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reziume

laSa TevdoraSvilis disertacia `maRali Zabvis
mowyobilobebis Tbovizoruli diagnostika~ exeba energetikis

aqtualur problemas, kerZod, maRali Zabvis mowyobilobebis
Tbovizorul diagnostikas. es meTodi dReisaTvis yvelaze
perspeqtiulia da farTod gamoiyeneba mecnierebisa da teqnikis
yvela sferoSi, maT Soris, energetikaSi.

aRniSnuli meTodiT eleqtroteqnikur mowyobilobebSi,
uwyveti eqspluataciis pirobebSi, iseTi eleqtruli defeqtebis
aRmoCenaa SesaZlebeli, romlebic eleqtruli gazomvebiTac
gamovlindeba, amasTan erTad, Tbovizoruli dianostika
saSualebas gvaZlevs aRmovaCinoT iseTi defeqtebic, romelTa
gamovlena eleqtruli gazomvebiT SeuZlebelia. magaliTad,
gamcivebeli radiatorebis siTbogacemis defeqtebi.

naSromi Sedgeba 120 gverdisagan da doqtoris akademiuri
xarisxis mosapoveblad wardgenili disertaciis gaformebis
instruqciis mixedviT moicavs: titulis gverds, xelmowerebis
gverds, saavtoro uflebebis gverds, reziumes or eneze (qarTul-
inglisuri), Sinaarss (sarCevs), cxrilebis da naxazebis nusxas.
ZiriTadi teqsti Sedgeba literaturis mimoxilvis, oTxi Tavis,
daskvnis da gamoyenebuli literaturis siisagan.

pirvel TavSi ganxilulia sxeulis gamosxivebis speqtri
infrawiTeli da xiluli sxivebis warmoqmnis da gavrcelebis
kanonebi. naCvenebia infrawiTeli sxivebis kavSiri sxeulis
temperaturasTan. aRwerilia infrawiTeli sxivebis speqtraluri
Semadgenloba, misi gavrceleba garemoSi, infrawiTeli sxivebis
STanTqma wylis orTqlis, ozonis da haerSi myofi
naxSirorJangis mier, agreTve, misi gabneva atmosferoSi myofi
mtvris mcire zomis nawilakebis mier. aRwerilia infrawiTeli
sxivebis mimRebi da gardamsaxi mowyobilobebi, kerZod,
Termistorebi da bolometrebi, maTi konstruqciuli
Taviseburebebi. ganxilulia ZiriTadi maxasiaTeblebi, rogoricaa:
mgrZnobiaroba, rac temperaturis erTi gradusiT gazrdisas
winaRobis cvlilebaSi gamoixateba. aRwerilia winaRobis
damokidebuleba temperaturaze da am damokidebulebis
temperaturuli koeficienti.

praqtikuli gamoyenebis TvalsazrisiT ganxilulia
Termistoris erT-erTi mniSvnelovani paramerti - drois mudmiva,
es is droa, romelic saWiroa temperaturis 100 ℃-iT
cvlilebisas Sesabamis temperaturis anu eleqtruli signalis
dasamyareblad bolomeris gamosasvlelze. aqve ganxilulia am
temperaturis kavSiri Termistoris (bolometris) maqsimalur
dasaSveb temperaturasTan. ra Tqma unda, ganxilulia
Termistoris maqsimaluri dasaSvebi simZlavre da, Sesabamisad,
maqsimaluri muSa temperaturis sidide.
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mniSvnelovani yuradReba aqvs daTmobili sxvadasxva
masalebisgan damzadebuli Termistorebis mgrZnobiarobis
Sedarebas praqtikuli gamoyenebis TvalsazrisiT.

amave TavSi ganxilulia bolometris konstruqcia da
temperaturis aRqmis stabilurobis miRwevis meTodebi. aRwerilia
sxvadasxva saxis infrawiTeli sxivis xelsawyoebis muSaobis
principi da gamoyeneba.

farTod aris ganxiluli Tbovizoruli xelsawyoebi, maTi
muSaobis principi da sqema, gamosaxulebis agebis meTodebi da im
tipis Tbovizorebi, romlebic energetikaSi gamoiyenebian.
aRwerilia am Tbovizoris maxasiaTeblebi, upiratesobebi da
naklovani mxareebi.

meore TavSi aRwerilia maRali Zabvis mowyobilobebis is
eleqtruli defeqtebi, romlebic eleqtruli gazomvebiT
gamovlindebian. am gazomvebis, kerZod uqmi svlis danakargebis,
transformaciis koeficientis gansazRvris, gragnilis da
sakontaqto SeerTebis winaRobis gazomvis da mokled SerTvis
winaRobis gazomvis sqemebi da xelsawyoebi. agreTve naCvenebia,
rom saizolacio sistemis defeqtebis, kerZod, winaRobis
Semcirebis an dieleqtrikuli danakargebis gazrda  mxolod
eleqtruli gazomvebiT gamovlindeba da Tbovizoruli
gamokvleviT misi aRmoCena SeuZlebelia.

mesame TavSi ganxilulia maRali Zabvis mowyobilobebis
siTbogamomyofi defeqtebi, rogoricaa sxvadasxva saxis
sakontaqto SeerTebis gardamavali winaRobis gazrda, rac
datvirTvis denis moqmedebiT kontaqtis gadaxurebas da,
Sesabamisad, temperaturis gazrdas iwvevs. aseve aqtiur nawilSi
gamoyofili siTbos ganawileba gragnilis simaRleze, siTbos
gavrceleba da ganawilebis cvlileba magnitogamtaridan
transformatoris avzis zedapiramde. aseve aRwerilia
siTbogamtarobiT siTburi nakadis gavrceleba da avzis
zedapiridan siTbos garemoze gadacema.

naCvenebia siTbur defeqtSi (`cxeli wertili~) gamoyofili
siTbos gavrceleba eleqtroteqnikur mowyobilobaSi da zeTis
bunebriv an iZulebiTi konveqciis gavlena eleqtroteqnikur
mowyobilobaSi siTbos ganawilebaze.

calke sakiTxad aris ganxiluli is defeqtebi, romlebic
siTbos ar gamoyofen, magram siTbos gadacemas an gavrcelebas
aferxeban. aseTi defeqtebia transformatoris zeTis moZraobis
Seferxeba gamcivebel radiatorSi, Termosifonur filtrebSi an
gamcivebel mowyobilobebSi. aRwerilia am defeqtebis Tvisebebi
da zogadi maxasiTeblebi.

meoTxe TavSi aRwerilia da gaanalizebulia
eqsperimentaluri Sedegebi. aqve ganxilulia Tburi defeqtebis
siTburi namatis normebi, am namatis mixedviT Sefasebulia
defeqtis saSiSroebis xarisxi da misi aRmofxvris vadebi.

ra Tqma unda, yvela saxis defeqtisTvis moyvanilia is
maqsimaluri dasaSvebi temperatura, romlis drosac defeqti
saSiSroebas ar warmoadgens an Zalian maRalia riski.
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mniSvnelovani yuradReba aqvs daTmobili Tbovizoruli
gamokvlevebis periodulobas da Catarebis garemo-pirobebs.

gaanalizebulia sxvadasxva datvirTvis SemTxvevaSi
kontaqtis gardamavali winaRobis matebiT warmoqmnili Tburi
defeqtis temperaturis damokidebuleba datvirTvis  denis
sidideze.

aRwerilia Zalovani transformatoris gacivebis sistemaSi
da Termosifonur filtrebSi zeTis moZraobis Sedegad
warmoqmnili defeqtebi da gaanalizebulia maTi warmoqmnis
mizezebi.

mniSvnelovani yuradReba aqvs daTmobili sxvadasxva saxis
meqanikuri SeerTebis arasrulyofilebiT warmoqmnil defeqtebs.
agreTve eqsperimentulad Seswavlilia am saxis defeqtis
temperaturis damokidebuleba datvirTvis denis sidideze.
naCvenebia pirdapiri gazomviT miRebuli temperaturis sididesa
da gadasaangariSebeli formulebiT miRebuli temperaturis
mniSvnelobas Soris sxvaoba.

dadgenilia meqanikuri SeerTebis arasrulyofilebiT
warmoqmnili Tburi defeqtis temperaturis damokidebuleba qaris
siCqareze, riTac gamovlinda qaris gavlena defeqtis
temperaturaze.

aRwerilia maRali Zabvis SemyvanebSi da kabelebSi
warmoqmnili Tburi defeqtebi da gaanalizebulia am defeqtebis
warmoqmnis mizezebi.

miRebuli Sedegebis analiziT gamotanilia mecnieruli
Rirebulebis daskvnebi da praqtikuli mniSvnelobis mqone
rekomendaciebi.
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Abstract

Lasha Tevdorashvili’s thesis "Thermal imager diagnostics of high-voltage
devices" concerns actual problems of energetic, in particular the thermal imager of
diagnostics of high-voltage devices. This method is the most perspective for today and
is widely used in science and all spheres of technology, including energy sector.
Specified method without operation interruption reveals such electronic defects in
electro-technical devices which can be detected only by electronic measurements and
together with it reveals such defects which can't be found by electronic measurements,
for example, heat release defects of the cooling radiators.

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

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

It discusses infrared ray receiver and converter devices, in particular thermistor
and bolometer, their structural features. Also described their main characteristics such
as sensitivity, that is expressed in change of stability when temperature one degree
higher. It describes dependence of resistance on temperature and temperature
coefficient of the specified resistance.

From the point of view of practical use one of important parameters of a
thermistor is - constancy of time, it’s time which is necessary for establishment of
corresponding temperature or an electronic signal at the output of a bolomer
during change of temperature on 100 degrees. It also discusses connection between
this temperature with the most admissible temperature of a thermistor
(bolometer). Of course, we consider the most admissible power of a thermistor and
respectively, the maximum size of working temperature. Considerable attention is
given to comparison of power sensitivity of the thermistors made of various
materials from the point of view of the practical use.

In the same chapter structure of bolometer and temperature stability of
perception methods are considered. Use and the principles of work of the infrared
devices of various types also are described.

Widely are considered the thermal imager devices, principles of their work
and scheme. methods of image structuring and those types of the thermal imager
which are used in energetic. Features, advantages and disadvantages of such
thermal imagers.

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

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

Showing distribution of heat allocated in thermal defect (`hot spots') in electro-
technical devices and natural or compulsory influence of convection of oil on
distributions of heat in the electro-technical equipment.

Those defects which don't radiate heat, but interfere with transfer or
distribution of heat are considered separately. Such defects cause jam of transformer
oil movement in the cooling radiator, in the thermosiphon filter or cooling device.
Properties and a general characteristic of these defects are also described.

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

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

The special attention is paid to frequency of thermal imager research and
external conditions of their carrying out.

We analysed dependence, in case of different loadings, of thermal defects’
temperature, caused by growth of transitional contact resistance on the current size.

The defects revealed as a result of the movement of oil in the cooling system
and thermosiphon filters are described and the reasons of their emergence are
analysed.

Special attention is paid to various types of defects formed as a result of
defective mechanical connections. We also experimentally studied dependence of
temperature of similar defects on the size of the load current. The difference between
temperature size received by direct measurement and value of temperature, received
by a settlement calculation is shown.

Dependence of temperature of the thermal defects received as a result of
defective mechanical connection on wind speed helped to reveal influence of a wind
on temperature of defects is established.

The thermal defects formed in input and high voltage cable and the reasons of
appearance of defects are analysed.

On the basis of the analysis of the received results there had already been made
the conclusions and recommendations, significant for science and having practical
value.
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Sesavali

mecnieruli siaxle. eqspluataciis ganmavlobaSi sxvadasxva

faqtorebis moqmedebiT eleqtroteqnikur mowyobilobaSi

defeqtebi warmoiqmnebian. romlebic rogorc mowyobilobis

saeqspluatacio Tvisebebze axdenen gavlenas aseve avariis

gamomwvev mizezebad iTvlebian.

warmoqmnili defeqtebi an siTbos gamoyofen an

siTbogadacemis reJimis darRvevas iwveven. orive SemTxvevaSi

mowyobilobis zedapirze siTburi velis suraTi icvleba.

am cvlilebis da defeqtebis gamovlenis mravali meTodi

arsebobs, magram umetesi maTgani mowyobilobis eqspluataciis

Sewyvetas da mowyobilobaze eleqtruli gazomvebis Catarebas

moiTxovs.

Termografiuli gamokvleva zemoTaRniSnuli pirobis

Sesrulebas ar moiTxovs. piriqiT rac metad aris datvirTuli

mowyobiloba defeqtebi miT ufro aqtiurad gamovlindeba.

dReisaTvis eleqtroteqnikuri mowyobilobis

Termografiuli gamokvleva diagnostikis erTerT aucilebel

mimarTulebas warmoadgens da farTod gamoiyeneba. Cvens qveyanaSi

is axal mimarTulebad iTvleba, magram wamyvani energetikuli

kompaniebi eleqtroteqnikuri mowyobilobebis Termografiul

gamokvlevas da miRebuli SedegebiT mowyobilobis diagnostikas

farTod iyeneben.

Termografiuli gamokvlevebis Sedegis sizusteze mravali

faqtori axdens gavlenas maT Soris qaris siCqare da datvirTvis

denis mniSvneloba.

naSromSi gamokvleulia qvesadgur `Caqvis~ saxazo

gamTiSvelis defeqturi kontaqtis temperaturis da aradefeqtur

kontaqtTan SedarebiT temperaturis namatis damokidebuleba

qaris siCqareze. naCvenebia, rom qaris siCqaris gazrda orive

temperaturis TiTqmis 75%-iT Semcirebas iwvevs. rac

diagnostikis Catarebisas aucileblad gasaTvaliswinebelia.
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gamokvleuli iqna qvesadgur `foTi-3~-is t-1

transformatoris 35 kilovoltiani Zabvis Semyvani izolatoris

defeqturi kontaqtis temparaturis namatis damokidebuleba

datvirTvis denis sidideze. temperatura isazRvreboda rogorc

Termografiuli gamokvleviT, aseve Sesabamisi formuliT

gamoTvliT. aRmoCnda, rom formula realurTan SedarebiT

temperaturis met mniSvnelobas iZleoda.

pirvelad Catarda Tburi defeqtebis dayofa siTbogamomyof

defeqtebad (egreTwodebuli `cxeli wertili~) da

arasiTbogamomyof defeqtebad, kerZod gacivebis sistemis

siTbogadacemis defeqtebi.

kvlevis aqtualoba gamoixateba miRebuli Sedegebis

aramarto mecnieruli aramed praqtikuli mniSvnelobiT. isini

gaTvaliswinebuli unda iyos eleqtroteqnikuri mowyobilobebis

mdgomareobis Sefasebisas.

Sedegebi. pirvelad moxda defeqturi kontaqturi SeerTebis

temperaturis da temperaturis namatis qaris siCqareze

damokidebulebis Seswavla. amasTanave gamovlinda gansxvaveba

sxvadasxva datvirTvis simZlavris SemTxvevaSi, defeqturi

kontaqtis specialuri formuliT gamoTvlil temperaturis

sididesa da temperaturis Termografiuli gamokvleviT

gansazRvrul mniSvnelobas Soris.

naSromis aprobacia. naSromis Sedegebi wardgenili iyo

saqarTvelos teqnikuri universitetis energetikisa da

telekomunikaciis fakultetis #17 mimarTulebis Tematur

seminarebze, III kolokviumze da dadebiTad iqna Sefasebuli.

stu-s studentTa 82-e Ria saerTaSoriso samecniero

konferenciaze. sadac dadebiTad da doqtorantTa Soris II

xarisxis diplomiT Sefasda.
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ganxilulia maRali Zabvis 120-ze meti transformatoris

dazianebis 162 SemTxveva, romelTa umetesi 70% gamovlinda

transformatoris Tbovizoruli kontroliT. agreTve defeqtebis

mniSvnelovani raodenoba, 14% mxolod Tbovizoruli kontrolis

saSualebiT gamovlinda. es ZiriTadad exeboda gacivebis

sistemaSi zeTis Seferxebulad moZraobas, an maRali Zabvis

Semyvanis Tavze zeTis gamafarToebeli sistemis hermetulobis

darRvevas.

aqve dasmulia maRali Zabvis mowyobilobebis Tbovizoruli

gamokvlevebis aucileblobis da eleqtruli gazomvebTan

SedarebiT informaciis operatiuli miRebis sakiTxi.

ganzogadoebulia sxvadasxva qveynebSi energetikuli

mowyobilobebis Tbovizoruli gamokvlevebis Sedegad miRebuli

informacia. aRwerilia zogadi kanonzomierebebi da praqtikuli

magaliTebi.

aRwerilia is defeqtebi romlebic mxolod Tbovizoruli

gamokvlevebiT gamovlindeba an maT mxolod eleqtruli

gazomvebi gamoavlens. calkea klasifikacia im defeqtebis,

romlebic orive meTodiT gamovlindebian.

2. Обыем и нормы испитаний электрооборудования-6-е шзд. ст.12. РД 34.45-

51.300-97 М. изд: нц7НАС 2002
ganxilulia sxvadasxva saxis maRali Zabvis

eleqtroteqnikuri mowyobilobebis Tbovizoruli gamokvlevebis

perioduloba temperaturis namatis da siWarbis zRvrebi.

Tbovizoruli gamokvlevebiT miRebuli SedegebiT defeqturobis

koeficientis dadgenis meTodebi da am koeficientiT avariuli

saSiSroebis Sefasebis meTodebi.
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moyvanilia kontaqtis gadaxurebis saangariSo formulebi,

rodesac kontaqtSi gamavali deni nominalurze naklebia da am

formulebiT defeqtis avariulobis Sefaseba.
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infrawiTeli sxivis pirometrebis maxasiaTeblebis dadebiTi da

uaryofiTi mxareebi, romlebic eleqtroteqnikuri
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dasaxulia maTi ganviTarebis perspeqtivebi arsebuli

naklovanebis gaTvaliswinebiT.
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sxvadasxva saxis kontaqtebis gamokvlevis Sedegebi, gamokveTilia

saerTo da zogadi kanonzomierebebi.

ganxilulia Zabvis Semyvanebis da Zalovani kabelebis

saizolacio sistemaSi Termografiuli gamokvleviT Tburi

defeqtebis aRmoCenis da diagnostikis Taviseburebebi.

aqve ganxilulia Tbovizoruli kamerebis tipebi maTi

muSaobis Taviseburebebi da maxasiaTebeli parametrebi.

gaanalizebulia infrawiTeli gamosaxulebis da Termuli

suraTis adamianis Tvalisadmi aRqmad speqtrSi warmosaxvis anu

gamosaxulebis agebis principebi da meTodebi. naCvenebia

sxvadasxva saxis ekranebis upiratesobebi da naklovanebebi.
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aRwerilia eleqtromagnituri gamosxivebis speqtri,

infrawiTeli sxivebis aRmoCenis istoria, gavrceleba da

STanTqma garemoSi, gardatexis arekvlis da STanTqmis kanonebi.

ganxilulia infrawiTeli sxivis mowyobilobebis muSaobis

principebi da Taviseburebebi.



xviii

6. Козелкин В.В; Усольцев И.Ф. Основы инфракрасной техники; М.

`Машиностроение~ 1987

ganxilulia infrawiTeli sxivis xelsawyoebis Seqmnis

ZiriTadi principebi, gamoyenebuli xelsawyoebi, garemos

temperaturis kompensaciis sxvadasxva sqemebi da meTodebi.

aRwerilia bolometrebis da Termistorebis muSaobis principebi.

am meTodebis fizikuri safuZvlebi da misi ganxorcielebis

gzebi.

7. Поляков В.С. Из опыта тепловизионой диагностики високовольтного

оборудования энергосистем. `Энергетик~ 2000 №5; 46 ст.

aRwerilia maRali Zabvis (110-500kv) sxvadasxva saxis 300-mde

mowyobilobis Termografiuli gamokvlevis Sedegebi, sxvadasxva

atmosferuli da temperaturul pirobebSi. gaanalizebulia am

gamokvlevis Sedegebi. ris safuZvelzec Camoyalibebulia

Termografiuli gamokvlevis optimaluri pirobebi da reJimebi.

mniSvnelovani yuradReba aqvs daTmobili Termografiuli

gamokvlevisas eleqtrousafrTxoebis da saerTod usafrTxoebis

sakiTxebs.

8. Власов А.Б. Джура А.В. Результаты многолетного использования

тепловизора для контроля состояния электрооборудования в Колэнерго;

`электрические станций~ 1996; №8 61-64 ст.

gaanalizebulia ruseTis federaciis kolis

energosistemaSi TbovizorebiT eleqtromowyobilobebis

diagnostikis gamocdileba da miRebuli Sedegebi. agreTve

aRwerilia defeqtebis is saxeebi, romlebic ufro farTod aris

gavrcelebuli am energosistemaSi.

gaanalizebulia praqtikaSi gamosayenebeli da zogjer

aucilebeli is Cvevebi, romlebic avtorebs wlebis ganmavlobaSi

daugrovdaT.

9. Малов А.В. Снетков А.Ю. Тепловизионие обследование силовых

трансформаторов; `Энергетик~. 2000; №2 ст. 34
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gadmocemulia maRali Zabvis (110-500kv) Zalovani

transformatorebis, avtotransformatorebis da reaqtorebis

Termografiuli gamokvlevebis normebi da pirobebi.

aRwerilia miRebuli Sedegebi da zogadi rekomendaciebi am

saxis gamokvlevebis Casatareblad.

10. Облажин В.А. Тепловизионной контроль при организаций ремонта

электротехнического оборудования по его состоянию; `Электрические станций~

2000 №6 58-63 ст.

gaanalizebulia is defeqtebi, romlebic eleqtroteqnikuri

mowyobilobebis Tbovizoruli gamokvlevebiT da eleqtruli

gazomvebiT gamovlinda da remontis Catarebisas maTi arseboba

dadasturda.

naCvenebia zegierTi saxis defeqtebis gamosavlenad

Tbovizoruli gamokvlevis upiratesoba. agreTve aRniSnulia

eleqtruli gazomvebis Seucvleloba, magram profilaktikis

TvalsazrisiT avtorebma upiratesoba Tbovizorul gamokvlevebs

mianiWes.

2. Sedegebi da maTi gansja

maRali Zabvis mowyobilobebis Tbovizorulma

gamokvlevebma gamoavlina, rom Tburi defeqtebis nawili

eleqtruli movlenebiT aris ganpirobebuli nawili ki siTburi

reJimebis darRvevas ukavSirdeba.

yvelaze farTod gavrcelebul Tbur defeqtebs kontaqturi

SeerTebis gardamavali winaRobis gazrda ganapirobebs. am saxis

defeqtis temperatura datvirTvis denis gazrdiT izrdeba da

umetes SemTxevaSi misi sidide normiT dasaSvebs aRemateba.

xSirad defeqturobis koeficienti avariul defeqtis arsebobaze

miuTiTebs, rac dauyovnebliv unda gamoswordes.

gamacivebeli sistemis da Termosifonuri filtrebis

defeqtebi marTalia araTbur defeqtebs miekuTvnebian, magram

isini normalur saeqspluatacio reJims arRveven, iwveven siTburi
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reJimis darRvevas da avariis ganviTarebis xelsayrel pirobebs

qmnian.

gamokvlevebiT miRebulma Sedegebma aCvena, rom saizolacio

sistemis defeqtebi (Zabvis Semyvanebi, maRali Zabvis

kondensatorebi da zeTiT Sevsebuli amomrTvelebi) SedarebiT

dabali temperaturuli namatiT xasiaTdebian, magram swrafad

ganviTarebad defeqtebs miekuTvnebian da avariis ZiriTad wyaros

warmoadgenen.

eqsperimentaluri gamokvlevebiT dadginda, rom defeqturi

kontaqturi SeerTebis temperaturaze mniSvnelovan gavlenas

axdens datvirTvis denis sidide da qaris siCqare. orive

SemTxvevaSi gamovlinda, rom specialuri formulebiT

temperaturis gamoTvla an temperaturis namatis gansazRvra

temperaturis ufro met sidides iZleva vidre misi

Termografiuli gamokvleviT gazomva. es sxvaoba miT metia rac

metia datvirTvis denis siWarbe nominalurTan SedarebiT.

gamovlinda, rom saeqspluatacio normatiuli dokumentiT

gansazRvruli Termografiuli gamokvlevebis perioduloba

realurTan SedarebiT gadaWarbebulia, radgan es dokumenti

Seqmnilia SedarebiT axali eleqtroteqnikuri mowyobilobebis

saeqspluatacio gamocdilebisgan gamomdinare da CvenTan

arsebuli mowyobilobebis eqspluataciis xangrZlivobas ar

iTvaliswinebs.

aRsaniSnavia isic, rom mravali defeqti saeqspluatacio

normebis darRvevis an moZvelebuli mowyobilobebis

eqspluataciis Sedegad warmoiqmneba da swrafad viTardeba. amis

gamo mizanSewonilad SeiZleba CaiTvalos Termografiuli

gamokvlevis periodulobis TiTqmis orjer Semcireba.

3. eqsperimentaluri nawili

sadisertacio naSromSi Catarda defeqtebis klasifikacia,

moxda maTi Sefaseba siTburi reJimis da siTbos gamoyofis
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TvalsazrisiT, aseve maRali Zabvis eleqtroteqnikuri

mowyobilobebis defeqtebi daiyo siTbogamomyof da

arasiTbogamomyof defeqtebad.

