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HOCTOAHHOE MAT'HUTHOE NOJIE IIVTAHETBI 3EMJIA. .
HOBAS I'MIIOTE3A NPOUCXOXIAEHUA U ET'O TIPUBJIN)KEHHBIU PACYET

Buxnaoeno nogy zinome3sy eunukHenHs y naanemu 3emis, wio piGHOMIPHO 00epmMacmubcsa HABKO0 CBOET Oci, Oinoaapnozo no-
cmiiinozo macnimnozo nona (IIMII). Ha ocnogi yiei zinome3u 6uKOHAHO OUIHHUIL PO3PAXYHOK 2€0MAZHIMHO20 NOJIA | RPOBEOCHO
3iCMasneH A 11020 Pe3yIbmamie 3 6i0OMUMU eKCHEPUMEHMATbHUMU OAGHUMU. 3anpOnoHo6anull nioxio ¢ oonacmi izuku ceoma-
ZHemu3My 0036071Ué chopmynioeamu Ho8e HAYKOGe NPURYWIEHHA NPO NPAMUIL 36'A30K HaaeHocmi (8i0ocymuocmi) Ginonapnozo
IIMII y naanem (cynymHukie) coHauHOl cucmemu, wio 00epmaiomscs, 3 R00y008010 ix 6HympiuiHb0i cmpyKkmypu.

H3n0o1cena nosas zunomes3a 603HUKHOGEHUs Y PAGHOMEPHO 8PAMAIOWIEIICA 60KPY2Z C80€il OcU niaHemsl 3eMis GUNONAPHOZO NO-
cmoannozo mazuumnozo nons (ITMII). Ha ocnoge 3moit zunomesvt 6bINOJIHEH OUECHOUHBLIL PACYEM 2e0MAZHUMHOZ0 RO U HPOU3-
6€0eHO0 conocmasiienue e2o pe3yibmamos ¢ U36eCHbIMU IKCHEPUMEHMANbHBIMU Oannbimu. IIpednoscennslii nooxoo é oonacmu
Quzuku zeomaznemusma no360aun cHopmyauposamsy Hoeoe HAYHHOE NPEONOIOIHCEHUE 0 NPAMOU C653U Hanuyus (OMCYMCMmeust)

ounonsapnozo IIMII y epawarouguxca nnanem (CHymMHUKOB) CONHEUHOU CUCHEMbL ¢ ROCMPOCHUEM UX 6HYMPEHHEl CHPYKHYpPbl.

BBE/JIEHUE

3eMHOI MarHeTU3M HOCHT DJIOOAJbHBIA TUIaHEeTap-
HBI XapakTep W UMEET OTPOMHOE BIMSHHE Kak Ha OWO-
chepy (HampuMep, Ha CYIIECTBOBAHHE PACTUTEIHHOTO U
JKUBOTHOTO MHPOB), TaK ¥ Ha TeXHOC(epy (Hampumep, Ha
PaauoCBsI3b, BO3AYLIHYI, KOCMHUYECKYI0, HA3eMHYI0 U
MOPCKYIO HABUTAIIMIO W TEJIEBEIIaHWE) HAIleH IUIaHEeTHI.
Bumnonsiprass 0051acTh TOCTOSHHOTO MAarHUTHOTO TIOJIS
(IIMIT) cHapyxu mianetsl 3emist (puc. 1) coBMECTHO ¢
BBICOKOPA3psDKEHHON COJHEYHOW I1a3Moi ('COTHEYHBIM
BeTpoM") 00pa3yroT 3eMHYI0 MarHUTHOChepy [1].

Puc. 1. N300pakeHne ¢ OIMKHETO KOCMOCA TUIAHETHI 3eMIIs,
"Bo3pacT” KOTOPOH ucuucisercss okoio 4,5 MuuInapaa et
(cusiTO MeTeocryTHUKOM Meteosat, 3aBUCIINM HaJ AQPHUKOiT)

CocrosiHne NaHHOW MarHutocepbl pa3MepoM 1o
pamuycy nopsaka 7-10% kM BO MHOTOM ompejensercs
COJTHEYHOH aKTHBHOCTBIO, KOTOpasi MOXKET BBI3BIBATH B
Hell B 00JacTH BBICOKMX CEBEPHBIX ILUPOT IOSBICHHUE
MOJSIPHBIX CHUSIHUM M KPaTKOBPEMEHHBIX BO3MYILEHHH
MarauTHoro mois (mo 1 MxTn asms ero WHAYKINH) — Mar-
HUTHBIX Oypb [1, 2]. TlooTOMy OHIIOISIpHOE MAarHUTHOE
M0JIC TUIAHEThI 3eMJIS IPUOJIMKEHHO MOXKHO MPEICTABUTh
B BHUJIE CYNEPHO3UIHMH JABYX IOJIEH: NMPAKTUYECKH HEH3-
MeHHOTO BO Bpemenu [IMII, o0ycinoBIeHHOTO MCTOYHU-
KOM, HaxoISIIUMCS BHYTPH 3eMIId (6HympeHHUil uc-
MOYHUK MazHemu3ma), I U3MEHSIOIIETocs BO BPEMEHU
OIS, BBI3BIBAEMOTO CIIA0BIMH  AIIEKTPOHHO-HOHHBIMHU
TOKaMH, MPOTEKAIONIMMU BHE 3eMJIM B 00JIacTH €e Mar-
HUTOC(EPBl U HOHOCHEPHI (6HEUIHUII UCIOYHUK MAZHe-
musma). Onpenensiomel COCTaBISIIONIEH Ui Harps-
JKEHHOCTH TEOMAarHUTHOTO TOJs SBIAETCS Ta, KOTOpas
BBI3BaHA BHYTPEHHHUM HCTOYHHKOM €€ Maruermsma [2].
HeCMOTpH Ha TO, 4TO B MHUPC ABJICHHUIO I'€OMarHeTu3mMa
MOCBSIIIEH OONBIION 00BEM HAay4YHBIX HCCIEAOBAHUM WU
Hay4yHOH nutepaTypsl [1-3], mo MHEHHIO aBTOpa, M0 CHX
HOp B 9TOM 00Jy1acTH cabo OCBEIIEHHBIM BOIIPOCOM OCTa-
ercss PU3NYECKU MEXaHNW3M BO3ZHHKHOBEHUS W IOJIEp-
skaHus [IMII Hamield miaHeThl, BBI3BIBAEMOI'O BHYTpPEH-
HUM HCTOYHHKOM €€ MarHeTu3Ma. B cBs3u ¢ BhImensio-

