s OAO «CHIOBbIE MALLHBI»
CHADELE SHEPTNA HA PE3SYIIbTAT

HexomMmepueckoe napTHepcTBO «PoccMiicKiii HAMOHAJILHBIM KOMUTET
Me:xaynapoanoro Cosera no 00JbIIHAM JJIEKTPUYECKHUM CHCTEMaM
BbICOKOT0 HanpsixkeHusn» (PHK CUI'P)J)

For power system expertise

TEHAEHIINUN COBPEMEHHOI'O
IJNIEKTPOMAHNINHOCTPOEHUASA

O030p noxaanos Ucciaenosaresnbckoro Komurera Al
«JJeKkTpuyecKkre MamuHbD> HA 47 ceccun CUT'PI

¢ 26 mo 31 aBrycra 2018 roga

Poiitrapi M. b., neiictButenbubiii uien CUT'PD
HccnenoBarenbckuii KOMUTET A l«OnekTpuyecKkrue MaluHb»

Cankr-IleTepOypr
2018

1 | OAO «CUNOBbLIE MALUNHbI»



47 Ceccua CUT'PD

B ucciaenoarennbckom komurere A1 CUI'PI npeacrasiensl 3kcneprsl oT 98 cTpaH. 25 u3 HuUXx,

BKJIIOYas Poccuio, UMET NeiiCTBUTEIbHBIX YJIEHOB, YTO MOATBEP:KAAET 00IeNPU3HAHHBIM HAYYHO-
TeXHUYECKUH aBTOPUTET HALIEH CTPAHBI .

HccnenoBarenncknit Komurer Al orBevaer 3a « Bpamawmuecs Jiekrpudyeckne MammHbD U UX
NPUMEHEHHUeE /Il TeHepaluu djieKTpudeckoi sHepruu. B cocraB Komurtera Al BXOAAT YeTbIpe OCHOBHBIE

HallpaBJICHUA

. Typoorenepatopst AG/WGs A1.01

. I'maporenepatopbt AG/WGs Al1.02

. Hosbie Texnoaornu AG/WGs A1.05

. AnexkTpuueckue apurarean AG/\WGs A1.06

B HOBBIEe MesKTYHAPOIHBbIE padoune rpynnbl pekoMeHa0BaHbl Poccuiickne cnenuaauctol 10 40 jer
*AHTOHOB I1.B. WG Al1.62 «IloAnATHUKH THAPOTEeHEPATOPOB
I'pumun H.B. WG Al1.63 «BbriBoagHbBIE cOeIUHEHNSI TYPOOTreHEPATOPOB)
*KopneeB K.B. WG Al.64 «3amena sn1exkTpoasuraresei co cranaaptasiM KITI»
B neiicrByromeii padoueii rpynne WG Al.50 «KoHTpoJIb KauecTBa CTep:KHell TypOOreHepaTopoB» y4acTByeT

Poiitrapu M.B.

Ha 47 ceccuio ObliaM mpeacTaBjeHbl 206 MOKJIAA0B MO CJAEAYIOIIMM TMPeINOYTHTEIbLHBIM TeMaM,

BbIOpaHHBIM 1151 ceccun 2018 r:

PS1 CTpykTypa reHepupyoOIINX MOIIHOCTENH B Oy1yliemM
PS2 YnpagiieHue 3j1eKTPU4eCKUM MAIIMHHBIM 000PYy/10BaHHEM

PS3 HoBble pa3padoTky U ONBIT IKCILUIYATAIIUM BPALIAIOIIUXCS JIEKTPUYECKHUX MAIIIUH
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A1-309 Pa3paGorka TypOOreHepaTropoB 0OJILIIOH MOIIHOCTH ¢ KOCBEHHOW BOJIOPOAHOI

CHCTEMOii oXJIaKIeHnsl U CBsI3aHHBIX TexHosoruii (Mitsubishi, Hitachi, SImonns)

Al1-103 PazpaboTka, TecTMPOBaHMe M IPOBEPKA HOBOH JIMHEHKH TIeHepHpYIOLIero
o0opynoBaHus JJis1 padoThbl B CYLIECTBYIOIIMX U MEPCHEKTUBHBIX IKCIUIYATAIMOHHBIX PeKUMAX

(Siemens, I'epmanusn)

Al-104 BausiHue pa3BUTHS CeTEBbIX CTAHJAAPTOB Ha KOHCTPYKLUHIO TIeHEpPaTOpoB Jisl
ATOMHBIX JIeKTPOCTAHIUHIi (IMOJTOBHHHASI CKOPOCTh, MomHOCTL cBbhime 800 MBA) (GE, EDF

dpaHus)

Al1-205 Hcnogb3oBaHHE COBPEMEHHOI ONTOBOJIOKOHHOW TEXHOJIOTHM [Jisi MOHUTOPHMHIA
BHOpalMU B Ma3aX M O0HAPYKEHUN MECT JIOKAJIBbHOIO Neperpesa B reHeparopax ¢ BO3AYIIHBIM

oxJyiaskneHneM st ra3oBbIx Typoun (QPS Pl, Kanana)

[Tybnukanuu 0630pOB JOKIATOB:

1. B.B.bensikos, 10./].Bunnuknii, M.b.Poiitrapu. TenneHmum pazBuTHs BpallatoUXCs JJIEKTPUIECKUX
MaivH (o marepuanam 47 ceccun CUT'PD). Dueprus equnoit cetu. Ne5 (41) centsOopb-Hosi6ps 2018.

2. B.B.bensxos, FO.J[.Bunuikuii, M.b.Poittrapi. O630p nokinanos 47 ceccun CUT'PO. DHepretuka 3a
pyoexxom. 2019. B neuaru.

| OAO «CUNOBbLIE MALLUUHbI»
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A1-309 Pa3zpadoTka TypOOreHeparopoB 00J1bIIOM MOIITHOCTH ¢ KOCBEHHOM
BOJOPOJIHON CUCTEMOM OXJIANKIACHUA M CBA3ZAHHBIX TEXHOJOT MM

S.MURAMATSU, K. TAKAHASHI, M.ONODA, K. TANAKA, K. HATTORI Mitsubishi, Hitachi, Anonus

