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Ilpeonooicena enobanvhnasn snexkmpuueckas RLC yenv naanemvl 3emis, MoOeaupyiowas 63auMOCEsI3aHHbLE IIeKmpo-
MAacHUmMHbLE NPOYECChl HA CEEPXHUSKUX YACMOMAX 6 Kope 3emau, ammocghepe u uonocgepe. /s ee komnviomephou
peanuzayuu, yuumslearoueli cheputecKkyio npoCcmpaHCcmeeHHyio CImpyKImypy 21eMeHmo8 Yenu, UCNONb308aNCs NaKem
npoepamm Matlab/Simulink. Ha ocnoeanuu nposedenusix uccie008aHUll NOKA3AHO HATUYUE 8 SMOU Yenu Pe30HAHCO8 8
obaacmu yvacmom 0,8—4 'y, npuuem nepsas pezonanchnas wacmoma cocmaensem 0,83 I'y. Uzyuena peaxyus smoii RLC
yenu Ha eHewHee B030eliCmaue (2apMOHUYECcKoe, CIyneHuYamoe, UMNYIbCHOe) U NOKA3AHO BO3HUKHOBEHUE 3HAUUMETb-
HbIX TIOKATIbHbIX NEPEHANPSIICEHULL HA ee DIeMEHMAX NPU GHEUHEM 2aPMOHUYECKOM 6030eliCBUL HA Pe30HAHCHOU Y4dc-
mome. buo:. 8, puc. 7, tadi. 1.

Knrwouesvie cnosa: rnobanbHas atMocdepHast dJIEeKTpUiecKas 1elb, FTeOMarHUTHO-WHIYyLIIMPOBAHHBIE TOKH, PE30HAHC,
JIOKJIbHBIE MTEPEHAIPSIKEHHS, JIEKTPOdHEPreTHYEeCKask CUCTEMA.

B Hacrosiee BpeMst IS U3yUCHHS DICKTPUISCKUX TPOIECCOB, MPOUCXOMAIUX B aTMOcdepe TIIaHeTh
3emiIs1, MCIIONB3YeTCsl KOHIETINS TiTo0anpHON aTMochepHolt amekrprueckor merw [3,4,9]. CormacHo »ToH
KOHIICTIIINKU KOpa 3emin NPEACTABIIACTCA KaK HUKHAA SJICKTPOIIPOBOAAIIAs o61<.11a111<a TUT'aHTCKOI'O KOHJCHCAa-
TOpa, a noHochepa — ero BepXHsis MEKTPOIpoBoAsAiias oOkiaaka (puc. 1, a). JlaHHas MoJenb, TOMOTHEHHAS
PE3UCTHBHBIMH 2JIEMEHTAMH M BHYTPCHHUMH HCTOYHUKAMH TOKA WM HanpspkeHus (Hanpumep, [8]), mo3Boss-
€T HCCIIeIOBaTh TI00abHBIE MEJICHHO MpOTeKaromue (¢ SKBUBaJieHTHOH dactotoi Menee 0,1 T'i) mpomecchr
ANEKTPUYECKOTO 3aps/ia M pa3psia 3TOro KOHACHCATOPA 32 CUET Pa3IMYHbIX (PU3MYECKHUX MPOIIECCOB B aTMO-
chepe 3eMITH, TPUBOAAIINX K BOSHUKHOBEHHIO aTMOC(HEPHOTO DIICKTPHYECTBA.

CyliecTByeT Ipyroi Kiacc SIBICHUH, CBA3aHHBIX C MPOTEKAHUEM 3JICKTPOMArHUTHBIX BOJIHOBBIX IPO-
IIeCCOB BOJM3M TMOBEPXHOCTH 3eMiH. [ 3TOro Kilacca XapakTepHO BBINONHEHUE ycnoBus A< R, rme A —

JUIMHA BOJIHBI 3JIEKTPOMAarHUTHOIO 1ojust, a R, = 6371 kM — cpenHuil paguyc 3emin, 4To COOTBETCTBYET 4acTOT-
HOMY quamnasoHy curHanoB f >0,lc/R, =4,7 T'u, rae ¢ — ckopocTs cBeTa B BakyyMme. IIpu uccinenoBanuu Ta-

KUX TPOLIECCOB TIPUMEHSIETCS BOIHOBAs TEOPHS SIEKTPOMAarHUTHOTO 1o (Hanpumep, [1,6,10]). B pamkax Tako-
IO 1MoIX0/1a OBLIO TIOKA3aHO CYIIECTBOBaHHE pe30oHaHCHBIX dacToT lllymana, pasubix 7,8 I'ny, 14 ', 20 ' [10].

