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COBEPHIEHCTBOBAHUME METOJA AUCTAHLIMOHHOI'O
BBIABJIEHUA TOBPEKAEHHOI'O YUACTKA
P OJHOPA3ZHOM 3AMBIKAHHWHU HA 3EMJIYO
B I'OPOACKUX PACHPEJAEJIUTEJIbHBIX CETAX
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acnmpantbl BYPJIAKA B. B., IOJJHEBEHHA{ C. K.

Ilpuaszosckuii 2ocyoapcmeeHHblil MeXHUUeCKil YHUgepcumem

B ropoackux pacnpeaeIuTenbHBIX CETIX dIeKTpocHaOkeHus 6—10 kB s
NOTPEOUTENEH TPEThEH KATETOPUH IIHPOKO MPUMEHSETCS TETICBAst CXEMa DIICK-
TpocHaOxkeHust. B 310l cxeme ot pacmpenenurenproi noacraniuu (PI1) mura-
eTcs LICMOYKA MOCICAOBATCIBHO COCAMHCHHBIX TPAaHC(OPMATOPHBIX MOACTAH-
uuii (TTI), BTOphIM KOHIIOM MPUCOCAMHECHHAS KO BTOPOU CEKLMUU IIHH TOU KE
unu k apyroi PI1. B HopManeHOM pexxuMe MeTIist A0KHA ObITh PA30MKHYTA IS
obecneyeHus CeNneKTUBHOCTH AeUcTBUH P3A M riayOOKOro CeKIMOHHPOBAHUS
ceru. ['opoxackast ceTh MPEACTABIACT COOOH PsJ LEMOUYCK MOCIEA0BATEIBHO CO-
CANHCHHBIX HArpy3oK, UHOraa ¢ HG6OJ'ILH.II/IMI/I OTBCTBJICHUSMH. 3TO Aac€T BO3-
MOYKHOCTb OTKJIIOUCHHS JIFOOOr0 ydacTka 0e3 HapVIICHHS 3JICKTPOCHAOKCHHS
MOTPEOUTENCH, HO YCIOKHSICT IPOICCC BBISIBICHUS OqHO(A3HBIX 3aMbIKAHHUH.

B pabore npeacTaBneH METO BBUBICHUS OXHO(AZHOrO 3aMBIKAHHS HA 3EMITIO
(033), mozBonsromuMi JUCTAHIIMOHHO OHPEACIATh MOBPEKACHHBIH YYAaCTOK, UTO
JACT BO3ZMOXKHOCTb CEJICKTHBHOTO OTKITFOUCHHS IOBPEKICHHOTO YIACTKA CCTH.
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Puc. 1. CtpykTypa IIeTIeBOH CXEMBI BIEKTPOCHACKEHHUS

M3BecTHO MHOXKECTBO CHOCO6OB BBIABJICHUS TOBPCKIACHHOI'O NPUCOCAUHC-
uus pu 033 [1, 2]. B cersx ¢ U30IUpOBAHHON HEHTPATBIO IS CCJCKTHBHOIO
OTK/IIOUCHUA HJINM CHTIHAJIU3AIOUH MOXKCT 6LITI> HCIIOJIB30BAaHA TOKOBAsd OTCCUKA
WM MakCHUMajbHas TokoBas 3amuta (MT3) mo Toky HyJIEBOH MMOCIICI0BATEIb-
HocTu. [l ceTelt ¢ KOMICHCHPOBAHHOW HEWTpanbio Gonee 3((GEKTHBHO NpH-
MEHCHUE HANPABICHHBIX H MONEPEHYHO-AU(PPEPECHINANTBHBIX 3AIMUT HYICBOH
MIOCJICAOBATCIBHOCTH [3].

