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BBenenue

B coBpemenHoM wMmpe »HepreTuka urpaer (yHIaMEHTAIBHYIO pOJIb B
pa3BUTUHU TocyJapcTBa MU BceX ero mnojacucreM. [lo maHHBIM HE3aBHCHUMOMN
uccnenoBarenbckoil kommanuu EnerData Poccust maxonutcs Ha 4-M MecTe MO
KOJIMYECTBY BhIpaOOTaHHOW 3ekTpodHepruu Ha 2022 rox [12]. DHeprernueckas
otpacib Poccuiickoit @enepanyivi UTpaeT KIOUYEBYIO POJIb B TEXHOJIOTMUYECKOM U
IKOHOMHYECKOM pa3BuTuu cTpaHbl [22]. TpanchopmatopHoe 000pymOBaHHE
ABJISIETCA TaK K€ OCHOBOIOJIATAIOIIMM 3JIEMEHTOM BO BCEH 3HEProCUCTEME, Ha

pucyHke 1 nmpeacraBieHa TuHAMUKA Pa3BUTHSI MUPOBOTO PhIHKA TpaHC(HOPMATOPOB.

Obbem MUPOBOTO PbiHKA TPaHCPOPMATOPOB ¢ NepcnektTueol 4o 2027 roga
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Pucynox 1 — O6bEM MUPOBOTO phIHKA TPaHCPOPMATOPOB

B cucremax s3nekTpocHa0KeHUs MPEANPUITHIA U OpraHU3alUid UCTIOJIb3YETCS
00JIbIIIOE YUCIIO TPaHC(HOPMATOPOB PA3TUYHON MOIITHOCTH U KJIACCOB HAIPSHKECHMUS.
[Ipy 3TOM B cCOCTaBe KpYyIHBIX NPEANPUATUNA UM OpPraHU3alUN HaXOMSTCS
CHEIUAIN3UPOBaHHbIE  CIYKObI, 3aHMMAIOUIMECs JKCIUTyaTalldedl  CHJIOBOTO
BBICOKOBOJIbTHOTO O0OpYIOBaHUS, B TOM YKCJIE U TpaHC(HOPMATOPOB.

B skcmutyaranuu npeanpusTiid U OpraHu3aldii MOTYT HAXOAUTCS Pa3InyHbIe
TpaHc(hOpMaTOPhI:

— CHWJIOBbBIE TPAHC(POPMATOPHI;

— pacrnpeaenuTesbHble TpaHCcHOopPMaTOpHI;

— CHenuaIn3upoBaHHbIC TPAHCHOPMATOPHI.



CornacHo npeACcTaBlIeHHON KilacCU(pUKALMK, K CUIIOBBIM TpaHchopmaTopam
OTHOCATCA TpaHcopMaTOpbl C KIACCOM HAMpPsKEHUST OOMOTKH BBICOKOTO
HanpspkeHus:t (BH) 35 kB u Beime. OObMHO Takue THIBI TpaHC(HOPMATOPOB
YCTaHABJIMBAIOTCS Ha TJABHBIX MNOHU3UTENbHBIX TojacTtanuuax (I'THI) wumm
noactanmusx Tiryookoro BBoma (III'B). Jlamuweie moacTaHmuy 0OECTICUMBAIOT
NOJIyYEHUE DJIEKTPUYECKOM HHEPruu MNPEANpPUATHSIMU U3 SHEPrOCUCTEMBI H
npeoOpa3oBaHue HAIPSKEHUS ISl MCIOJIb30BaHMS B PACIPEICIUTEIILHON CETH
NPEANPUATHS UM OPTraHU3ALHH.

Ha cnemyromem  ypoBHE  CHUCTEM  3JEKTPOCHAOKEHHUS,  COTJIAaCHO
IIPEICTABICHHON KJIacCU(pUKaluu, UCIIOJIB3YIOTCS ~ PACIPEIECIUTEIbHbBIE
Tpancopmaropel.  JlanHeie  TpaHchopMaTopsl  OOECMEUUBAIOT  MUTAHUE
HU3KOBOJIbTHOM Harpys3Kku, T.€. MOTpeOUTeNeld M MPUEMHHUKOB 3JIEKTPUUYECKOMN
sHepruu HIke 1000 B.

K cnennanu3upoBaHHbBIM TpaHCPOPMATOPAM, HUCIONB3YEMBIM B CHCTEMax
AIIEKTPOCHAOKEHUSI TPEINPUITUA M OpraHU3alMil OTHOCSTCS HCIBITATEJIbHbIE
BBICOKOBOJIBTHBIE TpaHC(OpPMATOPHI IEUHbIE TpaHCcHopMaTopbl. OOIIMME CTOBaMHU,
CHEeLMATU3UPOBAHHbBIE TPaHC(HOPMATOPBI — 3TO TPaHCHOPMATOPHI, UCIIOIb3yEMbIE
JUTSl peLIEHUs] y3KOHAIPABIEHHBIX 33/1a4 B CUCTEMAX JIEKTPOCHAOKEHHUS.

Hauagmasics B Poccuu TeHaeHus iU poBU3aIMU BCEX OTpacieil HApOIHOTO
X03icTBa OblIa ompenesieHa mpuHaTHeM B 2017 romy mporpaMMbl U JIOPOKHOU
kapThl «{udposas sxonomuka Poccuiickoit @enepauum». [lpu stom B 2018 romy
MIPUHATA BEJIOMCTBEHHAas nmporpaMmma «IIudponas TpaHchopmarus
anekTposHepretukn  Poccum»  [5].  IlpuHsSThie  MOKYMEHTBI  MOKa3aiu
HEOOXOAMMOCTh NMPUMEHEHUSI IIU(PPOBBIX TEXHOJOTHUH B 3JIEKTPOIHEPTreTUUECKOM
oTpacid. B HacTosiee BpemMs B MHpE CKIAIbIBA€TCAd YCTOWYMBAs TEHACHIIUS
nepexoga OT IUIAHOBOIO  pPEMOHTa W OOCIyXHUBaHUA  OOOpPYAOBaHUS
ANEKTPOIHEPTETUYECKUX  CHUCTEM Ha  OOCIy)KMBaHME IO  TOKa3aTessM.
AHAJIOTUYHBIN 3alpOC NPOCIEKUBAETCA U OT 3JIEKTPOIHEPreTUUECKUX KOMITAHUN
Poccun. OpnHako, peanuzanus MogoOHOTO MoOJXxojaa TpeOyeT YCTaHOBKH Ha

3HAUUTEIBHYI0 YacTh OOOPYIOBaHUS CHUCTEM MOHUTOpuHra. [Ipm sTOM maHHBIE,



I0JIly4yaeMble OT CUCTEM MOHMUTOpPHUHIA 000PYIOBaHMs, JOJKHBI aHAIN3UPOBATHCS
CHELMATUCTAMU-IKCIIEPTAMH  C  NPUHATHEM pELIEHUS O HEOOXOAUMOCTH
IpOBeJCHUS 00CTY>KMBaHUs WM peMoHTa. B Tabmuie 1 mpuBeeHO KOTUYECTBO

MOCTPOEHHBIX U PEKOHCTPYUPOBAHHBIX TPAHCPOPMATOPHBIX MOJCTAHIUH.

Tabmuma 1 — KomudecTBO BBEAEHHBIX AIEKTPHUUCCKUX MTOACTAHITHI
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[Io [maHHBIM MUHHCTEPCTBA DJHEPreTUKM  CBbIIE 28%  CHIJIOBBIX
TpancopMatopoB kiaccoM HampspkeHuss 110 kB HUMEIOT TOBBIMICHHYIO
BEPOSITHOCTh OTKAa3a, CBA3aHHOTO C HEY/IOBJIETBOPUTEIIbHBIM COCTOSIHUEM. B TOXe
BpeMs, U3 00IIero KoimuecTBa TpanchopmaropoB Hampsokenus 220 kB u Beie,
nopsinika 31% uMEIT 3HAYUTENbHBIM (U3MUECKUI H3HOC, YTO B MEPCIEKTUBE
HEraTUBHO CKa)XETCS Ha CPOKe UX CiIyxObl. [IpencTraBieHHbIE CTATUCTUYECKUE
JaHHbIE TaKXe YKa3blBalOT Ha HEOOXOAMMOCTh HCIOJb30BAaHUS U BHEAPEHUS
CHCTEM MOHHUTOPHHTA CHIIOBBIX TpaHcopmaropoB [18]. Ha pucynke 2 npuseneHa

auarpaMma (pU3NYecKoro u3Hoca Bcex 00beKTOB renepaiuu 3a 2022 ro.
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® KPHTHYECKHII ® HeYIOBIETBOPHUTEIBHEII  YIOBISTBOPHTEIBHEIII
XOPOIITHIT B 0YeHb XOPOIIIHIl

Pucynok 2 — ®u3ndecknii ”3HOC 00BEKTOB I'eHEpaIUH

[TpoGiemoii Takxke sBIsICTCS TOT (AKT, YTO MPH MOBPESKICHUU CHIIOBOTO
TpaHc(hopMaTopa BOSHUKAIOT CIIOPHI €r0 rapaHTUHHOTO 00CTYKUBAHUS U PEMOHTA.
Jlis  BBISSCHGHHS TPUYHMH TIOBPEXKICHUS TpaHCPopMaTopa U  ONPEICIICHUS
BUHOBHHUKA IPOUCIICCTBUS HEOOXOIUMO MPHUBJICKATh CIEIHAINCTOB, KOTOPBIC
MyTeM JOJTOr0 aHaju3a OYIyT BBISBIATH, NEHCTBUTEILHO JIM JAHHBIA CIydaid
SBIIACTCS TapaHTHUHHBIM, M KOMITAHUSA-TIPOU3BOIUTENIb 00S3yeTcs MPOU3BECTH
PEMOHTHBIE PaOOTHI UIIH 3aMEHY TIOBPEXKICHHOTO 000Dy I0BaHHUS.

Ha pucynke 3 mpencraBieHa auarpamma oOIIero (pu3MUecKoro H3HOCA

CHJIOBBIX TpaHc(hopmaTtopoB Hanpspkenus 220 kB u Beimie 3a 2022 rox [19].
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Pucynok 3 — ®u3ndeckuii K3HOC CUIIOBBIX TPaHC(HOPMATOPOB HAMPSIHKECHUEM
220 kB u BbIIIE

[Tpennaraemasi cucreMa MOHUTOPUHTA CUJIOBOTO TpaHC(hOpMaTOpa, a TaKkxKe
METOJMKA W aBTOPCKHE aJTOPUTMBI PabOThI CHCTEMBI TO3BOJSIOT B PEKUME
pEaIbHOTO BPEMEHHU ONpENeNsITh U KOPPEKTHpPOBaTh 3HAYEHUsS] MapaMmeTpoB,
XapaKTEPU3YIOIIHUX MPOAOKUTENEHOCTE pabOTHI CUIIOBOTO TpaHC(hOpMAaTOpa U Kak
CJIEICTBUE IJIAHUPOBATH U ONPENEIATh HEOOXOIUMOCTb POBEACHUS TEXHUYECKOTO
0OCITyKMBaHUSI WJIM PEMOHTHBIX paboT Mo periaMmeHTy. Mcnonab3oBaHue CHCTEMBI
MOHHMTOPHHTA MOAPa3yMEBaET OTKa3 OT Y4acTHs B BOMPOCAX OLIEHKH TEXHUYECKOTO
COCTOSIHMSI ~ CIIELMAIMCTOB-IKCIEPTOB, a TakXke OO0ecreunBaeT IMOJyYeHHUe
JIOCTOBEPHBIX TAHHBIX HE TOJIBKO O CPOKE CIIyKObI CUJIOBOTO TpaHchopmaTopa, HO
¥ O COCTOSTHUM OCHOBHBIX 3JIEMEHTOB €r0 KOHCTPYKITUH.

Ha pucynke 4 mnpowumiocTpupoBaHbl HMEIOLIUECS M MEepPCIEKTHBHBIC

MOAXO/Ibl K MOHUTOPUHTY CUJIOBBIX TPAaHC(HOPMATOPOB.



PEAKTUBHBLIE NOAXOAb! MPOAKTWBHBIE NOAXOAbI NPEAVKTUBHBIE NOAXO/bI

BHennaHoBble MnaHoeoe O6cnyxusaHme O6cnyxuBaHue
PEMOHTbI Tex. 06CynyxuBaHue Nno COCTOAHMWIO no nNporHo3sy

11—
Xéctkne npaeuna Ha MeToabl
Sl e LT ocHoBe ngka3am4ﬁ MCKYCTBEHHOTO
-no6exann» IOLMECSH BO BPEMEHK NATUNKOB WHTENnneKTa

Pucynox 4 — [loaxoasl B 00CiTy>kKMBaHUU 000PYI0BaHUS

[TocTOSIHHBIE MOHUTOPHUHI CHCTEMOM IAapaMETPOB, XapaKTEPHU3YIOIIHUX
TEXHUYECKOE COCTOSIHHE CHJIOBOTO TpaHCchopMaTropa, MO3BOJSIET HCIIOIH30BAThH
JAHHbIE TPHU PACCIECIOBAaHUM AaBApUMHBIX CUTyalldid, B TOM YHCIE U C
MOBPEXJICHUEM OO0OpYIOBaHUS KaK B TapaHTUHHBIX ClydasX, TaKk U B TEPUOJ
OKOHYAaHUS TapaHTUHHBIX 00s13aTeNbCTB. Kpome TOro, MCroiab30BaHUE CUCTEMBI
MOHUTOPUHTAa Ha BHOBb YCTaHOBJICHHOM, HOBOM, CHJIOBOM TpaHchopmarope
MO3BOJIUT, B CJydyae HaJW4us, OMNPEICIUTh 3apOoXKIaloIuiics aedeKkT Win
MPOU3BOJICTBEHHBIM  Opak. CucremMa MOHUTOPMHTA HMEET BO3MOKHOCTH
MOJKIIOYAThCS K HECKOJbKUM TpaHcpopMaTropaMm, BECTH HUX OJHOBPEMEHHBIN
MOHUTOPHUHT U Mepe/iaBaTh JaHHBIC B aBTOMATU3UPOBAHHYIO CUCTEMY YNPABJICHUS
TpaHchopmMaTopHOi moactanmuei [11].

[ToreHnMabHBIE TOTPEOUTENM MPOAYKTAa TMPOEKTa — MPOU3BOJIUTEIN
TpaHCc(OpPMATOPHOTO OO0OPYJOBAHUS, MPOMBIIIIICHHBIE MPEANPUSATHS HMEIOIINE
coOCTBEeHHBIE TpaHCPOpMATOpHBIE MOJCTaHIMH, MeTpornoyuTeH, [TAO «PXK ]y,
ITAO «Poccetn» u reHepupyromme KOMMOaHUM. [ Kaxa0ro moTeHUHUAIBHOTO
noTpeOuTeNsl  MPOJYyKTa  OCHOBHOM  MOTHBAIIMEW  SIBIISIETCS  CHMDKCHHE
AKCIUTyaTAIlMOHHBIX 3aTpaT Ha TeKyIlee 00CIy KHUBaHUE U PEMOHT 000pYy10BaHMUS, a
TaKke TMPOJJICHHE CpOKa CIY>KObl CHUJIOBBIX TpaHC(oOpMaTopoB 3a cuer
KOPPEKTUPOBKU peXHMa pabOThl M 3arpy3Kd B 3aBUCUMOCTH OT TEKYIIETO
TEXHUYECKOTO CcocTosiHusA. CucTteMa MOHMTOPUMHra OOECIeYMBaeT KOHTPOJIb
COCTOSIHUSI CHJIOBOTO TpaHchopmaTopa B pEKHUME pPEAIbHOTO BpPEMEHH U
OTIpeIeISIET KPUTHIECKUE PEKUMBI paboThl. CuCTEMa MOHUTOPUHTA HHHOPMHUPYET
HKCIUTYaTUPYIOIIUM MEePCOHAN O KPUTHUYECKUX PEeKUMaxX padoThl TpaHcopMaropa
B PEXKUME PEATBHOTO BPEMEHHU, YTO JA€T BO3MOKHOCTh EPCOHATY CBOEBPEMEHHO

8



peloTBpalaTh aBapuiiHble cutyauuu. Cuctema o0ecneunBaeT SKCILTyaTUPYOIINI
NEPCOHA JaHHBIMU O CPOKE CIyXObl CHJIOBOTO TpaHCcpopmaTopa B PEKUME
pEabHOrO0 BPEMEHM, YTO CHIWDKET PHUCK Pa3BUTHUS aBapuHbIX cuTyaruu. [lpum
BO3HUKHOBEHUU TapaHTUMHBIX CIOPOB MEXIAY 3aBOJAOM U3TOTOBUTEIIEM U
DKCIUTYaTUPYIOIIEW OpraHu3alnen, 3aBO N3TOTOBUTENb CMOKET MOJIy4aTh MOJIHBIN
U Ppa3BepHYTHIH OO0BEM JAHHBIX O TEXHUYECKOM COCTOSHUU CHIJIOBOTO
TpaHcopmaTopa Juisl yCTaHOBJIECHUS IPUYMHBI BBIX0/1a U3 CTPOsi 000pyI0BaHUSI.
Ha pucynke 5 moka3aHbl KanmuTadbHbIE 3aTpaThl HA TpaHCPOPMATOP B XOJ€

OKCILTyaTaluu U IPCKIACBPCMCHHOT'O BbIXO/Jdd CI'0 U3 CTPOI.

;Xavamel

1,781 mnpa

Xopowwni
200,6 mnH
O4eHb Xopowni

1.7% 15,1% 24.1% 257% 33.4%

\ 4

PucyHok 5 — 3aTtpaTsl pu SKCITyaTalluy CUJIOBOTO TpaHcpopmaTtopa

MouuTopuHT TpanchopMaTopoB obecrneunBaet [44]:
— paHHee 0OHapyKECHHE HEHCIIPABHOCTEH: CBOCBPEMEHHOE BBISIBICHHE ATHX

npobJieM oOecreynBaeT ympexxaaromiee o0CIy)KUBaHUE U CHUYKAET PUCK



KaTacTpO(UIECKUX OTKA30B, MHHUMH3UPYS BPEMs MPOCTOSI U TOBBIIIAS
HA/I)KHOCTh CUCTEMBI;

— ONTHUMAJILHOE UCTIOJIh30BAaHUE aKTHBOB: aHATU3UPYS JaHHBIC O XapaKTepe
Harpy3Kd, TEMIEPATYpHBIX TEHIACHIUAX W JIPYTUX KPUTHUECKUX
nmapaMeTpax, OINEepaTopbl MOTYT ONTHMH3WPOBATh  HCIOJIh30BaHHUE
TpaHCHOPMATOPOB. DTO TMOMOTAET TPEAOTBPATUTHh TNEPETPY3KYy HWIU
HEIOTPY3KY, MPOJIUTHh CPOK CIYKOBI TpaHC(HOPMATOPOB M MaKCHUMAILHO
MOBBICUTH UX d()PEKTUBHOCTD.

— MPEIUKTUBHOE OOCTY>KMBAaHHE: aHATU3UPYS HCTOPUUECKHE JaHHBIE U
JTAHHBIE B PEXUME PEATbHOrO0 BpPEMEHH, CHUCTEMbl MOHUTOPHUHTA
MO3BOJISIIOT BBISIBUTH 3aKOHOMEPHOCTU W WHIUKATOPHI MOTEHITUATBHBIX
OTKAa30B.

— TIOBBINIIEHHAsT 0O€30MacHOCTh: CHCTEMBl MOHHTOPHHTA O00ECIICUYNBAIOT
paHHee MpeAyNpexACHIE O HCHOPMAIbHBIX YCIOBUSIX dKCIUTyaTalluu, YTO
MO3BOJISIET  OMEpaTopaM  HE3aMEUIMTEILHO  NPHHATH  MEPHI 10
UCITPaBJICHUIO CUTYAIIMH U 00ECIIEYUTH 0€30MaCHOCTb.

— MPUHATHE PENICHU Ha OCHOBE JaHHBIX: AaHAIU3UPYS TEHACHIIUH,
3aKOHOMEPHOCTH W JaHHBIC O TPOU3BOJIUTEIHLHOCTH, ONEPaTOPhl MOTYT
ONTUMHU3UPOBATH pabory TpaHchOpMaTopoB, MJIAHUPOBATH
MOJICpHU3AINI0 UHOPACTPYKTYPHI U OCYIIECTBIATH MPO(HIaKTHIECKUE
MEpBI.

Llens BeIMyckHOW kBanudukarmonnoi padotel (BKP): cozmanue cuctemsr
MOHUTOPWHTA aKTHBHOM YacTH CHJIOBOTO TpaHchopmaropa ¢ (QYHKIUIMU
MPEIUKTUBHON aHATUTUKHU

[Tpeamer MCCJICIOBAHMUS: TEXHUYECKOE COCTOSIHHE CHJIOBOTO
TpaHchopMaTopa 1o JaHHBIM CHCTEMbl MOHUTOPHHTA.

