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mecnieruli siaxle. eqspluataciis ganmavlobaSi sxvadasxva

faqtorebis moqmedebiT eleqtroteqnikur mowyobilobaSi

defeqtebi warmoiqmnebian. romlebic rogorc mowyobilobis

saeqspluatacio Tvisebebze axdenen gavlenas, aseve avariis

gamomwvev mizezebad iTvlebian.

warmoqmnili defeqtebi an siTbos gamoyofen an

siTbogadacemis reJimis darRvevas iwveven. orive SemTxvevaSi

mowyobilobis zedapirze siTburi velis suraTi icvleba.

am cvlilebis da defeqtebis gamovlenis mravali meTodi

arsebobs, magram umetesi maTgani mowyobilobis eqspluataciis

Sewyvetas da mowyobilobaze eleqtruli gazomvebis Catarebas

moiTxovs.

Termografiuli gamokvleva zemoTaRniSnuli pirobis

Sesrulebas ar moiTxovs. piriqiT rac metad aris datvirTuli

mowyobiloba defeqtebi miT ufro aqtiurad gamovlindeba.

dReisaTvis eleqtroteqnikuri mowyobilobis

Termografiuli gamokvleva diagnostikis erT-erT aucilebel

mimarTulebas warmoadgens da farTod gamoiyeneba. Cvens qveyanaSi

is axal mimarTulebad iTvleba, magram wamyvani energetikuli

kompaniebi eleqtroteqnikuri mowyobilobebis Termografiul

gamokvlevas da miRebuli SedegebiT mowyobilobis diagnostikas

farTod iyeneben.

Termografiuli gamokvlevebis Sedegis sizusteze mravali

faqtori axdens gavlenas maT Soris qaris siCqare da datvirTvis

denis mniSvneloba.

naSromSi gamokvleulia qvesadgur `Caqvis~ saxazo

gamTiSvelis defeqturi kontaqtis temperaturis da aradefeqtur

kontaqtTan SedarebiT temperaturis namatis damokidebuleba

qaris siCqareze. naCvenebia, rom qaris siCqaris gazrda orive

temperaturis TiTqmis 75%-iT Semcirebas iwvevs. rac

diagnostikis Catarebisas aucileblad gasaTvaliswinebelia.

gamokvleuli iqna qvesadgur `foTi-3~-is t-1

transformatoris 35 kilovoltiani Zabvis Semyvani izolatoris
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defeqturi kontaqtis temparaturis namatis damokidebuleba

datvirTvis denis sidideze. temperatura isazRvreboda rogorc

Termografiuli gamokvleviT, aseve Sesabamisi formuliT

gamoTvliT. aRmoCnda, rom formula realurTan SedarebiT

temperaturis met mniSvnelobas iZleoda.

pirvelad Catarda Tburi defeqtebis dayofa siTbogamomyof

defeqtebad (egreTwodebuli `cxeli wertili~) da

arasiTbogamomyof defeqtebad, kerZod gacivebis sistemis

siTbogadacemis defeqtebi.

kvlevis aqtualoba gamoixateba miRebuli Sedegebis

aramarto mecnieruli aramed praqtikuli mniSvnelobiT. isini

gaTvaliswinebuli unda iyos eleqtroteqnikuri mowyobilobebis

mdgomareobis Sefasebisas.

Sedegebi. pirvelad moxda defeqturi kontaqturi SeerTebis

temperaturis da temperaturis namatis qaris siCqareze

damokidebulebis Seswavla. amasTanave gamovlinda gansxvaveba

sxvadasxva datvirTvis simZlavris SemTxvevaSi defeqturi

kontaqtis specialuri formuliT gamoTvlil temperaturis

sididesa da Termografiuli gamokvleviT gansazRvrul

temperaturis mniSvnelobas Soris.

naSromis aprobacia. naSromis Sedegebi wardgenili iyo

saqarTvelos teqnikuri universitetis energetikisa da

telekomunikaciis fakultetis #17 mimarTulebis Tematur

seminarebze, III kolokviumze da dadebiTad iqna Sefasebuli.

stu-s studentTa 82-e Ria saerTaSoriso samecniero

konferenciaze. sadac dadebiTad da doqtorantTa Soris II

xarisxis diplomiT Sefasda.

publikaciebi disertaciis Temaze gamoqveynebulia sami

statia recenzirebad da referirebad samecniero JurnalebSi.

sadisertacio naSromi moicavs 120 gverds da Sedgeba

Sesavlis, oTxi Tavis, daskvnis da gamoyenebuli literaturis

CamonaTvalisagan.
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Tavi 1. amocanis dasma

1.1 infrawiTeli sxivebi

1800 wels ingliselma mecnierma v. herSelma sinaTlis

TeTri sxivis prizmaSi daSlis Semdeg gadawyvita am speqtris

calkeuli elementebis Tburi Zala ganesazRvra. amisaTvis is

speqtris yvela ferSi vercxliswylian mgrZnobiare Termometrs

aTavsebda. aRmoCnda, rom yvelaze naklebi energiiT (siTburi

efeqti, Termometris gaTboba) wiTeli sxivebi, xolo metiT

iisferi sxivebi xasiaTdebian, magram Termometrma iisferi

sxivebis gverdiT aCvena, rom iyo adamianis TvalisTvis uxilavi

sxivebi _ ultraiisferi, romelic ufro meti energiiT

xasiaTdeboda vidre iisferi. man aseve aRmoaCina, rom wiTeli

sxivebis qvemoTac iyo gamosxivebis TvaliT uxilavi speqtri,

romelsac infrawiTeli sxivebi ewoda. (sur. 1).

sur. 1 herSelis cda sur. 2 eleqtromagnituri gamosxivebis speqtri

infrawiTeli da ultraiisferi sxivebi sxeulis

gamosxivebis nawilia da is adamianis TvaliT mgrZnobiare xilul

gamosxivebasTan erTad gamosxivdeba. gamomJRavndeba maSin Tu

gamosxivebis speqtridan optikuri saSualebis an sxva

mgrZnobiare xelsawyoTi gamovyobT.

infrawiTeli gamosxivebis talRis sigrZe zogadad wiTeli

sxivebis qveda sazRvaridan (0,74 mkm) iwyeba da radiosixSiruli



6

gamosxivebis zeda sazRvriT mTavrdeba (2000 mkm). is Tavis mxriv

pirobiTad sam nawilad iyofa. (sur. 2)

1. uaxloes infrawiTel talRebad 0.74 mkm-dan 2,5

mikrometramde. is yvelaze axlos aris wiTel gamosxivebasTan;

2. saSualo talRebi 2,5 mkm-dan 6 mikrometramde, aseTi

talRebi ufro metad gamoiyeneba praqtikaSi da fizikuri

movlenebis amsaxvels warmoadgens.

3. Soreuli infrawiTeli talRebi, maTi sigrZe 6-dan 20 mkm-

mdea da naklebad gamoyenebad speqtrs warmoadgens.

infrawiTel sxivebs asxivebs yvela sxeuli, romlis

temperatura absolitur nuls aRemateba, rac metia sxeulis

temperatura miT meti intensivobiT asxivebs is infrawiTel

sxivebs da mas zogjer Tbur gasxivebasac uwodeben.

infrawiTeli sxivebi eleqtromagnitur gamosxivebas

miekuTvneba, magram zogierTi TvisebebiT, rogoricaa

gamWvirvaloba, arekvlis da gardatexis koeficientebi

infrawiTeli sxivebi mniSvnelovnad gansxvavdeba xiluli da

ultraiisferi sxivebisgan. infrawiTeli gamosxiveba an

gamosxivebiT ganaTebuli garemo adamianis TvalisTvis uxilavia.