Catarda analizi maRali Zabvis transformatorebSi, Zabvis

SemyvanebSi, sakontaqto SeerTebebSi siTbos gamoyofis da misi

garemoze gadacemis meqanizmis. amasTanave gaviTvaliswineT

atmosferoSi infrawiTeli sxivebis STanTqmis da gabnevis

movlena.

eqsperimentalurad gamokvleuli iqna qvesadgur `foTi-3~-is

35kilovoltiani t-1 transformtoris maRali Zabvis Semyvani

izolatoris dazianebuli kontaqturi SeerTebis temperaturis

damokidebuleba datvirTvis denis sidideze. naCvenebi iqna, rom

datvieTvis simZlavris gazrdiT kontaqtis temperatura izrdeba.

temperaturis ufro mniSvnelovani zrda Sesabamisi formulebiT

angariSisas gamovlinda vidre pirdapiri Termografiuli

gamokvleviT, rac imiT aisxneba, rom simZlavris gazrdiT

gamoyofili siTbosa da garemos Soris siTburi balnsis

damyareba garkveul dros moiTxovs. rodesac datvirTvis

simZlavre nominaluri simZlavris 70%-s Seadgens am or

temperaturas Soris sxvaoba ramodenime gradusia, magram

simZlavris gazrdiT es sxvaoba izrdeba da nominalur

simZlavreze 10 ℃ Seadgens, xolo Tu datvirTvis simZlavre

nominalur simZlavres 10%-iT aRemateba maSin TbovizoriT

gazomil temperaturasa da specialuri formuliT gamoTvlil

kontaqtis temparaturas Soris sxvaoba 13 ℃ aRemateba, rac

mniSvnelovani sididea da praqtikulad gasaTvaliswinebelia.

qvesadgur `Caqvi~-is 110kv e.g.x `cixisZiri~-is saxazo

gamTiSvelis defeqturi kontaqtis magaliTze eqsperimentalurad

Seswavlili iyo kontaqtis temperaturis da kontaqtis

temperaturis namatis damokidebuleba qaris siCqareze.

gamovlinda, rom qaris siCqaris gazrdiT orive es temperatura

mcirdeba, magram rac metia qaris siCqare miT metia am

temperaturebs Soris gansxvaveba.
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maRali Zabvis Semyvanebis da Zalovani kabelebis

saizolacio sistemis defeqtebis gamokvlevam aCvena, rom isini

saizolacio masalis defeqtebiT arian ganpirobebuli. maTi

defeqturobis koeficienti mcire sididis aris, magram TviT

defeqti swrafad ganviTarebadia.

meqanikuri SeerTebis kontaqtis defeqturoba, kontaqtis

gardamavali winaRobis gazrdiT aris ganpirobebuli da

ZiriTadad uxarisxo SeerTeba warmoqmnis.

Termografiuli gamokvlevebiT dadginda, rom gacivebis

sistemis defeqtebs, an zeTsavali arxebis da Termosifonuri

filtrebis zeTis daZvelebis produqtebiT gabidvna warmoqmnis,

an zogierT SemTxvevaSi Sesabamisi farsaketebis gauxsneloba

iwvevs.
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Tavi 1. amocanis dasma

1.1 infrawiTeli sxivebi

1800 wels ingliselma mecnierma v. herSelma sinaTlis

TeTri sxivis prizmaSi daSlis Semdeg gadawyvita am speqtris

calkeuli elementebis Tburi Zala ganesazRvra. amisaTvis is

speqtris yvela ferSi vercxliswylian mgrZnobiare Termometrs

aTavsebda. aRmoCnda, rom yvelaze naklebi energiiT (siTburi

efeqti, Termometris gaTboba) wiTeli sxivebi, xolo metiT

iisferi sxivebi xasiaTdebian, magram Termometrma iisferi

sxivebis gverdi aCvena, rom iyo adamianis TvalisTvis uxilavi

sxivebi _ ultraiisferi, romelic ufro meti energiiT

xasiaTdeboda vidre iisferi [1]. man aseve aRmoaCina, rom wiTeli

sxivebis qvemoTac iyo gamosxivebis TvaliT uxilavi speqtri,

romelsac infrawiTeli sxivebi ewoda. (nax. #1).

nax. #1 herSelis cda

infrawiTeli da ultraiisferi sxivebi sxeulis

gamosxivebis nawilia da is adamianis TvaliT mgrZnobiare xilul

gamosxivebasTan erTad gamosxivdeba. gamomJRavndeba maSin Tu

gamosxivebis speqtridan optikuri saSualebis an sxva

mgrZnobiare xelsawyoTi gamovyobT.

gamokvlevebiT dadginda, rom sinaTlis gamomsxivebeli

sxeulis temperaturis gazrdiT marTalia misi gamosxivebis
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intensivoba izrdeba, magram yvelaze metad es zrda infrawiTeli

gamosxivebis intensivobis matebaSi gamoisaxeba.

infrawiTeli gamosxivebis talRis sigrZe (nax. #2) zogadad

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

radiosixSiruli gamosxivebis ultramokle sxivebis zeda

sazRvriT mTavrdeba (2000 mkm). is Tavis mxriv pirobiTad sam

nawilad iyofa.

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

mikrometramde. is yvelaze axlos aris wiTel gamosxivebasTan;

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

talRebi ufro metad gamoiyeneba praqtikaSi da fizikuri

movlenebis amsaxvels warmoadgens.

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

mikrometramdea da naklebad gamoyenebad speqtrs warmoadgens.

nax. #2 eleqtromagnituri gamosxivebis speqtri

warmoSobis mixedviT, rogorc xiluli aseve infrawiTeli

gamosxiveba SeiZleba iyos:

1. wrfivi, romelsac agznebuli atomi an ioni gamoasxivebs

da mas atomur speqtrs uwodeben (nax. #3 b);

2. uwyveti, rac mTel speqtrSi an mis nawilSi mis arsebobas

(uwyvetobas) niSnavs. aseT speqtrs gamTbari (gaxurebuli) siTxe

an myari sxeuli gamoasxivebs. (nax. #3 a);
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3. speqtris sxvadasxva talRis sigrZeze mcire intervalSi

gamosxivebis speqtris arseboba. aseT gamosxivebas agznebuli

molekula asxivebs da mas infrawiTeli gamosxivebis speqtris

molekulur nawils uwodeben. (nax. #3 g)

a)                     b) g)

nax. #3 infrawiTeli gamosxivebis speqtris saxe
a) uwyveti, b) wrfivi, g) zolovani

arsebobs agreTve am speqtrebis narevi, romelic ori an

ramodenime gamosxivebis wyaros zeddebiT miiReba [2].

rogorc vxedavT nivTierebis sxvadasxva mdgomareobas

infrawiTeli gamosxivebis speqtris sxvadasxva talRis sigrZe

Seesabameba. sxeulis temperaturul mdgomareobas yvelaze kargad

infrawiTeli gamosxivebis uwyveti speqtri asaxavs. gamokvlevebiT

dadgenilia, rom 1 mkm-dan _ 20 mkm-mde talRis sigrZeSi

temperaturis −80 ℃-dan 1200 ℃-mde diapazonSi gamosxivebis

intensivoba garkveuli kanonzomierebiT temperaturis sididis

proporciulia [3].

infrawiTel sxivebs asxivebs yvela sxeuli, romlis

temperatura absolitur nuls aRemateba, rac metia sxeulis

temperatura miT meti intensivobiT asxivebs is infrawiTel

sxivebs da mas zogjer Tbur gasxivebasac uwodeben.

mzis mier kosmosSi gamosxivebuli energiis naxevari

infrawiTel speqtrze modis, xolo volframis spiraliani

varvarebis naTuris gamosxivebis speqtris 70-80% infrawiTel

speqtrs warmoadgens. aseve grafitis eleqtrodebiani ganmuxtvis

rkalis 90% infrawiTeli speqtri warmoadgens. rodesac sxeulis
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temperatura 400 ℃ aRemateba, maSin misi gamosxivebis speqtris

intensivoba 30-80%-mde infrawiTel speqtrSi imyofeba [4].

infrawiTeli gamosxivebis Zlier wyaroebs sxvadasxva saxis

lazerebi warmoadgenen, kerZod helium-neonis lazeri 1,15 da 3,39

mikrometri talRis sigrZis infrawiTeli gamosxivebis wyaroa,

xolo -is lazeri ki 10,6 mkm talRebs asxivebs.

naxevradgamtaruli SenaerTis Insb bazaze Seqmnili myartaniani

lazeri 5 mikrometri talRis sigrZiT xasiaTdeba, xolo wylis

orTqliT Seqmnili lazeri 12 mkm-dan 22 mikrometramde talRis

sigrZis diapazonSi gamosxivebis mravali diskretuli xaziT

xasiaTdeba.

rogorc vxedavT saSualo talRis sigrZeebze (2,5-5 mkm)

infrawiTeli gamosxivebis speqtris is nawili romelic sxeulis

temperaturiT aris ganpirobebuli kargad ukavSirdeba

temperaturas da misi gazrdiT gamosxivebis intensivoba izrdeba.

1.2 infrawiTeli gamosxivebis Tvisebebi

infrawiTeli sxivebi eleqtromagnitur gamosxivebas

miekuTvneba, magram zogierTi TvisebebiT, rogoricaa

gamWvirvaloba, arekvlis da gardatexis koeficientebi

infrawiTeli sxivebi mniSvnelovnad gansxvavdeba xiluli da

ultraiisferi sxivebisgan.

mravali nivTiereba romelic gamWvirvalea xiluli

sxivebisTvis praqtikulad gaumWvirvalea infrawiTeli sxivebis

zogierTi speqtrisTvis, magaliTad wylis ramodenime santimetris

fena praqtikulad ar atarebs infrawiTel sxivebs, romelTa

talRis sigrZe 1 mkm-s aRemateba. xolo Tu amave wylis sisqe 2

milimetrs ar aRemateba maSin is gamWvirvalea.

sxivebi romelTa talRis sigrZe 1,8 mkm-s aRemateba

Tavisuflad gadian. Savi qaRaldi romelic xilul sxivebs ar

atarebs gamWvirvalea infrawiTeli grZeli talRebisTvis.
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zemoTaRniSnuli Tviseba, kerZod nivTiereba, romelic

kargad atarebs infrawiTeli sxivebis TiTqmis mTel speqtrs da

ar atarebs xilul da ultraiisfer sxivebs farTod

gamoiyenebian Suqfiltrebis dasamzadeblad, romelTa

daniSnulebaa gamosxivebis mTeli eleqtromagnituri speqtridan

gamoyos mxolod infrawiTeli sxivebi.

umetesi metalebi myar mdgomareobaSi xasiaTdebian

infrawiTeli gamosxivebis maRali arekvlis unariT. zogjer maTi

arekvlis koeficientis sidide infrawiTel speqtri xilul

speqtrSi sinaTlis sxivis arekvlis koeficients aRemateba da

arekvlis koeficienti talRis sigrZis sididis matebis mixedviT

izrdeba da TiTqmis 100% aRwevs. magaliTad aluminis, oqros,

vercxlis da spilenZis arekvlis koeficienti infrawiTeli

sxivebisTvis romelTa talRis sigrZe 10 mikrometris tolia

98,9% aRwevs.

arametaluri nivTierebebi Txevad da myar mdgomareobaSi

infrawiTel sxivebs araTanabrad aireklaven. arekvlis

koeficientis maqsimums am nivTierebebSi arsebuli qimiuri

kavSirebi da nivTierebis qimiuri Semadgenloba ganapirobebs.

Sesabamisad es Tviseba SeiZleba nivTierebis qimiuri

Semadgenlobis analizisTvis gamoviyenoT.

radgan infrawiTeli sxivis xelsawyoebis praqtikuli

gamoyeneba dedamiwis atmosferos pirobebSi warmoebs, amis gamo

Seswavlili iyo infrawiTeli gamosxivebis mTeli speqtris

dedamiwis atmosferoSi gavlisas sxivebis Sesustebis gamovlena.

aRmoCnda rom sxvadasxva talRis sigrZeze adgili aqvs sxivebis

srul Sesustebas, xolo zogierT talRis sigrZeze Sesusteba

umniSvneloa. TiTqmis ar aRmoCnda anfrawiTeli sxivebis iseTi

talRis sigrZe, romelzec adgili ar qondes Tundac umniSvnelo

Sesustebas (5%), arsebobs iseTi talRis sigrZeebi, sadac

Sesusteba 100%-ia.

atmosferoSi infrawiTeli sxivebis Sesusteba ZiriTadad

sxivebis gabneviT an STanTqmis saSualebiT xdeba.
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atmosferos ZiriTadi komponentebis azotis da Jangbadis

molekulebi infrawiTel sxivebs ar STanTqaven. isini maT

umniSvnelo gabnevas iwveven, amasTanave gabnevis koeficienti

infrawiTeli sxivebisTvis ufro mcirea vidre xiluli

sxivebisTvis, magram atmosferoSi myof wylis orTqls ( ),

naxSirorJangs ( ) da ozons ( ) infrawiTeli sxivebis mimarT

gaaCniaT amorCeviTi STanTqmis unari. aris talRis sigrZeebi

sadac infrawiTeli sxivebis srul STanTqmas aqvs adgili, magram

wylis orTqliT STanTqmas infrawiTeli sxivebis mTel speqtrSi

aqvs adgili, amasTanave talRis sigrZis mixedviT STanTqmis

koeficienti Zlier icvleba. infrawiTeli sxivebis grZel

talRebze Tavs naxSirorJangiT gamowveuli STanTqma iCens.

atmosferoSi arsebuli mtvris nawilakebi, kvamli, wylis

mcire zomis wveTebi aseve damatebiT iwveven infrawiTeli

sxivebis gabnevas, rac Tavis mxriv gamosxivebis Sesustebas

ganapirobebs. am nawilakebis zomis gazrdiT gabnevis koeficienti

izrdeba, xolo nawilakebis mcire zomisas, zomis SemcirebiT

infrawiTeli sxivebis gabnevis koeficienti mcirdeba. rodesac

infrawiTeli sxivebis talRis sigrZe toli an metia nawilakebis

zomebze, maSin gabnevas adgili ar aqvs, magram izrdeba STanTqmis

koeficienti.

nax. #4-ze moyvanilia dedamiwis atmosferoSi infrawiTeli

sxivis gavlis intensivobis damokidebuleba sxivis talRis

sigrZeze. am damokidebulebas atmosferoSi infrawiTeli sxivis

gavlis mruds uwodeben. am mrudidan kargad Cans infrawiTeli

sxivis sruli Sesusteba. aseve axivis umniSvnelo Sesustebis

arec.

nax. #4 atmosferoSi infrawiTeli sxivebis gavlis mrudi
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dedamiwis zedapiris maxloblad saSualo sigrZis

infrawiTel sxivebSi sadac sxivebis intensivobis Semcireba

umniSvneloa e.i. umetesi sxivebi gadis da gasuli sxivebis

intensivoba talRis sigrZis gazrdiT umniSvnelod icvleba

atmosferoSi infrawiTeli sxivebis gamWvirvaleobis `fanjara~-s

uwodeben. rogorc nax #4-dan Cans aseTi mcire zomis `fanjara~ 1

mikrometridan 5 mikrometramde talRis sigrZis infrawiTeli

sxivebisTvis mcire zomisaa da am diapazonSi xuTia. isini mcire

safaris aris da praqtikulad Znelad gamosayenebelia, magram am

diapazonSi SedarebiT didi zomis stabiluri `fanjara~ 3,5

mikronidan 4,2 mikronamde diapazonSia, rac zogierTi tipis

Tbovizorebis ZiriTad muSa an damatebiT diapazons warmoadgens.

yvelaze stabiluri da farTo `fanjara~ 8,0 mikronidan 13

mikronamde talRis sigrZis infrawiTeli sxivebisTvis yvela

tipis infrawiTeli sxivis im xelsawyoebis dasamzadeblad

gamoiyeneba, romlebic atmosferos pirobebSi muSaoben.

nax. #1-ze infrawiTeli sxivis STanTqmis pirveli sami

ubani wylis orTqls miekuTvneba, xolo meoTxe (4,26 mkm)

naxSirorJangs, rac Seexeba STanTqmis farTo speqtrs 5,0

mikrometridan 8,0 mikrometramde is ozonis arsebobiT aris

gamowveuli, romlis raodenoba dedamiwis zedapirze umniSvneloa

da Tu misi warmoqmna xelovnurad ar xdeba (nawilobrivi

ganmuxtva, ozonatri, maRali sixSiris ganmuxtvebi da sxva) maSin

STanTqmis es bolo ubani SeiZleba mxedvelobaSi ar miviRoT.

1.3 infrawiTeli gamosxivebis mimRebi da gardamsaxi

mowyobilobebi

infrawiTeli gamosxiveba an gamosxivebiT ganaTebuli

garemo adamianis TvalisTvis uxilavia, magram bunebaSi arseboben

cxovelebi (qvewarmavlebi), romlebic garkveuli sigrZis

infrawiTel sxivebs aRiqvamen. maTi aRqma egredwodebuli Tburi
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receptorebiT warmoebs, romelTa zomebi ramodenime milimetrs

ar aRemateba da maTze 10 vati simZlavris infrawiTeli

gamosxivebis moqmedeba eleqtrul signals aRZravs, romelic

cxovelis Tavis tvins miewodeba.

cxovelebi, romlebic RamiT nadiroben da dRisiT

damaluli arian infrawiTeli sxivebis mimarT mxedvelobiT

xasiTdebian. maTi Tvali, an Tvalis nawili infrawiTeli

sxivebiT ganaTebul garemos (mTvaris sinaTle) kargad xedaven.

mwerebis (futkari, krazana) xuTi Tvalidan ori

infrawiTeli sxivebis aRqmis funqcias asrulebs da mas `Ramis

Tvalebs~ uwodeben.

aqedan gamomdinare infrawiTeli sxivebis praqtikuli

gamoyeneba da aRqma bunebaSi farTod aris gavrcelebuli da

zogjer xilul speqtrTan SedarebiT efeqturia.

Tanamedrove teqnikaSi infrawiTeli gamosxivebis mimRebi

mowyobilobebi dafuZnebulia sxivebis energiis im saxis inergiad

an signalad gardaqmnaSi, romelic SesaZlebelia Cveulebrivi

saSualebiT gaizomos, aRiqvas adamianis Tvalma an aisaxos

ekranze.

yvela es xelsawyoebi infrawiTeli sxivebis moqmedebiT

nivTierebaSi warmoqmnili cvlilebis aRqmazea dafuZnebuli da

Tbur, optikur, eleqtrul da eleqtro-optikur mowyobilobebad

iyofian.

infrawiTeli sxivebis Tburi mimRebi xelsawyoebi sxivebis

STanTqmiT gamowveuli temperaturis matebas aRricxavs, xolo

infrawiTeli sxivebis fotoeleqtruli mimRebi mowyobilobebSi

sxivebis STanTqmiT an fotodeni warmoiqmneba an

fotoeleqtromamoZravebeli Zala.

infrawiTeli gamosxivebis fotoeleqtruli mimRebebi

Tburi mimRebebisgan gansxvavebiT seleqtiuri (arCeviTi)

TvisebebiT saxiaTdebian, kerZod isini mgrZnobiareni arian

infrawiTeli gamosxivebis speqtris garkveuli talRis sigrZis

mimarT.
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infrawiTeli gamosxivebis aRmosaCeni xelsawyo rogorc

zemoT avRniSneT iyo vercxliswyliani mgrZnobiare Termometri

romelic v. herSelma gamoiyena. is raTqmaunda didi zomiT da

inerciulobiT xasiTdeboda.

teqnikis ganviTarebasTan erTad ganviTarda infrawiTeli

sxivebis aRmqmeli xelsawyoebis teqnikuri maxasiaTeblebi da

dReisaTvis isini Termorezistorebis, bolometrebis da

infrawiTeli sxivis aRmqmeli fotoeleqtruli xelsawyoebis

saxiT arian warmodgenili.

cnobilia, rom naxevradgamtaris winaRoba temperaturis

gazrdiT mcirdeba, xolo Tu naxevradgamtaris akrZaluli zonis

sidide 1 eleqtron volts ar aRemateba, maSin temperaturis erTi

gradusiT matebisas winaRoba SeiZleba ramodenime aTeuljer

Semcirdes. aseTive TvisebiT xasiaTdeba zogierTi

naxevradgamtaruli Tvisebis mqone Jangeulebic (magaliTad

vanadiumis Jangeulebi da an maTi narevi) Tu am Tvisebis

mqone Jangeulis Txel fenas gavukeTebT infrawiTeli sxivebis

mimarT gamWvirvale or eleqtrods, maSin miviRebT Termistors,

romelsac Tu mivawodebT mcire sididis mudmiv Zabvas da wredSi

CavrTavT rezistors, romelzec Zabvis vardnis gazomvas

movaxdenT maSin infrawiTeli sxivebis intensivobis cvlilebiT

proporciulad Seicvleba rezistorze Zabvis vardna, romlis

registraciiT SeiZleba infrawiTeli sxivebis aRricxva.

Termistorebis erT-erT nairsaxeobas bolometrebi

warmoadgenen, romlebic maRali mgrZnobiarobiT da

swrafmoqmedebiT xasiaTdebian.

Termistorebis da bolometrebis erT-erTi ZiriTadi

maxasiaTebelia misi winaRobis temperaturaze damokidebuleba,

romelic Cveulebriv kordinatTa sistemaSi eqsponencialur saxes

atarebs da temperaturis gazrdiT winaRoba mcirdeba. es

gamowveulia imiT, rom naxevradgamtarul masalebSi

temperaturis gazrdiT denis matareblebis ricxvi

eqsponencialurad izrdeba e.i. winaRoba amave kanoniT mcirdeba.
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Tu am damokidebulebas logariTmul kordinatTa sistemaSi

ganvixilavT aRmoCndeba, rom Termistoris an bolometris

winaRobis sididis logariTmis mniSvneloba temperaturis

gazrdiT sworxazovnad mcirdeba (nax. #5). es movlena

infrawiTeli sxivis aRricxvis mowyobilobebis Sesaqmnelad

gamoiyeneba [5].

270 370 470 RT,

1

10

210

310

410

OMR,

5,1 5,2 3 1
3

,
10 K
T

nax. #5 Termistoris temperaturuli maxasiaTebeli

aseT xelsawyoebs Semdegi maxasiaTeblebi gaaCniaT.

1. mgrZnobiaroba. anu temperaturis 1 °-iT cvlilebisas

winaRobis cvlileba, es igivea rac winaRobis temperaturuli

koeficienti, romelic Semdegi formuliT gamoiTvleba [6].= ∙ (1)

Tu naxazi #5-ze moyvanil monacemebs gamoviyenebT, maSin= 5 ∙ 10 omi, = 1 omi, = 570° xolo = 270° e.i.

= ∙ ∙ = −0,003 (2)

rogorc vxedavT Termistoris winaRobis temperaturuli

koeficienti uaryofiTia da temperaturis 1 kelviniT gazrdisas
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misi winaRoba 0,3-iT mcirdeba. Tu gaviTvaliswinebT, rom

winaRobis (an denis) sididis Tanamedrove gamzomi xelsawyoebi

maxasiaTeblis 0,01%-iT cvlilebas aRiqvamen, maSin SesaZlebelia

iseTi Termistorebi (bolometrebi) damzaddes romelTa

mgrZnobiaroba temperaturis mixedviT 0,003 ℃ Seadgens. magram Tu

gaviTvaliswinebT Sesrulebis sirTules maSin es sidide 0,03 ℃
Seadgens. rac teqnikis Tanamedrove moTxovnebs srulebiT

akmayofilebs.

2. Termistoris drois mudmiva, es is droa romlis

ganmavlobaSi Termistoris temperatura 63%-iT (e-jer) icvleba

temperaturis 100 ℃ -iT cvlilebisas. es niSnavs, rom Tu

Termistors 120 ℃ temperaturis garemodan 20 ℃ mqone garemoSi

gadavitanT, maSin ra drois ganmavlobaSi misi temperatura 63 ℃-

iT Semcirdeba. Tanamedrove Txelfeniani TermistorebisTvis es

dro 0,04-wamidan 14 wamamde icvleba.

3. Termistoris maqsimaluri dasaSvebi temperatura. es is

maqsimaluri temperaturaa, romlis moqmedebiTac Termistoris

naxevradgamtaris Txel fenaSi adgili ar aqvs naxevradgamtaris

fenis eleqtroTbur garRvevas. sxvadasxva tipis

naxevradgamtaruli masalisTvis es temperatura 250 ℃-dan 1300 ℃-

mde icvleba. Sesabamisad ansxvaveben Termistorebs

dabaltemperaturuls muSa temperaturiT 250 ℃-mde, saSualo

temperaturuls 550 ℃ da maRaltemperaturuls > 550 ℃.

amasTanave infrawiTeli sxivis xelsawyoebs gaaCniaT specialuri

damcavi fena maRali temperaturis moqmedebiT dazianebisagan

dasacavad.

4. maqsimaluri dasaSvebi simZlavre. es is Tburi energiaa

romelsac Termistori iRebs infrawiTeli sxivis zemoqmedebiT

da masSi gamavali deniT gamoyofili siTbos saxiT. am energiis

Sesamcireblad Termistorebs zogjer gamcivebel mowyobilobas

an damcav fenas ukeTeben.
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5. Termistoris energetikuli mgrZnobiarobis koeficienti

gviCvenebs Tu ra simZlavrea saWiro, rom Termistoris winaRobis

sidide 1%-iT Seicvalos. rac mcirea misi mniSvneloba miT

mgrZnobiarea Termistori. maRali mgrZnobiarobiT gamoirCevian

dabaltemperaturuli Termistorebi. imisaTvis, rom gamoiricxos

garemos temperaturis gavlena Termistoris winaRobis sidideze

aucilebelia garemos temperaturis cvlilebis konpensacia,

amisTvis or Termistors erTnair garemoSi aTavseben. erTi

gamzoms warmoadgens, xolo meore makompensirebels (nax. #6).