JKCHHBIM OIPECIICHHbIH HAy4YHbIM M MPaKTUYECKUM WH-
Tepec B 00JIACTH reoMarHeTU3Ma IpeICTaBIIET TEOPETH-
YEeCKOE ONMCAHUE MPU OMNPEIEIICHHBIX JOMYIICHUSIX HO-
BOTO 3JIEKTPO(PU3NIECKOTO MEXaHH3Ma, JIEXKAIIEro B OC-
HOBE TOSBJICHHUS BOKPYT IUIaHEThl 3eMiisi ciaboro OHro-
nsipHoro [IMII, craOuimbHO reHepupyeMoro MHOTHE ThI-
CSIUEJICTHS €€ BHYTPCHHUM JJICKTPHUECKUM HCTOYHUKOM.

1. IIOCTAHOBKA 3AJTIAYU NCCJIEAOBAHI A
TFEOMATHUTHOI'O I10JIA

PaccmoTpuM B chepuueckoil crcTeMe KOOpAWHAT
JIBIDKYIIYIOCS B KOCMHYECKOM IIPOCTPAHCTBE CO CKOPO-
CTBIO OKOJIO V3 =29-10° M/c 1O CBOEil TeoCTalHOHAPHOI
opbwute TuTaHeTy 3eMJIsl, HIMEIOIIYIO COTJIACHO pHc. | mpu-
MepHO chepuyeckyro Gopmy. CuuraeM, 4TO KOOPIHHAT-
Hast ocb OZ, COOTBETCTBYIOIIAs! OCH KPYTOBOTO BPAILCHHS
3emin (puc. 2) U MEPIEeHANKYIIpHAs IUIOCKOCTH 3eMHOM
OopOUTHI (TUIOCKOCTH SKIUITHKH), 0 OTHOIIEHUIO K HOP-
MaJll TUIOCKOCTH HEeOECHOro S5KBaTOpa COCTABISIET H3-
BECTHBII B aCTPOHOMHUH yTOJI, PaBHEIH okoio 23°27' [2].

Puc. 2. Pacuernas cxema Ui npeziaraeMoil mpuOIImKkeHHOH
UeKTpodu3nIecKoit Mosenu obpasoBanus ounonspaoro [TIMIT
wiaHeTsl 3emiid (1 — TBepAas kopa; 2 — HONy>KUAKas MaHTHS)

Ha ocHOBaHMYM NTaHHBIX T€O(U3NKH MPUMEHUTEIBHO
K perraeMoi 3aJjaue mojiaraeM, 4To BHYTPEHHSISI CTPYKTY-
pa 3emMi COIEep>KUT CIIeAYIOIKEe OCHOBHEIE YacTu [1-3]:
a) meepoylo Kopy B BUJI€ TOHKOW HEMarHUTHOW ciabo
3JIEKTPOIIPOBOTHOMN chepruecKoii 000JIOUKHU, TOJIIUHA /1y
TEOJOTHYECKUX MOPOJ ¥ TEKTOHHMYECKUX IUIMT KOTOPOH
IO TIOPSAKY BEITMYUHBI cocTaBisieT okono 100 kM u sBms-
€TCSl 3HAYUTENILHO MEHBIIIEH YeM HapyKHBIH paanyc 3eM-
1 Rz, paBHBI okoio 6400 xm; 0) noayscudkyro man-
muio, COICPXKAULYIO PSIi CIOEB M3 ICKTPOMPOBOJISIINX
paciulaBOB METAJIOB U MHHEPAIIOB C HAPYKHBIM PaJIHy-
coM R,; B) JicuoKoe A0po U3 METAIINUECKOI cyOcTaHIN
HAPYXHBIM PagHycoM Ry 1 Temiepatypoii 10 5:10° °C. B
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paMKax TPHOMMKCHHOTO pEHICHHsS paccMaTpuBacMOn
MOJIEBOM 3a7auyd 3 00JacTH (PU3MKKM TeoMarHeTu3Ma
BJIMAHUEM BO3MOJKHBIX BHUXPEBBIX ITIOTOKOB pacIljlaBOB
BHYTPHM MaHTUH M MaJION3y4YEHHBIX Ha CErojHS IpOLec-
COB BHYTpPH KHUAKOTO 3JIEKTPONPOBOJSIIETO BHICOKOTEM-
NIepaTypHOTo s/pa Ha ee JIEKTPOPH3NIECKHEe XapaKTepH-
CTHKH TpeHeOperaeM. B 3Toil cBsA3M 3eMHYIO0 MaHTHIO IIPU
oreHouHbIX pacuerax [IMII BHyTpu (cHapyxwu) 3emin
MIPUHIMAaEeM B BUJAE OAHOPOAHOTO HEMATHUTHOTO 3JIEK-
TPOIPOBOJAIIET0 MOMYKHIKOTO (BA3KOTr0) pacrjiaBa
cepryeckoil GOpMBI C JTAMHHAPHBIM TEUEHHUEM €ro CIIo-
€B HAapyXHbIM paguycoM R, = (R3 — hy), npubnmxaro-
muMed K paauycy 3emnn R;. B Hanmuumu BHemHel TBep-
JIOW KOPBI y 3eMIIH JIeTKO yOekaaeTcsl MPaKTHIECKH exKe-
JHEBHO KaXKIbIl XWTENb HAIIEH NJIAHETHI, a MOATBEp-
JKAECHUEM HaJIM4Ms y 3eMJIM PacIUIaBICHHONW BHYTPEHHEH
MaHTHUM MOTYT CIIy)KUTb H3BEp)KEHHS €€ HaJIBOJHBIX
(TTOBOJHBIX) BYJKAHOB, COMPOBOKAAIOIIHECS BBIXOJIOM
HapyXy 3eMJM MOIIHBIX ITOTOKOB BYJKaHHYECKOH JIaBBI
(MarmsI) Temmepatypoit 1o 2-10° °C [1, 2].

