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INDUCTION CURRENTS IN HVAC NETWORKS UNDER EARTH
MAGNETIC FIELD DISTURBANCE

AHHOTaIH/Iﬂ. BrinonHeHn ananus BO3MYIICHHUA MarHuTHOT'O ITOJIA 3eMJIM M €T0 BIMSHHS Ha OHEProCUCTEMY.
PaccmarpuBaercss MexaHH3M 00pa30BaHMs T€OMAarHUTHBIX WHIyIUpoBaHHBIX TokoB [MT, koropele Moryt
OKasaTb OTPULATCIIBHOC BJIMAHUC HAa KOMMYHHKAIMHM, B TOM YHCJIIC€ W HA MNPOTANKCHHBIC BBICOKOBOJILTHBLIC
JNIEKTPUYECKHE CETH. DTO BIHMSHUE CBOJMUTCS K HETaTUBHBIM (DaKTOpaM: HACHIIICHUIO CEPACYHHUKA CHIIOBOTO
TpaHcopMaTopa U HACBHILEHUIO CEPACYHMKA W3MEPUTENBHOr0 TpaHchopMaTropa TOKa 3a MONYHEpHO[
HaMpsDKEHUS CETH, MOCKOIbKY IO CPAaBHEHUIO C TOKaMM NpoMbliuieHHOH yacToTsl [T MoxxHO cuuTath
MOCTOSIHHBIMU TOKaMHU.

KnaioueBble cj0Ba: akTHBHOCTh COJIHIIA, COJIHEUHBI BeTep, MarHuTHass Oyps, TCOMarHWTHBIA
nHaynupoBaHHbi TOK (I'UT), moBepXHOCTHBIN OTEHIIHAN, HACHIIICHHE, CTIEKTP TAPMOHUK, MECTHBIN TIEpEeTPeB

AHoTanis. Buxonano anamiz 30ypeHHS MAarHiTHOTO TOJS 3eMili Ta WOTO BIUIMB Ha EHEPrOCHCTEMY.
Po3rnsinaeTbcss MexaHi3M yTBOPEHHS T'€OMAarHiTHHX iHAyKunidHux crpymiB [IC, ski MOXyTh HEraTHBHO
BIUIMBAaTH Ha KOMYHiKallii, y TOMy 4Yucii ¥ Ha JaubHI BUCOKOBOJBTHI eJeKTpu4Hi Mmepexi. el BrmB
3BOAUTHCS JIO HEraTMBHUX (DAKTOPIB: HACHYEHHS OCEpAs CUIIOBOTO TpaHchoOpMaTopa Ta HACHUEHHS OCeps
BUMIPIOBAJILHOTO TpaHc(opMaropa cCTpyMy 3a IIBIEPioJ] HAIIPYTHd MEPEXki, OCKUIBKHM Y TOPIBHSHHI 31 CTpyMaMH
npomuciioBoi yactotu I'IC MokHa BBa)KaTH MOCTIHHUMH CTPYMaMH.

Kaio4oBi cioBa: akTHBHICTH COHIIS, COHSAYHUII BiTE€p, MarHiTHa Oyps, TEOMarHiTHUH 1HIYKOBaHUH CTpyM
(T'IC), moBepxHEBUiT MOTEHIIIal, HACHYEHHS, CTIEKTP TapMOHIK, MiCIIEBHI IIeperpiB

Abstract. It is analyzed of a magnetic field disturbance of Earth and its influence on a power supply system.
The formation mechanism of geomagnetic induced currents which can render subzero influence on
communication is considered, including on extended high-voltage electric networks. This influence is taken to
the negative effects such as the half-cycle saturation of power transformer and half-cycle saturation of current
transformer because in compare to the alternating currents frequency the GIC can be considered direct currents.