Tanamedrove teqnikaSi infrawiTeli gamosxivebis mimRebi

mowyobilobebi dafuZnebulia sxivebis energiis im saxis inergiad

an signalad gardaqmnaSi, romelic SesaZlebelia Cveulebrivi

saSualebiT gaizomos, aRiqvas adamianis Tvalma an aisaxos

ekranze.

yvela es xelsawyoebi infrawiTeli sxivebis moqmedebiT

nivTierebaSi warmoqmnili cvlilebis aRqmazea dafuZnebuli da

Tbur, optikur, eleqtrul da eleqtro-optikur mowyobilobebad

iyofian.

Tbovizori warmoadgens xelsawyos, romelic iRebs Tbur

gamosaxulebas infrawiTeli sxivis speqtrSi gamosakvlev

obieqtze pirdapiri kontaqtis gareSe da mas specialuri

mowyobilobis saSualebiT ekranze xilul speqtrSi aRbeWdavs.



7

Tavi 2. eleqtroteqnikuri mowyobilobebis defeqtebis

aRmoCenis eleqtruli meTodebi

eleqtroteqnikur mowyobilobebSi Tbovizoruli

kontroliT im defeqtebis aRmoCena SeiZleba, romlebic

eleqtruli maxasiaTeblebis cvlilebas da siTbos gamoyofas

iwveven. es defeqtebi rogorc wesi wertilovani an mcire zomis

arian. magram Tu defeqti mTel moculobaSia ganawilebuli, maSin

misi gamovlena mxolod eleqtruli gazomvebiT SeiZleba da

Tbovizoruli gamokvleviT is ar gamoCndeba.

eleqtruli gazomvebiT ki iseTi defeqtebis gamovlena

romelic zeTis moZraobasTan an siTbos gadacemis defeqtebTan

arian dakavSirebuli praqtikulad SeuZlebelia. amitom

eleqtruli meTodebiT da Tbovizoruli gamokvlevebiT

eleqtroteqnikur mowyobilobebSi defeqtebis gamovlena

urTierT Semavsebeli meTodebia.

eleqtruli gazomvebis Catarebisas aucilebelia

mowyobilobis eqspluataciis Sewyveta da qselidan gamorTva,

rac Tbovizoruli gamokvlevisTvis saWiro ar aris. farTod aris

gavrcelebuli Semdegi saxis eleqtruli gazomvebi:

1. saizolacio sistemis maxasiaTeblebis eleqtruli

gazomva, romelic Tavis mxriv iyofa or saxed: 1 - izolaciis

winaaRmdegobisa da 2- dieleqtrikuli danakargebis kuTxis

gazomvebad.

2. Zalovani transformatorebis uqmi svlis denisa da

danakargebis simZlavris gansazRvra.

3. transformatoris transformaciis koeficientis

gansazRvra.

4. gragnilis omiuri winaaRmdegobis gazomva mudmivi denis

mimarT.

5. kontaqtebis gardamavali winaaRmdegobis gazomva mudmivi

denis mimarT.
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Tavi 3. siTbogamomyofi defeqtebi

eleqtromowyobilobebSi

3.1 siTbos gamoyofa eleqtromowyobilobebSi

normaluri eqspluataciis pirobebSi, rodesac

eleqtromowyobilobas defeqti an dazianeba ar gaaCnia adgili

aqvs siTbos gamoyofas, romelic eleqtromowyobilobis

maxasiaTebeli movlenaa. am SemTxvevaSi siTbos gamoyofas

sxvadasxva faqtorebi ganapirobeben da gamoyofili siTbo

mravali movlenis arsebobiT aris ganpirobebuli.

eleqtromowyobilobis konstruqcia da masala isea SerCeuli,

rom gamoyofili siTbo TiTqmis mTlianad gadaecema garemos da

mowyobilobebis temperaturis mateba umniSvneloa.

eleqtromowyobilobis normaluri eqspluataciisas siTbos

Semdegi wyaros arsebobaa mosalodneli.

1. datvirTvis denis gavliT gamoyofili siTbo Tavs iCens

sxvadasxva saxis transformatoris gragnilis xviebSi, dengamtar

detalebSi, SemaerTebel salteebSi, kontaqtebSi da sxva.

gamoyofili siTbos raodenoba datvirTvis deniT aris

ganpirobebuli. Tu misi sidide da garemoze siTbos gadacemis

pirobebi ar icvleba, maSin xangrZlivi eqspluataciis Semdeg

garemosa da eleqtromowyobilobis temparaturas Soris Tburi

wonasworoba myardeba, am damyarebul temperaturas

eleqtromowyobilobis muSa temperaturas uwodeben.

ganmuxtvelebSi siTbos gamoyofa gaJonvis deniT aris

ganpirobebuli. misi sidide mcirea, magram ganmuxtvelis

zedapiris temperaturis cvlilebas iwvevs. normaluri

eqspluataciis SemTxvevaSi ganmuxtvelis zedapirs simaRlis

mixedviT TiTqmis Tanabari temparatura gaaCnia, xolo defeqtis

arsebobis SemTxvevisas Tanabari ganawileba irRveva.
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2. eleqtromowyobilobis uqmi svliT gamoyofili siTbo,

Tavs iCens magnituri gularis mqone, Zalovan

transformatorebSi, reaqtorebSi, Zabvisa da denis

transformatorebSi. misi sidide damokidebuli ar aris

datvirTvis reJimze, magram ZiriTadad magnitogamtaris masalis

TvisebebiT da raodenobiT aris ganpirobebuli.

Tu magnitogamtaris konstruqciul elementebSi denis

Sekruli konturi ar warmoiqmneba, maSin maTSi fukos damatebiTi

denebi ar aRiZvreba.

3. dieleqtrikuli danakargebi yvela saxis dieleqtrikis

maxasiaTebeli movlenaa da mraval faqtorzea damokidebuli.

dieleqtrikebze eleqtruli velis moqmedebiT eleqtruli

velis energiis siTbur energiad gardaqmnas ris Sedegadac

dieleqtriki Tbeba, dieleqtrikuli danakargebi ewodeba.

