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NCCIEJOBAHUA TAPAMETPOB BBICOKOBOJIBTHBIX OIITHYECKHUX
N3MEPUTEJBHBIX TPAHC®OPMATOPOB U BOSMOKHOCTb UX
INPUMEHEHMUWSA HA CETEBBIX OBBEKTAX

Yemanoea AK.

B naHHO# cTathe paccMaTpuBaeTcs mpodiemMaTuka MpUMeHEeHUs: HU(POBBIX
TEXHOJIOTMA Ha JACHCTBYIOIIMX DSHEpreTMyeckux oObekTrax. BHeapeHue
BBICOKOBOJIBTHBIX ONTHYECKUX H3MEPHUTENBbHBIX TPaHC(HOPMATOPOB HA CETEBBIX
00beKTax SIBJISETCA TANoM B 0OILEM MUPOBOM IIpoliecce nepexoaa Ha HupoBbie
TE€XHOJIOTMM MOHHUTOPHUHIA M YIIPABIEHUS B CUCTEMAX MEPENadu IEKTPOIHEPTUU
[1]. [osiBneHHEe HOBBIX MEXKIYHAPOJTHBIX CTAHAAPTOB M Pa3BUTHE COBPEMEHHBIX
UH(POPMAILIMOHHBIX TEXHOJIOTUH OTKPBHIBAET BO3MOXHOCTHM HHHOBAI[MOHHBIX
IOJIXOJIOB K PEIICHHIO 3aJady aBTOMATH3allMU U YIPaBIEHUS SHEProoObEKTaMH,
TI03BOJISISL CO3/JaTh TOJCTAHIIMIO HOBOro THma - nudposyro mnoxacrannuto (II1C)
[4]. OtnuunTtenbubiMu Xapaktepuctukamu L{IIC ABASIOTCS HaaMunMe BCTPOCHHBIX
B [IEPBUYHOE 000PYI0BAaHUE UHTEIUIEKTYaIbHBIX MUKPOIIPOLIECCOPHBIX YCTPOUCTB,
a TaKXe BO3MOXXHOCTb MPUMEHEHHUs JIOKAJIbHBIX BBIYUCIUTEIBHBIX CETEH s
KOMMYHUKaIi, 1udpoBoi cmocod gocTyna K HHpopmaiuu, €€ mnepenade u
00paboTke, aBTOMAaTH3AIMS PA0OTHI MOJACTAHIIMH U TIPOIIECCOB yIpaBieHus o [3].
B nepcnextuBe 1udpoBas MOACTAHIUSA JIOJDKHA  SIBISITBCA — KIIFOUEBBIM
KOMITOHEHTOM MHTEJUICKTYanbHO# cetu (Smart Grid) [1].

OnTuyeckue W3MEpPUTENbHBIE TpPaHCHOPMATOPHI SBISIOTCS HOBBIM  KJIACCOM
YCTPOMCTB, MpeIHa3HAaYEHHBIX JUJIsl MCIOJIb30BaHHS B COCTaBe OOBIYHBIX W
mudpossix nozactaniui (L[IIC), B kadecTBe MEPBUYHBIX JATYNKOB TOKA H
HaIpSDKEHUS, NMPUMEHSAEMBIX KaK B CHCTEMax HM3MEpPEHUs M yyeTa, Tak U B
CHCTEMax JUCTAHIIMOHHON NUArHOCTHMKH W MoHuTOpuHTa [1]. DTm ycTpoiicTBa
UCIOJIB3YIOTCSI COBMECTHO C 3JEKTPOHHBIM LU(POBBIM MpeoOpa3oBaTeIbHBIM
000py/I0BaHUEM, U MOTYT IPUMEHSITHCSI HAa OOBIYHBIX MOACTAHLUAX B IEPEXOTHON
IEPUOJl, KOTOPBIM XapaKTEpU3HPYETCS IMO3TAIHBIM BHEIPEHUEM 3IIEMEHTOB
U(PPOBBIX MOJCTAHIIMN HA JACUCTBYIOIUX 00BekTax [2]. B Hacrosimee Bpems B
MHUPOBOM DSHEPreTHKE ONpeleNuiIach YCTOWYMBAs TEHJEHUUS K BHEJIPEHUIO
HU(POBBIX TEXHOJOTM MOHMTOPUHIA M YIpaBJCHUS, KOTOpPbHIE MO3BOJSIOT
NOBBIIIATH KAYECTBO DJIEKTPOCHAOXKEHM S, TTOBBIIIATH d()PEKTUBHOCTh HA CTAAMSIX
IPOU3BOJICTBA, TPAHCIIOPTA U MOTPEOICHMS, a TAKKE CHUXKATh MOTEPU SHEPTHUH.
[MudpoBbie MOACTAHIIMU CHOCOOHBI pea30BaTh HAa MPAKTUKE LENYI TPYMIy
TEXHOJIOTHH, IpeIHa3HAUYEHHBIX JJIs HOBBILICHUS 3(PPEKTUBHOCTU MAaruCTpaibHbBIX
JuHUK. B uucie Takux TEXHOJOTHMM MOTYT OBITh THOKHE CUCTEMBI Tepeaaydd
nepemenHoro toka FACTS o0Opa3oBaHHBIE CEMEHCTBOM CIIOKHBIX YCTPOWCTB
CUJIOBOU 3JIEKTPOHUKH, TEXHOJIOTMH TEMIIEPATYPHOTO KOHTPOJI COCTOSIHUSA JINHAN
nepefaayd M cucteMbl peruoHanbHoro monutopunra (WAMS) [3]. Lludpossie



