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HaBeapeHO IPUKAAAM 9YaCTOTHO-YACOBOI CTPYKTYPU TeOMarHiTHUX ITyAbcalliii. ITokasaHo, 110
IIyABCAllil Pi3HUX TUMIB MOKYTh MaTH OAHY 3araAbHY OCOOAMBICTB — AUCKPETHY CTPYKTYPY AU-
HaAMIYHOI'O CIIeKTpa. AMCKPETHICTb IIPOSBASIETHCSA Y YEPIyBaHHI «AO3BOAEHUX» 1 «3a00POHEHUX»
vacToT. [TopiOHA CTPYyKTypa HMyAbCALill aHAAOTIYHA IIePIOAUYHIN CTPYKTYpPL CIIEKTPAABHUX CMYT,
yrBOpeHni MI'A-pe3onaropamu y mMarairocdepHo-ioHochepHin maasmi. [TossBa AMCKPETHOCTI y
CIIEeKTpI ITyAbCAIif TTOSICHIOETHCSI BIAUBOM (PIABTPYBAaABHUX BAACTUBOCTEN pe30HAaTOPiB Ha rippo-
MarHITHI XBHAI IIiA 9ac IX IPOXOAJKEHHS uepe3 pe30HaHCHY NOpPOXKHUHY. [lepepOadaeTsesd, 1110 B
AESIKUX BUITAAKAX AUCKPETHICTh MOXKe AQTU KOPUCHY iH(OpMalilo PO KaHAAU MIOIIUPEHHS CUT-
HaAiB AiTocepHOro @60 MarHiTocepHOTro MOXOAKEHHS.

KArouoBi croBa: pe3oHATOPH, FeOMAarHiTHI ITyAbCalil, AUCKPEeTHA CTPYKTypa CIIeKTpa.

Beepenne. HepaBHOMEpPHOCTH HPOCTPAHCT-
BEHHOT'0O pacIlpeAereHUsT KOCMUYEeCKOM IIAa3MbI
Cco3paeT OAATOIPHUSTHBIE YCAOBUS AASI CYIIIECTBO-
BaHUS B OKOAO3EMHOM IIPOCTPAHCTBE CTPYKTYP-
HBIX OOpPa30BaHUM, UT'PAIOLINX POAL PE30HATOPOB
AT HU3KOUYACTOTHBIX 'MAPOMArHUTHBIX BOAH. B
1980-e ropbl OBIA TEOpPETUYECKU MPEACKAa3aH, a
3aTeM U dKCIepUMeHTAaAbHO OOHapy’kKeH HOHO-
chepubIl arbBeHOBCKHY pe3oHatop (MAP) [[To-
agroB, Panmomopt, 1981; Beases u Ap., 1987]. Ero
OTKPBITHE — OAHO U3 3aMedaTeAbHBIX AOCTHKe-
HUU B (DU3UKE YABTPAHU3KOYACTOTHBIX SAEKTPO-
MAarHUTHBIX BOAH.

EcTecTBeHHOE AONOAHEHUE K HOHOC(EPHO-
MYy pe30HAaTOpPy — (DU3UYECKU CBA3AHHBIU C HUM
HAAMOHOC(EPHBI AaAbBEHOBCKHMUM pe30HATOP
(HMAP), npogBASIONINICS Ha AUCKPETHBIX KpaT-
HBIX YacToTax Beiie 0,15—0,3 I' [AoBOHS 1 AD.,
2013a,6]. Ero cyuiecTrBoBaHNe rapMOHUYECKH 3a-
TIOAHSIET OCTABaBIINICS CBOOOAHBIM AMAIIa30H Ya-
CTOT HU>Ke OCHOBHOro pe3oHaHca VIAP. HUAP
pacroaaraeTcss BAOAb MarHUTHOU CUAOBOU TPYO-
KM Hap NTapoy MarHutoconps>keHHbIX AP, ero
TOPII@MU CAY>KaT BepPXHUEe CTeHKU NOHOC(EPHBIX
pe3oHaTtopoB CeBepHOro u KO>KHOTO MOAYIIIAPUN.

