeTis saizolacio maxasiaTeblebis mniSvnelovani gauaresebis 

SemTxvevaSi garRveva SeiZleba moxdes “mcocavi” ganmuxtvis warmoqmnis 

gareSec. analogiuri dazianeba SeiZleba moxdes im SemTxvevaSic, Tu 

Semyvanis remontis dros qaRaldis izolacia iyo cudad gamSrali.  

hermetuli Semyvanebi eqspluataciaSi naklebad Sromatevadi da 

ufro saimedoa, vidre arahermetuli. isini umetesad ziandebian wnevis 

avzebis silfonebSi warmoqmnili aluminis mtveriT. hermetuli 

Semyvanebis mdgomareoba da muSaunarianoba ganisazRvreba da 

kontroldeba manometris CvenebiT, romelic muSaobs indikatoris 

reJimSi. zeTis wnevis mkveTri amaRlebis dros, romelic 

dakavSirebuli ar aris temperaturis awevasTan, transformatori 

dauyonebliv gamoyvanili unda iqnas muSaobidan da unda moxdes 

defeqturi Semyvanis Secvla. 

rogorc hermetul, aseve arahermetul SemyvanebSi zeda 

sakontaqto sarWis damagrebis zonaSi SeiZleba adgili hqondes 

hermetulobis darRvevas. darRveva SeiZleba moxdes transformatoris 

yvelaze maRal wertilSi mdebare kvanZis araswori awyobis Sedegad. 

aRniSnul kvanZSi zeTis Warbi wneva, gansakuTrebiT civ periodSi 

(safarToebelSi am dros zeTis done minimaluria), nulTan axlosaa. 

roca hermetuloba darRveulia, maSin sinestem atmosferodan gaJonos 

zeTSi, ris Sedegadac transformatoris izolacia dairRveva. 
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110–150 kv Zabvis araHhermetul SemyvanebSi 15_20 wlis muSaobis 

Semdeg cvdeba SemWidroebebi, maT Soris zeda kvanZSi, ris Sedegadac 

sineste aRwevs safarToebelSi, aqedan ki igi nawildeba Semyvanis 

MmTel moculobaSi, rac iwvevs izolaciisa da zeTis danestianebas. 

zeTvsebuli Semyvanebi ziandebian agreTve Semyvanis qveda ekranis 

zonaSi Sualeduri milisis axlos Siga izolaciis garRveviT. 

moqnili xazuri Sleifis dasaSvebze metad daWimvis gamo 

gamowveuli meqanikuri zemoqmedebisa da mkveTrad cvalebadi rTuli 

klimaturi pirobebis gamo xdeba WanWikuri SeerTebisa da sakontaqto 

kvanZebis moSveba da imavdroulad Semyvanis hermetulobis darRveva. 

kontaqtis kuTxvilis (“rezba”) mdgomareobis gauaresebisa da koroziis 

gaCenis Sedegad kontaqtis adgilze izrdeba gardamavali winaRoba, 

rac iwvevs Zlier gaxurebas da transformatoris Semyvanis zeda 

nawilis bunikidan gragnilis gamomyvanis gamodnobas. Aam defeqtis 

SeumCnevlobiT transformatori SeiZleba Zlier daziandes. amitom 

perioduli daTvalierebisa da remontebis dros saWiroa 

gansakuTrebuli yuradReba mieqces gragnilebis gamomyvanebis 

bunikebTan mirCilvis xarisxs, gakontroldes  momWerebis kontaqtis 

kuTxvilebis mdgomareoba da droulad  SevcvaloT rezinis 

SemWidroebebi. 

sxvadasxva mizezebis gamo, ZiriTadad eqspluataciisas, xdeba 

faifuris safaris, zeTis maCvenebeli minis, manometrisa da sxvaTa 

dazianeba, wiboebis Camotexva. 

remontisa da montaJis dros faifuris safaris wanacvlebis 

Tavidan acilebis mizniT dauSvebelia personalis gadaadgileba 

uSualod safaris wiboebze. amisaTvis unda gamoviyenoT kibeebi an 

specialuri asawevi moednebi. 

Zveli zeTvsebuli Semyvanebis axliT (naklebi zomebiT, rogorc 

simaRliT, aseve diametriT) Secvlis dros saWiroa gaTvaliswinebuli 

iqnes maTi sigrZe da unda moxdes maTi morgeba (gamomyvanis sigrZis 

damokleba). Tu es ar moxdeba, maSin axali Semyvanis dayenebis Semdeg 

gaCndeba maryuJi, ris gamoc dairRveva saizolacio daSoreba, rasac 

mivyavarT transformatoris konstruqciis am ubanze izolaciis gar-

Rvevamde. 
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35 kv Zabvamde Semyvanebi, rogorc wesi, ziandeba dauSvebeli 

meqanikuri zemoqmedebiT, rac gamoixateba faifuris safaris 

dazianebaSi. Sedegad transformatoridan iwyeba zeTis dineba. 

transformatorTan gare salteebis uxeSad SeerTebisas Semyvanis zeda 

kontaqtis sarWis kuTxvili nawili swrafad cvdeba. 

transformatoris dazianebis aseve gavrcelebul saxes 

warmoadgens datvirTvis qveS Zabvis regulirebis mowyobilobis 

dazianeba. kontaqtebis araswori regulirebis, iSviaTi gadarTvebis 

gamo kontaqtebis zedapirebze gaCenili Jangeulebis afskebisa da 

kinematikur sqemebSi darRvevebis Sedegad amomrCevlis kontaqtur 

sistemaSi SeiZleba gaCndes darRvevebi. 

gadamrTveli mowyobilobebi sakmaod rTulia da moiTxovs 

dawvrilebiT gawyobas, Semowmebasa da specialuri gamocdebis 

Catarebas. rogorc analizma aCvena Zabvis regulirebis mowyobilobis 

(Zrm) yvelaze arasiamedo elementia amZravi. mis mtyunebaTa mizezebia: 

amamuSaveblis kontaqtebis miwebeba; muSta meqanizmebis dazianeba; 

saboloo da damcavi  amomrTvelebis mtyuneba; sinestis gamo amZravis 

eleqtroZravis xviebis mokled SerTva; amZravis mowyobilobis elemen-

tebis arasakmarisi gaTboba; kontrolerebSi meqanikuri cveTis gamo 

mwyobridan gamodis gorgolaWi; amZravis saxuravis arasakmarisi 

hermetulobis dros amZravis aparatura da sxvadasxva SemaerTebeli 

xundebi ifareba JangiTa da mtveriT; adgili aqvs zeTis dinebas 

mdgomareobis maCveneblis minis qvemodan da Wiaxraxnis kvanZSi; 

amomrCevi kontaqtebis arasakmarisi daWeris gamo adgili aqvs dawvas. 

am mowyobilobis kontaqtori SeiZleba daziandes misi 

kontaqtebis sistemisa da kinematikuri sqemis araswori regulirebiT, 

agreTve satransformatoro zeTis dagvianebuli gamocvliT. 

kontaqtoris damxmare da rkalmqrobi kontaqtebis amuSavebas Soris 

dro gadarTvisas Seadgens wamis meaTed nawilebs. Tu kontaqtorSi 

zeTma dakarga Tavisi rkalmqrobi  Tvisebebi, maSin rkalis qrobis dro 

gaiweleba da transformatoris maregulirebeli gragnilis mezobeli 

ganStoebebi aRmoCndebian erTmaneTTan SeerTebuli ara rkalmqrobi 

rezistoris gavliT, aramed eleqtruli rkaliT, rasac mivyavarT 

mZime avariamde, transformatoris gragnilebis deformaciamde. 



 207 

kontaqtoris WanWikebis konstruqciuli Sesruleba da maTi 

damagrebis arasakmarisi simtkice mniSvnelovnad arTulebs maT 

revizias da amitom saWiro xdeba mTeli gadamrTveli mowyobilobis 

amoReba transformatoris avzidan. 

ufro mZime Sedegebamde mivyavarT transformatoris mTavari 

izolaciisa da gragnilebis dazianebas. cudad gamomSrali 

eleqtromuyao an xviebs Sorisi qaRaldis izolacia da maT fenebs 

Soris zomebis daucveloba, sustad daxveuli izolacia, 

gaWuWyianebuli an danestianebuli satransformatoro zeTi,  iwveven 

myari izolaciis dazianebas, “mcocavi” ganmuxtvis warmoSobasa da 

Semdgom garRvevas. 

transformatoris dazianebas iwvevs agreTve darRvevebi gaciebis 

sistemaSi gaciebis sistema transformatoris mniSvnelovani kvanZia, 

romelic uzrunvelyofs mocemul temperaturul reJims. gaciebis 

sistemis dazianebam SeiZleba migviyvanos qaRaldis izolaciisa da 

zeTis mniSvnelovan Tbur daZvelebamde, rac amcirebs 

transformatoris winaaRmdegobas eleqtruli da dinamiuri 

zemoqmedebebis mimarT. 

gaciebis sistemis elementebis damaxasiaTebeli dazianebebia: zeTis 

dena da gaJonva, rasac mivyavarT transformatoris gamorTvamde. am 

defeqtis gamovlenis mizezi SeiZleba iyos SeduRebis nakerebis 

defeqtebi, gaciebis sistemis elementebis gamaciebeli zedapirebis 

deformacia, zeTis gaciebis sistemis Hhermetulobis darRveva, 

ventilatoris frTebis dauSvebeli vibracia, romelsac Tan axlavs 

frTebis gatexva. 

gaciebis sistemis eleqtrotumboebi warmoadgenen gaciebis 

sistemis naklebad saimedo kvanZs. sustad Camocmuli sakisari iwvevs 

rotoris statorTan modebas, ris gamoc warmoiSveba meqanikuri 

mtveri da burbuSela, romelic miitaceba eleqtrotumboSi gamdinare 

zeTiT da xvdeba transformatoris avzSi; daileqeba ra izolaciaze, 

amcirebs mis eleqtrul simtkices da xels uwyobs transformatoris 

dazianebas. amasTanave aRiZvreba RerZuli datvirTva lilvze, rac 

xels uwyobs radialur-sabjeni sakisrebis cveTas. 

energetikuli simZlavreebis mudmiv zrdasTan erTad izrdeba 

mokled SerTvis simZlavreebi. simZlavreebis zrdisa da agreTve, 
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gragnilebis Sesustebuli dawnexvis dros gragnilebis 

eleqtrodinamiuri mdgradoba gareSe mokled SerTvis denebis mimarT 

SeiZleba arasakmarisi aRmoCndes da deformacia ganicados gragnilma, 

romelic mokled SerTvamde karg mdgomareobaSi imyofeboda. 

125 mva da zemoT simZlavris axali tipis transformatorebis 

didi umravlesoba (da yvela Zveli tipis)  Semowmebuli ar aris 

eleqtrodinamiur simtkiceze. aseTi transformatorebis meqanikuri 

simtkice rogorc wesi mocemulia mxolod gaangariSebiT. amitom 

mokled SerTvis zemoqmedebis Sedegad Zalovani transformatorebis 

dazianebis albaToba SenarCunebulia. eqspluataciis praqtikaSi 

xSirad gvxvdeba transformatorebis xviaTaSorisi da koWaTaSorisi 

mokled SerTvis Sedegad gamowveuli dazianebebi. statistikam aCvena, 

rom transformatorebi xviaTaSorisi mokled SerTvis Sedegad 

ziandebian rogorc eqspluataciis dasawyisSi, aseve xangrZlivi 

eqspluataciis Semdeg. xviaTaSorisi mokled SerTvis mizezebi SeiZleba 

iyos sxvadasxva: koWis xviis izolaciis Sesusteba, romelic  iwvevs 

sadenis defeqts; mokled SerTvis denebis zemoqmedebiT koWebis 

deformacia; xviebis izolaciis arasakmarisi sisqe; gadaWarbebuli 

eleqtruli, Tburi da vibraciuli zemoqmedeba; izolaciis 

danestianeba da gaWuWyianeba. am faqtorebis erToblivi zemoqmedebiT 

xviaTaSorisi mokled SerTvis albaToba mniSvnelovnad izrdeba. 

radganac transformatoris muSaobaSi mTavari da xviaTaSorisi 

izolaciis dazianeba iwvevs mZime Sedegebs, amitom am saxis 

dazianebebis droulad gamovlenas didi yuradReba eqceva. 

transformatoris magnitogamtarebi ziandeba gadaxurebis 

Sedegad foladis furclebs Soris laqis afskis daSlisa da damwnexi 

sarWebis izolaciis darRvevis gamo. foladis dazianebas mivyavarT 

naklebad mZime Sedegebamde, rac ZiriTadad dakavSirebulia avzis 

SigniT mokled SerTuli konturebis SeqmnasTan. Kkonturi SeiZleba 

Seiqmnas rogorc magnitogamtaris paketis SigniT, aseve 

konstruqciuli metalis romelime detalisa da magnitogamtaris 

Camiwebis elementis gavliT. mokled SerTuli konturi iwvevs 

gazrdil adgilobriv gadaxurebas, gansakuTrebiT kontaqtebis adgi-

lebSi, rac auaresebs satransformatoro zeTis Tvisebebs. Tu defeqti 
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droulad ar iqna gamosworebuli, maSin SeiZleba moxdes 

transformatoris myari izolaciis dazianeba. 

transformatorebis daproeqtebis dros safarToebelis 

moculoba ganisazRvreba angariSiT da ar mowmdeba specialuri Tburi 

gamocdebiT. amitom transformatoris safarToebelis tevadoba 

yovelTvis ar Seesabameba avzSi zeTis moculobis cvlilebas garemos 

temperaturisa da datvirTvis yvela saxis rxevebis dros. 

safarToebelSi zeTis donis dasaSvebze metad awevas mivyavarT 

arasasurvel movlenebamde: 

afskuri dacvis mqone transformatorebSi xdeba afskis sruli 

SekumSva da damcavi sarqvelis amuSaveba. defeqturi sarqvelis 

amuSavebis Semdeg ar xdeba misi Semdgomi daxurva, ris gamoc zeTis 

gaJonvis Sedegad gamoirTveba transformatori. 

transformatorebSi, romelTac gaaCniaT Cveulebriv haer-

saSrobiT dacva, safarToebelSi zeTis donis awevis SemTxvevaSi zeTis 

SeRweva haersaSrobSi da Semdgom zeTi gadmodis gareT. datvirTvis 

gazrdiTa da zeTis moculobis gafarToebis gamo izrdeba zeTis wneva, 

irRveva gamosabolqvi milis da zeTi gamoifrqveva gareT. 

qvesadgurebSi, sadac ar aris morige personali, dazianebuli 

diafragmis gavliT safarToebelSi aRwevs sineste da xdeba zeTis da 

Semdgom izolaciis danestianeba. amitom Znelad misadgom adgilebSi 

awarmoeben didi moculobis safarToeblebis dayenebas. 

transformatoris dazianebebi, romlebic aRmoifxvreba 

transformatoris gaTiSvis gareSe, pirobiTad miekuTvneba sxva 

dazianebebs. 

aseTi tipis yvelaze ufro gavrcelebul dazianebas miekuTvneba 

konstruqciis kvanZebis sxvadasxva gasarTebSi zeTis dineba cudi 

xarisxis zeTmedegi rezinis gamo, romelic aRmoifxvreba gasarTebis 

qanCebis moWeriT. 

SemamWidroebeli safenis wanacvlebiT gamowveuli damcavi 

sarqvelis araswori muSaoba, iwvevs transformatoridan zeTis 

dinebasa da gaJonvas. 

 

4.6. transformatoris mdgomareobis diagnostikis 

xerxebi 
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transformatoris diagnostikis qveS igulisxmeba sxvadasxva 

teqnikuri saSualebebis gamoyenebiT Catarebul RonisZiebaTa sistemis 

meSveobiT misi  mdgomareobis Semowmeba da Sefaseba. 

daxuruli zeTiani trasformatorebis gamoCenisTanave aRiZra 

maTi mdgomareobis kontrolis problema. romelime Siga kvanZis 

daTvalierebisaTvis, saWiro iyo transformatoris gamorTva, zeTis 

Camosxma, reviziis Catareba da Semdeg zeTis ukan Casxma. yvela es 

operacia unda Sesruldes mravalricxovani wesebis dacviT da bolos 

CarTvis win unda moxdes transformatoris gaSroba. zeTiani 

transformatorebis masiuri eqspluataciis gariJraJze saremontod 

Zalian xSirad uxdebodaT transformatoris gaxsna. amasTanave unda 

aRiniSnos, rom rac ufro xSirad ixsneba transformatori, miT ufro 

didia misi dazianebis albaToba. am procesTan dakavSirebulma 

siZneleebma da mouxerxeblobam saWiro gaxada moZebniliyo da 

ganviTarebuliyo transformatoris mdgomareobis kontrolis iseTi 

meTodebi, romlebic ar moiTxovdnen mis gaxsnasa da zeTis Camosxmas. 

Ees SesaZlebeli gaxda mas Semdeg, rac didi warmatebiT ganviTarda 

transformatoris mdgomareobis Semowmebisa da Sesabamisi 

maCveneblebis gansazRvris xerxebi, anu sxvagvarad rom vTqvaT, diagnos-

tikis dargSi miRweuli warmatebebis Sedegad, romelTa mixedviTac 

SesaZlebelia vimsjeloT agregatis muSaunarianobaze.  

diagnostikaSi gamoyenebulia martivi vizualuri, meqanikuri, 

fizikuri, qimiuri da mdgomareobis kontrolis sxvadasaxva xerxebi, 

agreTve maTi kombinaciebi. magaliTad, satransformatoro zeTis 

danestianeba SeiZleba gansazRvruli iyos silikagelis feris 

cvlilebiT an qimiuri analizis gziT.  zeTSi an myar izolaciaSi 

nawilobrivi eleqtruli muxtis arseboba SeiZleba gansazRvruli 

iqnes nawilobrivi ganmuxtvis indikatoris daxmarebiT, uSualo 

gazomviT an zeTSi gaxsnili airebis qromatografiuli analiziT.  

Cveulebriv praqtikuli miznebisaTvis ama Tu im parametris 

kontrolis xerxebidan arCeven yvelaze martivs, xolo dawvrilebiTi 

Semowmebisas, roca saWiroa defeqtis xasiaTisa da adgilis dazusteba, 

gamoiyeneben ufro rTul xerxebs. 
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transformatoris mdgomareobis kontroli atarebs  kompleqsur 

xasiaTs. Cveulebriv is iwyeba misi damzadebis stadiaze. swored maSin  

mowmdeba saizolacio da aqtiuri masalebis, calkeuli kvanZebisa da 

detalebis da agreTve awyobis xarisxi. mza transformatori 

eqvemdebareba kompleqsur Semowmebas, romelic tardeba diagnostikis 

yvela saWiro saSualebebiT aRWurvil qarxana-damamzadeblis sacdel 

sadgurSi. 

transformatoris transportirebis dros xorcieldeba misi 

kontroli hermetulobasa da meqanikur zemoqmedebebze. adgilze 

mitanili transformatori agreTve moiTxovs misi mdgomareobis 

kontrols rogorc Senaxvisas, aseve montaJis procesSi teqnikuri 

dokumentaciis Sesabamisad. montaJis damTavrebis Semdeg 

eqspluataciaSi Seyvanis win transformatoris mdgomareobis 

diagnostikis mizniT igi gamoicdeba eleqtrodanadgarebis mowyobis 

wesebiT gaTvaliswinebuli moculobiT. transformatoris 

mdgomareobis Semowmebis ufro didi moculobis samuSaoebi sruldeba 

eqspluataciis procesSi. 

winamdebare saxelmZRvaneloSi ganxilulia transformatoris 

diagnostikaSi dReisaTvis gamoyenebuli xerxebi. gansakuTrebuli 

yuradReba miqceulia imisaken, Tu miRebuli Sedegebis mixedviT rogor 

SevafasoT transformatoris mdgomareoba da gavakeToT daskvna misi 

Semdgomi eqspluataciis SesaZleblobis Sesaxeb. 

transformatoris mdgomareobis Semowmebis wesi moyvanilia 

mravali direqtiuli meToduri masalebiT. yvelaze ufro srulad es 

sakiTxebi ganxilulia transformatorebis eqspluataciis instruqciasa 

da eleqtromowyobilobis gamocdis normebSi. 

muSaobis reJimis Sesafaseblad transformatorebi aRWurvilia 

saWiro sakontrolo-sazomi xelsawyoebiT. maTi mierTebis wertilebisa 

da adgilebis raodenoba damokidebulia maT daniSnulebaze, 

simZlavreze, transformatoris dadgmis punqtsa da sxva faqtorebze. 1 

mva da zeviT simZlavris transformatoris TiToeuli Zabvis mxareze 

ayeneben erT ampermetrs, zogierT SemTxvevaSi SeiZleba dayenebuli 

iqnas TiToeul fazaze. Zabvis kontroli Cveulebriv xorcieldeba 

Semkreb salteebze dayenebuli voltmetrebiT. calke mdgom tra-

nsformatorebze voltmetrebs ayeneben mxolod Ddabali Zabvis mxares. 
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nax.4.7.a-ze moyvanilia 6/0,4 kv 1 mva simZlavris transformatoris 

eleqtrosazomi xelsawyoebis CarTvis umartivesi sqema.  

          
 a)                         b) 

nax.4.7. eleqtrosazomi xelsawyoebis CarTvis sqema. Aa _ 6/0,4 kv Zabvisa da 1 

mva simZlavris transformatorTan; b _ 220/110/10 kv Zabvis samgragnila 

avtotransformatorTan 

vatmetrebi da varmetrebi dayenebulia eleqtrosadguris amwev 

da 110 kv da zeviT transformatorebze. aqtiuri da reaqtiuli 

energiis mricxvelebi dayenebulia samgragniliani transformatorebis 

maRali da saSualo Zabvis mxares, xolo orgragnilianis – maRali 

Zabvis mxares. damaboloebel transformatorebSi dayenebulia dabali 

Zabvis mxares. nax.4.7.b-ze moyvanilia 220/110/10 kv samgragnilian 

avtotransformatorTan eleqtrosazomi xelsawyoebis CarTvis sqema. 

maRali Zabvis mxares CarTulia sami ampermetri, vatmetri da aqtiuri 

energiis mricxveli. Zabvebi izomeba Zabvis transformatoris sal-

teebTan CarTuli sami voltmetriT. aseTive xelsawyoebi CarTulia 

saSualo Zabvis mxares. dabali Zabvis mxares dayenebulia TiTo 

ampermetri da voltmetri. 

samgragnila avtotransformatorebSi, gansakuTrebiT maSin, roca 

dabali Zabvis gragnilTan mierTebulia generatori an sinqronuli 

kompensatori da mTeli simZlavre gadaecema saSualo Zabvis mxares an 

moedineba saSualo Zabvis mxridan, saWiroa gakontroldes 

avtotransformatoris gragnilis saerTo nawilis (00 gragnilis, 

romelsac zogjer pirobiTad saSualo Zabvis gragnils uwodeben. 

nax.4.7.b) datvirTva. zogierTi reJimis dros SeiZleba adgili hqondes 

SemTxvevas, roca saSualo Zabvis mxares deni ar AaRemateba 
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nominalurs, xolo saerTo nawilis deni aRemateba dasaSveb 

mniSvnelobas. am dros deni izomeba erTi specialurad CarTuli amper-

metriT. erTfaza avtotransformatorebSi ampermetri irTveba jgufis 

erTi avtotransformatoris neitralis SemyvanSi dayenebuli denis 

transformatoris gavliT (nax.4.8.a). samfaza avtotransformatorebSi 

ampermetri irTveba maRali da saSualo Zabvis mxares xazuri denebis 

jamze denis transformatorebis gavliT, romelTac aqvT 

transformaciis erTnairi koeficienti (nax.4.8. b). ampermetri SeiZleba 

CairTos agreTve avtotransformatoris erTi fazis neitralur 

sadenSi CarTuli denis transformatoris gavliT ise, rogorc 

naCvenebia punqtiriT nax.4.7.b-ze. 

                  
        Aa)                                 b) 

nax.4.8. avtotransformatoris gragnilis saerTo nawilSi gamavali denis 

kontrolisaTvis ampermermetris CarTvis sqema: a _ erTfaza 

avtotransformatoris neitralis Semyvanze; b – samfaza 

avtotransformatoris maRali da saSualo Zabvis mxaris xazuri denebis 

jamze 

 

garda eleqtrosazomi xelsawyoebisa, transformatorze 

dayenebulia kontrolis sxva saSualebebic. zeTis done ganisazRvreba 

isriani zeTmaCvenebliT an zeTsazomi miniT, romelic moTavsebulia 

safarToeblis torsze. zeTis zeda fenebis temperatura mowmdeba 

manometruli masignalebeli Termometris CvenebiT, romelsac gaaCnia 

ori gadasaadgilebeli sasignalo kontaqti. transformatoris 

hermetul zeTvsebul Semyvanebze zeTis wnevis kontrolisaTvis daye-
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nebulia manometrebi. satransformatoro zeTis mdgomareobis Sesaxeb 

mniSvnelovan informacia iZleva indikatoruli silikagelis feri, 

romlis Secvlis SemTxvevaSi saWiroa zeTis Secvla. 

transformatoris SeberviTi gaciebis mowyobilobebi aRWurvilia 

gaciebis sistemis muSaobis Sewyvetis, sarezervo gaciebisa da 

sarezervo kvebis wyaros CarTvis signalizaciis mowyobilobebiT, 

xolo zeTis iZulebiTi gaciebisas _ TiToeuli eleqtrotumbos 

CarTva-gamorTvis, mwyobridan gamosuli eleqtrotumbos magier 

sarezervos CarTvis, yvela muSa eleqtrotumbos muSaobis Sewyvetisa 

da sarezervo kvebis wyaros CarTvis signalizaciiT. Ggaciebis yvela 

sistemaze, romelTac gaaCniaT eleqtrotumbo, sadawneo milze zeTis 

wnevis kontrolisaTvis  dayenebulia manometrebi.  

eqspluataciis dros transformatorebis mdgomareobis 

diagnostikis RonisZiebaTa pirvel jgufs Seadgenen is samuSaoebi, 

romlebic ar moiTxoven muSa transformatorTan Sexebas, esenia: 

CamoTvlili kontrolisa da sazomi saSualebebisa da sasignalo 

mowyobilobebis CvenebaTa kontroli;  transformatorebis garegani 

daTvaliereba. 

meore jgufs miekuTvnebian is samuSaoebi, romlebic ar moiTxoven 

gamorTvebs, magram dakavSirebuli arian transformatoris an mis 

damxmare mowyobilobebTan SexebasTan. maT miekuTvneba: zeTis sinjis 

aReba eleqtruli Tvisebebis Sesamowmeblad da qimiuri analizisaTvis 

an zeTSi gaxsnili airebis qromatografiuli analizisaTvis. amave 

jgufs miekuTvneba transformatoris avzisa da sxva nawilebis 

vibraciisa da specialuri aparaturiT nawilobrivi ganmuxtvis donis  

gazomva, amuSavebuli gazuri reledan gazis aReba da sxva.  

mesame jgufs miekuTvneba samuSaoebi, romlebic sruldeba 

gamorTul transformatorze. Eesenia: izolaciis, gragnilebis, 

magnitogamtaris, maRali Zabvis Semyvanebis, gadamrTveli da damxmare 

mowyobilobebis mdgomareobis gamocdisa da gansazRvris samuSaoebi. am 

jgufs miekuTvneba agreTve profilaqtikuri samuSaoebis yvela 

saxeoba, eleqtrotumboebis daTvaliereba, reviziis sxvadasxva saxeebi 

da sxva. 

meoTxe jgufs miekuTvnebian remontSi gamoyvanili tran-

sformatoris samuSaoebi. am dros swarmoebs calkeuli nawilebis 
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mdgomareobis Sesaxeb sruli analizi remontis moculobis 

gansazRvrisa da dazustebis mizniT. agreTve ganisazRvreba is 

sakontrolo operaciebi, rac ganisazRvreba transformatorebis 

damzadebisa da montaJis dros. amasTanave transformatorebis 

remontSi gadayvanis saWiroebis Sesaxeb gadawyetileba miiReba 

diagnostikis pirveli sami jgufis operaciebis Sedegebis safuZvelze. 

qvemoT dawvrilebiT ganvixilavT eqspluataciaSi myofi Zalovani 

transformatorebis mdgomareobis Semowmebis xerxebs. 

 

4.7. sakontrolo-sazomi xelsawyoebis CvenebaTa 

kontroli da transformatorebis  daTvaliereba 

 

teqnikuri eqspluataciis wesebiT dadgenilia transformatoris 

daTvalierebis aucilebeli perioduloba. mudmivi morige personalis 

arsebobis dros eleqtruli sadgurebisa da qvesadgurebis mTavari da 

sakuTari moxmarebis transformatorebisa da reaqtorebis 

daTvaliereba warmoebs gamorTvis gareSe erTxel dRe-Ramis 

ganmavlobaSi. xolo danarCeni transformatorebi SeiZleba 

daTvalierebulni iqnen kviraSi erTjer. transformatorze dayenebuli 

sazomi xelsawyoebis Cvenebebi, Tu saWiroeba moiTxovs, 

eleqtrosadguris an energosistemis romelime ubnis datvirTvis 

reJimis kontrolisaTvis, aRebuli unda iqnes yovel saaTSi an 

naxevarsaaTSi. 

