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3araAKa oeMBoro DOJIJl 

<t>opMyrrnpoBxa Bonpoca, BbiHeceHHoro B :JarllaBHe cTaTbH, HaBeJlHa 

wyTJIHBOH penmuoii, npnnncbiBaeMoii JI . .IJ:.Jiaap;ay [1]: 
"Bee MO:IKHO noHJlTb B oxpy:IKaiOLQei npnpop;e. HenoHJlTHO TOllbXO, 

DO'leMy eCTb :JBe:J)l;bl Ha He6e H OTKY)J;a y 3eMJIH MarHHTHOe DOlle." 

3a p;ecJlTHlleTrur, npowep;wne c Toro BpeMeHH, xorp;a 6blliH npon:JHe

_ceHbl 3TH CliOBa, CHTyan;rur CO :JBe:J)l;aMH BO MHOrOM DpOJlCBHllacb, 'ITO 

B nepByiO O'Iepep;b CBJl:JaHO C pa3BHTHeM TeOpHH "60llbWOrO B3pb1Ba". 

qTo xacaeTcJl :JeMHoro MarHeTH:JMa - cxopee, Hao6opoT. CTpeMH

TellbHOe pa3BHTHe KOCMH'leCKOH TexHHKH DO:JBOJIHliO HaDPJlMYIO H3Me

pHTb MarHHTHble DOJIJ[ Bcex nrraaeT ColiHe'IHoi cncTeMbl n HeXOTOpLIX 

HX cnyTHHKOB, a DOJlBlleHHe HOBLIX 'JYBCTBHTellbHbiX Ha:JeMHLIX MeTo

)l;HK )l;aJIO )l;OCTOBepHyiO HHcpOpMaD;HIO 0 BeJIH'fime MarBHTHLIX DOlleH 

MHornx :JBe:Jp;. Op;Haxo aTo, MJlrXO roBOpJl, He BHecrro JlCHOCTH B npo-

6rreMy, H Bonpoc, oTxyp;a y 3eMrrH MarHHTHoe norre, Tpe6yeT peweHHJl, 

KaJC H MHOro lleT Ha:Jap;. 

IIepByiO H:JBeCTHYIO Hayxe noDbiTJCY o6'bJlCBHTb nponcxo2Kp;eBHe Ma

rHHTHoro norrJl 3eMliH cp;errarr Y.Illrrb6epT, y'leHbli n npnp;BopHblii: Bpa'l 

aarrrn:iicxoi xoporreBbl Errn:JaBeTbl I. B 1600 rop;y OH BblnycTHll B CBeT 

CBOe rmaMeHHTOe CO'IHHeHHe, KOTOpoe cnyCTJl TpH C DOliOBHBOH CTOlle

THJl, B COBeTCKOe BpeMJl, 6bll10 p;a:IKe nepeH:J)l;aHO Ha pyCCKOM Jl:JbiJI:e DO)]; 

HeCKOllbKO COKpaLQeHHbiM :JarllaBHeM: "Q MarHHTe, MarHHTHbiX Terrax 

H 6orrbWOM MarHHTe- 3eMrre" [2]. B HeM Y.Illrrb6epT DbiTaJICJl o6'bJ[

CHHTb MarHeTH:JM 3eMliH HaMarHH'IHBaHHeM crraraiOLQHX ee nopop;. OH 

nncarr: 

"Mbi nocTaBHliH ce6e n;eJibiO- )l;JIJ[ BbiJ[CHeHWl 6rraropop;Hoi cyLQHo

CTH COBepweHHO HeH:JBeCTHoro ):1;0 CHX nop 60llbWOrO MarBHTa, BCeo6-

LQeH MaTepHH (3eMrrn), H :JaMe'laTellbHOH H Bbl)l;aiOLQeHCJl CHllbl aToro 

Wapa- Ha'laTb C 06LQeH:JBeCTHbiX KaMeHHbiX H 2Kelle:JHbiX MarBHTOB, 
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MarHIITHhlX TCIT II Haii6orree 6mmKIIX K HaM '!aCTCH 3eMITII, KOTOphle 