B 3T0ii myOnuKanuy MpUBEISHO OMMCAHKUE OTBITA MPUMEHEHHS TPEeX 0a30BbIX TEXHOJOTHH, HEOOXOMUMBIX JIJISl Pa3padoTKu
rereparopa MomHOCcThi0 900 MBA ¢ KOCBEHHOW BOJOPOJHOW CHCTEMOMW OXJIaKIECHUS; MPUBEIACHHBIC PE3yAbTAaThl TAKKE MOTYT
PUMEHSTHCS TSI IEPEMOTKH HITM MOJICPHU3AIIUH TEHEPATOPOB C IIEJIbI0 MOBBIIICHUS BBIXOJHONH MOITHOCTH U 3 dekTuBHOCTU. K
TaKUM TEXHOJIOTUSM OTHOCHTCS

- IpUMEHEHNe VIABHOI W30JIIMU CTEHOK CTeP:KHel cTaTopa W3 MaTepuasa ¢ BbICOKOI TerionpoBoanocTso (HHT),

- ONTUMHU3UPOBAHHAS TPAHCIIO3UIIUS TPOBOIOB MO NMpuHIMIY Pedest,

- YCOBEpPLIEHCTBOBAHME KPeIJIEHHH TOPLEBbIX YacTeid 00MOTOK cTaTopa.
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A1-309 Pa3paborka TypOOreHeparopoB 0016110 MOIIHOCTH ¢ KOCBEHHO! BOJIOPOIHOMI
CHCTEMOM OXJIAKICHUSA M CBA3AHHBIX TEXHOJIOT UM

S.MURAMATSU, K.TAKAHASHI, M.ONODA, K.TANAKA, K.HATTORI Mitsubishi, Hitachi, fimonus

IIpuMeHsJIMCh HM30JMPYIONIAE MATePHAJbl ¢ BBICOKOH TeIJIONMPOBOAHOCTHIO, B 3 pa3a BbIllle, YeM Yy
TPAAMIMOHHBIX MaTePHaJI0B. MeponpHsITHS 110 3aMEHE M30JISAIIMU OB MPOBEPEHBI B XOC NEPEMOTKH T€HEPaTOPOB KakK ¢
BOJIOPOJIHOM, TaK M BO3IYIIHOW CHUCTEMOW OXJaxiAeHUs B auarazoHe momHoctedr or 160 no 600 MBA. Iloka3ana
BO3MOKHOCTh YMeHbILIEHHUsI TpPeBbINIEHUsI TeMIeparypbl Ha crep:kHsX craTtopa a0 40 - 50% B 3aBUCHUMOCTH OT

pa3MepoB reHepaTopa U NepBOHAYATBHOM KOHCTPYKIIMH.
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Core magnetic force force
IonepeuHoe ceyeHne KaTyImKu MarHuTHbIE CHJIBI B CEPIeYHNKE U HA KpasiX 00MOTKH

BuOpanus KOHUEBBIX 4YacTel OOMOTKH OMNpENEensieTCss BEKTOPHBIM CYMMHMpPOBAaHHMEM BHOpaluid, BO30YXIaeMbIX B

CCpACHHUKE CTAaTOpa U B JT00OBBIX YacTSAX OOMOTKH. H€O6XOIII/IM KOMIIPOMHCC MECKAY YIYUHICHHCM OXJIAXKIACHUA U Oonee

YKECTKOU KOHCTPYKIIMUEH. :
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A1-309 Pa3paborka TypOoreneparopos 00JLII0H MOIIHOCTH ¢ KOCBEHHOH BOJOPOIHOM
CHCTEMOU OXJIAKICHUS U CBA3AHHbBIX TEXHOJIOT MM »

S.MURAMATSU, K. TAKAHASHI, M.ONODA, K. TANAKA, K.HATTORI Mitsubishi, Hitachi, Simonus
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Pe3yabrat mepeMOTKH € TEIIONPOBOIHOM U30/sILIMEH — CHuKkeHUe NPeBbINIEHNH TeMIIepaTypbl HOBLIMHM T€XHOJIOTUSIMH

CHHMKeHUE NpeBbIIeHUs TeMneparypbl Ha 40%

1 T~ Generator Center

Pa3menenne onToBOJIOKOHHBIX JaTYNKOB
TeMIIePaTyphbl B TOPHEBOH YaCTH 00MOTKH

Optical Temperature Sensor
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A1-309 Pazpadorka TypOOreHepaTropoB 0016110 MOUIHOCTH ¢ KOCBCHHON BOIOPOJIHOU
I CHCTEMOM OXJIAKICHUS M CBA3AHHBIX TEXHOJIOT UM

S.MURAMATSU, K.TAKAHASHI, M.ONODA, K. TANAKA, K.HATTORI Mitsubishi, Hitachi, fimonus

e
y

Electromagnetic force Displacement

l High l Large

Stator core

M small

. Low Connection ring

Analysis results of vibration
response
(at a certain moment)

Analysis results of
Analysis results of electromagnetic force at rated load frequency response
(at a certain moment) (at a certain moment)

IIpuMmep pe3yabTaToB pacuera 3J1eKTPOMArHUTHBIX CHJI (CJ1eBa) U BUOPAIIMOHHOI0 OTKJIMKA (CMPaBa) B KOHIEBOM YaCTH
00MOTKHM cTATOpa

TeMnepaTypa BJIMACT Ha JKCCTKOCTh OPTaHUYCCKHUX MAaTCpUraioB, a TCINIOBOC pAaCIIMPCHUC BIUACT HA YCIIOBUSA 3aKPCIIJIICHUSA.

7 O0AO0 BuOpanuoHHoe McHbITAHME 0OMOTKM B CTATHYECKHUX YCJIOBUSX HE MOKEeT TOYHO OIeHMTh BUOPAIMIO MPH IKCIJIYaTAIUH.
[ T



A1-309 Pa3paborka TypOOreHepaTropoB 00J1bII0M MOIHOCTH C KOCBEHHOM BOJOPOIHOM
I CHUCTEMOM OXJIAKICHHUS U CBA3AHHBIX TEXHOJIOT UM

S.MURAMATSU, K. TAKAHASHI, M.ONODA, K. TANAKA, K.HATTORI Mitsubishi, Hitachi, fimonus
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1st 2nd <rd Analysis value Measurement value
Pacyer u n3mMmepeHue cOOCTBEHHBIX YACTOT TOPLOB 00MOTKH Pacyer u n3mMepeHue BUOPALMU TOPLOB 00MOTKH

YcTaHOBKAa ONTOBOJIOKOHHBIX JATYMKOB BHOpaluM B TOPLEBOM
4acTH 00MOTKH CTATOpPA

BI/I6paHI/I$I CCpACHHUKA CTAaTOpPa ABJISICTCA OJHUM H3 (baKTOpOB,

OTIpEeICIISAIONMX BUOPAIMIO TOPLIEBOM YacTH OOMOTKH CTaTopa.

