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samuSaos zogadi daxasiaTeba

sanuSaos aqtualoba UukanaskneBi aTwBeullebi xasiaTdeba
eleqgtrulll sadgurebisa da gsellebis tegnikur gadaiaraRebaSi
investiciebis daballi doniT. sanmrewelo warmoebis vardnam
mogviyvana gacveTilli elegqtrodanadgarebis raodenobis mkveTr
zrdasTan. elleqgtromowyobi Bobis muSaobis saSuallo xangrZll ivobam
gadaaWarba 40 wells da maTma 80 % -ma gamoimuSava Tavisi Fizikuri
resursi. SeiniSneba tegnoBogiuri darRvevebisa da avariebis
raodenobis zrdis myari +tendencia, romelTa umetesoba modis
zeTIT avsebu i mowyobi B obebze, pirvel rigSi Zall ovan
transformatorebze avtotransfor-matorebsa da reagtorebze.
Zaluri transformatori warmoadgens nebismieri qvesadguris
yve Baze ufro ZviradRirebull elements. ganasxvaveben saerTo da
specialluri daniSnullebis ZalBlovan transformatorebs. saerTo
daniSnullebis ZaBovani transformatorebi gamoiyeneba 1seTi
gqse Bebisa da momxmareb Bebis kvebisaTvis, romBebic ar xasiaTdebian
muSaobis gansakuTrebulBi pirobebiT, datvirTvis xasiaTiTa da
muSaobis reJimebiT. specialluri daniSnu B ebis Za B ovani
transftormatorebi gamoiyeneba iseTi gseBebisa da momxmareblebis
kvebisaTvis romBebic xasiaTdebian muSaobis gansakuTrebulli
pirobebiT, datvirTvis xasiaTiTa da muSaobis relJimebiT. aseTi
gseBebisa da momxmarebBebis ricxvs miekuTvnebian miwisqveSa
maRarosa da Saxtis qgsellebi da danadgarebi, gammarTveli
mowyobi B obebi. EeBeqtrulli Rume Bebi da sxva.
transformatorebis umetesoba mravalli wBlis ganmavll obaSi
muSaobs sxvadasxva kB imatur pirobebSi da ganicdis el eqtromagni-
turi da meganikuri bunebis Sinagad da garegan zemogmedebas. amitom
transformatorebis egspluataciis dros gamoricxulli ar aris
aRiZras sxvadasxva saxis defeqtebi, romBebic sxvadasxva xarisxiT

aisaxeba maT muSaobaze. erTi saxis defeqtebiT transformatori



SeiZBleba xangrZBivad darCes muSaobaSi, xoBo sxva saxis
defeqtebiT saWiroa maTi dauyonebBiv muSaobidan gamoyvana.
TiToeull SemTxvevaSi muSaobis Semdgomi gagrZe Bebis SesaZlleb l oba
ganisazRvreba dazianebis xasiaTiT. Ppersonalis
araoperatiulobisa da umniSvnelo defeqtebis gamosworebisaTvis
zomebis udroo miRebas mivyavarT transformatorebis avariul
gamor Tvamde.

dReisaTvis sagarTve B os el momaragebis sistemaSi Zaluri
transformatorebis mniSvneBovanma nawillma amowura  Tavisi
muSaobis resursi. Qgveynis ekonomiuri situacia, agreTve
transftormatorebis saerTo raodenobis didi ricxvi ar iZleva
uax B oes xanSi maTi Secvlis saSua l ebas. Aamitonm
transftormatorebis eqgspBluataciis saimedobis SesanarCunebllad
mniSvne Bovani roli ekisreba maT diagnostikur kontrolls.

msoflio gamocdi Beba gviCvenebs, rom mZBavri
transformatorebis SemTxveviTi avariiT miyenebulli ekonomiuri
zarali, romelic dakavSirebullia mxoBlod Zabvis Sewyvetis gamo
sanrewve 1 0 sawarmoebis gaCerebasTan mi BionobiT doBRarebiT. ukve
ar vlBaparakobT im udides danaxar jebze, romelBic salWiroa am
ZviradRirebu Bi mowyobi Bobis muSaunarianobis aRsadgenad. amitom
transformatorebis droulli diagnostika metad aqgtuaBluri Temaa

sazRvargareT  Catarebullma statistikurma gamokv ll evebma
aCvena, rom Zaluri transformatoris mtyunebis allbaToba
we B iwadSi1 Seadgens 0,0062. sxva sityvebiT rom vTqvaT, es niSnavs,
rom 160 zeTiani transFormatoris mgone energosistemaSi ukidures
SemTxvevaSi SesaZlebelBia erTi avaria welliwadSi. meore mxriv,
Tanamedrove eleqtroenergetikis damaxasiaTebeli tendenciaa
ZiriTadi ZaBluri mowyobi Bobebis cveTis xarisxis zrda da
arasakmarisi ganax B ebis tempebi.Ddazianebis mizezebi
dakavSirebu l ia egspBuataciis cud pirobebTan, uxarisxo remontsa

da montaJTan. mniSvneBlovan rolls TamaSobs tTransformatoris



konstrugciis callkeuli elementebis TFaruli defeqtebi da
arasakmarisi xarisxis saizoBlacio masalebi.

Eenergetikull bazasa da eleqtroenergiis uwyvet moTxovnas
Soris mdgomareobis obieqturi winaaRmdegoba Tavis asaxvas
poulobs am probBemis gadasawyvetad samecniero-tegnikuri gzebis
Ziebis intensifikaciaSi. ganviTarebis adreul stadiaSi
e Beqgtromowyobi B obebis muSaobaSi defeqtebis gamovBena, avariulli
situaciebis aRZvramde maTi I ikvidaciisaTvis droulli
gadawyveti Bebis miReba, Seamcirebs da ara marto Tavidan
agvaci Bebs mniSvne Bovan zaralls, aramed Seamcirebs gacdenebsa da
remontis xar jebs, gaaxangrZll ivebs misi muSaobis  vadas.
e leqgtromowyobi Bobis racionalluri, usafrTxo da efeqturi
eqsp BuataciisaTvis da remontze gadayvanisaTvis diagnostikis
arsebu-Bi sistemebi unda Seivsos mTelBi rigi specialuri
meTodebiTa da teqnoBogiebiT, romelTac gaaCniaT unari muSa
reJimSi awarmoon konkretulli eleqtromowyobi B obis mimdinare
mdgomareobis statistika

anJamad ZaBuri transformatorebisa da avtotransformato-
rebis saegspBuatacio maxasiaTebBebis gansazRvrisa da sistenmebis
defeqtebis ganviTarebis donis mdgomareobis SefasebisaTvis, sul
ufro farTod mimarTaven kompBeqsur diagnostikur gamokv levas.
aseTi gamokv B evebi saSuallebas gvaZBeven ara marto gamovavBlinoT
ganviTarebadi defeqtebi, SevafasoT maTi saSiSroebis done, aramed
davasabuToT kapitaBuri remontis saWiroeba, mocull oba da vadebi.
tegnikuri mdgomareobis arsebulli  meTodebi da saSuallebebi
mowyobi B obis komp B eqsuri gamokv B evebis dros iZBevian
defeqtebis umrav Besobis SemCnevis saSuall ebas. magram komp Begsuri
gamokv Bevebi maTi didi Sromatevadobisa da RirebuBebis gamo
srulldeba mxoBlod strategiull elegtromowyobi I obebze remontze
gadayvanis dros da bunebrivia ver uzrunvelyofs ganviTarebadi

defeqtebis droull SemCnevas.