MO:IKHO OJ.IzyllhlBf1Th pyKaMII II BOCIIpiiHIIMaTh 'IJBCTBaMII; 3aTCM IIpO

;rJ;OIT:IKIITh aTO IIpii IIOMOI.QII HariTJI;rJ;HhlX OllhlTOB C MarHIITaMII II, TaKIIM 

o6pa30M, BIIepBhlC IIpOHIIKHJTh BO BHJTpCHHIIC '!aCTII 3eMrrii" 1• 

ThrroTena Y.Thrrh6epTa IICIIhlTaHIIJI npeMeHeM He Bhlp;ep:JKarra. IIpii 

aToM, crrpane;a;rriiBOCTII pa;a;II, HY:JKHO yrroMJIHYTh, 'ITO Thrrh6epT caM o6-

Hapy:JKIIIT II orriicarr JIBITeHIIe, ;a;erraiOI.Qee aTy riiiiOTeny HepearriiCTII'I

HOH: HaMarHII'IeHHOCTh <J>eppoMarHeTIIKa (MarHeTIITa) TepJieTcJI rrpii 

ero HarpeBaHIIII p;o KpaCHOrO KaiTeHHJI; TCM CaMhiM OH JCTaHOBIIIT (n 

conpeMeHHOH TepMIIHorroriiii) cyrn;ecTBOBaHIIe TO'IKII KIOpii. Orriipa

JICh Ha COBpeMeHHhle p;aHHhle 0 CTpoeHIIII 3eMITII, MO:IKHO CMeiTO JTBep

)l(;rJ;aTh, 'ITO BHyTpeHHJIJI '!aCTh 3eMrrii crriiiiiKOM ropJI'Ia, a no BHeiiiHCH 

Kope crriiWKOM Marro MarHeTIITa- riinoTena Thrrh6epTa He MO)I(eT o6'h

JICHHTh B03HHKHOBeHHJI MarHHTHOro ITOITJI 3eMITH. 

TeM He MeHee, HeocnopiiMaJI nacrryra Y.Thrrh6epTa B ToM, 'ITO OH 

c<J>OpMJITHpOBaiT narap;Ky MarHeTII3Ma 3eMITH B paMKaX "p;o6pbiX HayK". 

3a npowep;WHe 'IeThlpecTa rreT MHO:JKeCTBO J'IeHhlX liCKaiTO IIJTH ee pe

WeHHJI. HanpHMep, rrerrhlH pHp; y'IeHhlX ;a;errarr nonh!TKH o6'hJICHHTh 

B03HK~HOBCHIIe MarHIITHOrO IIOITJI reHeparrHeH TOKa 3a C'IeT TepMO

aiTCKTpH'IeCKOrO a<J><J>eKTa, B03HIIKaiOrn;ero B 3eMrre IIO;rJ; ;rJ;CHCTBIIeM pan

HIII1hl TeMnepaTyphl Me:JK;a;y Hp;poM II nonepXHOCThiO. O;a;aaKo orreHKII 

llOKa3h!BaiOT, 'ITO TOK, reHepiipJCMhlH aTIIM a<J><J>eKTOM, Ha MHOro ITO

pHp;KOB crra6ee, 'ICM Tpe6yeTCJI p;ITH non6y:JKp;eHIIJI norre:H, Ha6rriOp;aeMOH 

BeiTII'IIIHhl. 

Maoro'IIIcrreHHhle aeyp;a'III Ha nyTH HcnorrhnonaHIIJI cTaH;a;apTHhlX 

<J>H3II'ICCKIIX a<J><J>eKTOB nopop;HITII IIOllhlTKII npiiBITe'Ih ;rJ;ITJI 0 6'hJICHeHIIJI 

1 YlKe B TO speMJI, 'teTblpecTa aeT Ha:laJI, caMo uoyqeuue oaraJIKH naaneTapuoro MarneTHtlMa 

6biiiO, BHJIHMO, JlelloM uenpocTbiM, T.K. JIMee Y.I'Hab6epT nurneT: 

"Ho oa'teM MHe npu IIMH'IHH CTOIIh o6rnupuoro oKeana KHHr, KOTOpble cMyiJ.IaiOT H yTOMIIJIIOT YMbi 

tlaHHMaiOIJ.IHXCJI HayKOH, ... tla'teM MHe, llOBTOpJIIO, BHOCHTh KOe-'ITO II OBOe B t>Ty npe6biBaJODzyiO B 

TaKOM CMJITeHHH pecny611HKY uayK H OTJiaBaTb 3TY C/laBIIYIO H (BBHJIY MHOlKeCTBa tlai(/IIO'IaiOIJ.IHXCJI B 

ueii JleBeJIOMbiX JIO cero BpeMeJIH HCTHII) KaK 6biiiOBYIO H nopa3HTe/lbiiYIO 4Jnaoco¢HIO Jla OCYlKJieHHe 

