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ITpuBeneHbI pe3yabTaThl KCCIETOBAHMS MTPOCTPAHCTBEHHO-BPEMEHHBIX 0COOEHHOCTE! 1 MEKTIJTAaHETHBIX
YCJIOBUI BO30YKIEHUS CTPYKTYPUPOBAHHBIX T€OMAarHUTHBIX ITyJIbcalinii nuana3zona Pel (“XXeMuyKuHBI”).
Jns aHam3a UCITOIb30BaHbl OHOBPEMEHHBIE TMHAMUYECKNE CIIEKTPhI YIbTPAHN3KOYACTOTHBIX KoJieba-
Huii B nuamna3zoHe yactoT 0.2—5.0 I, mosxydeHHBIe 110 HIU(MPOBBIM JTaHHBIM C BBICOKUM pa3pelieHueM CUH-
XPOHHBIX HAOIIONEHU Ha IBYX CPEIHEIIMPOTHEBIX o6cepBaTopusix bopok (BOX, @' = 53.6°; A' = 114.4°;
L =2.8)u Mouaslt (MND, @' =47°; A'=174°; L = 2.1) 3a nepuon ¢ 1996 o 2001 rr. 3a aHaNTM3UpyeMblit
MepHoI Ha IBYX 00cepBaTOpUsIX 0TOOpaHO 108 KOrepeHTHBIX cepuii XkeMuyknH. OOHapyKeHO, YTO Cepruu
nyibcanuit Pel Habmoganuck B o6cepBaToprur bopok 1o oTHOIIEHUIO K 06cepBaTopuu MOHIBI OMTHOBpE-
MeHHoO (19% cirydaeB), ¢ 3anasnbiBanneM (54% ciydaeB) u ¢ oriepexxeHueM (27 % cnydaeB). [TokazaHo, 4TO
BpeMeHHBIe UHTepBajibl 3((EKTOB 3ana3abIBAHUS U ONIEPEXEeHMST Hayaja keMuyXuH B BOX mo oTHolie-
HU© K MND npeumyiiiectBeHHO cocTaBiisiid 10 u 20 MMH COOTBETCTBEHHO. BBISIBIEHBI CyllIECTBEHHbIS
pas3ianuus B CyTOYHOM BapualiMy 4ucia ciaydaeB Pcl v reou3ndecKux yCIOBUSIX, IPU KOTOPBIX cepuu Pel
BO30YKIA0TCsI OMHOBPEMEHHO, € 3arna3abiBaHueM uin onepexeHrneM B BOX o orHomeHuto K MND. O6-
HapyxeHHbIe 3¢ (HEKTHI 3al1afHOI0 U BOCTOYHOTO apeiida cepuii Pcl MOTyT OBITH OOYCIOBIIEHBI ITOJIOXKE-
HUEM MCTOYHMKA KOJIeOaHWIT OTHOCUTENILHO TUIa3MOTay3bl B 3aBUCUMOCTH OT MEXITJIAHETHBIX YCIIOBUIA.
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1. BBEAEHHE

T'eomarnuTHbIe nyabcaumu Pcl B nuanaszoHe 4ya-
crot 0.2—5.0 I mpencTaBiasioT co0Oil BJIeKTpoMar-
HUTHBIe MOHHO-1IMKIIOTpoHHBIEe (Electromagnetic Ion
Cyclotron — EMIC) BosiHBI, Hab/IogaeMble Ha 3eMJIe.
ComracHO COBPEMEHHBIM IIPEICTABICHUSIM ITyIbCa-
nuu Pcl B Buge BOJHOBBIX ITAKETOB MOHHO-IIMKJIIO-
TPOHHBIX BOJIH CAMOBO30YXIAIOTCSI B 9KBAaTOPUAJIb-
HOI 001acT MarHutocgephbl, PacHpOCTPaAHSIOTCSI
BI0JIb T€OMarHUTHBIX CUJIOBBIX IMHUI M Yepe3 MOHO-
cdepy MPOHUKAIOT K 3eMHOI1 ITOBepXHOCTH [[ybenab-
mu u Tpouukas, 1973; Mazur and Potapov, 1983].

CyllecTByeT HECKOJBKO Pa3HOBUIHOCTEN Myib-
cannii Pcl, cpeny KOTOPBIX IMUPOKO WM3BECTHBI
CTPYKTYpUPOBaHHbIE KOJeOaHMsI, TTOJyUYMBIIIME Ha-
3BaHue “XeMuyxuHbl” (pearl necklace) [Sucksdorff,
1936]. Cpa3y HeoOXOIMMO OTMETUTh, YTO CTPYKTY-
pUpOBaHHbIE TeOMarHUTHHIE MyJibcaliuu Pcl 1o cBo-
UM CBOICTBAM OTJIMYAIOTCS OT HECTPYKTYPUPOBAH-
HbIX. [TpyuueM pas3nmnyus CTPYKTYPUPOBAHHBIX U He-
CTPYKTYPUPOBAHHBIX MyJibcaliuii Pcl MposIBISIIOTCS B
IIUPOKOM CIIEKTPE CBOMCTB MyabCalluii, HATTpUMED,
B KOJIMYECTBE HAOJIOMAacMbIX CJydyaeB, B CpeaHEeM

IHara3oHe YacTOT, B 3aBUCMMOCTH BEPOSITHOCTH Ha-
omropenust Pcl oT JIOKAJILHOTO BpeMEHM, B pa3ind-
HOM BJIMSTHUY MarHUTHBIX OYypb Ha CYyTOYHYIO aKTUB-
HOCTBh M 4acTOTHbIH cocTaB Pcl [Kangas et al., 1998;
Kerttula et al., 2001], B ipocTpaHCTBEHHOM IIOBEIC-
Huu nynbcanuii [Usanova et al., 2008; ITapxoMoB
u ap., 2013]. Hac Oymyr wuHTepecoBaTb HMEHHO
CTPYKTYPMPOBAHHBIE TTYJIbCAIIUM — JKEMUYKUHBI.
3nech U gajee sl KpaTKOCTU Oynem ynoTpeOssiTh
TepMUH IyJIbcaliuu Pcl, uMest B BULY XKeMIY>KUHBI.

OcTaHOBUMCS KPaTKO Ha M3BECTHBIX OCHOBHBIX
cBolicTBax mynbcanuit Pcl. Ha marHutorpammax
JKEMUYXXUWHBI BBITJISIAAT B BUAE MOCen0BaTEIbHO-
CTU BOJIHOBBIX MTAKETOB C XapaKTEPHOI MOy LIe
aMIUJIUTYAbl U HAMOMUHAIOT XEMUYYKHOE OXEpebe
[Tynbenbmu u Tpouukas, 1973]. JduHamMuyeckue
CIIEKTPHI XEMYYKMH pa3HOOOpa3HBI 10 popMe M
UMEIOT CeUM(PUIECKYIO CTPYKTYPY, COCTOSIIYIO U3
oTAeNbHBIX 371eMeHTOB |Feygin et al., 2000; ®eiirun
u ap., 2009]. I'lmaBHOIi MOp(OIOrnIecKoil 0coOeH-
HOCTBIO Myjbcalnii Pcl siBasieTCs UX TUCKPETHOCTb,
Meproj MOBTOPEHUST BCILJIECKOB B CPENHEM COCTaB-
nsieT ~1— 4 muH. ClieqyeT oTMETUTB, 94To Pcl Habr0-
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IaroTcs crmopagmdecku. X mpogomsKuTeabHOCTb MO-
XKeT cocTaBiadTh OT 30 MUH 10 HECKOJIBKUX 4YacOB.
2KeMuy>XMHBI MOTYT HaOJI0JAaThCs KaK INIOOAJIbHO B
IMAPOKOM JIMAaIta30He T€OMATrHUTHBIX ITUPOT U TOJ-
roT, TakK ¥ JJoKajabHO [[TynmoBkuH u ap., 1976].