principull  probBemas warmoadgens koncefciis Teoriulli
uzrunve Byofis arsebiTi CamorCena diagnostikis Tanamedrove
saSua B ebebisa da informaciulli tegno B ogiebis miRwevebis realluri
SesaZ B eb B obebisagan.

ukanaskne I i ori aTwleulis ganmav B obaSi msofFlio
masStabiT ganuwyvetBiv muSavdeba da pragtikaSi inergeba
gqvesadgurebisa da transformatorebis diagnostikuri meTodebi da
xe B sawyoebi, romBebic damzadebu B ia Tanamedrove mikroeleqtro-
nikis bazaze. maT safuZvellze gamoCnda Tanamedrove vibrodia-

gnostikis, Thovizorulli kontrolis, zeTis qromatografiulli

analizis, oscillografebisa da registratorebis mravall i
saxesxvaobebi, romBebic advi lad uR B debian personallur
kompiuterebTan.

amasTanave diagnostikis Tanamedrove meTodebi da tegnikuri
saSua B ebebi energosistemebSi saSuallebas ar iZBevian ZviradRire-
bulli eleqtromomowyobi Bobis gaxsnis gareSe gamovBeniB1 ignas
callkeulli elementebis muSaobis reJimebi. amasTan dakavSirebiT
iwve Beba elBetromowyobi Bobis remontSi gadayvanis dro, ixar jeba
operatiulloba da izrdeba avariulli reJimebis gazrdis allbaToba.

tegnikurad dasabuTebuli diagnozis dasma SesaZlebelia
mxoBod srullyofili informaciis pirobebis statistikuri
monacemebis  Sekrebis, gare daTvalierebisa da specialuri
xe B sawyoebis saSuallebiT Catarebulli1 eqsperimentu i gamokv Bevebis
Sedegad.

anitom udaod aqtualluri xdeba kontrolis iseTi axali
meTodebis damuSaveba, romBebiTac transFormatoris gaxsnis gareSe
moxdeba misTvis damaxasiaTebell i sxvadasxva parametrisa da
monacemis gazomva, defeqtebis aRmoCena da SesaZBo avariebis

prognozirebis mizniT damuSavdeba miRebu Bi Sedegebi,



samuSaos mizania Zaluri transformatoris iseTi monitorin-
gisa da diagnostikuri saSuallebis damuSaveba, romel ic muSa Zabvis
qveS uzrunve Byofs ganviTarebadi defeqtebis adreull aRmoCenas.
ZiriTadi amocanebi:

1. sagarTvelBos saxeBlmwifo eleqtrosistemaSi 110-500 kv Zabvis
gvesadgurebis, Ria da daxuruli gamanawi Bebe Bi1 mowyobi B obebis
saxeobebis mixedviT warmodgeni Bi mtyunebebis, uwesivrobisa da
defeqtebis mdgomareobis dadgena;

2. Zaluri transformatoris diagnostikis stugturulli sgemis
algoriTmis daxvewa;

3. Zalur transformatorebSi mimdinare TFTizikuri procesebis
Sesabamisi maTematikuri modell is damuSaveba.

4. kontrolis 1iseTi axali meTodis damuSaveba, romBebiTac
transformatoris gaxsnis gareSe uwyvetad moxdeba misTvis
damaxasiaTebeBi indugciurobis parametris mudmivi kontrolli da
misi cvBlillebs safuzvelze swrafmogmed dacvasTan kavSiriT
dazianebu l1 transformatoris amorTva.

5. Zaluri transformatorebis monitoringis daxvewis tegnollo-
giaSi mikroprocesorull1 teqgnikis gamoyenebis Sesaxeb rekomen-
daciis gacema.

kv Bevis obieqtebs  warmoadgenen energo-pro  jorjias
gamanawi BebeBi1  quesadgurebi da zahesis transformatorebis
saremonto garxana.

kvBevis meTodebi. sadisertacio samuSaos Sesrulebisas
gamoyenebu 1 igna Teoriulli da empiriulli SemecnebiTi meTodebi.
Teoriull doneze es meTodebia elBeqtrulli wredebisa da gazomvebis
Teoria Eempiriull doneze gamoyenebulli 1igna TFizikuri da
maTematikuri mode l irebis meTodebi.

samecniero siaxle.



1. Sedgenilli igna ZalBuri transformatorebis diagnostikis
strugturu 1 sgema, rome Bic Sedgeba: parametrebis gardagmnisa da
anall izis, tegnikuri mdgomareobis, dinamiuri maxasiaTebBebisa da
ganviTarebadi defeqtebisa da narCeni resursebis modelebis
b B okebisagan;
2.damuSavebu i igna ZaBlur transformatorebSi mimdinare Fizikuri
procesebis Sesabamisi maTematikuri modelBi ugmi svlisa da
datvirTvis relinSi;
3. Zaluri transformatorebis parametrebis kontrolis
sainformacio - sazomi sistemis safuZvelze damuSavebulli 1igna
kompiuterull'i programa transformatoris gragni Bebis indugciuri
winaRobis kontroliT dazianebis gansazRvrisaTvis, romellsac
SeuZl ia imuSaos swrafmogmed dacvasTan kavSirSi.

pragtikuli Rirebulleba
1.  warmodgeniBi meTodika saSuallebas iZBeva operatiullad
ganvsazRvroT muSa Zabvis qveS ZalBuri transformatorebis
mimdinare  mdgomareoba, rac  Tavidan agvacillebs avariul
situaciebsa Sesabamisad, did ekonomiur zarals.
2. Zalur transformatorebSi mimdinare TFizikuri procesebis
Sesabamis, daxvewi B maTematikuri models didi mniSvne B oba aqgvs
transformatoris optimaluri eleqtrulli da magnituri
parametrebis dadgenis sagmeSi, rac saSuallebas mogvcems damzaddes
Semcirebu B 1 masall atevadobis ZaBuri transformatorebi.

sanuSaos aprobacia sadisertacio samuSaoebis Sedegebi
gamoqveynebu BT igna sam samecniero statiaSi. ZiriTadi Sedegebi
moxsenebu i1 igna stu-s studentTa Ria 79-e saerTaSoriso
samecniero konferencias (2011 we B i);

Ddisertaciis struqtura da moculoba Ddisertacia Sedgeba

Sesaval isa da oTxi Tavisagan, romBebic gadmocemu Bia 115 gverdze.

Seicavs 9 naxazs, 23 cxri lss da 96DAdasaxe B ebis Diteraturas.



samuSaos ZiriTadi Sinaarsi

Sesavall Si dasabuTebulia probBemis agtualloba, Camoyali-
bebuli da gansazRvrulia gamosakvBevi sakiTxebis wre, aseve
kv Bevis mizani da amocanebi. formu B irebu Bl ia naSromis mecnierul
siaxBeTa da pragtikulli mniSvne B obis ZiriTadi aspeqtebi.

pirvel TavSi ganxi Bullia Biteraturuli wyaroebi
e Beqgtromowyobi BobaTa diagnostikis Sesaxeb. saerTod tegnikuri
mowyobi Bobebisa da maT Soris maRali Zabvis elegqtromow-
yobi Bobis diagnostika es aris codnis sfero, romelic moicavs
eqsp Buataciis pirobebSi e Beqgtromowyobi B obebis muSaobis
Teorias, tegnikuri mdgomareobis gansazRvris meTodebsa da
saSua B ebebs. diagnostika rogorc mecniereba da misi praqtikulli
gamoyeneba imyofeba sxvadasxva mecnierebis ganyofi Bebebis zRvarze.
pirvel rigSi es exeba Tizikasa da qimias sxvadasxva saxis
masa B ebis (dawyebu Bi1 gazisebridan damTavrebuBi myari sxeulebiT)
Tvisebebis cvlilebisa da qcevis nawi BSi da procesebs, romlebic
mimdinareobs maTSi sxvadasxva Fagtorebis zemogmedebiT.

kompiuteru 1 programebis damuSavebis nawi BSi diagnostika
miekuTvneba aseve maTematikas egsperimentu i monacemebis
statistikuri damuSavebisa da analizis meTodebisa da rTulli
amocanebis gadasawvetad.