3.2. siTbos ar gamomyofi defeqtebi

eleqtromowyobilobebSi

eleqtromowyobilobebis Tbovizoruli gamokvlevis

ZiriTad mizans im defeqtebis gamovlena warmoadgens, romlebsac

garemoze meti temparatura aqvT. aseT defeqtebSi siTbo masSi

denis gavliT gamoiyofa, magram arsebobs SemTxvevebi rodesac

siTburi balansi darRveulia da mowyobilobis romelime ubans

ufro naklebi temperatura gaaCnia vidre msgavs detalebs. aseT

defeqtebs siTbos ar gamomyof defeqts an ubralod pasiur

defeqts uwodeben.

am saxis defeqtebiს arsebobა gamacivebeli agentis (zeTi,

wyali, airi) moZraobasTan aris dakavSirebuli, romlis drosac

siTbo xelovnuri an bunebrivi gacivebis saSualebiT garemos

gadaecema. rodesac gamcivebeli agentis moZraoba Seferxebulia

an saerTod ver moZraobs, an zedapiridan sxvadasxva mizeziT

siTbo garemos naklebad gadaecema, maSinac pasiuri defeqti
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warmoiqmneba. siTbos argamomyofi defeqtis maxasiaTeblis

gazomvis an sxva saSualebiT gamovlena gaZnelebulia, is

uSualod vizualurad unda dafiqsirdes, rac xSirad

SeuZlebelia an gaZnelebulia.

pasiuri defeqtebi umetesad Zalovani transformatoris

gacivebis sistemaSi gvxvdeba, romlis ZiriTad komponents

gamacivebeli radiatorebi warmoadgenen. masSi Semdegi saxis

defeqtebia mosalodneli:

radiatorSi zeTis Semavali an gamomavali farsaketi

daketilia. am SemTxvevaSi radiatorSi zeTi ar moZraobs da am

radiatoris zedapiris temperatura gansxvavebulia mezobeli

radiatoris (romelSic zeTi normalurad moZraobs) an

transformatoris avzis zedapiris temperaturisagan. aq

SesaZlebelia ori SemTxveva:

Tu zeTis da Sesabamisad avzis temperatura garemos

temperaturaze metia, maSin am radiatoris zedapirs romelSic

zeTi ar moZraobs ufro naklebi temperatura eqneba vidre im

radiators, romelSic zeTi moZraobs. amasTanave Tu radiatoris

zeda farsaketia daketili, maSin am farsaketis avzTan

SemaerTebel milsac igive temperatura eqneba, rac radiators,

xolo qveda farsaketis daketvis SemTxvevaSi, rodesac zeda

farsaketi gaxsnilia, maSin zeda farsaketis gavliT zeTis Tbili

molekulebi avzTan SemaerTebel milSi siTburi konveqciis gziT

siTbos TiTqmis milis Suamde gadascemen.

orive farsaketis daketvis SemTxvevaSi radiatoris

zedapiris temperatura TiTqmis garemos temperaturis tolia Tu

zeTis da Sesabamisad avzis temperatura garemos temperaturaze

naklebia, maSin im radiatoris zedapirs, romelSic zeTi ar

moZraobs ufro meti temperatura eqneba vidre zeTs an im

radiators, romelSic zeTi moZraobs. aqac Tu radiatoris zeda

farsaketi daketilia, maSin farsaketis avzTan SemaerTebel mils

igive temperatura eqneba rac radiators, xolo qveda farsaketis

daketvis SemTxvevaSi rodesac zeda farsaketia Riaa, maSin
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farsaketis transformatoris avzTan SemaerTebel mils Sua

nawilamde iseTive temperatura eqneba, rogoric radiators aqvs,

rac radiatoridan avzisken siTbos konveqciuri moZraobiT

aixsneba.

Zalovani transformatoris konstruqciaSi

gaTvaliswinebulia transformatoris zeTis gamfiltravi

mowyobiloba, romelic masSi moZravi zeTis uwyvet regeneracias

axdens. radgan filtrebi Termosifonuri  efeqtis principze

muSaoben, amitom maT Termosifonur filtrebs uwodeben. muSa

transformatorSi zeTis zeda da qveda fenebs sxvadasxva

temperetura gaaCnia. temperaturaTa es sxvaoba filtrSi zeTis

moZraobas ganapirobebs (Termosifonuri efeqti),  rac metia

sxvaoba miT metia zeTis moZraobis siCqare, xSirad

Termosifonur filtrebSi zeTis moZraobis Seferxebas aqvs

adgili, rac maTi konstruqciuli da muSaobis Taviseburebidan

gamomdinareobs.

rodesac Termosifonuri filtris erT-erTi farsaketi

daketilia maSin temperaturis cvlilebis suraTi analogiuria

radiatoris msgavsi SemTxvevisa. amasTanave temperaturis

simaRlis mixedviT ganawileba gamacivebel radiatorSi da

Termosifonur filtrSi gansxvavebulia, rac imiT aixsneba, rom

Termosifonuri filtris avzs radiatoris milTan SedarebiT

meti diamerti da moculoba gaaCnia. amasTanave silikagelis

siTbotevadoba ufro metia vidre transformatoris zeTis.

amdagvarad Termografiuli gamokvleva aramarto

siTbogamomyofi defeqtebis aRmoCenis saSualebas iZleva, aramed

is Seucvlelia siTbos aragamomyofi defeqtebis gamosavlenad.

3.3 siTbogamomyofi defeqtebi eleqtromowyobilobebSi

eleqtroteqnikur mowyobilobebSi siTbos gamoyofas

gamtari nawilis gadaxureba an saizolacio sistemaSi

eleqtruli izolaciis lokaluri defeqti iwvevs.
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saizolacio sistemis siTbogamomyof defeqtebs izolaciis

mcire moculobaSi warmoqmnili nawilobrivi garRveva an

sxvadasxva faqtorebiT gamowveuli dieleqtrikuli danakargebis

normaze metad gazrda miekuTvneba.

izolaciis sruli eleqtruli garRvevac siTbos famoyofs,

magram is imdenad swrafad mimdinareobs, rom misi fiqsireba

Tbovizoris saSualebiT SeuZlebelia, garRvevis Semdeg ki

avarias aqvs adgili.

radgan organuli warmoSobis saizolacio masalebi

naklebi siTbogamtarobiT xasiaTdebian vidre liTonebi, amitom

maTSi gamoyofili siTbo garemos naklebad gadaecema da siTburi

defeqtis aRmoCena SedarebiT advilia. rac Seexeba araorganuli

warmoSobis saizolacio masalebs (faifuri, mina, qarsi da sxva)

maT SedarebiT meti siTbogamtaroba gaaCniaT, vidre organuli

warmoSobis saizolacio masalebs, magram maTi siTbogamtaroba

liTonebis siTbogamtarobaze naklebia.

Txevad saizolacio masalebSi (satransformatoro,

sakabelo da sakondensatoro zeTebSi) gamoyofili siTbo

garemos konveqciis gziT gadaecema. bunebrivi konveqciis

SemTxvevaSi cxeli wertilidan siTburi nakadi zemoT aris

mimarTuli anu siTburi defeqti maRla aris wanacvlebuli.

rodesac myari izolaciis moculobis mcire nawilSi

ZiriTadad daWuWyianebis produqtebis moculobaSi SeRweviT

dieleqtrikuli danakargebi izrdeba, maSin gamoyofili siTbo

nawilobrivi ganmuxtvebisas warmoqmnili siTbos analogiuri

kanonzomierebiT vrceldeba.

kabelis izolaciis nawilobrivi dazianebisas, kerZod

kabelis calkeuli fazebis gaSlis adgilas izolaciis

Sesustebisas Tavs iCens eleqtrogamtarobis gazrdiT gamowveuli

dieleqtrikuli danakargebis zrda, rac Tavis mxriv cxel

wertils warmoadgens. siTbos gamoyofis gamo SeiZleba maRali

gamtarobis are nawilobriv garRvevaSic gadaizardos. analogiur

movlenas kabelis moculobaSi adgili ar aqvs. is kabelis
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daboloebebis maxasiaTebeli movlena da ZiriTadad gamowveulia

kabelis izolaciis SesustebiT, izolaciis zedapirze mtvris da

WuWyis nawilakebis moxvedriT. am movlenas izolaciis zedapirze

wylis an tenis moxvedra aZlierebs.