Tu ar aris mudmivi morige personali, maSin transformatoris 

daTvaliereba swarmoebs gamsvleli brigadis mier TveSi erTxel, 

xolo aseTi transformatorebis datvirTvis kontroli xorcieldeba 

weliwadSi orjer, maT Soris erTjer zamTris periodSi datvirTvis 

maqsimumis dros. 

perioduli daTvalierebis dros Semowmebuli unda iqnes 

faifuris izolatorebis, Semyvanebis safarisa da ganmmuxtvelebis 

mdgomareoba. gansazRvruli unda iqnes arsebobs Tu ara faifurze 

CamonaxeTqebi da bzarebi, gaWuWyianebulia Tu ara zedapiri, adgili 

aqvs Tu ara zeTis gaJonvas SemWidroebebSi. saWiroa davrwmundeT 

sazomi xelsawyoebis, Termosignalizatorebisa da Termometrebis. 

zeTmaCveneblebis, gazuri releebis, gamasabolqvi milis membranis 
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mTlianobasa da wesivrulobaSi. agreTve unda Semowmdes 

safarToebelTan milze avtomaturi wamkveTi sarqvelis mdebareoba, 

haersaSrobSi indikatoruli silikagelis, zeTsadenebSi miltuCebis 

SeerTebisa da SeduRebis nakerebis mdgomareoba.  

transformatorze dayenebuli eleqtrosazomi xelsawyoebi jer 

kidev ar iZlevian misi mdgomareobis Sefasebis saSualebas. isini 

gvexmarebian droulad gamovavlinoT denisa da Zabvis mixedviT 

gadatvirTvebi. 

teqnikuri eqspluataciis wesebSi, qarxana-damamzadeblis Sesabamis 

standartebsa da instruqciebSi naCvenebia nominaluri mniSvnelobis 

zemoT Zabvebisa da denebis zRvrulad dasaSvebi mniSvnelobebi da 

maTi dasaSvebi xangrZlivoba. magaliTad, amJamad moqmedebaSi myofi 

1985 wlamde gamoSvebuli transformatorebisaTvis nominaluri 

datvirTvis dros xangrZlivad dasaSvebia nominalurs zeviT Zabvis 5%-

iT gadaWarbeba. mcire datvirTvis dros (nominaluris araumetes 25%-

is dros) dasaSvebia Zabvis 10%-iT gadaWarbeba. amdeniTve SeiZleba 

Zabvis xanmokle (araumetes 6 sT dReRameSi) gadaWarbeba nominaluri 

datvirTvis dros. 

zeTiani transformatorebisaTvis dasaSvebia nominalurs zeviT 

5%-iT gadatvirTva, Tu Zabva nominaluria. avariul reJimebSi 

dasaSvebia denis mixedviT xanmokle gadatvirTvebi cxrilSi 4.3 

naCveneb sazRvrebSi. 

 

  cxrili 4.3. transformatorebisaTvis dasaSvebi 

xanmokle gadatvirTvebi 

gadatvirTva denis mixedviT, % 30 45 60 75 100 

dasaSvebi xangrZlivoba, wT 120 80 45 20 10 

 

100 mva simZlavris CaTvliT axali transformatorebisaTvis 

dasaSvebi sistematuri da avariuli gadatvirTvebi naCvenebia 

standartSi   ГОСТ 14209-85 Si. masSi adre moqmedi ГОСТ 14209-69-

sagan gansxvavebiT dasaSvebi avariuli gadatvirTvebi daSvebulia wina 

datvirTvisa da garemo temperaturaze damokidebulebiT. avariuli 

gadatvirTvebis normebis analogiuri garTulebebi Setanilia 100 mva-

ze zeviT simZlavris transformatorebis eqspluataciis axal 
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instruqciebSi. bevr SemTxvevaSi axali instruqciebiT ZvelTan 

SedarebiT dasaSvebia  naklebi gadatvirTvebi. 

Zabvis qveS regulirebis mowyobilobebis daTvalierebisas 

saWiroa yuradReba mieqces amZravi meqanizmisa da  marTvis faris 

maCveneblebze mdebareobis Sesabamisobas. amZravi meqanizmis yvela 

elementi unda iyos fiqsirebul mdgomareobaSi. Semowmebuli unda 

iqnes zeTis done kontaqtoris avzSi an safarToeblis Sesabamis 

nakveTurSi, gansarTebisa da saxSobis SemWidroebebi, zamTris periodSi 

– amZravis gamaTbobelis mdgomareoba. saWiroa Zabvis qveS regulirebis 

mowyobilobis gadamrTvelis mricxvelis Cvenebis dafiqsireba. 

transformatoris perioduli gareSe daTvalierebisas unda 

Semowmdes masze arsebuli yvela sakontrolo saSualeba, radganac 

isini afiqsireben saSiSroebis aRZvris SesaZleblobas. magaliTad, 

transformatorSi zeTis donis daweva dasaSvebze metad mowmobs imas, 

rom adgili aqvs gadinebebs an Casxmuli iyo arasakmarisi raodenobis 

zeTi. Ddaweuli zeTis doniT transformatoris Semdgomma muSaobam 

SeiZleba migviyvanos gazuri reles amuSavebamde, zeTis daCqarebul 

daZvelebamde an gaciebis sistemis mtyunebamde. xolo Tu gragnilebis 

izolacia aRmoCnda zeTis donis zeviT, maSin SesaZlebelia haerSi 

moxdes gadafarva, rac gamoiwvevs gragnilebs Soris mokled SerTvas 

da seriozul avarias. zeTis donis aweva iwvevs mis gadmoRvras. 

azotis dacvis mqone transformatorebSi am dros sasunTq sistemaSi 

warmoiqmneba sacobi, am sistemis muSaoba uaresdeba da SeiZleba 

amuSavdes gazuri rele an gamosabolqvi milis membrana. 

transformatoris TiToeuli daTvalierebis dros saWiroa 

Semowmdes da Caiweros zeTis temperatura. normebiT dadgenilia 

zeTis zeda fenebis temperatura. nominaluri datvirTvis dros es 

temperatura ar unda aRematebodes 95°С zeTis bunebrivi gaciebisa da 

ventilatorebiT dabervis dros, 75°С-s iZulebiTi dabervis dros da 

70°С-s zeTsacivaris Sesasvlelze zeTis wyliT gaciebis dros. Tu 

zeTis temperatura aRemateba dasaSvebs, maSin unda gairkves mizezebi 

da miRebuli iqnes RonisZiebebi uwesivrobis gamosasworeblad. pirvel 

rigSi, unda Semowmdes gaciebis sistemebis: ventilatorebis, zeTis 

eleqtrotumboebis, haerisa da wylis zeTsacivrebis wesivruloba. Tu 

gaciebis sistemaSi darRvevebi ar aRmoCnda, maSin zeTis temperaturis 



 218 

aweva umravles SemTxvevaSi mowmobs transformatorSi Siga dazianebis 

arsebobas: mokled SerTuli konturis warmoqmnas, kontaqtur SeerTe-

bebSi gardamavali winaRobis gazrdas, izolaciis gajirjvebis Sedegad 

zeTis arxebis kveTis Semcirebas, arxSi gareSe sagnebis moxvedras da 

a.S. yvela SemTxvevaSi transformatorebis xangrZlivi muSaoba aweuli 

temperaturiT dauSvebelia. 

maRali Zabvis SemyvanebSi zeTis wnevis dacema umravles 

SemTxvevaSi ganpirobebulia Semyvanis hermetulobis darRvevis 

Sedegad. aseTi dazianeba Zalian saSiSia. Tu manometri dazianebulia, 

maSin hermetulobis dazianeba droulad ver iqneba SemCneuli, amitom 

manometrebi regularulad unda Semowmdes. 

maRalvoltiani Semyvanebis daTvalierebisas yuradReba unda 

mieqces SemWidroebebSi zeTis gadinebebs, sazomi da Camamiwebeli 

sadenebis mTlianobasa da maTi mierTebis saimedobas. 

indikatoruli silikageli warmoadgens satransformatoro zeTis 

danestianebis gansazRvris umartives saSualebas. igi Seisrutavs zeTSi 

moxvedril nests da iRebs vardisfer Seferilobas, xolo Semdgom 

iRebs ufro kaSkaSa fers. am dros mizanSewonilia aviRoT zeTis sinji 

misi tenianobis uSualod gazomvisaTvis da agreTve Semowmebuli unda 

iqnas misi sxva Tvisebebic, radgan zogierT SemTxvevaSi indikatoruli 

silikagelis feris Secvla SeiZleba gamowveuli iyos zeTis 

intensiuri daZvelebiT. 

bunebrivia, rom daTvalierebisas SeiZleba gansazRvruli iqnes 

transformatoris normaluri muSaobis xelSemSleli sxva 

darRvevebic. magaliTad, transformatorisa da misi elementebis 

momatebuli vibracia, gare kontaqturi SeerTebebisa da salteebis 

damagrebis darRvevebi, raime elementis deformacia, avtomaturi 

xanZarmqrobi sistemebis dazianeba da sxva. 

 

4.8. satransformatoro zeTis Tvisebebi 

 

satransformatoro zeTs transformatorSi akisria saizolacio 

da gamacivebeli garemos roli, xolo amomrTvelebsa da Zabvis qveS 

regulirebis mowyobilobebSi damatebiT mas akisria rkalmqrobi 

roli.   
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satransformatoro zeTis swori eqspluatacia uzrunvelyofs 

eleqtromowyobilobis uavario da saimedo muSaobas. 

axali satransformatoro zeTi Ria yviTeli ferisaa da aqvs 

maRali fiziko-qimiuri da dieleqtrikuli Tvisebebi. eqspluataciaSi 

procesSi gaxurebis, gaWuWyianebis, warmoqmnili fisebisa da naleqebis 

gamo zeTi muqdeba. axali zeTis muqi feri mowmobs mis arasakmaris 

gawmendaze. zeTis swrafi da Zlieri gamuqeba gviCvenebs mis 

gadaxurebas an naxSiris warmoqmnas. feri ganisazRvreba zeTis sinjis 

filtrSi gatarebis Semdeg. zeTis feri emsaxureba misi saorientacio 

xarisxis Sefasebas. 

eqspluataciis procesSi garda ferisa icvleba  satran-

sformatoro zeTis sxva calkeuli xarisxobrivi maCveneblebi, Tvisebebi 

da igi Zveldeba. misi daZveleba ganisazRvreba mJavuri ricxvis, 

warmoqmnili Slamis raodenobisa da wylis eqstraqciis reaqciis 

mixedviT da dakavSirebulia mis daJangvasTan. transformatoris 

montaJisa da zeTis Casxmis yvela wesis dacvis SemTxvevaSi pirvel 

etapze daJangvis procesi nela mimdinareobs. zeTSi cvlilebebi 

Cveulebrivi meTodebiT TiTqmis SeumCnevelia, magram zeTis 

stabiluroba TandaTanobiT mcirdeba. meore etapze zeTi iZens 

yavisfer Seferilobas, xdeba mRvrie, izrdeba mJavuri ricxvi da 

nacrianoba, Cndebian dabalmolekuluri mJavebi,romlebic mavne 

zemoqmedebas axdenen rogorc qaRaldis izolaciaze, aseve metalebze. 

Cndebian naleqebi, romlebic auareseben gragnilebis gaciebis pirobebs. 

zeTis daZvelebaze Sinagani, ase vTqvaT, “bunebrivi” mizezebis 

(maRali temperatura, saizolacio laqi, narCeni tenianoba zeTSi da 

qaRaldis izolaciaSi, spilenZi da sxva metalebi, romlebsac exeba 

zeTi) garda, gavlenas axdens gareSe mizezebic – zeTis Secvlis dros 

transformatoris arasakmarisi gawmenda, wylis moxvedra, kontaqtebis 

uwesivroba, mokledSerTuli konturebis arseboba da adgilobrivi 

gadaxurebis sxva mizezebi. wylis moxvedris dros mcirdeba zeTis 

gamrRvevi simtkice. zogadad eqspluataciis dros zeTis msubuqi 

fraqciebis aorTqlebis Sedegad siblante da aorTqlebis 

temperatura izrdeba, magram adgilobrivi gadaxurebis arsebobisas 

maRali temperaturis dros zeTis daSlis Sedegad uhaerobis gamo 

SeiZleba afeTqebis temperatura Semcirdes. 
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zeTSi rafinirebisa da regeneraciis dros SeiZleba moxvdnen an 

eqspluataciisas daJangvis Sedegad warmoiqmnan wyalSi xsnadi mJavebi 

da tuteebi. wylis eqstraqciis reaqciiT specialuri indikatorebis 

daxmarebiT ganisazRvreba wyalSi gaxsnili mJavebisa da tuteebis 

arseboba, romelTac gaaCniaT unari Seicvalon feri maTi arsebobis 

mixedviT. es mJavebi iwveven satransformatoro zeTis swraf daJangvas. 

xolo maTi raodenobis SefasebisaTvis gamoyenebulia mJavuri ricxvis 

cneba. 

satransformatoro zeTis mJavuri ricxvi ewodeba 1 grami zeTis 

SemadgenlobaSi Semavali Tavisufali mJavuri naerTebis 

neitralizaciisaTvis saWiro kaliumis hidroqsidis (КОН) raodenobas, 

gamosaxuls miligramebSi. mJavuri ricxvis mixedviT msjeloben zeTis 

daZvelebis xarisxze da mis muSaobaSi SesaZlo datovebaze. zeTSi 

mJavuri ricxvis gansazRvruli raodenobis dros, transformatorebis 

gragnilebis izolaciis xarisxi uaresdeba da SeiZleba daiSalos. 

dabaltemperaturuli mJaveebis arseboba mowmobs zeTis cud 

xarisxze da mis swraf daSlaze. es mJaveebi agresiulia, SeiZleba 

gaxdnen metalis koroziisa da myari izolaciis daZvelebis mizezi. Tu 

zeTi Seicavs wyalSi xsnad mJaveebsa da tuteebs raodenobiT 0,015 mg 

(630 mva-mde simZlavris transformatorebSi 0,03 mg)  da meti КОН, 

maSin  unda moxdes zeTis regeneracia an  Seicvalos. 

zeTidan misi daZvelebis Sedegad warmoiqmneba gauxsneli naleqi 

_ Slami, romelic daileqeba gaciebisa da izolaciis arxebSi, 

transformatorebis gragnilebsa da gularebze da sxva 

eleqtromowyobilobebze. gragnilebze daleqvisas Zlier mcirdeba, 

xolo zogjer mTlianad daicoba zeTis arxebi, rac auaresebs 

gragnilebis gacivebas da SeiZleba gamoiwvios dasaSvebze metad 

gadaxureba. am dros izolacia swrafad Zveldeba da iSleba, rasac  

mivyevarT avariebTan, magaliTad, transformatoris gragnilebSi 

xviaTaSoris mokled SerTvasTan. zogierTi maTgani Zlier 

higroskopulia da maTi daleqva izolaciis zedapirze  iwvevs 

gadafarvas 

zeTis fizikuri Tvisebebi. Eeleqtromowyobilobis saimedo 

muSaobisaTvis satransformatoro zeTis fizikur Tvisebebs didi 
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mniSvneloba eniWeba. am Tvisebebis cvlileba metyvelebs mowyobilobis 

uwesivrobasa da zeTis daZvelebaze. 

satransformatoro zeTis kuTri wona naklebi unda iyos yinulis 

kuTr wonaze, radganac yinuli romelic SeiZleba warmoiqmnas zamTris 

periodSi gamorTul transformatorSi, daeSveba fskerze da xels ar 

SeuSlis zeTis cirkulacias. 

zeTis mniSvnelovan maxasiaTebels warmoadgens afeTqebis 

temperatura. rac naklebia es temperatura, miT metia 

aorTqlebadoba. aorTqlebisas uaresdeba zeTis Semadgenloba, izrdeba 

siblante, warmoiqmneba feTqebad saSiSi da sxva airebi. gansakuTrebiT 

saSiSia afeTqebis temperaturis daweva Zabvis qveS regulirebis 

mowyobilobebis zeTebSi.  

satransformatoro zeTis afeTqebis temperatura unda iyos rac 

SeiZleba maRali, imisaTvis, rom transformatoris mniSvnelovani 

gadatvirTvis dros igi ar aaldes. muSaobis procesSi zeTis afeTqebis 

temperatura transformatorebSi SeiZleba mkveTrad daeces 

adgilobrivi gaxurebebis moqmedebiT zeTis daSlis Sedegad 

afeTqebis temperaturis gansazRvris mizniT zeTs asxamen 

daxurul WurWelSi da acxeleben. Ggamoyofili zeTis orTqli 

haerTan Sereuli warmoqmnis narevs, romelic masTan mitanili alis an 

eleqtruli naperwklis dros afeTqdeba. 

zeTis eleqtruli Tvisebebi. satransformatoro zeTis erTerTi 

ZiriTadi maCvenebeli, romelic axasiaTebs mis saizolacio Tvisebebebs 

gamoyenebis praqtikaSi aris   eleqtruli simtkice, romelic 

gamoisaxeba formuliT: 

E= UgamrR./d 

sadac UgamrR. – aris gamrRvevi Zabva; d – eleqtrodebs Soris 

daSoreba. 

 anu gamrRvevi Zabva, romelic uzrunvelyofs eleqtro-

mowyobilobis saimedo muSaobas. zeTis eleqtrikuli simtkice droTa 

ganmavlobaSi mcirdeba. gamrRvevi Zabvis Semcireba, rogorc wesi, 

mowmobs zeTis gaWuWyianebas wyliT, haeriT, boWkoebiTa da sxva 

minaerTebiT. praqtikulad transformatorSi ganviTarebul nebismier 

dazianebas adre Tu  gvian mivyavarT zeTis gamrRvevi Zabvis 

Semcirebisaken. amitom igi SeiZleba CavTvaloT zeTis mdgomareobis 
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kompleqsur maxasiaTeblad. misi gansazRvrisaTvis satransformatoro 

zeTi periodulad gamoicdeba zeTsarRvevi aparatis saSualebiT. 

gamrRvevi Zabva pirdapir ar aris dakavSirebuli kuTr 

gamtarobasTan, magram mis msgavsad mgrZnobiarea minarevebis arsebobis 

mimarT. Txevadi dieleqtrikis tenianobis mcire cvlileba da masSi 

minarevebis arseboba mkveTrad amcirebs eleqtrul simtkices. wnevis, 

eleqtrodebis masalisa da formis, eleqtrodebs Soris daSorebis 

cvlileba gavlenas axdens eleqtrul simtkiceze, maSin roca es 

faqtorebi gavlenas ar axdenen eleqtrogamtarobaze. 

sufTa satransformatoro zeTs, romelic Tavisufalia wylisa 

da sxva minarevebisagan, miuxedavad misi qimiuri Semadgenlobisa, gaaCnia 

praqtikisaTvis sakmaod maRali gamrRvevi Zabva (60 kv-ze meti).  

dartymiTi Zabvebis dros minarevebis arseboba TiTqmis gavlenas 

ar axdens zeTis eleqtrul simtkiceze. SeiZleba vifiqroT, rom 

garRvevis meqanizmi dartymiTi anu impulsuri da xangrZlivi 

eqpoziciis dros sxvadasxvaa. impulsuri Zabvis dros zeTis eleqtruli 

simtkice mniSvnelovnad maRalia, vidre 50 hc sixSiris Zabvis 

xangrZlivi eqspoziciisas. mis gamo komutaciuri gadaZabvebisa da Weqa-

quxilis ganmuxtvebisas saSiSroeba SedarebiT mcirea.  

00-dan 700C-mde temperaturis amaRlebiT eleqtruli simtkicis 

amaRleba dakavSirebulia satransformatoro zeTidan tenianobis 

moSorebasTan mis gadasvlasTan emulsiuri mdgomareobidan gaxsnil 

mdgomareobaSi da zeTis siblantis SemcirebasTan.  

garRvevis procesSi did rols TamaSoben zeTSi gaxsnili airebi. 

satransformatoro zeTis, rogorc dieleqtrikis  Tvisebis mqone 

nivTierebis, damaxasiaTebel erT-erT maCvenebels  warmoadgens 

dieleqtrikuli danakargebis kuTxis tangensi _ tgδ. Tu idealur 

dieleqtriks movdebT cvlad U Zabvas (nax.4.9), maSin masSi gaivlis 900-

iT wingaswrebuli tevaduri deni Ic. realur dieleqtrikSi deni 

Seicavs agreTve aqtiur mdgenels Iа-s, romelic gansazRvravs 

dieleqtrikuli danakargebis simZlavres. jamuri deni I realur 

dieleqtrikSi da maT Soris zeTSi U Zabvisagan daZruli iqneba ara 

900-iT, aramed (90 – δ) kuTxiT. 

rac ufro naklebia zeTis xarisxi, miT ufro uaresia misi 

dieleqtrikuli  Tvisebebi, metia masSi danakargebi  da Sesabamisad 
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metia denis aqtiuri mdgeneli Iа da metia kuTxe δ. Ddieleqtrikuli 

danakargebi miRebulia daxasiaTebuli iqnas am kuTxis tangensiT (tgδ). 

radganac danakargebi Р = UI cos (90°- δ ) = UIa = UIc X tg δ, maSin 

tg δ = Iа/Iс anu procentebSi gamosaxuli  tg δ = (Ia/Ic) 100%. 

 

nax.4.9. denisa da Zabvis veqtoruli  

diagrama dieleqtrikSi 

 

axali zeTis dieleqtrikuli danakargebi axasiaTeben mis Tvisebasa 

da gawmendis xarisxs. zeTis momatebuli dieleqtrikuli danakargebi 

iwveven mTlianad transformatoris saizolacio maxasiaTeblebis 

Semcirebas. dasaSveb normaze metad tgδ-s gazrdis dros saWiroa 

miRebuli iqnes zomebi mis Sesamcireblad. 

 

4.9. zeTis meqanikuri minarevebi da tenianoba 

 

meqanikuri minarevi ewodeba zeTSi naleqis saxiT an 

Setivtivebul mdgomareobaSi arsebul nebismier gauxsnel nivTierebas. 

minarevebis pirvel jgufs miekuTvneba boWkoebi, mtveri da sxva 

elementebi, romlebic zeTSi moxvedrilia sxvadasxva saxis 

nivTierebebis (saRebavebi, laqebi da sxva) gaxsnis Sedegad. isini 

gavlenas axdenen zeTis eleqtrul simtkiceze. maTi arseboba 

ganisazRvreba gamWirvale minis WurWelSi Casxmuli zeTis sinaTleze 

dakvirvebiT, winaswari SenjRrevis Semdeg. minarevebis meore jgufs 

miekuTvneba zeTSi eleqtruli rkalis dros airebis garda 

warmoqmnili  myari danaxSirebuli nawilakebi, romlebsac 

Setivtivebul  naxSirbads uwodeben. zeTi, romelSic iwvis rkali, 

iZens molurjo elfers. Setivtivebuli naxSirbadi advilad scildeba 

zeTidan Cveulebrivi meqanikuri gawmendiT. zeTis wvis produqtebiT 

Zlieri gaWuWyianebis dros igi eqvemdebareba aRdgenas an Secvlas.  
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zeTis daZvelebis procesSi warmoiqmneba gauxsneli naleqi Slami. 

zogierTi maTgani Zlier higroskopulia da maTma daleqvam izolaciis 

zedapirze SeiZleba gamoiwvios gadafarva. gragnilebze daleqvisas 

Zlier mcirdeba, xolo zogjer mTlianad daicoba zeTis arxebi, rac 

auaresebs gragnilebis gacivebas da SeiZleba gamoiwvios dasaSvebze 

metad gadaxureba.  

Cveulebriv meqanikuri minarevebis arsebobas amowmeben saSuqze 

vizualurad. Tu isini SeumCnevelia, maSin iTvleba rom maTi 

raodenoba 1 tonaze ar aRemateba 50 grams. AmasTanave, 

transformatorebisaTvis 750 kv da zeviT ZabviT minarevebis dasaSvebi 

zRvruli normaa 5-15 g/t, rac moiTxovs ufro zusti kontrolis 

meTodebs. zeTis gansazRvruli raodenoba gaifiltreba da aiwoneba 

gafiltvramde da gafiltvris Semdeg. masaTa sxvaoba iZleva naleqebis 

raodenobas. 

zeTis tenSemcveloba mcire koncentraciis dros arsebiT 

gavlenas ver axdens mis Tvisebebze, magram  misi dasaSveb normaze 

gadametebamM SeiZleba gamoiwvios transformatorze damangreveli 

moqmedeba. tenSemcvelobis arseboba mowmobs an hermetulobis 

dakargvas an zeTis Zalian daZvelebas. Aavzis fskerze daleqili 

wyali ar amcirebs zeTis eleqtrul simtkices, magram SeiZleba 

gadavides zeTSi gaxsnil mdgomareobaSi an daatenianos myari 

izolacia. wyalma SeiZleba SeaRwios zeTSi haeridan zeTis gaxurebisa 

da gacivebis gamo  moculobis cvlilebis dros. wyali SeiZleba iyos 

agreTve zeTSi Setivtivebuli nawilakebis saxiT. tenSemcveloba 

ganisazRvreba zeTis kalciumis hidridTan urTierTqmedebisas 

gamoyofili wyalbadis raodenobiT. tenSemcveloba gamoisaxeba 

procentebSi an erT tona zeTSi arsebuli wylis raodenobiT anu 

0,001 % = 10 g/t. 

 

4.10. zeTis sinjis aReba 

 

zeTis gamrRvevi Zabva da tgδ ganisazRvreba eleqtroteqnikur 

laboratoriaSi. danarCeni normirebuli sidideebi axasiaTeben zeTis 

fizikoqimiur Tvisebebs da maT gansazRvraven qimiur laboratoriaSi. 
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eleqtroteqnikuri personalisagan moiTxoveba laboratoriaSi 

zeTis sinjis Cabareba da Semdgom analizis Sedegebis swori Sefaseba. 

imisaTvis, rom zeTis gamocdisa da analizis Sedegebi iyos utyuari, 

sinjis aReba unda moxdes akuratulad, ar davuSvaT zeTis datenianeba 

da gaWuWyianeba. pirvel rigSi gawmendili unda iqnes sacobi an onkani 

WuWyisa da mtverisagan, onkanis milis naxvretis garecxvis mizniT 

raime sxva WurWelSi CamovasxaT zeTis garkveuli raodenoba da amis 

Semdeg aviRoT zeTis sinji. sinjis aReba unda moxdes aranakleb 0,5 l 

tevadobis morgebul sacobian qilaSi gamosacdeli zeTis orjer 

gamovlebis Semdeg.  

330 kv da meti Zabvis eqspluataciaSi myofi transformatorebisa 

da 180 mva da meti simZlavrisa da nebismieri Zabvis  blokuri 

transformatorebis  avzidan zeTis sinjis aReba xdeba erTjer 1 wlis 

ganmavlobaSi. yvela danarCeni transformatorebisaTvis zeTi mowmdeba 

erTjer 3 wlis ganmavlobaSi. 500 kv Zabvis arahermetuli 

SemyvanebisaTvis eqspluataciis pirveli ori wlis ganmavlobaSi 

mowmdeba weliwadSi 2-jer, xolo Semdeg or weliwadSi erTxel. 

110_330 kv Zabvis dros – pirveli ori wlis ganmavlobaSi weliwadSi 

erTxel, Sedgom – sami wlis ganmavlobaSi erTxel. hermetuli 

SemyvanebisaTvis zogad SemTxvevebSi zeTi ar mowmdeba. 

Zabvis qveS regulirebis mowyobilobebis kontaqtorebidan zeTis 

sinji aiReba weliwadSi erTxel. amasTanave Tu gadarTvebi xdeba 

sakmaod xSirad, maSin zeTis sinjis aReba xdeba ufro xSirad. 