Hayunass HoBuM3HA: Tipu pa3pabOTKe MPOTrPaMMHOTO  OOECTICUCHHSI
MOHHUTOPHHTA CUJIOBOTO TpaHChopMaTopa, ObLII IPUMEHEH CHHTE3 yIKE€ UMEIOIINXCS
METOJHMK KOHTPOJIA IapaMeTpoB TpaHC(POPMATOpPOB METOAOM AaMILIUTYIHO-

YaCTOTHOU XAPAaKTCPUCTHUKEC N aHalIn3a CTCIICHU M3HOCA CHUJIOBOIO O60py,Z[OBaHI/I$I
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yepe3 U3MepeHue HHAYKTUBHOCTH. B 0CHOBY pa3paOoTKu ObLIM MOJI0KEHBI padOThI
Hnaituzeite Maptuna «O1ieHKa COCTOSTHUS 0OMOTOK CUJIOBBIX TpaHC(HOPMATOPOB Ha
OCHOBE METOJIMKH JOIYCTUMBIX OTKJIOHSHHH 9acToT pe3oHaHcoB» [13,14], a Takxke
pabotbl AnekcaHapa XpEHHHKOBA, B YAaCTHOCTU «JEKTPOJUHAMUYECKHE
ucnbiTanus Tpanchopmaropa tumna TI[-666000/500 na MUC»y [3,24].
[IpakTHyeckass 3HAYUMOCTb: HUCHOJB3yEMble METOAUKH M TPOrpaMMHBIC
pelleHus] HalpaBlieHbl Ha CHUXXEHUE OHKCIUTyaTal[MOHHBIX 3aTpaT U PHUCKOB,
CBSI3AHHBIX C aBapUMHBIM BBIBOJAOM M3 PabOThl CHJIOBOTO JBYX OOMOTOYHOTO
TpaHcopmaTopa 3a CUeT IMOBBIIIEHUS HAOIIOIaEMOCTH CKpPBITHIX J1€()EKTOB
MarHUTHON cuctemMbl M OOMOTOK. Pa3zpaboTaHHOEe mporpaMMHOE MO3BOJUT B
NEPCHEKTUBE YUTU OT OOCTYKUBAHMS IO PETVIAMEHTY K OOCITY’KMBAHHIO HA OCHOBE
MOJIy4aeMbIX M3 CHCTEMbl JaHHBIX UYTO B 3HAYUTEIBHOM MeEpe YIPOCTUT
IPOBOJUMBIE PaOOThl MU TOJIOKUTEIIBHO CKaXETCS Ha CHUKEHUU M3JEPIKEK
JKCIUTyaTalliM, YTO B CBOIO OYepeIb MOXET MPUBECTH K MOHMKECHHIO
KBATM(PUKAUKA U TPEOOBAHMM JJIs1 0OCITY>KHUBAIOIIETO TIEPCOHAA.
OOBEKT HccaeoBaHusA: CHIOBOM TpaHc(OpMaTOp, MHUKPOIPOLIECCOPHBIM
0510k ynpaBiienust, iugpoBoi ocmiiorpad, onTUYECKuit TpanchopmaTop.
3amaun BKP:
— aHaJIU3 METOJUK OMpEETCHUS TTOBPEXKICHUI aKTUBHON YacCTH CHUJIOBOTO
TpaHchopmMaropa;
— pa3paboTKa METOJUKH OLIEHKH TEXHUYECKOTO COCTOSIHUSI aKTUBHOM 4acTu
CUJIOBOTO TpaHc(hopmaropa ¢ MporpaMMHON pean3aluei;
— CO3/IaHHM€ MPOTrPAaMMHOrO MPOAYKTAa MPEIUKTUBHOTO aHAIM3a AKTHBHOU
4acTH CUJIOBOTO TpaHC(hOpMaTopa B PeKUME peaIbHOTO BPEMEHH,
— pa3paboTka Owu3Hec-TIaHa JJisi KOMMEpPIMAIH3allid MPOrPaMMHOTO
NpOAyKTa NPEIUKTUBHOTO aHaiM3a AakKTUBHOW 4YacTH  CHJIOBOTO

TpaHchopmartopa.
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1 bu3zHec-miian

1.1 OcHoBHAas HeJIb U CYIIIHOCTH CTAPTAI MPOEKTA

[Ipoekt  HampaBieH  Ha  pa3pabOTKy  CEpPUHHOTO  YCTPOMCTBA,
00eCIeYnBaONIETO MOHUTOPUHT W JUATHOCTHUKY CHJIOBBIX TPaHC(POPMATOPOB B
pexuMe peaabHOro BpeMeHH 0e3 BbIBO/A €ro u3 padothl. KiroueBasi 0cOOEHHOCTD
CUCTEMbI - UCIOJIb30BAHUE METOJIOB MPEIAMKTUBHOW aHAIUTUKU B ONpPEACICHUU
3HAUEHHUS TapaMeTpa XapaKTEePU3YIOIIEro OCTATOYHBIA pecypc 00OpyJIOBaHUS —
cujIoBoro Tpanchopmaropa. Llenb mpoekTa — CHUKEHHE KOJIMYECTBA MEPBUYHBIX
CPEIICTB HM3MEpPEHHUs, YCTaHABIMBAEMbIX Ha CHJIOBOM TpaHchopmaTope 0e€3
CHIWKEHHMSI TOYHOCTM M KayecTBa JUArHOCTUKM WU MOHUTOpUHTra. Pe3ynbprar
peanu3aiu MpPOeKTa — CEpUMHOE YCTPOMCTBO, OJOK MOHHUTOPUHIA CHUJIOBOTO
JBYyXOOMOTOYHOTO TpaHc(opmaTopa, ¢ PyHKIIUSIMU JUATHOCTUKHA HEUCTIPABHOCTEN
U OIpENEICHUEM 3HAUYEHUs MapaMeTpa, XapaKTEPU3YIOIIErO €ro OCTAaTOYHbBIN
pecypc. bBIOK MOHUTOpHMHra MOXET HCIOJIb30BAThCSI KAaK B  COCTaBe
aBTOMATU3UPOBAHHON CUCTEMBI YIIpaBICHUSI TPaHCHOPMATOPHOU MOJCTAHITUEH, a
TaKXke Kak camocTosTeNbHast cucteMa. OCHOBHBIMU MOTPEOUTENSIMU PE3yJITATOB
MPOEKTA SIBJISIIOTCSI MIPOMBIIUICHHBIC TPEANPUATHS, UMEIOIIUE B CBOEM COCTaBe
MOJCTAaHIIMU C Kjaccom HampsbkeHuss 35-110 kB, cereBbie kommanuu, [1AO

«Poccetn», a TakKe reHepupPyOIINe KOMITAHUH.

1.2 OcHOBHBIC LEJIH U 321a4H

[enro cTapTana SBISIETCS CO3IAHUE CUCTEMbBI HEPA3PYILIAIOIIETO KOHTPOJIS U
MOHHMTOPUHIA COCTOSIHUS CHJIOBOTO TpaHc(opmaropa ¢ PyHKIMIMH MPEIUKTUBHON

AHAJIUTHUKHU
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1.3 Onucanne NHHOBAILMOHHOW UIeN

OCHOBOHM peann3allii TPOAYKTA SBISIOTCS PE3yJbTaThl IMPOBEACHHOTO
HAYYHOTO HCCJIEIOBaHUS B OOJACTH ONpeNeleHUs] MapaMeTpOB TEXHHUYECKOTO
COCTOSIHHSI ~ CHJIOBOTO  TpaHc(opMaropa C  HUCIIOJB30BAaHUEM  MPUHIIMIIOB
MOHUTOPUHIa B pEalbHOM BpeMEHHU. Pa3paboTaHHBIA alrOpuT™M W aBTOPCKHIMA
MOJIX0/I B O0JIACTH MOHUTOPHHTA CHJIOBBIX TpPaHC()OPMATOPOB MOKA3BIBACT, YTO
TOYHOCTH OIPEJIEIIEHUS €r0 TeXHHUECKOro cocTosiHus Ha 30% BbIIe, B CpaBHEHUU
C KOHKypeHTaMu [26]. OTim4nuTenbHO# 0COOCHHOCTHIO pa3padaThIBaeMON CHCTEMBI
MOHUTOPHHTA SIBIISICTCS OIPEISIICHUS] TEXHUIECKOTO COCTOSHHSI aKTUBHOW YacTH
CHJIOBOTO TpaHCPopMaTopa B PEKUME PEATbHOTO BpPEMEHH C TOYHOCTHIO,

NO3BOJIAIOILEH ONPEAEIUTh KOHKPETHYIO 001aCTh €ro AegopMarui.

1.4 Cragusi pa3sBUTHSA CTAPTAIl IPOEKTA HA MOMEHT COCTABJICHUS OM3HeC-

IJiaHa

B ,Z[aHHbII;'I MOMEHT HJIET IIOATNOTOBKA K HMIUICMCHTHPOBAHHHWIO HAIITMCAHHOI'O
ajropurMa B 010K YHOpaBJICHUA A MOCICAYIOIICTIO TCCTUPOBAHUA CHCTCMBI Ha

peaJbHOM OOBEKTE.

1.5 CocraB KOHKpETHBIX MepPONPHUATHIH, KOTOpPble ILIAHUPYETCH

peanu3oBaTh Mo 3aBepuiennu JJorosopa

ITocne 3aBepiienns Jlorosopa, naaHUPyeTCs IPOBECTH COOP MPEA3aKa30B Ha
OJIOKU CUCTEMBI MOHUTOPHHTA C LEIbI0 (POPMUPOBAHUSI KOHKPETHOTO IPEITI0KECHHUS
st motpeduteneid. [lomuMo 3TOro, miuaHupyercs Tak K€ NMPUHATH y4dacTHE B

sHEpreTUIecKor KoHpepeHun B aekadpe 2024-ro roaa.
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1.6 CpencrBa HeoOXoAMMBbIE IJIsl PA3BUTHSA CTAPTAIl MPOEKTA

Jlna peanu3anuu MpoekTa HEOOXOAMMEBI JICHEKHbIE Cpe/icTBa B pasmepe 17
432 000 pyOnei, koTopble OyAyT HampaBieHbl Ha 3aKyINKy HE0OXO0IUMOIO

BBIYHMCIIUTEILHOTO 000PYIOBaHUS, 3aKYTIKY ChIPbsl U (POHJI OILIATHI TPY/A.

1.7 KimioueBble hakTopbl ycnexa

KitoueBpiM (pakTOpoM ycmexa sSBISIETCS CO3/IaHWE CHCTEMbl MOHHTOPHHTA
CUJIOBOTO TpaHchopMaTopa MOTPEIIHOCTh BBIYMCICHUN, KOTOPOW HE MPEBBIIIACT
9%, HapaboTka Ha oTka3 cocrtaBiger He MeHee 50000 4acoB U KOPPEKTHOCTH

nepeavn JaHHbIX 0€3 MOTEeph MEXKY YPOBHSIMH IO MPOTOKOoJaM cBsi3M Modbus

RTU/TCP u 4-20 MA.

1.8 HaumeHoBaHMe NPOAYKINH

Cucrema MOHHTOPHHI'A TCXHHUYCCKOI'O COCTOSAHUA CHJIOBOI'O

TpaHcdopmaropa.

1.9 Haznayenue u 00J1aCTh NPUMEHEHUS

Cucrema npeaHa3HayeHa IS MCIIOJIb30BaHUS B COCTaBe
aBTOMATU3UPOBAHHON CHCTEMbl YIPABJICHHUS TEXHOJOIMUYECKMMHU MPOLECCaMU Ha
00BEKTaX 3JIEKTPOCETEBOT0 KOMILJIEKCA, a TAKXKE APYTUX OpraHU3alfil, UMEIOIIHX B
CBOEM COCTaBe OOJBIIOE YHUCIO TPAHCPOPMATOPHBIX MOJACTAHUUN, TPeOyHOLIUX
KOHTPOJII M JUArHOCTUKH B PEXKUME pealbHOro BpeMeHH. [loTeHumanbHeIMU
CEKTOpaMH MPUMEHEHHUSI pa3pabOTaHHOTO MPOAYKTA MOTYT SIBJIATHCS:

— DJIEKTPO3HEPTETUUYECKUN;

— He(TerasoBblii;

— IPOMBILICHHBIN;

— CBIPBEBOM.
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B mpoMBIIUIEHHOM CEKTOpE CO34aBaeMblii MPOJYKT MIPUMEHHUM B JIETKON U
TSKEJION TMPOMBIIUICHHOCTH, a TAKX€ KOMMYHAJIbHOM XO35MCTBE. B ChIpheBOM
MIPOMBITIUICHHOCTH YCTaHOBKA pa3pab0TaHHOW CUCTEMBI MOHUTOPHUHTA MOYKET OBITh
MpOU3BEJCHA Ha BJIEKTPOTCHEPUPYIOIIUX SJIEKTPOCTAHIMAX BOJU3M OOBEKTOB
nepepadoTKU ChIphsi. Takke BBINMIECKa3aHHOE MOYKHO OTHECTH K He]TerazoBoMmy

CCKTOPY U HCIIOCPCACTBCHHO 3JICKTPOSHCPICTUICCKOMY.

1.10 IlepcneKTUBBI BBINYCKA H KOHKYPEHTOCIIOCOOHOCTH

IIocTOSHHBIE MOHMTOPHUHI CHCTEMOM IAapaMETPOB, XapaKTEPU3YIOIINX
TEXHUUYECKOE COCTOSHUE CHIJIOBOTO TpaHc(opmaTopa, MO3BOJSET HCIOJb30BATh
JAHHbIE TIPU pacciIeOBaHUM aBAPUMHBIX CHUTyalud, B TOM 4YHUCIE U C
MOBPEXJICHUEM OO0OpYIOBaHMS KaK B TapaHTUWHBIX CIIy4asX, TaK U B TEPHO
OKOHYAHHUs TapaHTUUHBIX 00s3aTeNbCcTB. KpoMe TOoro, MCHoiab30BaHHE CUCTEMBI
MOHUTOPUHIAa HAa BHOBb YCTaHOBJIEHHOM, HOBOM, CHJIOBOM TpaHc(hopmarope
NO3BOJIUT, B CIydyae HaJIU4Yus, ONPEICIUTh 3apOoXkJaoIuics JOedeKT WIu
TIPOM3BOJICTBEHHBIN Opak [27].

Ha  cerogusmuuii  neHb ~ HaubOosnee  WM3BECTHBIMU  MHUPOBBIMHU
IPOU3BOJAUTENSAIMUA CUCTEM MOHMTOPHUHIA CHJIOBBIX TpPaHC(POPMATOPOB SIBISIOTCS
Qualitrol, GE Energy, FISO u np.

Qualitrol u GE Energy 3apexomen1oBaiu ce0st Kak KOMITAHUH TIPOU3BOIAIIINC
CUCTEMBbI, OCHOBAHHbIE Ha aHAJIM3€ PACTBOPEHHBIX I'a30B B TpaHC(HOPMATOPHOM
Macie. B coBpeMeHHBIX peanusix, BBUJY OTCYTCTBHUSl aJIbTEPHATUBBI, JTaHHBIM
KOMITAaHHMSIM ~ YJAJIOCh  3aHATh JIMAMPYKOUIME TO3MUMU HE TOJBKO Ha
MEXIYHApOJIHOM, HO U HA POCCUICKOM pbIHKE. TeM He MeHee, TOMUMO OTCYTCTBUS
aJbTEPHATUBBI, TJIABHBIM HEJOCTATKOM CHUCTEM MOHUTOPHUHIA, IPOU3BOIUMBIX
BBIIIENIEPEYNCICHHBIMU KOMITAHUSIMH, SIBJIIETCS MCIIOJIH30BAHUE JIONIOJIHUTEIBLHOTO
obopynoBaHusi sl (YHKIIMOHUPOBAHUS TMOJOOHBIX CHUCTEM MOHHUTOPHUHTA.
CymiecTByeT JaBE BapuHalUMd CUCTEMbl MOHMTOPMHIA PACTBOPEHHBIX TIa30B B

TpanchopmaropHom  Macne. IlepBas  HyxgaeTrcs B HCIOJb30BaHUU
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CHEeIUaIN3MPOBAHHBIX FA30B JIJISl BBIYUCICHUN XpoMaTorpauyecKoro CreKTpa, uto
B CBOIO OY€pE/Ib 3arPOMOXK/IAET CUCTEMY U BBI3BIBACT HEYJJ0OCTBA B BUI€ KOHTPOJIS
KOJIMYEeCTBa raza B OammoHax. Bropasi Bapuanus cucTeMbl CHCTEMbl MOHUTOPUHTA
pPacTBOPEHHBIX Ta3oB  CMOcOOHa (YHKUMOHUPOBATH 0€3  HUCIHOJIb30BaHUS
CHEIUATN3UPOBAHHBIX Ta30B, OJJHAKO CTOUMOCTb MOJOOHBIX CHCTEM MOKET OBIThH
KpaTHO BbIIIE TEepBOM Bapuanuu. K TOMy e, Ha pPbIHKE 3aMETHA CHUTyalus C
HEOOOCHOBAHHOM IMOTOHEW 3a KOJIMYECTBOM OTCJICKHBAIOIIUX Ta30B, KOTJa JJIs
ONPENICTICHUS] COCTOSIHUSI TEXHUYECKOTO COCTOSIHUSI MOXKET OBbITh JOCTATOYHO 3
mTyk. Takum npumepom siBisietcst yerpoiictBo Camlin TOTUS G9 ot komnanuu
KAMLIN.

Ha poccuiickom pbiHke HanboJiee KpyIHbIMA KOMIIAHUSIMU, BBIITY CKAIOIITUMU
CUCTEMBl MOHUTOpPUHTA TpaHchopmaTopoB sBIsIIOTCS Jumpyc, MupoHoMuKa,
['pynma CB3JI u nap.

Pocculickne kOMIaHuM B IEPBYIO OYEPEb MPEAIATAIOT CXOKHUE YCTPOHUCTBA
MOHUTOPHUHTA C BBIIETIEPEUNCIECHHBIMU 3apyOEKHBIMU MPOU3BOUTEIAMU. OTHAKO
JJAHHBIE YCTPOMCTBA SIBJISIIOTCS JUOO WX TOYHOM KOMHUEH, TMOO0 TEM K€ CaMbIM
YCTPOMCTBOM, IMPOU3BEICHHBIM WHOCTPAHHOM KOMIIAHUEH TOJBKO C JIOTOTUIIOM
OTEYECTBEHHOI'0 MPOM3BOJAUTENS. TeM HE MEHEE MOYKHO BBIJACIUTH KOMIIAHHIO
dumpyc, KoTopass TOCIEOHUE HECKOJBKO JIET TOMYJSPU3UPYET CUCTEMY
MOHUTOPUHTA YAaCTHYHBIX Pa3psAI0B KaK CaMOCTOSTEIBHYIO CHUCTEMY JHOO Kak
JIOMIOJTHEHWE K ApyruMm. HemoctaTkoM AJaHHOW CHCTEMBI SIBISIETCSI OTCYTCTBHE
BO3MOKHOCTH KOHTPOJUPOBATH TEXHUYECKOE COCTOSIHUS OOMOTOK M MarHUTHOM
CUCTEMBI CHJIOBOTO TpaHchopMaTopa, KOTOPhIC SBIISIFOTCS OCHOBOIOJATalOIIMMHU
AJIEMEHTAaMH B €r0 KOHCTPYKIIHH.

CoBpeMEeHHBIN PHIHOK IJIAHOMEPHO HAYMHAET MEPEeXOj OT PEaKTUBHOTO K
NPEAUKTUBHOMY TOJXOJy B3aUMOJICUCTBUS YEJIOBEKa C 00OpYyJIOBaHUEM.
[Tocnennue roAbl TOCYAAPCTBO, SJIECKTPOCETEBBIE U  AJIEKTPOTCHEPUPYIOLINE
KOMITaHUU TPEOYIOT YCTAHOBKUA CHUCTEM MPEAUKTUBHON aHAIMTUKHU TIO3BOJISIFOIICH

MPOTHO3UPOBaTh M  PAcCCUUTHIBATh OCTATOYHBIA pecypc  00OpyaOBaHUS.
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BONBIIMHCTBO K€ CHUCTEM CETONHS CIMOCOOHO JIHINb aHAIM3HPOBATH TEKYIIEe
TEXHUUYECKOE COCTOSIHUE ycTpoiicTBa. [logBeieM uTorn ananusa KOHKYPEHTOB:

— OTCYTCTBUE JIbTCPHATHBHI;

— BBICOKAsi CTOUMOCTB;

— HAMEPEHHOE yCIIOKHEHUE KOHCTPYKIIMH CHCTEMbl MOHUTOPHHTA;

— OTCYTCTBHE HOBATOPCKHX PEIICHHIA;

— OTCYTCTBHE TIPOTHO3UPOBAHMSI IKCILTYyaTallHOHHOTO pecypca.

[To pesynpTaTamM MPOBEACHHOTO aHAIW3a KOHKYPEHTOB OBUIM BBHISBIICHBI

CJIEYIOIKE IPEUMYILECTBA:

— HCTOJb30BaHUE MHUHUMAIBHO HEOOXOJMMBIX CPEACTB H3MEPECHHS IS
MaKCUMaJbHO TOYHOTO OIpeAeseHus (PAKTHUIECKOTO TEXHHUYIECKOTO
COCTOSIHUS CUJIOBOTO TpaHchopmaTopa;

— cHCTeéMa OCHOBaHA Ha METOJIE HEpa3pyIIAONIEro KOHTPOJS (MHTErpanus
pa3pabaThIBa€MOW  CHCTEMBI  MPOWCXOAUT B YK€  HMEIOIIeecs
000pyI0OBaHUE HA DJIEKTPUUYECKON MOICTAHIINH);

— paspabaThiBaeMasi CHCTE€Ma CHOCOOHa C  BBICOKOM  TOYHOCTBIO
MPOTHO3UPOBATh pa3BUTHE ASPEKTOB B CHJIOBOM TpaHchopmaTope B
MEPHO/T €ro IKCILTyaTaIliH,

— ompezaeneHne (aKTUUECKOTO0 TEXHUYECKOTO COCTOSHUS OOMOTOK W
MarHUTHOW CHUCTEMBI CHJIOBOTO TpaHc(opMaropa B peXUME peaJbHOTO
BpEMEHU,

— MaKCHMAJIbHO JIOYCTUMOE MCTOJIB30BaHUE CUIIOBOTO TpaHchopMaTopa B
pabore ¢ MHHHMAIBbHOH BEpPOSTHOCTHIO BO3HUKHOBEHUS B HEM

KPUTHYECKOTO JedeKTa.

1.11 KparTkoe onmncaHue M OCHOBHble TEXHMKO-IKOHOMHUYECKUE M

NOTPeOUTEbCKIE XaPAKTEPUCTUKH

[Ipennaraemass cucremMa MOHMTOPUHIA SIBIIIETCS BTOPBIM  YPOBHEM
aBTOMAaTU3MPOBAHHOW CHUCTEMOM YIIPABJICHUS TEXHOJOTWYECKUM IIPOLECCOM M
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CBSI3BIBACT MEXy COOOM Kak MEPBBIA, Tak U TpeTuil ypoBHHU. OnpeneneHne Bcex
napamMeTpoB MPOUCXOJIUT B PEXKUME peaJbHOTO BpeMEHH. Takxke B peXHUME
peanbHOr0 BPEMEHU TPOUCXOIUT KOPPEKTUPOBKA MAPAMETPOB, XapaKTEPU3YIOIINX
OCTaTOYHBIA pecypc paldoThl CHJIOBOro TpaHchopmaTopa MO aBTOPCKOMY
anroputmy [20].
OCHOBHOI TEXHUYECKHI 3JIEMEHT — OJIOK MOHUTOPHUHTA.
biiok MoHUTOpUHTA MTpeAHa3HAYEH JIJIS OTIPEICNICHUS TaPaMETPOB COCTOSIHUS
CHJIOBOTO TpaHCcopMaTopa, a TAaKXkKe MapaMeTPOB, XapaKTEPU3YIOLUIUX OCTATOUHBIHI
pecypce [10].
biiok MoHUTOpWHTa TMO3BOJIAT TEpeaaBaTh JIaHHBIE HAa BEPXHUE YPOBHHU
aBTOMATU3UPOBAHHON CUCTEMON YINpaBIEHUs TEXHOJOTMUYECKUM IpoleccoM (Ipu
€€ HaJMYuM{) WM 3aluch 3HauYeHUH B 0a3y MAaHHBIX MJI IOCIEAYIOLIEro
WCIMOJIb30BaHUs OPTraHU3aMEN, SKCIUTYaTUPYIOMIEH TTOACTAHIUIO.
MOHUTOPUHIOBass CHUCTEMA COBMECTHMA C OCTaJbHBIMH KOMIIOHEHTAMH
aBTOMAaTU3UPOBAHHON CUCTEMBI YIIPABIEHUS TEXHOJOTHUYECKUM IIPOLIECCOM Yepe3
MH()OPMAIMOHHYIO IIKHY.
brnox  cucrempl  MoHWUTOpUHTa  Oyner  oOjazaTth  CIEAYIOIIMMHU
XapaKTEPUCTUKAMMU:
— untepdeiicel cBs3u: 4 x Ethernet 10/100 Mout/c (RJ45), 2 x RS-485,
1xRS-232, USB Device;
— untepdeiic HDMI g1 BO3MOXHOCTM  NOJAKIIOYEHHS]  YEIOBEKO-
MalIMHHOTO YCTPOMCTBA BHIBOJA;
— nojaepkKa npoMblnuieHHbIX TpoTokoia0B Modbus RTU/ASCII/TCP, OPC
UA (Server), MQTT (client/broker), SNMP (Manager/Agent);
— noxaxepkka GSM/GPRS-MoneMoB;
— mojjepKka npukiagHbix nporokojoB NTP, FTP, FTPS, HTTP, HTTPS,
SSH, SMTP/IMAP/POP3, OpenVPN, WireGuard;
— BO3MOXHOCTh oAkoYeHust kK CYBJ] MySQL u MsSQL;
— npoueccop ARM® Cortex-A8 ¢ wactoroid 800 MI .
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1.12 CreneHb rOTOBHOCTH

Ha I[&HHI)Iﬁ MOMCHT IIPOAYKT OIM30K K KPpUTCPUAM 3aJ10KCHHBIM B

NepBOHAYAIbHBIN « MUHUMAaIbHO-KU3HECTIOCOOHBIN MTPOTYKT».

1.13 Pa3mep pbiHka

Hcxons u3 aHanm3a cTaTucTUdeckuX AaHHbIX mporpammbl CBUC, o0bem
L[EJIEBOTO PBIHKA MPOU3BOAUTENEH YCTPONCTB MOHUTOPUHIA KOMIUIEKTYIOIIHNX
TpaHc(OpPMATOPHBIE TOJICTAHLIUA U CUJIOBBIE TPAHC(POPMATOPHI, B YACTHOCTH, HA
MoMeHT 2021 rona cocraBusier 22,42 mwuuapaa pyoneit, rae 33,4% ot oOmei
CYMMBI MPUXOJUTCA HAa MHUKPOIPOLECCOPHBIE YCTPOMCTBa MOHUTOpWHra. Ha
HaYyaJIbHOM 3Tarle MPOU3BOJICTBA CUCTEMbI MOHMUTOPUHIA U OCTATOYHOIO pecypca
CWJIOBOTO TpaHchopmaTopa IJIaHUPYETCS 3aHATh JIOJII0 pbiHKa o0beMoM 464 805

000 pyOuei.