JMCTaHIIMOHHOE ONPEACICHUE MOBPEKACHUS MPOU3BOIUTCA MYyTEM H3Mepe-
HUA CONPOTUBJICHUA JIMHUU OT PI1 A0 TOYKH 3aMBIKAQHUA. OTJ'[I/I‘{I/ITGJ'ILHOI\/'I 0CO-
OCHHOCTBIO MPEACTABICHHON METOAMKHU SIBJICTCS HCIIOIb30BAHHUE TOKA HATPY3-
KU A7 YBETHYCHUS TOYHOCTH H3MEPCHHsS CONPOTHBICHHUS, TAK KaK IMAJCHUC
HaNpsDKCHUS B TMHUH, co3gaHHoe TokoM 033, 1ocTaTouHo Maio U ONPEIeIuTh
€ro ¢ HeOOXOJMMON TOYHOCTBIO MPOOIEMATHIHO.
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PaccmorpuM npuHIMN onpexencHUs CONPOTHBICHUA auHMH Mexxay PIT u
mectoM 033.

Cunraem 033 merannuueckuM U MpeHEOperacM MaJcHUEM HAMPsDKCHHS Ha
MEPEXOTHOM CONPOTUBJICHUU 3aMbIkaHus, OpoHe kabens u 3emue. Toraa

HANPSDKCHNC TIOBPEKACHHON (Basbl OTHOCHTENBHO 3eMmH Uy B TOMKE 3aMblKa-

HUS
U, =U,+U,+U,, (1)

rae U,, U,, U, — HanpsoKeHHUs MpIMOH, 0OpaTHOH UM HYJIEBOH ITOCIEI0BATE b~
HOCTCH B TOYKC 3aMBIKAHUS. JalHUIICM AHATOTHYHOC BHIPAKCHHE TS U3MEpsc-

MOH BemuumHbl Hanpsokenus Uj Ha mmnax PIT

Tt _ 1T Tr Tr

o =U/ +U, +U; #0, )
rae U/, U,;, U] — HanpspkeHUs MPIMOi, 0OpaTHOH U HYJICBOH MOCICI0BATEIb-

HOCTEH B TOUKE U3MEPECHUSL.
Hamepsemoe HanpskeHIE TOBPEKIACHHOH (Pa3bl OTHOCHTEIIBHO 3EMITH:

I =(U -U )+ U, -U,) +U; - U,); 3)
Ji =AU, + AU, + AU,; “4)
Uy =NZ +1,Z,+1,Z,. ®))

Hepasenctso (2) 00yCIoBICHO NaACHUEM HAMPSLKCHUS B JIMHUH. Bemudaunbl

U/, U;, U} oTau4arTcs OT COOTBETCTBYIOLIMX 3HAUCHUH B TOUKE 3aMbIKAHUS

HA MaJCHUE HANPKCHUN B THHUM OT NMPOTEKAHMA TOKOB [, [,, I, |epes co-

HNPOTUBIICHUS JIUHUU JAHHOH MOCIEA0BATEIAbHOCTH.

ConpoTuBIcHHE JTUHUM 711 OOPATHOM MOCIICAOBATCIBHOCTH OOBIYHO PABHO
COTNIPOTHBIICHUIO TS MPSIMOH MOCICAOBATCIBHOCTH, TTO3TOMY YAOOHO HCIONb-
30BaTh CYMMapHOC HANPSDKCHUE U CYMMAPHBIH TOK MPSIMOU U 0OpaTHOH mocnie-
JOBATENBHOCTCH AT MOBPEKACHHON (hashl.

Tox HyneBOM MOCIEAOBATENLHOCTH HAMHOTO MEHBINE TOKA HATPY3KH H
HAIpaBJICH BCTPEUHO TOKY MPSIMON MOCIEAOBATENBHOCTU — OT MECTA MOBPEXKAC-
Hug Kk PII. Xota conmpoTHBICHHC TUHHUHM TOKY HYJICBOH MOCICIOBATCIBHOCTH
BBIIIE COMPOTUBJICHUS TOKY IMPSIMOM MOCICAOBATEABHOCTH B CHIIY MAJIOCTH TOKA
3aMBIKAHUS, & TAKKE HE3HAYUTCIBHOCTH B3aUMOWHIYKLUHN B KaOCTbHBIX JTHHH-
SIX, MOKHO TIPHHATB!

v=+ L +1)Z; (6)
Uy =1,7,. (7
Takum 00pazoM, HaNPSDKCHHE MOBPEKACHHOH (assl OTHOCHUTEIBHO 3EMIIH

00yCIOBICHO MPOTEKAHNEM TOKA HArpy3kH ¢asel. Torga BOZMOMXHO OMpPEIeTHTb
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TOUKY 3aMbIKaHUA 1O AJIUHC JTUHUHW, 3HAA &> TOK HOBpG)K,Z[GHHOﬁ (baSLI 1 &

Y TIOTOHHOE CONMPOTHBICHUC IUHUH Z .

