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PO3PAXYHOK I'EOEJIEKTPUYHOI'O ITOJIA ITPU TEOMAT'HITHHUX
3BYPEHHSAX

B pobomi npedcmasneno memoo pospaxyuky eeoeiekmpuuHo2o nojs 3a 00OHOPIOHOK MOOELIO CIPYKmMypu
3emni Ona ausHAUEHHS NOBEPXHEBOT HANPY2U MIJHC 3A3EMACHUMU HEUMPANAMU MPAHCPHOPMAMOPI6 MAICIPATLHOL
JiHii enexmponepedasanus. Bukonano po3paxyHox 2eoeiekmpuuHoeo nojis, 3 UKOPUCMAHHAM anapamy npsmozo
i 360pommnozo nepemsopenusi Dyp'c ma GUSHAUEHHAM NOBEPXHEB020 ONOpy 3emiai AK QYHKYii 6i0 wacmomu
KOJIUGAHHSL MASHIMHO20 NOJISL NPU 2OMAZHIMHUX 30YPEHHSX HABKOLO3EMHO20 NPOCHOPY.

Knwowuoei cnosa: reomartitHi iHAyKIIHHI CTPYMH, T€OCTIEKTPUYHE MMOJIe, TIepeTBOpeHHs Dyp’e

Beryn

TypOyneHTHICTE 10HOCEPHUX CTPYMiB, BUKJIMKaHA MOTOKAMH 3apsyDKEHUX YacTHH, IO NPSMYIOTb Bij
CoHIIsl, MPHU3BOJAUTE 1O 30ypeHHS TEOMArHiTHOrO mojs 3emuti. ['eoOMarHiTHe TOJe, BiINOBITHO JO 3aKOHY
dapayiest, MPU3BOAUTH O HABEICHHS CJICKTPHYHOI'O II0JsI HA MOBEPXHI PETiOHIB, HAJ SIKUMH Bi0yBa€THCS
(daykryanis maraitocepu. [loBepxHEeBWIA TMOTEHIAN, MO Ma€ MICIe B TOYKAX 3a3eMJICHHSA HeEHTpaiei
TpaHc(hOpMaTOPiB MaricTpaIbHUX JIHIH eIeKTponepeaBaHHs BUKINKAE MPOTIKaHHA TeOMarHITHUX 1HIYKIIIHHIX
CTpyMiB B Kouti: (pa3Hi MpoBOAM JTiHINA eleKTporepenad, 0OMOTKH TpaHC(HOPMATOPIB Ta MIPOBITHUKH 3a3EMIICHIX
HeUTpanei.

Merta Ta 3aBaJaHHA

Ockinbku giana3oH dactot ['IC (reoMarHiTHUX iHAYKIIHHUX CTPYMIB) 3HaxoaAuThest B Mexkax 0,001 — 1 I'n,
KOJIMBaHHS MAarHiTHOTO IOJISi MOXYTh NMPOHUKATH Ha COTHI KiUTOMETpiB y im0 noeepxHi 3emui. Tomy npu
po3paxyHKax reoenekrpuaHoro nosst i crpymiB ['IC, HeoOXimHO BpaxoByBaTH SIK IPOBITHOCTI 3€MHOI KOPH, TaK
i 11 MaHTii. BpaxoByroun npu nboMy Te, 110 TTOBEPXHEBHH OMIp € (GYHKIIIEIO Bl 94aCTOTH.