JomyckaeM, 4TO M3-3a SABIEHUSI TEPMOIJIEKTPOHHOMN
smuccuu [4, 5] 1 BO3MOXKHBIX SAEPHBIX peakuuil [2, 6] B
MOy )KUAKOM MaHTHH TIPHUCYTCTBYIOT MHOTOYHCIICHHBIC
CBOOO/HBIE HEPENATHBUCTCKHAE 3JEKTPOHBI, XAOTHYHO
NepeMeIaroInnecs Mexly HOHaAMHU pacIulaBa ¢ TEIJIOBOH
(hepmueBcKoit _CKOPOCTBIO U HMEIOIIHE OTpMuaTenLHMf/’l
3JI€KTpI/I'IeCKI/II/I 3apsll, YMCICHHO PAaBHBIM 110 MOIYIIO
eo = 1,602:10" Ku [7]. IycTh ycpenHeHHas 00beMHast
IUIOTHOCTD 7,0 JAHHBIX DJIEKTPOHOB B PACIUIABE MAHTHU
YHCIIEHHO COCTABJIseT BEIHUMHY, paBHYo 5-10% M, uto
npuMepHo B 30 pa3 MeHbIIe KOHIICHTPAUH CBOOOIHBIX
3JIEKTPOHOB B TBepAoM xeneze Fe [6, 8]. [Ipuammaem,
9TO Kak TBepJas Kopa 3eMJId COBEPIIAET paBHOMEPHOE
KpyroBo€ BpalleHue BOKpPYr ocu (OZ NpOTUB 4acOBOU
CTpeJNKH (C 3amazia Ha BOCTOK), TaK M KaK MHHAMYM 4acTb
MTOTY>KUIKOH 3JIEKTPOIIPOBOIAIICH MAaHTHUH 3€MJIH, TpH-
JIeraroiel K TBEpJOoi Kope, aHAJIOTHYHBIM ITyTeM OCYIlie-
CTBIISIET CBOE KPYT'OBOE OTHOCHTEIILHO OCH OZ JIBIDKECHUE
C IepHoI0M obparienus, paBHbM 15 = 86,4-10° ¢,

2. OCHOBHBIE PACYETHBIE COOTHOIIEHU A
MMPEJJIATAEMOI'O DJIEKTPOOU3NYECKOI'O
MNOJAXOOA TP U3YUYEHUNU TIMII 3EMJIN

Ouenka Kpyz08020 08UMNCEHUA KOPbl U MAHMUU
3emnu. B PacCMaTPUBACMOM  HEPEJISTHBUCTCKOM  TIPH-
ommxeHnn (v3 << v, = 3- 10® m/c — CKOpPOCTh CBETa B Ba-
KyyMme [7]) uccienyembie MEXaHHYECKUE U AIIEKTPODU3U-
YeCKHUe MPOLIecChl OyIyT HE 3aBUCETh OT BHIOOpA MHEPIIH-
QIBHOM CHCTEMBI OTCYETa, NMPUBS3aHHOW HAaMM BBINIE K
meHTpy TwraHeTsl 3emis [6]. C y4eToM MpHHSATOTO JTaMu-
HAapHOTO TEYEHHs MOJYXHIKOro (OIM3KOro K TBEpPIOMY)
paciuiaBa MaHTUH [IPY BPAILCHUH HAILIEH IUIAaHETHI BOKPYT
ocu OZ B KpyroBoe IBIDKEHHE OyIyT YBIEKaThes cepu-
YECKHE CJIOM 3TOTO paciliaBa, KOTOPBIC MPUMBIKAIOT K €
TBepAoil kope. CunTaem, 4To B COOTBETCTBUH C 3aKOHAMHU
THAPOJMHAMHMKH C YBEJIMUCHHEM DACCTOSHHA OT Bpa-
maKomeiics ¢ KpyroBoi wactotoit ws = 21T ' TBepaoi
KOpBI 3eMJIM BIrIIyOb €€ JKHUAKOIO paciulaBa MaKCHMallb-
Hasl CKOPOCTHb BpAIIEHHSA €ro CIOEB V, OTHOCHUTEIHHO
MaKCHMaJIbHOI CKOPOCTH PaBHOMEPHOT'O BPAINEHHS 3EM-
HOI KOpBI v, = 3R, OyzieT B Tpy6OM BHIE YMEHBIIATLCS
10 WHBEPCHOHHOW (OOpaTHOI) aHAIOTHH W3BECTHOMY
pagvanbHOMY PACHpPENEICHUI0O CKOPOCTEN TEKYLIEH Kua-
KOCTH B KpYTJIOW NpSMOJIMHEHHONW TpyOe coriiacHO clie-
IyIoIIeMy mapaboIuaecKoMy 3aKoHy [6]:

vy =vi i /R (1)

rIe 7, — PacCTOSHHE OT LIEHTpa 3eMJIM A0 1-TO TOHKOTO
cepuueckoro ciosg MOIYKHIKOTO paciulaBa MaHTHH,
PACIOJIOKEHHOTO B INIOCKOCTH KBATOPa 3EMIIH.

W3 (1) BuaHO, uTO NpH ¥, = R, HaubombLIAs CKO-
POCTh KPYTOBOT'O BpAIleHUs MOJY>KHIKOTO pacIuiaBa v,