DKCINEePUMEHTAIBHOMY Y T€OPETHUYECKOMY MCCe-
JIoBaHMIO Mopdosioruu myiabcauuit Pcl u mMmexaHus-
MOB HX BO30YXKIEHUS ITOCBSIIEHBI MOHOTpaduu u
0030pk1, HanpuMmep, [Iyabensmu u Tpounikast, 1973;
ITymoBxkuH u ap., 1976; Kangas et al., 1998; Demek-
hov, 2007; I'vibenbmu u Iloramos, 2021]. OcHOBHBIE
3aKOHOMEPHOCTH Pcl Mo Ha3eMHBIM U CITYTHUKOBBIM
HaOJIIOACHUSIM OTpaXKeHbl B MHOTOYMCJIEHHBIX OTEe-
YeCTBEHHBIX 1 3apy0exKHbIX Myonmkanusax. HazoBem
JIVIITH HEKOTOPBIE M3 HUX. Tak, HarpuMep, B padoTrax
[Fraser, 1975; Feygin et al., 2000; Nomura et al., 2011;
Deiirun u ap., 2022] uccaenoBaanuch CIIEKTPaIbHO-
BpPEMEHHBIE U MOJSIPU3allMOHHBIE XapaKTePUCTUKU
nynbcanuit Pel. IIpocTpaHcTBeHHO-BpeMeHHOe pac-
npoctpaHenue Pcl aHanmu3upoBanioch B paboTax
[Campbell and Thornberry, 1972; Baransky et al.,
1981; Usanova et al., 2008; ITapxomoB u ap., 2013].
B psine paGor [MartBeeBa u nap., 1972; MarBeeBa,
1987; Kerttula et al., 2001; I'ymeenpmMu u np., 2005;
MartseeBa u lllenernos, 2006] mccienoBaHoO B -
HUE F'eOMarHUTHBIX Oypb, COTHEYHOM aKTUBHOCTU U
mapaMeTpoOB COJHEYHOIO BeTpa Ha BO30YXICHUE
nyabcauuii Pcl M MX LUKIMYECKYIO Bapualuio.
CBs3b nynbcauuii Pcl ¢ gpyruMuy BOTHOBBIMU IIPO-
eccamMu (HampuMep, ¢ TUTAHTCKUMU ITyJIbCallUsIMUA —
Pg, ¢ BBICOKOIIMPOTHBIMU MarHUTHBIMUA UMMYJIbCa-
MU — MIEs, ¢ ZTMHHONEPUOAHBIMU MYJIbCALIUSIMU —
Pc5, ¢ noHochepHbIMU ATBBEHOBCKUMM PE30HAHCAMM )
paccMmoTpeHa B nmyonukauusix [ Kurazhkovskaya et al.,
2004, 2007; Loto’aniu et al., 2009; JdoBGHs u ap.,
2019].

Hecmotps Ha To, uTo mynbcanuu Pcl ucciemyioT-
¢Sl IOCTAaTOYHO MHTEHCUBHO C CePEIMHBI TIPOIILIOTO
BeKa M MHTEpeC K HUM HE yracaeT JI0 HAaCTOSIIETO
BpPEMEHU, HEKOTOPBIEC ACTIEKThI U3yUeHUSI TTyIbCallit
Pcl niponomkarT ocTaBaTbCsl HEAOCTATOYHO MCCIIE-
JIOBAaHHBLIMM. DTO OTHOCHUTCS K IIPOOJIeMe IIPOCTPaH-
CTBEHHO-BPEMEHHOIO pPaCcIpOCTPAaHEHUS XeM4y-
KUH. CUuTaeTcst, 4To KeMUYKUHbI PACIIPOCTPAHSI-
FOTCSI TOPU30OHTAILHO BIOJIb 36 MHOIT ITOBEPXHOCTU OT
WCTOYHMKA Ha OGONbIINE PACCTOSTHUS CO CKOPOCTHIO
~700—900 km/c [[ynpenbmMu um Tpounkasi, 1973;
Kangas et al., 1998]. BTa ckopocTh COBMagaeT C OLEeH-
KaMU CKOPOCTHM MArHMTO3BYKOBBIX BOJIH B MOHO-
cepHOM BostHOBOE. Ecii MCXOmUTh M3 KOHLETIIINUA
pacIpoCTpaHEHUsI XEMUYYXKUH IO HWOHOC(HEPHOMY
BOJIHOBOZY, TO HavaJio cepuii Pcl Ha pa3HBIX reoMar-
HUTHBIX IIIMPOTaX U AOJITOTAX JOJKHBI TPAKTUIECKHU
coBnagatb. OMHAKO CITyTHUKOBbBIE Y Ha3eMHEIC JaH-
HbIE CBUIETEIBCTBYIOT O TOM, YTO He BCeTaa IyJibCa-
ouu Pcl peructpupyloTcst OMHOBpPEMEHHO Ha pa3He-
CEHHbIX MO IIMPOTE U JOJTOTE TOUKAX HAOIIONCHUIA.
Hampumep, B padote [[1apxomos u ap., 2013] mo naH-
HBIM Ha3eMHBIX 00CepBaTOPUiL, OTCTOSIINX OOHA OT
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Ipyroii rmo noyrore Ha ~40° oGHapyXeHO, YTO HaYyaIo
BO3OYXIEHUSI HECTPYKTYPUPOBAHHBIX ITyJibCAIIUi
Pcl 3ana3gpIBaeT K 3aItany ¥ BOCTOKY OT CPEIMHHOM
obcepBaropnn. OmHako 3@PdeKT 3armagHoro M BO-
CTOYHOTO Apeiitha ncTouHuKa Imyabcanuit Pcl B paM-
Kax pa6otsl [[TapxomoB u ap., 2013] ob6cyxnaercst Ha
npuMepe BCETO OTHOIO COOBITHS HAaOJIOAeHUS He-
CTpyKTypupoBaHHbBIX Pcl. BodHuKaeT Bompoc, obja-
IaloT JIM TaKUM CBOIICTBOM CTPYKTYpPHPOBAaHHBIC
nynscanuu Pcl? TlpenBapuTellbHBIE MCCIASIOBAHUS
[HoBOHST 1 Ap., 2021] keMuYy>X1H TI0 JAaHHBIM JIBYX
CpEemHEeIIMPOTHRIX o0cepBaTopuii bopok 1 MoHIbI,
pa3HECEHHBIX 110 T€OMarHMTHOM goarore Ha ~60° u
IIMpPOTE Ha ~7° IoKa3ajio, YTO UMeeT MeCTO (P deKT
3ara3abIBaHUS WJIM OIEpPEeXEHUST Hadyajla KOTepeHT-
HBIX CEpUi CTPYKTYPHMPOBAHHBIX ITynbcanmiti Pcl
B 00c. bopok no oTHoieHu1o K 06¢c. MoHnsl. IIpen-
CTaBJISIETCS IIeJIeCOOOpa3HLIM Ha OOJBIIEM CTaTH-
CTUYECKOM MaTepuasie 00Jjee IToapoOHO NCCIIENOBATh
OOHapykeHHbIE 3aKOHOMEPHOCTU MPOCTPAaHCTBEHHO-
BPEMEHHOI0 NOBEICHUS CTPYKTYPUPOBAHHBIX MYJIb-
cannii Pcl, olieHNTh BpeMEHHbBIC MHTEPBaJIbI 3aI1a3-
IBIBAHWSI WINU oOImepexeHus: cepuit Pcl, mposectu
aHaIM3 reo(pu3nIeCcKoil 00CTaHOBKU, Ha (hOHE KOTO-
poit HabmomaroTcsT JaHHBIE 9(P(MEKTHI.

Lenbio naHHOI pa®OTHI SIBJISICTCSI AETaAbHOE MC-
cJieloBaHUE IIPOCTPAHCTBEHHO-BPEMEHHEBIX OCOOECH-
HOCTEel M MEXIIJIAHETHBIX YCJIOBUIT BO30YXKICHMS
CPEIHELIUPOTHBIX CTPYKTYPUPOBAHHBIX T€OMarHuT-
HBIX ITyabcaluii muarazoHa Pcl (CKeM4YyXMHBI) 10
JTaHHBIM CUHXpPOHHBIX HaOroaenuii Y HU-sapuaimii
Ha pa3HEeCEHHbIX MO0 JOJTOTe U IUPOTE reopusnye-
CKH1X 00cepBaTOpUSIX.

2. OKCITEPUMEHTAJIbHBIE JAHHBIE
N METOOWUKA AHAJIN3A

AHanu3 yJabTPaHU3KOUACTOTHBIX T€OMAarHUTHBIX
myJabcaluidi B nuamaszoHe 4yactoT 0.2—5 Ti1 BeImoJ-
HsUICSL TIO UM(POBBIM JIaHHBIM (C paspelieHrueM
0.1 c) perucTpauiuy MarHUTHOTO IIOJISI HAa ABYX CPel-
HEIIMPOTHBIX obcepBaTopusix: Ieodusnmyeckoit 06-
cepBaTopun bopok Mucturyra dpuzuku 3emau PAH
(BOX, ucnpaBieHHbIe T€OMarHUTHbIE KOOPAUHATHI
®'=53.6% A'=114.4°; L =2.8) u 06¢. MoHBI, pac-
MOJI0KEeHHOI Ha TeppuTopun CassHCKOI COJTHEYHOM
ob6cepBaropun MHCTUTYTA COTHEUYHO-3eMHOM (U3~
ku CO PAH (MND, ucnpaBiieHHble TeOMarHUTHbIE
koopauHatel @' = 47°; A' = 174°; L = 2.1) 3a iepuon
¢ 1996 no 2001 rr. Ha maHHBIX 06CEepBaTOPUSIX PETU-
CTpalysi MAarHUTHOTO TIOJISI OCYIIECTBIISIIach UIEH-
TUYHBIMU BbICOKOYYBCTBUTEJbHBIMU WHIYKIIMOH-
HeIMU MarHuToMmerpamu MHT-1. AMnomTynHO-4a-
CTOTHasl XapakTepUCTUKa TPUOOPOB TTO3BOJISIIIA
aHaJU3uMpoBaTh KojiebaHus ¢ 4vactoroir no 10 I
ITpuBsizka KO BpEMEHU BBINOJIHSIACH C MOMOIIBIO
cnyk6b1 GPS. I1o ucXomHbIM TaHHBIM BBIMTOTHSICS
CNEKTPpaIbHO-BpEMEHHOI aHaIu3, B pe3yjbTaTe KO-
TOPOTO TOJIyYaJIu JUHAMUYECKUE CIEKTPHI KoJeba-
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Huit Pcl (ciekTporpaMMbl) B KOOpAWHATAX 9YacTOTa —
BpeMsl. Jlanee moaydyeHHbIe TUHAMUYECKUE CIIEKTPHI
aHaJIM3UPOBAJIUCh BU3YyaJIbHO. 3a UCCeayeMblil me-
puod BRIOMPAIMCh AHU, B KOTOPBIE KeMYYKIHBI Ha-
Omomanauch cpady Ha IOByX obOcepBaTopusix. Bcero
061710 oToOpaHo 108 ciayyaeB CUHXpOHHBIX HaOJIIOIe-
Hu mynbcannii Pcl 8 BOX 1 MND.

