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OAO «3/TEKTPO3ABOA»
LEEHTP CEPBUCHOIO OBC/TY)KMBAHUA

XonguHrosan KomnaHua  «3IEKTPO3ABOA»  ceroaHn
ABNAGTCA OAHUM M3 KPYNHENWMX Npou3BOAUTENEen TpaHC-
dopmaTopHoro U peaktopHoro obopyaosanmnsa 8 Poccun, Tpu
INeKTpoTexHnYyecknx 3asona (B8 Mockee, Ydbe v 3anopoxbe)
BoinyckatoT bonee 3500 TMNOB KU TUNOUCNONHEHUIA TPAHC-
GopMaTopoB (KaK CYXMX, TaK U C MUOAKUM AUINEKTPUKOM)
CAManNasoHOMHaNPMKEHNN OT HECKOIbKMUX AECATKOB BONLT A0
1150 KB M MOUHOCTEN = OT HECKONBKUX AECATKOB BONLT-amnep
A0 630 MBA. UHcTuTyT TpanchopmatopocTpoerus (BUT) as-
NAETCA HAYYHO-UCCNEN0BATENLCKONW U KOHCTPYKTOPCKO-TEXHO-
noruyeckon 6azon aNA Beex NPon3BoacTs. YOUMCKUA 3aB0A
«3Inektpoannapat» eeinyckaet KT, KPY n kommyTaunmoHHoe
obopyposanue,

CepsucHan crparerma OAO «3JIEKTPO3ABO/L» 3aknovaer-
CA B obecneyeHmMn aBTOPCKOro conpoBoaeHnn obopynosa-
HWA Ha NPOTAXEHWK BCEro cpoka ero cnyxbobi,

B HacToAwee ppemA LleHTp CepBucHoro O6cnywupaHun
(LCO) BeINOAHAET chepyowme suabl paboT: TexHuyeckoe
PYKOBOACTBO MOHTaXXOM N PEMOHTOM TpaHCHOPMATOPOB U
PEaKToOPOoB (WePMOHTAN), NOrpy3ouHO-pasrpydoyHsie pabo-
Tbl TAXKENoBeCcHOro 0boOpPYAOBAHUA TaKenakHbiMm cnocobom
Npu nepeso3ke TPaHCPOPMATOPOB WMENe3HOAOPOMHLIM U
aBTOMOBUNBHBIM TPAHCNOPTOM, MOHTaX U PEMOMT TpaHC-
GopMaToOpoB B NONEBBLIX YCAOBUAX, AnarHoctuky obopyao-
BaHUA (HA OCHOBE NPOBEAECHUA NOAHBIX KOMMNNEKCHBIX MW
COKpaweHHbix obcnenosaHuii), KoHcynsTauum M obyveHue
IKCNAYyaTaUMOMHHOro nepcoHana.

LleHTp ocHaueH coBpemeHHbIM TEXHONOrUYeckuMm 0bopy-
AOBAHWEM W UHCTPYMEHTOM, Heobxoaumon AunarHocTuve-
CKOW annapartypou, UCno/ib3ayeT YHUKa/NbHbIe METOAWKA, pas-
paboranublie cneumannucrammu LICO coBmecTHO ¢ BeayUMMM
Hay4yHO-uccnenoBaTe/IbCKumm LeHTpamm Poccum.

Aencraylowan Ha OAO «3/TIEKTPO3ABO/» cuctema meHen-
WMMEHTA KavecTBa pacnpocrpaHsaeTtca Ha Ledtp CepBucHoro
Obcnymusanma, Ha ece suabl pabort BblaaeTcs 3aBOACKARA
rapaMTnA.

AUATHOCTUKA
TPAHC®OPMATOPOB U PEAKTOPOB

HMarHocTnka Hauenera Ha peleHmne Takmux BaykHbIx 3anau,
KaK onpepeneHne TexHMYeckoro CoCToAHMA TpaHchopmaro-
POB W pPeakTopos, npeaynpemneHmne apapun, NoBbIWEHKne
IPPEKTUBHOCTM PEMOHTOB U CHUMEHKE YUCNa HEOBOCHOBAH-
HbiX pasbopok obopyaoBaHna, a TaKKe OUEHKa OCTATOMHOIO
pecypca TpaHchopmaTopoB U PEakTopoBs, B NEpBYIo o4epenb
Tex, KoTopsle oTpaboTanu CBON HOPMATUBHbLIN CPOK.

Kak noapasaenenve npeanpuatuanirotosutens, LCO OAO «3/IEKTPO3ABOL» vmeeT Ha pbiMKe AnarHocTude-
CKUX YCNYT CyjecmeeNHoe npeumyuiecmao nepeod opy2umu npeonpuamuamu, 3aHMMalolLUMMKMCA aHANOMMYHOW
AEATENBHOCTLIO. ITU NpenmyecTsa obycnoBneHbl Tem, YTo cneuranncrel LlenTpa pacnonaraior:

v LUMPOKUMK 3HAHUMAMU CYLLECTBYIOWUX KOHCTPYKUMIA TpaHchOpMaTopos U peaktopos (Kak coBCTBEHHOro
N3rOTOBNEHUA, TaK U MITOTOBNEHHbIX APYFMMU NPOUIBOANTENAMM);

V' [ny6oKUM NOHUMaHKEM 3/1€KTPOMAErHUTHBIX, TENNOBBIX, MEXaHUYECKUX U APYIMX MPOLECCOB, MPOMCXOAALLMX B
obopyanosaHum,

v' YHUKaNbHbIMK apxMBammn faHHbIX O XapakTepucTukax obopyaoBaHus, OTKasax OTAENbHLIX Y3N0B W AeTanei,
npuumnHax n obctoaTenscTeax asapuin U apyrumu ceepenmamm (OAO «3/IEKTPO3ABOL» aBaseTcA 0aHUM W3
CaMbIX KPYNHbIX NpouM3soauTenein TpaHchopmaTopHO-pPeakTopHoro obopyaoBaHUA ¢ MHOTONETHUM OMNbITOM
pa3paboToK, NPOEKTUPOBAHWUA U KOHCTPYUPOBAHUA);

CoBpeMeHHON ANArHOCTUYECKOW annapatypon u nepeposbim MeToauveckum obecneveHrem, B TOM YMUCe
W YHUKA/NIbHBIMW MeToAuKamMK, pasdpaboTaHHbiMK cneuynannuctamm LleHTpa COBMECTHO € BeAYWMMU HayYHO-
nccnenoBaTeNbCkUmmM LeHTpamu Poccun (PAH, PA3H, M3W, BAW, CINIMY) u apyrux ctpau.

V' YHUKanbHbIM ONbITOM paboTbl Ha sHepreTuueckux obuektax Poccuu, pecnybank CHI, cTpam EBponsl, A3un,
APprKK 1 JTaTUHCKOU AMEPUKMN,

Cnnas 3HaHUW, onbiTa, MHGOPMALMOHHO-TEXHUYECKUX BOIMOXKHOCTEN NossonaloT cneumnanucram LICO addek-
TUBHO peLwwarb BCe BOIHUKAIOWIME AUarHOCTUMeCKne 3anadun.
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0JS «<ELEKTROZAVOD» SERVICE CENTER

QJS «<ELEKTROZAVOD» today is one of the biggest producers
of transtormers and reactors in Russia today. Three plants of
the holding located in Moscow, Ufa and Zaporozhye produce
over 3,500 models and type versions of transformers (both
dry and liquid-filled) with voltage ranging from several dozen
Vto 1,150 kV and power rating from some VA to 630 MVA. OJS
«ELEKTROZAVOD» also incorporates Transformers Research
Institute (VIT) being scientific, research, and engineering center
for all production facilities owned by the holding.

Service Policy of OJS «t ELEKTROZAVOD» is to provide original
manufacturer’s services and maintenance for any item of sold
equipment during its life cycle.

Nowadays, Service Center (SC) provides a wide scope of
services, including: supervision for transformers and reactors
assembly and repair, loading and handling of heavy equipment
with special rigging arrangements for railroad and vehicle
transportation, field assembly and repair of transformegrs,
diagnostics for different equipment (based on full-scale field
testing and/or express-testing), as well as consulting and
personnel training for its customers,

Service facilities of the company are equipped with modern
diagnostic equipment, service equipment and tools. On this
base, the company keeps introducing advanced servicing
methods designed by its engineers jointly with leading research
centers in Russia.