Pe3yabTaTH K0CTiKEeHHS

Jnst BU3HAYCHHS IMOBEPXHEBOI HANPYrH MK IBOMa TOYKAMHU 3a3eMIICHUX HEHTpaieil MaricTpajibHUX JIiHIl
eJIEKTpOIIepeIaBaHHs HEOOXITHO BU3HAYNTH BEKTOP I'€0EIEKTPUIHOTO OIS B KOXKHINA TOYI TIPOXOKEHHS JIiHii
eJIEKTpOIIepeiay i po3paxyBaTd KPUBOJIIHIHHUN IHTETpa st IIUX BEKTOPIB 110 KPHUBIiH MMPOXOPKEHHS TPACH JIiHil.
OCKiTbKM BH3HAYEHHS BEKTOpA T€OCIEKTPHYHOTO MO MOB’sI3aHE 3 JOCTOBIPHICTIO JaHWX IMPO 3MiHY BEKTOpa
MAarHITHOI iHAYKIii MAarHITHOTO MOJIs 3eMJIi, IKHi [T TepuTopii YKpaiHu BimoMuii immre B perioni mict Kuesa
Ta JIbBOBY, TOMY IS CIIPOIICHHS PO3paxXyHKY MAarOUH iHAYKIII0O MarHiTHOTO ITOJIS B TICBHIHM TOYIIi, pO3paXxoByeEMO
BEKTOP TEOEIEKTPUYHOIO TMOJisl 1 NpUiiMacMo HOro OJHOPIJHMM IO BCiil Tpaci NPOXOMKEHHsS JiHii
eJieKTporiepesiad. B 11boMy BHMNaIKy Hampyra MK JBOMa TOYKaMH 3a3eMIICHHX HEHTpanedl BH3HAYAETHCS 3a
hopmyJioro:

U, = E-dl =|E|-|r,,|-Cosa, (1)
L

ne E - BexTop reoenekTpudHOro mossi; L — nuisix mpoxopKeHHs JiHii eleKTponepenaBaHHsi; F12 — paaiyc
BEKTOD, 1[0 CIIOJyYae JIBI TOUKHU 3a3eMIICHHS HeWTpalieil 3eMHOT MOBEPXHi; 0L — KYT, 1[0 YTBOPIOETHCS MK
BekTopamu E Ta Iq».
3aJeHICTh Ie€0eJIEKTPHYHOTO OIS BijI TEOMArHiTHOTO B IMTPUHHATIH TOYIII Ta TOBHOT'O ITOBEPXHEBOTO
OTIOPY OIHCY€EThCS BUpa3aMHu:
E,(0) =Z(o)H, (o) )

E,(0) =-Z(0)H, (), @)

ne Ex(w) — ckmamoBa reoeneKTpWYHOrO TONA, sSKa HampamieHa Ha miBHIY (B/m); Ey(w) — ckmagosa
re0eJIeKTPUYHOTO TOJIs, sika HanpasieHa Ha cxif (B/M); Hx(®) — ckiagoBa HampyKeHOCTI F€OMarHiTHOTO O,
sIKa HampaslieHa Ha NiBHIY (A/M); Hy(®) — ck1aioBa HaNpy)XEHOCTi FT€OMarHiTHOTO MOJIs, sIKa HampaBJieHa Ha CXiJ|
(A/m); Z(o®) — noBHuI oBepxHeBuii omip (Om).

3B'S30K MK HanpyKeHicTi0 Mar"itHoro moisi H(w) ta marniTHOMO iHAyKuieo B(m) mMoxHa 3amumcatd y
BUTJISI:

H (@) = -2, @

Mo
ne no=4n 107 T'H/M — MarHiTHa IPOHUKHICTH MOBITPSHOTO MPOCTOPY.
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[ToBepxHeBuit moBHu# omip Z(m) 3aJ1eXKUTh Big cTpyKTypH 3emii. [y 00unCIeHHs] TOBHOTO TIOBEPXHEBOT'O
oropy Oyiia BHKOpHCTaHa OJHOBHUMIpHA MOJENb 3 OIHOPITHOIO CTPYKTYPOIO B IIOTIEpeYHOMY HampsMmKy[l].
Mozenb He BpaxoBye IOIIEpEydHi 3MiHH MPOBIAHOCTI, aje 3a0e3neyye IPUHHATHI HAOIMKEHHS TIPH PO3PaxXyHKY
MOBEPXHEBOro onopy. Jlo po3paxyHKy BEKTOpa OXHOPITHOIO IeOCICKTPHYHOrO MOJsl Oy B3STi JaHi 3MiHU
MPOBIIHOCTEN MpOIIapKiB 3eMIIi B 3aJI€KHOCTI BiJ IUOMHN Y KBaApaHTI MPUHHATO! TOUKH JJIS1 TEPUTOPIi HA SKIH
3HAaXOUThCs MicTo JIbBIB (Momens 42) [2].