3. PE3VJIBTATbBI NCCIIEAOBAHUA

3.1. CnekmpanbHo-8peMeHHOU aHaiu3 cepuil
nyavcayuii Pcl, nabarodaemvix 6 obcepsamopusix
Monowt u bopok

HeTtanbHOe comocTaBieHe OTHOBPEMEHHBIX M-
HaMMYECKUX CIIEKTPOB cepuii myiabcaumii Pcl, Ha-
OJrromaeMBIX B o0cepBaTopusix MoHAsI 1 bopoxk, 110-
Kas3ajio, UTO UX CIIeKTPhI ObLIM, B OCHOBHOM, WUICH-
TUYHBL II0 BHEIIHEMY BHUIY, HMMEIA IIPUMEPHO
OIMHAKOBYIO IIEHTPAJbHYIO YaCTOTYy U TMPOIOJLKM-
TEJIbHOCTb, a TAaK3Ke MOA0OHbII HAKJIOH CTPYKTYPHBIX
2JIEMEHTOB IMHAMUYECKUX CIIEKTpOB. BMecTe ¢ TeM
OBLIO OOHAPYKEHO, YTO KeMIYKITHBI Ha IBYX 00cep-
BaTOPUSIX, pa3sHEeCEHHBIX Ha ~60° mo mojarore U ~7°
I10 IIIMPOTe, HabIIoAaInCh He BceTna OHOBPEMEHHO.
HMmenu MecTo ciaydau 3ana3gblBaHUs WM OIepeskKe-
HUs1 Havania cepuit Pcl B 06¢c. Bopok mo oTHOLIIEHUTO
K 00c. MoHnzbl. Bee aHanu3upyeMbie ciydan HaOJIIo-
neans Pcl 8 BOX 1 MND 0Ob111 yCITOBHO pa3aeiieHbI
Ha TpU TPYMIIbl B COOTBETCTBUM CO BpEeMEHEM Hayaja
KojiebaHuii: 1) cepuu Pcl, HaGa0maeMbBle OTHOBpPE-
meHHO B BOX 1 MND (20 cinygaeB); 2) cepuu Pcl,
HaOogaemMble ¢ 3amnasasiBaHueM B BOX mo cpaBHe-
Huio ¢ MND (58 ciyuaes); 3) cepuu Pcl, HaGatonae-
MBIe ¢ onepexkenreM B BOX 1o cpaBHenuio ¢ MND
(30 caydyaeB). IlockonbKy myascauuu Pcl BTOpoii
rpymiisel B MND Bo3HuKaoT pasblie, 4eM B BOX, Mbl
OylIeM MX OTOXIECTBIISTh C IpeiioM K 3amanay M 3TOT
3¢ @PEeKT YyCITOBHO HA30BEM 3amaaHbIM apeiidom Pel.
I1o ananoruu cooreiTus Pcl, oTHOCSIIMECS K TPETheil
rpytire, korga B BOX Bo30yXneHune cepuii HauUMHa-
eTcsi paHblire, yeM B MND, oToxxaecTBUM ¢ npeitcom
Ha BOCTOK, M COOTBETCTBEHHO HAa30BEM BOCTOUYHBLIM
npetidbom Pcl. B manpHeimem OyneM MCIOJIb30BaTh
JMIaHHYIO TEPMUHOJIOTHIO.

Ha puc. 1 npuBeneHbl TUIUYHBIE TIPUMEPHI CIIY-
yaeB HaOoaeHUs skeMay>kinH B BOX 1 MND, otHO-
CSIIMXCS K KaXKI0W 13 BbILLIE ITepeYrCISeHHBIX IPYIITI.
[1pu o61IEM CXOICTBE CEpUii XKeMUyYKH, HabIomae-
MBIX Ha JIBYX 00CepBaTOPUSIX, YETKO BUIEH 3P PeKT
OMHOBPEMEHHOCTH, 3ana3ablBaHUsI WU OIlepeKeH ST
Havana cepuit B BOX no cpaBHenuio ¢ MND. Taxk,
JUIsT coObITUsI, 3apeructpupoBaHHoro 01.12.1999 r.,
XapakTepHO HabJoAeHre Hadaia cepuii Pcl omHOBpe-
MEHHO Ha AByX obcepBaTopusx (puc. la). Konebanus
B BOX 1 MND Hao6mogannck ¢ 01M3K0H aMIUTUTYI0M
Y OIMHAKOBBIMU IUMHAMUYECKUMU CIieKTpamu. B ciry-
yae cobbiTust, Habmogaemoro 30.11.1997 r., cepuu Pcl
PETUCTPUPYIOTCS Ha 00erX 00cepBaTOPHSIX, HO B 00C.
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Puc. 1. TurmmyHble MpUMepbl TMHAMUYECKNX CITEKTPOB:
(a) — omHOBpeMeHHOro nosiBineHust cepuii Pcl 8 BOX u
MND 01.12.1999 r.; (6) — 3ana3nbiBaHUsI Havyajla cepuid
Pc1 8 BOX 110 otHomrenuo kK MND 30.11.1997 r. (3aman-
HbIl npeiid); () — onepexxenus cepuii Pcl B BOX 1o ot-
HoureHuto K MND 03.01.2001 r. (BocTouHBIi apeiid).

bopok, pacrnonoxeHHo# 3amamgHee 0o0c. MOHIHI,
KEMUYYKVHEI TTOSIBIISIOTCS ~ Ha 23 MUH MO3IHEE, Y4eM
B 00c. MoHnsl (puc. 16). Cnenyet OTMETUTb, YTO MHO-
LA KeMUYY>KUHBI UMEIOT He3HAYUTEIbHbBIC Pa3INuus B
MHTEHCUBHOCTHU Y TOHKOM CTPYKTYpe TMHAMUYECKOTO
CMEKTpa, KaK 3T0 BUAHO Ha puc. 16. Cys 1o BHeIlTHe-
My OOJIUKY JUHAMWYECKOIO CIIEKTpa IyJIbCalluii, 3a-
peructpupoBaHHbIx 03.01.2001 1., MBI TakzKe HAOITIO-
JIaeM OIHY U Ty Xe cepuio Pcl Ha IByX o0cepBaTOpUSIX
C MPUMEPHO OJWHAKOBOM WHTEHCUBHOCTBIO U TIPO-
JIOJDKUTEIbHOCTBIO, HO B BOX >KeMYy>KMHBI ITOSIBIISI-
1oTcs Ha ~20 MuH paHblie, yeM B MND (puc. 16).

B HekoTophIX caydasgx B odocepBaTopusix bopok n
MoHIBI CHHXPOHHO HabJIroAaaach He OaHa MOCISAO-
BaTeJIbHOCTD XXeMYYKH1H, a 2—3, HO C TOpa3ao MeHb-
el IIPOMOJDKUTENLHOCThIO (He OoJiee IToaydaca),
YyeM B MpuMepax, MpUBeIeHHBIX Ha puc. 1. JIog He-
Ne 1
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Puc. 2. [Tpumep HabmoneHus1 xxeMuyxuH (@) — B BOX, (6) — B MND 15.12.2000 r., (6) — BeiiBieT-auarpaMmma KOrepeHTHOCTH

cepuit Pcl.

CKOJILKMX ITocjiefoBaTebHOCTeN cepuid Pcl cBoOIi-
CTBEHHBI T€ XX€ IIPOCTPAHCTBEHHO-BPEMEHHEIE 3aKO-
HOMEpHOCTH (OOHOBPEMEHHOCTh HAOIIONEHUS, 3a-
nmasapiBaHue 1 onepexeHre B BOX 11o oTHOILIEHUIO K
MND), 4T0o 1 WIS OTAEIBbHBIX cepuii Pcl.