Quality Management System is a standard for the holding in
the whole and for SC in particular. Therefore, all types of work

conducted by the company are secured by manufacturer’s
warranty,

TRANSFORMERS AND REACTORS DIAGNOSTICS

Diagnostics is aimed at the following important tasks solving
as: transformers and reactors technical state estimation,
failures inhibition, raising of repair efficiency and equipment
unreasonable disassemblies quantity reduction as well as
remaining life-time for transformers and reactors assessment,
first of all the ones with their normative life time expired,

As a manufacturer’s subdivision the SC of O0JS
«ELEKTROZAVOD» possesses a significant advantage on
the diagnostics market if compared with another companies
involved in similar fields of activity, This advantage is provided
by the fact that the SC specialists possess the following:

v Vast knowledge of existing constructions of transformers and
reactors (both self-made and made by other producers);

v Fundamental understanding of electromagnetic, thermal,
mechanic and other flowing in the equipment processes;

v Unique data library for equipment charactéristics, separate
units and parts operating failures, emergencies reasons and
circumstances and other information (0QJS «ELEKTROZAVOD»
is the oldest and one of the biggest manufacturer of
transformer-reactor equipment on the CIS territory),
State-of-the-art diagnostic equipment and advanced
methodological support, including unique techniques
the SC specialists have developed together with leading
scientific-research centres of Russia (Russian Academy of
Sciences, Russian Academy for economic sciences, Moscow
Power Engineering Institute, All-Russian Electronic
Technical Institute, St. Petersburg State Polytechnical
University) and other countries.

v Long-term experience of work at power facilities of Russia,
CIS Republics, Europe, Asia, Africa and Latin America,

Having a complex of knowledge, experience and informative-
technical capabilities our specialists can efficiently resolve
any diagnostic issues.
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PABOYAA NMPOrPAMMA OBCNIEAOBAHUA OBOPYAOBAHUA

Mporpamma AnarHocrtuyeckux obcneposaHmii obopynoBaHuA cocTasneHa Ha OCHOBE MHOroNeTHUX HabnoaeHnmn
3a paboton bonbworo Yncna TpaHchopMaTopoB U PEAKTOPOB, COTPYAHUYECTBA CO CNeunanmcTamm opralm3anmin,
IKCNNYATUPYIOWMX faHHoe 0BopyaoBaHKe, aHaNN3a ONbITA CNeUraNn3NPOBAHHbLIX OPraHU3aunin, 3aHUMAIOLLUXCA
ero MOHTaXKOM, peMOoHTOM U obcneposannamn, LICO obnapaer oagHUm M3 Hanbonee cCoBpemMeHHbIX KOMNABKTOR
MIMEPUTENILHOW TEXHUKK, KOTOPLIK NpeaHasHaveH ana paboTbl B NONEBLIX YCNOBUAX, U NEPEACBLIMU METOAUKAMMK
aHanuia aAmarHocTnieckon nHpopmaumm, CovetaHme onbiTa BeAYUIMX CneuuanmnucTos 1 BOIMOMKHOCTEN COBPEMEeH-
HbIX AMArHOCTUMECKUX TEXHONOMUIA NO3BONAIOT CBOEBPEMEHHO 0OHAPYKUTL CKpbIThIe aAedekTsl B 06opyaoBaHuK,
BLIABUTL NPUHUHbBI UX BOIHUKHOBEHWA U ONpeaennTb HeobxoaumocTbe U 0Obem pemoHTa. PesynbtaTtbl AUArHOCTA-
KM NO3BONAKOT Npeaynpeants apapuu obopyaoBaHua, NPOrHO3MposaTh €ro OCTaTOMHbLIA pecypc, BulAaTh PEKOMEH-
AAaLKMK NO AanbHeWIeW aKecnayaTauum TpaHchopmMaTopoB U PEaKTOPOB.

1. Npepsapurenvhusie paborbl

1.1. AHanun3 paHHbBIX TEXHUYECKUX APXUBOB,
IKCNNYATAUMOHHON AOKYMEHTALMMK, pely/b-
TaToB UCNBITAHUA U U3MEPEHWNIA

LICO pacnonaraer apxMBom fAaHHbIX O Xa-
paKTepUCTUKax BCex BbINYWEHHbIX Ha 3aBoae
TPAHCHOPMATOPOB W PEAKTOPOB, 3HAHUAMWU KX
KOHCTPYKTUBHBIX 0COBEHHOCTEN U TOHKOCTEW Tex-
HONOrMMECKOro npouecca W3roTosNeHusa, 3rta
UHPOPMAUMA, KaK KU ceepeHMA 0D0 Bcex apapuax
obopynoBaHuA B NpoLuecce akcnayarauun, xpada-
wmecs B baHke naHHbIX, NO3BONAIOT CneuManmcrTam
LEHTPA ONepaTtMBHO NPOBECTU CPABHUTENbHBLIN
AHaNU3 pa3NUYHbIX 0OBEKTOR, OLEHUTL ONAacHOCTb
BO3HMKHOBEHWA aBAPUMHOW CUTYaLMKW, BbIABUTH
cnaboule mecra obopynoBaHUA, HAMETUTL obbem U
pazpaborartbh nporpammy AvarHocTudeckoro obcne-
A0BaHUA,

Heobxoammbim yCNOBUEM YETKOW OpraHu3salmu
pabortkl U 3anorom adppexktueHoro obenenopamHuna
ABNAGTCA CcOTpyAHuMvecTBo cneumanncros LICO wn
CNYMD akCNAyaTALUMKU HA MeCTax, TaK KaK TONbKO No-
ChefiHUe MOryT NpPeaocTaBuTh AanHble 0b yechosusx
paboTtbl obopynosaHnUA, NPOBEAEHHLIX PEMOHTHbIX
U NPOPUNAKTUMECKUX MEPONPUATUAX,

LLnpuybl 0na ombopa npob macna upmo! «31XpomM»
C 2ePMEeMUYHLIM 3aMBOPOM

Elchrom sampler equipped with a hermetic seal
to take oil samples

\

2. O6cnepoBanne obopypoBaHmn
BO BKNIHOYEHHOM COCTOAHUMN

2.1. Xpomarorpapmueckumn
U PUINKO-XMMHUYECKMN aHaNN3 macha

Ananuns npob macna ni obopyaoBaHua NO3BONAET
AaTh NpeaBapuTeNbHOE 3aKkNlouYeHne O COCTOAHWN
TpaHchopmaTopa n Belpaborars pekomeHaaunmn no
NaNbHENLWEN aKCNAYATALLMK,

AHanni npob macna us obopynosaHnn orsevaert
Ha BONPOCHI: '
v\ HACKONBKO yBAAKHEHA W30NAUMA TpaHcdop-
maropa,
v\ KaKk M3IMEHWIUCE WIONALMOHHBLIE XapaKTepu-
CTUKK Macha;
v’ passusalotca nu B8 obopyposaHun pedexto
INEKTPUMECKOTO, TEPMUUECKOID, MEexaHuve-
CKOIro Xapakrepa v apyrue,

O6paboTka NOAYYEHHbIX PE3Y/LTATOB OCYLLEeCTBNA-
eTCA ONbITHBIMKA cneunannctramn, Npru atom vacTe
PYTUHHOW aHanuTuYecKon paborsl (B YacTHOCTKH, NO
obpaboTke paHHbIX XpomaTtorpaduun) ocyLEecTBAA-
eTCA CNeunanniInpoBaHHoOn NPOrpammon (aKTMBHOW
6a30N AaHHbIX), OCHOBAHHOW Ha PAAE W3BECTHLIX
MeToaMK, Hanpumep, metogax Popwepca, lopHeH-
bypra, knouesoro rasa, obobuweHHoOM K 1.1,

2.2. TennoBU3IUOHHOE
obcneposavue obopyposannn

Bolgenenue Tenna B 3nekTpoobopyaoBaHuK,
CBA3AHHOEe C NOTePAMW 3HEepPruu, NO3IBONACT WUC-
NoNAbL30BaTh UHPpPaKpacHOE U3NyYeHue B Lenax an-
arHoCTUKK. ns npoBeaeHUA TenNoBUIUMOHHOro ob-
CNENOBAHUA UCNONLIYIOTCA Tepmorpadel IRTIS-200
(Poccuna) u TH=7800 (AnoHwun).

Tepmorpadpuyeckomy cKaHupoBaHuio nopasepra-
IOTCA NoBepxHocTL baka Tpavchopmartopa, BBOAbI,
KOHTaKTHbIE COCAMHEHUA, INEeMEHTBI CUCTEMBI OX-
NAMOAEHUA U ApP.

Mo nonyvyeHHbIM TEPMOTrpammMam MOMHO NAEH-
TMhMUMpoBaTh pAa AePEKTOB, TAKUX KaK: Halnyme
3ACTOWHBLIX 30H Macna, HenpasunbHan UK Head-
bekTnaHan pabota cUCTEMbl OXNKAEHUA, NOKaNb-
Hble Harpesbl 3N1EMEHTORB KOHCTPYKUMK; YXyAlLeHue
COCTOAHMUA KOHTAKTHbIX COGAMMEHUW; yXyAluewune
U3ONALUNK BbICOKOBONLTHLIX BBOAOB W TpaWcdop-
MaTOPOB TOKA; BOIHUKHOBEHWE KOPOTKOIAMKHYTbIX
KOHTYPOB U HEeKOTOpbLIe Apyrue.




WORKING PROGRAM OF EQUIPMENT INSPECTION

The program of equipment diagnostic inspection is composed on basis of long-years surveillance over many
transformers and reactors, cooperation with this equipment operating companies, on analysis of specialized
organizations dealing with its mounting, repair and inspections. Service Centre possesses one of the most up-
to-date sets of measuring techniques, which is designed for work in the field environment; also, it possesses
best practices of diagnostic information analysis. Conjunction of the leading specialists’ experience and state-
of-the-arts diagnostic technologies possibilities allows detecting concealed defects in the equipment on time
and revealing the reasons they have originate from as well as considering necessity and scope of repair. The
diagnostics results allow anticipating of the equipment breakdown, forecasting its remaining life and give
recommendations on transformers and reactors further operating.

-

1. Preliminary work

1.1. Analysis of technical history data,
operational documentation, test
and measurement results

The Service Center of OJSC «ELEKTROZAVOD»has
archived data concerning specifications of all
power transformers and reactors produced,
data on their structure features and details of
production process. This information as well as
data on all equipment operation failures recorded
in the database, provides a good opportunity for
the company specialists to perform a prompt
comparative analysis of various facilities, assess
risks of potential hazards and emergencies, detect
equipment weaknesses, outline the scope and
develop the diagnostic study program.

The requirement for accurate work arrangement
and recipe for effective inspection consists in
cooperation of the Service Center Specialists and
on-site operation departments since only the
latter can provide details of equipment operation
conditions, repairs and prevention measures
implemented.