DJIeKTpOMarHuTHas Cuja Ha JOOOBOM dYacTd OOMOTKH

cABMHyTa 1O (a3e OTHOCHTEIbHO CHJIbI, JEHCTByIOLIEH Ha

CEpJCUYHHUK. o

HNELE
fLIHHE

8 0AO «CWNOBbIE MALLIWHBI» | SHEPTWA HA PESYIIBTAT




A1-309 Pa3padorka TypOOreHepaTropoB 00JIbII0H MOIHOCTH C KOCBEHHOH BOJXOPOJIHOM
CUCTEMOM OXJIAKICHUSA U CBA3AHHBIX TEXHOJIOTHH

S.MURAMATSU, K. TAKAHASHI, M.ONODA, K. TANAKA, K.HATTORI Mitsubishi, Hitachi, Simonus

igre

IlepemoTka reneparopa 160 MBA I'eneparop 600 MBA Ha ucnbITaTeJIbHOM CTEH/E

IIpumeHeHre BBICOKO TeNJIONPOBOAHOH W30aAUMU Oosiee 3(PPeKTHBHO 51 TypOOreHepaTopoB ¢ BOJOPOIHBIM

OXJIAJKIEHHEM, YeM VISl ¢ BO3AYIIHBIM OXJIAJKIEHUEM.

3TO0 CBSA3aHO MIaBHBIM 00Pa30oM C TEM, YTO MOBBIIICHHE TEMIIEPATYPHI T'a3a B T€HEPATOPE C BO3IYIIHBIM OXJIAXKACHUEM MOXKET
OBITb 3HAYUTEIBHBIM.
Jpyras mpuuMHa 3aKII0YaeTcsl B TOM, YTO [AazKe He0OJIbIIOe KOJMYEeCTBO BO3AyXa B Y3KOM NPOCTPAHCTBE MEXKIY

U30JIILMEeN M CepPIeYHUKOM CTATOPa 3HAYUTEIbHO CHUKAET 3PPEeKTUBHOCTDH OXJIAMKICHUS.

2
9 0AO «CWNOBbLIE MALLUWHBI» | SHEPTIA HA PE3YNBTAT




Al-103 Pa3zpadoTKa, TeCTUPOBAHME U IIPOBEPKA HOBOM JIMHEHMKH IreHEPUPYIOILEr 0
000pya0BaHMsI IV PA0OTHI B CYHIECTBYIOIUX M NMEPCNEKTUBHBIX IKCILIYATAITMOHHBIX
pe:xumMax. JAN-HENRIK BRAAM, Siemens, I'epmanus

Jahr 2017
® waterpower @ hiomass wind  solar @nuclear energy
renewables ventional
@ spft coal @hard coal @oil gas i
2091 (39%)
a5T3(Ba%)
47.74 (8.7%)
8337 (152%
210.69 (38 £%)

10364 (18 8%)

TWh (%)
337 17 (61.5%)

39 (7.0%
13366 243 26.33 (7.0%)

7213 (13,1%)

duekTporeHepanust B 'epmanuu B 2017 rony
Jlo71st BO30OHOBIISIEMBIX HCTOYHHKOB SHEPTHH BIpocia 10 38,5%

CoBpeMEeHHbIE YCIIOBHS  JKCIUTyaTalldd TeHEeparopoB, TpeOOBaHUS CETEBBIX OINEpPaTOPOB MPHUBOIAT K  POCTY
TEPMOMEXAHUYECKUX HANPSKEHUN B H30ISIMHA M KpPEIUICHUAX OOMOTKHM H CepAeYHHKA CTAaTOpa, YTO YBEJIWYMBACT

BEPOSITHOCTh HEOKHUJIAHHBIX COOEB M yCKOpsieT cTapeHue reHeparopoB. Heo0xoaummo yJay4ylIUTh CHCTEMY OXJIAMKAEHMS,
’,

CHNNELE

OTPaHUYUTH PA3HUILY TEMIIEPATYP KOMIIOHEHTOB F€HEPATOPOB 1 ONEPATHBHO PEarupoBaTh HA H3MEHECHHE PEKMMa HATPY3KH.
fLIHHE
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Al-103 Pa3paboTka, TeCTUPOBaHME U NIPOBEPKA HOBOM JIMHENKH reHepupyIouiero &

eigre
000pya0BaHUs JIJI1 PA00THI B CYHIECTBYIOIINX U MEPCHEKTUBHbBIX o
IKCIIJIyaTAallMOHHBIX pexkuMax. JAN-HENRIK BRAAM, Siemens, I'epmanus

HauvoHanbHbIi

[IpuBeneHo omucaHue HOBOM JIMHEWKH T€HEPAaTOpPOB, CTATOPHbIE OOMOTKH KOTOPBIX BBIIOJHEHBI C BOJASHBIM
OXJIAX/JCHUEM, TOTJa Kak pOoTOopa M CEpJACYHHMKH CTATOPOB MMEIOT BO3AYIIHOE OXJaxaeHue. Takas KoHUrypauus
o0opynoBaHus ObljIa BbIOpaHa € 11eJ1bI0 MUHUMHU3AIUM MEXaHN4YeCKOr0 U3HOCA U TeMIIEPATYPHOI0 CTApeHusl 0OMOTOK
TE€HEPATOpPOB BCJIECACTBHUE IOBBIILICHHOTO YPOBHS LHKJIMYECKOM HArpy3KH B TPAAUIMOHHOM 3JIEKTPOr€HEPHUPYIOIIEM

00OpyIOBaHUY, BBI3BAHHOTO COBMECTHOM paboTOW ¢ BO30OHOBISIEMBIMM HMCTOYHHUKAMU HHEPTUU C XapaKTEPHBIMU

HepI/IOI[I/I‘-IGCKI/IMI/I N3MCHCHUAMU Hany3KI/I.
Schematic of Stator Winding Thermo-Mechanical Stress Levels

High Risk Area
Rapid insulation abrasion < HV System Breakdown

Medium Risk Area
} (Loosening of parts, dusting,...) = Extensive Manienance required

Low Risk Area
Excessive Cycling and abnormal grid events may result in minor
maintenance work

Stress Level

E No Risk Area

Core Length / Machine Size / Power Density

TepMOMexaHuqecxne HaNPsKCHUA CTATOPHBIX 00MOTOK C PA3INYHBIM OXJIAKIACHUEM

11 OA.D SV IVDDIC iAo I JIACCITFIATIA TC2Y)JIDIAI




A1-103 Pa3paborka, TecTHpOBaHHE U NPOBEPKA HOBOM JINHEHKH reHEPUPYIOLIETro
o0opyaoBaHMs ISl Pa00ThI B CYLIECTBYIOIIUX U NMEePCHEKTUBHBIX {:ﬁggre
IKCIIYATAMOHHBIX pesKUMaX. JAN-HENRIK BRAAM, Siemens, I'epmanus =

C 1enpro yMEHbUIEHUS [IUKINYECKUX TEMIIEPAaTYpPHbIX U3MEHEHUI B OOMOTKE

ctatopa OblTa BbIOpaHa cHCTeMa BOASHOIO OXJaxkaeHusi. PeryampoBanue
TeMIepaTypbl X0J0AHOH BOJAbI HEOOXOIUMO BBUAY MAJION TEIJIOBOW MOCTOSHHOMN
BPEMEHH.