[Ipu nporekannu B atMocdepe 3eMITH 3JIEKTPOMArHUTHBIX TPOIIECCOB B 00IACTH CBEPXHHU3KUX Yac-
toT 10”—1 Il BO3MOsKEH KoJIe0aTebHbIi 0GMEH MKy SHEpPrUei IEKTPHUECKOro MOJIs, JOKAIN30BaHHOTO
B atMoc(epe 3eMiid, U MarHUTHOTO TOJIs, CB3aHHOTO C MMPOTEKAHUEM JICKTPUICCKUX TOKOB B IPOBOISIINAX
CJ0sX Kophl 3emuid 1 HoHOC(hepsl. J{s aHamM3a TakuX MPOIECCOB, BOSHUKAIONTUX, HATIPUMEP, B pe3yJIbTaTe
JICHCTBHS Pa3IMYHBIX MPUPOAHBIX WM CO3JAaHHBIX YEJI0BEKOM (aKTOPOB, CICIYEeT pacCMaTpUBaTh SKBHBA-
JICHTHYIO AJIEKTPUUYECKYIO IIelb ¢ cocpenoToueHHbIME RLC mapamerpamMu, cxeMaTHUYECKH MOKA3aHHYIO Ha
puc. 1, 6. XoTs Takue TpoIecChl B CHITy CBEPXHU3KON YaCTOTHI HE SBJISIOTCS BOJHOBBIMH, OJHAKO IPHU HX
MPOTECKAHUK TaK)Ke MOTYT BO3HHKATh KojeOaTeabHBIC MPOIECCHl, CBSI3aHHBIC ¢ MEPHOINICCKUM OOMEHOM
SHepruen Mexy peakTuBHBIMEU L 1 C sJeMeHTaMu CUCTEMBI, a OTCIO/Ia M PE30HAHCHBIC SIBICHMUS, TIPUBO/IS-
M€ K BOSHUKHOBEHHIO JIOKAJBHBIX IIEPEHAIPSKEHUH Kak B atMocdepe, Tak U B Kope 3emnu. Takue sBie-
HUS MOTYT HETaTHBHO CKAa3bIBAaThCA HAa padOTe PasMUYHBIX TEXHHUCCKHX CHUCTEM, TaKWX, HampuMep, Kak
3JIEKTPOIHEPTETUYECKUE CUCTEMBI Mepeaadr dJICKTPOIHEPTHH Ha OOJBINHNE PAcCTOSHUA. Tak, B MOCIenHEee
BpEMsl HCCIIEIOBATEIIMU MHOTHX CTPaH aKTHUBHO M3Y4alOTCs HETaTUBHBIC MOCIEACTBUS OT JICHCTBUS Teo-
MAarHUTHO-UHIYLIUPOBAHHBIX TOKOB Ha 3JIEKTPOIHEPT€TUYECKUE CUCTEMBI U CUCTEMBI cBsi3H [2,8,11].

Lensio HacTosIICH PAOOTHI SIBIISICTCS:

1) pa3paboTka M KOMITBIOTEPHAS peanu3alusl riio0albHOW TpeXMepHoU (y4YuThIBaromIeh chepuye-
CKYIO TIPOCTPAHCTBEHHYIO CTPYKTYpPy OCHOBHBIX 3JI€MEHTOB) anekrpuueckoit RLC menm, momenupyromeit
3JICKTPOMAarHUTHBIE MPOIIECCH B CHCTEME «Kopa 3emii — aTMocdepa — noHocdepay, 2) HCCISIOBaHNE Pe30-
HAHCHBIX CBOMCTB ATOM IIETH KaK INIOOAIBHON KOjIeOaTeIhbHOM CHCTeMBI U 3) aHaIn3 BO3HHUKAIONIUX B HEHM
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JIOKAJIFHBIX TEPEHANpPsHKEHNH B 3aBUCHMOCTH OT XapakTepa BHEIIHEro BO3ACHCTBUS MPUMEHHUTEIHHO K pe-
LICHUIO 3a7a4 o0ecreueHs HaAeXHOH paboThl 3JEKTPOIHEPreTHYECKOH CHCTEMBI B YCIOBHSIX BHEIIHHX
TJI00aTBHBIX AIEKTPOMATHUTHEIX BO3ICHCTBUH, H, B Y4CTHOCTH, T€OMarHUTHO-UHIYIIMPOBaHHBIX TOKOB.

Omnucanue Tpexmepnoii RLC nenu cucremsl «kopa 3emin — atmocgepa — nonochepa».

Jnst aHanmu3a KoyieOaTeNbHBIX CBEPXHH3KOYACTOTHBIX IMPOIECCOB OYIEM HMCIIOJNB30BAaTh YMPOIICH-
HYIO TPEXCIOMHYIO MOJeNb 3eMIIM, CXeMaTHYeCKU MOKa3aHHYyIo Ha puc. 1, 6. PaccmarpuBaemas MoJenb co-
CTOUT U3 ABYX DJEKTPOMPOBOISIINX CIIOEB — KOPHI 3eMJIM U MOHOCQEPHI, Pa3fAeleHHBIX TUIIEKTPHIECKUM
MPOMEKYTKOM — aTMOC(hEpol, XapaKTepU3YIOLIeHCs CIa0ompOBOASIIMMHE CBOMCTBaMu. [[isi mocTpoeHus
TPEXMEPHOH, YUUTHIBAIOIIEH CEpUIECKYIO IPOCTPAHCTBEHHYIO CTPYKTYPY YKa3aHHBIX CJIOEB, MOACIH CHC-
TEMBI Ha OCHOBE TEOPHH DJIECKTPHUECKUX LIEMEN C COCPENTOTOUEHHBIMH MapaMeTpaMH MPEACTaBUM MOBEPX-
HOCTPH 3eMJIH B BHJIE SKBUBAJICHTHOTO JM0JIeKasrapa (puc. 2, a), COCTOAMIETo u3 12-1 MpaBUIBHBIX TSTHYTONb-
HHUKOB O CTOpOoHOH a =0,78R, (3T0 3HaueHUE ONpeAEsIeTCA U3 YCIOBHUsS PaBEHCTBA ILIOLIAIN IOBEPXHO-