Key words: activity of the sun, solar wind, geomagnetic storm, geomagnetic induced current (GIC), earth
surface potential, saturation, harmonic spectrum, local overheating

Brenenne. CoBOKYITHOCTh BCEX HAOJIIOJACMBIX SIBJICHUI HA COJIHIIC, TAKUX KaK COJIHCYHBIC MSITHA, (haKeIbl,
COJTHCUHBIC BCIIBIIIKH, COJNHCYHBIA BETEp HA3BIBAIOT COJHEYHOW AaKTHBHOCTBIO. B CBs3M ¢ yBenmycHHEM
COJTHCYHOW aKTHBHOCTH, YBEIMYCHHUEM WHTCHCHBHOCTU COJIHCYHOTO BETpa M W3MEHCHHSIMHU T'€OMAarHUTHOTO
mojisi 3eMIIM BaXKHOE 3HAUCHWE NPUOOPETAIOT WCCICAOBAHUS BIHSHHAS T'€OMAarHUTHBIX Oypb, TO €CTh
BO3MYIICHHH MAarHUTHOTO TIOJIS TUIAHETHl, Ha (YHKIMOHHPOBAHHE CHCTEM OJIIEKTPOCHAOKEHWS, OCOOEHHO,
MEKCHUCTEMHBIX (IJIMHHBIX) JHHUM DJEKTPONepeNadyd, a TakKe BBIABICHHIO TEXHUYECKUX IPoOIeM
AIEKTPOCHAOKEHUS 1 SKOHOMHUYECKHUX PHCKOB B HAPOJHOM XO3SHCTBE, CBA3aHHBIX C THMH SBICHUSIMI.

IMocranoBka 3amaum. B pabGoTe mnpoBOAWTCSA aHanW3 TNPUYMH BO3HUKHOBEHHUS IOCTOSHHOM
COCTABJISIONIEHl TOKAa HAMAarHWYWBAHHUS CHJIOBBIX TPaHC(HOPMATOPOB, BBI3BAHHOW IOTEHLHAJIAMU
OKOJIO3EMHOTO 3JIEKTPUIECKOTO ITOJIS.

CounHIle HEMpepBIBHO BHIOpACHIBAET B KOCMHYECKOE MPOCTPAHCTBO mia3my (coronal masse ejections-
CMES), BbI3bIBas IPH OTOM COJIHEYHBII BETEP, KOTOPBIA M OKa3bIBAET CYIIECTBEHHOE BO3ACHCTBIE HA 3EMIIIO.
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VYBenudeHne CKOPOCTH COJHEUHOTo BeTpa oT cpeanero uncia 400 kv/c 1o 2000 km/C BBI3BIBAET H3MEHEHHE
MEXIUTaHETHOTO MarHUTHOTO ToJist B Tipenesnax ot 5 HT o 30 1T [5].

Ha ceromas HampspDKeHHOCTh MAarHUTHOTO Tois 3eMin yObIBaeT, HpHUYeM Tropaszo ObicTpee, 4YeMm
npeanoiaraiy ydeHsie. 3a nocuennue 20 et HanpssKeHHOCTh T€OMAarHUTHOTO TOJISl YMEHBIITUIACH B CPEAHEM
Ha 1,7 mpoueHnTa, uto B 10 pa3 mpeBwIIaeT pacdeTHyl ckopocTk. IIpu 3Tom B EBpome HampsKeHHOCTH
TeOMarHUTHOTO II0JISE BO3POCIIA, a B 10)KHOM YacT ATJIAHTHYECKOTO OKeaHa U B paiioHe KapuOckux ocTpoBOB
YMEHBIINTIACh Ha 10 mpouenTos [2].

B3aumopeiicTBue conHEYHOro BeTpa ¢ HOHOC(EpOoil 3eMJIM TPUBOAUT K HM3MEHEHUSM KOHBEKLIUH
MarHATOC(EepHOH IITa3MBI, TO €CTh K KOJICOAHUSAM M CKPYYHMBAHUIO MATHUTHOTO TOJIA (MAarHUTHBEIM OypsM H
mropMmam) 6onee wem 100 HT ¥ BO3HUKHOBEHHUIO TaK Ha3BIBA€MBIX KOJBIIEBBHIX WIJIM T€OMATHUTHBIX TOKOB
W CTPYH, MUPKYIUPYIOMHX HAJ 3eMJICH Ha BHICOTAX B COTHH W THICIYM KIIOMETpOB [3]. ['eoMarHUTHBIE TOKH
HEOXHOPO/IHBI, HX aMIUTHTYa MoxeT gocturath 10° A, a OTEHIMAT CPABHAM C MarHUTOTHAPOIMHAMIYECKIM