MOJICTAHIIUM HEBO3MOXKHO CIMHOBPEMEHHO BHEAPUTL I10 IPHYMHAM OYCHB
BBICOKOM CTOMMOCTH TaKHUX TIPOEKTOB, M TIOITOMY HEU30EKEH TNEepexXOaHON
NepuoJl, B Tpoiecce KOToporo ¢parMeHThl IU(GPOBBIX TEXHOJOTUNA MOTYT
BHEJIPATHCS HA OOBIYHBIX TIOJICTAHIIMSIX TTOITAITHO.

OCHOBHBIE TIPEUMYINECTBA ONTUYECKUX HM3MEPUTEIBHBIX JIATYMKOB II0
CPaBHCHHIO C OOBIYHBIMH AJIEKTPOMArHUTHBIMHA HU3MEPUTEITbHBIMA
TpaHchopMaToOpamMu TPOSIBISIFOTCS B BBICOKOH 3alTUINICHHOCTH OT BHEIIHETO
3JICKTPOMArHUTHOTO BIMSHUA. B CBA3M ¢ 3THM pacCMOTPHUM IPHHIIMIT JACHCTBHS
AJICKTPOMArHUTHBIX ~ MEIIAIONIUX BIUSHUN Ha OOBIYHBIC H3MEPHUTCIIbHBIC
TpanchopMaTopel B CpPaBHGHMH C  BO3JICWCTBHEM  HA  ONTHYECKUC
JaTYNKKA. DJICKTPOMAarHUTHBIE ~ MEIIAIOIIMe  BJIMSHUSA,  JCHCTBYIOIIME  Ha
000pyI0BaHNE 3aIIUTHI M AaBTOMATHKHW TOJICTAHIIMMA, TTPOSIBISAIOT CBOE JCHCTBHEC B
BHJIC TOKa IO 3a3eMJIAIOIIMM TIPOBOJHUKAM, CO37aBas BOKPYI HHUX BTOPHUYHOC
napa3uTHOE IEKTPOMArHUTHOE 1T0JIC M BO3HUKHOBEHHUE MEIIAOIETO HAIIPSHKCHUS
TIOMEXH B Pa3IMYHBIX TPOBOAHMKAX. [lapa3uTHbIC BO3EHCTBIS TIOMEX Ha MPOIIECC
nepelayd CUTHaja B CHCTEMax 3allUThl M aBTOMATH3AIMH TOJCTAHIIMA MOYHO
pas3aenuTh Ha crieayrorue rpymmsl [4](PucyHok 1):
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Pucynoxk 1 - XapakTEPUCTUKA W  YaCTOTHBIE CIIEKTPbl HUCTOYHUKOB
DJIEKTPOMAarHUTHBIX IIOMEX U MOJIE3HBIX U3MEPUTEIILHBIX CUTHAJIOB

Ha pucynke 1 nokazaHsIrpymnsl napa3uTHbiX Bo3aeiicteuii Ha TH u TT:

- 3JIEKTPOMArHUTHBIEBO3ACUCTBUS Yepe3 Nponu3BoaHble cBa3u TH u TT;

- BIIMSTHUE HA Yepe3 pa3Hble MOTEHIMAJBI 3a36€MIISIFOIINX YCTPOWCTB,;

- BJIMSIHUE Yepe3 Napa3suTHYI0 UHIYKTUBHOCTD,

- BJIUSIHUSA Yepe3 NIapa3suTHbIE EMKOCTHBIE CBSI3H,

- BBICOKOYACTOTHOE 3JIEKTPOMAarHuTHOE BiusiHue Ha oOMoTku TH u TT.
Heo0xoauMoO OTMETHUTbH, YTO YAaCTOTHBIE CHEKTPHI MIOMEX M IOJIE3HBIX CUTHAJIOB
HaXOJATCS B OJHOM YaCTOTHOM JHUAIla30HE U UX MPAKTUYECKU U TEXHOJIOTHUYECKU
HEBO3MOXHO  pasaeinuTb.PaccMOTpuM  cXeMy  BO3JEUCTBHS ~ IIOMEX  Ha
00opyoBaHHE OOBIYHOM MOACTAHIIMH, TIOKa3aHHYIO Ha pucyHke 2 [4].
Hcnonp3oBaHne Ha JAEUCTBYIOUIMX MOJCTAHIMIX MHKPOIPOLECCOPHBIX OJIOKOB
CO3/a€eT psiJ HOBBIX MPOOJIEM, BEI3BAHHBIX BHICOKUM YPOBHEM 3JIEKTPOMArHUTHOTO