2. Inspection
of running equipment

2.1. Chromatographic and physical &
chemical oil analysis

Qil sample analysis allows preliminary conclusion
on power transformer condition and developing of
recommendations on further operation. .

Equipment oil sample analysis gives answers to
the following issues:

v what the degree of transformer insulation
moistening iIs;

v what variations in oil insulating characteristics
are;

v whether there are potential failures of
electrical, thermal or mechanical nature, etc.

The obtained results are processed by
experienced specialists. And part of routine
analytic work (in particular chromatography
data processing) is performed with the use of a
specialized software (active database), based
on series of outstanding methods such as
Dornenburg ratio methods, Rogers ratio method,
key gas method, generalized method etc.
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Ucnone3ioaanue coapemerHbix Memoouk
u obopydosaHun 0na xpomamozpaghuyeckux

U XUMUYecKux uccnedoaanull capanmupylom
yeepeHHocmob 8 peaynoemamax obcnedosanull

State-of-the-art techniques together with equipment
for chromatographic and chemical studies assure
confidence in study results

2.2. IR examination

Heat generation by any equipment due to
energy losses allows application of IR radiation for
diagnostics. In order to perform IR examination,
IRTIS-200 (Russia) and TH-=7800 (Japan)
thermographs are used.

Infrared scanning includes examination of
transformer tank surface, bushings, connections,
cooling system elements, etc.

Obtained IR images allow identifying several
defects, such as oil dead spaces, improper or
ineffective functioning of cooling system, local
overheating of structural elements, deterioration
of contact connections, insulation degradation of
high-voltage bushings and current transformers,
appearance of short circuits and some other faults.
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" TENNOBU3WOHHAA KAMEPA
TH-7800 (ANOHUA)

UK -kamepa TH-7800 ABNACTCH NONHOCTBK s et R
PafMOMETPUHECKON  Kamepow, NCNoNLIYIOWel i —
VCOBEPWEHCTBOBAHHLIA  Heoxnaxnaemsin  UFPA- bl

mukpobonometp u obnapaet HProHOMUYHON KOH -

cCTpykumen, obecnevusalwen onepatopy KoMm-

popTHbie ycnhoBua paboThl € MCNONB3OBaHWEM

e[AMHCTBEHHONW KHONKW, AMCnneeMm BbiCOKOro pa3s-

pewenma 320x240 3nemMeHToB M HacToTOW OOHOB-

neHna naobpaxenuna 60 [u.

Kamepa no3sonAeT npousBofnTb NAcCUBHbIE W3-
mepeHnn WNK-uany4eHua, Ucnyckaemoro noBepx-
HOCTLIO uccnepyemoro obbekrta w 3atem npeob-
paayeMoro B AByxmepHoe wniobpaxenue, KoTopoe
xapaktepusyer pacnpegenesve Temnepatypwe no
3TON NOBEPXHOCTU W KOTOpoe 3aTem moxeT ObiTh
npocmoTpeHo Ha XK-gucnnee, ycTaHOBNEHHOM
Ha OTKMAbIBaWeAcA 3aaMen kKpowke, [AnA bonee
TOYHOrO onpeseneHna MecTa NONOKEeHUA WIMepPH -
eMOW TOYKM HA NOBEpPXHOCTW obbekta, UMeeTCA
NnasepHuin ueneykasatenb,

BcTpoenHoe  anarHocTUMeckKoe  nporpammHoe
obecnevenne nOaeT HarnaaHyw cucremy  MeHil
¢ 6GOoNnbWAM YUCNOM ONUMA, B KOTOPOU MOXHO
Bulbpath A0 4-X TOYMEK M3MEpeHWA Temnepartypbl
Ha W3obhpaxeHun,

_rl'_

Buicokan yyacmaeumensHocmes MK-kamepei
noseonsem appekmuaHo onpedenames depexkmeol
macnoHanonHenHo2o obopydosaHuA

High sensitivity of IR-cameras allows efficient
detection of oil-filled equipment defects.

T
" NOPTATUBHbLIA KOMNbLKTEPHBLIA
TEPMOIrPA® «IRTIS-200» (POCCHUA)

UK -kamepa «IRTIS-200» npeacrtasnsaer cobow
NPEUM3INOHHBIA  ONTUKO-MEXAHUMECKUA  CKaHep
¢ BbICOKOMYBCTBUTENbHBIM WK-npuemMHUKoOM, PAL
NPUMEHEHHbIX B KOHCTPYKUUM HOY-Xay NO3BONA-
€T NOCTUML BLICOKOW NOBTOPAEMOCTW MeomeTpun
nocnegoBaTenbHbX KajpoB U paBHOMEPHOW 4YyB-
CTBATENBHOCTWU NO BCeMy NoAlw Kaapa.

basoBaA MofeNb Kamepsl npeacTasnAaeT ui cebs
UK-NpUemMHUK , OXNnaxaaemsid XKMAKUM asoTom, 3IT0
onpenenAeT ee BbICOKYH YYBCTBATENLHOCTbL B
WWPOKOM AnanasoHe TemnepaTtyp W NO3BONAET
ctabunuaunposartes napameTpol UK npueMHUKa He-
JABUCUMO OT TEMNEepaTypbl  OKpyXawuwen cpefb,
obecnevnBan  BLICOKYW  TOMHOCTb  W3MEPEeHWA
abconTHLIX Temnepartyp.
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MMumanue kamepsl npoucxoodum om cemu
repemeHHo20 MmoKa unu om akKymynamopoe.

The camera Is powered by an alternative current
source or batteries.




IRTIS-200 PORTABLE COMPUTER

THERMOGRAPH (RUSSIA)

IRTIS-200 IR-camera 1s a
optical-mechanical scanner with highly sen-
sitive IR-recelver. A number of «know-hows»
applied in its construction allows high re-
petitiveness of sequential frames geometry
and flat sensitivity throughout the image.

The baseline camera 1s a nitrogen-cooled
[R-recelver. Its construction determines
its high sensitivity within a wide range of
temperatures values and allows stabilizing
[R-receiver performance parameters inde-
pendently on ambient temperature, provid-
Ing high accuracy of absolute temperature
measurement,

high-precision

TH7800 THERMAL VISION CAMERA (JAPAN)

TH7800 1R-camera 1s fully radiometric,
1s based on advanced non-cooled UFPA-micro-
bolometer, and has ergonomic construction,
which 1includes convenient single-button
control, 320x240 high-resolution display
and image updating rate equal to 60 Hz.

This device allows passive measurement of
[R-radlation generated by examined object
surface and subsequently transformed to 2D
images, which represents surface tempera-
ture distribution and can be visualized on
LCD display at fold-out rear cover. For
finer location of measurement point, laser
spot marking is used.

Integrated diagnostic software provides
tntuitive menu system with multiple options
including up to four temperature measuring
points located in the image and/or within
its rectangular areas.

Camera 15

powered by AC mains or batteries.
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2.3. AKycTHMecKoe onpeaeneHne yposHa
YacTUUHbIX pa3paaoe B obopyaoBaHnm

NHTEMCUBHOCTL YaCTUUHbIX Pa3pAn0B XapaKkTepw-
IVETCA PAAOM BAaXKHbIX XapaKTepUCTUK, OTPa)ato-
ULLMX COCTOAHUE U30NAUMK 060pPYAOBAHWA BLICOKOrO
HaNPSHKEHUA,

MamepeHne napametpoB HacTUYHbIX paspaaos
AaKYCTUHECKMMU METOAAMU NO3BONIAET!

v oueHuBate obuiee COCTOAHWE  U30NALUK
TpaHchopmartopa,

v CBOEBPEMEHHO /IOKAaNU30BbLIBATL  MECTHbIe
nedeKTbl B M30NALMK U, TaKUM 0Bpasom, npes-
yNpenaTh aBapuitHbie CUTyauum, cBAsaHHble
¢ 6ONbILIMM IKOHOMUMECKUM yliepbom;

v NpoOrHo3uposaTth Pecypc WU HarpysouHylo
cNOCcobBHOCTL TpaHchOpPMaTOpPOB.

| —_—
O

[pedcmasneHue pesynbmamos usmepeHun
Wacmu4HbIx paipadoe

Representation of partial discharge measurements results
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2.4, OnpepeneHne BUOPaUNOHHbLIX
XapakrepmucTuk obopyaoBaHuns

LCO OAO «INEKTPO3ABOA» obnapaer Honblmm
ONLITOM pewenun npobnem snbpaunn peaxkTopos
n TpaHcPopMaTopos.