Jns onTUMU3AIMU TEeMIEPATYPHBIX PEXUMOB U 3((PEKTUBHOCTH, BOISHAS

CHUCTEMa BOJSHOIO OXJaXICHUs OblIa CIPOEKTHPOBaHA TAaKUM 00pa3oM, UYTOOBI

NPENyCMOTPETh BO3MOXXHOCTh ~H3MEHEHUS J(PQPEKTUBHOCTH OXJAXKACHUS B

CTep)KeHb C BOAAHBIM OXJUIAXKICHHUECM

3aBUCUMOCTH OT TOKa CTaropa, B TO BPEMsA KaK BO3AYIIHAsA CHCTEMa HAXOAUTCH
Mol MOBBINICHHBIM JAaBJCHHEM B COOTBCTCTBHUHM C BCIMYHMHAMHKU TOKa POTOpPA H

k03¢ uIMeHTa MOIHOCTH.

§T ST CHMKeHue N3MEHEeHU S

TeMnepaTrypbl OOMOTKHM BO BpeMs

T = Slator Copper
Temperature

T = Stater Copper OBICTPBIX W3MEHEHUN Harpy3Ku
Temperalure

3alIMIIaeT OT  TEPMOMEXaHUYECKUX
HalpsDKeHUWM B M3OJSALMU U DoJiee

BbITOAHO, 4YEM a0CcoJIOTHAsT HU3Kas

S = Apparent Power S = Apparent Power

o01as cpeaHsisi TeMieparypa

5,

>

timet il timet i

12 0}/ CHuxkeHnue TEPMUYECCKHUX ITUKJIOB PEryJIMPOBAHHUEM TEMIIEPATYPbI BOAbI HA BX0/I€ B OﬁMOTKy
|




Al-103 Pa3zpaboTKa, TeCTUPOBAHNE U NIPOBEPKA HOBOI JUHEHKH reHepupYyoIIero &
7| 000pya0BaHUs JIJI1 PA00THI B CYHIECTBYIOIINX U MEPCHEKTUBHbBIX
IKCIIJIyaTAallMOHHBIX pexkuMax. JAN-HENRIK BRAAM, Siemens, I'epmanus

JInst oxytaXkqeHNs CepieduHrKa U POTOpa MOJAeTCsl BO3AYX MO
JaBJICHUEM, YTO TO3BOJISIET MCKIIOYUTH HCIOIB30BAHKE BOJIOPOMAA H
COOTBETCTBYIOIIMX CUCTEM YIUIOTHEHHs Bajla, MCXOIS M3 YCIOBUH
oOecrieueHrs 0€30MaCHOCTH, a TaKXKe JJII YMEHbIIEHUsI TpeOOBaHUI
K TEXHUYECKOMY 0OCITy)KuBaHHO. [1OBBIICHHAS IIOTHOCTH TIOBBICHT

TCINIOCMKOCTh BO3[yXa MW TCIUIOIICpCAadYy H, CJICA0BATCIbHO,

3HAQUWTEJIBHO YMEHBIIAT TEMIEPATypbl KOMIIOHEHTOB T'€HEpaTopa.
OnHako MOTEpPH HA ra3oBOE€ TPEHUE TAKXKE BO3PACTYT MU HEMHOIO
ymenbmar KII/{ mamuHeL.

CornacHo TpHUBEIECHHBIM JaHHBIM, TepBas YCTaHOBKa Oblia
TECTUPOBAaHA HA 3aBOJIE€ M MPOAEMOHCTpHUpOBaJIa (PYHKIIMOHATHHBIC
[I0KA3aTeaM B COOTBETCTBHUM C OXHUIAAHUAMH M CTaHAApTaMu

MPOEKTUPOBAHUSI.

IIpenmomnaraercs BBINYCTUTH JIMHEMKY T'€HEPAaTOpPOB B
JMAaIla30He MOIIHOCTEH, KOTOPbIE B HACTOAIIEE BPEMs B OCHOBHOM
HCTIOJB3YIOTCSl B KOHCTPYKIUAX C IOJHBIM KOCBEHHBIM BO3IYILIHBIM U

BOAOPOAHBIM OXJIAKACHUCM.

HoBrlil reHepaTop Ha cTeHe

13 0AO «CWJIOBbIE MALLUWHBI» | 3HEPTNS HA PE3VIIBTAT




A1-104 Bausinue pa3BUTHS CeTEBbIX CTAHAAPTOB HA KOHCTPYKIIMIO TeHEPATOPOB /11
ATOMHBIX JIEKTPOCTAHUUI (MMOJJOBUHHAA CKOPOCTh, MOIIIHOCTH CBbIlIe 800 MBA)

P.CHAY,M.BUQUET,B.WANDAME,V.FERNAGUT,S.MAGOIS, GE, EDF ®panunus

PaccMoTpeHbl TpeOOBAHUS CETEBBIX KOJIOB:

1. Bapuanusi HanpsiKeHUs1 1 YaCTOThI

< Core Back
2. U3MeHeHHe peaKTUBHO MOIITHOCTH L atkiacse Pk

3. Koa¢ppuument popcupoBku

4. OTHOLICHHE KOPOTKOI0 3AMbIKAHUS

Key
[IpuBeneHa oleHKa SKCIUTyaTallMOHHBIX MPOOJeM M BO3ACHCTBHM, CBA3aHHBIX

¢ TpeboBaHusmu ceteBoro craHgapra ENTSO-E k cuHXpOHHBIM TeHepaTropam ; - -
oosbiioi moraocTH (>800 MBA) st ADC. '

HccaenoBaHhr.