BIUSHUS  yCTapeBIIEro  oOOpyAOBaHUS  NOJACTAHLIMA  Ha  yCTPOMCTBa
penelinoi 3ammThl U aBToMaTtuk - MIT P3A. MukponpoiecCopHble CHCTEMBI
UCIOJB3YIOT B CBOEM paboTe CUrHaibl HU3KOTO YpPOBHS, HANpsyKEHUE KOTOPBIX
COU3MEPUMO C HAIpPSIKEHUEM UMIYJbCHBIX MOMEX, BO3HUKAIOIIUX B CUTHAIBHBIX
KabelsiX U MPOBOJKAX BCIEACTBHE BO3ACUCTBUS 3JIEKTPOMATHUTHOIO M3JIy4EHHUS.
[TosTomy, wucnone3oBanue MII P3A, BblHyXkJgaeT 3KCIUIyaTallHOHHbBIC
OpraHU3alMK JIOTIOJHUTEIBLHO TPOU3BOJUTH PAOOTHI MO 3aMEHE CUTHAIBHBIX
ka0emnel Ha SKpaHUPOBaHHBIE C BRICOKOA(D(PEKTUBHBIM dKpAHHBIM JeicTBUEM. [Ipu
3TOM HEOOXOAMMO TMOBBIMATE 3(PEKTUBHOCTh 3a3eMJICHUS C pa3leICHHEM Ha
UM(POBYIO U aHAJIOTOBYIO YaCTh, BBIMOJHATH P APYTHMX pabOT MO 00eCreyeHuto
AJIEKTPOMArHUTHONH COBMECTUMOCTH OOOpYZOBaHUS Ha MOACTAHLMH. Jpyrumu
CJIOBaMH, TMEPEXOJHON TMepuoj, KOTOPbIM XapaKTepU3yeTcs OJHOBPEMEHHBIM
VCII0JIb30BaHueM ycTapeBuX deKTpoMarHuTHeIX TH 1 TT, 1 HOBOro nokoneHus
mubpoBOoro  o0OpPYyNOBaHUS,  CONPOBOXKIAETCS  MPEOJOJIEHHEM  MIpodiieM
COBMECTHUMOCTH O0O0OpYZOBaHMs, UYTO HE BCerjga YyIaeTcs BbIIOJHUTh C
noctatoyHo 3¢ dexkTuBHOCTHIO. B cxemMax mNpuMeHEHUs TpaJaUIIMOHHBIX
U3MEPUTENIbHBIX TPaHC(HOPMATOPOB U MHKPOIPOLECCOPHONW 3aIIMUTHI CIOMXKHO
n30aBUTHCS OT BIUSHUSA TOMEX WU MEIIAIOIIETO BIUSHUS, KOTOPHIE BBHI3BIBAIOT
JOXHBIE cpalOaThIBaHMs 3aIIUT W OTKIIOYEHHUS MOTPEeOUTENeH 3JIEKTPOIHEPIHH.
TexHuyeckue CI0XKHOCTU B NMPUMEHEHUHU 3allUTHl BbI3BaHBI TEM, YTO YACTOTHBIC
CHEKTPhI TOMEX U TMOJIE3HBIX CUTHAJIOB HAXOJIATCS B OJJHOM YacCTOTHOM JIMaIla30He
U WX MPaKTHYECKHHEBO3MOXXHO pa3nenuTh. Ha pucyHke 2 moka3aHbl MecTa
BO3JICMCTBUSI TIOMEX Ha O0OpYJI0OBaHHE OOBIYHOW MOJCTAHIIMU. ODJIEKTPOHHOE
000pyI0BaHME 3AIIMIIEHO 3KPAHAMH OT BO3JECUCTBUS 3JIEKTPOMATrHUTHBIX MOMEX.
Haubonee  ysA3BUMBIMM ~ MeCTaMu  SBISIIOTCSL  CaMH  U3MEpUTENbHBIC
TpaHCc(OPMATOPhl, a TAKKE COCAUHUTENbHBIE JIUHUH, B KOTOPBIX MEPEIAIOTCA
CHUTHAJIBI B CIIEKTPE, COBMECTUMOM CO CIIEKTPOM ToMex (pucyHok 1). AHaioroBoe
0o0opy/oBaHHE OOBIYHBIX MOACTAHUUN HCIOJIb3YET SKPAaHUPOBAHUE MPOBOJOK U
0oObIYHOE 3a3eMJieHHe, KOTopoe oOnagaeT HHU3KOW dS(OPEKTUBHOCTHIO MpHU
UMITYyJIECHOM BO3JIEHCTBUU IIOMEX U NMPAKTUYECKU HE 00JIafjaeT 3allUuTON OT TaKOro
BO3JICHCTBUS. DJIEKTPOHHOE HH(PPOBOE 000PYIOBAHHE JOJDKHO OBITH 3AIMIICHO
DKPAaHUPOBAHHBIMH KOPIyCAMH U  CHEIUAIbHBIM [U(DPOBBIM  3a3€MJICHUEM.
CoBMelIeHHE aHAJIOTOBOTO M LU(POBOro 3a3eMIICHUS TEXHOJIOTMYECKU TPYAHO
UCIIOJIHUMO M TpedyeT o4eHb OONbIIMX 3aTpaT, U HAa NPAKTUKE 3ITO PEIKO
npuMensiercs [5].
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Pucynox 2 - Cxema BO31€MCTBHUS TOMEX HA 000PY/I0BaHKE
MOJICTAHIINK ¢ OOBIYHBIMHU U3MEPUTEIBHBIMH TpaHC(hOpMaTOpaMu

