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TEXHUYECKUE HAVKHU

YK 504.6:629.78

T'EOSKOJIOTMYECKUE ITPOBJIEMbI COBPEMEHHOU
PAKETHO-KOCMUWYECKOU JESATEJIBHOCTU
Beptunckuii 11.A.

Yconve-Cubupcroe, Poccus

K Hacrosimemy BpeMeHH reo(pu3nka HAKONMWJIA 0 MarHeTH3Me 3eMJId OTPOM-
HYI0 nHGopManuio, 601bIIask YACTh KOTOPO# MOJy4YeHa B HOBeHIIMIA mepuos
HCCJIeI0BAHNI KOCMMYECKOr0 MPOCTPAHCTBA MYTEéM HeNoCpeICTBeHHbIX HH-
CTPYMEHTAJIBHBIX HCCJIEAOBAHUI € NMOMOIIBI0 KOCMHYECKHMX JieTaTeJbHBIX
anmnapaTtoB, HO NMOCTPOUTH HAa TPAAMIMOHHBIX TeOPEeTHYECKHX OCHOBAHHUSX
O0LIEeNPU3HAHHYI0 TEOPHI0 O MPOMCXOKICHMH MarHeTusMa 3emMJiM NOKa He
yaaBajioch HuKomy [1].

YunTbiBasi NPOAYKTHBHOCTH MATHUTOAWHAMIYECKOT0 B3rIsAAa psaga ¢gyHaa-
MEHTAJIbHBIX NMPo0aeM (U3HKH H MHOTOYHCIEHHBIX TEXHHYECKHX 3a1a4 [2],
MOKHO HAeATbCSI HA AHAJOTMYHYI0 NMPOAYKTHBHOCTH NPH PACCMOTPEeHHH
HEKOTOPBIX M3 MHOIOYHCJEHHBIX ACIEeKTOB (PyHIAMEHTATBbHOW NpPoOJIeMbl
CTAIHOHAPHOI0 TeOMArHeTU3Ma, CpeAN KOTOPLIX NMepBUMYHON NMpeAcTaBJserT-

CH €ro NMpPoUuCX0KACHUE.

KaroueBnble ciioBa: MAarHuTOAMHAMHUKA, TEOMArHeTU3M, KOCMOHABTHKA.

IIpoucxoxaenne mpodaemMbl

Kak wuszBectno, CMUM B HacTosmice
BpeMsl He TIPOXOSIT MUMO KaTacTPOHUUECKIX
KaTakJIu3MOB, YYaCTUBIIMXCA B IIOCIECIHUE
JIECSATUIICTHSI, BBICBEUUBAsI MOCIEACTBUS pa3-
ryna cruxuu. Wneonorusuposannsie CMU
MPOTUBOCTOSIBIIMX B MEPUOJ «XOJOJHOM»
BOMHBI CTOPOH HE YIMYCKaldW HU MajeUIlero
OenctBust JFO00M TPHUPOABI HA TEPPUTOPUHU
«IIPOTUBHUKA», HO JaXe CyMMapHbBIE CO00-
LIEHUS BCEX CTpaH A0 Hadaja «KOCMHUYe-
CKOI» 3PBl HE COJEpKalld TaKOW HACBILICH-
HOW WH(OpPMAIMK O TPUPOAHBIX KATAKIIH3-
Max, KOTopasi CTaja MOCTOSHHOMN B MOCIEIHEE
BpeMsi. BriepBrie 3a BCIO HCTOPUIO KOCMOHAB-
TUKU TPUYUHHO-CJICICTBEHHAs CBS3b 3aIyc-
koB KJIA ¢ karaknmu3mamu ObUIa OTMEYEHA B
nyomukamusax C. PeionukoBa [1]. K coxane-
Huto, HU C. PEIOHUKOB, HUKTO JIpyroit 00Ib-
e K 3TOH TI00ANBHON MpodiieMe HHUTIEC HE
BO3BpAILAJCS, a B YMOMSHYThIX cTathax C.
PriOHMKOBa OTMEUeH UMb (DAKT TPUIMHHO-
CJIEICTBEHHOM CBSI3U 3E€MIJICTPSICEHUN U MOSIB-
nenust uyepe3 [IATH-JECATH cyrox munHm-
MyM JBYX JOMNOJHUTEIBHBIX LIMKJIOHOB B aT-
Mochepe 3emiu mocne 3amyckoB KJIA, HO He
OOBACHSIETCS MEXaHHU3M 3aIlyCKa 3eMIICTps-
CEHUW U TOSBIICHUS JOMOIHUTENbHBIX ITU-
KJIOHOB.

1. MarHuTOAMHAMHYECKUN MOAXO0/

Ilocne 3amensl B (yHIaMEHTAJIbHON
CUCTEME YpaBHEHMI KJIaCCUYECKOM 3JEKTPO-
JTUHAMHUKU HEaJ3KBaTHOTO IOJIOXKEHUS, 4YTO

divB =0, (1) xoropoe o3nauaer orcyrcr-
BHE UCTOYHMKOB MAarHUTHOIO MOJIs, Ha COOT-
BETCTBYIONIMIA JEHCTBUTEIBHOCTH MPUHIAII,

aro divT = M, yi (2) oxazanoch BO3MOXK-

HBIM HE TOJBKO CHSTH «3JICKTPOMArHHUTHBIN
napasiokC», HO M PElINTh MHOTUE TEOpETHYE-
CKHE TPOOJIEMbI 3JICKTPOANHAMUKH M TIpaK-
THUYECKHE 33]]a4M IEKTPOTeXHUKH [2]. Takum
00pa3oM, y4HTBIBasI MPOIYKTUBHOCTh MarHu-
TOAMHAMHUYECKOTO B3IJIsiAa (yHIaMEHTalb-
HBIX MPOOJIeM (U3MKU U TPU PEIICHUH JPY-
rux Tteoperndeckux [3] m TexHuueckux [4]
3aJa4, MOXXHO HAJIEAThCS Ha aHAJIOTHYHYIO
NPOAYKTHBHOCTD U NPU PAaCCMOTPEHUH HEKO-
TOPBIX W3 MHOTOYHMCICHHBIX aCIEKTOB (yH-
JaMEHTAJIBHOH TPOOJIEMBl  CTallMOHAPHOTO
TeOMarHeTu3Ma, Cpeid KOTOPBIX IEPBHYHON
MPENCTABIISICTCS €ro MPOUCXOXKICHHUE.