TeHEePaTopoOM MOITHOCTHIO 10° MBT. V3MeHeHHE e TOKOB M HX CMEIICHHE MPUBOANT K W3MEHEHUSAM
9B

at’
BO3HUKAEeT pPa3sHOCTb IOTEHIHUAJIOB D3JEKTPUYECKOrOo TMOJs M, KaK CIEACTBUE, B MPOTSIKEHHBIX JIMHMSIX
JNIEKTpoOIepeiad BO3HUKAIOT reoMarHuTHele nHaAykunonneie Toku ['UT (Geomagnetically induced currents
GIC). Ot TOKM HMEIOT MECTO HE TOJNBKO B TPOBOJHMKAX JIMHUK DJEKTpolepenad, HO TaKXKEe U B
TEJIEKOMMYHHUKAIIMOHHBIX KaOelsiX M MarucTpaasix TpyOONpOBOJOB Kak Ha MOBEPXHOCTH 3€MIIH, TaK M IOJ
3emieii [14]. Uem Oomee MpOTSHKEHHOE MPOCTPAHCTBEHHOE TOJIOKECHHE MPOBOJAIICTO 00BEKTa, TEM CHIIbHEE
3 dexT Bo3ACHCTBHS U PUCK MTOBPEXKICHUSI.

HccnenoBanus 3apyOeKHBIX YYEHBIX MOKA3bIBAIOT, YTO, IPEAIOJIOKHUTENBHO, TOTEHINAIBI, BBI3BIBAIOIIIE
I'MT, MoryT oka3aTh BIMSHHE Ha KOMMYHHKALlMH, B TOM YHCIE U BBICOKOBOJBTHBIC JIEKTPUYECKHE CETH, a
TaK)Ke Ha CHIIOBBIE TpaHchopMaTopbl, pacmoyiokeHHble B CeBepHOW AMepHKe BbIIe 35-0i mHapayuieiu, B
EBpomnie Bbiie 40-oit napamienu u B OxHoit Adpuke, 0ocoOeHHO ecnM B 3THUX palilOHAX HMMEIOT MECTO
MarHuTHbIE aHOMAJIMM WIM MOpcKoe mnobepexbe [4]. PeanbHo 3aduKcHpoOBaHHBIE SIBIICHHS T'€OMAarHUTHBIX
BO3MYILECHNH B BUE aTMOC(EPHBIX CHSHUI NPH MOIIHBIX BO3MYIIECHHUAX Ha COJIHIIE B OKTs0pe — HOstOpe 2003
roga ObuM Ha mupote Mocksbl u Oneccsr [1].

AHaIN3 NponeccoB BO3HNKHOBEHNUS MOBEPXHOCTHOTO MoTeHIHAaIa. [I0BepXHOCTHBIN MOTeHIMAN, Oyaydn
MPWIOKEHHBIM MEXy 3a3€MJICHHBIMH HEHTPaIsIMH BBICOKOBOJIBTHBIX TPaHC(OPMATOPOB IO KOHIAM JIMHUH
JJIEKTPOIIEPEIaur, BBI3BIBACT MpPOTEKAaHWE Mexay HUMH Toka (puc.l). Tunwuseld mnepwox KoieOaHMH,
BO3HHUKAIOIIMX B MAarHUTHOM MoJIe¢ 3€MJIM, a TaKKe MOBEPXHOCTHBIA MOTEHLUANl M, CIEJOBaTENbHO, TOK B
nposoaax JIDII cocrasmser

1-0,001 T’y (mepuon 1-1000 c). B cpaBHeHmm ¢ gactotoid ’Heprocuctemsl 50 [ WHAYIMPOBaHHBINA TOK
MO>XHO CUHUTATh TOCTOSIHHBIM [6].