TeopeTuueckoMy U 9KCIIePUMEHTAaABHOMY UC-
caepoBanuio AP nocssiieHa oOLIMpHAs AUTe-
parypa (cM., HanpuMep: [Ocranenko, [ToasikoB
1990; Lysak, 1991; BeaseB u ap., 1997; Belyaev
et al., 1999; Demekhov et al., 2000; Pokhotelov
et al., 2001; Bosinger et al., 2002; Yahnin et al.,
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2003; Molchanov et al., 2004; CemenoBa u Ap.,
2008; Semenova, Yahnin, 2008; Epmakosa, 2009]).
[ToapoOuBI MOpdororunyeckuit aHarnus VAP Ha
CpepHUX IIUPOTaxX IpoBeAeH B paboTe [[Toaror-
KUHa U Ap., 2014]. OGHapy’>KeHO, YTO Ha PeKUM
nsaryueHus VAP BAMAIOT pa3AnYHBIE UMITYABCHBIE
IIPOLLeCChl: CyOOypH, BCIAECKU HUPPETryATPHBIX
IIyABCAllUK, @ TAaK)Ke CEeUCMHUYEeCKHUe IIPOLLeCCh
[Guglielmi et al., 2006; Parent, 2010; IToranos
u Ap., 2008; Dovbnya et al., 2010; AoBOHSa 1 Ap.,
2012]. B To ke BpeMs IPaKTUUYeCKH OTCYTCTBYIOT
paboThl IO BO3AEUCTBUIO COOCTBEHHO PE30HAa-
TOPOB Ha HINPOKUM KAACC T€OMarHuTHBIX ITYAb-
calui — TUAPOMArHUTHBIX BOAH, HEIIPEPLIBHO
MIAAQIOIINUX Ha MMOBEPXHOCTb 3€MAU M3 KOCMUYe-
CKOT'O IIPOCTPAHCTBA.

B HacToguieln craTbe IpPUBEAEHBI HAOAKOAA-
TeAbHBble (DAKThl, CBUAETEABCTBYIONINE O BAUS-
HUU MOHOC(EpPHOTO U HAAUOHOC(EPHOro pe3o-
HATOPOB Ha AMHAMUYEeCKUe CIIEeKTPhI MyAbCAIUHi
Pa3HBIX TUIOB, ¥ OOCY’KAEHBI ITIOAYUYEHHBIE pe-
3YABTATHI.

M cxoAHBIN MaTepuaa ¥ METOABI aHaAKn3a. MEl
U3yYaAru 'eOMarHUTHBIE ITyABCAIIUM 110 AQHHBIM
l'eodusuueckoit obcepBatopun bopoxk (58,0° N,
38,2° E) u CasgHCKOM COAHEYHOM 00cepBaTOpUuU
Mouasr (51,6° N, 100,9° E). AAs aHaauza OT-
AEABHBIX COOBITUM OBIAWM MCIIOAB30BAHBI TAKIKE
uMelolrecs B apxuBe ooceparopuu bopok 3a-
mucu ctannum «Koanepsx» (64,9° N, 147,9° W).
WM cxXopHBIN MaTepuan AAS @HAAKW3a — 3aIllUCHU Ha
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MarHUTHYIO AeHTy YHUY-Bapuanui sneKTpoMar-
HUTHOTO TIOASI 3€MAM B AaTia30He 4acToT OT 0 A0
10 I';. OOpaboTKa reoMarHUTHBIX AQHHBIX BeAaCh
C IPUMEeHEeHNEeM METOAOB KOMIILIOTEPHOTO aHAAN -
3a. Tekymui (oparMeHT MarHUTO(POHHOMN 3alIUCH
BBEIBOAUACS Ha AMarpaMMy (COHOTpaMMy) B KOOP-
AMHATaxX 4acToTa—BpeMs. [loaydarm MTHOBEH-
HBIN COHOTPa(pUUIECKUN K CHUMOK» IIEPEMEHHOTO
9AEKTPOMArHUTHOTO TIOAS], Ha KOTOPOM B KOOPAH-
HaTax 9aCTOTa—BPeMs OTpa’karach MHMOPMAITHST
O CUTHaAAX B aHAAU3VMPYEMOM MHTEPBAAE.

HaOaropenusi. 'eoMarHuTHBIE ITyABCAITAN —
9TO €CTEeCTBEHHBIE BapHAIIUH IAEKTPOMArHUTHOTO
oA 3eMAHU, HaOAIOA@eMble Ha 3€MHOM ITOBEPX-
HOCTH B AMAINla30HE OT MUAAUTEPI] AO HECKOADB-
kux repil. ['lo Mopdorormyeckum npru3HakaM OHU
TIOAPA3AEASIOTCS Ha PETyASIPHBIE U MPPETYASIP-
Hble KOaeOaHmga [Tpounkasg, I'yabeabsmu,1969].
B 3aBmcmMOCTH OT THIIA TyABCAITUM BO30YKAQ-
10TCs1 AMOO B Maruutocgepe, Ambo B monocgepe
M UMEIOT Yallle BCero MIMPOKNM HenpepbIBHBIN
criekTp. Haamdme pe3oHaTOpOB Ha Tpacce ux pac-
IPOCTPaHEHMs AOASKHO IPUBOAUTE K MOAU(DUKA-
UM AMHAMHUYECKOro CIIeKTpa NyAbcanuii. Huxe
M3A0KEHBI PE3YABTAThl TAKOM MOAUMUKAIIUY Ha
KOHKPETHBIX IIPUMepax.