2.MarHuToqHaMHYecKast
NPUPOJIBI FeOMarHeTu3mMa

K Hacrosimemy BpeMeHH Teo(pu3uKa
HAaKONMJIa O MarHeTusmMe 3eMJI OTrPOMHYIO
uH(popMaIu, OoybIIas 4acTh KOTOPOH I0-

MOACIIb
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JlydeHa B HOBEUIIMI TMEpUOJ HCCICIOBaHUMN
KOCMHYECKOTO TPOCTPAaHCTBA IYTEM HEMO-
CPEICTBEHHBIX MHCTPYMEHTAJIBHBIX HCCIEA0-
BAaHUU C TOMOUIbI0 KOCMHUYECKHUX JIETATENb-
HBIX aNlapaTroB, HO TOCTPOUTH OOILIENpH-
3HaHHYIO TEOPHUIO O MPOHUCXOXKIEHUU MarHe-
TU3Ma 3eMiH 1oka He yaaéres [5].
CpaBHeHne (aKkTOpPOB, COIYTCTBYIO-
IMX 3€EMHOMY MarHeTU3My U MarHeTU3My
naHeT COJHEYHOW CHCTEMBI, BBISBISET B
KauecTBE HEMPEMEHHBIX OJHOBPEMEHHOE Ha-
Iaue atMocdepsl U 3aMETHOIO CYTOYHOTO
BpallleHUs IUJIaHEThl BOKPYT cBoel ocH. Tak
Hanpumep, Benepa, o0mangast MOIIHOH aTMO-
cdepoif, HO IPU CKOPOCTH BPAIICHHUS BOKPYT
CBOEH OcH BCEro oAuH 00OPOT 3a CBOW OIMH
COJIHEYHBIH T0J1 3aMETHOTO MarHUTHOTO TMOJIA
He umeeT. Bmecre ¢ Tem, Mepkypuid, nmes
BECbMa Pa3pEKEHHYIO TelIMeByI0 aTMocdepy,
HO BpaIlasich BOKPYT CBOM OCH CO CKOPOCTBIO
BCEro JIMIIb B TP 000pOTa 3a CBOM /IBA COJ-
He4YHBIX Toma , mo3pomun KJIA «Mapunep-
10» (1974 r.) oOHapy>KUTh CBOH MarHETH3M.

Takum oOpa3om, Bcsi HakoruieHHass HHGOp-
Maiyst 0 MarHetusme 3emid u 1utaHetr Con-
HEYHOH CHCTEMBI MO3BOJIET C MAarHUTOIMHA-
MHUYECKUX TOo3uImi [6] mpeamonoxuTs aBa
MexaHu3Ma O00pa3oBaHHMS TE€OMAarHeTH3Ma:
KOJIBIIEBBIE DJIEKTPUYECKUE TOKU BCIIEICTBHE
CYTOYHOTO BpallIEHHs SJEKTPHUYECKHUX 3aps-
JoB atMoc(epbl U 3apsioB B Heapax 3eMin
[7], xoTopbie HEOOXOAUMO paccMOTPeTh 0O-
Jiee IeTaIbHO.

2-1. MaruuTocdepa 3emau

He BocmpomsBoas 3mech cXeMbl H3
craThu aBTopa [8], mpexcTaBUM OMHCaHHYIO
cxemy puc.l u puc. 2, mo3Bossone 6oiee
JeTaJbHO YBUAETh PACHpEAeieHUe 3JEKTPH-
9YecTBa B DJIEKTPHU30BAHHBIX 30HAX MOHOC]E-
pol 3emnu. Ha puc. 1 nmokaszan Bua cOoky Ha
aTMocepy 3eMiH ¢ 3JIEKTPU30BAHHON 30HON
C HOYHOH CTOPOHBI BOKPYT TEHH 3eMId, a Ha
puc. 2 uzobpaxeH Bua A-A puc. 2, TO ecTh
B3MJIL Ha aTMocdepy 3eMiu C HOYHOH CTO-
POHBL.

Ha stux puc. 1 u puc. 2 0603HauCHBI:
3 — 3emns, (U - HampaBJIEHHE BpalleHUs
3emi BOKpPYT CBOEH OCH, M U N - HWKHUE U
BEPXHHME TPAHUIBI DJICKTPU30BAHHON 30HBI C
HOYHOH CTOpPOHBI, & U D — BHYTpEHHHE H
BHEILIHHE TPaHULBI SJIEKTPU30BAHHON 30HBI C
HOYHOH CcTOpOHBI, K 1 | - BHemHNE rpaHuULbI
JJEKTPU30BAHHOM 30HBI C HOYHOM CTOPOHBI
Mo cedeHuto M-N. M3 3tux u3obpakeHUH Ha
puc. 1 u puc. 2 5CHO, 4TO 3JEKTPU3OBAHHAS
30Ha C HOYHOW CTOPOHBI aTMocdepsl 3eMin
MPEACTaBIACT COOOH KOJBIO BOKPYT LMJIMH-
Jpa TeHU 3eMJIH, pa3Mepbl KOTOPOro MOXKHO
0003HAYNTh BEIMYMHAMU: IIUPUHA Konbla: h
=M - N, paguanbHas TONIIMHA CTEHKH KOJIb-
ma: S = a — b, ronmmua creHku Kombna 1Mo

ceuennto M - Ny = k — |. Tak kak cMmerenue
JMOO0r0 CEeYeHHUsl STOH KONBLEBOW 3JICKTPH-
30BaHHON 30HBI OTHOCUTEIBHO OCH BpalleHUs
3eMlld OMpeAensieTcs JUHEHHOU CKOPOCTBIO