Hsmepsemolt BenmmuuHOU sABIsAETCA HampspkeHue U é) MOBPCKACHHOH (aszbl

OTHOCHTEIBHO 3E€MITH, CIMHCTBCHHOC HCHCKAKCHHOC HAINPSIKCHUC BCICACTBUC
HaChIIeHUA TpaHchopMaTopa HanpsukeHus npu 033.

[NpuBeacHHBIC BHIIIE BHIKIAAKA CIOPABCITUBBI I MECTAUTMICCKOrO 3aMbl-
KaHHs Ha 3eMIK0. B ICHCTBUTENBHOCTH PAa3HOCTh HANPSKCHUE OyAeT 3HA4YH-
TCJABHO BBILIC PACUCTHON HM3-32 MAJACHHS HAMPSDHKCHHS OT MPOTCKAHHS TOKA HY-
JICBOU MOCIICAOBATCIBHOCTH B TICPEXOIHOM COIPOTHUBIICHUN 3aMBIKAHHSI, OPOHE
kabemst u 3emie. [ KOPPEKTHOro H3MEPEHHSI COMPOTHBIICHHUS THHHHA HEOOXO-
JMMO OTCTPOUTBCS OT STOH BETUYUHBI. MEXaHH3M OTCTPOHKH MOKA3aH HA BEK-
TOPHOU JuarpamMme, IPUBEACHHON Ha pHC. 2.

P-y AU,

AU, U,

12: = Yo

Puc. 2. a— coBMeIleHHast BEKTOPHAs UarpamMMa TOKOB
U HanpspkeHui pu O33; 6 — TpeyroJIbHUK HaIlpsKeHUI
JIMHUA

3a Ha4aJIo OTCUCTA MPUHUMACM CYMMY BEKTOPOB HAIPSUKCHUS MPSIMOM U 00-
partHOi mnocaenosarenpHocTel Up,. Tok nuHMM [, HOCHUT aKTHBHO-MHIYK-

THUBHBIH XapaKTep U OTCTAeT OT BekTopa U, Ha yroa Harpysku ¢. Ot mpoteka-

HUS TOKAQ Harpy3KH HampspKeHUE najaer Ha AU = icpZJT U B TOYKE 3aMBIKAQHUS

Uy, = Uy, =AU

T

= -
AU, =1,Z, =1,2,7Z.¢", )
X
VY =arctg —%, (10)
RHOI‘
rae Zneij — KOMIUIEKCHOE CONPOTHUBJCHUE TuHMM; X ., R = — TIOTOHHBIE

HapaMeTphl TUHUH.
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Tox /, HOCUT aKTMBHO-CMKOCTHBII XapaKkTep M OIepekacT Hanpspkenue U
Ha YIrol (. B TOUKe 3aMBIKaHHS HAXOAWTCA HCTOUYHHK HANPSKEHHS HYJICBOH
nocnenosarensroctr ¢ IAC U = -U, . Ho 310 HanpsukeHHE HE PaBHO H3MEps-

€MOMY Ha INMHAX HANPsDKCHUIO HYNEBOH IocienoBaTenpHOCTH U, Tak Kak
CYLICCTBYCT NMAJICHNC HANPSDKCHUS HYJICBOM MOCICIOBATEIBHOCTH Ha MEPEXO-
HOM CONPOTHBJICHUH JTHOO Ayre, B OpoHe kabensg u rpyHTe. MX MOXHO cuuTaTh

AKTHBHBIMH H CI/IH(I)aSHbIMI/I 0 OTHOLICHUIO K TOKY 3aMbIKaHU A I 0

AU, =31, (Rypes + Ry, )- (11)