Tanamedrove transformatorebi mcired gansxvavdebian XIX
saukunis dasawyisis transformatorebisagan. isini iseve Sedgebian
izolirebuli Firfitebisagan da  spillenZis gamtarebisagan
damzadebu i  gragni Bebisagan. Tanamedrove +transformatorebi
Tavis winamorbedebs simZBavris mixedviT 500-ger aRematebian maTi
simZBavre aRwevs 1 mEn kvt-ze mets, xoBl o Zabvis mixedviT 15-jer
aRematebian da SeuzZN iaT imuSaon 1150 kv Zabvis dros. eqsp Buataciis

xangrZl ivoba meryeobs 25 dan 50 wBamde; maTi masa erTeullovan



simZBavreze gaangariSebiT Semcirda daaxBoebiT 10-jer, xollo
margi gmedebis koeFficientma gadaaWarba 99 %-s.

idealluri transformatoris parametrebi mniSvne B ovnad
damokidebu B ia guBaras Tvisebebze, saxeBdobr, am dargSi igna
miRweu i1 yve Baze didi progresi. Ggu Blaras dasamzadebe B masall is
mniSvne B ovani Tvisebaa magnituri SeRwevadoba, magnituri gaJRenTva,
eleqgtrulli winaRoba da danakargebi histerezisze. Mmagnituri
SeRwevadoba SeiZlBeba warmovidginoT rogorc magnitur vellSi
moTavsebu B i masa 0 aSi warmogmni B 1 magnituri Za 0l xazebis
raodenoba. Mmagnituri gaJRenTva es aris magnituri masalis
mdgomareoba, romBis drosac misi damagniteba aRwevs 2zRvrul
mniSvne Bobas. Ees ori Tviseba gansazRvravs gularas Zalur
maxasiaTeb B ebs. Ggu B aras masa ll as eleqtrulli winaRoba
mniSvne B ovania imdenad, ramdenadac is saSuallebas iZBeva Semcirdes
grigaluri denebiT gamowveu B1 danakargebi.

transformatorebis gularebis srullyofis mTeli1 istoriis
manZi B ze Catarebulli sainJinro kvBevebis ZiriTadi miznebi 1iyo
magnituri SeRwevadobis, gaJRenTvis wertillisa da elleqtrulli
winaRobis amaR Beba da histerezisze danakargebis Semcireba. Aam
gamokv BevebSi mniSvneBovan rolls TamaSobs mrudi (nax.l), romelic
grafikulad aRwers damokidebu 0l ebas dasamagnitebe B i1 masalis iseT
Tvisebebs Soris rogoricaa magnituri SeRwevadoba, magnituri

gaJRenTva da histerezisi.
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nax.l.

es mrudi warmoadgens magnituri velis induqciasa da
daZzabuBobas Soris damokidebulebis grafiks. cvBadi denis
TiToeulli cikBis damaxasiaTebel mruds agqvs S asos Torma
Seviwroebadi boBoebiT. misi daxris kuTxe Seesabameba magnituri
SeRwevadobis sidides; is zeda wertilli, (A) romelSic nmnrudi
swordeba Seesabameba gaJRenTvis wertills, xollo ABCAB;C,A
mrudiT SemosazRvrulll FarTobi Seesabameba hostereziss.

transformatoris tipiur dazianebebad iTvBeba izolaciis,
magnetogamtarebis, gadamrTveli mowyobi Bobebis, ganStoebebis,
zeTvsebu B1 da Faifuris Semyvanebis dazianebebi.

umetes SemTxvevebSi dazianeba uecrad ar xdeba, aramed raime
araxeBsayrelli Tagtoris xangrZBivi zemogmedebiT. warmogmni i
defeqtis droulli gamovBena saSuallebas iZBeva miRebulli ignes
zomebi misi  Semdgomi ganviTarebis AaRsakveTad da transfor-
matoris muSaunarianobis SesanarCuneb lad.

naSromis meore Tavi eZRvneba MmaRalBi Zabvis elleqtromowyo-
bi Bobebis diagnostikis sistemis meTodo B ogias. elegqtromow-
yobi B obebis tegnikuri mdgomareobis kontro i, maTi uwesivrobebis
gamov Bena, aRmofxvra da saeqspBuatacio resursebiT uzrunvel -
yofa miiRweva mowyobi B obebis diagnostikis efeqturi meTodebisa

da saSuall ebebis gamoyenebiT.
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nax.2-ze mocemuBia sagarTveBos saxelmwifo elegtrosis-
temaSi 110-500 kv mowyobi B obebis saxeobebis mixedviT mtyunebebis,
uwesivrobisa da defeqtebis gamovBenis jJamuri ganawi B eba
gqvesadgurebSi, Ria da daxurull gamanawi Bebe B mowyobi B obebSi. aq
warmodgeni Bia sami wBis ganmav B obaSi daaxBoebiT 1500 erTeulli
mowyobi B obis egspBRuataciis Sedegebi. rogorc ag warmodgeni Ri
diagramebidan Cans, gamovBeni Bi defeqtebis raodenoba ZiriTadad
aRemateba mtyunebaTa ricxvs. gamoyenebulli rom ar yoFfiliyo
mowyobi Bobis diagnostireba, maSin mosaBlodneli i1yo mtyunebaTa

ricxvis kidev 10-20 % -iT gazrda
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nax.2.1. mtyunebaTa da gamov B eni i defeqtebis ganawi B eba

mowyobi B obaTa saxeobebis mixedviT: kk- kavSiris kondensatori; gl —

ganTiSebi; dt, Zt — denisa da Zabvis transformatorebi; gS-
gadaZabvebis SemzRudve B1i; g2- ganmmuxtve Bebi; ea, sa — el gazuri da

sahaero amomrTve Bebi; tr- Zalovani transformatorebi; mr -

maSuntirebe Bi reagtorebi.

warmodgeni B i ganawi B ebis anall izidan gamomdinare

SesaZlebel1a avRniSnoT, rom mowyobi Bobis i1zolaciis klasis

zrdasTan erTad arsebobs mtyunebaTa zrdis tendencia.