Cveulebriv zeTis sinji aRebebs Soris gadarTvebis raodenoba ar unda 

iyos 5000-ze meti. gamrRvevi Zabvis Semcirebis an wylis SemCnevisas 

zeTi gamocvlili unda iqnes. zogierTi mowyobilobebisaTvis qarxana-

damamzadeblis instruqcia moiTxovs kontaqtorSi zeTi Secvlili 

iqnes 5 wlis Semdeg an 25 aTasi gadarTvis Semdeg miuxedavad misi 

mdgomareobisa. 

unda gvaxsovdes, rom qilis temperaturis mkveTri cvlilebis 

gamo, masSi SeiZleba dakondensirdes teni, amitom qila unda gaixsnas  

mas Semdeg, rac is miiRebs garemos temperaturas. es moTxovna ekuTvnis 

rogorc cariel ise savse qilebs. gamosacdelad aRebuli sinji 

laboratoriis SenobaSi dadgmuli unda iqnes zafxulSi 2_3 sT, 

zamTarSi 8_12 sT. 
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4.11. satransformatoro zeTis gamocda da  

qimiuri analizi 

 

satransformatoro zeTis gamocda da qimiuri analizi 

warmoadgens transformatoris mdgomareobis Semowmebis uZveles da 

yvelaze ufro gavrcelebul xerxs. 

gansxvaveben axal, regenerirebul (aRdgenil) da saeqspluatacio 

zeTebs. axali da regenerirebuli zeTebis maxasiaTeblebi 

erTmaneTisagan praqtikulad ar gansxvavdebian.  

rogorc axali, ise eqspluataciaSi myofi satransformatoro 

zeTisaTvis normebiT dadgenilia fiziko-qimiuri da dieleqtrikuli 

Tvisebebi, romlebic moyvanilia danarTSi 1. bunebrivia eqspluataciaSi 

myof zeTze moTxovnebi ufro dabalia, vidre axal Casxmulze.  

normalurad dasaSvebi maCveneblebi iZlevian mowyobilobis 

normaluri muSaobis garantias. zeTis maCveneblebis zRvrul dasaSveb 

mniSvnelobasTan miaxloebisas saWiroa miRebuli iqnes zomebi misi 

saeqspluatacio Tvisebebis aRsadgenad an movaxdinoT misi Secvla. 

mravali dazianeba an transformatoris normaluri 

mdgomareobidan gadaxra verafriT ver gamovlindeba garegani 

daTvalierebis dros. gansakuTrebiT es exeba axlad dawyebul Sinagan 

dazianebebs. Sinagani dazianebebis mniSvnelovani nawili SeiZleba 

gansazRvruli iqnes satransformatoro zeTis mdgomareobis 

SemowmebiT. iseTi Sinagani dazianebebi, rogoricaa: adgilobrivi 

gadaxurebebi, nawilobrivi ganmuxtvebi, umniSvnelo naperwklebis yra 

kontaqtur SeerTebebSi da sxva, ama Tu im formiT gavlenas axdenen 

satransformatoro zeTis Tvisebebze. Mmisi maxasiaTeblebis cvlileba 

xdeba agreTve tenianobis, gaWuWyianebis, haeris an sxva gazis moxvedris 

dros da bolos, zeTisa da myari izolaciis  bunebrivi daZvelebis 

Sedegad. 

eleqtruli simtkicis anu gamrRvevi ZabvisGgamocda warmoebs 

standartul ganmmuxtvelSi, romelic warmoadgens mcire moculobis  

faifuris abazanaSi  erTmaneTisagan 2,5 mm-iT daSorebul  

urTierTparalelurad ganlagebul 8 mm sisqisa 25 mm diametris or 

brtyel an sferuli formis eleqtrods. (nax.4.10.a)   
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                a)                                Bb)                         

nax.4.10. faifuris abazana (a) da zeTsarRvevi АИМ -90 (b) 

 

gamocdis win abazanasa da eleqtrodebs unda gamovavloT 

gamosacdeli zeTi. Amis Semdeg faifuris abazanas aavseben zeTiT da 

Cadgamen zeTsarRvevSi. nax.4.10.b-ze mocemulia 90 kv gamrRvevi Zabvis 

mqone  АИМ -90 tipis zeTsarRvevi, xolo misi principuli sqema 

mocemulia nax. 4.11-ze. 

20 wuTis ganmavlobaSi zeTi unda idges, raTa misgan gamovides 

haeri. 

zeTsarRvevi CairTveba qselSi. voltmetri CarTulia dabali 

Zabvis mxares da dagraduirebulia gamosacdeli transformatoris 

transformaciis koeficientis gaTvaliswinebiT anu gviCvenebs 

gamosacdel Zabvas. Mmdovred vwevT Zabvas 1_2 kv/wm siCqariT da 

uwyvetad vakvirdebiT kilovoltmetris Cvenebas, vafiqsirebT Zabvis im 

mniSvnelobas, romelzec xdeba zeTis garRveva. gamocda tardeba 5_6-

jer 1_10 wT-is intervaliT. intervalis sidide damokidebulia 

aparatis tipze.Ppirvel garRvevas Tvlian sasinjad da mis Sedegs 

mxedvelobaSi ar iReben. gamrRvevi Zabvis mniSvnelobad iReben da-

narCeni 5 garRvevis saSualo ariTmetikuls. 

 
nax.4.11. zeTsarRvevis  principuli sqema: tr – maregulirebeli 

transformatori; t  – amwevi transformatori; R – denSemzRudveli 

rezistori; F – standartuli ganmmuxtveli 
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aradamakmayofilebeli Sedegis miRebis SemTxvevaSi aiReba 

ganmeorebiTi sinji, ris Semdegac gaicema saboloo pasuxi. 

gamokvlevebma aCvena, rom 50 kv zeviT gamrRvevi Zabvis mqone 

satransformatoro zeTisaTvis sferuli eleqtrodebiani aparatiT 

gansazRvruli gamrRvevi Zabvis mniSvneloba saSualod 6 kv-iT ufro 

metia vidre brtyel eleqtrodiani aparatiT gansazRvruli, xolo 50 

kv-ze naklebi gamrRvevi Zabvis mqone zeTisaTvis saSualod 5 kv-iT 

metia.  

zeTis Semoklebuli analizi. aseTi analizis dros, garda 

gamrRvevi Zabvis mniSvelobisa, ganisazRvreba afeTqebis temperatura 

da mJavuri ricxvi. 

daxurul tigelSi zeTis orTqlis afeTqebis temperatura 

axasiaTebs zeTis fraqciul Semadgenlobas da gamoiyeneba 

transformatorSi zeTis DdaSlis procesebis aRmosaCenad. 

 mJavuri ricxvi es aris mwvave kaliumis raodenoba gamosaxuli 

miligramebSi, romelic saWiroa 1 g zeTSi arsebuli mJavas 

neitralizaciisaTvis. zeTis daZvelebas Tan axlavs mJavuri 

SenaerTebis Semcvelobis gazrda, amitom mJavuri ricxvi axasiaTebs 

zeTis daZvelebas.  

zeTis sruli analizi. am dros Semoklebul analizis damatebiT 

ganisazRvreba tenianobisa da meqanikuri minaretvebis raodenoba, 

dieleqtrikuli danakargebis kuTxis tangensi, wyalSi xsnadi mJavebisa 

da tuteebis Semcveloba da sxva maCveneblebi. 

axali satransformatoro zeTma, romelic unda Caisxas 

garemontebul transformatorSi, aucileblad unda gaiaros 

Semowmeba meqanikuri minarevebisa da Setivtivebuli naxSiris 

Semcvelobaze, gamWirvalobaze, daJangvis mimar zogad stabilurobaze, 

garda amisa gansazRvruli unda iqnas dieleqtrikuli danakargebis 

kuTxis tangensi, afeTqebisa da gamyarebis temperatura, mJavuri 

ricxvi. 

cxrili 4.4-Si moyvanilia satransformatoro zeTis  maC-

veneblebis dasaSvebi mniSvnelobebi Semoklebuli analizis Sesabamisad. 

 

cxrili 4.4. satransformatoro zeTis  maCveneblebis dasaSvebi mniSvnelobebi  

Semoklebuli analizis Sesabamisad 

zeTis mowyobi- axali regeneri- saeqspluatacio zeTi 
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maCvenebeli loba zeTi rebuli 

zeTi 

normalurad 

dasaSvebi 

zRvrulad 

dasaSvebi 

UgamrR.kv 

35 kv-mde 35 35 40 25 

150 kv-mde 60 60 60 35 

220 65 65 65 55 

mJavuri 

ricxvi,g 

KOH/g 

220 kv-mde 0,02 0,05 0,1 0,25 

afeTqebis 

temp-ra, 0C 
220 kv-mde 135 130 

wina analizTan 

SedarebiT 

araumetes 50C-

iT Semcireba 
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uzeTod Semotanili transformatoris montaJis dawyebis win 

saWiroa transformatoris fskeridan movaxdinoT zeTis narCenebis 

sinjis aReba da Semowmeba.    

tgδ-s gansazRvrisaTvis zeTs asxamen cilindruli an brtyeli 

eleqtrodebis mqone specialur WurWelSi. Ggazomvas awarmoeben 

cvladi denis Р-525, Р-5026 da sxva tipis bogirebiT e.w. pirdapiri 

sqemiT. es sqema gamoiyeneba im SemTxvevaSi, roca gamosacdeli obieqtis 

arc erTi eleqtrodi (polusi) dakavSirebuli ar aris miwasTan. Tu 

erT-erTi polusi (Cveulebriv korpusi an avzi) Camiwebulia, maSin 

gamoiyeneba e.w. gadabrunebuli sqema. Pbogiris CarTvis pirdapiri da 

gadabrunebuli sqema mocemulia nax. 4.12-ze. Zabva eleqtrodebze unda 

iyos 2 kv (eleqtrodebs Soris 2 mm daSorebisas). bogiris kveba 

xorcieldeba Т transformatoris gavliT. R3 da С4 parametrebis 

regulirebiT miiRweva bogiris wonasworoba. bogirisa da bogiris 

etalonuri kondensatoris winaRobebi SerCeulia iseTnairad, rom 

tgδ=С4. amasTanave, gazomvis dros sakmarisia aRebul iqnes С 

tevadobis mniSvnelobebi. dieleqtrikuli danakargebis gazomvis mTeli 

procesis ganmavlobaSi R3 winaRobis mniSvneloba ar icvleba. 
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                               a)                                 

b) 

nax.4.12. cvladi denis bogiris principuli sqema: a _ pirdapiri (normaluri); 

b _ Sebrunebuli. tr – transformatori; Сx – gamosakvlevi obieqti; С0 – 

etalonuri kondensatori; N – nul-indikatori  (galvanometri); R3 – 

bogiris maregulirebeli winaRoba; С4 – bogiris  maregulirebeli 

kondensatori; Э – bogiris ekrani 

gazomvis procesis dawyebis win saWiroa Semowmdes bogiris sqema 

masTan mierTebul eleqtrodebTan erTad danakargebis ar arsebobaze. 

es keTdeba gamosacdeli zeTis WurWelSi Casxmis win. Ddanakargebi ar 

aris, Tu С4=0. winaaRmdeg SemTxvevaSi unda Semowmdes sqemis awyobis 

siswore da eleqtrodebis sisufTave. TiToeuli gazomva unda 

ganmeordes orjer galvanometris sxvadasxva polarobisa da 

maqsimaluri mgrZnobiarobis dros. dReisaTvis zogierTi saxeobis 

satransformatoro zeTisaTvis tgδδ normirebulia 900С temperaturis 

dros. amasTanave, saeqspluatacio saxelmZRvanelo masalebSi 

tgδδnormirebulia 200 da 700С temperaturaze. transformatorisa da 

misi kvanZebis mdgomareobis kompleqsuri SefasebisaTvis saWiroa 

eqspluataciaSi zeTis tgδδgansazRvrul iqnes yvela temperaturaze 

(200, 700 da 900С). zogierT SemTxvevaSi, magaliTad zafxulis cxel 

dReebSi Znelia uzrunvelvyoT zeTis 200С temperatura. maSin tgδ-s 
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gazomva xdeba oTaxis temperaturaze, xolo misi mniSvneloba 200С 

temperaturaze  ganisazRvreba formuliT 

tg δ 20=tg δ /К3 

sadac К3 – aris temperaturaze damokidebuli koeficienti, romelic 

aiReba cxrili 9.9-dan; Δ= t - 200С. 

dReisaTvis Txevadi eleqtrosaizolacio masalebis daZvelebis 

xarisxis Sefasebis mizniT warmoebis mier gamoSvebulia 

dieleqtrikuli danakargebis kuTxis tangensisa da kuTri eleqtruli 

winaRobis (momi) sazomi avtomaturi DTL sistema (nax.4.13). 

AaRniSnuli sistema gamoiyeneba teqnologiur danadgarebSi zeTis 

xarisxis kontrolisaTvis,saxeldobr zeTis gawmendisa da degazaciis 

dros. Sesabamis programul uzrunvelyofasTan erTad igi saSualebas 

iZleva arsebiTad gamartivdes teqnologiuri procesis marTvis 

procedura. 

 

 
nax.4.13. dieleqtrikuli danakargebis kuTxis tangensisa da kuTri eleqtruli 

winaRobis (momi) sazomi avtomaturi DTL sistema 

 

  

           4.12. gazis Semcveloba zeTSi 

 

zeTis gamoyeneba wyvets gaciebisa da izolaciis problemas, 

magram qmnis axal problemas, rac dakavSirebulia transformatoris 
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eqspluataciis momatebul safrTxesTan. Ddengamtari nawilebis 

dazianebis SemTxvevaSi zeTi iwyebs gaxurebas da xdeba gaZlierebuli 

gazwarmoqmna, mkveTrad iwevs zeTis wneva avzSi, ramac SeiZleba 

migviyvanos afeTqebamde. aseTi dazianebis gafrTxilebis mizniT 

gamoiyeneba gazuri dacva. 

zeTis jamur gazis Semcvelobas gansazRvraven qromatografis 

daxmarebiT. zusti Sedegebis misaRebad saWiroa sworad aviRoT gazis 

sinji. amisaTvis gamoiyeneba nax.4.14-ze warmodgenili xelsawyo, 

romelic moTavsebulia specialur xis budeSi. 

zeTis sinjis aReba warmoebs Semdegnairad: gamaTanabrebeli SuSa 

2 ivseba 22%-iani sufris marilis xsnariT da umateben 5_6 wveT 

gogirdmJavasa da meTilnarinjis indikators (amis nacvlad iyeneben 1:1 

moculobis glicerinis wyalxsnars an satransformatoro zeTs). 

aReben 1 pipetis 5 onkanebs, SuSa 2 aweven zeda onkanis zemoT da 

roca siTxe aavsebs pipets da daiwyebs gadmodinebas 4 rezinis milidan, 

daketaven 5 onkanebs  da dauWeren 3 momWers.  pipetSi ar unda 

darCes haeris buStukebi.  4 milis bolos wamoacmeven gazuri reles 

daketili onkanis Stucers, pipets dauSveben am onkanis qvemoT, 

gaaReben 5 onkanebs da moxsnian 3 momWers. pipetSi siTxis donem ar 

unda daiwios. Tu siTxis donem daiwia, maSin xelsawyo wesrigSi ar 

aris an 4 mili mWidrod ar aris wamocmuli Stucerze. Mmas Semdeg, 

rac darwmundebian, rom xelsawyo haers ar iwovs, aReben gazuri 

reles onkans da gazis aReba swarmoebs manam, sanam zeTis done releSi 

ar miaRwevs saTvalTvalo minis zeda niSnuls an mTlianad ar aivseba 

pipeti (misi tevadoba 500 ml-ia). Semdeg ketaven gazuri reles onkans, 

aweven 2 SuSas pipetis zeda mxaremde, daketaven pipetis 5 onkanebs. 

Ppipets daketili onkanebiT Caabareben qimiur laboratorias. 
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nax.4.14. gazuri reledan gazis sinjis asaRebi xelsawyo 

 

  transformatoris dazianebis an ar dazianebis Sesaxeb 

msjeloben cxrili 4.5-Si moyvanili gazis analizis Sedegebis mixedviT. 

  cxrili 4.5. gazis Semadgenloba gazur releSi  

transformatoris Sinagani dazianebis dros 

Ggazis gaCenis 

mizezi 

komponentebis Semcveloba, moculobis % 

wyalba

di 

meTani + 

eTani 

acetileni 

+ eTileni 

naxSir-

badis 

Jangi 

naxSir-

mJava 

gazi 

eleqtruli rkali 

zeTSi 
40-65 0,1-5 0,1-5 0-0,2 0,3 

eleqtruli 

rkaliT zeTisa da 

myari izolaciis 

daSla 

30-65 0,5-10 0,2-5 1-25 0,2-5 

zeTis daSla 

gaxurebis dros 
0,5-30 3-10 3-10 0-0,02 0,1-2 

zeTisa da myari 

izolaciis daSla 

nawi-lobrivi 

ganmuxtvis 

zemoqmedebiT 

2-25 2-10 2-10 0,2-15 0,2-5 
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cxrili 4.5-Si naCvenebi pirveli ori saxis dazianebis magaliTebi 

dakavSirebulia rkalis arsebobasTan da xasiaTdeba, pirvel rigSi, 

wyalbadis didi raodenobiT. misi mizezia Zabvis qveS regulirebis 

mowyobilobis gadafarva da xviaTaSorisi mokled SerTva. gazuri 

rele rogorc wesi muSaobs gamorTvaze, xdeba gazebis gamotyorcna 

gamosabolqvi milis an damcavi sarqvelis  gavliT. transformatori 

eqvemdebareba remontSi gadatanas.  

dazianebis mesame saxe – zeTis daSla dakavSirebulia 

adgilobrivi gadaxurebebis arsebobasTan. am dros iseve, rogorc 

meoTxe SemTxvevaSi, transformatoris remontSi gadatanis 

gadawyvetileba miiReba misi eqspluataciis instruqciisa  da 

teqnikuri eqspluataciis wesebis Sesabamisad adgilobrivi pirobebidan 

gamomdinare. 

zeTis danarCeni maCveneblebi normirebuli ar aris da atareben 

damxmare xasiaTs. simkvrive anu kuTri masa martivad ganisazRvreba 

areometris saSualebiT. statikuri da dinamiuri siblante izomeba 

Sesabamisad englerisa da pinkeviCis viskozimetrebiT. gogirdis 

Semcveloba, rogorc wesi, izomeba satransformatoro zeTis 

warmoebis teqnologiis damuSavebis procesSi. 

 

4.13. zeTis sinjis aReba gaxsnili gazebis  

qromatografiuli analizisaTvis 

 

satransformatoro zeTSi gaxsnili gazebis qromatografiuli 

analizi warmoadgens zeTis transformatoris mdgomareobis 

diagnostikis farTod gavrcelebul meTods da igi sruldeba 

qromatografze specialurad momzadebuli qimiuri samsaxuris 

muSakebis mier. eleqtroteqnikuri personalisagan da 

eleqtromontiorebisagan moiTxoveba zeTis sinjis sworad aReba da 

laboratoriaSi Cabareba, xolo analizis Sesrulebis Semdeg sworad 

gaiSifros misi Sedegebi da miRebuli iqnes gadawyvetileba 

transformatoris Semdgomi eqspluataciis Sesaxeb. 

arsebobs zeTidan gazebis gamoyofis ramdenime xerxi. TiToeuli 

maTgani moiTxovs zeTis sinjis aRebis Tavis xerxs. ganvixiloT yvelaze 

ufro gavrcelebuli ori xerxi. 
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I xerxi. zeTis sinjis aReba minis SpricSi gamoiyeneba vakuumis 

daxmarebiT zeTSi gaxsnili gazebis gamoyofis SemTxvevaSi. sinjis aReba 

swarmoebs 5 an 10 ml moculobis samedicino SpricSi (nax.4.15.). 

winaswar Sprici mowmdeba hermetulobaze. amisaTvis gamoweven dguSs 

bolomde da Semdeg Spricis nemsis bolos Seiyvanen rezinis sacobSi. 

daawvebian Woks da gadaadgileben dguSs daaxloebiT Spricis 

naxevarze. am mdgomareobaSi Sprics sacobTan erTad CauSveben wyalSi 

da Tu haeris buStukebi ar gaCnda, maSin hermetuloba sakmarisia. 

zeTis sinjis asaRebad transformators gaaCnia specialuri 

gantoteba, romelic sinjis aRebis win gawmendili unda iqnes 

WuWyisagan. sinjis aRebisas unda gamouSvaT zeTis mcire raodenoba, 

romelic dagubebulia gantotebaSi, gairecxos zeTiT Sprici da 

zeTamRebi samarjvebi. SpriciT zeTis aRebis sqema Semdegia: samkapa 5 

rezinis sacobTan 7 erTad rezinis milis 2 da gadamyvanis daxmarebiT 

SeaerTeben transformatoris gantotebasTan 1, xolo 3 miliT 

onkanTan 4. mTeli sistema unda iyos hermetuli. milis 2 sigrZe 

airCeva iseTnairad, rom advili iyos samkapaTi 5 da SpriciT 6 

operireba. gaaReben transformatoris ventilsa da onkans 4 da 

Camoasxamen 1_2 l zeTs. daketaven onkans 4, Seiyvanen Spricis nemss 

samkapaSi 5 bolomde da aavseben Sprics zeTiT.zeTis wnevis qveS 

Spricis dguSi Tavisuflad unda gadaadgildes. aReben onkans 4 da 

Spricis garecxvis mizniT daawvebia dguSs da gamodevnian misgan zeTs. 

Aam operacias imeoreben orjer. amis Semdeg iReben zeTs SpricSi, 

amoiReben samkapadan da nemsis wveros wamoacmeven winaswar 

momzadebul rezinis sacobs. Ddaketaven transformatoris ventils da 

moaSoreben amReb sistemas. zeTiT avsebul Sprics aTavseben specialur 

taraSi, romelsac gaaCnia budeebi SpricisaTvis. sinjs gaukeTeben 

markirebas da agzavnian laboratoriaSi. 
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nax.4.15. zeTis sinjis aReba SpriciT 

 

sinjis markirebisas naCvenebi unda iyos obieqtis dasaxeleba 

(eleqtrosadguri an qvesadguri), transformatoris adgilobrivi 

markireba, sinjis aRebis adgili (avzi, Zabvis qveS regulirebis 

mowyobiloba, Semyvani), sinjis aRebis TariRi da vis mier iqna aRebuli 

sinji. xSirad Spricze naCvenebia mokle pirobiTi aRniSvna, romelic 

gaSifrulia specialur JurnalSi. 

II xerxi. zeTis sinjis aReba zeTamRebSi gaxsnili gazebis 

nawilobrivi gamoyofis dros. analizis Sedegebis sizuste am xerxis 

gamoyenebis dros gacilebiT maRalia, vidre wina SemTxvevaSi. 

amasTanave zeTis sinjis moTxovnili moculoba ramdenime litrs 

Seadgens. Cveulebriv sargebloben 2,5_ 3 l tevadobis zeTamRebiT, 

romlis sqema mocemulia nax.4.16-ze. 

 
nax.4.16. zeTamRebi mowyobilobis sqema 

 

normalur mdgomareobaSi dguSi 1 daSvebulia fskerze, 

barbotiori 2 temperaturis gadamwodTan 3 da daketil ventilTan 4 
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erTad Caxraxnilia naxvretSi 5. ventili 6 daketilia, naxvreti 7 

zeTamRebis fskerze daketilia saxSobiT 8.  

zeTis sinji aiReba gantotebidan 9, romelic moTavsebulia 

transformatoris qveda nawilSi da normalur mdgomareobaSi 

daxurulia sacobiT. gantotebasTan uerTdeba 5_8 mm diametris 

rezinis mili, romelsac boloSi gakeTebuli aqvs Stuceri 10 

wamosacmel qanCTan erTad. Camoasxamen  1,5_2 l zeTs. Stucers 10 

gadaabruneben wamosacmel qanCTan erTad zeviT, rogorc es naCvenebia 

nax. 9.19-ze da aregulireben zeTis xarjs daaxloebiT 1 ml/wm. aseTi 

xarjis dros zeTi avsebs wamosacmel qanCs da nela gadmoedineba 

gverdebze.   

zeTamRebidan amoxraxnian 2_4 barbotiors da Woki 11 SehyavT 

xvreliT 7. am WokiT  daawvebian dguSis  bolos da igi gadahyavT 

zeda mdgomareobaSi. gadaabruneben zeTamRebs fskeriT zeviT da 

wamosacmel qanCs 10 dauWeren naxvretTan 5 imdenad, rom zeTma 

Sewyvitos dineba Stuceridan. zeTamRebis Sevseba amdros xdeba 

daaxloebiT 0,5 l/wT siCqariT. roca xvrelidan 7 gamoCndeba dguSis 

bolo 12, maSin adgilze unda davaxuroT saxufavi 8. Sewyvetili iqna 

ra zeTis miwodeba 9-10 rezinis milis mouSoreblad gadaabruneben 

zeTamRebs fskeriT qvemoT. moxsnian Stucers 10 da darwmundebian, rom 

zeTis mier mTlianad aris Sevsebuli daxvreti 5. daketili onkaniT 4 

barbotiors 2 Caxraxnian adgilze. zeTiT avsebul barbotiors 

gadaitanen laboratoriaSi analizisaTvis. 

yvela SemTxvevaSi zeTis sinjis aRebisa da laboratoriaSi 

gadatanis dros mTavari moTxovnaa daculi iqnes hermetuloba da ar 

davuSvaT zeTis datenianeba da gaWuWyianeba. sinjis Senaxvis dro unda 

iyos minimaluri (araumetes erTi dRe-Ramisa). 

analizis Catarebis Semdeg laboratoria gascems Sedegebs da, 

rogorc wesi, uCvenebs ama Tu im gaxsnili gazis Semcvelobis 

normebidan gadaxras. analizis Sedegebis mixedviT eleqtroteqnikuri 

personali iRebs gadawyvetilebas transformatoris Semdgomi 

eqspluataciis Sesaxeb. 

analizis dros ganisazRvreba naxSirmJava gazis СО2, naxSirJangis 

СО, wyalbadis Н2 da naxSirwyalbadebis _ meTanis СН4, acetilenis 

С2Н2, eTilenis С2Н4, EeTanis С2Н6, Jangbadisa О2 da azotis N2 



 238 

Semcveloba.  amasTanave, yvelaze xSirad analizi warmoebs ara yvela 

CamoTvlil gazze, aramed maT nawilze, magaliTad, naxSirmJava gazze, 

acetilensa da eTilenze. bunebrivia, rac gazis naklebi nomenklatura 

iqneba mxedvelobaSi miRebuli, miT ufro naklebia axladdawyebuli 

dazianebis droulad  aRmoCenis SesaZlebloba.  

dReisaTvis qromatografiuli analizis safuZvelze SeiZleba 

gansazRvruli iqnes Zalovani transformatorebis dazianebis ori 

jgufi: 1) myari izolaciis defeqtebi: gadaxurebebi da myari 

eleqtruli izolaciis daCqarebuli daZveleba, nawilobrivi 

ganmuxtvebi qaRald-zeTian izolaciaSi; 2) liTonis gadaxurebebi da 

nawilobrivi ganmuxtvebi zeTSi: dengamtari nawilebis, kontaqturi 

SeerTebebis, magnitogamtarebisa da sxva konstruqciuli nawilebis 

defeqtebi, mokledSerTuli konturebis arseboba. 

pirveli jgufis defeqtebisaTvis damaxasiaTebelia naxSirmJava 

gazisa da naxSirJangis gamoyofa. transformatorebisaTvis, romelTac 

gaaCniaT Ria sasunTqi da zeTis azoturi dacva, misi mdgomareobis 

Sefasebis kriteriumad gamoyenebulia naxSirmJava gazis koncentracia 

da dadgenilia, rom pirveli jgufis saSiS defeqtebs adgili aqvT 

СО2-is koncentraciis cxrili 4.6-Si mocemuli mniSvnelobis gada-

Warbebis SemTxvevaSi.  

meore jgufis defeqtebisaTvis damaxasiaTebelia eTilenisa da 

acetilenis gamoyofa. es gazebi SeiZleba arsebobdnen erTdroulad da 

agreTve Tan axldes meTani da wyalbadi. saSiSi koncentraciebi 

moyvanilia cxrili 4.6-Si.  

rogor unda mivudgeT transformatoris Semdgomi eqspluataciis 

sakiTxs? ufro saSiSs warmoadgens pirveli jgufis dazianebebi, 

romlebic dakavSirebulia gragnilebis an ganStoebebis myari 

izolaciis dazianebasTan. sakmarisia raime damatebiTi moqmedeba, 

romelic aRiZvreba meqanikuri zemoqmedebis Sedegad, ris gamoc xdeba  

izolaciis dazianeba, rkalis warmoSoba da transformatoris 

avariuli gamorTva. amitom pirveli jgufis defeqtebis SemTxvevaSi 

transformatori pirvel rigSi gadatanili unda iqnes remontze. 

imisaTvis, rom ufro zustad gadavwyvitoT transformatoris 

remontze gadatanis sakiTxi, unda mxedvelobaSi miviRoT mTeli rigi 

damatebiTi garemoebebi. naxSirmJava gazi SeiZleba warmoiqmnas iseTi 
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mizezebiT, romlebic dakavSirebuli ar arian gragnilebis an 

ganStoebebis izolaciasTan. am efeqtTan SeiZleba migviyvanos liTonis 

didi farTobis gadaxurebam an zeTis Zlier daZvelebam, xSirma 

gadatvirTvebma, gadaaRgznebebma, gaciebis sistemis mtyunebam da 

azoturi dacvis sistemaSi azotis magier naxSirmJava gazis balonis 

SecdomiT mierTebam. am SemTxvevaSi unda gaviTvaliswinoT zeTis 

eleqtruli gamocdebisa da qimiuri analizis Sedegebis monacemebi. 

agreTve qarxana-damazadeblis rekomendaciebi, romelic 

dakavSirebulia mocemuli tipis transformatoris konstruqciis  

gansakuTrebul TvisebebTan. 