£ Iy 18,02, 1977 £l
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1. Konrebanus tuna PilB oTHOCATCS K KAAcCy
UPPETryASIPHBIX U HAOAIOAQIOTCS B BUAE UMITYABC-
HBIX BCIAECKOB AAMTEABHOCTBIO OT 2 AO 5 MUH.
Onu BO30YKAQIOTCSI ¥ PACIPOCTPAHSIIOTCS B
noHocepe IpU BBHICHIIAHUN 3apsi>KEeHHBLIX dYa-
CTHUI] PAAUAITMOHHOTO nosica 3eMAu. [Tpu HaOATO-
AEHUU Ha 3eMHOU MOBEPXHOCTU AWHAMWYECKUH
criekTp PilB mMeeT MIMPOKONOAOCHBIN ITyMOBOMA
xapakTep (puc. 1, a). OaHaKO MOXHO HAaOAIOAQTH
¥ OTYETAMBO BEIPa’KEHHYIO AUCKPETHYIO CTPYKTY-
PY, KOTOPasi MPOSIBASIETCSI B YePEAOBAHNUY TEMHBIX
U CBETABIX YYaCTKOB B CIIeKTpe KoAreOaHuu PilB
(puc. 1, 6). [TopoOHOE YepepOBaHNUE OTMEYAETCI U
B TaPMOHUYHOU CTPYKTYPE IITYMOBOTO U3AYUEHUS,
TUTTUIHOU ANsT VTAP.

2. IMyavcanuu Tuna Ipdp Tak>xke oTHOCATCA K
KAQccy upperyagapHbeix. OOAaCTh UX reHepaluu
pacIoAoKeHa B MarHuTocdepe. AMHaMHUYECKUU
CIIEKTpP WMeeT BHA IIYMOBOM IIOAOCHI C BO3-
pacraroiell cpepHel yactoTron (puc. 2, a). Ha
pHC. 2, 6 BUAHBI TaK)Ke IyABCAIIMU C HapacTalo-
1Ie¥ 4aCTOTOM, HO 3AeCh yrKe IBHO UMeeT MeCTO
MOAYASIIVSI UHTEHCUBHOCTHU CIIEKTPa KOAeOaHUU
C YIPYEHUSIMH Ha BEIAEAEHHBIX YaCTOTax (Ha Co-
HOTpaMMe — CBETABble BEepTHUKaAbHBIE YepTOdU-
KH). VlHTEepBar MeXAy HUMH paBeH IIPUMEPHO
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Puc. 1. [Tpumep nogBAeHNS AUCKPETHOM CTPYKTYPHI B CIIEKTPE HIMPOKOIIOAOCHOTO BCIIAECKA UPPETYAIPHBIX KoaeOaHui PilB.

O6cepBaTopust bopok.
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Puc. 2. ITogBAreHNe AUCKPETHOM CTPYKTYPHI B criekTpe Ipdp. O6cepBaropust bopok.
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Puc. 3. IlpuMepsl TOSBAEHUS AUCKPETHON CTPYKTYPHI B CUHTHAAAX IAAQIOIIero U pacTylnero ToHoB. O6cepBaTropust bopok.

0,3 I'm, 9TO TakKe cOOTBeTCTBYyeT criekTpy AP
Ha mupoTe obcepBaropuu bopok [AOBOHS U AD.,
2013a,0].

3. Ha puc. 3 noka3aHbl AMHAMUYECKUE CIIEK-
TPBl IYAbCAIlUM, HAOAIOAQIOIINXCS B BHAE OT-
AEABHBIX CUTHAAOB IIAAQIOMINX HWAUW PACTYIIUX
TOHOB. Ha puc. 3, a curHaa maparoliei 4acToThbl
UMeeT HelIPEPBIBHYIO CTPYKTYPY, Ha pUc. 3, 0, B
CHUTHaABI COOTBETCTBEHHO HapacTalolleld U Iia-
AQIOIIEH 9aCcTOT UMEIOT AUCKPETHYIO II0 9aCToTe
CTPYKTYPY, Pa30mBasich Ha OTAEABHBIE IAEMEHTHI
€ nHTepBarOM MeXAy HuMu Af'~0,2 I'm. Mo>kHo
IIPEATIOAOKUTE, UTO 3A€Ch HAOAIOAQETCSI BAUSTHIE
HaAMOHOC(EPHOTO PEe30HATOpPa, COOCTBEHHBIE
YacTOTHI KOTOPOTO Ha IINPOTe 06CepBaTOpPUU
Bopok 6auzku K 0,2 I'y [AoBOHS U Ap., 2013a,0].
Ero BO3pelNCTBUE HA CUTHAABI IIPUBOAUT K IO-
SIBAEHUIO HEKOTOPBIX «3aPETHBIX» YaCTOTHBIX
IIOAOC, PAcIpoCTpaHeHne BOAH Ha KOTOPHIX He-
BO3MOJKHO.