12



gamov Beni Bi uwesivrobebisa da defeqtebis didi nawilli pirvel
rigSi miekuTvneba  eqsp BuataciaSi Seyvani axali tipis

mowyobi B obebs, rac gamowveu B ia maTi damzadebis xarisxiT.
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nax.3

diagnostikis sistemnis struqturulli sgema mraval doniania da
warmodgendeba sami donis gvesistemebiT [nax.3]:

pirve l'i donis qgvesistema uzrunve lyofs:
informaciu i parametrebis Senaxvas;
diagnostikuri parametrebis gazomvas;
gazomi b diagnostikuri parametrebis damuSavebas, maT
normall izebull saxeSi warmodgenasa da damuSavebuli gazomvis
Sedegebis monacemTa bazaSi gadacemas.
gazomi i parametrebis mniSvne B obebis normirebull mniSvnell o-

bebTan  Sesabamisobis gansazRvrasa da obieqtis  tegnikuri

13



mdgomareobis normatiull - tegnikuri dokumentaciis moTxovnebTan
Sesabamisobaze daskvnis FFormirebas;
gazomi Bi parametrebis mniSvne B obebis normirebull mniSvne I obebze
gadaWarbebis SemTxvevaSi obieqtis egp Buataciis safFrTxis Sesaxeb
signalis Formireba;
gadamwodebis mgrZnobiarobis cvlilebis, gazomvisa da
singronizaciis xangrZHBlivobisa da periodull obis Sesaxeb brZanebis
signalis miReba.
meore donis gvesistema uzrunve Byofs:
ganviTarebadi defeqtebis saxeobisa da adgi 0 i1s gansazRvras;
warmoebu R i da dinaniuri diagnostikuri maxasiaTeb B ebis
gaangariSebas;
retrospeqtu i diagnostikuri parametrebis gansazRvras;
ganviTarebadi defeqtebis safFrTxis xarisxis gansaRvras;
pirveli donis qvesistemidan miRebuli brZanebis mixedviT muSao-
bis algoriTmis cvli Bebas;
gaangariSebisa da analizis Sedegebis monacemTa bazaSi gadacemas;
obieqtis gacivebis sistemis muSaobis reldimis cvlilebis Sesaxeb
signalis Formireba
mesame donis gvesistema uzrunve Byofs obieqtis narCeni resursis

Sefasebas.

tegnikuri diagnostikis ZiriTadi amocanebidan gamomdinare,
pirveladi aqtiT gansazRvrulli unda iyos tegnikuri mdgomareobis
saxe. uwesivrobisa da defeqtis Taqtis dadgenis Semdeg moZiebu R i
unda i1yos dazianebis adgili, saxe, misgan gamowveu i safrTxe da
gansazRvru i unda ignes uwesivrobis mizezi.

gasazomi diagnostikuri parametrebis raodenoba damoki-
debu Bia mowyobi Bobis saxeobaze da diagnostirebis meTodebis
ganviTarebis xarisxze. ase magalliTad, gasazomi diagnostikuri
parametrebis ricxvi Zalovan transformatorebsa da maSuntirebell

reagtorebSi aRwevs 38, zeTian amomrTvelebSi - 29; elgazur
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amomrTve BebSi - 25; gadaZabvebis SemzRudve Bebsa da gamTiSebSi -
10; ganmamxo B oeb BebSi (amZraviT) — 14; zeTiT Sevsebull sazom
transformatorebsa da kavSiris kondensatorebSi — 9.

mowyobi Bobis diagnostirebis dros defeqtis warmogmnisas
mimdinare mov BenaTa urTierTgmedebis codna mniSvne B ovani pirobaa
sistemisa da mT Bianad obieqtis tegnikuri mdgomareobis mode Bebis
SesagmneBad movBenaTa Bogikuri  jaWis gansazRvrisaTvis.
maSasadame, sakontro B o obieqtis parametrebis gazomvis Sedegebis
analizisas movBenaTa sgemis ageba warmoadgens diagnostikis
meTodikis Semadgenel nawills.

diagnostirebis allgoriTmis ZiriTad nawills warmoadgens
modeBi. modeli Sedgeba mTelBi rigi nawi Bebisagan (b B okebisagan),
rome B Tac erTmaneTTan gaaCniaT FungcionalBuri kavSirebi. rogorc
wesi aseTi nawi Bebi erTmaneTisagan izoBirebulad ar ganixi-
Bebian. maTi gamuri wvBiBi1 mT RBianad modelis fungcionirebaSi
ganpirobebu B 1a nawi Bebs Soris urTierTqgnedebiT. mowyobi B obis
diagnostirebisas mniSvne Bvania vicodeT movBenaTa Tanmimdevroba,
romelTac SeuzZzBiaT migviyvanon detallebisa da kvanZebis
mtyunebamde. amn dros mxedve B obaSi miiReba is Fizikuri procesebi,
romBebic gansazRvraven masallebisa da konstrugciis degradacias.
mizanSewoni B i1a Taviseburi ew. mtyunebaTa xis” an ‘movBenaTa xis”
ageba, romelic warmoadgens im pirobaTa aRZvris Tanmimdevrobas,
rome Bsac mihyavs mT Bianad obieqti an misi sistema mtyunebamde.
maSasadame, mode BebSi maTematikurad aRiwereba obieqtSi mimdinare
Fizikuri procesebi.

tegnikuri mdgomareobis modelBi1 warmoadgens diagnostikis
sistemis pirveli donis qvesistemis ZiriTad elements. es aris
mT Bianad obieqtis, obieqtis sistemis an kvanZebis tegnikuri mdgo-
mareobis modeli da pasuxobs kiTxvaze: aris Tul ara defeqti?, anu
gvagqvs Tu ara gazomili diagnostikuri parametrebis iseTi

mniSvner B obebi, romBebic aRematebian normirebull mniSvne I obebs.
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tegnikuri mdgomareobis mode B Si aris ramdenime model i, romBebic
miekuTvnebian obieqtis sistemebs, magaliTad, eleqtrosaizolacio
da gacivebis sistemebi da sxva.

diagnostikis sistenis mniSvneBovani elementia defeqtebis
ganviTarebis xasiaTis gansazRvra dawyebuli maTi warmogmnis
stadiidan am defeqtebis aRmweri diagnostikuri parametrebis
normirebul i mniSvne B obebis miRwevamde. ganviTarebadi defeqtebis
modelBi1 anu defeqtebis safrTxis xarisxis defeqti {(X1)
warmoadgens defeqtebis safrTxis donis Ky TFunqgcias, romelic
Tavis mxriv ganisazRvreba statikuri X =Xi/Xy,;da dinamiuri Xgj,=
dXydt an Xgini = (Xip-Xi))/At. saFrTxis done K4 ganisazRvreba Xg¢ da Xgini
parametrebis magsimaBuri mniSvne B obebiT.

narCeni resursis SefasebisaTvis gamoiyeneba maTematikur -
statistikuri meTodebi. maRalBi Zabvis mowyobi Bobis mtyunebaTa
simkvrivis ganawi Bebis egsperimentulli monacemebis ganxi Bvam
gviCvensa, rom maRali1 Zabvis mowyobi B obebis mtyunebaTa droiTi
ganawi Bebis TFfunqciebs ar gaaCniaT statistikuri mdgradoba da
erTgvarovneba. mtyunebaTa +¥ungciebi ar warmoadgenen mov BenaTa
erTobBiobis anarekBs da maT gamoyenebas mivyavarT narCeni
resursis gansazRvris daball saimedobamde. am SemTxvvaSi iyeneben
allbaTur - stastistikur modell ebs

naSromis mesame Tavi eZRvneba ZaBuri transformatorebis

maTematikur modelebs. maTematikuri modelireba warmoadgens
adamianis mier gare samyaros mov Benebis Secnobis erT-erT ZiriTad
instruments. igi aris realluri obieqtis, procesis an sistenis
Seswav B is saSualleba maTi maTematikuri modeBiT Secvlis gziT,
romelic ufro mosaxerxebeBia gamomTvBel i1 manganis gamoyenebiT
eqsperimentulli kvBevebis Catarebisas. maTematikuri modelirebis

qveS i1gulisxmeba SesaswavBi movBenis ZiriTadi kanonzomierebani
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da kavSirebi. es SeiZleba iyos Formulebi an ganto Bebebi, wesebis
an SeTanxmebebis krebu i gamosaxu 01 maTematikuri FormiT.
maTematikuri modelBirebis +TfarTo gamoyeneba saSuallebas
iZBleva aiwios Teoriulli gamokvBevebis saerTo done, Catardes
isini egsperimentaBur gamokvBevebTan mWidro kavSirSi. maTema-
tikuri modelireba SeiZlBeba ganixi Bebodes rogorc Semecnebis,
konstruirebis, proeqgti-rebis axali meTodi, romeBic Tavis TavSi
Seicavs, rogorc Teoriis aseve eqsperimentis dadebiT mxareebs.