TermistorTa aseT kombinacias bolotometrs uwodeben.

476
1 2 35

nax. #6 bolotometris sqema

eleqtrosaizolacio masalis zedapirze (4) vercxlis Txel

gamtar fenaze (5) dafenilia naxevradgamtaris erTmaneTisgan

izolirebuli (7) ori fena (6). romlebsac infrawiTeli

sxivebisadmi gamWvirvale metalis eleqtrodebi (1 da 2 Sesabamisi

gamomyvanebiT) gaaCnia. erT-erTi maTgani, romelic

makompensirebel Termistors warmoadgens daculia infrawiTeli

sxivebis zemoqmedebisagan da misgan gamomavali signali, romelic

2 da 3 gamomyvans Soris warmoiqmneba mxolod garemos

temperaturis cvlilebiT icvleba da xelsawyos garemos

kompensaciis sqemas miewodeba, xolo meore gamzom Termistorze

infrawiTeli sxiviT warmoqmnili signali 1 da 3 eleqtrods

Soris aRiZvreba da mas gamzom bolotometrs uwodeben. es

signali gazomvis sqemas miewodeba.
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amdagvarad infrawiTeli sxivis xelsawyoebs romelic erTi

bolotometrisgan mainc Sedgeba minimum sami eleqtrodi gaaCnia.

1.4 infrawiTeli sxivebis xelsawyoebis gamoyeneba

infrawiTeli sxivis xelsawyoebi farTod gamoiyeneba

teqnikaSi, medicinaSi, samxedro da saxalxo meurneobis sxva

dargebSi.

yvela es xelsawyo dafuZnebulia adamianis Tvalisadmi

SeugrZnobeli infrawiTeli sxivebis aRmoCenaze, misi

intensivobis gazomvaze, siTburi veli ganawilebis suraTis

adamianis Tvalisadmi aRqmad speqtrSi gardaqmnaze da

Sesabamisad gamosaxulebis miRebaze. Tanamedrove kompiuteruli

teqnika saSualebas iZleva gamosaxulebis nebismier wertilze

(piqselze) ganvsazRvroT sxeulis temperatura. es ki `cxeli

wertilis~ aRmoCenis saukeTeso saSualebaa.

zogierT SemTxvevaSi infrawiTeli gamosxivebis wyaroebis

saSualebiT (infrawiTeli sxivis lazeri) obieqts specialurad

aSuqeben, amasTan erTad mas infrawiTeli sxivis kameriT

akvirdebian. es saSualebas iZleva aramarto defeqtebi

gamovavlinoT, aramed adamianis TvalisTvis SeumCneveli obieqti

gaxdes xiluli. am saxis xelsawyoebi ZiriTadad samxedro

daniSnulebis an Tbur mikroskopiaSi gamoiyeneba. [11]. samxedro

saqmeSi infrawiTeli sxivis xelsawyoebi gamoiyeneba Ramis

mxedvelobis xelsawyoebis, Tburi pelengatorebis, infrawiTeli

sxiviT damiznebis xelsawyoebis da sxva mravali mowyobilobebis

Sesaqmnelad.

gamosxivebis speqtris infrawiTel diapazonSi Seswavla

saSualebas iZleva nivTierebaSi an garemoSi iseTi minarevebi

aRmovaCinoT, romlis gamovlena Cveulebrivi qimiuri analiziT an

sxva meTodebiT SeuZlebelia. am meTods infrawiTeli sxivis

speqtroskopias uwodeben.
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temperaturis moqmedebiT detalebis struqturis

cvlilebas an deformacias didi mniSvneloba aqvs aviaciaSi. amis

gamo raketis an TviTmfrinavis zedapirs infrawiTeli sxivebiT

aTboben da Semdeg am zedapiris gamosxivebis speqtris SeswavliT

defeqtebs gamoavlenen [12].

eleqtroteqnikuri mowyobilobis siTbogadacemis da siTbos

ganawilebis suraTis Seswavlis mizniT eleqtroteqnikuri

mowyobilobis gragnilSi sanam mas avzSi moaTavseben dens

gaatareben da gamoiwveven mis gaTbobas (70 − 90 ℃-mde) ise, rom

temperatura dasaSvebs ar aRematebodes da Semdeg xdeba siTbos

ganawilebis da garemoze gadacemis suraTis Seswavla. am

meTodiT gamovlindeba is ubnebi sadac siTbos intensiuri

gamoyofa xdeba an garemos siTbo cudad gadaecema. aseTi

gamokvlevis Catareba rodesac transformatoris gragnili

avzSia moTavsebuli praqtikulad SeuZlebelia [13].

didi simZlavris Zravebs an generatorebs normaze metad

datvirTaven da gamoyofili siTbos garemoze gadacemis proces

misi zedapiris an Sublur nawilSi temperaturis ganawilebis

suraTis cvlilebiT ikvleven [14].

amomrTvelebis an gamTiSvelebis kontaqtebis mdgomareobis

Sefasebis mizniT maTSi 1,5-jer meti sididis dens atareben da

rodesac kontaqtis temperatura maqsimalur sadaSveb

mniSvnelobas miaRwevs denis sidides nominaluramde amcireben da

kontaqtis mTel zedapirze siTbos ganawilebis erTgvarovnebas

ikvleven, raTqmaunda siTbos gadacemas da konveqciasac

iTvaliswineben. amiT kontaqtis eqspluataciaSi Seyvanamde

gamokvleva xdeba. es meTodi ZviradRirebulia, magram zemaRali

Zabvis mowyobilobebis gamokvlevis mizniT aucilebelia da

farTod gamoiyeneba am saxis mowyobilobebis warmoebaSi [15].

eleqtromowyobilobaSi gamoyenebuli myari saizolacio

masalebi rogoricaa eleqtroteqnikuri qaRaldi da muyao,

SedarebiT dabali siTbomedegobiT da siTbogamtarobiT

xasiaTdeba vidre mowyobilobis aqtiuri nawilis Sesaqmnelad
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gamoyenebuli metalis detalebi. amisgamo maTSi siTbos gamoyofa

(dieleqtrikuli danakargebis saxiT) da garemoze gadacema metad

aqtualuria. am movlenis Seswavlis da am masalebiT Seqmnili

saizolacio konstruqciis defeqtebis gamovlenis mizniT maT

zedapirze siTburi velis suraTis Seswavlas didi mniSvneloba

eniWeba. es meTodi ZiriTadad sazRvargareTis sawarmoebSi

gamoiyeneba da aucilebel meTodad iTvleba [16, 17].

maRali Zabvis mzomi transformatorebis avzi keramikis

izolators warmoadgens. maTSi transformatoris zeTi mxolod

bunebrivi konveqciis saSualebiT moZraobs da siTbo garemos

ZiriTadad avzis zeda nawilebidan gadaecema. radgan keramika

metalTan SedarebiT cudi siTbogadacemiT xasiaTdeba. amitom

aucilebelia axladSeqmnili konstruqciis siTbogadacema

Semowmdes. adre am Semowmebas zedapirze ganlagebuli ramodenime

aseuli Termowyvilis saSualebiT axdendnen. dReisaTvis ki am

mizniT infrawiTeli sxivis kamerebi gamoiyeneba [18].

1.5 Tbovizoruli kamerebi da maTi gamoyeneba

energetikaSi

Tbovizori warmoadgens xelsawyos, romelic iRebs Tbur

gamosaxulebas infrawiTeli sxivis speqtrSi gamosakvlev

obieqtze pirdapiri kontaqtis gareSe da mas specialuri

mowyobilobis saSualebiT ekranze xilul speqtrSi aRbeWdavs.

Tbovizoris pirveli nimuSi romelic ser viliam herSelis

Svilma ser jorj herSelma 1840 wels daamzada evapografi

ewodeboda. gamosaxulebis formireba xdeboda muqi minis

firfitaze, romelic advilad aorTqlebadi siTxis – wylis an

zeTis Txeli feniT iyo dafaruli. rodesac aseT zedapirs

obieqtidan wamosuli infrawiTeli sxivebi ecema, is adgilebi,

romlebsac meti sxivebi anaTebs siTxe metad orTqldeba da
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minaze obieqtis gamosaxuleba warmoiqmneba. aseTi gamosaxulebis

mdgradoba ekranze mcirea da kontrastic naklebi aqvs.

1880 wels astronomma semuel lenglim gamosaxulebis

misaRebad bolotometrebis sistema gamoiyena da Tanamedrove

Tbovizoris winamorbedi xelsawyo Seqmna, romelic 300 metr

manZilze cocxali arsebis temperaturas grZnobda, magram

gamosaxulebis xarisxi ufro naklebi qonda vidre evapografs. is

infrawiTeli sxivebiT bolotometris winaRobis cvlilebas

aRiqvamda da ufro metad obieqtis aRmosaCenad iyo gamosadegi

vidre gamosaxulebis misaRebad. lenglis am mowyobilobam

TiTqmis 100 wlis ganmavlobaSi cvlileba ar ganicada, radgan

infrawiTeli gamosaxulebis xilul speqtrSi gardaqmna

gaZnelebuli iyo.

am problemis gadaWras mikroeleqtronikis ganviTarebam da

axali naxevargamtaruli masalebis Seqmnam Seuwyo xeli.

amasTanave am tipis xelsawyoebis ganviTarebaSi didi roli

Seitana samxedro daniSnulebiTY maTma gamoyenebam. gasuli

saukunis bolomde Tbovizorebis ZiriTadi momxmareblebi

samxedroebi iyvnen.

arasamxedro daniSnulebis TbovizorebSi infrawiTeli

sxivis mimRebs specialur kafsulaSi moTavsebuli SekumSuli an

gaTxevadebuli airi warmoadgenda. aseTi sistema specialuri

gamacivebel mowyobilobas an Txevadi azotiT gacivebas

moiTxovda. is ki Tbovizorebis gamoyenebis efeqturobas

mniSvnelovnad amcirebda.

gasuli saukunis 80-iani wlebis bolos SeerTebul

StatebSi da evropaSi samxedroebma sayofacxovrebo

daniSnulebisTvis SesaZlebeli gaxades infrawiTeli

gamosaxulebis matriculi mimRebi, rasac manamde saidumlod

inaxavdnen.

gamosaxulebis matriculi mimRebi (FPA) moTavsebulia

linzebis fokalur sibrtyeSi da Sedgeba marTkuTxa formis

infrawiTeli sxivis mimRebi elementebisagan. infrawiTeli sxivis
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moqmedebiT calkeuli elementi an winaRobas icvlis an masze

mcire sididis eleqtruli signali aRiZvreba. erT-erTi aseTi

elementis gadidebuli fragmenti nax. #7-zea naCvenebi.

gamosaxulebis am umcires nawils piqsels uwodeben.

nax. #7 matricis elementi

TbovizorebSi matriculi elementebis gamoyenebam misi

zomebi gacilebiT Seamcira da gamosaxulebis xarisxi

mniSvnelovnad gaaumjobesa.

Tanamedrove Tbovizorebis infrawiTeli gamosxivebis

mimRebi matricis zomebi 16X16-dan 640X480 piqselamde icvleba.

xolo specialuri daniSnulebis matricis 1200X1000 piqsels

aRemateba. pirveli ricxvi vertikalur svets, xolo meore

horizontaluri xazebis im raodenobas migviTiTebs romelic

displeize (ekranze) gamoisaxeba. magaliTad matrica zomebiT

160X120 piqseli displeize 19200 piqseliT gamoisaxeba. rac metia

farTis erTeulze piqselebis ricxvi miT metad mkafioa

gamosaxuleba, magram miT met maRali mgrZnobiarobis mqone

elements moiTxovs. aseTi elementebis mqone matricis damzadeba

rTul teqnologias moiTxovs. rac Tbovizoruli mowyobilobebis

Rirebulebas ganapirobebs. nanoteqnologiis ganviTarebam da

Tanamedrove programulma uzrunvelyofam mniSvnelovnad
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Seamcira matricis Rirebuleba da gaaumjobesa gamosaxulebis

xarisxi [19].

matricis elementebis infrawiTeli sxivis mimarT

mgrZnobiaroba sakmaod maRalia da dReisaTvis 0,005 ℃ Seadgens,

raTqmaunda arsebobs ufro maRali mgrZnobiarobis (< 0,01 ℃)
Tbovizorebi, magram isini specialuri daniSnulebis da

ZviradRirebulebi arian.

nax. #8 TbovizoriT gamosaxulebis formireba

obieqtidan wamosul infrawiTel sxivebs Tbovizoris

optikuri sistema afokusirebs fokalur sibrtyeSi ganlagebul

mimReb matricaze (nax. #8), romlis calkeuli elementi (piqseli)

gascems eleqtrul signals, an masze infrawiTeli sxivebis

moqmedebiT aRZruli potencialis saxiT (fotoefeqtis analogi)

an misi winaRobis cvlilebiT (fotowinaRobis analogi).

warmoqmnil signals Tbovizoris eleqtronuli

mowyobiloba aRiqvams da Sesabamis ferebSi ekranze Termogramis

saxiT warmoaCens.

Termograma es gamosakvlevi obieqtis gamosaxulebaa,

romelic programulad damuSavebulia da obieqts sxvadasxva

intensivobis infrawiTel gamosxivebas programulad

gradirebuli (dayofili) adamianis Tvalisadmi mgrZnobiare
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speqtrSi warmoadgens. es speqtri ZiriTadad sxvadasxva

simkveTris wiTeli feria, radgan is temperaturasTan kargad

asocirdeba.

imisaTvis, rom infrawiTeli speqtris gamosaxuleba xilul

gamosaxulebas kargad SeuTavsdes Tbovizorebi aRWurvilia

infrawiTeli TvaliT da xiluli speqtris mimRebi kamerebiT,

rac Tbovizoris gamoyenebis efeqturobas zrdis.

Tbovizorebis maxsovrobis elementebiT aRWurva ramodenime

aseuli obieqtis gamosaxulebis Senaxvis da misi Semdgomi

damuSavebis saSualebas iZleva. rac erTi samuSao dRis

ganmavlobaSi uwyvet muSaobas uzrunvelyofs.

energosistemebSi Tbovizorebis gamoyenebam ukanaskneli aTi

wlis ganmavlobaSi didi progres miaRwia da dReisaTvis is

dauzianebeli diagnostikis erT-erT Seucvlel meTodad iTvleba.

Seiqmna mravali meToduri miTiTebebi da saxelmZRvanelo

normatiuli dokumentebi [20].

1.6. Tavi 1-is mimarT daskvnebi

1. nebismieri sxeulis temperatura Tu 0° aRemateba, maSin

mas gaaCnia am temperaturis Sesabamisi gamosxiveba infrawiTel

speqtrSi. romlis intensivobis gazomviT SesaZlebelia sxeulis

temperaturis dadgena.

2. infrawiTeli sxivis gavrcelebas atmosferoSi Tan

axlavs misi STanTqma atmosferoSi arsebuli wylis orTqlis,

naxSororJangis da mtvris nawilakebis mier. yvelaze metad

daculia STanTqmisagan (Sesustbisgan) infrawiTeli sxivebi,

romlis talRis sigrZe 8 mikronidan 15 mikronamdea.

3. energetikaSi gamoyenebuli Tbovizorebis muSaobis

talRis sigrZe 6 mikronidan 15 mikronamdea da maTi

temperaturisadmi mgrZnobiaroba 0,05 ℃ ar aRemateba.
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4. infrawiTeli sxivis mimRebi matriculi elementebis

gamoyenebam mniSvnelovnad gaaumjobesa gamosaxulebis xarisxi,

Seamcira Tbovizorebis wona da Rirebuleba.

5. bolo wlebis gamocdilebiT SeiZleba iTqvas, rom

energetikuli obieqtebis Tbovizoruli gamokvleva mniSvnelovani

progresia energetikuli obieqtebis winaswari profilaqtikuri

diagnostikis, zrdis maTi muSaobis saimedobas da esqpluataciis

xangrZlivobas.
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Tavi 2. eleqtroteqnikuri mowyobilobebis

defeqtebis aRmoCenis eleqtruli meTodebi

eleqtroteqnikuri mowyobilobebis Tbovizoruli

gamokvleviT im defeqtebis aRmoCena SeiZleba, romlebic

eleqtruli maxasiaTeblebis cvlilebas da siTbos gamoyofas

iwveven. es defeqtebi rogorc wesi wertilovani an mcire zomis

arian. magram Tu defeqti mTel moculobaSia ganawilebuli

magaliTad saizolacio sistemis dieleqtrikuli danakargebis

normaze metad gazrda an winaRobis Semcireba, maSin misi

gamovlena mxolod eleqtruli gazomvebiT SeiZleba da

Tbovizoruli gamokvleviT is ar gamoCndeba [7].

eleqtruli gazomvebiT ki iseTi defeqtebis gamovlena

romelic zeTis moZraobasTan an siTbos gadacemis defeqtebTan

arian dakavSirebuli praqtikulad SeuZlebelia. amitom

eleqtruli meTodebiT da Tbovizoruli gamokvlevebiT

eleqtroteqnikur mowyobilobebSi defeqtebis gamovlena

urTierT Semavsebeli meTodebia da eleqtroteqnikuri

mowyobilobebis Sesaxeb srul informacias iZleba.

eleqtruli gazomvebis Catarebisas aucilebelia

mowyobilobis eqspluataciis Sewyveta qselidan gamorTva,

salteebis moxsna, rac Tbovizoruli gamokvlevisTvis saWiro ar

aris, magram Tbovizoruli gamokvleviT gamovlenili defeqtebis

arsebobis dasadastureblad eleqtruli gazomvebis Catareba

aucilebelia

2.1 saizolacio sistemis maxasiaTeblebis

eleqtruli gazomva

eleqtroteqnikuri mowyobilobebis saizolacio sistema

gare izolaciis (Zabvis Semyvanebis faifuri, haeri) da izolaciis

Siga nawilisgan Sedgeba. es ukanaskneli ki Tavis mxriv Txevadi
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(satransformatoro zeTi) da myari (ZiriTadad eleqtroteqnikuri

qaRaldi da muyaos) saizolacio masalebis erTobliobas

warmoadgens.

saizolacio sistemaSi warmoqmnili defeqti mTeli

eleqtroteqnikuri mowyobilobis saimedo muSaobis Semcirebas

ganapirobebs da defeqtis ganviTarebis SemTxvevaSi is avariaSi

gadaizrdeba.

saizolacio sistemis maxasiaTeblebis eleqtruli gazomvis

sqemis saxeebi da Sesruleba realur pirobebSi damokidebulia

gasazom obieqtTan eleqtrul kavSiris damyarebis

SesaZleblobaze.

cnobilia, rom nebismieri saxis eleqtruli gazomva, rom

movaxdinoT gasazom obieqtze unda vimoqmedoT garkveuli

sididis ZabviT da gavzomoT am obieqtSi gamavali denis sidide.

e.i. gasazomi obieqti CavrToT eleqtrul wredSi. am mizniT

aucilebelia obieqtTan eleqtruli kavSiri or sxvadasxva

mxares davamyaroT.

3

2

1

3

2
1

3

2
1

a b g

nax. #9 eleqtruli gazomvis SesaZlebeli sqemebi

1 - Zabvis wyaro;

2 - gasazomi obieqti;

3 - gamzomi xelsawyo;
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nebismieri eleqtruli gazomvis sqema (nax. #9) yovelTis

Seicavs Zabvis wyaros 1, gasazom obieqts 2 da gamzom xelsawyos

3.

am komponentebis urTierTganlagebis mixedviT ansxvaveben

gazomvis pirdapir sqemas a), gadabrunebuli sqemis b) da

ukumimdevrobiT sqemas g). imis mixedviT Tu ra mdgomareobaSia

gasazomi obieqti, misi erTi gamomyvani damiwebulia Tu ara, an

orive Tavisufalia, eleqtruli gazomvis sxvadasxva sqemas

iyeneben.

pirdapiri sqema (a) gamoiyeneba rodesac gasazomi obieqtis

orive momWeri an eleqtrodi Tavisufalia da SesaZlebelia

eleqtruli kavSiris damyareba. am SemTxvevaSi misi wyaros 1,

romlis erTi bolo damiwebulia, xolo meore bolo specialuri

kabelebiT dakavSirebulia gasazom obieqtTan 2, romelic

ukavSirdeba gamzom xelsawyos 3. aseTi sqema gamoirCeva didi

sizustiT da iTvleba klasikur sqemad [8].

gadabrunebuli sqema (b) gamoiyeneba im SemTxvevaSi rodesac

obieqtis erTi eleqtrodi Tavisufalia da meore damiwebulia. am

SemTxvevaSi Zabvis wyaro 1 romlis erTi gamomyvani damiwebulia

ukavSirdeba gamzom xelsawyos 3, romelic dakavSirebulia

gasazomi obieqtis Tavisufal eleqtrodTan, es sqema saizolacio

sistemis gazomvaSi xSirad gamoiyeneba, magram mas gaaCnia mTeli

rigi uaryofiTi mxareebi. gamzomi xelsawyo uSualod imyofeba

maRali Zabvis qveS, amis gamo aseT pirobebSi muSaoba moiTxovs

garkveuli wesebis dacvas. agreTve gamzom xelsawyoebSi gvxvdeba

ufro meti parazituli denebi vidre wina sqemebSi.

ukumimdevrobis sqema (g) analogiuria pirdapiri sqemis

amitom gamzomi xelsawyo CarTulia maRali Zabvis damiwebis

sqemaSi. gamoirCeva naklebi sizustiT, saSiSia masTan muSaoba da

iSviaTad gamoiyeneba.

nebismieri gazomvis sqema romelic dakavSirebulia maRal

ZabvasTan didi winaaRmdegobis gazomvasTan, sxvadasxva

zemoqmedebas ganicdis. aseTia eleqtruli da magnituri velebi.
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isini aRZraven parazitul denebs. agreTve gazomvis sqemaSi

warmoiqmneba damatebiT wredi, romlebic parazitul denebs

warmoqmnian da zrdian cdomilebebs. am mxriv yvelaze daculia

pirdapiri gazomvis sqema [9].

ukumimdevrobis sqema gamoiyeneba im SemTxvevaSi rodesac

gasazomi obieqti da Zabvis wyaro erTmaneTTan dakavSirebulia,

xolo gamzomi xelsawyo moxerxebulia CavrToT Zabvis wyaros

damiwebis wredSi, am dros parazituli winaaRmdegobebi

warmoiqmneba.

Zalovani transformatoris saizolacio sistema, rogorc

komponentebis, aseve calkeuli detalebis urTierT dakavSirebul

rTul sistemas warmoadgens. masSi garkveuli kanonzomierebiT

erTmaneTs enacvleba myari da Txevadi dieleqtriki. myari

dieleqtriki ZiriTadad warmodgenilia eleqtro teqnikuri

qaRaldis an muyaos saxiT. xolo Txevad dieleqtriks

transformatoris zeTi warmoadgens. am sami komponentis

urTierT ganlageba gvaZlevs qaRald-zeTian da zeT-barierul

saizolacio sistemas [7].

saizolacio sistemaSi calkeuli komponentis raime

saSualebiT gamoyofa an misi maxasiaTeblebis Sefaseba

praqtikulad SeuZlebelia da gazomvebisas mTlian sistemis

eleqtrul maxasiaTeblebs vzomavT.