4. Ha puc. 4 mokasaHO HpPOSIBA€HUHE pe30-
HAToOpoB B KoAeOaHUAX Pcl («’KeM4y>KUHEI»).
[Tyabcamum 3TOTO THIIA OTHOCSATCS K KAACCY
peryasapHbIx. OHM BO30Y’KAQIOTCS B MArHUTOC-
depe U Ha OyTH K 3eMAe NPOXOAAT 4yepe3 ABe
pe30HaHCHBIE ITOAOCTH (€CAM OHU B 3TO BpeMs
CYILILECTBYIOT, 4TO He BCeraa o0s3aTeapHO). Ha
puc. 4, a (creBa) HabAIOA@EM OAHOBPEMEHHO IIe-
pHOAMYECKUE TTOAOCOBBIE CTPYKTYPHI ABYX pe-
3oHaTopoB: AP n HVMAP. CtpyKTypa IOCAeA-
Hero BUAHA B AMAIla30HE YaCTOT HHUJKE OCHOB-
"oro pe3oHaHnca MAP. 3aech >)ke HaOAIOAQIOTCS
" TpU CepUuu XeMUY>XUH, AB€ N3 KOTOPBIX pac-
IIOAOKEHBI Ha pe3oHaHcHOM noaoce AP, opHa,
OTMe4YeHHAasA BEePTUKAABHBIMUY Y€PTOYKAMU, — B
amanazone HUWAP. Aaga Haimero paccMoTpe-
HUS MHTepeC IPEeACTaBASIeT UMEHHO 3Ta CepHs,
Ha puc. 4, a (cupaBa) OHa IIOKasaHa B APYIOM
YaCTOTHO-BPEMEHHOM paspelleHuu. AaHHBIN
IIpUMepP MOJKET CAY’KUTHb HarASAHON MAAIOCTPA-
e BO3AEUCTBUSI pe30HATOPOB HAa I'€OMAarHuT-
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HBIe ITyAbCaluu. B criekTpe Pcl BEIpAEASIOTCS OT-
AEABHBIE TIOAOCHI, KOTOPhIE C He3HAUYNTEABHBIMHA
OTKAOHEHUSIMU COBIIAAQIOT C MEAKOMACIITAOHOU
crpykrypoid HAP. MHOronoaocHast CTpyKTypa
Pcl ormeuanach 1 paHee, HO IPUPOAA €€ OCTaEeT-
Cs1 HeBBIACHEHHOU. OAHO U3 OOBSICHEHUU 3TOMY
SIBA€HHUIO 3aKAIOYAeTCs B TOM, UTO CYIILeCTBYeT
HECKOABKO MCTOYHWKOB, Ka’KABIM M3 KOTOPBIX
OTBETCTBEH 3a IeHeparyio M3AY4YeHUs B OAHOU
noaoce vactoT [Baransky et al., 1981]. B pa6o-
Te [Feygin et al., 1994] aBTOpHEI ITOAQrarOT, YTO
WCTOYHUK — OAMH, & OTAEABHBIE IIOAOCHI 00Y-
CAOBAEHBI PE30HAHCHBIMU CBOWMCTBAMH KO3(-
dunueHTa oTpa’keHus: ToOHOC(EePH BCAEACTBHE
cymectBoBaHua MTAP. HabaropeHMEe OTAEABHBIX
IIOAOC B AMalla30He HUYKe OCHOBHOTO Pe30HaHCca
VAP (puc. 4, a) T03BOASIET IPEAITOAOKUTD BAWSI-
anue HMAP.