e legtrodanadgarebis maTematikuri modelebis Segmna da
Seswavla iZBeva eleqtrodanadgarebis kvBevis did perspeqtivebs.
e Beqgtroteqnikur steroSi mimdinare samecniero-kvBeviT
samuSaoebSi kompiuteris TFfarTod gamoyenebam auciBebeli gaxada
maTematikur mode B irebasTan erTad elleqgtrulli wredebis Teoriis
sferoSi axali Teoriulli midgomebis damuSaveba da miRebuli
Sedegebis WeSmaritebis Sefaseba.

indugciurad dakavSirebulli wredebis modelirebis amocana
DdReisaTvis aqgtualurad iTvHleba adekvaturi modelirebis amocana
didi xania aRellvebs swavlul e Beqgtrotegnikosebs, razec
metyve Bebs elegtrotegnikosTa saerTaSoriso komisiis kongresze
gamarTu B 1 diskusiebi.

Zaluri transformatoris swori maTematikuri modelis
Sedgenas da gamoyenebas udidesi mniSvne Boba eniWeba transfor-
matoris optimaBuri parametrebis dasadgenad. dRemde ar arsebobs
transftormatorebis srullyofi i maTematikuri model i, miuxedavad
imisa, rom evropis masStabiT transFormatorebis parki Seadgens 4
mi Bionze mets da transformatorebi xasiaTdebian sakmaod maRal i
margi gmedebis koeFicientiT, daaxBoebiT 99%. miuxedavad amisa
danakargebi gvaqvs eleqtroenergiis moZraobis TiToeull ubanze,
rac dakavSirebu l1a Zabvebis gardagnasTan. Tanamedrove qse lebSic
ki transformatorulli gardamgmne BebiT danakargebi Seadgens

mT B ianad warmoebu B 1 energiis 2%-s anu mT B 1ani danakargebis 1/3-s.
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gasu b1 saukunis 60-70 wBebi gansakuTrebiT nayofieri gamodga

e Beqgtrotegnikis Teoriulli probBlemebis ganviTarebis Tvallsazri-
siT. egm-is ganviTarebam, maTi gamoyenebis efeqturobis auci le-
be Bma amaR Bebam gansazRvra elBeqtrulli wredebis Teoriis sferoSi
axalli Teoriulli midgomebis damuSaveba. egm-is unarma daimaxsovros
ricxvTa didi masivebi, Seasrulos Bogikuri operaciebi, aiZulla
mecnierebi gadaexedaT eleqtrulli wredis gaangariSebis meTode-
bisaTvis. warmoigmna im meTodebis ganviTarebis moTxovna, romBebic
yve Baze metad gamoiyeneben egm-is specifikur Taviseburebebs. aseT
meTodebs miekuTvneba elBeqtrulli wredebis ganto Bebebis Fornmire-
bisa da amoxsnis matriculli meTodebi. Catarebuli didi mocu l obis
samuSaos miuxedavad, elBegqtrotegnikis Teoriuli prob B emebis
ganviTarebis TvalsazrisiT ufro da ufro aucillebeli xdeba
mimdinare procesis Tizikuri mxaris gageba da amis safuZvel ze
miRebu Bi Sedegebis WeSmaritebis Sefaseba.

zusti informaciis gadacemisa da gardagmnis sakiTxTan
dakavSirebiT, mizanSewonillia eleqtrulll wredebis Teoriis
zogierTi sakiTxis gadmocemis meTodikaSi garkveulli cvliBebebis
Setana. magaliTad, aseT sakiTxs miekuTvneba indugciurad
dakavSirebuBi1 wredebis maTematikuri modelebi, romBis tipiuri
magal iTia eleqtroenergiis gadacemis umniSvne B ovanesi e B ementi -
Zaluri transformatori.

naSromis am TavSi ganxiBlullia rogorc erTfaza aseve
sanfaza transformatoris maTematikuri modelebi, rogorc ugmi
svlis, aseve datvirTvis reJimebSi.

nax.4-ze naCvenebia datvirTulli samfaza +transformatoris
magnituri nakadebis mimarTuBebani, romeBic Sesabamis denTad

dakavSirebu bl ia burRis wesiT.
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nax.4
rogorc cnobilia magnituri nakadebis wirebi Sekrulli
wirebia. TiToeulli Ffazis gragni BSi gamavali denis mier Segmni B i
nakadi i1yofa or nawillad da ganWoBavs danarCeni ori ¥Fazis
gragni Bebis xviebs da aRZravs maTSi urTierTinduqciis emZ-ebs.
magal iTad, A FazaSi gamavalli i, denis mier Segmni @i nakadi @4
Sedgeba ori nawi Bisagan da tolia
Op =D’ + D74,
am nakadis nawi Bi @®’, ganWo Bavs B Fazis rogorc maRali, ise
dabali Zabvis gragni Bebs da orive maTganSi aRZravs
urTierTinduqciis emZ-ebs, xolo ®”, ganwoBavs C fazis rogorc
maRali ise dabali Zabvis gragnillebs da aseve maTSic aRZravs
urTierTinduqciis emZ-ebs. analogiurad gvegneba danarCen FazebSi
gamavali iz da ic denebis mier Segmnili &gy da O magnituri
nakadebisaTvisac, romBebic Sesabamisad ganWwoBaven A,C da AB
fazebis maRalli da DdabalBli Zabvis gragnillebs (naxazis
gadatvirTvis gamo @’s ®”s, @’ da ®”c nakadebi naCvenebi ar aris).
warmodgeni Bi1  sgemisaTvis kirxhofis Il kanoniT Sedgenili

ganto BebaTa sistema komp Beqsur saxeSi SEmdegnairad gamoisaxeba:
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U, =(r,+jol I, -joM I —joM g1, +joM 1, —joM 1.+ joM I,
O0=—jaM J,+(r,+ R, +joL ) +joM g, —joM I, + joM 1., —joM I,
Up=—joM g, + joM g +(ry +joLp)l, — joM g1, — jeoM g . — jeM g I
0=joM,I,—joM, I —joM I+ jolr, +R,+jol ), + joM .0, — joM I,
U, =—joM ., +joM I, —joM I, +joM .1, +(r, + jal ), — joM I,
0=joM I, —joM I + joM i, —joM I, — joM 1. +(r. + R+ joL ),

1)
an gantolBebaTa sistemis mTavari ganmsazRvreBi winaRobaTa

matrica meoreull1 gragni Bebis agtiuri winaRobebis simciris gamo
ugu B vebe ByoTis Semdeg warmodgondeba Semdegi saxiT:

jwl, =—jwM,, —jwMg;z joMg, —joMy joM,
—jwM,_, (R,+jwl,) jwM.,p; —jwM,, joM.. —joM,.