cTH 3eMIIM M JoAeKadipa). B eHTpe KaKa0ro mATHYTONbHUKA BEIOEPEM Y3€T U IPOHYMEPYEM BCE 3TH Y3JIbI
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TaK, KaKk MOKa3aHO Ha puc. 2, a. Jns moctpoeHus
SKBUBAJICHTHON A3JIEKTPUYECKON LIENIH PAacCMOTPUM

I'eomeTpuuecKue pa3Mepsl

aneMeHTapHyto sueiiky 1AB2, nns kotopoil MoxeT

OBITh TIOCTPOEH 0a30BBIN AIIEMEHT JJIEKTPHUECKON
IIeTH, TTOKa3aHHBIA Ha puc. 2, 6. B HeM 3JIeMEHTHI

L,R u L,,R, MOIEIUpyYIOT IIPOLECCHL B KOPE 3eM-

TommmHa cnost Kopbl 3eMin O, 0,25 xm
Tonmmna cnost atMocepsl 70 kM
50 kM

TommmHa cnost noHocdepst O,

JIN " I/IOHOC(l)epC COOTBCTCTBCHHO. Memz[y OTUMHU

YaeabHast JJIEKTPONPOBOAHOCTD Cpeabl

HHAYKTUBHOCTAMU CYIIECCTBYCT B3aWMMHasl HHIAYK-

TUBHOCTb M,,. Onementel R, ,C, OTpaxarT IIpo-

1ecChl B aTMoc(epe. DKBUBAJICHTHAS JICKTPUYSCKas

OCIIb BCel HCCJ'IC,I[yeMOfI CHUCTEMBI MOXKET OBITH IIO-

JdydYeHa IIyTEM COEIMHEHUS C IMOMOINBI0 0a30BOro
3IIEMEHTA BCEX COCEIHHX Y3JIOB AoJeKa’pa — rpad

TAKOT0 COCANHCHUSA MMOKa3aH Ha pUC. 2, 8.

3HaueHUs HCIOJIB3YEMBIX I'€OMETPHUCCKUX

pa3MepoB U pacCUMTaHHbIE 3HAUYEHUS BJIEKTpUUe-
CKUX HapaMeTpoB NpHBEICHbI B Tabnuue. 31ech B

KayeCTBE OKBHBAJCHTHOW TOJIIUHBI CJIOS KOpPBbI

3emisin 1 MOHOC(EPHI BHIOUpAIaCh TOJIIIMHA CKHH-
ciosi, BerumMcasemast Juis yactotrel 1 ['11 cormacHo

Kopsl 3emiu 4 Cm/m
ATtMmocdepa 1010 Cw/m
Honochepsr 10 Cm/m
DJIeKTpHYecKHEe NapaMeTphl 6230BOr0 31eMEeHTa
R, 0,554 Om
L, 3,016 T'n
R, 2,77-10 Om
L, 3,043
M, 2,27TH
R 81,9+81,9-10* Om
C 1,88-10° @

a

CIEIYIOIEMY BBIPAKCHUIO: O =+/2/(wuyp, o), TIe

BEJIMYMHA OTHOCUTEJIbHOW MAarHUTHOHM IIPOHMLIAEMOCTH NMPUHHMANIACh PaBHOW g, =1 U1 BCexX cJOEB, a Be-

JMYMHA 3JIEKTPOIIPOBOAHOCTH TprBeeHa B Tabmume. OTMETHM, 9TO BHIOOp YKa3aHHOTO 3HAYEHHUS YaCTOTHI,
OJTM3KOTO K MEPBOI PEe30HAHCHOW YacTOTE CUCTEMBI, OyAeT 000cHOBaH nanee. KpoMe Toro, Benu4ynHa 4acTo-
ThI B OOJIBLIEH CTETIEHU BIUET HA aKTUBHBIE CONIPOTUBIECHUS R, R,, a UX 3HaueHue cj1abo CKa3bIBaeTCs Ha

SHaAYCHUAX PE3OHAHCHBIX YaCTOT.