1.14 Temnbl pocTa pbIHKA, (pa3a pa3BUTHSA CIIPOCA

ITo manubiM PoccTtata pocT phlHKa B 00JAaCTH MPOU3BOJCTBA CHUIIOBBIX, a
TaK)Ke pacrpenenuTeNbHbIX TpaHCPOpMaTOpoB cocTaBui nopsaka 21%. Tax xe no
BBIIICTIPUBEACHHBIM JIaHHBIM W3 MUHHCTEPCTBA dHepreThku cBbimie 30% Bcex
OOBEKTOB AJIEKTPOTEHEPALMHA HMMEIOT CEPbE3HBIM HM3HOC, YTO B CBOK O4YEpEdb
CBUJETEIBCTBYET O HEOOXOIMMOCTHM MOHUTOPUHIA TEXHUYECKOTO COCTOSIHHS

HOBOTO M BBEJICHHOTO paHee 000pyI0BaHUS.

1.15 IIporuo3nl pa3BuTHS OTPACIH

NuHoBanmoHHas uu@poast ”HGPaCcTpyKTypa 3aHUMAET Bce 0o0Jiee 3aMETHOE
MECTO B DJIEKTPOCETSIX, KAK PACTPEACIUTENbHBIX, TaK U MEepeAarouX, NpuieM B

2022 roxy pocT MHBECTULIMI COCTABUT OKOJIO 7 % 1o cpaBHeHuUto ¢ 2021 rogom.
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Ha cexrop pacnpenenenusi npuxoautcss okojao 75 % BceX MHBECTHULIMM B
M POBYI0 HHPPACTPYKTYPY, CBI3AHHYIO C AJIEKTPOCETIMHU, OJ1aroaaps BHEAPEHHUIO
«YMHBIX» CYETYMKOB M aBTOMATH3allMU TMOACTAHUUN, QHUIEPOB, JUHUNA W
TpaHc(hOPMATOPOB 3a CUET YCTAHOBKH JIATYMKOB U YCTPOMCTB MOHUTOpHHTA [21].

HNuBectuiuu B uudpoBu3anuio B cepe pacnpeiesieHns TakKe BKIIOYaIOT B
ce0s criennanbHble IUPPOBBIE HHCTPYMEHTBHI, TAKUE KaK PacpeieIeHHbIE CHCTEMBI
ynpasienus: sHeprueit (DERMS). OHu crnocoOHBI HMCIOJIB30BaTh MOTEHIMAI
pacTymmx O0O0BEMOB THOKHX pPECypcoOB, TaKUX KaK Maylble BO300HOBISIEMbIC
3JIEKTPOCTAHLIMU, TYHKTHI 3apSAIKU 3JIEKTPOMOOUIIEH U aKKyMYJISTOPHbIE CUCTEMBI
XpaHEHUs SHEPTUH, JUIsl PEIICHUs JOKAJIBHBIX MPOOJIEM CETH JJIsl KPATKOCPOUHBIX
HYXJl, TaKUX Kak pPEryJMpOBaHHUE HANpPsDKEHUS W YIpPaBJICHHE Meperpy3Kamu.
Kpome Toro, Takne ”HCTPYMEHTBI MOT'YT IIOMOYb OIIEPATOPAM PaCIIPEACIUTEIbHBIX
cucteM (DSO) ontumusupoBaTh CBOM JOJTOCPOYHBIE WHBECTULIMH, YUHUTHIBAS
NOTEHIMAI THOKOCTU paclpeleNeHHbIX sHepretnueckux pecypcoB (DER) B
KAaueCTBE aJIbTEPHATUBBI YCUJIIEHUIO CETH, B TOM YHUCJIE NPU IIIAHUPOBAHUH CETH.

3HAuUMUTENbHbIE HWHBECTULUMHA W  Iporpecc ObUIM  JTOCTUTHYTHI B
UHPPACTPYKType OOLIECTBEHHOI'O 3JIEKTPOTPAHCIIOPTa, KOTOPBIM MPOAODKAI
3HauMTENbHO pacTh B 2022 romy, yBEIUMYMBIIMCH 3a roj Oosiee uem Ha 75 %.
WNuTennekTyanbHble  ceTd  MOryT 3((EKTUBHO HMHTETPUPOBATH  3aAPSAIKY
AIIEKTPOMOOMIIEH B CETh, 0OecTeurnBasi BUIUMOCTh U KOHTPOJIb, HEOOXOANUMBIC JIJIs
yCTpaHEHUS Y3KUX MeCT B ceTH [42].

B cektope nepenaun 351eKTPOIHEPTUNA UHBECTUIIMH B IU(POBBIE TEXHOJIOTUU
HampaBlieHbl Ha LU(pOBH3alMI0 OOOpYNOBaHUS, TAaKOr0 Kak CHUJIOBBIC
TpaHcopMaTopel, aBTOMATU3ALMIO TOACTAHIUNA, pa3pabOTKy THOKUX CHCTEM
nepenaun nepeMeHHoro Ttoka (FACTS) u coBpeMEHHBIX AAaTYMKOB, TAKHUX Kak
(dazouzmepuTeNbHbe TPUOOPHI, YTO MO3BOJISIET YCKOPUTH M MOBBICUTH TMOKOCTb
paboThI ¥ YyIYULIUTh YIPABIEHNE, MOHUTOPUHT U ONTUMHU3ALINIO IHEPTOCUCTEMBI.

Eme onun acnekTt, KOTOpbIl puoOpeTaeT Bce OOJbllIee 3HAUCHHE, — ITO
YCTOMUYMBOCTh CETE€M K CTUXMUHBIM OeAcTBUSIM. B HacTosiiee Bpemsi BHenpsieTcs

BCe OOJIbIIIE HOBBIX IMU(DPOBBIX TEXHOJOTUN, TAKUX KaK OJIOKA TIPEIOTBPAIICHUS
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UCKp, KOTOpbIE€ TMOMOTalOT TMPEAOTBPATUTh JIECHBIE MOXaphl (HAmpUmep,
KyCTapHUKOBBIE TOXKaphl B ABCTpaJiud), WIH TEXHOJIOTHH, OObEIUHSIONINE
reorpaduyeckyro HWH(POPMAIMIO W aHaIU3 CIyTHUKOBBIX H300paKeHUN s
MPOTHO3MPOBAHUS MOTEHIIUATIBLHOTO yIIepOa 3JIEKTPOCETEBLIM aKTUBAM, HAIIPUMED,

yiiepba OT majeHusl IePeBhEB WK BETOK BOJIM3H JTMHUM dJIEKTporepeiad.

1.16 OcHOBHbBIE M MOTEHIHAJIbHbIE KOHKYPEHTbI

OcHoBHBIM KOHKypeHTOM siBisiercss DIMRUS  (dumpyc), xomnanus
BBIITYCKAET CUCTEMbI MOHUTOPUHTA JJIsl OCHOBHOTO 000PY/1I0BaHUS SHEPTreTUYECKUX
npeanpuatuid. CHIBHBIMU CTOpOHamMu J{MMpyca SBISETCS OTPOMHBINA CIIEKTP yXKe
UCIIBITAHHBIX TEXHOJOTUWA U CHIIbHAsA KIMEHTcKas Oa3a. KomnaHus He 3aluKkiieHa
TOJILKO Ha Mpoja)kax MPOU3BEAEHHOIO 000PYJOBaHUs, OHA CTPEMUTCS 3asBUTH O
cebe JH00BIM JOCTYIHBIM CIOCOOOM, HANpUMeEp, OpraHu3ys Yy4deOHbIM LEHTp
JAUMPYC. Ilomumo y4yacTusi B BBICTaBKaxX U JKCIIO, KOMITAHUS TAK K€ OPraHU3yeT
€XKEroJIHble KOH(PEPEHLIMH, Ha KOTOPhIX pacCMaTPUBAIOTCSI HayUHbIE HOBILECTBA U

TPEHIBI.

1.17 KoneuHnble noTpedouTe I

[ToreHnMabHBIE TOTPEOUTENM MPOAYKTAa TMPOEKTa — MPOU3BOJIUTEIN
TpaHc(hHOPMATOPHOTO OOOPYAOBaHUS, MPOMBIIUICHHbBIE MPEANPUATHS UMEIOIINe
coOCTBEHHbIE TpaHCPopMaTOpHbIE MOJCTaHINK, MeTponosuteH, [TAO «PXK»,
ITAO «Poccetn» u reHepupyromme KOMOaHUH. {19 KaXXI0ro MmOTEHIHAIBHOTO
noTpeOuTEeNsT  MPOJYyKTa  OCHOBHOW  MOTHBAIIMEW  SIBISIETCSA  CHUDKCHHE
HKCILTYyaTallMOHHBIX 3aTPaT Ha TEKyIllee 00CTy >KMBaHUE U PEMOHT 000pyI0BaHMUS, a
TaKK€ TPOJJICHHE CpOKa CIy)KObI CHJIOBBIX TpaHCHOPMATOPOB 3a CUET
KOPPEKTUPOBKU peXHMa pabOThl M 3arpy3Kd B 3aBUCUMOCTH OT TEKYIIETO
TEXHUUYECKOTO cocTosiHuA. (CucreMa MOHHMTOPUHra OOECIEYUBACT KOHTPOJIb
COCTOSIHUS CHJIOBOTO TpaHcpopMaropa B PEKHME pPEaTbHOTO BPEMEHH W

ONpENENsIeT KPUTHUECKUE PEKUMBbI pab0oThl. CUCTEMA MOHUTOPUHTA UHHOPMUPYET
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HKCILTYaTUPYIOIIUN TIEPCOHAT 0 KPUTHYECKUX pekuMax paboThl TpaHchopmaTopa
B PEXKMME PEAIIBHOTO BPEMEHU, UTO J1a€T BO3MOKHOCTh IEPCOHATY CBOEBPEMEHHO
npeAoTBpaliaTh aBapuitHeie cutyanuu. Cucrema 00ecreuynBaeT IKCILTYaTUPYIOIIUN
NEepCOHaNl JaHHBIMU O CpPOKE CIIy>)KObl CHJIOBOTO TpaHchopmaropa B PEKHUME
pEeanpHOr0 BPEMEHM, YTO CHWKET PUCK pa3BUTHs aBapuiHbIX cutTyanuu. [lpwm
BO3HMKHOBEHUU TapaHTHMHBIX CIOPOB MEXJy 3aBOJIOM H3rOTOBUTEIEM U
AKCIUTYaTUPYIOLIEH OpraHn3alnen, 3aBo] U3TOTOBUTENb CMOKET MOJIy4YaTh MOJIHbBIN
U Pa3BepHYThIA O0O0BEM JAaHHBIX O TEXHUYECKOM COCTOSIHUUA CHJIOBOTO

TpaHchopMaTopa sl yCTAaHOBJICHUS IPUYUHBI BBIX0J1a U3 CTPOsi 000pyA0BaHUSI.

1.18 KoHKypeHTHble NpPeHMMYIIECTBA TMPOAYKINH KOHKYPEHTOB WM

npeanpusTHs

CucremMa MOHMTOPHHIA PEATTU3YETCSI HA YHUKAJIBHBIX aBTOPCKUX PACUETHBIX
METOJMKax M MPOrpaMMHBIX airoputMmax. Bce paspabaTeiBaeMble MporpamMMHbIE
ITOPUTMBl U PacueTHBIE METOIUKH MPOXOIAT ampoOanuio, BepuUKALUIO H
TECTUPOBAHUE.

Bo3MoXHOCTH amanTUpoOBaTh CHUCTEMY MOHUTOPHHTA TOA TpeOOBaHUS
KOHKPETHOTO 3aKa34yHKa.

B03MOXHOCTP aBTOHOMHOM pabOThl CUCTEMBI, T.€. 0€3 HCIOJIb30BaHUS
BHEITHUX KaHAJIOB CBSI3H, YTO TIOBHIIIAET 0€30MaCHOCTh MH(POPMAIIMOHHBIX TaHHBIX
U K1uOep0Oe30macHOCTb CUCTEMBI JJI 3aKa3UnKa.

MOHUTOPUHT TIapaMeTPOB pexuMa padOThl CHUIOBOrO TpaHcpopmaropa, a
TaK)Ke OIMpEAeNeHNE er0 TEXHHUYECKOTO COCTOSHUS Ha OCHOBAHUHA MHUHUMAJIBHOTO
Habopa BXOIHOM MH(GOPMAIINH B PEKUME PEATHHOTO BPEMEHH.

MuHuManbHbIii Habop BBOAMMONW HHGOpMALMKM AJi PpabOThl CUCTEMBI
OIpeeNsieT BHICOKYIO CKOPOCTh MOHTa)XXa U BBOJIa B KCIUTyaTallil0 CHCTEMbI Ha
TEPPUTOPHUH 3aKa3UMKa U, KaK CIEICTBUE, KOHEUHYIO CTOUMOCTb CUCTEMBI.

MOHHMTOPUHT  TIapaMETPOB  COCTOSIHMSI ~ CHJIOBOTO  TpaHchopmaropa

MPOUCXOIUT B PEXKUME PEaTbHOTO BPEMEHH C Mepefadei mHbopmauu B 0a3y
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JAaHHBIX, YTO TIO3BOJISIET BECTH HAKOIUICHHWE NAHHBIX HE TOJILKO B HOPMAaJTbHOM
pexxume paboThl, HO ¥ B aBapUUHBIX, TIPEAaBapUUHBIA U TTOCITICaBAPHITHBIX .

I{ena 6;10ka MOHHTOPHHTA M MTaKETa MPOTPAMM JIJIsi KOHEYHOTO TIOTPEOUTEIIS
OyZeT oTIMYaTcs B MEHBIIYI0 CTOPOHY OT CpEAHEH IEeHbl KOHKYPEHTOB; IIO
MpeABapUTEIbLHBIM pacyéTaM, IieHa Halllero npoaykra coctaBut 495 000 pyosieit 3a
0a30Byl0 BepCHIO. AHAJOTUYHOE IO HCIOJHEHHIO YCTPOWCTBO MOHHUTOPHHTA

«TDM-M» ot kommanuu OOO «Jumpyc» crout nopsiaka 800 000 pyOneit

1.19 [Inanupyemasi 10Ji1 pbIHKA

[Inanupyercs 3aHATH AO0MIO pblHKAa paBHYO 10% OT Bcex MpomaBaeMbIX

CUCTEM MOHUTOPHHI'A

1.20 O6ocHOBaHUE IEeHBI HA MPOAYKIIHIO

[lena Ha mpoaykiuio copMupoBaHA Ha OCHOBAHMM TOJUYHBIX 3aTpaT Ha
MIPOU3BOJICTBO CUCTEM MOHUTOPHUHTA, BKIIFOUASI ITUKJI BHITYCKA MPOAYKITUH U OTUIATy

3apabOTHOM TJIaThl COTPYAHHUKOB.

1.21 [lnan npoaBHKeHNUsI Pa3padOTAHHOI0 MPOIYKTA

[ImannpyeTcs OpraHn30BaTh IUPOKYIO PEKIAMHYIO KOMIIAHUIO Yepe3 yUacTh
B oTpacieBbix KoH(pepeHuusx no tuny «Hedreraza». Ilomumo storo, Tak xe
IUTAHUPYETCS y4acTHE B HAYYHBIX M HAYYHO-TEXHHUUYECKUX KOH(PEPEHIUSX IS

nomnyJjsapu3ainini MCTOANKH Hp@)]PIKTPIBHOfI AHAJIUTHUKU.

1.22 Opranu3amnus cobiTa

OpranuzanmoHHasi cxema NpeaupusITHs YCTPOeHa CIeyOUUM 00pa3oM:
— TMOJy4YEHHE 3aKa3a,

— COCTaBJICHHC KOMMEPUYCCKOT'O IPECAJIOKECHHU,
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— COCTaBJIEHUE TEXHUYECKOIO 3a/IaHMS;

—  COIJIaCOBaHUE TEXHUYECKOTO 3aJaHus;

— BBICTaBJICHUE CUETA;

— OIUIaTa CYeTa,

—  BBIIIOJIHEHHE TEXHUYECKOTO 33/1aHNU;

— Iepenada roToBOro IPOIyKTa 3aKa3uuKy.

XapakTepUCTUKA NPOU3BOJCTBA: UYUCTOBOE IIPOM3BOACTBO (3aKa3 BCEX
HEOOXOMMBIX KOMIIOHEHTOB JIJISl peau3allii MPOAYKTa C MOCIEAyomel cOOpKOit
Ha npeanpusTiu) [lnanupyemplii 00beM BbITyCKaeMO MpoayKuuu — 97 enuHunl
CUCTEM MOHMTOPHHTA.

BriBog o pazneny.

B nanHoM paznene Obul onmMcaH OM3HEC-TUIaH, KOTOPBIA B IMOCIIEIYIOIIEM
OyZeT UCIIOJIb30BaH ISl MPOJIBUKEHUSI IPOrPaMMHOT0 MPOAYKTa, pa3pabOoTaHHOTO
B xome Hanucanus BKP. bputa onmcana cymectByromas cuTyauus B
DHEPreTUYECKON OTPACTH, & TaKKe MEPCIEKTUBbI €€ PAa3BUTHS; BCIEICTBHUE YETO
OBLIIM BBISIBJIEHBI OTPACIEBBIE TPEHIBI.

Tak ke Ob1 TpPOU3BENEH aHAIW3 KOHKYPEHTHBIX IPEUMYLIECTB
pa3pabaThiBa€MOro MpPOAYKTa B CpPaBHEHUM C YXKE€ HMEIOLIUMUCS Ha pPbIHKE
CUCTEMaMU MOHUTOPHUHIa CUJIOBOro TpaHchopmaropa. brarogaps Hamumuuio
MPEIUKTUBHON aHAJIUTUKU B OJIOKE MOHUTOPHMHTA, OBLIO OOOCHOBAHO KIIIOUEBOE
KOHKYPEHTHOE€ TNPEHMYIIECTBO, YTO TOCIY>XHJIO OCHOBHBIM (DakKTOpOM B
(bopMHpPOBaHUU MPEUIOKEHUS ISl TOTpeOUTENeH, Ha KOTOPBIM OyJIeT OonupaThbCs
NoCJIENyON[asl pPEKJIaMHasi KOMIIAHMS, a TAaKXE KOMIIAHWS 110 IPOJABHKEHUIO
Pa3BUTHS IPOU3BOJICTBA.

B 3akmouenun Obi1a 000CHOBaHA CTOMMOCTH IPOrPaMMHOTO KOMIUIEKCA B
OCHOBaHHUE KOTOPOIl ObLIOE MOJIOKEHBI 3aTpaThl Ha MPOU3BOJICTBO U OOECIIeUeHNE
KaJIpOBOr0 TEpCOHaja B BCEMHU HEOOXOAMMBIMH pecypcamu AJii HOPMaJIbHOTO

BBICTpauBAaHHA TCXHOJOTHYICCKUX IIPOLHCCCOB.
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2 AHaJM3 MeTOAMK omnpeaejeHUs] TOBPeXKIeHUII AKTHUBHOH YacTH

CIJIOBOTO TpaHcdopmaTopa

Jlist onpeniesieHust crnoco0OB TUArHOCTUKU TPaHCPOPMATOPOB HEOOXOAUMO
Ha TEPBOM JTare MPOU3BOACTBEHHON MPAKTUKU U3YyUYUTh M KIACCU(UIIUPOBATH
MOBPEXACHNUS BO3HUKAIOIIKE B TpaHC(HOPMATOpax B MPOIECCE UX IKCILTyaTal[y Ha
MPENNPUSATUAX U B OpraHU3alusiX.

B pamkax npoxoxaeHusl MpOU3BOICTBEHHON MPAKTHUKU ObUIA PAaCCMOTPEHBI
TpaHcopMaropbl C MacisHOM wu3oasAUued OoOLero Ha3HAYeHUs, COIVIaCHO
yKa3aHHOU BO BBEIEHUU KJIACCU(UKALIMU — 3TO CUIIOBbIE TpaHchopMaTopsl. CTOUT
OTMETHUTb, YTO THUIIbI U BU/IbI TOBPEXKAECHHUI CUIIOBBIX TPAHC(POPMATOPOB C MACIISTHOM
W30JSIUEN HE 3aBUCAT OT TOTO, IZI€ OHM YCTAHOBJICHBI M KaK IPOUCXOAMT KX
JKCIUTyaTalus, T.e. caMa NO cede JKCIUTyaTalusi MOXET BbI3bIBaTh Pa3jIMYHbIE
NOBPEXJICHNUS CUJIOBBIX TpPaHC(HOPMATOPOB C MACISIHOW HW30JISUUEH, OIHAKO
YPOBEHb JKCIUTyaTAallMH ONPEIEISET HE XApaKTep BO3MOXKHBIX IOBPEXKICHHM, a
BO3MOXKHOCTh KaK MO>KHO 00JI€€ PAaHHETO BBISIBICHHUSI IPOSIBIIAIOIINXCS OTKIIOHEHUI
OT HOPMBI, TpOBeJAeHUsT TpedyeMoro ooObeMa NPOoUIAKTUYECKUX pPadoT,
KaueCTBEHHOTO peMOHTa. YeM Jydlle Ha MNPEANpUATHA WIM B OpPraHU3aluu
NOCTaBJeHa paboTa CiyK0 AKCILTyaTalluy JIEKTPOOOOPYIOBaHUS, B TOM YHUCIE U
CHJIOBBIX MACJISIHBIX TpaHC(OpPMaTOpOB, TEM MEHbIIE PUCK BO3HUKHOBEHUS U
MOSIBJICHHSI CEPbE3HBIX U CI0XKHO YCTPAaHUMBIX A€(EKTOB.

«B pabote mnpencTaBieHbl CTAaTUCTUYECKUE JaHHBIE IO MOBPEKICHUIM
CUJIOBBIX TPaHC(HOPMATOPOB C MACSTHON M30JIAIMEH KilaccoB HanpsokeHUs 35 KB u
Bbime. CoriacHO 3TOMY MpENiokeHa ClieAyromasi Kiaccuukanus MOBPEKICHUN
TpaHc(hopmMaTropoB:

— TOBPEXIAeHUST 0OMOTOK;

— TMOBPEXKIAEHUS MarHUTOIIPOBOAA;

— TMOBPEKIEHUS CUCTEMBI OXJIAXKICHMUS;

— MOBPEXKIEHUSI YCTPOWCTB PETYIMPOBAHUS HAIPSKEHUS IOJ Harpy3Kou

(PIIH);
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— TIOBPEXKJICHUS BBOJOB;

— TIOBPEXKJICHUS BBI3BAHHBIC TEUbIO MACIA;

— TOBPEXCHUS BbI3BAHHbBIC YITYCKOM Macia. [3]»

AHanu3 YacTOTHBIX XapaKTEPUCTHUK SBISETCA IIUPOKO HCIOJIb3yEMbIM
METOIOM JUArHOCTHUKY MEXaHMYECKHX M3MEHEHUN B 00MOTKe TpaHchopmaTopa. B
OCHOBHOM, OCHOBHOM ¢yHKIHer AUX sBisieTCs omnpejercHue MOBPEKICHUN Ha
aKTUBHBIE 4YacTH TpaHchopmatopa (OOMOTKH, BBIBOJOB M CepACYHHKA). Takxke
co00MIaNIoCh, YTO MeTOAOM AUYX MOXKET ONpeAesITh HEMEXaHUUEeCKUEe U3MEHEHUS,
TaKMe Kak Temreparypa MU BIQXKHOCTb H30IsUU oOMOTKH. AUX sBisieTcs
KOMIUIEKCHBIM METOJ] OIIEHKH CcOCTOsiHUA TpaHchopmaropa. Meron AUX — 310
CPaBHUTEJBHBIN TECT, 111 KOTOPOTO TPEOYIOTCS 3TaJIOHHBIE IAHHBIE /IS CPABHEHUSI.
[ToaTOMy 5IOOBIE pa3AMUMs MEXAY ABYMS HM3MEPEHHUSIMHU CBUIETEIBCTBYIOT O
HaJIMYUU HEUCTIPABHOCTH.