Kosxen npomapok 3emiti XapakTepH3y€eThCsl BITACHUM KOe(illi€HTOM PO3OBCIOPKEHHST XBUIIL:

kn = \/ j(,OHOGn ' (5)

Jie ® — KyTOBa IIBHJKICTh,(Paj/c); Lo~ MarHiTHa MPOHUKHICTH MOBITPSIHOTO MTPOCTOPY; Gn — IIPOBIAHICTD LIAPyY
n, 1/ (OM M); j — ysIBHA OJTMHHIIS.

JUJIss HIOKHBOTO IIapy MPUAMAEMO, IO BiTOWUTTS XBUIII BIJICYTHE i MOBEPXHEBUH OMIp IIapy PO3PaxOBYIOTHCS
3a BUPa3oM:

jop,
Z =—. (6)
K,
Jnst po3paxyHKy MOBEpXHEBOTO OIOpY Iapy BHILE, BU3HAYAEMO KOe(IlieHT BIAOWTTS XBHJII BiX mIapy
HIDKYE:

1_kn .Zn+1

jrou
R ™

14k,

J ol

Toxi moBHMIA TOBEPXHEBHUH OIIip I Iapy, IO 3HAXOIUTHCS BUILE, PO3PAXOBYETHCS 32 (POPMYIIOIO:

. 1—r g%
Z, = jop, ("—J : 8

k,(+r, g%t

i KpoKH MTOBTOPIOIOTHCA IS KOXKHOTO 3 IIapiB y HANPSIMKY A0 mMoBepxHi 3emii. Jlo po3paxyHKy Oepemo
TUTBKY TIOBHUH TIOBEPXHEBHH OMIp BEpXHBOTO mapy (Z1), B IKOMY BXKe BPaxoBaHO KOe(illieHTH BiJOWTTS IIapiB,
IO PO3MIIIICH] HUXKYE.

[MociqoBHICTH pO3paxyHKy I'€0eIeKTPUYHOIO MOJIs TPUBEACHA Ha puc. 1.

Maruitae
monie B(t)

Enexrpuune
mosie E(t)

FIT > E(@)=Z(0)H(@) > IFFT >

Pucynox 1 — ITocniioBHICT pO3paxyHKy re0eeKTPHYHOTO OIS

Jani moao 3MiHM iHAYKIIi MarHiTHOTO MO Bix dacy B(t) Oymm B3dTi i3 caifty Intermagnet (International
Real-time Magnetic Observatory Network) ms JIbBiBchKoi o6cepBaTopii 3a 06.06.2015p.

3acTOCOBYIOUM 10 KOMIIOHEHT KOJMBaHb 1HAYKIII Mar"itTHoro moss 3emui BuAy Bx(t) Ta By(t) mmBumke
neperBopeHHst Pyp’e (FFT) orpumyeMo dacToTHUMIA crieKTp 3MiHH iHIyKnii MarHiTHOrO moutst it By(w), By(w).
KoedimieHTH pO3MOBCIOMKEHHS Ta BiANOBIAHI MOBHI TOBEPXHEBI OMOpPH € (YHKIISIMU BiJl 4acTOTH, TOMY
MOCIIAOBHICTh MOJIOHUX PO3PaxyHKIB CJIiJI IIOBTOPIOBATH JUISl KOXKHOT YaCTOTH.