H3B€CTHO, YTO BCJIMYMHA 3JICKTPOIIPOBOJAHOCTHU aTMOC(l)epr CYHIECTBECHHO U3MECHACTCA B 3aBUCUMO-
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CTH OT BBICOTHI HaJl TOBEPXHOCTHIO 3eMiH. Tak, cormacHo rpaduyeckoil 3aBUCHMOCTH, IPUBEIEHHOM, HAIIPH-
Mep, B [10], 2I€KTpOnpOBOIHOCTH Ha TTOBepXHOCTH 3emimu pasHa 10™'* Cw/m, a Ha BEIcoTe 70 KM — 1070 CM/M.
i ydera 3TOro OOCTOSATENILCTBA NPU pacyeTax BEIMYMHA 3JICKTPOIPOBOJHOCTH aTMOC(ephbl 3aMEHSIach
CpelHel BENWYHHOW, 3HAaYeHHe KOTOPOH BapbUPOBAIOCH B YKa3aHHBIX B Ta0muIle mpenenax. s koMimbloTep-
HOHM peanmm3aruy onwicaHHOW TiobampHONH RLC memm wmcmonp3oBaics makeT mporpamMm Matlab/Simulink
/SimPowerSystems. Pa3pabotanHas cpeicTBaMu 3TOTO MakeTa MOZEIb 0a30BOro 3JIeMEHTa B BUJIE OJoKa I10-
Ka3zaHa Ha puc. 3, a, ero cxema 3aMelleHus — Ha pHc. 3, 6, a MOJIeJIb Bcel 1ienu — Ha pHc. 3, 6. [lanee npusene-
HBI PE3YNbTAaTHl HCCIIEI0OBAHNH, ITOyYeHHbIE Ha OCHOBE 3TOM MOJIEITH.

AMIUIHTY THO-4YACTOTHBIE XaPaKTEePUCTUKH BXOJAHOT0 nmieaanca raodanbHoii RLC nenn. J{ns
WCCJICIOBAHUS OCHOBHBIX AJIEKTPOMATHUTHBIX CBONCTB pa3pa00TaHHON MOJIENH, BKIIFOYAs U HAIMYUE COOCT-
BEHHBIX PE30HAHCOB, M3MepsJIach YaCcTOTHAS XapaKTEPHCTUKA BXOIAHOTO HMMIIEHAaHCA MPU PACCMOTPEHHH B
KadecTBE BXOJIa TOUCK, PACIOJIOKEHHBIX Ha IMOBEPXHOCTH 3eMiH U B HoHOCc(hepe B y3ie / (puc. 2, a), KOoTo-
phlii nanee OyaeM YCIOBHO Ha3bIBaTh CEBEPHBIM IMOJIOCOM. {1l M3MEpeHHs 4aCTOTHOM 3aBUCUMOCTHU HUMIIE-
JlaHCAa MEXIy ITHMH TOYKaMH B CXeMe€ Ha pHC. 3, 8 K OTUM TOYKaM TOIKIIOYEH BUPTYAIbHBIH MMIICIaHC-
MmeTp. [lomydeHHsie aMIIuTyqHO- U (ha30-4aCTOTHBIE XapaKTEPUCTUKHA BXOIHOTO MMITEaHCa MOJIENH IS
YeThIpeX pa3IMYHBIX 3HAUYEHHI dJIEKTPOIIPOBOIHOCTH aTMOC(epsl TIOKazaHbl Ha puc. 4. V3 mpuBeieHHBIX pe-
3yJIbTaTOB MOXKHO 3aKIIIOUHUTH CIIEIYIOLIee.

B o6mactu wactot 0,8—4 I'1 B nccienyeMoit KoneOaTelbHOM CUCTEME CYIIECTBYIOT PE30HAHCHI, MTPH-
yeM, Ha gactoTax 0,83, 2,6 u 3,47 I'11 uMeeT MECTO MOCIeI0BaTEIHHBIA PE30HAHC (XapaKTepU3yeTCs JIOKAb-
HBIMH MUHHMAJIbHBIMU 3HAYEHUSIMU BXOJHOIO UMIIEJaHca), a Ha yacTtoTax 2,21, 3,26 u 3,59 — mapannens-
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HBIH pe30HaHC (XapakTepU3yeTcsl JTOKATbHBIMU MAaKCUMATIbHBIMUA 3HAUCHUSAMH BXOJHOTO uMmrenanca). [1pu-
yeM, MepBast YacToTa MOCIe0BaTENbHOTO pe3oHaHca coctanisier 0,83 ['m.

PezonaHCHBIE CBOMCTBAa CHCTEMBI CYIIECTBEHHO 3aBHCAT OT MPOTEKAIOIIUX B HEW OUCCUIIATUBHBIX
MPOIIECCOB, KOTOPBIE MOJCIUPYIOTCS MPOJOJILHBIMY U TOMIEPEUHBIME PE3UCTOPAMU B CXeMe 0a30BOTO diie-
MeHTa Ha puc. 3, 6. Tak, ¢ poCTOM pacd4eTHOH BEIMIUHBI IIEKTPOIIPOBOIHOCTH aTMoc]ephl, KOTOPHIi MpH-
BOAUT K YMEHBIICHNIO BEJIMYMHBI BKIIOYEHHOTO MApAJIENIbHO EMKOCTH PE3UCTOpa R, , B CHIIy BO3PacTaHUs