—jwMg, jwMg, jwly —jwMg, —joMg. jwMg,
JoMys —joMy, —joMyz (R, + jwly) joMye —jeM,,

—jwM., jwM,, —jwMsg joMq jowl, —joM,
joM , —joM, joMgp -—joM, —joM. (R .+ joL.) )

xolo toli koeFficientebis dadgenis Semdeg miiRebs saxes:

I I Ig I, I I
Z4 —joMs  —joM; JeMg  —joM, jwM;
—jwM; 2, joMg —joM;  joMg —jowM,
A= ||l-jeM; joM, Zg —juM, —joM, jwM; (©)
jwM, —joM; —jwM- Z, JwM, —jwM,
—joM, joM; —joM; joMg Ze —jwM;
joMs  —joM, joM; —JjoM; jwoM, z,

an sistemaSi TiToeuli saZiebelBi denis qveS moTavsebullia
maTi koeFicientebi. garda mTavari determinantisa (A) denebis
gansazRvrisaTvis salWiroa damatebiTi ganmsazRvre Bebi. damatebiTi
ganmsazRvre B is misaRebad denebis qveS moTavsebu Bi1 koeFicientebi
unda Seicvallos (1) sistenis marcxena nawillSi  arsebulli
Tavisufali wevrebiT. magal iTad A denis damatebiTi

ganmsazRvre Bi ganisazRvreba (4) matriciT.
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saZiebe b i

anal ogiurad ganisazRvreba danarCeni denebic:

U, —joM; —joM, joM, —joM, joM
0 Z, jwMg —jwM; jwM; —joM,
Ug juM, Z; —jwM, —joM; joMg
0 —jwM; —jeM, Z, joM; —joM;
U, jowM; —joM, joM, Z; —jwoM;
0 —jwM, joM; —joM; joMg Z_

I, deni ganisazRvreba formulliT:

I=ALIA

I.=AlL/A; Ig=Alg/A; I, = ALA; 1- = AL/A; 1. = ALL/A

moleFynlao

'

»mgFgton Fobigodims Z,
mabgdol I ms G padodgdoon
pebdlebmgigroal dslogpda

v
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Z dzlingols
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i
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pubdlamgdggool G-b
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I
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i
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denebis gansazRvrisaTvis nax.5-ze warmodgeni B ia
transformatoris gantolebaTa sistemis amoxsnis b B ok-sgema,
romB is mixedviTac SesaZlBebelia programis Sedgena.

naSromis meoTxe TavSi warmodgenilia ZaBuri zeTiani
transformatorebis diagnostikis Tanamedrove meTodebi. kerZod,
warmodgeni Bia ZaBlur transformatorSi ganviTarebadi defeqtebis
gansazRvris allgoriTmi, eleqtromowyobiBobis Thovizorulli
kontroli da transformatoris gragni Bebis dazianebis gansazRvra
indugciuri winaRobis kontroRiT.

Zaluri transformatoris daZve B ebis procesSi misi izolBacia
ganicdis mTel rig Fiziko - qimiur cviliBebebs am dros gamoiyofa
daSHBis produqtebi - myari, Txevadi da airisebri nivTierebebi.
celulozisagan damzadebu Bi myari saizoBacio masallebi (qgaRal di
da muyao) neli daZvelebis dros gamoyofen airebs; maT ricxvSia
wya I badi da daballmoBekuBuri naxSirwya B badebi, aseve
naxSirbadis Jangi da orJangi, romBebic warmoigmnebian celulozis
daJangvisas. airebi warmoiSveba aseve zeTis daZve Bebisas. amasTanave
airis gamoyofis intensivoba damokidebullia eleqtrulli velis
daZabu B obasa da zeTis gimiur Semadgen B obaze; obieqtis muSaobis
reJimze; eqsp Buataciis xangrZHll ivobaze; gamoyenebul masallebze da
mTel rig Fagtorebze, romell Ta gaTvall iswinebac yove B Tvis advi i
ar aris gamoyofilli airebis ricxvSi garda naxSiris Jangisa CO
da orJangisa CO,, gvaqvs aseve wyalBbadi HO,, meTani CH4, eTani C,Hg,
eTiBeni C;Hy da acetiBeni CH, .

airebis zeTSi xsnadoba proporciullia gareSe wnevisa da 20-
100°C temperaturis diapazonSi temperaturis wrFfivi +Ffungciaa
maga Bl iTad, wyaBbadisaTvis zeTSi xsnadoba mocuBlobaSi 7 %-ia,
azotisa -8,6%, haerisa- 10,3 %, meTania -30 %,acetilinisa — 400 % da
a.S.
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izolaciis darRvevis dros, romelic dakavSirebu ll ia
dazianebis arsebobasTan airebis gamoyofis intensivobis procesi
mkveTrad 1izrdeba;, aseve SeiZlBeba Seicval os airebis Semadgen l oba
da maTi Tanafardoba.

dadgeni Bia, rom transformatoris defeqtis TiToeull saxes
Seesabameba airebis gansazRvruBi nakrebi da maTi Tanafardoba.

damuSavebu I i algoriTmi iZleva saSuallebas miviROT
diagnozi im SemTxvevaSic ki, roca erTi airi mainc nandvi Bad aris
dafigsirebuli, xolBo danarCenebis mimarT ar gvaqvs mkafio
informacia. bunebrivia, rom am SemTxvevebSi Ffagtiuri da
prognozirebadi defeqtebis Tanxvedris al baToba mcirdeba.

defeqtis prognozirebasTan erTad TFormirdeba transfor-
matoris tegnikuri momsaxureobis Semdgomi RonisZiebebi. am dros
dawvri BebiTYanall izdeba defeqtis ganviTarebis tegno B ogia.

magaBiTis saxiT moyvani Bia TPJIH-40000/110  Za B ovani
transformatoris diagnostikuri analizi zeTis erTeullovan
mocu B obaSi airebis koncentraciis mniSvneBobebis wina da
ukanaskne 11 gazomvebis Sedegebis mixedviT.

pirvel rigSi ganisazRvra airebis zRurbBuri, zRvruli,
TfardobiTi koncentraciisa da koncentraciis cvlillebis absolu-
turi da FfardobiTi siCgareebi. yvela es parametri gansazRvrullia
normebiTa da FormuBebiT. niSanTa nakrebsa da rekomendaciebis
nakrebs Soris kavSiris cxrillidan dadginda ganviTarebadi
defeqtis arseboba, rombBis Semdeg SemuSavebuli unda ignes
rekomendaciaTa krebuli. TiToeull1 airis koncentraciis zrdis
siCgaris Sesabamisad ganisazRvra drois Sualledi, rombis gasvlis
Semdeg unda vawarmooT Semdgomi gazomva.

amave TavSi moyvani Bia transformatoris diagnostikis
Catareba Tbovizorulli nmeTodiT. infrawiTeli Termografia
warmoadgens kontrolis damxmare saSua B ebas, gvexmareba

transformatorSi airwarmogmnis arsebobisas SevafasoT magnito-
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gantarSi defeqtis warmogmnis zona, xo B o sagarxno dokumentaciis
arsebobisas SevaviwrovoT defeqtis moZebnis adgili.