 

  cxrili 4.6. zeTSi gaxsnili gazebis zRvruli koncentraciebi Ria 

sasunTqiTa da zeTis azotis  dacvis mqone transformatorebisaTvis 

defeqtebi 

jgufi 
zeTis dacva 

zeTis 

saSualo 

wliuri 

tempe-

ratura, 0C 

Ddamaxasi-

aTebeli gazi 

zRvruli 

koncentracia, 

% 

pirveli 

haersaSro_bi 

hidro-

saketiT 

<40 CO2 0,6 

>40 CO2 1,0 

azotis 
<40 CO2 0,3 

>40 CO2 0,5 

meore 
yvela 

sistemis 

 C2H4 0,008 

 C2H2 0,01 

 CH4 0,01 

 

myari izolaciis dazianebul nawils aqvs Savi-yavisferi 

Seferiloba da mkafiod gamoiyofa izolaciis darCenili nawilis 

fonze. 

meore jgufis defeqtebi ufro saSiSia im SemTxvevaSi, Tu isini 

ganlagebulia myari izolaciis uSualo siaxloves da agreTve 

dengamtari SeerTebebis uwesivrobis dros. dazianebuli nawilis 

Seexeba myar izolaciasTan dgindeba naxSirmJava gazis koncentraciis 

gziT, gansakuTrebiT analizis monacemebis SedarebiT mezobelad 

mdebare aseTive transformatoris analizis monacemebTan. dengamtari 

nawilebis saSiSi uwesivroba ganisazRvreba mudmivi deniT gragnilebis 
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eleqtruli  winaRobis gazomviT. aseTi transformatorebi pirvel 

rigSi  gadatanili unda iqnen remontze. 

transformatorebisaTvis, romlebsac aqvT zeTis afskuri dacva 

da agreTve im transformatorebisaTvis, romlebSic analizis 

safuZvelze unda yofiliyo myari izolaciis dazianeba, magram igi ar 

aRmoCnda kapitaluri remontis dros, tardeba zeTSi gaxsnili gazebis 

gafarToebuli analizi. analizis monacemebis mixedviT 

transformatoris dazianebis Sefaseba xdeba cxrili 4.7-is monacemebis 

mixedviT.  

yvelaze ufro saSiS defeqtad iTvleba myari izolaciis 

dazianeba, romelsac Tan axlavs nawilobrivi ganmuxtvebi. 

nawilobrivi ganmuxtvebis Sesaxeb varaudi SeiZleba gamoiTqvas im 

SemTxvevaSi, Tu analizis monacemebi daemTxveva cxrili 4.7-Si 

moyvanil aranakleb or Tanafardobas. aseTi transformatorebis 

eqspluatacia dasaSvebia mxolod qarxana-damamzadeblis Tanxmobis 

SemTxvevaSi.  

Tu zeTSi aRmoCenilia nawilobrivi ganmuxtvebis kvali, maSin 

unda davrwmundeT, rom aRZruli defeqti ar exeba myar izolacias. 

amisaTvis zeTSi gaxsnili gazebis qromatografiuli analizi 

ganmeorebuli unda iqnes yovel or kviraSi. Tu 3 Tvis ganmavlobaSi 

Tanafardobebi ar Seicvala, maSin myari izolacia xeluxlebelia. 

cxrili 4.7-Si mocemuli TanafardobebiT gamovlenili 

dazianebebis damatebiT mtkicebulebad gamoiyeneba gazebis 

koncentraciis cvlilebis siCqare. saSiSi defeqtis arsebobas mowmobs 

erTi Tvis ganmavlobaSi zeTSi nawilobrivi ganmuxtvisas acetilenis 

koncentraciis 0,004–0,01%-iT da myar izolaciaSi 0,02–0,03%-iT 

gazrda. gadaxurebis dros (cxrilis bolo sveti) damaxasiaTebelia 

gazebis, pirvel rigSi meTanisa da acetilenis koncentraciis zrdis 

siCqaris Semcireba. am dros rekomendirebulia transformatoris avzSi 

zeTis degazaciis Catareba, SemdgomSi or kviraSi erTxel zeTis 

sinjis aRebiT. 

 

   cxrili 4.7. zeTSi gaxsnili gazebis saSiSi koncentraciebis Tanafardobebi 

zeTis afskuri dacvis mqone transformatorebSi 

gazebis 

koncentra-ciis 

Kkoncentraciis Tanafardoba 

nawilobrivi  dengamtari SeerTebebisa 
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Tanafardoba ganmuxtvebisas da konstruqciis elemen-

tebis gadaxurebisas 
zeTSi 

myar izo-

laciaSi 

ZiriTadi maCveneblebi 

CH4 : H2 0,4-1 < 0,4 > 1,0 

C2H2 : C2H4 >1 < 1 < 0,5 

C2H6 : C2H2 < 0,5 < 0,5 >  0,5 

C2H6 : CH4 < 0,2 < 0,2 > 0,2 

CO2 : CO < 3,0 >10 <10 

damatebiTi maCveneblebi 

CH4 : C2H4 >  5 1-5  

C2H4 : C2H6 1-5 >5  

C2H2 : CH4 <  0,4 < 0,4  

  

zeTSi gaxsnili gazebis qromatografiuli analizis gziT 

transformatorebis mdgomareobis maRalefeqturi diagnostikis gamo 

mcirdeba im samuSaoTa moculoba, romlebic moiTxoven 

transformatoris gamorTvas.  

 

4.14. izolaciis mdgomareobis gamocda da gansazRvra 

 

izolaciis gamocda aris yvela profilaqtikuri gamocdis 

ZiriTadi elementi. profilaqtikuri gamocdebi warmoebs teqnikuri 

eqspluataciisa wesebisa da eleqtromowyobilobaTa gamocdis 

normebis Sesabamisad TiToeuli mimdinare da kapitaluri remontis 

dros. transformatorebisaTvis, romelTac gaaCniaT Zabvis qveS 

regulirebis mowyobilobebi, mimdinare remonti tardeba 

yovelwliurad, xolo mis gareSe da  aseve eleqtrosadgurebisa da 

qvesadgurebis mTavari da sakuTari moxmarebis transformatorebisaTvis 

or weliwadSi erTxel. yvela sxva transformatorebisaTvis oTx 

weliwadSi erTxel. profilaqtikuri gamocdebi moicavs izolaciis ga-

mocdasa da kontaqtebis gardamavali winaRobis gazomvas. gamocdis 

Sedegebs adareben dadgenil normebsa da adre Catarebuli gamocdis 

Sedegebs. Tu aRmoCndeba izolaciis gauaresebis niSnebi, maSin 

profilaqtikuri gamocdebi tardeba remontebs Soris periodSi. 
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transformatorebis gamocdis normirebuli moculoba moyvanilia 

cxrili 4.8-Si. 

izolacia eqvemdebareba Tbur, meqanikur da eleqtrul 

zemoqmedebebs. am dros Cqardeba qimiuri procesebis mimdinareobs 

(Jangva), icvleba izolaciis struqtura, mcirdeba meqanikuri simtkice, 

xdeba Sreebad daSla. transformatoris izolaciaze gansakuTrebiT 

mavne zemoqmedebas axdens datenianeba da gaWuWyianeba. teni aRwevs 

izolaciis SigniT da qmnis eleqtruli garRvevis saSiSroebas. Sedegad 

izolacia Zveldeba da masSi aRiZvreba saerTo (Tanabrad 

ganawilebuli) da adgilobrivi (Tavmoyrili) defeqtebi. TviT 

transformatorebis mdgomareobis diagnostikis iseTi efeqturi 

saSualebac ki, rogoricaa zeTSi gaxsnili gazebis qromatografiuli 

analizi, ver avlens izolaciis yvela SesaZlo defeqts. swored amiT 

aris gamowveuli transformatoris gamorTviT profilaqtikuri 

gamocdebis Catareba. 

ganvixiloT transformatoris izolaciis gamocdis ZiriTadi 

saxeebi.  

izolaciis winaRobis gazomva warmoebs megaommetris saSualebiT 

da warmoadgens izolaciis gamocdis yvelaze ufro martiv da 

gavrcelebul saxes. mas SeuZlia mogvces warmodgena izolaciis 

saSualo mdgomareobaze, aSkara dazianebis SemTxvevebSi aCvenos maTi 

arseboba, xolo zogierT SemTxvevaSi gvexmareba ganvsazRvroT 

defeqtis adgili. 

 

cxrili 4.8 profilaqtikuri gamocdebis moculoba 

Casatarebeli gazomvebi da Semowmebebi 

gamocda 
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  izolaciis winaRoba, absorbciis 

koeficienti 
+ + + + 

tgδ + + _ + 
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   tevadoba, С + + _ _ 

Ggamocda aweuli ZabviT + + _ _ 

  gragnilebis winaRoba mudmivi deniT + + _ _ 

transformaciis koeficienti + + _ _ 

SeerTebis jgufi da fazireba + + _ _ 

Uuqmi svlis deni da danakargebi + + _ _ 

  gadamrTveli mowyobilobis Semowmeba + + + _ 

avzis Semowmeba wneviT + + _ _ 

Ggacivebis sistemis Semowmeba + + + _ 

indikatoruli silikagelis Semowmeba + + + + 

izolaciis winaRoba, tgδ, gamocda 

aweuli ZabviTa da Semyvanebis zeTis 

gamocda 

+ + _ + 

Semyvanebis SemWidroebebis Semowmeba + + _ _ 

Semyvanebis manometrebis Semowmeba _ _ _ + 

transformatoris izolaciis winaRobis gasazomad gamoiyeneba 

megaommetrebi ZabviT 2,5 kv. 220 kv Zabvisa da zeviT 

transformatorebisaTvis mizanSewonilia gamoyenebuli iqnes 

megaommetri mastabilizebeli eleqtronuli misadgamiT. 

xelis amZravis mqone megaommetri (nax.4.17.a) Sedgeba Zabvis 

wyarosagan – mudmivi denis generatoris, xelis amZravis, 

magnitoeleqtruli logometrisa da damatebiTi winaRobebisagan. 

gazomvis dawyebis win pirvel rigSi unda davrwmundeT, rom 

gamosacdel obieqtze ar aris Zabva. guldasmiT gavasufTavoT 

izolacia mtverisa da WuWyisagan. 2_3 wuTiT CavamiwoT obieqti misgan 

SesaZlo narCeni muxtebis moxsnis mizniT. megaommetris Л (xazi) 

momWeri mivuerToT transformatoris erT gragnils, xolo momWeri З 

(miwa) – morigeobiT danarCen gragnilebs, avzsa da sxva Camiwebul 

elementebs (cxrili 4.9). gazomva unda vawarmooT xelsawyos isris 

mdgradi mdgomareobis dros. amisaTvis saWiroa 120_140 br/wT siCqariT 

Tanabrad vabrunoT generatoris saxeluri. 
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            a)                      Bb) 

nax.4.17. Tanamedrove megaommetrebi: a _ ЭС 0202 tipis xelis amZraviani; b _ 

mravalfunqciuri ЦС 0202-1 tipis cifruli 

 

izolaciis winaRoba ganisazRvreba isris Cvenebis mixedviT. 

gazomvis damTavrebis Semdeg gamosacdeli obieqti unda ganimuxtos. 

gamosacdel obieqtTan xelsawyos misaerTeblad gamoyenebuli unda 

iqnes calkeuli sadenebi aranakleb 100 momi izolaciis winaRobiT. 

cxrili 4.9. gragnilebis SeerTeba transformaciis izolaciis maxasiaTeblebis 

gazomvisas 

Ggamosacdeli gragnilebi Camiwebuli nawilebi 

O      orgragniliani transformatorebi 

Ddabali Zabvis maRali Zabvisa da avzi 

maRali Zabvis Ddabali Zabvis da  avzi 

Ddabali da maRali Zabvis avzi 

samgragnila transformatorebi 

Ddabali Zabvis saSualo, maRali Zabvisa da avzi 

DsaSualo  Zabvis MmaRali da dabali Zabvis, avzi 

maRali Zabvis dabali da saSualo Zabvis, avzi 

maRali da saSualo Zabvis Ddabali Zabvis, avzi 

maRali,saSualo, dabali Zabvis avzi 

 

gamoyenebis win megaommetri eqvemdebareba sakontrolo 

Semowmebas. gaxsnili sadenebis SemTxvevaSi saxeluris dabrunebis dros 

xelsawyos isari unda uCvenebdes “usasrulobas”, xolo mokled 

SerTvis dros – nuls. 
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imisaTvis, rom tenian amindSi gazomvis Sedegze gavlena ar 

moaxdinos izolaciis zedapirze gamavalma gaJonvis denebma, 

megaommetris Э (ekrani) momWeri unda mierTdes gasazom obieqtTan. am 

sqemis dros gaJonvis denebi logometris gragnilis gverdis avliT 

gadava miwaSi. 

nax.4.17.b-ze naCvenebia 2500 v Zabvis uaxlesi tipis mraval-

funqciuri ЦС0202-1 tipis megaommetri, romelsac saxeluriani 

megaommetrisagan gansxvavebiT ar sWirdeba saxeluris brunva. sakmarisia 

davaWiroT Rilaks TiTi da displeize davinaxavT gazomvis Sedegs. igi 

ikvebeba akumulatoris batareiT an cvladi denis wredidan adapteris 

daxmarebiT, romelic imavdroulad gamoiyeneba akumulatoris 

dasamuxtad. am xelsawyos SeuZlia: izolaciis winaRobisa (100 komi-

dan 100 gomi-mde) da Zabvis gazomva (40–500v farglebSi), absorbciis 

koeficientis gansazRvra. 

transformatoris Sinagani izolaciis umartivesi Canacvlebis 

sqema mocemulia nax.4.18-ze. 

 
nax.4.18. transformatoris Sinagani izolaciis 

Canacvlebis umartivesi sqema 

megaommetridan Zabvis miwodebis win saWiroa misi generatori 

davabrunoT mTliani siCqriT da amis Semdeg mivawodoT Zabva 

transformatorze. am dros jer moxdeba izolaciis konstruqciiT 

gansazRvruli geometriuli tevadobis CГ swrafi damuxtva (nax.4.18), 

Semdeg mdovred daimuxteba C tevadoba, romelic R winaRobasTan 

erTad axasiaTebs tenianobis, gaWuWyianebisa da sxvaTa arsebobas da 

bolos gamavali deni damyardeba da mudmivi deniT gansazRvruli 

iqneba izolaciis winaRoba RУ. am damyarebul dens ewodeba gaJonvis 

deni. denebis cvlilebis Sesabamisad icvleba megaommetriT gazomili 

winaRobebis mniSvnelobebic. Ees cvlilebebi naCvenebia nax. 4.19-ze. 
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nax.4.19. izolaciis winaRobisa da masSi gamavali denis droze 

damokidebuleba megaommetriT gazomvis dros (R1 da R2 _ winaRobebis 

mniSvnelobebi Sesabamisad  t1 da t2 temperaturebis dros) 

izolaciis winaRobis damyarebuli mniSvneloba RУ miiRweva 

sakmaod didxans. transformatoris gamosacdeli gragnilis (an 

gragnilebs Soris) izolaciis winaRobad miRebulia gamosacdeli 

Zabvis miwodebidan 60 wm-is Semdeg gazomili winaRobis mniSvneloba 

R60. gazomvis Semdeg sxva gamocdebis Catarebamde unda ganvmuxtoT 

transformatoris gragnili. gazomvis Sedegebze mniSvnelovan gavlenas 

axdens temperatura. 

t1 temperaturaze gazomili izolaciis R1 winaRobis gada-

angariSeba t2 temperaturaze warmoebs formuliT: 

R2= K2R1,  Tu t1>t2, 

da                                R2= R1/K2, Tu t2<t1. 

koeficienti K2 ganisazRvreba cxrili 4.10-is mixedviT. 

 

cxrili 4.10. gadasaangariSebeli koeficientebis damokidebuleba 

temperaturaTa sxvaobaze 

koeficientebi Kkoeficientebis mniSvneloba Δt = t2-t1,
0C dros 

1 2 3 4 5 10 15 20 25 30 

K1 (tgδ) 1,03 1,06 1,09 1,12 1,15 1,31 1,51 1,75 2,

0 

2,

3 

K2 (R60) 1,04 1,08 1,13 1,17 1,22 1,5 1,84 2,25 2,

75 

2,

4 

SeniSvna. Tu miRebuli Δt-s mniSvneloba cxrilSi naCvenebi ar aris, 

maSin koeficienti ganisazRvreba miRebul temperaturaTa Δt sxvaobasTan 

uaxloes naklebi mniSvnelobis 50C – jeradi temperaturis Sesabamisi K1’ 

koeficientis gamravlebiT Δt – Δt’ sxvaobis Sesabamis K1’’ 

koeficientTan. magaliTad, Δt = 130C. vpoulobT, roca Δt’ =10, maSin 

K1’ = 1,31. Δt – Δt’= 13-10 = 3 da K1’’ = 1,09.  K1= K1’x K1’’ = 1,31 x 1,09 
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= 1.43 

 

amasTanave sxvadasxva transformatorebisaTvis temperaturuli 

damokidebuleba ise Zlier gansxvavdeba erTmaneTisagan, rom praqtikaSi 

miRebuli ar aris visargebloT gadaangariSebiT temperaturis ±50C 

sxvaobaze metad. unda viswrafvodeT imisken, rom gazomvis dros 

temperatura iyos iseTi, rogoric qarxana-damamzadeblis mier 

transformatoris miReba-Cabarebis gamocdebis Catarebisas. es ki 

miiRweva transformatoris gacivebis procesSi. eqspluataciaSi 

Seyvanis an kapitaluri remontis Semdeg gragnilis izolaciis 

winaRobebis minimaluri mniSvnelobebi SezRudulia normebiT (cxrili 

4.11). 

 

cxrili 4.11 transformatoris gragnilebis izolaciis 

minimaluri winaRobebi 

 

gamocdis saxe 

transformatoris 

nominaluri 

monacemebi 

Mminimaluri R60, momi gragnilebis 
0C temperaturis dros 

Zabva, 

kv 

simZlavre, 

kva 
10 20 30 40 50 60 70 

Eqspluataci-

aSi Seyvanis 

dros 

<35 
<10000 450 300 200 130 90 60 40 

>10000 900 600 400 260 180 120 80 

110-750 
Yyvela 

simZlavris 

pasportSi naCvenebi mniSvnelobis 

aranakleb 50 % 

kapitaluri 

remontis 

Semdeg 

<35 
Yyvela 

simZlavris 
450 300 200 130 90 60 40 

110 
Yyvela 

simZlavris 
900 600 400 260 180 120 80 

 

kapitaluri remontis dros 35 kv Zabvisa da 10000 kva 

simZlavris CaTvliT transformatorebis izolaciis winaRoba ar unda 

Semcirdes 40%-ze, xolo danarCeni transformatorebisaTvis 30%-ze 

metad. winaRobis ufro metad Semcireba mowmobs remontis procesSi 

izolaciis datenianebas an gaWuWyianebas. am SemTxvevaSi saWiroa 

gairkves Semcirebis mizezebi da miRebuli iqnes zomebi izolaciis 

aRsadgenad. 
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absorbciis koeficienti Tavisi mniSvnelobiT transformatorebis 

izolaciis mdgomareobis meore ZiriTadi maCvenebelia. igi axasiaTebs 

izolaciis datenianebisa da gaWuWyianebis xarisxs da gamoisaxeba 

megaommetridan transformatorze Zabvis miwodebidan 60 wamis Semdeg 

gazomili winaRobis R60 -s fardobiT 15 wamis Semdeg gazomil 

winaRobasTan R15. (nax.4.19),Aanu  

K abs. = R60/R15 

mSrali izolaciisaTvis es koeficienti tolia 1,5_2, xolo 

Zlier datenianebulisaTvis – axloa erTTan. es aixsneba imiT, rom 

mSrali izolaciis SemTxvevaSi damuxtvis deni icvleba nela da 15 da 

60 wm-is Semdeg gazomili izolaciis winaRobebi erTmaneTisagan didad 

gansxvavdebian.Ddanestianebuli izolaciis SemTxvevaSi damuxtvis deni 

icvleba swrafad da 15 wamis Semdeg igi aRwevs damyarebul 

mniSvnelobas, amitom 15 da 60 wamis Semdeg gazomili winaRobebi 

erTmaneTisagan TiTqmis ar gansxvavdebian, ris gamoc maTi fardoba 

erTTan axlosaa. absorbciis koeficienti damokidebulia 

temperaturaze da 800C-ze uaxlovdeba erTs. amitom gazomvebi unda 

vawarmooT 10–300C temperaturis dros. eqspluataciaSi Seyvanis 

drosa da kapitaluri remontis Semdeg damakmayofileblad iTvleba, 

Tu K > 1,3. 

transformatorebis gragnilebis izolaciis tevadobisa da 

dieleqtrikuli danakargebis kuTxis tgδ gazomva swarmoebs cxrili 

4.9-Si mocemuli sqemebisaTvis. zogjer moiTxoveba ganisazRvros 

tevadoba da tgδ `zonebis mixedviT” anu gamoiyos gansazRvruli zona. 

am SemTxvevaSi bogiris or momWerTan erTad gamoiyeneba mesame momWeri 

_ `ekrani”. magaliTad, Tu moiTxoveba orgragniliani trasformatoris 

maRali da dabali Zabvis gragnilebis tevadobisa da tgδ -s 

gansazRvra, maSin am gragnilebs SeaerTeben A da C sazom momWerebTan 

(nax.4.12.a), xolo avzs _ 3 momWerTan. Ggarda bogiris pirdapiri sqemisa 

gamoiyeneben e.w. Sebrunebul sqemas (nax.4.14.b), romelSic gamosacdeli 

obieqti Camiwebulia. saxeldobr, aseTi sqema yovelTvis gamoiyeneba, 

roca gazomva warmoebs gragnilsa da avzs Soris.  

110 kv da zeviT ZabviT transformatorebisaTvis gazomvebi 

warmoebs zonebis mixedviT. Ggragnilebisa da bogiris mierTebis sqemebi 

moyvanilia cxrilSi 4.12. 
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cxrili 4.12. transformatoris izolaciis maxasiaTeblebis zonebad gazomvisas 

gragnilebis mierTeba 

gasazomi 

zona 

bogiris CarTvis 

sqema 

transformatoris CarTva 
bogiris 

CarTva 

sazom sqemasTan 

ekranTan 

kvebis 

wyarosTa

n 

miwasTan 

A 

wertili 

C 

wertili 

orgragniliani transformatori 

dZ -avzi gadabrune-buli dZ - mZ D C 

dZ -mZ normaluri dZ mZ avzi C 
Э, 

D 

mZ - avzi gadabrune-buli mZ - dZ D C 

samgragniliani transformatori 

dZ -avzi gadabrune-buli dZ - sZ, mZ D C 

dZ-sZ normaluri dZ sZ avzi, mZ C Э,D 

sZ-avzi gadabrune-buli sZ - mZ, dZ D C 

sZ-mZ normaluri sZ mZ avzi, dZ C 
Э, 

D 

mZ-avzi gadabrune-buli mZ - sZ, dZ D C 

 

am SemTxvevaSi cxrili 4.9-Si moyvanili sqemebiT gazomvebi 

aucilebeli ar aris. gazomvebs transformatorze awarmoeben zeTis 

Casxmidan 0,5-2 dRe-Ramis gavlis Semdeg. transformatorebSi, sadac 

xdeba zeTis iZulebiTi cirkulacia am periodSi tumboebis saSualebiT 

unda moxdes zeTis gadareva. 

dawvrilebiT ganvixiloT gazomvebis Catarebis procedura P5026 

tipis bogiriT. maRal Zabvaze, romelsac gazomvebis dros Zalian 

xSirad aqvs adgili, bogiri gamoiyeneba  P5023 tipis sahaero sanimuSo 

kondensatorTan erTad. SeerTebis sqemebi moyvanilia nax.4.21-ze. es 

sqemebi mTlianad Seesabamebian nax.4.12-ze moyvanil sqemebs. sqemebze 

momWerebis aRniSvna miRebulia bogirisa da sanimuSo kondensatoris 

markirebis Sesabamisad. momWeri CX nax.4.20-ze Seesabameba wertils 

nax.4.12-ze, xolo kondensatoris momWeri ВП – C wertils. 
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nax.4.20. P5026 tipis bogiri, 5023 tipis sahaero sanimuSo kondensatori da Ф-

5122 tipis damcavi potencialis mowyobiloba 

 

tevadobisa da tgδ –s gazomvis dros daculi unda iqnes aweuli 

ZabviT eleqtrodanadgaris gamocdis dros gaTvaliswinebuli wesebi, 

miT umetes, rom gazomvisaTvis saWiro aparatura ganlagebulia 

obieqtis uSualo siaxloves. 

gansakuTrebuli yuradReba moiTxoveba Sebrunebuli sqemiT 

gazomvebis Catarebis dros, roca bogiris elementebis mniSvnelovani 

ricxvi imyofeba Zabvis qveS. bogiris korpusi  dayenebulia SemoRobvis 

gareT, magram misi ukana kedeli ganlagebuli unda iqnes SemoRobvis 

doneze, xolo maRali Zabvis Semyvani masTan Semavali ekranirebuli 

SemaerTebeli kabeliT _ SemoRobil zonaSi. amave zonaSi 

moTavsebulia gamosacdeli transformatori T da P 5023 sanimuSo 

kondensa-tori. 

                          
                      a)                      b) 
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nax.4.20. 5026 tipis cvladi denis bogiris CarTva 5023 tipis gare 

kondensatorTan tevadobisa da tgδ -s gazomvis dros: a _ pirdapiri sqemiT; 

b _ Sebrunebuli sqemiT 

 

gamosacdeli transformatoridan sanimuSo kondensatorisaken 

mimavali amZravi, aseve bogiris SemaerTebeli kabelebi, romlebic 

imyofebian maRali Zabvis qveS, ar unda exebodnen Camiwebul sagnebs da 

maTgan moSorebuli unda iyvnen aranakleb 100_150 mm. isini 

damagrebulni unda iyvnen izolatorebze an aranakleb 200_250 mm 

sigrZis bakelitis milebze.  

nebismieri sqemiT gazomvis dros gamosacdeli transformatoris 

gamorTvis mowyobilobebi (Rilakebi, gadamrTvelebi da sxva) unda 

iyos operatoris xelSi. transformatori T da misi maregulirebeli 

mowyobilobebi unda mivuaxlovoT bogirs, magram aranakleb 0,5 m 

manZilze. am dros unda davrwmundeT, rom isini ar moaxdenen 

dauSvebel eleqtromagnitur movlenebs. bogiris, transformatorisa 

da maregulireberli mowyobilobebis  korpusebi da meoreuli 

gragnilis erTi gamomyvani aucileblad unda Camiwdes. gamomcdelma 

transformatorma unda mogvces 6, 10 da meti Zabva da unda hqondes 

simZlavre S = U2ωCX  (CX gamosaxulia faradebSi, ω = 314 rad/wm, 

roca f=50 hc). am pirobas akmayofilebs Zabvis transformatorebi 

HOM-10, HOM-6 da sxva. gamosacdeli transformatori unda CairTos 

nax.4.21-ze mocemuli sqemiT. 

 

 

nax.4.21. gamosacdeli transformatoris CarTvis sqema tgδ –s gazomvis dros: 

1 _ denmkveTi; 2 _ saregulirebeli transformatori; 3 _ voltmetri; 4 _ 

gamosacdeli transformatoris gamomyvanebis polarobis gadamrTveli; 5 _ 

gamosacdeli transformatori 
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simZlavris amaRlebis mizniT SeiZleba paralelurad CavrToT 

ori erTnairi transformatori. am transformatorebs 2 kvt-mde 

simZlavris saregulirebeli mowyobilobidan (laboratoriuli 

avtotransformatoridan da sxva) dabali Zabvis gragnilebze 

miewodeba 100 v (an 173 v) Zabva. S1 amomrTveliT miewodeba Zabva, 

xolo S2 gadamrTveliT cvlian CarTvis polarobas, Tu es moiTxoveba.  

gamosacdel zonaSi izolaciis tevadoba nax.4.12 bogiruli 

sqemidan bogiris wonasworobisas  gamoiTvleba formuliT: 

CX= k1C0/R3, 

xolo dieleqtrikuli danakargebis kuTxis tangensi tolia: 

tgδ = k2 C4, 

sadac koeficientebi k1 da k2 ganisazRvrebian winaRobis bogiris 

saxelurebis mdebareobiT. 

aseTnairad gazomili transformatoris gragnilebis izolaciis 

tevadoba ar normirdeba da saerTod ar warmoadgens izolaciis 

tevadobis maCvenebels. Tu tevadoba arsebiTad gansxvavdeba wina 

gamocdebisas miRebuli mniSvnelobebisagan, maSin, rogorc wesi, es 

migviTiTebs Secdomaze gamocdis sqemaSi an gazomvisas daSvebul 

Secdomebze. transformatoris gragnilebis tgδ-s zRvruli 

mniSvnelobebi moyvanilia cxrili 4.13-Si. 