J11s1 TOTO, YTOOBI YOeTUTHCSI B TOM, YTO aHAJIM3H -
pyeMbie Ha IByX obOcepBaTopusix cepuu Pcl umeror
OIMHAKOBYIO MPUPOIY, MBI IIOCTPOWJIN JHArpaMMBbI
KOT€pPEHTHOCTH, BOCIIOJb30BaBIINCh HPOTrpaMMOIii,
peanu3zoBaHHO B cucteme MATLAB [MATLAB,
2018]. Okazaioch, 4YTO HE3aBUCUMO OT TOT0, K KaKOM
W3 TPeX T'PYIIT OTHOCATCS cepuu Pcl, OoHM KOTepeHT-
Hbl. B kKauecTBe mpuMepa Ha puc. 2a, 26 MoOKa3zaHO
CUHXpOHHOE HabmoaeHue cepuii Pcl 8 BOX 1 MND
15.12.2000 1. B 00enx obcepBaTOpHSIX KOJeOaHUS Ha-
0J1101a10TCSl B OTHOM M TOM K€ YaCTOTHOM /1Mana3o-
He, UMEIOT IPUMEPHO OOUHAKOBYIO IJIUTEIBHOCTh U
MHTEHCUBHOCTH. OIHAKO YE€TKO BUIHO OIIEPEKECHUE
Havajyia HaOmoaeHus cepuu Pcl 8 BOX no oTHolre-
HU10 K MND ¢ BpeMeHHBIM MHTepBajaoM ~20 MUH.
BHusy (puc. 26) npencrapieHa BeuBIeT-ararpaMmma
WX KOTePEHTHOCTH, IMTOCTPOEHHAsl C y4eTOM BpeMEH-
HOro caura (20 MUH) MeXIy Ha4aJIoM XXeMYYK1H Ha
IByX obOcepBaropusx. BumHo, 4TOo MakcHMMaJibHast
KOT€pPEHTHOCTD JIByX CUTHAJIOB IOCTUTAETCS] B UHTEP-
Basie yactoT 0.1—1.0 T11, T.e. B TOM XKe YaCTOTHOM
nIrara3oHe, B KoTopoM HabmonaroTtcs cepun Pel. Ta-

TEOMATHETU3M U ABPOHOMUA  tom 63  Ne 1

KUM 00pa3oM, MOJyYeHHbIC AUarpaMMbl KOTepeHT-
HOCTH MOATBE PN BU3yaJIbHO HaOJII0IaeMoe o0~
O01e 9acTOT U HEM3MEHHOCTb C TEYCHHEM BpPEMEHU
pasHocTtu ¢a3 cepuit Pcl Ha nByX obGcepBaTOpPUSIX.
CrnenoBaTelbHO, KOTEPEHTHOCTh SIBIISIETCS Xapak-
TepHON OCOOGEHHOCTBHIO CHHXPOHHO HaOIIOmaeMBIX
xkemMuykrdH B BOX 1 MND.

3.2. JlnumenbHoCmb 8peMEHHbIX UHMEPBAN0E
Mmexucdy Hauarom koeepenmubtx cepuil Pcl 6 BOX
u MND u cymounas eapuayus uucaa coovimuii Pcl,
Habadaemvix 00HOBPEeMEHHO,

C 3anaoHbIM U 80CMOUYHBIM Opelighom

Kak BunHo U3 npuBeaeHHbBIX ITpuMepoB (puc. 1, 2)
MeXIy HayajioM KorepeHTHbIX cepuii Pcl B BOX u
MND wuMeeTcsT HEKOTOpPBII BpeMEeHHON WHTEepBal
At = tgox — tnp, BETMUMHA KOTOpOTO Af = () 1715 CO-
OBITHI1 TTIepBOIi rpynIibl, At > 0 0j1s1 BTOpOii rpynbl U
At < 0 o1 TpeTbeli rpymiibl. BennmynHa Ar olieHUBa-
Jlach MO Hayaly HaOI0JaeMblX OJUHAKOBBIX CTPYK-
TYPHBIX BJIEMEHTOB OMHOBPEMEHHBIX CIIEKTPOrpaMM
JIJIST KaXKIIOTO CiTydasi HabroaeHUS xkeMuyXKiuH B BOX
u MND. TouyHocTh ompeneiieHuss Af cocTaBisia
+1 muH. Ha puc. 3 mnpeacraBiieHO pacrnpeneicHUe
JUIMTEJIbHOCTY BPEMEHHBIX MHTEPBaJIoB (Af) MexXmy
HavayioM nyiabcannii Pcl 8 BOX n MND s Bcex
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Puc. 3. 3aBucumMmocTs ynciaa HabmoneHuii cepuii Pcl oT BpeMeHHOro MHTepBajia MexXay HadanoM Iryibcaunii B BOX 1mo otHO-

meHuo K MND.

aHaIM3UpyeMbIX cliydaeB. Ilo BepTHUKalIbHON OCHU
obo3HayeHo 4ywncyio ciydaeB. Ilo ropm3oHTampHOM
LIKaJie pa3Mep OAHOTO AejieHus1 cocTapisieT 10 MuH.
Benuuuna Ar = 0 Ha ocu aOCIIICC COOTBETCTBYET OJI-
HOBPEMEHHBIM ciydasM HaOmoneHuii cepuit Pcl
B BOX 1 MND. CrnipaBa oT HyJIs1 HA TOPU30HTAILHO
0OCHU — pacmpeleicHue BpeMEeHHBIX MHTEPBAJIOB, OT-
HOCSIIMXCS K 3aIllafHoOMYy Jpeidy, clieBa OT HYJIsI —
K BOCTOUHOMY npeiidy. BennuuHa 3amnasgbiBaHUS
WJIN oNiepexXeHus1 Hadaia nyibcanuii B BOX oTHOCH-
TenbHO MX HaOmoneHus B MND nexxur B mHTEpBaie
oT AByX 10 60 MuH. HanGoJee BeposiTHASI IPOIOIIKI -
TEJILHOCTb BPEMEHHBIX MHTEPBAJIOB MEXIY Hadalla-
MU cepuii Pcl mipm 3anmamHoOM Jpeide cOoCTaBIIsIET
~10 MUH, a TpU BOCTOYHOM apeiidpe ~20 MuH.

Heob6xomuMo OTMETWTh, YTO MOSIBJICHUE CEepUii
Pcl xaxnoit 3 Tpex Ipynn 0TMeJajioch B pa3jIMyHOE
MecTHoe Bpemsl. Ha puc. 4 mokazaHa cyTouHasi Bapu-
anms ynciia cooerTuii Pel, HabmomaeMbix B BOX n
MND, ogHOBpeMEHHO, C 3aIllaJHbIM W BOCTOUYHBIM
npetidoom. st ynob¢cTBa cpaBHEHUST YUCJIO ClydyaeB
Pcl HOpMHMpPOBAaHO Ha MX MakKCHUMaJbHOE KOJIMYE-
ctBO. Bumno (puc. 4a, 4e), uyro cepum Pcl mepBoit
rpynnbl HaGmogaTess B BOX npenMyIiecTBeHHO B
panHue yrpeHHue 4acel (02—05 MLT), a 8 MND B
6ostee rmo3aHee yrpenHee BpemMst (06—09 MLT). Hau-
0oJbllIasi BepOSITHOCTb HAOMIOACHUST XKEMUYYKUH C
3aIragHbIM 1M BOCTOYHBIM Apeiidhom B BOX mpuxo-
IUTCS Ha TIpearosyHouyHoe Bpems (22—23 MLT) u
(23—24 MLT) COOTBETCTBEHHO, UYTO HE XapaKTEPHO
JIJISI CYTOYHOM Bapyalluy CPEAHEIIMPOTHHIX ITyJIbca-
nuii Pcl. Kak n3BectHo, Bo30yxkneHue Pcl Ha cpen-

IT'EOMATHETU3M U ADPOHOMMUA

HUX IIMPOTaxX HAOI0JaeTCsl, B OCHOBHOM, B paHHUE
yrpeHHHne yackl. B MND cepumn Pcl BTOpOIi 1 Tpe-
Theil TPYNITbI IPEUMYILIECTBEHHO PETrMCTPUPYIOTCS B
yrpeHHue 4ackl (04—05 MLT), 4TO COOTBETCTBYET
BPEMEHHOMY XOJly YaCTOThI TMOSIBJIEHUS CPENHEIIN-
poTHBIX nynabcauuii Pcl. Takum ob6paszom, CyTOUHOE
pacnpeneieHue COOBITUM KaXIoW TpyMIibl Cyllle-
CTBEHHO 3aBUcUT oT MLT.