N3mepenne AUX mpoBOAUTCS MyTEM MOAaYH HEOOIBIIOTO CHHYCOUIATLHOTO
CUTHAJa IEPEMEHHOTO HANPSLKEHUS Ha PAa3HBIX YaCTOTAaxX. JTOT CUTHAJ IMOAAETCS Ha
OJIUH KOHEIl 0OMOTKHU TpaHchopMaTopa U U3MEPSIETCS BBIXOJHOM CUTHAJ Ha IPYTroM
KOHIIe OOMOTKH. COOTHOIIEHHWE MEXAy HW3MEPEHHBIM U HMHXXEKTUPOBAHHBIM
CUTHAJIaMH Ha3bIBaeTcs nepenatouHor ¢yHkuuei. [lepenarounas gyHkuus HeceT
uHQOpPMAIIMIO O €MKOCTH, CONPOTUBJICHUH, B3aUMHOW HWHIYKTUBHOCTH,
WHIYKTUBHOCTH OOMOTKM U cepaeuyHuka. [loaTomy wu3MeHEHHsT B OOMOTKE U
CeplIeYHNKe TpaHcopmaropa cepAeUHUKA U3MEHST €ro NepeaTOuHy0 (PyHKIIHIO.
[lepenarounass (yHKIMS TOKaKET OSTH U3MEHEHHs B aMIumuTyne U  (ase
U3MEPSEMOTO CUTHAJA.

Mexny Ttpanchopmaropom u obopynoBanuem AUX wumeercs deThIpe
U3MEpPUTEIbHBIX coequHeHus. K HUM oTHOCATCSI 0OpBIB B KOHIIE 0OMOTKH, KOPOTKOE
3aMbIKAaHUE B KOHIIE OOMOTKH, €MKOCTHOE€ MEXKOOMOTOYHOE COEIUHEHHE U
WHIYKTUBHOE MexoOMoTouHOe coenuHenue. [lpubop AUX MOXKeT MomyduTh
nepeaarouHyro GyHKIIMIO HalpsHKEHUsl 0OMOTKHU B uana3oHe yactot ot 20 I'i go 2
MI'. DTOT AMama3oH 4YacTOT 3aTeM JCJIUTCS Ha IOAJUANa30Hbl, YTOObI

MHTEPIIPETUPOBaTh pe3yapTartel AUX. OTr moaananazoHsl OTIMYAKOTCA OT OJHOTO
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TpaHcpopmaropa K apyromy. llogmmanazonst AUX 3aBuciIT 0T pasmepa
TpaHcopmaropa, €ro THUIIa U pAacloNOKeHus. B auTeparype mNpensoxkeHo
HECKOJIBKO CTATUCTUYECKUX METOMOB JJIi HHTEPIIPETALMU PE3YIBTATOB U3MEPEHUS
AUYX wusmepenus. Hampumep, xoadpdunment koppensuuu (KK) B, abGcomroTHas
cymma norapudpmudeckoit ommodku (ACJIO).

N3mepenne AUX — 3TO MOIIHBIA METOA AUATHOCTUKHU ISl OOHApy KEHHS
cMmelieHuss oOMOTKM. OHa 3aKIIIO4aeTcs B HU3MEPEHUM IEpeNaTOuHbIX (DyHKIU
00OMOTOK TpaHcopMaTopa B MIMPOKOM JHAara30He YaCTOT U CPABHEHUH PE3yJIbTaToB
3TUX U3MEPEHUN ¢ 3TATIOHHBIM HabopoM. CyIIecTByeT JiBa criocoda 1ojiauy CUrHal
HEOOXOAMMOI0 IIMPOKOro AHana3oHa 4YacToT, JIMOO MyTeM IoAayd HUMIIYJbCa B
0OMOTKY, TMOO MTPOBEICHUEM YACTOTHOM Pa3BEPTKU C TOMOUIBIO CUHYCOHIAJIbHOTO
CUTHAJIA.

OCHOBHBIM TMPEUMYIIECTBOM METOAA UMIYJIbCHOM XapaKTEPUCTUKHU TEpE.
METOJIOM Pa3BEPTKU YACTOTHI SIBISETCA 00Jiee KOPOTKOE BpeMsi U3MEPEHUS BpeMs
U3MEpPEHNs, HO HE paBHAs WJIMA IOYTH PaBHAsg TOYHOCTbh U TOYHOCTH BO BCEM
JMara3oHe n3MepeHni. TOUHOCTh U JOCTOBEPHOCTH pe3ynbTraroB bIID orpanndeHs!
BPEMEHEM BBIOOPKM U KOJMYECTBOM IOJYUYEHHBIX JaHHBIX, OJHAKO METOJ
UMITYJIbCHOM XapaKTEepPUCTHUKU HMEET IIMPOKHE BO3MOXXHOCTU IJIsl PpPa3BUTHUS
JMAarHOCTHYECKUE TEXHOIOTUHU

Ha pucynke 6 mnpencTaBieHbl CTATUCTUYECKHE JAHHBIE 110 KOJUYECTBY
MOBPEXJIEHUI 0OMOTOK CHJIOBBIX TPaHC(OPMATOPOB Ki1accoB HampsixkeHus 35 kB u
BBIIIIE.

Jannsie npeacTtabieHsl aisg nepuona ¢ 2007 nmo 2017 rox. U3 pucynka 6
BUJIHO, YTO OOIIEE YHCIO TOBPEXKICHUNU OOMOTOK CHJIOBBIX TpaHC(HOpPMATOpPOB

HarpsikeHueM 35 kB u Bble coctapiseT 248 1.
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PI/ICYHOK 6— Pacnpez[eneHI/Ie qHucia l'IOBpe}KI[eHI/Iﬁ BO3HHKAarOIMM1Xx
B 0OMOTKE TpaHC(I)OpMaTOpOB I10 KlIaCCaM HaAIIPsAKCHUA

Ha pucynke 7 mnpencraBieHbl CTaTUCTUYECKUE JaHHBIE IO KOJMYECTBY
MOBPEXKICHUH MarHUTOIPOBO/IA CUIIOBBIX TPAHC(HOPMATOPOB KIACCOB HANIPSHKCHHS
35 kB u Boiiie. Jlanubie npeacTapieHsl 11 nepuoaa ¢ 2007 mo 2017 roa. Kak BuaHo
U3 PpHUCYHKa 7 TOBPEXICHUE MArHUTONPOBOJA 3apEeTUCTPUPOBAHBI IS
TpancopmaropoB kimaccoB HampspkeHus 220 kB wu 330 xB. OOmee uucio

3apCruCTpUPOBAHHBIX l'IOBpe)K,Z[eHI/Iﬁ MAaravuToIipoBoga COCTaBJIsACT 6 1IT.
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Pucynoxk 7 — Pacnipenenenue dncia noBpekI€HUN, BO3HUKAIOIIUX
B MarHUTOIPOBO/I€ TPAaHCHOPMATOPOB MO KJIaccaM HampsHKEHUS
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Ha pucynke 8 mnpencTaBieHbl CTATUCTUYECKHE JAHHBIE IO KOJIUYECTBY
MOBPEXKJICHUN, CBSI3aHHBIX C CUCTEMOM OXJIaXKIECHUSI CHUJIOBBIX TPaHCPOPMATOpOB
KJ1accoB HanpsbkeHus 35 kB u Boime. Jlanasie npencranieHsl Aist nepuona ¢ 2007
no 2017 roa. Kak BUIHO M3 pUCYHKa 8 MOBPEXKICHUE CBA3AHHBIE C CUCTEMOU
OXJIQKJICHUS BCTPEYAIOTCS Y TpaHC(HOPMATOPOB BCEX Ki1accoB HampsikeHus. OO1ee

YHUCJIO 3aPErUCTPUPOBAHHBIX MOBPEKICHUN MarHUTONPOBOAA COCTABISAET 67 IIIT.
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Pucynok 8 — Pacnipenenenue uncia noBpekKICHUN, BO3HUKAIOIINX B CUCTEME
OXJIAXCHHUS TpaHC(HOPMATOPOB MO KJIaccaM HaNpsHKCHUS

Ha pucynke 9 mnpencraBieHbl CTaTUCTUYECKHE JIaHHBIE MO KOJUYECTBY
MOBPEXKICHUH, CBsI3aHHBIX ¢ cucTteMoil PIIH cumoBbix TpanchopMaTopoB KiaccoB
HanpspkeHus 35 kB u Boie. Jlanusie nmpeacTasiensl 15 nepuonaa ¢ 2007 mo 2017
roq. Kak BUHO U3 pUCYHKa 9 OBPEXKACHUE CBSA3AHHBIE C CUCTEMOW OXJIaXICHUS
BCTpPEYAIOTCS Yy TpaHC(OpMaTopoB BceX KiaccoB HampspkeHus. OOImee 4Ymcio

3apEruCTPUPOBAHHBIX TOBPEKICHUI MAarHUTONIPOBOIAa cocTapisieT 181 mt.
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Bcero 181
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Pucynoxk 9 — Pacnipenenenue uncia NoBpeK1eHUH, BO3HUKaMMX B cucteMe PITH
TpaHchOpPMaTOPOB MO KiIaccaM HaMPSKCHUS

Hauubie npencrasienbl aisa nepuoaa ¢ 2007 mo 2017 rox. Kak BugHOo u3
pucyHka 10 moBpexIeHre CBsI3aHHBIE C BHICOKOBOJIBTHBIMU BBOJIJAMU BCTPEUAIOTCS
y  TpaHchopMaTtopoB  BCeX  KiaccoB  HampspkeHus.  OOmiee  4ucio

3apEruCTPUPOBAHHBIX TOBPEKICHUN MArHUTONIPOBOIA COCTaBsieT 319 .
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Pucynok 10 — Pacnipenenenue yncia NoBpexXAeHUH, BOSHUKAIOIINX
B BBICOKOBOJIBTHBIX BBOJIaX TPAHC(OPMATOPOB IO KJIACCAM HAIPSIKCHUS

30



Ha pucynke 11 npeacrtaBieHbl CTaTUCTUYECKUE JAHHBIE MO KOJUYECTBY
HNOBPEXACHNUMN, CBSI3aHHBIX C T€UbIO Macja U3 0AaKOB CHUJIOBBIX TPAaHC(HOPMATOPOB
KJ1accoB HarpspkeHus 35 kB u Boiie. JlanHble npeacrasiens! i nepuoga ¢ 2007
o 2017 rox. Kak BUIHO U3 prCyHKa PUCYHOK MOBpPEXKIECHHUE CBSI3AHHBIE C TEUBIO
Macyia u3 0akoB BCTPEYAIOTCS y TpaHCHOpPMATOpOB BCEX KIIACCOB HAIPSKEHUS.

OO01Iee 9MCIIO 3apETUCTPUPOBAHHBIX TTOBPEKACHUN MarHUTOIPOBOJA COCTABIISICT

147 mr.
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Pucynok 11 — Pacnipenenenne unciia moBpeKIECHUM, CBI3aHHBIX C TEYbIO MACIIa U3
0aka CHJIOBBIX TpaHC(OPMATOPOB IO KJIacCcaM HaIPSHKCHUS

Ha pucynke 12 mnpencraBieHbl CTaTUCTHUUECKUE JAHHBIE MO KOJUYECTBY
MOBPEKICHUH, CBSI3aHHBIX C YITyCKOM Maciia u3 0akoB CHIIOBBIX TpaHC(HOpPMaTopoB
KJ1accoB HanpsbkeHus 35 kB u Brwie. J[annbie npeacrasnens! Jis nepuoaa ¢ 2007

o 2017 rox.
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Pucynok 12 — Pacnipenenenue ynciia NOBPEKICHNUN, CBI3aHHBIX
C YIIyCKOM MacJiia U3 6aKka CUJIOBBIX TPaHC(POPMATOPOB IO KJlaccaM HalpsKEHUS

Kak BHIHO W3 pHCyHKa 12 MOBpEXIECHHE CBSI3aHHBIE C YIIYCKOM Macia
BCTPEYAIOTCS Yy TpaHC(OpMAaTopoB BCeX KIAcCOB HampspkeHus. OOmiee 4uciio
3apPEruCTPUPOBAHHBIX MOBPEKICHUN MATHUTOMPOBO/IA COCTABIISIET 332 MIT.

Jiis onpenieneHust Haubosee YacTo BCTPEUAOLIUXCS TOBPEXKIEHUIN COCTaBUM
qyarpamMMmy, NpeICTaBIeHHYI0 Ha pucyHke 13. W3 nmarpammel Ha pucyHke 13
Haubosee pacIpOCTPAaHEHHBIM BHUJOM IOBPEXJEHUS SBISETCS YIYCK Macia, Ha
BTOPOM MECTE SIBJISIETCS TOBPEXKICHNE BBICOKOBOJIBTHBIX BBOJIOB.

AHaJ13 YaCTOTHBIX XapaKTEPUCTUK LIMPOKO UCTIOIB3YETCS AJIs ONPEACIICHHUS
COCTOSIHUSI OOMOTOK M CEpAeYHUKa TpaHcpopmaTopa. DTOT METOJ HCIOJIb3YET
ANEKTPUYECKUE TIepeAaToYHble (PYHKIIMH OOMOTOK TpaHChopMaTopa B IIHPOKOM
auanasoHe 4actoT. Hu3koe HamnpskeHHe ¢ CUTHAJIOM IEPEMEHHOM YacTOThI
MOJIaeTCSl Ha OJIMH BBIBOJ OOMOTKM, a CUTHAJ OTKJIHMKA M3MEPSETCS Ha JAPYyroM
BbIBOZIE. VI3MepeHHass 4acTOTHas XapaKTepUCTHKa KOHKPETHONM OOMOTKH 3aTeM
CPaBHHMBAETCSI C HMCIOIIUMHKCS STANOHHBIMU JaHHbiMU [23]. Ha wacTtoTHy!O
XapaKTEPUCTUKY KOHKPETHOTo TpaHc(hopMaTopa CHIIBHO BJIMSET COOTHOIIECHUE
CONPOTHUBJICHUN, HWHIYKTUBHOCTEH W EMKOCTEH B CTPYKType €ro OOMOTKH.

HOCKOJ’IBK}’ qacTOTHasA XapaKTCPHUCTHUKA YHHUKAJIbHA JJIsL KOHKPETHOTI'O
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TparchopmaTopa, MOKHO Pa3pabOTaTh CHTHATYPY XapaKTEPUCTUKH OTIEIHHOTO

TpaHchopmaTopa AJis MOCIETyIOUUX U3MEPEHUH.

Ynyck macna 332
Teub macna

Bsogapl 19
PMH

Cuctema oxn argeHuAa

MarHutonposog

OBMOTKM

0 30 60 90 120 150 180 210 240 270 300 330 360

Pucynok 13 — Pacnpeyieaue yucia mo BUaaM sl CUIOBBIX TPaHC(HOPMATOPOB C
MacJIsIHON U30JISIIMEN

Ha cerogusmmHuii 1eHb METO 16l MOHUTOPHHTA COCTOSIHHSI TpaHChopMaTopa ¢
nomotipio AYX ycremHo moMoraroT HH)XEHepaM OOHapy>KMBaTh aHOMAJIUU B
TpaHchopmaTopax, BKIroYas AepOopMaIfio U CMEIIeHne 0OMOTOK, 3aMbIKaHUE WIIH
O0OpBIB BUTKOB, HEHCIIPABHOE 3a3eMJICHHE, TEPEMEIICHUE CEpACYHMKA, a TaKKe
Jpyrue npo0iaemMbl BHYTPEHHEH CTPYKTYPHI U coenHeHnid. OTHaKO, yYUThIBas TOT
(akT, 4TO HA YACTOTHYIO XapaKTEPUCTUKY TAKXKE OUYCHb CHUJILHO BJIMSIIOT MHOTHE
¢dakTopbl BHYTpHU TpaHchopmaTopa, HEOOXOAUMBI AATbHEHIIINE UCCIETOBAHUS IS
M3YUYCHHS BO3MOKHBIX BIMSIONINX NapaMETPOB, TAKMX KAK: OCTATOYHBIN MarHeTU3M
CeplIeuHrKa, TeMIlepaTypa Macia U OOMOTKH, YPOBEHb BIAXHOCTH U CTPYKTypa
obmotku [17].

Yacrora nns u3mepenusi oObraHO coctaBisieT oT 20 I'm mo 2 MI'm, xoTs
HEKOTOPBIE UCCIIEA0BATENIN UCTOJIB3YIOT 4acTOThl A0 25 MI'l. Bennunna oTkinka
00bIYHO M300paxaeTcsi Ha nuarpamme boje, rie Topu3oHTaNbHAsS U BEpPTUKATbHAS

OCH IPCACTABJIAIOT BXOAHYIO HaCTOTY M BEJIIMYMHY OTKJIMKA, COOTBETCTBCHHO
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OO0mwmii auana3oH 4YacTOT M3MEPEHHUsT MOXKHO pa3/iefiuTh Ha pasziuyHbIe
YYaCTKH, Ha KOTOPBIX YaCTOTHAsI XapaKTEPUCTHKA YyBCTBUTENIbHA K JlepeKkTaM Ha
OTJICTTLHBIX KOMITOHEHTaX CTPYKTYypbl 0OMOTKH. OOBIYHO BECh NHUAIMA30H YaCTOT
JeNUTCs Ha 3 ydacTKa, a UMEHHO:

— HU3KoyacTOoTHbIM auamna3oH (g0 20 k['). B sTom nuamnasone yactotHas

XapaKTEPUCTHKA B OCHOBHOM OIPEAEIISACTCS WHIYKTUBHOCTBIO IICTIH.
— cpeanevacToTHbld AuanaszoH (ot 20 kI'u go 400 kI'w). B aTom nuamazone
4acTOT OTKJIMK OMpeessieTcss KOMOMHAIIMEe WHIYKTUBHOCTH U €MKOCTH
IIETTH, 9YTO MOXKET IMPUBECTH K BOSHUKHOBEHHUIO HECKOJIBKUX PE30HAHCOB.
— BBICOKOYACTOTHBIN auana3oH (Beime 400 kI'1). B aToM guama3zoHe 4acToT
OTKJIMK OOMOTKH ONIPENIEIISIETCS EMKOCThIO KOHTYpA.

MeTton KoHTpOIs TpaHchopMaTopa Mo PACTBOPEHHBIM B Maciie ra3aM BechMa
MOKa3aTesieH, HO C €ro MOMOIIbI0 HEBO3MOXHO JUArHOCTUPOBATh OTKIOHEHUS B
MarHuTHOM cucreme. TpaHchopMaTOpHOE MAaciIO UCIHOJIB3YEeTCsl B KayecTBe
TUDIIEKTPUKAa M HEMOCPEACTBEHHOTO OXJIAXACHHUS AKTUBHOM 4YacTH CHJIOBOTO
tpanchopmartopa [37]. B mporecce skcrutyaraiuu TpaHcdopmartopa, IpH
HApYIICHUH [ETOCTHOCTH M30JIATOPA U €T0 MEpPEerpeBe, BHIACISICTCSA ra3, KOTOPHIM
pactBopsieTcsi B Macie. Jlns OIGHKM TEXHUYECKOTO COCTOSHUS mpubopa
UCIIOJIB3yeTCsl XpoMaTorpaduyecKuii aHaliu3, C MOMOIIbI KOTOPOrO MOXKHO
BBISIBUTh WJIM TPEAINOJOXKUTh THUI HEUCHpPaBHOCTH MpuoOopa. JaHHbI crnocol
OIICHKH TEXHUYECKOTO COCTOSIHUSI CHJIOBOTO TpaHchopmatopa peryinupyercs PJI
153-34.0-46.302-00.

Ha pucynke 14 npexacraBieHo JiepeBO MOBpexAcHUM TpaHchopmaTopa, Ha

KOTOPOM HAI''IAAAHO IIOKAa3aH XapaKTCp KaxKa0ro U3 HOBpG)KI[GHHﬁ.
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Pucynox 14 — JlepeBo noBpexaeHud Tpanchopmaropa

JIaHHBIM METOAOM JHWAarHOCTUKHU TPEJCTABISIETCS BO3MOYKHBIM BBISIBUTH
ne(eKThl CBS3aHHBIE ¢ MAarHUTOMPOBOJIOM, OOMOTKAMU M KOHTaKTHOW CHUCTEMOM.
Takum o0Opa3om, B HOpMaJIbHO paboTaroleM TpaHcpopmaTope CyIIECTBYET
ONpe/eJICHHAas: KOHUEHTpAlUsl PACTBOPEHHOTO rasa, CBSI3aHHAasl C €CTECTBEHHBIM
CTapeHUEM M30JI5ITOpa, HO TPU HEHOPMAJBHBIX YCJIOBHUSX HKCIUTyaTalllH
KOJIMYECTBO PACTBOPEHHOIO ra3a yBEJINYMBaETCS.

Meton  xpomaTtorpaduueckoro aHajaM3a OCHOBaH Ha  CpaBHEHUU
COOTHONIEHUN PacTBOPEHHBIX ra3oB B Macie. XAPI' ocHOBbIBaeTCs Ha Tpex u3
HanOoJiee PACTIPOCTPAHEHHBIX MPUHIIUIIOB pabOThl — 3TO MeTonbl JlopHeHOypra,
Pomxepca, kimroueBoro rasa, MOHOrpaMMm M TpeyroibHuke JlroBans. Kak npasuio
BBIJICIISIFOT 5 OCHOBHBIX Ta30B IO KOTOPBIM OIICHUBAETCS (PaKTUUECKOE TEXHUIECKOE
COCTOSIHUSI cuJIoBOroO Tpancdopmaropa: C,H,, CH,, C,Hg, C,H,, C,H, .

Ha pucynke 15 mnpencranen tpanchopmatop TJIH-16000/100Y u ero

TpaHc(opMaTOPHBIC XapaKTEPUCTUKHU
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Pucynox 15 — Cumnoroii tpanchopmarop T/IH-16000/100V'1

B Ta6J'II/II_IC 2 IMPHUBCACHBI HCUCIIPABHOCTHU B COOTBETCTBHUU C BBLIACIIACMBIMU
ra3aMHu.