transformatoris avzSi siTbos gamoyofis wyaroebia Semdegi
kvanZebi:

- magnitogamtari;

- gragni Bebi;

-transformatoris masiuri metalis nawilebi, romBebSic
siTho gamoiyofa Tantvis nakadebis mier aRZrulli grigaluri
denebiT gamowveu B i1 damatebiTi danakargebis gamo;

- Semyvanebis dengamtari nawi Bebi da maTi kontaqtebi;

- ganStoebebi da maTi SeerTebebi gragni B Tan da SemyvanTan;

- Zabvis qveS regullirebis gadamrTve B is kontagtebi.

anitom transformatoris avzis zedapiris Termogramebi
gadaiReba:

- gragni Bebis ganStoebebis gan Bagebis adgi BebSi;

- transformatoris avzis simaR Beze;

- kidura fazebis mimarT;

-avzis zarxufis damagrebis adgi BebSi.

avzis zedapiris temperaturis gradientis mniSvne Bl obebisa da
maTi adgi Bmdebareobis mixedviT, transformatoris teqno Bogiuri
dokumentaciis daxmarebiT Fasdeba masSi SesaZll o defeqtebi.

250 mva da meti simZBavris transformatorebisa da
avtotransfor-matorebisaTvis rekomendirebuBia eqspBuataciaSi
Seyvanis dros gadaviRoT avzis Thburi velis suraTi.

daTvablierebis” vreJimi saSuallebas 1i1ZBeva ganvsazRvroT
temperatura transformatoris zedapiris nebismier wertilSi. unda
gaviTval iswinoT, rom transformatoris mTel simaR Beze
magsimaBur da minimaBur temperaturaTa Soris sxvaobam SeiZleba
miaRwios 20-35°C-s.

infrawiTel 1 diagnostikis saSualebebis daxmarebiT  Tbovi-

zorulli kontrolis meTods ZaBuri transformatorebis gare
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e Bementebis (maRalBvoll tiani Semyvanebis, ganmmuxtve Bebis, gadamr-
Tve Bebis, gacivebis sistemebisa da sxvaTa) mdgomareobis Sesaxeb
SeuZBia moitanos mravalli sasargebBo informacia, magram igi
iTvleba irib meTodaT, romelBic ar iZlBeva transformatoris avzis
ked Bebisa da didi mocullobis satransformatoro  zeTis
qgveSMdafarulli aqtiuri nawils mdgomareobis Sesaxeb srul
infFormacias. Ggarda amisa zemoTCamoTvEiBi meTodebi yovel Tvis
ar aris efeqturi mokBed SerTvis dros ZaBovani transfor-
matorebis gragni BebSi narCeni deformaciis aRZvris SeTxvevaSi,
romBebic xdeba myisierad da ar +toveben dros diagnostikuri
gazomvebis Sedegebis anal 1zisaTvis da transformatoris
dazianebis Tavidan acillebis an momavali remontis masStabebis
Semcirebis mizniT ver uzrunvelyofen rac SeiZlleba swrafad
moxdes misi gamorTva.

Zaluri transformatoris gragni BebSi xviaTaSorisi mokled
SerTvis Sedegad gamowveuli gragni Bebis deformaciis mimarT
yve Baze ufro mgrZnobiarea indugciurobis parametri. aseTi
transftormatorebis gragni BebSi sawyisi deformaciebis aRZvrisas
da xviaTaSorisi mokBed SerTvis SemTxvevaSi periodidan
periodamde xdeba iIndugciurobis ganviTarebadi gazrda an
Semcireba, romelsac Tan axBavs sakontroBlo transformatoris
gragni Bebis Seugcevadi rRveva. Mam MmeTodis bazaze Segmnilia
Zaluri transformatorebis parametrebis kontrolis sainformacio
- sazomi sistema, romeBic SeiZBleba gamoyenebulli 1ignes mok B ed
SerTvis cdebisa da egqspBuataciis dros gsellidan gamourTve lad
Zaluri transformatorebis gragni Bebis mdgomareobis operatiulli
kontrolisaTvis.

indugciurobis Secvlis SemTxvevaSi kontrolis bHlokidan
marTvis b B okze miewodeba signalli, romelic Fformirdeba damcve i
amorTvis signallad. sainformacio-sazomi sistema salWiroa gamoye-

nebu B 1 ignes 1Im redimebisagan swrafmogmed dacvasTan kavSirSi,
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rome Inic aRiZvrebian ZaBovan transformatorebis gragni BebSi
mok Bed SerTvis gamo maTSi elBegqtrodinamiuri Zalvebisagan dazia-

nebebisa da narCeni deformaciis Sedegad parametrebis cvlillebiT.

daskvnebi
Catarebu B i1 gamokv B evebis safuzve I ze miRebu B 1a Semdegi Sedegebi:
dadgeni Bi1a, rom dReisaTvis sagarTve Bos e B momaragebis sistemaSi
Zaluri transformatorebis mniSvne B ovanma nawi Bma amowura Tavisi
muSaobis resursi. Qgveynis ekonomiuri situacia, agreTve
transformatorebis saerTo raodenobis didi ricxvi ar iZleva
uax I oes xanSi maTi Secvlis saSua B ebas. Aamitonm
transformatorebis droulli diagnostika metad aqgtuaBluri Temaa
sagarTvelos saxe@mwifo elegtrosistemaSi 110-500 kv Zabvis
gqvesadgurebis, Ria da daxuruli gamanawi Bebe Bi mowyobi B obebis
saxeobebis mixedviT warmodgeni Bi mtyunebebis, uwesivrobisa da
defeqtebis gamov Benis  jamuri ganawi Bebis analizidan
gamomdinare dadgeniBia, rom mowyobi Bobis izolBaciis klasis
zrdasTan erTad arsebobs mtyunebaTa zrdis tendencia.
gamov Beni Bi uwesivrobebisa da defeqtebis didi nawilli pirvel
rigSi miekuTvneba egqspBuataciaSi Seyvanill axali tipis
mowyobi B obebs, rac gamowveu Bia maTi damzadebis xarisxiT
dadgeni Bi1a, rom principull probBemas warmoadgens koncefciis
Teoriulli  uzrunvelyofis arsebiTi CamorCena diagnostikis
Tanamedrove saSuallebebisa da informaciulli  teqgno B ogiebis
miRwevebis realuri SesaZlleb l obebisagan.
dadgeni Bi1a, rom tegnikurad dasabuTebulli diagnozis dasnma
SesaZlebelia mxolBlod srullyofili informaciis pirobebis
statistikuri monacemebis Sekrebis, gare daTvalierebisa da
specialuri xel@sawyoebis saSuallebiT Catarebulli egsperimentulli

gamokv B evebis Sedegad,
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5. dadgeni Bia, rom diagnostikis Tanamedrove meTodebi da tegnikuri
saSua B ebebi energosistemebSi saSuallebas ar iZBevian Zvirad-
Rirebulli e Beqgtromomowyobi B obis gsell idan gamorTvisa da gaxsnis
gareSe gamovBeniBi ignas callkeulli elementebis MmuSaobis
reJimebi. amasTan dakavSirebiT iwelleba eBetromowyobi lobis
remontSi gadayvanis dro, ixarjeba operatiuloba da izrdeba
avariulli relJimebis gazrdis al baToba.