B xone nccrnenoBanuii, NCX0/AA U3 AOMYIICHUI O MPOBOAMMOCTH 3eMJIM U MOJSPHBIX ToKax, yueHsle CIIA,
Ounnsaaauy 1 KaHa sl IpUIIIH K BRIBOAY, YTO BEJTMYMHA MOBEPXHOCTHOIO MOTEHIIMANA 3JICKTPUIECKOTO MO
JIEXKUT B npegenax 1-10 B/xm [13]. 3HaueHHe MOBEPXHOCTHOTO MOTCHIMAIA OTIMYACTCS MO IUPOTE, a Ha
€ro BEJIMYMHY OKAa3bIBACT BIIMSHUE JJIEKTPUYECKasl MPOBOJUMOCTh 3EMJIH, I'€0JIOTHYECKUE PA3JIOMBbI, OJIM30CThH
MOPCKOT'0 OOEpEeXbs U JPYTHe Te0JI0THIECKHE (haKTOPHI.

Kak nmoxassiBaroT uccaenoBanus [11], npennonaoxkeHue o NpeANOYTCHUN HANPABIEHHS KONBLEBBIX TOKOB B
HoHOC(epe «BOCTOK—3ama/y Ha CETrOJHs SBISETCS HE COBCEM aJCKBATHBIM, TaK KaK XapaKTep HaIrpaBICHUA
TOKOB sIBJIsIeTCs] 00JIee CIIOKHBIM M HEOHOPOIHBIM. 3a(MKCHPOBaHBI MOMEHTHI, KOT/a IPOU3BOIHAS MAarHUTHOM
MH/IYKIUH [0 IUPOTE B Pa3bl MPEBBIIANA MPOU3BOAHYIO 110 JIOITOTE.

DaKTUYECKH B 3JIEKTPOIHEPTETHUECKUX CHCTEMAaxX BIMSHHUS T'€OMAarHUTHBIX WHIYKIMOHHBIX TOKOB M BCE
npobiemMbl ¢ 000pynoBaHHEM, (YHKIHOHHPOBAHWEM  PEICHHOW 3alUTHl CBOAATCS K JABYM HETaTHBHBIM
(bakTOpaM: HACBIIIEHUE CEPACYHUKA CHIJIOBOTO TPaHC(HOPMATOPa M HACBIIIEHHE CEPIEYHHKA U3MEPHTEIHLHOTO
TpaHchopMaTOpa TOKa 3a HOJIYHNEPHO.] HANIPSHKEHUS CETH.

MarHuTHOTO moiii 3emuu. B pesynprare Ha MOBEepXHOCTH 3eMJIH, coryiacHO 3akoHy Dapanes VX E = —

Jlunus s5ekTponepeiadn

Tpancdopmatop Tpanchopmarop

— | |

it ° "y

= [ToBepXHOCTHBIN TOTEHIIAAI =

Puc.1l. Bo3nelicTBre MOBEPXHOCTHOIO MOTECHIIAIIA
HAa 3JIEKTPUYECKYIO CETh
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B HopmanbHOM pexume paboTsl TpaHcdopmaTopa HaOIOmaeTcs KBa3HIMHEHHOE COOTHOLICHHE MEXIY
BXOJAIIMMH TOKOM M HalpsDKEHHEM, 1 MEXY BBIXOAALIMMHI COOTBETCTBEHHO. B ciiydae HamMuus MOCTOSHHOTO
TOKa pabodas TOYKa MarHWTHOW IIeNH CTalIbHOTO CepleyHHKa TpaHc(hopMaTropa CMEIIAeTcs B CTOPOHY
HEJIMHEMHOCTH WJIM HACHIILEHHsI, KOTOPOe BO3HMKAET yXKe 3a IONyHepHo rnepeMeHHoro Toka. Ilomynepuon, B
KOTOPOM BO3HUKACT HACBIIICHUE, 3aBUCUT OT IMOJIAPHOCTU TOKAa HAMaroHniMBaHus, YTO IMPOJACMOHCTPUPOBAHO Ha
puc.2.