იზ.-is iTvaliswinebs calkeul komponentebs kuTr

moculobiT da zedapirul winaaRmdegobas da aq SeuZlebelia

romelime maTganis gamoyofa. radgan mudmivi Zabvis moqmedebiT

polarizaciis deni TandaTan mcirdeba da am Semcirebis xasiaTze

gavlenas axdens izolaciis mdgomareoba. amitom saerTaSoriso

eleqtruli komisiis rekomendaciiT miRebulia ganisazRvros

saizolacio sistemis winaaRmdegoba Zabvis mowodebis dawyebidan

15 wamis Semdeg. mas aRniSnaven: ZiriTad gamosaval kriteriums

warmoadgens da mas izolaciis winaaRmdegobas mudmivi denis

mimarT uwodeben. izolaciis mdgomareobis Sesafaseblad,
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SemoyavT koeficienti = da mas absorciis koeficients

uwodeben. Tu izolacia mSralia an naklebi raodenobis tens

Seicavs, maSin polarizaciis procesi swrafad damyardeba da ≥1.3.
cnobilia, rom Zalovani transformatoris saizolacio

sistemis winaaRmdegoba eleqtruli velis mcire daZabulobis

SemTxvevaSi sustad aris damokidebuli velis daZabulobaze.

amitom gadawyda, rom gazomvebi Caataron garkveuli Zabvis

sidideze romelic ra Tqma unda normalur Zabvaze naklebia. am

mizniT Seiqmna sxvadasxva saxis xelsawyoebi, romlebic didi

winaaRmdegobis gasazomad gamoiyenebian da megaommetrebs

uwodeben.

megaommetri eleqtrul xelsawyos warmoadgens, romelic

izolaciis winaaRmdegobis gasazomad gamoiyeneba. Tanamedrove

megaommetrebs didi winaaRmdegobis gazomva SeuZliaT 10 ÷ 10
omi. amis gamo misi gazomvis diapazoni dayofilia sxvadasxva

safexurebad. miuxedavad amisa erT safexurs uwevs sakmaod did

diapazonSi muSaoba da gamzomi xelsawyos skala didi rom ar

gamovides mas mimdevrobiT CarTuli aqvs malogariTmebeli

elementi (kerZod diodi) ris gamoc skala arawrfivia. amis garda

izolaciis winaaRmdegoba SeiZleba Zalian mcire an didi iyos,

imisTvis, rom davicvaT xelsawyo mcire droiTi didi denebis

zemoqmedebisgan mas mimdevrobiT CarTuli aqvs denis SemzRudi

winaaRmdegoba შემზ. (nax. #10)

Sem.R
0

Э

XR
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nax. #10 megaommetris gamartivebuli eleqtruli sqema



48

megaommetri Sedgeba Zabvis wyarosagan, romelic gazomvis

sqemas awvdis mudmiv gamarTul U Zabvas, romlis sidide SeiZleba

iyos 100, 200, 500, 1000, 2500, 5000, 10000 volti. imisdamixedviT Tu

ra Zabvaze muSaobs gamosacdeli mowyobiloba SeirCeva Sesabamisi

gamocdis Zabva. rogorc wesi wyaros gamomavali minusi, romelic

ukavSirdeba  megaommetris `minus~ momWers umetes SemTxvevaSi

damiwebulia (pirdapiri sqema), xolo pliusi 0 wertilSi or

Stod iyofa. erTi შემზ.-is saSualebiT momWers ukavSirdeba,

xolo meore ukavSirdeba ekrans Э. rogorc vxedavT da Э

momWerebs erTi da igive potenciali aqvs.

ekrani saSualebas gvaZlevs erTi da igive potencialis

zemoqmedebis qveS movaqcioT gasazomi da parazituli

winaaRmdegoba, magram ekranis wredSi gamavali deni ar xvdeba

gazomvis wredSi. amiT gazomvis sizuste izrdeba.

gazomvisas SemzRudi winaaRmdegobaze yovelTvis modis

garkveuli sididis Zabvis vardna, xolo Zabvis იზო.-ze
umniSvneloa, magram Tu es ori winaaRmdegoba erTmaneTTan

sididiT axlos arian, maSin შემ.-ze meti Zabva modis da gazomvis

cdomilebac izrdeba. Sesabamisad unda moxdes Zabvis

koreqtireba, rasac Tanamedrove megaommetrebi avtomaturad

axerxeben.

radganac sxvadasxva tipis megaommetrebs SemzRudi

winaaRmdegoba gansxvavebuli sididis aqvs, amitom sxvadasxva

tipis megerebiT miRebuli sidideebis erTmaneTTan Sedarebisas es

gansxvaveba gaTvaliswinebuli unda iyos.

saizolacio sistemis dieleqtrukuli danakargebi da

sistemis eleqtruli tevedoba urTierTdakavSirebuli

parametrebia da maTi gazomva cvladi Zabvis Seringis bogiris

saSualebiT xdeba. romelic oTxi mxarisgan Sedgeba da es

mxareebi kraven sakvanZo wertilebs ABCD (nax. #11).
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nax. #11 cvladi Zabvis bogiris eleqtronuli gamartivebuli sqema

A da B wertilebs Soris CarTulia wonasworobis maCvenebeli

galvanometri. Tu rogoria gazomvis sqema D da C wertilebi

SeiZleba sxvadasxva potencialis qveS iyos. AC mxareSi

yovelTvis CarTulia gasazomi tevadoba . CB mxareSi CarTulia

etalonuri kondensatori, etalonuri tevadobiT, romelsac

praqtikulad danakargebi ar gaaCnia da misi tevadoba ar aris

damokidebuli Zabvaze da tamperaturaze. AB mxareSi CarTuli

cvladi sididis winaaRmdegoba, xolo BD mxareSi CarTulia

mudmivi sididis winaaRmdegoba, romlis sidide gazomvis

diapazonis mixedviT SeirCeva. -is paralelurad CarTulia

cvladi tevadoba. -sa da -is kombinacia gvaZlevs -s

mniSvnelobas, xolo -is saSualebiT gamoiTvleba gasazomi

obieqtis tevadoba .

gazomvis sizustis da diapazonis gafarToebis mizniT

winaaRmdegoba da tevadoba mraval safexuriania.

rodesac C-s sistemis utoldeba, xolo

winaaRmdegobis da tevadobis, sidideebi garkveuli

koeficientiT utoldeba -is tevadobas, maSin cvladi Zabvis
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bogiri wonasworobaSia da A da B wertilebs Soris potencialTa

sxvaoba 0-is tolia e.i. galvanometri Г gviCvenebs nols.

gazomvis sizustis gazrdis mizniT galvanometrs gaaCnia

mravalsafexuriani gamaZlierebeli, rac saSualebas gvaZlevs

didi sizustiT gavzomoT -is sidide.

izolaciis dazianebis da gadafarvis Sedegad A da B

wertilebi SeiZleba aRmoCndes maRali Zabvis potencialis qveS.

amis gamo A da B wertilebs mierTebuli aqvT ganmuxtvelebi da

misi erTi bolo damiwebulia [8].

gazomvis Catareba xdeba sqemis akrefis da misi sisworis

darwmunebis Semdeg. maRali Zabvis wyarodan gamosacdel obieqts

miewodeba gamosacdeli Zabva. gazomva iwyeba obieqtze Zabvis

miwodebidan erTi wuTis Semdeg rodesac yvela polarizaciuli

procesebi damyarebulia. -is saSualebiT SeirCeva gazomvis

Sesabamisi diapazoni gamaZliereblis dabali mgeZnobiarobidan.

-is saSualebiT cdiloben bogiris maqsimalur

gawonasworebas anu galvanometris isris miaxlovebas nulTan da

iReben anaTvals. Sesabamisi formulebiT iangariSeba

tevadobis sidide da danakargebis .

eleqtrosaizolacio sistemis dieleqtrikuli danakargebis

da winaRobis gazomva mowyobilobis qselidan gamorTvas da

salteebis srul moxsnas moiTxovs, rac xangrZlivi da

Sromatevadi procesia.

2.2 Zalovani transformatorebis uqmi svlis denisa da

danakargebis simZlavris gansazRvra

uqmi svla ewodeba transformatoris muSaobis iseT reJims,

romlis SemTxvevaSic meoradi gragnili gaxsnilia, xolo

pirvelad gragnils garkveuli sididis Zabva (saqarxno

gamocdebis dros nominaluri, profilaqtikuri gamocdebis dros

cvladi Zabva 220v an 380v) miewodeba. am SemTxvevaSi pirvelad
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gragnilSi isazRvreba uqmi svlis danakargebis simZlevre da

denis sidide. radganac sasargeblo simZlavre

transformatoridan praqtikulad nulis tolia, amitom uqmi

svlisas pirvelad gragnilze miwodebuli simZlavre mTlianad

ixarjeba magnitogamtarSi magnitur danakargebze.

magnituri danakargebis wyaros ZiriTadad magnitogamtaris

sistematuri gadamagniteba da grigaluri denebi warmoadgens.

magnituri danakargebis Semcirebis mizniT magnitogamtars Txeli,

erTmaneTisgan izolirebuli firfitebisagan amzadeban.

izolaciis darRvevis an magnitogamtarSi denis Sekruli

konturis arsebobis SemTxvevaSi, magnituri danakargebi izrdeba,

e.i izrdeba uqmi svlis danakargebic. uqmi svlis danakargebi

aseve izrdeba romelime gragnilSi denis Sekruli wredis

arsebobisas, anu mokledSerTuli xviis arsebobis SemTxvevaSi.

uqmi svlis danakargebis gazrda ZiriTadad gamowveulia

magnituri danakargebis an gragnilSi eleqtrogamtarobiT

gamowveuli danakargebis gazrdiT.

magnituri danakargebis gazrdis mizezebia: [10]

1. eleqtroteqnikuri foladis firfitebis arasakmarisi

izolacia;

2. magnitogamtarSi eleqtroteqnikuri foladis furclebis

gadamokleba;

3. magnitogamtarSi mosaWimi sarWebis, zesadebebis, uRlis

koWis izolaciis dazianeba da sxva;

4. magnitogamtaris damzadeba ufro sqeli

eleqtroteqnikuri foladis firfitebisgan, vidre

angariSiTaa gaTvaliswinebuli;

5. magnitogamtaris araswori Camiweba (Camiweba or

wertilSi).

gragnilebSi eleqtrogamtarobiT gamowveuli danakargebis

gazrdis mizezebia:

6. xviaTaSorisi mokled SerTvebi;

7. paraleluri xviebis damokleba;
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8. paralelur StoebSi xviaTa araTanabari raodenoba.

mokled gavanaalizoT es mizezebi:

1.eleqtroteqnikuri foladis firfitebs Soris cudma

izolaciam SeiZleba gamoiwvios uqmi svlis danakargebis gazrda

10-15%-iT. es danakargebi umetesad Tanabradaa gadanawilebuli

magnitogamtarSi.

2. magnitogamtarSi foladis firfitebis gadamokleba

warmoiqmneba firfitebs Soris cudi izolaciis gadaxurebiT an

izolaciis dazianebiT garkveul ubnebSi, ris gamoc am ubnis

temperatura izrdeba da sabolood foladis firfitebi

erTmaneTs Seecxoba. es movlena “foladSi xanZris” saxeliTaa

cnobili.

3. magnitogamtaris Semkvreli da mosaWimi sarWebis

izolaciis darRvevas sxvadasxva mizezebi iwvevs, romelTagan

aRsaniSnavia: sarWebis saizolacio milakebis ar arseboba an

mokle milakebi, gragnilis dawnexvisas sarWebis izolaciis

meqanikuri dazianeba da sxva. yovelive es magnitogamtarSi denis

Sekruli wredis arsebobas iwvevs, ris gamoc uqmi svlis

danakargebi izrdeba.

4. magnituri danakargebis Semcirebis mizniT

magnitogamtars eleqtroteqnikuri foladis Txeli

firfitebisagan amzadeben, amitom firfitis sisqis gazrdas uqmi

svlis danakargebis gazrdamde mivyavarT. es defeqti ZiriTadad

saqarxno gazomvebisas gamovlindeba.

5. transformatoris araswori transportirebis

SemTxvevaSi adgili aqvs aqtiuri nawilis bakis mimarT daZvras,

ris gamoc mosalodnelia magnitogamtaris meqanikuri Sexeba

mimmarTvel sarWebTan. amis gamo magnitogamtari  or wertilSi

aRmoCndeba avzTan eleqtrulad dakavSirebuli, ris Sedegadac

iarsebebs denis Sekruli konturi. es ki uqmi svlis danakargebis

gazrdas iwvevs.
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6. gragnilebSi mokled SerTvis SemTxvevaSi anu xviebis

sruli eleqtruli gadamoklebisas uqmi svlis denis sidide

mniSvnelovnad izrdeba.

7. xviebSi arasruli mokled SerTvis SemTxevaSi an

paralelebis gadamoklebisas uqmi svlis deni mniSvnelovnad ar

imatebs, xolo uqmi svlis danakargebi 7%-mde izrdeba.

Tanaxmad standartisa, uqmi svlis cdas atareben Zalovani

transformatoris (>1000kva) saqarxno gamocdebisas,

eqspluataciaSi Seyvanis dawyebamde, remontis dawyebis an

damTavrebis Semdeg, aseve gragnilis dawnexvis an seriozuli

avariis Semdeg.

uqmi svlis cda tardeba, rogorc nominalur, aseve dabal

(5-10% nU )  Zabvaze. tradiciulad Zabva tranformatoris dabali

Zabvis gragnils miewodeba.

cdis dawyebis win transformatori saimedod unda iyos

Camiwebuli. amasTanave magnitogamtars ar unda gaaCndes narCeni

magnetizmi, romelic gamowveulia transformatoris datvirTvis

qveS moulodnelad gamorTviT an Srobis procesSi mudmivi deniT

gacxelebiT [9].

narCeni magnetizmisgan magnitogamtaris ganmagniteba Semdegi

TanmimdevrobiT xdeba: erT-erTi gragnilis calkeul fazaSi

mudmiv dens sxvadasxva mimarTulebiT atareben. Semdeg am denis

sidides 30-40%-iT amcireben da ganmagnitebas isev imeoreben manam,

sanam ganmagnitebis minimaluri denis sidide ar gaxdeba dabal

Zabvaze uqmi svlis denze naklebi, xolo maqsimaluri deni,

romliTac ganmagniteba iwyeba, toli unda iyos nominalur

Zabvaze uqmi svlis denis gaormagebuli sididisa. mudmivi denis

wyarod SeiZleba gamoyenebuli iyos gadasatani akumulatori an

didi simZlavris gammarTveli mowyobiloba.

Tu transformatori mudmivi deniT ar gacxelebula, an

adgili ar hqonda gragnilebis winaaRmdegobis gazomvas mudmivi

denis mimarT, maSin ganmagnitebis procesis Catareba Sedegs ar
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iZleva, amitom uqmi svlis cda sxva gamocdebis dawyebis win

tardeba.

tranformatoris uqmi svlis danakargebis gazomvisas

mniSvnelovani yuradReba eqceva miwodebuli Zabvis sixSires,

radgan danakargebi magnitogamtarSi mniSvnelovnadaa

damokidebuli sixSireze. transformatoris magnituri sistema

gaTvlilia 50f hc sixSiris mimarT. amasTanave saqarxno

pirobebSi gazomvebic am sixSirezea Catarebuli. standarti

iTvaliswinebs am sixSiridan %1 gadaxras da ar moiTxovs

Sesworebis koeficientis gamoyenebas, magram sixSiris

gaTvaliswineba aucilebelia, Tu uqmi svlis danakargebis

sidides dabal Zabvaze vadarebT saqarxno gazomvis Sedegs (

50f hc) an calfaza transformatorebisaTvis.

Tu 50f hc, maSin miwodebuli Zabvis fU sidide f

sixSireze Semdegi formuliT gamoiTvleba:

5050

f
UU f  (3)

sadac, 50U _saqarxno gazomvebisas 50f hc-isas miwodebuli

Zabvaa; fU Zabvaze isazRvreba simZlavris 1
fP da denis sidideebi.

fU Zabvaze miRebuli denis sidide Seesabameba nominalur

sixSireze denis sidides.

samfaza samgragnila transformatorisaTvis uqmi svlis

danakargebis gazomva dabali Zabvis gragnilis fazebis wyvil-

wyvilad agznebiT xdeba. am SemTxvevaSi miRebuli Sedegebi ara

marto saqarxnos, aramed calkeuli fazebis uqmi svlis

danakargebsac dardeba, rac defeqtis gamovlenis erT-erTi

saSualebaa. mesame fazis nawilobrivi agznebis gamosaricxad,

augznebeli fazis Tavsa da bolos gadaamokleben (eleqtrulad

daakavSireben).

pirvel cdaSi fazis Tavi da bolo gadamoklebulia,

agzneba miewodeba b da c fazebs, izomeba uqmi svlis danakargebi

( ) da ( ). (nax. #12)
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. .. .

nax. #12 samgragnila transformatoris b da c fazebs Soris
uqmi svlis simZlavris da denis gazomvis sqema.

meore cdaSi b fazis Tavi da bolo gadamokldeba, agzneba

miewodeba da c fazebs, izomeba uqmi svlis danakargebi ( ) da

( ). (nax. #13)

v380
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TLd.Z. (d.Z.2)


. .. .

nax. #13 samgragnila transformatoris a da c fazebs Soris
uqmi svlis simZlavris da denis gazomvis sqema.

mesame cdaSi c fazis Tavi da bolo gadamoklebulia,

agzneba miewodeba a da b fazebs, izomeba ( ) da ( ). (nax #14)
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....

nax. #14 samgragnila transformatoris a da b fazebs Soris uqmi
svlis simZlavris da denis gazomvis sqema.

Semdeg isazRvreba sqP da formula (4)-is saSualebiT

iangariSeba  ,bcfP acfP da  .abfP .

bcfP = 
1

bcfP _ sqP ; acfP = 
1

acfP _ sqP da abfP = 
1

abfP _ sqP (4)

defeqtis ar arsebobis SemTxvevaSi transformatorisaTvis

danakargebis bcP da abP sidideebi 5 %-is sizustiT erTmaneTis

tolia, xolo acP ki danarCenebze 2550%-iT meti SeiZleba iyos.

am sxvaobis did diapazonSi cvlileba trasformatorebis

magnitogamtaris konstruqciuli TaviseburebiTaa gamowveuli.

zogadad,
ab

ac

P

P
da

bc

ac

P

P
miaxloebiT erTmaneTis tolia da maT

Soris sxvaoba %5 ar aRemateba.

Tu saqarxno monacemebi an eqspluataciaSi  Seyvanis win

gazomvis Sedegebi ar arsebobs, maSin  defeqtur tr-Si

SesaZlebelia adgili hqondes Semdeg SemTxvevebs:

1. defeqturia a da c faza, xolo b kargia. am SeTxvevaSi

defeqturia is faza, romlis gadamoklebisas danakargebi

minimaluria;
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2. defeqti arsebobs erTdroulad a da c fazaSi, xolo b

faza ki dauzianebelia. am SemTxvevaSi acP -s da abP an bcP -s Soris

sxvaoba 25%-ze naklebia an abP an bcP metia acP -ze.

3. defeqti arsebobs b fazaSi, xolo a da c fazebi ki

dauzianebelia., maSin abP da bcP erTmaneTisgan %5 -iT

gansxvavdebian, xolo acP ki maTTan SedarebiT 50%-ze metiTaa

gazrdili.

4. defeqturia a da b , xolo c dauzianebelia, maSin acP da

bcP naklebia vidre abP .

5. defeqturia b da c faza, xolo a dauzianebelia. maSin

abP da acP ufro naklebia vidre bcP .

6. defeqturia samive a ,b da cfazebi, maSin danakargebi abP ,

acP da bcP TiTqmis Tanabaria da Zalian gazrdilia.

rodesac warmoiqmneba aucilebloba dabal Zabvaze u.s.

danakargebis Sedarebisa nom. Zabvaze miRebul SedegTan, maSin

jer isazRvreba jamuri danakargebi ( )0P dabal Zabvaze

20
acabbc PPP

P


 (5)

xolo Semdeg danakargebi mihyavT nominalur Zabvaze

n

U

U
PP 








/00
n

miy (6)

sadac nU dabali Zabvis gragnilis nom. Zabvaa 50f hc, /U ki

dabal Zabvaze ( 50f hc) gazomvis Zabva.

umetes SemTxvevaSi n -s miaxloebiTi mniSvneloba  gaaCnia

da Tu tr-i agznebulia nom. Zabvis 5-10% sididiT, maSin cxlad

naglini el-teqnikuri foladisTvis 8.1n , xolo civad naglini

teqsturirebuli el-teqnikuri foladisTvis ki 9.1n .
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2.3 transformatoris transformaciis koeficientis

gansazRvra

transformaciis koeficienti warmoadgens transformatoris

dabali da maRali Zabvis gragnilebze Zabvebis Sefardebas,

kerZod

dZ

mZ

dZ

mZ

U

U

N

N
K  (7)

is tr-is erT-erTi maxasiaTebeli parametria da misi Semowmeba

aucilebelia eqsploataciaSi Seyvanis win, remontis Semdeg an

avariis SemTxvevaSi. am ukanasknel SemTxvevebSi misi saSualebiT

gamovlindeba transformatorSi dazianebuli xviebis arseboba

an defeqtebi. Tu transformators gaaCnia Zabvis regulirebis

gadamrTveli, maSin aucilebelia Semowmdes transformaciis

koeficienti gadamrTvelis yvela mdgomareobisaTvis. defeqtebis

gamovlenis mizniT miRebul Sedegs adareben saqarxnos.

samfaza transformatoris SemTxvevaSi fazebs Soris

gansxvaveba ar unda aRematebodes %1 -s da Tu es piroba ar

kmayofildeba es defeqtis arsebobaze miuTiTebs. defeqti

SeiZleba iyos  rogorc dabali Zabvis aseve maRali Zabvis

gragnilSi. xSiria SemTxveva, roca gadamrTvelis romelime

kontaqti arasworadaa SeerTebuli an dazianebulia. am

SemTxvevaSic  defeqti gamovlindeba, kerZod Tu avagebT K -s

damokidebulebis grafiks gadamrTvelis n mdgomareobaze is

sworxazovnad unda icvlebodes samive fazisaTvis. (nax. #15)
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K

n

nax. #15 transformatoris K -s damokidebuleba datvirTvis qveS Zabvis
regulirebadi gadamrTvelis mdgomareobaze (n)

K isazRvreba qselidan gamorTuli dautvirTav

transformatorze, radgan, tr-ciis koeficienti, anu tr-is

xviebis raodenobis Sefardeba  miwodebuli Zabvis sidideze

damokidebuli ar aris, amitom savaldebulo araa tr-s

mivawodoT maRali an nominaluri Zabva. is SeiZleba

ganisazRvros dabali Zabvis saSualebiTac (220v, 380v), magram

unda SevinarCunoT tr-is nominaluri sixSire.

cdisas Zabva ewodeba m.Z. gragnils da voltmetris

saSualebiT izomeba Zabva maRali da dabali Zabvis gragnilebze.

gamoyenebul voltmetrebs ar unda gaaCndes cdomileba, xolo

anaTvali unda aviRoT isris dawynarebis Semdeg. voltmetris

gazomvis diapazoni imgvarad unda SevirCioT rom anTvlebi

aviRoT Skalis meore naxevarze, rac gazomvis fardobiT

cdomilebas amcirebs. zogadad aseT sqemas Semdegi saxe aqvs: (nax.

#16)

nax. #16. tr-ris transformaciis koeficientis gansazRvris sqema
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sadac T Zabvis wyaroa romlis saSualebiTac Zabva ewodeba

AX gragnils, xolo ax gragnilze 2U voltmetris saSualebiT

vsazRvravT  transformirebuli Zabvis sidides da am ori Zabvis

SefardebiT vsazRvravT K -s.

gazomvis sizustis gazrdis mizniT unda gamoviyenoT 0.2

klasis xelsawyoebi da anaTvlebi erTdroulad aviRoT orive

voltmetrze, Tu miRebuli Sedegi  sapasporto monacemidan 2 %-

ze naklebad gansxvavdeba maSin Sedegi damakmayofilebelia, Tu

gansxvaveba 2 % -s aRemateba, maSin gadaamowmeben  fazebs Soris

gansxvavebas, kerZod maqsimums gamoakleben minimums, gayofen

saSualoze da gaamravleben 100-ze, Tu am SemTxvevaSic gansxvaveba

2 %-s aRemateba, maSin an romelime fazis gragnilia

dazianebuli, an  datvirTvis qveS Zabvis regulirebis

kontaqtebia areuli. es orive SemTxveva damatebiT cdaSi _

`gragnilis winaaRmdegobis gazomva mudmivi denis mimarT~

gamovlindeba, amasTanave unda avagoT transformaciis

koeficientis damokidebulebis mrudi yvela fazisaTvis da yvela

SemTxvevisaTvis datvirTvis qveS Zabvis regulirebis

mdgomareobis mixedviT. mrudi sworxazovani iqneba, magram

reversis mdgomareobaSi tr-ciis koeficientebi erTmaneTs

daemTxveva. Tu sworxazovneba dairRva (anu wertili amovarda),

maSin gazomvebs vatarebT Tavidan am mdgomareobisaTvis.

2.4 gragnilis omiuri winaaRmdegobis gazomva

mudmivi denis mimarT

nebismieri el_teqnikuri mowyobiloba garkveuli saxis

gragnilebs Seicavs, romlebic funqcionaluri daniSnulebis

mixedviT SeiZleba iyvnen maRali Zabvis, saSualo Zabvis da

dabali Zabvis. gragnilebis xviebs Soris garkveuli saxis

SeerTebebi arsebobs. eqspluataciis ganmavlobaSi SesaZlebelia
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dairRves SeerTebis mTlianoba da gaizardos gardamavali

winaRoba, an gragnilSi mokled SerTva moxdes, maSin gragnilis

winaaRmdegoba Semcirdeba.

rodesac qarxanaSi damzaddeba el_teqnikuri mowyobiloba

saqarxno pirobebSi garkveul temperaturaze izomeba  gragnilis

winaaRmdegoba mudmivi denis mimarT da misi sidide omebSi

Setanilia mowyobilobis pasportSi. radgan nebismieri gamtari

masalis kuTri winaaRmdegoba da Sesabamisad misgan damzadebuli

gragnilis winaaRmdegobis sidide temperaturazea damokidebuli,

amis gamo aqve unda iyos miTiTebuli gazomvis temperaturis

mniSvnelobac.

saerTod winaaRmdegobis gazomvis umartivesi meTodi

oTxzondiani meTodia, romelic gulisxmobs, rom gasazom XR

winaRobaSi denis wyarodan 1 da 2 denuri kontaqtebis

saSualebiT gavatarebT mudmivi sididis dens, xolo mesame da

meoTxe potencialuri kontaqtebis saSualebiT voltmetris

gamoyenebiT gavzomavT Zabvis sidides (nax. #17), maSin

winaaRmdegoba omebSi toli iqneba:

   
 amperi

volti
omi

I

U
R  (8)

A

V

XR

5

43
21

1R

nax. #17 winaaRmdegobis gazomvis oTxzondiani meTodi
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1R -is saSualebiT ki winaRobaSi gamavali denis sididis

regulireba xdeba.

gazomvebis dros xelsawyos diapazoni ise unda SeirCes,

rom anaTvlebi aviRoT xelsawyos Skalis meore naxevarSi. xolo

xelsawyos sizuste, rac SeiZleba maRali unda iyos, kerZod

miRebulia 0.1 da 0.2 klasis gamoyeneba. saerTod gazomvebis dros

yovelTvis gamoyenebuli unda iyos erTi da igive tipis da

klasis xelsawyoebi, raTa advili iyos Sedareba.