siTburi defeqtis ZiriTad wyaros dengamtari nawilebis

(detalebis) gadaxureba warmoadgens. am movlenas adgili aqvs

meqanikuri SeerTebebis gardamavali winaRobis gazrdisas. kerZod

kontaqtis gardamavali winaRobis normalur mdgomareobasTan

SedarebiT gazrda, amave sididiT gamoyofili siTbos raodenobis

gazrdas iwvevs.

rodesac ramodenime ganmuxtveli erTmaneTTan mimdevrobiT

aris SeerTebuli da maT gaJonvis denebis gansxvavebuli

mniSvnelobebi gaaCniaT maSin erT-erT maTganSi ufro meti siTbo

gamoiyofa vidre sxvaSi, rac Tavisebur siTbur defeqts

warmoadgens. aseve Tu ganmuxtvelis sanaperwklo Sualedi

dazianebulia an masSi wyalia, maSin mTlianad ganmuxtvelSi

SedarebiT meti deni gadis da misi temperatura sxva fazis

ganmuxtvelTan SedarebiT metia.

3.5 defeqtebi Zalovan transformatorSi

eleqtroteqnikur mowyobilobebSi yvelaze metad defeqtebi

Zalovan transformatorebSi gvxvdeba. romlis analizi

zaporoJies transformatorebis qarxanam 110kv 106

transformatorisTvis 20 wlis ganmavlobaSi Segrovili 643

gamovlenili defeqtis magaliTze Caatara. analizisas defeqtebi

saerTo maxasiaTeblis mixedviT daajgufa da gansazRvra am

defeqtebis procentuli raodenoba mTlian defeqtebSi. Cven

movaxdineT Sefaseba am defeqtis Tbovizoruli diagnostikis

meTodiT gamovlenis SesaZleblobis (1), ar SesaZleblobis (0) an

nawilobrivad SesaZleblobis (0,5) Sefaseba. (cxrili #1).
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Zalovani transformatoris defeqtebis analizi cxrili #1

№ defeqtis adgili da saxe raodenoba
%

weli
TbovizoriT
gamovlinda

1 gacivebis sistema 146 22.71 1 22.71
2 Zabvis Semyvanebi 92 14.31 1 14.31
3 airebis gamoyofa zeTSi 58 9.02 0.5 4.5
4 zeTis daZveleba 48 7.47 0 0
5 `РПН~ defeqtebi 46 7.15 0.5 3.55
6 zeTis gaJonva 44 6.84 0.5 3.42
7 gragnilis moSveba 42 6.53 0.5 3.26

8 myari izolaciis daWuWyianeba 34 5.29 0 0

9 myari izolaciis datenianeba 26 4.04 0 0
10 magnitogamtaris gaSla 26 4.04 1 4.04
11 zeTis gaWuWyianeba 14 2.18 0 0
12 gragnilis deformacia 10 1.56 0.5 0.78

13
iZulebiTi gacivebis sistemis
defeqti

8 1.24 1 1.24

14 vibraciis mateba 8 1.24 0 0
15 izolatorebis defeqti 7 1.09 1 1.09
16 magnituri Suntebis dazianeba 6 0.93 1 0.93
17 `ПБВ~ dazianeba 6 0.93 1 0.93
18 zeTis daJangva 4 0.62 0 0
19 hermetulobis darRveva 4 0.62 1 0.62
20 zeTis gamafarToeblis defeqti 4 0.62 1 0.62

Tu am analizis SedegebiT Sefasebas movaxdenT. aRmoCndeba, rom

Zalovan transformatorSi yvela saxis SesaZlebeli defeqtis 62

%-is Tbovizoruli diagnostikis saSualebiT gamovlena aris

SesaZlebeli, magram am analizSi iseTi defeqtic aris

ganxiluli, romelTa gamovlena Tbovizoruli diagnostikis

meTodiT, defeqtis bunebidan gamomdinare praqtikulad

SeuZlebelia: magaliTad transformatoris zeTis

maxasiaTeblebis gauareseba an myari izolaciis tenSemcvelobis

gazrda. analizSi Tu am saxis defeqti ar gaviTvaliswineT, maSin

aRmoCndeba, rom Tbovizoruli kontroli saSualebas gvaZlevs

Zalovan transformatorSi siTbogamoyofasTan dakavSirebuli

defeqtebis 80 %-ze gamovavlinoT da maTi adgilmdebareoba

ganvsazRvroT. yovelive es SesaZlebelia Zalovani

transformatoris gamorTvis gareSe, rac udavod mniSvnelovani

faqtoria.
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Tavi 4. eleqtroteqnikuri mowyobilobebis

Tbovizoruli gamokvleva

4.1 Tbovizoruli gamokvlevis normebi da kriteriumebi

mravalwlianma gamocdilebam aCvena, rom eleqtroteqnikuri

mowyobilobebis Tbovizoruli gamokvlevisas upiratesoba iseT

kamerebs eniWebaT,  romelTa muSa speqtri 8-12 mikrometris

farglebSia, xolo temperaturis aRqmis dasaSvebi zRvari 0,1 ℃
ar aRemateba. amasTanave kontrolisas gaTvaliswinebuli unda

iyos gadaRebis kuTxis swori SerCeva, atmosferoSi kvamlis an

nislis ararseboba.

Sefasebisas viyenebdiT moqmedi normebis Sesabamis

normatiuli terminebis, aseve saerTaSoriso da CvenTan

gamoyenebul normebSi miRebul ganmartebebs.

1 temperaturis namati - temperaturaTa sxvaoba garemosa da

gazomil obieqtis zedapirs Soris;

2 temperaturis siWarbe - sakontrolo detalis

temperaturis sxva fazis namati analogiur detalis

temperaturaze, rodesac isini erTnair garemo pirobebSi

imyofebian;

3 defeqturobis koeficienti - kontaqturi SeerTebis

gazomili temperaturis namatis fardoba, saltis (gamtaris)

dauzianebeli ubanis temperaturis namatTan, romelic defeqturi

adgilidan aranakleb 1 metr manZilzea daSorebuli;

4 kontaqti - aparatis dengamtari nawili, romelic wreds

kravs, TiSavs an srialis an saxsrovani SeerTebiT wredis

uwyvetobas inarCunebs.