Ha puc. 4, 6 mokasaH ellle OAUH IPUMeP IIYAb-
cauuﬁ B 4aCTOTHO-BPEMEHHOM IIPEACTABACHUU.
Cepus JKeMUy KMH Ha BepXHeH TaHeAU ITPEACTaB-
AdeT cOOOM IIOCAEAOBATEABHOCTb AMCKPETHBIX
9AEMEHTOB pPacTyIlel 9aCTOTHI C IIA@BHO Hapac-
TAIOIeN aMIIAUTYAOU B Hauyane CEPUU U TaK >Ke
IIAQBHO 3aTyxamlleid B KoHIle. [Tyabcanuu Ha-
OAIOAAAVICH B YTPEHHUE YaChl, KOTAQ BEPOSITHOCTD
nosaBaenusa MMAP neBeauka. Ha cpepHelt manean
BUAHA Cepusl, KOTOpasg HaOAIOAAAACH B 4aCkl OoAee
BeposiTHoro nosiBaenus MAP. Ha nuskuent nane-
AU IIpUBEAEH (DparMeHT Pe30HAHCHOM CTPYKTYPHL
LIIYMOBOI'O U3AYYEHUS], OTPa’kalolero CBOMCTBa
HMAP, a Takxe cepusa Pcl, mokaszaHHasi Ha CpeA-
Hen IIaHeAU, HO B APYI'OM 9YaCTOTHO-BPpEMEHHOM
paspenieHun. Besi ceprisi oKa3bIBaeTCs BEITSHYTON
BAOAB pe3oHaHcHOU nmoarocsl MAP. (O nopo6HOM
IIOBEAEHUHU cepult nyabcanui Pcl cooOmanrocs
HaMmu paHee B pabotax [Dovbnya et al., 2012a,b].)
Ha cpeaneti nanean (puc. 4, 6) 3aMeTHO TOHKOE Ja-
CTOTHOe pacienaenue cepun Pcl. Ilepuoasr no-
BTOPEHUS DAEMEHTOB CEPUM B HUJKHEU U BEpXHEU
MIOAOCKaX OAMHAKOBEL. [TopA00HBIN 3(hEKT, BO3-
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Puc. 4. IIpumep cepuii >KkeMuy>KUH: @ — obcepBaTopusi MoHABI; 6 — obcepBaTopusi Bopok: BepXHssl IaHeAb — reOMarHuTHbIe
myAbcalum Tumna Pcl (KeMuy>KuHEBI), HaOAIOA@BIINECS B yTPeHHUe Yackl MecTHOro BpeMeHH (LT=UT+3); cpepHsst B HUDKHSSA
TTaHeAU — IyAbCaIly, HaOAIOA@BINMECS B BeuepHee BPeMs; 3aMeTHa AUCKPETH3allns 110 YaCTOTe, Ha HY)KHEH NTaHeAU BUAHBI
HaKAOHHBIE TIOAOCHI, XapaKTePHbBIE A HOHOC(EPHBIX aAbBEHOBCKHUX PEe30HAHCOB.

MO>KHO, CBSI3aH C IIPOSIBA€HHEM MEeAKOMAacCIHITad-
HOU CTPYKTypbl HMAP Ha BHICIIUX TapMOHUKAX
(puc. 5), KoTopas U IIpuBeAa K 4aCTOTHOMY pac-
II[eNIAEHUIO IIMPOKOIIOAOCHOM CEPUM JKEMUYIKUH.
Takum oOpa3oM, Ha pUc. 4, 0 MoKa3aH Pe3yAbTaT
ITIOCAEAOBATEABHOI'O BO3AEHCTBUS ABYX PE30HATO-
POB Ha CIIEKTp IyAbcalui. [IpoxoskaeHUe yepes

146

HWAP npuBOAUT K TOHKOMY PACIIEIAEHUIO CIIEeK-
TPa, COOTBETCTBYIOIIETO PE30HAHCHOU CTPYKType
pe3oHaTopa, mocaepytolee sausgaue HMAP npo-
SABASIETCS YKe B 3axBaTe TPaHC(POPMUPOBAHHOMN
cepuu Pcl Ha pe3onaHcHYI0 torocy MAP.

5. Ha puc. 6 paHBI IpUMephl SA€KTPOMArHuT-
HBIX UMIIyABCOB, HAOAIOA@EMBIX Ha 3€MHOU II0-
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Puc. 5. [lepropndeckas MOAOCOBasl CTPYKTypa 3AeKTpoMar-
HHUTHOTO IITyMOBOT'O U3AYUYEHUS KaK IIPOSIBAEHIIE OAHOBPEMEH-
HO MOHOC(EPHOTO (IIMPOKUE ITOAOCH) U HAAMOHOC(HEPHOTrO
(y3Kue MoAOCHl) pe3oHaTopoB. O6cepBaTopus MOHABL
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Puc. 6. DAeKTpOMarHuTHBIE UMITYABCEl, HAOAIOAQEMBIE NP
BHEe3alTHbIX HauyaAaX MarHUTHBIX Oypb. O6cepBaTopus Bopok.
CrpeakaMu OTMeYeHBI MOMeHTHI SSC.

BEpPXHOCTU B MOMEHTHI BHEe3allHOTO HayaAa Mar-
HUTHBIX Oypb (SSC). B 000KX CAyUasx AMHaMU4e-
CKUMH CIIEKTP UMIIYAbCA UMeeT SBHO BBIPA KEeHHbBIN
AUCKPETHBIM xapakTep. MIHTepecHO OTMETUTD, UTO
Ha puc. 6, @, 6 MacuITad aMIAUTYAHO-4aCTOTHOU
MOAYASIIMHN Pa3HbIU. MBI CBSI3BIBAaE€M TaKOe pas-
AUYME C BAUSHHEM ABYX Pa3HBIX Pe30HATOPOB —
WNAP (puc. 6, a) u HUAP (puc. 6, 6).