1o: Vi = a)Ri (3), rme Ri — paguyc Bparie-
HUSI JaHHOTO CEYCHHS DJICKTPU30BAHHOH 30-

HbI, TO MOXHO BBIYHUCIIUTH BCIIMUYUHY IIHUPOT-
HOro TOKa JAaHHOTO CCYCHUS SBJICKTPHU30BAH-

dQ;

HOM 30HEI. Tak kak Is Ii =—

dt

JJIA i - Toro ceuenus KOHLHCBOﬁ SJICKTPU30-
BAaHHOM 30HBI HaaO0 BBIYHCINTH KOJIHYCCTBO

3IIEKTPUYECTBA dQI = pAZASi (5), Bpa-

marmerocs Ha I[aHHOﬁ IKUpPOTEC BOKPYT OCH

(4), o
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BpaleHus 3emiH, rae O - o0bEMHas IIIOT-
HOCTh DJIGKTPUYECTBA B DJICKTPU3OBAHHOU
soue tomumuoi AZ W miomanpo ASi i -

TOT'O CEUEHHUsI, KOTOPOE MOXKHO BBIPA3UTh Ye-
pe3 MPUHATHIE HAMU BBIIIE pa3MEpPbl KOJbIe-
BOM 3JIEKTPU30BAHHON 30HBI C HOYHOM CTO-
pPOHBI aTMocdepbl Semiu:

ASir = ASM =sh - JUISL paJdalibHBIX Ce-
YeHUH U ASip = ASk, = yh - U TIEpU-

(hepUiHBIX CEUeHMI KOIBIICBOM 30HBI IO M -
n. Takum 00Opa3zom, Jyis TH0O0TO pPaTUaTBHOTO
CCUCHHUS KOJBIICBOM 30HKI MO & - b Benuunna
IMIUPOTHOTO MOHOC(HEPHOTO TOKA MOXKET OBITh
BBIpaXKCHA:

d(pAzAS;, )  d(pAzsh)

" dt dt ©

AHAJIOTHYHO BBIpAXKAaeTCd W BEIWYMHA IIIH-
POTHOT'O MOHOC(EPHOTro TOKa JIFOOOro Mepu-

(GepuiiHOro  ceueHMs  KOIBLEBOM  30HBI
_d(pAzAS, ) d(pAzyh)
* dt dt

Tak kak u3 puc. 1 u puc. 2 04eBUAHO, YTO 2 S
- JBa pajauaibHBIX cedeHus (¢ BedepHeill u
YTpPEHHEH CTOPOH 3eMJiIn) HOHOC(Ephl BMECTE
MEHbIlIe Kaxkaoro u3 Y - nepudepuiiHbIx
ceyeHHH MOHOC(Ephl MOYTH Ha LENbIH JHa-
MeTp 3eMiIH, TO ¢ Y4€TOM peajbHBIX pazMe-
poB Marautocgepsl 3eMid BeTUYMHA KOJIH-
YecTBa JJIEKTPUYECTBA o (5):

iny = PAZAS;, xaxoro 3uaxa nepude-
PHIHBIX 30H ASip =AS,; = yh npesoc-

XOAWUT BEINYMHY KOJIMYECTBA JJIEKTPUYECTBA
dQ;, = pAZAS;
ASir = ASM =sh MHOTOKpaTHO. Taxkum

paauaIbHBIX 30H

o0pa3oM, U3 HamMXx cxeMm Ha puc. 1 u puc. 2
COBEPIICHHO SICHO, YTO BCErla paIualbHOe
CeYeHHE KOJIBIIEBOM JICKTPU30BAHHOM 30HKI S
= a — b MHOrO MeHble TepUQepHIHOTO Ce-
YeHHs 9TOi 30HBI Y = K — |, moaTomy cpaBHe-
Hue BeipakeHuid (6) u (7) mpUBOAUT K OJHO-
3HAYHOMY _68b16800Y 0 «08yeopbou» [5] epagu-
yeckou sasucumocmu_seaudunvt H (x, y) -
MACHUMHOU _HANPAJICEHHOCIMU _Om__2eomae-
HUMHbIX KOOPOUHAM 8 CYOMPONUYECKUX nosi-
Cax, NOHAMb KOMOPYIO HA _OCHOBE COBPEMEH-

HbIX_2e0pu3u4ecKux npeocmasieHusx Heeos-
MOJICHO.

Bonee Toro, u3 mpuBenCHHOW OLEHKH
KOJTMYECTBa 3JIEKTPHUYECTBA HMOHOC(EPHBIX
30H Pa3IMYHBIX MIUPOT MOKHO TaKKe 3aKITI0-
YHUTh, YTO MO KaXKJOW MHMPOTE TPOIMHUIECKOTO
nosica MpOTEKaeT JBa - BEYEPHUH U yTPEHHHHA
- HOHOC(EPHBIX AIEKTPUUECKUX TOKA, TO €CTh
paszieneHHbIe BO BPEMEHH, MOITOMY HX 00-
1iee MarHUTHOE T0JIe MEHbIIE WX ainredpau-
YEeCKOM CYMMBI, YTO JIOMOJHHUTENLHO OOBsC-
HSET HE TOJIBKO HAIl BBIBOI O «ABYTOpOOi»
rpau4eckoil 3aBUCHMOCTH Benu4yuHbl H (X,
y) - MarHUTHOW HANpSDKEHHOCTH OT TeoMmar-
HUTHBIX KOOPAMHAT B CYOTPONMMYECKHUX IOS-
cax, HO U MOSACHSET NMPUYUHBI CYTOYHBIX KO-
neGaHuid BETMYMHBI MATHUTHOTO TIOJISl B yKa-
3aHHOM MOsiCe IHPOT [5].