Haceimenue cepiedHIKa MOXKET IIPUBOAUTH K TAKUM ITpoOIeMam:

—  BO3HUKHOBEHHUIO 3HAUUTENIBHOIO TOKAa HAMAarHUYUBAHHUA C MpPEJeNbHBIM 3HAYEHHEM IIpU
HACBIIICHUH, MECTHOMY II€PETPeBY 1 YBEIMUCHHUIO TIOTEPh B 0OMOTKaX TpaHC(HOpMaTOpa;
—  TpaHc(hOpPMaTOp HAYMHAET T'€HEPHUPOBAaTH B HHEPrOCHUCTEMY IIMPOKHH CHEKTP UYETHBIX H
HEUYETHBIX T'apMOHHK, KOTOPBIE MOTYT IE€pPErpy3WuTh KOHJCHCATOpHBIE OaTaper W BBHI3BATH JIOXKHOE
cpabaTbIBaHHE PEICHHON 3aIIUTHI;
PE3KO BO3pacTaeT NoTpedieHne TpaHCHOpMaTOPOM PEAKTUBHOM MOIIIHOCTH;
BO3MOXXHBl MEXaHWYECKHE pa3pymICHUs KOHCTPYKIMH OT MECTHOTO IIeperpeBa IpH
UHTCHCUBHOM BO3)Z[CI‘/IICTBI/II/I MAarfmMTHOTI'O ITOTOKa paCCCUBaHUA.

KpvBasi HamarHm4mBaHus

CmMelleHHas BonHa

[MOCTOAHHBIN TOK

opManbHasa BOJIHa

\4

HopmanbHbI TOk BO3OYXaeHus CMeLLEHHBIi TOK

BO30YXAeHNs

Ty

CMeLLleHVle OT NOCTOAHHOIO TOKa
Puc.2. Cmenienue paboueli TOYKH MAarHUTHON CHCTEMbI TpaHchopMaTopa

I'eoMarHuTHBIE MHIYKIMOHHBIE TOKM B IIEPHOJBI MarHUTHBIX Oypb IIOCTOSHHO (HUKCHPYIOTCS B
sHeprocucremax Mmupa. Benmunna I'MT wepe3 HelTpanb TpaHCHOPMATOPOB MOXKET OBITH BO MHOTO pas
OousblIe, YeM cpeJHEKBaJpaTHUYECKNUN ITepeMEeHHbII TOK HaMarHM4uBaHusl TpaHcdopmaTopa.

Kak mpumep BozneiictBus 'UT moxxkHO mpmBectn coObITHs Mapra 1989, korma Bo BpeMsi THTaHTCKOW
BCITBILIKK HA COJIHIIE M3 COJIHEYHOI'O IIATHA MPOU30LIEI OTPOMHBIH BEIOPOC MAaCChl PEHTTCHOBCKOTO U3ITyYCHHS 1
3apsDKEHHBIX YaCTHII, KOTOpas Hadalla JABIKEHHE B cTopoHy 3emim [12]. Yepes 2 mHs oHa AocTHIIa 3eMIH U
BBI3BaJIa OJIHY M3 CaMbIX MOLIHBIX MarHUTHBIX Oyps XX crojerus. MarHuTHOE T0Jie IUIAHETHl 3aXBaTHIIO YacTbh
IPOTOHOB U IEKTPOHOB, CO3/1aB HHTEHCHBHOE MOJISIPHOE CHAHKE, OcBellaBiee He6o Han Prnopunoii u Texacom,
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U paxe roxHee. [lapamnenbHO TOCTpajamd CUCTEMBI CBSI3H, CIYTHHKM Ha OKOJIO3EMHBIX OpOUTaxX W
sHeprocuctembl CeBepHoit Amepuku u EBporibl, B Tom uncie u Benukooputanun [13].

Hawnxyamee npon3onuio HOUblo B 2 yaca 45 MUHYT [0 BOCTOYHOMY HOSICHOMY BPEMEHH, KOrja (pakTHUECKH
BCA TEppUTOPUA KaHaZ[I)I norpysujiaCb  BO TbMY. OTZ[CJ'[I)HI)Ie CUJIbHBIE BO3MYIICHUS MArHuTHOI'O I10JIA
«ToCcaIWId Ha HOJIb» BCIO JHeprerndeckyio cuctemy KaeGeka, Bkitodas Monpeans n Ksebek. Heckonbko
MOIIHBIX TpaHchopmaTopoB Ha teppuropun Kanansl m CIIA BeIuM U3 CTpos. 3aperHCTPUPOBAHO COTHH
cpabaThIBaHUI CHCTEM peJeiiHOM 3alUThl M aBTOMATHKU. DHEProcHCTeMa HCIBITHIBAIA CHI)KEHHS YpPOBHEH
HarnpspKeHUs! 1 HeOOBIYHBIE Ka4yaHUs IOTOKOB aKTUBHOM U PEaKTUBHOM MOIIHOCTH.