Zalovani el_teqnikuri mowyobilobebis gragnili umetesad

magnitur gularazea Camocmuli da Tu aRniSnuli sqemiT 5

CamrTvels CavrTavT, ampermetris Cveneba garkveuli drois Semdeg

miaRwevs damyarebul mniSvnelobas (nax. #18),

I

t
dt

nax. #18 denis sididis cvlileba gragnilSi

radganac magnituri gularis mqone gragnilSi mudmivi

denis gavlis dros garkveuli saxis gardamavali procesi

mimdinareobs. amis gamo gazomvis ufro rTul sqemas iyeneben (nax.

#19).
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1K

,

mV

XR

1R

1

2

A

1 2

2K 3K

nax. #19 transformatoris gragnilis ( ) winaaRmdegobis gazomvis

sqema mudmivi denis mimarT

gasazomi XR winaaRmdegoba, rogorc avRniSneT magnitur

gularaze Camocmul spilenZis an iSviaTad aluminis gragnils

warmoadgens, romelsac specialuri 1, 2 momWerebiT mudmivi denis

wyarodan 3K CamrTvelis da 2K gadamrTvelis saSualebiT

mivawodebT dens, romlis sididis regulireba 1R winaRobis

saSualebiT xdeba, magram didi induqtivobis mqone gragnilis

winaaRmdegobis gazomvis SemTxvevaSi damyarebis drois

Semcirebis mizniT, mcire xniT 1R winaaRmdegobas gazomvis

sqemidan gamorTaven da dens pirdapir gaatareben 2K _is

saSualebiT. rodesac ampermetris Cveneba damyardeba, 2K -s

daabruneben pirvel mdgomareobaSi da amiT garkveulwilad

SezRudaven denis sidides. am SemTxvevaSic ampermetris Cvenebis

damyarebuli mdgomareobis miRwevisas 1K CamrTvelis saSualebiT

CarTaven mudmivi denis voltmetrs (m.v.) da 1 wuTis Semdeg

aiReben anaTvlebs. Sesabamisi maStabisa da gadaangariSebis

Semdeg ganvsazRvravT denisa da Zabvis sidides da viangariSebT

gragnilis winaaRmdegobas omebSi. unda gaviTvaliswinoT isic,

rom temperaturis mixedviT winaaRmdegoba icvleba. amisaTvis
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arsebobs winaaRmdegobis temperaturuli koeficienti, romelic

gviCvenebs Tu rogor icvleba 1 omiani nimuSis winaaRmdegoba

temperaturis 1 C0 Secvlisas. temperaturis dadgena xdeba

Semdegnairad: CBA ,, fazebis AR BR CR erTmaneTs dardeba da Tu

maT Soris gansxvaveba 2 %_s ar aRemateba Tvlian, rom arcerTi

faza dazianebuli ar aris da sayrdenad iReben B fazis

winaaRmdegobas. am SemTxvevaSi temperatura Semdegi formuliT

iangariSeba:

  TTt
R

R
t  0

0

(9)

sadac t mocemuli gazomvis temperaturaa, romlis Sesabamisia R ,

xolo 0R da 0t saqarxno gazomvis monacemebia, sadac T spilenZis

kuTri winaRobis temperaturuli koeficientis Sebrunebuli

sididea.


1
T =

0043.0

1
=235 (10)

amis Semdeg gragnilis winaaRmdegoba Sedarebis mizniT

unda miviyvanoT saqarxno gazomvis temperaturaze. amisaTvis

viyenebT formulas:

235

235

0
0

/





t

t
RR (11)

rodesac saqarxno da Cvens mier Catarebuli gazomvis

monacemebi erT temperaturaze gvaqvs miyvanili, vaxdenT ukve maT

urTierT Sedarebas, kerZod:

%2%100
/

/




R

RRsaq (12)

am SemTxvevaSi Cven vadgenT, rom saqarxno gazomvasTan

SedarebiT mniSvnelovani cvlileba ar momxdara, Tu romelime

aRniSnuli piroba ar sruldeba, es imas niSnavs, rom gragnilSi

adgili aqvs dazianebas. kerZod, Tu es sxvaoba dadebiTia, anu

/RR saq e.i. eqspluataciis ganmavlobaSi gragnilSi moxda

mokled SerTva, xolo Tu /RR saq , maSin igulisxmeba, rom
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gragnilSi SeerTebis adgilebis gardamavali winaaRmdegoba

gaizarda.

radgan sxvadasxva saxis Zalovani danadgarebis gragnilebi

sxvadasxva saxis Sesrulebisaa, amitom gazomvis sqemebic

sxvadasxva saxis arsebobs. (nax. #20)

0

B

A

C

OCROBROAR

a)

CR

BR

AR

b)

A

B

C

ABR ACR BCR

g)

a

bc

aR

bR

cR

abR bcR acR

nax. #20 Zalovan transformatorebSi gragnilebis SeerTebvis sqemebi

rodesac gragnilebi varskvlavadaa SeerTebuli da 0-ic

gamoyvanilia, am SemTxveaSi izomeba calkeuli fazis

winaaRmdegoba 0-is mimarT: CBA RRR 000 ,, . Tu gragnilebi

SeerTebulia varskvlevad da 0 ar aris gamoyvanili maSin

izomeba winaaRmdegoba or fazas Soris: ACBCAB RRR ,, . samkuTxa

SeerTebisas, romelic ZiriTadad gvxvdeba dabali Zabvis

gragnilSi, izomeba calkeul fazebs Soris winaaRmdegobebi:

acbcab RRR ,, .
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dazianebuli gragnilis gamovlena a) sqemis SemTxvevaSi

advilia is pirdapir Cans, xolo b) da g) sqemebis SemTxvevaSi

Semdegi formulebis saSualebiT iangariSeba:

b) BAAB RRR  CAAC RRR  CBBC RRR 

g)
 

cba

cba
ab RRR

RRR
R





 

cba

abc
ac RRR

RRR
R





 

cba

cab
bc RRR

RRR
R




 (13)

rodesac samfazaa sistema, maSin SedarebisaTvis xSirad

iyeneben Semdeg formulas: radgan izomeba winaRobis sami sidide

am samidan udidess udidesiR akldeba umciresi umciresiR , iyofa maT

saSualoze, mravldeba 100%-ze da es sidide naklebi an toli

unda iyos 2%-ze:

%2%100 


saSualo

umciresiudidesi

R

RR
(14)

maRali Zabvis umetes Zalovan transformatorebs maRali

Zabvis gragnilSi datvirTvis qveS Zabvis regulirebis

gadamrTveli aqvT, romlis mdgomareobis mixedviTac icvleba

gragnilis winaaRmdegobis sidide. amis gamo unda gaizomos

gragnilis winaaRmdegoba gadamrTvelis yvela mdgomareobis

mixedviT reversis mdgomareobas +1 da aigos winaaRmdegobis

ganawilebis grafiki gadamrTvelis mdgomareobis mixedviT. (nax.

#21)

R

n

1 2 3 4 5 6 7 8 9 10 11 12 13

reversi

nax. #21 transformatoris datvirTvis qveS Zabvis maregulirebeli
mowyobilobis winaRobis damokidebuleba gadamrTvelis mdgomareobaze
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reversis Semdeg, Tu erT-erTi mdgomareoba reversis

dawyebis wina mdgomareobas emTxveva, es imas niSnavs, rom

gadamrTvelSi reversis kontaqtis gardamavali winaaRmdegoba

normalur farglebSia, xolo Tu am damokidebulebaze safexuri

gaCnda, es niSnavs rom kontaqtia gaWedili da Tu winaaRmdegobis

sidide Semcirebis magivrad momdevno safexurze gaizarda, es

niSnavs, rom kontaqtis gardamavali winaaRmdegobaa gazrdili.

aRniSnul Sefasebas da damokidebulebis grafiks vakeTebT da

vagebT samive fazisaTvis, rogorc datvirTvis qveS Zabvis

regulirebis gadamrTvelisaTvis, ise agznebis gareSe Zabvis

regulirebis gadamrTvelisaTvis.

gazomvebisas gamoyenebuli mudmivi denis kvebis wyaro unda

gvaZlevdes saSualebas 20-30a deni gavataroT gragnilSi.

amisaTvis iyeneben Cveulebriv akumulators (romlis tevadoba

130asT-s aRemateba) da  denis saregulireblad CarTul 1R

winaaRmdegobas gaTvlian did simZlavreze (3-5kvt).

Zabvisa da denis mniSvnelobas voltmetriTa da ampermetriT

aviTvliT maSin, rodesac maTi sididebi damyardeba da drois

mixedviT ar Seicvleba, an cvlileba umniSvnelo sididis iqneba,

ra Tqma unda Skalis meore naxevarze.

2.5 defeqtebi Zalovan transformatorebSi

Zalovan transformatorebSi defeqti SeiZleba warmoiqmnas

eqspluataciis ganmavlobaSi, an Tavidanve arsebobs

transformatorSi.

radgan transformatori damzadebisTanave yovelmxriv

Semowmebas gadis, amitom uxeSi an iseTi defeqtis arseboba

transformatorSi, romelic sagrZnob gavlenas moaxdens mis

saeqspluatacio maxasiaTeblebze gamoricxulia.
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eqspluataciis ganmavlobaSi SeiZleba sxvadasxva saxis

defeqtebi warmoiqmnas. maTi klasifikacia ganlagebis an

warmoqmnis mixedviT xdeba. am defeqtebidan aRsaniSnavia:

1. defeqti gragnilSi _ am saxis defeqts umetesad

gragnilis xviebs Soris mokledSerTva warmoadgens. amis mizezi

SeiZleba iyos xviaTa Soris izolaciis darRveva an dabali

Zabvis gragnileze xangrZliv moqmedi mokledSerTvis arseboba,

rac aseve izolaciis darRvevas iwvevs.

aseve izolaciis dazianeba SeiZleba gamoiwvios dabali

Zabvis gragnilze mdgradi mokled SerTvis arsebobam ris

Sedegadac aseve irRveva xviaTSorisi izolacia. Tu gragnilis

izolaciaze didi raodenobis WuWyi dagrovda an izolacia

maRali tenSemcvelobis aris, maSin mosalodnelia xviaTSoris

izolaciis garRveva, ris gamoc mokledSerTva warmoiqmneba.

zogierT SemTxvevaSi rodesac xviaTSoris izolacia

meqanikurad dazianebulia an gacveTilia, is inarCunebs garegan

saxes da Sinagan formas, magram misi saizolacio maxasiaTeblebi

imdenad gauaresebulia, rom muSa Zabvaze SesaZlebelia

eleqtruli garRveva.

2. magnitogamtaris defeqti _ warmoiqmneba magnitogamtaris

calkeuli furclebis izolaciis darRvevis Sedegad, rac

magnitogamtaris gadaxurebas gamoiwvevs da egredwodebul

`xanZari gularaSi~ saxeliTaa cnobili.

magnitogamtarSi agreTve defeqti SeiZleba warmoiqmnas

Camiwebis konturis mTlianobis darRveviT, ris Sedegadac

warmoiqmneba myari izolaciis garRveva.

transformatori romelic xangrZlivi drois ganmavlobaSi

imyofeboda eqspluataciaSi xasiaTdeba momWimavi salteebis da

bandaJebis izolaciis dazianebiT, ris Sedegadac

transformatorSi warmoiqmneba denis Caketili konturi.

3. regulirebadi gadamrTvelis dazianebis SemTxvevaSi

adgili aqvs am mowyobilobis kontaqtebze naperwklis
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warmoqmnas, romelic zeTis daSlas, kontaqtis amowvas iwvevs da

sabolood datvirTvis qveS regulirebad gadamrTvels azianebs.

sxvadasxva SemTxvevebSi Zalovan transformatorebSi

SeiZleba adgili qondes Semdegi saxis defeqtebs:

- kontaqturi SeerTebis adgilis gadaxureba, romelic

gamowveulia montaJis dros daSvebuli SecdomebiT.

- transformatoris avzis hermetulobis darRveva

gamowveulia SeerTebis adgilebis dazianebis gamo.

- zeTis gaJonva - SeerTebis adgilze Suasadebis dazianebis

gamo.

arahermetuli Semyvanebis datenianeba an gaWuWyianeba

izolaciis garRvevas iwvevs.

radganac yvela defeqtis, rogorc CamoTvla, aseve

gamovlena teqnikurad SeuZlebelia, amitom ZiriTadad yuradReba

im defeqtebis gamovlenas eqceva, romlebic ufro xSirad

warmoiqmnebian da ufro metad saSiSi arian transformatorebis

muSaobisTvis.

eqspluataciis ganmavlobaSi yvela saizolacio sistemaSi

metnaklebad uaresdeba eleqtrosaizolacio Tvisebebi. es

movlena eleqtrosaizolacio masalis maxasiaTebeli Tvisebaa da

mas bunebriv daZvelebas uwodeben. aseve daZvelebas ganicdis:

magnitogamtarebi da eleqtrogamtari masalebi. aRniSnuli

procesebi Zlierdebian temperaturis da sxva gareSe faqtorebis

zemoqmedebiT.

temperaturis zemoqmedeba garkveuli zRvris Semdeg

mniSvnelovan cvlilebas iwvevs eleqtrosaizolacio masalebSi.

kerZod Tu temperatura 110 ℃ aRemateba maSin myari izolaciis,

kerZod qaRaldis daZvelebis procesi 8 ℃-iT temperaturis

gazrdisas TiTqmis 2-jer metad intensiurad mimdinareobs.

analogiur movlenas aqvs adgili transformatoris zeTSic,

magram temperaturis gazrda ufro mniSvnelovan cvlilebas

iwvevs im eleqtroteqnikur mowyobilobebSi, romlebic

xangrZlivad  imyofebian eqspluataciaSi. aqedan gamomdinare
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eqspluataciis ganmavlobaSi temperaturis zemoqmedebiT

warmoqmnili defeqtebi ufro met gavlenas axdenen moZvelebuli

eleqtroteqnikuri mowyobilobebis saeqspluatacio

maxasiaTeblebze  vidre axalis.

xSirad Zalovan transformatorebs muSaoba uwevT

mokledSerTvis avariul reJimSi, am dros mekledSerTvis denebi

iwveven aramarto dinamiur zemoqmedebas transformatoris

gragnilze, aramed Tbur zemoqmedebasac. ris Sedegadac adgili

aqvs gragnilis garkveuli nawilis deformacias. am dros

SesaZlebelia izolaciis dazianebac.

gadametZabvis impulsebis moqmedeba ZiriTadad azianebs

transformatoris zeTbarierul da zeTqaRaldian izolacias.

zogjer gadametZabvis impulsma SeiZleba zemoqmedebis Tanave ar

gamoiwvios transformatoris saizolacio sistemis dazianeba,

magram dasawyisi misces iseT TandaTanobiT ganviTarebad

defeqtebs, romlebic eqspluataciis xangrZliv periodSi avariis

gamomwvevi mizezebi gaxdebian.

eleqtruli velis xangrZlivi moqmedebis Sedegad myar

izolaciaSi nominalur Zabvaze adgili aqvs sustad mimdinare

nawilobrivi ganmuxtvebis gaZlierebas an axalis warmoqmnas,

romlebic gadametZabvis impulsis moqmedebiT SeiZleba saSiS

defeqtSi gadaizardos [7].

transformatoris zeTSi, romelic maRali Zabvis

saizolacio sistemis ganuyofeli nawilia, sxvadasxva

zemoqmedebiT aqtiurad mimdinareobs zeTis daZvelebis procesi.

amis Sedegad zeTis TiTqmis yvela maxasiaTebeli uaresdeba.

aqedan gamomdinare aucilebelia Zalovani

transformatorebis mdgomareobis perioduli an uwyveti

Sefaseba-kontroli.

qarxana damamzadeblis mier warmoebuli Zalovani

transformatori obieqtze eqspluataciis win yovelmxriv

Semowmebas gadis, magram garkveudi drois Semdeg misi

maxasiaTeblebi uaresdebian, amis gamo saeqspluatacio
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normatiuli dokumentis moTxovnis mixedviT  Zalovani

transformatoris Semowmebis perioduloba gansazRvrulia [2]. es

periodi ar iTvaliswinebs avariul an sxva SemTxvevebs da

ganmatravs, rom 10-12 wlis eqspluataciis Semdeg Zalovan

transformators unda Cautardes kapitaluri remonti. am

periodis ganmavlobaSi mas 4-6-jer utardeba sxvadasxva

maxasiaTeblebis Semowmeba, ris Sedegadac vlindeba

transformatoris maxasiaTeblebis gauaresebis dinamika.

kapitaluri remontis win mas aucileblad unda Cautardes

eleqtruli gazomvebi, rasac wina saremonto gazomvebs uwodeben.

saeqspluatacio normatiuli dokumentis mixedviT Zalovan

transformatorebs, romelTa nominaluri Zabva 110kv-s aRemateba

or weliwadSi erTxel utardeba transformatoris zeTis

Semoklebuli analizi da saWiroebis SemTxvevaSi SeiZleba

analizis raodenoba gaizardos.

Semoklebuli analizi informacias gvaZlevs zeTis

maxasiaTeblebis cvlilebebis Sesaxeb, magram zeTi agreTve

garkveul informacias atarebs transformatoris aqtiur nawilSi

mimdinare movlenebis Sesaxeb. kerZod Tu transformatorSi

warmoiqmna cxeli wertili is aucileblad gamoiwvevs zeTis

molekulebis daSlas. ris Sedegadac warmoqmnili airebi zeTSi

ixsneba da Tu am airebis qromatografiul analizs CavatarebT

maSin zeTSi gaxsnili airebis kencentraciis mixedviT SegviZlia

ganvsazRvroT zeTSi mimdinare movlenebis xasiaTi.

qromatografiuli analizis perioduloba 110kv da met muSa

Zabvis transformatorebisaTvis normaluri eqspluataciis

SemTxvevaSi weliwadSi orjer tardeba. magram Tu romelime

analizis dros gamovlinda transformatoris zeTSi gaxsnili

airebis koncentracia aWarbebs normas, maSin Seqmnili

mdgomareobidan gamomdinare SesaZlebelia TveSi ramodenime

analizis Catareba da miRebuli SedegebiT transformatoris

eqspluataciis Sewyveta.
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yovelive zemoT CamoTvlili umetes SemTxvevaSi gamoavlens

avariis Sedegad warmoqmnili dazianebis Sedegebs da ar asaxavs

parametrebis mdgomareobas avariis momentSi an avariidan mcire

drois Semdeg. miuxedavad amisa isini informacias iZlevian

diagnostikuri analizis Casatareblad da transformatoris

mdgomareobis Sesabamisad.

transformatoris mdgomareobis sruli Sefasebis mizniT

aucilebelia Catardes Semdegi saxis gazomvebi da analizi:

1. transformatoris aqtiuri nawilis maxasiaTeblebis

gazomva;

2. transformatoris saizolacio sistemis maxasiaTeblebis

gazomva;

3. transformatoris zeTis Semoklebuli an sruli analizi;

4. transformatoris zeTis qromatografiuli analizi;

5. saWiroebis SemTxvevaSi Catardes transformatoris

saizolacio sistemis nawilobrivi ganmuxtvebis gazomva [3];

pirveli da meore analizi mimdinareobs gamorTul

transformatorze ramodenime dRis ganmavlobaSi, rac xSirad

SeuZlebelia, amitom am mosazrebidan gamomdinare SesaZlebelia

gamoviyenoT kontrolis stacionaluri sistemebi, romlebic

garkveul informacias mogvcemen transformatoris mdgomareobis

Sesaxeb.

muSa transformatoridan eqspluataciis Sewyvetis gareSe

SesaZlebelia zeTis sinjis aReba qromatorgrafiuli analizis

Casatareblad.

transformatoris aqtiuri nawilis maxasiaTeblebis gazomva

moicavs transformatoris uqmi svlis denisa da danakargebis

gansazRvras, transformatoris transformaciis koeficientis

gansazRvras, mokledSerTvis winaaRmdegobis gansazRvra da

gragnilis winaaRmdegobis gazomvas mudmivi denis mimarT. yvela

maTgani garkveuli informaciis matarebelia.
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2.6 Tavi 2-is mimarT daskvnebi

1. eleqtruli gazomvebi eleqtroteqnikuri mowyobilobebis

im defeqtebs gamoavlenen, romlebic eleqtruli maxasiaTeblebis

cvlilebasTan aris dakavSirebuli da am saxis gazomvebiT

araeleqtruli defeqtebis gamovlena praqtikulad SeuZlebelia.

2. uqmi svlis danakargebis da transformaciis

koeficientis gansazRvris cda ZiriTadad gragnilis xviebSi

mokled SerTvis arsebobas gamoavlens. misi gamovlena

Tbovizoruli gamokvleviT praqtikulad SeuZlebelia.

3. mudmivi denis mimarT gragnilis winaRobis gansazRvra

eleqtruli SeerTebis SesustebasTan (gardamavali winaRobis

gazrda) erTad xviebis mokledSerTvis arsebobasac gamoavlens.

Termografiuli gamokvleviT pirvelis gamovlena SeuZlebelia,

xolo gardamavali winaRobis gazrda Tu kontaqtis gaxurebas

iwvevs, maSin mis Termografiuli gamokvleviT aRmoCena advilad

xdeba. amasTanave am saxis gamokvleviT defeqtis

adgilmdebareobis fiqsirebac SeiZleba, rac eleqtruli

gazomvebiT zogjer SeuZlebelia.

4. saizolacio sistemis winaRobis Semcirebis an

dieleqtrikuli danakargebis gazrdis movlena lokalur xasiaTs

ar atarebs is integraluri maxasiaTebelia da amitom

Termografiuli gamokvleviT misi gamovlena praqtikulad

SeuZlebelia.

5. amgvarad eleqtroteqnikuri mowyobilobebis

Tbovizoruli gamokvleva da eleqtruli gazomvebi urTierT

Semavsebeli meTodebia da diagnostikisTvis maTi Sewyma

mowyobilobis mdgomareobis srul suraTs iZleva.
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Tavi 3. siTbogamomyofi defeqtebi

eleqtromowyobilobebSi

3.1 siTbos gamoyofa eleqtromowyobilobebSi

normaluri eqspluataciis pirobebSi, rodesac

eleqtromowyobilobas defeqti an dazianeba ar gaaCnia adgili

aqvs siTbos gamoyofas, romelic eleqtromowyobilobis

maxasiaTebeli movlenaa. am SemTxvevaSi siTbos gamoyofas

sxvadasxva faqtorebi ganapirobeben da gamoyofili siTbo

mravali movlenis arsebobiT aris ganpirobebuli.

eleqtromowyobilobis konstruqcia da masala isea

SerCeuli, rom gamoyofili siTbo TiTqmis mTlianad gadaecema

garemos da mowyobilobebis temperaturis mateba umniSvneloa.

eleqtromowyobilobis normaluri eqspluataciisas siTbos

Semdegi wyaros arsebobaa mosalodneli.

1. datvirTvis denis gavliT gamoyofili siTbo Tavs iCens

sxvadasxva saxis transformatoris gragnilis xviebSi, dengamtar

detalebSi, SemaerTebel salteebSi, kontaqtebSi da sxva.

gamoyofili siTbos raodenoba datvirTvis deniT aris

ganpirobebuli da Semdegi formuliT gamoisaxeba.

= = Rt,                                (15)
sadac Q- gamtarSi gamoyofili siTbos raodenoba;

U- gamtaris boloebs Soris potencialTa sxvaoba;

I- denis Zala gamtarSi;

R- gamtaris winaRoba;

t- gamtarSi denis gavlis xangrZlivoba.

rogorc vxedavT siTbos raodenoba da Sesabamisad

eleqtromowyobilobis temperatura mTlianad datvirTvis deniT
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aris ganpirobebuli, Tu misi sidide da garemoze siTbos

gadacemis pirobebi ar icvleba, maSin xangrZlivi eqspluataciis

Semdeg garemosa da eleqtromowyobilobis temparaturas Soris

Tburi wonasworoba myardeba, am damyarebul temperaturas

eleqtromowyobilobis muSa temperaturas uwodeben.

ganmuxtvelebSi siTbos gamoyofa gaJonvis deniT aris

ganpirobebuli [15]. misi sidide mcirea, magram ganmuxtvelis

zedapiris temperaturis cvlilebas iwvevs. normaluri

eqspluataciis SemTxvevaSi ganmuxtvelis zedapirs simaRlis

mixedviT TiTqmis Tanabari temparatura gaaCnia, xolo defeqtis

arsebobis SemTxvevas Tanabari ganawileba irRveva.

2. eleqtromowyobilobis uqmi svliT gamoyofili siTbo,

Tavs iCens magnituri gularis mqone, Zalovan

transformatorebSi, reaqtorebSi, Zabvisa da denis

transformatorebSi. misi sidide damokidebuli ar aris

datvirTvis reJimze, magram ZiriTadad magnitogamtaris masalis

TvisebebiT da raodenobiT aris ganpirobebuli.

magnitogamtaris masalis moculobis erTeulis

histerezisis maryuJis erT cvlaze siTbos danakargi , Semdegi

formuliT gamoiTvleba [8].

, = ƞ მაქს. (16)

sadac ƞ- magnitogamtaris masalis maxasiaTebeli koeficientia;

მაქს- maqsimaluri induqcia, romelic histerezisis maryuJis erT

ciklze miiRweva;

n- xarisxis maCvenebelia, romlis sidide 1,6-dan 2-mde icvleba da

masalis TermodamuSavebis reJimiT aris ganpirobebuli.

mTlian magnitogamtarSi gadamagnitebis procesze gamoyofili

siTbo ki Semdegi formulis saSualebiT iangariSeba.