CrexkTpanbHbii aHanns subpaunin obopyaosamuna B
PA3NUUHBIX peXumax No3Bo/sfeT BblAeNUTb COCTaB-
nsowme, obycnosneHHblie KonebaHuuamn oTAeNb:
HbIX 3/1EMEHTOB KOHCTPYKUUM (MarHMTHOW cucre-
Mbl, 0BMOTOK, pPaauaToOpoB CUCTEMBLI OX/TAKAEHWA
W 4p.), YTO AAeT BOIMOMKHOCTb OUEHUTL COCTOAHKE
NPECCOBKN 3TUX INEMEHTOB. CHUKeHWe BUBpaLnn
OTAENBHbBIX Y3108 U U3AENUA B LLENIOM YCTPAHAET [0-
NONHUTEeNbHbIE, KaKk 0bLMe, TaK U cocpenoToqeHHble
MeXaHUu4ecKkMe NoTepu, KOTopblie MOryT Co3pasaThb B
KOHCTPYKLMM NOKAaNbHbBIE Ouaru neperpesos c pas-
NOMEHNEM Macna U POCTOM razocoaepmaHunn,

Npu NnposeaeHnn BubpoakycTuueckux obeneaosa-
HuK LICO pewaert 3apaqn:

v nposBepku cooteertcTana Bubpo- M LWYyMOBbIX
napamerpos obopypoBanua  TpeboBaHnAM
CTaHAAPTOB;

v OUEHKW YPOBHEN MexXaHUuecKkux BO3AENCTBUN,
pO3HMKaOWMX npu Bubpauun obopyaoBaHuA,
Ha U3ONALMIO, METANNOKOHCTPYKLMIK, apMmaTypy;
abipaboTKM KU 0BOCHOBAHWA KOHCTPYKTUBHBIX
Mep no cHWweHnio Bnbpaunn u wyma obopy-
NOBAHWA,

Pelenue aTux 3anad AOCTUraeTcA nytem Ucnosib-
30BAHMA BbICOKOKNACCHOW annapaTypbl, OCHaUWeH-
HOW COBpEMEHHbLIM NporpammHbiM obecneveHnem,
W NPUMEHEHMEM ANA aHann3a NoNYYEeHHbIX AaHHbIX
COBPEMEHHbIX METOANK, 0becneynBaloLmx:

v NOKaNn3aumio oTaenbHbIX UCTouHMKos Bubpa-
UMK 1 Wwyma obopyaosaHmnn,

v poifsneHne cobCTBEHHbIX (pe3oHaMcHbIX) “a-
CTOT OTAENLHBIX PYHKUMOHA/IBHbIX 3N1EMEHTOB!
MarHUTHOM cucTembl, 0bmoTKK, Baka, cucremsl
OXNAMAECHUA, MACNIOHACOCOB W ApYrux;

v OUEHKY 3anpeccoBkun 0BMOTOK W MarHUTHOW
CUCTEMBI,

= . ~
( YHUBEPCAJIbHBIA M3MEPUTE/NL YACTUMHBIX PA3PAJOB UPDA, CUTLER-HAMMER (CIIA)

UPDA (Universal Partial Discharge Analyzer) npeactasnaer coboin KoMnnekc, BKAKManWMh nepcoHans-
Hbld KOMMNBIOTEP, ABA BLICOKOCKOPOCTHBIX uupposbix ocuunnorpada (Yokogawa DL 540L), 6nokn ycunutenen
W GUNLTPOB, KOMNNEKT CEHCOPOB W COGANHNTE/IbHBIX kabenein, XapakTepucTuku komnnekca UPDA no3sonsawT
yCTPaHUTL NOMEXH Mpu NPOBEAEHMU WCNBITAHWA B NONEBBLIX YCNOBUAX W NOAYHWTH NOCTOBEPHYID anarHo-
CTUYECKYI0 MHpOpPMaLMio 06 YpOBHE W UHTEHCUBHOCTU YaCTWYHLIX PA3pALOB B M3ONALWA TpaHchopMaToOpPHOro
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DYHKUUM CUCTEMDI

» [lepBUYHBIA CHLEM CUMHANOB C BbICOKOBONbLT -
Horo obopyaoBaMua nocpeancTBOM CEHCOPOB
W npeobpaszosaHue ux B 6noke GUNLTPaLUN
W YCHUNEHWUA
NpeobpasoBaHne CUrHanoB B UWPPOBYI
dopMy B uMdpoBLIX Ocuunnorpapax v nepe-
Aavy flaHHbiX B KomnbloTep ana obpaboTiu;
BulpgeneHme MMnynscoB YaCcTUYHBIX paspAaos
(YP) wn3 3anucu;

NopaBnexne pasnudHbIX BAAOB Nomex W Ha-
pofok (Wym, NepeKpecTHbin Wym, CUHXPOH -
MbliA WYM, NO NOMEXOBLIM KaHanam) ;

Monyveuue pacnpepenednna  amnautyn Ha-
CTUMHBIX pa3panos no ¢gase U amnantyhe;

BropuyHaa obpaboTka pacnpegeneHnid 4P
ANA ONpefeNeHnna MHTerpanbHulx xapakre-
PUCTUK pAedekToB W rpadpuyeckoro npep-
CTaBNEHUA [AAHHBIX

YnopaaodeHHoe xpaHedue U apxvBauun
DaHHBIX }

CospaHWe OTHeTOB B aBTOMATUYECKOM pe-
KUME U BPYMHYIO;

ABTOMATUIUPOBaAHHLIE CcpeacTBa ANA OCUMNNO-
rpapuyeckoro nabniopeHua U perncrpauun HP;
CheM AaHHbIX NPU NPOM3BONBHOW U Nepe-
MEHHOW YacToTe nNUTaHua Ha obcnepyemom
obbekTe;

BuinonHeHne wuamepeHnin 6e3 nepexknyeHun
ANAanasonos,
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[IpedcmaeneHue pe3ynbmamos usmepeHun
YOCMUYHbIX pa3pados

Representation of parﬁﬁf‘ discharge measurements results
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2.3. Acoustic determination of partial
discharge factor f

Intensity of partial discharges is characterized by
a number of relevant parameters, which reflect
condition of high-voltage equipment insulation,

Measurement of partial discharges using acoustic

techniques allows:

v to evaluate general condition of transformer
Insulation;

v to localize timely local insulation faults, thus
preventing general accidents resulting in
extensive economic damage;
to forecast transformers’ life span and load
capability,

2.4. Equipment Vibration Characteristics
Determination

SC possesses extensive experience in solving
problems related to reactor and transformer
vibration,

Spectral analysis of equipment vibrations in
different modes singles out specific components
due to oscillations of separate structural elements
(such as a core, windings, cooling system radiators
etc.), which makes it possible to evaluate quality
of these elements pressing. Vibrations reducing of
separate units as well as of the entire unit eliminates
additional both general and localized, mechanical
losses, which may generate local overheating spots
in the structure, resulting in oil decomposition and
gas content increase.

When carrying out vibroacoustic inspections,
SC of 0OJS «ELEKTROZAVOD» solves the following
tasks:

v Assessing compliance of equipment vibration
and noise characteristics with standard
requirements,;

v Evaluating levels of mechanical impacts on
insulation, steel structures and valves due to
equipment vibration;

v Developing and verifying structural solutions
for equipment vibration level and noise level
reducing;

v' These tasks are solved by using high-end
hardware complete with up-to-date software
and by applying modern techniques to analyze
received data, which ensures the following:
Localization of separate equipment vibration
and noise sources;

 Detection of natural (resonant) frequencies
of separate functional elements, such as: core,
winding, tank, cooling system, oil pumps etc,

v" Evaluation of winding and core pressing rate.

Komnnekc UPDA daem docmoaepHyio
UHhopmayuro 00 NPOZHO3IUPOBAHUA pecypca
mpaHcgopmamopos

UPDA complex provides reliable data required
to forecast transformer life span

/UNIVEHSAL PARTIAL DISCHARGE ANALYZER UPDA, CUTLER-HAMMER (USA)

Analyzer) is a complex, which comprises PC, two high-speed

UPDA (Universal Partial Discharge

—

digital oscllloscopes (Yokogawa DL 540L), amplifying and fltering units, kit of sensors and
connecting cables. UPDA specifications allow efficient checking out during field trials in order
to obtain reliable diagnostic information about levels and intensity of partial discharges in

transtormer 1nsulation.

System functions

« Primary pickup of signals from high-
voltage equipment through sensors and
their conversion in filtering and am-
plifying unit;

Digitalization of signals 1n digital
oscilloscopes and their transmission
to PC for processing;

Singling-out of partial discharge (PD)
pulses from registered data,
Suppression of different interferences
and leakages (noise, crosstalks, syn-
chronous interferences, via interfer-
ence channels);

Distribution of partial discharge fre-
quencies by phase and amplitude;

Secondary processing of PD distributions
in order to determine integral charac-
teristics of defects and graphic repre-
sentation of data;

Ordered storage and archiving of data;
Generation of reports (automated and
manual);

Automatic means of PD oscilloscopic mon-
itoring and recording,

Data pickup at random and variable fre-
quency of power supply at the object
under survey,

Measurements without band switching.

——
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2.5. AMarHocTMKa Mmac/i0Hacocos N CUCTEMDI
OXNaXKAeHUA

LUCO obnapaer opuruHanbHON METOAMKOW AWa-
FHOCTMKM  MacNoOHacocoB TPaaULMOHHBLIX  KOH-
CTPYKLUMUIA, OCHOBAHHOW Ha CNEKTpa/ibHOM aHanuie
COCTaBNAOWMX BUOBpauMn, xapakTepusylowmx co-
CTOAMUE NOLALWMMNHUKOB, KPbINbYATOK 3N1eKTPOABN-
ratenen n Apyrux aNIeEMeHToB CUCTEM OXNaKAEHNA,
MeToauKa npowna npoBepry B OTEYeCTBEHHbIX
N 3apyberHbix aHeprocncremax.

2.6. OnpepeneHme WYMOBbIX XapaKTepUCTUK
obopypnoBanmn

—— - AHa/Nn3 CnekTpa Wwyma TpaHchopmaTopos NO3BO-
[l NAGT BbIAENUTL cocTaBnalowme, obycnosneHHble
! NPOLLECCAMM, NPONCXOAALLIMMU B MarHUTONPOBOAE,

:' CUCTEME OXNAKAEHMA WU APYIrMX GYHKLMOHANBHBIX

anemeHTax TpaHchopmaropoB W peakTopos, MTO

NAeT BOIMOMHOCTL NIOKANN3aLUUM UCTOUHUKOB NO-

BbILWEHHOW BUBPOAKTUBHOCTH U UX YCTPAHEHWUA,

4 | N\ pp
KOMMNEKT ANA BUBPOAKYCTUYECKWUX

OBCNEAOBAHUA (BUBPOAUATHOCTUKW)
DATA COLLEKTOR TYPE 2526,
BRUEL&KIER ([AHKA)

Mpubop BLINONHAET W3MEpeHne BUOPALMOHHBIX W
AKYCTUYECKUX XapakTepucTuk (UHTerpanbHbix W
CneKTpanbHbiX ) .