B pesynprate 21500 MBT renepanmun O6sut0 yTpadeHo. Ha mporsokenun aeBATH 4acoB 17% Harpysku B
paifone KBeOek ocraBanuich 6e3 muTaHus.

CoOBITHSI, IMEIOIIIE MECTO B 3HEPrOCHCTEMax CTpaH MHpa, cBA3aHHbIE Tak win uHavye ¢ [UT, nmenn u
UMEIOT MecTo ceroaHs. OfHO M3 MOCIENHNX HauOoIee MOIIHBIX BO3ACHCTBUI F€OMArHUTHBIX MHIYKIIMOHHBIX
TOKOB — 3TO OTKJIIOUeHHs B 3Heprocucteme IlIBenmu B okTsi6pe 2003 roma [16] . B mepBoii momoBunae XX-oro
BeKa JIMHUM 3JIEKTPOIepeaaur OblIIM TOpa3lo MEHEE YyBCTBUTEIBHBIMH, IIOCKOJIBKY OBUIM HETIPOTSKEHHBIMH U
HE B3anMOCBsA3aHHBIMU. Ha CECTOAHA U3MCHUWJINCH U JIMHUU DJICKTpONEpeaay, Kak 1o NpoTs>KEHHOCTH, TaK U IO
OCHAICHUIO JJICKTPOHHBIMU MHKPOIIPOUECCOPHBIMU CPEACTBAMU 3allIUTBI, MOHUTOPUHI'A U AUArHOCTHUKH, U
PE3KO BO3pOCIIa MOLIHOCTh TOTOKOB IIJIa3Mbl B KOCMHYECKOE IPOCTPAHCTRBO.

BriBoabl.

Hcxonst w3 MpoBeAEHHOTO aHalln3a, HEOOXOJMMO OTMETHTB, YTO BIMSHHE KOCMHUYECKOW MOTOABI MOXKET
nMets Mecto kKak B Buiae [T Ha cumoBoe o0opynoBaHWE 3IIEKTPOIHEPTETHYECKHX CHCTEM, TaK W Ha
3JIEKTPOHHOE 000pYIOBaHNE YIIPABICHHUS B BU/IE OTKa30B U COOEB.

OTKITIIOYEHHS B YHEPrOCHCTEME M3-3a TEOMAarHUTHBIX Oyphb, MMEIOIINE JIOKAIBHBIA XapakTep B BHAE BBIXOJA
U3 CTPOsI TPaHC(POPMATOPOB WM JIMHHUHA SJICKTPOIIEpPEad, Ha CETOAHS MOTYT OBITH Oojiee MacIITaOHBIMH IT0
TEPPUTOPHUU U OoJiee TSHKENBIMH B TEXHHKO-3KOHOMHUYECKOM IUIAHE C Pa3pyIICHHEM 3JICKTPOIHEPreTHUECKOM
CUCTEMBI.

VY4uuTeiBasg Ba)XKHOCTh BOIIPOCAa IHEPreTHYECKOM Oe30MacHOCTH, HEOOXOJMMO NPOBECTH AaHAJIH3
F€OMarHUTHOM CHUTyallud TEPPUTOPUM YKPAaWHbl C IPUBSI3KOM MAarHUTHBIX IIOJIEH IO TEPPUTOPUU K
MPOBOJUMOCTH TPYHTOB M PACHOJIOXKEHHIO MAaruCTPaNbHBIX JIMHUHA AJIEKTPOIEpefadyd, a TAKXKe BBIIOIHUTh
MOJICIUPOBAaHUE MPOLECCOB B YKA3aHHBIX JIMHMAX HA INpPEAMET ONpEAETICHUS KPUTHUUECKUX CEeUeHHH mpu
BO3HHUKHOBEHUM [€OMarHUTHBIX HHYKIIMOHHBIX TOKOB.
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