= ƞ მაქს ∙V (17)
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sadac sixSirea, xolo V magnituri masalis moculoba.

amasTanave magnitogamtarSi adgili aqvs fukos denebiT

ganpirobebuli siTbos gamoyofas, romlis sidide Tanamedrove

teqnologiiT damzadebul magnitogamtarebSi mcirea da siTbo

Tanabrad aris ganawilebuli magnitogamtaris gaswvriv.

Tu magnitogamtaris konstruqciul elementebSi denis

Sekruli konturi ar warmoiqmneba, maSin maTSi fukos damatebiTi

denebi ar aRiZvreba.

3. dieleqtrikuli danakargebi yvela saxis dieleqtrikis

maxasiaTebeli movlenaa da mraval faqtorzea damokidebuli.

dieleqtrikebze eleqtruli velis moqmedebiT eleqtruli

velis energiis siTbur energiad gardaqmnas ris Sedegadac

dieleqtriki Tbeba, dieleqtrikuli danakargebis movlena

ewodeba. am movlenas dieleqtrikSi mimdinare polarizaciis da

eleqtrogamtarobis procesebi ganapirobeben, xolo

dieleqtrikze Zlieri eleqtruli velis zemoqmedebisas -

ionizaciis procesi.

polarizaciisas bmuli nawilakebis wanacvlebas,

gansakuTrebiT ki dipolTa Semobrunebas xels uSlis

molekularuli da xaxunis Zalebi, romelTa daZlevaze

eleqtruli energiis garkveuli nawili ixarjeba da swored es

nawili gadadis siTboSi. aseT danakargebs polarizaciul

dieleqtrikul danakargebs uwodeben ( პოლ.). polarizaciiT

gamowveuli dieleqtrikuli danakargebis simZlavre Semdegi

formuliT gamoiTvleba.

პოლ. = 2 (18)

sadac U dieleqtrikze moqmedi Zabvis sididea voltebSi, -gareSe

velis sixSirea, -gragnilebis tevadobaa miwis mimarT, xolo

-saizolacio sistemis dieleqtrikuli danakargebia  avzis

mimarT. 110 kilovoltiani da 40 mgva simZlavris

transformatorisTvis U=63500v, = 25 ∙ 10 farads, 2 = 314,
xolo Tu -s sidides normaluri mdgomareobis zRvrul
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mniSvnelobas aviRebT = 0.02. maSin (18) formulis Tanaxmad

aseT transformatorSi siTbos saxiT polarizaciiT gamowveuli

dieleqtrikuli danakargebi პოლ. = 635 vati siTbur energias

gamoyofs.

eleqtruli velis moqmedebiT, dieleqtrikSi mcire sididis

gamWoli gamtarobis deni gaedineba da joul-lencis kanonis

Tanaxmad siTbo gamoiyofa, romelsac eleqtrogamtarobiT

gamowveul dieleqtrikul danakargebs uwodeben ( გამ.).
zemoTganxiluli parametrebis mqone tr-risTvis, rodesac

misi saizolacio sistemis winaRoba saeqspluatacio normis

moTxovnebs akmayofilebs e.i. იზო. > 600 megaoms aRemateba, maSin

eleqtrogamtarobiT gamowveuli dieleqtrikuli danakargebi

ramodenime aTeul vats ar aRemateba da polarizaciiT

gamowveul danakargebTan SedarebiT umniSvneloa.

Zlieri eleqtruli velis moqmedebiT dieleqtrikSi

ionizaciis procesi formirdeba. am movlenazec eleqtruli

velis energiis garkveuli nawili ixarjeba da mas ionizaciiT

gamowveul dieleqtrikul danakargs uwodeben ( იონ.).
normaluri eqspluataciis pirobebSi ionizaciis procesi

imdenad sustia, rom ionizaciiT gamoyofili siTbo praqtikulad

nolis tolad SeiZleba CaiTvalos.

dieleqtrikuli danakargebis sruli simZlavre P am sami

mdgenelis jams warmoadgens:= პოლ + გამტ + იონ (19)

magram, normaluri eqspluataciis pirobebSi is ZiriTadad

polarizaciiT gamowveuli danakargebiT aris ganpirobebuli.

rogorc zemoT ganxilulidan Cans eleqtroteqnikur

mowyobilobebSi normaluri saeqspluatacio reJimis SemTxvevaSi

siTburi energia datvirTvis deniT da uqmi svlis danakargebiT

aris ganpirobebuli. is eleqtroteqnikur mowyobilobaSi

Tanabrad gamoiyofa, magram transformatoris zeTis siTburi
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konveqciis gamo temperatura araTanabrad aris ganawilebuli

eleqtroteqnikuri mowyobilobis simaRlis mixedviT.

radgan avzis zedapiridan siTbogacemas avzis zedapiris

forma da geometria ganapirobebs amisgamo siTbo zedapirzec da

eleqtroteqnikuri mowyobilobis calkeul nawilebze

araTanabrad aris ganawilebuli.

muSa mdgomareobaSi myofi transformatoris sxvadasxva

nawilebze temperaturis gansazRvriT agebuli iqna temperaturis

(t) da temperaturis matebis avzis simaRlis mixedviT ganawilebis

grafiki (nax. #22) saidanac Cans, rom eleqtromowyobilobis

yvela detals maqsimaluri temperatura aqtiuri nawilis tol

simaRleze gaaCnia, xolo minimaluri ki avzis ZirSi aqvs.

amasTanave yvelaze meti minimaluri da maqsimaluri temperatura

magnitogamtars aqvs. radgan masSi Tavs iyris, rogorc uqmi

svliT gamoyofili, aseve datvirTvis deniT ganpirobebuli

siTbos nakadi, xolo gragnilSi mxolod datvirTvis deniT

ganpirobebuli siTbo. amis gamo mas magnitogamtarTan SedarebiT

naklebi temperatura aqvs.

h %

t C

a) b)

nax. #22

a-zeTian tr-rSi temperaturis (t) da temperaturis namatis ganawileba

simaRlis mixedviT: b-temperaturis ganawileba horizontalur kveTSi:
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sadac 1-magnitogamtaria; 2-gragnili; 3-zeTi; 4-avzi;

5-magnitogamtari; 6-dabali da 7-maRali Zabvis gragnilebi; 8-avzis

kedeli; 9-zeTi; 10-haeri.

rac Seexeba tr-ris myar izolacias da zeTs, rogorc

avRniSneT maTSi siTbos gamoyofa umniSvneloa. amasTanave zeTi

siTbogamtarobiT tr-ris avzis zedapirs gadascems siTbos da

konveqciis gziT ki radiatorebis saSualebiT garemos gadaecema.

magnitogamtaris qveda bolosa da avzis Zirs Soris sivrceSi

temperatura garemos temperaturas utoldeba da zeTis bunebrivi

konveqciis mqone transformatorebis normaluri eqspluataciis

SemTxvevaSi es zona Tbur procesebSi ar monawileobs, mas

Termulad `mkvdar zonas~ uwodeben. am zonasa da avzis Tavs

Soris temperaturaTa sxvaoba 30℃-mde aRwevs, xolo iZulebiTi

gacivebis sistemis mqone transformatorSi `mkvdari zona~

praqtikulad ar arsebobs da avzis Zirsa da Tavs Soris

temperaturis sxvaoba 8 ℃ ar aRemateba [13] e.i. siTbo, rogorc

simaRleze aseve kveTis gaswvriv Tanabrad aris ganawilebuli.

temperaturis namati avzSi iseTive TanmimdevrobiT aris

ganawilebuli, rogorc maqsimaluri temperatura avzis

detalebze simaRlis mixedviT: xolo temperaturis cvlileba

horizontalur kveTSic ameve kanonzomierebas eqvemdebareba.

Tu transformatoris avzSi zeTi iZulebiT moZraobs, maSin

temperaturis aRniSnuli ganawilebis suraTi mniSvnelovnad

icvleba, kerZod magnitogamtarsa da gragnils Soris

temperaturis sxvaoba ramodenime gradus ar Remateba da misi

maqsimaluri da minimaluri temperaturac mcirediT gansxvavdeba.

aseTive suraTia transformatoris gragnilsa da zeTs Soris da

zeTsa da avzs Soris. e.i. zeTis iZulebiTi konveqcia

transformatoris avzSi, rogorc temperaturis gaTanabrebas

iwvevs, aseve maqsimaluri temperaturis sidides amcirebs.

gamoyofili siTbo garemos radiatoris da zedapiris

saSualebiT gadaecema. gamoyofil da gacemul siTbos Soris

siTburi balansi Semdegi formuliT gamoisaxeba:
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ავზ = ავზის − გარ (20)

sadac - zedapiris siTbogacemis koeficientia ვატი/მ . grad.;

S-avzis zedapiris farTia მ ;

ავზის და გარ - eleqtromowyobilobis avzis da garemos

temperaturebia (℃)
siTbogacemis koeficientis gazrdis mizniT aqtiuri nawilidan

siTbos gamomtan agents transformatoris zeTis gamcivebel

radiatorSi atareben, riTac aramarto siTbogacemis koeficienti,

aramed farTic izrdeba.

amgvarad normalur saeqspluatacio pirobebSi

eleqtromowyobilobaSi yovelTvis gamoiyofa siTbo, romelic

mowyobilobis aqtiuri nawilis maxasiaTebeli movlenaa da

gamoyofili es siTbo temperaturis lokalur matebas ar iwvevs,

is garemos gacivebis sistemis saSualebiT gadaecema.

3.2. siTbos ar gamomyofi defeqtebi

eleqtromowyobilobebSi

rogorc zemoT avRniSneT eleqtromowyobilobebis

Tbovizoruli gamokvlevis ZiriTad mizans im defeqtebis

gamovlena waრmoadgens, romlebsac garemoze meti temparatura

aqvT. aseT defeqtebSi siTbo masSi denis gavliT gamoiyofa,

magram arsebobs SemTxvevebi rodesac siTburi balansi

darRveulia da mowyobilobis romelime ubans ufro naklebi

temperatura gaaCnia vidre msgavs detalebs. aseT defeqtebs

siTbos ar gamomyof defeqts an ubralod pasiur defeqts

uwodeben.

am saxis defeqtebiს arsebobა gamacivebeli agentis (zeTi,

wyali, airi) moZraobasTan aris dakavSirebuli, romlis drosac
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siTbo xelovnuri an bunebrivi gacivebis saSualebiT garemos

gadaecema.

rodesac gamcivebeli agentis moZraoba Seferxebulia an

saerTod ver moZraobs, an zedapiridan sxvadasxva mizeziT siTbo

garemos naklebad gadaecema, maSinac pasiuri defeqti

warmoiqmneba.

pasiuri defeqti aramarto temperaturis gazomviT

gamovlindeba, aramed analogiuri zedapiris temperaturebis

SedarebiT. magaliTad Zalovan transformatoris sxvadasxva

mxares ganlagebuli gamacivebeli radiatorebis an

Termosifonuri filtrebis. maTSi pasiuri defeqtis gamosavlenad

aucilebelia im zedapiris temperaturebi SevadaroT, romlebic

erTidaimave pirobebSi, kerZod erTidaimave simaRleze imyofeba.

amisTvis miRebulia Sesadareblad siTbos wyarodan Tanabrad

daSorebuli zedapirebis temperaturebi SevadaroT, kerZod

transformatoris avzis maqsimaluri da minimaluri

temperaturis mqone zedapirTan yvelaze axlos (zeda da qveda

farsaketis milTan) amasTanave mniSvnelovania Sedardes

temperaturebi erTidaimave doneze (simaRleze) myofi

zedapirebis. aseTi midgoma defeqtebis maqsimalurad gamovlenis

saSualebas iZleva.

siTbos argamomyofi defeqtis maxasiaTeblis gazomvis an

sxva saSualebiT gamovlena gaZnelebulia, is uSualod

vizualurad unda dafiqsirdes, rac xSirad SeuZlebelia an

gaZnelebulia. aseT defeqtze siTbos ganawilebis Seswavla ki

saSualebas iZleva eleqtromowyobilobis eqspluataciis

Sewyvetis gareSe efeqturad gamovavlinoT defeqti.

pasiuri defeqtebi umetesad Zalovani transformatoris

gacivebis sistemaSi gvxvdeba, romlis ZiriTad komponents

gamacivebeli radiatorebi warmoadgenen. masSi Semdegi saxis

defeqtebia mosalodneli:

radiatorSi zeTis Semavali an gamomavali farsaketi

daketilia. am SemTxvevaSi radiatorSi zeTi ar moZraobs da am
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radiatoris zedapiris temperatura gansxvavebulia mezobeli

radiatoris (romelSic zeTi normalurad moZraobs) an

transformatoris avzis zedapiris temperaturisagan. aq

SesaZlebelia ori SemTxveva:

Tu zeTis da Sesabamisad avzis temperatura garemos

temperaturaze metia, maSin am radiatoris zedapirs, romelSic

zeTi ar moZraobs ufro naklebi temperatura eqneba vidre im

radiators, romelSic zeTi moZraobs. amasTanave Tu radiatoris

zeda farsaketia daketili, maSin am farsaketis avzTan

SemaerTebel milsac igive temperatura eqneba, rac radiators,

xolo qveda farsaketis daketvis SemTxvevaSi, rodesac zeda

farsaketi gaxsnilia, maSin zeda farsaketis gavliT zeTis Tbili

molekulebi avzTan SemaerTebel milSi siTburi konveqciis gziT

siTbos TiTqmis milis Suamde gadascemen.

radgan transformatoris avzis ZirSi myofi zeTis

temperatura ufro naklebia vidre avzis zemoT, amis gamo qveda

farsaketis daketvis an gaxsnis SemTxvevaSi aRniSnuli movlena

naklebad gamovlindeba da Tavs iCens im SemTxvevaSi Tu zeTis

temperatura 50 ℃-s aRemateba.

orive farsaketis daketvis SemTxvevaSi radiatoris

zedapiris temperatura TiTqmis garemos temperaturis tolia Tu

zeTis da Sesabamisad avzis temperatura garemos temperaturaze

naklebia, maSin im radiatoris zedapirs, romelSic zeTi ar

moZraobs ufro meti temperatura eqneba vidre zeTs an im

radiators romelSic zeTi moZraobs. aqac Tu radiatoris zeda

farsaketi daketilia, maSin farsaketis avzTan SemaerTebel mils

igive temperatura eqneba rac radiators, xolo qveda farsaketis

daketvis SemTxvevaSi rodesac zeda farsaketi Riaa, maSin

farsaketis transformatoris avzTan SemaerTebel mils Sua

nawilamde iseTive temperatura eqneba, rogoric radiators aqvs,

rac radiatoridan avzisken siTbos konveqciuri moZraobiT

aixsneba.
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nax. #23 transformatoris radiatorSi zeTis moZraobis sqema

rodesac radiatoris erTi an ramodenime seqcia an

gamcivebeli mili daxSobilia da masSi zeTi an cudad moZraobs

(nawilobriv daxSobili) an saerTod ar moZraobs (mTlianad

daxSobili), maSin seqciis an milis zedapiris temperatura da

temperaturis ganawileba, simaRlis mixedviT mkveTrad

gansxvavdeba dauzianebeli seqciis analogiuri suraTisgan.

rodesac radiatoris zedapiri mtvris feniT aris

dafaruli, rac xSirad metalurgiuli da cementis qarxnebis

maxloblad ganlagebul transformatorebs axasiaTebT, maSin

radiatoris zedapiridan siTbos gacema gaZnelebulia, radiatori

naklebad efeqturad muSaobs. mis qveda Zirze da zedapirze

zeTis temperatura ufro metia vidre mtvriT daufaravi

radiatoris zedapirze. aseTi suraTi radiatoris defeqts ar

warmoadgens, magram arasasurveli movlenaa, misi gamosworeba

advilad SesaZlebelia.

rodesac mze transformatoris erT mxares ganlagebul

radiators ufro metad aTbobs vidre meores, an erTi

radiatoris gacivebis ventiliatori ufro efeqturad muSaobs

vidre meoresi, maSinac radiatorebis zedapirebis temperatura

gansazRvruli erTidaimave doneze (simaRleze) erTmaneTisgan

gansxvavdeba, magram es sxvaoba radiatoris defeqtad ar

SeiZleba CaiTvalos.
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zeTis iZulebiTi konveqciis SemTxvevaSi, rodesac zeTis

gamacivebeli mowyobiloba transformatorisgan daSorebulia

zeTsavali milis zedapiris gaswvriv, rogorc sigrZeze, aseve

radialurad, temperaturis ganawilebis araTanabroba saSualebas

iZleva milSi arsebuli defeqtebi gamovavlinoT. rogorc

praqtikam aCvena aseTi defeqtebi iSviaTia.

Tu aseT radiatorTa sistemas wyliT an haeriT iZulebiTi

gacivebis mowyobiloba gaaCnia, maSin Tbomimomcvlelis

zedapirze temperaturis aramdore (mkveTri) cvlileba an

mezobel Tbomimomcvlelis temperaturisgan mkveTri gansxvaveba

Tbomimomcvleli an zeTsavali milis defeqtze miuTiTebs.

Zalovani transformatoris konstruqciaSi

gaTvaliswinebulia transformatoris zeTis gamfiltravi

mowyobiloba, romelic masSi moZravi zeTis uwyvet regeneracias

axdens, radgan filtrebi Termosifonuri  efeqtis principze

muSaoben, amitom maT Termosifonur filtrebs uwodeben (nax.

#24). muSa transformatorSi zeTis zeda da qveda fenebs

sxvadasxva temperetura gaaCnia. temperaturaTa es sxvaoba

filtrSi zeTis moZraobas ganapirobebs (Termosifonuri efeqti),

rac metia sxvaoba miT metia zeTis moZraobis siCqare, zeTis

moZraobis xSir Seferxebas Termosifonur filtrebSi aqvs

adgili, rac maTi konstruqciuli da muSaobis Taviseburebidan

gamomdinareobs.

nax. #24 Termosifonuri filtris sqema
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kerZod filtri Sevsebulia winaswar gamomSrali

msxvilmarcvlovani silikageliT, romlis forovani struqtura

zeTis daZvelebis produqtebis maRali adsorbciuli unariT

gamoirCeva. silikagelis forebi da zedapiri STanTqavs zeTSi

myof tens, Slams, organul mJavebs, metalorganul SenaerTebs da

zeTis daZvelebis sxva produqtebs.

silikagelis marcvlebi TiTqmis sferos formis arian da

maTi diametri 2,7 mm-dan 7,0 mm-mde icvleba da Termosifonur

filtrs imdagvarad avseben, rom Tavisufali sivrce TiTqmis ar

rCeba. xangrZlivi eqspluataciis Semdeg marcvlebs Soris

darCenili mcire zomis Tavisufali sivrce zeTis daZvelebis

produqtebiT ibidneba da zeTis moZraoba TiTqmis wydeba e.i.

filtri Tavis funqcias ar asrulebs. am SemTxvevaSi

temperaturis cvlileba filtris simaRlis mixedviT Tanabari ar

aris, kerZod gamarTulad muSa filtrSi temperatura zemodan

qvemoT mdoreT mcirdeba da filtris qveda farsaketTan avzis

temperaturas utoldeba, xolo dazianebul (gabidnul)

Termosifonur filtrSi temperaturis mkveTr Semcirebas

filtris Sua an zeda nawilSi aqvs adgili, rac filtraciaSi

silikagelis zeda fenebis aqtiuri monawileobiT aixsneba.

ramdenadac mkveTria zeda fenebSi temperaturis Semcireba miT

metad gabidnulia Termosifonuri filtri.

rodesac Termosifonuri filtris erT-erTi farsaketi

daketilia, maSin temperaturis cvlilebis suraTi analogiuria

radiatoris msgavsi SemTxvevisa. amasTanave temperaturis

simaRlis mixedviT ganawileba gamacivebel radiatorSi da

Termosifonur filtrSi gansxvavebulia, rac imiT aixsneba, rom

Termosifonuri filtris avzs radiatoris milTan SedarebiT

meti diamerti da moculoba gaaCnia. amasTanave silikagelis

siTbotevadoba ufro metia vidre transformatoris zeTis.

transformatoris zeTiT Sevsebul eleqtroteqnikur

mowyobilobebSi mniSvnelovania zeTis donis kontroli,
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romlisTvisac maT zeTis donis maCveneblebi gaaCniaT, romlebic

zogjer zeTis dones arasworad aCveneben an dazianebuli arian.

radgan zeTis temperatura garemos temperaturas aRemateba,

amitom Termografiuli kontroliT zeTis donis gamovlena, iseT

eleqtroteqnikur mowyobilobebSi, romlebsac liTonis avzi

gaaCnia (Zalovani transformatori, zeTiani amomrTveli,

zogierTi tipis Zabvis transformatori, zeTis gamafarToebeli

avzi da sxva) advilad SesaZlebelia, kerZod liTonis maRali

siTbogamtarobis gamo zeTis donemde avzis zedapiris

temperatura ufro metia vidre mis zemoT, xolo faifuris

garsacmis mqone mowyobilobebSi, rogoricaa Zabvisa da denis

transformatorebi, Zabvis Semyvanebi da sxva, liTonTan

SedarebiT faifuris naklebi siTbogamtarobis gamo Tu zeTis

temperatura garemos temperaturas 15℃-ze metad ar aRemateba

zeTis donis gamovlena gaZnelebulia.

amdagvarad Termografiuli gamokvleva aramarto

siTbogamomyofi defeqtebis aRmoCenis saSualebas iZleva, aramed

is Seucvlelia siTbos aragamomyofi defeqtebis gamosavlenad.

3.3 siTbogamomyofi defeqtebi eleqtromowyobilobebSi

eleqtroteqnikur mowyobilobebSi siTbos gamoyofas

gamtari nawilis gadaxureba an saizolacio sistemaSi

eleqtruli izolaciis lokaluri defeqti iwvevs.

saizolacio sistemis siTbogamomyof defeqtebs izolaciis

mcire moculobaSi warmoqmnili nawilobrivi garRveva an

sxvadasxva faqtorebiT gamowveuli dieleqtrikuli danakargebis

normaze metad gazrda miekuTvneba.

izolaciis sruli eleqtruli garRvevac siTbos famoyofs,

magram is imdenad swrafad mimdinareobs, rom misi fiqsireba

Tbovizoris saSualebiT SeuZlebelia, garRvevis Semdeg ki

avarias aqvs adgili da rogorc wesi eleqtromowyobiloba

eqspluataciidan gamodis.
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radgan organuli warmoSobis saizolacio masalebi

naklebi siTbogamtarobiT xasiaTdebian vidre liTonebi, amisgamo

maTSi gamoyofili siTbo garemos naklebad gadaecema da siTburi

defeqtis aRmoCena SedarebiT advilia. rac Seexeba araorganuli

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

maT SedarebiT meti siTbogamtaroba gaaCniaT, vidre organuli

warmoSobis saizolacio masalebs, magram maTi siTbogamtaroba

liTonebis siTbogamtarobaze naklebia.

Txevad saizolacio masalebSi (satransformatoro,

sakabelo da sakondensatoro zeTebSi) gamoyofili siTbo

garemos konveqciis gziT gadaecema. bunebrivi konveqciis

SemTxvevaSi cxeli wertilidan siTburi nakadi zemoT aris

mimarTuli anu siTburi defeqti maRla aris wanacvlebuli.

eleqtromowyobilobebSi nawilobrivi ganmuxtvebi myari

izolaciis moculobaSi an zedapirze mimdinareobs. erTeulovani

ganmuxtvis Sedegad gamoyofili energia mcirea da 10 vats ar

aRemateba, magram sixSire 10 hercamde aRwevs. Tu es energia

zeTSi moTavsebuli 5 mm-sisqis muyaos izolaciis moculobaSi

gamoiyofa maSin misi temperatura erTi saaTis ganmavlobaSi 20 −30 ℃ SeiZleba gadiddes. Tu aseTi nawilobrivi ganmuxta myari

izolaciis zedapirze mimdinareobs masSi temperaturis mateba5 − 6℃ ar aRemateba, rac gamoyofili siTbos garemoze (haers an

transformatoris zeTs) gadacemiT aris gamowveuli.

rodesac myari izolaciis moculobis mcire nawilSi

ZiriTadad daWuWyianebis produqtebis moculobaSi SeRweviT

dieleqtrikuli danakargebi izrdeba, maSin gamoyofili siTbo

nawilobrivi ganmuxtvebisas warmoqmnili siTbos analogiuri

kanonzomierebiT vrceldeba.

kabelis izolaciis nawilobrivi dazianebisas, kerZod

calkeuli fazebis gaSlis adgilis izolaciis Sesustebis areSi

Tavs iCens eleqtrogamtarobis gazrdiT gamowveuli

dieleqtrikuli danakargebis zrda, rac Tavis mxriv cxel

wertils warmoadgens. siTbos gamoyofis gamo SeiZleba maRali
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gamtarobis are, nawilobriv garRvevaSic gadaizardos.

analogiur movlenas kabelis moculobaSi adgili ar aqvs. is

kabelis daboloebebis maxasiaTebeli movlenaa da ZiriTadad

gamowveulia kabelis izolaciis SesustebiT, izolaciis

zedapirze mtvris da WuWyis nawilakebis moxvedriT. am movlenas

izolaciis zedapirze wylis an tenis moxvedra aZlierebs.

siTburi defeqtis ZiriTad wyaros dengamtari nawilebis

(detalebis) gadaxureba warmoadgens. am movlenas adgili aqvs

meqanikuri SeerTebebis gardamavali winaRobis gazrdisas, kerZod

(1) formulis Tanaxmad kontaqtis gardamavali winaRobis

normalur mdgomareobasTan SedarebiT gazrda amave sididiT

gamoyofili siTbos raodenobis gazrdas iwvevs.

am movlenas adgili aqvs:

a- Zabvis Semyvanebis momWerebze arasaTanado kontaqtis

arsebobisas;

b- gamTiSvelebis an amomrTvelebis moZrav da uZrav danebs Soris

arasaTanado kontaqtis arsebobisas;

g- transformatoris, avtotransformatoris an reaqtorebis

gragnilebis meqanikuri SeerTebis an mirCilvis adgilis

dazianebisas;

d- Zabvis maregulirebeli gadamrTvelebis kontaqtebs Soris

arasaTanado kavSiris arsebobisas;

e- magnitogamtaris damiwebis sistemaSi denis Sekruli kontaqtis

warmoqmnisas;

v- Zalovani transformatoris avzis Sida zedapirze ganlagebuli

magnituri Suntebis izolaciis dazianebisas;

z- transformatoris avzis Ziris da zarxufTan SeerTebis

adgilis eleqtruli kontaqtis Sesustebisas;

T- Zalovani an mzomi transformatoris gragnilSi mokled

SerTuli xviebis arsebobisas;

i- magnitogamtarSi calkeul furclebs Soris izolaciis

dazianebisas. es movlena `magnitogamtarSi xanZris~ saxeliT aris

cnobili.
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rodesac ramodenime ganmuxtveli erTmaneTTan mimdevrobiT

aris SeerTebuli da maT gaJonvis denebis gansxvavebuli

mniSvnelobebi gaaCniaT maSin erT-erT maTganSi ufro meti siTbo

gamoiyofa vidre sxvaSi, rac Tavisebur siTbur defeqts

warmoadgens. aseve Tu ganmuxtvelis sanaperwklo Sualedi

dazianebulia an masSi wyalia maSin mTlianad ganmuxtvelSi

SedarebiT meti deni gadis da misi temperatura sxva fazis

ganmuxtvelTan SedarebiT metia.