Tabmuma 2 — [lepBUuHBIC Ta3bl BRIICSIONIAE B IPOIIECCE IKCIUTyaTaIllud CHIIOBOTO
TpaHcdopmaropa

BripabaTeiBaeMslii ra3 B mporecce

HeucnpaBnocTs JKCILTyaTaluu TpanchopmMaTopa
CO H, H,0
Jerpananus 0yMaxHOU U30JISIHH na HET +
Pasnoxxenne macia - * 2777
VTeuka macna - - +

TemmiepatypHoe pa3pylieHHE IeJUTIOI03bI
[leperpeB MeTanio-cepaeyHUKa

Jlokanwsubie neperpessl (0T 150°C go 300°C) -

Jlokanwsubie neperpessl (0T 300°C go 700°C) -

JlokanbHble neperpessl (cbiiie 300°C) -

yp -

Hckpenue - -

A Y "

B Tabnuiie 3 npeacraBieHb METOIMKY aHATTN3a PACTBOPEHHBIX T'a30B B MacJe
CWJIOBBIX TpaHCHOPMATOPOB C ONUCAaHUEM JIe(PEKTOB U  TMOBPEKIACHUI
KOHCTPYKIIMOHHBIX YacTel TpaHchopmaTopa B 3aBUCUMOCTH OT COCTaBa U YPOBHS

PaCTBOPEHHBIX T'a30B.
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Tabnuna 3 — MeToauku aHaau3a ra3a u TUIbI 1e(eKTOB

700 °C, neperpessl cBbiiie 700
°C

HaszBanue Onucanue Meroaa Tunsl nedexTon Brinensemblie
MeToaa rassl
Kunrouesoii ra3 aHanu3 YaCTUYHBIE Pa3psIbl, CO, H,,
KOHLEHTpaluu HCKpEHME, IEPErpeB Maca, C,H,, C,H,
OTJICIbHBIX ra30B IIEPETPEB LIEIUIFOJIO3bI
CooTHOIIEHUS | aHAJTU3 COOTHOLLIECHUS TEPMUYECKOE PA3IOKEHHUE, H,, C,H,,
Hopenbepra YeThIpex mnap YaCTUYHBIC PA3PsAbl, UCKPEHUE C,H,, CHy,
YIJIEBOAOPOIHBIX C,Hg
ra3oB
CooTHOIIEHUS | aHAJTU3 COOTHOILLIEHUS HOPMAaJIbHOE CTapeHHUe, H,, C,H,,
Pomxepca Tpex nap YaCTUYHBIE Pa3psbl, C,H,, CHy,
YTJIEBOIOPOAHBIX ucKpeHue, neperpessl 10 300 C,Hg
ra3oB °C, nmeperpessl ot 300 °C no

Coornowmenus |IEC

aHaJIN3 COOTHOIICHUA

Tpex map
YTIEBOAOPOAHBIX Ta30B

HU3KOIHEPTETHYCCKHIA Pa3psi,
BBICOKOIHEPIeTUICCKUN pa3psi,
YaCTUYHBIC pa3pAaabl, UICKPEHUE,

neperpessl 10 300 °C, meperpeBsl OT
300 °C o 700 °C,

HZl C2H2, C2H4,
CH,, C,H,

YBEIMYECHHUIO SHEPTHH
WJIN TEMIIEPaTyPhI
pasiioxKeHus Macia

BBICOKORHEPTeTHYECKHH pas3psia,
YaCTHYHBIE pa3ps/bl, HCKPEHHE,
neperpessl 10 300 °C, neperpessl OT
300 °C o 700 °C

TpeyronbHuK aHaJM3HUpYyeTCs TPU raza HU3KOPHEPreTUYECKUil paspsiz, H,, C,H,, C,H,
JroBans COOTBETCTBYIOIIHE BBICOKOHEPIeTHYECKUH pa3psia,
YBEJIMYEHHUIO SHEPTHH YaCTUYHBIE Pa3psAbl, HCKPEHUE,
W TEMIIEPaTy Pl neperpessl 10 300 °C, neperpessl oT
pa3NoKeHUs Macla 300 °C mo 700 °C,
IIaTuyronsHuk AQHAIU3UPYIOTCS MISTh HOpMAaJbHOE CTapeHue, H,, C,H,, C,H,,
HroBast ra3oB COOTBETCTBYIOLME HU3KO3HEPreTU4eCKUi paspsij, CH,, C,Hq

BriBoa no pazaeny.

B nanHoM paznene OblI1 IPOBEIEH CPABHUTEIBHBIN aHAIN3 YK€ UMEIOIINXCS

METOJMK MOHUTOPHHIA COCTOSIHUSI CHJIOBBIX TpaHC(OPMATOpPOB B XOJ€ aHaln3a

Tak)ke OBIIM BBISBJIEHBI npeuMymecCcTBa M HCEAOCTATKU KaXXIOro M3 MCTOAOB

OMnpecacICHO X MCCTO U paCHpPOCTPAaHCHHOCTL. BCETO 6.1'[&1“0)13[)5[ OTOMY aHaJINU3y

Oblma coOpana Bcs HeoOxomumas uHopMaius s pa3paboTKu COOCTBEHHOM

METOJMKH OIIEHKHM TEXHUYECKOTr0 COCTOsSIHUSI TpaHchopMmaropa pa3paboTKOH

MpOorpaMMHOI0 IMpPOAYKTA. TAKKC JOIIOJIHUTCIBbHO OBLIN pPaCcCMOTPCHBI HCKOTOPLIC

U3 TIOBPEKJECHUN CUJIOBBIX TpaHC(HOPMATOPOB TaK WM WHAYE BIUSIOMIUX HA €T0

paboTOCTIOCOOHOCTD.
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[IpoBeaeHHBIN aHAIM3 MOKa3all, YTO HaMOOJEe PaclpOCTPAHEHHBIM THUIIOM
MOBPEXJICHUS CUJIOBOTO TpaHchopMaTopa ¢ MacIsTHOM U30JIALMEH SIBISETCS YIIyCK
Macia u3 0Oaka CwiIoOBOro TpaHcopmaTopa BO3HUKAIOIIMKA BCICACTBHE HE
TePMETUYHOCTH MOCJHEeAHEr0o. BTOphIM 1O pacnpoCTpaHEHHOCTH  SIBISIETCS
TTOBPEXKICHUE BRICOKOBOJIBTHBIX BBOJIOB CHJIOBOTO TpaHC(opMaTopa.

Tax »xe OblT TpoW3BeAEH 0030p pPEATbHON CTATUCTHUKUA TOBPEKICHHM
TpaHchOPMATOPOB UCXOsI U3 UX KJlacca HamNpsbKeHUs!, yTo JaéT Oosee JeTaibHOoe
NpPEJCTaBICHUE O CUTyallud C COCTOSIHUEM CHJIOBOTO TpPaHC(HOPMAaTOPHOTO
oOopynoBanusi. [laHHas cTaTHCTHKA Tak ke OyleT YYUTHIBAThCSA KaK B MpOIEcce
CO37aHusl TPOrpaMMbl MOHUTOPWMHIA CHJIOBBIX TpaHC(OpPMATOpPOB, TaKk U B
MOCJICTYIONTUX KOMITAHUSX TIO0 TIPOJABMIKEHHUIO W Pa3BUTHIO Ppa3pabOTaHHOTO

MPOAYKTA.
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3 Pa3padoTka MeTOAUKH OLEHKH TEXHHYECKOT0 COCTOSIHUSI AaKTHBHOM

YacTU CWIOBOI0 TpaHncopMaTopa ¢ NpOorpaMMHON peaju3anuen

CneunanbHO MJig pa3pabOTKM METOAMKU OIICHKH COCTOSIHUSI CHJIOBOTO
TpaHcpopmaTopa ¢ (QYHKIHEH NPEAUKTUBHON aHATUTHUKKA OBLT pa3paboTaH
CTHEIMATU3UPOBAHHBIN CTEH/I B €r0 OCHOBY OB MOJOXEH YaCTOTHBIA TeHepaTop ,
ocumiorpad ogHodaszHbelil  TpaHchOpMaTOp, NEPBOHAYATBHO HCIOJIB30BAICS
aHAJIOTOBBINA ocmuiorpad, HO 3aTeM OH ObUT M3MEHEH Ha IUGPOBOM ¢ TOpa3Io
Ooree JydlIMM aHAJIOroBOW LU(POBBIM MpeoOpa3oBaTeneM, KOTOPHIH MO3BOJIUII
pacIIMPUTh BO3MOYKHOCTH CTEH/1a IO CHATUIO YACTOTHBIX XapaKTEPUCTHUK, a TaK JKe
110 aBTOMaTH3aIu 00pabOTKH MOTydYeHHOTO curHana [1].

Taxke CTOUT OTMETUTH TO, YTO IEPBOHAYAIBHBIM TpaHCPOpMaTOp,
MIOJIO’KEHHBI B OCHOBY MOJICIIMPOBAHMS 3aTe€M, ObLT M3MEHEH Ha CEPUI0 APYTHUX
TpaHcPOpMaATOPOB, KOTOpHIE OBUIM HWCHOJIB30BAaHBI IS JIYYIIEr0 MOHUMAaHUS
METOJMKU CHATHUS YaCTOTHBIX XapaKTepUCTHUK. [lepBUYHBIN aHAIN3 TEXHUYECKOTO
COCTOSIHHMSI OOMOTOK M MarHUTOMPOBOJIOB BHICOKOTO M HU3KOTO HANPSDKEHUS ObLT
npoBeneH B coorBerctBuu ¢ ['OCT 59239-2020 (IEC60076-18:2012)
«TparcopmaTopsl CHJIOBBIE W PEAKTOPBHL. MeEToa HU3MEpEeHUs YaCTOTHBIX
XapaKTEPUCTHK.

Jlisg omnpezneneHuss SJIEKTPUUYECKUX MapaMeTpoB B (DU3MUECKHUX IETsiX
TpaHcPOPMATOPOB HCHOIB3YETCSI OPYrod BHA YAaCTOTHBIX XapaKTEPUCTHK —
UMIIEIAHCHI TOUYKH BO30YK/I€HUSA. DTH YaCTOTHBIE XapaKTEPUCTUKHU OTIMYAIOTCS OT
T€X, KOTOPBIC MpEIaraloTcsi MEXKIYHAPOIHBIMU cTaHaapTaMu (KodhdHUImeHTs!
HamnpsDKEHUs), ©  TOXTOMY  HA3bIBAIOTCS  HECTaHAAPTHHIMH  YaCTOTHBIMHU
XapakTepucTukaMu. Bceero cymiectByer yeThipe KOH(UTYypalMd HECTaHJapTHBIX
U3MEpPEHHI, a UMEHHO: UMIIEAaHC TOYKHU Pa3MBIKaHUs, KOPOTKOTO 3aMbIKaHUS,
WHIYKTUBHBIA ¥ EMKOCTHOM UMIIEIAHCHI [7].

[lepen mpoBeneHUEM OHKCIEPUMEHTa OBLIM HM3YyYEHbl COOTBETCTBYIOILIWE
Hay4yHble paboThl [4,6] BcieacTBHE Yero ObLT ONpenei€H IMepeueHb METOIUK

HGO6XOI{I/IMBIX JJIA Oojiee TOYHOIO CHSTHS YaCTOTHBIX XapaKTCPUCTUKU U
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HOCJIEAYIOIIEr0  MOJAEIMPOBAHUS  HMCCIEAYEeMOro  TpaHc(hopMaTopoB  cpeje
«Simulink» mporpammer «Matlaby, ams 3TOro BHOCHEACTBHHM Obla MPOBEICHA
Cepusi U3 IATH SKCIIEPHMEHTOB IEPBBIC JBa W3 KOTOPBIX OBLIM MPOBEACHBI C
MIOMOIIIBI0 HCIOJb30BAHUS CHHYCOMJIAJIBHOTO CHTHANA, BIOCICJICTBHH YIa4yHO
3aMEHEHHOTO Ha MPSAMOYTOJIBHBIA. B XOJ€ CEPHHM U3 ITHX JKCIIEPUMEHTOB Oblia
orpaboTaHa  METOAMKA  IEPBHYHOTO  CHATHS  aMILIMTYJIHO-Y4aCTOTHBIX
XapaKTEPUCTUKH a Takke TNpoOJeMbl TOJ00HBIE METOJAWKH B  paMKax

9KCIICPUMCHTAJILHOI'O aHAJIN3aA.. HcnblTaTeabHbIN CTCHA IMPCACTABJICH Ha PUCYHKC

16.

Pucynok 16 — McnibrTaTenbHbIN CTEH, UCIIOIb3YEMBINM B DKCIIEPUMEHTE
U TaKKe JUIsl CHATHUS XapaKTePUCTHUK TpaHchopMaTopa

[Ipr MHIYKTUBHOM 3a3€MJIEHUU IEPEXOJHOE HANPSHKEHWE B HEUTPAIbHOM
TOYKE TpaHchopMaTopa MOXKET MPUHUMATh 3HaYeHus, Onuzkue kK 1,9 pasza
MPEBBIIAIOIINE HANPSHKEHUE MUTaHuA. Ero JOMUHUpYROHas 4acToTa COCTaBJISET
okoJo 80 k', UMnenanc Ha yacToTe nepBoro napauiebHoro pesonanca (37 k')
coctaBisieT npumepHo 68 kKOM. DTO MOYTH BABOE OOJBINE COOTBETCTBYIOIINUX
3HaYECHUN Ha JAPYrux mapauieiabHbIX pe3oHancax [8]. Tlpu wu30aMpoBaHHOMN
HEUTpaJId TEPEXOJHOE HANpsDKEHWE MPUHUMAET 3HAaY€HWe, IIOYTH BJIBOE
IpeBbIIIAIOIICe HANPSKEHHE MUTaHus, Ha Oonbliei yactu oOMoTku. Hanpshxenue

HAa HEUTpaau [OCTUTraeT 3HAuYeHUW, OJM3KUX K JBYKpPAaTHOMY 3HAUYE€HHIO
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HanpspkeHus uctounuka [9]. Ero qoMmuHupyromas yacrora coctaBisieT 0kojo 330
k['n. Tok ucToYHMKA Tak)ke KoIeOJIeTCsa Ha DTOM 4acToTeE.
OcuwinorpaMmbl, MOJYYEHHbIE BXOJE UCIHBITAHUM MPEACTABICHBI Ha

pucyHkax 17 u 18.

PI/IC}’HOK 17 — 3aIIIYMJ'IeHI/Ie ocuJLIorpaMmbl BCJICACTBUC UCIIOJIb30BAHUA
aHaJIOT'OBOI'O ocummorpa(ba

Pucynok 18 — Tak e ocunyorpamma Ha yactore 3 MI'1, mpuCyTCTBYIOT
MMOCTOPOHHUE IIIYMBI

3a mocieaHue AECATUIETHS ObUIO M3yYeHO MHOKECTBO MOJIENEH CHIIOBBIX
TpaHCHOPMATOPOB IJI PA3TMUHBIX TPUMEHEHH . BONBIIMHCTBO U3 3TUX MOJIEIIEH,

YacTO B MOHM)XEHHOM MOJ0Ce 4acToT, OCHOBAaHblI Ha IPCACTABICHUH
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TpaHcopmaropa B BUAE HaOOpa pPE3UCTUBHBIX, MHAYKTUBHBIX M €MKOCTHBIX
AJIEMEHTOB, KOTOpPbIE MOTYT YUYHUTBIBATh (PU3NYECKOE IIOBEJICHUE CUIIOBOTO
TpaHc(hopMaTOpa; HEKOTOpbIE JPyrHe IMpPEeICTaBiIAI0T COOOH HIMPOKOIOJOCHBIE
MOJIEJIN, CO3/JAHHBIE IO IPUHIUITY YEPHOTO AmuKa. O4eBUIHO, YTO AJIs Oy YEHUS
XOpOIIEH MOJIENTM MOXHO TaK)K€ MPUMEHHUTh METOJI KOHEYHbIX 3y1eMeHTOB (MKD),
HO B 3TOM cllyyae HE0O0XOJMMO 3HaTh TOYHYIO KOHCTPYKIUIO TpaHchopMmaTopa. B
CIIEAYIOIINX PA3IENIaX MBI IIPEACTABUM IIPEIIOKECHHYIO SKBUBAICHTHYIO MOJIEIb U
JIB€ METOJIMKHU, MCIIOJIb3yeMble JUIsl ONpeAeieHHUs MapaMeTpoB TpaHcpopmaropa.
OcumuiorpaMma  OpsIMOYTOJIBHOTO CHTHaNIA, IMOJAHHOTO HAa HHU3KOBOJIBTHYIO

00OMOTKY TIpe/icTaBjieHa Ha pucyHke 19.

Pucynox 19 — IIpsimoyrosibHOM CUTHAJ, IOJIaHHBIN Ha TpaHchopMaTop IpH
gactote 1 MI'g

[Tomumo  sTOrOo, OBUTM TaKk K€ MCIOJB30BAaHBI  JTAaOOpaTOpHBIE
Tparcopmatopsl 220/36 BoabT, KOTOphIE B IEPBYIO OUEPElb UCTIOIB30BAIHCH IS
JY4YLIEro MOHMMAaHUS M COBEPIICHCTBOBAHUS TEXHOJIOTHMU TMOJYYEHHsI JAaHHBIX
HEINOCPENCTBEHHO ¢ paboTaroniero o0opyaoBaHusa. Tak ke CTOUT OTMETHTbh, YTO
OHM HAXOJUJIUCh B Pa3HOM CTENEHHU U3HOCA, YTO B TOM UHUCIIE OCTYKUIO (PAKTOPOM

nepexoa OT CHHYCOUJIaJIbHOTO CUTHAJIA K MPSMOYTOJIbHOMY.
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Ha pucynkax 20 u 21 mnpencraBieHsl JaBa TpaHcpopmaTopa, KOTOPHIE

HCIIOJB30BAJIMCh JJIA ICPBUYHOTO TCCTUPOBAHUA CHATHA XapaKTCPUCTHUK.

Pucynok 21 — TpancopmaTop CHIBHOTO U3HOCA
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Ha pucynke 22 npeacraBieHa pawXKUpOBaHHash Trpynna H3  TPEX

TpaHc(hOPMaTOPOB, UCTIOIB30BAHHBIX MPU JATbHEHIIINX OMbITAX.

Pucynoxk 22 — PanxupoBaHHas rpymnma TpaHchopmMaTopoB

Ha pucynke 23 mnpencraBieH OOHIMII BUJ HCIBITATEIBHOTO CTEHJA, Ha
KOTOPOM U MPOMCXO0/ujIa KaInOpoBKa 000pyAOBaHUS TaKXKe Ha HEM Ipe/ICcTaBleH
NepBOHAYANIbHBIN ocumiuiorpad), KOTOPHI HCIIOJIB30BAJICA B JKCIEPUMEHTAX OT

KOTOPOTO OBLIO PEIICHO OTKA3aThCsl B MOJIB3Y HU(POBOTO.

Pucynok 23 — O0uuit BU cTeH1a IS anpoOaIui METOIUKHN CHSATUS TAaHHBIX
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Ha pucynke 24 moka3aHo TakXe IMOJIKII0OUECHHAs 000py/I0BaHUE B TOM YHCIIC
nudpoBoro ocruwiorpad W reHEpaTOp CHUTHAIOB, KOTOpPHIE TakXke ObLI

WCITOJIB30BAH JJIA arpoOanuu pa3padaTsiBaeMO METOANKN

e/

TEHEPATOP CHIHANOB HU3KOYACTOTHBIA M3-12

Pucynox 24 — Ionkimrou€HHOE K CTEHTy 000pYAOBaHUS JJIs CHATUS
XapaKTEPUCTHK

Ha PUCYHKC 25 Taxxke I/I306pa)KGHO CXCMATHNYHOC IIOAKIIIOYCHUC

MMEIOIIET0Cs] 000pyAOBaHMSs, MOJIEIUPYIOLIETO pealbHbId TpaHchOopMaTop.

HF generator

HV winding (Y with a GND) LV winding (D)

Pucynok 25 — CxemaruuHoe n300paxxeHue MOAKII0UEeHNs 000pyA0BaHUS
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OmnpeneneHne KaXIOTO IapaMeTpa JKBUBAJICHTHOW CXEMbl MOJACIH
TpaHcopmaTopa OCyIIECTBISETCS HA OCHOBE U3MEPEHHUM UMIIEJaHCa B YACTOTHOM
o0nacTd C TIOMOINBIO aHajgu3aTopa HMIENaHCa B Pa3IUYHBIX TECTOBBIX
KoHpurypauusx. HamarHnumBaronmii MMIIEJaHC OLIEHMBAETCS IO HMIIEIAHCY,
U3MEPEHHOMY Ha NEPBUYHOW OOMOTKE HPH Pa30OMKHYTOH BTOPUYHONW OOMOTKE.
HMrienanc yTeuku U3MepseTcsl MPU KOPOTKOM 3aMbIKAHWHW BTOPUYHON OOMOTKH.
PaznuuHble €MKOCTH MOTYT OBITh OIpENEIeHbl MyTEM pa3jIMYHbIX U3MEPEHUM B
pa3IMUYHBIX KOH(QUTYpaIUsaX, a UMIIEAAaHC JTOTMOJHEHHON MOJETH ONpEAeIseTcs C
NOMOUIBIO MPOrPaMMHOI0 00ecredYeHus il MOJTOHKH, KOTOPOE TpeOyeT TOUHBIX
U3MEPEHUI Ha BBICOKOM YacToTe [2].

JUIs  BBIYMCIEHUSI OCTaTOYHOIO pecypca CHIJIOBOTO TpaHcpopMaropa
HEOOXOJMMO MPOU3BECTU IMEPBOHAYAIBHON pacuéT ero MHAYKUUHU; C MOMOIIbBIO
U3MEPUTENBHBIX ~ Npeo0pa3oBaTelel  HANpsSHKEHUsT  MPOU3BOJIUTCA  3aMep

HanpspkeHus: Uj, KOTOpPBIN 3aTEM ITPUBOJUTCA KO BTOPUYHOMY HAIPSKEHUIO:

U
U =—

=% )

rae K — 3agannsiii koadpuimeHT Tpanchopmaiuu, IpUHUMAEMBINA B

CHJIOBBIX TpaHC(HOpMATOpax 3a KOHCTAHTY.

JlaHHO€ IPUBENEHHBIE HANPSKEHUE UCIIOIB3YETCA I ONPEICIICHUS

pasHocTu Hanpspkenuit AU

I __ !
AU —_— U 1 - UZ ) (2)
rac Uz — 3HAUYCHHUC BTOPHUYHOI'O HAIPAKCHUA, U3MCPCHHOI'O IICPBUYHBLIM

HN3MCPHUTCIIbHBIM O60py,Z[OBaHI/IeM.

I[anee, MMPOUCXOJUT BBIYUCIICHUC CPCAHCTO HAIIPAKCHUS, HA OCHOBAHHUH YIKC

MMOYYCHHBIX JJTaHHBIX U ITPOU3BOJIBHO 3aIdHHBIX I'PAHWUYHBIX 3HAYCHUM BPCMCHHM.
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ucp — uj (tZ) -; uj (tl) ) (3)

rjae tq v t, — 3aJaHHbIC I'paHUIbl HHTEpPBaJa BPEMCHH.

Tak xe CiaIcayCeT, Ha OCHOBAHHH 3aAdHHBIX TI'PAaHUYHBIX HWHTCPBAJIOB,

BBIYHUCJICHUC BPECMCHHOTI'O ITPHUPAIICHMA.

dt tz - tl

(4)

rac lj — 3HA4YCHUC TOKa BO BTOpPI‘IHOfI O6MOTK€, HU3MCPCHHOT'O IICPBUYHBIM

U3MEPUTEIBHBIM 000PYy10BaHUEM.

3aT€M, Ha OCHOBC IIPOHIJIBIX BBIqHCHeHHﬁ, IIPOUCXOIUT BbIYHNCICHUA
SHA4YCHUSA MHAYKTHUBHOCTU B I[aHHBIﬁ MOMCHT, TO €CThb MI'HOBCHHOI'O, HA OCHOBaHHH

3a/JaHHBIX BBIIIC I'PAHUYHBIX YCJ'IOBI/Iﬁ BPCMCHH.

)
Ljwse = 7,7 (5)
dt

Jlaniee, Ha OCHOBE BBIYUCJIIEHHOWM MTHOBEHHOW MHIYKTUBHOCTH, TPOUCXOIUT

INPUBUACHUC JAHHOI'O IMapaMeTpa K W3BECTHOM YacTOTE.

L: = L. f“ﬂ
'] 'JU3M f;_IOM,

7€ f,,on — HOMHHAJILHOE 3HAYCHUE YaCTOTHI B IUTAIOIICH CETH;

(6)

fusm — UBMEPEHHOE 3HaYEHHE YaCTOTHI B CETH.

CHGILYIOH_II/IM araromM ABIIACTCA BBIYHCJIICHHUC CPCOHCTO 3HAa4YCHMUA

HHIYKTUBHOCTH Ha Ka)I(I[BII;'I IICPHUO/.
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Lrep = NJ , (7)
i=1

rae N — 4ucio MHTepBajIoB pa30MeHHIA.

B 3akmtouenun pacuéra MHAYKTUBHOCTH MTPOUCXOAUT Pacu€T e€ U3MEHEHUe
3a YKa3aHHBIN NEpUOJI, KOTOPOE MO3BOJIUT OTCICIUTh TUHAMUKY €€ U3MEHEHUS B
yKa3aHHBIM TpaHUYHBIA HWHTEpPBaJl BPEMEHH, HAa OCHOBAaHMU 4Yero OyJer

MIPOUCXOANTH OIIEHKA (PU3UUYECKOTO U3HOCA 000PYAOBaHUS.

_ (Ltep — Loj) - 100%

AL )
Ly;

(8)

rae Lrcp — cpeanee 3HaUYCHUE HHIYKTHBHOCTH 32 TIEPHOT,

LOj — 3HAYCHHC YCTAaBKH, BBIYHUCIICMOC B XO/JI€ SKCIICPUMCHTA.