Oyner paBHa HamOOIBIIEH CKOPOCTH KPYrOBOTO Bparle-
HUS TBEPAOH KOPHI Vi, a TipH 7, = 0 umeem, uto v, = 0 (cm.
puc. 2). BpinonHeHHas Bbllle BechbMa rpy0as mpuOim-
JKEeHHasl OLIEHKa MAaKCHUMaJbHBIX 3HAueHHH CKOpOCTel
BpAIIEHUsT TBEPAOH KOPBI V; W MOIYKHAKOTO pacIiiaBa
MaHTHH V, TOKa3bIBAaCT, YTO HA HEKOTOPOM PAaCCTOSHHUU
Ar, << R, ot PaBHOMEPHO Bpamavromeﬁc;l KPYTOBBIM 00-
pa3oM TBEPAOH KOPBI BHYTPEHHHH MOIYXHUIKHHA pacIjiaB
MaHTHU 3€MIIA MOXKET HaxXOJUTbCA OTHOCUTECJIILHO Bpa-
Liarouieiicss ¢ MOCTOSIHHOM KPYrOBOM 4acTOTOM (03 KOPBI
NPaKTHYECKH B HETIOJBIKHOM COCTOSIHMU. B pesyibrare
TAKOr0 KPYTrOBOTO JIBW)KEHHS OCHOBHBIX BHYTPHCTPYK-
TYpHBIX YacTeil 3eMin ee TBepaas Kopa OyaeT MpocKallb-
3bIBaTh OTHOCHTEJIFHO €€ IIOJIy)XHIKOTO pPacijiaBa MaH-
THUH, 3aXBaTbiBasA U BOBJICKAsA IIPpU 3TOM B KpPYT'OBOC JIBU-
JKEeHHE TPOTHB 4YacoBOHM CTpenkH (C 3amaja Ha BOCTOK)
JWIIb ONPEIETICHHYI0 YacTh YKa3aHHOTO paciulaBa MaH-
TiU. Takoe TMHAMUYECKOE COCTOSIHUE YKa3aHHBIX YacTeu
Bpamiaromieiics 3eMJIM  OTHOCHUTENIbHO HEIOABHIKHOTO
HaOIo#aTeNss Ha HAPYXXHOH IMOBEPXHOCTH €€ TBEPIOH
KOpBI MOXHO TPAKTOBATh B CICIYIOLIEM BUE: AT JIF000-
IO y4yacTKa TBEpAOHl KOpBl BHYTPH 3e€MJIM OTHOCHUTEIIBHO
ee ocu OZ NpOMCXOIUT Kak Obl PABHOMEPHOE KPYroBOe
BpaIleHHE 110 ‘IaCOBOI/I CTpEJIKE C MOCTOSHHOW KPYTroOBOM
4acToTOM 3 = 21Ty ' ONpe/e/IeHHOM YacTH PaCIIIaBICH-
HOW CIIJIOIIHOM 3JEKTPONPOBOIAIICH MaHTHH 3eMIIH,
umeronie chepudeckyio Gopmy.

Ouenka Kpyz06bIX INEKMPUUECKUX MOKOE Nony-
Jcuoxkou maumuu 3emau. PacueTHy0 MOAEIb JIEKTPU-
YECKHX TOKOB, KPYTOBBIM OOpa3oM IPOTEKAIOMIUX OTHO-
cuTenbHO oc (OZ B pacIUIaBJICHHOW W Bpallaromiencs
COBMECTHO C TBEPIOW KOpOW 3eMiu HEOOJBIIOW YacTH
MaHTHH, [TOCTPOMM Ha KOJIbLIEBOM HAIpPaBJICHHOM [BH-
JKEHUM W30BITOYHBIX OTPHLATEIBHO 3apsDKEHHBIX CBO-
OOMHBIX 3JIEKTPOHOB MONY)KUAKOTO pAacIlaBa MaHTHH,
OCYILIECTBISIIOIINX OAWH 00OpOT 3a BpeMs, paBHOE
Ty’ = 86,4-10° c. [Ipu 5TOM NpUMeM BO BHUMaHHE TO 00-
CTOSITEIbCTBO, UTO B IEKTPOTEXHHUKE 32 MOIO0KUTEIBHOE
HalpaBJeHUE DJIEKTPUYECKOr0 TOKa IPUHUMAETCsl Ha-
NIPaBJICHUE JIBU)KEHHS TOJIOKUTEIBHO 3apshHKEHHBIX 4Yac-
tur [6]. TloaTOMy KpyroBBIE JIIEKTPUYECKHE TOKH pac-
IUIaBa MAaHTHUH, NMPOCTPAHCTBEHHO JIOKAIN30BAHHBIE HE-
MOCPEJICTBEHHO TIOJT TBEPJOH KOPOH 3eMiIu, MpHU pacuere
OymyT HarpaBJIeHBI 110 YacOBOHM CTpesike (C BOCTOKa Ha
3amax). BemmomHuM pmanee MpHONMKEHHYIO YHCICHHYIO
OLEHKY YCPEIHEHHOTO B3aUMHOIO PACCTOSAHMSA d, MEKIY
COCeTHMMH KpYToBBIM 00pa3oM BpamaronIMMHUCS CBO-
OOIHBIMH BIIEKTPOHAMH TIOJIYKHIKOTO 3JIEKTPONPOBOIS-
IEro paciuiaBa 3emMiH. B paccmaTpuBaeMoM ciydae IUis
BEJIMYMHBI @, uMeeM [9]:

a, = ne(}/3 . 2)

[ToacraBuB B (2) MPUHATOE 3HAYCHHUE IS 00BEMHON
IUIOTHOCTH B paciulaBe MaHTHH HQCUTENEH 3JIEMEHTapHO-
IO DJIEKTPHUECTBA M9 = 5° 107 M -3 , A @), TOJy4aeM Be-
nuuEHy, paBHYo okono 0,59-107 M. [anee Haiinem Mo-
JIyJ1b BEJIMYMHBI 3JEMEHTApPHOTO KPYTOBOTO JJIEKTpHYE-
CKOTO TOKa I, B TOJIYXKHUIKOM paciuiaBe, 00yCIOBICHHOTO
KOJIBLIEBBIM JIBIDKCHHEM BOKPYT ocu OZ €ro OHOTO CBO-
00/IHOT'O 3JICKTPOHA, B cienyromieM Bume [10]:

leg =€o/T3. 3)

BbmenuB BO BpallaloIIeMcs C KpPYroBOW 4acTOTOU

= 2175 TOHKOM CepHYecKOM CII0e MONYKHIKOrO

pacnnaBa MaHTHUH B IUIOCKOCTH JKBaTropa 3emiu (CM.

pHcC.2) KONbLIEBOU AIIEKTPUUECKUH KOHTYP C IPOU3BOJIb-

HBIM paguycoM 7,€[R,, R,] n npunas Bo BHUMaHue (3),

JUIL €r0 TOKa IMPOBOAWMOCTH I, MOXXHO 3alHcaTh Clie-
Jrytoliee MpHOIIKEHHOE PacyeTHOE BBHIPAKEHHE!

Iy =2Myieg/ a,, 4

rnen=1,2,3,..., k..., N— HOMep KpyTJOT0 3IEeKTpHUe-
CKOTO KOHTYpa B MOJIOW chepe MOTYKUIKOTO paciuiaBa C
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MTOCTOSIHHBIM TOKOM, HAa4WHAsl C e€¢ BHYTPEHHEH MOoBepx-
HocTH (n = 1) 1 3aKkaHYMBasI TBEpAOH KOpo (1 = N).