3.4 siTbogamomyofi defeqtebis aRmoCenis araTburi

meTodebi

eleqtromowyobilobaSi nebismieri saxis defeqti, garda

siTburi energiis gamoyofisa, garkveul cvlilebas iwvevs,

romlis saSualebiT misi aRmoCena da Sefasebaa SesaZlebeli.

es cvlileba umetes SemTxvevaSi eleqtrul parametrebTan

aris dakavSirebuli, romlis gamosavlenad aucilebelia am

maxasiaTeblis gazomva, rac Tavis mxriv eleqtromowyobilobis

gamorTvas moiTxovs, es ki momxmareblisadmi energiis Sewyvetas

iwvevs. aqedan gamomdinare Tbovizoruli kontroliT

eleqtromowyobilobis defeqtebis gamovlena, rogorc

ekonomiurad aseve praqtikuli TvalsazrisiTac gamarTlebulia.

miuxedavad amisa ganvixiloT zemoT CamoTvlili defeqtebis

aRmoCenis arasiTburi meTodebi da SevafasoT Tbovizoruli

kontrolis da am meTodebis SesaZleblobebi.

nawilobrivi ganmuxtvis aRmoCenis meTodebi imdenad

daxvewilia, rom saSualebas iZleva aRmovaCinoT 1 piko kulonis

muxtis mqone erTeulovani ganmuxtva, magram nawilobrivi

ganmuxtvis adgilmdebareobis gansazRvra SeuZlebelia [7].

analogiur sirTules Tbovizoruli gamokvlevisas aqvs adgili,

magram Tu nawilobrivi ganmuxtva izolaciis zedapirze

mimdinareobs an mis mier gamoyofili siTbo avzis zedapirze

gamodis, maSin misi adgilmdebareobis gansazRvra SesaZlebelia.
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myari izolaciis moculobaSi dieleqtrikuli danakargebis

gazrda saizolacio sistemis zrdaSi aisaxeba, romlis

gansazRvrisTvis aucilebelia eleqtromowyobilobis gamorTva

da -is uSualod zonuri meTodiT gansazRvra, magram

adgilmdebareobis zusti gansazRvra SeuZlebelia [9]. Tu

zrdis kera avzis zedapirze an mis maxloblad imyofeba

imdagvarad, rom gamoyofili siTbo zedapirze gamodiodes, maSin

Tbovizoruli kontroliT misi gamovlena da adgilmdebareobis

gansazRvra SeiZleba.

rac Seexeba kabelis izolaciis dazianebuli ubnis

gamovlenas, is SeiZleba gamorTuli kabelis izolaciis

winaRobis an gazomviT aRmovaCinoT, magram am meTodebiT

adgilmdebareobis gansazRvra praqtikulad SeuZlebelia.

amisTvis Seucvlelia Tbovizoruli gamokvleva, romelic 1 mm

sizustiT gansazRvravs dazianebuli ubnis mdebareobas kabelis

gamorTvis gareSe, rac udaod did upiratesobas warmoadgens.

dengamtari detalebis meqanikuri SeerTebis an rCilvis

adgilebis gadaxureba gardamavali winaRobis gazrdiT aris

gamowveuli. maTi arsebobis gamovlena gamorTul mowyobilobaze

kontaqtebis winaRobis gazomviT gamovlindeba. aseTi saxis

TiToeuli gazomva xangrZlivi procesia da yovelTvis

SesaZlebeli ar aris.

Tu kontaqti xilulia (gamTiSveli, Zabvis Semyvanis, denis

da Zabvis transformatoris momWeri) an gamoyofili siTbo

moculobidan avzis zedapirs aRwevs, maSin misi Tbovizoruli

gamokvleviT cxeli wertilis gamovlena da adgilmdebareobis

gansazRvra swrafad SeiZleba.

transformatoris gragnilebis meqanikuri SeerTebis

dazianebiT gragnilis winaRoba mudmivi denis mimarT izrdeba,

misi gamovlena gamorTuli mowyobilobis gragnilis calkeuli

xviebis winaRobis gazomviT SeiZleba, magram adgilmdebareobis

gansazRvra SeuZlebelia. rogorc wesi aseT defeqtze mcire

sididis siTbo gamoiyofa, romelic transformatoris zeTs
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gadaecema, magram avzis zedapirze ar gamodis. amdenad

Tbovizoruli kontroliT misi gamovlena SeuZlebelia.

analogiur movlenas aqvs adgili, rodesac Zabvis

maregulirebeli mowyobilobis kontaqtebs Soris gardamavali

winaRoba aris gazrdili.

Tu Zalovani transformatoris xviis gamtarebs Soris

mokled CarTvas aqvs adgili, maSin misi gamovlena gragnilis

calkeuli xviis mudmivi denis mimarT winaRobis an uqmi svlis

denis da danakargebis simZlavris gazomviT gamovlindeba. Tu

mokledSerTul kontaqtSi didi sididis energia gamoiyofa,

magram gazuri reles moqmedebas adgili araqvs, maSin

gamoyofili siTbo avzis zedapirze gamodis da misi aRmoCena da

adgilmdebareobis gansazRvra Tbovizoruli kontroliT

SesaZlebelia.

Tu xviebis mokled SerTvas mzom transformatorebSi aqvs

adgili, sadac transformatoris zeTi uZravia, gamoyofili

siTbo swrafad aRwevs transformatoris avzis zedapirs da

umetes SemTxvevaSi misi gamovlena Tbovizoruli kontroliT

SesaZlebelia.

Zalovani transformatoris Siga zedapirze ganlagebuli

magnituri Suntis izolaciis dazianeba eleqtruli gazomviT

Znelad gamosavlenia, radgan avzi unda daicalos zeTisgan da

gazomvebi calkeuli Suntis izolatorebisTvis Catardes, xolo

Tbovizoruli kontroliT dazianebuli izolatoris mqone

Suntis gamovlena advilad SeiZleba, radgan magnituri nakadis

Zalwirebi avzis zedapirze ikvrebian da mis lokalur

gadaxurebas awvevs.

transformatoris avzis Zirsa da zarxufs Soris cudi

eleqtruli kontaqtis gamovlena eleqtruli gazomvebiT

praqtikulad SeuZlebelia, magram magnitur Suntebze aRZruli

potencialiT ganpirobebuli induqcirebuli denis gadineba, cudi

kontaqtis SeerTebis adgilis, an meqanikuri SeerTebis qanCis
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gadaxurebas iwvevs, risi gamovlenac Tbovizoruli kontroliTaa

SesaZlebeli.

magnitogamtaris calkeul furclebs Soris izolaciis

dazianebiT wrmoqmnili fukos denebi magnitogamtaris

gadaxurebas iwveven. is uqmi svlis danakargebis simZlavris

gazomviT gamovlindeba. misi adgilmdebareobis gansazRvra ki am

meTodiT SeuZlebelia. Tu siTbos wyaro transformatoris avzis

zedapirTan axlos aris, maSin mis gaTbobas iwvevs, magram aseTi

adgilis Termografiuli gamokvleva Zneli Casatarebelia.

mimdevrobiT SeerTebul ganmuxtvelebSi rodesac maTi

gaJonvis denebi gansxvavebulia, im ganmuxtvelSi, romelsac meti

winaRoba gaaCnia meti siTbo gamoiyofa da Sesabamisad aseTi

ganmuxtvelis gamovlena TbovizoriT ufro SesaZlebelia vidre

sxva meTodebiT.

3.5 defeqtebi Zalovan transformatorebSi

eleqtroteqnikur mowyobilobebSi yvelaze metad defeqtebi

Zalovan transformatorebSi gvxvdeba. romlis analizi

zaporoJies transformatorebis qarxanam 110kv 106

transformatorisTvis 20 wlis ganmavlobaSi Segrovili 643

gamovlenili defeqtis magaliTze Caatara. analizisas defeqtebi

saerTo maxasiaTeblis mixedviT daajgufa da gansazRvra am

defeqtebis procentuli raodenoba mTlian defeqtebSi. Cven

movaxdineT Sefaseba am defeqtis Tbovizoruli diagnostikis

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

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

№ defeqtis adgili da saxe
raod
enoba

% weli
TbovizoriT
gamovlinda

1 gacivebis sistema 146 22.71 1 22.71

2 Zabvis Semyvanebi 92 14.31 1 14.31

3 airebis gamoyofa zeTSi 58 9.02 0.5 4.5
4 zeTis daZveleba 48 7.47 0 0

5 `РПН~ defeqtebi 46 7.15 0.5 3.55
6 zeTis gaJonva 44 6.84 0.5 3.42
7 gragnilis moSveba 42 6.53 0.5 3.26
8 myari izolaciis daWuWyianeba 34 5.29 0 0

9 myari izolaciis datenianeba 26 4.04 0 0

10 magnitogamtaris gaSla 26 4.04 1 4.04
11 zeTis gaWuWyianeba 14 2.18 0 0

12 gragnilis deformacia 10 1.56 0.5 0.78

13
iZulebiTi gacivebis sistemis
defeqti

8 1.24 1 1.24

14 vibraciis mateba 8 1.24 0 0

15 izolatorebis defeqti 7 1.09 1 1.09

16 magnituri Suntebis dazianeba 6 0.93 1 0.93

17 `ПБВ~ dazianeba 6 0.93 1 0.93
18 zeTis daJangva 4 0.62 0 0
19 hermetulobis darRveva 4 0.62 1 0.62

20
zeTis gamafarToeblis
defeqti

4 0.62 1 0.62

Tu am analizis SedegebiT Sefasebas movaxdenT. aRmoCndeba, rom

Zalovan transformatorSi yvela saxis SesaZlebeli defeqtis 62

%-is Tbovizoruli diagnostikis saSualebiT gamovlena aris

SesaZlebeli, magram am analizSi iseTi defeqtic aris

ganxiluli, romelTa gamovlena Tbovizoruli diagnostikis

meTodiT, defeqtis bunebidan gamomdinare praqtikulad

SeuZlebelia: magaliTad transformatoris zeTis

maxasiaTeblebis gauareseba an myari izolaciis tenSemcvelobis

gazrda. analizSi Tu am saxis defeqti ar gaviTvaliswineT, maSin

aRmoCndeba, rom Tbovizoruli kontroli saSualebas gvaZlevs

Zalovan transformatorSi siTbogamoyofasTan dakavSirebuli

defeqtebis 80 % gamovavlinoT da maTi adgilmdebareoba

ganvsazRvroT. yovelive es SesaZlebelia Zalovani

transformatoris gamorTvis gareSe, rac udavod mniSvnelovani

faqtoria.
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3.6 Tavi 3-is mimarT daskvnebi

Catarebuli msjelobis da analizis Sedegad SegviZlia

davaskvnaT:

1) nebismieri saxis eleqtroteqnikur mowyobilobaSi

normalur saeqspluatacio pirobebSi adgili aqvs siTbos

gamoyofas. es movlena misi maxasiaTebeli Tvisebaa, magram

gamoyofili siTbo garemos gadaecema da siTburi defeqti ar

warmoiqmneba.

2) siTburi energiis yvelaze met gamoyofas Zalovan

transformatorebSi aqvs adgili. maTSi siTbos ZiriTad wyaros

aqtiuri nawili warmoadgens, romelSic gamoyofili siTbo

transformatoris zeTis da gamacivebeli mowyobilobebis

saSualebiT garemos gadaecema.

3) eleqtroteqnikuri mowyobilobis Tburi reJimis iseT

darRvevas, ris gamoc mowyobilobis mcire moculobaSi

temperatura normalur pirobebTan gansxvavebulia Tburi

defeqti ewodeba.

4) Tu Tburi defeqti siTbos gamoyofiT aris

ganpirobebuli mas siTbur anu aqtiur defeqts uwodeben, xolo

Tu defeqti garemoze siTbogadacemiT aris ganpirobebuli mas

siTboargamomyof anu pasiur defeqts uwodeben. aseTi defeqtebi

ZiriTadad transformatoris avzis gacivebis sistemaSi gvxvdeba.

5) Tu transformatoris avzis gaciveba bunebrivi

konveqciiT xdeba, Zalovani transformatoris avzis simaRleze

da ganivkveTis gaswvriv siTbo araTanabrad aris ganawilebuli.

6) eleqtroteqnikuri mowyobilobebis Tbovizoruli

gamokvleva mowyobilobis diagnostikis arapirdapir meTods

warmoadgens, magram misi saSualebiT SegviZlia qselidan

gamorTvis gareSe gamovikvlioT eleqtroteqnikuri

mowyobilobebi da 80 %-ze meti iseTi defeqti gamovavlinoT,

romlebic eleqtroteqnikuri mowyobilobis siTburi reJimis

darRvevasTan aris dakavSirebuli.



95

Tavi 4. eleqtroteqnikuri mowyobilobebis

Tbovizoruli gamokvleva

4.1 Tbovizoruli gamokvlevis normebi da kriteriumebi

mravalwlianma gamocdilebam aCvena, rom eleqtroteqnikuri

mowyobilobebis Tbovizoruli gamokvlevisas upiratesoba iseT

kamerebs eniWebaT, romelTa muSa speqtri 8-12 mikrometris

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

iyos gadaRebis kuTxis swori SerCeva, atmosferoSi kvamlis an

nislis ararseboba. aucilebelia gamosakvlevi obieqtis axlos

siTbos wyaros an misgan wamosuli Tburi haeris nakadis

gavlenis gamoricxva.

Sefasebisas viyenebdiT moqmedi normebis Sesabamis

normatiul terminebs, aseve saerTaSoriso da CvenTan

gamoyenebul normebSi miRebul ganmartebebs.

1 temperaturis namati - temperaturaTa sxvaoba garemosa da

gazomil obieqtis zedapirs Soris;

2 temperaturis siWarbe - sakontrolo detalis

temperaturis sxva fazis namati analogiur detalis

temperaturaze, rodesac isini erTnair garemo pirobebSi

imyofebian;

3 defeqturobis koeficienti - kontaqturi SeerTebis

gazomili temperaturis namatis fardoba, saltis (gamtaris)

dauzianebeli ubnis temperaturis namatTan, romelic defeqturi

adgilidan aranakleb 1 metr manZilzea daSorebuli;

4 kontaqti - aparatis dengamtari nawili, romelic wreds

kravs, TiSavs an srialis an saxsrovani SeerTebiT wredis

uwyvetobas inarCunebs.
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5 kontaqturi SeerTeba - dengamtari SeerTeba (WanWikiT,

SeduRebiT, rCilviT an dawnexviT), romelic eleqtruli wredis

mTlianobas uzrunvelyofs.

eleqtromowyobilobis an xazis dengamtari nawilebis

Tburi mdgomareobis Sefaseba maTi muSaobis an konstruqciuli

Tvisebebidan gamomdinare SeiZleba ganxorcieldes:

1. gaxurebis normirebuli temperaturis anu temperaturis namatis

mixedviT; 2. temperaturis siWarbis mixedviT; 3. defeqturobis

koeficientis mixedviT; 4. temperturis cvalebadobis (dinamikis)

drois mixedviT an datvirTvis cvlilebis mixedviT; 5. sxvadasxva

fazebze temperaturis cvlilebis mixedviT; 6. winaswar cnobili

dauzianebeli fazis (ubnis) temperaturasTan Sedarebis mixedviT;

temperaturis namatis zRvruli dasaSvebi mniSvnelobebi

sxvadasxva saxis eleqtroteqnikuri mowyobilobebisTvis

mocemulia cxrili #2-Si. es monacemebi gamoiyeneba im

SemTxvevaSi, Tu romelime konkretuli mowyobilobisTvis qarxana-

damamzadebels an sxva organizacias gansxvavebuli normebi an

SezRudvebi ar dauwesebia.

temperaturis namatis an gacxelebis normebi moyvanilia im

SemTxvevisTvis, rodesac mowyobilobaSi, kontaqtSi an

transformatorSi gamavali denis sidide nominalur

mniSvnelobas utoldeba, magram Tbovizoruli gamokvlevis

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

sxvadasxva tipis kontaqtebis an detalebis Termografiuli

Sefasebis Casatareblad specialur formulebs iyeneben.

kontaqtze gamoyofili siTbo da Sesabamisad temperatura

masSi gamavali denis sididis kvadratis proporciulia. amis

gamo, temperaturis namatis datvirTvis denze damokidebulebas

rTuli saxe aqvs. gamoTvlebis gamartivebis mizniT, denis

diapazoni da Sesabamisad Sefasebis kriteriumi sam nawilad

gayves.
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kontaqturi SeerTebebis dasaSvebi temperaturebi cxrili. #2

№ dasaxeleba

zRvruli
dasaSvebi

temperatura

gaxureba namati

1
dengamtari da aradengamtari metaluri
detalebi, araizolirebuli detalebi

120 80

2
izolirebili detalebi, romlebic exebian
mxurvalmedegobis Semdegi klasis izolaciis
(ГОСТ 8865-93) У klasi 90 50А klasi 100 60Е klasi 120 80В klasi 130 90

F klasi 155 115Н klasi 180 140

3 kontaqtebi, spilenZis an misi Senadnobebis

_ daufaravi haerSi/saizolacio zeTSi 75/80 35/40
_ dafaruli vercxliT an nikeliT
haerSi/zeTSi

120/90 80/50

_ dafaruli 24 mkm sisqis vercxliT 120 80

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

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

85/90 45/50

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

_ dafarvis gareSe 90 50

_ dafaruli kaliT, vercxliT an nikeliT 105 65

6
WanWikiT kontaqturi SeerTeba aluminis,
spilenZis an maTi Senadnobebis

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

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

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

7 cvladi denis mcvelebi 3kv da meti Zabvis

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

75/90 35/50

_ daSladi SeerTebebi (WanWikiT an xraxniT)

mcvelebis gamomyvanebi 105 55

_ zambariani daSladi kontaqturi SeerTebebi

_ spilenZis detalebi gamoyenebuli rogorc
zambara

75 35

_ fosforSemcveli brinjao an analogiuri
Senadnobebi

70 40
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8
saizolacio zeTi sakomutacio aparatis zeda
fenebSi

105 65

9 CaSenebuli denis transformatorebSi

_ gragnili _ 10

_ magnitogamtari _ 15

10 Zabvis Semyvanebze WanWikiT

SeerTebebi zeTSi/haerSi _ 85/65

11
Zalovani transformatoris datvirTvis qveS
Zabvis regulatoris SeerTebebi spilenZis an
misi SenadnobebiT haerSi/zeTSi muSaobisas

_ WanWikiT an sxva elementiT myari mibjenisas _ 40/25

_ zambariT mibjeniT, gadarTvisas
TviTgasufTavebiT

_ zambariT mibjeniT, gadarTvisas
TviTgasufTavebis gareSe

_ 35/20

12
Zalovani kabelebis dengamtari ZarRvebi
xangrZliv/avariul reJimSi

_ 20/10

_ polivlinqloridis da polieTilenis
izolaciiT

70/80 _

_ vulkanizirebadi polieTilenis izolaciiT 90/130 _

_ rezinis izolaciiT 65/_

_ momatebuli Tbomedegobis rezinis
izolaciiT

90/_

_ qaRaldis gaJRenTili izolaciiT,
nominaluri ZabviT

3 kilovoltamde 80/85

6 kilovoltamde 65/75

10 kilovoltamde 60/_

20 kilovoltamde 55/_

35 kilovoltamde 50/_

13

eleqtruli Zravebis koleqtorebis an
koleqtoruli rgolebis daculi an dacvadi,
romlebsac Semdegi klasis siTbomedegobis
izolacia gaaCnia

A _ 60

E _ 70

B _ 80

F _ 90Н _ 100

14 srialis an xaxunis sakisrebi 80/100 _
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1. meqanikuri an WanWikiT kontaqturi SeerTebisas, rodesac

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

SesaZlebelia cxrili #2-ze mocemuli temperaturis namatis

mixedviT kontaqtis mdgomareobis Sefaseba, risTvisac Semdeg

Tanafardobas iyeneben.

∆ მუშა∆ ნომ = მუშა

ნომ
(21)

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

denebze temperaturebia.

am formulidan gamomdinare normalur mdgomareobaSi

temperatura iqneba ∆ მუშა ≤ ∆ ნორმ ∙ მუშა

ნომ
(22)

Tu kontaqtis gazomili temperatura am formuliT ∆ მუშა sidides

aRemateba, maSin rogoric ar unda iyos gazomili tempertauris

mniSvneloba, kontaqti defeqturia.

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

Sesabamisi temperaturis namats ∆ , iyeneben, romelic

formula (22)-is saSualebiT ganisazRvreba.

∆ მუშა ≤ ∆ , ნომ, ნომ (23)

yvela SemTxvevaSi temperaturis namatis mixedviT dazianeba

Semdeg etapebad iyofa:

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

etapi, saWiroa iyos kontrolis qveS. gegmiuri remontisas moxdes

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

misi AaRmofxvra eleqtromowyobilobis uaxloesi

eqspluataciidan gamoyvanisTanave.

- temperaturis namati 30 ℃ aRemateba - avariuli defeqti,

saWiroa dauyovnebliv misi aRmofxvra.

miRebulia, rom nebismieri sididis datvirTvis denisas Tu

kontaqturi SeerTebis temperaturis namati 30 ℃ aRemateba, maSin

adgili aqvs avariul defeqts da aucilebelia misi dauyovnebliv

aRmofxvra.

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

naklebia, maSin Tbovizoruli gamokvleviT aseTi kontaqtis

defeqturobis Sefaseba defeqtis ganviTarebis sawyis etapze

SeuZlebelia. am pirobebSi avariuli defeqtic ki aradefeqturi

kontaqtisgan 1℃ temperaturiT gansxvavdeba. literaturaSi

gvxvdeba SemTxveva, rom aseT defeqts avariulad Tvlian.

rodesac kontaqturi SeerTeba SeduRebis, rCilvis an

mibjenis saSualebiT aris Seqmnili, maSin rekomendirebulia

Sefaseba temperaturis siWarbis an defeqturobis koeficientis

saSualebiT movaxdinoT.

dengamtari detalebis Tburi mdgomareobis Sefaseba

defeqturobis koeficientis saSualebiT warmoebs. am SemTxvevaSi

gazomili an formula (22)-iT gansazRvruli dengamtaris

temperaturas, normirebuli temperaturis sidideze yofen, riTac

defeqturobis koeficienti isazRvreba. Tu misi sidide 1-s

aRemateba, maSin dengamtari detali defeqturia da Sefasebac

misi sididis mixedviT warmoebs, kerZod:

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

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

saWiroa obieqti yuradRebis qveS imyofebodes da dazianeba

gegmiuri remontis dros aRmoifxvras.

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

icvleba, maSin defeqti ganviTarebulia. misi aRmofxvra uaxloes

SesaZleblobisas aris aucilebeli.
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_ Tu defeqturobis koeficienti 1,5-ze metia adgili aqvs

avarias. misi aRmofxvra dauyovnebliv unda moxdes.