6. Ha puc. 7 npuBeAeHbl TpUMepPhI SAEKTPO-
MarHUTHBIX CUTHAAOB, CBI3aHHLIX C 3eMAETpsCe-
HuaMu [AoB6HS u Ap., 2006]. Ha obcepBaTopuu
Bopok (puc. 7, a) 3aperucTpupoBaHbl Cpas3y TpU
UMITyABCHBIX CUTHAAQ, CBSI3aHHBIX C TIOATOTOBKOU
Tpex ceicCMIMYeCKUX TOAUKOB (TTOKa3aHbl CTPeAKa-
MM), UMEBIINX MECTO B Pa3HBIX PeTrMOHaX 3eMHOU
nmoBepxHOocTH 14 MmapTa 1986 r.; Ha o6cepBaTOPUU
MoHABI (puc. 7, 6) — UMIOYABC, CBI3aHHBIN, II0-
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Puc. 7. VIMIlyABCHI, CBI3aHHBIE C IOATOTOBKOM 3€MAETPICEHUN:
a— ob6cepBaTopus Bopok; 6 — o6cepBaTopust MoHABL Llud-
PBI IOA PECYHKaMU 03HAYarOT CAEAYIOIee: BpeMs ceicMude-
ckoro Toauka (UT), KoopArHATHI anuIleHTpa (reorpadudeckue
IIXPOTA U AOATOTA), TAYOMHA O4ara, MarHUTYAQ.

BHUAUMOMY, C IIPOI[E€CCOM ITOATOTOBKY 3€MAETPSI-
CeHUd MarHuTypou 5,4 6aara B FO>kHOM AMepuke
4 mag 2010 r. B o60oux cAydasix IA€KTPOMArHuT-
HbIE€ UMITYABLCEI, IPEAIIIECTBOBABIIINE 3€MAETPSI-
CEeHUSIM, XapaKTepU3yIOTCsI AUCKPETHOM CTPYKTY-
poIt, OOYCAOBAEHHOM, Ha HAIIl B3TASIA, BAUSHUEM
MNAP. OcobeHHO HaTAIAHO 3P PEKT TPOSTBASIETCS
Ha puc. 7 6, TAe SICHO BUAHO COBIIAAEHUE TTOAOC
YCHUAEHUS B CIIEKTPE UMITYALCHOTO CUTHAAA C 4a-
CTOTaMU pe30HaHCHBIX TToAoC MAP.
OOcysKAeHUe U 3aKAIYeHHue. PaccMOTpeHE!
IprUMephl BO3AENCTBHUS PE30HAHCHBIX 00paso-
BaHUU B MAarHUTOCHEPHO-NOHOC(HEPHOU ITAa3Me
Ha TeOMarHWTHBIE HTYAbCAIUH, ITPOHMKAIOIINE
13 KOCMHYECKOTO IIPOCTPAHCTBA K 3eMHOM IIO-
BEPXHOCTH. Pe3yAbTaT BO3AEUCTBUS OTMEdaeTCs
B TIOSTBA€HUM AMICKPETHOU CTPYKTYPHI B CIIEKTPE
IIMPOKOIIOAOCHOTO 3AEKTPOMArHUTHOTO W3AY-
yeHwus. [lapaMeTpbl aMIAUTYAHO-9aCTHOU MOAY-
ASIITAM 9TOM CTPYKTYPBI HAaXOASTCSI B HEIIAOXOM
COOTBETCTBUH C PE30HaHCHOW TTIOAOCOBOM CTPYK-
TypOl MOHOC(EPHOTO ¥ HAAMOHOC(EPHOTO Pe30-
HaTOPOB. OCOGEHHO OTYETAMBO 3TO 3aMETHO B TEX
CAy4YastX, KOTAQ OAHOBPEMEHHO C IYAbCAIUSIMU
HaOAIOA@ETCS XapaKTepHast IOAOCOBAasI CTPYKTypPa
IITYMOBOTO M3AyYeHus. [IoayueHHbIe pe3yABTaThI
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B KQKOM-TO Mepe OBIAM OJKUAQEMBIMU, €CAU ITPU-
HSTH BO BHUMAaHMeE, YTO DAEKTPOMArHuTHOE M3-
AydeHVe QUABTPYETCS ITPU IPOXOKACHUH Yepe3
PE30HAHCHYIO TOAOCTE.