Mporpamma obpaboTkn BUOPAUMOHHBIX Xapak-
Peaynsmamol uamepenull konebanul 3nemeHmos TePUCTUK NO3BONAET OUEHWTL CMNEKTPpanbHYyw
KOHCMpYKYul 0bopydosanusn 8biBO0AMCA HA IKPaH COCTaBNAKNWYI CUrHana B Auanasode 4acTtoT Ao
8 aude cnexmpoe aubpayuu 44,7 klu.

0na nepegavn peaynbTatoB W3MepeHun B KOM-
NblTEp NPUMEHAETCH WHTeppenc R5-232.

Results of the equipment structural elements
oscillation measurements are displayed as vibration
spectrums.

ABTOMATUMECKUA U3MEPUTE/b
CONPOTUBNEHUA OBMOTOK ATWRM-25,
ELTEL INDUSTRIES (MHAWA)

ABTOMATUYECKWA W3MEpUTENL CONPOTUBNEHWA
obmoTok TpaHchopmatopos ATWRM-25 paspabo-
TaH ANA ONeHb ObICTPOro W TOYHOro wWimepe-
HUA COMPOTUBNEHUA BLICOKOUHAYKTUBHLIX OOMOTOK
TpaHcpopmatopor. lpubop paboraeT Ha MWUKpO-
npoueccopHon Base v NONHOCTLIO aBTOMaTW3IUPO-
paH. OH npeaocTaBnAeT nofb3oBaTeNo MHOXe-
CTBO AONONHUTENbHLIX XapakTepucTuk, KOTopble
MCNONLAYINTCA NPU  NPOBEAEHWU WCNLITAHWA  Ha
Harpes nNpw anutensHon paborte. [pyron BaxHoOM
ocobeHHOCTLIO Npubopa ABNAETCA wamepeHue co-
NPOTUBNEHUA Jaxe B YCNOBWAX W3IMEHAWWEerocH
neneiratensHoro Toka. No3BonAeT NOCTPOUTE Ha
aucnnee rpaguk 3aBUCUMOCTH CONPOTUBNEHWA OT
BpemeH#u ,
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MMKPOOMMETP BOJIbWOrO0 TOKA HIGH CURRENT RESISTANCE METER TYPE 2292,
«TETTEX INSTRUMENTS» (WBEALAPUA) b) .

Npubop pazpaboran ANA U3IMEPEHUA CONPOTUBNEHWUA 0BMOTOK MOCTOAHHOMY TOKY CWAOBBLIX TpaWchopma-
TOPOB W pPeakTopoB B NONEBLIX YCNOBUAX, W3Mepenue COMNpoOTHBAEHWA 0BMOTOK NOCTOAHHOMY TOKY MpoOBO-

AUTCA Ha TOoKe A0 50 A, 4TO NO3BONAET «NPOAABWTbY OKUCHBIE NAEHKW Ha KOHTAKTax W MUHUMWUINPOBATL
KOHTAKTHLIE CONPOTUBNEHUA.




2.5. Oil Pumps and Cooling System Diagnostics

CS possesses unigue know-how for diagnostics
of oil pumps traditional construction, which is
based on spectral analysis of vibration constituents,
characterizing condition of bearings, motor
impellers and other elements of cooling systems,
This technique has been verified for domestic as
well as for foreign power systems.

2.6. Equipment Noise Characteristics
Determination

Transformer noise spectrum analysis distinguishes
constituents due to the processes flowing in the i
core, cooling system and other functional elements vl et LR
of transformers and reactors, which makes it s— R
possible to allocate and remove increased vibration
activity sources,

7~
- VIBROACOUSTIC TESTING 3 4d

(VIBRODIAGNOSTICS) SET DATA
COLLECTOR TYPE 2526, BRUELEKIER
(DENMARK )

This instrument measures vibration and
acoustic characteristics (integral and spec-
tral).

Vibration characteristics processing soft-
ware evaluates the spectral constituent
of a signal in the frequency band up to 44.7
KHZ .

RS-232 interface is used to transmit meas-
urement results to a personal computer.
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TRANSFORMER WINDING RESISTANCE
AUTOMATIC METER ATWRM-25,

ELTEL INDUSTRIES (INDIA)

ATWRM-25, a transformer winding resistance
automatic meter, 1is designed for the fast
and accurate resistance measurement of high
inductive transformer windings. The device " &
is microprocessor-based and fully automated. Pesynomamel usmepeHul konebawuu snemenmos
It provides the user with numerous extra KOHCMpyKyuu 060py0osanun aol600AMCA HA IKPAH
facilities that can be used at the heat run g aude cnekmpos aubpayuu
long-term test. Another important feature :
of the device is the resistance meastrement Results of the equipment structural elements
DEI‘Jf"GI"l‘!'IE'd at the Uariablﬂ tESt current. Il DSE!‘IHI‘J“'G” fﬂEﬂS[IFEH]E‘HES are d.‘ﬂpfﬂyﬁ’d s VHJI"EH.‘IDH

allows the user to display a diagram of the spectrums.
resistance dependence on the time.
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HIGH CURRENT MICROOHMMETER
HIGH CURRENT RESISTANCE METER
TYPE 2292, «TETTEX INSTRUMENTS»
(SWITZERLAND)

The device is designed to measure wind-
ing DC resistance of power transformers and
reactors in the field. The measurement of
winding DC resistance is performed at the
current of 50A, which makes it possible to
penetrate through the oxide coating on the
pins and minimize the contact resistance,
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OBC/IEAOBAHUE OBOPYAOBAHUA
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3. UcnbITaHUA U U3MmepeHusn
B OTK/IIOMEHHOM COCTOAHUM
obopyaosaHmsa

3.1. Mamepenue conporusneHnin obmortok
NOCTOAHHOMY TOKY

LNR namepenmnn conpotusnednn obMoTok NocTo-
AHHOMY TOKY CW/IOBbIX TPaHCHOPMAaTOPOB U Kpyn-
HbIX WYHTUPYIOWMX PeakTopoB UCNONb3YIOTCA MU-
KpoommeTp bonsworo Toka High Current Resistance
Meter Type 2292 n astomatudeckun uamepurens
ATWRM-25. lNpubopbl paspaboTtadbl cneyuanbHo
ANnA paboTtbl B NONEBLIX YCNOBUAX.

KOoppeKkTHOCTL namepernin obecneynBaeTcs Bbico-
KUMKW YPOBHAMMU UCNLITATE/IBHBIX TOKOB, rapaHTUpy-
IOWMX MUHUMANBLHOE KOHTAKTHOe CONPOTUBNEHME,

3.2. UamepeHune aNeKTpoMarHMTHbIX
XAPAKTEPUCTUK NPU HUZKOM HaNpPAXKEHUM

INEKTPOMArHUTHBLIE XapaKTepuCcTUKKU (napameTpsl
XO/I0CTOr0 X0Aa, KOPOTKOrO 3aMbIKaHUA, UHAYKTUB-
HOCTU U T.N.) UIMEPAIOTCA C NOMOLLLIO MOBUABHON
nucnbiTaTensHon ycraHoskm MA4000, sasnaowencn
BecbMa IPPEKTUBHLIM COBPEMEHHbLIM U3MEPUTEND-
HO=BBIYUCAUTENBHBIM KOMNNEKCOM,

IpPekTuBHOCTL cnonsiosanua M4000, onpepae-
NABMAA TOMHOCTBIO M3MepeHun, yposHem n yaob-
CTBOM NPOrpammHoro obecneyeHmnna = aHaunTeNbHo
BbilLe, YeM Y APYIrUX U3BECTHbIX CUCTEM aHaNormy-
HOro HasHa4yeHua. IATOT GakTop UMeeT pewatrulee
3HauYeHue B YCNOBUAX WECTKONO BPpeMeHHOoro per/a-
MEHTA, XapaKTepHoOro ANA NPaKTUKKW AMarHoctuye-
Ckux obcnenosavui, BCNeACTBUE OrPpaHUYEHHOCTH
BPeMEeHU OTKNIOYEHUW, NPEeAOCTAaBNACMOro AnUcneT-
YePCKUMKU cNyKOamK sHeprocucTem.,

OnbIT akenayataunn npubopa aHeprocucremamm
CLUA, KaHaabl, HEKOTOPLIX @BPONenCKMX CTPpaH no-
IBONAET TOBOPUTHL O BLICOKOKW HaseMHOCTH npubopa.

PesynbTatbl M3IMEPEeHUU 3NeKTPOMArHUTHBLIX Xa-
PAKTEPUCTUK MCNONLIYIOTCA ANA OLEHKKU COCTOAHUA
KaKk B KayecTee CamoCTOATeNLHbIX NoKaslarenen co-
cToaHns obopyaoBaHKUA, TaK M KaK OCHOBA ANA onpe-
ADeNeHns  APYyrux  AWarHOCTUYECKUX nNapameTpos
(Hanpumep, NnapameTpoB IKBUBANCHTHbLIX MHOIOMNO-
NOCHUKOB),

3.3. UamepeHne napamerpos M30NALUMN
3.3.1. UsmepeHue conpoTUBAEHUA UIONALUN

Ona namepenunn cConpoTUBNEHUA naonaumm R15
n R60 ucnonwayetca npubop MEGGER BM25,
NO3BONAKOWMNA BECTU HENPEPLIBHLIE N3MEPEHUA
KOHTPOAMPYEMOWN BENNYNHBI NPAKTUHECKWU B N10-
bom BpemeHHOM AnanaszoHe, 4To Heobxoanmo ANA
NPAaBUIbHOWN OLLEHKWN COCTOAHUA U30NALMK, CBAZAH-
HOIO, B YAaCTHOCTK, C ABNeHnem abcopbumnmn.