JTUCCHUITATUBHBIX TPOIIECCOB B aTMOc(epe Pe30HAHCHBIE CBOIMCTBA CHCTEMBI MPOSBISAIOTCS B MEHbIIEH CTe-
TIEHH M TPH JOCTHKEHHH KPUTHUYECKOTo 3HaueHus d1ekTpornposoaHoctd 107" Cv/M ncenenyemas cuctema
NPaKTHYECKH yTpayMBaeT Pe30HAHCHBIE CBOWCTBA. Takas YyBCTBUTEIBHOCTh aMILUIMTYAHO- M ()a304acToT-
HBIX XapaKTEePUCTUK BXOJHOTO UMIIEJaHCa K CBOMCTBaM aTMoc(hepbl MOKET MOTEHIUAIBHO HCIOIb30BaAThCS
JUTSL TUATHOCTUKHA ¥ MOHUTOPWHTA PA3IMYHBIX MMPOILIECCOB IJIAHETAPHOTO MacmiTada, BIUSIOIINX Ha JIEKTPO-
MIPOBOJIAIINE CBOMCTBAa aTMOC(EpPhI, HAIPUMEDP, TAKUX KaK W3BEPIKECHUE BYJIKaHa, TJI00AJbHOE M3MEHEHUS
KJIMMaTa Ha 1adere u Ap. CieqyeT OTMEeTUTh, UTO JUIS peau3alliy 3TOW KOHLENIMH He00X0AUMO PEeIInTh
3a/1a4y SKCIEPUMEHTAIBHOTO U3MEPEHHUS HA MPAKTUKE PE30HAHCHBIX ANEKTPOMATHUTHBIX CBOWCTB IIAHETHI
B 00J1aCTH YKa3aHHBIX CBEPXHU3KHX YaCTOT.

HccaenoBanne peakunu riaodanbHoii RLC nenn Ha pa3jimyHble BUIbI BHEITHET0 BO3AeiiCTBUS.

PaccMoTpenHbIe BbIlIe pe30HAHCHBIE CBOMCTBA T00anbHOi RLC menu mo3BossifoT MpeAnooKHuTh,
YTO JaHHAs KoyebarenbHas cucTemMa OyIeT o pa3sHOMY pearnpoBaTh Ha BHEITHEe Bo3zeiicTBre. Tak, Hampu-
Mep, U3 Kypca 3JeKTPOTEXHUKHU U3BECTHO, YTO NMPHU BHEIIHEM TapMOHMYECKOM BO3JEHCTBHH Ha pe30HaHC-
HBIX YacTOTaX OTKIIMK CHCTEMBI, XapaKTepU3YIOLIeHcss BEICOKOH JOOPOTHOCTBIO, MOXKET 3HAUUTENHHO Mpe-
BBIIIATH 110 aMIUIMTYJE BHEIIHEE BXOAHOE BO3JIEHCTBUE, BBI3bIBAS MIPU 3TOM JIOKAJIBHBIE MEPEHANPSKEHMUS,
3aBHCSINUE B OOIIEM OT MPOCTPAHCTBEHHOTO PACTIOJIOXKEHHS TOTO AIIEMEHTa B Ilenu. B To ke Bpems, npu
BHEITHEM BO3/ICHCTBUU HA YacTOTaX, OTIUYHBIX OT PE30HAHCHBIX, OTKIMK CUCTEMBI MOXET OBITh HE3HAYH-
TEJbHBIM, T.€. IPOUCXOIUT MOJABJICHUE BHEIIHETO cUrHaia. [[is KOJIMYEeCTBEHHOTO aHalld3a peaklUM JaH-
HOW KONIe0aTeIbHON CHCTEMBI JJaliee PaCCMAaTPHBAIOTCS PE3YIIBTAThl PACUETOB BHIXOJHOTO HAIIPSDKEHUS MPU
Pa3IMYHBIX BUAAaX BHCIITHETO BO3I[GI\/'ICTBI/IH Ha BXOJEC.

Peaknuss RLC menn Ha BHellHee rapMoOHHYecKoe Bo3feiicTBHe. [IpennonoxuM, yTo BHEIIHEE
rapMOHUYECKOE BO3IEHCTBUE B BUJE FAPMOHNYECKOT0 MCTOUYHUKA HanpsukeHus u = U, sin(27 ft) npumoxe-

HO B y3j¢ / Ha puc. 2, a (CEBEpHBII MOIIOC) MEXKIY TOUYKAMH, PACIIOIOKEHHBIMHU Ha TIOBEPXHOCTH 3€MIIA U
MOHOC(EPHI, — BXOJ| UCCICYEMOI CUCTeMBI. B KadecTBe BBIXOJHOTO HANpPsDKEHUs OyJeM paccMaTpuBaTh
HarnpsbkeHne Ha eMkocTH C, (MeXIy NMOBEPXHOCTBIO 3eMin U HOHOc(hepoii) B y3ie /2 (FOKHBIH IOJIOC) U

HaIps’KEHUE Ha EMKOCTH Ca B y3JI€ 2, YTO COOTBCTCTBYCT HpI/I6J'II/ISI/ITGHLHO YPOBHIO 150 ceBepHoﬁ I POTHI.

Pe3ynbTaThl pacyeTOB OTHOCUTENIBHOIO 3HAYEHUS BBIXOJHOIO HANPSDKEHUS B 9THX JABYX BBIXOJIHBIX y3/aX B
BUJIe PYHKIUI 4aCTOTBI M IIPU PA3IMUHbIX 3HAYEHHUAX JIEKTPOIPOBOIHOCTU aTMOC(Ephl IPUBEIEHBI HA PUC.
5. VI3 3TOT0 pUCYyHKa BUAHO CIIEYIOIIEE.