B cnayuae npuMmeHeHHS ONTHYECKUX JATYMKOB HMHPOPMAIMK B BUJE
U3MEPUTENBHBIX TpaHCHOPMATOPOB TOKA W HAMPSHKEHUS, PEIIAeTCs OCHOBHAsS
npoOsiemMa 3alUIIeHHOCTH W3MEPHUTEIILHOTO O000pYy/IOBaHUS W JIMHUW CBSI3U
MOJICTAHIIMK OT BO3JCHCTBUSA AJICKTPOMATHUTHBIX MoMeX. ONTUYecKue NaT4YuKu U
3JIEKTpOHHOE IM(poBOE 000pPYAOBaHHWE MOTYT OBITh MOAKIIOYEHBI K KOHTYPY
obmero mudposoro 3azemieHus. Ha pucynke 3 mpeacTaBieHO cpaBHEHHUE 3aTpat
Ha OpraHu3anuio ydera [4]:

CpaBHeHue 3aTpar
H3 OpraHnzauue ToYKY yYeTa
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Pucynok 3 - CpaBHeHue 3aTpaT Ha OPraHU3alMIo0 YUeTa



OCHOBHBIE BbIBO/IbI

Buenpenue BBICOKOBOJIBTHBIX ONTHYECKUX U3MEPUTEIBHBIX
TpaHc(OpPMATOPOB Ha CETEBBIX 00bekTax KaszaxcTtaHa MOXKET OCYLIECTBIATHCS B
pamKax mnepexoia Ha HU(POBBIE TEXHOJOTMM MOHUTOPUHIA U YNPABICHUS B
cUCTeMax MEePEeNadn dJIEKTPOIHEPruu. Takoe BHEAPEHUE MOKET OCYIECTBIATHCS B
LEeNsSX  MOBBILEHUS  HAACKHOCTH  paboThl  MOJCTAHIMM,  OCHAIIEHHBIX
MUKPOIPOLIECCOPHOU 3amuTol. B 3TOM ciydyae pemiaeTcss OCHOBHasl mpoOJiema
3aIUIIEHHOCTH HU3MEPUTENIBHOIO 000PYJI0OBaHUs U JIMHUWA CBA3U MOJCTAHLIUU OT
BO3JCUCTBHSL  DJIIEKTPOMArHUTHBIX TOMEX W  MNPENOTBPALICHUS  JIOKHBIX
cpaOaTbiBaHUI 3allUT W HEOOOCHOBAHHBIX OTKJIIOUYEHUW MOTpeOuTenel ot
AJIEKTPOCHAOXKEHUSI B pe3ysibTaTe BO3JEHCTBUSI CIydallHbIX ToMex. B crarbe
MOKa3aHO, YTO HMEETCS TEXHUYECKass M SKOHOMHYECKas 11e1eco00pa3HOCTh
npumeHenus ontuaeckux UTH u UTT B coctaBe oObrunbix T1C.

OnTuueckue U3MepuTeNbHbIE TPaHC(HOPMATOPHI MPEICTABICHBI Ha PbIHKAX
’HEepreTHYecKoro odopynoBanusi KazaxcrtaHa ¥ MOTYT YCHEIIHO IPUMEHATHCA B
OTCYECTBEHHBIX YHEPTETUYECKUX CUCTEMAX.
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