VuurelBasd, 4To Ha pajuanbHOM OTpeske [R,, R,] B
MOTY)KUAKOM paciulaBe HAXOJIUTCS MaKCUMalbHO BO3-
MOJKHO€ YHCIIO 7 KOJIBLEBBIX JJIEKTPUIECKAX KOHTYPOB
pammycoMm 7, C W3OBITOYHBIM 3JEKTPOHHBIM TOKOM iy,
pasHoe N = (R, — R,)/a,, TO U1l CyMMapHOro KpyroBOro
TOKa pacIiaBa MaHTHUH iy B IUIOCKOCTH 3KBATOpa 3eMITH C
yaeToM (opMyIibl (4) HAXOTUM:

iy=i,(R,—R,)/a,, (5)

Crnemyer OTMETHTbD, 9TO JJIS KOJIBIEBBIX AJIEKTpHUE-
CKHX KOHTYPOB C a3MMYTaJIbHBIM 3JIEKTPOHHBIM TOKOM iy
paciuiaBa MaHTHH, HaXOSIIMXCS BHE TUIOCKOCTH €€ YKBa-
topa (0 <z < R,) u npubIKaromuxcs K reorpapuueckum
TOJTFOCaM 3eMJm (Hanpumep, A prrOBBIX KOHTYpPOB
paguycom 0 < ry < Ry, rne R, = (R, 2%)"° amanuTuye-
ckue BeIpakeHus (3)-(5) mpu 3aMene B HHX pamnycoB 7,
Ha 7y, a R, Ha R; OCTAlOTCA MPEXKHUMH.

Ouyenxka nanpsaxcennocmu IIMII om Kpyzoevix
INEKMPUYECKUX HIOKOE NOAYHCUOKOU MAHMUU 3emu.
JlaHHYTO OIIEHKY OCYIIECTBUM IPH YCIOBHH TOTO, YTO OCh
KPYroBOTO BpalleHHs 3eMIIH COBIAJAEeT C OChI0 €€ Ieo-
MarHUTHOTO IIOJIS. 3aMETHM, YTO B JICMCTBHTEILHOCTH
JMAHHBIC OCH IS HaIleHd IJIaHeTHl OTKJIIOHEHHI (pa3Hece-
HBI) JAPYT OT Jpyra Ha YroJjl, COCTaBJsIOmuUNA okomo 11,5°
[2, 11]. YuureBas (3)-(5) U W3BECTHOE COOTHOIICHHE
(29.28) u3 [6] mist HANPSHKEHHOCTH aKCHAILHOTO MarHUT-
HOT'O TOJISI Ha OCH 3aMKHYTOT'O KPYTJIOTO TOHKOT'O MeTal-
JIMYECKOTO BHUTKAa PaJUyCcoM 7, C a3UMYTaJbHBIM TOKOM
MIPOBOJIUMOCTH i,, B TIEPBOM IPUOIMKEHUN MOXXHO TIpHU-
HAThH cleayrolee nojoxxkenue: HanpsokeHHoctd [IMII Ha
ocu OZ KaxIOro M3 pacCMaTPUBAEMBIX HAMH TOKOBBIX
KOHTYPOB BPAIAIOIIErocs C TBEPAOil Kopol cheprudecko-
TO CJIOs paciulaBa MAaHTHH PAaBHEI APYT Apyry. Torma, mis
YCpeIHEHHBbIX 3HaueHui HanpsbkeHHocted IIMII B nen-
Tpe 3eMHo# cheprl Hy (z=0) u 'y ee nomrocos Hy, (z=R,)
OT BPAIIAIOLICTOCs NPOTHB YACOBOH CTPEIKH (C 3araja Ha
BOCTOK) OTHOCHTEIILHO OCH OZ ¢ MOCTOSIHHOK prFOBOI/I
qacTorTol w3 = 2175 ' u IPUMBIKAIOLICTO K TBEPJIOii Kope
TOHKOTO CIIOS TIOTYXXHUIKOH MaHTHH 3€MJIH C 3JIEKTPOHA-
MU TIPOBOAMMOCTH HMPUOIIKEHHO TOTyYaeM:

neyR
=Hy = T” ) (6)
2a pT 3

U3 (6) crexyer, 4To YPOBHM HampsDKeHHOCTEH Hy 1
Hy, nia 1IMII BHYyTpH NOIXYKUAKOrO paciulaBa U y Ieo-
rpauyecKnX IMOJIIOCOB 3eMiH IpH (PUKCHUPOBAHHBIX 3Ha-
YeHUSAX €y U T3 MOTYT BapbHPOBATHCS (M3MEHSTHCS) TOIb-
KO B 3aBMCUMOCTH OT 3Ha4€HUH R,, @, 1 COOTBETCTBEHHO
OT CJIOKHBIX TPEXMEPHBIX TPYIHO ITPOrHO3UPYEMBIX TEII-
J0(hU3UUECKHX TPOLIECCOB, IIPOTEKAIOIINX B 3eMHOI MaH-
. BunHo, 9yTo 9em Oombime pa3mMeps! chephl TOTyKUI-
KOH DBJIEKTPONpOBOAdAIIeH MaHTuM (ee pamuyc R,) u
MCHBIIC 3HAYCHUS ap (BbIL[Ie QJICKTPOHHAA IJIOTHOCTD 7,
pacmaBa MaHTHHM) W 713 (BBIIIE KPYyroBas 4acToTa 3
BpalieHus 3eMiii), TeM OyayT OOJbIIUMU 3HAYECHUsI yKa-
3aHHBIX HampsbkeHHocted Hy u Hy, uisl uccienyemoro
TeOMarHuTHOTO moyst. OTMETHM Ba)KHOE CBOMCTBO IS
JlaHHBIX HanpspkeHHocted Hy u Hy, IIMII BHyTpu nnane-
ThI 3eMJIs: OHM NPH IPUHATOM KPYTOBOM BpAIlleHUH 3eM-
11 OyyT BCer/ia HalpaBJIeHbI CBEPXY BHU3 (OT CEBEPHOTO
MOYIIapUs TUTAHETHI K FOKHOMY), OyIyT BBIXOAWTH W3
TBEPAOI KOPBI B 30HE I0’)KHOTO TeorpauyecKoro Mnojroca
3eMiIM ¥ BXOJMTH B €€ TBEPAYIO KOPY B 30HE CEBEPHOTO
reorpaduueckoro moioca 3emin (cM. puc. 2). [Tostomy
yKa3aHHOE BpallleHHE HE3HAUYNTEIHFHONW YacTH MOIYXKHI-
KOI 3JeKTpONpoBOAAIIeH MaHTHH 3€MJIH COBMECTHO C
TBEpAOH 3eMHON KOpOH U €€ COOTBETCTBYIOLLUE KPYro-
BBIE TOKH IPOBOJWMOCTH OYAYT BBHI3BIBAaTh MOSBICHHE B
30HE CEBEPHOro reorpaduyueckoro mnojrca (BBepxy 3em-
JIM) FO)KHOTO MAarHUTHOTO Mojroca S, 3eMiH, a B 30HE

