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M9Bomdg

ukanasknel aTwBeullebSi samreweBl o warmoebis vardnam
mogviyvana gacveTili1 elegtrodanadgarebis raodenobis mkveTr
zrdasTan. eleqgtromowyobi B obis muSaobis saSuallo xangrZli-
vobam gadaaWarba 40 wels da maTma 80 % -ma gamoimuSava Tavisi
Fizikuri resursi. SeiniSneba tegnoBogiuri darRvevebisa da
avariebis raodenobis zrdis myari tendencia, romell Ta umetesoba
modis zeTiIT avsebull mowyobi Bobebze, pirvel rigSi Zalovan
transformatorebze avtotransformatorebsa da reagtorebze.

Zaluri transformatori warmoadgens nebismieri gvesadguris
yveBaze ufro ZviradRirebull elements, romelTa umetesoba
mravalli wlis ganmavB obaSi muSaobs sxvadasxva kB imatur piro-
bebSi da ganicdis eleqtromagnituri da meganikuri bunebis Sina-
gad da garegan zemogmedebas. amitom transformatorebis eqsp lua-
taciis dros gamoricxulli ar aris aRiZras sxvadasxva saxis
defeqtebi, romBebic sxvadasxva xarisxiT aisaxeba maT muSaobaze.

dReisaTvis sagarTveBlos elmomaragebis sistemaSi Zaluri
trans-Formatorebis mniSvne Bovanma nawi@ma amowura Tavisi
muSaobis resursi. Qgueynis ekonomiuri situacia, agreTve trans-
Tormatorebis saerTo raodenobis didi ricxvi ar iZleva
uax Boes xanSi maTi SecvlBis saSuallebas. Aamitom transfor-
matorebis droulli diagnostika metad aqgtualuri Temaa

sazRvargareT Catarebullma statistikurma gamokv levebma
aCvena, rom Zaluri transformatoris mtyunebis allbaToba
we B iwadSi Seadgens 0,0062. sxva sityvebiT rom vTqgvaT, es niSnavs,
rom 160 zeTiani transformatoris mgone energosistemaSi
ukidures SemTxvevaSi SesaZlBebeli1a erTi avaria we l iwadSi.

anJamad ZaBuri transformatorebisa da avtotransfor-
matorebis saeqspBuatacio maxasiaTebBebis gansazRvrisa da
sistemebis defeqtebis ganviTarebis donis mdgomareobis Sefase-
bisaTvis, sull ufro fTarTod mimarTaven kompBeqsur diagnos-
tikur gamokv Bevas. aseTi gamokv Bevebi saSualebas gvaZBeven ara
marto gamovavBinoT ganviTarebadi defeqtebi, SevafasoT maTi
saSiSroebis done, aramed davasabuToT kapitaBluri remontis
saWiroeba, mocu B oba da vadebi.

principull probBemas warmoadgens koncefciis Teoriulli
uzrunve Byofis arsebiTi CamorCena diagnostikis Tanamedrove
saSuallebebisa da informaciulli teqgno B ogiebis miRwevebis
realuri SesaZlebll obebisagan.

ukanaskneli ori aTwBeullis ganmavB obaSi msofBio masS-
tabiT ganuwyvet Biv muSavdeba da pragtikaSi inergeba qvesad-
gurebisa da transformatorebis diagnostikuri meTodebi da
xe B sawyoebi, rombBebic damzadebulia Tanamedrove mikro-
e Beqtronikis bazaze, romBebic advi Bad uR B debian personallur
kompiuterebTan.

tegnikurad dasabuTebulli diagnozis dasma SesaZBebelia
mxoBod srullyofi i informaciis pirobebis statistikuri mona-



cemebis Sekrebis, gare daTvalierebisa da specialuri xell saw-
yoebis saSuallebiT Catarebuli1 egsperimentulli gamokv Bevebis
Sedegad.

anitom udaod aqtuaBuri xdeba kontrolis iseTi axali
meTodebis damuSaveba, romBebiTac transformatoris gaxsnis
gareSe moxdeba misTvis damaxasiaTebe D1 sxvadasxva parametrisa
da monacemis gazomva, defeqtebis aRmoCena da aRmoFfxvra.

naSromis | Tavi eZRvneba HBiteraturull mimoxi Bvas, sadac
moyva-ni B1a transformatoris mokBe istoria da Zaluri
transformatorebis daniSnulleba, ZiriTadi elementebi da
muSaobis principi. transFormatorebis nominaBluri monacemebi da
tegnikuri maxasiaTeb Bebi. maTi dazianebis ZiriTadi saxeebi.
ZaBovani transformatorebis kontrolis ZiriTadi meTodebi.
Eeleqtrulli da gimiuri gamocdebis auci Bebeli1 da damatebiTi
CamonaTv Bebi; transFormatoris diagnostikis xerxebi.

naSromis Il TavSi ganxi Bulia MmaRali Zabvis el egtromow-
yobi Bobebis diagnostikis sistemis meTodoBogia rogorc
cnobi Bia maRali1 Zabvis mowyobi Bobebi eqvemdebarebian defeq-
tebisa da uwesivrobebis Camoyall ibebis maRall risks da aqvT
sakmaod maRali avariulli SemTxvevebi. dReisaTvis gamoyenebu R i
uwesivrobis gamov Benisa da profi Bagtikis meTodebi saSuall ebas
iZBevian mxo B od ramdenadme SevamciroT mtyunebebi.

am TavSi warmodgeni Bia sagarTvelos saxe Imwifo eleqtro-
sistemaSi 110-500 kv Zabvis 1500 erTeu Bi1i mowyobi B obis saxeobebis
mixedviT mtyunebebis, uwesivrobisa da defeqtebis gamovHlenis
Jamuri ganawi Beba gvesadgurebSi, Ria da daxuru l gamanawi Bebell
mowyobi B obebSi eqsp Buataciis sami wlis Sedegebis mixedviT.

mocemu B ia diagnostikis sistemis samdoniani struqturulli
sgema,sadac moyvani Bia diagnostikuri parametrebis ricxvi da
saxeebi. diagnostikuri parametrebis gansazRvraSi mniSvne I ovan
moments warmoadgens maTi registraciis periodulloba, romelic
damokidebu B 1a obieqtis nebismier sakontroBlo kvanZsa da
detall Si defeqtebis warmogmnisa da ganviTarebis siCgareze.

amave TavSi mocemu Bia diagnostirebis allgoriTnmi, romlis
ZiriTad nawi Bs warmoadgens modeli. modeBi Sedgeba mTeli
rigi nawi Bebisagan (b B okebisagan), romel Tac erTmaneTTan gaaC-
niaT FunqcionaBuri kavSirebi. rogorc wesi aseTi nawiBebi
erTmaneTisagan izolBirebullad ar ganixilebian. maTi jJamuri
wililli nT Bianad mode B is FungcionirebaSi ganpirobebulia na-
wi Bebs Soris urTierTgmedebiT. mowyobi B obis diagnostirebisas
mniSvne B ovania vicodeT movBenaTa Tanmimdevroba, romell Tac
SeuZ B 1aT migviyvanon detallebisa da kvanZebis mtyunebamde.

naSromis mesame TavSi ganxiBullia ZaBuri transforma-
torebis maTematikuri mode Bebi.

maTematikuri modelireba warmoadgens adamianis mier gare
samyaros mov Benebis Secnobis erT-erT ZiriTad instruments. igi
aris realluri obieqtis, procesis an sistenis Seswavlis
saSualleba maTi maTematikuri modeBiT Secvlis gziT, romelic
ufro mosaxerxebe lia gamomTvBe B i manganis gamoyenebiT eqsperi-



mentu B 1 kvBevebis Catarebisas. maTematikuri modelirebis qveS
igu B isxmeba SesaswavBli movBenis ZiriTadi kanonzo-mierebani da
kavSirebi. es SeiZlleba 1yos formullebi an ganto Bebebi, wesebis
an SeTanxmebebis krebu B i1 gamosaxu Bi1 maTematikuri FormiT.

maTematikuri modelireba samecniero-tegnikuri progresis
ganuyofe i nawi Bia Ees aris meTodo B ogia, romelic ar cvlis
samecniero disciplinebs, ar uwevs maT konkurencias, magram
monawi Beobs yve Ba sFeroSi mimdinare SemogmedebiT kv BevebSi.

maTematikuri modelirebis T*arTo gamoyeneba saSuallebas
iZBeva aiwios Teoriulli gamokvBevebis saerTo done, Catardes
isini eqsperimenta B ur gamokv BevebTan mWidro kavSirSi.

e leqtrodanadgarebis maTematikuri modelebis Segmna da
Seswavla 1i1ZBeva elegtrodanadgarebis kvBevis did perspe-
qtivebs. De Beqtromowyobi BobaTa diagnostikis sferoSi mimdina-
re samecniero - kvBeviT samuSaoebSi kompiuteris farTod gamo-
yenebam auci Bebe B 1 gaxada maTematikur model irebasTan erTad
eleqtrulli wredebis Teoriis sferoSi axali Teoriulli midgo-
mebis damuSaveba da miRebu B 1 Sedegebis WeSmaritebis Sefaseba.

dReisaTvis aqtuallurad 1i1TvBeba indugciurad dakavSire-
bulli wredebis modelirebis amocana. aseTi saxis wredebSi
mimdinare TFizikuri procesebis Sesabamisi maTematikuri mode-
Bebis Sesadgenad saWiro gaxda axalli aTvlis sistemis SemoReba.
adekvaturi model irebis amocana didi xania aRelBvebs swavliul
e Begtrotegnikosebs, razec nmetyvellebs elegtrotegnikosTa
saerTaSoriso komisiis kongresze gamarTulli diskusiebi. ZaRuri
transformatori indugciurad dakavSirebulli wredis kBasikuri
magal iTia. Aamitom naSromSi SedgeniBia erTfaza da samfFaza
transformatorebis iseTi maTematikuri modelebi, romlBebic
srullad asaxaven maTSi mimdinare Fizikur procesebs.

datvirTvis reJimSi sanfaza transformatoris Sesabamisi
ganto BebaTa sistemis amosaxsne Bad Sedgeni Bi igna bl ok-sgema,
xolo mis safuZvelze - pirveladi da meoreulli denebis
gamosaangariSebe B 1 programa.

naSromis meoTxe TavSi moyvani Bia Cems mier damuSavebu i
Zalur transformatorSi ganviTarebadi defeqtebis gansazRvris
algoriTmi, romelic saSuallebas iZBeva qromatografiulli
analizis monacemebis mixedviTa da specialuri diagnostikuri
cxriBebis gamoyenebiT gansazRvru 1 ignes defeqtis ganviTareba.

amave TavSi moyvani Bia Tbovizoruli diagnostikis dros
mdgomareobis SefasebisaTvis gasaTvalliswinebeli1 Fagtorebis
CamonaTvalli da maTi daxasaTeba, romBebic gavBenas axdenen
infFrawitell kontrol ze.

Zaluri transformatoris gragni BebSi xviaTaSorisi mokled
SerTvis Sedegad gamowveu li gragni Bebis deformaciis mimarT
yve Baze ufro mgrZnobiarea indugciurobis parametri. aseTi
transformatorebis gragni BebSi sawyisi deformaciebis aRZvri-
sas da xviaTaSorisi mokBed SerTvis SemTxvevaSi periodidan
periodande xdeba indugciurobis ganviTarebadi gazrda an
Semcireba, romeBsac Tan axBavs sakontroBl o transformatoris

vi



gragni Bebis Seuqcevadi rRveva. Mam MmeTodis bazaze Segmni lia
Zaluri transformatorebis parametrebis kontrolis sainfor-
macio - sazomi sistema, romelBic SeiZBeba gamoyenebuBi 1ignes
mokBed SerTvis cdebisa da egspBRuataciis dros gselidan
gamourTvelad ZalBluri transformatorebis gragni Bebis mdgonma-
reobis operatiulli kontrolisaTvis. sainformacio-sazomi sis-
tema saWiroa gamoyenebu Bi1 1ignes Im reJimebisagan swrafmogmed
dacvasTan kavSirSi, romelnic aRiZvrebian ZaBovan transfor-
matorebis gragni BebSi mokBed SerTvis gamo maTSi eleqtro-
dinamiuri Zalvebisagan dazianebebisa da narCeni deformaciis
Sedegad parametrebis cvlillebiT.
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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.

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
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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.

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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samuSaos agtualoba. UukanaskneBi aTwBeulebi xasiaTdeba
eleqtrulli sadgurebisa da gsellebis tegnikur gadaiaraRebaSi
investiciebis daballi doniT. sanmreweBl o warmoebis vardnam
mogviyvana gacveTili elegtrodanadgarebis raodenobis mkveTr
zrdasTan. eleqgtromowyobi Bobis muSaobis saSuallo xangrZli-
vobam gadaaWarba 40 wels da maTma 80 % -ma gamoimuSava Tavisi
Fizikuri resursi. SeiniSneba tegnoBogiuri darRvevebisa da
avariebis raodenobis zrdis myari tendencia, rome l Ta umetesoba
modis zeTiT avsebull mowyobi Bobebze, pirvel rigSi Zalovan
transformatorebze avtotransformatorebsa da reagtorebze.

Zaluri transformatori warmoadgens nebismieri qvesadgu-
ris yve laze ufro ZviradRirebull el ements. ganasxvaveben saerTo
da specialluri daniSnullebis Zalovan transformatorebs. saerTo
daniSnu Bebis ZaBovani transformatorebi gamoiyeneba iseTi
gseBlebisa da momxmareb Bebis  kvebisaTvis, romBebic ar
xasiaTdebian muSaobis gansakuTrebulli1 pirobebiT, datvirTvis
xasiaTiTa da muSaobis relJimebiT. specialuri daniSnullebis
Zalovani transformatorebi gamoiyeneba 1iseTi (gsellebisa da
momxmareb Bebis kvebisaTvis romBebic xasiaTdebian muSaobis
gansakuTrebu B 1 pirobebiT, datvirTvis xasiaTiTa da muSaobis
reJimebiT. aseTi qselebisa da momxmarebBebis ricxvs miekuTv-
nebian miwisqveSa maRarosa da Saxtis gselBebi da danadgarebi,
gammarTve B 1 mowyobi B obebi. EeBeqtrulli Rume Bebi da sxva.

transformatorebis umetesoba mravalli wHBis ganmav l obaSi
muSaobs sxvadasxva kB imatur pirobebSi da ganicdis e Beqtromag-
nituri da meganikuri bunebis Sinagad da garegan zemogmedebas.
anitom transformatorebis eqspBuataciis dros gamoricxulli ar
aris aRiZras sxvadasxva saxis defeqtebi, romBebic sxvadasxva
xarisxiT aisaxeba maT muSaobaze. erTi saxis defeqtebiT trans-
formatori SeiZleba xangrZBivad darCes muSaobaSi, xoB O sxva

saxis defeqtebiT saWiroa maTi dauyoneb B iv muSaobidan gamo-
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yvana. TiToeull SemTxvevaSi muSaobis Semdgomi gagrZe B ebis SesaZ-
Beb B oba ganisazRvreba dazianebis xasiaTiT. Ppersonallis arao-
peratiu B obisa da umniSvne o defeqtebis gamosworebisaTvis zo-
mebis udroo miRebas mivyavarT transformatorebis avariul
gamor Tvamde.

dReisaTvis sagarTvelBlos elmomaragebis sistemaSi Zaluri
transformatorebis mniSvne B ovanma nawi Bma amowura Tavisi muSa-
obis resursi. Qqveynis ekonomiuri situacia, agreTve transfor-
matorebis saerTo raodenobis didi ricxvi ar i1ZBeva uaxll oes
xanSt  maTi Secvlis saSuallebasAamitom transformatorebis
eqsp Buataciis saimedobis SesanarCunebBad mniSvneBovani roli
ekisreba maT diagnostikur kontrolls.

msof B 1o gamocdi Beba gviCvenebs, rom mzBavri transforma-
torebis SemTxveviTi avariiT miyenebu 1 ekonomiuri zarali, ro-
me B 1ic dakavSirebu B i1a mxo B od Zabvis Sewyvetis gamo samrewve 1o
sawarmoebis gaCerebasTan mi BionobiT doBarebiT. ukve ar vl apa-
rakobT im udides danaxar jebze, romelic saWiroa am ZviradRi-
rebull1 mowyobi B obis muSaunarianobis aRsadgenad. amitom tran-
sTormatorebis droulli diagnostika metad aqgtuaBuri Temaa [1]

sazRvargareT Catarebullma statistikurma gamokv levebma [2]
aCvena, rom Zaluri transformatoris mtyunebis allbaToba welli-
wadSi Seadgens 0,0062. sxva sityvebiT rom vTqvaT, es niSnavs, rom
160 zeTiani transformatoris mgone energosistemaSi ukidures
SemTxvevaSi SesaZlBebeBia erTi avaria weliwadSi. meore mxriv,
Tanamedrove eleg-troenergetikis damaxasiaTebeli tendenciaa
ZiriTadi ZaBuri mowyobi Bobebis cveTis xarisxis zrda da
arasakmarisi ganax Bebis +tempebiDdazianebis mizezebi dakavSi-
rebu B i1a eqspBuataciis cud pirobebTan, uxarisxo remontsa da
montaJTan. mniSvneBlovan rolls TamaSobs transformatoris
konstruqciis callkeuli elementebis TFfarulli defeqtebi da
arasakmarisi xarisxis saizo Bacio masalebi.

energetikull bazasa da elegqtroenergiis uwyvet moTxovnas

Soris mdgomareobis obieqturi winaaRmdegoba Tavis asaxvas pou-
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Bobs am probBlemnis gadasawyvetad samecniero-tegnikuri gzebis
Ziebis intensifikaciaSi. ganviTarebis adreull stadiaSi eleqtro-
mowyobi B obebis muSaobaSi defeqtebis gamovBena, avariulli si-
tuaciebis aRZvramde maTi HBikvidaciisaTvis droulli gadawyve-
tilebis miReba, Seamcirebs da ara marto Tavidan agvaci lebs
mniSvne Bovan zaralls, aramed Seamcirebs gacdenebsa da remontis
xar jebs, gaaxangrZlivebs misi muSaobis vadas. el egtromowyo-
bi Bobis racionalluri, usafrTxo da efeqturi egspBuataciisaT-
vis da remontze gadayvanisaTvis diagnostikis arsebull1 sisteme-
bi unda Seivsos mTeli1 rigi specialluri meTodebiTa da tegno-
B ogiebiT, rome I Tac gaaCniaT unari muSa reJimSi awarmoon konk-
retulli e Imowyobi B obis mimdinare mdgomareobis statistika.

anJamad ZaBuri transformatorebisa da avtotransforma-
torebis saeqspBuatacio maxasiaTeb Bebis gansazRvrisa da sis-
temebis defeqtebis ganviTarebis donis mdgomareobis Sefasebi-
saTvis, sull ufro farTod mimarTaven komp Begsur diagnostikur
gamokv Bevas. aseTi gamokv Bevebi saSualBebas gvaZBeven ara marto
gamovav B inOoT ganviTarebadi defeqtebi, SevafasoT maTi saSiS-
roebis done, aramed davasabuToT kapitaluri remontis saWi-
roeba, mocu l oba da vadebi [3].

tegnikuri mdgomareobis arsebu B i meTodebi da saSuall ebebi
mowyobi B obis komp Beqsuri gamokv Bevebis dros iZBevian defeg-
tebis umravBesobis SemCnevis saSuallebas. magram kompBegsuri
gamokv Bevebi maTi didi Sromatevadobisa da Rirebullebis gamo
srulldeba mxoBod strategiull el eqtromowyobi B obebze remont-
ze gadayvanis dros da bunebrivia ver uzrunvelyofs ganvi-
Tarebadi defeqtebis droull SemCnevas.

principull probBemas warmoadgens koncefciis Teoriulli
uzrunve Byofis arsebiTi CamorCena diagnostikis Tanamedrove
saSuallebebisa da informaciulli tegno B ogiebis miRwevebis
realuri SesaZlebll obebisagan.

ukanaskneBi ori aTwBeullis ganmavBobaSi msofBio mas-

StabiT ganuwyvet Biv muSavdeba da pragtikaSi 1inergeba qvesad-
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gurebisa da transformatorebis diagnostikuri meTodebi da
xe B sawyoebi, romBebic damzadebuBia Tanamedrove mikroelleg-
tronikis bazaze. maT safuZvell ze gamoCnda Tanamedrove vibro-
diagnostikis, Thovizorulli kontrolis, zeTis gromatografiu-
Bi analizis, oscilografebisa da registratorebis mravali
saxesxvaobebi, romBebic advillad uRMNBdebian personallur
kompiuterebTan [4].

amasTanave diagnostikis Tanamedrove meTodebi da tegnikuri
saSua Bebebi energosistemebSi saSuallebas ar 1iZBevian Zvirad-
Rirebull1 e Begtromomowyobi B obis gaxsnis gareSe gamovBeni i
ignas callkeulli elementebis muSaobis reJimebi. amasTan dakavSi-
rebiT iwelleba eBetromowyobi Bobis remontSi gadayvanis dro,
ixar yeba operatiuloba da i1zrdeba avariulli reJimebis gazrdis
allbaToba.

tegnikurad dasabuTebulli diagnozis dasma SesaZBebelia
mxo Bod srullyofili infFormaciis pirobebis statistikuri mona-
cemebis Sekrebis, gare daTvalierebisa da specialuri xell saw-
yoebis saSuallebiT Catarebuli1 egsperimentulli gamokv Bevebis
Sedegad.

anitom udaod aqtuaBuri xdeba kontrolis iseTi axali
meTodebis damuSaveba, romBebiTac transformatoris gaxsnis
gareSe moxdeba misTvis damaxasiaTebe D1 sxvadasxva parametrisa
da monacemis gazomva, defeqtebis aRmoCena da SesaZBl o avariebis
prognozirebis mizniT damuSavdeba miRebu B 1 Sedegebi,

samuSaos mizania ZaBuri transformatoris iseTi monito-
ringisa da diagnostikuri saSuallebis damuSaveba, romellic muSa
Zabvis qveS wuzrunveBlyofs ganviTarebadi defeqtebis adreul
aRmocCenas.

ZiriTadi amocanebi:
1 sagarTve B os saxe Bmwifo e BeqtrosistemaSi 110-500 kv Zabvis

gqvesadgurebis, Ria da daxurulli gamanawi BebelB i mowyobi-

0 obebis saxeobebis mixedviT warmodgeni Bi mtyunebebis,

uwesivrobisa da defeqtebis mdgomareobis dadgena;
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2. Zaluri transformatoris diagnostikis stugqturulli sgemis
algoriTmis daxvewa;

3. Zalur transformatorebSi mimdinare Fizikuri procesebis
Sesabamisi maTematikuri mode l is damuSaveba.

4. kontrolis iseTi axall1 meTodis damuSaveba, romBebiTac
transformatoris gaxsnis gareSe uwyvetad moxdeba misTvis
damaxasiaTebe i induqciurobis parametris mudmivi kontro-
Bi da misi cvlilebs safuZvell ze swrafmogmed dacvasTan
kavSiriT dazianebulli transformatoris amorTva

5. Zaluri transformatorebis monitoringis daxvewis tegno-
B ogiaSi mikroprocesorulli tegnikis gamoyenebis Sesaxeb
rekomendaciis gacema.
kvBevis nmeTodebi. sadisertacio samuSaos Sesrulebisas

gamoyenebu 01 igna Teoriulli da empiriull1 SemecnebiTi meTodebi.

Teoriull doneze es meTodebia eleqtrulli wredebisa da gazonm-

vebis Teoria Eempiriull doneze gamoyenebu i igna Fizikuri da

maTematikuri modeBirebis meTodebi, maT ricxvSi Catarebulli
igna kv Bevebi sanimuSo maketze.

samecniero siaxle.

1. Sedgeni b1 igna ZaBuri transformatorebis diagnostikis
strugturulli sgema, romelic Sedgeba parametrebis gardagmnisa
da analizis, tegnikuri mdgomareobis, dinamiuri maxasiaTeb Bebisa
da ganviTarebadi defeqtebisa da narCeni resursebis mode 0 ebis
b B okebisagan;

2.damuSavebu Bi igna ZaBur transformatorebSi mimdinare
Fizikuri procesebis Sesabamisi maTematikuri modeli ugmi
svlisa da datvirTvis reJinSi;

3. ZalBluri transformatorebis parametrebis kontrolis
sainformacio - sazomi sistemis safuZvelze damuSavebulli igna
kompiuterulli programa transformatoris gragniBebis indug-
ciuri  winaRobis kontroBiT dazianebis gansazRvrisaTvis,

rome B sac SeuZll ia imuSaos swrafmogmed dacvasTan kavSirSi.
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pragtikulli Rirebu leba

1. warmodgeni Bi meTodika saSuallebas i1ZBeva operatiullad
ganvsazRvroT muSa Zabvis qveS ZaBuri transformatorebis
mimdinare mdgomareoba, rac Tavidan agvacillebs avariul
situaciebsa Sesabamisad, did ekonomiur zarals.

2. Zalur transformatorebSi mimdinare Fizikuri procesebis
Sesabamis, daxvewi I maTematikuri models didi mniSvne B oba aqvs
transformatoris optimaluri elleqgtrulli da magnituri para-
metrebis dadgenis sagmeSi, rac saSuallebas mogvcems damzaddes
Semcirebu B1 masall atevadobis ZaBluri transformatorebi.

sadisertacio samuSaos ZiriTadi Sedegebi moxsenebu li igna
stu-s studentTa Ria 79-e saerTaSoriso samecniero konferencias
(2011 weli); publikaciebi. sadisertacio samuSaoebis Sedegebi
gamoqveynebu B'i igna sam samecniero statiaSi.

Ddisertaciis strugtura da mocull oba. Ddisertacia Sedgeba
Sesavallisa da oTxi Tavisagan, romBebic gadmocemulia 116
gverdze. Seicavs 55 naxazs, 23 cxrills, 1 danarTsa da 96

dasaxe Bebis Biteraturas.
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Tavi |. Biteraturulli mimoxi Bva

11,  transformatoris mokle istoria da Zaluri
transformatorebis ZiriTadi e B ementebi da muSaobis principi.

mov Bena, romelic safuZzvlad daedo elleqtrulli transfor-
matoris mogmedebas aRmoCeni Bi igna 1831 wells ingRiseli Fiziko-
sis maik B Ffaradeis mier eleqtrobis dargSi kvBevebis Catarebis
dros. Aam kanonis aRmoCenidan 45 wHBis Semdeg rusi pavle
iab B oCkovis mier dapatentebull1 igna pirveli transformatori
gaxsnilli gullariT, xolo 18384 wells ingRiseli Zmebis joni da
eduard gopkinsonebis mier SegmniBi1 igna Caketill gulariani
transformatori romelBic Seicavda Tanamedrove transforma-
torebis TiTqgmis yvela ZiriTad e lements.