5 kontaqturi SeerTeba - dengamtari SeerTeba (WanWikiT,

SeduRebiT, rCilviT an dawnexviT), romelic eleqtruli wredis

mTlianobas uzrunvelyofs.
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eleqtromowyobilobis an xazis dengamtari nawilebis

Tburi mdgomareobis Sefaseba maTi muSaobis an konstruqciuli

Tvisebebidan gamomdinare SeiZleba ganxorcieldes:

1. gaxurebis normirebuli temperaturis, anu temperaturis

namatis mixedviT;

2. temperaturis siWarbis mixedviT;

3. defeqturobis koeficientis mixedviT;

4. temperturis cvalebadobis (dinamikis) drois mixedviT an

datvirTvis cvlilebis mixedviT;

5. sxvadasxva fazebze temperaturis cvlilebis mixedviT;

6. winaswar cnobili dauzianebeli fazis (ubnis) temperaturasTan

Sedarebis mixedviT;

temperaturis namatis zRvruli dasaSvebi mniSvnelobebi

sxvadasxva saxis eleqtroteqnikuri mowyobilobebisTvis

mocemulia cxr. #2-Si. es monacemebi gamoiyeneba im SemTxvevaSi,

Tu romelime konkretuli mowyobilobisTvis qarxana-

damamzadebels an sxva organizacias gansxvavebuli normebi an

SezRudvebi ar dauwesebia.

temperaturis namatis an gacxelebis normebi moyvanilia im

SemTxvevisTvis, rodesac mowyobilobaSi, kontaqtSi an

transformatorSi gamavali denis sidide nominalur

mniSvnelobas utoldeba, magram Tbovizoruli gamokvlevis

Catarebisas umetes SemTxvevaSi datvirTvis denis sidide დატ.
nominaluris mniSvnelobisgan ( ნომ.) gansxvavdeba. amis gamo

sxvadasxva tipis kontaqtebi an detalebis Termografiuli

Sefasebis Casatareblad specialur formulebs iyeneben.

kontaqtze gamoyofili siTbo da, Sesabamisad, temperatura

masSi gamavali denis sididis kvadratis proporciulia. amis

gamo, temperaturis namatis datvirTvis denze damokidebulebas

rTuli saxe aqvs. gamoTvlebis gamartivebis mizniT, denis

diapazoni da, Sesabamisad, Sefasebis kriteriumi sam nawilad

gayves.
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dasaSvebi temperaturebi cxr. #2

№ dasaxeleba

zRvruli
dasaSvebi

temperatura

gaxureba namati

1
dengamtari da aradengamtari metaluri detalebi,
araizolirebuli detalebi

120 80

2
izolirebili detalebi, romlebic exebian
mxurvalmedegobis Semdegi klasis izolaciis
(ГОСТ 8865-93)

3 kontaqtebi spilenZis an misi Senadnobebis

_ daufaravi haerSi/saizolacio zeTSi 75/80 35/40

_ dafaruli vercxliT an nikeliT haerSi/zeTSi 120/90 80/50

_ dafaruli 24 mkm sisqis vercxliT 120 80

_ dafaruli kaliT haerSi/zeTSi 90/90 50/50

4
metalokeramikuli kontaqtebi volframis an
molibdenis Semcveli; zeTSi spilenZis/an
vercxlis fuZiT

85/90 45/50

5
aparatuli gamomyvanebi spilenZis, aluminis an
maTi Senadnobebis, gankuTvnili gare gamtarebTan
SesaerTeblad

_ dafarvis gareSe 90 50

_ dafaruli kaliT, vercxliT an nikeliT 105 65

6
WanWikiT kontaqturi SeerTeba aluminis, spilenZis
an maTi Senadnobebis

_ daufaravi haerSi/saizolacio zeTSi 90/100 50/60

_ dafaruli kaliT haerSi/zeTSi 105/100 65/60

_ dafaruli vercxliT, nikeliT, haerSi/zeTSi 115/100 75/60

7 cvladi denis mcvelebi 3kv da meti Zabvis

_ SeerTeba spilenZis, aluminis an maTi
Senadnobebis. haerSi. dafaruli/daufaravi

75/90 35/50

_ zambariani daSladi kontaqturi SeerTebebi

_ spilenZis detalebi gamoyenebuli rogorc
zambara

75 35

_ fosforSemcveli brinjao an analogiuri
Senadnobebi

70 40

8
saizolacio zeTi sakomutacio aparatis zeda
fenebSi

105 65

9 CaSenebuli denis transformatorebSi

_ gragnili _ 10
_ magnitogamtari _ 15

10 Zabvis Semyvanebze WanWikiT

SeerTebebi zeTSi/haerSi _ 85/65
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1. meqanikuri an WanWikiT kontaqturi SeerTebisas, rodesac

datvirTvis denis sidide 0,6 ნომ.-dan 1,0 ნომ.-mde icvleba

SesaZlebeli cxrili #2 temperaturis namatis mixedviT

kontaqtis mdgomareobis Sefaseba, risTvisac Semdeg

Tanafardobas iyeneben.

∆ მუშა∆ ნომ = მუშა

ნომ
(1)

sadac ∆ ნომ da ∆ მუშა Sesabamisad, nominalur ( ნომ) da მუშა

denebze temperaturebia.

am formulidan gamomdinare normalur mdgomareobaSi

temperatura iqneba ∆ მუშა ≤ ∆ ნორმ ∙ მუშა

ნომ
(2)

Tu kontaqtis gazomili temperatura am formuliT ∆ მუშა sidides

aRemateba, maSin rogoric ar unda iyos gazomili tempertauris

mniSvneloba, kontaqti defeqturia.

2. rodesac kontaqtis datvirTvis denis sidide 0,3 ნომ -dan 0,6 ნომ
-mde icvleba, maSin Sefasebis kriteriumad 0,5 ნომ denis

Sesabamisi temperaturis namats ∆ , iyeneben, romelic

formula #2-is saSualebiT ganisazRvreba.

∆ მუშა ≤ ∆ , ნომ, ნომ (3)

yvela SemTxvevaSi temperaturis namatis mixedviT dazianeba

Semdeg etapebad iyofa:

- temperaturis namati 5 − 10℃ ar aRemateba - dazianebis sawyisi

etapi, saWiroa iyos kontrolis qveS. gegmiuri remontisas moxdes

misi aRmofxvra.
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- temperaturis namati 10 − 30 ℃ ganviTarebuli defeqti. saWiroa

misi AaRmofxvra eleqtromowyobilobis uaxloesi

eqspluataciidan gamoyvanisTanave.

- temperaturis namati 30 ℃ aRemateba - avariuli defeqti,

saWiroa dauyovnebliv misi aRmofxvra.

miRebulia, rom nebismieri sididis datvirTvis denisas Tu

kontaqturi SeerTebis temperaturis namati 30 ℃ aRemateba maSin

adgili aqvs avariul defeqts da aucilebelia misi dauyovnebliv

aRmofxvra.

3. Tu kontaqtis datvirTvis denis sidide 0,3 ნომ. toli an

naklebia, maSin Tbovizoruli gamokvleviT aseTi kontaqtis

defeqturobis Sefaseba defeqtis ganviTarebis sawyis etapze

SeuZlebelia. am pirobebSi avariuli defeqtic ki aradefeqturi

kontaqtisgan 1℃ temperaturiT gansxvavdeba. literaturaSi

gvxvdeba SemTxveva, rom aseT defeqts avariulad Tvlian.

dengamtari detalebis Tburi mdgomareobis Sefaseba

defeqturobis koeficientis saSualebiT warmoebs. am SemTxvevaSi

gazomili an formula #2-iT gansazRvruli dengamtaris

temperaturas normirebuli temperaturis sidideze yofen, riTac

defeqturobis koeficienti isazRvreba. Tu misi sidide 1-s

aRemateba, maSin dengamtari detali defeqturia da Sefasebac

misi sididis mixedviT warmoebs, kerZod:

_ Tu defeqturobis koeficienti 1,2-s ar aRemateba (anu 1-

dan 1,2-mde icvleba) Tvlian, rom dazianebis sawyisi etapia,

saWiroa obieqti yuradRebis qveS imyofebodes da dazianeba

gegmiuri remontis dros aRmoifxvras.