2-2. BuyTpenHue reocgepbl 3emin

B nocnennue pecstunerusi XX Beka
CeCMOJIOTMYECKHE HCCIIEIOBAHMS METOAAMU
MPONOJBHBIX M TOMEPEYHBIX CEHCMHYECKHX
BOJIH TO3BOJNMJIM COCTaBUTH KapThl CEHCMU-
YeCKUX aHOMaJHM{ AJsl Pa3luYHbIX TITyOuH-
HBIX Ha ypoBHEW Hamied 1utaHeTsl. PyHna-
MEHTaJbHbIE pa0OThl aMEPUKAHCKUX CEHCMO-
JIOTOB BO Ii1aBe ¢ AnmamoM J[3eBOHCKHU MOKa-
3aMM M3MEHEHHsS] CEHCMUYECKOW KapTHHBI,
CBsI3aHHBIE ¢ IIyOnHOM Teocdepsl [9]. Paznu-
9isi B CECMUYECKUX XapaKTEPUCTUKaX Ieo-
cdep, mpencraBIeHHbIE Ha pUC. 3, XapakTe-
PU3YIOT pa3inyMs CKOPOCTEH CECMUYECKUX
BOJTH B COOTBETCTBYIOIIMX 30HAaX, B CBOIO
oyepesp 0TOOpaKkaloT M Pa3INyus 3TUX 30H B
UX (U3MYECKUX CBOIMCTBAX, MHHEPAILHOM
cocTaBe, HaNpsHKeHWH aedopManud U T.1I.
st mnmrocTpanuu CBA3M 3HAYEHUH celcMu-
YECKUX CKOPOCTEH B 30HAX MaHTHU C (H3H-
YECKUMH CBOMCTBAMH COOTBETCTBYIOIIMX IO-
POA 371eCh MOXKHO TPUBECTH MHOXECTBO JOC-
TOBEPHBIX (PAKTOB W3 YKa3aHHOH (yHIameH-
TabHOM padotsl [9] u ap.

VYuuTeiBas Teneph B CBSA3U C YIOMSHY-
TBHIMUA H JIp. 3aKOHOMEPHOCTSIMH YIIOPSI0YH-
BaHUS CTPYKTYP MaHTHHHOTO BeEIIeCTBa 3eM-
JIM TIOA IeMCTBUEM JIaBJIICHUI Ha pa3HBIX IiIy-
OWHHBIX YPOBHSX, MOXKHO 3aKIIIOYHTH, YTO B
Helpax Halled IUTaHeThl Ha Pa3JInYHBIX I'eo-
cepax B COOTBETCTBHHM C BBIBOJAMHU Ceiic-
MHUYECKOH TOMOTpa(uH JIOKaTU30BaHBI 30HBI
TIOJIOKHUTENBHOTO (CKaTHE) U OTPUIIATENBHO-
ro (pacTshKeHHe) IICKTPHYECTBA.
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Puc. 3. (Puc. 5 no [9]) [Ipumeps! pacnpeneneHnsl CKOPOCTHBIX aHOMAJIUI B MAHTHU 3€MITH 110
pe3ynbTaTam ceiicMideckoi Tomorpaduu Ha pa3IMdHbIX TIIyOnHaxX: a — rmyOuHHBIH ypoeHbs 900 K,
6 - 1750 kM, B - 2600 kM. bernble 1 uepHbIe y4acTKH Ha MO3UTHUBE COOTBETCTBYIOT N3MEHEHUSIM
celicMuuecknx ckopocreit ot - 1,5 % 1o +1,5 % 1o oTHOIIEHHUIO K CPEAHNM 3HAYEHHSIM JUTSI Teocdepsl Ha
JITAHHOM TITYOMHHOM YpOBHE.

Takum 00pa3oM, B KauecTBE BBIBOJNA
M3 BCEX BBINIC IEPEUYUCICHHBIX 00CTOS-
TEINBCTB B TIIYOMHHBIX Treocdepax 31ech
BITOJIHE 00OCHOBAaHHO MOXHO 3aKITIOYHTh, YTO
BMECTE C CyTOYHBIM BpaIllCHUEM HaIllel Tia-
HETHI COBEPIIAIOT KPYTOBBIC ABMKCHUS U BCEC
ANIEKTPU30BaHHBIC 30HBI B €€ HeJpax, TO €CTh
Bce reoc)epbl HE3aBUCHMO OT CBOUX pajuy-
COB, XapaKTEpOB W HMHTCHCHUBHOCTEH CBOMX
AHOMAaJIMI CO3Jaf0T CHUCTEMbI KOJBI[EBBIX
ANEKTPUYECKUX TOKOB PAa3IMYHBIX BEIHYUH U
HaIpaBIICHUH, KOTOPHIC OMPEIENISIIOTCS KOH-
KPETHBIMU 3HAYCHUSMH KOJHMYECTBA JJICK-
TPUYECTBA M PajJiiyca TPACKTOPUHU BpaIllCHUS
KaKJIOM 37EKTPU30BAHHOM 30HBI KaXOU reo-
chepbl BCeX TIIYOMHHBIX YpOBHEH 3eMiH,
co3jaBasi  COOTBETCTByIoImmMe 1o  (2)

leT = ﬂoﬂl IOJIA MAarHUTHOI'O HaTsXKC-

Husl. OO0bennHss Temeph STOT HAll BBIBOJ C
BBIBOZIOM BBIIIIE 110 M. 2.1 0 MIMPOTHBIX HOHO-
cepHBIX AIEKTPOTOKAX, MOXKHO C(hOpMYIH-
pOBaTh Halll OTBET Ha BOIIPOC O MPUPOAE Ieo-
MarfHeTu3Ma. MarHuTHoOe mojie 3emiu oOpa-
30BaHO U TOJJIEPKUBAETCS B CTALlMOHAPHOM
COCTOSHMM Onarojapsi IBYM TJI0OOAIbHBIM
CHCTEMaM KOJIBIEBBIX 3JIEKTPUUECKUX TOKOB!
HIMPOTHBIM B HOHOc(epe U reochepHBIM B
HeIpax IUIaHEeTHI.