3a ¢opmysaamu (2) ta (3) 3HAXOAUMO 3HAYCHHS HAMPYKEHOCTI reoeekTpuuHoro mois E(w). 3acTtocyBanus
3BopoTHOro mBuakoro nepersopenHst Pyp’e (IFFT) no 3Ha4eHh KOMIIOHEHT Ie0eIEeKTPUIHOTO 1ot Ex(®) 1 Ey(w)
JIO3BOJIUTH OTPUMATH KPHBI KOJIMBAHb HAIIPY>KEHOCTI Fe0eNIeKTPHYHOTO Nouis Bix yacy Ex(t) ta Ey(t), siki mokasani
Ha puc.2 i puc 3.

3a yMOBHM NPHAHATTS T'€OCICKTPUYHOTO IIOJISI OAHOPIZHUM KOJMBaHHS MArHiTHOTO IIOJISI MOXKHA BBaXKaTH
OJTHAKOBMMH B KOXKHIH TOYIli MOBEPXHi MIPX HE3MIHHIN BEJIMYKMHI TIOBHOTO TOBEPXHEBOTO OIIOPY.
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PucyHok 2 — 3aie)kHiCTh 3MiHH KOMIOHEHT BEKTOpa MarHiTHOT iHAYKIiT reoMardiTHOro (By) Ta
reoenekrpuyHoro (Ey) momiB Big yacy

By, HTA Ex, B/km
1960+ UMW\} ¢ L6
1940+ Alewts AT L4
19201 I‘ﬁ‘ | MM l‘ WNN

—————— * b T | ; Jh - T -
1900, N‘w”'vfm"MJ‘M‘ W(*LVW | M { AN “‘% j {‘\ ﬂ'*\ Wr\(,{-f rﬁ\ﬁ*ﬁ;@'ﬂm}w :,’JMW i h"f‘f" 0
bU

1880 | N o7 L.
SR AN —

1860- SRS —Y

1840- —Ex]-6

00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 24:00t, rog,

Pucynox 3 — 3anexxHiCTh 3MiHH KOMITOHEHT BEKTOpa MarHiTHOI iHAyKmii reomarnitHoro (By) Ta
reoenekTpuyuHoro (Ex) mosis Bif yacy

BucnoBxu. 3Bakaroud Ha HEBHU3HAYEHICTHL JAHMUX M0N0 KOJMBAHL MArHITHOIO IOJS B KOXHIM TOYIl
MIPOXOKEHHS JIiHIT eJIEKTpoIepeIaBaH s, U pO3paxyHKaxX reOMarHiTHUX IHIYKIIHHUX CTPYMiB I€OeJIEKTPUYHE
T0JIe B IPUIHATHOMY HaOJIM)KEHI MOKHA BBa)XKaTH OJTHOPITHUM 1 PO3paxoBYBaTH 3a JaHMMH KOJIMBaHb MarHITHOTO
NoJIs B OJHIH TO4Li 3eMHOT MOBEPXHi. 3riTHO pe3yIbTaTiB PO3PAXYHKIB, JUIsl IPUUHATAX BXITHUX JaHUX, MOJKHA
CTBEP/UKYBATH, IO KOMIIOHEHTA HANpPYXXEHOCTI T'EOCNCKTPHUYHOTO IOJsl, CIpsIMOBaHA Ha CXIiJ, JOCSTAE
MaKCHMaJIbHOTO 3Ha4eHHS 8 B/KM, a KOMIIOHEHTa, CIIpSIMOBaHa Ha MiBHIY, JIOCATAE MAKCUMAJIBHOTO 3HAUEHHS 6
B/kM. OTpuMani MakcHManbHi 3HaY€HHS KOMIIOHEHT HANpPYKEHOCTI T€0EIEKTPUIHOTO TTOJIsl MAIOTh MicCIie B pi3Hi
MOMEHTH 9acy, OJTHaK KOXKHa 3 KOMIIOHEHT MO>ke cTBOpuTH 3HauHi cTpymu ' IC B mepexi. Ockinbku miHii 750 kB
VYkpalHU XapaKTepH3yOThCS 3HAYHOIO IPOTSDKHICTIO Ta TOPIBHSHO HEBEJIMKUM OIIOPOM EJISKTPHYHOTO KOJIa JUIS
kBazinocTiiHux ctpymiB ['IC, ocTaHHiI MOXYTh CSIraTH COTEHb aMIiep Ta CTBOPIOBATH aBapiiiHi CUTYyallii B CUCTEMI.