IloMMMO HMHIYKTMBHOCTH, Ui pacu€ra OCTaTOYHOIO pecypca, Tak ke
HEOOXOJMMO BBIYUCIUTh EMKOCTh aKTUBHOW uacTu TpaHchopmatopa. IlepBbim

IaromM K 3ToMy CTaHCT pacqéT MargmMTHOI'O ITIOTOKaA.

W2

® 9)
R
rae W — 4mucio BUTKOB;
R,,, — MarHuTHOE COMPOTUBJICHUE MAaTHUTOIIPOBOA.
Hanee npousBoautcs pacué€r nectyromiend I/C.
E=444WfO, (10)

rjae f — nelCTBYIOMas YacToTa TOKa.
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Ha ocHoBe JaHHBIX IIapaMCTpOB, IMIPOU3BOJUTCA CaM pacqéT €MKOCTHU

aKTUBHOW 4acTH TpaHcopMaropa:

he 1
EEYD
=N 11
¢ m?2 EAk (11)
k=1

T P — CPEIHUM NIEPUMETP BUTKA,;
h — BrIcOTa (ITTMHHA) CITOS;
M — KOJI-BO CJIOEB OJTHOW OOMOTKH;

Ak — TomHa MEXCII0€BOI U3OJIALIAM.

Crour ynoMmsHyTh, 4YTO BiMsHME HEPaBHOMEPHOCTH €MKOCTH Ha
PE30HAHCHBIE YAaCTOTHI PA3JIMYHBIX OOMOTOK OLICHUBAETCS AJIA Pa3HbIX BAPUAHTOB
MOAKIIIOUECHUS HEUTPaIH.

Ha ocHOBaHMM BBIYMCIEHHBIX EMKOCTM M HWHIYKTUBHOCTH IPOHUCXOIUT
pacy€r 4acToThl, B IIOCIEAYIOIIEM HCIOIB3YEMOU Ui pacyéra OCTATOYHOIO

pecypca TpaHcdopmaropa.
F=—— (12)

BriBog o pazneny.

B nannoM pasnerne Obliia mpoBeeHa pa3padoTKa MaTeMaTHYECKOTO arlapara
pa3padaTbiBa€MOIl CHCTEMbl MOHUTOPUHTA, KOTOPBIN B MOCIIEIYIONICH TJIaBe OyIeT
MEPEBEJEH B BUJ IPOTPAMMHOIO QITOPUTMA IS TOCJIEAYOLIEr0 TECTUPOBAHUS U

pcain3aluu B Ka4CCTBC IMPOTrpaMMHOTIO ITPOJAYKTaA.
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4 Co3naHHe NPOrPaMMHOIO MPOAYKTA TMPEIUKTHBHOIO aHAJIN3A
AKTHBHOI 4YacTH CHJIOBOr0 TpaHcdopmaTopa B pekuMe peajbHOro

BPEMECHHU

Jliist moctpoenust uneanbHot AUX cuioBoro Tpancopmaropa HEBO3ZMOKHO
WCITOJIB30BaTh CYIICCTBYIOIINE CTaHAapTHBIE T-00pa3Hpie miu [-00pa3HbIe cCXeMbl
3aMeIICHHS, T KaK OHH HE YYHTBHIBAIOT MHOXKECTBO (akTtopoB [25,28]. B nanHOM
Clydae BBICOKYIO POJIb HUTPAIOT EMKOCTHBIE COCTaBIIIONINE W WHIYKTHUBHBIC
COCTABJISIIONIME HA BBICOKOW YAaCTOTE U OIpPEACICHHE YacTOThl pPe30HaHca

KoJiebaTeIbpHOI0 KOHTYpa — uccieayemoro tpancopmaropa (PucyHok 26).

T‘ . R l I l -
e 1151051 il
E::citariag—p[. J~ il . l Rcfl?ri:laste
voltage T 3 :T Ig T =

r

e __—l_R]:C':]]i'l

Pucynok 26 — Cxema 3ametiienus parMmeHTa 0OMOTKH CHIJIOBOTO TpaHChopmaTopa

[udposas Mmoaens 1ByXxoOMOTOYHOTO TpaHChOpMaTopa Mopa3yMeBaET MO/
co0oli pazpaboTKy MPOrpaMMHOM 000JIOUKY C MATEMaTUYECKUM OITMCAHUEM CUCTEM
YIPaBJICHHS, OMHUCHIBAIOIINX TIPOLIECCHI, MpOoTeKarolme B TpaHchopMaTope u
OKa3bIBAIOIIME BIHSHUE Ha PabOTOCIOCOOHOCTh TpaHchopMaTopa COIIACHO
ONPEAECICHHOMY TMpU PEIICHUM TNEPBOM 3aJayd TEPEYHIO TOBPEKICHUM.
[Tnanupyercs, uro mudpoBast MojeNb TpaHchopmaropa OyaeT IPeICTaBIATh COO0H
MHOTOITOJTFOCHUK. BXOHBIC MapamMeTpbl MHOTOITOIFOCHUKA (POPMUPYIOT 3HAUCHUS
apamMeTPOB, XapaKTEPU3YIOIMUX PEXKUM (PYHKIIMOHHUPOBAHHUS JTBYXOOMOTOYHOTO
TpaHchopMaTopa, a TAaKKe MapamMeTpbl UMUTUPYIOIINE BO3ACUCTBUS. BhixomHbie
mapamMeTppl — 3TO  IapaMeTphl, XapaKTepHU3YIOIIHEe PESKAM  pabOTHI
JTBYXOOMOTOYHOTO TpaHc(hopMmaTopa, a TaKXKe MMapaMeTphbl, 3HAYEHUS KOTOPBIX

HEOOXOMUMBI st (POPMUPOBAHUS TEKYIIEH OIEHKH M TMPOTHO3a TEXHUYECKOTO
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cocrosinud. [{udpoBas Mmoaens HeobxoarMa JUisl ONTUMU3ALMU pa3pabaThiBaeMbIX
METOJMK U JUIsl CHUYKEHUS TpeOOBaHUM K BEIYUCIUTEIBHBIM pecypcaM cuctemMbl. Ha
pUCYHKE 27 NPEACTaBICHO CXEMaTHYHOE U300pakeHUe padOThI TPOrpamMMBl, Aaliee,
HAa pHUCYHKe 28 TIpuUBEeleHAa CXemMa MOJeIupoBaHus TpaHchopmaTopa,

HCIIOJIB3YyCMOI'0O B UCIIBITAHUAX.

JlaHHbIe 114 CPaBHEHHA

fa HH _| BJIAAPP
i HH _|

ic HH _)]

jmPmiey

3aHeceHHe
JaHHBIX

s
777

Merox _ TRIP
Tlponn |77 Jloruka cpabaThIBaHHA |—

~

DuIpTp
| (‘D 11/ T /
Kamvana

J

Pucynox 27 — IlepBslii 3Tan paboThl IPOrpaMMBI

Pucynok 28 — Cxema mMozienupoBaHusi TpaHchopmaTopa

Kak yxe Obulo cka3zaHO paHee, Ha TEKYIIMA MOMEHT BPEMEHU HMeEeTCs
npo0semMa B TUTaHe OTCYTCTBHUSI TOYHBIX METOJIOB OLIEHKH TEXHUYECKOTO COCTOSTHUS
Tpancopmaropa. Mcmosib3ysi MOMyYeHHBIE TIPU MPOBEICHUM DSKCIEPUMEHTA
JaHHBIE U GOPMYJIBI pacuéTa HHAYKTUBHOCTH TpaHchopMaTopa, co3aaéM alirOpUTM
paboThI MPOTPAMMHOTO 0OECTICUEHUS.

Jlns ompenenenus: Tekyimero coctosiuus oomorok JICT mpenBaputenbHO
MIPOU3BOJISITCS 3aMEPhI /UM PacueThl MACTOPTHOTO (KOHCTPYKTUBHOTO) 3HAYCHUS
WHIYKTUBHOCTH AKTUBHOW 4YacTH CUJIOBOTO TpaHcopmaTopa — TEPBUYHOU U
BropuuHoit oomoTok JICT. B mporecce paboThl mporpaMMbl TPOU3BOIUTCS PACUET
TeKyIleld NHAYKTUBHOCTH MepBUUHOM U BTOprudHOM 00MoTOoK JICT 1 Ha ocHOBaHUU
OTPENICJICHHBIX KpPUTEpPHUEB (OTHOCUTEIBLHOIO OTKJIOHEHHS HWHIYKTHBHOCTH
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NEPBUYHON U BTOPUYHONM OOMOTKH OT KOHCTPYKTHUBHOTO 3HAUEHHUSI) OTPEIEISIETCS
YPOBEHb TEXHUYECKOTo cocTostHUs akTuBHOM yacTu JICT.

Pa3paboranHoe nmporpamMmmHoe oOecrnieueHue, IpeICTaBICHHOE Ha PUCYHKE 29
B BHJIC aJropuTMa HJisi YHPOUICHUS TOHMMaHUs pabOThl MPOTrpaMMbl MOXKHO

pasaciInTb Ha HCCKOJIBKO COCTABJIATOIMINX.

PyyHOW BBOA4 AaHHbLIX MHAYKTUBHOCTH
0bMoTOK TpaHchopmaTopa MAKM OaHHbBIE NO MHAYKTUBHOCTM M3 Ba3bl AaHHbLIX
Bapon e HAYKTHEHOCTH 0BuOTEN 1
(D
Basan Hayersns vHAYKTHEHOCTH 0BMaTrn 2

Pucynok 29 — BBoJ1 JaHHBIX B CUCTEMY

[Tockonbky Tema ucciaeoBaHUs OOmMpHa UM TpeOyeT MacCUBHOIO 0O0bema
JaHHBIX 33 YacTyl0 IOJIy4aeMbIX B IPOLIECCE «PYYHOIO» H3MEPEHHs, TO MJIs
IPOCTOTHI pabOTHI OB ClI€TaH PYyYHOU BBOJ JaHHBIX.

Ha  pucysnke 30 MpECTABJICHA MMUTALHS M3MEPUTEIIBHBIX
TpaHCc(hOpPMaTOPOB.

[Ipu pa3paboTke MmporpaMMHOTO OOecleyeHUss W NPOAyMbIBasl MPUHIIMIA
(GYHKIIMOHUPOBAHUS pa3padaThIBA€MOI CHCTEMBI MOHUTOPWHTA TTIABHBIM IPUHIIHII,
KOTOpBIA JI€Kajl B OCHOBE — YHHMBEPCAJIbHOCTh CHUCTEMBI M BO3MOXKHOCTH €€
UHTETparuu 0e3 T0pOTrOCTOSIIEI0 N3MEPUTELHOTO 000pyAoBaHus. B cBsi3u ¢ ueM
MPEANoaraeTcs MoAKIIOYeHNE CUCTEMbl MOHUTOPHHTA U TOJTYYEHUE TaHHBIX TS
(GYHKIIMOHUPOBAHUS TMPOTPAMMBI K H3MEPHUTEIBHBIM TpaHcopmaTopaMm TOKa H

HaIpsHKCHUS Ha IIOACTAHIUH.
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LaHHbie OT cucTembl M3MEPEHWNA TOKA N HANPAKEHWA

j Cpegpiee Hanpsoxevie

= e
ViSMEpese HANpRMEHIR cBMoTot 1
KostihmueHT Tpancopmame TH1
@ Lao> P
srEpese HaNpRXeH oBMomsm 2 -
KoshbmueHT Tpasoopmam TH2
= [

Mamepenne Toka 06maTim 2

KosdmuenT Tpanciopsaiiim TT2

T

4
Mamepenne Toka 0GmoTim 1

%

Kosdidmuent Tpancdiopsaunn TT1

x

Visuepense UBCTOTk

OAaHHbLIE OT U3MEPUTENA YacToTbl, 3HAYEHNe YacToThbl U3 CeTH, T.e.
okono 50 l'u sceraa.

1
BaBa SHAVERAN MHAYKTMEHOCTI 0GWOTKN 1

[&D;
BaBOA IHENEHAN KHAYKTMEHOCTH OBMOTKN 2

Pucynok 30 — Mogenb, UMUTHpYIOIIast U3MEPUTETbHBIE TPaHC(HOPMATOPHI TOKA
YCTaHABJIMBAEMbIC HA ITOJCTAHIINU

Ha pucynkax 31 u 32 moka3zaHa cxema pacyeTa 3Ha4eHHl HpuOOpOB U

3Ha4YCHUA 4aCTOThI.

OnpegeneHmne cpeaHero 3HaYeHMA HanpPAXKEeHWA ¢ y4eTom
Ko3ddrueHToB TpaHchopmaumm,

—@—0 0.5
Cpenree Hanpaxexsne

Pucynok 31 — Pacuer cpennuii 3HaueHui mokazatenei mpuOopoB
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4 ) ‘JTEU

Asmepenne Toka oGmoTm 1

KoadwueHt Tpancopmamn TT1

i

1

\ onpegenceHne oTKNOHEeHWA 4acToThb

oT ©a30B0Oro 3Ha4YeHMA

6a30B0€ 3Ha4YeHWe YacToThl B CETH

1

BaBOA 3+a%eHMA UHAYKTHBHOCTH 00MOTY 1

(€D

BBEOA 3HAUEHUA UHAYNTUBHOCTH 0OMOTIM 2

Pucynoxk 32 — PacueT 3Ha4u€HUs 4aCTOTHI

B mociemare roapl Ha PRIHKE MTOCTOSTHHO TIPEIJIAararoTCs HOBBIE YCTPOUCTBA
JUISL  KOHTPOJSL COAEp)KaHWs Ta30B M BJIark B Maclie, OCHAIICHHbIC
JTUArHOCTUYECKUMH MTPOTpaMMaMU. ITO TOPOTOCTOSIINE YCTPOMCTBA, HO UX POJIb B
CHUCTEME JTMATHOCTHYECKOTO KOHTPOJSI OYCHBb BaXKHA. DTH YCTPOMCTBA MO3BOJIIOT
OOHapY>KUTh pa3BUBAIOIIUINCS NePeKT HA paHHEH cTaguu. OJHAKO TOJIBKO CETOIHS
YPOBEHb pAa3BUTHS HAyYHBIX 3HAHWA B JTOW O0O0JACTH JOCTHT COCTOSHUS,
MO3BOJISIONIETO JUAarHOCTUPOBATh M PACCUUTATh OJWH W3 BAXKHEUIIUX U
TPYJIHOJOCTYIHBIX I[IOKa3aTeJe KayecTBa TBEPJOM M3OJSIIUUM - CTEIEHb
MOJIUMEPU3AIINH TIEJUTI0N03bl. UTOOBI CIIPOTHO3UPOBATH ATOT PECYPC, HEOOXOAUMO
pacnoyiarate “H(GOpMaIUel 0 Tpex mapaMeTpax: MPOU3BOAHBIX (PypaHa, METaHOIIE
u areTiieHe. KoHCTpYKIns MOKeT ObITh pa3HOH (peaqn30BaHa KakK B BUJIE OJTHOTO,
TaKk ¥ B BUJC OTICIBHBIX JATYMKOB, BXOIANIMX B OAWH PaOOUYMA MOIYJIb), HO
pa3MeIIeHne JOJDKHO OCYHIECTBISITHCS HEMOCPEICTBEHHO BHYTPHU HCCIEAYEMOTO
o0bekTa (Tpanchopmatopa). [IpuMepamu pa3menieHuss MOTyT ObITh: OCHOBHOM WJIH
paCHIMPUTETHHBIN 0a4OK, paguaTop CHCTEMbl OXJaXICHUS (C MPUHYAUTEIBHON
IUPKYJISIUEi Maciia), ra3oBoe pene [15].

OCHOBHBIMH KPYITHBIMH TTPOU3BOIUTEISIMU Ha PHIHKE CUCTEM MOHHUTOPHHTA
U IMarHOCTUKU CUJIOBBIX TPAHC(POPMATOPOB SBIISTFOTCS:

— GE Energy;

— Qualitrol;
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— Camlin;

— Dimrus;

— ABUKOH.

Jlo BBemeHUsS CAHKIMOHHBIX OTPAaHUYEHUN IUPOKOE PACIPOCTPAHCHHE
MOJIYYHJIA CHCTEMbl MOHHUTOPHWHTA PACTBOPEHHBIX Ta30B B TPaHC(HOPMATOPHOM
MacJjie OT TaKuX MHOCTPaHHbIX Kommanuii, kak Qualitrol u GE Energy, onHako B
HACTOSIIIEEe BPEMs CUTYaIHsl M3MEHIIIACh U CTaIu OOJIbIe 00paiaTh BHUMaHUE Ha
OTEUYECTBEHHBIX Mpou3BoAUTENCH. OCHOBHOM MPoOIEMOii, 3aMeIIAIONICH pa3BUTHE
U yCOBEPIICHCTBOBAHUE OTEYCCTBEHHBIX CHCTEM MOHHTOPHHIA PACTBOPCHHBIX
ra3zoB B TPaHCHOPMATOPHOM Maciie, SBJISETCS W3TOTOBJIICHHE CBETOIPOITYCKHON
MeMOpaHe.

Ha pucynkax 33 u 34 npeacraBiieHsl yeTporicTBa cepun Serveron u Transfix.

°) o)

°) L

H2 228 pen
H2 ROC 1.2 pen/d

SERVERON .~ g

Qe Traormer Monsr semce Q@)

PONER

Pucynoxk 33 — CucreMa MOHUTOPUHTA PACTBOPEHHBIX ra30B B TPaHC(HOPMATOPHOM

macie cepun SERVERON
:® GE Energy

&
@ TRANSFIX °
DGA500 ©
@ Transformer 4

Gas Analyser

o

N |

w

Pucynoxk 34 — CucreMa MOHUTOpPUHTA PACTBOPEHHBIX T'a30B B TPAaHCHOPMATOPHOM
macie cepun TRANSFIX
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AHanmu3aTtop 4YacTOTHBIX XapakTepuctuk «FreDA» (Frequency Domain
Analyzer) mpemHaszHadeH i aHajdW3a YaCTOTHBIX XapaKTEPUCTUK HW3OJSAINAN
BBICOKOBOJIBTHOTO OOOpYJOBaHMS M i OOHapyX eHusi JIe(eKTOB B CHIIOBBIX
tpanchopmaropax mo meroay SFRA (Sweep Frequency Response Analyzer)
BCIIEAICTBUE HapymieHuss (HopMbl OOMOTOK TPH OCIAOJICHUH YCHIIHMS TPECCOBKH
OOMOTOK U B pe3yJibTaTe BO3JEHCTBUSA CKBO3HBIX TOKOB KOPOTKOTO 3aMbIKaHUSI.
Peructpamnusi 4acTOTHBIX MapaMeTpOB OOMOTOK CHJIOBBIX TPaHC(HOPMATOPOB IO
MeTony SFRA 1mo3BosisieT BBISBISATh HCKAXEHUSI T€OMETPUIECKOM (hopMbl 0OMOTOK,
BO3HHKAIOIIKE B mpoiiecce pabotel [16]. Takoii onacHbIi qedeKT, TPUBOASIIINA K
nedopMani U30JSIUOHHBIX TTPOMEXYTKOB B OOMOTKE, BO3HHMKAET B CHJIOBBIX
TpaHchopMaTopax MPU HAJUYUHM JBYX, B3aMMHO CBS3aHHBIX YCIOBHUSIX — TMpHU
OCJIA0JICHUH YCUJTUS PECCOBKH OOMOTOK, ¥ B p€3yJIbTaTe MPOTEKaHUS 110 0OMOTKAM
TpaHcopMaTopa CKBO3HBIX TOKOB KOPOTKOTO 3aMBIKaHMS, UMEIOIIHUX OOJIbIINE

3Hauenus. Ha pucynke 35 npeacrasieno ycrpoiictBo FreDA.

Pucynox 35 — YcTpoiicTBO MOHUTOPUHTA CUIIOBOTO TpaHCcPopMaTopa cepuun
FreDA
B cunoBoM TpanchopmaTope ecTh HECKOJIBKO KPUTHYECKUX Y3JI0B, KOTOPBIC
B TPOIIECCE IKCIUTyaTaluu HanboJiee MOABEPKEHBI U3HOCY WM TIOBPEKICHUSM B
Cllydyae BO3HHUKHOBEHHUSI aBApUHHOTO peXuUMa pabOThl WM HECBOCBPEMEHHOIO

oOcy>KUBaHUsI 000PYOBaHUSI.
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Ha pucynke 36 mokazaHbl KpUTHYECKHE y3JIbI CHIIOBOTO TpaHChOopMaTopa OT

COCTOSIHMSI KOTOPBIX 3aBHCHUT 00IIIee Ka4ueCTBO pabOThl 00BEKTA.

‘ B/BBOA 5
Cucrema O6moTKN

PITH B/BBOJA 4 B/BBOOA 6 B/BBOA 1 B/BBOA 2 B/BBOA 3 Tpancdopmaropa

HsonsiumoHHasn

cucrema

0606 ueHHbII
y3en

BcnomoraresasHoe
obopymoBanue

MaramTonposos

Pucynox 36 — Kputndeckue y3i1pl CHII0BOTO TpanchopmaTopa

BBuay HE0OXOAMMOCTH KOHTPOJISI MaKCMMajJbHO BO3MOXKHOTO KOJIMYECTBA
y3J10B TpaHchopmaTropa CyIIECTBYIOT OCHOBHBIE MPHUHIMIBI YCTAHOBKH CHUCTEMBI
MOHUTOpPUHIA PAcTBOPEHHBIX ra3oB. OCHOBHOW NPUHIMUI YCTAHOBKH CUCTEMBI
MOHUTOPHHIA 3aKJIOYAECTCS B MPUCOCOUHEHHHM K BEHTHWJIIO HA BO3BpaT macia B
OXJIAKJAOIIEM KOHTYDE. Takoll ~ HpUHLMII ~ TO3BOJIIET  TMOBBICHUTH
PEeNpe3eHTaTUBHOCT MOJIYYEHHBIX 00pa3LoB.

Ha pucynke 37 mnpexacraBieHbl TUIIOTETUYECKHME MECTa MOAKIIOUEHUS

CUCTCMBI MOHHUTOPHUHTIA.

57



JONOMHHTE ThHME
BeHTHIH

KOHTYP LHPKYIRIHH MAca
Hanpagnenne Macna |

s ordopa
Maci1a

3

JHHHA BOIBPATA
Macna

iI--ri

OHIANH ra30aHATHIATOP

canBRON /

BeHTILTL e —= |

6 Hanpasienne
Macia

BEHTIUIH CHCTEMBI OXIAAICHHA

PI/ICYHOK 37 — Bo3MoOKHEIE MecTa IMOAKIIOYCHHUA CUCTCMbI MOHUTOPHHI'A

Ucnbitanne FRA  sgBmsieTcss TpU3HAHHBIM —~ METOJOM  OOHAPYKCHHS
MOBpEXJIeHUH 00MOTOK TpaHchopmaropa. B nannoit cratbe FRA ucnonb3yercs
JUIL  WCCIIENOBAaHUs HOPMAJIbHOIO W HeucmpaBHoro ycrpovictea PIIH
Tpanchopmaropa. beimu chopmupoBaHsl Tpu pekrMa paOOTHI M HAOTIOACHUS 3a
YaCTOTHBIMU XapPaKTEPUCTUKAMU OOMOTOK B YETBHIPEX TECTOBBIX KOH(DUTypaIHsX.
DTO JaeT 4YEeTKOE MPEIACTABICHHE O BO3MOXKHOCTHM HCHoOib30BaHus FRA s
oOHapyXeHHs HeucnpaBHOCTel TpaHchopmaTtopa. IlpencraBnena mnporeaypa
MEePEXOAHOTO U YACTOTHOTO aHaJIn3a 0OMOTOK TpaHCchopMaTopa ¢ pacupeneieHueM
€MKOCTH, 3aBUCAIIMM OT MECTa YyCTaHOBKHU. Permienwe B 3aMKHyTOM dopme
MO3BOJISIET MOJYYUTh paclpeeeHUs] HAPSDKeHUsT U TOKa B 0OMOTKE, a TakkKe ee
BxoaHoW wmmnenanc [43]. dusg monydeHHs TEPEXOJHOH XapaKTePUCTHUKH
pUMEHSETCS YUCIICHHOe oOpaTHOE mpeodpazoBanue Jlammaca.