 

cxrili 4.13. transformatoris gragnilebis izolaciis dieleqtrikuli 

danakargebis kuTxis tangensis (tgδ)  

zRvruli mniSvnelobebi 

gamocdis 

saxe 

transformatoris 

nominaluri 

monacemebi 

tgδ,%, gragnilebis 0C tempera- 

turis dros 

Zabva, 

kv 

simZlavre, 

kva 
10 20 30 40 50 60 70 

eqspluata-

ciaSi 

Seyvanisas 

35 6300 1,2 1,5 2 2,5 3,4 4,5 6 

110-150 10000 0,8 1 1,3 1,7 2,3 3 4 

220-500 
Yyvela 

simZlavris 
˂ 1 an ˂ mniSvnelobis 130 % -ze 

kapitaluri 

remontis 

35 10000 1,8 2,5 3,5 5 7 10 14 

110-150 Yyvela 1,8 2,5 3,5 5 7 10 14 
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Semdeg simZlavris 

220-500 
Yyvela 

simZlavris 
1 1,3 1,6 2 2,5 3,2 4 

 

eqspluataciaSi tgδ izomeba 110 kv da zeviT Zaluri 

transformatorebSi, xolo naklebi Zabvis dros _ Tu simZlavre 

aRemateba 31500 kva. am dros misi mniSvneloba ar normirdeba, magram 

unda gaviTvaliswinoT izolaciis mdgomareobis gazomvebis Sedegebis 

kompleqsuri Sefasebisas, saxeldobr, misi tenSemcvelobis gansazRvris 

gaangariSebisas.  

tgδ-s miRebuli mniSvnelobebis sapasporto an sxva monacemebTan 

Sedareba unda moxdes mkacrad erTi da igive temperaturis dros. Tu 

gazomvebi Catarebulia sxvadasxva temperaturaze, maSin Sedegebi unda 

gadaiangariSdes, iseve rogorc R60-is gadaangariSebisas. Tu 

temperatura t2 romelzedac unda gadaiangariSdes tgδ metia t1-ze, 

romelzec Sesrulda gazomva, maSin:  

tgδ2 = K1 tgδ1,  Tu t2 ˃ t1,  maSin tgδ2 = tgδ1/K1, 

sadac K1 – aris koeficienti, romelic damokidebulia temperaturaTa 

sxvaobaze (cxrili 4.10 Tanaxmad). 

izolaciis maxasiaTeblebs (es ekuTvnis R60 da tgδ) zomaven 

aranakleb +100C izolaciis temperaturaze, Tu sxva piroba pasportSi 

naCvenebi ar aris. damyarebuli an nela mvardni temperaturis dros 

izolaciis temperaturad miiReba zeTis zeda fenebis temperatura. 

sxva pirobebSi temperaturas zomaven mudmivi denis mimarT winaRobis 

meTodiT. 

dieleqtrikuli danakargebis kuTxis tangensi, miuxedavad imisa, 

rom saSualebas gvaZlevs SevafasoT zeTisa da myari izolaciis 

gaWuWyianeba da datenianeba, SeiZleba migviyvanos araswor daskvnamde. 

praqtikaSi, magaliTad, adgili aqvs SemTxvevebs, roca kapitaluri 

remontis dros transformatoris izolacia damakmayofileblad 

Sreba, magram Casxmis dros TiTqmis idealurad `mSrali” da sufTa 

zeTis saerTo tgδ dadis damakmayofilebel mniSvnelobamde. aseT 

transformatorebs eqspluataciaSi gaaCniaT Semcirebuli saimedoba. 

amgvarad, transformatoris myari izolaciis tenSemcvelobis iribi 

Sefaseba ar SeiZleba miCneuli iqnes sakmarisad. 
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4.15. myari izolaciis tenSemcvelobis gazomva 

 

damzadebis Semdeg transformatoris myar izolacias (muyaos) 

aqvs mcire tenSemcveloba (W˂1%-ze). normebiT limitirebulia 

kapitaluri remontis Semdeg myari izolaciis tenSemcveloba. 

transformatorebisaTvis maRali ZabviT 110-220 kv Sroba ar 

moiTxoveba, Tu myari izolaciis tenSemcveloba ar aRemateba 3%-s, 

xolo 330_500 kv transformatorebisaTvis – 1,5%. 

eqspluataciis procesSi tenSemcveloba SeiZleba gaizardos 

1,5_2-jer. tenSemcvelobis gazrdiT izrdeba myari izolaciis 

dazianeba, ris gamoc masSi Cndeba nawilobrivi ganmuxtvebi. SeiZleba 

gaCndes mcocavi ganmuxtvebi da sabolood moxdes izolaciis garRveva. 

izolaciis gare saxe dakavSirebuli ar aris mis tenSemcvelobasTan. 

tenianobis gansazRvris saimedo saSualebaa misi pirdapir 

laboratoriaSi gazomva. amisaTvis transformatoridan aiReben 100-200 

g-mde masis nimuSs. gamoiyeneba specialuri nimuSebi, romlebic moTavse-

bulia transformatoris saxuravis qveS specialur xvrelSi an muyaos 

amoWril naWrebs. nimuSebi ar SeiZleba didxans iyos zeTis gareSe. 

amitom aRebuli nimuSebi dauyonebliv moTavsebuli unda iqnes 

wanaswar momzadebul qilaSi, romelSic Casxmulia imave 

tranformatoris zeTi da daxurulia mWidrod. rogorc aqedan Cans, 

myari izolaciis tenSemcvelobis gansazRvris es xerxi dakavSirebulia 

transformatoris hermetulobis darRvevasTan. amitom igi gamoiyeneba 

montaJis, kapitaluri remontisa dros an momxdari avariis mizezebis 

garkvevisaTvis. 

zeTbarieruli izolaciis gamokvlevebi iZleva saSualebas 

miRebuli iqnes damokidebuleba transformatoris gragnilebis 

izolaciis tgδ-s, zeTis tgδz da myari izolaciis tenianobas W Soris. 

miRebuli damokidebulebis safuZvelze SeiZleba ganisazRvros tgδ-s 

zRvruli mniSvneloba, romelic Seesabameba cxrili 4.14-Si naCveneb 

myari izolaciis tenSemcvelobis dasaSveb mniSvnelobebs kapitaluri 

remontis dros zeTis sxvadasxva maxasiaTeblebis dros. 

Tu mowmdeba izolaciis tgδ  600C temperaturis dros, maSin 

unda gamoviyenoT satransformatoro zeTis monacemebi 700C  (tgδz 70) 

temperaturisaTvis, xolo 300C izolaciis temperaturisas unda 
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gamoviyenoT tgδ  im temperaturaze, romelic gansxvavebulia 30 an 60 
0C–sagan da gadaviangariSoT am temperaturaTagan uaxlesze K1 

koeficientiT ise, rogorc es aRwerili iyo $ 4.13-Si. 

cxrili 4.14. transformatoris gragnilebis izolaciis tgδ-s dasaSvebi 

mniSvnelobebi kapitaluri remontis dros 

t
r
an
sf
o
r
ma
t
o
r

is
 
Za
bv
is
 
kl

as
i,
 

kv
 

Mmyari izola-

ciis dasaSvebi 

tenianoba 

kapitaluri 

remontis dros, 

% 

zeTis gasazomi 

maxasiaTebeli 

gragnilis izola-ciis 

zRvrulad da-saSvebi 

maxasiaTe-beli 

tgδ

z 

temperatu-

ra gazom-vis 

dros,0C 

tgδ 

Sesabamisi 

temperatura, 
0C 

110 3 

0,2 20 0,6 30 

0,7 20 1,1 30 

2 70 1,5 60 

7 70 3,1 60 

330-500 1,5 

0,2 20 0,4 30 

0,5 20 0,8 30 

2 70 0,9 60 

5 70 1,8 60 

 

SeiZleba gadavwyvitoT uku amocana – ganvsazRvroT myari 

izolaciis tenSemcveloba izolaciisa da zeTis tgδ-s gazomili 

mniSvnelobebis mixedviT. nax.4.22.a-ze magaliTisaTvis moyvanilia tgδ-sa 

da tenianobis W damokidebulebis nomograma 110_220 kv klasis 

transformatorebisaTvis 300C temperaturis dros, xolo tgδz-isa 200C 

temperaturaze. 

ganvixiloT nomogramis gamoyenebis magaliTi 110 kv Zabvisa da 60 

mva simZlavris transformatoris magaliTze. gamocdis dros 

miRebulia: 200C temperaturis dros  tgδz=0,1; nax. 4.22-ze movniSnavT 

Sesabamis wertils X RerZze, xolo 420C temperaturaze tgδ=0,7. 

gadaviangariSoT gragnilebis izolaciis tgδ 300C temperaturaze. 

∆t=42-30=120C. radganac temperaturis es sxvaoba cxrili 4.10-Si 

mocemuli ar aris, amitom vangariSobT koeficients K1 = K’1 x K’’1. K’1-s  

mniSvneloba aiReba cxrili 4.10-dan Semcirebis mxareze 5-is jeradi 

uaxloesi mniSvnelobis mixedviT. Cvens SemTxvevaSi temperaturaTa 

sxvaoba ∆t =42-30 = 120C. Semcirebis mxares masTan uaxloesi sxvaobaa 

10, romelsac Seesabameba K’1 = 1,31. K’’1-is mniSvneloba aiReba igive 
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cxrili 4.10-dan ∆t da ∆t’ sxvaobaTa mixedviT. Cvens SemTxvevaSi ∆t - 

∆t’ = 12-10 = 2. cxrili 4.10-Si am mniSvnelobas Seesabameba K’’1= 1,06. 

sabolood K1 = 1,31 X 1,06 = 1,39.  tgδ30 = tgδ42/K1 = 0,7/1,39 = 0,51.  

 
nax.4.22 transformatorebis myari izolaciis tenSemcvelobis gragnilebis 

izolaciis tg-s da zeTis  tgz-ze damokidebulebis  saorientacio nomograma: 

a _ 110-220 kv Zabvis klasis transformatorebis, tg 300C dros, tgz 20
0C 

dros; b _ 110-220 kv Zabvis klasis transformatorebis, tg 600 C dros, tgz 

700C dros; 

g _ 330-500 kv Zabvis klasis transformatorebis, tg 300C dros, tgz 20
0C 

dros; d _ 330-500 kv Zabvis klasis transformatorebis, tg 600C dros, tgz 

700C dros 

 

nax. 4.22-ze movniSnavT Sesabamis wertils Y RerZze. X da Y 

wertilebs SevaerTebT swori xaziT W RerZis gadakveTamde Z 

wertilSi. skalis mixedviT vsazRvravT, rom: W=3,05. maSasadame 

SeiZleba transformatoris eqspluatacia, magram kapitaluri 

remontis dros saWiroa izolaciis gamoSroba da amisaTvis winaswar 

unda movemzadoT. bunebrivia, rom nomogramis mixedviT myari 

izolaciis tenianobis gansazRvras aqvs saorientacio mniSvneloba, 
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radgan nomogramebi Sedgenilia winaswari gamokvlevebis Sedegebis 

mixedviT. 

izolaciis datenianeba SeiZleba SevafasoT C2/C50 Tanafardobis 

mixedviT, sadac C2 aris tevadoba 2 hc sixSiris dros, xolo C50 _ 50 

hc dros, romlebic izomeba ПКВ tipis xelsawyoTi. 

gragnilebis izolaciis gamocda aweuli ZabviT warmoebs 

samrewvelo50 hc sixSiris Zabvis modebiT 1 wuTis ganmavlobaSi. 

gamosacdeli Zabvis mniSvnelobebi transformatorebis eqspluataciaSi 

Seyvanis dros mocemulia cxrili 4.15-Si. 

 

cxrili 4.15. gamosacdeli Zabvis mniSvnelobebi transformatorebis 

eqspluataciaSi Seyvanis dros 

Zabvis klasi, kv 35 110 150 220 330 

gamosacdeli Zabva, 

kv 
76,5/72,3 220 230-275 325-400 

qarxana- 

damamzadeblis 

monacemebiT 

 

35 kv Zabvis klasis transformatorebisaTvis mniSvnelSi 

naCvenebia gamosacdeli Zabva eqspluataciiaSi. 150 da 220 kv-saTvis 

gamosacdeli Zabva damokidebulia transformatoris Sesrulebaze. 

izolaciis gamocdisaTvis gamoiyeneba specialuri transformatorebi. 

gamocdebi sruldeba specialurad momzadebuli brigadebis mier. 

gamocdis win transformatorebis Semyvanebi gasufTavebuli unda iyos. 

saWiroa Semowmdes daSoreba Camiwebul da dengamtar nawilebs Soris. 

gansakuTrebuli yuradReba unda mieqces gamTiSebis tuCebsa da danebs 

Soris daSorebas, raTa ar moxdes gadafarva. 

izolacia iTvleba vargisad, Tu SemCneuli ar aris 

miliampermetris isris rxeva (romelic uCvenebs nawilobrivi 

ganmuxtvebis arsebobas), denis swrafi zrda, romelic damaxasiaTebelia 

dabzarvisa da ganmuxtvebisaTvis, rac uCvenebs izolaciis garRvevis 

dasawyiss. aweuli ZabviT izolaciis gamocda saSualebas iZleva 

gamovlenili iqnas gragnilebis damzadebisa da transformatoris 

awyobis faruli defeqtebi, romlebic SeiZleba sxva meTodebiT 

SemCneuli ver iqnas. 

 

4.16. gragnilebis mdgomareobis gamocda da gansazRvra 
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eqspluataciis procesSi SeiZleba gamovlindes gragnilebis iseTi 

defeqtebi, rogoricaa: aradamakmayofilebeli sakontaqto SeerTeba, 

spilenZis kveTis Semcireba, susti dawnexa. gragnili eqvemdebareba 

gamWoli mokledSerTvis denebis zemoqmedebas, vibraciasa da sxva 

movlenebs. Sedegad SeiZlebaAaRiZras adgilobrivi gadaxurebebi, 

sarCilis gadnoba, spilenZis nawilis amowva, gragnilebis deformacia, 

rasac Tavis mxriv mivyavarT eleqtruli wredis gawyvetamde an 

gragnilis SerTvamde Camamiwebel an sxva dengamtar nawilebs. 

winaRobis gazomva mudmivi deniT warmoebs bogiruli an 

ampermetr-voltmetris meTodiT.  

ampermetr-voltmetris meTodi (nax.4.23). am meTodis gamoyenebis 

dros gazomva warmoebs aranakleb 0,5 klasis xelsawyoebiT. 

xelsawyoTa gazomvis zRvari unda iqnes SerCeuli ise, rom aTvla 

swarmoebdes skalis meore naxevarSi. gaxurebis Sedegad gazomvis 

Sedegebis damaxinjebis Tavidan acilebis mizniT, denis sidide ar unda 

aRematebodes nominaluris 20%-s. gragnilebis induqciurobiT 

gamowveuli Secdomebis gamoricxvis mizniT, winaRoba gazomili unda 

iqnes mTlianad damyarebuli denis dros. 

ampermetr-voltmetris meTodiT didi induqciurobis mqone 

gragnilis winaRobis gazomvis dros rekomendirebulia gamoyenebuli 

iqnes gazomvis sqema, romelic saSualebas iZleva gazomvis wredSi 

Semcirdes denis damyarebis dro. es miiRweva nax.4.23-ze mocemul 

sqemaSi ramdenime wamis ganmavlobaSi R reostatis SuntirebiT. 

reostatis winaRobas iReben aranakleb 8_10 jer mets, vidre 

gragnilis winaRobaa. 
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                 a)                             b) 

nax.4.23. ampermetr-voltmetris meTodiT transformatoris gragnilis 

winaRobis mudmivi deniT gazomvis sqema: a _ mcire winaRobis gasazomad; b _ 

didi winaRobis gasazomad 

 

eqspluataciis procesSi gragnilis winaRoba mudmivi denis 

mimarT arsebiTad ar unda Seicvalos. misi gazomili mniSvneloba 2%-

ze metad ar unda gansxvavdebodes saqarxno an wina gamocdis 

monacemebisagan.  

gazomva warmoebs TiToeuli fazis yvela ganStoebaze. sxvadasxva 

fazis erTsa da imave ganStoebaze winaRobebis mniSvnelobebi 

erTmaneTisagan ar unda gansxvavdebodnen, Tu transformatoris 

pasportSi ar aris gansakuTrebuli moTxovnebi. amiT mowmdeba 

ganStoebebis gadamrTvelTan mierTebis siswore da gadamrTvelis 

muSaoba. 

gamoyvanili neitralis arsebobisas gazomva warmoebs fazur da 

nulovan gamomyvanebs Soris. xazur gamomyvanebs Soris gazomili 

winaRobis xazuri mniSvneloba gadaiangariSeba fazurze.  

transformatoris gragnilebis varskvlava SeerTebisas 

formuliT: 

Rf = R gaz./2 

gragnilebis samkuTxa SeerTebisas – formuliT: 

Rf = 3R gaz./2 

sadac Rf – dayvanili fazuri winaRobaa; Rgaz – xazur gamomyvanebs 

Soris gazomili winaRobaa. 

danarTSi 2 moyvanilia mudmivi denis mimarT transforma-torebis 

gragnilebis fazuri winaRobebis saSualo mniSvnelobebi t=200C 

temperaturisas. 

dawvrilebiT ganvixiloT Zabvis qveS regulirebis mowyobilobiT 

aRWurvili erTfaza avtotransformatoris gragnilis winaRobis 

ampermetr-voltmetris meTodiT gazomvis sqema. 
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a)                     b)                    g) 

nax.4.24. transformatoris gragnilis winaRobis mudmivi deniT gazomvis sqema: 

a _ saerTo sqema; b _ didi denis gazomva; 

g _ momWeris mierTeba Semyvanis sarWTan 

 

gragnils (nax.4.24. a) aqvs mimdevrobiTi nawili (ПО), saerTo 

nawili (00) da saregulirebeli nawili (PO) ganStoebebiT P1 …..Pn da 

sami Semyvani – maRali Zabvis (mZ), saSualo Zabvis (sZ) da neitraluri 

(n). yvelaze swori iqneba mivawodoT deni mTlianad mTel gragnils, 

radgan maSin mxolod ori momWeri – mZ da n wertilebSi moiTxoven 

raRac zomebis miRebas, romelic gamoricxavs gardamavali winaRobis 

gavleniT gamowveul cdomilebas. yvela danarCen wertilebTan 

voltmetri SeiZleba CairTos nebismierad. R rezistori da S1 amom-

rTveli wredSi SeiZleba ar iyos Tu wredSi denis damyarebis dro 

mcirea an ara aqvs mniSneloba. Tu deni wredSi myardeba Zalian nela, 

maSin misi forsirebisaTvis saWiroa dasawyisSi CavketoT S1, xolo 

roca deni miaRwevs saWiro mniSvnelobas, gamovrToT igi. R 

rezistoris winaRoba 8_10-jer metia gragnilis winaRobaze. 

gazomvisas deni ar unda iyos gragnilis denze 20%-ze meti raTa 

gazomvaSi ar SevitanoT temperaturuli cdomileba. Tu deni didia, 

maSin ampermetris magier gamoiyeneba sazomi Sunti S, romelic Zaluri 

momWerebiT CairTveba mudmivi denis wredSi, xolo mis sazom 

momWerebTan CairTveba milivoltmetri (nax.4.24.b). 

gragnilis mimdevrobiTi nawilis winaRobis gasazomad 

voltmetri CairTveba transformatoris mZ da sZ Semyvanebs Soris. 

voltmetri unda CairTos denuri wredis CarTvis Semdeg, xolo 

gamoirTveba mis gamorTvamde. voltmetri SeiZleba mierTebuli iyos 
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sacecebis daxmarebiT. am SemTxvevaSi mis wredSi yendeba S2 

amomrTveli. Tu gamoyenebulia sacecebi, maSin erTi saceci erTdeba mZ 

Semyvanis sarWTan, rogorc es naCvenebia isriT 1 nax.4.24.g-ze. magram 

ara qanCTan 2 da miT umetes ara Semaval dengamtarTan 3. 

voltmetris gamtarze potenciali unda moxvdes uSualod mZ 

Semyvanis sarWidan. igive ekuTvnis n Semyvans. vcvliT ra voltmetris 

mierTebis wertilebs, vzomavT Zabvis vardnebs gragnilis yvela saWiro 

nawilze da P ganStoebebze. magaliTad, mTeli saregulirebeli 

gragnilis winaRobis gasazomad voltmetri unda CavrToT P1 da Pn 

wertilebs Soris. avtotransformatoris mTeli gragnilis winaRobis 

gasazomad mZ da Pn wertilebs Soris. gazomili winaRobis mniSvneloba 

tolia Rgaz = U/I. sxvadasxva monacemebis SedarebisaTvis yvela isini 

daiyvaneba erT temperaturaze formuliT: 

R=Rgaz(K+t)/(K+tgaz),  

sadac t gaz. – aris temperatura gazomvis dros, 0C; t – aris 

temperatura, romelzedac moiTxoveba winaRobis dayvana, 0C; K – aris 

koeficienti, romelic aluminis gamtarisaTvis tolia 245, xolo 

spilenZisaTvis – 235. 

gragnilis temperaturad miRebulia zeTis zeda fenebis 

temperatura. am dros zeTis Casxmis Semdeg sakmarisi dro unda iyos 

gasuli. mSrali transformatorebisaTvis da zeTidan amoRebuli 

gularebis gragnilebis temperaturad SeiZleba miRebuli iqnes 

garemos temperatura, Tu mocemul pirobebSi transformatori iyo 

aranakleb 12 saaTis ganmavlobaSi. 

bogiruli meTodi. bogiruli meTodis arsebobs ori sqema erTmagi 

da ormagi bogiri. 1 omidan 1 mom-mde diapazonSi gamoiyeneba mudmivi 

denis P333, MO-62 da sxva tipis erTmagi bogirebi. maTi gazomvis 

cdomileba aRwevs 15%-mde. erTmag bogirebSi gazomvis Sedegi 

mxedvelobaSi iRebs bogirisa da gasazomi winaRobis SemaerTebeli 

gamtarebis winaRobas. amitom 1 omze naklebi winaRobis gazomva am 

tipis bogirebiT ar SeiZleba. 

transformatorebis gragnilebis winaRobis gazomvisaTvis 

gamoyenebuli unda iqnes mxolod mudmivi denis ormagi bogiri 

(nax.4.25). dasawyisSi saimedod SeaerTeben bogiris denur momWerebs, 

xolo Semdeg potencialurs. magram ise, rom denuri gamtarebis 
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gragnilTan mierTebis wertilSi Zabvis vardna ar moxvdes 

potencialuri momWerebidan momavali gamtarebis garemomcvel zonaSi. 

 
nax.4.25. ormagi bogiris sqema 

winaRobis bogirebiT gazomvis dros kvebis wredSi reko-

mendirebulia CairTos damatebiTi winaRoba riTac mcirdeba wredis 

drois mudmiva, rasac mivyavarT denis damyarebis drois SemcirebasTan. 

am SemTxvevebSi saWiro sididis denis misaRebad gamoyenebuli unda 

iqnes ufro maRali Zabvis akumulatoris batarea. bogiris dazianebis 

Tavidan acilebis mizniT galvanometri unda CairTos denis damyarebis 

dros da gamoirTos denis GgaTiSvamde. 

ormag bogirebSi gazomvis dros SemaerTebeli gamtarebis 

winaRoba mxedvelobaSi ar miiReba, rac iZleva SesaZleblobas 

gaizomos 10-6 omamde winaRoba 0,01_2% cdomilebiT. 

ormag bogirebSi wonasworoba miiRweva R1, R2, R3 da R4 

winaRobebis cvlilebiT. am dros miiRweva toloba: R1 = R3 da R2=R4. 

bogiris wonasworobis piroba ganisazRvreba gamosaxulebiT: 

RX = RN• R1/R2, 

sadac RX  – aris gasazomi  winaRoba; RN  – sanimuSo winaRoba; R1  da  

R2  – bogiris mxrebis winaRobebia.  

gasazom RX winaRobasTan mierTebulia oTxi gamtari: gamtari 2 

aris bogiris kvebis wredis gagrZeleba da misi winaRoba ar aisaxeba 

gazomvis sizusteze; 3 da 4 gamtarebi CarTulia 10 omze meti sididis 

R1 da R2 winaRobebTan da amitom maTi gavlena SezRudulia. gamtari 
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1 aris bogiris Semadgeneli nawili da igi unda SeirCes rac SeiZleba 

mcire sigrZisa da didi kveTis. 

mudmivi deniT winaRobis gazomviT unda gamoavlinoT sakontaqto 

SeerTebebis gauareseba, mirCilvis darRveva, gragnilis erTi 

paraleluri Stos gawyveta, aseve SevafasoT Zabvis qveS regulirebis 

mowyobilobis kontaqtebis xarisxi da ganvsazRvroT fazebis dayenebis 

siswore da agznebis gareSe gadamrTvelis ganStoebebi. 