[Tpu ayroBom 3aMbIKaHHM HETHHEHHOCTD AYTH BHOCHUT HEKOTOPBIC MCKAMXC-
HUS, CBA3aHHBIC C TAIICHUEM U 32)KHTAHHEM IYI'H NPH MEPEXOAE TOKA 4epes
HYJb, TIO3TOMY ISl MOBBIIICHUS TOYHOCTH HEOOXOAMMO HCIIONB30BATh 3HAUC-
HUS W3MCPSCMBIX BCIMYUH MO TNEPBOH TapMOHHKE, BBIACTICMONW METOIAMH
uudposoii GpumeTpamu. JyroBoe 3aMEIKaHHE, KaK IPaBHIO, OBICTPO NEPEXOIUT
B METALIMICCKOE TOCIE HAIUIABICHHUS METATHIECKOTO MOCTHKA MEXKIY KHIOH
1 000IOUKOH, OCTABIIS TIMHEHHOE TIEPEX0JHOE COMPOTHBIICHHCE.

He BhI3BIBacT 3aTpyOHCHUH ONPEAETUTH PEATbHOC MAACHUE HAMPSIKCHUS

B muHUM AU 10 M3MEPEHHOMY HampspKCHUIO Uy, TOKY MOBPEKICHHOU (asbl

I, ¥ TOKy HyNCBOH MOCICAOBATCAPHOCTH [, U3 TPCYrOJbHHUKA HAIPSKCHHI

(puc. 206).
3a HayajI0 OTCYETA MPUHMUMAEM OCh BEKTOPA TOKA HYJICBOM IMOCICI0BATCIIb-

Hoctu /,. Mamepsemoe Hanpsokenne Uy OMepexaeT €ro Ha yrom a.

Tox wHarpysku omepexaer I, Ha yrom ¢'. Bektop AU/ omepexaer BEKTOp
I ; Ha yron nuHun . IIpoBeaem npsMyro U3 KOHLA BEKTOPA U é) IOJ YIJIOM W K

I,. TlomyueHnas mpsivas sABJISCTCS MCOMCTPHYCCKMM MECTOM BEKTOpA AUJ;.
Ilposeas mpamyio 3 KOHUA Havana Uy mapaniensHo [, 0 TMEpeceveHws ¢

npsiMol Bekropa AU, MOIyuHMM HMCKOMBIH BEKTOp. ANreOpanmvdecku MOXKHO

onpexenuts AU! ¥ PacCTOSHHE OO 3aMBIKAHHSA /, MOIb3YSCh TEOPEMOH CHHY-
COB!

AU, =U—2% (12)
sm((p + \|/)
Ul .
; b sina (13)

B 1 Z o sin((p’ + \|/) '

Takum 0Opa3oM, MOXKHO OTCTPOHMTBCS OT MEPEXOTHOTO COMPOTHBICHUS
B MECTE 3aMBIKAHHSA U ONPEACIHTh NaacHue HanpsokeHus B auHua AU . Tlpe-

HeOperaTh VriaoM W B KaOCTbHBIX THHHAX HEXKETATEIBHO, TAaK KaK, HAIPHMED,
ams muanE 6 KB ceuernem 95 my® W = 13,5° 1 970 NpeHEOPEKCHHIE 3aMETHO
CKaXKETCAd HA TOUHOCTH pacuera. s Hanboiee 4acTo HCIONb3YEMbIX CCUCHHH
yron y Haxoaurtcs B mpeaenax §—20°. BonpIMHCTBO METIEBBIX KabETbHBIX Ce-
TEH BBITIOJIHEHBI OJHUM M TEM JKE€ CEUCHHMEM, TaK UTO MOTPEITHOCTH OT HEOJHO-
POTHOCTH \ HEBEIIHKH.
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s metnepoit cxemsl (puc. 1) Tox nuHUA HE OyA€T OMHOPOAHBIM, MOCKOJIB-
Ky CYIIECTBYIOT OTOOpPBI MOIIHOCTH BIOJb JHHUH. Eciam ToKopacmpemeaeHne
BAOJb JINHUHM W3BECTHO, TO TMOBPEKASHHBIM YUYACTOK MOXKHO OIMPENENUTh MO
rpaduky (puc. 3).