[IpeacraBneHnii METOA PO3PaxyHKY TEOENIEKTPUYHOTO IOJISl 32 OJHOPITHOK MOJEIUII0 CTPYKTYpH 3emii
JIO3BOJISIE B IEBHOMY HaOJIM)KEHHI BU3HAYUTH MaKCHMAaJIbHI 3HAYEHHS ITOBEPXHEBOI HAIPYTH MK 3a3eMJICHUMHU
HeWTpansiMu Tpanc(hOpMaTOpiB MaricTpanbHOI JIiHIT eeKTporepeaBaHHs Ta Ha IX OCHOBI BUKOHATH PO3paxyHOK
MOXJIMBHX MaKCUMaJIbHUX 3HaYeHb T'€OMAarHiTHUX IHAYKIIHHMX CTPYMIB B II€piOJM T'€OMAarHiTHHX 30ypeHb
HaBKOJIO3€MHOT'0 IIPOCTOPY.
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V.V. Kyryk, R.V. Nahornyi
National Technical University of Ukraine « Kyiv Polytechnic Institute »
GEOMAGNETICALLY INDUCED CURRENTS CALCULATION DURING GEOMAGNETIC
DISTURBANCES
A new method is presented to calculate geo-electric field using uniform Earth structure model for defining

surface potential between grounded neutral of grid power transformers. It was calculated geo-electric field
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applying direct and inverse Fourier transform and calculated a surface impedance as a function of frequency of
magnetic field oscillation during near-Earth space geomagnetic disturbances.
Key words: geomagnetically induced currents, geoelectric field, Fourier transform
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HauuonanbHbIH TeXHMYeCKUI yHUBepcUTeT YKpanHbl «KueBckuii NOJMTeXHUYHbIA HHCTUTYT
PACUYET I'EOQJIEKTPHYECKOTI'O ITIOJISAA ITPU TEOMATHUTHBIX BO3MYIIEHUSAX

B pabome npedocmasnen memoo pacuema 2eosnekmpuiecko20 nojis Ha OCHOBAHUU OOHOPOOHOU MOOeNU
cmpykmypol 3emau 0N onpeoeneHus NOBEPXHOCMHO20 HANPANCEHUSI MeHCOY 3a3eMIAEHHbIMU Helumpanimu
MpaHcoopmMamopos MacucCmpanrbHblx JUHUL 91eKmponepeoay. Beinonnen pacuem 2e0anekmpuyeckozo nois ¢
UCNONL30BAHUEM ANNAPAMA NPAMO20 U 00pamHozo npeobpaszosanus Dypve u onpedenenus NOBEPXHOCHHO20
conpomuenenuss 3emMau Kak @QYHKyuu Om uacmomsl KOACOAHUSA MASHUMHO20 NOSL NPU 2e0MASHUMHbLIX

603MYUEHUSAX OKOJIO3eMHO20 NPOCMPAHCMEA.
Kniouegvie cnoga: TeOMarHUTHBIN HHIYIUPOBAHHBIA TOK, TE03JIEKTPUIECKOE TI0JIE, ITpeoOpasoBanue Dyphbe.
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B.I1. KpaBueHnko, 1-p TexXH. HayK, nmpodecop, €.B. KpaBuenko, I.B. Bonaap
Onecbkuii HaliOHAJBLHMIA MoJIiTeXHIYHMIT yHiBepcuTeT