Hy

FO)KHOTO TeorpauIecKkoro moiroca (BHH3Y 3eMIn) — ee
CEBEPHOI0 MarHUTHOTO ToJitoca N,,. B 310l cBsi3u MOKHO
yTBEpXKJIaTh, YTO COIJIACHO MpeiaraeMoil MpuOIMKeH-
HOH pacueTHoi Mozmenu OwumnonsipHoro IIMIT 3emun
3aMKHYTBIE€ KPYTOBbIE H30BITOYHBIE ITOCTOSHHBIE 3JICK-
TPOHHBIE TOKH 3JIEKTPONPOBOISIIEH MaHTUH 3€MJIN BbI-
MOJHSIOT CBOEOOPa3HYIO0 POJIb OTHENBHBIX CBEPXTOHKHX
KPYTJBIX BUTKOB INPHUPOJHOTO MHOT'OBHTKOBOTO c(hepo-
MOJOOHOTO IOCTOSHHOTO 3JIEKTPOMArHNUTA, HMEIOLIETO
BEPXHHUH BX0J (F0XKHBIN MOJIIOC S,,) U HIDKHUH BBIXOA (Ce-
BEpHBIH moytoc N,,) Ul CBOMX 3aMKHYTBIX JIMHMH Mar-
HUTHOM MHIYKIIUH.

JUis mpuOIMKeHHOW OIEHKH yCpPEeIHEHHOH Hampsi-
xenHoctu Hy T[IMII cHapyxu 3emiu BOn3m ee cepude-
CKOIl IOBEPXHOCTH U B 30HE HKBAaTOpa C y4ETOM PAaBHO-
MEpHO pacIpPeAeIeHHOTO BIOJb BPAIIAIOMIEHCS MPOTHB
4acoBOW CTPEJKH (C 3amaza Ha BOCTOK) TOHKOW IOJIOWH
cepsl pacriiaBa MAaHTHH MaKCHMAJIBHOTO YHCIIa TOKOBBIX
KOHTYPOB, IPUMEPHO PABHOTIO 2R,/a,, ncronssyem (3)-(6)
U 3aKOH TIOJIHOTO TOKa Ul KPYIJIOTO KOHTYpa CPEIHHM
pajuycoM 7, = RP/Z C CyMMAapHBIM MOCTOSIHHBIM TOKOM
iy = 21R, eo/(aé T3). Torma s HanpspbkeHHocTH [IMIT y

MOBEPXHOCTH 3€MJIM U COOTBETCTBEHHO BEIWYMHBI Hp y
ee PKBaToOpa MPUOIIMIKEHHO UMEEM:
eR, (2R

Hp :2_” P _q]. (7
a3\ R3

N3 (6) u (7) BUOHO, YTO Yy MAarHUTHBIX IOJIIOCOB
3emin HanpsbKeHHOCTh H)y, ee Ounomsipaoro [IMII, o0y-
CIIOBJIEHHOTO GHYMPEHHUM UCHOYHUKOM 3eMHO20 MA2-
Hemusma (PABHOMEPHO BpaAWArOWelicsl COBMECMHO C
meepooll Kopou 3emau Npomus 4acogou Cmpeiku Ha-
DPYIACHOU Cchepbl NOLYHCUOKOU INEKMPONPOBOOAUet MAaH-
muu ¢ Uu30bIMOYHBIMU ITEKMPOHHLIMU MOKAMUL), OyIeT
COIJIACHO MPHHATOMY HPUOIMKEHUIO HPUMEPHO B T/2
BbIIIe HanpsbkeHHOCTH [y TIMII B 30He ee skBaTopa.

Hexomopuvie acmpogusuueckue 603ModicHocmu
NPeONoIHceHHOU MOOeNu 2e0MaAZHUMN020 noas. Coriac-
HO PacCMOTPEHHOW BhImIe Mojenu Owumoinsproro [TMIT
3emin wHBepcHs (IIepeCTaHOBKAa) MATHUTHBIX ITOJIFOCOB Y
HallleH TJIaHEThI BO3MOYKHA:

1) B ciayyae U3MEeHEHMsI HaIlpaBJICHUs €€ KPYroBOTO
BpalleHUss Ha NPOTUBOIOJIOXKHOE (HE NMPOTHUB YacOBOU
CTPEJIKH JJIsl €€ TBEPIOM KOpPbI KaKk ceilyac, a 1o 4acoBOM
CTpeJIKe — ¢ BOCTOKA Ha 3aran);

2) B ciaydae U3MEHEHHs KPYTOBBIX KOAKCHAIBHBIX TO-
KOB i, HAPYXKHOTO CIJIOS TIOJY>KHIKOH MaHTHUH C 3JIEKTPOH-
HBIX (OTPHUIIATENHHBIX ) Ha HOHHEIE (TIOJIOKHUTEIBHBIC).