[Ipu 3TOM HEOOXOAUMO TOAYEPKHYTH,
YTO 3JIEKTPU30BAHHBIE 30HBI Pa3IMYHBIX 3HA-
KOB B MOHOC(Eepe CMEIIAIOTCd OTHOCUTEIBHO
MTOBEPXHOCTH IUIAHETHI B MPOTHBOIOIOAKHOM
BpallleHHI0 3eMJIM HampaslieHuIo, a reocdep-
HbIE JIEKTPU30BAHHBIC 30HBI TAKXKE pas3ny-
HBIX 3HAKOB JABMXKYTCS IO OOIIEMYy HalpaB-
JICHUIO BpauieHust 3emu. Tak Kak Hampasiie-

HUS MarHUTHBIX TOJIEH 3JIEKTPUYECKUX TO-
KOB, CO3/IJaHHBIX JIBKCHUEM OTPHIIATEIBHBIX
U TIOJIOKUTEIBHBIX SJICKTPUYCCKUX 3apsjoB
MIPOTUBOIIOJIOKHEI, ¥ TMPOTUBOMOJIIOKHEI Ha-
MpaBJICHUS] JBUKCHUN WMOHOC(EPHBIX U IIH-
POTHBIX AJICKTPU30BAHHBIX 30H, TO HUCXOJ U3
(hbaKTHUECKOTrO HAIPaBJICHUS MarHUTHOTO II0-
751 3eMJTH, MOXHO OTMETHThH MPEHMYIIECTBEH-
HBIH BKJIAJ B 0OOIlee MArHUTHOE TOJIEC HAaIIeH
TJTAHETHI JJICKTPUYECKUX TOKOB 3a CYET IIH-
POTHBIX JBMKCHUI OTPUIIATEIILHO AJIEKTPU30-
BaHHBIX 30H HOHOC(EpPHl M TOJIOKHUTEIBHO
AIEKTPU30BAHHEIX 30H reocdep 3emuu. Harmm
BBIBOJIBI 0 T 2-1 W 2-2 MOATBEpXIAIOTCS U
pe3ynbTaTaMd MOHHTOPHHTA METEOPOJIOrOB 3a
obpazoBanueM TopHano B CeBepHON AMepHKe,
O]l TIOBEPXHOCTHI0 KOTOPOH MAarHUTHBIE I10-
ponsl B BUAE (DyHIAMEHTANBHBIX TWMT Kop-
JUTHEP BBIXOIAT ONMKE K MOBEPXHOCTH 3EM-
JIY, 4eM B Jpyrux obnactsx cdepouaa 3emi,
9TO0 OTYETIMBO BUAHO HA puc. 4 (¢ur. 8 mo
[9]) u puc. 5 (pwur. 21 o [9]):

Puc. 4. (pur. 8 no E9])
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o
~

Puc. 5. (pur. 21 no [9])

Jpyrumu  cioBamMH, Mariur 3emMild
BpaIaeTcsl DJKCIEHTPUYHO, HMes paguyc
BpamieHuss B CeBepHOoil AMepuku Oomblue,
4yeM paJuyc BpalleHus, Hampumep, B Tubere
u ap. obnacreii cheponna 3emnu. B kauectBe
CIIEZICTBHUSI TAKOM JKCIIEHTPUYHOCTU Bpallie-
HUS MarHuTa 3eMJIM 3JIEKTPUYECKOE MOoJIe 10

E= kla)RB (8) [3], xoropoe co3mano Bpa-

MICHUCM Mar"HuTa BOKPYT cBoei ocu, Ipu

RKOp()uﬂbep ~ RTu6ema MMeeT OOJBIIIYIO

HanpsbkeHHOCTh BOMM3M  CeBepHbix  Kop-
ounsep, yeM Ha Tubere, HEMOCPEICTBEHHO
CKa3bIBAsCh Ha YCIOBMSX 3apOKJIEHHUS U pac-
MPOCTPaHEHHsI TOpPHAAO. TakuM 00pazom,
MarHUTOIMHAMUYECKUH B3TIISA]] HA TPOOIEMBI
reoMarHeTu3Ma II03BOJIMJ HaM 3J7leCb HeE
TOJBKO C(OPMYIHPOBATH LENBIA JIECSITOK
MPUHIIMITAATHHO HOBBIX BHIBOJIOB M TIOJOXKE-
HUH O IPUpPOJE T€OMarHeTu3Ma, Ha M yKas3arhb
Ha ero (yHIaMEHTaJbHBIE CBOKMCTBA, KOTO-
pbie OBIJIO HEBO3MOXKHO YBHIETH Ha OCHOBE
CTaphlX TPENCTABICHUN, OCHOBAaHHBIX Ha
JIOTME O pa3/eNnbHOM MPUPOAE MarHeTU3Ma U
anekTpuuecTBa. OTMEYEHHOE OOCTOATENBCT-
BO U YTBEP)KJAET IPaBOMOYHOCTh MarHHUTO-
JTUHAMHUYECKOT0 MOAX0Ja IPHU HCCIENOBAHUN
npobJeM reoMarHeTH3Ma.

3. TeomarHuTHBIE  MEXaHH3MbI
IKOJIOTHYECKUX TOCJIEeACTBUH
COBpEeMEHHOi PaKeTHO-KOCMHU1eCKOMH

HAeATeTbHOCTH
[IpunepxxuBasce 3/1ech NOHATHI U OI-
peleieHnii MarHUTOIMHAMUKH [2], MOXHO

OTMeTHTb, uTo BekTop-pynkmms || I | Ha-

TSDKCHHMS MarHUTHBIX ITOJICH KOJIBIIEBBIX TO-
KOB, CO3JaHHBIX IBHXXKCHUCM FeOC(l)CpHBIX u

HOHOC(EPHBIX DJIEKTPU30BAHHBIX 30H B IMPO-
[[eCCe CYTOYHOr0 BPAIICHUS 3eMJIM, OPUCH-
THPOBAHA HOPMAJIBHO K CBOMM TOKam, SB-
JISTFOIIUMHUCS «MOHOTOJSIMU» MarHETU3Ma 110

(2): divT = ,uo,ui . Benencreue sToro mo-

JOXCHMA M Ha OCHOBAHMM IPHUHIMWIIA IIO:

T= —gradH (X, Y, z) (8) nanpsxennocts

H(X, Y, Z) MarHuTHOIO MOJISI B JICHCTBU-

TEIBHOCTH SIBJISETCS BENMUYMHONW CKaJSPHOM,
a €€ CUJIOBBIE JIMHUM - 3TO 3KBUIIOTEHINAIb-
HbI€ JIMHHMH, KOTOpBIE B TPEXMEPHOM IpO-
CTpaHCTBE OOpa3ylOT CJIOXHBIE DKBUIIOTEH-
LAAJIbHBIE TOBEPXHOCTH B MOJIIX MarHUTHOIO
HaTshkeHHd. Paszymeercs, Ha OCHOBaHMM Of-
HOTO W3 OCHOBHBIX MNPHHLMIIOB JAWHAMHUKU
cucrem JI,Anambepa — Jlarpamxka, o3Hauaro-
LIETO, YTO JAEHCTBYIOUIME HA Ka)XAylH TOUKY
CHCTEMBI aKTHBHBIE CHJIBI M CHJIBI PEaKIUi
BCEBO3MOKHBIX CBSI3€H IONHOCTHIO KOMIIEH-
CHUpOBaHbl CHUJIAaMM HMHEPLUH, TO €CTh!

n
Z(Fia —m;w, )5ri =0, (9) rze OF; -
i=1

BEKTOPHl BO3MOXKHBIX TIEPEMEIICHUH TOYeK
CHCTEMBI, HEOOXOAMMO OTMETHUTh HENpeMEH-
HBIM YCJIOBHEM CTallMOHAPHOTO COCTOSHUS
T€OMAarHUTHOTO TOJS BBIIOJHEHUE 3TOTO
TpedoBanus (9) nuHamukwu. [IpencraBum cede
OKOJIO36MHOE€ KOCMUYECKOE IPOCTPAHCTBO
KaK Ha pUCYHKe 6, rie oOJIacTH DIIEKTPU30-
BaHHBIX 30H MOHOC(]EpHI J1I000H MONsIpHOCTH
0003HaYMM OENBIM LBETOM, YTOOBI HATJSIHO
cebe Oxonozemuoii Kocmoc mpencraButh
MPOXOXKICHHE AKTUBHBIX YYaCTKOB TPAaEKTO-
puit 3anyckoB KJIA ¢ xkocMoznpoMoB, pa3zme-
HICHHBIX B JKBAaTOPHAIBHBIX M YMEPEHHBIX
LIMPOTaXx.

Puc. 6. Oxonoszemuslii Kocmoc
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BcrmoMHEM 371€Ch, YTO BCE HAIIMOHATb-
HBIE  KOCMOJPOMBI [10]: Batikonyp
(43°c.u.,80°8.11.), Kanycrun Sp
(47°c.m.,32°8.11.), Ilnecenx (65°c.mr.,40°B.1.),
CBoboansiii (50°c.mr.,126°8.1.), KanaBepamt
(28°c.m1.,82°3.11.), Bammen6Oepr (28°c.ur.,128°
3.1.), Wyanrenmssr (41°c.ur.,100°8.1.), Taii-
roanp  (38°c.ur.,112°8.1.), Cuuan (28°c.mr.,
102°8.1.), Karacumo (45°c.u1.), Taneracumo
(44°c.m.), Wlpuxapuora (13°c.ur.,80°8.1 ),
Msic Hopk (12%o0. 1), Kypy (5°. m.) u gaxe
HEPeIBIDKHBIE ~ KOCMOJPOMBI  IUIaBYYHE
«Omuccen» u nerydne «PycnaHb» mpeanoy-
TUTEIBHO 0a3HPYIOTCS MOOIMKE K SKBATOPH-
QITBHBIM [IHPOTAM.

3-1. N3meHnenus KOJHMYeCTBAa
JJIEKTPUIECTBA noHoc(epbl nocJie
3anyckoB KJIA

YToOBl OLIEHUTh U3MEHEHHE KOJTHYEeCT-
Ba 3JIEKTpPUYECTBA AQi | —mou »>nextpu-

30BaHHOI 30HBI, CXEMaTU4HO M300paszum [6]
KaK Ha MPUBEICHHOM HIDKE puc. 7, Te 000-
3HaueHo: O — ToYKa 3almycKa pakeTsl HOCUTE-
na KJIA na moBepxHoctu 3emiu, Oj-Touka
BXOXJEHUSA aKTUBHOI'O Yy4YacTKa TPaeKTOpUHU
KJIA B nonocdepy cuuzy, O,- Touka BeIXOAA
aKTUBHOTrO yuyacTka Tpaekropuu KJIA u3 no-

Hoceps! cBepxy, AB u CJ] — obmactu kaHa-
J1a MOHU3UPOBAHHOI'O ra3a BOKPYT aKTUBHOIO
ydacTka Tpaektopuu KJIA Ha BXone U BBIXO-
Ile U3 MOHOC(ephl COOTBETCTBEHHO, A;B; u
C1/1; - HOpMauBHBIE TIpOeKIUK obiiacTeit AB
u CJ1 Ha moBepxHocTh 3emin, A,B; - TeHeBas
MPOEKIUS y4acTKa a-B BEPXHETO CJIOS HOHO-
cdepbl Ha TOBEPXHOCTh 3eMJIH Yepe3 00JacTb
AB B HIXKHeM citoe HOHOC]EpBI. 3HAKU HJIeK-
TpUUeCTBa CIIOEB HMOHOC(EpHl IMOKa3aHbl B
COOTBETCTBHMHM CO CXEMOM YIOMSHYTOM CTaTbU
[6]. Jns oumeHKM W3MEHEHUS KOJIMYECTBA

snextpuuectsa AQ, 1 —mou snexrpuso-

BaHHOM 30HBI Ha pHC. / HEOOXOAMMO OOpa-
TUTh 0c000€ BHUMAaHHUE Ha TUIOLIAb CEUCHHS
KaHajla MOHM3UPOBAaHHOI'O Ta3a BOKPYI ak-
TUBHOTO yuyacTka Tpaektopuu KJIA B moHo-
cepe 3emuH, KOTOpOe MHOI'OKPAaTHO Mpe-
BOCXOJIUT TUIOIAAb CEUYEHHs] PEaKTUBHOU
CTpyH U3 comen pakeTsl — Hocutens KJTA, Tak
KaK TeMmIepaTypa W JaBlI€HHE B PEaKTUBHOU
CTpye mocie €€ UCTEUEHHsI U3 COIeN PEeBOC-
XOAMT 3TH MapaMeTPhl B OKpYXKaroIield HOHO-
cdepe Ha MHOTO MOPSIIKOB. 3HAKH DIIEKTPH-
4yecTBa CIOEB MOHOC(EPHl MOKa3aHbl B COOT-
BETCTBHU CO CXEMOH yITOMSHYTOH cTaThh [6].