3.3.2. Uamepenne tgdun C,

LA namepeHnn ncnonbayetcs ycranoska M4000.
BOIMOMHOCTHM AAHHOW YCTAHOBKK NO3BONAIOT Bbl-
NONHATE HEOBXOANMMBbIE TECTbI B YCNOBUAX NEen-
CTBYIOUWIMX NOACTAHUMWA C BbICOKOW TOYHOCTHIO U
YCTOMMMBOCTLIO K BHELWWHUM NOMEXam,

N3mepeHmA NIONALMOHHBLIX XapaKTeprucTuK
BbICOKOBONBTHbLIX BBOAOB TaKKe OCYLWECTBAABTCA C
NOMOLULIO yeTaHoBKkn M4000,

'

4 Bee nonyveHHbie aHHbIE 8 pesynbmame Usmeperun

omobpaxalomcs 6 nPeMoKoe, chopmuposaHHom
npo2pammHeim obecrieveHuem (10) M4000,
BempoeHHbIU npuHmep noseonsem cpaly pacneyams
daHHBIE NONYYEHHBIX UIMEpPeHU.

All the measurement data are displayed in the

protocol generated by the M4000 software. The
measurement data can be immediately printed

\\ out with the built-in printer.

MOBW/IbHAA WUCTLITATE/IbHAA
YCTAHOBKA M4000, «DOBLE» (CIWA)

MobuneHan wcneITatensHan YycTaHoBKa nepe-
MEHHOro ToKa M4000 no3aponAeT WUIMEepATL B
noneBbx YCNOBUAX:

o  JluanekrTpureckne xapakTepucTukum Ha ne-
PEMEHHOM TOKE =~ TaHreWwc yrna MowHocTw
AvnanektTpudeckux nortepb (tgd) un anek-
TPUYECKYH eMKoCTb u3onaummn (C ) ;

« [lapameTpbl XO0NOCTOro xona: TOK HaMarHu-
YMBAHWUA, NOTEpHU;

« [lapameTpbl KOPOTKOro 3amMblKaHWA: aKTUe-
HblE W peakTUBHbLIe COCTaBAAKUME ;

. KoadgduumenTs TpaHnchopmauuu.

r Ty

MErAOMMETP BM25 / MEGGER BM25,
AVO INTERNATIONAL (AHI/IMA)

MeraommeTp BM25 KOMNAKTHBIM, AaBTOMATUIN-
POBAHHLIA  BbICOKOBONBLTHBIA nNpubop, nUTaemMbin
0T cobcTBeHHON baTapen, KOTOpPbBA WCNONbL3Y -
eTCA ANA UAMEPeHUAa CONPOTUBNEHUA MHIONALKUK,
UHAEKCA NONAPU3ALMN U onpeneneHun HanpaxeHnn
paspafa AvanekTpuka. B KoHCTpykuun npubopa
B nonHom obbeme WCnoNb3oBaMbl NpevmylecTiea
MUKPOMPOLECCOPHON TEXHONOIMKW W BO3MOXHO-
CTKU XuagkKokKpucTannuw4yeckKkoro MOHWTOPa, cCcoYye-
Tanwero 8 cebe uMppoBYK W aHaNoOroByw wKany
U3IMepeHun,

"
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3. Testing and measurements
of powered-down equipment

3.1. DC Winding Resistance Measurement

A High Current Resistance Meter Type 2292 and
ATWRM-25 automatic meter are used to measure
DC winding resistance of power transformers and
large shunt reactors. These are designed specially
for field measurements,

The accuracy of measurements is provided due
to high test currents ensuring minimum contact
resistance,

3.2. Electromagnetic Characteristics
Measuring under Low Voltage

Electromagnetic characteristics (parameters of
open-circuit, short circuit, inductance etc.) are
measured using an M4000 mobile test unit which is
a very effective modern measuring and calculating
system,

Due to the accuracy of measurements and
the quality and ease-of-use of its software, the
efficiency of operating an M4000 is significantly
higher than that of other similar purpose systems.
This factor is crucial when time is strictly regulated,
which is characteristic for diagnostic testing due
to the limited shutdown time provided by electric
power system dispatch services.

The device operating experience at the power
systems in the United States, Canada and several

European countries proves that the device is
extremely reliable.

The results of electromagnetic characteristics
measuring are used for condition estimation both
as individual parameters of equipment condition
and as a basis for other diagnostic parameters
determination (for example, the parameters of
equivalent multi-ports).

3.3. Insulation Parameters Measuring
3.3.1. Insulation Resistance Measuring

A MEGGER BM25 device is used to measure
R15 and R60 Insulation resistance, which allows
for continuous measurements to be made of the
controlled value in virtually any time scale, this
factor is essential to properly estimate insulation
condition, which is in particular connected with
the phenomenon of absorption.

3.3.2. tgb and C, Measuring

An M4000 unit is used to measure tgd and C,. The
properties of the device enable the user to perform
the necessary tests in existing substations with high
accuracy and resistance to external noise.

The Insulation characteristics of high-voltage
bushings are also measured using the M4000 unit.

PP

g

MOBILE TEST SET M4000, «DOBLE» (USA)

M4eBe, a mobile
user to measure:

¢« AC dielectric properties: tangent of
the dilelectric loss power angle (tgd)
and 1insulation electric capacitance
(C,);
Open-circult parameters:
current and loss;
Short-circuit parameters:
reactive components,; and
Transformation ratios in the field.

AC test set, allows the

magnetizing

active and
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/’ TemnepamypHsie 3a8UcCUMOCmMu conpomueneHul

UIONALUU 110 NPOMENCYMKAM

Insulation resistances temperature dependence
by intervals.

'

MEGAOHMMETER BM25 / MEGGER BM25,
AVO INTERNATIONAL (ENGLAND)

Megaohmmeter BM25 1s a compact
ed high-voltage self-battery powered de-
vice, which 1s used to measure 1insulation
resistance, polarization index and a di-
electric discharge voltage determina-
tion, Microprocessor technology advantages
and LCD comprising digital and analogue
measuring scale are used in the device’s
construction to the full extent,.

automat -
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4. UcnbiTanua npob macaa i e e

4.1. Xpomarorpapuueckmin ananms E R o
rasoconep)XaHuma e mache | RIS O K
AHann3 pacTBoOpeHHbLIX ra3os OCyWwecTBnAeTCH : Tt e i g At e, Lt (O AL e [ R
¢ nomowblo xpomarorpadpa XPOMATEK - 2000. !

4.2. DM3nNKO-XUMUYECKNe aHaNn3bl macna . b
AHanusbl macna BbINONHAKOTCA ChneunanncTamm ALY SRR
LentpansHoi 3apopackoin  nabopatopuu  OAO L e
«INEKTPO3ABO/L», pacnonaraiowmmm Heobxonn-
MbiMK npubopamu U MeToanKamm. ek

4.3. Onpepenenne snarocopepaHun f

U HANMYUA MEXaHUYEeCKUX Nnpumecen |
_ AHANU3ATOP COCTOAHUA M3ONALIUA
Ann onpepeneHnn Haandma NOCTOPOHHUX BKAKOYE IDAX-206 (WBELMA)

HUIA ncnonbayetca npubop MKC-510N, ocywecTens-

IOWMMA aHanns Ha ocHoBe metoaa Kapna @uwepa, IDAX-206 WcrnonbayeTca ANA  onpepeneHuns
CoNepKaHuA Bnarv B W3ONAUMKW TpaHchopmaTo-
AnA n3amepeHna BNarocopepRanna B U3ONALUMA B NO- DOB, Ha OCHOBE MeTOAA AUINEKTPUHECKON Crek-
NeBbIX YCNOBUAX UCNOALIYETCA ananusatop |IDAX-206, TPOCKONUM. AHanusaTop obecneymBaeT BOIMOX-
HOCTh MAOCTOBEPHOW OUEHKK coaepkaHua Bnarw
5. AHann3 pe3ynbrartos 3a OAHO ucnwiTaume. 3IToT npubop B nNONeBbIX

YCNOBUAX onpepenneT COCTOAHME MIONALKN

0 TeXHU4YeCKoOM COCTOAHNM OBOPWJ,O- yTo obecneynBaeT BO3MOKHOCTH YeTKOro onpe-
BaHMUA, BbIpaboTKa pekomeHaaumm neneHna npobnem, CBA3AHHBIX C BNAKHOCTLIO,
aarpAsHeHnem BymaxHo-MacnAHOW WU30NAUNK 06~
Nna nosblweHus apdekTuBHocTH paboT akcnaya- MOTOK MW BBOAOB.
TAUMK UCNONB3YIOTCA U3BECTHLIE U OPUIMHA/IbHbIE