H pacTeptlaHHe 311ope'IHeM IIH60 TeM, KTO llOKIIJIIICJI C061110JiaTb BepHOCTh 'IYlKHM MlleHHJIM, IIH60 

HeJJeneiiWHM HCKa.:JHTCJUIM ;a;o6pbiX Hayx". 
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B03HIIKHOBeHIIJI MarHIITHOrO ITOITJI KOCMII'IeCKIIX Terr HeCKOIThKO aK30TII

'ICCKIIX Mo;a;erre{r, ocHOBOIUI KOTOphlx 6h!rro nn;a;onnMeHeHIIe arreKTpop;IIHa

MHKII MaKCDerrrra [3]. Jion::m:e II OHII 6h!ITII OTBeprHJThl KaK npOTIIBO

pe'IaJ.IJ;IIC aKCIICpiiMCHTY. 

3eMJUI- AHHaMo-Mawuua? 

B HacToJirn;ee npeMJI ;a;rrJI o6'hJICHeHHJI JIBITCHIIJI rrrraHeTapHoro MarHe

TH3Ma CIICIIIIaiTIICTaMII liCIIOITh3JeTCJI 06hl'IHO MarHIITHaJI rnp;pO;rJ;IIHa

MII'IeCKaJI riiiiOTC3a, IIITII ;rJ;HHaMO-riiiiOTC3a. ()Ta riiiiOTC3a 6h!rra npe;n;

ITO:JKeHa MJI.<l>peHKerreM n KoHrre copoKOBhiX ro;a;on II JIBITJieTcJI B Hallie 

npeMJI Haii6orree panpa6oTaHHOH II, MO:>KHO cKanaTh, o6rn;errpnnHaHHo:ii. 

0Ha OIIIIpaeTCJI Ha HCOCIIOpiiMhlH <J>aKT: B TCXHIIKC ;rJ;IIHaMO-MaiiiiiHhl C 

caMonon6y:JKp;eHIICM cymecTBJIOT. KaK pa6oTaeT aTa Mo;a;errh? Ee arreK

TpoMexaHII"recKHH aHaJior IIOKa3aH Ha puc.l, B3JITOM HaMil Il3 MOHO

rpa<J>IIII 110 neMHOMJ MarHCTII3MJ [3]. Jipn IIOCTpOCHIIII aTO{I MO;rJ;Cliii 

npe;a;rrorraraeTc.s:, 'ITO npameHIIe MeTarrmr'IecKoro ;a;ucKa Jiponcxo;a;nT B 

HeKOTOpOM 3aTpaBO'IHOM MarHIITHOM IIOITC, "ITO IIpiiBO;rJ;HT K IIO.liBITCHIIIO 

a.;n;.c. MC:IK;rJ;J OChiO II BHeWHeH IIOBCpXHOCThiO ;rJ;IICKa. 8Ta :l.;IJ;.C., CHII

MaCMaJI C IIOMOlllhiO lliCTOK, C03;IJ;aCT TOK B MHOrOBIITKOBOII KaTJIIIKC, 

MarHIITHOC rrorre KOTOpOII CKITa;IJ;h!BaCTC.ll CO crra6h!M 3aTpaBO'IHhlM IIO

JieM, II CIICTCMa rrpiiXO;IJ;IIT B CaMOB036y:JK;IJ;CHIIC. Jipu 3TOM 3HepriiJI IIOITJI 

con;IJ;aeTc.s: na C"IeT npameHII.ll ;IJ;IICKa. CorrracHo ;IJ;HHaMo-rurroTene nHy

Tpu 3CMITII IIpOIICXO;Il;IIT TO :>KC CaMOC, TOIThKO 6e3 K<tTJIIICK II lliCTOK, 

HO 3a C"ICT KOHBeKTIIBHOrO ;Il;Dli)KCHUII IIpOBO;rJ;JllliCii MarMhl. 8Heprii.ll, 

HC06XO;rJ;liMaJI ;rJ;IT.ll CJI.I.I;('CTDOB<1HIIJI TOKOD MarMhl, C03/];<tCTCJI 3a C'ICT 

BHJTpCHHIIX IICTO'IHIIKOD TCIIJia. Jio)l;6IIpaJI COOTD<'TCTDJIOI.I.I;IIM o6pa-

30M rrapaMCTphl B aTOii MO/];<'ITII, y)l;aPTCII DIIOJIHe yp;oDJICTDOpiiT<'IThHO 

OIIIICaTh reHeparriiiO MarHIITHOrO IIOIT.ll D 3eM1I<'. 