K14
Q o _ —=
T T e p e — ——
\\ ‘/r’ ’ ,/ -
g o nocspepra.
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: 4 6 8 €eareeq
Puc. 7.

JI1s OLEHKM W3MEHEHHs KOIMYecTBa
onextpuaectsa AQ; | —motl snexrpuso-

BaHHOM 30HBI Ha pHC. / HEOOXOAMMO OOpa-
TUTh 0c000€ BHUMAaHHUE Ha TUIOLIAb CEUCHHS
KaHajla MOHM3UPOBAaHHOI'O Ta3a BOKPYI ak-
TUBHOTO yuyacTka Tpaektopuu KJIA B moHo-
cepe 3emiuH, KOTOpOe MHOI'OKPAaTHO Mpe-
BOCXOJIUT TIUIOMAAb CEUYEHHsI PEaKTUBHOU
CTpyH U3 comen pakeTsl — Hocutens KJIA, Tak
KaK TeMmIepaTypa U JaBlI€HHE B PEaKTUBHOU
CTpye nocje €€ UCTEUeHUs U3 COIeN IpeBocC-
XOAMT 3TH MapaMeTPhl B OKpYXKaroIield HOHO-

chepe Ha MHOTO mopsaKoB. [Ipu mmorHOCTH
3apsKEHHBIX YacTHI] MOPSIIKa 10° 1/em® u ux
JIMHEHHON CKOPOCTH CYTOYHOTO BpAICHUS
BMmecTe ¢ 3emieit mopsaka 0,5 xkM/cek 3To
M3MEHCHHUE KOJIHMYECTBA DIICKTPUYECTBA IMPH-
BOJUT K WU3MEHCHHUIO BEIMYMHBI IIMPOTHOTO
nonocepnoro toka Ha MA! TIpencraBum
cebe B OTOM CBE€T€ H3MEHEHHE CHI IO

fi = T(| iAI) (9) [6] B wmarauTochepe
3eMiIi ¥ BCOMHHM, HallpUMep, KaK OT TPOM-

KOr'o BO3rjiaca B ropax CABUIalOTCA CHCIKHBIC
JIaBHUHBEI, BI:ICB060)K)_Ia$I CBOIO OJHCPTHUIO Ha
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paspyuieHue Bcero Ha cBoéM mytu! [IpsMbeiv
(haKTUYECKUM TOATBEPXKICHHEM OTMEUEHHO-
TO BBIINIE OOCTOSTEIBCTBA SIBIISIOTCS PE3YIIb-
TaThl MOHUTOPHHTa HWOHOC(EpHl cHucTeMon
I'JIOHAC, kak 06 3TOM coobmaer Ha cTp. 8
akamemuyeckoil raszersl IIOMCK Ne 51 ot

- BcAM caeAUTS 32 ec cocTORHW- | ™
€M, TO HU OAMH 3aITyCK KOCMMYe- |
cKoro Kopabaf, pakerw, CIyTHM- ||
Ka He OCTAHCTCA HE3AMEICHHHM.

la

o e o o st e

HmenHo monoOHBIE CHTyalluu IO3BO-
mamn H. ®. Peiimepcy [11] 0000muth «...
JUIS1 SHEPTeTHUECKUX MPOLECCOB UM BO3JEH-
CTBHA Ha HUX IOPOT «CITYCKOBOTO KPIOYKa»
win TpurrepHoro 3¢dexra (Hanpumep, npu
HaBeIeHHBIX 3emierpsicenusx (1)) cocraBiser
10°-10® pa3 or HaGmonaeMoii HOPMBI FHEp-
TeTHYECKOr0 COCTOSHMS...». Ocoboe BHUMa-
HUE Ha puc. / oOpamiaeT paBHONPaBHOCTH
HanpaBJIeHH 00pa30BaHUS KPUBOIWHEHHOTO
nummHapa O; — O, depe3 cioil noHOC]epBI:
cHu3y BBepx (3amyck KJIA) wim cBepXy BHU3
(mocanmka KJIA), Tak Kak peakTUBHBIC CTPyH
pacKkaleHHBIX Ta30B U3 COMJa PaKeThl-
Hocutens npu 3amycke KJIA unm m3 comen
peakTUBHBIX ABUrarteneil TopmoxxkeHus KIIA
IpH TOCajKe B ONUHAKOBOW CTENEHU Hapy-
LIAI0T CJI0M MOHOC(EpBI, U3MEHSISI IULIb OYe-
pEemHOCTh 00pa3oBaHUsl  AIEKTPH30BAHHBIX
oOJyracTeil Ha TTOBEPXHOCTU 3eMITH TOJ OCHO-
BaHUSIMH 3TOr0 LUIMHIApA. JlaHHBIH BBIBOX
(aKTHYECKH TONTBEPKIACTCS NPU KaXKIOM
peiice KJIA tuna HIATTJI, mocneguuii u3
KoTtopeix «JluckaBepm» Ne 35 3amymieH Ha
opbuty k MKC 31. 05. 2008 ¢ mpica Kanase-
pan u mocaxeH tam xe 14. 06. 2008. 3nmech
TOJBKO HAIlOMHIO CBEJCHUS M3 HHTEPHET-
caiira http://www. americanru. com/ mereo-
cBenenus: 3atuxuee nocie 12. 05. 2008 3em-
nerpsicenue B npoBuHimu Ceruyanb (KHP)
BHe3anHo Bo30o0HoBMIIOCHL 03.06.2008, noctu-
ras Mmarautyz no 7 6ammos 05. 06. 2008. cu-
JETeNLCTBYSl O BO3MYILEHUU MarHUTOC(]epbl
3emnu 3amyckoMm «JluckaBepu» Ne35, a MHO-
TOYHCIICHHBIE METEOCOOOIIEHNS O HEBHJIAH-
HBIX HaBOJAHEHHSIX B JonuWHE Muccypu U B
BOCTOYHBIX IITaTax MHAWM TOCIE MOCAIKu
«duckaBepu» Ne35 monTBepxkmaioT oOpaso-
BaHUE JIBYX MOIIHBIX JOMOJHHUTENBHBIX IH-