3.3. Basucumocmov yacmomul noseéaeHus cepuii Pel,
Habadaemovix 6 BOX u MND oonoepemenHo,
C 3aNAOHBIM U BOCMOYHBIM Opelighom om eeoMazHUMHOLL
AKMUGHOCMU U MENCNAAHEMHbIX YCA0BUL

Jlanee ObLI0 BBITIOJIHEHO UCCIeA0BaHUE reopusn-
YeCKMX YCJIOBUIi, IIPU KOTOPHLIX PErMCTPUPOBAIOCH
nosiBieHue cepuii Pcl Kaxkmoil M3 BBIIIE ITepedicC-
JIEHHBIX Tpymil. g aHaau3a reOMarHUTHOM aKTUB-
HOCTH, Ha (pOHE KOTOPOI HAOIIOOANINCH ITyIbCallu
Pcl B BOX 1 MND, ucnonb3oBaicst Kp-uHIEKC, OT-
paxkaroluii IiaHeTapHYI0 BO3MYIIEHHOCTb. Benu-
ynHa Kp-nHiaekca 6panach, Kak IpUHSTO B 0a3e JaH-
HeIXx OMNI. Ha puc. 5 npencraBieHbI THCTOTpaMMBI
pacrpenejaeHuii yncia ciaydaeB Imyjabcauuii Pel B 3a-
BUCHUMOCTH OT BEJIMYMHBI Kp-MHOEKCa IJIs1 TPeX aHa-
JIM3UpyeMbIX rpynn. st ynoGcTBa cpaBHEHUS YMCIIO
ciydaeB Pcl HOpMUPOBaHO Ha UX MAKCUMAJIbHOE KO-
mmuecTBo. IlonydeHHBIE pacOpeneeHUs pa3inda-
IOTCSI KaK I10 Iuara3oHaM M3MeHeHus: Kp-uHiekca,
TakK " IO MOJIOXXEHUIO MaKCUMYMOB. Tak, cepun Pcl
B BOX 1 MND Ha0mogannuch OOHOBPEMEHHO IIpU
nuaraszoHe Kp, uaMmeHstioniemcs ot 0 o 30, a B ioMu-
Ne 1

TOM 63 2023
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Puc. 4. CyrouHast Bapuaiug uncia ciydaeB Pcl, HabmogaeMbix B BOX 1 MND, (a, 2¢) — omHOBpeMeHHO; (6, d) — ¢ 3amagHbIM

npeiiom; (6, €) — ¢ BOCTOUHBIM JApeiichoMm.

HUpYyoIeM unciie cirydaeB npu Kp ~ 10—20. Cepun
Pcl, nagano kotopbix 3anasasiBajio B BOX 1o cpas-
HeHuto ¢ MND, HaGmonanuck mpu 6ojiee IMUPOKOM
auana3oHe usMeHeHust Kp-uHpekca (ot 0 mo 60),
a MaKCUMYM YaCTOThI HAOIIOACHUS XKEMUYKUH TIPU-
xoawicst Ha Kp ~ 20—30. CoObITUSI TPETbei TPYIIIbI
PErUCTPUPOBAIIMCH IIPU MHIEKCe Kp, U3MEHSIOIIEM-
cst ot 0 mo 40, a B OOJBIIMHCTBE cliyyaeB npu Kp ~
~ 0—10. Takum oOpa3oM, Jaxke B YCIOBUSIX CIIOKOI-
HOI MarHUTOC(EepHl, KOTOPHIE SIBISIFOTCS TUITMYHBIMU
JUIST HAOJIIONEHUS KEeMUYXKWH, BO30OYXIeHUE Cepuit
Pcl, nabmonaembix B BOX 1 MND omHOBpeMeHHO,
C 3aIlagHBIM WA BOCTOYHBIM JIpeiipoM, CylLIeCTBEH-
HO Pas3/IMyaloTcsl MO YPOBHIO FT€OMAarHUTHOM aKTUB-
HOCTH.

YroOBl McCClIeNOBaTh COCTOSHUE MEXKIIIaHETHOM
cpenbl, Ha (POHE KOTOPOIl HAOIIOOAINCh KOTePEHT-
Hele cepun Pcl 8 BOX 1 MND, paccmMaTpuBainuch
clienylollye nmapaMeTphbl IJIa3Mbl COJTHEYHOIO BETpa
u MMII: konuenrpanust N, ckopocTs V, nuHamude-
CKOe€ JaBJieHUe COJTHEYHOTO BeTpa Pdyn = pV? (p —
IJIOTHOCTh IJIa3Mbl), MOMAY/JIb HaIPSLKEHHOCTU B;
Bx-, By-, Bz-xommoneHtsel MMII. Kpome Toro, aHa-
JM3UpoBaiachk oprueHTalusl Bektopa MMII B mioc-
KOCTHU SKJIMIITUKY, UISI XapaKTepUCTUKU KOTOPOii 1c-

TEOMATHETHU3M U ADPOHOMMUS

TOM 63 Ne 1

TIOTB30BAJICS yToI O, 5 (yron Mexay Bekropom MMII B
U €ro paJualibHbIM HampasjieHuem). BeanduHa yria
0,5 Haxonwiach U3 BhIpaxeHus: 0, , = arccos(Bx/B),

rie B =\ Bx> + By’ + Bz [Bier et al., 2014]. IMapa-
MeTpHBI cojiTHeuyHoro Betpa 1 MMII Opamice B co-
HEYHO-3KJIUIITUYECKOM cructeMe KoopauHat. OmHO-
MUHYTHbIE TaHHBIE BHILIENIEPEYNCIIEHHBIX apaMeT-
pPOB HCCEA0BAIMCh METONOM HAJIOXEHHUS 3I0X Ha
BpeMeHHOM MHTepBaJje 3a 2 4 10 1 2 4 MocJjie Havaia
cepuii Pcl otnenbHO IJIS KaXKIOM TPYIIBI KeMUy-
KHWH. 3a perepHyio TOUKY IMPUHUMAJICSI MOMEHT Ha-
yana cepuit Pcl.

Ha pucyHke 6 mpencTaBlieHbI TTOJIydeHHBIE pe-
3yJBTATHI 11 CIy4aeB a — OMHOBPEMEHHOIO HAOJIIO-
JIeHUsT; 6 — 3amas3ablBaHUs, 8 — OIepeKeHUsl cepuii
Pcl B BOX 1o otHotieHuio Kk MND. M3 pucynka 6
BUJIHO, YTO IMapaMeTphl IJIa3Mbl COJTHEUHOTO BeTpa
(N, V, Pdyn) njist Tpex IpyIIIl HE MOABEPKEHBI KAKIM-
00 payKTyalusM BOIU3HU pEIIePHOM TOYKM U OCTa-
BaJINCh OTHOCUTEIBHO CTAOMILHEI KaK A0 Havaja ce-
puit Pcl, Tak u mociie. AHaJIOTUYHAST TEHICHIIUS T10-
BeJeHUsI XapakTepHa 1y Monyiass MMII B. Ilosene-
Hue N, V, Pdyn, B KayeCTBEHHO OIMHAKOBO IS
COOBITHI TpexX rpyrIl. B Mecte ¢ TeM oOpalaeT Ha ceost

2023
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Puc. 5. 3aBucumocTtb yacToThl HabMOAEHUS cepuii Pcl ot
T€OMarHUTHOUN aKTUBHOCTU (Kp-UHOAEKCa), pETUCTPUPY-
embix B BOX 1 MND: (@) — omHOBpeMeHHO; (6) — c 3a-
MagHbIM aApeitdom; () — ¢ BOCTOUHBIM Apeitdom.

BHUMaHUE TOT (akT, 4yTo cepuu Pcl ¢ 3ammagHBIM
npeiidbom HaOIIOOAIOTCS TP 00JIee BHICOKMX 3HAUE-
Husx napametpoB N, V, Pdyn, B, yeM cepuu, peru-
CTpUpYyEMEBIEC OMHOBPEMEHHO U C BOCTOYHBIM ApeiioM.

Hwunamuka Bx-, By-, Bz-KOMITOHEHT 3HAYUTENIb-
HO pa3jnJyacTcs Kak II0 3HaKy, TaK M 110 BeJIUYUHE.
Hanpumep, cOOBITHS TTIEpBO¥ TPYITITHI HAOIOIAIOTCS
npu Bx <0, By >0, Bz <0, BTopoii 1 TpeTbeil rpyIInbl
npu Bx > 0, By > 0, Bz > 0. Eme ogHOM OT/IMYNTEIIb-
HOI 0COOEHHOCTBIO TOBeneHrsT KomnoHeHT MMII
JIJISI COOBITUI TpeX TPy SIBJISIETCSI CMEHa HarpaBJie-
HUS BZ-KOMITOHEHTHI BOJIM3K PEIIEPHOM TOYKU C Ce-
BEPHOTO Ha I0XXHOE 1 C I0KHOTO Ha CEBEPHOE B CIIy-

IT'EOMATHETU3M U ADPOHOMMUA

Jae OMHOBpPEMEHHOI0 HabmoneHus Pcl 11 ¢ BOCTOYHBIM
npeiidboM cooTBeTCTBEHHO. [IJis COOBITMIT BTOpPOIi
IpyHmbl HEe XapakKTEpHO W3MCEHEHME HallpaBICHUS
Bz-KoMITOHEeHTHI BOIM3M Havana cepuii. B manHom
ciyyae Bz-kommoHeHTa MMII coxpaHsiia moJIoXu-
TeIbHOE HallpaBJeHME KaK J0 Hadajla cepuil Pcl, Tak
M TIOCJIE.