Ha vacTorax mocieqoBaTenbHOrO pe30HaHCa Peaklus UCCIEeAyeMOl CHCTEMBbI Ha BHEITHEe BO3/eH-
CTBUE 3HAUUTENBHO IPEBBIMIAET caMo Bo3jeiicTBue. [Ipudyem, HanGONIBIINIA OTKIMK CUCTEMBI HAOIIOJAETCS
Ha 1epBoil pezonancHoil wactote 0,83 I'm u coctaBnsger U, /U, =16,5 npu 3HaU€HUU IIEKTPOIPOBOIHO-

ctu atmocdeps 107 Cm/M (puc. 5, @). DT0 06CTOATENLCTBO MOCHIE Ero SKCIEPHMEHTATBHOTO HOATBEPKIE-
HUSl MOKET ObITh OCHOBaHHEM ISl pa3paboTki MeXTyHapOIHBIX HOPM M IIPABUJ, OTPAHNYHBAIOIINX T'CHE-
PHUPOBaHHUE DIIEKTPOMATHUTHBIX CUTHAJTOB, YaCTOTA KOTOPBIX OJIN3KA K OJHOW M3 PE30HAHCHBIX YACTOT IUIa-
HETBI U B CUJIY 3TOr'0 CO3AAaI0INX 3HAYUTEILHBIC 110 BEJIMYMHC ITIOMEXU.

C pocToM 3IIEKTPONPOBOIHOCTH aTMOC(EPHI, T.€. C POCTOM JUCCHIIATUBHBIX MPOLIECCOB B paccMarpu-
BacMOU KOJIeOATEIbHON CUCTEME, PEaKIIHs STOM CHCTEMbl YMEHbBINACTCS U MPH JIEKTPOIPOBOAHOCTH, MPEBHI-
mratomeii 107° Cm/m , peaktrBrbie LC 31eMeHTBI c1a00 BIHSIOT Ha SIEKTPOMATHUTHBIE POLECCHI B LIETIHL.

Haubonbimas peakiusi CHCTEMbI HaOIIOaeTCsl Ha MPOTHBOIIOIOKHOM — I0)KHOM TIoJTtoce (B y3ie 12)
TIpU BO3/EICTBHH BXOJHOrO CHTHANA Ha CeBepHOM moioce (y3en /). Peakuust cuctemsl Ha yposre 15° ce-
BepHOU mHpOoTHI cocTasisieT 11,6 mmu 11,6/16,5=0,7 oT peakinu Ha IPOTUBOIIOIOKHOM ITOJTIOCE, UTO SBJISA-
€TCsI CICJICTBUEM CEePUIECKON MPOCTPAHCTBEHHOM CTPYKTYPhI UCCIICY MO MOJICIH.

[IpuBeneHHBIE pe3yJbTAaTBl COOTBETCTBYIOT YCTAHOBHMBIIEMYCS TapMOHHYECKOMY IPOIECCy, NpU
3TOM XapaKTepPHOE BPEeMs YCTAHOBICHHUsS MPOIecca MPH MOoJadue BHEIIHET0 TapPMOHHYECKOTO BO3CUCTBHS
3a1aHHO} YaCTOTHI COCTABISET 0KOo 30 ¢ (IpH AIeKTpornpoBoHocTH arMocdepsr 1072 Cv/m). DTo BaxkHO
YYHUTHIBATH TIPU Pa3pa00TKE METOAMKH SKCICPUMEHTAIBHOTO M3MEPEHUS YACTOTHOW XapaKTEPUCTHKHU HC-
CIICIyEeMOI CHCTEMBI.

ISSN 1607-7970. Texn. enekmpoounamira. 2016. Ne 2 7



U Uss ) Peakuus RLC nenu Ha BO3-
AelicTBME B BHJ€E CTYNIEHYATOH equ-
2(] Ha nporuBononoxHom HU4HON (Qynkuum. Peakuus cucre-
FO)KHOM ITOJTFOCE MbI, U3MEPEHHAsI HA FOX)KHOM IIOJIIOCE
Ha onemente C,, IIPU BHEIIHEM BO3-

JIEWCTBUH, TPUIOKEHHOM Ha CEBEp-
HOM mojroce K anemeHty C, B Buze

WCTOYHMKA HAIPSDKEHUS CTYNEHYaTOH
BO BpeMeHHM (QYHKIUH XeBHcaia,
MOKa3aHa Ha puc. 6. 31ech BeTUYMHA
3NIEKTPOIPOBOTHOCTH aTMoc(epsl
npuHEManack pasHoit 1072 Cm/M. Kak
BUJHO W3 3TOIO PHUCYHKA, BBIXOIHOE
HalpsOKCHUE JIOCTHraeT MaKCHMallb-
Horo 3Hauenus U, /U, =275 3a

2) BpeMms okojo 0,6 ¢ 1 3aTeM 3aTyXxaer B

TedeHue npudmmsutensHo 30 ¢, moc-
THATasl YCTAHOBUBIIETOCS 3HAYCHUSA,
OJIM3KOT0 K €IUHUIIE.