MeToavkn 06paboTKK peaynsTatos U3MEPEHUN U = ——rr

v OLEHKW AOCTOBEPHOCTU PE3y/IbTaTOB U3MEPEHWIA;

v unpentudukauun pedextos (metopamm Teo-
pUW pacnosHasaHun obpasos, TeOpUU HyB-
CTBUTENLHOCTU W Apyrue);

v npeHTndurKaumn TpaKchopmaTopos;

v nopobus antop BubpoxapakTepucTuk u Apyrue.,

MEPCMNEKTUBHbLIE PASPABOTKW
METOA0B OUEHKWN COCTOAHUA
TPAHC®OPMATOPOB

LCO pacnonaraer metoaamum OUEHKW MNPaKTH-
YecKKU MmobbiX 3NEeKTPOMArHUTHbLIX nNapameTpos

= o __—

OBCNEAOBAHUE OBOPYAOBAHUA

(napameTpoB XON0CTOr0 XOAA.,, KOPOTKUX 3amblKa- "Material 1
MUIA, BKTUBHBIX M WHAYKTUBMbBIX CONPOTUBNEHUWN, Mateial m =
WHAYKTUBHOCTEN, Ko3dpduumenToB TpaHchopma-
UMM 1 apyrux) Ha paboTalowmx TpaHchopmaTopax Moisture [%] I[M Ml “
no paboymm TOKam K HanpmKeHmam obMoToK, Tak-
e UMeIOTCA HapaboTku ana «BuICTpoity (B pexume Temp (°C) ‘29
paboTbl 3aWMT) ANArHOCTUKKU HEKOTOPbIX 3/1EKTPO- “Material 32— g, [
MarHUTHbIX NapameTpos. Material o -

UCO OAO «3NEKTPO3ABOLA» nmeer meroanye-
ckue pa3paboTKu M ONbITHbIe 06pa3subl annapaTtypb Permitivity I '
ONA AMArHOCTUKWA M3MepuTenbHbiX TpaHchopmaTto- ip R
DOB NOA HarpPy3KOH, Cn_nductlwty |?. 0BE-12 &

Cneumanucramum LCO Beayrca wuccnenoBaHun B
HanpasieHun dopmannsaumm 1 aBToMaTM3aunm
NOArOTOBKM AMArHOCTUYECKUX 3Kcneptns Ha base

L — o — ———

a Pesynsmam usmepeHun 8na20co0epuaqus

UCNONbL3OBAHMA METOAOB TEOPUW PacNO3IHABAHWA, .
TEOPWUWN YYBCTBUTENBHOCTH N APYTAX. 4 P

COBEpPLIEHCTBYIOTCA  METoAbl  WABHTUUKALMK Insulation water content measurement
TpaHchOpMaATOPOR, NOIBONAKOWME NONYHUTH NPU- e value at 20°C

ENAVIKEHHYIO OLEHKY HEKOTOPBLIX WX reometpuve-
CKMX pasmepos, Yucna BUTKOB 0OMOTKM, NCNONB3D-
BaHHbIX Mmatepuanos 6es pasbopku obopyaoBaHus.

-------
__________



4, Oil sample testing

4.1. Chromatographic analysis of gas
content in oil

Analysis of dissolved gases is performed by the
chromatograph CHROMATECH-2000.,

4.2. Oil physical and chemical analyses

Qil analyses are performed by specialists of the
Central Plant Laboratory of 0JS «ELEKTROZAVOD»,
who have all necessary equipment and techniques.

4.3. Determination of water content and

presence of mechanical impurities

To determine presence of foreign impurities, we
use MKC-510N device, which performs analysis
according to Karl Fischer method.

For in-field evaluation of water content in the
insulation, analyzer DAX-206 is used.

5. Inspection results analyzing,
reporting on equipment performance
and recommendations making

To improve efficiency of operation, both well-
known and innovative methods of measurement
and observation data processing are used, in
particular;

v estimation of measurement data reliability;

v dentification of defects (by image identification

theory, sensitivity theory etc.);

v transformer identification;

v similarity of distribution diagrams ftor vibration

characteristics etc,

ADVANCED DEVELOPMENTS
OF TRANSFORMER STATUS
EVALUATION METHODS

The Service Center employs various methods
providing for evaluation of almost every
electromagnetic parameter (open-circuit and close-
circuit parameters, active and inductive resistance
values, Induction values, transformer ratios etc.) of
a running transformer relating to operating currents
and coll voltages. Besides, own know-how techniques
are developed for «rapid» diagnostics of certain
electromagnetic parameters (with transformer
protections being active).

I'he Service Center has developed its own
guidelines and pilot models of equipment for
diagnostics of instrument transformers on load.

Professional staff of the Service Center of QIJS
«ELEKTROZAVOD» carry out research to formalize
and automate the process of a diagnostic expert
examination based on methods of identification
theory, sensitivity theory etc.

Certain Iimprovements have been made in
transformer identification technigques that make it
possible to estimate roughly some of transformer’s
geometrical parameters, number of winding
turns and used materials without dismantling of
equipment.
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INSULATION CONDITION ANALYZER
IDAX~206 (SWEDEN)

IDAX-206 1s used to determine water con-
tent 1n transformer i1nsulation based on
dielectric spectroscopy technique. The
analyzer provides for reliable evaluation
ot water content 1in one test run. This
device provides for an in-field evaluation
of transformer insulation condition based
on tgd changes depending on frequency, thus
making 1t possible to identify clearly
the problems related to humidity or pol
lution of paper-oil winding insulation or
bushings.

MAX 31 .3°C MIN 20 2°C AVl

l—l"-'l-'l'-F'r"l‘—"""'l—'l“"'F'f'I'""r"l1l+r L bl e B | e GBS o e B e
1 o] 10 14 ' 14 40

Huskuu ypoaeHs macna 8o saode (= 1/3 abicomsi
aepxHell hapghopoaoli NnoKpbILWKU)

Low level of oil in the bushing (= 1/3 of height of the
porcelain upper cover)
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TPAHC®OPMATOPHO-PEAKTOPHOIO OEOPY.EI,OBAHI/IFI

LnarHocrnka nﬁnpmaaaﬂnﬂ OCYLWecTBAACTCA
nyTem aHanmia BCEW MMEIOWENCH COBOKYNHOCTU
AWArHOCTUMECKON WHbOpMaUuKK, BbINOAHAEMOW
BbICOKOKBaNMPUUMPOBAHHBIMKW  CNeunanucTamm-
IKCNEPTaMK, UCNONLIYIOWKMMKU  KOMNBIOTEPHbLIE
AKCNEePTHbIE CUCTEMbI, CneuyuansHo paspabotau-
Hble ANAarHOCTUUECKUE MOAENU U aNTOPUTMbI peLue-
HUA TUNOBBLIX 38434 AMATHOCTUKW.

HocTmKeHne uenn noBbIWEeHUs AOCTOBEPHOCTM
OUEHKK TEXHUUECKOro COCTOAHMA TpaHchopmarto-
poB W peakTopoB npennonaraer UCNoNbL3oBaHWe
3QPEeKTUBHBIX ANArHOCTUMECKMX MEeTOO0B WU COo-
BpeMeHHOro AuarHocTuveckoro obopyaosaHus.
B ocHOBY MeTOAMMECKOW HacTh ANarHOCTUKK, Ocy-
Wwecrsnaemon cneumanucramm Llewtpa cepsucHoro
0bCNYKMBAHWA, NONOKEHBI, HapAAy ¢ obWenpuHn-
ThIMU METOAMKAMK (B TOM UNCIE MENXAYHAPOAHDI-
MK), Takke cobcteerHblie paipaboTku cneunanu-
CTOB «IDNEeKTpo3aBona» n UX CoOBMecTHble paboTbl
C ydeHbimn PAH, M3WU, BN n aApyrux HayuMHO-Tex-
HUMECKMX UeHTpoB. B cBolo ouepenb, npumeHeHue
BLICOKOKNACCHOM  M3MEpPUTENbHOW  annapartypbl,
NOMUMO obecneyeHnn BbLICOKOW TOMHOCTU B Oonpe-
AeNneHnun AnarHOCTUYECKUX napameTpos, CTUMYIN-
pyer noasneHne Hoebix metoaos obpaboTkm Kave-
CTBEHHOW AMArHOCTUMECKON MHpOpMaLn,

Hcnoneaoaanue npubopa pupmel Bruel&Kier
NO3aOAAEM AOKOAUIOBAMb UCMOYHUK WyMd
u subpayuu 8 pabomawowem obopydosaHuu

Application of a device manufactured by Bruel&Kier
company enables to localize a noise and vibration
source in the operating equipment

G,

XAPAKTEPUCTUKU OLEHKWU PABOTOCNOCOBHOCTH
CUNOBbLIX TPAHC®OPMATOPOB U PEAKTOPOB

1. CocTtoaHue n3onaumnm:

v AMINEKTPUMECKUE XapaKTepUCTUKK BCEX 30H
U NPOMEXYTKOB M3ONALMUK NPU OBYX UK TPEX
Temneparypax;

¥ TaHreHuc yrna AManeKkTpudeckux noteps tgo,
* anextpuyeckan emkocTs C,,
* conportuBneHue nionaumm R,

* koadpduuneHT abcopbumm U UHAEKE NONA-
pru3aumnm,

v DaHHble U3IMEPEeHUN WHTEHCHUBHOCTH “YacTuy-
HbIX Pa3panos (YP) WUPOKONONOCHBIM U Y3KO-
NONOCHBIM METOAOM, NOKaNU3ALUMWA MCTOMHUKA
4P akyCTUYeCKUM METOLOM,

2. CocToOAHMEe MarHMTHOMN CUCTeMbI;

v’ TOK HamMarHU4MBaAHUA W NOTEPU XONOCTOro
X0Aa,

v AaHHBLIE UIMEPEHUH TemneparypHbix nonen
Tpanchopmartopa Npy NOMOLLM TENN0BU3OPA,

v’ paHHble namepeHnii BU6pauMOHHbIX U aKyCTK-
YECKUX XapaKTepPUCTUK (MHTerpanbHbIX U Crnek-
TPanbMbix),

v faHHbIe U3MEPEHUA HaNPAMEHHOCTU MarHUTHO-
ro NONA B 30He pa3bvema baka Tpanchopmartopa.