- o0me TpeOOoBaHUA MJisi AIEKTPOTECHEPHUPYIOUMX Moayiedl tuna D (amanazoHsl

HaNpPsHKEHUS U 4acTOThI),

- CIIOCOOHOCTh K MOJACPKAHUIO TEHEPATOPHOIO PEKHMMa B Clydae BO3ZHHUKHOBEHUS

otkaszoB (FRT), B/iMsiHMe MATHUTHBIX IOTOKOB

paccesiHHsI HA KOHIIEBYIO 30HY
cepIeYyHHKA CTAaTOpa

- Ooitee 6BICTpa$I peaKnusA CHCTCMbI BO36Y)I(I[€HI/IH, CTOMKOCTb K UBMEHEHHUSIM YaCTOThI

B COOTBETCTBHUH C 33JJaHHON CKOPOCThIO n3MeHeHus yacToTel (ROCOF)

- CIOCOOHOCTH TOAJEPYKAHHWsI TCHEPATOPHOTO PEXKUMa IMPH IMPOBAIC HAIPSIKCHUS
cetu (LVRT).

2
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A1-104 Bausinue pa3BUTHS CeTEBBIX CTAHAAPTOB HA KOHCTPYKIHUIO TEHEPATOPOB JIA  Fé
ATOMHBIX JJIEKTPOCTAHIUH (IIOJJOBUHHAS CKOPOCTh, MOIIHOCTH cBbIIe 800 MBA) L4

P.CHAY,M.BUQUET,B.WANDAME,V.FERNAGUT,S.MAGOIS, GE, EDF ®panuus

HN3meHeHre HANIPSAKEHUS

HccnenoBanusi mokaszanu nuana3oH uaMeHeHus +7% -10%. [l NMOHMIKEHHOTO HaIpshKEHHUS JTOMYCTUMasl Harpyska
OTPAHUYMBACTCS CUCTEMOM OXJIaXACHUS. J{JIs1 MOBBIIIEHHOTO HANIPSKEHUS OTpaHUYEeHHE TI0 TeMIiepaType 0OMOTKU BO30YKIEHUS

H I10 HACBIIMCHUIO CCPACUHHKA.
OHHOBpeMeHHOG H3MECHCHHUEC HANPHAKCHUA H YaACTOTDBI

- Uupyknus B cepaeunuxke. Huskue dactorsl 47-475 I'i B KOMOMHAIUS C BBICOKMM HAampsOKEHUEM MPUBOIUT K
CYLIECTBEHHOMY YBEJIMYEHHUIO MAarHUTHOIO IIOTOKA B SIPME CTAaToOpa, IOBBIIICHUIO HAIMPSKEHUU MEXKAY CEerMEHTaMu U

Ype3MEPHOMY HarpeBaHMUIO POTOPA M3-3a OOJIBIIIOTO TOKA M YMEHBIIICHUS CKOPOCTH BPAILICHUS POTOPA.

- Maaykuus ¥ TeMneparypa B KOHIEBOW 4acTH O0OMOTKHM CTATOpPa W POTOpa. B KOHIIEBOM 4acTH ceplIeyHUKa KPOMeE
[JJaBHOTO MAarHUTHOTO IOTOKAa 4Yepe3 BO3MYIIHBIA 3a30p €CTh KOHIIEBBIE 3(PQPEKThI CEp/IeYHHKA W TOTOK KOHIIEBBIX YacTen
oOMOTKH. OT JOMOJHUTETHLHOTO TOTOKAa H3-32 TMEPEHANPSDKEHUS W W3MEHEHHs] YacTOThl MPOUCXOAMUT JIOMOJHUTEIHLHOE

HarpeBaHue TOPIEBOI 30HBI. HE00X0AMMO CHU3UTH MOILITHOCTh WM YBEJTUYUTH pa3Mephl TeHepaTopa.

- N30asiiusi M CPOK Ku3HHU reHeparopa. [lopsimenue Temmneparypsl uzomusiuu Ha 10 rpagycoB CHMKAET CPOK CITYKObI

N30/ U HpI/I6J'II/I31/ITeJ'IBHO B IBa pasa.

- IlepeHacehlleHne TPOUCXOMUT TPHU TMPEBHIICHUU JOMYCTUMOTO OTHOIIECHUS HampspKeHUss K vactote. Heobxommmo
YBEIMYUTH Ta0APUTHI TEHEPATOPA, YTO MOXKET MPUBECTH K YBEIMYCHHIO CTOMMOCTH T€HEepaTopa U MPEBBIIMICHUIO TPAHCIIOPTHBIX

rabaputoB, ocodenno aya Mamua 2000 MVA u Gornee.

-5
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A1-104 Bausinue pa3BUTHS CeTEBbIX CTAHAAPTOB HA KOHCTPYKIIMIO TeHEPATOPOB /11
ATOMHBIX JIEKTPOCTAHUUN (TTOJJOBUHHAA CKOPOCTh, MOIIIHOCTH CBbIIIEe 800 MBA) |gre

P.CHAY,M.BUQUET,B.WANDAME,V.FERNAGUT,S.MAGOIS, GE, EDF ®panuust

HN3MeHeHMe peaKTUBHOM MOLIIHOCTH.

Pactymas TeHAeHIMA TPOEKTUPOBATh JakKe MOIIHbBIE siepHbIe reHepaTopbl 1 koddduimenta momuocta 0.85 u
0.8 Bmecto 0.9. Kpome yBenuueHusi rabapuToB IMOBBIIIAIOTCSA TPEOOBAHUS K OXJAXKICHUIO — TMOHMKEHUE TeMIIepaTyphl
XJIaJlareHTa 1 JaBJCHUs BoJ0po/ia MI3MeHeHUs: peaKTUBHOM MOIIIHOCTH BBUAY TEPMOIUKIUPOBAHUS YCKOPSIOT U3HOC. ITO
MOATBEPIKJICHO OMBITOM dKcIutyataniuu EDF. HeoOxomuM JTOMOMHUTEIBHBIH PEMOHT M OOCTYKUBaHUE. DTH MEPOIIPUATHS

YBCIMYHUBAIOT CTOUMOCTD I'CHCPATOPAa U CHHUIKAIOT KHJ_—[

JlnutenbHasi SKCIUTyaTalsi C YBEJIMYEHHBIM OCEBBIM MArHUTHBIM TIOTOKOM TIPU HEIOBO30Y)KICHHH MOXKET
3HAYUTEIHHO COKPATUTh CPOK CIYKOBI ceppeuHuka ctatopa. C yueToM TpeOOBaHUMN CETEBBIX CTAHIAAPTOB MO PEAKTUBHOU

Harpy3ke pa3Mepbl CepACUHUKA JOJKHBI OBITh YBEITUYCHBI.
d®opcupoBKa BO30YKIEHUS.