Tanamedrove ZaBluri transformatori warmoadgens rTul
mowyobi B obas, romelBic Sesdgeba sxvadasxva saxis konstrugciu-
Bi elementebis didi raodenobisagan, romBebic ama Tu iIm saxiT
gav Benas axdenen mis muSaobaze.

Zaluri transformatoris daniSnullebaa rogorc eleqtroe-
nergiis gardagma eleqtrull gselebsa da danadgarebSi, aseve
eleqtroenergiis miReba da gamoyenebaAarsebobs erTfaza, orfaza,
samfaza ZaBuri transftormatorebi Dda avtotransformatorebi.

nax.l1l-ze mocemulia erTfaza (a) da samfFaza (b) trans-
Tormatorebis magnituri nakadebi.

Tanamedrove transformatorebi mcired gansxvavdebian XIX
saukunis dasawyisis transformatorebisagan. i1sini iseve Sedgebian
izolirebulli TFTirfitebisagan da spilenZis gamtarebisagan danm-
zadebu Bi gragni Bebisagan. Tanamedrove transformatorebi Tavis
winamor-bedebs simZBavris mixedviT 500-gJer aRematebian maTi
simZBavre aRwevs 1 mEn kvt-ze mets, xol o Zabvis mixedviT 15-jer
aRematebian da SeuZBiaT iImuSaon 1150 kv Zabvis dros. eqsplua-

taciis xangrZBivoba meryeobs 25 dan 50 wHBamde;, maTi masa
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erTeullovan simZBavreze gaangariSebiT Semcirda daax B oebiT 10-
jJer, xolo margi gnedebis koeFficientma gadaaWarba 99 %-s [1].

Mnok Bed ganvixiBoT ZaBluri transformatoris muSaobis
principi. transformatorSi gamtarisagan daxveull gragnills, ro-
meBic mierTebulia kvebis wyarosTan da gmnis magnitur vels,
pirve Badi ewodeba. Mmeore gragnills, romelBSic am velis mog-
medebiT aRiZvreba elBegqtromamoZravebeli Zalla (emZ) da mierTe-
bull ia e Beqtroenergiis momxmarebe I Tan, ewodeba meoreull 1.

transformatoris muSaoba dafuZnebullia or Dbazisur
principze:

1. droSi cvallebadi elleqgtrulli deni gmnis droSi cvallebad
magnitur vells (e Beqtromagnetizmi);

2. magnituri nakadis cvBileba gragni BSi iwvevs elleqt-ro-

mamoZravebe Bi1 Zalis (emZ) aRZvras (e Beqtromagnituri indugcia
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nax.ll. erTFfaza (a) da samFaza (b) transformatorebis
magnituri nakadebi.

Tu pirveBlad gragnills CavrTavT cvBadi denis wredSi
(nax.l.la), maSin masSi gaivlis cvBadi deni da magnitogamtarSi
anu guBaraSi Segmnis cvBad magnitur nakads. gularis gavliT
Sekrull'i magnituri nakadi ganWo Bavs meoreulli gragni Bis Xxviebs
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da daainduqcirebs masSi indug-ciis emZ-s. Tu meoreull'i gragnillis
bo B oebze mivaerTebT eleqtro-energiis raime mimRebs, maSin
indugcirebull1 emZ-is mogmedebiT meoreull gragni BSi mimRebis
gavliT gaivlis Ddeni. es deni Tavis mxriv gmnis magnitur nakads,
romelic pirvelad gragniBSi gamavalli denis mier Segqmnili
magnituri nakadis sawinaaRmdegoa.

transformatoris efeqturi muSaobisaTvis saWiroa rom
pirvelad da meoreull gragnillebs Soris 1iyos 1idealluri
indugciuri kavSiri da TiToeull maTgans unda gaaCndes maRall i
TviTinduqcia es niSnavs, rom magnituri velis yvela Zallxazi,
romelic mocullia pirvelBadi gragni-BiT aseve moculli unda iyos
meoreuli gragnilliTac. ase, rom mocemuli denis cvlillebis
siCgaris dros TiToeulli gragnillis mier SegmniB1 magnituri
nakadi unda iyos didi. orive es piroba SeiZleba Sesrulldes Tu
orive gragnills davaxvevT rkinis gularaze 1ise, rogorc es
gaakeTa Faradeim Tavis pirvell egsperimentebSi. rkina daax B oebiT
10 000 ger zrdis magnituri velis Zall xazebis raodenobas. aseTi
masa Bebis Sesaxeb amboben, rom maT aqvT maRalBli1 magnituri
SeRwevadobaGgarda amisa rkinis gulara axdens magnituri
indugciis Zall xazebis Bokalizebas, ris wyalobiTac transfor-
matoris gragni Bebi sivrceSi SeiZleba iyvnen erTmaneTisagan
gayofi 01 da amave dros indugciurad dakavSirebu Ini.

rkinis gulara warmoadgens yvelBla Tanamedrove Zaluri
transformatoris ganuyofell nawills, xolo spillenZi da alumini
maTi daballi eleqgtrulli winaRobis gamo 1yvnen da rCebian
gragni Bebis dasamzadebe B masall ad.

idealluri  transformatoris parametrebi  mniSvne I ovnad
damokidebu B 1a gularas Tvisebebze, saxeBdobr, am dargSi igna
miRweu i yve Baze didi progresi. Ggu Baras dasamzadebe B 1 masa-
Bis mniSvneBovani Tvisebaa magnituri SeRwevadoba, magnituri
gaJRenTva, elleqtrulli winaRoba da danakargebi histerezisze.
Mmagnituri SeRwevadoba SeiZBeba warmovidginoT rogorc magni-

tur velSi moTavsebuBi1 masaBaSi warmogmni B1 magnituri Zallxa-
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zebis raodenoba. Mmagnituri gaJRenTva es aris magnituri masallis
mdgomareoba, romBis drosac misi damagniteba aRwevs zRvrul
mniSvne Bobas. Ees ori Tviseba gansazRvravs gullaras Zalur
maxasiaTeb Bebs. GguBaras masallas eleqtrull1 winaRoba mniSvne-
B ovania imdenad, ramdenadac 1is saSuallebas iZBeva Semcirdes
grigaluri denebiT gamowveu B 1 danakargebi.

histerezisi magnitur masallebSi amcirebs transformatoris
mogme-debis margi gmedebis koeFicients. "damagnitebu li” atomebis
Jgufebs Soris urTierTgmedebis Sedegad masala agrZellebs
damagnitebu B mdgomareobaSi yofnas. Aamitom roca gare magnituri
velis daZabuBloba droebiT mcirdeba, masalla myisve ver
reagirebs. Aam Seyovnebas transformatorSi cvBadi denis yovel
cik B Si mivyavarT energiis danakargebTan.

transformatorebis gularebis srullyofis mTeli istoriis
manZi B ze Catarebuli1 sainJinro kvBevebis ZiriTadi miznebi iyo
magnituri SeRwevadobis, gaJRenTvis wertillisa da elleqtrulli
winaRobis amaR Beba da histerezisze danakargebis Semcireba Aam
gamokv BevebSt mniSvneBovan rolls TamaSobs mrudi, romelic
grafikulad aRwers damokidebullebas dasamagnitebeli1 masallis
iseT Tvisebebs Soris rogoricaa magnituri SeRwevadoba,
magnituri gaJRenTva da histerezisi. es mrudi warmoadgens
magnituri velis indugqciasa da daZabuBobas Soris damokide-
bullebis grafiks. cvBladi denis TiToeulli cikBis damaxasiaTe-
bel mruds agqvs S asos Torma Seviwroebadi boBoebiT (nax.l.2).
misi daxris kuTxe Seesabameba magnituri SeRwevadobis sidides; is
zeda wertilli, (A) romelSic nmrudi swordeba Seesabameba
gaJRenTvis wertills, xoblo ABCA;B;C;A mrudiT SemosazRvrulli
TfarTobi Seesabameba hostereziss.

mkv Bevarebs mudam ainteresebdaT, es Tvisebebi Tu rogor
miekuTvneba masal is Fizikur Tvisebebs. TiToeull1 Tviseba damo-
kidebulia elementerull magnitebs atomebs Soris urTierTgme-
debis xasiaTze. es urTierTgmedeba ganisazRvreba rkinis kris-

talluri strugqturisa da sxva elementebis — minaerTebis atomebis
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arsebobiT. mecnierebas, am rTulli urTierTgnedebis Sesaxeb,
magnituri domenebis Teoria ewodeba. es Teoria mecnierebs
exmareba  transformatorebisaTvis moZiebu B 1 Ignes ufro

srullyofi Bi masallebi.

nax.l.2. histerezisis maryuli.

Tfoladisagan damzadebuli TxelBi Firfitebi, romlisganac
Sesdgeboda pirveli transformatorebis gularebi, xasiaTde-
bodnen histerezisze mniSvne B ovani danakargebiT. SemdgomSi dana-
kargebma TandaTan iwyes Semcireba +Toladis xarisxis dawv-
rillebiTi SerCevis xarjze da 1900 wlisaTvis SesaZlebel1 gaxda
danakargebis orjer Semcireba. amis Semdeg dadga masalis
dazve BebasTan dakavSirebulli problema. egspBuataciis vadis
zrdasTan erTad i1zrdeba danakargebi histerezisze.

1900 whlidan gularas masalis muSa maxasiaTebBebi mec-
nierull 1 kvBevebis Sedegad mniSvne B ovnad igna gaumpobesebull 1.

transformatoris konstruqciis elementebi, romBebSic ga-
dis elleqgtrulli deni (gragnillebi, gamomyvanebi da sxva) da
romBebic erTmaneTTan SeerTebulia gansazRvrull1 sgemiT, gmnian
transformatoris konstruqgciis Camiwebu 1 nawi Bebisagan 1zoli-
rebull elleqgtrull wreds. saizolacio detallebi Sesrullebullia
sxvadasxva saxis myari saizo Bacio masall ebisagan: muyaos, gaRal -
dis, xis, getinagsisa da sxva. zeTian transformatorebSi

Casxmu l ia satransformatoro zeTi.
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magnitogamtari masze Camocmull gragnillebTan erTad war-
moadgens transformatoris agtiur nawi s, xoBlo danarCeni elle-
mentebi - pasiur nawi Bs. gragni Bebis sxvadasxva nawi Bebis Seer-
Teba erTmaneTTan da gadamrTvelebTan xdeba gamomyvanebis
saSuallebiT.

Zaluri transformatoris aqtiuri nawilli moTavsebullia
avzSi, romelic avsebulia zeTiT. Aavzis kedelze Cveullebriv
damagrebu B 1a zeTis gamacivebel1 radiatorebi.

transformatorebis gragni Bebis gsel ze misaerTebBad gamo-
yenebu B ia Semyvanebi, romBebic Sedgeba dengamtari nawi 0 ebisagan
(Reroebi an milebi), Faifuris safarisagan da sayrdeni mill-
tuCasagan. Semyvanebi magrdeba avzis saxuravze an kedell zeDam
dros misi gveda nawi B i1 moTavsebu B ia avzis SigniT zeTSi, xollo
zeda nawi i1 avzis gareT haerSi. zeTiT avsebull Semyvanebs
gaaCniaT sakuTari zeTis avtonomiuri mocu ll oba

gragni Bebi izolirebullia rogorc erTmaneTisagan, ise gulla-
rasagan. Uufro maRall'i Zabvis gragni Bs ewodeba maRalli Zabvis (mZ)
gragnili, xolo ufro daballi Zabvis gragnills — daballi Zabvis
(dz) gragni B i.

transformatoris pirveBladi gragnillis xviaTa ricxvis Se-
Tfardebas meoreulli gragni Bis xviaTa ricxvTan transformatoris
transformaciis koeficienti ewodeba. transformaciis koeficien-
ti gamoisaxeba FormuliT:

K =W/W,,

sadac W; -pirveladi gragnibis xviaTa ricxvia, xolo W, -
meoreu i gragnilis.

Cveulebriv pirveBladi da meoreulli1 gragnilebis Zabvebi
sxvadasxvaa. Tu pirvelBladi Zabva nakBebia meoreull ze, maSin
transfFormators ewodeba amamaR Bebe B i1 da K<1, xolo Tu metia —
damadab Bebeli da K>I1. Cveulebriv nebismieri transformatori
SeiZleba gamoyenebulli 1ignas rogorc amamaRBebell, ise dama-
dabBebel transformatorad. amamaRBebeli transformatorebi

gamoiyeneba Sors manZi B ze eleqtroenergiis gadasacemad, xollo
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damadab Bebe Bi — momxmareb Bebs Soris elegqtroenergiis gasana-
wi BebBad.

transformatorebis egspBluataciis dros igmneba misi koefi-
cientis cvlilebis (anu Zabvis regulirebis) saWiroeba Zabvis
regullireba erTi saxis transformatorebSi xdeba gselidan ga-
morTvis Semdeg, xoBo sxva saxis transformatorebSi - dat-
virTvis qveS.

erTfaza transformatorebs gamoiyeneben sayofacxovrebo
xe I sawyo - danadgarebSi, denisa da Zabvis sazom transformato-
rebad; indugciuri, madanTermuli, Fferosadnobi da sxva eleqt-
roRume Bebis kvebisaTvis. ZaBovani transformatorebi bunebrivi
zeTis gacivebiT (nax.l3.a) gamoiyeneba rkinigzebze avtob B okirebi-
sa da signalizaciis aparaturis kvebisaTvis. aseT transfornma-
torebSi gaTvaliswinebulia Zabvis regulireba erTfaza trans-
formatorebi gamoSvebu B i1a 6, 10, 27 da 35 kv Zabvebze 0,63 — 10 kva
simZBavriT. zemZBavri erTTfaza transformatorebs 750 kv maRall
Zabvamde ageben msxvilli Tbo da hidroellegtrosadgurebisa da
damadab Bebe 01 quvesadgurebisaTvis. amasTanave eBeqtroenergiis
gadacemisaTvis ar gamoiyeneben erTfaza cvBad dens. Aam miz-
nisaTvis FarTo gamoyeneba hpova samfaza denma. Aamitom transfo-
rmatorTa umetesoba samfazaa.

samfaza denis transformireba SesaZlBlebelia sami erTTFfaza
transformatoris gamoyenebiT, romelB Ta pirveBadi da meoreulli
gragni Bebi SeerTebull ia samfaza sistemaSi varskvBavad (nax.l.1.b)
an samkuTxedad. swored amgvarad muSaoben msxvill elegtro-
sadgurebSi dayenebu i mZBavri erTfaza transformatorebi. isini
pirve Badi gragnillebiT CarTullni arian generatoris Sesabamis
TfazebTan; maTi meoreulli1 gragniBebi SeerTebullia varskvlavad
da CarTullni arian sahaero gadacemis xazis Sesabamis fazebTan.
unravBles SemTxvevaSi samfaza transformatori warmodgenillia
erT mTHRianobaSi (nax.13b). aseTi transformatoris magnito-
gantari Sedgeba sami Rerosagan, romBebic zemodan da qvemodan
Caketi Bia uRBebiT (nax.l4).
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a)
nax.1l.3. erTfaza (a) da samfFaza (b) transFormatorebis gare xedi.

TiToeull Reroze Camocmulia erTi pirveBladi da erTi meore-
ulli gragnili. PpirvelBladi gragniBebi SeerTebulia varskvilavad
an samkuTx-edad, aseve SeerTebullia meoreulli gragni Bebi. Rero
gragni BebiT warmoadgens erTfaza transformators. amitonm
yve Baferi iIs, rac zemoT iyo Tgnu i1 erTfaza transformatorze
mT B i1anad vrce B deba samfaza transformatoris TiToeull fazaze.
nax.l4.-ze naCvenebia samfFaza transformatoris gragni Bebis
magnitogamtarze ganBagebis sgema, xolBo naxl5-ze moyvanilia

sanfaza transformatoris mowyobi l oba.
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nax.l4. sanfFaza transformatoris gragni Bebis magnitogamtarze

gan B agebis sgema
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sanfaza transformatoris TiToeull ReroSi pirvelad grag-
ni BSi gamavali denis mier aRiZvreba magnituri nakadi. TiToeulli
pirve Badi gragni Bi1 miekuTvneba samfFaza sistemis erT romell ime
Ffazas, amitom gragni BebSi gamavall i deni, iseve rogorc modebu i
Zabvebi samfazaa da agedan gamomdinare magnituri nakadebic

samfFazaa, romBebic erTmaneTis mimarT daZru B ni arian 1200 — iT.

nax.l.5. samfaza transformatoris mowyobi B oba: 1-Termometri;

2- maRa B 1 Zabvis gragni Bis Semyvani; 3- daballi Zabvis gragni bis
Semyvani; 4- avzSi zeTis Casasxme B is sacobi; 5- zeTis maCvenebe B 1;
6- safarToebe B Si1 zeTis Casasxme B is sacobi; 7-safarToebel 1; 8-

magnitogamtari; 9- dabali Zabvis gragni Bi; 10- MaRali Zabvis
gragni Bi; 11 zeTis gamosaSvebi sacobi; 12- zeTis avzi; 12- zeTis
gaciebis radiatorebi.

yve Ba zemoTmoyvani B1 miekuTvneba samfaza orgragni la tran-
sformatorebs, romelTac TiToeul Reroze gaaCniaT ori gra-
gnilli — pirveladi da meoreulli. aseT transformators SeuZllia
gardagmnas erTi sididis Zabva meore sididis Zabvad, magram bevr
SemTxvevaSi es sakmarisi ar aris. Zalian xSirad saWiro xdeba

gvgondes ori meoreu 1 Zabva, maga B iTad, 110/35/10 kv.
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12. transformatoris nominaBuri monacemebi da tegnikuri
maxasiaTeb H ebi.

ZalBlovani transformatorebi erTmaneTisagan gansxvavdebian
nominaBuri simZBavriT, Zabvis kBasiT, MnuSaobis pirobebiTa da
reJimebiT, konstruqciulli SesrullebiT.

transformatoris ZiriTadi monacemebi da maxasiaTeblebi
naCvenebia sagarxno Firfitaze FFirfita damagrebull ia transfor-
matoris avzze. Mmasze naCvenebia Semdegi parametrebi: transfor-
matoris tipisAaRniSvna, FazaTa ricxvi; sixSire, hc; dayenebis saxe
(Siga Tu gare); nominaBuri simZBavre, kva, samgragnilliani
transformatorisaTvis TiToeulli gragnilis simZBavre, gragni-
Bebis SeerTebis sgema da ggufi; Zabva nominaBur safexurze da
gragni Bebis gamStoebebze, kv, nominaBuri deni, a;, mokBed Ser-
Tvis Zabva procentebSi; gacivebis xerxi; mT Biani transfor-
matoris, zeTisa da agtiuri nawi Bis masa, tona.

nominaBuri simZBavrisa da Zabvis kBasis mixedviT Zall ovani
transformatorebi pirobiTad iyofa cxrilli 11 - Si moyvanill
Jgufebad (gabaritebad)
cxrilli 11 ZaBlovani transformatoris ggufebi simZBavrisa da

Zabvis mixedviT

Ggabaritis simZBavris Zabvis kB asi, kv
nomeri diapazoni,kva

I 100 - mde 35- mde

I 100 - 1000 35- mde

Il 1000 - 6300 35- mde

Y/ 6300 —ze meti 35- mde

\Y 40000 — ze meti 35 - 110

\4 40000 - 80000 330-mde

\41 80000 - 200000 330 -mde

Vil 200000 — ze meti 330 —mde da zemoT

warmoebis mier gamoSvebulia transformatorebi civ da
tropikull kB imatian raionebSi samuSaod, gare da Siga dayenebis,

saerTo da specialluri daniSnullebis.
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gaciebis mixedviT transfFormatorebi iyoFfian: mSrall, zeTian
da arawvadi Txevadi dieleqtrikiT.

yofFil sabWoTa kavSirSi warmoebulli1 saerTo daniSnullebis
transformatorebis asoiT aRniSvnebSi gvxvdeba Semdegi aRniSv-
nebi: A — avtotransformatori; Oan T - erTfaza an sanfaza, P —
dabali Zabvis gaxBeCilli gragniliT, M - gaciebis saxe: haeris
bunebrivi gaciebiT an zeTis bunebrivi cirkuBaciiT, Al - haeris
an zeTis iZullebiTi cirkulacia II-wyBisa da zeTis 1ZullebiTi
cirkullacia; HAIlL d HI - zeTis mimarTulli dineba I da IJ
sistemebSi; T - gaciebis saxis aRniSvnis Semdeg - samgragnilla
transformatori; H - datvirTvis gveS Zabvis regulatoriT,; C -
sakuTari moxmarebis.

nominaBuri simZBavre da Zabvis kBasi naCvenebia asoi-
TiAaRniSvnis Semdeg wiBadis saxiT, romBis mricxve BSi naCve-
nebia nominaBuri simZBavre ki Bovo ll tamperebSi, xoBlo mniSvne -
Si Zabvis kBasi ki Bovo I ttebSi.

pirobiTi aRniSvnebis magal iTebi: TM 1000/1074Y1 - samfFaza
orgragni la transformatori zeTis bunebrivi gaciebiT. nonmi-
naBuri simZBavre 1000 kva, Zabvis kBasi 10 kv, 1974 wRis kon-
strugcia, gare dayenebis. TPJJHC 25000/3574T1 — samfaza orgrag-
ni Biani transformatori dabali Zabvis gaxBeCilli gragnilliT,
haeris 1ZullebiTi cirkuBRaciiT gacivebiT, Zabvis datvirTvis qveS
regul irebiT, e Begtrosadguris sakuTari moxmarebisaTvis,
nominaBuri simZBavriT 25 mva, Zabvis kWBasi 35 kv, 1974 wlis

konstruqcia, tropikulli SesrullebiT, gare dayenebis.

13. avtotransformatorebi
avtotransformatorebi warmoadgenen gvesadgurebis Zall ovan
danadgarebs, romell Ta daniSnulebaa qgsel Si Zabvis donis cvli-
Beba. avtotransformatori transformatoris variantia, romel-
Sic pirveladi da meoreulli gragnilebi pirdapir aris Seer-
Tebuli da erTmaneTTan aqvT aramarto e Beqtromagnituri, aramed

eleqtrulli kavSiric da elleqtrull1 energiis gadacema pirve Badi
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wredidan meoreullze xdeba rogorc magnituri veliT, aseve
eleqtrulli gziTac. avtotransformatoris gragni Bs agvs ramde-
nime gamomyvani (minimum 3), rome B Ta meSveobiT miiReba sxvadasxva
sididis Zabvebi. Aavtotransformatoris upiratesobas warmoadgens
maRaB1 mgk, radgan simZBavris mxoBod nawilBi eqgvemdebareba
gardagmnas — es arsebiTad mniSvne Bovania, roca Semavalli da
gamomava Bi Zabvebi erTmaneTisagan mcired gansxvavdebian. maT
uaryofiT mxared iTvHBeba pirvelad da meoreull wredebs Soris
eleqtrullil izolBaciis ar arseboba samrewve o gseBebSi, sadac
Camiwebu B1 nulBovani sadenis arseboba auci Bebelia, an Fagtors
mniSvne B oba ara aqvs, magram mniSvne B ovania, rom nak Bebia folla-
dis xarji gularisaTvis, spillenZis xarji gragniBebisaTvis,
mcire wona da gabaritebi, daballi Rirebulleba. gansakuTrebiT
efeqturia avtotransformatoris gamoyeneba im SemTxvevaSi, roca

meoreu B i1 Zabva didad ar gamsxvavdeba pirve Badisagan.

Nnax.1.6. avtotransformatoris saerTo xedi
egsp BuataciaSi TarTo gamoyeneba hpoves avtotransforma-
torebma 220 kv da zemoT Zabvaze (nax.1.6). isini ZiriTadad, rogorc
wesi mzaddeba samgragni Ba, rome I Tac garda elleqtrullad SeerTe-
bulli gragni Blisa gaaCniaT magniturad SeerTebulli gragnillic.
Cveullebriv es gragnilli daballi Zabvisaa, romell Tanac SeiZlleba
mierTebuli 1ignas generatori (elBeqtrosadgurebSi), singronuli

kompensatori (qvesadgurebSi) an SeiZlBeba gamoyenebulli 1ignas
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adgi Bobrivi momxmareb Bebis kvebisaTvis 35 kv Zabvamde. Nnax.l.7-ze

mocemu Bia samfaza avtotransformatoris principulli sgema

A &8 T

nax.l.7. samfaza avtotransformatoris principulli sgema.
gqse B idan kveba miewodeba A, B, C. Semyvanebze, xoB o daballi
Zabva moixsneba a, b, ¢ gamomyvanebidan. samfaza avtotransfor-

matorebSi gamoiyeneba mxo Bod gragni Bebis varskv Bava SeerTeba

14. transformatoris dazianebebis ZiriTadi saxeebi

transformatoris tipiur dazianebebad 1TvHleba izolaciis,
magnetogamtarebis, gadamrTveli1 mowyobi B obebis, ganStoebebis,
zeTvsebu b1 da Faifuris Semyvanebis dazianebebi.

umetes SemTxvevebSi dazianeba uecrad ar Xxdeba, aramed raime
araxeBsayrelli fagqtoris xangrZBivi zemogmedebiT. warmogmni Bi
defeqtis droulli gamovBena saSuallebas iZBeva miRebulli 1ignes
zomebi misi Semdgomi ganviTarebis AaRsakveTad da transfor-
matoris muSaunarianobis SesanarCuneb B ad.

ZalBlovan transformatorebSi dazianebis yvellaze ufro
gavrce-Bebuli saxea maRallvo B tiani Semyvanebis dazianeba. 110 kv
da zeviT Semyvanebis dazianeba ZiriTadad dakavSirebullia
gaRa B dis TuZis datenianebasTan. Semyvanis SigniT tenis moxvedra
SesaZlebel1a SemWidrovebis uxarisxo SesrullebasTan, zeTis
damatebisas daqveiTebulli dielleqtrikulll simtkicis satrans-
formatoro zeTis CasxmasTan. transformatoris Semyvanebis
dazianeba gansakuTrebiT saSiSia da iwvevs ara marto Semyvanebis,
aramed TviT transformatoris mniSvne Bovan dazianebas, rasac

rogorc wesi, Tan axBavs xanZari. Dda mniSvne B ovani materialuri
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zaralli. saeqspBuatacio personalli yovelTvis droullad ver
amCnevs dazianebebs da amis gamo ver axdens dazianebulli
Semyvanis gamocv B as.

dReisaTvis eqspBluataciaSia hermetulli da arahermetulli
zeTvsebu b1 Semyvanebi da agreTve Semyvanebi myari izoBaciiT.