3. AMHamunueckan
YCTOMYUBOCTb OOMOTOK:

v CONPOTUBNAEHUA  KOPOTKOrO  3aMbIKaHUA,
UHAYKTUBHOCTH OBMOTOK M Apyrue;

V' 3NEeKTPUMECKME eMKOCTU cucTembl 06MOTOK;

v BUBpauMOHHBIE XapaKTEPUCTUKM.

éf.ﬁ,—'

4. COCTOAHUE KOHTAKTHbIX
COEAHHEHHﬁ N UENOCTHOCTD
napannenbHbiX NnposoaAHNKOB

0bMOTOK:

v conpotneneHmnn obMOTOK NOCTOAHHOMY TOKY
(40 MKOM 1 Bblwe npyu mansix n BONbLINX
ToKkax — ao 50 A),

v TEmMneparypHbié NoafA rnpyu nomMoLmn Tennosm-
jopa v nMpomeTpa.

R

Pa3pnaobl No U30AA4UU 3NEKMPOCMAamMuUu4ecKozo
IKpaHa onpedeneHHbie nNpu duazHocmuKke
yHusepcanbHeiMm komrnekcom UPDA

Discharges on electrostatic screen insulation
determined while diagnosing performed by the
universal UPDA system




TRANSFORMER & REACTOR EQUIPMENT DIAGNOSIS

The equipment is diagnosed by analyzing the
whole scope of diagnostic information available
that is performed by highly skilled searching
authorities, They use computer-integrated
expert systems, specially developed diagnostic
models and algorithms for solution of typical
diagnostic tasks,

Accomplishment of the object aimed
at improvement of estimate reliability of
transformer and reactor technical state assumes
application of efficient diagnostic techniques
and advanced diagnostic units. The basis of
the methodic  diagnostics part exercised by
specialists of the Service Center is formed by
both standard practices (including international
ones) and self-design projects that are put into
practice by «ELEKTROZAVOD» Specialists and
their joint researches conducted in collaboration
with scientists from the Russian Academy of
Sciences, Moscow Power Engineering Institute,
All-Russian Electronic Technical Institute and
other research and development centers. In
its turn, application of high-quality measuring
facilities promotes occurrence of new quality
diagnostic information processing methods
apart from assurance of high precision by
diagnostic information determination.

/’
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TennoauiauoHHoe obcnedosaque cucmems|
oxnawoeHusn

Cooling system thermal-vision inspection

CHARACTERISTICS FOR PERFORMANCE EVALUATION
OF POWER TRANSFORMERS AND REACTORS

1. Insulation state:

v dielectric features of all sections and insulation

gaps at two or three temperatures:

* dielectric loss factor tgd,
electric capacity C,
insulation resistance R,

*
o+
* : - tyatinm | ;

absorption factor and polarization index;

measurement data for partial discharge
intensity value by a wideband and narrow-band
method, partial discharge source localization

by an acoustic method.

=
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Pacnpedeneque memnepamypsl nNo aaodam
mpexghaznozo mpancghopmamopa 220 KB,
onpedenenHoe Ha mepmoezpage «IRTIS-200»

lemperature distribution through bushings

of 3-phase 220 kV transformer, defined by the
thermograph «IRTIS-200»

2.

v
v

3.

7

v
v

4.

Magnetic system state:

magnetization current and standby losses,
measurement data for transformer
temperature fields by means of an infrared
Imager;

measurement data for vibration and acoustic
characteristics (integral and spectral);
measurement data for the magnetic field
strength  within  the transformer tank
connector,

Transient stability of windings:

short-circuit impedance, winding inductance
etc,;

electric capacity of the winding system;
vibration characteristics.,

State of contactjaints and

continuity of windings’ parallel
conductors:

DC winding resistance (40 uQ2 and above at low
and high currents rated up to 50 A);

temperature fields by means of an infrared
Imager and a pyrometer,

SISONOVIA LN3NdIND3



NUATHOCTUKA OBOPYJOBAHUA

5. Hannume 3ambiKaHUM
B 0bMmoTKax:

v KoadhduumeHTbl TpaHCPOpMaALMK  YTOMHEHHBIMW
METOAAMM;
v noTepu XoNocToro Xoaa Npu HU3KOM HanpsKeHnnm,

6. CocroaHMue cucTtembl

OXNaXAEeHUA,

v’ TeMmneparypbl Macna Ha BXoAe v BbIXoae oxna-
auTenen;

v dasHble TOKW MacNOHACcOCoB U BEHTUNATOPOB,

v BUOPALUMOHHBIE W aKyCTUMECKME Xapaktepw-
CTUKW MaCNOHACcocoB U BEHTUNATOPOB;

v’ temneparypHbie nosis npyu NOMOLLM TEN10BKu3opa.

7. NaeHTMdUKALUUA Pa3IUYHbIX
nedeKToB nyrem onpeaeneHun
XapaKkrepucTuk npob macna:

v obwero v NOKOMNOHEHTHOrO ra3ocoaeprKa-
HUA, CKOPOCTU Ero U3MEHeHUs n apyrue;

v KOHUEHTpauun GpypaHoBbIX COEANHEHWNN,

v PUIMKO-XMMUYECKMX NapameTpos (NpobusHo-
rO HanpsHYKeHWA, KNCAOTHOIO YMCNa U NPOYKX),

XAPAKTEPUCTUKMN OLLEHKM
COCTOAHWUA BBOAOB BbICOKOIO
HAMPAMEHUA

1. AManeKkTpruyecKkue XapaKTepucTuKku U30NAUUn:

v 1gb, C,, R, koadpduumenT abcopbunm n nHaekc
NONAPU3aUnM Npu HanpskeHun 5-10 KB,

v tgd, C, npu pabouem HanpamseHum.

2. CneuywanvHble M3IMEpeHWA no onpepene-
HUIO COCTOAHMA BHYTPEHHEW NOBEPXHOCTH
dapdoposoit NOKPLIWKK (3arpAsHenun, Bypbii
Haner).

3. Mamepenune TemnepatypHbix nonen BBoaos
NPY NOMOLUKM TENNOBU30paA U NUPOMETPA.

4. Xpomarorpaduueckuin aHanus npob macna.

XAPAKTEPUCTUKN OULEHKW
COCTOAHUA TPAHC®OPMATOPOB
TOKA U HATIPAXEHWUA

1. AaneKTpuyecKkue XapakTepucTMKM U30NALUMN.

v 1gd, C, R, koadpduumeHT abcopbupm n nHaexc
noNApM3aUMmn Npu Hanpskernn ao 10 kB;
v 1gd, C, npn pabouem HanpakeHuu.

2. Yrnosbié M amnauTyAHble NOrpewHocT name-
pPUTENbHbIX TPAHCHOPMATOPOB.

3. MamepeHue TemnepaTtypHbiXx NONen TpaMc-
dopmaTopoB NpU nNOMOWM Tennosusopa ¢
nupomerpa.

4. Xpomarorpadpuueckmin ananus npob macna.

OnpedeneHue KOPoMKOIAMKHYMbIX KOHMYypPOos @
MoKonNpoeoode mpaHcpopmamopa menaoeu3opom

Detection of short-circuited loops in transformer
current-conducting wire by an infrared imager

5. Short-circuit in windings:

v transformation ratios are précised by methods;
v' no-load losses under low voltage.

6. Cooling system condition:

v oil temperatures on coolers’ inflow and outflow;

v oil-pumps and fans phase currents,;

v' oil-pumps and fans vibration and acoustic
characteristics;

v temperature fields by means of infrared imager.

7. Various defects detection by oil
samples features definition:

v’ general and componentwise gas-content,
speed of its change etc,,

v furan compounds concentration;

v physical-chemical parameters (breakdown
voltage, acidity number etc.).

HIGH-VOLTAGE BUSHINGS
CONDITION EVALUATION
CHARACTERISTICS

1. Insulation dielectric characteristics:

v tg6, C,, R, absorption power and polarization
index at voltage of 5-10 kV;

v g, C, at operating voltage.

2. Special measurements to determine the
porcelain cover inner surface condition (soiling,
brown film).

3, Bushings temperature field measuring with
an IR imager and a pyrometer.

4. Oil samples chromatographical analysis.

CURRENT AND VOLTAGE
TRANSFORMERS CONDITION
EVALUATION CHARACTERISTICS

1. Insulation dielectric characteristics:

v g6, C,, R, absorption power and polarization
index at voltage up to 10 kV;

v tg, C, at operating voltage.

2. Instrument transformers angular and
amplitude errors.

3. Transformers temperature field measuring
with an IR imager and a pyrometer.

4. Oil samples chromatographical analysis.
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LIJ'M po Kvie 3HaH pm 'cymecmy}omni“

 KOHCTPYKLUMN TPaHCPOPMATOPOB U peakTopoB
' Kak COOCTBEHHOro N3roToBneHus,

 [nybokoe noHUmaHue aneKTpoMarHUTHbIX,
TENNOBbIX, MEXaHUYECKUX N APYr1X NPOLECCoB,
npoucxopawmx B obopyaoBaHnum

CoBpemeHHas AnarHoCTUYECKan annaparypa
N nepenosoe metoguyeckoe obecneyenue,
B TOM YUC/1e YHUKaNbHbIE METOANKM
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