4.2 eleqtromowyobilobebis Tbovizoruli gamokvlevis

perioduloba

Tbovizoruli gamokvlevis periodulobaze mravali

faqtori axdens gavlenas, romelTagan ZiriTadi am mowyobilobis

Zabvis klasi, datvirTvis simZlavre, muSaobis garemo pirobebi da

eleqtromowyobilobis daniSnuleba.

radgan Tbovizoruli gamokvlevis Catareba mowyobilobis

eqspluataciis Sewyvetas ar moiTxovs, amitom meti saimedoobis

an wina gamokvlevisas aRmoCenili defeqtis ganviTarebis

dinamikis Seswavlis mizniT SeiZleba rekomendirebuli

perioduloba dairRves da gamokvleva ufro xSirad Catardes,

vidre saeqspluatacio normis moTxovnaa. rac udavod saziano ar

aris, magram normaSi miTiTebuli periodulobis gazrdam

SeiZleba avaria gamoiwvios.

literaturaSi [20] vrceldeba azri imis Sesaxeb, rom

Tbovizoruli gamokvlevebis periodulobis ganmsazRvreli

normebi moZvelebulia, radgan is 10-12 wlis win Seiqmna da

dReisTvis sasurvelia aseTi gamokvleva weliwadSi erTxel mainc

Catardes. Tumca zogierT energokompaniebSi mas weliwadSi

ramodenimejer atareben.

miuxedavad am mosazrebisa savaldebuloa Sesruldes

Tbovizoruli gamokvlevis is perioduloba, romelic

saeqspluatacio normebSia asaxuli [15].

gamanawilebeli qvesadguris yvela saxis

eleqtromowyobilobis, romlebic nominaluri Zabvis moqmedebis

qveS da normalur saeqspluatacio pirobebSi imyofebian,

Tbovizoruli gamokvlevis periodulobas nominaluri Zabva

gansazRvravs. normis mixedviT savaldebuloa Tbovizoruli

gamokvleva Catardes, Tu:



102

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

sam weliwadSi erTxel;

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

weliwadSi aranakleb erTxel;

g. rodesac nominaluri Zabvis sidide 300 kv-s aRemateba

maSin Tbovizoruli gamokvleva weliwadSi erTxel tardeba;

rodesac gamanawilebel qvesadgurs muSaoba daWuWyianebis

zonaSi uwevs, maSin miuxedavad nominaluri Zabvisa qvesadguris

yvela mowyobilobas Tbovizorul gamokvlevas weliwadSi

erTxel an saWiroebisas metjer utareben.

nebismieri nominaluri Zabvis gamanawilebeli mowyobilobis

aragegmiuri Tbovizoruli gamokvleva tardeba masze stiqiuri

movlenebis zemoqmedebisas, kerZod qariSxlis, miwisZvris, Zlieri

yinvebis, an gamanawilebeli mowyobilobis obieqtebze mexis

pirdapiri dacemisas. aseve savaldebuloa aragegmiuri

Tbovizoruli gamokvlevis Catareba gamanawilebeli

mowyobilobidan gamaval sahaero an sakabelo eleqtrogadacemis

xazze mokled SerTvis Semdeg.

sahaero eleqtrogadacemis xazis nebismieri saxis kontaqtis

Tbovizoruli gamokvlevis perioduloba damokidebuli ar aris

nominaluri Zabvis sidideze da mravali faqtoriT aris

ganpirobebuli kerZod:

_ Tu gadacemis xazi eqspluataciaSi axali Seyvanilia, misi

kontaqtebis Termografiuli gamokvlevis Catareba savaldebuloa

eqspluataciis pirvelsave wels moxdes. Semdeg ki normis

mixedviT.

_ rodesac gadacemis xazi eqspluataciaSi 25 welze meti

xnis ganmavlobaSi imyofeba da wina Tbovizoruli gamokvleviT 5

%-ze meti kontaqturi SeerTeba defeqturi aRmoCnda, maSin

Termografiuli gamokvleva weliwadSi erTxel utardeba. Tu 5

%-ze naklebi kontaqti aRmoCnda defeqturi, maSin gamokvlevis

Catareba normis mixedviT sam weliwadSi erTxel aris

savaldebulo.
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_ Tu eleqtrogadacemis xazi maqsimaluri datvirTviT

muSaobs an sapasuxismgeblo obieqts awvdis el.energias an

Zlieri daWuWyianebis zonaSi aris ganlagebuli maSin misi

kontaqtebis Tbovizoruli gamokvleva yovel weliwads aris

savaldebulo.

_ danarCen SemTxvevaSi eleqtrogadacemis xazis kontaqtbis

Tbovizoruli gamokvleva savaldebuloa eqvs weliwadSi erTxel.

nebismieri Zabvis eleqtrogadacemis xazze mokled SerTvis

SemTxvevaSi kontaqtebis Tbovizoruli gamokvleva riggareSe

tardeba.

eleqtromowyobilobebze ganlagebuli cvladi an mudmivi

denis Zravebis (gamacivebeli ventilatorebi, zeTis tumbo,

amomrTvelebis Zravebi da sxva) Tbovizoruli diagnostikis

perioduloba amave mowyobilobis diagnostikis periodulobiT

ganisazRvreba, xolo Sefaseba xdeba cxrili #2-is 13 da 14

punqtis moTxovnebis mixedviT.

radgan Cveni gamokvlevis obieqts generatorebi ar

warmoadgenda amis gamo mis normebs da Tbovizoruli

gamikvlevebis periodulobas ar ganvixilavT.

Tbovizoruli gamokvleviT gamovlenili nebismieri Zabvis

eleqtromowyobilobis nebismieri tipis defeqtis arseboba Tu is

avariuli ar aris an mowyobilobis gamorTva xangrZlivi droiT

SeiZleba, remontis Catarebamde eleqtruli gazomviT unda

dadasturdes, xolo avariuli an mcire xniT gamorTuli xazis

SemTxvevaSi remonti eleqtruli gazomvebis gareSe utardeba.

orive SemTxvevaSi garemontebul eleqtromowyobilobas

eqspluataciisas Tburi reJimis damyarebis Semdeg Tbovizoruli

gamokvleva ganmeorebiT utardeba.
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4.3 transformatoris gacivebis sistemis da

Termosifonuri filtris defeqtebi

miuxedavad imisa, rom am saxis defeqtebi siTbos gamoyofiT

ar xasiaTdebian maTi arseboba siTburi nakadis ganawilebaze

mniSvnelovan gavlenas axdens. amasTanave sxva meTodebiT maTi

aRmoCena Zalian gaZnelebulia da am saxis defeqtebis

aRmosaCenad Termografiuli gamokvleva faqtiurad erTaderTi

saimedo meTodia. amis sailustraciod nax. #25-ze naCvenebia

qvesadguri `lomisi~-s t-1 da qvesadgur `quTaisi-4~ t-1

transformatorebis radiatoris Termogramebi, saidanac Cans, rom

radiatoris erT nawilSi transformatoris zeTi saerTod ar

moZraobs, rac zeTsavali arxebis daxSobiT aris gamowveuli.

amis gamo nominalur datvirTvaze transformatoris zeTis zeda

fenebs normaze meti temperatura aRmoaCnda.

q/s `lomisi~ t-1 q/s `quTaisi-4~ t-1

nax. #25 qvesadguri `lomisi~-is t-1 da `quTaisi-4~-is t-1
transformatorebis gacivebis sistemis radiatorebis araTburi
defeqtebis Termograma

qvesadgur `quTaisi-4~-Si remontis mimdinareobisas

aRmoCnda, rom radiatoris erTi seqcia zeTis daZvelebis

produqtebiT iyo gabidnuli. risi aRmofxvris Semdeg

temperaturis ganawileba simaRlis mixedviT normalur

saeqspluatacio mdgomareobas daubrunda, xolo
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transformatorSi zeTis zeda fenebis temperaturis namatic

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

radiatorzec.

qvesadgur `krwanisi~ 35kv transformatoris Termosifonuri

filtris zeda farsaketi saerTod daketili iyo (nax. #26) da

filtris zedapiris temperatura garemos temperaturas

utoldeba. farsaketis gaxsnis Semdeg mdgomareoba Seicvala.

nax. #26 qvesadguri `krwanisi~-is t-2 transformatoris Termosifonuri
filtris Termograma

qvesadguri `zugdidi-2~-is Termosifonuri filtris zeda

da qveda farsaketi gaxsnil mdgomareobaSi iyo, magram TviT

filtri imdenad gabidnuli iyo, rom masSi zeTi praqtikulad ar

moZraobda (nax. #27). Termosifonur filtrSi silikagelis

gamocvlis Semdeg defeqti aRmoifxvra.

nax. #27 qvesadguri `zugdidi-2~-is t-1 transformatoris
Termosifonuri filtris Termograma
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rodesac gacivebis sistemis ventilatoris Zravs defeqtebi

gaaCnia is TermogramiT advilad gamovlindeba, kerZod Tu Zravi

ar muSaobs (nax. #28 a) maSin misi temperatura garemos

temperaturas utoldeba, xolo rodesac Zravis sakisari

dazianebulia, maSin Zravis temperatura normaze maRalia.

a) Bb)

nax. #28 transformatoris gacivebis sistemis defeqtebi: a)- ar muSaobs
ventilatoris Zravebi da b)- Zravis temperatura normaze maRalia.

4.4 meqanikurad (WanWikiT) SeerTebuli kontaqtebis

defeqtebi

meqanikurad anu WanWikiT SeerTebuli kontaqtebi ZiriTadad

Zabvis Semyvani izolatoris, Zabvis kondensatoruli Semyvanis

boloebze an sakabelo xazis boloebze fazebis gamtarebis

meqanikuri SeerTebisas warmoiqmneba. aseTi SeerTebisas

gardamavali winaRobis gazrdisas masze siTbos gamoyofa

izrdeba da Sesabamisad kontaqtis temperaturac. raTqmaunda

gamoyofili siTbo kontaqtis irgvliv myof izolacias gadaecema

da misi Tvisebebis gauaresebas, kerZod Tbur daZvelebas iwvevs,

rac sabolood izolaciis garRveviT mTavrdeba.

zogjer meqanikuri kontaqti myar izolacias ar exeba,

magaliTad dengamtari salteebi, sahaero gadacemis xazis

gamtarebis an Sleifebis meqanikuri SeerTebisas, magram

gamoyofili siTbos moqmedebiT kontaqtis masalis daJangvas,
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gardamavali winaRobis gazrdas da sabolood meqanikuri

SeerTebis dazianebas aqvs adgili.

aseTi kontaqtebis mdgomareoba amave pirobebSi myofi

mezobeli aradefeqturi kontaqtis temperaturasTan SedarebiT

warmoebs, Tu temperaturaTa sxvaoba normas (paragrafi 4.2)

aRemateba, maSin kontaqti defeqturia.

defeqturi da aradefeqturi kontaqtebis temperaturaTa

maRali sxvaoba (> 100 ℃) 10 kilovoltamde Zabvis Semyvanebi

xasiaTdebian, rac imiT aixsneba, rom marTalia sakontaqto farTi

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

kontaqtze gamoyofili siTbos mniSvnelovan matebas iwvevs. amis

sailustraciod nax. #29-ze moyvanilia qvesadgur `saqasria~-s

transformatoris 10 kilovoltiani Zabvis Semyvanebis

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

remontisas gamovlinda kontaqtis arasaTanado SeerTeba, ris

aRmofxvris Semdeg temperaturis gazomvis cdomilebas ar

aRemateboda.

33 ˚C

nax. #29 qvesadgur `saqasria~-s 10kv Zabvis Semyvani izolatoris
defeqturi kontaqtis Termograma

35kv-iani Zabvis Semyvani izolatorebi konstruqciulad

imdenad cudad aris damzadebuli, rom Zabvis Semyvanebis

defeqtebis umetesi raodenoba am saxis kontaqtebze modis.
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temperaturaTa sxvaoba ki xSir SemTxvevaSi sakmaod maRalia. amis

sailustraciod nax. #30-ze moyvanilia qvesadgur `qobuleTi~-is

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

SeerTebis defeqti, romlis temparatura aradefeqturi kontaqtis

temperaturas 82 ℃-iT aRemateba.

nax. #30 qvesadguri `qobuleTi~-is 35kv saseqcio z.a-is Zabvis Semyvan
izolatorze defeqturi kontaqtis Termograma

remontisas arsebuli defeqti dadasturda da aRmoifxvra.

qvesadguri `karaleTi~-is t-2 transformatoris

Tbovizoruli diagnostikisas aRmoCnda, rom 10kv Zabvis Semyvani

izolatoris samive fazis kontaqtis meqanikuri SeerTeba

defeqturi iyo (nax. #31) amasTan `b~ fazis kontaqtis

temperatura sxva defeqturi fazebis temperaturas 90 ℃-iT

aRemateboda, defeqturebis ki geremosas 35 ℃.

nax. #31 qvesadgur `karaleTi~-is t-2 transformatoris 10kv Zabvis
Semyvani izolatorebis samive fazis defeqturi kontaqtis
Termograma
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radgan kontaqtebis temperatura datvirTvis denis

sidideze, qaris siCqareze, garemos temperaturaze, atmosferul

naleqze da sxva mraval faqtorzea damokidebuli. amis gamo

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

fazis Zabvis Semyvani izolatoris dazianebuli kontaqtis

temperaturis siWarbe dauzianebeli fazis (c) kontaqtis

temperaturasTan datvirTvis denis sxvadasxva mniSvnelobebisas

(nax. #32) sadac Cans rom datvirTvis denis gazrdiT kontaqtis

temperatura TiTqmis sworxazovnad izrdeba (nax. #33), magram Tu

gamoTvlebs formula #22-is mixedviT CavatarebT, maSin

datvirTvis denis gazrdiT kontaqtis defeqturobis

Sesafasebeli temperatura ufro mniSvnelovnad izrdeba.

yvela es gazomvebi or-ori saaTis intervalSi uqaro

amindSi Catarda.

miRebuli Sedegebi calsaxad adastureben, rom

temperaturis siWarbis garda kontaqtis defeqturoba nominalur

simZlevreze (denze) gadaangariSebiTac unda Sefasdes, rac

raTqmaunda met informacias da sizustes iZleva.

= 0.7 ნომ = 0.9 ნომ



110

= ნომ = 1.05 ნომ
nax. #32 qvesadgur `foTi-3~-is 35kv t-1 transformatoris `b~ fazis
Zabvis Semyvanis defeqturi kontaqtis temperaturis sxvaobis cvlileba
datvirTvis denis sididis mixedviT

50

60

70

80

90

0,6 0,7 0,8 0,9 1,0 1,1

CT dif.

nom.

dat.

I

I

57

68

78

86

56

63

68

73

nax. #33 qvesadguri `foTi-3~-is t-1-is 35kv Zabvis Semyvani izolatoris
dazianebuli kontaqtis temperaturis namatis damokidebuleba
datvirTvis denis sidideze. - gansazRvruli TermogramiT, -
gansazRvruli formula #22-iT.

defeqturi kontaqtis temperaturaze atmosferuli

movlenebis gavlenis Seswavlis mizniT gansazRvruli iyo

qvesadgur `Caqvi~-s 110kv saxazo gamiSvelis `b~ fazis

izolatoris Tavze defeqturi kontaqtis temperatura qaris

sxvadasxva siCqarisas (nax. #34)
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nax. #34 qvesadguri `Caqvi~-is 110kv e.g.x cixisZiris saxazo gamTiSvelis
`b~ fazis izolatoris defeqturi kontaqtis Termograma, qaris
siCqaris sxvadasxva mniSvnelobisas

sawyis mdgomareobaSi, rodesac qaris siCqare praqtikulad

nulis toli iyo, defeqturi kontaqtis temperatura analogiuri

kontaqtis temperaturis sidides 185 ℃-iT aRemateboda. qaris

siCqaris zrdasTan erTad kontaqtis temperaturis siWarbem iklo,

magram misi sidide garemos temperaturasTan SedarebiT ufro

naklebi siCqariT mcirdeboda. aqedan gamomdinare SeiZleba

iTqvas, rom qarian amindSi ufro kargi iqneba Tu kontaqtis

mdgomareoba, misi da garemos temperaturaTa sxvaobiT Sefasdeba.
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T C

nax. #35 qvesadgur `Caqvi~-s saxazi gamTiSvelis defeqturi kontaqtis
temperaturis ( ) da temperaturis namatis ( ) damokidebuleba qaris
siCqareze

kabelis fazebis meqanikur SeerTebis defeqti salteebTan

zemoTganxilulis msgavs suraTs iZleva da calke ar ganvixileT.

meqanikuri SeerTebis defeqtebis erT-erT saxes aramyarad

SeerTebili salte an cudad gadabmuli gamtarebi warmoadgens.

rogorc wesi raime sxva saSualebiT misi gamovlena SeuZlebelia.

amis sailustraciod nax. #36-ze moyvanilia q/s `baTumi-2~-is 6 kv

saltis SeerTebis defeqtiT warmoqmnili cxeli wertili.

90 ˚C

20 ˚C

nax. #36 qvesadguri `baTumi-2~-is 6 kv saltis SeerTebis defeqtis
Termograma
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gamTiSvelis cudad SeerTebuli kontaqti umetes

SemTxvevaSi cxeli wertilis wyaros warmoadgens. misi gamovlena

mxolod Termografiuli gamokvleviT SeiZleba. qvesadgurebSi

aseTi gamTiSvelebis raodenoba mravalia. (nax. #37)

nax. #37 qvesadgur `sadmeli~-is 35kv e.g.x `naqerala~-s saxazo
gamTiSvelis dazianebuli kontaqtebis Termograma

4.5 Tburi defeqtebi eleqtromowyobilobis izolaciaSi

Tburi defeqtebi eleqtromowyobilobis izolaciaSi,

zogjer izolaciis maxasiTeblebis gazomviT an maRali ZabviT

gamocdisas gamovlindeba, magram aseTi gazomvebis Catareba

eleqtromowyobilobis gamorTvas moiTxovs. amis gamo ufro

realuria eleqtromowyobilobebs pirvel rigSi Tbovizoruli

gamokvleva Cautardes da Semdeg gamovlenili defeqtebis mqone

mowyobilobebs eleqtruli gazomvebiT daudgindes defeqtis

arseboba.

radgan defeqti eleqtromowyobilobis moculobaSi

imyofeba da umetesi saizolacio masalebi cudi

siTbogamtarobiT xasiaTdebian, xolo Tu defeqti zeTiT

Sevsebul mowyobilobebSia, maSin aRniSnulTan erTad zeTis

Tbil molekulebs siTbo zemoT miaqvT. amitom

eleqtromowyobilobis defeqtis maxlobel zedapirze siTbos

namati 20 ℃ ar aRemateba. zogjer ki ramodenime gradusia.
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miuxedavad imisa, rom uSualod defeqtis temperatura ramodenime

aseuli gradusi SeiZleba iyos, amis gamo aseTi defeqtebis

gamovlena aucilebelia.

rodesac sayrdeni izolatoris tanSi arsebul bzarebSi

teni aRwevs, masSi bzarebis adgilas dieleqtrikuli danakargebi

da Sesabamisad temperaturac izrdeba e.i. warmoiqmneba cxeli

wertili. aseTi bzarebi meqanikurad asustebs izolators, xolo

zamTarSi warmoqmnili yinuli izolatoris meqanikur dazianebas

iwvevs. am saxis defeqtebis umravlesoba 110 da 35 kilovoltiani

sayrden izolatorebSi gvxvdeba (nax. #38).

nax. #38 qvesadguri `marneuli-1~-is 110kv gamTiSvelis defeqturi
izolatoris Termograma

miuxedavad defeqtis sirTulisa, misi dauyovnebliv

aRmofxvra SeuZlebelia, radgan xazis gamorTvis garda saWiroa

axali izolatori. analogiuri meqanizmiT defeqtebi mclelis

elementis zeda nawilSi warmoiqmneba (nax. #39), xolo mclelis

elementis tanSi cxeli wertilis 10 − 15 ℃-mde temperaturis

namati ganpirobebulia mclelis calkeul elementebs Soris

gaJonvis denebis normaze meti gansxvavebiTa. aseTi defeqti

saSiSia, radgan gadametZabvis impulsis moqmedebiT an zamTris

yinvebisas mcleli SeiZleba meqanikurad daziandes da avaria

gamoiwvios.
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nax. #39 q/s `bolnisi~-is 110kv mclelis seqciis tansa da TavSi
arsebuli cxeli wertilis Termograma

maRali Zabvis kabelebis fazebs Soris izolaciis

dazianeba umetesad kabelis yelSi calkeuli fazis gamtarebis

izolaciis cudi SesrulebiT aris gamowveuli (nax. #40). aseT

adgilebSi savaraudod nawilobrivi ganmuxtva mimdinareobs. Tu

nawilobrivi ganmuxtva sustia, maSin kabelis zedapirze

temperaturis namati 10 ℃-mdea, xolo maRali intensivobis

nawilobrivi ganmuxtvisas temperaturis namatma 30 ℃ SeiZleba

miaRwios. am SemTxvevaSi izolaciis dazianeba ramodenime saaTSi

xdeba.

nax. #40 Tburi defeqti q/s `borjomi-1~-is f. `weva-2~-is kabelis yelSi

rodesac Zabvis an denis transformatoris gragnilis

xviebs Soris mokled CarTvas aqvs adgili, maSin zeTis Tbili

molekulebis moZraobis gamo siTbos nakadi ufro metad zemoT

aris mimarTuli, vidre gverdebze (nax. #41). Sesabamisad defeqtis
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maRla transformatoris mTeli tanis temperatura ramodenime

aTeuli gradusiT aris momatebuli, magram defeqtis temperatura

SesaZlebelia 300 − 500 ℃ aRematebodes. aseTi defeqtebi

dauyovnebliv unda aRmoifxvras.

nax. #41 Tburi defeqti 110kv Zabvis transformatoris tanSi

4.6 Tav 4-is mimarT daskvnebi

1. Tbovizoruli diagnostikiT gamovlenili Tburi

defeqtis saSiSroeba defeqturobis koeficientiT fasdeba, Tu

misi sidide 1,2-dan 1,5-mdea, maSin defeqti ganviTarebulia.

rodesac es koeficienti 1,5-s aRemateba defeqti avariulia da is

dauyovnebliv unda aRmoifxvras;

2. gacivebis sistemis defeqtebi araTbur defeqtebs

miekuTvnebian, isini naklebad viTardebian, magram saeqspluatacio

normaluri mdgomareobis darRvevas warmoadgenen da maTi

aRmofxvra aucilebelia;

3. kontaqturi SeerTebis gardamavali winaRobis gazrdiT

warmoqmnili Tburi defeqtis temperaturaze, rogorc datvirTvis

denis gazrda aseve qaris siCqare axdens gavlenas, kerZod denis

gazrdiT temperatura izrdeba, xolo qaris siCqaris gazrdiT ki

temperatura mcirdeba.

miRebuli Sedegebi calsaxad adastureben, rom

temperaturis siWarbis garda kontaqtis defeqturoba normalur
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simZlavreze (denze) gadaangariSebiTac unda Sefasdes, rac met

sizustes iZleva.

4. eleqtrosaizolacio sistemaSi warmoqmnili Tburi

defeqtebi temperaturis SedarebiT naklebi namatiT xasiaTdebian,

magram swrafad viTardebian da saizolacio sistemis

Sesaqmnelad gamoyenebuli masalebis defeqtebiT arian

ganpirobebuli.
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daskvna

zemoT ganxilulis analiziT SegviZlia davaskvnaT.

1. sxeulis gamosxivebis speqtri mWidrod aris

dakavSirebuli mis temperaturasTan da infrawiTeli speqtris

diapazonSi gamosxivebis intensivobis dadgeniT SesaZlebelia

sxeulis temperaturis gansazRvra.

2. Tbovizoruli diagnostika eleqtroteqnikuri

mowyobilobebSi iseT defeqtebsac gamoavlens, romelTa aRmoCena

eleqtruli gazomvebiT SeuZlebelia da am saxis diagnostikis

Catarebisas gansxvavebiT eleqtruli gazomvebisgan

eleqtroteqnikuri mowyobilobis qselidan gamorTva aucilebeli

ar aris.

3. nebismieri saxis eleqtroteqnikur mowyobilobaSi

normalur saeqspluatacio pirobebSi adgili aqvs siTbos

gamoyofas. es movlena misi maxasiaTebeli Tvisebaa, magram

gamoyofili siTbo garemos gadaecema da siTburi defeqti ar

warmoiqmneba.

4. siTburi energiis yvelaze met gamoyofas Zalovan

transformatorebSi aqvs adgili. maTSi siTbos ZiriTad wyaros

aqtiuri nawili warmoadgens, romelSic gamoyofili siTbo

garemos gadaecema

5. eleqtroteqnikuri mowyobilobebis Tbovizoruli

gamokvleva mowyobilobis diagnostikis arapirdapir meTods

warmoadgens, magram misi saSualebiT SegviZlia qselidan

gamorTvis gareSe gamovikvlioT eleqtroteqnikuri

mowyobilobebi da 80%-ze meti iseTi defeqti gamovavlinoT,

romlebic eleqtroteqnikuri mowyobilobis siTburi reJimis

darRvevasTan aris dakavSirebuli.

6. Tbovizoruli diagnostikiT gamovlenili Tburi

defeqtis saSiSroeba defeqturobis koeficientiT fasdeba, Tu

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

dauyovnebliv unda aRmoifxvras;

7. gacivebis sistemis defeqtebi araTbur defeqtebs

miekuTvnebian, isini naklebad viTardebian, magram normaluri

eqspluataciis mdgomareobis darRvevas warmoadgenen da maTi

aRmofxvra aucilebelia;

8. kontaqturi SeerTebis gardamavali winaRobis gazrdiT

warmoqmnili Tburi defeqtis temperaturaze, rogorc datvirTvis

denis gazrda, aseve qaris siCqare axdens gavlenas, kerZod denis

gazrdiT temperatura izrdeba, xolo qaris siCqaris gazrdiT ki

temperatura mcirdeba.

miRebuli Sedegebi calsaxad adastureben, rom

temperaturis siWarbis garda, kontaqtis defeqturoba nominalur

simZlavreze (denze) gadaangariSebiTac unda Sefasdes, rac met

sizustes iZleva.

9. eleqtrosaizolacio sistemaSi warmoqmnili Tburi

defeqtebi temperaturis SedarebiT naklebi namatiT xasiaTdebian,

magram swrafad viTardebian da saizolacio sistemis

Sesaqmnelad gamoyenebuli masalebis defeqtebiT arian

ganpirobebuli.
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