330-500 kv Zabvis zeTiT Sevsebuli Semyvanebi ZiriTadad zian-
deba 1zolaciis elleqtrulli garRveviT, rac gamowveu B ia araher-
metu ll konstrugciaSi sinestis SeRweviTa da bakeBitisa da gaRa-
Bdis 1zolRaciis danestianebiT Aamitom saWiroa izoBaciis mdgo-
mareobis droulli kontroli1 zeTis qromatografiulli anallizi.

arahermetulli Sesrullebis Semyvanebi, romell Tac mowyobi ll o-
bis amuSavebis Semdeg aReniSneba izoBaciis dielleqtrikulli
danakargebis kuTxis tgd — s da tevadobis mkveTri gauareseba,
dauyoneb B iv unda Seicvall os.

arahermetuli Semyvanebis yveBlaze ufro sust kvanZad i1Tv-
Beba zeTiani hidrosaketisa silikageliani haersaSrobis daxma-
rebiT zeTis dacvis sistema. xangrZBivi eqspBuataciis dros, gan-
sakuTrebiT siBikage Bl is dagvianebiT gamocv B is SemTxvevaSi, zeTi
teniandeba, uaresdeba misi saizo Bacio maxasiaTebBebi, ris Sede-
gadac zeTSi SeiZleba aRiZras nawi Bobrivi ganmuxtvebi. Semdgom-
Si gaRalldis i1izolaciis zedapirze iwyebs warmogmnas ew. “mcoca-

vi” ganmuxtva: 1zolBaciis dazianebulli zedapiris erTi an ranm-
denime sawyisi wertilidan cocaven gawvis adgilBebi, romlebic
izoBaciis Sesustebull zedapirebze gmnian rTull naxats. rogorc
ki “mcocavi” ganmuxtva miuax Bovdeba Camiwebul nawills, xdeba
izoBaciis garRveva mokBed SerTvis aRZvriT.

zeTis saizolBacio maxasiaTebBebis mniSvne Bovani gauare-
sebis SemTxvevaSi garRveva SeiZlBeba moxdes “mcocavi” ganmuxtvis
warmogmnis gareSec. Aanal ogiuri dazianeba SeiZBeba moxdes im
SemTxvevaSic, Tu Semyvanis remontis dros gaRalldis izolacia
iyo cudad gamSrali.

hermetu B 1 Semyvanebi egsp BuataciaSi nak Bebad Sromatevadi

da ufro saimedoa, vidre arahermetull i. isini umetesad ziandebian
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wnevis avzebis si B fonebSi warmogmni Bi aBuminis mtveriT. herme-
tulli Semyvanebis mdgomareoba da muSaunarianoba ganisazRvreba
da kontro Bdeba manometris CvenebiT, romelic muSaobs indika-
toris reJimSi. zeTis wnevis mkveTri amaR Bebis dros, romelic
dakavSirebull1 ar aris temperaturis awevasTan, transformatori
dauyoneb B iv gamoyvani Bi unda ignas muSaobidan da unda moxdes
defeqturi Semyvanis Secvlla

rogorc hermetull aseve arahermetull SemyvanebSi zeda sakon-
taqgto sarWis damagrebis zonaSi SeiZBeba adgiBi hgondes her-
metu B obis darRvevas. darRveva SeiZBeba moxdes transforma-
toris yvelaze maRall werti l Si mdebare kvanZis araswori awyobis
Sedegad. aRniSnull kvanZSi zeTis Warbi wneva, gansakuTrebiT civ
periodSi (safarToebeBSi am dros zeTis done nminimalluria),
null Tan axBosaa. roca hermetu B oba darRveull ia, maSin sinesten
atmosferodan gaJonos zeTSi, ris Sedegadac transformatoris
izo Bacia dairRveva

110 - 150 kv Zabvis araHhermetull SemyvanebSi 15-20 wlis
muSaobis Semdeg cvdeba SemWidroebebi, maT Soris zeda kvanZSi,
ris Sedegadac sineste aRwevs safarToebel Si, agedan ki 1igi
nawi Bdeba Semyvanis MmTel mocu B obaSi, rac iwvevs i1zoBaciisa
da zeTis danestianebas. zeTvsebu i Semyvanebi ziandebian agreTve
Semyvanis qveda ekranis zonaSi Sualleduri milisis axBos Siga
izoBaciis garRveviT.

mogni Bi  xazuri SHBeifis dasaSvebze metad daWimvis gamo
gamowveu B iMmeganikuri zemogmedebisa da mkveTrad cvallebadi rTu-
Bi kHBimaturi pirobebis gamo xdeba WanWikuri SeerTebisa da
sakontaqto kvanZebis moSveba da imavdrouBad Semyvanis herme-
tullobis darRveva Kkontaqtis kuTxvi Bis (“rezba”) mdgomareobis
gauaresebisa da koroziis gaCenis Sedegad kontaqtis adgillze
izrdeba gardamavalli winaRoba, rac 1iwvevs ZBier gaxurebas da
transformatoris Semyvanis zeda nawi Bis bunikidan gragnillis
gamomyvanis gamodnobas. Aam defeqtis SeumCnev-BobiT transfor-

matori SeiZleba ZBier daziandes. amitom periodulli daTvalie-
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rebisa da remontebis dros saWiroa gansakuTrebuli yuradReba
mieqces gragni Bebis gamomyvanebis bunikebTan mirCi Bvis Xxarisxs,
gakontroldes momWerebis kontagtis kuTxvi Bebis mdgomare-oba
da droullad SevcvalOoT rezinis SemWidroebebi.

sxvadasxva mizezebis gamo, ZiriTadad eqspl uataciisas,xdeba
Taifuris safaris, zeTis maCvenebe Bi minis, manometrisa da sxvaTa
dazianeba, wiboebis Camotexva.

remontisa da montalis dros Taifuris safaris wanacv lebis
Tavidan aci Bebis mizniT dauSvebe Bia personallis gadaadgi Beba
uSua l od safaris wiboebze. amisaTvis unda gamoviyenoT Kkibeebi an
specialuri asawevi moednebi.

Zve b1 zeTvsebulli Semyvanebis axBiT (nakBebi zomebiT, ro-
gorc simaR BT, aseve diametriT) Secvlis dros saliroa gaTva-
Biswinebull1 ignes maTi sigrZe da unda moxdes maTi morgeba
(gamomyvanis sigrZis damokBeba) Tu es ar moxdeba, maSin axali
Semyvanis dayenebis Semdeg gaCndeba maryulJi, ris gamoc dairRveva
saizoBacio daSoreba, rasac mivyavarT transformatoris konst-
rugciis am ubanze izoBaciis garRvevamde.

35 kv Zabvamde Semyvanebi rogorc wesi ziandeba dauSvebell i
meganikuri zemogmedebiT, rac gamoixateba TFaifuris safaris
dazianebaSi. Sedegad transformatoridan iwyeba zeTis dineba
transformatorTan gare sall teebis uxeSad SeerTebisas Semyvanis
zeda kontagtis sarWis kuTxviBi1 nawi B1 swrafad cvdeba.

transformatoris dazianebis aseve gavrcellebull saxes war-
moadgens datvirTvis qveS Zabvis regulirebis mowyobi lobis
dazianeba. kontaqtebis araswori regulirebis,iSviaTi gadarTvebis
gamo kontagtebis zedapirebze gaCeni Bi Jangeu Bebis afskebisa da
kinematikur sgemebSi darRvevebis Sedegad amomrCev l is kontaqtur
sistemaSi SeiZlleba gaCndes darRvevebi.

gadamrTve B1 mowyobi Bobebi sakmaod rTullia da moiTxovs
dawvri BebiT gawyobas, Semowmebasa da speciaBluri gamocdebis
Catarebas. rogorc anallizma aCvena Zabvis regulirebis mowyobi-

B obis (Zrm) yve Baze arasiamedo e lBementia amZravi. mis mtyunebaTa
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mizezebia: amamuSaveb B is kontagtebis miwebeba; muSta meganizmebis
dazianeba; sabo B oo da damcavi amomrTve Bebis mtyuneba; sinestis
gamo amZravis eleqtroZravis xviebis mokBed SerTva, amZravis
mowyobi B obis e Bementebis arasakmarisi gaTboba; kontro BerebSi
meganikuri cveTis gamo mwyobridan gamodis gorgo BaWi; amZravis
saxuravis arasakmarisi hermetu l obis dros anZravis aparatura da
sxvadasxva SemaerTebeBi xundebi ifareba JangiTa da mtveriT,;
adgili agvs zeTis dinebas mdgomareobis maCvenebBis minis
gvemodan da Wiaxraxnis kvanZSi; amomrCevi kontaqtebis arasak-
marisi daWeris gamo adgi 01 agvs dawvas.

am mowyobi B obis kontagtori SeiZleba daziandes misi kontag-
tebis sistemisa da kinematikuri sgemis araswori regulirebiT,
agreTve satransformatoro zeTis dagvianebull1 gamocvliT. Kkon-
tagtoris damxmare da rkalmgrobi kontagqtebis amuSavebas Soris
dro gadarTvisas Seadgens wamis meaTed nawillebs. Tu kontag-
torSi zeTma dakarga Tavisi rkal@mgrobi Tvisebebi, maSin rkallis
qrobis dro gaiwelleba da transformatoris maregulirebeli
gragni Bis mezobe Bi ganStoebebi aRmoCndebian erTmaneT Tan Seer-
Tebuli1 ara rkallmgrobi rezistoris gavliT, aramed elleqtrulli
rkaliT, rasac mivyavarT mZime avariamde, transformatoris
gragni Bebis deformaciande.

kontaqtoris WanWikebis konstrugciulli Sesrulleba da maTi
damagrebis arasakmarisi simtkice mniSvneBovnad arTullebs maT
revizias da amitom saWiro xdeba mTelBi1 gadamrTveli mowyo-
bi B obis amoReba transformatoris avzidan.

ufro mZime Sedegebamde mivyavarT transformatoris mTavari
izolaciisa da gragnilebis dazianebas. cudad gamomSralli
eleqtro-muyao an xviebs Sorisi gaRaldis izolacia da maT
Tenebs Soris zomebis daucvell obasustad daxveulli i1zolacia,
gaWuWyianebuBi1 an danestianecbulli satransformatoro zeTi,
iwveven myari izoBaciis dazianebas, “mcocavi” ganmuxtvis warmo-

Sobasa da Semdgom garRvevas.
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transformatoris dazianebas 1wvevs agreTve daRRvevebi
gaciebis sistemaSi Ggaciebis sistema transformatoris mniSvne-
B ovani kvanZia, romelic uzrunve Blyofs mocemull temperaturul
reJims. gaciebis sistemis dazianebam SeiZBeba migviyvanos gaRal -
dis i1zolaciisa da zeTis mniSvne Bovan Thur daZve Bebamde, rac
ancirebs transformatoris winaaRmdegobas eleqtrulli da
dinamiuri zemogmedebebis mimarT.

gaciebis sistemis elementebis damaxasiaTebe B1 dazianebebia:
zeTis dena da gaJonva, rasac mivyavarT transformatoris gamor-
Tvamde. Aam defeqtis gamov Benis mizezi SeiZleba iyos SeduRebis
nakerebis defeqtebi, gaciebis sistemis elementebis gamaciebel i
zedapirebis deformacia, zeTis gaciebis sistemis hermetull obis
darRveva, venti Batoris frTebis dauSvebeli vibracia, romellsac
Tan axBavs FrTebis gatexva

gaciebis sistemis elegqtrotumboebi warmoadgenen gaciebis
sistemis nakBebad saimedo kvanZs. sustad CamocmulBi sakisari
iwevs rotoris statorTan modebas, ris gamoc warmoiSveba
meganikuri mtveri da burbuSela, romelBic miitaceba elegtro-
tumboSi gamdinare zeTiIT da xvdeba transformatoris avzSi,
dai Begeba ra 1zolBaciaze, ancirebs mis eleqtrull simtkices da
xe s uwyobs transformatoris dazianebas. amasTanave aRiZvreba
RerZulli datvirTva HBillvze, rac xells uwyobs radiallur -
sabgeni sakisrebis cveTas.

energetiku 1 simZBavreebis mudmiv zrdasTan erTad izrdeba
mok Bed SerTvis simZBavreebi. simZBavreebis zrdisa da agreTve
gragni Bebis Sesustebu B i dawnexvis dros gragni Bebis elleqtro-
dinamiuri mdgradoba gareSe mok Bed SerTvis denebis mimarT Sei-
ZBeba arasakmarisi aRmoCndes da deformacia ganicados gragnill-
ma, rome B ic mokBed SerTvamde karg mdgomareobaSi imyofeboda.

125 mva da zemoT simZBavris axalli tipis transformatorebis
didi umravBesoba (da yvela Zveli1 tipis) Semowmebuli ar aris
e leqgtrodinamiur simtkiceze. aseTi transformatorebis meganiku-

ri simtkice rogorc wesi mocemulia mxoBod gaangariSebiT.
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Aamitom mokBed SerTvis zemogmedebis Sedegad Zall ovani trans-
Fformatorebis dazianebis allbaToba SenarCunebullia eqsp B ua-
taciis pragtikaSi xSirad gvxvdeba transformatorebis xviaTa-
Sorisi da koWaTaSorisi mokBed SerTvis Sedegad gamowveulli
dazianebebi. statistikam aCvena, rom transformatorebi xviaTa-
Sorisi mokBed SerTvis Sedegad ziandebian rogorc egspluata-
ciis dasawyisSi, aseve xangrZBivi egspBluataciis Semdeg. xviaTa-
Sorisi mokBed SerTvis mizezebi SeiZBeba i1yos sxvadasxva: koWis
xviis 1zolBaciis Sesusteba, romeBic iwvevs sadenis defeqts;
mok Bed SerTvis denebis zemogmedebiT koWebis deformacia; xvie-
bis i1zolaciis arasakmarisi sisge; gadaWarbebuli elegqtruli,
Tburi da vibraciulli zemogmedeba, izoBaciis danestianeba da
gaWuWyianeba.Aam Taqtorebis erTobBivi zemogmedebiT xviaTaSo-
risi mokBed SerTvis allbaToba mniSvne B ovnad i1zrdeba.

radganac transformatoris muSaobaSi mTavari da xviaTa-
Sorisi izolaciis dazianeba iwvevs mZime Sedegebs, amitom am
saxis dazianebebis drou Bl ad gamov Benas didi yaradReba eqceva.

transformatoris magnitogamtarebi =ziandeba gadaxurebis
Sedegad foladis Furclebs Soris HMagis afskis daSHisa da
damwnexi sarWebis 1zo Baciis darRvevis gamo. fo Badis dazianebas
mivyavarT nak Bebad mZime Sedegebamde, rac ZiriTadad dakavSi-
rebullia avzis SigniT mokBed SerTulli konturebis SegmnasTan.
Kkonturi SeiZleba Seigmnas rogorc magnitogamtaris paketis
SigniT, aseve konstrugciulli metalis romelime detallisa da
magnitogamtaris Camiwebis eBementis gavBiT. MmokBed SerTuli
konturi iwvevs gazrdil adgi Bobriv gadaxurebas, gansakuTrebiT
kontaqtebis adgi BebSi, rac auaresebs satransformatoro zeTis
Tvisebebs. Tu defeqti droullad ar igna gamosworebu i, maSin
SeiZ B eba moxdes transformatoris myari izoBaciis dazianeba.

transformatorebis daproeqtebis dros safarToebe bl is mocu-
0 oba ganisazRvreba angariSiT da ar mowmdeba specialuri Tburi

gamocdebiT. Aamitom transfFormatoris safarToebelis tevadoba
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yove B Tvis ar Seesabameba avzSi zeTis moculobis cvlillebas
garemos temperaturisa da datvirTvis yve la saxis rxevebis dros.

safarToebe BSi zeTis donis dasaSvebze metad awevas miv-
yavarT arasasurve l mov Il enebamde:

afskuri dacvis mgone transformatorebSi xdeba afFskis
srulli SekumSva da damcavi sarqvelis amuSaveba. Ddefeqturi
sarqgve B is amuSavebis Semdeg ar xdeba misi Semdgomi daxurva, ris
gamoc zeTis gaJonvis Sedegad gamoirTveba transformatori.

transformatorebSi, romell Tac gaaCniaT Cveu Bebriv haersaS-
robiT dacva, safarToebeBSi zeTis donis awevis SemTxvevaSi
zeTis SeRweva haersaSrobSi da Semdgom zeTi gadmodis gareT.
datvirTvis gazrdiTa da =zeTis mocullobis gafarToebis gamo
izrdeba zeTis wneva, iIrRveva gamosabolBqvi milis da =zeTi
gamoifrqgveva gareT. gvesadgurebSi, sadac ar aris morige per-
sonalli, dazianebulli diafragmis gavliT safar-Toebe B Si aRwevs
sineste da xdeba =zeTis da Semdgom i1zoBaciis danestianeba.
anitom ZneBad misadgom adgi BebSi awarmoeben didi mocu Bl obis
safarToeb B ebis dayenebas.

transformatoris dazianebebi, romBebic aRmoifxvreba trans-
formatoris gaTiSvis gareSe, pirobiTad miekuTvneba sxva dazi-
anebebs.

aseTi tipis yvelaze ufro gavrcellebull dazianebas miekuT-
vneba konstruqciis kvanZebis sxvadasxva gasarTebSi zeTis dineba
cudi xarisxis zeTmedegi rezinis gamo, rome lic AaRmoifxvreba
gasarTebis ganCebis moWeriT.

SemamWidroebe i safenis wanacvBebiT gamowveulli damcavi
sarqve B is araswori muSaoba, iIwvevs transformatoridan zeTis
dinebasa da gaJonvas.

aRsaniSnavia, rom transformatorebis diagnostikis mniSvne-
Bovani da sakmaod obieqturi meTodia misi gamokvBeva Tbovi-
zoris daxmarebiT infrawiTell diapazonSi, romBic saSualebas
gvaZlevs gselidan gamorTvis gareSe davinaxoT Zalovan trans-

TformatorebSi BokaBuri gacxeBebebi da SeerTebis gardamavalli
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winaRobebi. ukanaskne @i wHBebis ganmavB obaSi infFrawiTeli teg-
nikis xe B sawyoebis daxmarebiT energosistemebSi SemCneu B 1 igna
aTi aTasobiT ganviTarebadi defeqtebi, romell Tagan aTass SeeZllo
gamoewvia msxvi i avaria.

ufro da ufro farTod iwyeba Zalovani transformatorebis
diagnostikaSi nawi Bobrivi ganmuxtvebis meTodebisa da apara-
turis gamoyeneba. elBegqtronull-optikuri meTodi da cifrulli
aparatura gansakuTrebull adgills iWers elleqtrulli ganmuxtve-
bisa da Tburi procesebis kontrolis dros gazomvis distanciu-
robisa da operatiulobis procesebisa da maRali informaciu-

I obis wyalRobiT.

15. ZaBl ovani transFormatorebis kontrollis ZiriTadi meTodebi.
ZaBlovani transformatorebis gamokvBeva SeiZBeba moxdes

remontSi gadayvaniTa da mis gareSe. ZaBlovani transformatoris

gamokv Beva remontSi gadayvaniT xdeba elBegtrulli da gimiuri

gamocdebis meTodebiT.

auci lebelli eleqtrulli ganocdebis CamonaTvall Si Sedian [5]:

- yvella gragni bis winaRobis gazomva da absorbciis
koeficientis gansazRvra;

- gragni Bebis dielleqgtrikuli danakargebisa da izolaciis
tevadobis gazomva;

- satransformatoro zeTis gamrRvevi Zabvis gansazRvra;

- Txevadi dielleqtrikis dielleqtrikulli danakargebis kuTxis
tangensis gansazRvra;

- gadamrTveli1 mowyobi Bobis yvela ganStoebaze mudmivi deniT
gragni Bebis winaRobis gansazRvra;

- mcire erTfaza agznebis dros wugmi svBis denisa da
danakargebis gansazRvra;

- mokBed SerTvis srull'i winaRobis gansazRvra;

- transformaciis koeFficientis gansazRvra;

- maRalvoll tiani SemyvanebisaTvis i1zoBaciiswinaRobis gazomva

da absorbciis koeFficientis gansazRvra;
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maRa Bvo B tiani SemyvanebisaTvis i1zolBaciis dielleqtrikulli
danakargebisa da tevadobis gansazRvra;
50 hc sixSiris aweulli ZabviT 1i1zolBaciis gamocda (srulli
kapitaBuri remontis dros gragnilebis mTBiani gamocvlis
SemTxvevaSt);

damatebiTi el eqtrulli gamocdebis CamonaTva 0l Si Sedian:
eleqtrulli nmeTodebiT nawi Bobrivi ganmuxtvis donisa da
adgi B -ndebareobis gansazRvra [6];
gragni Bebis deformaciis gamov B ena transformatoris
gardamavali1 Funqciis analizis gziT, sixSirulli1 da impulsuri
maxasiaTebBebisa da aweulli Zabvis dros nawiBobrivi
ganmuxtvis gazomvis [7], mokBed SerTvis induqciuri da srulli
winaRobis gansazRvris meTodebis, daballvoll tiani impu ll sebis,
magnituri induqciis daxmarebiT [8];
transformatoris gare magnituri vellis gazomvis gziT
gragni BebSi xviebs Soris mokBed SerTvis gansazRvra [9];
ZaBovani transformatorebis el ementebis vibraciis gansazRvra
[10];
gadamrTve 1 mowyobi Bobis mdgomareobis Sefazeba garxana-
damam-zadeb B id moTxovnebis mixedviT: wriulli diagranmis
gadaReba, sakontagto sistemis osci Bografireba [17];

auci Bebell gimiur gamocdebSi Sedian;
myari izo Baciis tenianobis Sefaseba [12];
zeTSi gaxsni b1 airebis gromatografiulli analizi [13];
Txevadi dielleqtrikulli mJavuri ricxvis gansazRvra [14];
wya B Si sxnadi mJavebis gansazRvra [15];
raodenobrivi da xarisxobrivi tenSemcve B obis gansazRvra [16];
Txevadi dieleqtrikis afeTgebis temperaturis gansazRvra [17];
Txevadi dielleqtrikis antimJavuri misarTis gansazRvra (mowyo-
bi B obaSi Casxmamde) [18];
Txevadi dieleqtrikis sisufTavis kBasis gansazRvra [19];
Txevadi die BeqtrikSi gaxsni ki SHanmis Semcve B obis

gansazRvra [20];
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Txevadi dielleqtrikSi airSemcve lobis gansazRvra garxana-
damamzadeb B is instrugciis Sesabamisad [21];

gragni Bebis qgaRaldis 1izolaciis mdgomareobis Sefaseba
Ffuranull1 SenaerTebis [22] da polimerizaciis xarisxis [23]
mixedviT;

Txevadi dieleqtrikebis damatebiTi gamocdebis CamonaTvall Si

Sedian:

simRvrivis gansazRvra [24];

inFrawiTe B 1 spegtroskopiis daxmarebiT daZzve Bebis produgte-
bis gansazRvra [25];

avzidan da maRalvol tiani Semyvanebidan amoRebu B i satrans-
formatoro zeTis dielleqtrikulli danakargebis  kuTxis
tangensis [26], kuTri mocullobiTi gamtarobis [27] gazomva

sxvadasxva temperaturulli relJimis dros;

ZaBovani transformatorebis uwyveti kontrolis (online monitoring)

meTodebs miekuTvnebian:

Thovizorull'i [28];

vibraciull'1 [29];

zeTSi gaxsni b1 airebis Semcve Bobis gansazRvra, transforma-
torSi temperaturisa da tenianobis kontroli [30];

akustikuri [31];

nawi B obrivi ganmuxtvis [32];

Zabvis qveS regulatoris meganikuri mdgomareobis sixSirulli
meTodiT Sefaseba [33];

yve Blaze ufro gacxellebulli wertilebis gansazRvra optikur-
boWkovani gadamwodebiT [34];

maRa B vo B tiani Semyvanebis kontroli muSa Zabvis qveS fTazebs
Soris gantarobisa da danakargebis kuTxis gziT [35];
transformatoris avzis siaxBoves magnituri velis induqcilis
gazomva [36];

zemaRall i SIXSiris e Begtromagnituri gamosxivebis

maxasiaTeb Bebis kontro 1 [37] da sxva
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ukanaskne B xanebSi intensiurad viTardeba da inergeba didi
simZBavris ZalBovani transformatorebis uwyveti kontrolis
meTodebi Tanamedrove kompiuterulli1 tegno B ogiisa da monacemebis
avtomaturi aRebis, damuSavebisa da anall 1zis gamoyenebiT.

am  meTodebis gamoyeneba xorcieldeba transformatoris

gareT dayenebu i sxvadasxva saxis gadamwodebis gamoyenebiT.

16. transFormatoris mdgomareobis diagnostikis xerxebi

transformatoris diagnostikis qveS igull isxmeba sxvadasxva
tegnikuri saSualebebis gamoyenebiT Catarebull RonisZiebaTa
sistemis meSveobiT misi mdgomareobis Semowmeba da Sefaseba.

daxurulli zeTiani trasformatorebis gamoCenisTanave aRiZra
maTi mdgomareobis kontrolis problBema. romelime Siga kvanZis
daTval iere-bisaTvis, saWiro 1iyo transformatoris gamorTva,
zeTis Camosxma, reviziis Catareba da Semdeg zeTis ukan Casxma.
yvela es operacia unda Sesrulldes mravall ricxovani wesebis
dacviT da boBos CarTvis win unda moxdes transformatoris
gaSroba. zeTiani transformatorebis masiuri egspBuataciis
gariJraJze saremontod ZalBlian xSirad uxdebodaT transfor-
matoris gaxsna. amasTanave unda aRiniSnos, rom rac ufro xSirad
ixsneba transformatori, miT ufro didia misi dazianebis
allbaTobaAam procesTan dakavSirebu Bl ma siZneBeebma da mouxer-
xeb Bobam saWiro gaxada moZebniliyo da ganviTarebulliyo
transformatoris mdgomareobis kontrolis iseTi meTodebi, rom-
Bebic ar moiTxovdnen mis gaxsnasa da zeTis Camosxmas. Ees
SesaZlBebeli1 gaxda mas Semdeg, rac didi warmatebiT ganviTarda
transformatoris mdgomareobis Semowmebisa da Sesabamisi maCve-
neb Bebis gansazRvris Xxerxebi, anu sxvagvarad rom vTqvaT, diag-
nostikis dargSi miRweuli1 warmatebebis Sedegad, romelTa
mixedviTac SesaZlebelia vinsje B OT agregatis muSaunarianobaze.

diagnostikaSi gamoyenebu B 1a martivi vizualluri, meganikuri,
Ffizikuri, qgimiuri da mdgomareobis kontrolis sxvadasaxva

xerxebi, agreTve maTi kombinaciebi. magall iTad, satransformatoro
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zeTis danestianeba SeiZleba gansazRvrulli 1iyos silikagelis
feris cvhlile-biT an qimiuri analizis gziT. zeTSi an myar
izoBaciaSi nawi Bobrivi elleqgtrulli muxtis arseboba SeiZleba
gansazRvrull1 1ignes nawi Bobrivi ganmuxtvis indikatoris dax-
marebiT, uSuallo gazomviT an zeTSi gaxsnilli1 airebis gromato-
grafiulli analiziT.