HuTepecHo oTMEeTUTE CAepyIoliee. [lossaenme
AMCKPETHOM CTPYKTYPHI B CIIEKTPE ITyAbCAIINHT B
o0111eM CcAyJae YKa3bIBaeT Ha IIPOXOKAEHUE CUT-
HaAOB depe3 00AaCTb (POPMUPOBAHUST TOTO UAU
WHOTO pe30HaTopa, T. €. HeceT B cebe mHAOP-
MaIIMIO O TPacce pacIpoCTpPaHEeHUs CUTHaAa. B
YaCTHOCTH, MOSIBAEHHUE CTPYKTYPHI, aA€KBaTHOU
pe3oHaHCHBIM ToaocaM AP, cBUAETEABCTBYET O
pacnpocTpaHeHuu KoreOaHUY BAOAL UOHOCEPHL.
OTO He IPOTUBOPEYUT IPUHSATHIM IIPEACTaBACHU-
dIM B CAydae KorebaHuM Pcl (CkeMuy’KUH), CBepX-
AaAbHEe PacIpoCcTpaHeHe KOTOPHIX 00 bsICHSIET-
ca cyuectBoBanueM MI'A-BoaHOBOAA B croe F2
UOHOCQEPHIL.

[MTossBA€HME AMCKPETHOM CTPYKTYPBI MOJKET
nMeTh MH(MOpPMAaIMOHHOEe 3HauYeHHWe IIPU pac-
CMOTPEHUN TPOOAEMBEI BO3MOJKHLIX KaHaAOB
pacIpoCcTpaHeH!sI CEHCMOIAEKTPOMArHUTHBIX M-
IyAbBCOB. OTCYTCTBHE AOCTATOUHO YOEAUTEABHOU
BEpPCHUM CTaBUT II0A COMHEHHE caM (paKT HaAMIHSI
TaKWX CUTHAAOB. BMecTe ¢ TeM B paboTe [AOBOHS
u Ap., 2006] coob111aA0CE O HAOAIOAEHUU DAEKTPO-
MarHUTHBIX UMITYABCOB BO BPEMEHHOM OKpPECT-
HOCTHU 3eMAeTpsiceHUH. CUTHAABI OT YAQA€HHBIX
3eMAETPSICEHUN HaOAIOAQAUCH Ha 3HAUUTEABHBIX
PacCTOSTHUSAX OT 3MUTEHTPa CEUCMUYIECKOTO CO-
OblTHd. TaM >Ke BriepBbIe OBIAO OOpallleHO BHUMa-
HUe Ha AMCKPETHBLIN XapaKTep TaKUX CUTHAAOB,
HO He 0DOCYy’KA@Aach BO3MOJKHasg NPUPOAA 3TOU
0COOeHHOCTHU. B paMKax AaHHOU PabOTHEL MOKHO
IPEATIONOJKUTE, 9TO CEHCMOIAEKTPOMArHUTHLIE
UMITYABCBI MOTYT AOCTUTATh BLICOT HOHOC(EpHI 1
pacnpocTpadsaTbcs B MITA-BOAHOBOAE C aALBEHOB-
CKOM CKOPOCTBHIO Ha 3HAUNUTEABHBIE PACCTOSTHUS.
AMCKpeTHas CTPyKTypa UMIIYABCOB, 10 KpalHeln
Mepe, He TPOTUBOPEUUT 3TOMY IIPEATIONOIKEHHUIO.

TpapUIIMOHHO KAQCCUYECKOM KapTUHOU IIPO-
aBaeHust MAP cuuTaeTcs rapMOHUYHAS ITIOAOCO-
Bas CTPYKTypa 3AEKTPOMArHUTHOTO IIIYMOBOTO
U3AY4YEHUs, PEruCTPUPYEeMOTO Ha 3eMHOU IIOo-
BepxXHOCTHU. ECAM JKe TOBOPUTH O CaMOM M3AyYe-
HUY, TO B HACTOSIIIIee BpeMs AQHHBIN BOITPOC BCe
elle HaXOAUTCS Ha CTaAUU OOCyXKAeHUsA. PaHee
IIOAAQraAOCh, YTO OCHOBHOM MCTOYHUK BO30yKA€-
Huga MUAP — saekTpoMarsuTHas sHeprud, ooy-

CHHCOK AUTEPATYPHI

Feasies Il. Il., Ioaskos C. B., EpmakoBa E. H., Hca-
eB C. B. OkciepuMeHTaAbHbIE HCCAEAOBAHMS NOHO-
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CAOBAEHHas FA00AaABHOU I'PO30BOM aKTUBHOCTHIO
B armMocdepe 3emMau [beases u Ap., 1989; Shalimov
and Bosinger, 2008]. [To3>ke OBIAO YCTAHOBAEHO,
YTO TOT MEXaHU3M He 3(P(PEKTUBEH AT CPEAHUX
U BBICOKMX UpoT [Surkov et al., 2006]. B pabotax
[Fedorov et al., 2006; Surkov et al., 2006] npeana-
TaAOCh IPUHUMATD, YTO UCTOYHUKOM KOAeOaHWUH
VAP gsagroTca OAm>KHUE rpo3bl. OAHAKO TPYA-
HO TIPEACTaBUTH ceOe HEeIPEPHIBHYIO I'PO30BYIO
aKTUBHOCTD B 3UMHee BpeMs. B Apyrux paborax
B KaueCTBe BO3MOJKHOTO MeXaHU3Ma pacCMaTpH-
BaAVICh aALBEHOBCKHE BOAHBI, ITAAQIOIINE CBEPXY
Ha moHoc(epy [Chaston et al., 2002; Lysak,
Yoshikawa, 2006; Streltsov, Karlsson, 2008], a Tak-
>Ke IMAa3MeHHBle HeycTronuuBocTH [Lysak, 1991;
Pokhotelov et al., 2001]. Takum 06pa3oM, OTBET Ha
BOIIPOC 00 MCTOYHHUKE IAEKTPOMATrHUTHOTO IITyMa
¥ €er0 MEeCTOIIOAOKEHNHU OTHIOAb HE OUYEeBUAEH.