 

 

 

4.17. transformatoris uqmi svlisa da  

mokled SerTvis cdebi 

 

transformatorebis gamocdebisaTvis gamoiyeneben uqmi svlisa da 

mokled SerTvis cdebs. 

transformatoris uqmi svlis cda ewodeba misi erTerTi 

gragnilis CarTvas nominalur Zabvaze. am dros moTxovnili dens 

ewodeba uqmi svlis deni I0, romelsac Cveulebriv gamosaxaven 

nominaluris procentebiT. 

transformatoris uqmi svla warmoadgens misi muSaobis zRvrul 

reJims, roca misi meoreuli gragnili gaTiSulia da masSi gamavali 

deni nulis tolia (I2 =0). am dros moTxovnil aqtiur simZlavres 

uqmi svlis simZlavre (P0, kvt) ewodeba. es simZlavre ZiriTadad 

ixarjeba eleqtroteqnikuri foladis damagnitebaze (danakargebi 

histerezisze) da grigalur denebze. uqmi svlis deni da simZlavre 

Zaluri transformatorebis sapasporto monacemebia.  

uqmi svlis monacemebi  saSualebas iZleva ganisazRvros 

transformatoris transformaciis koeficienti, uqmi svlis deni, 

danakargebi foladSi da winaRoba. aseve _ magnitogamtarisa da 

gragnilis zogierTi defeqti. qarxana-damamzadebelsa da aseve 

kapitaluri remontis dros, romelic dakavSirebulia gularis an 

zeda uRlis daSla-awyobasTan, awarmoeben uqmi svlis cdas 

nominaluri da daweuli Zabvis dros. 

nominaluri Zabvis dros zomaven densa da uqmi svlis danakargebs, 

daweuli Zabvis dros – uqmi svlis danakargebs. gragnilebis 
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mdgomareobis SemowmebisaTvis transformatorebis eqspluataciaSi 

Seyvanisa da eqspluataciis dros asruleben uqmi svlis cdas daweuli 

Zabvisas. am dros danakargebi izomeba igive sqemiTa da igive Zabvis 

dros, rogoriTac qarxana-damamzadebelSi. 

eqspluataciaSi dabrunebuli transformatorebisaTvis gazomili 

uqmi svlis danakargebi saqarxno monacemebisagan ar unda 

gansxvavdebodes 5%-ze metad. danakargebis gazrda SeiZleba 

gamowveuli iyos paralelur gamtarebs Soris mokled SerTvis 

arsebobiT.  

nax.4.26-ze mocemulia erTfaza da samfaza transformatorebSi 

uqmi svlis danakargebis gazomvis sqema. 

 
       a)                             b) 

nax.4.26. transformatorebSi uqmi svlis danakargebis gazomvis sqema: a _ 

erTfaza; b _ samfaza 

 

sazomi xelsawyoebi unda CairTos ise, rogorc es naCvenebia 

nax.4.26-ze. dasawyisSi unda CairTos ampermetri da vatmetris denuri 

gragnili, xolo Semdeg voltmetri da vatmetris Zabvis gragnili. 

ampermetri gviCvenebs uqmi svlis denis sidides, xolo vatmetri – 

jamuri danakargebis sidides. 

samfaza samReroian transformatorebSi uqmi svlis danakargebs 

zomaven samfaza an erTfaza agznebis dros. samfaza agznebis dros 

gazomvas awarmoeben ori erTfaza (nax.4.26.b) an erTi samfaza 

vatmetriT. gazomili danakargebi ganisazRvreba TiToeuli vatmetris 

mier gazomili danakargebis jami. 

transformatorebis uqmi svlis danakargebi, romlebic gazomilia 

mcire U’ Zabvisa da nominaluri sixSiris dros SeiZleba 

gadaviangariSoT uqmi svlis danakargebad nominaluri Zabvis dros 

formuliT: 
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                                                 P0 = P’0 (Unom/U’)n,                                           

(2) 

sadac danakargebi transformatorSi tolia: 

P’0 = Pgaz.-Pxel , 

sadac P gaz – aris jamuri danakargebi transformatorsa da sazom 

xelsawyoebSi, romelic ganisazRvreba nax.4.2a sqemis mixedviT; P xel, _ 

danakargebia sazom xelsawyoebSi, romelic ganisazRvreba nax.4.27.b 

sqemis mixedviT;  n – xarisxis maCvenebelia, romelic tolia: 

cxladnaglini foladisaTvis n=1,8; civadnaglinisaTvis n= 1,9. 

 
             a)                              b) 

nax.4.27. samfaza transformatorebSi uqmi svlis danakargebis gazomvis sqema: a 

_ jamuri danakargebis gasazomad; 

b _ xelsawyoebSi danakargebis gasazomad 

 

qarxana-damamzadeblebi uqmi svlis danakargebis gazomvas 

awarmoeben nominaluri da mcire (380 v) Zabvis dros. uqmi svlis 

danakargebis gazomva SeiZleba warmoebdes 5_10% nominaluri Zabvis 

dros. am dros danakargebis miRebuli mniSvnelobis gansxvaveba 

saqarxno monacemebisagan erTfaza transformatorebisaTvis ar unda 

iyos 10%-ze meti, xolo samfaza transformatorebisaTvis – 5%-ze 

meti. uqmi svlis danakargebis gazomva unda vawarmooT qarxana-

damamzadeblis gamocdis oqmSi naCvenebi sqemis mixedviT. Tu qarxana-

damamzadebelma uqmi svlis danakargebis gazomva awarmoa transfo-

rmatoris nominaluri Zabvis dros, maSin uqmi svlis danakargebis ga-

zomva unda vawarmooT 380 v Zabvis dros da miRebuli Sedegebi (2) 

formulis mixedviT daviyvanoT nominalurze. SemdgomSi uqmi svlis 
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danakargebis gazomva SeiZleba vawarmooT 380 v Zabvis dros, magram 

gragnilebis winaRobis mudmivi deniT gazomvamde da mudmivi deniT 

transformatoris gaTbobamde. 

transformatoris uqmi svlis deni ganisazRvreba, rogorc samive 

fazis denebis saSualo ariTmetikuli. 

samfaza transformatoris uqmi svlis danakargebis gazomvas 

awarmoeben 380 v Zabvis dros erTfaza agznebiT. amisaTvis atareben sam 

cdas da samfaza transformatori daiyvaneba erTfazaze misi erTi 

fazis damoklebisa da danarCeni ori fazis agznebis gziT.  

pirveli cda _ amokleben A fazis gragnils, miawvdian agznebas B 

da C fazebs da zomaven danakargebs (nax.4-28.a,d). 

meore cda _ amokleben B fazis gragnils,  miawvdian agznebas A 

da C fazebs da zomaven danakargebs (nax.4-28.b,e). 

mesame cda _ amokleben C fazis gragnils, miawvdian agznebas A 

da B fazebs da zomaven danakargebs (nax.4-28.g,v). 

 
a)           b)             g) 

 
                d)              e)                v) 

nax.4.28. samfaza transformatoris  agznebis sqemebi: 

a, b, g _ pirveladi gragnilis samkuTxa SeerTeba; 

d, e, v _ pirveladi gragnilis varskvlava SeerTeba  

nulovani gamomyvaniT SeerTebis jgufi  Y-0/Δ 

 

danakargebi transformatorSi U’ Zabvis dros tolia: 

P’0 = (P’0AB + P’0BC +  P’0CA)/ 2, 
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sadac U’_ uqmi svlis danakargebis gazomvisas modebuli Zabvaa; P’0AB , 

P’0BC ,  P’0CA – zemoTmoyvanil cdebSi gansazRvruli danakargebia 

xelsawyoebSi danakargebis gamoklebiT) modebuli Zabvis erTi da igive 

mniSvnelobis dros. 

nominalur Zabvaze transformatorSi danakargebi daiyvaneba (2) 

formuliT. 

qarxana-damamzadeblis mier naCvenebi Zabva Cveulebriv SeirCeva 

ise, rom ar iyos sazomi transformatorebis gamoyenebis saWiroeba. 

voltmetrebi da vatmetrebis Zabvis gragnilebi SeiZleba CairTos 

damatebiTi winaRobis gavliT. saWiroebis SemTxvevaSi SeiZleba 

gamoyenebuli iqnes Zabvisa da denis sazomi transformatorebi. 

transformatorebis mokled SerTva. mokled SerTvis reJimi 

ewodeba reJims, romlis drosac transformatoris meoreuli 

gragnili mokled aris SerTuli anu Zabva meoreuli gragnilis 

boloebze nulis tolia. 

erTfaza transformatoris mokled SerTvis cdis dros (nax.4.29) 

mis meoreul gragnils amokleben da pirvelad  gragnilze miewodeba 

iseTi sididis Semcirebuli Zabva, romlis drosac gragnilebSi 

gamavali deni nominaluris toli iyos. am Semcirebul Zabvas mokled 

SerTvis Zabva ewodeba da igi Cveulebriv nominaluri Zabvis 5,5%-ia. 

am dros izomeba transformatoris mier qselidan moTxovnili sim-

Zlavre, Zabva da deni. 

 
nax.4.29. erTfaza transformatoris mokled SerTvis cda 

 

mokled SerTvis cdis monacemebis safuZvelze ganisazRvreba 

mokledD SerTvis Zabva uk %, misi aqtiuri ua %, reaqtiuli ur % 

mdgenelebi, danakargebi transformatoris gragnilebis gaxurebaze Pgrag  
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nominaluri datvirTvis dros, transformatoris aqtiuri, reaqtiuli 

da sruli winaRobebi mokled SerTvis dros. 

meoreuli gragnilis mokled SerTvis dros transformatoris 

winaRoba Zalian mcirea, xolo mokled SerTvis deni nominalur dens 

ramdenjerme aRemateba. aseTi didi deni iwvevs transformatorebis 

gragnilebis Zlier gaxurebasa da mwyobridan gamoyvanas. amitom 

transformatorebi aRWurvilia dacviT, romelic gamorTavs mas 

mokled SerTvis dros. 

zogierTi literaturis mixedviT mokled SerTvis cda 

eqspluataciis procesSi SeiZleba ar Catardes. magram gamocdebis 

praqtikam mdgradobaze aCvena mokled SerTvis Zabvis gazomvis maRali 

efeqturoba  transformatoris mdgomareobis diagnostikisaTvis. 

gamWoli mokled SerTvis denebis gavlisas transformatoris 

gragnilebi ganicdian eleqtrodinamiur zemoqmedebas. maTi gavleniT 

SeiZleba aRiZras calkeuli deformaciebi. gragnilebis deformaciisas, 

gansakuTrebiT radialuris, icvleba gragnilebs Sorisa da magnito-

gamtaris mimarT daSoreba. xdeba fantvis magnituri nakadis 

konfiguraciis cvlileba, rasac mivyavarT mokled SerTvis induqciuri 

winaRobis (Xk) cvlilebamde da maSasadame, icvleba sruli winaRobac 

(Zk). didi simZlavris transformatorebSi ki  Zk=Xk . 

gamarTul transformatorSi calkeuli fazis sruli winaRoba 

erTmaneTisagan arsebiTad ar unda gansxvavdebodes. Tu sruli winaRoba 

pirvelsawyisi monacemebisagan 2,5_3%-ze metad gansxvavdeba, maSin es 

miuTiTebs gareSe mokled SerTvis denebis Sedegad erTi gragnilis 

deformaciaze.  

mokled SerTvis sruli winaRobis gasazomad arsebobs ramdenime 

meTodi. gragnilebis deformaciis diagnostikisaTvis SeiZleba 

visargebloT nebismieri maTganiT. mniSvnelovania, rom pirveli da 

Semdgomi gazomvebi Catardes erTi da igive sqemiT da sasurvelia 

erTi da igive xelsawyoebi. eleqtrosazomi xelsawyoebis CarTvis sqema 

mocemulia nax.4.29-ze. avtotransformatorebisaTvis mokled SerTvis 

cda tardeba Cveulebrivi transformatorebis analogiurad. sazomi 

xelsawyoebi wredSi irTveba sazomi transformatorebis gareSe. 

gragnilebSi mokled SerTvis danakargebi ganisazRvreba 

vatmetris Cvenebis mixedviT. transformatoris mokled SerTvis 
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aqtiuri, reaqtiuli da sruli winaRobebi ganisazRvrebian 

gamosaxulebebiT: 

sruli winaRoba tolia:  Zk= Uk/I 

aqtiuri winaRoba tolia: Rk = Pk/I2 

reaqtiuli winaRoba tolia: 
2 2

k k kX Z R  ,  

sadac Uk, Ik da Pk – Zabva, deni da simZlavrea, transformatoris 

pirveladi gragnilis wredSi CarTuli xelsawyoebis: voltmetris, 

ampermetrisa da vatmetris Cvenebebis mixedviT. 

samfaza transformatoris gamocdis dros zemoTmoyvanil 

gamosaxulebebSi unda CavsvaT Zabvis, denisa da simZlavris fazuri 

mniSvnelobebi. 

mokled SerTvis Zabva da misi aqtiuri da reaqtiuli mdgenelebi 

tolia: 

uk % = In•Zk•100 /Un; ua % = In•Rk•100 /Un; uk % = In•Xk•100 /Un; 

sadac Un da In – aris transformatoris meoreuli gragnilis 

nominaluri Zabva da denia. 

samfaza transformatoris mokled SerTvis danakargebisa da 

Zabvis gazomva warmoebs nax.4.30-ze mocemuli sqemis mixedviT Semdegi 

pirobebis dacviT: 

 
nax.4.30. samfaza transformatoris mokled SerTvis danakargebisa da Zabvis 

gazomvis erTfaza sqema 

transformatoris erTi gragnili saimedod Camokldeba yvela mis 

Semyvanze, xolo sxva gragnilebis Semyvanebze miiyvaneba kveba Semdegi 

TanmimdevrobiT: 

I cda – kveba miewodeba AB Semyvanze, Camoklebulia C gragnili; 

II cda – kveba miewodeba BC Semyvanze, Camoklebulia A 

gragnili; 

III cda – kveba miewodeba CA Semyvanze, Camoklebulia B 

gragnili. 
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sami Catarebuli cdidan miRebuli SedegebiT sazRvraven samfaza 

transformatoris mokled SerTvis danakargebsa da Zabvas 

formulebiT: 

Pk = (PAB + PBC +  PCA)/ 2 

 uk = 3 (uAB+uBC+uCA)/6, 

sadac PAB,  PBC,  PCA – sam cdaSi gazomili da nominalur denze 

dayvanili mokled SerTvis danakargebia; uAB, uBC, uCA – sam cdaSi 

dazomili da nominalur denze dayvanili mokled SerTvis Zabvebia, 

gamosaxuli nominaluri Zabvis procentebSi. 

formulebi vargisia transformatoris gragnilebis nebismieri 

SeerTebis sqemisaTvis. fazebis mixedviT gazomvis SedegebiT SeiZleba 

vimsjeloT samfaza transformatoris TiToeuli fazis wesivrulobis 

Sesaxeb. 

 

4.18. transformatoris transformaciis koeficientis gansazRvra 

 

erTfaza transformatoris transformaciis koeficientis 

gazomvis sqema moyvanilia nax.4.31.a-ze. voltmetri, romelic zomavs 

miyvanil Zabvas, calke gamtarebiT uerTdeba transformatoris 

Semyvanebs, raTa Tavidan aviciloT transformatoris mkvebav 

gamtarebSi Zabvis vardnebiT gamowveuli cdomilebebi. Tu Zabvis 

vardna mkvebav gamtarebSi ar aRemateba  gasazomi Zabvis 0,1%-s da 

praqtikulad gavlenas ar axdens gazomvis sizusteze, maSin dasaSvebia 

voltmetris CarTva mkvebav gamtarebze. 

samfaza transformatorebSi, romlebic SeerTebulia Y/Y da ∆/∆ 

sqemebiT, transformaciis koeficienti SeiZleba gavzomoT samfaza 

Zabvis miwodebis dros, Tu winaswar dadgenilia, rom is simetriulia. 

igive exeba avtotransformatorebsac. am dros izomeba pirveladi da 

meoreuli xazuri Zabvebi U1 da U2 (nax.4.31.b) 
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                 a)                         b) 

nax.4.31. transformatoris transformaciis gazomvis sqema: 

a _ erTfaza da b _ samfaza transformatoris Y/ Y da ∆/∆ SeerTebis 

sqemebisaTvis 

 

nax.4.31-ze moyvanili sqemebisaTvis transformaciis koeficienti 

ganisazRvreba formuliT: 

K= U1/U2 

Tu samfaza Zabva arasimetriulia, maSin transformaciis 

koeficientis gazomva warmoebs erTfaza kvebis dros. 

transformatorebSi Y/∆ an ∆/Y SeerTebis dros ganasxvaveben 

transformaciis xazur koeficients, romelic naCvenebia pasportSi da 

tolia xazuri Zabvebis fardobisa da fazur koeficients, romelic 

tolia fazuri Zabvebis fardobisa. e.i. 

Kx = Ux1/Ux2 da Kf = Uf1/Uf2 

varskvlava SeerTebidan samkuTxa SeerTebaze transformaciis 

dros (nax.4.32.a) transformaciis koeficienti gamoiTvleba formuliT: 

Kf = K/312, xolo samkuTxa SeerTebidan varskvlava SeerTebaze 

transformaciis dros – Kf = K•312. gragnilebis ganStoebebis  

mierTebebis sisworis Sesamowmeblad izomeba transformaciis fazuri 

koeficientebi. am dros gragnilis erTi faza, romelic SeerTebulia 

samkuTxedad da gazomva swarmoebs danarCeni fazebis wyvilisaTvis 

(iseve rogorc es keTdeboda uqmi svlis dros). nax.4.32.a-ze mocemulia 

sqema C fazis CamoklebiT. Tu kveba miewodeba varskvlavis mxridan, 

maSin transformaciis faqtiuri fazuri koeficienti gazomilze 

orjer naklebi iqneba: 

Kf= 0,5 K gaz.= 0,5 U1/U2 
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                      a)                  b) 

nax.4.32. samfaza transformatoris transformaciis  

koeficientis gazomvis sqema Y/∆ SeerTebis dros 

 

samkuTxa SeerTebis mxridan kvebis miwodebisas – faqtiuri 

fazuri koeficienti gazomilze orjer metia. 

Tu varskvlavad SeerTebul gragnilSi nulovani gamomyvani 

misawvdomia, maSin gazomvebi SeiZleba Catardes fazis Camoklebis 

gareSe nax.4.32.b sqemis mixedviT. am dros miiReba transformaciis 

fazuri koeficienti. misi gazomva warmoebs aseve nax,4.31.b sqemiT 

gazomili xazuri koeficientis aradamakmayoflebeli mniSvnelobis 

mizezebis gamosavlenad. 

 

4.19. transformatoris SeerTebis jgufebis gansazRvra ori 

voltmetris meTodiT 

 

or voltmetris meTodi dafuZnebulia pirveladi da meoreuli 

Zabvebis veqtoruli diagramebis SeTavsebaze, Sesabamis gamomyvanebs 

Soris maT gazomvasa da SemdgomSi gaangariSebul mniSvnelobebTan 

Sedarebaze. am dros praqtikulad veqtorul diagramas ar ageben. 

sakmarisia Zabvis gaangariSebuli da gazomili sidideebi erTmaneTs 

SevadaroT. 

ori voltmetris meTodiT SeerTebis jgufis gansazRvris sqema 

mocemulia nax.4.33-ze. 
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nax.4.33. ori voltmetris meTodiT transformatoris  

SeerTebis jgufis gansazRvra 

 

nax.4.33-ze fazis maRali da dabali (an saSualo) Zabvis 

gragnilebi SeerTebulia erTmaneTTan. erT (mocemul SemTxvevaSi 

dabali Zabvis) gragnilTan miyvanilia Semcirebuli Zabva (araumetes 

380 v). kvebis Zabva mizanSewonilia SevirCioT iseTi, rom maRali Zabvis 

mxares voltmetris CasarTvad ar dagvWirdes Zabvis transformatoris 

CarTva. erTi voltmetriT zomaven dabali Zabvis gragnilze 

miwodebul Zabvas Uab, meoreTi – B fazis maRali da Ddabali Zabvis 

gragnilebs Soris (UBb), Semdeg  B fazis dabali Zabvis gragnilis 

gamomyvansa da maRali Zabvis C fazis gragnilis gamomyvans Soris (UbC) 

da bolos C fazis dabali Zabvis gragnilis gamomyvansa da maRali 

Zabvis B fazis gragnilis gamomyvans Soris (UcB). gazomviT miRebul 

mniSvnelobebs Seadareben gaangariSebiT miRebul mniSvnelobebs, 

romlebic gansazRvrulia cxrili 4.16-s Tanaxmad. 

 

cxrili 4.16. gragnilebis SeerTebis jgufebis ori voltmetris meTodiT 

Semowmebis dros gasazomi Zabvis saangariSio mniSvnelobebi 

S
ee
r
T
eb
is
 

j
gu

f
i 

veqtore-

bis Zvris 

kuTxe, 

grad. 

saangariSo Zabvebi, v, gazomvisas 

UBb UbC UcB 

12(0) 0 U(K-1) U(1-k+K2)1/2 U(1-K+K2)1/2 

1 30 U(1-(3K)1/2+K2)1/2 U(1-(3K)1/2+K2)1/2 U(1+K)1/2 

2 60 U(1-K+K2)1/2 U(1-K) U(1+K+K2)1/2 

3 90 U(1+K2)1/2 U(1-(3K)1/2+K2)1/2 U(1+(3K)1/2+K2)1/2 

4 120 U(1+K+K2)1/2 U(1-K+K2)1/2 U(1+K) 
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5 150 U(1+(3K)1/2+K2)1/2 U(1+K2)1/2 U(1+(3K)1/2+K2)1/2 

6 180 U(1+K) U(1+K+K2)1/2 U(1+K+K2)1/2 

7 210 U(1+(3K)1/2+K2)1/2 U(1+(3K)1/2+K2)1/2 U(1+K2)1/2 

8 240 U(1+K+K2)1/2 U(1+K) U(1-K+K2)1/2 

9 270 U(1+K2)1/2 U(1+(3K)1/2+k2)1/2 U(1-(3K)1/2+K2)1/2 

10 300 U(1-K+K2)1/2 U(1+K+K2)1/2 U(K-1) 

11 330 U(1-(3K)1/2+K2)1/2 U(1+K2)1/2 U(1-(3K)1/2+K2)1/2 

 

cxrili 4.16 formulebSi U – miyvanili Zabvaa, v; K – 

transformatoris transformaciis koeficientis sapasporto 

mniSvnelobaa, anu xazuri nominaluri Zabvebis fardoba. 

Tu kveba miewodeba maRali Zabvis gragnilis mxridan, maSin 

cxrili 4.16 formulebSi U-s nacvlad unda CavsvaT U/K. 

 

4.20. magnitogamtarisa da avzis mdgomareobis kontroli 

 

miuxedavad imisa, rom zeTSi gaxsnili airebis analizi 

warmoadgens magnitogamtaris mdgomareobis kontrolis sakmaod 

efeqtur xerxs, mainc misi gamoyeneba ar gamoricxavs kontrolis 

tradiciuli meTodebis gamoyenebas, gansakuTrebiT remontis Semdeg. 

uRlis koWebis, damwnexi rgolebisa da xelmisawvdomi mosaWeri 

sarWebis izolaciis winaRoba izomeba maTSi SesaZlo mokled 

SerTvebis gamosavlenad. gazomva swarmoebs megaommetriT 1000–2500 v 

Zabvaze eqspluataciaSi Seyvanisa da remontis Semdeg. aRniSnuli 

winaRobis mniSvneloba ar normirdeba. defeqtze migviTiTebs 

izolaciis winaRobis mkveTri Semcireba.  

mZlavr transformatorebSi iseTi remontis dros, romelic 

moiTxovs gragnilebis Secvlas izolaciis winaRobis gazomvas, 

furclebs Soris izolaciis xarisxis Semowmebis mizniT, winaRobis 

gazomvas awarmoeben paketis ganivad. miRebuli Sedegebi Sedardeba 

qarxana-damamzadeblis monacemebs. aseTi Semowmeba saSualebas iZleva 

gadakazmvis dros gadawydes furclebis gadaizolirebis saWiroebis 

sakiTxi. 

uqmi svlis denisa da danakargebis momatebuli mniSvnelobebi 

miuTiTebs magnitogamtaris uxarisxo awyobaze. Cveulebriv es aris 

SepirapirebebSi RreCoebis gazrdis an naklebi raodenobis rkinis 
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Calagebis Sedegi, vidre gaTvaliswinebulia dokumentaciiT. uqmi svlis 

deni remontis Semdeg yovelTvis metia, vidre axlad damzadebulisa. 

uqmi svlis danakargebi SeiZleba gaizardos ara marto gragnilSi 

arsebuli defeqtebis gamo, aramed magnitogamtaris eleqtroteqnikur 

foladSi furclebis mokled SerTvis gamoc. furclebis mokled 

SerTva SesaZlebelia moxdes eqspluataciis dros vibraciis Sedegad 

calkeul furclebs Soris izolaciis gacveTiT, aseve am izolaciaSi 

defeqtebis arsebobis Sedegad. 

adgilobrivi gadaxurebebis mizezebis gansazRvra saSualebas 

iZleva gamovavlinoT da aRmovxvraT naxSirwyalbadebis momatebuli 

gamoyofis wyaroebi da sxva arasasurveli movlenebi. magnitogamtarSi, 

konstruqciul elementebsa da avzis calkeul ubnebze adgilobrivi 

gadaxurebebi gvxvdeba ufro xSirad, vidre gragnilebSi. dasawyisSi 

unda vawarmooT aqtiuri nawilis dawvrilebiTi daTvaliereba. Zlieri 

gadaxurebebi iwveven liTonis feris Secvlas. mcire gadaxurebebis 

dros am adgilze daileqeba Savi feris zeTis daSlis produqtebi. 

saWiroa aseve Semowmdes magnitogamtaris paketebs Soris da sxva 

elementebSi zeTis arxebis sisufTave, radganac raime mizeziT maTi 

Seviwroeba iwvevs aqtiur nawilSi zeTis saerTo momatebul 

gaxurebas, romelic ganisazRvreba zeTis zeda fenebis temperaturiT. 

Tu daTvalierebisas momatebuli gadaxurebis wyaro ver iqna 

napovni, maSin unda SevamowmoT mokledSerTuli konturis arseboba an 

ararseboba. magnitogamtari, rogorc wesi, SeerTebulia avzTan da 

Camiwebulia erT wertilSi. magnitogamtaris M wertili SeerTebulia 

transformatoris Camiwebuli avzis Б wertilSi (nax.4.34). Tu 

izolaciis dazianebis gamo aRiZra  magnitogamtaris Camiweba, maSin  

meore (K1 da K2 Soris) wertilSi Seiqmneba mokled SerTuli 

konturi, romelic nax.4.34-ze naCvenebia punqtiriT. 
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nax.4.34. rezistoris mokledSerTul konturSi CarTvis sqema: 

1 _ transformatoris avzi; 2 _ magnitogamtari 

 

fantvis nakadis gavleniT konturSi gaivlis deni, romelic 

iwvevs liTonis momatebul gadaxurebas, gansakuTrebiT avzis gansarTis 

adgilze, Tu igi gadaikveTeba konturiT. 

Tu arsebobs mokledSerTuli konturis arsebobis varaudi, maSin 

unda gamovrToT magnitogamtaris Camamiwebeli gamtari (M da Б 

wertilebs Soris) da SevamowmoT izolacia. 

Tu aseTi Semowmebis Sedegad dadgindeba, rom Camoyalibda 

magnitogamtaris meore Camiweba, maSin muSa Camamiwebel wredSi 

CairTveba R rezistori, romlis sidide da simZlavre SeTanxmebuli 

unda iyos qrxana-damamzadebelTan. magnitogamtarSi ramdenime 

Camamiwebeli wertilis arsebobisas remontis saWiroeba da moculoba 

unda SeTanxmdes qarxana-damamzadebelTan. 

avzis gamocda radiatorebTan erTad zeTis simWidroveze 

swarmoebs transformatoris eqspluataciaSi Seyvanisa da kapitaluri 

remontis dros. milis an damatebiTi tevadobis daxmarebiT iqmneba 

zeTis sveti, romlis simaRlem aranakleb 60 sm-iT unda gadaaWarbos  

avsebuli safarToeblis dones. gamocdis xangrZlivoba 100C 

temperaturis dros unda iyos aranakleb 3 saaTisa. gamocdisas adgili 

ar unda hqondes zeTis denas. zeTis simWidroveze gamocda aseve 

swarmoebs Warbi 10 kpa (0,1 kgZ/sm2) wnevis Seqmnis gziT. afskuri dacvis 

transformatorebSi Warbi wneva iqmneba moqnili garsis SigniT. sxva 

transformatorebSi azotis Warbi wneva iqmneba zeTis zemoT sivrceSi. 

 

4.21. maRalvoltiani Semyvanebis mdgomareobis 
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kontroli 

 

transformatorebSi gamoiyeneben qaRald-zeTiani da zogjer 

zeTbarieruli izolaciis mqone Semyvanebs.. pirvel SemTxvevaSi 

izolaciis safuZvelia saizolacio qaRaldi, romelic gaJRenTilia 

zeTiT da gamaTanabrebeli SemonafenebiT dayofilia fenebad. meoreSi 

– satransformatoro zeTi dayofilia fenebad gamaTanabrebeli 

Semonafenebis mqone qaRald-bakelitis cilindrebiT. ukanasknel 

xanebSi gamoiyeneba aseve myar izolaciani Semyvanebi. 

               
              a)                b) 

nax.4.35. maRalvoltiani Semyvanebis gamomyvanebis sqema 

 

Semyvanis saizolacio ConCxis ukanaskneli Semonafenidan, 

romelsac ar gaaCnia sazomi kondensatori (nax.4.35.a). gamoyvanilia 

gamtari 2, romelic muSa mdgomareobaSi unda iyos saimedod 

Camiwebuli. sazomi kondensatoris mqone Semyvanis kondensatoris 

Semonafenidan gamoyvanilia gamtari 3 (nax. 4.35.b), xolo 

kondensatoris gare Semonafeni an yrud aris Camiwebuli Semyvanis 

SigniT, an gamtari 4 gamoyvanilia gareT da muSa mdgomareobaSi 

Camiwebulia. sazomi gamtari 3 irTveba Semyvanebis sakontrolo – 

potenciometrul mowyobilobasTan (Sspm). Sesrulebidan gamomdinare 

maTi mdgomareobis Semowmebis xerxebi da normebi erTmaneTisagan 

ramdenadme gansxvavdebian. Semyvanebis profilaqtikuri gamocdis 

moculoba naCvenebia cxrili 4.8-Si. 

Semyvanebis izolaciis winaRobis gazomva warmoebs megaommetriT 

1000–2500 v Zabvaze. am dros izomeba qaRald-zeTiani izolaciis mqone 

Semyvanebis sazomi da ukanaskneli Semonafenis izolaciis winaRoba 

SemaerTebeli milisis mimarT. gazomvis dros gamtarebi 2 da 4, Tu 
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isini gamoyvanilia, gamoirTveba milisidan, xolo gamtari 3 – 

sakontrolo–potenciometruli mowyobilobidan. eqspluataciaSi 

Seyvanis dros winaRobis mniSvneloba ar unda iyos 1000 momze 

naklebi, xolo eqspluataciisas – ara naklebi 500 momze. gazomva 

swarmoebs $4.14-Si aRwerili wesebis dacviT. winaRobis Semcireba 

dakavSirebulia rogorc myari izolaciis, aseve zeTis mdgomareobis 

gauaresebasTan da rogorc wesi, erTdroulad xdeba tgδ-s gazrda da 

Semyvanis izolaciis tevadobis Semcireba. 

dieleqtrikuli danakargebis kuTxis gazomva warmoebs yvela 

saxis SemyvanebisaTvis, garda didi simZlavris zeTbarieruli 

izolaciis mqone Semyvanebisa. tgδ-s mniSvneloba 200C temperaturis 

dros ar unda aRematebodes cxrili 4.17-Si mocemul mniSvnelobebs. 

 

cxrili 4.17. Semyvanebis tgδ-s dasaSvebi mniSvnelobebi 

izolaciis saxe gamocdis saxeebi 
Semyvanebis tgδδnominaluri ZabviT,kv 

60-110 150 220 330 500 750 

zeTbarieruli, 

ZiriTadi da 

sazomi 

kondensatoris 

eqspluatacia-Si 

Seyvanisas 
2 2 2 - 1 - 

eqspluataciis 

dros 
5 4 4 - 2 - 

qaRald-zeTiani, 

ZiriTadi da 

sazomi 

kondensatoris 

eqspluatacia-Si 

Seyvanisas 
0,8 0,6 0,6 0,6 0,6 0,6 

eqspluataciis 

dros 
1,5 1,2 1,2 1 1 0,8 

qaRald-zeTiani 

izolaciis 

ukanaskneli fena 

eqspluatacia-Si 

Seyvanisas 
1,2 1 1 1 0,08 0,8 

eqspluataciis 

dros 
3 3 2 1,5 1,2 1 

 

saeqspluatacio gazomvebisas Sinagani izolaciis calkeul 

zonebSi saWiroa gavamaxviloT yuradReba drois mixedviT tgδ-sa da 

tevadobis cvlilebis xasiaTze. C1 da C2 tevadobebis mniSvnelobebi 

(nax.4.35) ar normirdeba, magram dieleqtrikuli danakargebis kuTxis 

tangensis gazomili mniSvnelobis  SefasebisaTvis aqvT saWiro 

mniSvneloba. 