Cveu Bebriv pragtikuli miznebisaTvis ama Tu im parametris
kontrolis xerxebidan arCeven yve Baze martivs, xollo
dawvri BebiTi Semowmebisas, roca saWiroa defeqtis xasiaTisa da
adgi B is dazusteba, gamoiyeneben ufro rTull xerxebs.

transformatoris mdgomareobis kontroli atarebs kompleg-
sur xasiaTs. Cveullebriv 1is 1iwyeba misi damzadebis stadiaze.
swored maSin mowmdeba saizoBacio da agtiuri masalebis,
callkeul'i kvanZebisa da detallebis da agreTve awyobis xarisxi.
Mmza transformatori eqvemdebareba kompBegsur Semowmebas,
romelic tardeba diagnostikis yvela saWiro saSuallebebiT
aRWurvi B garxana- damamzadeb B is sacdell sadgursSi.

transformatoris transportirebis dros xorcieldeba misi
kontro i1 hermetull obasa da meganikur zemogmedebebze. Aadgi ll ze
mitani B1 transformatori agreTve moiTxovs misi mdgomareobis
kontrols rogorc Senaxvisas, aseve montalis procesSi teqgnikuri
dokumentaciis Sesabamisad. montalis damTavrebis Semdeg eqsp lua-
taciaSi Seyvanis win transformatoris mdgomareobis diagnos-
tikis mizniT 1igi gamoicdeba elBeqtrodanadgarebis mowyobis
wesebiT gaTvaliswinebuli mocullobiT. UtransFormatoris mdgo-
mareobis Semowmebis ufro didi mocu B obis sanuSaoebi srull deba
eqsp Buataciis procesSi.

winamdebare saxe BmZRvane 1 oSi ganxi Bullia transformatoris
diagnostikaSi dReisaTvis gamoyenebu Bi1 xerxebi. gansakuTrebulli
yuradReba migceulia imisaken, Tu miRebu B 1 Sedegebis mixedviT
rogor SevafasoT transformatoris mdgomareoba da gavakeToT

daskvna misi Semdgomi eqsp Buataciis SesaZleb B obis Sesaxeb.
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transformatoris mdgomareobis Semowmebis wesi moyvani lia
mravali direqtiulli meToduri masallebiT. YyveBaze ufro sru-
Bad es sakiTxebi ganxi Bullia transformatorebis egsp Buataciis
instrugciasa da e leqgtromowyobi B obis gamocdis normebSi.

muSaobis reJimis SesafasebBad transformatorebi aRWur-
villia salWliro sakontro B o-sazomi xe BsawyoebiT. maTi mierTebis
werti Bebisa da adgi Bebis raodenoba damokidebu Bia maT daniS-
nu Bebaze, simZBavreze, transformatoris dadgmis pungtsa da sxva
fagtorebze. 1 mva da zeviT simZBavris transformatoris TiToe-
ulli Zabvis mxareze ayeneben erT ampermetrs, zogierT SemTXxvevaSi
SeiZleba dayenebulli ignas TiToeull Tazaze. Zabvis kontroli
Cveu Bebriv xorcieldeba Semkreb sall teebze dayenebulli voll t-
metrebiT. callke mdgom transfor-matorebze vo ll tmetrebs ayeneben
mxo Bod Ddaball 1 Zabvis mxares. Nnax.l.8.a - ze moyvani Bia 6/0,4 kv 1
mva simZBavris transformatoris elegqtrosazomi xell sawyoebis

CarTvis umartivesi sgema.

ad

24
29

Aa) b)
Nnax.1.8. e Beqtrosazomi xe B sawyoebis CarTvis sgema. Aa- 6/0,4
kv Zabvisa da 1 mva simZBavris transformatorTan; b- 220/110/10 kv
Zabvis samgragni Ba avto-transformatorTan.
vatmetrebi da varmetrebi dayenebullia eleqtrosadguris
amwev da 110 kv da zeviT transformatorebze. Aagtiuri da
reaqgtiulli energiis mricxvellebi dayenebulia samgragnilliani

transformatorebis maRali da saSuallo Zabvis mxares, xolo
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orgragni Bianis — maRali Zabvis mxares.Ddamabo B oebel transfor-
matorebSi dayenebuBia daballi Zabvis mxares. Nnax.l.8b-ze moyva-
ni B1a 220/110/10 kv samgragni Bian avtotransfo-rmatorTan eleg-
trosazomi xe Bsawyoebis CarTvis sgema. maRal 1 Zabvis mxares
CarTullia sami ampermetri, vatmetri da aqtiuri energiis nric-
xve 1. Zabvebi izomeba Zabvis transformatoris sall teebTan Car-
Tulli sami volRtmetriT. aseTive xe Bsawyoebi CarTullia saSuallo
Zabvis mxares. daball1 Zabvis mxares dayenebullia TiTo ampermetri
da vo l tmetri.

samgragni Bla avtotransformatorebSi, gansakuTrebiT maSin,
roca daballi Zabvis gragni B Tan mierTebulia generatori an
singronu b1 kompensatori da mTeli simZBavre gadaecema saSuall o
Zabvis mxares an moedineba saSualo Zabvis mxridan, saWiroa
gakontro Bl des avtotran-sfFormatoris gragni Bis saerTo nawi bis
(00 gragnillis, romellsac zogjer pirobiTad saSuallo Zabvis
gragni s uwodeben. nax9.7b) datvirTva. zogierTi relJimis dros
SeiZ B eba adgi 01 hgondes SemTx-vevas, roca saSuall 0 Zabvis mxares
deni araRemateba nominaBurs, xolBo saerTo nawilis deni
aRemateba dasaSveb mniSvne Bobas. Aam dros deni i1zomeba erTi
speciallurad CarTulli ampermetriT. EerTfaza avtotransfor-
matorebSi ampermetri irTveba jgufis erTi avtotransformatoris
neitrallis SemyvanSi dayenebu Bi denis transformatoris gavliT
(nax.19.a). samfaza avtotransformatorebSi ampermetri 1rTveba
maRali1 da saSuallo Zabvis mxares xazuri denebis jamze denis
transformatorebis gavBiT, romeBTac aqvT transformaciis
erTnairi koeficienti (nax.l9. b). ampermetri SeiZBeba CairTos
agreTve avtotransformatoris erTi Tazis neitrallur sadenSi
CarTulli denis transformatoris gavliT ise, rogorc naCvenebia

punqtiriT nax.19.b-ze.
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Nnax.1.9. avtotransformatoris gragni Bis saerTo nawi B Si

gamava Bi1 denis kontro B isaTvis ampermermetris CarTvis sgema:
a- erTfaza avtotransformatoris neitrall is Semyvanze,;
b — samfaza avtotransformatoris maRalli da saSuall o Zabvis
mxaris xazuri denebis jamze.

garda e legtrosazomi xe B sawyoebisa transformatorze daye-
nebu B 1a kontro B is sxva saSuall ebebic. zeTis done ganisazRvreba
isriani zeTmaCveneb B1T an =zeTsazomi miniT, romeBic moTavse-
bullia safarToeblis torsze zeTis zeda Tenebis temperatura
mowndeba manometruli masignallebelBi Termometris CvenebiT,
rome Bsac gaaCnia ori gadasaadgilebeli sasignallo kontagti.
transformatoris hermetull zeTvsebull Semyvanebze zeTis wnevis
kontro B isaTvis dayenebullia manometrebi. satransformatoro
zeTis mdgomareobis Sesaxeb mniSvneBovan informacia iZHBeva
indikatorulli silikagelis Teri, rombis Secvlis SemTxvevaSi
saWiroa zeTis Secvlla

transformatoris SeberviTi gaciebis mowyobi B obebi aRWur-
vi Bi1a gaciebis sistemis muSaobis Sewyvetis, sarezervo gaciebisa
da sarezervo kvebis wyaros CarTvis signallizaciis mowyobi ll o-
bebiT, xoBo zeTis iZullebiTi gaciebisas - TiToeulli ellegqtro
tumbos CarTva-gamorTvis, mwyobridan gamosulli elegtrotumbos
magier sarezervos CarTvis, yvela muSa eBegtrotumbos muSaobis
Sewyvetisa da sarezervo kvebis wyaros CarTvis signallizaciiT.

gaciebis yve la sistemaze, romel Tac gaaCniaT elegqtrotumbo, sa-
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dawneo miBze zeTis wnevis kontroBlisaTvis dayenebull ia mano-
metrebi.

egsp Buataciis dros transformatorebis mdgomareobis diag-
nostikis RonisZiebaTa pirvel jJgufs Seadgenen Is samuSaoebi,
romBebic ar moiTxoven muSa transformatorTan Sexebas, esenia
CanoTvlili kontrolisa da sazomi saSuallebebisa da sasignallo
mowyobi B obebis CvenebaTa kontroli; transformatorebis gare-
gani daTvall iereba.

meore Jgufs miekuTvnebian is samuSaoebi, romBebic ar
moiTxoven gamorTvebs, magram dakavSirebulli arian transfornma-
toris an mis damxmare mowyobi B obebTan SexebasTan. maT miekuT-
vneba: zeTis sinjis aReba eleqtrulli Tvisebebis Sesamowmeb lad
da qgimiuri anaBizisaTvis an zeTSi gaxsnill1 airebis gromato-
grafiulli analizisaTvis. Aamave jgufs miekuTvneba transforma-
toris avzisa da sxva nawilebis vibraciisa da specialluri
aparaturiT nawi Bobrivi ganmuxtvis donis gazomva, amuSavebu R i
gazuri relledan gazis aReba da sxva.

mesame Jgufs miekuTvneba samuSaoebi, romBebic srulldeba
ganorTull transformatorze. Eesenia: i1zolaciis, gragniBebis,
magnitogamtaris, maRal1 Zabvis Semyvanebis, gadamrTveli1 da
damxmare mowyobi B obebis mdgomareobis gamocdisa da gansazRvris
samuSaoebi. Aam JgufFs miekuTvneba agreTve profi Bagtikuri samu-
Saoebis yve Ba saxeoba, e Beqgtrotumboebis daTvaliereba, reviziis
sxvadasxva saxeebi da sxva.

meoTxe jJgufFs miekuTvnebian remontSi gamoyvanilli trans-
Tormatoris samuSaoebi. Aam dros swarmoebs callkeuli nawi Bebis
mdgomareobis Sesaxeb srulli anallizi remontis mocull obis gansa-
zRvrisa da dazustebis mizniT. agreTve ganisazRvreba is sakon-
trol o operaciebi, rac ganisazRvreba transformatorebis dan-
zadebisa da montalis dros. amasTanave transformatorebis remon-
tSi gadayvanis saWiroebis Sesaxeb gadawyeti Beba miiReba diag-

nostikis pirveli sami Jgufis operaciebis Sedegebis safuzve ll ze.
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qvemoT ganvixi BavT eqgspBuataciaSi myofi ZaBovani trans-

Fformatorebis mdgomareobis Semowmebis erTerT Xerxs.

1.7. sakontro B o - sazomi xe I sawyoebis CvenebaTa kontrol i
da transformatorebis daTvall iereba

tegnikuri egspBuataciis wesebiT dadgenillia transfor-
matoris daTvalierebis aucillebeli periodulloba Mnudmivi mo-
rige personallis arsebobis dros elleqtrulli sadgurebisa da
gvesadgurebis mTavari da sakuTari moxmarebis transformato-
rebisa da reaqtorebis daTvaliereba swarmoebs gamorTvis gare-
Se erTxel dReRamis ganmavB obaSi. xoBlo danarCeni transfor-
matorebi SeiZleba daTvalierebullni ignen KkviraSi erTjer.
transformatorze dayenebuli sazomi xe B sawyoebis Cvenebebi, Tu
saWiroeba moiTxovs, e Begtrosadguris an energosistenis romel i-
me ubnis datvirTvis redimis kontro R isaTvis, aRebu 1 unda ignes
yove B saaTSi an naxevarsaaTSi.

Tu ar aris nudmivi morige personalli, maSin transfor-
matoris daTvall iereba swarmoebs gamsvBel i1 brigadis mier TveSi
erTxel xoBlo aseTi transformatorebis datvirTvis kontroli
xorcielldeba welBiwadSi orjer, maT Soris erTjer zamTris
periodSi datvirTvis magsimumis dros.

periodulli daTvalierebis dros Semowmebul1 unda ignes
Tfaifuris i1zolatorebis, Semyvanebis safarisa da ganmmuxtve Bebis
mdgomareoba. gansazRvru i unda ignes arsebobs Tu ara faifurze
CamonaxeTgebi da bzarebi, gaWuWyianebulia Tu ara zedapiri,
adgi 01 agvs Tu ara zeTis gaJonvas SemWidroebebSi. saWiroa davr-
wnundeT sazomi xe B sawyoebis, Termosignall izatorebisa da Termo-
metrebis. zeTmaCveneb Bebis, gazuri releebis, gamasaboBqvi milBis
membranis mT B ianobasa da wesivru l obaSi. agreTve unda Semowmdes
safarToebel Tan miBze avtomaturi wamkveTi sarqvelis mdeba-
reoba, haersaSrobSi indikatorulli silica-gellis, zeTsadenebSi

mi B tuCebis SeerTebisa da SeduRebis nakerebis mdgomareoba.
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transformatorze dayenebulli eleqtrosazomi xell sawyoebi
jJer kidev ar iZBevian misi mdgomareobis Sefasebis saSuallebas.
isini gvexmarebian droullad gamovavBinOoT denisa da Zabvis
mixedviT gadatvirTvebi.

tegnikuri egsp Buataciis wesebSi, garxana-damamzadeb B is Sesa-
bamis standartebsa da instruqciebSi naCvenebia nominaBuri mniSv-
ne Bobis zemoT Zabvebisa da denebis zRvruBad dasaSvebi mniSv-
ne Bobebi da maTi dasaSvebi xangrZBivoba. magaBiTad, amJamad
mogmedebaSi myoFfi 1985 wHBamde gamoSvebulli transformato-
rebisaTvis nominaBuri datvirTvis dros xangrZllivad dasaSvebia
nominaBurs zeviT Zabvis 5 % -iT gadaWarbeba. Mmcire datvirTvis
dros (nominaBuris araumetes 25 % - s dros) dasaSvebia Zabvis 10
%- 1T gadaWarbeba. amdeniTve SeiZBeba Zabvis xanmokBe (arau-
metes 6 ST dReRameSi) gadaWarbeba nominaBuri datvirTvis dros.

zeTiani  transformatorebisaTvis dasaSvebia nominalurs
zeviT 5 % - IT gadatvirTva, Tu Zabva nominaBuria Aavariul
reJimebSi dasaSvebia denis mixedviT xanmokBe gadatvirTvebi
cxri B Si 12 naCveneb sazRvrebSi.

cxrilli 12 zeTiani transformatoris dasaSvebi xangrZHll ivoba

denis mixedviT

gadatvirTva denis
mixedviT, % 30 45 60 75 100

dasaSvebi xangrZll ivoba, wT 120 80 45 20 10

100 mva simZBavris CaTvBiT axali transformatorebisaTvis
dasaSvebi sistematuri da avariulli gadatvirTvebi naCvenebia
standartSi TOCT 14209-85 Si. masSi adre mogmedi I'OCT 14209-69 —
sagan gansxvavebiT dasaSvebi avariulli gadatvirTvebi daSvebull ia
wina datvirTvisa da garemo temperaturaze damokidebuBebiT. ava-
riulli gadatvirTvebis normebis anaBlogiuri garTullebebi Seta-
nillia 100 mva-ze zeviT simZBavris transformatorebis eqsplua-
taciis axall instruqciebSi. bevr SemTxvevaSi axall1 iInstrug-
ciebiT Zve B Tan SedarebiT dasaSvebia nak Bebi gadatvirTvebi.
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Zabvis qveS regulirebis mowyobi Bobebis daTvallierebisas
saWiroa yuradReba mieqces amZravi meganizmisa da marTvis Faris
maCveneb B ebze mdebareobis Sesabamisobas. amZravi meganizmis yve la
e Bementi unda i1yos Figsirebull mdgomareobaSi. Semowmebu 1 unda
ignes zeTis done kontaqtoris avzSi an safarToebBis Sesabamis
nakveTurSi, gansarTebisa da saxSobis SemWidroebebi, zamTris
periodSi - amZravis gamaTbobe B is mdgomareoba. saWiroa Zabvis
gveS regulirebis mowyobiBobis gadamr-Tvelis nmricxvelis
Cvenebis dafFigsireba

transformatoris periodulli gareSe daTvalierebisas unda
Semowndes masze arsebulli yveBla sakontroBlo saSualleba, rad-
ganac isini afFigsireben saSiSroebis aRZvris SesaZlebl oba maga-
BiTad, transformatorSi zeTis donis daweva dasaSvebze metad
mowmobs imas, rom adgi Bi agvs gadinebebs an Casxmu B1 1yo arasak-
marisi raodenobis zeTiDdaweull1 zeTis doniT transformatoris
Semdgomma muSaobam SeiZBeba migviyvanos gazuri relles amuSa-
vebamde, zeTis daCgarebull daZveBebamde an gaciebis sistenis
mtyunebamde. xoBlo Tu gragnilebis i1zoBacia aRmoCnda zeTis
donis zeviT, maSin SesaZBebelia haerSi moxdes gadafarva, rac
gamoiwvevs gragni Blebs Soris mokBed SerTvas da seriozul
avarias. zeTis donis aweva iwvevs mis gadmoRvras. azotis dacvis
mgone transFormatorebSi am dros sasunTq sistemaSi warmoigmneba
sacobi, am sistemis muSaoba uaresdeba da SeiZBeba amuSavdes
gazuri relle an gamosabo Bgvi mi Bis membrana.

transformatoris TiToeull1 daTvalierebis dros saWiroa
Semowndes da Caiweros zeTis temperatura normebiT dadgenilia
zeTis zeda Fenebis temperatura nominaBuri datvirTvis dros es
temperatura ar unda aRematebodes 95° C zeTis bunebrivi gaciebisa
da ventiBato-rebiT dabervis dros, 75°C-s 1ZullebiTi dabervis
dros da 70 °C - s zeTsacivaris Sesasvlelze zeTis wyliT ga-
ciebis dros. Tu zeTis temperatura aRemateba dasaSvebs, maSin
unda gairkves mizezebi da miRebulBi1 1ignes RonisZiebebi uwesiv-

robis gamosasworebBad. pirvel rigSi unda Semowmdes gaciebis
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sistemebis: venti Batorebis, zeTis e leqtro-tumboebis, haerisa da
wyBis zeTsacivrebis wesivrulloba. Tu gaciebis sistemaSi
darRvevebi ar aRmoCnda, maSin zeTis temperaturis aweva umrav-
Bes SemTxvevaSi mowmobs +transformatorSi Siga dazianebis
arsebobas: mokBed SerTullli konturis warmogmnas, kontagqtur
SeerTe-bebSi1 gardamaval i winaRobis gazrdas, izolaciis gajir-
Jvebis Sedegad zeTis arxebis kveTis Semcirebas, arxSi gareSe
sagnebis moxvedras da aS. yvelBla SemTxvevaSi transformatorebis
xangrZ B ivi muSaoba aweu B'1 temperaturiT dauSvebel ia.
maRaB 1 Zabvis SemyvanebSi zeTis wnevis dacema umravles
SemTxvevaSi ganpirobebullia Semyvanis hermetu B obis darRvevis
Sedegad. aseTi dazianeba ZalBian saSiSia. Tu manometri daziane-
bullia, maSin hermetulobis dazianeba droullad ver iqgneba
SemCneu B 1, amitom manometrebi regu Bl a-rullad unda Semowmdes.
maRa B vo B tiani Semyvanebis daTvalierebisas yuradReba unda
mieqces SemWidroebebSi zeTis gadinebebs, sazomi da Camamiwebe B i
sade-nebis mT B ianobasa da maTi mierTebis saimedobas.
indikatorulli silikagel1 warmoadgens satransformatoro
zeTis danestianebis gansazRvris umartives saSuallebas. 1gi
Seisrutavs zeTSi moxvedrill nests da i1Rebs vardisfer Seferi-
0 obas, xolo Semdgom iRebs ufro kaSkaSa fers. Aam dros mizan-
Sewoni Bia aviROT zeTis sinji misi tenianobis uSuallod gazom-
visaTvis da agreTve Semowmebu Bi unda ignas misi sxva Tvisebebic,
radgan zogierT SemTxvevaSi indikatorulli silikagelis Teris
Secvla SeiZleba ganowveu b1 1yos zeTis intensiuri daZve BebiT.
bunebrivia, rom daTvalierebisas SeiZleba gansazRvrulli
ignes transformatoris normaBuri muSaobis xeBSemSHeli sxva
darRvevebic. magaliTad, transformatorisa da misi e lementebis
momatebu B i1 vibracia, gare kontagturi SeerTebebisa da sall teebis
damagrebis darRvevebi, raime elementis deformacia, avtomaturi

xanZarmgrobi sistemebis dazianeba da sxva.
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2. 990092900 ©5 om0 gobliys

Tavi IIMmaRa Bl i1 Zabvis e B eqgtromowyobi B obebis diagnostikis
sistenis meTodo 1 ogia.

e Beqtromowyobi B obebis tegnikuri mdgomareobis kontroli,
maTi uwesivrobebis gamovBena, aRmofxvra da saeqspBuatacio
resursebiT uzrunve Byofa miiRweva mowyobi B obebis diagnostikis
efeqturi meTodebisa da saSuall ebebis gamoyenebiT.

rTull tegnikur saSuallebebs Soris, romlebic egsp Buataciis
dros moiTxoven diagnostirebas, gansakuTrebull adgills iWeren
maRa B i1 Zabvis mowyobi B obebi, rome l Tac miekuTvnebian transfor-
matorebic. es mowyobi B obebi eqvemdebarebian mZBavri eleqtrulli,
elBegtromagnituri da Tburi velebis kompBegsur zemogmedebasa
da elegtrodinamiur datvirTvebs. amasTan dakavSirebiT am eleg-
tromowyobi B obebSi advi Bad warmoiSveba defeqtebi, uwesivrobebi
da mtyunebebi. amitom defeqtebisa da uwesivrobebis Camoyall ibebis
droulad Setyobinebis mizniTa da mowyobi Bobebis saeqspl ua-
tacio saimedobis SenarCunebisaTvis gamoiyeneba el eqtromowyobi-
I obis kontro i diagnostikis sistemis saxiT.

saerTod tegnikuri mowyobi B obebisa da maT Soris maRal i
Zabvis e Beqtromowyobi Bobis diagnostika es aris codnis sfero,
rome B ic moicavs eqgsp Buataciis pirobebSi e Begtromowyobi B obe-
bis muSaobis Teorias, tegnikuri mdgomareobis gansazRvris meTo-
debsa da saSuall ebebs [63-65]. diagnostika rogorc mecniereba da
misi pragtikuli gamoyeneba imyofeba sxvadasxva mecnierebis gan-
yoTi Bebebis zRvarze. pirvell rigSi es exeba Fizikasa da qimias
sxvadasxva saxis masalebis (dawyebu B i1 gazisebridan damTavrebu-
Bi myari sxeullebiT) Tvisebebis cvlilebisa da gcevis nawi B Si
da procesebs, romBebic mimdinareobs maTSi sxvadasxva TFTaqto-
rebis zemogmedebiT.

diagnostika miekuTvneba aseve maTematikas eqsperimentulli

monacemebis statistikuri damuSavebisa da analizis meTodebisa
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da rTulli amocanebis gadasawvetad kompiuterulli progranmebis
damuSavebis nawi B Si.

rogorc cnobillia maRalli Zabvis mowyobi B obebi eqvemde-
barebian defeqtebisa da uwesivrobebis Camoya l ibebis maRall risks
da aqvT sakmaod maRalli1 avariulli SemTxvevebi. dReisaTvis gamo-
yenebu Bi uwesivrobis gamovBenisa da profilagtikis meTodebi
saSuallebas i1ZBevian mxo B od ramdenadme SevamciroT mtyunebebi.

nax.2.1-ze warmodgeni Bi1a sagarTveBos saxeImwifo eleqtro-
sistemaSi 110-500 kv mowyobi B obebis saxeobebis mixedviT mtyune-
bebis, uwesivrobisa da defeqtebis gamovBenis gamuri ganawi le-

ba gvesadgurebSi, Ria da daxurull gamanawi Bebe I mowyobi 0 obebSi.
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nax.2.1. mtyunebaTa da gamov Beni B 1 defeqtebis ganawi B eba
mowyobi B obaTa saxeobebis mixedviT: kk- kavSiris kondensatori; gl
— gamTiSebi; dt, Zt - denisa da Zabvis transformatorebi; gS-
gadaZabvebis SemzRudve b1i; g2- ganmmuxtve Bebi; ea, sa — elgazuri
da sahaero amomrTve Bebi; tr- Zall ovani transformatorebi; mr -
maSuntirebe li reagtorebi.
nax.2.2-ze warmodgeni B ia sxvadasxva kBasis izoBaciis mgone
callkeuli saxis mowyobi B obebis mtyunebaTa da gamovBeniBi de-
Teqtebis ganawi Beba. mtyunebaTa da gamovBeni Bi defeqtebis gana-
wi Beba miekuTvneba mowyobi BobaTa Sesabamis tips. ag warmodge-
nillia sami wBis ganmavB obaSi daaxBoebiT 1500 erTeulli mow-

yobi Bobis egspBuataciis Sedegebi. rogorc ag warmodgeni i
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diagramebidan Cans, gamov Beni Bi1 defeqtebis raodenoba ZiriTadad
aRemateba mtyunebaTa ricxvs. gamoyenebulli rom ar yoFfiliyo
mowyobi B obis diagnostireba, maSin mosaBlodnel i1 iyo mtyunebaTa
ricxvis kidev 10-20 % -1T gazrda [66].

warmodgeni i ganawi Bebis anallizidan gamomdinare SesaZlle-
be B 1a avRniSnoT, rom mowyobi Bobis 1zolBaciis kBasis zrdasTan
erTad arsebobs mtyunebaTa zrdis tendencia. gamov Beni Bi uwesiv-
robebisa da defeqtebis didi nawi Bi1 pirvel rigSi miekuTvneba
egsp BuataciaSi Seyvanil  axalli  tipis mowyobi Bobebs, rac

gamowveu B 1a maTi damzadebis xarisxiT.
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nax.2.2. erTi tipis sxvadasxva kBasis 1zoBaciis mgone
mowyobi B obebis mtyunebaTa da gamov Beni Bi defeqtebis
ganawi l ebas.
diagnostirebis umTavresi amocanebia:
- e Begtromowyobi B obis tegnikuri mdgomareobis gansazRvra
cva Bl ebadi eqsp Buataciis zemogmedebis pirobebSi;
- defeqtis saSiSroebis saxisa da xarisxis gamov Bena;
- narCeni resursis an muSaobis xangrZHl ivobis vadis

prognozireba.
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es amocanebi sakmaod FarToa da mowyobi B obis saxeobisa da
misi elBegqtromomaragebis regionSi adgiBis mixedviT moiTxoven
konkretizacias. diagnostikis saxeobis Sesaxeb gadawyveti lebis
miReba dafuZnebu B i1a tegnikoekonomiur dasabuTebaze. aseTi gada-
wyveti Beba sufTa momxmarebBuri xasiaTisaa. erTi mxriv ismeba
diagnostikis parametrebisa da maTi +FfungcionaBuri kavSirebis
komp B egsebis gamoyenebiT mowyobi Bobis obieqturi mdgomareobis
Sefasebis amocana, xoBo meore mxriv moiTxoveba materialluri
resursebis gamoyenebis SezRudva, anu ekonomika, romelBic arse-
biTad amcirebs diagnostirebis amocanebs, ramac SeiZleba ver
uzrunve lyos mowyobi B obis mdgomareobis obieqturi gansazRvra.

tegnikuri diagnostikis sistema warmoadgens obieqtebisa da
saSuallebebis erTobliobas, romelic saWiroa normatiull-teqgni-
kuri dokumentaciis wesebiT dadgeni Bi1 diagnostirebis (kontro-
1is) CatarebisaTvis.

diagnostikis sistemis strugturulli sgema mraval doniania
warmodgeni B ia misi sami Fungcionarulli nawi BiT (nax 23).

nax23-ze mocemull algoriTmis strugqturull sgemaze f
(Xkr-Xgaz) aris parametrebis gardagmnisa da analizis bl oki; f (Xy,)
—tegnikuri mdgomareobis b B oki; f (X)-dinamiuri maxasiaTeb Bebisa
da ganviTarebadi defeqtebis modeBebis bBoki; T (X) — narCeni
resursebis modelebis bBoki; monacemTa bazebt 1, 2 3 -

diagnostikuri parametrebis monacemTa bazebia.

strugqturull sgemaze warmodgeni Bi pirveli donis gvesistema
uzrunve Blyofs:

- infFormaciu i parametrebis Senaxvas;

- diagnostikuri parametrebis gazomvas;

-gazomi Bi  diagnostikuri parametrebis damuSavebas, maT
norma-Bizebull  saxeSi warmodgenasa da damuSavebu Bi1 gazomvis

Sedegebis monacemTa bazaSi gadacemas.
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nax.23maRall 1 Zabvis e Beqtromowyobi Bobis diagnostirebis
algoriTmis strugturulli sgema.