INpuBeneHHbIe Ha puc. 6 Bapuaiu yria 0,z (0,5 =
= arccos(Bx/B)), oTpaxalolero nmopeaecHNe BEKTopa
HanpsikeHHocTd B MMII B IOCKOCTU SKJIMIOTUKU,
UMEIOT XapaKTepHble OCOOCHHOCTHU ISl CIy4aeB Ha-
omoneHust cepuii Pcl tpex rpymnm. Tak, korma xkemM-
qyXWHBI HaOmomaloTcss omHoBpeMeHHO B BOX u
MND, BekTOp B BOIM3M periepHOil TOYKM HAYMHAET
nmoBopauuBaTthcsi oT 90° Kk ~120°—150°, T.e. mynabca-
LIMM HaOI0Ja0TCs MpU paauaJibHOM HamnpaBieHUU
MMII (ot Connua). Eciu Havano cepuit Pcl 8 BOX
10 BPEMEHM 3ala3abIBaeT Mo cpaBHeHuto ¢ MND, To
Takue coObITUs HabmomatoTes ripu 0,5 ~ 90°, u cie-
JIoBaTenabHO BeKTop B MMII niepneHnuKyIsIpeH -
Huu ConHue—3eMJisl B TNIOCKOCTU SKJIUNTUKU. Co-
OBbITUS TPEThEI TPYTIBI, TAK XK€ KaK U MepBOii, Mocye
HYJIEBOW TOUKM HAOJII0AI0TCS PU paadaibHOM Ha-
npasieHuu MMII (0,; ~ 0°—30°), HO TonbKO MpU
obOpatHoM HampasieHuu (oT Comnua). Urtak, u B
MarHuTHO-CITOKOMHOE BpeMSs YCIO0BUS B COTHEYHOM
BETpPEe OKAa3bIBAIOT CUJIbHOE BJIMSIHME Ha MPOCTPaH-
CTBEHHO-BpEeMEHHbIE CBONCTBA CTPYKTYPUPOBAHHbBIX
cepmii Pcl, KoTopble MPOSIBISIOTCSI B 0OHAPYKEHHBIX
addekTax 3armagHOro U BOCTOYHOTO Apeiida.

4. ObBCYXIEHUNE

HN3BecTHO, 9TO Pcl BO3HMKAIOT BO BHEIITHEM pa-
IUALIMOHHOM TIosice 3eMJIM BCJIEACTBUE DPa3BUTHUS
MOHHO-LIMKJIOTPOHHOI HEYCTOMYMBOCTU SHEPTUY-
HBIX IIPOTOHOB M PACIIPOCTPAHSIOTCSI B MarHUTOC(hE-
p€ BIOJb T€OMAarHMTHbBIX CHJIOBBIX JIMHUI [[ynbelb-
mu 1 Tpounikasi, 1973; I'ynbenbsmu u [otanos, 2021].
HawnbGoiee BeposITHOI 001aCThIO BO30YXKICHUS T€O-
MarHUTHBIX MyJibcaluii Pcl siBasieTcs 1uia3Moriaysa,
BOJIM3M KOTOPOM MOXET (POPMHUPOBATHCSI HMOHHO-
OUKJIOTPOHHBIN pe3oHaTop st Pcl [Dmitrienko and
Mazur, 1985]. deiicTBUTEIbHO, HEKOTOPhLIC Ha3eM-
HBIE M CIIyTHUKOBBIE HCCJIEIOBAHUS, HaIpUMeED,
[Fraser et al., 1989; Erlandson and Anderson, 1996;
Gou et al., 2020] mokazanu TECHYIO CBSI3b ITyJIbCALIUI
Pcl c nonoxeHuem 1uiasmonay3bl. B cBoto ouepensb,
COIJIaCHO CITYTHUKOBBIM HAOIIONEHUSIM, MIOJIOXEHIE
MJ1a3MoIiay3bl OYeHb U3MEHYMBO U 3HAYUTEIHLHO 3a-
BUCUT OT YCJIOBUII B COJTHEYHOM BeTpe, T€OMarHuT-
Hoit aktmBHOocT 1 MLT [Verbanac et al., 2015].

HawubGosiee TUIMUYHBIM YCIIOBUEM BO30YXKICHUS
cepuiil Pcl, uccienoBaHHBIX B JAaHHOI paboTe, SIBsI-
eTcs cliabass 1 yMepeHHass BO3MYIIIEHHOCTb reoMar-
HUTHOTO NoJjist. TeM He MeHee, Kak ClaeayeT U3 puc. 3,
MIpoaHaIU3UPOBAaHHBIE TPU TPYNHOBl CUHXPOHHBIX
HaOMIOAECHUM CTPYKTYPUPOBAHHBIX ITyiabcanuii Pcl
Ne 1

TOM 63 2023
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Puc. 6. Jlunamuka rmapamMeTpoB colTHeYyHoro Berpa 1 MMII, nojrydeHHast METOIOM HaJIOXKEHUs 310X IS CTydaeB Havauia (a) —

OIHOBPEMEHHOTI0 HabmoneHus; (6) — 3ama3abiBaHus; () —

BO30YXXIAIOTCSI TIPU pa3HOM YPOBHE I€OMarHUTHOI
akTuBHOCTH. [TocnenHee yka3plBaeT Ha TOT (DakT, YTO
obcepBatopuu bopok 1 MoHIBI OKa3bIBAIOTCS B pa3-
HOM MOJIOXEHWU OTHOCUTEJIbHO UCTOYHUMKA KoJieba-
Huit. [Tpu ymepeHHbIX Bo3myteHusx (Kp = 20—30),
MO-BUAMMOMY, UICTOYHMUK KOJIeOaHUI JTOKaTU30BaH
BOMu3n L = 2.1 (Havano mynbcauuit Pcl B MND
pasbiie, yeM B BOX) u najee UCTOYHUK ApeiidyeT Ha
L = 2.8. B aToM ciyyae HaOaomaeTcsl 3amamgHbIi
npeiid mmynbcauuii Pcl. B oueHb CIOKOMHEIX reoMar-
HUTHBIX ycioBusix (Kp = 0—10) mia3moriay3za Haxo-
JIIUTCS Ha OOJIbIIIEM PACCTOSIHUM OT 3eMJIM U UCTOY-
HUK m3aydeHus Pcl MoxXeT HaxXogWThCs IIEpBOHA-
yajibHO BOMM3M L = 2.8 (Havasno myibcauuii Pcl B
BOX panbnie, yem B MND) 1 3aTeM cMeCcTUTBCS Ha
Ne 1

TEOMATHETU3M U ABPOHOMUA  Tom 63

onepexeHus cepuii Pcl B BOX no orHommeHnuio K MND.

L = 2.1. Takoii cueHapuii XxapaKTepeH IJIsI BOCTOYHO-
ro apeiida Pcl. UHbIMU cioBaMU, IBMXKEHUE BOJTHO-
BOT'O MCTOYHMKA K BBICOKAM WJIX HU3KUM IIMPOTaM,
BEPOSITHO, CBSI3aHO C MEPEXOAOM ILIa3MOIIay3bl Ha
BEpXHUE WU HUXKHUE L-000104uku. [Tpruem cornac-
HO Moldwin et al. [2002] n3MeHYMBOCTb MECTOIIOJIO-
>KEHUS TUIa3MOIIay3hl B IBA pa3a 0oJIbllle IIPU HU3KOMN
BeauuuHe Kp-uHaekca (~2—3), yeMm npu 06ojiee Bbl-
cokoii Kp (~4-5). Ilo-BuaumMomy, momooHast Cujib-
Hasl U3MEHYMBOCTb MOJOXKEHMS TJ1a3MONay3bl Mpu
CJIaboi1 TeOMarHUTHOM aKTUBHOCTU MOXKET OKa3aTh-
CSl CYIIECTBEHHBIM (paKTOpOM, BIMSIONIMM Ha Ha-
omomaembie 3(PGEKThl 3aNagHOr0 W BOCTOYHOIO
npeticda Pcl.
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Puc. 6. [IponoskeHue.

Ha Hamm B3rm1s11 BpeMeHHBIe CIBUTH MEXKIy Hada-
Jiom cepuii Pcl 8 BOX 1 MND (koTopble HauboJiee
BEPOSATHBHI JUTS 3aITaIHOTO U BOCTOYHOTO npeiida — 10
1 20 MUH COOTBETCTBEHHO) MOTYT OBITb OOYCJIOBJIE-
HBI XapaKTepHBIMH BpeMeHaMM peakKIIn MarHUTO-
chepnl Ha usmMeHenus B MMII [Humuna, 1980] u, B
YaCTHOCTH, MI3MEHEHMST TTOJTOKEHMST TTa3MOTIay36I.