SemyvanebisaTvis, romelTac ara aqvT sazomi kondensatori 

(nax.4,35.a), ZiriTadi izolaciis maxasiaTeblebi izomeba Semyvanis 
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maRalvoltian momWersa da gamtar 2-s Soris. ukanaskneli fenebis 

izolaciis maasiaTeblebi izomeba gamtar 2-sa da miliss Soris, 

risTvisac gamtari 2 gamoirTveba Camiwebidan. 

sazomi kondensatorebis mqone SemyvanebisaTvis (nax.4.35.b) ZiriTadi 

izolaciis maxasiaTeblebi izomeba Semyvanis maRalvoltian momWersa 

da C1 kondensatoris sazom gamomyvan 3-s Soris. am dros gamtari 3 

gamoxsnili unda iqnas sakontrolo – potenciometruli  

mowyobilobidan. kondensatoris izolaciis maxasiaTeblebi izomeba 3 

da 4 gamtarebs Soris. 

mowyobilobaze dayenebuli Semyvanis ZirTadi izolaciis tgδ-s 

gazomva swarmoebs normaluri (nax.4.12.a) sqemiT, raTa gamoiricxos 

transformatoris tevadobis gavlena. 10 kv Zabva miewodeba Semyvanis 

sakontaqto momWers, SemaerTebeli milisi Camiwebulia da 2 da 3 

gamtarebi gamorTulia. 

moxsnil Semyvanze sazomi kondensatoris tgδ-s da tevadobis 

gazomva swarmoebs normaluri sqemiT (nax.4.12.a) sazom Semyvanze 3 kv 

(araumetes 10 kv) Zabvis miwodebiT, xolo milisebi izolirebulia 

miwisagan. Tu milisebis miwisagan izolireba SeuZlebelia, maSin 

gazomva swarmoebs gadabrunebuli sqemiT (nax.4.12.b). igive xdeba 

izolaciis gareTa fenebis gazomvis drosac. 

Semyvanis izolaciis tgδ-s gazrda xdeba muyaos an qaRaldis 

danestianebisas, zeTis gaWuWyianebisas, nawilobrivi ganmuxtvebis 

gamovlenisa da defeqturi silfonidan liTonis mtveris moxvedrisas. 

transformatorze dayenebuli Semyvanebis aweuli ZabviT gamocda 

warmoebs misi gragnilebis gamocdasTan erTad. moxsnili Semyvanebis 

gamocda swarmoebs igive normebiT. aweuli ZabviT gamocda saSualebas 

iZleva gamovlenili iqnes Semyvanis izolaciis faruli defeqtebi, 

romelic gamovlenili ar iqna sxva xerxebiT. amitom aweuli ZabviT 

gamocda warmoebs izolaciis yvela sxva gmocdis Semdeg. 

qaRald-zeTiani izolaciis mqone Semyvanebis SemWidroebebis 

xarisxis Semowmeba swarmoebs maTSi 30 wuTis ganmavlobaSi 100 kpa 

Warbi wnevis SeqmniT. am dros adgili ar unda hqondes zeTis 

gadinebasa da gamosacdeli wnebis Semcirebas. aseTi gamocdebi 

saSualebas iZleva ganisazRvros susti adgilebi, romlebic 

gamovlenili ver iqna gare daTvalierebisas. gansakuTrebuli 
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yuradReba unda mieqces SemWidroebebs Semyvanis zeda nawilSi, 

romlebic eqspluataciis procesSi muSaoben Zalian mcire Warbi 

wneviT. 

manometrebis Semowmeba swarmoebs hermetuli Sesrulebis 

qaRald-zeTiani izolaciis mqone SemyvanebisaTvis. aseTi Semyvanis 

warmatebuli muSaoba pirvel rigSi damokidebulia misi 

SemWidroebebis saimedobaze. Semyvanis manometris Cvenebis Semcireba 

mowmobs misi hermetulobis darRvevaze. amasTanave, Tu manometri 

dazianebulia, maSin hermetulobis darRvevis dadgena yovelTvis 

SesaZlebeli ar aris. amitom gaTvaliswinebulia manometrebis 

Semowmeba remontebs Soris periodSi. igi unda SevamowmoT weliwadSi 

erTxel mainc, aseve im SemTxvevebSi Tu manometris Cveneba ar icvleba 

garemo temperaturis an datvirTvis gamo temperaturis mniSvnelovani 

cvlilebis dros. 

hermetul SemyvanSi zeTis wnevis minimaluri da maqsimaluri 

dasaSvebi mniSvnelobebi mocemulia pasportSi. imisaTvis, rom 

manometri iyos Semyvanis SemWidroebis mdgomareobis sakmaod 

mgrZnobiare indikatori, saWiroa misi skala bevrad ar aRematebodes 

zeTis muSa wnevas. optimaluria SemTxveva, roca manometris gazomvis 

zRvari 1,5-jer aRemateba maqsimalurs an 2-jer saSualo muSa wnevas. 

SemyvanSi zeTis wnevis aweva mowmobs satransformatoro zeTis 

Tvisebebis darRvevas da is unda iyos Semowmebuli (izomeba tgδ). 

rogorc zemoT aRvniSneT, zeTSi SeiZleba iyos liTonis 

meqanikuri minarevebi. isini SesamCnevia gamWol sinaTleze zeTis 

daTvalierebisas. meqanikuri minarevebis SemCnevis meTodika SemdegSi 

mdgomareobs: 250–300 ml tevadobis Txelkedlian qimiur Wiqas avseben 

gamosacdeli zeTiT da aTavseben Savi naWeriT gadafarebul sadgarze. 

Wiqis ukana mxares ayeneben Sav ekrans. sinaTlis wyaro moTavsebulia 

gverdiT Wiqis doneze ise, rom sinaTle ganWolavs zeTis fenas. 

gamWoli sinaTle ar unda ecemodes damkvirveblis Tvals. 

liTonuri meqanikuri minarevebis arsebobisas arevis dros 

SeiniSneba nawilakebis gadaadgileba damaxasiaTebeli liTonuri 

bzinvarebiT, romlebic didi xnis ganmavlobaSi SeiZleba darCnen 

Setivtivebul mdgomareobaSi da ar daeSvan fskerze. minarevebis 

xasiaTis dazustebis mizniT SesaZlebelia gamoviyenoT lupa 8–15 
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jeradi gadidebiT an mikroskopi. meqanikuri minarevebis kvali 

dasaSvebia, Tu mTel nimuSSi SeiniSneba liTonuri da araliTonuri 

xasiaTis 7–10 CarTva, romlebic daleqilia fskerze an arian 

Setivtivebul mdgomareobaSi. Tu CarTvaTa raodenoba aRemateba 

naCveneb mniSvnelobebs, maSin saWiroa CavataroT meqanikuri minarevebis 

raodenobrivi analizi $4.11-s Sesabamisad. 

hermetul SemyvanebSi zeTis Secvla saWiroebis SemTxvevaSi 

SeiZleba vawarmooT  uSualod dayenebis adgilze tran-

sformatoridan Semyvanis moxsnis gareSe instruqciis Sesabamisad. 

Semyvanebis izolaciis mudmivi kontroli mdgomareobs samfaza 

transformatoris yvela samive Semyvanis sazomi ganStoebebis  mier 

Seqmnili varskvlava SeerTebis nulovani gamtaris tevaduri denis 

sakontrolo mniSvnelobaSi (ubalansobis deni). 

mowyobiloba (nax.4.36) Sedgeba ori blokisagan: КИВ -1, romelic 

moTavsebulia transformatorze an mis axlos dayenebul meoreuli 

komutaciis momWerebis karadaSi; КИВ -2, romelic dayenebulia 

transformatoris releuri dacvis panelze, qvesadguris marTvis 

farze da gamoiyeneba 500 kv zeviT Zabvis SemyvanebSi. 

КИВ–1 bloks aqvs filtri, romelic saSualebas iZleva Tavidan 

aviciloT umaRlesi rigis harmonikebiT ganpirobebuli ubalansobis 

Zabva. 

 
nax.4.36. Semyvanis izolaciis kontrolis mowyobilobis struqturuli sqema 

 

transformatoris ganatotebi saSualebas iZlevian SevamciroT 

ubalansobis deni, romelic ganpirobebulia Semyvanebis tevadobebis 

mniSvnelobaTa sxvaobiT; maSin TiToeuli Semyvanidan gamomavali 

gamtari SeerTebulia transformatoris Sesabamis ganatotTan da 

`varskvlavi” Seqmnilia uSualod КИВ–1 blokSi. 
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КИВ–2 bloks aqvs gammarTveli, ubalansobis denis gasazomi 

miliampermetri, dayenebis denis cvlilebis potenciometri, 

gamaZlierebeli, sasignalo neonis naTura da gamosasvleli rele.  

erT-erTi Semyvanis dazianebisas misi tevadoba izrdeba. nulovan 

gamtarSi da Sesabamisad, КИВ–1-is transformatoris pirvelad 

gragnilSi izrdeba ubalansobis deni. 

gaZlierebisa da gamarTvis Semdeg signali gadaecema releuri 

dacvis sqemas, romelic moqmedebs gamorTvaze an signalizaciaze. 

imisaTvis, rom mowyobilobam ar imuSaos gardamaval reJimebSi an 

Zabvis xanmokle awevis dros, misi amuSavebis dro dayenebulia 

aranakleb 8 wamze. 

normalur pirobebSi 500 kv Semyvanis tevaduri deni Seadgens 

daaxloebiT 100 ma-s, xolo wesivruli Semyvanebis yvela samive fazis 

denebis jami 3–5 ma-ia. КИВ–2 mowyobilobis potenciometri 

saSualebas iZleva vcvaloT dayenebis deni 3–15 ma diapazonSi. 

cdomilebis Semcirebis mizniT КИВ -1 da КИВ -2 blokebs Soris 

kabeli unda iyos ekranirebuli ZarRvebis kveTiT aranakleb 2,5 mm2. 

 

4.22. gadamrTveli mwyobilobis mdgomareobis  

kontroli 

 

gadamrTveli mowyobilobis muSaobis Semowmeba warmoebs 

saqarxno da tipiuri instruqciebis Sesabamisad. gamocdebis  zogierTi 

saxe, romelic saSualebas iZleva ganvsazRvroT Zabvis qveS 

regulirebis mowyobilobis mdgomareoba ganxiluli iqna adre. 

gadamrTvelis gare daTvaliereba sruldeba $4.7-is miTiTebebis 

Sesabamisad. bunebrivia, rom daTvalierebas eqvemdevareba mxolod is 

nawilebi, romlebic misawvdomia amisaTvis. saxeldobr  unda 

Semowmdes  Zabvis qveS regulirebis mowyobilobis marTvis karadebi, 

gaTbobis mowyobilobis wesivruloba. maTi darRvevis dros karadebSi 

moxvdeba mtveri da WuWyi, sapoxi gasqeldeba, rasac mivyavarT 

elementebis RerZebis gaxexvamde, zemoqmedeben mikrogadamrTvelebze 

da iwveven maT mtyunebas da Sedegad Zabvis qveS gadamrTveli 

mowyobilobis fazebis SeuTanxmebel muSaobasa da saboloo 

gadamrTvelis gauCereblad gavlas. 
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Tu eqspluataciis pirvel periodSi moxda satransformastoro 

zeTis maxasiaTeblebis gauareseba, maSin Semowmebuli unda iqnes zeTis 

tenSemcveloba da saWiroebis SemTxvevaSi unda Seicvalos. igive 

ekuTvnis amomrCevlis zeTs Tu igi ganmxoloebulia transformatoris 

avzidan da zeTidan. 

zeTis maxasiaTeblebis gauareseba mowmobs Zabvis qveS 

gadamrTveli mowyobilobis dazianebaze. aris SemTxvevebi, roca 

kontaqtoris avzSi zeTis Casxmis Semdeg igi swrafad kargavs Tavis 

Tvisebebs. zeTis Secvlis Semdeg igive meordeba. aseT movlenas adgili 

aqvs sakontaqto sistemis aradamakmayofilebeli mdgomareobis – 

daWeris Zalvis darRvevis, kontaqtebis gadaxrisa da wanacvlebis, 

mTlianad mowyobilobis muSaobis regulirebis darRvevis, 

konstruqciuli elementebis dazianebis dros. igive xdeba, Tu 

mowyobiloba datenianebuli iyo remontis dros. Zabvis qveS 

regulirebis aseTi mowyobiloba eqvemdebareba remonts sruli 

regulirebiT, xolo Tu igi iyo datenianebuli, maSin unda moxdes 

detalebis gaSroba. 

Zabvis qveS regulirebis mowyobilobis aradamakmayofilebeli 

mdgomareobis drouli gamovlenis mizniT saWiroa axlad 

damontaJebuli an garemontebuli transformatorebis CarTvidan 10–15 

dRis Semdeg moxdes maTi avzebidan aRebuli zeTis gamocda, xolo 

zeTis maxasiaTeblebis SesamCnevi gauaresebis SemTxvevaSi, Tu isini 

rCebian dasaSveb sazRvrebSi, gavimeoroT gazomvebi igive vadaSi. Tu 

zeTis maxasiaTeblebis Semdgomi gauareseba ar moxda, maSin 

gavagrZeloT misi eqspluatacia Cveulebrivad. zeTis maxasiaTeblebis 

gauaresebis SemTxvevaSi moTxovnil normebs qvemoT transformatori 

unda gadavides remontSi. Zabvis qveS regulirebis mowyobilobis 

gareSe muSaoba SeiZleba, rogorc droebiTi RonisZieba ramdenime dRe-

Ramis ganmavlobaSi. 

Zabvis qveS regulirebis mowyobilobis gamocda aweuli ZabviT 

warmoebs transformatoris mTeli izolaciis gamocdasTan erTad. 

(ix.$.4.15). Zabvis qveS regulirebis mowyobilobis Secvlis an 

kapitaluri remontis dros SeiZleba misi calkeuli nawilebis 

gamocda aweuli ZabviT transformatorze dayenebamde. 
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gragnilebis winaRobis mudmivi deniT gazomvis dros ($4.16) 

erTdroulad mowmdeba ganStoebebis mirCilva da gadamrTvelis 

kontaqtebis mdgomareoba. amisaTvis saWiroa vawarmooT gazomva 

saregulirebeli gragnilis TiToeul ganStoebaze, anu gadamrTvelis 

TiToeul mdgomareobaSi. 

satransformatoro zeTis gamocda, winaRobis gazomva mudmivi 

deniT, kontaqtoris muSaobis oscilografireba da sxva gazomvebi 

iZlevian Zabvis qveS regulirebis mowyobilobis kompleqsuri Sefasebis 

saSualebas. 

transformaciis koeficientis gazomva saSualebas iZleva 

SevamowmoT gragnilis maregulirebeli gantotebebis gadamrTvelTan 

mierTebis siswore. Zabvis qveS regulirebis mowyobilobis TiToeul 

safexurze transformaciis koeficientisa da mudmivi deniT winaRobis  

gazomva gvaZlevs saSualebas gamovavlinoT gadamrTveli 

mowyobilobis remontis dros sqemaSi daSvebuli Secdomebi. gazomvis 

Sedegebi Sedardeba saqarxno monacemebTan. 

Zabvis qveS regulirebis mowyobilobis perioduli datrialeba 

warmoadgens misi mdgomareobis kontrolisa da profilaqtikis 

efeqtur saSualebas. datrialebisas mowmdeba mowyobilobis amZravisa 

da misi marTvis sqemis muSaoba, gadamrTvelisa da kontaqtoris 

kinematikuri sqema. magram misi mTavari daniSnulebaa kontaqtebis 

mdgomareobis profilaqtika. eqspluataciis procesSi amomrCevlis 

kontaqtze warmoiqmneba Jangis Txeli fena, romelic zrdis 

gardamaval winaRobas. misi warmoqmna SeiZleba gansazRvruli iqnes 

mudmivi deniT gragnilebis winaRobis gazomvis dros. Tu Jangis fena 

ar Sordeba, maSin iwyeba kontaqtebis gaxureba, uaresdeba sat-

ransformatoro zeTis Tvisebebi. saboloo angariSiT kontaqtebma 

SeiZleba miaRwion iseT mdgomareobas, rom ver uzrunvelyon 

gadamrTveli mowyobilobis normaluri muSaoba. 

Jangis afski iwmindeba Zabvis qveS regulirebis mowyobilobis 

gadarTvis dros. amitom instruqciebiT eqspluataciis dros 

gaTvaliswinebulia perioduli datrialeba periodulobiT aranakleb 

erTxel 3–12 TveSi gadamrTvelis tipisa da muSaobis reJimidan 

gamomdinare.    
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yvela mdgomareobaSi mowyobilobis datrialeba dakavSirebulia 

gansazRvrul siZneleebTn, radgan moiTxovs transformatoris 

qselidan gamorTvas. amitom yvela mdgomareobaSi datrialeba 

sakmarisia vawarmooT weliwadSi erTxel. datrialebis ciklTa 

raodenoba unda iyos aranakleb 20. ufro naklebi raodenobis dros 

kontaqtebi srulad ar gaiwmindeba. sxva SemTxvevebSi datrialeba 

swarmoebs muSa diapazonSi, anu im diapazonSi, romelSic faqtiurad 

awarmoeben gadarTvas muSa procesSi plus erTi ori gadarTva orive 

mxares. Tu gadarTvis mowyobiloba saerTod ar gadarTula, maSin 

datrialeba muSa diapazonSi niSnavs or gadarTvas orive mxares. aseTi 

gadarTvebi SeiZleba vawarmooT momxmarebelTa gaTiSvis gareSe. 

ciklTa raodenoba unda iyos aranakleb 10-sa.  

cdebi gviCveneben, rom aseTi sakontrolo datrialebebi 

sakmarisia, raTa gadamrTvelis kontaqtebi gvqondes damakmayofilebel 

mdgomareobaSi. datrialebis Semdeg wesivrul mdgomareobaSi myofi 

gragnilis winaRoba mudmivi denis mimarT uaxlovdeba pasportSi 

naCvenebs. 

kontaqtebis dawola izomeba maTi regulirebisas. Tu 

gadamrTvelis an kontaqtoris kontaqtebis dawneva arasakmarisia, 

maSin maTi gardamavali winaRoba izrdeba da iwvevs adgilobriv 

gadaxurebebs, xolo mokled SerTvis denebis gavlis dros – 

SeduRebas. Zalian did dawnevas mivyavarT gadarTvebisas Zalvis 

gazrdamde, momatebul meqanikur cveTamde, amomrCevlis gaWedvamde, 

kontaqtoris aramkafio amuSavebamde. 

kontaqtoris dawola izomeba CarTul mdgomareobaSi, di-

namometris daxmarebiT moZravi kontaqtis gamoweviT wredis 

gawyvetamde, romelic fiqsirdeba kontaqtebs Soris moTavsebuli 

qaRaldis zolis ganTavisuflebiT an ommmetriT. 

amZravi meqanizmis gamocda iwyeba gamorTul Zravze misi marTvis 

sqemis muSaobis SemowmebiT. gamSv Rilakze TiTis daWeriT unda moxdes 

Sesabamis gamSvi kontaqtoris an saSualedo reles amuSaveba. Semdeg 

ise, rom ar CavrToT Zravis kveba warmoebs saboloo amomrTvelebis 

muSaobis Semowmeba. saxeluris daxmarebiT meqanizms ayeneben ukidures 

mdgomareobaSi. am dros gaiTiSeba saboloo amomrTveli. Tu axla 

TiTs davaWerT meqanizmis brunvis Sesabamis Rilaks, maSin kontaqtori 
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ar unda amuSavdes. saWiroebis SemTxvevaSi saboloo amomrTveli 

regulirdeba. davayenebT ra meqanizms Sua mdgomareobasTan axlos, 

vamowmebT mis muSaobas CarTuli Zravis dros. Semowmeba warmoebs 

TiToeuli kontaqtoris CarTvis dros. brunvis mimarTuleba unda 

Seesabamebodes meqanizmze naCvenebs. 

transformatorze dayenebis Semdeg meqanizmis saxeluriT 

dabrunebiT mowmdeba amZravi meqanizmis gadamrTvelTan SeuRleba. 

Semdeg warmoebs saboloo Semowmeba. erTi safexuridan meoreze 

gadarTva unda moxdes gaCerebisa da Senelebuli brunvis gareSe, 

romlebic SeiZleba aRiZras Zravis gadatvirTvis dros araswori 

akrefis Sedegad. amZravi meqanizmis damuxruWebis siswores mowmobs 

maCveneblis sarkmelis SuaSi ganlagebuli cifrebi, romlebic 

aRniSnaven gadamrTvelis mdgomareobas. meqanizmis zusti gaCereba 

uzrunvelyofilia kontroleris sakontaqto TiTebis mdgomareobis 

regulirebiT. 

Zabvis qveS regulirebis mowyobilobis remontis dros mbrunavi 

momentis gazomva. wamyvan lilvze magrdeba saxeluri, romlis 

boloebi mimagrebulia dinamometrTan. dinamometrze modebulia 

saxeluri – lilvis perpendikularuli Zalva. mbrunavi momenti 

ganisazRvreba im Zalvisa da saxeluris sigrZis namravli, romlis 

drosac moZraoba daiwyeba. 

kontaqtebis Tanmimdevruli moqmedebis Semowmeba xorcieldeba 

e.w. wriuli diagramebis gadaRebis gziT. wriul diagramas iReben 

wamyvani lilvis pirdapiri da uku mimarTulebiT mobrunebis dros 

zedized or mdgomareobaSi. Tu gaaCnia reversori an winaswar amrCevi, 

maSin diagrama gadaiReba im or mdgomareobas Soris, romlebSic isini 

monawileoben gadarTvebSi. 

yvelaze martivad wriuli diagramis gadaReba warmoebs 

sasignalo naTurebis meTodiT. amisaTvis saWiroa movxsnaT kontaqtoris 

saxuravi da lilvze davamagroT 380 gradusiani skala TiTo gradusi 

danayofiT (nax.4.37.a), xolo mowyobilobis uZrav nawilze – isari. 

CavrToT gare sqema denSemzRudav rezistorebTan nax.45.37.b-s 

Sesabamisad. vmarToT amZravi meqanizmi xeliT da sasignalo naTurebiT 

davafiqsiroT gamosasvleli lilvis mobrunebis kuTxeebi (brunvaTa 

raodenoba) amomrCevlis kontaqtebis CarTvisa da gamorTvis momentSi. 
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kontaqtebis amuSavebis momentebi SeiZleba davafiqsiroT wkapunze 

smenadobis mixedviT. 

 
                                   

               a)                             b) 

nax.4.37. wriuli diagramis gadasaRebi samarjvi (limbi) (a) da gadamrTveli 

mowyobilobis wriuli diagramis gadasaRebi sqema: K1 -K6 –mTavari kontaqtebi; 

K2 –K5 –damxmare  kontaqtebi; K3 –K4 –rkalmqrobi kontaqtebi; R1 –R2  – 

denSemzRudavi rezistorebi; HL – sasignalo naTura; QS – denmkveTi GB- 

akumulatoris batarea 

 

wriuli diagrama unda Seesabamebodes qarxana-damamzadeblis 

normebs, winaaRmdeg SemTxvevaSi unda moxdes misi regulireba. 

Tanamedrove swrafmoqmedi, aqtiuri denSemzRudavi winaRobebis 

mqone Zabvis qveS regulirebis mowyobilobisaTvis sasignalo 

naTurebiT SeiZleba mxolod gadamrTvelisa da kontaqtoris 

erToblivi muSaobis wriuli diagramis gadaReba, magram SeuZlebelia 

miviRoT kontaqtoris eqvsi kontaqtis muSaobis suraTi. amitom ufro 

sworia gamoyenebuli iqnes oscilografis meTodi. 

oscilografis vibrators rTaven uSualod Sesabamisi kontaqtis 

wredSi. Tu es SeuZlebelia, maSin sargebloben ufro rTuli sqemebiT. 

Zabvis qveS regulirebis mowyobilobis kontaqtoris kontaqtebis 

muSaobis Caweris sqema mocemulia nax.4.38.a-ze. 
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        a)                              b) 

nax.4.38. wriuli diagramis gadasaRebi Zabvis qveS regulirebis mowyobilobis 

kontaqtorTan oscilografis vibratorebis CarTvis sqema: a- vibratorebis 

CarTvis sqema; b - saizolacio safenisa da zesadebis kontaqtze dayeneba: KP - 

muSa kontaqtebi; KB - damxmare kontaqtebi; KД - rkalmqrobi kontaqtebi; R - 

denSemzRudavi rezistori; r - damatebiTi sazomi rezistori; indeqsi 1- 

kontaqtoris kenti mxare; indeqsi 2 – kontaqtoris luwi mxare; msxvili xazi 

_ kontaqtoris Zaluri wredi; wvrili xazi – kontaqtoris sazomi wredi 

 

moZrav an uZrav muSa kontaqtze an damxmare kontatze `a” 

daafenen saizolacio safens `b”-s da mis zemoT sazom kontaqts `c”-s, 

romelTanac mierTebulia oscilografis vibratori, romelic 

CairTveba meore `d” kontaqtTan Sexebis dros. yvelaze kargia erT 

oscilogramaze gamovitanoT kontaqtoris yvela kontaqtis, 

amomrCevlisa da reversoris muSaoba. oscilogramaze mkafiod Cans  

mowyobilobis yvela kontaqtoris muSaobis Tanmimdevroba.  
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nax.4.39. SAV tipis gadamrTveli mowyobilobis kontaqtorebis muSaobis 

tipiuri oscilograma 

 

miRebuli wriuli diagrama unda Semowmdes saqarxno instruqciis 

Tanaxmad. nax.4.39-ze naCvenebia SAV tipis gadamrTveli mowyobilobis 

kontaqtorebis muSaobis tipiuri oscilograma. romlisTvisac: t1= 10-

30 mwm; t2= 20-42 mwm; t3= 10-20 mwm; t saerTo= 45-85 mwm; tb1 + tb2 =12 

mwm; tb3 + tvibr < 12 mwm. 