Ha pucynke 38 mnpuBeneHO NOIKIIOUECHHE pPa3pabaThiBA€MONW CHUCTEMBI

MOHUTOPHUHTA K 0AHO(a3HOMY TpaHCPOopMaTopy.
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Pucynox 38 — CxemaTuaHOE N300paKCHHUE TTOAKIIOUCHUS CHCTEMbI MOHUTOPHHTA
C UCIOJb30BaHuEM ofHOGa3HOTO TpaHchopMaropa

[TepBoHauYanbHO MOTPEOOBATIOCH MPOBECTH JBA OMBITA IS MOACIUPOBAHHMS
cuioBoro Ttpanchopmaropa [35] B cpeau «Simulink» mtporpammbr «matlaby,
IIEPBBIM MOJOOHBIM OIBITOM CTaJl OMBIT XOJOCTOrO X014, PE3yJIbTaThl KOTOPOTO

MIPUBEJICHBI HIDKE B TaOuIIe 4.

Tabnuia 4 — Pe3ynbrarel n3MepeHuil pu MPOBEACHUH OIBITA XOJIOCTOTO X0/

OmnpiT UBToquHOﬁ o6Moricu B UnepBW{Hoﬁ obmoTicus B I, A W,Bt
1 38,8 220 0,62 28
2 31,2 180 0,26 17
3 24,6 140 0,15 10
4 17,4 100 0,095 6
5 10,4 60 0,055 3

Jlns Oojiee TOYHOTO MOJEIMPOBAHUS HUCIBITAHHOTO TpaHchopMaTopa,
JOTIOJTHUTENBHO ObLT MPOBEAEH OMBIT KOpOTKOro 3ambikaHus (K3). Pesynbrarsl

OTIBITA CBEJICHBI B TAOIHILY 5.
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Tabmunma 5 — PesynbTaThl u3MEpeHUN TIPU MPOBEACHUH OIBITA KOPOTKOTO
3aMbIKaHUS

OmnbIT IBTopW{Hoﬁ obmoTicn A IneplemHoﬁ ofmoTicn A UnepBulmoﬁ o6MoTiW B W,Bt

1 6,25 1,14 14,4 16

2 9,5 1 14,8 14,4

3 3,75 0,7 10,4 7,2

4 2,2 0,4 5,8 2,4

BrluucieHHble TaHHBIA CONPOTHUBICHUM NEPBUYHON OOMOTKH UCIBITAHHOTO

tpanchopmaropa: R, = 0,00065 kOM, conmpoTHUBIICHHE BTOPHUYHOH OOMOTKHU
poBusiercs R, = 0,0043 xkOm.

O06pabOTKH MOTYYECHHBIX JAHHBIX HEOOXOAMMBIX TAHHBIX B X0JI¢ TIPOBEICHUE
CepUH IKCIEPUMEHTOB B cpeae «Simulink» st MojenupoBaHusi B HpOrpaMMe
«matlaby Obl1a coOpaHa cxemMa 3aMelIeHus AJI OCIeAYoIIeH paboThl UMEHHO HaT
MAaTEMATHYECKOUN YaCThIO.

CTouT Tak k€ OTMETUTD TOT (DAKT, YTO MOJTYUYEHHBIC JaHHBIC, B CUILy CBOETO
AKCIIEPUMEHTAILHOTO TIPOUCXOK/ICHHUS, HE MOTYT OBITh ITOJTHOCTHIO MCIIOJIb30BaHbBI
JUTS CO3/IaHUSI CHCTEMbl MOHUTOPHHTA CUJIOBBIX TPAaHC(HOPMATOPOB; TIOMUMO CHSTHUS
9KCICPUMEHTAIBHBIX JaHHBIX [41], ux Tak ke TpeOyercss BepUPHUIMPOBATH HA
peanbHOM SJHEpPreTHYeckoM o0bekTe. OaHaKo, B paMKaxX MOJICIUPOBAHMS, OHHU
MPUHUMAIOTCA 3a YK€ BEpUPHUIIMPOBAHHBICE M KOPPEKTHBIE NJISi TOCIETYIOIIETO
HCITOJTH30BaHUA.

[ToMmumo »sTOro Takxke ObUIa BHEAPEHAa U pa3paboTaHHAs CcUCTEMa 10
ONTUMM3AIMA ¥ aHAJIU3y [aHHBIX. TPATUIMOHHO UCIOJIb3yeMas ObIcTpoe
npeoOpaszoBanne Pypre [36] okazanoch HEBO3MOXKHO MPUMEHHUTD Ha MIPAKTHKE TaK
KaK OHO PacCKJIaJbIBACT CTATUYHBIA CUTHAJ KOTOPHIA 3aTEM YXKE HUCIOIb3YETCS B
nocieaytomieM ananmsze OTHaKO IPU TOM TEPSETCS U BpeMeHa COCTaBIISIONINE YTO
HaKJIQJbIBACT CEPHE3HBIM OTIEYATOK Ha IOJYyYCHHWE TAHHBIX BCJEACTBHE DTOTO
HekoTtopslie U3 HUX MOTYT OBITh YTEPSHBL. AJII TOTO YTOOBI OOOUTH ATH TEXHUYECKUE
U MaTEeMaTHYCCKHE OTpaHUYCHHS ObLIO TMPHUHSITO PEIICHUE WCITOJIb30BaTh BEHBIICT

Hp606paSOBaHI/IH KOTOPOC KaK pa3 TaKd IIOMOI'a€T AaHAJIM3HMPOBATb JAHHBIC B

pexxume peanbHoro Bpemenu [31].
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Cxema 3aMeINIeHus, cobpaHHas B porpaMmme «MATLab»

POJIEMOHCTPUPOBaHA Ha pUCyHKe 39.

ME|E

Linear Transformer

Pucynox 39 — Cxema 3aMereHrs 1a00paTOpHOTO CTEHIA

Tem He meHee ObicTpoe npeodpazoBanre Oypre MOKET OBITH IPUMEHUMO Ha
IepBOM 3Tame paboThl MaTemarudeckoro ammapara [29,31], To Bpems Kak Ha
MOCIIEAYIONUX dTanax MpeoOpa3oBaHus M aHAIW3a IPUMEHSAETCS UMEHHO BEUBIIET
npeoOpa3oBaHWEe  KOTOpas  HECpPaBHEHHO  oO0jajaeT  ropa3fgo  OOJIbIINUM
GyHKIIMOHATIOM HEXeNn O00blyHOEe TmpeoOpasoBaHue @Dypbe. BaXKHO Takxke
MOYEPKHYTh TO YTO HMeEoIIeecs Ha TpaHchopmaTope 00OpyIOBaHUS Kak M
OKpYy>Xarolas cpeia MOTYT BHOCHUTh IIIyM B CHSThIE JaHHbIE. B YaCTHOCTH
MOTOOHBIA TITYM MOXET BBI3BIBATHCS OCTATOYHBIM HAMarHUYCHHOCTHIO aKTUBHOM
yacTH TpaHchopMaTopa YTO HETaTUBHO BJIMSET HA aHAIHM3 JIAaHHBIX U BHOCUT CBOH
KOPPEKTUPOBKH MPOTHO3 OCTATOYHOTO pecypca. BCE 3TO MPUBOJAUT HAC K TOMY YTO
qUCTas MOJICTb BBIBAT MpeoOpazoBanue Jlaxke mpu TOM YTO HA HEW MPUMEHUMBI
pa3HoOro poja (GUIBTPHI HE MOXET HMCIOJIb30BAThCSl UMEHHO B YHCTOM BHjE 0e3
CTOPOHHUX PaCIIUPECHUH.

[TonoOHBIMU CTOPOHHUMH PACIIUPEHUSIMH WM K€ JOTOJHUTEIHHBIMH
METOZaMU MOJXET SIBIAThCS, Hanpumep (GuiapTp Kanmmana [32,38] kotopsiii ObuT

BBI6paH B KaiYC€CTBC JOOIMOJHUTCIBHOIO MAaTEMAaTHYCCKOI'o alirapara. MMCHHO
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onaronaps puibTpy Kanmana nomyyaercst ycTpaHUTh OOJBIIMHCTBO MOMA/IAI0IIETO
B M3MEPUTEIBHOM YCTPOMCTBA IIymMa BMECTE€ C M3MEpSAEMbIM CHUrHajoM. Takxke
BaXHO MOHMMATh, YTO JAOOPATOPHBIA CTEHJ OYEHb CHJIBHO OTIMYAETCS OT
peanbHBIX TpaHC(HOPMATOPHBIX MOACTAHIIMI U BAXKHO pa3paboTaTh TaKyr MOJCIb,
KOTOpasi Morja Obl YYUTHIBaTh BO3MOKHBIEC BHEUITATHBIE CUTYAIlUH, CITy4alOIIUecs
IpU HENpaBWIbHOM 00pabOTKE MaHHBIX 3TO TakXKe CTaHET 3aJaued mpu
UMILJIEMEHTUPOBAHUM pa3pabaTbiBA€MON CHCTEMbl Ha PEaJIbHbIA dHEPreTHUECKUil
OOBEKT CTAHIIUA.

[IpoGnema wyacTM JaHHBIX HpU MpPeoOpa3oBaHMM CHUTHAJIAa Ha peajibHbIE
HOJICTAHIIMH, B YACTHOCTH, MOKHO PEIINTh Tpu momoiu meronaa Iponu [33,35].
noo0Has METOMKa TTOMOTJia Obl U JaHHBIE MPU yTEpEe MOCIE CHATUSA NEPBUYHON
aAMIUINTYTHO-YAaCTOTHBIE XapaKTEPUCTUKU. BaXXHbIM (PaKTOpoM Takxke OyJneT
JIOITyCTUMOCTB JIOIYCTHMBIN YPOBEHB MOTEPH JaHHBIX [39].

Bech mmkn paboThl pacimMpeHus BHITISAUT TaK: IEPBUYHO U3MEPHUTEIHHOE
YCTPOMCTBO  (PUKCHpPYET  aMIUIUTYJHO-YAaCTOTHYIO  XapaKTEpPUCTUKY Jajee
MPOU3BOAUTCS (PUIBTpALMA C TOMOIIBIO HEHYKHBIX IIYMOB WM TOCTOPOHHUX
cUrHajioB coOcTBeHHO (unbTp KanmaHa Takke MOMOXXET HaMm OTAEIUTh YacTh
CUTHAJIOB U3MEPHUTENBHBIX YCTPOUCTB . CUTHAJ MPH MPEBHIIICHNN TPAHUIIBI TOTEPH
JaHHBIX JOCTpamBaeTcs ¢ moMoIlpio Metoda [Iponu. manmee mpoucxomuT padora
MaTeMaTUYECKOIo amrapara a MMEHHO Bbl Pa3jOXKEHHE CUTHajla C TOMOIIbBIO
obicTporo mnpeodOpazoBanuss Dypre u BaiiBier npeoOpa3zoBanue. CHUrHan yxe
UCIIOJNIB3YETCS JIIsl MaTeMaTUYEeCKUX BBIUMCICHUM W COCTaBJIEHHE IPOTHO3a IO
0CTaTOYHOMY pecypcy Tpancdopmaropa [40].

Ha pucynke 40 mnpenctaBieHO TUMOBOE TOJKIIOYCHHE CHCTEMBI
MOHHMTOpPUHIA U T€HepaTopa BHICOKOYACTOTHBIX MMITYJIBCOB K JBYXOOMOTOYHOMY

CUJIOBOMY TpaHchopMaTopy.
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O6MoTKa #1
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O6MoTKa #2

Pucynok 40 — CxemMaTuyHOE MOJKIIIOUYEHUE CXEMbl MOHUTOPHHTA

B crnencrBue Toro 4ro naHHas pa3pabaThiBaeMas CHCTEMa MOHHUTOPHHIA
HaxoJsATCA Ha BTOPOM M TPEThEM YPOBHE aBTOMATHU3MPOBAHHON CHCTEMBI
MOHHUTOPHHTA M TUATHOCTUKHU M HETIOCPEICTBEHHO CBI3aHO KaK C TIEPBBIM YPOBHEM
TaK M CO BTOPBIM TaK M C TPEThbUM Ha OJIOKE CHCTEMY MOHHMTOPHHIA B KOTOPOM
MOCTYIAIOT JaHHBIE OT TMEPBUYHBIX HM3MEPUTEIBHBIX MPUOOPOB O0O0S3aTEIBHO,
coriacHo tpedoBanusaM ctangapta CTO 56947007-29.200.10.011-2008, nomxHa
HAaXOJUThCA WHIWKAIMSA KaK aBapuiiHas TaKk W ONEpaTWBHAs I IMEpCOHaNa O
pekuMax paboThl TpaHC(HOpPMATOPHOTO OOOPYIOBAaHUS BCIEACTBHE OTOTO
BO3HUKACT HEOOXOJUMOCTH JIOMOJHUTEIBHON CBSI3M MEXIY BTOPBIM U TPETHUM
YPOBHEM IS TOTO YTOOBI TEPCOHANT KaK HaXOJSAIIUHCS HEMOCPEACTBEHHO B
OTICPaTHUBHOM 30HE TpaHc(opMaTopa Tak U IMEePCOHAN HAXOSIIHUICS Ha yIaJICHUH
oT 00OpyJOBaHUS HMMEI BO3MOXXHOCTh HEMOCPEJICTBEHHO ITOHMMATh B KaKOM
pexume ceiiyac paboTaeT TpaHchopMaTOp U KaKWe NCUCTBHS HY>KHO TIPEANPUHSTD
€CJIM 9TO MOTPeOyeTCss HEMOCPEICTBEHHO OT KaKOT0-TM00 omeparopa.

Jlanee, Ha OCHOBAaHWUHU YK€ YIOMSHYTOTO MaTEMaTHYECKOTO ammapara, a
TaK)K€ CXEMAaTHUYHBIX TOJIKIIFOYCHH HE0OX0IMMOTO 000pyA0BaHMS, OblJIa CO3/1aHa
quarpaMMa, — HarjsiiHO — WJUTFOCTPHUPYIOMAs  JIOTUKY  paboOThl  CHCTEMBI
MPETUKTUBHOTO MOHUTOPHHTA.

Ha pucynke 41 uzo6pakena quarpamMma paboThl CUCTEMbBI MOHUTOPHHTA.
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Pucynok 41 — Jluarpamma paboThl pazpadbaTbiBaeMON CUCTEMBI

brok cxema (pucynok 41) cBsizbiBaeT Mex 1y co0oit Bce Tpu ypoBHsi ACMU]I,
HayMHas OT NMEPBUYHBIX M3MEPUTENBHBIX MpeoOpa3oBaTeneld, 3akaHunMBas 0a30il

JAHHBIX O TOJIOMKaX TpaHc(OpMaTOPHOro OOOPYIOBaHUS U BBIBOJA CBETOBOM
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uHAuKauu. HarmsnHo nokazaHo, Kakue JaHHbIe TOCTYIAIOT B CUCTEMY HAIPSIMYIO
yepe3 U3MEpPEeHUs TEepPBUYHBIX BEJIWYMH, Kakue JaHHbIE BBOJATCA B
MaTeMaTHYECKUH amnmnapaT B BUA€ KOHCTAHT. Tak ke mMpoMLIIOCTpUpOBaHa Tabina
COOTBETCTBHUSI YAaCTOT W TMOJIOMOK XapaKTEepPHBIX JUIsI KaXIOro OTIEIBHOTO
JMana3oHa.

Ha ocHoBe maHHBII 1uarpaMMbl 1 MaTeMaTHYECKOTO anmnapara ObLI HaliCcaH
CKPHIIT JIJIs TiporpaMMbl matlab, B koTopoit mporucxoauao MoIeiupoBaHue padboThl
TpaHchopmaropa.

OTU TepeMeHHbIE 3a/lal0T HayaldbHbIE TapameTpbl TpaHchopmaTopa:
NEPBUYHOE U BTOPUYHOE HAIIPSKEHUE, a TAKXKE KOAPPUIUEHT TpaHCPOpMAIIH.

% Ornpenenenne nepeMeHHbIX

Ul = 220; % [lepBuunoe nanpspkenue (BonbT)

U2 = 110; % Bropuunoe HanpsbkeHue (BosbT), u3MeHeHHOE
npeoOpazoBaTeiemM

Kt =2; % Koaddumuent tpancopmanuu cuiaoBoro Tpanchopmaropa

PaccunThiBaeTcs HampsiK€HHE Ha TMEPBUYHOM OOMOTKE TpaHcdopmaTopa,
UCXO/Is1 U3 BTOPUYHOTO HATpsDKEHUs U KoddduimenTa Tpanchopmanumu.

% PacueT n3BECTHOTO 3a1aHHOTO 3HAYECHUS

Ui =U2/Kt;

Boeruucnsiercss pa3HOCTh MEXIy MEPBUYHBIM M BTOPUYHBIM HAMPSKEHUSAMHU
TpaHcopmaropa.

% 3HaueHHe pa3HOCTH HANPSKECHUM

Delta U = U1 - U2;

OTH CTPOKH BBIYUCIIAIOT CPEHEE 3HAUCHNE HAIPSHKCHUS Ha TpaHChopMaTope
B JIBa MOMEHTA BpeMeHH t1 u t2.

% 3HaueHus HaNpPsHKEHU Ha TpaHchopMaTope B MOMEHTHI BpeMeHu t2 u tl

u_t2 = 120; % Hanpsxenue B MoMeHT BpeMenu t2 (BoibT)

u tl =115; % Hanpsixenue B MomeHT BpeMend t1 (BouibT)

% CpenHee 3HaUCHUE HAIPSIKEHUS

ucp=(Uut2+utl)/2;
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311ech BBIYMCIISAETCS IPOU3BOIHASI TOKA 110 BPEMEHH (TO €CTh U3MEHEHHUE TOKA
3a €IMHUILY BPEMEHH ), UCIIOJIb3Ys 3HAUYEHUSI TOKa B MOMEHTHI BpeMeHH t1 u t2.

% 3HaueHHs TOKa BO BTOPUYHONW OOMOTKE B MOMEHTBI BpeMeHHU t2 u tl

1 t2=10; % Tox B MOMeHT BpemeHHU t2 (Amriep)

1 t1 =9.5; % Tok B MomeHT BpeMenu t1 (Ammep)

t2 =0.02; % Bpewms t2 (cexyH/IbI)

t1 =0.01; % Bpewms t1 (cexyHbI)

% IIpoun3BogHast TOKa O BpPEMEHH

di_dt=(_t2-i tl1)/(t2 - t1);

NHayKTUBHOCT  TpaHC(OpMaTropa pacCUMTHIBAETCS KaK OTHOIICHHE
CPEIHETO HAMPSHKEHHS K IPOM3BOAHON TOKA 110 BPEMEHHU.

% VHIYKTUBHOCTD

L i mean=u_cp/di_dt;

Koppektupyercs 3HaueHHEe WHIYKTHBHOCTH C YYETOM peajbHOW U
HOMMHAJIbHOWU YaCTOTBHI.

% H3mMepeHHOe 3HaYeHUE YaCTOThI

f real =50; % I'

f nom = 50; % Homunanbnas yacrora (I'n)

Brruncnsiercs cpeHee 3HaU€HUE HHTyKTUBHOCTH 32 MIEPHOI.

% Koppekius HHAYKTUBHOCTH 10 4acTOTE

L j=L_i_mean™* (f_real /f _nom);

% KonnuecTBo HHTEpBaAJIOB pa30oUEHNUs

N = 10; % BBenu peanbHOE 3HaUCHHE

% CpenHee 3HaYEHNE UHIYKTUBHOCTH 3a TIEPHUO/

L cp=sum(L_j)/N;

Brrancnsercss OTHOCUTETbHOE U3MEHEHNE MHIYKTUBHOCTH B MPOIICHT

% WNHIyKTUBHOCTD

L0 = 1; % Bsenu peansHoe 3Hauenue LO

Delta_L = ((L_cp - LO) / LO) * 100;
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OTU CTPOKHU KOJIa PaCCUUTHIBAIOT €EMKOCTh TpaHchopmaTopa, IpUHUMas BO
BHUMAaHHE T€OMETPUUECKHUE MapaMeTpbl OOMOTKHU U U3OJISIIUH.

% Pacuer emkocTn

epsilon_0 = 8.854e-12; % Dnekrpuueckas nocrossHHas (D/m)

p = 0.05; % Cpennuii nepumeTp BUTKA (METPHI)

h =0.01; % Bricora (aymua) cios (MeTpsbI)

m = 10; % KoanuecTtBo cl10€B 0qHON 0OMOTKHI

Delta = 0.001; % TommmmHa MEXCIIOSBOM H30JISITUN (METPHI)

sum_term = 0;

fork =1:m

sum_term =sum_term + 1/ Delta;

end

C = (epsilon_0 * epsilon 0*u_cp *p *h) / (M"2 * sum_term);

% PacdeT 4acToThl

F=1/(2*pi*sqrt(L_cp * C));

DTH CTPOKH BBIBOJAT PE3YIbTaThl BCEX BBIYMCICHUN HA DKPaH.

% BbIBOA pe3yJIbTaTOB

disp(['3BectHOE 3amanHoe 3HaueHue U i: ', num2str(Ui), ' BonsT']);

disp(['Pa3nocTh Hampsikenuit Delta U: ', num2str(Delta U), ' BonsT']);

disp(['Cpennee 3HaueHue HarpsKeHUs u_cp: ', num2str(u_cp), ' Bonst']);

disp(['[IponzBognas Toka di/dt: ', num2str(di_dt), ' Amnep/cex']);

disp([ MuayxruBaocts L_I_mean: ', num2str(L_i_mean), ' ['eapu']);

disp(['KoppektupoBannast uHAyKTUBHOCTH L_j: ', num2str(L_j), ' T'enpu']);

disp(['Cpennee 3nauenue naayktuBHocTH L_cp: ', num2str(L_cp), ' T'enpu']);

['
disp(['3menenune nnayktuBHocTH Delta L: ', num2str(Delta_L), ' %']);
disp(['Emkocts C: ', num2str(C), ' ®apan']);

[V

disp(['Pacuernas yacrora F: ', num2str(F), ' I'i']);

JIaHHBIN CKPUIIT TaK e ObLI IIepeBeIEH Ha A3bIK IporpammupoBanus Python

JJI1 TOCJICAYIOIMICTO ITATCHTOBAHUS.

67



Jist  pa3pabOTKM KOHCTPYKTOPCKOM JOKYMEHTAIlMu pa3padaThiBaeMOM
CUCTEMbI MOHUTOPUHTA ObLJIa COCTaBJICH MepeYeHb TPEOOBAHUM, KOTOPBIMH JOJIKEH
o0nagaTh KOpmyc pa3zpadbarbeiBaeMoii CHCTeMbl MOHUTOpUHTA. [ToMuMo 3TOTO, OBIIT
YUTEH KaK YK€ HUMEIONIMHCA ONBIT OTEYECTBEHHBIX IPOU3BOJUTENICH, TaK WU
cnenuduka chepbl IPUMEHEHHUS TaHHON CHCTEMbl MOHUTOPHHTA.