[MepBast npuunna uasepcun [IMIT 3emnu, oOycnas-
JMBaeMas JAEHCTBHMEM Ha Hally IUIaHETy MOIIHBIX IPaBH-
TaI[MOHHBIX CHJI OKPYXKAIOIIEro €€ KOCMHUYECKOTO IIPO-
CTpaHCTBA (HANIPUMEP, MOIIHBIX CHJI TPaBUTAIMU 'dep-
HBIX ABIp" BCEJIEHHOH), BBITJIAUT MaloBeposiTHOH. Bro-
pas npuunHa nHBepcun [IMII 3emim BbIrIsiouT OoOJIEe
PEATTUCTHYHON W AIEKTPOTEXHUYECKH BO3MOKHOM. Oka-
3BIBAETCS, YTO B T€OJIOTUIECKON HCTOPHH IIAHETHI 3eMJIS
TaKOe I'PaHH03HOe (HU3MYECKOE SBJICHUE KaK MEePEToro-
COBKa €€ TMTaHTCKOTO0 MAarHUTHOTO JWIOJS MMEJIO CBOE
MeCTO W He ofuH pa3 [2, 11]. B Teuenne mocnemaux 70
MUJIJIMOHOB JIET Takas HHBEPCHOHHAs IepeyCTaHOBKa
MarHUTHBIX IIOJIOCOB Y IUIAHETHI 3eMIIs ITPOMCXOAMIIA
yKe TpH pasa, KaKIas U3 KOTOPBIX IMPOI0DKaIach OKOJIO
OJIHOTO MWJUTMOHA JieT [2]. M3BecTHO, 4TO 3a TMOCienIHne
9000 et MONAPHOCTH €€ MarHUTHBIX HOJIOCOB (FOXKHOTO
S, B CEBEpHOM MNOIyLIapuu 3eMJId U ceBepHOro N, B ee
F0)KHOM TIONTyIIapuu) He u3MeHsach [2]. IIpemmosxxennas
37Iech pacueTHas Maremaruueckas monenb [IMII miane-
ThI 3eMJISI TI03BOJISIET B NPUOIMKEHHOM BHIE OOBSICHUTH
NPSMYIO CBSI3b MEXAY HAINYMEM WJIM OTCYTCTBHEM OH-
nosispHoro IIMII y Bpamaromuxcss BOKpYr CBOMX Ocei
IUTaHeT (MM UX CIIyTHMKOB) COJTHEUHOW MJIM MHOM CHC-
TEMBbl U BHYTPEHHUM IIOCTPOCHHUEM 3THX HEOECHBIX Tell.
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W3 Hee, B 9acTHOCTH, ClIeAyeT TO, YTO HAJIM4YHE y Bpa-
LIAIOUIEICsl IPOTUB YaCOBOM CTPEJIKM BOKPYI CBOEU OcH
IUIAaHEThl ¢ TBepAoW obonoukor Ounossiproro [IMII c
FO)KHBIM MarHWTHBIM TOJIOCOM S,, HaBEpXy B €€ ceBep-
HOM TIONTyIIapuH (HalpuMep, Kak y 3eMII) MOXKET CBHIE-
TEJBCTBOBATH O MPUCYTCTBHM BHYTPU 3TOM IUIAHETHI OT-
POMHO# cdepbl BA3KOro (OJM3KOTO K TBEPAOMY) JJICK-
TPOIPOBOISAIIETO BEUIECTBA C MHOTOYHCICEHHBIM KOJIHYe-
CTBOM CBOOOJHBIX 3JEKTPOHOB, M30BITOYHAS YaCTh W3
KOTOPBIX B TOHKOM CJIO€ KPYTOBBIM 00pa3oM BpallaeTcs
COBMECTHO C TBepIOH 00omoukoil 3Toi mmaHersl. Co-
TJIACHO ATOW MOJENH T€OMArHUTHOTO MOJIS MPHUCYTCTBHUE
y Bpamaromeicss uHoi 1raHeTsl oumossiproro IIMII c
CEBEPHBIM MarHUTHBIM MOJIIOCOM /N, HABEPXY B €€ CEBEp-
HOM monymapuu (Hampumep, kak y FOmurepa, obnanaro-
IIeTO CaMbIM MOIIHBIM CPEO BCEX IUIAHET CONHEYHOU
cucteMbl OunossipabiM [IMI1, MarHuTHAS WHIYKIMS KO-
TOPOTO Ha €ro 3KBAaTOpE YUCICHHO JIOCTHIaeT 3HAYCHMS
okoso 420 MxTn [2] 1 Ha TOPSIIOK TPEBHIMIAET COOTBET-
CTBYIOIIeE 3HAUYCHNE MAarHUTHOW MHIYKIWH JUIS IJIAHETHI
3emisl) MOXET yKasbIBaTh Ha HaJM4yhe BHYTPU Hee Or-
POMHOH 3JIEKTPONPOBOJIAIIEH C(HEepUIEcKOH CTPYKTYpBI,
4acTh M3 KOTOPOW BpaIIaeTcs BMECTE€ C BHEUIHEW 000-
JIOYKOW TJIaHEeTHl IPOTUB YacOBOHM CTpeJKH (C 3amaja Ha
BOCTOKa) M 00JIalaeT IPU CBOEM BPAIIEHHH IIOTOKOM H3-
OBITOYHBIX TOJOXHTEIBHBIX HOHOB ee¢ Marepuana. OT-
CYTCTBHE (WM HAJIM4YHE KpailHe Majioro) y Bpallaromeii-
Cs BOKPYI CBOE€H OCH IUIaHEThl (WM €€ CIyTHHUKA) C
BHemHed obonoukoit GunonsipHoro IIMII B coorBerct-
BHU C TPEUIOKEHHOH 3[1eCh MOIENbI0 T'€OMAarHUTHOTO
IOJIS MOXKET CBUAETENBCTBOBATH O TOM, YTO BHYTPH Ta-
KHUX HEOCCHBIX TEJl MOJ] MX TBEPIOH KOPOW MPUCYTCTBYIOT
HU3KO 3JIEKTPONPOBOJHBIE TBEPIbIE BEIIECTBA, KOTOpHIE
M3-32 TMPAKTHYECKOTO OTCYTCTBUS B HHX HM3OBITOYHOTO
Yuciia CBOOOIHBIX 3JIEKTPOHOB HE CIIOCOOHBI TIPU CBOEM
KPYrOBOM BpallleHMH COBMECTHO C X 000J04YKaMu obec-
IIEYHUTh MPOTCKAHUE BOKPYT COOCTBEHHBIX OCEW Bpaille-
HUSL KPYTOBBIX ITOCTOSIHHBIX JJIEKTPOHHBIX (MOHHBIX) TO-
KOB M COOTBETCTBEHHO I'€HEPUPOBATh BOKPYT cedst ciaboe
MarHuTHOE ToJie. BakHO MOJYEepKHYTh TO, UTO MPH BCEH
CBOEH TPUOIIDKEHHOCTH TMpeIaraeMbIil TIOAXO TI0 OITH-
CaHUIO 3JIEKTPOPHU3MYECKOTO MEXaHHU3Ma IPOHCXOXKIC-
Hus [IMII nmaneTts! 3eMiist 3a CueT €CTECTBEHHOTO JUIs
HalIel IUTaHETHl KPYroOBOTO XapaKTepa JIBMKCHUS W30bI-
TOYHBIX CBOOOIHBIX AJIEKTPOHOB HEOOJNBIIOW YacTH ee
MTOTY>KUAKOTO (TOIyTBEPAOro) paciuiaBa MaHTHU U TIOSIB-
JIEHUSI OTPOMHOT0 KOJIMYECTBAa CBEPXTOHKHX KOAKCHAIIb-
HO OTHOCHTEIIFHO COOCTBEHHOW OCH BpAaIlleHWsS U CHM-
METPUYHO OTHOCHTENIFHO JKBaTOpa pa3MEIIEHHBIX IO
TBEPAOH KOPOH 3eMJIM KOJBIEBbIX KOMIUTAHAPHBIX KOH-
TYpOB C IMOCTOSHHBIMH JJICKTPOHHBIMH TOKaMH o0ecIie-
YHBAaeT BO3HUKHOBCHHE BHYTPH M BOKpPYr Hee ciaboro
6Hnonpooro KaK y THraHTCKOI'0 SJIEKTPOMArHHTA obmei
JUTHHOM (BBICOTOH) 2R3 = 12,8:10° kM IIMII ¢ 10XKHBIM
MAarHUTHBIM TIOJIFOCOM S, B €€ CEBEPHOM IOJTyIIAPUU U C
CEBEpHBIM MarHUTHBIM TIOIOCOM N, B €€ F0)KHOM IIOJTy-
[IapuH, peaJbHO HAOI0JaeMOTO Y IIAHETHI 3eMIISL.
Ilpumep pacuema ounonapuozo IIMII 3emnu u
CpagHeHue e20 OAHHBIX C U36ECHHBLIMU IKCHEPUMEH-
mansusimu pezynsmamamu. Bemomamm o (6) u (7) mpu-
OMMKEHHYI0 YHCIICHHYIO OLCHKY HamlpsbkeHHocTted Hy ,
H), u Hp 6unonsproro [IMII mranetsr 3emis mpu clie-
;[yfoumx HCXO/IHBIX KOJIMYECTBEHHBIX JIRHHBIX:
—15,60210 K R3 6,410° m; R = 6,310° wm;
hk 10° m; 73 = 86,4 10° C; Mg = 510""m" ap—059 107 m.
[ocie momCTaHOBKU 3THX JAaHHBIX B pacdeTHBIC (HOpMyITBI
(6) m (7) U1 UCKOMBIX HAINPSHKEHHOCTEH T€OMarHUTHOTO
[OJIs NOJIy4aeM CHELYyIoLe pesynbTatel: Hy = Hy =
= 52,7 A/m (MarHuTHass MHIYKUUS By = By = poHy =
= HOBM 66,2 MxTn); Hg = 32,5 A/M (MarHHTHa;I HHITYK-
st Bg = pnoHp = 40,8 MxTn, tae py = 4m- 10”7 T'u/m — mar-
HUTHAs MMOCTOsTHHASA [7]). COFJ‘IaCHO [2, 11] u3BectHO, YTO
SKCIIEPUMEHTAIFHO  3a(UKCHPOBAHHBIE MaKCHMAIILHBIE