Ha puc. 5 npuBepeHa nepuopndeckast IOAOCO-
Basi CTPYKTypPa 9AeKTPOMArHUTHOTO IITyMa, KOTO-
PYIO B A@QHHOM CAyYae MOKHO PACCMaTPUBATH Kak
MIPOSIBA€HTE OAHOBPEMEHHO ABYX PE30HATOPOB —
HOHOC(EPHOTO (IIUPOKUE IIOAOCH) ¥ HAAMOHO-
chepHOro (y3Kue oA0Ckl). OOpaTUM BHUMaHUE
Ha noBepeHue BrICIIMX rapMoHUK HUAP (y3kue
IIOAOCEI). XOPOIIIO 3aMeTHBI UX OCAAOAEHUE B IIPO-
Me>KyTKe MeXAYy rapMmoHukaMu MTAP u ycuaeHue
BHYTPH PE30HAHCHBIX ITOAOC. OAHAKO TaKoe BO3-
MO>KHO TOABKO IIPYU YCAOBUM PACIPOCTPAHEHUS
IITyMa «CBEPXY», KOTAQ OH ITOCAEAOBATEABHO pac-
MIPOCTPaHSIETCS Yepe3 BEPXHUU PEe30HATOp, TAe
dopMupyeTcs HepBOHAYaAbHAs y3KOIIOAOCHAs
CTPYKTYPQ, ¥ 3aTeM IPOUCXOAUT (DUABTPAIUAS
TapMOHUK IIPY PaCIPOCTPaHEHUN IITyMa BHYTPH
noHoc(epHOoro pe3oHaTopa. Ha Halll B3ragp, 3To
TIO3BOASIET NPUHSATH THUIIOTE3y BHYTPUMArHuTO-
cepHOrO TPOUCXOKAEHHUS IAEKTPOMArHUTHO-
TO IITyMOBOTO M3AYYEHUs, IIOAOCOBAs CTPYKTypa
KOTOPOTO NPEACTaBAdeT COOOM Ha3eMHOEe IIpo-
sIBA€HHE Pe30HAHCHBIX 00Pa30BaHUN BO B3aMMO-
CBSI3aHHOU CUCTEMe HOHOCepa—Maraurocdepa.

baaropapHoCTH. ABTOPBI CEPAEUYHO OAATOAA-
par b. 1. KhatiHa 3a HOAe3HBIEe OOCYKAECHUS IIPA
IOATOTOBKE AAHHOM CTaTBLU.

PaboTa BEIMOAHEHA TPU YaCTUYHOM TOAAEPIK-
ke Poccuiickoro hoHpa (pyHAAMEHTAABHBIX UC-
carepoBaHum (rpantel Ne 13-05-00066 u 13-05-
00529) u Tlporpammer Ne 4 (yHAAMEHTAABHBIX
nccaeposanui [Ipesupnyma PAH (mpoekrt 6.2).

cdepHOTO arb(pPBEHOBCKOTO pe3oHaTopa IO Ha-
OAIOAEHUSIM BAEKTPOMaTHUTHOTO IIIyMOBOTO (hOHA
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On the impact of MHD resonators
on the geomagnetic pulsations

© B. V. Dovbnya, A. S. Potapov, A. V. Guglielmi, R. A. Rakhmatulin, 2014

The examples of the time-frequency structure of geomagnetic pulsations are given. It is
shown that in some cases the pulsations of different types may have one thing in common — a
discrete structure of the dynamic spectrum. The discreteness is manifested in the alternation
of «permitted» and «forbidden» frequencies. Such a structure is analogous to a periodic ripple
structure of spectral bands formed by MHD cavities in the magnetosphere-ionosphere plasma.
Appearance of discrete spectrum of pulsations is attributed to resonator filtering properties acting
on hydromagnetic waves as they pass through the resonant cavity. It is assumed that in some cases
the discreteness can provide useful information about the propagation channels of signals of

lithospheric or magnetospheric origin.

Key words: resonators, geomagnetic pulsations, discrete structure of spectrum.
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