- gazomi 1 parametrebis mniSvne B obebis normirebull mniSvne-
0l obebTan Sesabamisobis gansazRvrasa da obieqtis tegnikuri
mdgomareobis normatiull - tegnikuri dokumentaciis moTxovnebTan
Sesabamisobaze daskvnis FFormirebas;

- gazomi B1 parametrebis mniSvne B obebis normirebull mniSvne-
0 obebze gadaWarbebis SemTxvevaSi obieqtis egpBuataciis saf-
rTxis Sesaxeb signallis Formireba;

- gadamwodebis mgrZnobiarobis cvlilebis, gazomvisa da sin-
gronizaciis xangrZBivobisa da periodull obis Sesaxeb brZanebis
signa- B is miReba.

meore donis gqvesistema uzrunve lyofs:

- ganviTarebadi defeqtebis saxeobisa da adgilis gansazRv-
ras;

-warmoebu B1 da dinamiuri diagnostikuri maxasiaTeblebis

gaangariSe-bas;
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- retrospeqtu b i diagnostikuri parametrebis gansazRvras;

- ganviTarebadi defeqtebis safFrTxis xarisxis gansaRvras;

-pirve b1 donis qvesistemidan miRebuli brZanebis mixedviT
muSaobis algoriTmis cvlilebas;

- gaangariSebisa da analizis Sedegebis monacemTa bazaSi
gadacemas;

- obieqtis gacivebis sistemis muSaobis relJimis cvlilebis
Sesaxeb signallis Formireba

mesame donis qvesistema uzrunveByofs obieqtis narCeni
resursis Sefasebas.

tegnikuri diagnostikis ZiriTadi amocanebidan gamomdinare,
pirve Badi aqtiT gansazRvrulli unda iyos tegnikuri mdgoma-
reobis saxe. uwesivrobisa da defeqtis TFagtis dadgenis Semdeg
moZiebu 01 unda 1yos dazianebis adgi b1, saxe, misgan gamowveu B i
safrTxe da gansazRvrull'1 unda ignes uwesivrobis mizezi.

obieqtze SeiZBleba warmoigmnas da ganviTardes defeqtebis
cxadi da aracxadi saxeebi, xoBo diagnostireba SeiZlBeba mxo-
B od cxadi defeqtebisa aracxadi defeqtebis kategorias miekuT-
vneba 1s defeqtebi, romBebic SemCneul i1 ver ignen misi SemCnevis
meTodebisa da saSua B ebebis ar arsebobis gamo.

e Beqgtromowyobi B obebis elementebisa da detallebis teqgni-
kuri mdgomareobis, maT FunqcionirebaSi yve Ba saxis darRvevebis
gansazR-vras xdeba diagnostikuri parametrebis gamoyenebiT.

diagnostikuri parametrebi iyofa sam tipad:

- infFormaciulli saxis parametrebi, romBebic warmoadgenen
obieqtis maxasiaTeb Bebs, X;,f

- obieqtis (kvanZebis) elementebis mimdinare tegnikuri
maxasiaTeb Bebis parametrebi, X;;

- parametrebi, romBebic warmoadgenen ramdenime parametris
warmoebu s, X,

informaciu b1 saxis (Xj,¢) parametrebs miekuTvnebian:

- obieqtis tipi;
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- obieqtis egspBluataciaSi Seyvanis dro da egspBuataciis
periodi;

- Obieqtze Catarebu 1 saremonto samuSaoebi;

- Obiegtis arasaStato situaciebSi yofnis dro;

- Oobiegtis tegnikuri maxasiaTebBebi, romBebic miRebullia
garxana-damamzadebe B Si an eqsp BuataciaSi Seyvanisas Catarebull i
gamocdebis dros;

- diagnostikuri parametrebis (Xy,) normirebuli mniSvnell o-
bebi;

- X; obieqtis tegnikuri maxasiaTeb Bebi, romBebic warmodge-
niBlia drois mixedviT absoButuri - Xj(t) mniSvne BobiT an maTi
warmoebu B is (dx/dt) saxiT.

diagnostikuri parametrebis (Xy,) normirebu B i mniSvne I obebi
gamoiyeneba gazomviT miRebull diagnostikur parametrebTan maTi
mniSvne B obebis SepirapirebisaTvis.

infFormaciu B 1 saxis sxva parametrebi upiratesad gamoiyeneba
im SemTx-vevebSi, roca gazomil diagnostikur parametrebs aqvT
Xir normirebu® mniSvne B obebTan miax Boebu B1 mniSvne B obebi da
dinamiur maxasiaTeb Bebs (dXy/dt) gaaCniaT didi mniSvne I obebi.

diagnostikur parametrebs, romBebic warmoadgenen X; obieg-
tis elementebis (kvanZebis) mimdinare +tegnikur maxasiaTeb lebs,
miekuTvnebian mimdinare momentSi gazomili parametrebi. es
parametrebi mowyobi Bobis saxeobebis mixedviT erTmaneTisagan
gansxvavdebian. amasTanave mTeli rigi obieqtebisa kontrolisaT-
vis gamoiyeneben parametrebis erTsa da imave saxes. es parametrebi
erTmaneTisagan gansxvavdebian mxo B od sxvadasxva normirebulli
mniSvne B obebiT.

gasazomi diagnostikuri parametrebis raodenoba damokide-
bullia mowyobi Bobis saxeobaze da diagnostirebis meTodebis
ganviTarebis xarisxze. ase magalliTad, gasazomi diagnostikuri
parametrebis ricxvi Zalovan transformatorebsa da maSuntire-
bel reaqtorebSi aRwevs 38; zeTian amomrTve BebSi — 29; elgazur

amomrTve BebSi — 25; gadaZabvebis SemzRudve Bebsa da gamTiSebSi —
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10; ganmamxo B oeb BebSi (amZraviT) — 14; zeTiT Sevsebull sazom
transformatorebsa da kavSiris kondensatorebSi — 9.

tegnikuri mdgomareobis ufro obieqturi SefasebisaTvis
mizanSewoni B1a gamoyenebull ignas diagnostikuri parametrebis
komp B egsi. amasTanave am komp Begsis gamoyeneba mTe B i1 moculobiT
ZiriTadad damokidebu B ia sakontro B o obieqtis Zabvis kBassa da
ZaBovani mowyobi- B obebis, saxe Bdobr, transformatorebisa da
reaqgtorebis simZBavreze. Tu 330-500 kv mowyobi B obebisaTvis
parametrebis naCvenebi kompBegsi srulad misaRebia, maSin 110 kv
mowyobi B obebisaTvis tegniko- ekonomiuri araefeqturobis niSniT
es maxasiaTeb B ebi SeiZBeba iyos Warbi.

rogorc zemoT moyvani B i diagnostikuri parametrebis saxe-
ebidan Cans, patrametrebis ricxvi da saxe damokidebu lia sakon-
trolo obieg-tis saxeze, mxoBod parametrebis SezRuduli
raodenoba warmoadgens nebismieri obieqtis saerTo saxes.

diagnostikur parametrebs, romBebic warmoadgenen ramdenime
parametris warmoebulls, pirvel rigSi miekuTvnebian iseTi saan-
gariSo maxasiaTeb B ebi, rogoricaa satransformatoro zeTSi ga-
xsniBi1 airebis kritikuli mniSvne B obebis Semcvelobis Tar-
dobebi, magaliTad, CH4/H,, C,H,/CoH, CO,/CO; C,H4/CoHg da sxva;
nebismieri K datvirTvisas (datvir-Tvis denis fardoba nominalur
denTan) transformatoris yvelBlaze ufro gaxurebulli wertilis
magsima Buri temperatura tolia

Oh = 04 + ABp, [ (1+RK2)/(1+R)] + HgK”

sadac 60, — aris gamaciebeli garemos temperatura; 6, -
yve laze ufro gaxurebull wertillSi temperaturis aweva, R-
datvirTvis danakargebis +¥*ardoba ugmi svBis danakargebTan,
romelic aiReba 5-6 fargWlebSi; Hy — yvelBlaze ufro gaxurebul
werti BS1 temperaturis gradienti, romelic gaciebis sistenis
mixedviT aiReba 22-29 FfargBebSi. y — aris gragnilis xarisxis
maCvenebe B'i da aiReba 1,6 toli.

cellullozis (gaRall dis, muyaos) izo RBaciis FardobiTi cveTis

siCgare tolia
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nawi Bobrivi ganmuxtvis saSuallo deni I= (Xqn;)/T da sxva.

warmoebu B diagnostikur parametrebs miekuTvnebian aseve x;(t)
dinamiuri maxasiaTeb Bebi da maTi warmoebu Bebi (dxi/dt). dinamiuri
parametri xi(t) SeiZBeba 1yos mimdinare, roca ganisazRvreba far-
doba drois mezobel momentebs Soris da SeiZleba iyos ganzoga-
doebu i, roca ganisazRvreba +¥fardoba drois arCeull inter-
va l ebSi.

nebismieri obieqtis  tegnikuri mdgomareoba  SeiZleba
dadgeni Bi ignes erTjeradi da mravall Jeradi diagnostirebis
dros. mravalli el ementisagan Sedgeni b1 maRall i Zabvis aparaturis
erT jeradi diagnostirebis dros  tegnikuri mdgomareobis
obieqturi Sefasebis allbaToba mcirea maSasadame, mxo B od
SemTxveviT SeiZBeba SevamCnioT defeqti erTjeradi diagnos-
tirebis dros. tegnikuri mdgomareobis saimedo da obieqturi
Sefasebis allbaToba 1i1zrdeba kontrolis ricxvis zrdasTan
erTad. es garemoeba warmoadgens garkveulli periodullobiT
mravall Jeradi diagnostirebis SemoRebis, anu diagnostikuri
parametrebis monitoringis safuZvels.

diagnostikuri parametrebis gansazRvraSi mniSvne B ovan
moments warmoadgens maTi registraciis periodulloba regis-
traciis periodulloba damokidebulli unda 1yos oObieqtis
nebismier sakontrollo kvanZsa da detallSi defeqtebis
warmogmnisa da ganviTarebis siCgareze. mowyobi Bobis normallur
reJimnSi  muSaobis dros daZvelebis procesebi Zalian nella
mimdinareobs. mowyobi Bobis dadgeni B1 muSaobis xangrZ-l ivoba
gaTvlilia swored am procesebis mogmedebidan gamomdinare.
muSaobis es vada dadgeniBia mowyobi Bobis yvelaze ufro
kritikuli kvanZebis daZve Bebidan gamomdinare. Tu miviRebT, rom
muSaobis xangrZBivoba 40 welia, maSin daZvelebis xarisxis
gamosav Benad sakmarisia daaxBoebiT 3 Tvis periodulloba
defeqtebis gamovBenis dros daZvellebis procesi SeiZlleba

mniSvne Bovnad daCgardes. pragtikaSi gamovBeniBi defeqtebis
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ricxvidan yvelaze ufro swrafad ganviTarebad defeqtebs
warmoadgens eleqtrulli ganmuxtvis (nawi Bob-rivi ganmuxtvis)
defeqtebi. an procesebis kvBevis Sedegebi 220 kv zeTSevsebuli
Semyva-nebisa da 500 kv denis sazomi transformatorebis
izo BaciaSi gviCveneben, rom elleqgtrulli 1zolaciis mdgomareobis
damaxasiaTebe l i diagnostikuri parametrebis registraciis
minima Burma periodu l obam SeiZBeba Seadginos 2 saaTi.

arsebobs dacvis mowyobi Bobidan gamomavalli diskretulli
signallebi, romBebic =zemogmedeben gamorTvaze. maTi mogmedebis
momenti aseve unda mivakuTvnoT diagnostikur parametrebs, rom-
Bebic miewodebian diagnostirebis BokaBuri sistemis servers.
aseTi signallebis periodul obam SeiZBeba Seadginos 1-2 mi B iwanmi.

arsebobs aseve diagnostikuri parametrebi, romBebic gani-
sazRvrebian mxoBod warmogmnis FaqtiT. aseT parametrebs
miekuTvnebian, magaliTad, gazuri relles amuSavebisa da wnevis
davardnis mowyobi Bobis signallebi, gadaZabvebis ampBituda da
ZiriTadi sixSire, ganmmuxtveBis (gadaZabvebis SemzRudveli)
amuSavebisas an gamTiSebisa da amomrTvelebis komutaciisas,
Zabvis ampBituda da ZiriTadi sixSire, mokBed SerTvis
SemTxvevaSi denis amp B ituda da ZiriTadi sixSire. am SemTxvevebSi
signallebis registracia swarmoebs sakuTriv am signallebidan
aRZru i mov BenebiT.

dReisaTvis arsebobs SesaZBlebBoba tegnikuri saSualebebiT
avtomaturad gavzomoT mimdinare diagnostikuri parametrebis
ZiriTadi  nawili  muSa Zabvis qveS anu on-line reJimSi.
diagnostireba swarmoebs cikBur +FformaSi. TiToeulli cikhi
moicavs parametrebis mTelBi1 kompBegsis gazomvas, risTvisac
auci Bebe B 1a parametrebis erTxell mainc registracia.

nax.23-ze mocemu B i1 diagnostirebis allgoriTmis strug-
turulli sgemis diagnostirebis sistemis safuZvels ESeadgenen
analizuri mode l ebi.

mowyobi B obis diagnostirebis dros defeqtis warmogmnisas

mimdinare movBenaTa urTierTgmedebis codna mniSvnel ovani
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pirobaa sistemisa da mT Bianad obieqtis tegnikuri mdgomareobis
mode Bebis SesagnmneBad movBenaTa Bogikuri jaWvis gansazRvri-
saTvis. maSasadame, sakontro Bl o obieqtis parametrebis gazomvis
Sedegebis analizisas movBenaTa sgemis ageba warmoadgens
diagnostikis meTodikis Semadgenel nawi s,

diagnostirebis allgoriTmis ZiriTad nawills warmoadgens
mode Bi [67-68]. obieqtisa da obieqtSi momdinare mov Benebis srull
aRwerazea damokidebuli diagnostirebis Sedegebis saimedoba.
maRal 1 Zabvis mowyobi Bobis strugtura zogadad SeiZlleba
SevadaroT myari TFizikuri sxeullis struqturas, romellsac
gaaCnia makroskopu li araerTgvrovneba. maTSi saerToa mravali
e Bementis arseboba, romel Ta Tvisebebis cvlilBeban an romell ime
maTganis gamoricxvam SeiZBeba migviyvanos obiegqtis Tvisebebis
cvlillebasTan da zRvrull mdgomareobaSi SeiZleba migviyvanos
obieqtis Tungcionirebis SewyvetasTan. maT Soris saerToa aseve
gareSe saeqsp Buatacio fagtorebis zegavBeniT maTi Tvisebebis an
mdgomareobis Secvlla.

modeB i1 Sedgeba mTelBi rigi nawi Bebisagan (bl okebisagan),
romel Tac erTmaneTTan gaaCniaT  FungcionaBluri kavSirebi.
rogorc wesi aseTi nawi Bebi ertmanetisagan izolirebullad ar
ganixi Bebian. maTi  gamuri wilili mT N ianad model is
fungcionirebaSi ganpirobebullia nawillebs Soris urTierT-
gmedebiT. mowyobi Bobis diagnostirebisas mniSvne Bvania vicodeT
mov BenaTa Tanmimdevroba, romeBTac SeuZBiaT migviyvanon
detallebisa da kvanZebis mtyunebamde. am dros mxedve I obaSi
miiReba i1s  Fizikuri procesebi, romBebic gansazRvraven
masa Bebisa da konstrugciis degradacias [69-70]. mizanSewoni B ia
Taviseburi ew. “mtyunebaTa xis” an “movBenaTa Xxis” ageba,
romelic warmoadgens im pirobaTa aRZvris Tanmimdevrobas,
rome B sac mihyavs mT Bi1anad obiegqti an misi sistema mtyunebamde.
maSasadanme, mode B ebSi maTematikurad aRiwereba  obieqtSi

mimdinare Fizikuri procesebi [71].
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tegnikuri mdgomareobis (X,,) modeli warmoadgens diag-
nostikis sistemis pirveli1 donis qgvesistemis ZiriTad elements.
es aris mT Hianad oObieqtis, obiegtis sistemis an kvanZebis
tegnikuri mdgomareobis mode B i da pasuxobs kiTxvaze: aris Tu
ara defeqti?, anu gvagys Tu ara gazomili diagnostikuri
parametrebis i1seTi  mniSvner 0 obebi, romBebic aRematebian
normirebu l mniSvne B obebs. tegnikuri mdgomareobis mode B Si aris
randenime modeli, romBebic miekuTvnebian obieqtis sistemebs,
magal iTad, el egqtrosaizo Bacio da gacivebis sistemebi da sxva.

tegnikuri  mdgomareobis modelBi warmoadgens mT lianad
obieqgtis, obieqtis sistenis an kvanZis aRweras ramdenime
mdgomareobaSi:

- kvanZis, obieqtis sistemis an mT Bi1anad obieqtisa wesivrul
mdgomareobaSi;

-detalls, kvanZs, obieqtis sistemas aqvs defeqti, romelic
mocemu B momentSi ar warmoadgens safrTxes eqspBuataciisaTvis,
magram mivya-varT obieqtis Fungcionirebis SezRudvasTan;

- kvanZs, obieqtis sistemas an mT B i1anad obieqts aqgvs defeqti,
romelic mocemull momentSi warmoadgens safrTxes obieqtis
eqsp BuataciisaTvis da avariis Tavidan asacillebBad moiTxovs
zomebis miRebas.

diagnostikis sistemis mniSvne Bovani elementia defeqtebis
ganviTarebis xasiaTis gansazRvra dawyebuli maTi warmogmnis
stadiidan am defeqtebis aRmweri diagnostikuri parametrebis
normirebu B i mniSvne B obebis miRwevamde. ganviTarebadi defeqtebis
modelBi anu deferqtebis safrTxis xarisxis defeqti f(X1)
warmoadgens defeqtebis safrTxis donis Kyq Funqcias, romelic
Tavis mxriv ganisazRvreba statikuri X.=Xi/Xy,;da dinamiuri Xgini
= dXy/dt an Xgini = (Xi2-Xi1)/At. saFrTxis done K4 ganisazRvreba X ¢ da
Xgini parametrebis magsima Buri mniSvne B obebiT.

X; diagnostikuri parametrebis gazomvis Semdeg warmoebs

iseTi X;da Xy mniSvne B obebis Sepirapireba iseTi diagnostikuri
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parametrebis moZiebis mizniT, rome B Ta mniSvne I obebi tolia an
aRematebian Sesabamisi Xy,iparametrebis mniSvne I obebs.

Xi moZebnis dros, romBis mniSvneloba tolia an aRemateba
Sesabamisi Xy, —is mniSvne Bobas, Formirdeba signali “uwesivro
mdgomareoba” da diagnostireba mTavrdeba. Xi —is ar arsebobisas,
romBis mniSvneBloba tolia an aRemateba Sesabamisi Xy, -IS
mniSvne Bobas, Xi —is gazomi Bi parametrebi gadaecema monacemTa
bazas 2 da Semdeg ganviTarebadi defeqtis safFrTxis xarisxis Ky
gansazRvris mizniT swarmoebs maTi analBlizi X, normirebulli
mniSvne B obebis gamoyenebiT. K4q — s dadgeni Bi mniSvne I obebis
Sesabamisad TFormirdeba marTvis signalli da diagnostirebis
cikBi nmTavrdeba. diagnostikuri cikBis danTavrebis Semdeg
diagnostikuri parametrebis gazomvis dadgeni i1 periodullobis
Sesabamisad gadaecema brZaneba gazomvis axalli cikl is dasawyebad.

narCeni resursis modeli1 dafuZnebuBlia narCeni resursis
diagnos-tikur parametrebsa da maT warmoebu B ze Fungcionalluri
damokide-bu Bebis gamoyenebaze. am mode B is sawyisi monacemebia
Xst da Xgini MniSvne Bobebi, romBebic gansazRvrulli iyo f(X)
modeBSi da Seyvanilli K4 bBokSi, xoBlo Semdeg — monacemTa
bazaSi 3.1 (X) damokidebu Bebis anallizi saSuallebas iZleva
miviROoT mniSvneBoba, romeBic warmoadgens obieqtis narCen
resurss. undaAaRiniSnos, rom gamov Beni R i defeqtebis
Sesworebas mivyavarT diagnostikuri parametrebis mniSvne I obebis
cvlilebasTan da Sesabamisad narCent resursis mniSvne Bobis
cvililebasTan.

narCeni resursis SefasebisaTvis gamoiyeneba maTematikur -
statistikuri meTodebi. Tu ganvixi BavT nax.24-ze warmodgenill
maRa B 1 Zabvis mowyobi Bobis mtyunebaTa simkvrivis ganawi Bebis
egsperimentu l monacemebs, advi Bad davinaxavT, rom maRal i Zabvis
mowyobi B obebis mtyunebaTa droiTi ganawi Bebis +FTungciebs ar
gaaCniaT statistikuri mdgradoba da erTgvarovneba. mtyunebaTa