[TpuHIMIIBI, TOOKEHHBIE B OCHOBY pa3pabOTKu:

— LEHTpaJIM30BaHHAs CHCTEMa C OJHHMM OJIOKOM IMpUEMA U KOHTPOJIS, W
yopasienuss ACTY. ACTY obGecnieuuBaeT: JOTUKY pabOThl Bcei
CUCTEMBbI HI>KHETO YPOBHS; THOOPMUPOBAHUE O COCTOSIHUU (MHIUKAIUA);
NyJbT YNOPABJICHUS;, YIPABICHUE WCIOJIHUTEIBHBIMU YCTPOMCTBAMHU
BXOJISIIIMX B COCTaB CUCTEMbI MOHUTOPHHTA,;

— MaKCUMAaJbHOE HCIIOIb30BAHUE CEPUMHBIX KOHTPOJUIEPOB, MOAYJIEH H
YCTPOMCTB;

— aJpecHas cucTeMa MOJKII0YEHUs TaTYUKOB U YCTPOMCTB,

— JIMHUM IPUEMA aHAJIOTOBBIX MMOKA3aTeNel — HE aJpECHBIE;

— aJpecHas JIMHUA CBSI3M HA OCHOBE OTKPBITOTO CTaHJAPTHOTO
MPOMBIIIUIEHHOTO UHTEp(erica;

— cHUCTeMa MpeHa3HayYeHa JJIs paclpeeTUTEIbHbIX TOACTAHIUN KIIacCOM
HanpspkeHus:t ot 10 kB. Ilpocras cucremMa ¢ MUHUMAaJIbHBIM Ha0OpOM
TOJIBKO CaMbIX HEOOXOJUMBIX (YHKIMHA, HO TIPU OTOM OCTAETCA
BO3MOYKHOCTb I 100aBI€HUSI HOBBIX MOy iek-pyHkiuii. [Ipuopurer —
TMOKOCTh U MOJIYJIbHOCTb, @ HE pa3Mep U HE MaclITaOMpPyeMOCTb 0
OOJBIINX Pa3MEPOB;

— aJpecHas JIMHUSL CBSI3M MOXET B JAJIbHEHIIEM HCIOJIb30BaThCA IS
MOAKIIOYEHUS] MOJIyJIe pacIlIupeHus, HaIpuMep MOAYJIEH OMOBEUICHUs
WJIM KOHTPOJIBHO-TTYCKOBBIX Mojtysiei. [Ipu aTom cuctema mpeobpaszyercs
B OJIOYHO-MOJYJIBHYIO C YBEJIMYEHUEM KOHTPOJUPYEMBIX OOBEKTOB
AIIEKTPOIHEPTETUYECKON CUCTEMBI,

— MaKCUMAaJbHO MPOCTasi HACTPOMKa MPH 3aIllyCKe B SKCILTyaTalHIO;

— cootBerctBue CTO 34.01-12-001-2020.
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Tak KC, B KOHCTPYKHOUH JOJIKHBI OBITh npeaAyCMOTPCHBI OJICMCHTEI,

oTpakéHHBIC B TabuIie 6.

Tabnuna 6 — [lepedenp 371eMEHTOB Ha KOpITyce 0JI0Ka MOHUTOPUHTA

HanmenoBanne KommuecTBo
RS-485 2
RS-232

Ethernet-mopr
USB 2.0
HDMI (BuaeoBbIxon)
CBeToBas UHIUKAIIAA

— WO\ | W

Tak e caMm KOpITyC YCTpPOMCTBA JOJAKEH ObITh B3PHIBO3AIIMTHBIM U UMETh
pabouunit auanazoH Ttemneparyp ot -40 go +40 TpagycoB LENbCUS, YTOOBI
00ecreynTh HAJJIeKAIIYI0 padoTy B HIMPOKOM CHEKTPE KIMMATHYECKUX 30H
Poccuiickoit henepanuu.

VYuuThiBas Bce 3TH TPeOOBAHUS U MOJIOKEHHUSI, B X0J1€ BBIMOJIHEHUS IIEPBOTO
srana Pabot, Obuta paspaboTaHa KOHCTPYKTOpPCKas IJOKYMEHTAIUsl CHUCTEMBI
MOHUTOpHUHTA. J[aHHAS JOKYMEHTAILUSI COCTOUT U3 CIAEAYIOLIUX 3JIEMEHTOB:

— TIOSICHUTEJIbHAS 3aIuCKa,

— DKCIUTyaTallMOHHBIE IOKYMEHTHI;

— DJIEKTPOHHAsA CTPYKTypa U3JEIus.

ITomumo  3TOrOo, Ha  OCHOBE  pa3pabOTaHHOM  KOHCTPYKTOPCKOM
JIOKyMEHTAIlMU, OBLT Tak ke mpopaboTaH »dIEKTPOHHBIM MaKeT CHUCTEMbI
MOHUTOPUHTA CHJIOBOTO TpaHcpopmartopa ¢ (QYHKUUSIMH HPETUKTUBHON
AHATUTUKU. JITaHHBIN MAKET MPEJICTABIJIEH B.

Ha pucynke 42 npuBeneHo MecTo pazpabaTbiBaeMON CUCTEMbl MOHUTOPUHTA
Tpanchopmaropos (IIporpaMMHO-annapaTHbIi KOMILIEKC) B SHEPTOCHUCTEME.

MakeT paspabaTbiBa€MOW CHCTEMBl MPEANOJIAraeTcs HCIOIb30BaTh IS
0oJiee TOYHOTIO MOJEIMPOBAHUS M MACHITAOMPOBAHUA KOHEYHOTO MPOAYKTa, a
TaKke IS MapKeTUHTOBOW KommnaHuu. WM3omeTpuyeckuwii Buj 31 Makera

MIpEeJICTaBJICH Ha pUCyHKe 43.
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Pucynok 42 — Cxema moAKIIIOUEHHUsI CUCTEMBl MOHUTOPUHTA K 000PYI0BaHUIO

Pucynox 43 — Maket kopmyca pa3padaTbIBAeMOW CHCTEMbl MOHUTOPUHTA

Ha nmunieBoit ctopone umerores pazbémpl USB 1 HDMI mis monkimrodeHwmst
000pyZIOBaHUs, TAKOTO KaK MOHUTOP WJIM HOYTOYK IS BBIBOJA M300paKeHUS U
BU3YyaJIM3alllH [Ipoliecca MOHUTOpPUHTA. Tak jke Ha JIMLEBOW CTOPOHE PUCYTCTBYET
CBETOBAs MHIUKAIIHS pabOThl yCTPONCTBA.

[Tpu pa3paboTke KopITyca Tak ke OblIa yYTeHa BO3MOKHOCTH DK CILTyaTaIiu
pa3zpabaThiBa€MO CUCTEMBI B IIKAaGHOM 000pYI0BaHUS, JIJIsl YETO HA KOPITyce ObLIN
MPEIYCMOTPEHBI TOCaJ0YHBIE MecTa Ui OOJTOBOTO KPEIUICHHS WM Ke

MNEPEXOJHUKOB.
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Ha pucynkax 44 u 45 mnpencraBieHbl peajbHble TpaHCPoOpMaTOphl Ha
sHepreTuyeckoM oObekTe Camapckoit o6sactu, Onarojgapsi 3HAKOMCTBY C
GYyHKIIMOHUPOBAHUEM PEATbHOM TIOJCTAHIIMA OB TPHUHATHI PEIICHHS  TI0

OIITUMHU3AINH ITOJTYUCHHOI'O OIbITA U IMOCICAYIOIICTO MPOTOTUIITMPOBAHHUS.

;- 5
o, S TR

Pucynok 44 — CunoBoii TpanchopMaTop, HAXOIAIIUIICST HA TEPPUTOPUHU
MOJICTAHIINH

Pucynoxk 45 — CumnoBoii TpanchopmaTop Ha TEPPUTOPUH TTOICTAHIIUH

B xone pazpaboTku nporpaMMHOTo obecriedeHust Oblia ModydeHa Mo AepKKa
or TomparTHHCKOrO TOCyAapcTBeHHOro yHupepcurera (IIpunoxenne A), ot
oTpaciieBbIX 3Hepreruueckux kommnanHui ([Ipunoxenus b u B), a Takke ot
rOCY/IapCTBEHHON MEXKPETMOHAIIBHOW OpraHu3alni «AcCCOUMALUS PEerHOHATBHON
mononaexun» (Ilpunoxenue I).

[IpsAMBIM CIIECTBUEM 3aMHTEPECOBAHHOCTU B IIPOEKTE U €r0 MPAKTUYECKUX
pe3ynbTarax CTajo ydacTue U moOeia B TpaHTOBOM KOHKypCe MO IMpOorpaMme

«Crynenueckuit Ctapram» (ITpunoxxenue J1)
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BeiBOA 110 pazneny.

B nanHoM paszaene Obuia mpou3BeieHa pa3pad0TKa MPOrpaMMHOrO MPOIyKTa
CHCTEMbl MOHUTOPUHTA CHUJIOBOTO TpaHchopmaropa ¢ GyHKIUSIMU MPETUKTUBHOM
aHanuTukd. Onupasch Ha yXe HUMEIOUIMecs pa3pabOTKM M METO/Abl KOHTPOJIS
COCTOSIHUSL CHJIOBOTO TpaHchopmaTtopa, ObLI pa3paboTaH COBEPIICHHO HOBBIM
MaTeMaTHUYECKUH amnmapar, ¢ OJ0KEHHOW B €r0 OCHOBY (DyHKIIMEH MPeTUKTUBHOM
aHAJINTUKHU; BCE ATO OBLIO OTPA’KEHO IIPH IIOMOILU TUArPaMM U CXEM MOAKIIOUEHUSI.
[Tomumo 3TOTO, TaK k€ OBLT pa3paboTaH HAOOP KOHCTPYKTOPCKUX TPEOOBaHHM K
0JIOKy MOHUTOPHUHTA, OTIPEIENIEH €0 BHEIIHUN BUJ U CO3/1aHa TPEXMEpHAasi MOJIEb.

Tak >xe BaXHBIM 3TaloM CTajl0 HUMILIEMEHTHUPOBAHHE pa3padaTbIBaeMOi
CUCTEMbl MOHHUTOPWMHIAa Ha pEAJbHBIA paclpeNeuTeIbHbId  O0OBEKT, I
TECTUPOBAHUS W BEpUPUKALUU METOIUK M QJITOPUTMOB C LIEJBIO TOBBIILIECHUS

paboTOCIIOCOOHOCTH U TOYHOCTH YK€ UMEIOIIMXCS allTOPUTMOB.
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3akioueHue

B Xxozme BbINONHEHUS BBITYCKHOW KBaTHU(PUKAIMOHHONW paboThl Oblia
Ipou3BeeHa pa3paboTKa MPOrpaMMHOIO MPOAYKTa CHCTEMbl MOHHUTOPHHIA
CHJIOBBIX TPaHC(HOPMATOPOB C PYHKIMSIMH MIPEAUKTUBHON aHAIUTUKH.

B mepBoii rmaBe OblT cocTaBlieH OM3HEC-TUIAH MO Pa3BUTHIO U peau3alluu
IPOAYKTa B IEPCIEKTUBE Mepexojia K MJIaHOMEPHOMY BBIXOAY Ha PBIHOK CHUCTEM
MOHUTOPHWHTA.

Bo Bropoii rmaBe ObU1 NPOU3BEAEH aHAIM3 HMEIOLIUXCS METOIUK
OINpPENENICHUs] COCTOSIHUSA CHJIOBBIX TpPaHC(OPMATOPOB C LEIbIO Pa3pabOTKU
COOCTBEHHOW METOJAMKHM HAa OCHOBE aHAJIM3a YACTOTHBIX XapaKTEPUCTHUK.

B tpertbeil rinaBe ObUI0 TPOU3BENIEHO COCTABICHUE MATEMAaTHUECKONW MOJIETU
CUCTEMbl MOHUTOpPMHIA C TMOCIEAYIONIEW peanu3anuedl B BHAE IPOrPaAMMHOTO
npoaykra. s sToro ObuT TpomMCaH aJIropuT™M paldOThl JAHHOW CHUCTEMBbI
MOHMTOPUHIA MCXOJ U3 KOTOpPOM OBbLI OmpenenéH NnepedyeHb MaTeMaTHUYECKHUX
MOJIeJIel, KOTOPbIE JOJIKHBI OYyT ObITh UCIIOJIB30BaHbI MpH €€ pa3pabOTKE TaKUM
MaTeMaTUYECKUMU MOJEIISIMU CTaIM B IEPBYIO Oo4Yepeb ObICTpOEe Mpeobpa3oBaHue
®dypbe, a TaKKE BBIABIT MPe0Opa30OBaHUe ISl pa3JIOKEHHUs MOTYYEHHOIO CUTHAIIA C
nocienyoued MareMarudyeckod oOpabotkoi. [ns  ympouieHuss  paboOThI
MaTeMaTHYeCKOro ammapaTta Obul Takke npuMeHEH (unbTp Kammana xotopblit
HEIMOCPEJICTBEHHO OyJeT OTBevYaTh 3a (UIBTPAIMIO IIYMOB, T'€HEPUPYEMbBIX
o0opynoBaHuEM TpaHC(HOPMATOPA, a TAKIKE OKPYIKAIOLLEH Cpesloif, a TaKKe TOMUMO
ATOro ObLT BRIOpAH AJiA pabOTHI C TEM MOHUTOPUHTA MAaTEMAaTHYECKUH armapar C
MeTonoM [IpoHu KoTOpbIA Obl MO3BOJWJI BOCCTAaHABIMBATH HEIOCTAIOLIUE IS
00paOOTKM JaHHBIE CHSATOTO C CHUTHaja. YUYUTHIBas MperojaraeMble YCIOBHS
paboThl cUCTEeMbl MOHMTOPUHIA TaK)Ke B 3TOM riaBe, Obula BHIOpaHa MOJEIb 10
KOTOpOH OyZeT MPOUCXOAUTh UMILNIEMEHTUPOBaHEE 0JI0Ka MOHUTOPUHTA B CUCTEMY
paboThl CYIIECTBYIOUIETO CHJIOBOTO TpaHcopmaropa, a TakkKe pacCMOTPEHbI

HCKOTOPBIC IMPHUMEPLI OCTAJIbHBIX MCTOJWK YaCTOTHOI'O OTKIIMKA, TaK HWJIM HHA4C
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UCIIOJIB3YIOLIMECS JIsl HAIMCaHMsI aJlfOPUTMa pabOThl CHUCTEMbI MPEJUKTUBHOTO
MOHHUTOPUHTA.

B uyerBéproil rnaBe ObuUT CcO34aH MPOTPAMMHBIN MPOAYKT CHUCTEMBI
MOHMTOPHUHIA, Ha OCHOBE paHee pa3pabdOTaHHOM MaTeMAaTUYECKON MOJEIu.
[TomuMoO co3manus TPOrpaMMHOTO MPOTyKTa OblLTa Takke pa3paboTaHa KOHIICTIIINS
INPUMEHEHUS U BCTPAUBAHUS B CYIECTBYIOIME CUCTEMBI Pa3pa0OTaHHON CHCTEMBI
IPEIMKTUBHOIO MOHUTOPUHIA CUJIOBOTO TpaHchopmaropa. Takxke Obul pa3paboTan
3D makeTr JaHHOU CHUCTEMBI MOATOTOBIEHHBIX K MOCIEAYIOIEMY BBITYCKY M TAKXKE
ObUIO OMNpEAENIEHO MECTO NPEANOoJiaraéMOM YCTaHOBKM JAHHOW CHUCTEMBI JUIs
TECTUPOBAHUS B PEAIbHBIX YCIOBUSX, BCIEICTBUE YETO OyAET TaKKe MPOU3BEIECHA
nopaboTka

JlanpHEHIIMMHY IIaraMH JUJIsl CO3/1aHUS CUCTEMBbl MPEAUKTUBHON aHATUTUKU
COCTOSIHUS CHUJIOBBIX TPaHC(OPMATOPOB CTAHET €€ TECTUPOBAHUE U apoOarus Ha
peanbHOM SHEPreTUYECKOM 00beKTe. [laHHbIE MEPONPUATHS PACCUUTAHBI Ha JIETO U
oceHb 2024-ro roza.

Hcnonb3oBanue nmoJoOHON CUCTEMBI MPEAUKTUBHON AHAIIMTUKH COCTOSIHUE
CHJIOBBIX TpaHC(OPMATOpPOB TO3BOJUT HE TOJBKO BOBpPEMsS pacro3HaTh
3apokaarommecs 1e(eKT Ha paHHUX CTAIUAX YEM IOMOXKET IPEIOTBPATUTh PAHHUE
BBIXOJI 000pYJOBaHUSI U3 CTPOsl, TaK M JacT OoJjiee 00bEMHOE MpPENICTABICHUE O
COCTOSIHUM HUMeIoulerocsi o0OpyAOBaHHS B JaHHBIK MOMEHT BpPEMEHH 4YTO B
NEPCHEKTUBE IMO3BOJUT MOJATOTOBUTHCS PEMOHTA TPaHC(HPOPMATOPOB HA pPaHHEH
CTaJIMU B TOM YHCJIE IPOU3BECTH 3aKa3 HEOOXOJUMBIX 3aIT4acTel a TaK)Ke COCTaBUTh
rpaduk mpoBeneHust padoT JyIsl MOCIEAYIONIETO MPOBEICHUE PEMOHTHBIX PaboT.

Tak >ke B X0/1¢ BBIMOJIHEHUS BBITYCKHOW KBAIM(PUKALMOHHON paboThI Obliia
MoJIlyuyeHa MOJJEpKKa OT HEKOMMEpPYECKHMX M TOCYIAapCTBEHHBIX OpraHHU3allui;
MIOMHUMO 3TOT0 ObUIO MPUHATO yyacTue B nporpamme «Ctynenueckuit Ctapram» — B
paMKax JaHHOTO MEPOIpPHUSATHSA ObUIM MOJYYEHBI CpeICTBA g (PUHAHCUPOBAHUS

MMPOCKTa CUCTCMBI IIPCAUNKTUBHOI'O MOHHUTOPHHTIA.
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JlbBa bopucoeu4a. ABTop npoekTa HamepeH paspaboTaTb nporpaMMHoe obecne4eHue
ANS  paHHero onpedeneHus  3apoxpawoulerocs Aedekta B ABYX06MOTOYHOM
TpaHcdhopMaTope C LEnblo onpefeneHus cpoka ero cnyxbel. Mel cuMTaeM [aHHyH
pa3paboTKy MepcreKTUBHOM U BOCTPeBOBAHHOWM Ha pPblHKE CWUCTEM MOHWUTOPUHra
TpaHcdopMaTtopos. Mocne ycnewHoi peanusauun npoekta komnanus 000 "CK NAHAD"
HaMepeHa 3aKn4YuTb [Or0BOP O COTPYAHWYECTBE M OKazaTb NOOLEPXKKY CO3LaHWA

NONHOLeHHOro NpoAyKTa.

IOupektop 000 «CK NAND»
MnatoHoe [J.A.

C yBaxeHuem:
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[Tpunoxenue B

IMucemo nmogaep:xku or OO0 «PYPUKO»

PYPHKO Lo Rl

Ofmecrno ¢ I‘ll’]’llllll‘!tlllll‘ln OTBETCTBCHHOCTRIO

445004, r. Camapa, np-a. boaswoii, romosnancuue 29,
Ten. +7 996 342-56-62

E-mail: vladislav.chindin@gmail.com

WHH 6382093118, KI1IT 638201001,

OI'PH 1226300037512, OKIIO 98018374

N,
nZEZ o BOE I

VBazkaemplii Cepreii 'ennaabeBuy!

Komnanus OOO PYPHUKO HacrosmuMm NHCBMOM IOATBEPKAAET CBOIO
3aMHTEPECOBAHHOCTh B COTpyAHMYecTBe ¢ MockaneBoM JIpBoM BopucoBuieM ¢
uenplo peanusauud Inpoekra «PaspaboTka CHCTEMbl MOHHMTOpHHIA CHIJIOBOIO

TpaHcpopmaTopa ¢ QYHKIHUIME IPEAUKTHBHON aHATUTHKI.

YkazaHHbIA TpoekT BaxeH misi kommanun OOO PYPUKO, mnockoibKy

NpoOAYKUHs, IMOJyYCHHAs B Ipouecce COTpyAHUYIECTBA ITI03BOJIUT BBIMTH Ha PBIHOK
NPEANKTHBHOIO MOHUTOpPHHIA, a TaKXKe 6)’IICT [10JIL30BATLC  CIIPOCOM Y
IMOTCHIMAJIbHBIX noxyna'reneffl B CBSI3U C BBICOKMMH TEMIIAMHU uud)posmaunu

sHeprocucreMs! Poccuiickoit denepanuu.

["enepanbHbli qupekrop Yunany B.B.
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[Tpunoxenue I

IMucsmo moaaepxkku or MOO «Acconnanusi peruOHAJIbHON MOJIOHAEKID)

MexperuonaneHan obuecmpeHHOn 0ProHU3AUUS sACCOLUAUUR PErUOHANtHOU MONOgemus

Accouuauus
PERIRECHBHOU B ®enepansioe rocynapcrsentoe
MONGgEHU BrowketHoe yupexkaenne « Do conencTBHsA
0/ ) Pa3BUTHIO ManbIX opm npcnnpumun B
Nex. Ne 7/7 /7_‘_';’:4‘» ot 72 08 HAy YHO-TEXHHUECKOil cepen

ITpoext Mockanesa JIbBa «Pa3paboTka cHCTEMBI MOHHTOPHHIA CHIIOBOTO
Tpancopmatopa ¢ (yHKUMSMH NpeIMKTHBHON aHATMTHKH» HAnpabieH Ha
CO3/aHHE  CHCTEMbl MOHWTOPHHIA TEXHHYECKOro COCTOSIHMS — CHJIOBOTO
Tpancdopmatopa B pekume peanbHoro Bpemenu. JlaHHbiii 1OAXOA K
MOHHTOPHHIY CHJIOBBIX TpaHc(opmatopos HoBatopckHif. [IpoekTHas rpynna
TUIAHUPYET pealin3oBaTh He TOJNLKO CHCTEMY MOHMTOPHHIA aKTHBHOH 4acTH B
peXKumMe peanbHOro BpeMEeHH, HO W Ha OCHOBAHHH pETPOCMEKTHBHBIX M
NPOrHO3HBIX 3HAYEHMIT PEKUMOB OIKCIUIyaTallMd W aBapHil MpPOrHO3MPOBATh
BO3HUKHOBEHHE BO3MOMKHBIX J1e)eKTOB B 000py10BaHHH.

Cunosoit  Tpancpopmarop — sBAseTcs  OAHAM M3 KIIOYEBbIX M
JOPOrOCTOALUMX JIEMEHTOB JNEeKTPOIHEpreTHyeckoi cucremsl Poccuiickoit
®enepauwnu. Ero crabunbhas v Gesasapuiinas paborta siBasercs 3anadeil, K
KOTOPOIi CTpeMATCSl KOMIaHHUH, CBSI3aHHBbIE C reHepaleil, pacrpeeeHiemM U
norpebnenneM s1eKkTpodHeprud. B Hacrosiiee Bpemst sl OmpeleNeHus
TEXHMYECKOr0  COCTOSIHMSI  CHJIOBOrO  TpaHc(hopMaTopa — yCTaHaBIMBAIOT
MHOKECTBO CJIO)KHOCOCTABHBIX CHCTEM MOHHTOPHHIA MJIH OTKIIOYAIOT €ro OT
CeTH Ul MONKIIOYEHHMs CIeLMalM3MpoBaHHOrO 000OpynoBaHus, KOTOpoe
HecnocoOHo paboTarh Ha MOAKIIOUEHHOM K CeTH TpaHcdopmarope.

[Tpu ycneuHoii peaan3aunu NpoeKTa NOTeHLHAIbHbIMH TOTPeOHTENAMH
MOryT OBITb MHOIME CETEeBble KOMIAHWH, OKCIUIYaTHPYIOUIHE CHIIOBbIE
tpancdopmaropbl. B cBasn ¢ atum MOO  "Accoumanust persoHaibHOl
MOJIOZIGKH" 3aMHTEPECOBAHA U PEKOMEHlyeT MONEPXKKY MPOEKTa B KOHKYpPCHOM

otbope.
[Ipencenarens ¢ /
eccslistpat
Koopauuauuontoro cosera MOO / et 5
«Accouualus perioHanbHo# <,

MOJIOJIEIKI) M.HU. baxues
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[Tpunoxenue /]
Ceprudukar ydyacTus B O4HOM 3alIUTe NPOEKTA B paMKaxX NPOrpaMMbl
«Cryaenuecknii Ctapram»

J— 1
OOHJ CONEACTBMA
CEPTUOUKAT  'Quekinm
V
ydyacTHuUKa ’
O4YHOro 3aTana 3auwuT NpoeKToOB B paMKax nporpamMmmmbl

doHpa coaencTemss MHHOBaLUUAM
«CtypneH4yeckun Ctaptan» (lll ouepeab) B TexHonapke «aes»

MockaneB

JleB BopucoBuuy

leHepanbHbIV AUPEKTOop
3AO «UIMNT «Npes»
O.H. Cacdwun

2023
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