6. dadgeni Bia, rom udaod aqtuaBluri xdeba kontrolis iseTi axali
meTodebis damuSaveba, romBebiTac transformatoris gaxsnis gareSe
moxdeba misTvis damaxasiaTebeli sxvadasxva parametrisa da
monacemis gazomva, defeqtebis aRmoCena da aRmofxvra.

7. Ddadgeni Bia, rom elBegtromowyobi BobaTa diagnostikis sFferoSi
mimdinare samecniero-kvBeviT samuSaoebSi kompiuteris +TarTod
gamoyenebam auci Bebe B 1 gaxada maTematikur model irebasTan erTad
eleqgtrulli wredebis Teoriis sferoSi axalli Teoriull1 midgomebis
damuSaveba da miRebu B 1 Sedegebis WeSmaritebis Sefaseba.

8. damtkicebulia Tanamedrove pirobebSi energoefeqturi RonisZi-
ebebis gatarebisaTvis sanfaza transformatoris maTematikuri
mode B is saWiroeba.

9. datvirTvis reJimSi samfaza transformatoris Sesabamisi
ganto BebaTa sistemis amosaxsneBad SedgenilBli igna bl ok-sgema,
romBis safuZzve l zgc SesaZlBebell 1a Sedges kompiuterull1 programa
optimaBuri eleqtrulli da magnituri parametrebis SesarCevad.

10. ZaBluri transformatorSi ganviTarebadi defeqtis dadgenis mizniT
SemuSavebu Bi igna specialluri allgoriTmi, romelBic saSualebas
iZBeva sakmao sizustiT ganvsazRvroT ganviTarebadi defeqtis saxe,

misi gamomwvevi mizezi da mosal odneli Sedegi.
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Abstract

In the result of industrial production fall during last decades the number of worn-
out electrical facilities have abruptly increased. Average duration of working capacity of
electrical facilities exceeded 40 years and 80% of them generated their physical
resources. A strong tendency of technologic disturbances and accidents is noticed, mostly
on facilities filled with oil, first of all in power transformers, autotransformers and
reactors.

A power transformer represents the most expensive part of any substation most of
which work the year round in various climate conditions and undergo internal and
external influence of electromagnetic and mechanic nature. That is why, during
exploitation of transformers various defects can emerge which are expressed at work in
different ways.

Nowadays in the system of electric supply a significant part of power transformers
exhausted their resources. Economical condition of the country and great number of
transformers’ total quantity do not allow to change them. Thus, timely diagnostics of
transformers is quite urgent.

Statistical studies, carried out abroad, showed that probability of transformers abort
is 0.0062 in a year. Saying in other words this means that in energetic system with 160 oil
transformers one accident in a year is possible in extreme case.

At present for estimation of the state of system defects development and
determination of exploitation properties of power transformers and autotransformers,
complex diagnostic study is widely used. This kind of studies allow to reveal either
developing defects, estimate a level of danger, or necessity of major repair, capacity and
terms.

Basic problem is a fundamental lagging of theoretical provision of conception of
modern facilities and real possibilities of information technology progress.
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During last two decades diagnostic methods of transformers, substations and
devices are implanted in practice and continually processed worldwide. They are made on
the base of modern microelectronics easily interrelated with personal computers.

Making technically confirmed diagnosis is possible only after gathering statistical
data of complete informational terms, external inspection and experimental studies
carried out by means of special devices.

Thus working out new methods of control is becoming very urgent. By these
methods measuring various parameters and data of transformer, revealing defects and
their correction will be possible without opening facility.

The first chapter of the work is devoted to the literature review where a short
history of transformers, dedication of power transformers and an operation concept,
nominal data and technical properties of transformers, main types of their damage, basic
methods of power transformer control, main and additional lists of chemical and electrical
tests, ways of transformer diagnosis are given.

In the second chapter of the work methodology of diagnostic system of high
potential electrical equipment is discussed. It is commonly known that high potential
electrical equipment is under the high risk of forming defects and malfunctions and they
have too much accidents. Currently, methods used for prophylaxis and revealing
malfunctions allow to decrease aborts somehow.

According 1500 units of devices of 110-500 kW voltage in the state electrical
system of Georgia, total distribution of revealing aborts, malfunctions and defects
through substations, open and closed allocating arrangements, subsequent to the results
of three year exploitation, are given in this chapter.

Three-level structural scheme of diagnostic system with numbers and types of
diagnostic parameters is given. In specification of diagnostic parameters periodicity of
their registration is important. It depends on defect formation in parts or any control knot
of the object and development speed.

In the same chapter diagnostic algorithm is given, the main part of which is a
model. The model consists of various parts (blocks) which are related to each other
functionally. As a rule such parts are not reviewed separately. Their total bit in the model
functioning is conditioned by interaction between the parts. When making diagnosis
knowing sequence of events is important. These events may cause an abort of details and
knots.

In the third chapter of the work mathematical models of power transformers are
discussed.

Mathematical modeling is one of the main instruments for getting to know events
of external world by human. It represents a mean for learning a real object, process or
system via replacing them with mathematical model. It is more convinient when
experimental studies are carried out using calculation machines. Mathematical modeling
means basic connections and relationships of learnt event. This can be formulas or
equations, collection of rules and coordination in mathematical representation.

Mathematical modeling is an integral part of scientific-technical progress. This
methodology does not change scientific disciplines, does not compete them but
participates in all fields of current creative studies.

Wide use of mathematical modeling allows rising general level of theoretical
studies and to carry out them in close relation with experimental researches.
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Making and learning mathematical model of electrical facilities give great
perspective for studying electrical facilities. Wide use of computers in scientific works
passing in the field of electrical facility diagnostics made it necessary to process new
theoretical approaches in the field of electrical circuit theory and estimate validity of the
results.

Nowadays modeling problem of inductively connected circuits is quite urgent. To
make mathematical model corresponding physical processes in such circuits it is
necessary to introduce a new counting system. Electric technologists have been conscious
about adequate modeling problem for a long time. This is seen in discussions at the
congress of international commission of electric technologists. Power transformer is a
classical sample of inductively connected circuit. That is why, in the work there is a
mathematical model of single-phase and tree-phase transformers which completely
expresses physical processes taking place in them.

At download mode for solution of equation systems corresponding to three-phase
transformers, block chart was made and basing on it — program calculating primary and
secondary currents.

For solving equation system corresponding to three-phase transformer in the mode of
load, a block diagram was made and basing on it — a program for calculation of primary
and secondary currencies was created.

In the fourth chapter an algorithm (worked out by me) for specification of developing
defects in power transformers is represented. This allows to determine development of
defects using special diagnostic tables, according data of chromatographic analysis.

In the same chapter the list of factors to be considered for estimation of condition
during infrared diagnostics and characterization of these factors are given. They influence
infrared control.

Induction parameters are the most sensitive to windings deformation caused by
turn-to-turn faults of power transformers windings. In the windings of such transformers,
at forming initial deformities and in case of turn-to-turn faults, developing increase or
decrease of inductivity from period to period accompanied by irreversible destruction of
controlling transformer windings. Basing on this method informational-measuring control
system of power transformer parameters are made. It can be used at short circuit tests and
exploitation without switching off from the system for operating control of power
transformers’ winding conditions. Informational-measuring system have to be used in
conjunction with fast-acting protection from the modes arising in windings of the power
transformers due to short circuits with changing parameters in the result of damages due
to electrodynamic forces and residual deformations.
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