Tfungciebi f(r) gviCveneben, rom isini ar warmoadgenen mov BenaTa
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erTobliobis anarekBs da maT gamoyenebas mivyavarT narCeni
resursis gansazRvris daball saimedobamde. am SemTxvvaSi iyeneben

albaTur - stastistikur modell ebs
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nax.24. maRa 0l 1 Zabvis mowyobi B obebis mtyunebaTa
ganawi Bebis simkvrive.
egsperimentull i gamokv B evebis Sedegebze dayrdnobiT,
mowyobi B obis dazveBebis, cveTis TFunqcia SeiZBeba warmovad-
ginoT Semdegi saxiT:
A (1) = A= A[l-(t/tyes)] 2.1)
sadac: t,s —Obieqtis resursia; o — mimdinare drois Ffardoba
obieqtis resursTan.
defeqtis warmogmnas tgqefg MOMeNntSi mivyavarT mtyunebebis
mimarT gamZ Beobis SemcirebasTan, rac gamoixateba A;mniSvne B obis
SemcirebiT AA sididiT. maSin es fungcia intervallSi t=0 dan t=
tger SeiZ B eba warmovad-ginoT Semdegi saxiT:
Ac= Al1-(t/tyes)"]
intervall S1 t= tgef —dan t= t,5 -mde
A= A[1-(t pes /tres)’] - AA (2.2)
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defeqtebis warmogmnisas, romelic ar aRmoifxvreba Semdgomi
eqsp Bua-taciis dros, daZzve Beba da mtyunebebis mimarT gamZll eoba
aRiwereba (22) damokidebuBebiT, romBis maCvenebels a-s egneba
defeqtis safrTxis xarisxze damokidebuli mniSvneBoba ¢t
moments Seesabameba obieqtis mtyuneba, ei. t'yes = tyyy, MaSasadame,
(2.2) damokidebu Bebidan miviRebT:
A= All-(tyey /tres)] - AA =0 (2.3)
anu, roca A,=0,maSin  tu = tresurs - ¥1-AA (2.4)
maSin narCeni resursi At toli igneba
Mycurs = by~ DAty @)
aq narCeni resursi ganisaZRvreba rogorc deterministulli
Tfungcia. magram sinamdvi BeSi mtyunebaTa mimarT gamZBeobis (an
cveTis) Tfung-cias aqvs allbaTobiTi xasiaTi. Tu cnobilia
sakontrollo mowyo-bi B obis mtyunebaTa (an dazve B ebis)
ganawi Bebis kanoni, maSin MmnTeBi1 rigi kompBeqsebis daSvebebiT,
statistikis maTematikuri aparatis  gamoyenebiT  SeiZleba
SevafasoT SemTxveviTi mtyunebis gamovBenis allbaToba amave
dros maRali Zabvis mowyobi B obebis mtyunebaTa ganawi Bebis
Tfunqciis f(t) egsperimentaBluri damokidebu Bebani  mowmoben
mtyunebaTa rTull Fungciebs, romBebic aRweren ~“daZvelebis”
ramdenime sxvadasxvagvar Funqciebs, rac i1ZBeva saSualebas
ganawi Bebis parametrebis misaRebad da saimedobis kriteriumebis
gansazRvrisaTvis gamoviyenoT statistikis kBasikuri meTodebi.
narCeni resursis Sefasebis ganxiBulli  principi SeiZleba
realizebulli 1ignes defeqtis TiToeulll saxisaTvis AA -s
Sesabamisi mniSvne B obebis dasabuTebiT, romBebic gamowveu lia
sxvadasxva TFizikuri procesebiT. AA -s mniSvne Boba defeqtis
saxisa da ganviTarebadi defeqtis safrTxis xarisxis Ky sakmaod
rTulli Fungciaa. igi damokidebu Bl ia aseve sakontro B o obieqtis
saxeze. es mniSvne Bobebi meTodis gamoyenebis pirvel stadiaze
ganisazRvrebian eqgsperimentis gziT da azusteben im Fizikuri

procesebis anallizis Sedegebis safuzve  ze, rombBebic
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warmogmnian defeqtebs. am anallizis dros defeqtis mtyunebaSi
gadasvl is allbaTobis gansazRvrisaTvis statistikuri meTodebis
gamoyeneba metad efeqturia

unda aRiniSnos,rom f (Xy, Xgaz) parametrebis gardagmnis,
tegni-kuri mdgomareobis f (Xi,), dinamiuri maxasiaTebBebis da
ganviTarebadi defeqtebis f (X),aseve narCeni resursis t(X) —is
analizis modellebi arian diagnostikis sistemnis nawili,
romfBebic asru leben yvela mogmedebas diagnostikuri
parametrebis (X5) monitoringis yve la reJimSi. amasTan
dakavSirebiT amocanebis mode BebSi gadawyveta unda swarmoebdes
gazomvis TiToeull cikBSi (Xy,,) da diagnostikis aseTi sistenis
realizacia SesaZllebeBlia mxoBod kompiuterebis intensiuri

gamoyenebis SemTxvevaSi Sesabamisi progranulli uzrunve ByofiT.
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Tavi lll. ZaBluri transformatorebis maTematikuri

mode 0 ebi
3.1 zogadi cnobebi

maTematikuri modelireba warmoadgens adamianis mier gare
samyaros mov Benebis Secnobis erT-erT ZiriTad instruments. igi
aris vrealluri obieqtis, procesis an sistenis Seswavlis
saSualleba maTi maTematikuri modeBiT SecvBlis gziT, romelic
ufro mosaxerxebelia gamomTvBel1 manganis gamoyenebiT eqsper-
imentu i1 kvBevebis Catarebisas. maTematikuri modelirebis qveS
igu B isxmeba SesaswavBi movBenis ZiriTadi kanonzomierebani da
kavSirebi. es SeiZlleba 1yos Formullebi an ganto Bebebi, wesebis an
SeTanxmebebis krebu B i1 gamosaxu b1 maTematikuri formiT.

maTematikuri modelli1 es aris realluri obieqtis, procesis an
sistemis miaxBoebiTi warmodgena gamosaxulli maTematikuri
terminebiT, romelBic inarCunebs originalis Tvisebebs. es
mode B ebi B ogikur-maTematikuri konstruqciebis daxmarebiT
aRweren obieqtis, procesis an sistemis ZiriTad Tvisebebs, maT
parametrebs, Sida da gare kavSirebs.

maTematikuri modelireba samecniero-tegnikuri progresis
ganuyofe i nawi Bia Ees aris meTodologia, romelic ar cvlis
samecniero disciplinebs, ar wuwevs maT konkurencias, magram
monawi Beobs yvela sFeroSi mimdinare SemogmedebiT kv HBevebSi.
uZve Blesi droidan meganikaSi, FizikaSi da sxva zust sabunebis-
metyve 8o nmecnierebebSi SesaswavBi movBenebis aRwerisaTvis
gamoyenebu B ia maTematikuri mode B ebi.

maTematikuri modeBirebis farTo gamoyeneba saSuallebas 1Z-
Beva aiwios Teoriulli gamokv Bevebis saerTo done, Catardes isi-
ni eqsperimenta Bl ur gamokv BevebTan mWidro kavSirSi. maTematikuri
mode Bireba SeiZBeba ganixi Bebodes rogorc Semecnebis, konstru-
irebis, proeqtirebis axali meTodi, romellic Tavis TavSi Seicavs,
rogorc Teoriis aseve eqsperimentis dadebiT mxareebs [72].

e leqtrodanadgarebis maTematikuri modelebis Segmna da

Seswavla iZBeva el eqtrodanadgarebis kvBevis did perspeqtivebs.
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e Beqtrotegnikur sferoSi mimdinare samecniero-kvBeviT samuSao-
ebSi  kompiuteris FfarTod gamoyenebam aucillebeli gaxada
maTematikur mode BirebasTan erTad elleqtrulli wredebis Teoriis
sferoSi axalli Teoriulli midgomebis damuSaveba da miRebull1
Sedegebis WeSmaritebis Sefaseba.

indugciurad dakavSirebulli wredebis modelirebis amocana
DdReisaTvis aqgtualurad iTvHleba aseTi saxis wredebSi mimdinare
Fizikuri procesebis Sesabamisi maTematikuri modeBebis Sesad-
genad saWiro gaxda axalli aTvlis sistemis SemoReba. adekvaturi
mode B irebis amocana didi xania aRe B vebs swavilul
e B eqtroteqgnikosebs, razec metyvellebs elegqtrotegni-kosTa
saerTaSoriso komisiis kongresze gamarTu i diskusiebi.

indugciurad dakavSirebull1 koWebisagan Sedgeba 1seTi
energetikulli danadgari, rogoricaa Zaluri transformatori,
romelic Fizikuri procesebis TvalsazrisiT xasiaTdeba rogorc
energiis mimRebis, aseve energiis wyaros TaviseburebebiT.

rogorc erTfaza aseve samfaza transformatorebisaTvis
maTematikuri modeBebisa da Sesabamisi programebis Sedgenisas
optimalluri geometriulli da eleqtruli parametrebis
gansazRvrisaTvis udidesi mniSvne Boba eniWeba. maT safuzvell ze
SeiZleba Seigmnas energoefeqturi gamanawi Bebeli transfor-

matorebi ugmi svlisa da datvirTvis mcire danakargebiT.

32 erTfaza transformatoris maTematikuri model i

galvanurad dakavSirebuli wredebisaTvis kirxhofis meore
kanoniT wonasworobis ganto BebaTa sistemis Sedgena kargad aris
cnobi Bi, magram indugciurad dakvSirebulli wredebisaTvis kirx-
hofFis gantoBlebaTa sistemis Sedgenis sakiTxi probBRemuri
sakiTxia

indugciurad dakavSirebulli wredebis ganto Bebebis sworad
dasawerad auci Bebelia erTsaxe Ba momWerebis moniSvna. radganac
transformatori warmoadgens induqciurad dakavSirebull wreds.

misi ganto Bebebis dawerisas unda gvaxsovdes indugciurad
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dakavSirebuli wredebis Tviseba, kerZod Tu erTi maTganis
erTsaxela momWerSi Sedis mzardi deni, maSin es deni iwvevs
meore erTsaxella momWeris potencialis gazrdas, rac
damtkicebu B 1a eqsperimentiT [73]

erTfaza transformatoris pirveladi gragnilli, romelic
warmodgens energiis mimRebs mierTebulls energiis wyarosTan da
mis erTsaxelBla momWerSi Semavalli cvBadi i; deni gmnis cvBlad
magnitur nakads @ -s, romelic i, denTan dakavSirebu ll ia mar jvena
burRis wesiT. nax3l-ze mocemulli gragnilebis daxvevis
SemTxvevaSit @, nakads aqvs pirveladi gragnillis gularsSi
erTsaxella momWeris mxridan Semavalli mimarTulleba da pirvellad

gragni BSi aRZravs TviTindugciis emZ-s.

do di )
€L =— =l ((DLZ Llll) (3.1)

dt bt

.-.--.-.f.-.--.-. e
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nax.d.lerTfaza transformatoris principull i sgema
Bencis wesis Tanxmad, niSani(-) miuTiTebs imaze, rom am emZ-s
agvs 1i; denis sawinaaRmdego mimarTu B eba, rac naCvenebia nax.3.l-ze,
xoBo meoradi gragnilis gullarSi, romelic warmoadgens ener-
giis wyaros, am nakads erTsaxeBa momWeris mimarT agvs gamo-
mava B i mimarTu B eba da aRZravs masSi urTierTinduqciis emnZ-s.

_ (9D )i

sadac FrCxi BebSi moTavsebu 1 niSani (-) aris Bencis niSani,

xolo TFrCxillebs gareTa niSani gviCvenebs, rom &, nakadma
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pirve Badi gragnillis gularTan SedarebiT meore gragnilis
gularSi Seicvalla SesvBlis mimarTulleba erTsaxela momdleris
mimarT. am nakadis cvliBebiT aRZrulli e,, ki ar ewinaaRmdegeba i,
dens, aramed radgan meore gragni Bi warmoadgens energiis wyaros,
amitom am wyaros emZ aris swored e,, , romeBic gmnis i, dens da
aqvs am denis mimarTu Beba. anaBlogiurad i;deni gmnis @, nakads da
meorad gragni BSi aRZravs
eu_:—d;i_:::ﬁnﬁg (D, =L, )
dt dt (33)

TviTinduqciis emZ-s, romBis mimarTuleba nax. 31-ze igneba
denis sawinaaRmdego mimarTullebis xolBlo pirveBlad gragnillSi
aRiZvreba urTierTinduqciis emZ
ﬂ I =M d— (D), =M1,
\ dr ) dt (34)

rome B sac eqgneba i denis Tanxvdeni B 1 mimarTu 0 eba

1M = —
e1I 21

i1 Rl

1

ena( | e

nax.3.2 erTFfaza transFormatoris Canacv l ebis sgema

nax. 3.1-ze mocemu B i sgemis eqvivalenturi Canacv Bebis sgemas
agvs nax. 3.2-ze mocemu 01 saxe

nax. 3.2-ze mocemu B 1 CanacvBebis sgemisaTvis kirxhofis Il
kanonis safuZvelze wvwerT gantolebaTa sistemas (Semovlis
mimarTu Beba emTxveva denebis mimarTu l ebas).

| konturi ewm —€. =LR —Uu, (3.5)

Il konturi &v —€,. =LR, +Uu, (3.6)

anu Zabvebis mixedviT
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: : di di
u =iR, +e,—e, :|1R1+L1d—tl—Md—t2 (3.7)
: : di di
u, =-i,R,-e, +e,, =—iLR, -L,—2+M—= 38
2 2°%2 2L 2M 272 2 dt dt ( )
(3.7) da (3.8) komp Begqsur saxeSi Semdegnairad Caiwereba

U, =L(R, + joL )-1,joM =1,Z2,-1,Z, (3.9)
U,=0L(R, +joL,)-I,joM =-1,Z,-1,Z,, (3.10)

37) da (38 ganto Mebebi gviCvenebs, rom mcdaria
sayove Bl Taod miRebulli formulireba imis  Sesaxeb, rom
TviTinduqciis koeFficientebi erTfaza transformatorSi L; da L;
yove B Tvis dadebiTia, xoblo urTierTin-dugciis koeficienti M
SeiZleba 1yos, rogorc dadebiTi ise uaryofiTi. aRniSnulli
koeFficientebi aris geometriulli sidideebi da yovelTvis
dadebiTi ricxvebia, xoBo dadebiTi da wuvaryoFfiTi niSnebi
ganto Bebebis wevrebis win ganpirobebu ll ia nakadebisa da denebis
mimarTu BebiT erTsaxeBa momWerebis mimarT. aRniSnuli sakiTxi
damtkicebulia naSromSi [74]. aRniSnulli sakiTxis zusti
gadawyvetis meti damagerebBobisaTvis movitanT amerikeli

Fizikosis robert J. distintis naSroms [75], sadac mocemu lia,

. . do . - - .
rom TFaradeis kanoni e:—NE aris kHBasikuri mamoZravebe li
eleqtrulll kanonis mxoBod gansakuTrebulli SemTxveva. Tu

Tfaradeis kanonSi %{) ganmartebull ia, rogorc nakadis cvlilebis

siCgare konturSi, maSin dadebiTi (Lit)miuTiTebs, rom nakadi Sedis

konturSi. am dakvirvebis Sedegad faradeis kanoni Semdegnairad

Caiwereba:
do . do _
e:—NE (Semsvieli) = NE (gamomsvilel 1) (3.11)

agedan gamomdinareobs, rom konturSi Faradeis kanoni
warmogmnis uaryoFfiT emZ-s SemsvBeli nakadisaTvis da dadebiT

emZ-s gamomsv Be B 1 nakadisaTvis [75].
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anrigad, imisaTvis, rom SevadginoT kirxhofis ganto BebaTa
sistema erTFfaza transformatorisaTvis, induqcirebuli denebisa
da emZ-ebis mimarTulebebi ki ar unda SevirCioT nebismierad,
rogorc es dRemde HBiteraturaSia, aramed unda ganvsazRvroT
energiis Senaxvis kanonis Tanaxmad da davakanonoT erTxell da
sanudamod, rom urTierTinduqcia pirvelad da meorad gragni Bebs
Soris uaryofiTia, xolo meorad gragni Bebs Soris dadebiTi.
amasTanave unda gaviTval iswinoT nakadebis mimarTu B eba
erTsaxela momWerebis mimarT. amiT cxadia, gamartivdeba
anallizisa da sinTezis amocanebis gadawyveta. ar igneba

Seusabamoba Teoriasa da pragtikas Soris. [76]

3.3 sanfFaza transformatoris maTematikuri modelis
mniSvne B oba da saWiroeba

sanfaza transformatoris swori maTematikuri modelis
Sedgenas da gamoyenebas udidesi mniSvne Boba eniWeba trans-
formatoris optimaBuri parametrebis dasadgenad. dRemde ar
arsebobs transformatorebis srullyofili maTematikuri model i,
miuxedavad imisa, rom evropis masStabiT transformatorebis
parki Seadgens 4 milBionze mets da transformatorebi xasiaT-
debian sakmaod maRalBi margi gmedebis koeFicientiT, daax BoebiT
99%. miuxedavad amisa danakargebi gvaqvs elBeqtroenergiis
moZraobis TiToeull ubanze, rac dakavSirebullia Zabvebis
gardagnasTan. Tanamedrove qsellebSic ki transformatoruli
gardamgmne BebiT danakargebi Seadgens mT Bianad warmoebulli
energiis 2%-s anu mT Biani danakargebis 1/3-s.

sabazro urTierTobebis ganviTarebasTan erTad izrdeba
energiis Rirebulleba, romeBic mZime +tvirTad awevs aramarto
mosax Beobas aramed warmoeba aramed warmoeba-dawesebu llebebs.
anitom mTelBi1 evropis masStabiT wudidesi mniSvne Boba eniWeba
energoekonomiuri gamanawi BebeBi1 transformatorebis gamoyenebas.
2005 whlis monacemebiT evrokavSirsSi energoekonomiuri

transformatorebis gamoyenebiT daizoga well iwadSi daax B oebiT
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22 mBrd kv/sT energia, ramac Seadgina 1171 mBrd. evro fullad
gamosaxu B ebebSi [77].

cnobiBlia rom transformatori xasiaTdeba ugmi svBisa da
mok Bed SerTvis anu datvirTvis danakargebiT.

mok Bed SerTvis danakargebis Semcireba SeiZlBeba Semdegi
RonisZiebebis gatarebiT:

-gragni blis gamtaris kveTis gazrdiT, rasac mivyavarT
winaRobis Semcirebamde da Sesabamisad mcirdeba danakargebic,
magram am SemTxvevaSi i1zrdeba transformatoris gabaritebi da
Rirebu l eba.

-maRalli gamtarobis masallebis gamoyeneba, TviT zegam-
tarobamde, magram am teqno Bogiebma Jer-jerobiT ver miaRwies
saWiro dones.

ugmi sv Bl is danakargebi SeiZBeba Semcirdes Semdegi gziT:

-gularis kveTis gazrdiT, rasac mivyavarT gabaritebisa da
Rirebu B ebis gazrdamde

-gularis TFirfitebis sisqis Semcireba, rac amcirebs
grigallur denebs.

- gullarSi amorfulli metallebis gamoyeneba. am sakiTxSi
yve Blaze meti rezervebi gagvaCnia. sxvanairad rom vTqgvaT
danakargebis Semcirebis tegnikuri rezervebi mT N ianad
anowurulli ar aris da efeqturobis done SeiZlBeba amaR B des
ukve cnobi B'i tegno B ogiebisa da principebis gamoyenebiT.

unda gvaxsovdes rom konstrugqciebis Semdgomi srullyofi-
saTvis mxedve BobaSi unda miviROT mravalli urTierTdakavSire-
bulli Ffagtori dawyebulli gabaritulli zomebidan damTavrebulli
xmauriT aseve minimumamde unda 1ignas dayvani Bi tegno B ogiuri
riski. agedan gamomdinare srullyofili maTematikuri modelis
saWiroeba auci lebelia Cvens mier Sedgenilli modeli i1Tvalis-
winebs, rogorc transformatoris geometrulli parmetrebis:
gragni Bebis xviaTa ricxvi, gularas saSuallo sigrZe da
ganivkveTis TFarTobi, aseve masallis Tvisebebs: guBlaras magnitur

SeRwevadobasa da magnitur gamtarobas. amitom transfor-
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matorebis optimaBuri parametrebis dasadgenad aRniSnulli
maTematikuri modeli did daxmarebas gauwevs transformatorebis

daproeqtebisa da kv Bevis sagmeSi dasagmebu B speciall istebs.

34 samfFaza transformatoris maTematikuri mode i uqgmi
svlis relJinmSi
sanfaza transformatorSi adgili agvs sami saxis eleqtro-
magnitur 1indugcias: TviTindugcia, urTierTindugcia uaryofiTi
magnituri kavSiriT da urTierTinduqcia dadebiTi magnituri
kavSiriT. imisaTvis rom sworad SevadginoT kirxhofis wonas-
worobis diferencialuri ganto Bebebis sistema, pirvel rigSi
saWiroa sworad movniSnoT erTsaxela momWerebi, ganvsazRvroT
indugcirebulli denebisa da emZ-ebis mimarTulleba erTsaxela
momWerebis mimarT, indugcirebulli1 emZ-ebi ganvixi BOoT rogorc
gareSe emZ-ebi da amis Semdeg daviwyoT gantoBebaTa sistenis
Sedgena wrFivi eleqtrulli wredebis Teoriis safuzve l ze [78].
ganvixiBoT ugmi  svlBis redimi, anu roca meoreuli
gragni Bebi gaTiSulia (i, =i, =i =0). pirveBadi gragniBebis
bo B oebi gaerTianebullia erT wertillSi da damiwebulia anm
SemTxvevaSi miiReba SeerTeba (A/A) da gragni Bebis sawyisebis
potenciallebi miwis mimarT gansazRvraven Sesabamis fazur Zabvebs.
pirve Bad gragni Bebze modebu l 1a sinusoiduri Zabvebi:
u, =U_,Sinot
ug =U, Sin(et —120°) (312)
ue =U, Sin(wt +120°)
es modebulli Zabvebi ganapirobeben pirveBad gragni BebSi

Sesabamisi i, i, da i, denebis gavBas. es denebi gragni BebSi gmnian

®,,d,,d. magnitur nakadebs, romBebic ikvrebian magnituri

gantaris anu Ffoladis gullaris gavliT. rogorc VviciT,
magnituri nakadis wirebi Sekrulli wirebia da foladis gularSi
gavlis dros es nakadebi erTmaneTis sawinaaRmdegod ikvrebian.

TiToeul koWaSi gamavalBli denis mier Segmni Bi nakadi gavlenas
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axdens danarCeni ori Ffazis gullarze da rogorc nax.33-dan Cans
magnitur nakadebs aqvT Semxvedri mimarTu B eba el

urTierTindugciuroba uaryofiTia

Pa e e
% O—ly— o lg ] o de>
i T e B
o 0 oYs f Ui > f

S e, S S e Y i ey S

— > 1 1T
*° ® = & O #B—

u, u, u,

nax. 3.3. sanfFaza transformatoris eqvivallenturi Canacv B ebis
sgema
anitom aRniSnulli sgemis diferencialuri ganto Bebebis

sistemas mocemu B reJimSi egneba saxe:

. di di di
Us :IARA+LAd—tA_MABd—:_MACd—§
. di di di
UBZIBRB_MBAd—:-i_LBd—:_ BCd—;:: > (3-13)
. di di di
Uc :lcRc _MCAd_tA_MCB d—f+LCd_§ )

Tu mocemull gantolebaTa sistemaSi maTi simciris gamo

ugu Bvebe BvyoFT Zabvis vardnebs agtiur winaRobebze:
I,R,,15Rg, IcR., maSin (3.13) ganto BebaTa sistema komp Begsur saxeSi
SegviZl 1a warmovadginoT Semdegi saxiT:

U, = jol,d,— joM gls — joM . Ig
Ug =—joMg,l, — jolgly - joMg I (3.14)
Ug =—joMg,l, - joM gl — jolc I
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agedan  gamomdinare indugciurobis matricas samfaza

trasformatorisaTvis ugmi svlis reJimSi egneba saxe:

I-A -M AB -M AC
—Me, Le —Megc (3.15)
-M CA -M CB Lc

(315) matricaSt M, =Mg; Mg =M M e =M, eid.  ugmi
svlis reJimSi gvagvs urTierTinduqciurobis sami koeFicienti,
rome l Tagan yve Ba uaryofiTia

(314) gantolebaTa sistemidan ganisazRvrebian ugmi svlis
denebi pirvelad gragni BSi. am denebis mier Seqmnilli @ ,,®,, O,
magnituri nakadebi ganWoBaven ra meoradi gragnilis Xxviebs
daainduqcireben maTSi urTierTindugciis emZ-ebs, romlebic
gansazRvraven Sesabamisi ugmi svBis Zabvebs meoradi gragnilis
momWerebze, romBebTa warmodgena diferenciallur  saxeSi
Semdegnairad xdeba (Zabvis vardnebi agtiur  winaRobaze

ugu Bvebe ByoFi lia)

di di di ~N
lL=-u,=-M_,—2+M_;—2+M, —=
a a aA dt aB dt aC dt

di di di
Ib:_ub:MbAd—:_Mde—tB-i_Mde—f > (3.16)
Ic:_uc:McAdA—i_Mchi_ ccdi

dt dt a

miRebu B 1 ganto BebaTa sistema komp B eqsur saxeSi

Semdegnairad Caiwereba:

E,=-U, =—joM_ I, + joM gl + joM I,

a

E,=-U,=joM,l, - joM T, + joM . (317)

E.=-U,=joM,l,+ joM 4l — joM ..

(317) gantolebaTa sistemidan ganisazRvreba transfor-
matoris meorad gragni BebSi dainduqcirebu i emZ-ebi, romBebic
ugmi svlis reJimSi am gragni Bebis bo B oebze modebu B i Zabvebis

tolia Sebrunebulli niSniT.