g VYuaactok 1 YuacTok 2 YuacTok N

SR B N

A \
IND

%0

YuacTok 1 YuacTok 2 VYyacTok n1

AU,

—
2

Puc. 3. lnarpamMma 1iaIeHusI HalIpsDKEHUH BIOIE THHIH ¢ OTOOpaMH MOTITHOCTH
IIPH TIPOCTOM OHO(A3HOM 3aMBIKAaHIN

Hns moctpoenus rpaduxa HEOOXOAMMO YUHTBIBATH Psif (PaKTOPOB, B TOM
YKCJIE U CXEMY CETH Ha JaHHBIH MOMeEHT Bpemenu. Mudopmanus 000 Beex uz-
MEHEHHSIX KOH(QUTYpaluu CEeTH AOJKHA BHOCHTHCS AHCIIETYEPOM B CHCTEMY
JMCTAHIIMOHHOTO MOHHUTOpUHTA. Takke HEOOXOAUMO 3HAThH JJHHY U CEUCHHE
OPOBOAHUKOB, TOKH Ka>XIOro ydacTKa. I[aHHLIe O TOKaX BO3MOJKHO ITOJIy4aThb U3
cucremsl ACKYD mo cropone 0,4 kB.

B ropoackux cersix Texuudeckui yuer morrHoctu TII orcyrerByer, HO, mo-
CKOJIBKY XapaKTep Harpy3Kd CTaTHCTUYECKHH W Harpys3ka 3aBHCHT OT BpEMEHH
CYTOK, TEMIIEPATypPhl BO3AyXa MPAKTUYECKH PABHOMEPHBI IS BCEX MPUCOEIHU-
HeHHUH, 0 BeiquurHe TOKAa Kaxkmoro TII MOkHO CymuTh Ha OCHOBAHHMH OOIIEro
TOKa Bcero npucoenunenus PII, Tekyiuel cxembl CeT U HOMHUHAJBHBIX MOIIHO-
creit Tpanchopmaropos TIL

B obuiem ciiyyae Moker ObITh # yU4aCTKOB. TOK Ka)kKIOW HArPy3KH CUHTAEM
MPOMOPUMOHAJIBEHEIM TOKY B Hayajie LEMOYKH W HOMHHAJIBHOW MOLIHOCTH
tpanchopmaropa. Tok Ha A-M ydacTKe MOKHO MPUOTHIKEHHO OMPENEUTh Yepe3
0TOOPBI MOLIHOCTH j-T'O y4acTKa S ;M CyMMapHBIH TOK [y

)Y
h=hRT5 (14)

LM

SRy
1
IManenue nanpsoxkenus AU, Ha paccrosHuu / onpenensercs mo Gpopmyie

!
AU_(I)= j I()Z (1)dl, (15)

rae Z, — yienbHOe CONPOTHBIIEHN e TNHIN HA PACCTOSHUH /.
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UuncneHHOE MOAETHPOBAHUE MPEATIOKCHHOTO PHUHIINNA TTOKA3AII0, UYTO JAAXKE
MPH OTKIIOYCHHH OJHOTO H3 TpaHC(HopMaTOpOB LEMIOYKH MOTPEIIHOCTh MPH-
6J'II/I)KCHHOI‘O MCTOAA HC IMPCBBIMIACT YUCTBCPTHU CyMMapHOI\/'I JAJIUHBI OCITOYKH.
Ha nepBoM ydacTke MOTpeITHOCTs OT HEPACUETHOCTH PACIIPEIESIICHN Harpy3KH
OTCYTCTBYET, MOCKOIBKY IO HEMY IPOTEKAET MOMHBIM TOK HArPy3KH, IO MEpe
VIANCHUS MOTPELIHOCTE HapacTacT. MakcuManbHas MOrPEITHOCTh MOXKET OBITh
MPH 3aMBIKAHHH HA MPEAMOCICIHEM VIACTKE, TIOCKOIBKY Ha MOCIESIHEM YIACTKE
BCTYNACT B CUTY JIOTHYCCKOC OIrPaHUYUCHHUC Ha AJTUHY LCIIOYKH. HC6OHLLHI/IC oT-
KIIOHCHHUA B TOKOPACHPCACICHUU MPAKTUYCCKU HC BIHUAKOT HA MNPABUJIbHOCTDH
OTIPEIENCHHS TOBPEKACHHOrO yuactka. [IpakTuyueckn MOKHO €CKasaTh, YTO MO-
JOOHBIH METOA MO3BOJIACT ONMPEACTATh MOBPEKICHUE C TOYHOCTBIO 0 OJHOTO,
pexe — ABYX VUACTKOB, MMOCKONBKY MPH 3aMbIKAHHH BOJNN3H COCCAHETO YUaCTKA
HCBO3MOXKHO OIIPCAC/INTD, HA KAKOM U3 HUX IMPOU30HLIO 3aMbIKAHHUC.