CraHOBATCS CTaHIAapTHBIMU TpeOoBaHus koddduimenta dopcupoBkun 2. HeoOxomumbel Oosee KpymHbIS
B0o30ynutenu. Tpedyetcst nocturayTh 3a 100 mc 95% pazuuity HanpspkeHust GOpCUPOBKH M HOMUHAIIBHOTO BO30YXKICHUS,

YTO BJIUSET HA TpaHCHOPMATOP BO3OYXKICHUS B CIydae CTATUYECKUX CUCTEM BO30YKICHUSI.
OTHoOIIEHHEe KOPOTKOIr0 3aMbIKAHMSI.

[To 'OCT IEC 60034-3 OK3 ne menee 0.5, mo C50.13 OK3 ne menee 0.35. Bricokuit OK3 tpebyer yBenuueHus
BO30YX/IEHUS, HATPEBAIOT POTOP M OTPAaHMYUBAIOT HOMHHAJIBHBIN KO3(HIMEeHT MomHOCTH TeHeparopa. Ha mpakruke

npuHuMaetcs qoctatouabiM OK3 He menee 0.4.

Urobbl olecreunTh 3T TpeOOBaHHUS HEOOXOAMMO YBEIWYUTH rabapuThl T€HEPaTopa, YTO BBI3BIBAET MPOOJIEMBI,
HarpUMep, ¢ TPAHCTIOPTUPOBKOM, U3TOTOBIEHUEM MOKOBKH POTOPA. "
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A1-104 Bausinue pa3sBUTHS CETEBBIX CTAHAAPTOB HA KOHCTPYKIUIO TeHEPATOPOB 1JIs
ATOMHBIX JJIEKTPOCTAHIMU (IMOJOBUHHASI CKOPOCTh, MOIIHOCTH cBbInIe 800 MBA)

P.CHAY,M.BUQUET,B.WANDAME,V.FERNAGUT,S.MAGOIS, GE, EDF ®panuust

U /Un (%)
115

1,08 1,06

-

[Io mepe Toro, kak paboyasi TOuKa
nepeMeIiaeTcss OT HOMHUHAJIBHBIX 3HAYCHHUH
HanpsHKEHUs! U 4acTOThI, MOXKET HaOII0NaThCs

ABCD
Unlimited

setririer 1 mMin
Bl ldd
vreseeter

3HAYUTCIIbHOC IIOBBIIIICHHUC TEMIICPATYPbIL

BPOC
CepJIeYHrKa CcTaTopa reHeparopa U OOMOTKH .so min

BO3OYXKJICHHSI, 4YTO MOXET TMPUBECTH K
DKL
15 min

TOBPEKICHUIO CepIeUHNKA craropa

T

33 54

reHeparopa U H30JSLUU OOMOTOK, OKa3bIBas F (H2) .

LMNE
20 min

TEM CaMbIM HCTATHMBHOC BJIMAHHC Ha CpPOK

CITY>KOBI TEHEPUPYIOLIETO 000PYI0BAHHUS. DOFN

30 min

Takum  00pa3oMm, Kak  MpaBuUioO,
PEKOMEHTyeTCs OTPAaHUYHTh CTEIEHb,

JJIUTCIIBHOCTE M 4YaCTOTY BO3HHMKHOBCHMHA

TAaKHUX OKCILTyaTallMOHHBIX YCJIOBPlﬁ.

OTK/I0HEeHUsI HATIPSIKEHUS M YaCTOThI FeHepaTopa, NOAKIK4YeHHOro K cetu 400 kB,
B COOTBETCTBUM C €BPONECHCKUMHM HOPMaMH
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A1-205 Ucnosib30BaHNe COBPEMEHHOM ONTOBOJIOKOHHOM TEXHOJIOTUH /IJIA MOHUTOPUHT A
BHOpaNMM B Ma3ax M 00HAPYKEeHUA MECT JIOKAJIbHOIO Neperpesa B reHeparopax ¢
BO31YLIHBIM OXJIAKICHUEM /IJIS Ta30BbIX TYPOUH

P.KUNG, R.IDSINGA, G.DAILEY, O.SEZERMAN, L.ZOU, C.SPENCER, QPS Photronics, Oz Optics, Kanaga

[TprurHBI TOBPEKICHUM.

Ha mnoBepxHOCTH M30JSIIMH CTATOPa NOABJIAIOTCH
ropsiuue TOYKH, 00Pa30BaHHbIe KOHTYPAMH BHXPEBBIX TOKOB.
l'opsiurie TOYKM CHWXKAKOT CBOMCTBAa H30JSLMH, HapactaroT YP,
paspymiarolue MoJaynpoBojsliee MokpeitTue. Kpome Toro,
OCHOBHAsl M30JISILIMA Takxke cTpanaer oT Aedekra. Onnako YP He
001aal0T JOCTATOYHOM OJHEprued, YTOObl MPOKOJIOTH CIIOLY

KOPITYCHOM U3O0JISIIUH.

[Ipu pabote AeicTBYET Apyroil MexaHU3M: BUOPAIMOHHOE

uckpenue. Takoii nmporecc 00yCIOBIEH Ype3MEPHO BUOpalueii B

IIsTHA MoOBpexACHUI U30ISIIIUN HA OOMOTKE.
BroiaeseHbI MOPBI, 00Pa30BaHHBbIE B MPOBOAAILEM MOKPBITHH

mazy, TaK HYTO MOJYIIPOBOAAIICC ITOKPBITHC, CO3JAr0IICC
3a3¢MJISIIOIMM  KOHTAaKT Ha CTaTrop, paspymacTtcsia, BbICOKOC

Conductive shim _Poor contact allows voltage buildup HanpsiKeHUE TPUKIIAAbIBAETCS K TOBPEKICHUSAM Ha ITOBEPXHOCTH
W"IIII"I""III"IIIIIIH' M30JIA1ME U BO3AYX NPoOHBaeTcs ¢ 00pa3oBaHueM ILia3Mbl. C
Jpyroii, BUOPAlLMOHHOW CTOPOHBI, IUIa3Ma TEPSAET KOHTAKT CO

l!m CBOUM MCTOYHUKOM TOKA

Goodcontact  Interrupted contact causes sparking

2
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A1-205 Ucnosib30BaHNEe COBPEMEHHOM ONTOBOJIOKOHHOM TEXHOJIOTUHU /IJI1 MOHUTOPUHI A é
BUOPALIMU B Ma3aX U 00HAPYKEHHSI MECT JIOKAJbHOI0 Neperpesa B reHepaTopax ¢
BO3AYIIHBIM OXJIAKACHHUEM /IJIsl TA30BbIX TYPOUH