79



35. samfFaza transformatoris maTematikuri modeli
datvirTvis relinSi

maTematikuri mode B ireba warmoadgens adamianis mier gare
samyaros mov Benebis Secnobis erT-erT ZiriTad instruments. igi
aris vrealluri obieqtis, procesis an sistenis Seswavlis
saSualleba maTi maTematikuri modeBiT SecvlBlis gziT, romelic
ufro mosaxerxebel@lia gamomTvEeli manganis gamoyenebiT
egsperimentulli kv Bevebis Catarebisas. maTematikuri model irebis
gveS i1gu B isxmeba Sesaswavl i movBenis ZiriTadi kanonzomierebani
da kavSirebi. 1gi samecniero-tegnikuri progresis ganuyofeli
nawi Bia. Ees aris meTodo B ogia, romelic ar cvlis samecniero
disciplinebs, ar uwevs maT konkurencias, magram monawi leobs
yve Ba sTeroSi mimdinare SemogmedebiT kv B evebSi.

maTematikuri modelis ageba niSnavs ama Tu Im processa da
movBenas Soris kavSiris gansazRvras, maTematikuri aparatis
Segqmnas, romelBic saSuallebas gvaZBlevs raodenobrivad da
xarisxobrivad gamovsaxoT kavSiri specialistisaTvis saintereso
Fizikur sidideebsa da im Ffagtorebs Soris, romBebic gavlenas
axdenen sabo B oo Sedegze.

maTematikuri modelirebis warmatebas ganapirobebs yvella
SemadgeneBi rgolis erTnairad Rrma damuSaveba. triadaze
mode Bi-algoriTmi-programa dayrdnobiT mkvBevars xelT aqvs
universalluri, mognili da iafi instrumenti, romelic Tavidan
ya l ibdeba sacde 01 amocanebis nakrebis gadawyvetis safuZve l ze.

gasulli saukunis 60-70 wHlebi gansakuTrebiT nayoFfieri
ganodga elegtrotegnikis Teoriulli problemebis ganviTarebis
TvallsazrisiT. egm-is ganviTarebam, maTi gamoyenebis efeqturobis
auci Bebe Ima amaR Bebam gansazRvra eleqtrulli wredebis Teorilis
steroSi axalli Teoriulli midgomebis damuSaveba. egm-is unarma
daimaxsovros vricxvlTa didi masivebi, Seasrullos Bogikuri
operaciebi, aiZulla mecnierebi gadaexedaT eleqtrulli wredis
gaangariSebis meTodebisaTvis. warmoigmna im meTodebis

ganviTarebis moTxovna, romBebic yve Baze metad gamoiyeneben egm-
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is specifikur Taviseburebebs. aseT meTodebs miekuTvneba
eleqgtrulli wredebis gantolebebis TFormirebisa da amoxsnis
matriculli meTodebi. Catarebulli didi mocullobis samuSaos
miuxedavad, e Beqtrotegnikis Teoriulli prob B emebis ganviTarebis
TvalsazrisiT ufro da ufro aucillebeli xdeba mimdinare
procesis Fizikuri mxaris gageba da amis safuZve Bl ze miRebulli
Sedegebis WeSmaritebis Sefaseba.

zusti informaciis gadacemisa da gardagmnis sakiTxTan
dakavSirebiT, mizanSewonillia eleqtrulll wredebis Teoriis
zogierTi sakiTxis gadmocemis meTodikaSi garkveuli cvihille-
bebis Setana. magall iTad, aseT sakiTxs miekuTvneba indugciurad
dakavSirebu li wredebis maTematikuri mode Bebi, romBis tipiuri
magal 1Tia eleqtroenergiis gadacemis umniSvne B ovanesi e B ementi
— samfaza transformatori.

nax.3.4-ze naCvenebia datvirTulli samfFaza transformatoris
magnituri nakadebis mimarTuBebani, romeBic Sesabamis denTad
dakavSirebu l ia burRis wesiT.

samuSaos mizania datvirTulli samfaza transformatoris
callsaxa maTematikuri modelis Sedgena, romell ic Seesabameba am

transformatorSi mimdinare Fizikur procesebs.

s Pa
// .ff
|pa———ay dc
14 lB iC
U—"—: ) O o e—
u-j'*l N i uE l i uc l
= T T
i i i 4
R. i i Re i E$ Re -
7 = o
@, Oy ®.

nax.34 datvirTulli sanfaza transformatoris magnituri

nakadis mimarTu l ebani.
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rogorc cnobillia magnituri nakadebis wirebi Sekrulli
wirebia. TiToeulli TFfazis gragnilSi gamavali denis mier
Segmni B 1 nakadi i1yofa or nawi Bad da ganWo Bavs danarCeni ori
Tfazis gragniBebis xviebs da aRZravs maTSi urTierTinduqciis
emZ-ebs. magaBliTad, A FfazaSi gamavalli in denis mier Segmnili
nakadi ®, Sedgeba ori nawi B isagan da tolia

Op=D°p + D7y, (3.18)

am nakadis nawi Bi ®’, ganWo Bavs B Fazis rogorc maRall'i, ise
dabali Zabvis gragnillebs da orive maTganSi aRZravs
urTierTinduqciis emZ-ebs, xolo &7, ganWolavs C Fazis rogorc
maRali1 ise daballi Zabvis gragni Bebs da aseve maTSic aRZravs
urTierTindugciis emZ-ebs. anal ogiurad gveqneba danarCen FfazebSi
gamavalli iz da ic denebis mier Segqmni li ®g da ®c magnituri
nakadebisaTvisac, romBebic Sesabamisad ganWoBaven A,C da A.B
fazebis maRali da DdabalBli Zabvis gragnillebs (naxazis
gadatvirTvis gamo @’g O, ®’c da ®”c nakadebi naCvenebi ar aris).

transformatorebis gantoBebebis Sedgenisas naSromSi
[78] callsaxad gaTvaliswinebullia mxoBod erTsaxeBla momWerebi
da transformatoris pirvelad da meoreull gragnillebs Soris
urTierTindugciurobis uaryofiTi niSani, magram gaTvalliswi-
nebul1 ar aris Tu romell sistemaSia Cawerilli gantolebaTa
sistema. aseve 1igi SedgenilBlia im SemTxvevisaTvis, rodesac
transformatoris meoreulli gragnilli mokBed aris SerTuli.
naSromSi [79] damtkicebulia, rom Semxvedri SeerTebis mgone
indugciurad dakavSirebull wredebisaTvis gantoBebaTa sistenmis
SedgenisaTvis gaTvall iswinebu Bi unda ignes erTsaxe la momWerebi,
urTierTindugciis uvaryofiTi niSani da sistenis yvella
ganto Beba unda Caiweros raime erTsa da imave aTvlis sistemaSi.

aRniSnu B idan gamomdinare nax.34-ze mocemulB1 sgemisaTvis
vadgenT ganto BebaTa sistemas kirxhofis Il kanonis safuZvell ze
®, nakadis aTvlis sistemaSi. Tu gaviTval iswinebT, rom meoreul

gragni B Si:
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Uy, =i,R; | up =ipRy; u.= i.R, (3.19)

maSin gveqgneba:

di, dig di, a"
us =ri, +L,— = -M,, Uaa_"' M, — —‘Uap +M,
o dr a’I at at i Foiy * a’I
'Ua—i’ala—u ——U'M o — —JL, -
dr * dr ot ot oodt T odt
UB =i — M. B4 Lo -I, M i, B,
=Fplg— —_— __ P '
5E B4 gt Ba gr dt B dr 5 gt B (3.20)
. i di, i a‘.ﬂ a‘:p a‘.,
W=rik+M, —2-M, —2-M, 2+ —2+M, —S-M,
ar ar ar ot ar T odt
a' a" a"
uc SiEe —l{ ry—— J‘I“‘E By 1_{ b — U'h
Foiy at Foiy Foiy ©odr C ot
. i di, i dlﬂ '
Ue=r1ci +.1I,4—_"—JI,H—_‘+.1I,E—_— M, U,p +£ —
Toar - odr Tooar dt dt : dt

(3.19) 1s gaTvaliswinebiT da ganto BebaTa sistemis wevrobriv

daBagebiT (3.20) sistema komp Beqsur saxeSi miiRebs (3.21) saxes:

U, =(r, +jol ), -joM T —joM I +joM 1, —joM I, +joM I
O=—jaM I, +(r,+ R, +jal ) +joM 1, —joM_I, + joM I, —joM I,
U =_fﬁ’l{aaj.a +j.::glllfﬁjfg +(ry -Ii-jchE.'].fE - jaoM g1, .—IjaJJIECfC _I--'T-Iﬂlirﬁfjf | oh
0=joM,J,—joM, I, —joM I+ jolr, +R,+ jol ), + joM 1. - joM, I,

U, =—joM I, +joM I —joM I, +joM 1, +(r, +jeol. ), — joM I,

C4* 4

0=joM, I, —joM [, + joM g1, —joM I, — joM I, +(r. + R, + joL, I,

miRebul gantolBebaTa sistemaSi, datvirTvis winaRobasTan

SedarebiT, maTi ZaBian mcire mniSvne Bobebis gamo SeiZleba
ugu Bvebe BvyoT gragni Bebis agtiuri winaRobebi rp,rg,lc,l,M, I,
ris Semdegac SeiZBeba SevadginoTY winaRobaTa matrica,
rome Bsac agvs qvemoT moyvani B i saxe:

jwl, —joMg, —joMig joM, —joMg joM,
—jwMg, (R, tjwly) joMgg —jwMg, JoMge —joMgc

—jwM.., jwMg, jwly; —joMg, —joMg. joMg,
joMy, —joM,, —joM,; (R,+ jwl,) joMy: —joM,,

—jwM., joM, =—joMq joMq jowl, —joMc,
jWMcA _jw""fca jchE _jchb _jerC (Rc_:jwlc]

(3.22)
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mocemu B (3.22) winaRobaTa matricaSi zogierTi koeFicienti
erTmaneTis tolia  davadginoT toli koeFicientebi da
SemovitanoT gamartivebuli aRniSvnebi [80]. transformatoris

pirve Badi gragnilebis xviaTa ricxvebi erTmaneTis tolia
Wy =W =W =W,. IlI-s magvari gularis A da C fazebis magnituri
gamtarebis saSuallo sigrZe erTmaneTis tolia (I, =[], xoBo [
gansxvavebu N ia, amitom Tazebis pirve Badi gragni Bebis

indugciurobebi tolia

; (3.23)

sadac, p — magnitogamtaris fardobiTi magnituri SeRwevado-
baa da misi mniSvne Boba aiReba specialluri cxrillebidan fola-

dis markis mixedviT, pu, - vakuumis magnituri SeRwevadoba da

tolia 4 =3710 hn/m; S —magnituri gamtaris ganivkveTis FarTobia.

anal ogiurad meoreuli gragni BebisaTvis gvegneba:

(3.24)

SeiZBleba miviROT, rom gragnillebs Soris kavSiris

koeFicienti K=1 amitom urTierTindugciurobebi tolia

Mg = Mg, = Mg = Mgz =K JL,L; = My; Mye = M., = K\/L,L, = M,

B

=
[
=
[
o
'-‘:.
t=
r~
I
=

Jwab = ‘wb:: = ‘1"-[1-,.:- = ﬂ.-[cb — K'\-'IIL.::LE}; = M.

J'l'f‘_h: = J”:A = ﬂr'fcc = ﬂr'.[cr_— = JI"IAG = ""'fc‘-t = ﬂ'ffﬂ = :\’fﬂc- = K-M-'ILAL = M_:, (325)

My = Myy = Mgy, = Myc = K\JLjL, = Mg; Mg, = Myp = K\[LgL, = M;
Mg, = My = Mg, =M,5 = KJL,L, = M,

gragni Bebis srulli winaRobebi tolia
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Z,=jel,= EI-E‘"';:: Jomepld g =aly:
Y
Z.=R +jol, =R +(al fe * =Ze¢"

a

Z =R +(=h ) ; @, =amnig
Z.=jml, =35€*‘:'1: ; bemars Zg=alp
":'.ﬂ-:EE

Zy =Ry+jaly=oRE+{alle B =Zei® (3.26)

Z, =R +(al} ; E‘t={1?‘£“jg%

L

Lo =jal, =E:€ﬁf; Laagy o =ale

. il
= p = vﬂ’ftg—‘ .
Z, =R +jol, =R} +(al e % =Z.%

Z = }Ef +I:¢::L=}: . @ =arig &‘;L‘

radgan samrewelo sixSire f =50hc, amitom yvella

SemTxvevaSi o= 2xf= 314 radiani/wm; xo B o (3.23), (3.24), (3.25) da (3.26)-

is gaTval iswinebiT (3.22) winaRobebis matrica miiRebs saxes:

Z, —jwM. —joM; joM; —joM, jwMg

—joM; Z, joMg —jwM; jwM; —jwM,
—joM; joM, Zg —jwM; —joM; juMg (3.27)
JoMg  —joM; —joM;  Z, joMg  —jwM; '
—joM, joM; —joM; joM, Z: —jewM:
JjoM: —joM, joMg; —joM; —joM Z

e
(3.27) winaRobaTa matrica warmoadgens (3.21) sistemis mTavar

ganmsazRvrell's, anu

Iy I, Is Iy Ic I
Z, —joM; —jwM, JoM; —joM, jwM;
—joMs  Z,  joMy —joM; oM, —joM,
A = —joM;  joM, Zg —jwM; —joM; jwMg (3.28)
joM, —joM; —jwM, Z, joM, —joM,
_jw‘."f: J"—"’MS _}-le _JwMB zc _j(UMs
joM; —joM; joMg —JeM; joM, Z,

(3.28) sistemaSi TiToeulli saZiebe i denis qveS
moTavsebu B ia maTi koeFicientebi. garda mTavari determinantisa
(A) denebis gansazRvrisaTvis gvesaWiroeba damatebiTi ganm-
sazRvre B ebi. damatebiTi ganmsazRvre B is misaRebad denebis qveS

moTavsebuli koeFicientebi wunda Seicvallos (321) sistenis
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marcxena nawi BSi arsebulli Tavisufali wevrebiT. magaliTad I,

denis damatebiTi ganmsazRvre B i ganisazRvreba (3.29) matriciT.

U, —jwM; —jwM, jwM; —joM, joM;
0 Z, jwMg —jwM; joM; —juM,
Ug jwMg Zz; —joM. —joM,; joMg
0 —jwM; —joM, Z, joMg —juM;
U joM; —joM, joM, Z: —joM

0 —joM, joM; —joM; joM, Z,

Al =

saziebeBi I, deni ganisazRvreba formulliT:
I=ALIA
anall ogiurad ganisazRvreba danarCeni denebic:

I, =AI/A; Ig = Alg/A; T, = AL/A; 1o = AL/A; I, = ALJ/A

denebis gansazRvrisaTvis nax.35-ze warmodgenillia

(3.29)

(3.30)

(3.31)

trans-

Tformatoris ganto BebaTa sistemis amoxsnis b B ok-sgema, romBis

mixedviTac SesaZlBebel ia programis Sedgena.
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nax.35. datvirTulli sanfaza transformatoris ganto BebaTa

sistemis amoxsnis b B ok-sgema.
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Tavi IV. Zaluri zeTiani transFormatorebis
diagnostikis Tanamedrove meTodebi

41. Zalur transformatorSi ganviTarebadi defeqtebis
gansazRvris allgoriTmi

Zaluri transformatoris daZvelebis procesSi misi
i1zoBacia ganicdis mTel rig Ffiziko - qimiur cvhilebebs. am
dros gamoiyofa daSHis produqtebi - myari, Txevadi da
airisebri nivTierebebi. ceBulozisagan damzadebulli myari
saizo Bacio masallebi (gaRaBldi da muyao) neli1 daZve Bebis dros
gamoyofen airebs; maT ricxvSia wyallbadi da dabalmoBekuBuri
naxSirwya l badebi, aseve naxSirbadis Jangi da orJangi, romBebic
warmoigmnebian ce Bulozis daJangvisas. airebi warmoiSveba aseve
zeTis daZvelBebisas. amasTanave airis gamoyoFfis intensivoba
damokidebu lia elBegtrulli velis daZabul obasa da zeTis qgimiur
Semadgen Bl obaze; obieqtis muSaobis relJimze; eqgspBuataciis
xangrZll ivobaze; gamoyenebu i masa B ebze da mTel rig
faqtorebze, romelBTa gaTvalBiswinebac yoveBTvis advilli ar
aris gamoyofili airebis ricxvSi garda naxSiris Jangisa CO
da orJangisa CO,, gvaqvs aseve wya B badi HO,, meTani CHy, eTani C,Hg,
eTiBeni CHyda aceti Beni CH;[54].

airebis zeTSi xsnadoba proporciullia gareSe wnevisa da
20-100°C temperaturis diapazonSi temperaturis wrfivi funqciaa
maga l 1Tad, wyaBbadisaTvis zeTSi xsnadoba mocu B obaSi 7 %-ia,
azotisa -8,6%, haerisa- 10,3 %, meTania -30 %,aceti B inisa — 400 %
da asS.

izolBaciis darRvevis dros, romelic dakavSirebullia
dazianebis arsebobasTan airebis gamoyoFfis intensivobis procesi
mkveTrad 1zrdeba;, aseve SeiZlleba Seicvall os airebis Semadgen-
loba da maTi1 Tanafardoba.

dadgeni Bia, rom transformatoris defeqtis TiToeull saxes
Seesabameba airebis gansazRvrulli1 nakrebi da maTi Tanafardoba
[55].
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ganviTarebadi defeqtebis Sexaseb codnis baza Seicavs
mravall wess, romeBTagan TiToeulli xasiaTdeba ndobis koeFi-
cientiT. codnis bazis safuZve I's Seadgens rekomendaciebi [56].

wesebis ndobis koeficienti damokidebu Bia masSi Semavall i
parametrebis gansazRvru B obaze. Tu erTi an ramdenime parametri
gansazRvrulli ar aris, maSin wesebis ndobis koeFicienti
mcirdeba, rac aisaxeba am wesebis gavBeniT sabo B oo Sedegze.
magall iTad, informaciis mT Biani mocu B oba sistemaSi miewodeba
maSin, roca cnobilia yvela airis koncentraciebi. amasTanave
nebismieri airis ricxviTi mniSvne B obebis gverdiT SesaZlebelia
arsebobdes Semdegi SemTXxvevebi:
airi saertTod ar arsebobs;
aris airis mcire raodenoba (kvall i),
alris arseboba an ar arseboba gansazRvrulli ar aris.

ukanaskne B'i SemTxveva aris im wesis ndobis koeFicientis
cvililebis mizezi, rome BSic Sedis Sesabamisi airi.
damuSavebu i allgoriTmi iZBeva saSuallebas miviROoT diagnozi
im SemTxvevaSic ki, roca erTi airi mainc nandvilad aris
dafigsirebulli, xolo danarCenebis mimarT ar gvagqvs mkafio
infFormacia. bunebrivia, rom am SemTxvevebSi TFaqtiuri da
prognozirebadi defeqtebis Tanxvedris allbaToba mcirdeba

transformatoris diagnostikis processSi ramdenime
gazomvis arsebobisas mimdevrobiT CairTveba axali wesebi da
xdeba defeqtebis TandaTanobiTi dazusteba. miRebulia, rom
transformators erTi airis koncentraciis zRvrull1 dasaSvebi
mniSvne B obis gadametebis drosac ki gaaCnia defeqti.

TiToeuli transformatori defeqtis SemCnevis dros dgeba
kontrolis qveS. situaciis dazustebis mizniT xuTi dRis Semdeg
tardeba ganmeorebiTi anaBlizi. morigi analizis dadebiTi
Sedegis (ar aris defeqti) SemTxvevaSi dafFigsirdeba transfor-
matorSi mimdinare procesebis normall izacia da transformatori

avtomaturad moixsneba kontro ll idan.
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defeqtis prognozirebasTan erTad T¥formirdeba transfor-
matoris tegnikuri momsaxureobis Semdgomi RonisZiebebi. an dros
dawvriBebiTYanalizdeba defeqtis ganviTarebis tegno B ogia,
rome Bl ic xasiaTdeba niSnebiT 0 an 1

maga B 1TisaTvis, ganvixi B OoT defeqtis ganviTarebis
teqgnoBogia transformatorSi airebis zRvrulli koncentraciis
anal izis SemTxvevisaTvis.
transformatorSi anallizis momentSi defeqtebis arsebobis
aRmricxve i  avRniSnoT PI1-iT. (Tu transformatorSi adgili
agvs zeTis zRvrulli koncentraciis gadametebas, maSin igi tolia
0, xolo Tu ara -1);
erTi airis mainc koncentraciis zrdis siCgare TveSi 10 %-ze
metia - P2 (0 - zrda nak Bebia 10 %-ze, 1- zrda metia 10 %-ze);
mocemu i transformatorSi zedized defeqtebis SemCnevis
raodenoba - P3 (0- SemCneu B i defeqtebis raodenoba nak Bebia an
toli 2-ze, 1- metia 2-ze);
erTi airis mainc koncentraciis TveSi zrdis siCgaris 10%-ze
meti zrdis zedized SemTxvevebis raodenoba - P4 (0-
koncentraciis zrdis siCgare SemCneu Bia nakBebi an toli 2-ze,
1- meti 2-ze);
airebis zrdis daCgareba - P5 (0 - progresirebadi zrdis
raodenoba yove i Semdgomi gazomvisas nak Bebia an toli l-ze, 1-
metia 1-ze);
fagtorebis arseboba, romnllebic xells uwyoben airebis
koncentraciis gardas -PP6 (0- +TFagtorebs aqvs adgili, I-
faqtorebi ar aris);
faqtorebis arseboba, romBebic xels uwyoben airebis koncent-
raciis Semcirebas -PP7 (0- Ffagtorebs aqvs adgili, 1- Fagtorebi
ar aris);
zeTis ukanasknel singSi acetillenis ZiriTadi airis saxiT

arseboba - P8 (0- ar aris ZiriTadi airi, 1- aris ZiriTadi airi);
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zeTis ukanasknel singSi naxSirbadis Jangisa da orJangis

ZiriTadi airis saxiT arseboba -P9 (0- singSi es airebi ar aris,
1- singS1 aris erTi airi mainc);

magal iTi. CavataroT TPIH-40000/110 ZaBovani transfor-
matoris diagnostikuri analizi cxrili 41-Si moyvani B1 zeTis
erTeuBlovan mocu B obaSi airebis koncentraciis mniSvne I obebi

wina da ukanaskne @i gazomvebis Sedegebis mixedviT.

analizi Catarebullia meorejer, defeqtis pirveli SemCnevidan

erTi Tvis Semdeg.

cxrilli 41 zeTis erTeulovan mocu B obaSi airebis
koncentraciis mniSvne I obebi

TariRi H> CH;, |CoH; | CHs | CoHg CO CO,

01.03.2011 0.002 |[0.01 0.001 |0.02 0.7 ganusazR. | 0.4

01.04.2011 0.003 0.02 0.02 0.05 ganusazR. | ganusazR. | 0.5

pirvel rigSi unda ganvsazRvroT airebis zRurbBluri, zRvrulli,
TardobiTi da

abso Buturi siCgareebi.

koncentraciisa koncentraciis cvhlilebis
da FardobiTi

gansazRvrull 1a normebiTa da FormullebiT. Biteratura

yvella es parametri

[54] —-is

mixedviT maTi mniSvne B obebi moyvani Bia cxrili 42 -Si.

cxrilli 42 normebiT gansazRvrull'i parametrebi

parametri

H,

CH,

CoH,

CoHs | CoHs

CO CO;

zRurbBluri
koncentrac.

0.0005

0.0005

0.00005

0.0005 | 0.0005

0.005 0.005

zRvrulli
koncentrac

0.01

0.01

0.001

0.01 0.005

0.02 0.3

FfardobiTi
koncentracia

2

19.9

ganusaZz.

ganusaZz.

5

1.67

koncentraciis
cvilillebis
abso Buturi
siCgare

0,010

0.1071
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0.321
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0.107
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160.71
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26.78
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cxrilli 42-is monacemebis safuZvell ze fardobiTi koncent-
raciis mniSvne Bobebis mixedviT xdeba airis koncentraciiis
xasiaTis gansazRvra. rogorc am cxrilis TfardobiTi koncen-
traciis strigonidan Cans: H, - aris maxasiaTebeli airi mcire
Semcve BobiT; CH; da C,Hs —arian maxasiaTebeB1 airebi maRall i
Semcve B obiT; C;H, da CO, — ZiriTadi airebia, C,Hs da CO airebi ar

arseboben.

rogorc cxrilli 42 -dan Cans oTxi airis (CHy C,H,, C,Hy,
CO,) FardobiTi koncentraciis mniSvne B obebi aRemateba zRvrull
mniSvne B obebs. am dros mimdinareobs yveBla airis koncentraciis
zrda 10 %-ze meti absoButuri siCgariT. MmaSasadame, saxezea
ganviTarebadi  defeqtis arseboba. ganviTarebadi defeqtis
arsebobis Semdeg SemuSavebuli unda ignes rekomendaciaTa
krebulli. erTi mxriv defeqtis damaxasiaTebel niSnebsa da misi
ganviTarebis process, xolo meores mxriv defeqtis gamovlenis
dazustebisa da Sedegebis Bokalizaciis rekomendaciebis
nakrebs Soris arsebobs garkveuli kavSiri, romelBic moyvani llia

cxrilli 43 -Si

cxrili 43. kavSiri niSanTa da rekomendaciebis nakrebebs Soris.

niSanTa nakrebi rekomendaciebis nakrebi
PL |P2 |P3 |P4 |P5 |P6 |P7 [P8 |P9 |Cl1 |[C2 |[C3 |C4 |C5 |C6
1 0 0 0 0 0 0 0 0 3 18 | 0 0 0 0
1 1 0 0 0 0 0 0 0 3 1|14 ] 0 0 0
1 1 0 0 0 0 0 1 1 3 9 14 | 0 0 0
1 1 1 1 1 0 0 0 0 2 3 0 0 0 0
1 1 1 1 1 0 0 1 0 1 0 0 0 0 0
1 1 1 1 1 0 0 0 1 1 0 0 0 0 0
1 1 1 1 1 0 1 0 1 1 0 0 0 0 0
1 0 1 0 0 1 1 0 0 3 101518 0 0
1 0 1 0 0 0 0 0 0 5 6 7 9 14 | 0
1 0 1 1 0 1 0 0 0 3 4 9 0 0 0
1 1 1 1 0 0 0 0 0 3 9 15| 0 0 0
1 1 1 1 0 0 1 0 1 2 3 15| 0 0 0

[(e)
N




1 1 1 1 0 0 0 1 0 2 3 0 0 0 0
1 1 1 1 0 0 0 0 1 2 3 19 [ 0 0 0
1 1 0 0 0 0 1 1 0 2 3 0 0 0 0
1 1 1 0 0 0 0 0 0 310 9 0 0 0
1 1 1 1 0 0 0 1 1 2 3 10 [ 0 0 0
1 1 1 1 1 0 0 1 1 1 0 0 0 0 0
1 0 0 0 0 0 0 0 1 3 18] 0 0 0 0
1 1 0 0 0 0 0 0 1 3 o [ 14| 0 0 0
1 1 1 0 0 0 0 1 1 2 [ 15 ] 0 0 0 0
1 0 0 0 0 0 0 0 1 3141 0 0 0 0
1 1 1 0 0 0 0 0 1 2 [ 15 ] 0 0 0 0
1 0 1 0 0 0 0 0 1 3 9 0 0 0 0
1 0 1 0 0 0 0 1 1 3 110 0 0 0 0
1 1 1 0 1 0 0 1 1 2 [ 15 ] 0 0 0 0
1 1 0 0 0 0 0 1 0 3 9o | 14| 0 0 0
1 1 1 1 0 1 1 0 1 1 0 0 0 0 0
1 0 0 0 0 1 1 0 1 314 0 0 0 0
1 1 0 0 0 1 1 0 1 314 0 0 0 0
i1 0001|2111 2 3 0 0 0 0
1 1 1 0 1 1 1 0 1 2 [ 15 ] 0 0 0 0

defeqtis ganviTarebis TiToeulli situacia erTmniSvne-

Bovnad gansazRvravs niSnebis sias. Cvens mier moyvanill
maga B ITSI:
-adgihi agvs zRvrulli koncentraciis gadaWarbebas,
maSasadame P1=1.
-airebis koncentraciis zrdis siCgare metia 10 %-ze,
maSasadame P2=1.
- SemCneu B 1 defeqtebis raodenoba tolia 2, maSasadame P3=0.
- siCgaris 10 %-ze metad gadaWarbebis raodenoba tolia 1,
maSasadame P4=0.
- nimuSSi1  pirvelad igna dafFigsirebulli airebis zrdis
magsima Buri siCgare, maSasadame P5= 0.
- ar Catarebula iseTi RonisZiebani, romBebic xells uwyobdnen
airebis koncentraciis zrdas, maSasadame P6 =1
- ar Catarebula iseTi RonisZiebani, romBebic xells uwyobdnen

airebis koncentraciis Secirebas, maSasadame P7 =1.
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- aceti leni nimuSS1 ZiriTadi airia, maSasadame P8 =1
- NnimuSSi adgi Bi agvs CO an CO2, maSasadame P9 =1.

miRebu B 1 niSnebis sias cxrilli 43 - Si Seesabameba gqvemodan
meore striqgoni, romlis gaswvriv mocemu B ia saWiro
RonisZiebebis nomrebi #2 da #3. am nomrebis mixedviT zeTSi
gaxsni 1 airebis Sedegebis safuZvell ze konkretull1 gamocdebis
prioritetull Catarebaze rekomendaciebi mocemulia cxrilli 44-
Si. an cxrillidan airCeva Casatarebeli RonisZiebebi: transfor-
matorebis dagegmi li gamoyvana muSaobidan (#2) da Catardes

zeTSi gaxsni b1 airebis gaxSirebulli analizi (#3).

rekomendaciebi konkretull i gamocdebis prioritetul
Catarebaze zeTSi gaxsnilli airebis Sedegebis safuzvel ze

mocemu B ia cxrilSi 44

cxrilli 44. zeTSi gaxsni b1 airebis Sedegebis safuzve l ze

konkretu 1 ganocdebis prioritetull Catarebaze rekomendaciebi.