3HAUeHWs [UIs HanpsbkeHHocTH H), ommonspHoro IIMIT y
MAarHATHBIX ITOJIFOCOB 3€MIIM COCTABJISIIOT OKOJIO 55,7 A/Mm
(marauTHas uHIYKUus By, =70 MxTn), a A HanpsHKeHHO-
ctu Hp ounonsproro IIMII y 3emMHOro skBatopa — Ipu-
MepHO 31,8 A/M (MarautHas wHAyKius By =40 MxT).
CpaBHEHHE MPEICTaBICHHBIX BBIIIE PACUCTHBIX HA OCHOBE
NPEIUIOKEHHOW TNPHUOIMKEHHOW MOJIENN T'eOMarHUTHOTO
TIOJISL ¥ U3BECTHBIX OIBITHBIX T€O(MM3UIECKUX AAHHBIX JUIS
ournossipHoro IIMIT 3emiu roBoput 00 MX XOpOIIEM CO-
TJIaCHH.

3AKJIFOYEHUE

1. Ha ocHOBe mpeyIo)KeHHOH aBTOPOM HOBOMW THITO-
Te3bl B 00J1aCTH (PM3MKU reoMarHeTH3Ma IpH Pse JOIy-
IIEHNH BBINOJHEH NPUOIMKEHHBIN aHAJUTHYECKUH pac-
YeT TOCTOSHHOTO OWITONIIPHOTO TEOMAarHUTHOTO IIOJIS,
pe3yIbTaThl KOTOPOTO XOPOIIO COTJIACYIOTCSI C JTaHHBIMHU
ONBITHBIX n3MepeHuilt Ounossiporo IIMII kak B 30HE
3€MHBIX MAaTHUTHBIX TIOJIFOCOB, TAK M y SKBAaTOpa 3eMITH.

2. ChopmynrpoBaHO HOBOE M JIOCTaTOYHO OOOCHO-
BaHHOE MPEAINOJIOKEHHE O MPSMON CBA3M Haau4us (OT-
CYTCTBHUSI) y BpAIIAIOIIUXCS BOKPYI' CBOMX OCEH IUIAHET
(MM MX CIYTHHKOB) COJHEYHOHM WIIM MHOW CHCTEMBI OH-
nosispHoro IIMII ¢ mocTpoeHreM BHYTPEHHEH CTPYKTY-
pBl, HallpaBJI€HHEM KPYrOBOTO BPALIEHUs M arperaTHbIM
COCTOSIHHEM COCTaBHBIX YacTel TaHHBIX HEOECHBIX Tell.
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M.I. Baranov

The permanent magnetic field of the Earth. A new
hypothesis of the origin and its approximate calculation.

A new hypothesis of generation of a bipolar permanent magnetic
field (PMF) around the Earth uniformly revolving on its axis is
described. On the basis of this hypothesis, evaluation of the
geomagnetic field is performed, its results compared with
known experimental data. The introduced approach in the field
of physics of geomagnetism allows formulating a new scientific
hypothesis about a direct relation between presence (absence) of
a bipolar PMF around the revolving planets (satellites) of the
planetary system with their internal structure.
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hypothesis of origin, calculation, analysis.
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