P.KUNG, R.IDSINGA, G.F.DAILEY, O.SEZERMAN, L.ZOU, C.SPENCER, QPS Photronics, Kanaxa

igr

BuOpaunonHoe HCKpeHHE - JITO MOUIHBIA WMCTOYHUK
JIEKTPUYECKOr0 TPABJIEHUS, B NPOMBIIIJIEHHOM IpOLECcCe
WCIIOJB3YETCS JJIsl TPABJICHHS TBEPIBIX MATEPUAIIOB TUIIA KEPAMUKHU.

Ecau 3TOoT mpoumecc mpomosxaercsi HeOOHAPYKEHHBIM,
KOPIYCHAsl W30JALUs BCKOpe OyleT pa3pylleHa N0 Bcell

TOJIIMHE, YTO MIPUBCACT K HE3AINIAHUPOBAHHOMY OCTaHOBY

reHeparopa.

FBGs IIpumep paspymieHusi M30AIUUH BUOPALNMOHHBIM HCKPEHUEM

FBG architect at Sensor Structure
the right delivers
spectrum below. Optical fiber |.¢ ,{

'

JlJi1 ONHOBPEMEHHOI0 KOHTPOJI BUOpanmum u

-

]

80 ; i , ) TeMIlepaTypbl NPUMEHAIOTCHA OIITOBOJIOKOHHbIE
1 @a
i g = AATYUKH, OCHOBAHHBIC HA SBJICHUU HHTEep(epeH .
B
E-85 E ' a Ha PUCYHKE [I0Ka3aHa KOppELUs MEXKIY
]
o : i o o
~ AT 7 Operating Point ONTOBOJIOKOHHOM  CTPYKTYpOHM M pE3yJIBTHPYIOIIUM
®-70 N 15413 1542 1821 15422 15423 1424 19425 13428
3 | }l \l‘ 1] ‘ | Vaavesogn CIICKTPOM.
' S
a ] ' \
: L | | [IpoBepeHa  NPUMEHUMOCTH  ONTOBOJIOKOHHOTO
-75 Nl \ ‘ e () i i

Al fi™ JaT4uKa IS U3MepeHrs aeopMaliii U TEMIIEPaTyphl B
_t'{lr.'“' ; '

1 540 1 541 1542 1543 1 544 1545 CTAaTUYCCKUX U TMHAMHWYCCKHX PCIKUMAX.

19 o/ Wavelength / nm . ﬁi




A1-205 Ucnosib30BaHNe COBPEMEHHOM ONITOBOJIOKOHHOU TEXHOJIOTUH /IJI1 MOHUTOPUHIA
BUOpalMH B M1a3aX U O0OHAPYKEHHMSI MECT JIOKAJILHOI'0 IeperpeBa B reHeparopax ¢ BO3AyIHbIM
OXJIAYKIEHUEM IJIA Ta30BbIX TYPOUH

P.KUNG, R.IDSINGA, G.F.DAILEY, O.SEZERMAN, L.ZOU, C.SPENCER, QPS Photronics, Kanana

[IpencraBnensl pe3ynbTaTbl U3MEPEHUST BUOPALIMH

. * *
Lload | ColdAir | HotAir | Embedded | Au. Trough M TeMIeparypbl, MHOIy4eHHbIE C MCIOIL30BAHUEM

170 MVA 30.6°C 64.4°C 78.1°C 63.9°C 67.0°C
- : - - - OTITOBOJIOKOHHBIX ~ JIaTYMKOB,  yCTAHOBIICHHBIX B
119 MVA 28.6°C 57.8°C 64.1°C 58.3°C 61.3°C
S S e e R €5 7°¢ TeHEepaTopax C BO3AYIIHBIM OXJIAXKIACHHEM IS Ta30BOM
TypOUHBI.
Koppeasinusi MakcuMaJibHbIX 3HAYEHUI TeMIepaTypbl 10 MOKA3aHUSAM
ONTOBOJIOKOHHBIX JATYNKOB U IITATHOTO TEMJIOKOHTPOJISI [TonmyueHsl JaHHBIE M3MEPEHUN TEMIEparyphl B

mazax M B KOHIIEBBIX OOMOTKax, a Tak)Xe IapaMeTpbl
BUOpallMM B M3OJUPYIOUIUX MPOKJIAIKAX, BBIBOJAX

KOHIIEBBIX 0OMOTOK M HEUTPAIbHOM BHIBOJIHOM IITHUHE.

HaGmonanace xopoiiasi Koppemnsiiys U3MEepEeHHbIX
TEMIIepaTyp MEX/y HOBBIM OINTOBOJIOKOHHBIM JTaTYUKOM,
pelHa3HAYEeHHbIM MJIi PacHpeeIeHHOTO U3MEPEHUS
TeMIIepaTypbl, W TPAAUIUOHHBIMU  PE3UCTUBHBIMHU

AaT4WKaMH TEMIICPATYPhbI, YCTaHABJIMBACMbIMHU B I1a3ax.

IIocne YCIICIIHOI'O HUCIIBITAHUA Ha 9TOM

reacparope C BO3SAYIIHBIM OXJIAXKIACHHUCM INIaHUPYCTCA

JNAJIBHEUIIEE TECTUPOBAHME HA MAIIMHE C BOJAOPOIHOM

l[Ba OIITOBO/JIOKOHHBIX JATYUKA YCTAHOBJICHDBI B PA3JIUYHBIX TOYKAX CTCPKHA CHCTEMOM OXJIaXKICHUSL.
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A1-205 Ucnosib30BaHNe COBPEMEHHOM ONTOBOJIOKOHHOM TEXHOJOTUH /IJIA MOHUTOPUHT A
BHOpAIUU B 1a3aX U O0HAPYKEHUA MECT JIOKAJBHOI0 Meperpesa B reHepaTopax ¢ BO3AyIIHbIM
OXJIAKICHUEM /IJIS Ta30BbIX TYPOUH

P.KUNG, R.IDSINGA, G.F.DAILEY, O.SEZERMAN, L.ZOU, C.SPENCER, QPS Photronics, Kanana

In-Slot Vibration - Frequency Domain (FFT)
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HeKOTOpI)Ie BbIBOJAbI H TCHACHIIUHA PA3BUTHHA IJICKTPOMAININHOCTPOCHUS

®dupmoii Mitsubishi-Hitachi pazpa6oranbl m3oaupyonHe MaTepuaabl ¢ BHICOKOH TEIJIONMPOBOIHOCTHIO, B 3 pa3a
BBIIIIE, YeM Y TPAAUIMOHHBIX MaTepuaJioB. C HX MOMOIIBI0 B TeHEPATOPAX ¢ KOCBEHHBIM BOJIOPOIHBIM OXJIAMKIEHUEM

10 900 MBA npeBblllleHHE TEMIIEPATYPbI cTepxkHel cTaTopa cHukeHo Ha 40-50%0.