_ rodesac defeqturobis koeficienti 1,2-dan _ 1,5-mde

icvleba, maSin defeqti ganviTarebulia. misi aRmofxvra uaxloes

SesaZleblobisas aris aucilebeli.

_ Tu defeqturobis koeficienti 1,5-ze metia adgili aqvs avarias.

misi aRmofxvra dauyovnebliv unda moxdes.
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4.2 eleqtromowyobilobis Tbovizoruli gamokvlevis

perioduloba

radgan Tbovizoruli gamokvlevis Catareba mowyobilobis

eqspluataciis Sewyvetas ar moiTxovs, amisgamo meti saimedoobis

an wina gamokvlevisas aRmoCenili defeqtis ganviTarebis

dinamikis Seswavlis mizniT SeiZleba rekomendirebuli

perioduloba dairRves da gamokvleva ufro xSirad Catardes,

vidre saeqspluatacio normis moTxovnaa. rac udavod saziano ar

aris, magram normaSi miTiTebuli periodulobis gazrdam

SeiZleba avaria gamoiwvios.

gamanawilebeli qvesadguris yvela saxis

eleqtromowyobilobis, romlebic nominaluri Zabvis moqmedebis

qveS da normalur saeqspluatacio pirobebSi imyofebian,

Tbovizoruli gamokvlevis periodulobas nominaluri Zabva

gansazRvravs da normis mixedviT savaldebuloa Tbovizoruli

gamokvleva Catardes, Tu:

a. nominaluri Zabvis sidide 35kv-s ar aRemateba aranakleb

sam weliwadSi erTxel;

b. nominaluri Zabvis sidide Tu 110 kv-dan 220 kv-mdea or

weliwadSi aranakleb erTxel;

g. rodesac nominaluri Zabvis sidide 300 kv-s aRemateba

maSin Tbovizoruli gamokvleva weliwadSi erTxel tardeba;

nebismieri nominaluri Zabvis gamanawilebeli mowyobilobis

aragegmiuri Tbovizoruli gamokvleva tardeba masze stiqiuri

movlenebis zemoqmedebisas, kerZod qariSxlis, miwisZvris, Zlieri

yinvebis, an gamanawilebeli mowyobilobis obieqtebze mexis

pirdapiri dacemisas. aseve savaldebuloa aragegmiuri

Tbovizoruli gamokvlevis Catareba gamanawilebeli

mowyobilobisagan gamaval sahaero an sakabelo

eleqtrogadacemis xazze mokled SerTvis Semdeg.

_ Tu gadacemis xazi eqspluataciaSi axali Seyvanilia, misi

kontaqtebis Termografiuli gamokvlevis Catareba savaldebuloa
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eqspluataciis pirvelsave wels moxdes. Semdeg ki normis

mixedviT.

_ rodesac gadacemis xazi eqspluataciaSi 25 welze meti

xnis ganmavlobaSi imyofeba da wina Tbovizoruli gamokvleviT 5

%-ze meti kontaqturi SeerTeba defeqturi aRmoCnda, maSin

Termografiuli gamokvleva weliwadSi erTxel utardeba.

_ Tu eleqtrogadacemis xazi maqsimaluri datvirTviT

muSaobs an sapasuxismgeblo obieqts awvdis el.energias an

Zlieri daWuWyianebis zonaSi aris ganlagebuli maSin misi

kontaqtebis Tbovizoruli gamokvleva yovel weliwads aris

savaldebulo.

_ danarCen SemTxvevaSi eleqtrogadacemis xazis kontaqtbis

Tbovizoruli gamokvleva savaldebuloa eqvs weliwadSi erTxel.

nebismieri Zabvis eleqtrogadacemis xazze mokled SerTvis

SemTxvevaSi kontaqtebis Tbovizoruli gamokvleva riggareSe

tardeba.

Tbovizoruli gamokvleviT gamovlenili nebismieri Zabvis

eleqtromowyobilobis nebismieri tipis defeqtis arseboba Tu is

avariuli ar aris an mowyobilobis gamorTva xangrZlivi droiT

SeiZleba, remontis Catarebamde eleqtruli gazomviT unda

dadasturdes, xolo avariuli an mcire xniT gamorTuli xazis

SemTxvevaSi remonti eleqtruli gazomvebis gareSe utardeba.

4.3 transformatoris gacivebis sistemis da

Termosifonuri filtris defeqtebi

miuxedavad imisa, rom am saxis defeqtebi siTbos gamoyofiT

ar xasiaTdebian maTi arseboba siTburi nakadis ganawilebaze

mniSvnelovan gavlenas axdens. amasTanave sxva meTodebiT maTi

aRmoCena Zalian gaZnelebulia da am saxis defeqtebis

aRmosaCenad Termografiuli gamokvleva faqtiurad erTaderTi

saimedo meTodia. amis sailustraciod suraTi 3-ze naCvenebia
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qvesadguri `lomisi~-s t-1 da qvesadgur `quTaisi-4~ t-1

transformatorebis radiatoris Termogramebi, saidanac Cans, rom

radiatoris erT nawilSi transformatoris zeTi saerTod ar

moZraobs, rac zeTsavali arxebis daxSobiT aris gamowveuli.

amis gamo nominalur datvirTvaze transformatoris zeTis zeda

fenebs normaze meti temperatura aRmoaCnda.

sur. 3 qvesadguri `lomisi~-s t-1 da `quTaisi-4~-is t-1

transformatorebis gacivebis sistemis radiatorebis araTburi

defeqtebis Termograma

qvesadgur `quTaisi-4~-Si remontis mimdinareobisas

aRmoCnda, rom radiatoris erTi seqcia zeTis daZvelebis

produqtebiT iyo gabidnuli, risi aRmofxvris Semdeg

temperaturis ganawileba simaRlis mixedviT normalur

saeqspluatacio mdgomareobas daubrunda, xolo

transformatorSi zeTis zeda fenebis temperaturis namatic

Semcirda. igive viTareba iyo q/s `lomisi~-is transformatoris

radiatorzec.

qvesadgur `krwanisi~-is 35kv transformatoris

Termosifonuri filtris zeda farsaketi saerTod daketili iyo

(sur. 4) da filtris zedapiris temperatura garemos

temperaturas utoldeboda. farsaketis gaxsnis Semdeg

mdgomareoba Seicvala.
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sur. 4 qvesadguri `krwanisi~-is t-2
transformatoris Termosifonuri
filtris Termograma

sur. 5 qvesadguri `zugdidi-2~-is t-1
transformatoris Termosifonuri
filtris Termograma

qvesadguri `zugdidi-2~-is Termosifonuri filtris zeda da

qveda farsaketi gaxsnil mdgomareobaSi iyo, magram TviT filtri

imdenad gabidnuli iyo rom masSi zeTi praqtikulad ar

moZraobda (sur. 5) Termosifonur filtrSi silikagelis

gamocvlis Semdeg defeqti aRmoifxvra.

a) Bb)

sur. 6 gacivebis sistemis defeqtebi: a) - ar muSaobs ventilatoris

Zravebi da b) - Zravis temperatura normaze maRalia.