LA F L A VLR L

21.12. 2007, oTkyma CKaHUPOBaHBI IpPUBE-
JIeHHBIC HWXKE BBIBOJ M puc.l, Ha KOTOpOoM
OTYETIIMBO BHIHO Ha TOPSOOK-ABa M JIaXKe
TPH TPEBBIICHUE aMIUIMTYIbl «BO3MYIIIE-
HUS», K. . I. KOTOPOTO HE MPEBbILAeT A0I1
MPOLIEHTOB:

S07.1999, 32", Balanyy,
PH Mperom, CHUM

HA Hs us

KIIOHOB B armocdepe 3eMiIu aHaJIOTHYHO
yparanam 31. 08. 2005 «Katpuna» B CIIIA u
03. 09. 2005 «babouka» B Smonuu.

BriBonpr:

1. Ha ocHOBaHUU U3JI0KEHHOT'O MOXKHO
3aKIIOYNTh, YTO IUTAHETa 3eMIIsS CO CBOUM
MarHuTHBIM TIOJIEM TIPEACTABISET COOOH
MarHUTOIMHAMUYECKYI0 MAalliHy B CTaIlHO-
HapHOM pexuMe paboThl, KOTJa BCE DIICKTPH-
YECKHE TOKH I10 BCEBO3MOXKHBIM KOHTYpam
MEXKIy cOOOM CBSI3aHBI CHJIAMH JIEKTPOMAr-
HHUTHOI'O B3aUMOJICHCTBHSI.

2. Hama oneHka HM3MEHEHHS KOJIHMYE-

CTBa JJICKTPUYCCTBA AQi | —mou »nek-

TPU30BAaHHOH 30HBI 1O pPHC. 5 B CBOIO oOue-
penpb, 03HA4aeT, 4ToO NMpU BO3MYLIEHMH Mar-
Hutocdepsl nmocine 3amycka KJIA Bcnencrsue

HU3MCHCHHA Ha AQI KOJIMYCCTBA 3JICKTpHUYC-

CTBa Qi | — mMOU >1neKTpU30BaHHONW 30HBI

HOHOC(EphI, Yepe3 KOTOPBIH MpOJIeraeT ak-
TUBHBIA Y4aCTOK TPACKTOPHUU PAKETHl — HOCH-
Tenss KJIA, BBI3bIBas W3MCHEHUE BEITUYMHEBI
COOTBETCTBYIOLIETO KOJIBIIEBOTO TOKA U BE-
JIMYUHBl BHYTPEHHETO 3JICKTPUUYECKOTO IMOJIA
3emnd, cpa3y K€ TOpUBOIS K H3MEHEHUIO
ANEKTPUYECKUX CHJI MEXKAYy TreochepHbIMU
ANEKTPU30BAaHHBIMU 30HAMH, YTOOBI OOecte-
YUTh BBIMOMHEHNE BhIpakeHus (9), 3amyckas
TakuM 00pa3oM MeEXaHU3M 3EeMIICTPSICCHUN
JUTS. BBIMIOJTHEHUST (PYHIaMEHTAIBHOTO MOJIO-
JKEHUSI TMHAMUKH CUCTEMBI

n
Z(Fia —m;w, )5ri =0.
i=1
3. Takum oOpas3om, mocie 3amycka
KJIA B monocthepe 3emmnn obpaszyercs Kpu-
BOJIMHEHHBIA [TUIUHIPUYECKUNA KaHAT C OChIO
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0,0, mAMHONM B HECKOJBKO COTEH HIIM JaKe
THICSY KUJIOMETPOB, B 3aBHCHMOCTH OT KOH-
KpeTHbIX ycnoBui 3amycka KJIA, a ceueHue
3TOT0 KaHalla UCUUCIIETCS TaKXKe ThICT4aMu
KBaJpaTHBIX KuioMmeTpoB! DTo 3HAuYuUT, 4YTO
00béM KaHama HOHOC(Epb, B KOTOPOM pe-
KOMOHMHAaNNs HOHOB PacKalIEHHOro Ta3a peak-
TUBHOH CTpyH HapylmaeT paBHOMEPHOCTH
pacmpeneneHus 3JeKTPUUYECKUX 3apsioB Ha
3HAYUTEIBHBIA TIEPHOJ BOCCTAHOBIICHUS €€ 3a
cuéT POTOMOHU3ALUH U CBETOBOTO JaBIICHNUS,
WCUHCIIACTCS MUJUTMOHAMH KyOWYEeCKHX KH-
JIOMETPOB, TEM caMbIM oOecIieunBas 00paso-
BaHHE MUHUMYM JABYX NOMOJHHUTEIbHBIX IH-
KJIOHOB B aTMocepe 3emiu!
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GEOECOLOGICAL PROBLEMS OF PRESENT ROCKET AND SPACE
PERFORMANCE
Vertinsky P.A.
Usolie-Siberian, Russia

To date, the geophysics of the magnetism of Earth has great information, much of which
is obtained in the latest period of study of outer space by the direct instrumental research using
spacecraft, but to build on the theoretical basis of traditional theory of the origin of the univer-
sally magnetism of Earth have not yet managed to anyone [1].

Given the productivity magnetodynamic sight of a number of fundamental problems of
physics and the many technical challenges [2], one can expect the same productivity when con-
sidering some of the many aspects of the fundamental problems of the stationary geomagnetism,

among which primary to its origin.

Keywords: magnetodynamics, geomagnetism, space.
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