IHCTPYMEHTAJILHE BU3HAYEHHS THCOJIAIIT B PAHOHI
M. OJIECH

Bukxopucmanns conaunux ycmanogok (CY) snudcye cnoscuanua opeaniviozo naiuea i, 8i0noeioHo,
aHmMpoOno2enne Haganmadicents Ha 008Kkins. Ocnognum napamempom npu npoexmysanuni CY ¢ enuuuna
inconayii. B pobomi 3a eumipamu memeocmanyii ymouHeHo cepeOHbOMICAYHY Ma cepeOHbOPIuHY THCONAYII0 8 M.
Ooeci. Ilposedeno cniecmagnenis OMpumMaHux 6eaudun 3 aimepamypuumu oanumu. IIpoeedeno pospaxyHok
npueedeHux eUmMpam Npu GUKOPUCAHHI COHAYHOI YCMAHOGKU YU KOMAA HA NPUPOOHOMY 2a3i OJid 2apsauo20
sooonocmauannus. [lokazano, wo 3 ypaxyeanHam noo0amxie 3a 6UKUOU WKIONUGUX PeHOBUH NPUBeOeHi sumpami
o constunol yemanoeku va 31 % binvuui.

Knrwowuoei cnosa: iHconALis, COHSYHI YCTAaHOBKH, IPUBEICH] BUTPATH.

Beryn

OnHUM 13 IEpCIIeKTUBHUX HAIpPSIMIB BiTHOBIIIOBAIFHHUX JDKEPEI €HEPrii, 0 B OCTAHHI POKHU JY>K€ aKTHBHO
BITPOBA/KYIOTECS B CBITOBY IIPOMHUCIIOBICTH 1 TOOYT, € COHSYHA eHepreTHKa. Po3po0ku i mpoMuCcIoBa IPOIyKIIis
B IIilf 00J1aCTi HA CHOTOJIHI Ty’Ke aKTUBHO PO3BHBAIOTHCS B TaKHUX KpaiHax sk Himeuunna, CILIA, BenukoOpuTanis,
SAnownis, Kopes ta Kutaif i cTaHOBIIATE BaTOMUH BiZICOTOK €HEPTETHIHOTO BUPOOITKY B CBiTi [ 1, 2]. Bukopucranus
COHSIYHMX YCTAaHOBOK Ha MiBIHI YKpaiHM € OJHHMM 3 TEPCHEKTUBHHX BXXE ChOTOJHI METOJIB BUIOOYTKY
EJIEKTPOCHEPTii 1 Teruia, sSKi Ha BIAMIHY BiJ TpaJuLiHHUX METOMIB (CNANIOBaHHS BYIJICBOJHIB, 3aCTOCYBaHH:I
aTOMHOI eHeprii Ta iH.), HC CHJIBHO TMOIIUPEHI, aje¢ CTAHOBJIATH IHTEPEC Yepe3 CBOI CKOJOTIYHICTh Ta
BIZIHOBITIOBaHICTH [3]. BpoBapkeHHs Ta eKoJIoTidHe 00IpYHTYBaHHS COHSYHUX ycTaHOBOK (CY) BUMarae 3HaHHS
IHCOJISAIIT B PETiOHI. 3a CIIOCTEPEKECHHAMH 3a KJIIMAaTOM, BHIUIHBAE, IO KJIIMAT 3MIHIOETHCS B OIK 30UIBIICHHS
temrnepatypu [4], omke Bukopucranus CY Oyae Ginbin BunpaBaaHo. Tomy Oyjia mocraBiieHa 3ajiadya yTOYHUTH
cepeHbOMICSYHI Ta CepeJHhOPIYHE 3HAYEHHsI €Heprii, OTPUMaHO] BiJ] COHII.
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