Ugbzx/ ng qaCTOTa, FI_[

10| Ha yposse 15 ° cerep-
HOH IUPOTHI

Peakuusi cucreMbl Ha BO3-
JAeiicTBUE B BUJEe MMIIYJIbCHOU (PyH-
KuuM. B KayecTBe TECTOBOro uM-
MyJILCHOTO CHTHAJla MJIi BXOJHOTO
HaAIPSKEHHSI UCIONb30BaNach (yHK-

—_— O, = 10" Cwin

-—— Oy = 10 Cuim ¥ MIOJIYBOJIHBI CHUHYCOHUIBI, OIIHCHI-
01 --= G, = 107 Cain BaeMasl CJIEAYIOIIHUM BhIPAKEHUEM:
cor o, = 100 Cun
o U, sin(rt/7), t<r,
u(t) =
0.01 0, t>7,
0.1 Puc. 5 5
Yacrora, I'11
0)
B KOTOPOM JIMTENBHOCTh UMITYJIbCA T BapbHpOBAJIACh B AUara- U/ Ue
3oue 0,1-5 ¢. Touku BXOJa M BBIXO/A BHIOMPATUCH TAKHUMH K€, 3
KaK | [IPH UCTIOJIb30BaHUH CTYTIEHYaTON (PYHKIINU. 3aBUCUMOCTh I o =10"2 Ca/m
OTHOCHUTEIBHOTO aMIUIUTYJHOTO 3HAYE€HHUS! BBIXOJIHOIO CHUTHalla 257 ‘

B (YHKUUH OT AJUTEIBHOCTH MUMIyJbca 7 IOKa3aHa Ha puc. 7.
3nech ke Ha BCTaBKE IIOKA3aHO U3MEHEHUE BO BPEMEHH BBIXO[-
HOTO curHana npu anurensHoctu 7 = 0,7 c¢. Kak BUmHO U3 3TOr0
pHUCyHKa, HauOOJbIIasl PEAKIMs CUCTEMbI Pean3yeTcsl Ipu OIl-
TUMAaTBLHOW IIUTENBHOCTH UMITyJIbca, paBHOU 0,75 ¢, U cocTas-
aser U, /U, =2,5. I3 cpaBHEHHs NIPUBEJIEHHBIX PE3yJIbTATOB

obix
pacueToB IS PA3IMYHBIX BUIOB BHEIIHETO BO3JEHCTBHS MOXHO
3aKJIIIOYUTH, 4YTO HaI/IGOJIbIHeﬁ SABJIACTCA PCAKIUA CHUCTEMBI Ha
BHEIITHEE TapMOHHMYECKOE BO3JCHCTBUHM C PE30HAHCHOM YacTo-
TOM, KOTOpask Ha MOPAIOK IMPEBOCXOIUT 0 aMIUTUTYAE PEaKIUIo
CHUCTEMBbl TIPU BO3JEHCTBUM B BHJIE €IUHUYHOM CTyINEeHYaTOM
(YHKIUU WM UMIOYJIbCHOW (YHKIMU C ONTUMAaIbHOHN JIUTEINb-
HOCTBIO UMITYJTbCA.
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(]Hblx ! 1
3akjoueHnue.

U,/ Ugy _ 1. B pabote mpeanokeHa riodanbHas
anektprdeckas RLC menb mmaneTsl 3emird,
OTparkarollias B3aMMOCBSI3aHHBIE BIIEKTpOMar-
HUTHBIE TIPOIIECCHI HA CBEPXHHM3KHUX YaCTOTaX

t.c 10°+1 'y B xope 3emin, arMocdepe i HOHO-

chepe. i ee KOMIBIOTEpHOW peann3anin

UCTIONB30BaJIcsl TakeT nporpamm  Matlab/

Simulink.

2. Ilytem uccrieaoBaHusl aMIUTUTY -

HO- ¥ ()a30-4acTOTHBIX XapaKTEPHCTHUK

BxonHoro mmnenadca 3toi RLC uenu mo-

Ka3aHO HaJIW4Yhe pPE30HAHCOB B oOmacTh

gactor 0,84 I'm, mpuuem, mepBas pe3o-

HaHcHas yacTtoTa coctapigeT 0,83 I'm. Uc-

CJIEOBAHO BIMSHME HA 3T XapaKTEPUCTHUKU PACUETHOTO 3HAYEHHUS YAEITHHON IIIEKTPOIPOBOJHOCTHA aTMO-

cepbl, U3MEHSIOLIEr0Cs B UHTEPBAJle O, =10"*-10"" Cm/m, u3 KOTOpOrO CIIEAYET, YTO P o, 107" Cwm/m

20

1 2 3 4 5
IIHI/ITGHBHOCTb umMmiIyJjbca T, C

B CHJIy 3HAYUTEJIBbHBIX AMCCUIATHBHBIX MPOLIECCOB B IIETH, BIMSHUE PeakTUBHBIX LC 31€MEHTOB OTHOCH-
TEITLHO MaJIO ¥ B IIETIH HE NPOSBISIOTCS PE30HAHCHBIE CBOWCTBA.