[Ipennoxennas MeToaUKa ONPEACTICHUS PACCTOSHUS A0 MECTA MMOBPEIKACHUS
TpeOyeT pa3pabOTKH KOMIUIEKCA AMCTAHIMOHHOTO MOHUTOPHHIA PACHPEACICH-
HBIX yCTpoHcTB co cnenuanuzuposanHoil SCADA cuctemoii. UmenHo Ha aBTO-
MaTU3UPOBAHHOM pabouem mecte (APM) onepaTopa OyAeT MPOUCXOIUTh OIPe-
JETICHUE MECTa MOBPEKICHUS C HCIIONb30BAHUEM JAHHBIX O TEKYIIEH KOHpUTY-
pamuu CCTHU, AMHUHAX U CCUCHUAX Ka6CJ'ICI\/'I, HOMUHAJBHBIX MOIIHOCTAX TpaHC-
dbopmaropos. Ipu atom kpome onpeacncHus mecta 033 paspabateiBacMast cu-
CTEMA MOXKCT HUMCTh AONMOJIHHUTCIBHBIC (byHKLII/II/I, TAKHUC KAaK AUCTAHIIUOHHAA
HACTPOMKAa U MOHUTOPHHT 3alIUT.

Bo3M0OXHO HCTIONB30BAHUC OPCITOKCHHON METOIUKY TS JUCTAHITHOHHOTO
OTIPEIENCHHS TOKANBHOrO ACEKTa HM30/LILIUH MPH CHIKCHUH CONPOTHBICHUS
vomsuun. JeekT H30mSIIMH MOKET OBITh MPSACTABICH 3aMBIKAHHEM 4CPE3
Gonprioe nepexogHoe conporusicHue. [Ipu 3tom morpedyeTcs obecneyuTsb BbI-
COKYIO TOUHOCTb M3MEPCHUS TOKA HYICBOH MOCIEA0BATCIEHOCTH.

[Tpu ucronp30BaHUN METOTUKH HCKITFOUUTENIBHO U1 ONPEACICHUS MECTa 3a-
MBIKaHHS Ha 36MITIO LETecO00pa3sHO MPUMEHATh €ro A/l 3allUThl JTUHHUH ¢ H307-
LHCH W3 CIIMTOrO MOMMATHICHA U NO(a3HOH MPOKIAIKON, MOCKOIBKY 3aMBIKAHHE
HAa 3eMITIO A7l JAHHOTO THIA JWHUH SABICTCA NPEOOIaJaronM U BO3MOKHO AU~
TCIIBHO VASPKUBATH CETh B pabore 0e3 pazBuThs MK ()A3HOrO MOBPEK ICHUSL.

BBIBO ]I

Pazpaborana mMeTomuka AWUCTAHIMIOHHOTO OMPCICTCHUS MECTA 3aMBIKAHHS HA
3EMJIIO B CETSX C HM30IHPOBAHHON HEHTpanbio N1l KabeNbHBIX JTUHUN C pachpeac-
JICHHBIMH HArpy3KaMH € HCTIONb30BAHUEM NMAPAMETPOB ABAPHIHOTO PSKUMA.

Ha ocHoBaHuM mpeanoKeHHOW METOAUKU pa3paboTaH alropuTM aBTOMATH-
yeckoro BeisaicHUS O33 B ropoackux KaOeNbHBEIX PACHPEICITUTEIBHBIX CETAX
€ yKazaHueM Mecta moBpekacHus. [IpennoxkeHHas MeToauka MOXKET OBITh UC-
MOJb30BAHA A JUCTAHLIMOHHOTO BBISBICHHS ACTPAJALMOHHOIO HAPYIICHHS
H3OISILIHH.
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