 

4.23. damxmare mowyobilobis mdgomareobis kontroli 

 

damxmare mowyobilobis qveS igulisxmeba transformatoris is 

elementebi, romlebic, romlebic ganTavsebulia avzze an mis gareT da 

uSualod ar monawileoben  eleqtroenergiis gardaqmnaSi an 

dengamtari nawilebis izolaciaSi da emsaxurebian dengamtari da 

maizolirebeli nawilebisa da magnituri sistemis normaluri muSaobis 

uzrunvelyofas. pirvel rigSi esenia: gaciebis sistema, dacvis yvela 

saxe, safarToebeli da sxva. ZiriTadi momentebi, romelzec unda 

gavamaxviloT yuradReba gare daTvalirebis dros aRwerili iyo $4.7-

Si. dawvrilebiT ganvixiloT zogierTi damxmare mowyobilobis 

muSaobis Semowmebis sakiTxebi. 

gaciebis mowyobilobis Semowmeba da daTvaliereba ga-

Tvaliswinebulia normebiT (cxrili 4.8) da warmoebs tipiuri da 

saqarxno instruqciebiT. teqnikuri eqspluataciis wesebis moTxovnebis 

SesrulebisaTvis zeTis iZulebiTi cirkulaciis mqone 

transformatorebSi unda davrwmundeT, rom zeTis cirkulacia ar 

Sewyvetila. weliwadSi aranakleb erTisa 6 TveSi saWiroa 

SevamowmoT zeTisa da gamaciebeli wylis Sewyvetis, ventilatorebis 

gaCerebis, manometrebis Cvenebis, sarezervo gacivebisa da kvebis wyaros 
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CarTvis signalizaciis wesivruloba. gamaciebelSi zeTis wnevam unda 

gadaaWarbos masSi cirkulirebadi wylis wnevas 0,2 kgZ/sm2-iT, zeTis 

tumbos avariuli gaCerebis drosac ki, xolo muSa tumbos dros – 1-2 

kgZ/sm2-iT. zeTis gaciebis xarisxi kontroldeba gamacieblis 

gamosasvlelze temperaturaTa sxvaobiT. nominaluri datvirTvis dros 

is unda iyos aranakleb 100C. SeberviTi gaciebis transformatorebSi 

dasaSvebia muSaoba gaCerebuli ventilatorebiT, Tu zeTis zeda 

fenebis temperatura ar aRemateba 550C nominalurze naklebi 

datvirTvis SemTxvevSi, xolo garSemo haeris nuls qvemoT 

temperaturis dros araumetes 450C – s datvirTvis miuxedavad. 

zeTis iZulebiTi cirkulaciis gaciebis sistemebSi gansa-

kuTrebuli yuradReba unda mieqces zeTis eleqtrotumboebs. 

aranormaluri muSaobis niSnebis (vibracia, gareSe xmauri, wnevis 

normaluri mniSvnelobidan gadaxra) SemCnevisas tumbo gadayvanili 

unda eqnes remontze. unda vawarmooT tumboebis muSaobis aRricxva, 

radganac saqarxno instruqciebiT isini gadayvanili unda iqnen 

remontze reglamentirebuli samuSaoebis Sesasruleblad. saWiroa 

aseve periodulad Semowmdes eleqtrotumbos mier moxmarebuli denis 

sidide. tumbos dawneviT milgamtarze  sakvalTi (`zadviJka’) unda 

iyos Ria (dasaSvebia misi daketva 1–2 wT ganmavlobaSi). 

tumboze reglamentirebuli samuSaoebis dros pirvel rigSi 

mowmdeba sakisrebis mdgomareoba, gansakuTrebiT maTi RerZebis cveTa. 

sakisris erTi an orive rgolis momatebuli cveTis dros tumbos 

rotori gadaadgildeba RerZis mimarTulebiT da SeiZleba frTovanaTi 

daiwyos korpusze gamodeba, rac warmoqmnis liTonis naqlibs. es 

naqlibi, aseve sakisris elementebi an araekranirebuli tumbos 

statoris gragnilis natexebi misi gadawvis SemTxvevaSi moxvdebian 

transformatoris avzSi. zeTis mimarTuli cirkulaciis dros isini 

SeaRweven uSualod transformatoris gragnilis  izolaciaSi da 

Zlier gaauareseben mis Tvisebebs. tumboebis drouli revizia Tavidan 

agvacilebs transformatoris avarias. sworad akrefil da 

dabalansebul tumbos ar gaaCnia nafxekebi da vibracia, advilad 

brunavs xeliT. transformatoris avzSi satransformatoro zeTis 

Tvisebebis gauaresebis dros unda Semowmdes tumboebis wesivruloba, 

saxeldobr, zedmeti gadaxurebis ar arseboba. sasunTqi sistemis 
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darRvevam SeiZleba migviyvanos gazuri dacviT transformatoris 

gamorTvamde. haergamSrobis mqone transformatorebSi safarToebelSi 

zeTis donis awevas sasunTqs zemoT movyavarT sasunTqidan da 

harsaSrobidan zeTis gadmoRvrasTan, rac SeiZleba dadgenili iqnes 

transformatoris daTvalierebisas. 

sasunTqi milidan zeTis gadmoRvris SemCnevis SemTxvevaSi muSa 

transformatorze, is SeiZleba daxSuli iqnes Semdgom mimdinare 

remontamde, magram zeTis done safarToebelSi unda SevamciroT 

imdenad, rom transformatoris nebismier reJimSi muSaobisas is ar 

aRematebodes +400C niSnuls. 

zeTis azotiT dacvis mqone transformatorebSi safarToeblidan 

da azotis WurWlidan movxsnaT gazgamtari da davuberoT, SevcvaloT 

silikageli azotis saSrobSi, CamovasxaT zeTi azotis WurWlidan da 

gavaSroT. 

Termosifonuri da adsorbciuli filtrebi emsaxurebian 

satransformatoro zeTis uwyvet avtomatur regeneracias. rogorc 

wesi, isini ivsebian 3–7 mm diametris marcvlovani silikageliT. 

dasaSveba sxva sorbentebis gamoyeneba, romelTac gaaCniaT amorCevis 

unari zeTidan STanTqon daZvelebis produqtebi da teni. 

mizanSewonili ar aris ceolitebis gamoyeneba. 

Termosifonur filtrSi zeTi cirkulirebs bunebrivi gziT: 

transformatoris avzSi cxeldeba iwevs maRla, filtrSi civdeba da 

qvemoT eSveba. adsorbciuli filtrebi yendeba zeTis iZulebiTi 

cirkulaciis mqone transformatorebze, sadac zeTis moZraoba 

ganpirobebulia tumboebiT. 

Tu transformatoris avzidan aRebul zeTis nimuSSi mJavuri 

ricxvi gaizarda 0,15 mg KOH, maSin sorbenti unda Seicvalos. garda 

amisa sorbenti, zeTis analizis miuxedavad, icvleba esqspluataciis 

dawyebidan erTi wlis Semdeg. sorbentis mdgomareobis kontroli 

xorcieldeba aseve zeTisa da izolaciis maxasiaTeblebis mixedviT. 

zeTis gamrRvevi Zabvis, gragnilebisa da zeTis tgδ-sa da zeTis 

tenSemcvelobis gauareseba gviCvenebs sorbentis mier adsorbciuli 

Tvisebebis dakargvas da igi unda Seicvalos. 

Termosifonur an adsorbciul filtrSi unda CavyaroT kargad 

gamomSrali da mtvrisagan gawmendili silikageli. 
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haersaSrobebi gamoiyeneba transformatorSi an arahermertul 

SemyvanSi Semavali haeris gasaSrobad. sorbentisadmi moTxovnebi aq 

ramdenadme gansxvavebulia Termosifonuri da adsorbciuli filtris 

moTxovnebTan SedarebiT. aq SeiZleba ceolitis gamoyenebac. 

sorbentis xarisxi haersaSrobSi mowmdeba indikatoruli 

silikagelis feris mixedviT, romelic warmoadgens qlorovani 

kobaltiT gaJRenTil Cveulebriv silikagels. mas moaTavseben mcire 

raodenobiT mxolod filtris saWvreti sarkmlis mopirdapired. 

mTeli filtri ki ivseba gamaSrobeliT qlorovani kobaltiT 

gaJRenTvis gareSe, e.w. muSa silikageliT. 

eqspluataciaSi haersaSrobiT kontroli mdgomareobs in-

dikatoruli silikagelis Seferilobisa da zeTian saketSi zeTis 

doneze dakvirvebaSi. mSral indikatorul silikagels aqvs lurji 

feri. calkeuli marcvlis Ria Seferilobis miRebisas unda 

gavaZlieroT filtrze meTvalyureoba. 

sorbentis datenianebis zrdasTan erTad indikatoruli 

silikageli iRebs vardisfer Seferilobas. am dros unda Seicvalos 

filtris mTeli sorbenti, rogorc muSa aseve indikatoruli. 

datenianebuli silikageli ara marto ver uzrunvelyofs haeris 

gaSrobas filtrSi, aramed iwvevs mavne zemoqmedebas, kerZod, 

atenianebs haers da misi gavliT – zeTs. yvela SemTxvevaSi 

haersaSrobSi sorbentis Secvla unda moxdes yovel 6 TveSi erTxel. 

sorbentis Secvla unda moxdes mSral amindSi, risTvisac saSrobi 

unda gamoviyvanoT muSaobidan araumetes sami saaTisa. erTdroulad 

warmoebs zeTis Secvla zeTian saketSi.  

datenianebul silikagels aRadgenen Srobis gziT. haersaSrobebis, 

adsorbciuli da Termosifonuri filtrebis muSa silikagels aSroben 

400–5000C temperaturaze. Srobis kargi xarisxi miiReba tafaze 

gamowrTobisas. amasTanave qlorovani kobalti aseTi gaxurebis dros 

iSleba da amitom indikatoruli silikagelis Sroba swarmoebs 115–

1200C temperaturaze 15–20 saaTis ganmavlobaSi lurji Seferilobis 

miRebamde. dateniasnebis Tavidan acilebis mizniT mSral sorbents 

inaxaven hermetizirebul taraSi. 

damcavi sarqvelebi da isriani zeTis maCveneblebi gamoiyeneba 

didi simZlavris transformatorebSi gamosabolqvi da 
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zeTismaCvenebeli milebis magier. isriani maCveneblis araswori 

dayenebis dros  SeiZleba davuSvaT zeTis donis zedmeti aweva misi 

temperaturis awevisas da dauSvebeli daweva temperaturis 

Semcirebisas. 

1984 wlis 26 ivnisis saeqspluatacio cirkuliari # Ц-06-84 (Э) 

moiTxovs afskuri dacvis mqone yvela transformatorze isriani zeTis 

maCveneblis dayenebas zeTis maqsimaluri da minimaluri donis 

signalizaciiT. zeTis done safarToebelSi  unda davadginoT 

transformatorSi zeTis zeda fenebis temperaturis Sesabamisad. 

winaswar zeTis temperaturis gaTanabrebis mizniT tumboebiT erTi 

saaTis ganmavlobaSi unda moxdes zeTis winaswari gadareva. zeTis 

naCveneblis isris Cveneba unda Seesabamebodes zeTis dones. 

zeTis maCveneblis saxelurs 1570 mm diametris safarToeblis 

dros unda hqondes 2090 mm sigrZe, xolo 1260 mm diametris dros – 

1610 mm. nax.4.40-ze naCvenebia rogor SeiZleba damaxinjdes isris 

Cveneba, Tu dayenebuli iqneba didi sigrZis saxeluri, Tu igi iqneba 

ufro grZeli vidre es moiTxoveba. 

                       

 
            a)                                b) 

nax.4.40. saxeluris sigrZis gavlena zeTis maCveneblis muSaobaze:  

a- zeTis maCveneblis skala; b- saxeluris ganlageba safarToebelSi 

 

Tu pirvelad maCveneblis isars davayenebT zeTis maqsimalur 

doneze (e.i. tivtivas zeda `B” mdgomareobis dros nax.4.40.b-ze  isari 
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davayenoT mdgomareobaSi max (nax.4.40.a-ze), maSin qveda mdgomareobaSi 

tivtiva daikavebs mdgomareobas H’ moTxovnili H mdgomareobis magier. 

saxeluri mobrundeba naklebi kuTxiT vidre es moiTxoveba. maCveneblis 

isari daikavebs Sesabamisad H’ mdgomareobas nacvlad min 

mdgomareobisa. maSasadame maCvenebeli  ver uzrunvelyofs zeTis donis 

swor Cvenebas da cdomileba miT metia, rac zeTis done ufro 

dabalia. Tu isars davayenebT minimalur doneze (tivtivas H’ 

mdgomareobisas isari davayenoT min mdgomareobaSi), maSin zeTis 

maqsimaluri donis SemTxvevaSi isari aRmoCndeba B’ mdgomareobaSi  da 

MmaCvenebeli mogvcems ufro met Secdomas, rac ufro maRalia zeTis 

done. 

safarToebelSi zeTis zedmeti done iwvevs damcavi sarqvelis 

amuSavebas. ukan dabrunebisas sarqveli SeiZleba mTlianad ar 

daixuros, rac gamoiwvevs zeTis daRvrasa da mtyunebas. damcavi 

sarqvelis SemWidroebebi aucileblad unda Semowmdes. 

xanZris qrobis avtomaturi saSualebebi rekomendirebulia 

Semowmdes weliwarSi orjer Semodgoma zamTrisa da zafxulis 

periodSi – wylis an qafis gamoSvebiT. 

transformatorebis uavario muSaobaze did gavlenas axdens 

aseve releuri dacvisa da sakomutacio aparaturis drouli Semowmeba 

da maTi muSa mdgomareobaSi SenarCuneba. 

 

4.24. transformatorebis diagnostika Tbovizorebis daxmarebiT 

 

Tbovizori aris specialuri sazomi mowyobiloba gamosakvlevi 

obieqtis zedapirze temperaturis ganawilebis diagnostikisaTvis. igi 

sakmaod ZviradRirebuli mowyobilobaa. mis ZiriTad elementebs 

warmoadgens matrica da obieqtivi. obieqtivis dasamzadeblad 

gamoiyeneben germaniums, radgan mina ar atarebs infrawiTel 

gamosxivebas.  

sxvanairad rom vTqvaT, Tbovizors gaaCnia unari erTmaneTisagan 

ganasxvaos sxvadasxva gamosxivebis mqone nebismieri obieqti. garegnulad 

igi warmoadgens kameras Txevad kristaluri displeiT, romelic unda 

mivmarToT sakvlev obieqtze. ukanasknel xanebSi gamoCnda Tbovizorebi 
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sensoruli displeiT, romelzedac gamoitaneba miRebuli feradi veli, 

sadac TiToeul temperaturas Seesabameba Tavisi gansazRvruli feri. 

Tbovizoris muSaobis principi igivea, rac Tanamedrove cifruli 

fotoaparatisa: naxevargamtarul elementebs SeuZliaT daiWiron 

fotonebi, am dros Tbovizoris ekranze fiqsirdeba ara xiluli, 

aramed infrawiTeli gamosxiveba. 

Tbovizoruli diagnostikis principi mdgomareobs temperaturis 

etalonuri da gasaanalizebeli velebis SedarebaSi. temperaturis 

anomaliebi gamoiyenebian defeqtebis indikatorebad, xolo 

temperaturuli signalebis sidide da maT droSi qceva Zevs 

obieqtebis parametrebis Sefasebis safuZvlad. 

Tbovizoris gamoyeneba moicavs adamianis moqmedebis sxvadasxva 

sferos, sadac aris Termografiuli gamokvlevebis saWiroeba. erTerTi 

yvelaze farTo gamoyeneba hpova eleqtromowyobilobebis gamokvlevis 

dros. sadac farTod gamoiyeneba kompania testo-s Tbovizorebi 

(nax.4.41). udavoa is faqti, rom funqcionirebis procesSi 

eleqtromowyobilobis xarisxiani da detaluri gamokvlevebisaTvis 

saWiroa muSa mowyobilobis gaCereba. Tbovizori ki gvaZlevs 

saSualebas vawarmooT mowyobilobis diagnostika warmoebis 

gauCereblad. magaliTad, transformatoris diagnostika saSualebas 

iZleva miviRoT monacemebi gagrilebis sistemis muSaobisa da 

transformatoris avzSi zeTis Sinagani cirkulaciis darRvevebze; 

maRalvoltiani Semyvanebis izolaciis defeqtebze; dengamtari nawi-

lebis moSvebul sakontaqto SeerTebebze; izolaciis garRvevaze; 

mokled SerTvebze; gacveTil dengamtar nawilebze. 

 

 
nax.4.41. Tbovizori testo 881 
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Tbovizorebis saSualebiT zeTiani da sahaero amomrTvelebis 

gamokvleva saSualebas iZleva SevniSnoT ZiriTadi da Semyvanebis 

izolaciisa da maSuntirebeli kondensatorebis mdgomareobis 

gauareseba; droulad SevamCnioT gansarTi sakontaqto SeerTebisa 

aparatebis momWerebis darRvevebi; sayrden-Rerovani izolatorebis 

bzarebi; sakidi izolatorebis defeqtebi, xolo eleqtroadacemis 

sahaero xazebis diagnostikisaTvis gamoyenebis dros droulad 

aRmovaCenT da gamovasworebT iseT problemebs, rogoricaa 

gadaxurebebi gamtarebis sakontaqto SeerTebebSi; defeqtebi damWer 

armaturaSi.  

Tbovizoris daxmarebiT SeiZleba aseve generatoris statoris 

furclebSorisi izolaciis mdgomareobisa da gragnilebis  Subluri 

nawilebis mirCilvis diagnostika. 

mniSvnelovania, rom Tbovizoruli diagnostika warmoadgens 

erTaderT meTods, romlis saSualebiTac SeiZleba mniSvnelovnad 

SevamciroT danaxarjebi gamokvlevebze, radganac am dros ar 

moiTxoveba warmoebis gaCereba da energetikuli mowyobilobis 

gamorTva. 

QqvemoT warmodgenil naxazebze warmodgenilia Tbovizoris 

gamoyenebis magaliTebi eleqtroenergetikaSi. marcxniv warmodgenilia 

sakvlevi obieqti, xolo marjvniv naCvenebia defeqtebi Sesabamis 

sakvlev  obieqtze. 

   
nax.4.42. defeqti SeerTebaze qvesadgurSi 

 

am infrawiTel gamosxivebaze naCvenebia `cxeli” SeerTeba 

qvesadgurSi.  Tbovizoris daxmarebiT SemCneuli iqna defeqti. 

eleqtruli SeerTeba dazianebuli iqna Weqa-quxilis dros. 
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nax.4.43. defeqti avtomatur amomrTvelSi 

 

am SemTxvevaSi Tbovizoris mier SemCneuli iqna kabelis 

daboloebis gadaxureba. 

   
nax.4.44. gadaxureba dnobadi mcvelis sakontaqto SeerTebaSi 

 

   
nax.4.45. 110 a amomrTvelis erTi fazis gadaxureba 

 

datvirTvebis ganawilebas faebSi aseTia: A-65 a; B- 95 a; C - 84 a. 

B fazis denuri datvirTva aRemateba 80%-s, xolo temperatura 

amomrTvelis temperaturis nominalur sidideze metia.  
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nax.4.46. transformatoris gadaxureba 

transformatorSi Warbi siTbos gamoyofa moxda Sinagani 

defeqtis gamovlenisa da zeTis dabali donis Sedegad. 

 

    
nax.4.47. civi gamagrilebeli wiboebi, rac gamoiwvia  

zeTis dabalma donem 

 

am Tbur gamosaxulebaze naCvenebia civi radiatori (qveviT 

marcxniv). SesaZlebelia es dakavSirebuli iyos  tumbos 

gaumarTaobasTan. aseTma situaciam SeiZleba gamoiwvios seriozuli 

problema, radganac am dros mcirdeba transformatoris muSaobis 

aqtivoba. 

 

4.25. transformatorebis revizia 

 

zogierTi saxis dazianebis dawyebis gamosavlenad moiTxoveba 

transformatoris gaxsna da Sinagani daTvaliereba. saxeldobr, aseTi 

saWiroeba aRiZvreba zeTSi gaxsnili eTilenis arsebobisas, romelic 
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gamovlenilia qromatografiuli analiziT, gragnilebis aqtiuri 

winaRobis gazrdis dros, magnitogamtarebis Semowmebisas da sxva. bevr 

SemTxvevaSi gaxsnisas SesaZlebelia dazianebis aRmofxvra. 

transformatoris Sinagan daTvalierebas aqtiuri nawilis aweviT 

transformatoris revizias uwodeben. zogad SemTxvevaSi revizia 

moicavs gaxsniTi samuSaoebis erTobliobas, daTvalierebas, Semowmebas, 

SemCneuli uwesivrobebis aRmofxvras, transformatoris aqtiuri 

nawilis hermetizacias. 

transformatoris revizia warmoebs saeqspluatacio vadebSi, 

romelic gaTvaliswinebulia adgilobrivi instruqciebiT, aseve 

saWiroebis zomebiT. revizia aucilebelia 110–500 kv Zabvis yvela saxis 

transformatorebis montaJis dros im SemTxvevaSi, Tu adgili hqonda 

datvirTvis, transportirebis, gadmotvirTvisa da Senaxvis 

instruqciebis moTxovnebis darRvevas. 

Tu izolaciis mdgomareobis mixedviT transformatori moiTxovs 

Srobas, maSin revizia tardeba gaSrobisa da zeTiT gaJRenTvis Semdeg. 

reviziis dawyebad iTvleba zeTis Camosxma, xolo damTavrebad 

avzis hermetizacia zeTis Casxmis win. revizia SeiZleba Catardes 

SenobaSi an mis gareT. Tu haeris fardobiTi tenianoba Seadgens 

aranakleb 65%-s, xolo temperatura aris aranakleb +200C, maSin 

revizia SeiZleba Catardes transformatoris winaswari gaTbobis 

gareSe. danarCen SemTxvevaSi moiTxoveba transformatoris gaTboba 

ise, rom gaxsnis win misi aqtiuri nawilis temperatura 10–200C-iT 

aRematebodes garemos temperaturas. 

aqtiuri nawilis temperaturis gazomva warmoebs nebismieri 

TermometriT garda vercxliswylianisa, transformatorSi 

vercxliswylis moxvedris Tavidan acilebis mizniT. Tu gaTboba ver 

xerxdeba, maSin gaxsnis win transformatori unda idges manan, sanam 

misi aqtiuri nawilis temperatura ar gautoldeba garemos 

temperaturas. bunebrivia, Tu transformatoris temperatura meti 

iyo garemos temperaturaze, maSin aseTi dayovneba saWiro ar aris. 

Senobis gareT samuSaoebis Catarebisas unda iyos mziani amindi 

unaleqod. dauSvebelia reviziis Catareba wvimasa da Rrublian 

amindSi. 330–500 kv Zabvis klasis, aseve 200 mva da zemoT simZlavris 
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transformatorebSi – nuls qvemoT temperaturasa an 80%-ze meti 

tenianobis pirobebSi. 

reviziis dasaSvebi xangrZlivoba damokidebulia haeris 

temperaturasa da tenianobaze. plus temperaturasa da 65%-mde 

fardobiTi tenianobis dros  is Seadgens 16 saaTs, 65–80% 

tenianobisas – 12 saaTs. 80%-ze meti fardobiTi tenianobis an 

uaryofiTi temperaturisas reviziis xangrZlivoba  ar unda 

aRematebodes 8 saaTs. 

Tu reviziis an sxva samuSaoTa dasaSvebi xangrZlivoba, romelic 

dakavSirebulia transformatoris hermetizaciis darRvevasa da zeTis 

CamosxmasTan, gadaaWarbebs dasaSvebs, maSin saWiroa transformatoris 

Sroba. 

haeris fardobiTi tenianobis gazomva xdeba fsiqrometriT, 

romelic Sesdgeba ori Termometrisagan. erTi maTgani aris mSrali da 

gviCvenebs haeris temperaturas, meore aris sveli. dasveleba xdeba 

wyalSi CaSvebuli marliT. ori Termometris CvenebaTa sxvaobis 

safuZvelze specialuri fsiqtometruli cxrilis (danarTi 3) 

saSualebiT sazRvraven haeris fardobiT tenianobas. fsiqrometrebi 

aris oTaxis (nax.4.41.a)  da aspiraciuli (nax.4.41.b). Tu oTaxis 

fsiqrometri gamoiyeneba Senobis gareT, maSin is daculi unda iyos 

qarisagan. 
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      a)                                    b) 

nax.4.41. fsiqrometrebi: a _ oTaxis; b _ aspiraciuli 

  

 dawvrilebiT, kargi ganaTebiT aTvaliereben gragnilebisa da 

maTi ganStoebebis, gadamrTvelebisa da sxva elementebis misawvdomi 

nawilebis izolacias, gadamrTvelebis misawvdom kontaqtebs. aqtiur 

nawilze samuSaoebTan erTad aTvaliereben avzs da mis fskers 

asufTaveben zeTis narCenebisagan. 

reviziis dros warmoebs mis aqtiur nawilze sxvadasxva gazomvebi. 

mowmdeba Camiwebis sqema, izomeba mosaWeri sarWebis, damwnexi rgolebis 

aqtiuri nawilisa da sauRle koWebis mimarT, aseve foladsa da 

koWebs Soris izolaciis winaRoba.  

yvela gazomvisa da Semowmebis Catarebis Semdeg aqtiuri 

nawilis avzSi CaSvebis win aqtiuri nawili irecxeba cxeli 

satransformatoro zeTis WavliT, romlis raodenoba unda 

Seesabamebodes danarTi 1-is moTxovnebs. 
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CamoTvlili samuSaoebis damTavrebis Semdeg aqtiur nawils 

dgamen adgilze. aRadgenen aqtiuri nawilis avzze Camiwebas, 

gragnilebis ganStoebebs aerTeben SemyvanebTan.  awyobis Semdeg 

vizualurad amowmeben ganStoebebisa da Camiwebis sqemis SeerTebebs. 

adgilze ayeneben moxsnil da gadaadgilebul nawilebs, axdenen 

transformatoris hermetizacias da asxamen zeTs. amis Semdeg axdenen 

transformaciis izolaciis mdgomareobis kontrols $4.14-is Tanaxmad. 
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danarTi 1. 

normis mixedviT satransformatoro zeTis xarisxis  

maCveneblebis zRvruli mniSvnelobebi 

 

 

№ da maCveneblis 

dasaxeleba 

zeTis maCveneblis mniSvneloba 

axali Casxmis Semdeg 

ТКп 

ГОСТ 

10121-

76 

Т-750 ТКп 

ГОСТ 

10121-

76 

Т-750 
yvela markis 

saeqspluatacio 

1. gamrRvevi Zabva, 

kv 
 

Unom<15 kv 30 30 - 25 25 - 20 

Unom = 15-35 kv 35 35 - 30 30 - 25 

Unom =60-220 kv 45 45 - 40 40 - 35 

Unom= 330-500 kv 60 60 60 55 55 55 45 

Unom=750 kv - - 70 - - 65 60 

igive Zqr 

kontaqtorebisaTvis 
 

Unom=10 kv 30 30 - 25 25 - 25 

Unom=35 kv 35 35 - 30 30 - 30 

Unom=110 kv 45 45 - 40 40 - 35 

Unom=220 kv 45 45 - 40 40 - 40 

2. meqanikuri 

minarevebi 
Aar arsebobs (vizualurad) 

3. mJavuri ricxvi 

КОН/g 
0,02 0,02 0,01 0,02 0,02 0,01 0,25 

4. wyalSi xsnadi mJavebi da tuteebi,mg КОН/g 

630 mva da zeviT 

transfor. da 500 

kv-mde hermetuli 

SemyvanebisaTvis 

Aar arsebobs 0,014 

Aarahermetuli 

SemyvanebisaTvis 
Aar arsebobs 0,03 

5. afeTqebis 

temperatura, °С 
135 150 135 135 150 135 

wina analizTan 

SedarebiT 

araumetes 50 C 
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6. tgδ, %, 20°С 

dros 
 

Unom< 220 kv 0,2 0,2 - 0,3 0,3 - 0,7 

Unom= 330-500 kv 0,2 0,2 - 0,3 0,3 - 0,5 

70 °С dros  

Unom< 220 kv 1,5 2,0 0,3 2,0 2,5 0,5 7,0 

Unom= 330-500 kv 1,5 2,0 0,3 2,0 2,5 0,5 5,0 

Unom=750 kv 1;5 2,0 0,3 2,0 2,5 0,5 5,0 

90 °С dros 2,6 2,6 0,5 - - 0,7 - 

7. tenSemcveloba, %  masiT: 

Unom<220 kv 0,001 0,001 0,001 0,001 0,001 0,001 saqarxno normebiT 

Unom=330-550 kv 0,001 0,001 0,001 0,001 0,001 0,001 0,0025 

Unom=500 kv 0,001 0,001 0,001 0,001 0,001 0,001 0,002 

8. gamyarebis 

temperatura, °С 
-45 -45 -55 - - - - 

9. airSemcveloba 0,1 0,1 0,1 0,1 0,1 0,1 - 
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danarTi 2. 

transformatorebis gragnilebis winaRobis saSualo mniSvnelobebi mudmivi 

denis mimarT t=200C temperaturis dros 

 

simZlavre, 

kva 
tipi 

Zabva, kv 

0,4 3 6 10 35 110 220 

10 ТМ 0,18 15,0 60,0 100,0 - - - 

20 ТМ 0,08 6,0 25,0 67,0 - - - 

25 ТСМ - - 33,0 - - - - 

30 ТМ 0,25 - - 40,0 - - - 

50 ТМ 0,03 2,0 10,0 26,0 - - - 

50 ТМА 0,025 - 8,75 - - - - 

100 ТМ 0,45 0,9 3,6 10,0 - - - 

180 ТМ 0,008 0,54 1,5 5,1 - - - 

180 ТМА 0,01 - 1,27 3,6 - - - 

250 ТМ - - 1,54 - - - - 

250 ТМА 0,003 - 0,9 4,4 - - - 

320 ТМ 0,004 0,23 0,8 2,5 - - - 

320 ТМА 0,003 -  0,6 1,5 - - - 

400 ТМ 0,02 0,1 - - - - - 

560 ТМ 0,002 - 0,3 0,8 - - - 

560 ТМА 0,001 - - 0,8 - - - 

630 ТМ - - 0,7 - - - - 

1000 ТМ 0,0008 - 0,17 0,7 - - - 

1000 TCЗC 0,0006 - - 0,26 - - - 

1800 ТМ 0,004 - - 0,3 - - - 

3200 ТМ - - 0,25 0,16 - - - 

4000 ТМ - - 0,08 0,09 - - - 

5600 ТМ - - 0,03 0,07 - - - 

10000 ТДМ - - 0,017 0,007 - 4,15 - 

10000 ТДТ - - - 0,57 0,424 4,40 - 

15000 ТДГ - 0,005 - - - 2,9 - 

15000 ТДНГ - 0,004 - - - 3,0 - 
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16000 ТДНГ - - 0,015 - 2,1 - - 

31500 ТДНГ - - 0,012 - 1.1 - - 

40000 ТРДЦ - - - - - - - 

40500 ТДГ - - - - - - - 

60000 ТДГ - - - - - - - 

90000 ТДГН - - 0,003 - - - 0,75 

240000 АТЦТГ - - - 0,0048 - 0,145 0,299 
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