Iloka3aHo, 4T0 NMpPUMEHEHHEe BBLICOKO TeIUIONPOBOAHOM H30asuuu 0oJiee IPPEeKTUBHO IJsi TYpOOreHepaTopoB C
BOJIOPOJHBIM OXJIAJKIEHHEM, YeM /JI C BO3AYIIHBIM oXJaxkaeHueM. Jlaxke He0oJIbIIIOE KOJMYECTBO BO3YXa B y3KOM

NMPOCTPAHCTBE MEKIY M30JIALNEH U CePAeYHUKOM CTATOPA 3HAYUTEIbHO CHHKAET 3P (PEeKTUBHOCTH OXJIAKIEHHUS.

®dupma  Siemens mpu COBPEeMEHHBIX TPEeOOBAHHNX CETEBBIX ONEPATOPOB H3-32a POCTA TEPMOMEXaHMYECKHX
HANIPSIZKEHUd B H30JSIUM U KpelJIeHUsIX OOMOTKH M CepAeYHHKAa CTAaTOpa IepexoAuT K HelmocpeIcTBeHHOMY
BOASIHOMY OXJIA’KICHHUI0O OOMOTKHM CTAaTOpa B TypOOreHeparopax, 3amoOJHEHHBbIX BO31YXOM IoA JaBjieHHeM. B
AUHAMMYECKHX peKMMaxX CHHKeHHe M3MEHEHHs TeMIlepaTypbl 00MOTKHM 0oJiee BBITOJHO, YeM a0COJOTHAsi HU3Kas

o01as Temmneparypa.

Ilo nannbim ¢upmbl GE coBpeMeHHBble TpPeOOBAaHHUS CETEBBLIX ONEPATOPOB NPHUBOAAT K YBeJIHYEHHIO radapuToB
CBEPXMOIIHBIX YeThIPEXIOJIICHBIX TYpOOreHepaTopoB, 4YTO BbI3BIBACT NPOOIEeMbl, HAIPUMEP, C HU3rOTOBJICHUEM

MOKOBKH POTOPA, ’KeJIe3HOT0POKHOH TPAHCTIOPTHPOBKOIi TypOoreHeparTopa.

BBuay HIMPOKO PacHpOCTPAHEHHOU sl TYPOOreHepaTopoB ¢ BO3AYIIHBIM OXJIA:KIEHHEM MPo0JeMbl pa3pyllieHUs
M30JISIIIHM W3-3a BHOpanmonHoro uckpenust ¢pupma QPS Photronics mpemimaraer ycraHaBjiMBaThb Ha 0OOMOTKY

OJHOBPEMCHHO OIITOBOJTOKOHHBLIC JATYUKHU Bnﬁpaunn U TEMIIEPaTyPhbl.

B menoM coBpeMeHHbIE YCJIOBHSI JIKCILUIyaTAllMM XapaKTePU3YIOTCSl YKeCTOueHHeM TpeO0oBaHWii K pa3padoTke,

IKCITyaTallu, JUATrHOCTUKE U KOHTPOJIX0 MOIIHOI'O TrCHEPATOPHOI'O oﬁopyszaHmI. \
. Sy




IepcneKTHUBBI MEKIYHAPOIHOIO0 COTPYIHUYECTBA

KoasnoxkBuym 2019 B Unaun

Uccnenoparenbckuii komuteT CIGRE SC-Al - «Bpamatonuecs sekTpuyeckre MamuHby 1 Maauickuit
HanoHanbHbI KoMuTeT CIGRE mnpurmamaror npunstes yuyactue B KomnokBuyme CIGRE SC-Al Ha Temy
«Bpamaromuyecs: >IeKTPUYECKHUE MAIIUHBI JJIs MPOW3BOJCTBA AJIEKTPOIHEPTUM», KOTOPBIH cocTouTcs 22-28

centsaops 2019 roma B Hero-/lenmu, Mumusa. http://www.cigreindia.org/SCA1L/

| Peructparmonnsiii B3Hoc 300 $ miast yuactaukoB mroc 150 $ 3a TexHndyeckuit BU3UT /
[Ipennaraemeie TeMbl 151 KOJTOKBUyma 2019

1 Cetu ¢ BO30OHOBIIIEMBIMU UCTOYHUKAMU SHEPTUH

2 OnbIT 3KCIUTyaTallud U HOBBIE pa3padOTKU

Ot Poccun npeacraBiieHbl Ha SKCIIEPTU3Y 2 NOKJIAAa.

48 Ceccnsa CUI'PI 2020

[ToaroToBieHbl U MPEACTABICHBI AOKIaAbI MO KOMUTETY Al Ha skcniepTHsy.

KosuokBuym 2023 B Poccun

«Ot umenu Poccuiickoro nHanuonansHoro komutera CIGRE coob6miaem, uto OymeM panabl NPUHSTH
koutokBuyM SC Al B Poccum (MockBa) B 2023 romy. YBepeHbI, UyTO MpU B3aUMHOM COTPYIHHYECTBE U
noaaepkke Komwier OcHOBHBIX maptHepoB PHK CHUI'PD - ®epepanbHoi cereBorM kKommanuu EnwHou
sneprernueckoit cucremsl, UHTEP PAO, Cuctemnoro oneparopa u ap. Mbl opranuszyem Kominoksuym SC Al Ha

BBICOKOM YPOBHE ... C IPUBJICYCHUEM BEAYIINX POCCUMCKUX U MEXKTYHAPOIHBIX SKCIIEPTOB.)»
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http://www.cigreindia.org/SCA1/

YBaikaemble KOJLJIETH,

Cnoacun60o 3a BHUMaHHE
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