rodesac gacivebis sistemis ventilatorebis Zravebs

defeqtebi gaaCnia is TermogramiT advilad gamovlindeba, kerZod

Tu Zravi ar muSaobs (sur. 6 a) maSin misi temperatura garemos

temperaturas utoldeba, xolo rodesac Zravis sakisari

dazianebulia, maSin Zravis temperatura normaze maRalia.
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4.4 meqanikurad (WanWikiT) SeerTebuli kontaqtebis

defeqtebi

meqanikurad anu WanWikiT SeerTebuli kontaqtebi ZiriTadad

Zabvis Semyvani izolatoris, Zabvis kondensatoruli Semyvanis

boloebze an sakabelo xazis boloebze fazebis gamtarebis

meqanikuri SeerTebisas warmoiqmneba. aseTi SeerTebisas

gardamavali winaRobis gazrdisas masze siTbo gamoiyofa,

romelic kontaqtis irgvliv myof izolacias gadaecema da misi

Tvisebebis gauaresebas iwvevs, rac sabolood izolaciis

garRveviT mTavrdeba.

defeqturi da aradefeqturi kontaqtebis temperaturaTa

maRali sxvaoba (> 100 ℃) 10 kilovoltamde Zabvis Semyvanebi

xasiaTdebian, rac imiT aixsneba, rom marTalia sakontaqto farTi

SedarebiT didia, magram aseT kontaqtSi didi sididis deni( > 1000 ა) gaedineba da gardamavali winaRobis mcired gadideba

kontaqtze gamoyofili siTbos mniSvnelovan matebas iwvevs. amis

sailustraciod sur. 7-ze moyvanilia qvesadgur `saqasria~-s

transformatoris 10 kilovoltiani Zabvis Semyvanebis

Termograma, saidanac Cans, rom defeqturi kontaqtis temperatura120 ℃-iT aRemateba aradefeqturi kontaqtis temperaturas.

remontisas gamovlinda kontaqtis arasaTanado SeerTeba, ris

aRmofxvris Semdeg temperaturis gazomvis cdomilebas ar

aRemateboda.

153 ⁰C 107 ⁰C
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sur. 9 qvesadguri `karaleTi~-is t-
2 transformatoris 10kv Zabvis
Semyvani izolatorebis samive
fazis kontaqtis defeqtebi

35kv-iani Zabvis Semyvani izolatorebi konstruqciulad imdenad

cudad aris damzadebuli, rom Zabvis Semyvanebis defeqtebis

umetesi raodenoba am saxis kontaqtebze modis, temperaturaTa

sxvaoba ki xSir SemTxvevaSi sakmaod maRalia. amis

sailustraciod sur. 8-ze moyvanilia qvesadgur `qobuleTi~-is

35kv saseqcio z.a-is Zabvis Semyvani izolatoris kontaqturi

SeerTebis defeqti, romlis temparatura aradefeqturi kontaqtis

temperaturas 82 ℃-iT aRemateboda.

remontisas arsebuli defeqti dadasturda da aRmoifxvra.

karaleTis qvesadguris t-2

transformatoris Tbovizoruli

diagnostikisas aRmoCnda, rom

10kv Zabvis Semyvani izolatoris

samive fazis kontaqtis

meqanikuri SeerTeba defeqturi

iyo (sur. 9) amasTan `b~ fazis

kontaqtis temperatura sxva

defeqturi fazebis temperaturas90 ℃-iT aRemateboda,

defeqturebis ki geremosas 35 ℃.

radgan kontaqtebis temperatura datvirTvis denis

sidideze, qaris siCqareze, garemos temperaturaze, atmosferul

naleqze da sxva mraval faqtorzea damokidebuli. amis gamo

SeviswavliT qvesadgur `foTi-3~-s 35kv t-1 transformatoris `b~

fazis Zabvis Semyvani izolatoris dazianebuli kontaqtis

temperaturis siWarbe dauzianebeli fazis kontaqtis

temperaturasTan datvirTvis sxvadasxva mniSvnelobebisas.

rogorc aRmoCnda datvirTvis denis gazrdiT kontaqtis

temperatura TiTqmis sworxazovnad izrdeba (sur. 10), magram Tu

gamoTvlebs formula #2-is mixedviT CavatarebT, maSin

datvirTvis denis gazrdiთ kontaqtis defeqturobis Sesafasebeli

temperatura ufro mniSvnelovnad izrdeba.
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miRebuli Sedegebi calsaxad adastureben, rom

temperaturis siWarbis garda kontaqtis defeqturoba nominalur

simZlevreze (denze) gadaangariSebiTac unda Sefasdes, rac

raTqmaunda met informacias da sizustes iZleva.

defeqturi kontaqtis temperaturaze atmosferuli

movlenebis gavlenis Seswavlis mizniT gansazRvruli iyo

defeqturi kontaqtis temperatura qaris sxvadasxva siCqarisas.

sawyis mdgomareobaSi, rodesac qaris siCqare praqtikulad

nulis toli iyo, defeqturi kontaqtis temperatura analogiuri

kontaqtis temperaturis sidides 185 ℃-iT aRemateboda. qaris

siCqaris zrdasTan erTad kontaqtis temperaturis siWarbem iklo,

magram misi sidide garemos temperaturasTan SedarebiT ufro

naklebi siCqariT mcirdeboda. aqedan gamomdinare SeiZleba

iTqvas, rom qarian amindSi ufro kargi iqneba Tu kontaqtis

mdgomareoba, misi da garemos temperaturaTa sxvaobiT Sefasdeba.

(sur.11).

meqanikuri SeerTebis defeqtebis erT-erT saxes aramyarad

SeerTebuli salte an cudad gadabmuli gamtarebi warmoadgens.

rogorc wesi raime sxva saSualebiT misi gamovlena SeuZlebelia.

aseve gamTiSvelis cudad SeerTebuli kontaqti umetes

SemTxvevaSi cxeli wertilis wyaros warmoadgens. misi gamovlena

mxolod Termografiuli gamokvleviT SeiZleba.
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4.5 Tburi defeqtebi eleqtromowyobilobis izolaciaSi

radgan defeqti eleqtromowyobilobis moculobaSi

imyofeba da umetesi saizolacio masalebi cudi

siTbogamtarobiT xasiaTdebian, xolo Tu defeqti zeTiT

Sevsebul mowyobilobebSia, maSin aRniSnulTan erTad zeTis

Tbil molekulebs siTbo zemoT miaqvT. amisgamo

eleqtromowyobilobis defeqtis maxlobel zedapirze siTbos

namati 20 ℃ ar aRemateba. zogjer ki ramodenime gradusia.

miuxedavad imisa, rom uSualod defeqtis temperatura ramodenime

aseuli gradusi SeiZleba iyos, amis gamo aseTi defeqtebis

gamovlena aucilebelia.

rodesac sayrdeni izolatoris tanSi arsebul bzarebSi

teni aRwevs, masSi bzarebis adgilas dieleqtrikuli danakargebi

da Sesabamisad temperaturac izrdeba e.i. warmoiqmneba cxeli

wertili. aseTi bzarebi meqanikurad asustebs izolators, xolo

zamTarSi warmoqmnili yinuli izolatoris meqanikur dazianebas

iwvevs. am saxis defeqtebis umravlesoba 110 da 35 kilovoltiani

sayrden izolatorebSi gvxvdeba (sur. 12).