H rekomendaciebi

1 | transformatorebis dauyoneb B iv gamoyvana muSaobidan

2 | transFormatorebis dagegmi 1 gamoyvana muSaobidan

3 |Catardes zeTSi gaxsni b1 airebis gaxSirebullt anallizi

4 | SevamowmOoT sorbentis mdgomareoba haersaSrobSi

5 | SevamowmoT zeTis tumbos mdgomareoba

5 SevamowmoT gadadinebis SesaZz bl eb B oba (erTdroullad
aviROT zeTis sinjebi transformatorisa da gadamrTvelis
avzebidan)

7 CavataroT zeTis degazacia

8 sagnis kursSi CavayenoT dawesebu l ebis gvedanayoFi

9 gavaanal 1zoT wina eqsp Buataciis pirobebi

10 movxsnaT zeTSi gaxsniBi airebis gaxSirebulli analizis
kontroli

1 CavataroT  zeTSi gaxsnili1 airebis analizis kontroli
Cveu Bebri-vi periodullobiT
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12 SevadaroT msgavsi transformatorebis koncentraciebs

13 SevatyobinoT garxana-damamzadebe B's

14 transformatori davayenoT kontro Bl is qveS

15 gavzomoT gragni Bebis omuri winaRoba

16 CavataroT analizi infFrawiTel i tegnikis gamoyenebiT

17 gavzomoT ugmi sv Bl is danakargebi

18 CavataroT zeTis qimiuri analizi

19 | 9avzomoT tgd da 1zoBaciis kompBeqsuri gamtaroba

20 gavzomoT mok Bed SerTvis winaRoba

o1 | gavzomoT zeTis tgd

29 vawarmooT nawi Bobrivi ganmuxtvis eleqtrulli gazomvebi

23 vawarmooT nawi Bobrivi ganmuxtvis akustikurigazomvebi

24 gavzomoT izoBaciis winaRoba

o5 gavzomoT izoBaciis winaRoba

26 CavataroT vizualuri kontroli

27 aviROT zeTis sinjebi kontagtorisa da transformatoris
avzebidan

zeTSi gaxsnilli airebis analizi defeqtis saxis Sesaxeb
ver iZBeva srull garantias da pragtikulad ver warmoadgens
infFormacias misi adgi Imdebareobis Sesaxeb, amitom saWiroa
Catardes sxva gamocdebic. kerZod, unda ganisazRvros airebis
koncentraciis maxasiaTebeli fardoba. am maxasiaTeblis
gansazRvra xdeba cxrilli 2 -is FfardobiTi koncentraciis
strigonis monacemebis mixedviT.
D1 = 0,4 warmoadgens fardobas ( CH4/C,Hs=2/5);
D2 = 6,66667 warmoadgens Ffardobas (CH4/H, = 2/0,3);

D3 =ganusazRvre I ia warmoadgens fardobas (C,H,/C,Hy);

D4 = ganusazRvre l ia warmoadgens fardobas (CO,/CO).
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nimuSSi airebis arsebobisas maTi koncentraciisa da zrdis
siCgaris mniSvne Bobis, aseve koncentraciis FfardobiTi maxasia-
TebBebis analizis dros koncentraciis maxasiaTebeli fardo-
bis udidesi mTel1 ricxvia 6. zusti diagnozis gansazRvrisaTvis
an nomris mixedviT winaswari defeqtebis cxrilli 45 -dan
pouloben mis dasaxelebas: daballi temperaturis Termuli
defeqti. amis Semdeg moiyvaneba mizezebi, romell Ta Sedegia
prognozirebadi defeqti [57]
mi Bebisa da mi B TaSorisi sivrcis gaWuWyianeba;
gamaciebe B'i mi Bebis dabinZureba.
amis Semdeg dgeba gamocdis oqni.
defeqtebis ganmeorebiT SemCnevis SemTxvevaSi ismeba winaswari
diagnozi cxrili 5 -Si mocemu Bi nakrebidan.

cxrili 45 defeqtebis saxeebi

defeqtis saxe

zeTis daZve I eba

nawi B obrivi ganmuxtvebi energiis daballi1 simkvriviT

nawi B obrivi ganmuxtvebi energiis maRall 1 simkvriviT

mcire simZBavris ganmuxtvebi

didi simZBavris ganmuxtvebi

dabali temperaturis Termuli efeqti

daball 1 temperaturis diapazonSi Termu i1 efeqti

o ~ o v & w N o=

saSual o temperaturis diapazonSi Termulli efeqti

9 maRa B 1 temperaturis Termuli1 efeqti

SemdgomSi defeqtis xasiaTi zustdeba cxrilli 46 —s monacemebiT,
Tu ram SeiZbBeba gamoiwvios aRniSnu li defeqti.

cxrilli 46 dazustebu i defeqtebis saxeebi.

H defeqtis saxe

1 dengamtari nawi Bebis an  ConCxis kontruqciis

e B emenetebis gadaxureba

2 ConCxis kontrugciis el emenetebis gadaxureba

3 myari 1zo Baciis gadaxureba
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eleqtrulli ganmuxtvebi myar i1zo BaciaSi

nawi B obrivi ganmuxtvebi zeTSi

naperwk Buri da rkaBluri ganmuxtvebi zeTSi

defeqti gaciebis sistemaSi

zeTis daZve I eba

©| o N o o b~

defeqti gadamrTve I mowyobi B obaSi

Semdgomi sakontroBl o gazomvis periodullobis gansazRvra
TiToeuli airis koncentraciis zrdis siCgaris Sesabamisad
ganisazRv-reba drois Sualledi, romBis gasvlis Semdeg
swarmoebs Semdgomi gazomva. sakontroBlo gazomvis periodulo-
bis minimaBuri mniSvne Boba miRebuBi1a xuTi1 dRis anu 0,167 Tvis
(0,167 X 30 dR =5 dR) tolad.

qvemoT mocemu Bia airebis sakontroBo gazomvis Semdegi
periodu Bl obebi: H, = 2333 Tve; CH; = 0,233 Tve; C,H.@ = 0,012 Tve;
CoHs = 0.078 Tve; CoHg = 6,0 Tve; CO = 6,0 Tve; CO,= 0,233 Tve.

radganac T (C,H,) = 0,012 < 0,167, amitom miRebu B i1a T= 0,167 Tve.
maSasadame, morigi gazomvis Catareba unda moxdes 0,167 Tvis anu 5
dRis Semdeg.

winaswari defeqtis gansazRvra nimuSSi airebis arsebobisas
maTi koncentraciisa da zrdis siCgaris mniSvne Bobis, aseve
koncentraciis TardobiTi maxasiaTebBebis analizis dros
ndobis magsimaBuri koeFficientis mniSvne B obam miiRoO nomeri 6,
radganac defeqti aRniSnulli iyo mxollod orjer.

zusti diagnozis gansazRvrisaTvis am nomris mixedviT
winaswari defeqtebis cxrilli 4.2-dan poul oben mis dasaxe ll ebas:
daballi temperaturis Termulli defeqti. moiyvaneba mizezebi,
rome I Ta Sedegia prognozirebadi defeqti:

-mi Bebisa da mi B TaSorisi sivrcis gaWuWyianeba;

- gamaciebe B'i mi Bebis dabinZureba.

amis Semdeg dgeba gamocdis oqni.
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nax.4.l.gromatografiu 1 monacemebis Sesatani Sab ll oni.

manganuri Formis Sevseba. “diagnostika +” kompBegqsur
programaSi qromatografiulli analizis monacemebis Sesatanad
saWiroa Seivsos nax4.l-ze moyvani i1 SabBoni. an dros saliroa
gvaxsovdes:

-Tu airi saerTod ar arsebobs, maSin Sesabamis velSi
Caiwereba 0 (nuli);

-Tu aris airis mcire raodenoba, maSin Sesabamis vellSi
Caiwereba 0.0000099;

- Tu airis arseboba an ar arseboba gansazRvrulli ar aris,

maSin Sesabamisi velbi ar Seivseba.

42. el eqtromowyobi B obis Thovizorulli kontroli.

infFrawiTel 1 Termografia warmoadgens kontro Bl is damxmare
saSua B ebas, gvexmareba transformatorSi airwarmogmnis arsebo-
bisas SevafasoT magnitogamtarSi defeqtis warmogmnis zona,
xolo sagarxno dokumentaciis arsebobisas SevaviwrovoT
defeqtis moZebnis adgili.

transFormatoris avzSi ganBagebulli defeqturi kvanZebis
inFrawiTeli diagnostika. transformatoris avzSi siTbhos
gamoyoFfis wyaroebi. transformatoris avzSi siTbos gamoyofis
wyaroebia Semdegi kvanZebi:

- magnitogamtarti;
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- gragni Bebi;

- transformatoris masiuri metalis nawiBebi, romBebSic
siTbho gamoiyofa Tantvis nakadebis mier aRZrulli grigaluri
denebiT gamowveu B 1 damatebiTi danakargebis gamo;

- Semyvanebis dengamtari nawi Bebi da maTi kontaqtebi;

- ganStoebebi da maTi SeerTebebi gragni B Tan da SemyvanTan;

- Zabvis qveS regu B irebis gadamrTve Bis kontagtebi.

magnitogamtaridan da gragnilebidan transformatoris
avzze siTbos gadacemis xasiaTl.

ThbovizoriT transformatoris Sinagani Thuri mdgomareobis
Sefasebisas saWiroa angariSi gavuwioT magnitogamtaridan da
gragni Be-bidan siThos gadacemis xasiaTs (nax.4.2).

[58]-1s Tanaxmad transformatoris nominaluri datvirTvis
dros zeTis zeda Tenebis temperatura ar unda iyos cxrilli 47-
Si naCveneb temperaturaze meti, Tu garxana-damamzadeb B is mier
mocemu li ar aris sxva temperaturebi.

cxrilli 47 zeTis zeda fenebis dasaSvebi temperatura

transformatorebisa da reagtorebis zeTiT 75°C
gacieba SeberviTa da zeTis iZullebiTi cirkulaciiT
transformatorebisa da reaqtorebis zeTiT 95°C

bunebrivi gaciebiT, SeberviTa da zeTis bunebrivi
cirkullaciiT

transformatorebisa zeTiTa da wyBiT gacieba, 70°C
zeTis 1ZullebiTi cirkullaciiT

[59]-1s Tanaxmad transformatoris mTell simaR Beze
magsimaBur da minimaBur temperaturaTa Soris sxvaobam

Seiz B eba miaRwios 20-35°C-s
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nax.4.2. temperaturis cvlileba transformatorsSi: a-
simaR Beze;b-kveTis gaswvriv. 1- Rero;2,3- daballi da maRalli Zabvis
gragni Bebi; 4-zeTi; avzis kedel 1.
transfFormatoris avzis Tburi veli.

transformatoris avzis zedapiris Termogramebi gadaiReba:

- gragni Bebis ganStoebebis gan B agebis adgi BebSi;

- transformatoris avzis simaR Beze;

- kidura fazebis mimarT;

-avzis zarxufis damagrebis adgi BebSi.

avzis zedapiris temperaturis gradientis mniSvne I obebisa
da maTi adgi Bmdebareobis mixedviT, transformatoris tegno-
Bogiuri dokumentaciis daxmarebiT TFasdeba masSi Sesazllo
defeqtebi.

250 mva da meti simZBavris transformatorebisa da
avtotransformatorebisaTvis rekomendirebu lia eqgspluataciaSi
Seyvanis dros gadaviRoT avzis Thburi velis suraTl.

gragni Bebis deFfeqtebi. modelebze Catarebullma eqgsperi-
mentebma aCvena,rom infrawiTeli kontrolis dros transfor-
matoris avzSi SeiZleba gamovBindes MBokaBuri gaxurebebi,

rom B ebic gamowveu lia:
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- gragni Bebis callkeuli koWebis adgi Bobrivi gaxurebebiT,;

- gragni Bebis ganStoebebis kontaqturi SeerTebebis
gadaxurebebiT;

- zeTis damdgari zonebis gamokvBeviT, romellic gamowveu-
Bia xviaTa g@gaRaldis izolaciis gajirjvebiT, SHanmis
warmogmniT an konstrugciull angariSSi SecdonmiT.

magnitogamtaris Camiwebis sistemebis defeqtebi. transfor-
matoris Fazebis Termografiulma gamokv Bevam transformatoris
fazebis avzze gamoavBina temperaturulli anomaliebi, kerZod
avzis zarxufis gveda gasarTis dasamagrebel i1 didi raodenobis
WanWikebis gaxureba. transformatoris avzis gaxsnam gamoav lina
Semdegi defeqtebi:

- magnitogamtaris qveda konsoBisa da Sveleris SeerTebis
adgi B ze Firfitebis gadaxurebisagan gamugeba;

- transformatoris saregulirebeli Reros raionSi avzis
Zros mimmarTve Bi kotas daball i Zabvis konso B Tan Camiweba;

- saye Burebis, TFirfitebisa da WanWikebis gamugeba da
nawi B obrivi gadnoba gaxurebisagan.

magnitogamtaris Camiwebis sgemis megaommetriT Semowmebam
aCvena:

- magnitogamtar-avzis ubanze izolBaciis winaRoba nullis
tolig

- magnitogamtaris paketebs Soris 1i1zolaciis winaRoba
Seadgens 6 omidan 5 ki B oomamde.

infFrawiTel i diagnostikis meTodi zeTSevsebulli Semyvane-
bisaTvis. Tbovizorebis daxmarebiT Semyvanebis mdgomareobis
SefasebisaTvis saWiroa gaTvaliswinebulli ignes is Taqtorebi,
romBebic gavBlenas axdenen infFrawiTell kontrol ze:

- mzis radiacia;

- Faifuris safaris zedapiris Bokaluri gaWuWyinebebr;

- haeris Thuri nakadi, romBebic moedineba transformatoris

saxuravidan da Semyvanebidan.

101



gareSe gamtarebis Semyvanebis momWerebTan mierTebis
adgi Bebis gaxurebebi. dasaSvebi temperatura tolia [60] tgys =
90°C, roca haeris temperatura ty., = 40°C. ei, dasaSvebia
temperaturaTa sxvaoba At =50°C.

SemyvanebSi zeTis donis dacema. SemyvanSi zeTis srulli
mocu B obis arsebobis dros adgilli agvus temperaturis
gradientis mdore dacemas transformatoris avzidan Semyvanis
safarToebe I isaken. winaaRmdeg SemTxvebaSi SeiniSneba temperatu-
ris gradientis naxtonmi.

nax.4.3-ze mocemu B 1a defeqturi Semyvanis Termoprofili.

i | 1

i HI0N0L IO

i 20960 ' 80060
7 8335680 | 806D
T

; K
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C BIAGOHITN0 | 1 ﬂ
~ ~ 2060 , T.°C

nax.4.3. Semyvanis Termoprofilli daweulli zeTis doniT.
Thbovizoris fanjris saerTo saxe gadidebull reJinSi

mocemu B ia nax.4.4-ze.

Trmax = 37.0°C
: r= 27.8°C

it

Trin=10.0°C

nax.4.4. transformatoris TbovizoriT dasaTvalierebeli
fanjara.
D'daTval ierebis” relJimi saSuallebas iZBeva ganvsazRvroT
temperatura transformatoris zedapiris nebismier wertillSi.
amnisaTvis sakmarisia mxoBod davawkapunoT mausis marcxena

kBaviSi saintereso temperaturis wertilSi. mocemulli Fanjara
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saSuallebas iZBeva aseve vaCvenoT mocemu Bi temperaturis yvella
wertili. amisaTvis sakmarisia davawkapunoT mausis marcxena
kBaviSi Ffanjridan marjvena ferad zolze am dros mocemulli
temperaturis yvela wertilli gamoiyofa mwvane ¥eriT, xollo
temperaturis maCvenebelB i gviCvenebs am wertiBebis namdvil

temperaturas.

K43. transFormatoris gragni Bebis dazianebis gansazRvra
indugciuri winaRobis kontroliT

inFrawiTel i diagnostikis saSua B ebebis daxmarebiT
Thovizorulli kontrolis meTods ZalBluri transformatorebis
gare elementebis (maRallvoll tiani Semyvanebis, ganmmuxtve Bebis,
gadamrTve Bebis, gacivebis sistemebisa da sxvaTa) mdgomareobis
Sesaxeb SeuzBia moitanos mravalli sasargebBo informacia,
magram igi iTvleba irib meTodaT, romelic ar iZBleva transfor-
matoris avzis ked Bebisa da didi mocu B obis satransformatoro
zeTis qveSMdafarulli agtiuri nawi Bs mdgomareobis Sesaxeb
srull informacias. Ggarda amisa zemoTCamoTvEili meTodebi
yove B Tvis ar aris efeqturi mokBed SerTvis dros Zalovani
transformatorebis gragni BebSi narCeni deformaciis aRZvris
SeTxvevaSi, romBebic xdeba myisierad da ar +toveben dros
diagnostikuri gazomvebis Sedegebis analizisaTvis da
transformatoris dazianebis Tavidan acillebis an momavali
remontis masStabebis Semcirebis mizniT ver uzrunve Byofen rac
SeiZ B eba swrafad moxdes misi gamorTva.

Zaluri transformatoris gragni BebSi xviaTaSorisi
mok Bed SerTvis Sedegad gamowveu Bi1 gragni Bebis deformaciis
mimarT yveBlaze ufro mgrZnobiarea indugciurobis parametri.
aseTi transformatorebis gragni BebSi sawyisi deformaciebis
aRZvrisas da xviaTaSorisi mokBed SerTvis SemTxvevaSi
periodidan periodamde xdeba indugciurobis ganviTarebadi
gazrda an Semcireba, romellsac Tan axBavs sakontrollo

transformatoris gragni Bebis Seuqcevadi rRveva. Mam MmeTodis
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bazaze Segmnilia ZalBuri +transformatorebis parametrebis
kontrolis sainformacio - sazomi sistema, romeBic SeiZleba
gamoyenebu 01 ignes mokBed SerTvis cdebisa da egspBuataciis
dros qgsellidan gamourTveBlad Zaluri transformatorebis
gragni Bebis mdgomareobis operatiulli kontrolisaTvis.
indugciurobis Secvlis SemTxvevaSi Aam dros kontrolis
bBokidan marTvis bHBokze miewodeba signalli, romelic

Fformirdeba dadamcveli amorTvis signallad (nax.4.5).
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Nnax.4.5. eqsp Buataciis procesSi gse l idan gamourTve Bad

Zaluri transformatoris gragni Bis kontrollis sainformacio-

sazomi sistemis sgema.
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sainformacio-sazomi sistema saWiroa gamoyenebu Bi ignes
im reJimebisagan swrafmogned dacvasTan kavSirSi, romelnic
aRiZvrebian ZaBovan transformatorebis gragni BebSi mokled
SerTvis gamo maTSi elegtrodinamiuri Zalvebisagan daziane-
bebisa da narCeni deformaciis Sedegad parametrebis cvlilebiT.

sainformacio - sazomi sistema muSaobs Semdegnairad:
Zaluri transformatorebis gragni Bebis mdgomareobis uwyveti
kontrolli uzrunvellyofilia indugciurobis bazisuri mniSvne-
l obidan gadaxris mudmivi kontroBiT. Bindugciurobis bazisuri
mniSvne B oba aiReba dayenebis bl okidan. sakontro Bl o samfaza €tr
Zaluri transformatoris muSaobis dros samfFaza Rg,t agqtiur
datvirTvaze sazomi gardamgmnelis - maRalvoltiani Zabvis
transformatoris Ztl daxmarebiT izomeba pirveBadi U; Zabvis
mniSvne Boba. Ggardamgmne B idan signalli miewodeba pirveBadi
Zabvis meoreull Zabvaze damyvan U’; bBoks, sadac gamoiTvHleba
meoreu l Zabvaze dayvani Bi pirve Badi Zabva:

U’ =Ui/K¢ 4.1)

sadac K¢y - Zaluri transformatoris koeficientis mocemulli
cnobi Bi mniSvne B obaa.

sistemis Sesavall ze meoreulli1 Zabvis gardamgmne Bebidan -
Zt2 Zabvis transformatorebidan da U’ b Bokis gamosasvilell idan
miewodeba signalle-bi. Zabvebis sxvaobis gamoTvRis bl okSi
meoreull  Zabvaze dayvaniBi Zabvebis sxvaoba gamoiTvHleba
formuliT:

AU =0 - U, (4.2),

sadac U, aris Zt2 gardamgmne B is meoreu B i1 Zabvis mniSvne I oba.

Zabvis saSuallo mniSvneBobis gamoTvlis bHROkSI U‘,g
angariSi swarmoebs drois mocemull intervalSi:

U'sas= [U'n(t2) + U'n (t1)]/2 (4.3),

sadac U’n aris transformatorze Zabvebis dayvani 1
mniSvne BobaTa sxvaoba, t; da t, -danawi Bebis intervalebis

droebiTi sazRvrebi.
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Ddenis warmoebullis ganoTvlis bHBoOKSi ganisazRvreba

dens nazrdi drois mocenull intervall Si:
difdt = [ij (t2) + i(t))/(t2tr) (4.4),

sadac i, aris sakontroll o transformatoris meoreull gragni I Si
denis mniSvne B oba, rome B ic izomeba denis gardamgne BebiT - dt
denis transformatorebiT.

indugciurobis gaangariSebis bBoOkSi Ljj,, gamoiTvHBeba
drois mocemnu l intervall Si induqciurobis myisa mniSvne I oba:

Ligaz= U’sas/di/dt (4.5).

Aamis Semdeg indugciurobis gazomiBi myisa mniSvne I oba
miewodeba indugciurobis nominaBur sixSireze dayvanis bl oks
da gaiangariSeba indugciurobis nominaBur sixSireze dayvani i
mniSvne B oba:

Lj = Ligaz - fgaz/fhon "(4.6),
sadac fgy,, aris gazomiBi sixSire,; f ,o; NnominaBuri sixSire
(50hc). Semdeg b B oOkSi gaiangariSeba indugciurobis saSuallo

mniSvne Boba TiToeu i periodis ganmav I obaSt:

Ln

Lsas = Z-:-l:-:i? 4.7),

sadac Naris intervallebis danawi Bebis ricxvi.
anis Semdeg gadaxris gamoTvlis DbHBOkSi periodis
ganav B obaSi miRebuli1 Lg,s mniSvne Boba Seedareba dayenebis L
mniSvne B obas da ganisazRvreba maTi gansxvaveba:
AL = (Lgas —Lg) X 100 % /Lo (4.8),
sadac L, - transformatoris induqciurobis dayenebulli
mniSvne B obaa, romelBic ganisazRvreba angariSiTa da winaswari

eqsperimentis SedegebiT.
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3. qsl33bo

Catarebu B'1 gamokv B evebis safuZve I ze miRebu l 1a Semdegi
Sedegebi:
dadgeni Bia, rom dReisaTvis sagarTvel os elmomaragebis
sistemaSi  ZalBluri  transformatorebis mniSvne B ovanma
nawi Bma amowura Tavisi muSaobis resursi. Qqveynis
ekonomiuri situacia, agreTve transformatorebis saerTo
raodenobis didi ricxvi ar iZBeva uaxBoes xanSi maTi
Secvlis saSuallebas. Aamitom transformatorebis droulli
diagnostika metad aqtuaBuri Temaa.
sagarTve Bl os saxe Imwifo eleqtrosistemaSi 110-500 kv Zabvis
gvesadgurebis, Ria da daxurulli gamanawi Bebe 1
mowyobi B obebis saxeobebis mixedviT warmodgeni B
mtyunebebis, uwesivrobisa da defeqtebis gamov Benis
Januri ganawi Bebis analizidan gamomdinare dadgeni lia,
rom mowyobi Bobis izolBaciis kBasis zrdasTan erTad
arsebobs mtyunebaTa zrdis tendencia. gamovBlenili
uwesivrobebisa da defeqtebis didi nawi i pirvel rigSi
miekuTvneba eqsp BuataciaSi Seyvani axali tipis
mowyobi B obebs, rac gamowveu B ia maTi damzadebis xarisxiT
dadgeni B ia, rom principul probBemas warmoadgens
koncefciis Teoriulli uzrunve Blyofis arsebiTi CamorCena
diagnostikis Tanamedrove saSualebebisa da informaciulli
tegno B ogiebis miRwevebis realuri SesaZll eb I obebisagan.
dadgeni Bia, rom tegnikurad dasabuTebuli diagnozis dasma
SesaZllebelia mxolod srullyofili informaciis pirobebis
statistikuri monacemebis Sekrebis, gare daTvall ierebisa da
specialluri xe B sawyoebis saSuallebiT Catarebulli eqspe-
rimentu i gamokv Bevebis Sedegad;
dadgeni Bia, rom diagnostikis Tanamedrove meTodebi da
tegnikuri saSuallebebi energosistemebSi saSuallebas ar
iZBevian ZviradRirebull1 eleqtromomowyobi Bobis gseli-
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10.

dan gamorTvisa da gaxsnis gareSe gamovBenilli 1ignas
callkeuli elementebis MnuSaobis relJimebi. amasTan dakavSi-
rebiT i1weleba elBetromowyobi Bobis remontSi gadayvanis
dro, 1ixarjeba operatiulloba da 1izrdeba avariuli
reJimebis gazrdis al baToba.

dadgeni Bia, rom udaod aqtuaBluri xdeba kontrolis
iseTi axali meTodebis damuSaveba, romBebiTac
transformatoris gaxsnis gareSe moxdeba misTvis
damaxasiaTebe R 1 sxvadasxva parametrisa da monacemis
gazomva, defeqtebis aRmoCena da aRmofxvra.

Ddadgeni Bia, rom eBeqtromowyobi BobaTa diagnostikis
sTerosSi mimdinare samecniero-kv BeviT samuSaoebSi
kompiuteris TFfarTod gamoyenebam aucilebeli gaxada
maTematikur modelirebasTan erTad elBeqtrulli wredebis
Teoriis sferoSi axalli Teoriull1 midgomebis damuSaveba
da miRebu 01 Sedegebis WeSmaritebis Sefaseba.
damtkicebuBia Tanamedrove pirobebSi energoefeqturi
RonisZiebebis gatarebisaTvis samfaza transformatoris
maTematikuri model is saWiroeba.

datvirTvis reJimSi samfaza transformatoris Sesabamisi
ganto BebaTa sistemis amosaxsne Bad Sedgeni Bi igna bl ok-
sqgema, romlis safuZve I zec SesaZlebelia Sedges
kompiuterulli progranma optimaluri elleqtrulli da
magnituri parametrebis SesarCevad.

Zaluri transformatorsSi ganviTarebadi defeqtis
dadgenis mizniT SemuSavebu Bi igna specialluri algoriTni,
rome B ic saSuallebas iZBeva sakmao sizustiT ganvsazRvroT
ganviTarebadi defeqtis saxe, misi gamomwvevi mizezi da

mosa Bl odneB1 Sedegi.
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