IMpu BenmnuuHax Kp-wHAaeKca, paBHBIX CpEIHEMY
3HAYEHUIO IJIsI 3alagHOT0 M BOCTOYHOIO apelida
(Kp = 10—20), nynbcaumu Pcl HaOIIOOAIOTCS B ABYX
obOcepBaTOPUSIX OTHOBPEMEHHO, T.€. BOJIHOBOM HC-
TOYHUK 3aHMMACT IIPOMEXYTOUHOE TIOJIOXKEHUE
mexny L= 2.8 u L = 2.1 (paBHoynaieH ot BOX u
MND). MoxXHO NpearoaoKnuTh, 4TO B3aMMHOE pac-
MMOJIOXKEHME TJ1a3MOTIay3bl U MOHHO-IIMKJIOTPOHHOTO

IT'EOMATHETU3M U ADPOHOMMUA

pe3oHaTopa, U3MEeHSIo11Ieecs] BCOOTBETCTBUM C yCJIO-
BUSIMU B COJTHEYHOM BETpE, 00ecIeunBaeT pasany-
Hble 3(@PEKTh (OOHOBPEMEHHOCTb, 3ama3blBaHUE
WK ollepexxeHune) Hadana cepuit Pcl 8 BOX 1o or-
HoureHuto B MND.

Jpyrum dakTopoMm, BAUSIOIIAM Ha IIPOCTpaH-
CTBEHHO-BpEeMeHHbIe 3aKOHOMEPHOCTU ITyJibCalluit
Pcl MoxeT OBITh OpHEHTANSI BEKTOPA HAIIPSKEHHO -
ctu MMII B mockocTr sxkunTuku (puc. 6). OgHo-
BpeMeHHble Hayaja cepuii Pcl KOHTpoOJIUpyrOTCs
NpPEeMYIIeCTBEHHBIM paavaibHBIM HaIlpaBICHUEM
BekTopa B MMII B miiockoct 3kIUNTUKM oT COTH-
1a (6,5 — 180°). DddexT 3anazgpIBaHUS KEMUYKUH
B BOX 1o otHomenuio Kk MND B moMUHUpPYIOLIEM
YuCJIe CJIydaeB HaOII0MaeTCs 1Py HallpaBIeHUM BEK-
Ne 1

TOM 63 2023
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Puc. 6. OxoHuaHue.

Topa B MMII, nepnennukyasspHoM JUHUM COJH-
ne—3emits (0,5 — 90°). DddekT onepexeHUs KeM-
yy>kuH B BOX o otHoureHuto K MND, rimaBHBIM 00-
pa3oM, HabmonaeTcsd npu HarpasiieHnun B MMII k
Comnity (0,5 — 0°).

KpomMme Toro, maxke B CIIOKOHEBIX YCIIOBUSIX IIepe-
OpHeHTalMsl BepTUKAJIbHONW KOMITOHeHTHI MMII,
NPUBOAAIIIAS K Pa3BUTHUIO IIPOIIECCOB IIEPECOSa-
HEHUSI MEXIUIAHETHOIO M I'€OMarHUTHOIO IIOJICH,
CIIOCOOCTBYET IOCTYILJICHUIO IIPOTOHOB B paaualiy-
OHHBIM MOSIC B 5KBATOPUAIIBHOM MJIOCKOCTU MarHu-
Tocdepnl. Kak BumHO U3 puc. 6, TMHaMUKa Bz-KOMITO-
HeHTbl MMII BOM3M Havasa cepuii Pcl cyliecTBeH-
HO pa3aInvaeTcs A1 COOBITUI TPEX IPYII, YTO TAaKKe
Ne 1

TEOMATHETU3M U ABPOHOMUA  Tom 63

MOKET OKa3bIBaTh BIMSIHME HAa OOHapy>XeHHBIC 3¢ -
¢EeKTHI 3aITagHOTO Y BOCTOYHOTO Apeiida Pcl.

DddeKT omHOBpEeMEHHOro Hayaja HaOJIoIeHUI
cepmit Pcl Ha IByX 00CcepBaTOPHUSIX MOT OBITH ITOHSIT B
paMKax TIpeacTaBlieHUst 00 MOHOC(hEPHOM BOJTHOBO-
nge. I[IpuHATO cuMTaTh, YTO JICBOIOJSIPU30BAaHHBIE
anbBeHOBCcKME BoHBI (EMIC-BoaHEBI), BO30YyKIasiCh
B BEpIIMHE MATHUTHBIX CUJIOBBIX IMHUMA, JOCTUTAIOT
HOHOC(HEPBl 1 3aXBaThIBAIOTCS B TOPU3OHTAILHBIN
noHoc(epHBbIil BoIHOBO. PaciipocTpaHssich o CKO-
pocthio ~700—900 kM/c 110 MOHOC(hEPHOMY BOJI-
HOBOJy, 3TU BOJIHBI TIPeoOpa3yoTcsl B MPaBOIOJISI-
PU30BAaHHBIE MAarHMTO3BYKOBLIC BOJIHbI, KOTOPbIC
IMPOHMKAIOT OT NICTOYHHNKA Ir€HEpalluM ITPaKTUYCCKHN
MTHOBEHHO Ha OOJIBIIINE PACCTOSTHUS. DTO MPEnIio-

2023
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Puc. 7. [1pumep onpeneneHus Tumna nojisipu3annu myabscauuit Pel, Habmonaembix oqHoBpeMeHHO B BOX 1 MND 24.02.1999 r.:
(@) — moTHas CIIeKTpabHAasI TUIOTHOCTD, (6) — CIIeKTpaibHasI TNIOTHOCTD JIEBOTIOJISIPU30BaHHOM 1 (8) — TTPaBOTIOJISIPU30BaHHOMN

MOObI UCXOOHOTO CUTHaJ1a.

JlaraeT OJHOBPEMEHHOE Hayayio HaOJIOACHUS ITyjIb-
cauuii Pcl Ha 3eMHOI IOBEPXHOCTH B IIMPOKOM JT1a-
Ma3oHe T€OMArHUTHBIX IIMPOT M AOAroT. Ilpuuem
BOJIM3M MCTOYHMKA TeHepaluu BOJHBI Pcl DOJKHBI
OBITh JICBONOJISIPU30BaHbI, a HA YIAJeHUHN OT HETO —
MPaBOIIOJISIP30BaHbl. 3aMETUM, YTO KOI€pPEHTHOCTh
curHajioB (puc. 2), a Takxke Nogo0ore JTUHAMMNYECKUX
CIIEKTPOB ITynbcauuii Pcl, HaOMoOgaeMbIX Ha OBYX
o0cepBaTopusIX, SIBHO YKa3bIBa€T Ha UX IPOUCXOXK-
JIeHrEe U3 OJHOro uctouHmka. Micxonss u3 BhIIIECKa-
3aHHOTO, B 00cepBaTopusiXx bopok 1 MOHIBI TOJKHBI
ObUTM HaOJIIOIAThCS JIMOO IIPABOITOISIPU30BAHHBIC
Kosiebanus Pcl (ecav BOTHOBOM UICTOYHUK PACTIONO-
KE€H BHe TaHHKIX L-000104eK), 1100 XOTsI ObI Ha OfI-
HOM U3 HUX — JIEBOIOJISIPU30BaHHbIE WX ITPAaBOIO-
JISIpU30BaHHbIe (€CJIU MCTOYHUK TeHepalluy pacIio-
JoxeH BOm3u L = 2.8 wm L = 2.1).

HMcxonst 3 BBILIECKA3aHHOTO, MBI BBITTOJHUIN
aHaJau3 TUIA NoJsipyu3aluu nyjabcauuii Pcl, HaOm10-
JaeMbIX B ABYX obOcepBaTopusix. Tum mojspusauuu
Pcl omnpenensics ¢ MOMOIIBIO CIEKTPaJIbHO-Bpe-
MEHHOI0 aHa/IM3a, OCHOBAHHOTO Ha METOJIe OBICTPO-
ro mpeo6pasoBanust ®ypee [Kodera et al., 1977]. dusa
3TOrO B MJIOCKOCT H—D KOMITOHEHT HJjIsl KaXXKIOro

IT'EOMATHETU3M U ADPOHOMMUA

cinydast HabmoaeHuit Pcl 8 BOX u B MND crpou-
JJach TIOJTHAs CIIeKTpaibHas TIIOTHOCTh, a TaKXe
CNeKTpaibHAasI TJIOTHOCTh MTPaBOMNOJISIPU30BAHHON U
JIEBOMOJSIPU30BAHHON MOAbI MCXOMHOTO CHUTHAaJIa.
Kone6anus Pcl cuutanuch IIpaBoONoOJISIpU30BaHHBI-
MU, €CJIU JOMUHMPOBAaJja CIeKTpajbHasl TIOTHOCTh
MPaBOIIOJIIPU30BAHHOM MOJIbI M JIEBOIIOJSIPU30BaH-
HBIMU, €CJIM TOMWHHpPOBAJIA CITEKTpaJIbHAasl TLIOT-
HOCTb JICBOTIOJISIPU30BAHHONW MOIbI. AHAIU3 TIOJIsI-
pu3anuu mnyiabcauuit Pcl mokasaj, 4To B OOJIbIIMH-
ctBe ciyJaeB Kak B BOX (58%), Tak u 8 MND (73%)
HaOJoaMach cMelllaHHas nosipusainus. KonedbaHust
ObLTH JIEBOTIONISIpM30BaHbI B 32% ciydaeB B BOX u B
8% cnydaes B MND u npaBomnonsipuzoBanbl B 10% u
19% ciyyaeB coorBercTBeHHO B BOX 1 B MND.