miuxedavad defeqtis sirTulisa, misi dauyovnebliv aRmofxvra

SeuZlebelia, radgan xazis gamorTvis garda saWiroa axali

izolatori. analogiuri meqanizmiT defeqtebi mclelis

elementis zeda nawilSi warmoiqmneba (sur. 13), xolo mclelis

elementis tanSi cxeli wertili 10 − 15 ℃-mde temperaturis
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namatiT mclelis calkeul elementebs Soris gaJonvis denebis

normaze meti gansxvavebiTaa ganpirobebuli. aseTi defeqti

saSiSia, radgan gadametZabvis impulsis moqmedebiT an zamTris

yinvebisas mcleli SeiZleba meqanikurad daziandes da avaria

gamoiwvios.

maRali Zabvis kabelebis fazebsSoris izolaciis dazianeba

umetesad kabelis yelSi calkeuli fazis gamtarebis izolaciis

cudi SesrulebiT aris gamowveuli (sur. 14). aseT adgilebSi

savaraudod nawilobrivi ganmuxtva mimdinareobs. Tu nawilobrivi

ganmuxtva sustia, maSin kabelis zedapirze temperaturis namati10 ℃-mdea, xolo maRali intensivobis nawilobrivi ganmuxtvisas

temperaturis namatma 30 ℃ SeiZleba miaRwios. am SemTxvevaSi

izolaciis dazianeba ramodenime saaTSi xdeba.

rodesac Zabvis an denis transformatoris gragnilis

xviebs Soris mokled CarTvas aqvs adgili, maSin zeTis Tbili

molekulebis moZraobis gamo siTbos nakadi ufro metad zemoT

aris mimarTuli vidre gverdebze (sur. 15). Sesabamisad defeqtis

maRla transformatoris mTeli tanis temperatura ramodenime

aTeuli gradusiT aris momatebuli, magram defeqtis temperatura

SesaZlebelia 300 − 500 ℃ aRematebodes. aseTi defeqtebi

dauyovnebliv unda aRmoifxvras.
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daskvna

zemoT ganxilulis analiziT SegviZlia davaskvnaT.

1. sxeulis gamosxivebis speqtri mWidrod aris

dakavSirebuli mis temperaturasTan da infrawiTeli speqtris

diapazonSi gamosxivebis intensivobis dadgeniT SesaZlebelia

sxeulis temperaturis gansazRvra.

2. Tbovizoruli diagnostika eleqtroteqnikuri

mowyobilobebSi iseT defeqtebsac gamoavlens, romelTa aRmoCena

eleqtruli gazomvebiT SeuZlebelia da am saxis diagnostikis

Catarebisas gansxvavebiT eleqtruli gazomvebisgan

eleqtroteqnikuri mowyobilobis qselidan gamorTva aucilebeli

ar aris.

3. nebismieri saxis eleqtroteqnikur mowyobilobaSi

normalur saeqspluatacio pirobebSi adgili aqvs siTbos

gamoyofas. es movlena misi maxasiaTebeli Tvisebaa, magram

gamoyofili siTbo garemos gadaecema da siTburi defeqti ar

warmoiqmneba.

4. siTburi energiis yvelaze met gamoyofas Zalovan

transformatorebSi aqvs adgili. maTSi siTbos ZiriTad wyaros

aqtiuri nawili warmoadgens, romelSic gamoyofili siTbo

garemos gadaecema

5. eleqtroteqnikuri mowyobilobebis Tbovizoruli

gamokvleva mowyobilobis diagnostikis arapirdapir meTods

warmoadgens, magram misi saSualebiT SegviZlia qselidan

gamorTvis gareSe gamovikvlioT eleqtroteqnikuri

mowyobilobebi da 80%-ze meti iseTi defeqti gamovavlinoT,

romlebic eleqtroteqnikuri mowyobilobis siTburi reJimis

darRvevasTan aris dakavSirebuli.

6. Tbovizoruli diagnostikiT gamovlenili Tburi

defeqtis saSiSroeba defeqturobis koeficientiT fasdeba, Tu

misi sidide 1,2-dan 1,5-mdea, maSin defeqti ganviTarebulia.
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rodesac es koeficienti 1,5-s aRemateba defeqti avariulia da is

dauyovnebliv unda aRmoifxvras;

7. gacivebis sistemis defeqtebi araTbur defeqtebs

miekuTvnebian, isini naklebad viTardebian, magram normaluri

eqspluataciis mdgomareobis darRvevas warmoadgenen da maTi

aRmofxvra aucilebelia;

8. kontaqturi SeerTebis gardamavali winaRobis gazrdiT

warmoqmnili Tburi defeqtis temperaturaze, rogorc datvirTvis

denis gazrda, aseve qaris siCqare axdens gavlenas, kerZod denis

gazrdiT temperatura izrdeba, xolo qaris siCqaris gazrdiT ki

temperatura mcirdeba.

miRebuli Sedegebi calsaxad adastureben, rom

temperaturis siWarbis garda, kontaqtis defeqturoba nominalur

simZlavreze (denze) gadaangariSebiTac unda Sefasdes, rac met

sizustes iZleva.

9. eleqtrosaizolacio sistemaSi warmoqmnili Tburi

defeqtebi temperaturis SedarebiT naklebi namatiT xasiaTdebian,

magram swrafad viTardebian da saizolacio sistemis

Sesaqmnelad gamoyenebuli masalebis defeqtebiT arian

ganpirobebuli.
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Abstract

Lasha Tevdorashvili’s thesis "Thermal imager diagnostics of high-voltage
devices" concerns actual problems of energetic, in particular the thermal imager of
diagnostics of high-voltage devices. This method is the most perspective for today and
is widely used in science and all spheres of technology, including energy sector.

Specified method without operation interruption reveals such electronic
defects in electro-technical devices which can be detected only by electronic
measurements and together with it reveals such defects which can't be found by
electronic measurements, for example, heat release defects of the cooling radiators.

The work consists from 120 pages and according to the instructions of
registration of the presented thesis on competition of doctor's academic degree,
contains: title page, subscription list, copyright page, summary in two languages
(Georgian-English), contents (table of contents), tables and drawings list. The main
text consists of literature review, four chapters, a conclusion and the list of the used
literature.

Chapter 1 discusses spectrum of body radiations, laws of formation of infrared
and visible rays, showing a relationship between infrared rays with body temperature.
Also we have description of the spectral maintenance of infrared rays, their
distribution in environment, and absorption of infrared rays by steam, ozone, air, and
also its dispersion by small parts of atmospheric dust.

Chapter 2 describes those electronic defects of high voltage devices which are
revealed by electronic measurements. of given measurement, in particular, idling
losses, determination of transformation coefficient, scheme and device of
measurement of windings and contact resistance measurement and resistance of
contact and short circuit. Besides, it is shown that defects in isolation system can be
revealed only by electric measurements, in particular, reducing resistance or
increasing dielectric losses, and it is impossible to find it by the thermal imager
studying.

Chapter 3 discusses heat generation defects of the high-voltage devices, such
as increase in transitional resistance of various types of contact connection which is in
accordance with overheat of power contacts and increase in temperature. Also
distribution of the allocated heat of a winding to its height, distribution of heat and
distribution of change from the magnetically conductive transformer to a tank surface.
Describing heat distribution of a thermal stream and transfer of heat from a tank
surface to environment.

In chapter 4 experimental results are described and analysed. It deals with
norms of increase in heat of thermal defects, according to mentioned increase the
quality of defect danger and terms of its elimination are estimated.

Of course, for all types of defects is brought the most admissible temperature
during which the defect doesn't constitute danger or the risk is very great.
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