3. Uzydena peakuus npemnoxkeHHod RLC menm Ha pas3nuyuHOe BHEIIHEE BO3AEHCTBUE (FapMOHH-
4ecKoe, CTyleHYaToe, UMIYJIbCHOE) U ITOKa3aHO BOSHUKHOBEHUE 3HAUYMUTENBHBIX JIOKAIBHBIX MepeHarnpsbKe-
HHUI Ha SJIEMEHTaX LENH PU BHEIIHEM rapMOHUYECKOM BO3JICHCTBUY Ha PE30HAHCHBIX YacToTax. [lokazana
3aBUCHMOCTb 3THX INEPEHANPSHKEHUH OT MPOCTPAHCTBEHHOTO PACIIONIONKEHHS ITHUX 3JIEMEHTOB B CHCTEME.
3T0 00CTOSATENHCTBO MOCIE €r0 IKCIEPHUMEHTAIBHOTO MOATBEPKICHHUS MOXKET ObITh OCHOBaHWEM JUIS pas-
paboTku MeXIyHapOAHBIX HOPM M MPABHJI, OTPAaHUYMBAIONINX TCHEPUPOBAHHE 3JIEKTPOMAarHUTHBIX CHTHA-
JIOB, YaCTOTa KOTOPBIX OJIM3Ka K OJJHOH U3 PE30HAHCHBIX YaCTOT IUIAHETHI.

4. Mpeanoxennas rnodansHass RLC mens MoxkeT ObITh MCTIONB30BaHa s IpoBelleHus (QyHIaMeH-
TaJILHBIX HCCIEIOBAaHUN 3JEKTPOMArHUTHBIX CBOMCTB arMoc(epbl M HOHOC(ephl 3eMin B 00IacTH CBEpX-
HHM3KHX YaCTOT U aHAJIM3a MOyYSHHBIX IIPH ATOM dKCIIEPHMEHTAIIBHBIX TAaHHBIX.
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TJIOBAJIBHE EJIEKTPUYHE RLC KOJIO CUCTEMMHA «KOPA 3EMJII - ATMOC®EPA — IOHOC®EPA»
TA MO0 PE3OHAHCHI BJIACTUBOCTI

O./. IToxoabueB, TOKT.TEXH.HAYK

InctutyT enexrponunamikn HAH Ykpainm,

np. [lepemoru, 56, Kuis-57, 03680, Ykpaina.

e-mail: podol@ied.org.ua

3anpononosarno enobanvhe enexmpuune RLC kono nianemu 3emasn 015 MOOENI0BAHHS 83AEMONO08 A3AHUX eIeKMPOMASHIm-
HUX npoyecié Ha HAOHU3bKUX yacmomax y Kopi 3emui, ammocghepi ma ionocgepi. /lns komn romeproi peanizayii yboeo
KO i3 8PAXY8AHHAM CHepUtHOi NPOCMOPOBOL CIMPYKMYpU 1020 eleMeHMi8 UKOPUCIOBYEMbCsl nakem npozpam Matlab/
Simulink. Ha ocnogi npogedenux 0ocniodicenb NoKAa3aHo iCHy8anHs pe3oHawcie ¢ obracmi yacmomu 0,8—4 Iy, npuuomy
nepwia pesonancua yacmoma oopisuroe 0,81 T'y. JJocniosiceno peaxyiro maxozo RLC kona Ha 306HiWHIl 6NIUE 2APMOHIT-
HO20, OOUHUYHO20 MA IMIYILCHO2O 0XCEpel HAnpyeu i NOKA3AHO SUHUKHEHHs 3HAYHUX JOKAIbHUX NepeHanpye Ha 1020
e/leMeHmax npu 308HIUHbOMY 2APMOHILIHOMY 6NIUBI HA pe30HaHcHill yacmomi. bibn. 8, puc. 7, Tadm. 1.

Knrouosi cnosa: rnobabHe atMmocepHe eNeKTPUIHE KOJIO, TEOMAarHiTHO-iHAYKOBaHI CTPyMH, PE30HAHC, JIOKAIIbHI T1e-
PEHAIPYKEHHS, eJICKTPOCHEPTeTUYHA CHCTEMA.

GLOBAL ELECTRIC RLC —CIRCUIT OF A SYSTEM "THE EARTH'S CRUST — ATMOSPHERE - IONOSPHERE"
AND ITS RESONANCE PROPERTIES

A. Podoltsev

Institute of Electrodynamics National Academy of Sciences of Ukraine,

pr. Peremohy, 56, Kyiv-57, 03680, Ukraine.

e-mail: podol@ied.org.ua

The global electric RLC-circuit of the Earth is proposed to simulate the coupled electromagnetic processes of extremely
low frequency in the Earth's crust, atmosphere and ionosphere. For its computer implementation, taking into account
the spatial structure of the spherical elements of the system, the software Matlab/Simulink is used. As shown by study,
the circuit is characterized by resonances within frequency range of 0,8—4 Hz, and the first resonance frequency is
equal 0,81 Hz. The response of this RLC-circuit to external action harmonic, step function and pulsed voltage sources
is examined and significant local overvoltage of the circuit elements under external harmonic action at resonance fre-
quency is revealed. References 8, figures 7, table 1.

Keywords: global atmospheric electric circuit, geomagnetic induced currents, resonance, local overvoltage, power system.
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