Ha pucyHke 7 B kauecTBe mpuMmepa JaHO omnpeae-
JIEHUE TUIIA TTOJISIpU3aLM IJIsI CJIydasi OTHOBpPEMEH-
Horo HaboaeHus mynabcannii Pcl 8 BOX u 8 MND
24.02.1999 1., Ha KOTOpOM IIpeACTaBJIeHa ITOJIHAS
CIIeKTpaJibHasl IJIOTHOCTD, CIIEKTPaIbHAS IDIOTHOCTh
JIEBOMOJIIPU30BAHHON M MPaBOMOJISIPU30BAHHOM
MOJIBI COOTBEeTCTBeHHO. M3 puc. 7 BuaHO, uto B BOX
JIOMUHUPYET CHEKTpajbHas IUIOTHOCTDH JICBOIIOJISI-
PU30BaHHOI MOJIBI U, CJIEA0BAaTEIbHO, CEPUS MyJIbCa-
Ne 1
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it Pcl neBomonsgpn3zoBaHa. B MND criekrpansHas
TJIOTHOCTh JIEBOIOJISIPM30BAHHON U MPaBOMOISIPU-
30BaHHOI MOABI PaBHO3HAYHbI, YTO COOTBETCTBYET
CMelIaHHOW moJisipu3anmn  Iyiabcanmii Pcl. Tor
¢daKT, YTO Ha ABYX O0OCEpBaATOPHSIX, pa3HECEHHBIX 10
IIMPOTE U JOJITOTe, OMHOBPEMEHHO HAOJIIOJaeTCsI JIe-
Basg M CMeELIaHHas mojisipu3anus myiabcanuii Pcl,
MIPOTUBOPEYUT CYILIECCTBYIOIIEMY MPEACTABICHUIO O
BOJIHOBOIHOM pacripoctpaHeHun EMIC-BonH. bo-
JIee TOTO, KOHIENILMS BOTHOBOIHOTO pacIIipoCTpaHe-
HUST HE MO3BOJISIET OOBSICHUTHh HE TOJBKO OJHOBpPE-
MCHHOCTb HaOJIIONCHMS Hayajla Cepuil MyJbCallMii,
HO 1 3(PPeKTHI NX 3aITaJHOTO U BOCTOYHOTO Apeiida.

HMcxonst M3 mNOIYyYEHHBIX 3KCIEPUMEHTAIbLHBIX
JAHHBIX, CKOpPee BCEro, OOHapy>KeHHbIE 0COOEHHOCTH
MPOCTPAHCTBEHHO-BPEMEHHOT0  pacIpOCTpaHEeHUS
CTPYKTYPUPOBAHHBIX ITyJIbcalidii Pcl ompenessiorcs
B3aMMHBIM TIepeMellleHeM UCTOYHMKA KOJIeOaHnii 1
I1a3Moriay3bl ITpU M3MEeHEeHUHU ycitoBuii B MMII.

5. 3BAKJIIOYEHHUE

B pesynbrare comnocTtaBieHUsS AWUHAMUYECKUX
CIIEKTPOB CUHXPOHHBIX HabmoaeHuii Y HU-xkoneba-
Huii B nuamnasoHe yactot 0.2—5.0 Iy Ha nByx pa3He-
CEHHBIX IO TeOMarHUTHOI gojrore (~ Ha 60°) u
muporte (~ Ha 7°) obcepBaTopuit oOHapyXeH 3(hheKT
3anas3blBaHus WU OTIEPEXXEeHUs] Hayajla CTPYKTYpH-
poBaHHEBIX cepuii Pcl B 06¢c. BOpok mo oTHOIIEHUIO K
00c. MoHibl. BhIsIBIeHO, YTO TMHAMUWYECKUE CIeK-
Tpol cepuii Pcl 8 BOX 1 MND 0but MOAEHTUYHEL 10
BHEIIIHEMY BUIY, UMEJU TPUMEPHO OJMHAKOBYIO
LEHTpaJbHYI0 YacTOTy M MPOAOIKUTEIbHOCTD, a
TakXe MOJIOOHBIN HAKJIOH CTPYKTYPHBIX 3JIEMEHTOB.
IToka3zaHo, 4To BpeMeHHBIe CABUTH 3(P@EeKTOB 3a-
Ma3abIBAaHUSI WIN OTIEpEeXEHUs Havajla XeMUyX1H B
BOX mo otHomennio K MND npeumyiiieCTBeHHO
cocrapmsiiii 10 m 20 MuH cooTBeTcTBeHHO. B 19%
cJlydyaeB BpeMsl Hauajia XKeMJy>KUH Ha JByX oOcepBa-
TOPUSIX COBNAAATIO.

YcTaHOBJIEHO, UTO Cllydad OJHOBPEMEHHOTrO Ha-
yana xkeMuykruH B BOX 1 MND Ha0OmomaioTcsa npu
Kp ~ 10—20 1 KOHTPOJUPYIOTCS MPEUMYIIECTBEH-
HBIM paJuaJIbHBIM HarpasjieHreM Bektopa B MMII
B TIJIOCKOCTHU 3KJIUNTUKU (XapaKTepu3yeMbIM BeJiu-
yuHOM yra 0., = arccos(Bx/B)) or Comnua (0,; —
— 180°). DddexT 3ana3gpiBaHus keMuyXuH B BOX
nmo oTHoleHuI K MND B TOMWHUPYIOIIEM YWCIE
cirygaeB HaOmogaeTcs rpu Kp ~ 20—30 u HampaBiie-
HUM BekTopa B MMII, nepneHaAuKyJISIpHOM JIMHUU
ConnHue—3emis (0, — 90°). Dddekr onepexenus
xemuy:kH B BOX mo otHomenuio Kk MND, ras-
HbIM 0Opa3oM, HabmomaeTcs npu Kp ~ 0—10 u Ha-
npasieHuu B MMII k Conuuy (0,5 — 0°).

O6HapyxeHHBIe 3 (EKTHI 3a11aTHOTO ¥ BOCTOYHO-
ro apeiica cepuii Pcl MoryT ObITH OOYCIIOBIEHBI ITOJIO-
JKeHNEM MCTOYHMKA KOJIeOaHW OTHOCUTETBHO TIIa3-
MOITay3bl B 3aBUCUMOCTH OT MEXITJIAaHETHBIX YCIIOBHIA.

TEOMATHETHU3M U ADPOHOMMUWA

TOM 63 Ne 1
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BJIATOJAPHOCTHA

bnaromapum corpynaukoB MHcTUTYTa COTHEYHO-3eM -
Hoit ¢usuku CO PAH (Mpkyrck) 3a mpemocTaBiieHUE
1M GPOBBIX TaHHBIX CUHXPOHHOW pEerucTpaliM MarHuT-
HOTO T0JISI C BBICOKMM pa3pellieHueM B 00cepBaTOpUSIX
Mownasl u bopok. BelpaxkaeM HCKpeHHIOI0 01arogapHOCTh
A.C. INoranoBy 3a uHTEpeC K paboTe 1 MoJie3HbIe 00CYX-
IIEHUSI TIOIyYeHHBIX pe3yiabTaToB, b.B. JloBOHe — 3a mo-
MOIIIb B 00pabOTKe 9KCIepUMEHTAJIbHOTO MaTepuaa. AB-
TOpHI OjaromapHBI co3maTedasaM 0a3bl maHHbIX OMNI
(Goddard Space Flight Center, NASA, USA) 3a Bo3MOX-
HOCTb HCIIOJIb30BaHUSI MapaMeTpPOB COJHEYHOro BETpa,
MMII 1 reoMarHUTHBIX UHIEKCOB.

OUNHAHCHMPOBAHUWE PABOThI

Pa6ota BbInmosiHeHa B pamKax [ocynapcTBeHHOTO 3a1a-
Hug ['eodusnueckoit o6cepBaropun “bopok” MD3 PAH.
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