TeM He MeHee, nocrre onHaKoMrreHII.ll c aTor! MO)l;CIThiO Hey;a;onrreTnopeH-
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Puc. 1. ,UucxoBoe )l;IIHaMo, c rroMo~biO KOToporo )l;CMOHCTpiipyeTC.li 

IIpiiHI.J;IIII aBTOB036y::.-K)l;CHII.li B )l;IIHaMO-riiiiOTe3e ( II3 [3]) 
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HOCTL ocTaeTcJI. Bo-rrepBhiX, ;D;IIHaMO-Mawmn.I c CaMOBoo6yE;a;eHHeM, 

KOHe'IHO, cy~eCTBYIOT, HO OHH cnei.J;IIaJibHO II IICKYCHO CKOHCTpyHpO

BaHLI IIO IIO;D;XO)l;JI~IIX KaTyWe:K, ;D;IICJI:OB1 ~eTOK, II CaMO. cy~eCTBOBa

HIIe Ta:KIIX )l;IIHaMO-MaWHH e~e He JIBMeTCJI O)l;HOOHa'IHLIM ;a;oxaoaTellb

CTBOM TOro, 'ITO a.HaJIOrii'IHLIH MexaHHOM MO:lKeT peaJIIIOOBaTbCJI B ccl>e

p11'1eCI:OM Terre, oanonHeHHoM cna6o npoBo~~eii 11 O'leHL B.a:oxo:H .En;a;
xocTLIO, KOHBeKI.J;HJI B I:OTOpOH BLIOBaHa pa;D;IIallbHLIM rpa;a;lleHTOM TeM

nepaTypLI. Bo BCJIXOM cnyqae, np.a:MYX axcnepHMeHToB, no;a;TBep:li{;D;a

.IO~ aTo, HeT. Bo-BTOpLix, MarHIITHLie nou B HacTo.a:mee BpeMJI o6-

Hapy:lKeHLI y paonu'IHLIX xocMH'Iec:a:mc o6'LeJ:TOB . .D:u xa:li{;D;oro o6'L

exTa MO:lKHO npiiMeHHTL p;IIHaMO-rHIIOTeoy 1 HO np11 3TOM napaMeTpLI 

MO)l;eJIII Heo6xo;a;HMo no)l;611paTL B l:a:lKp;oM cnyqae Heoa.BIICHMO. Heaoo

MO:lKHOCTb OniiCaTb paoHLie o6'bei:TLI e;a;HHLIM Ha60pOM napaMeTpOB 

He JIBMeTCJI CIIJibHOH CTOpOHOH 3TOH MO;D;eJIII. TpeTbJI Tpy;a;HOCTb co

CTOIIT B TOM, 'ITO ;D;M pa60TLI MexaHHOMa ;D;HHaMO Heo6XO;D;HMO Ha'laJib

HOe, oaTpaBO'IHOe none, J:OTopoe MO:lKeT 6LITL yciiJieHO. 'I'axHM noJieM 

060CHOBa.HHO MO:lKHO C'IIITaTb, KallaJIOCb 6LI, raJiaJ:TII'IeCB:Oe, IIMeiOIUee 

BeJIII'IIIHY nop.a:;a;:a:a 10-6 :3. Ho Tor;a;a Tpyp;HO B006pao11TL BOOMO:lK

HOCTL cy~eCTBOB8liHJI cnoco6a, I:OTOpLIH noOBOMeT YCIIJIIITL 3TO none 
r 

B oBeo)l;ax ;a;o 106 :3, a B nyllbcapax ;a;o 1012 :3. A ae;a;L cornacHo ;a;HHa.MO-

rllnoTeoe aTIIX orpoMHhiX noneii He ;a;oJDKHo 61a1no 61a1 6LITL 6eo HH'ITO:lK

Horo oaTpa.Bo'IHoro. 

MarHHTHoe noJie BOOHHKaeT npB BpaiQeHHH aJieKTpH'IecKBX 

oap.&AOB 

Ho, no:lKaJiy:H, rJiaBHLiii apryMeHT npoTHB 6oJILWIIHCTBa rHIIoTeo, 

BKJIIO'laJI ;a;uHaMO-rllnoTeoy, npe;a;cTaBUeT co6o:H Ha;a;e:lKHo ycTauoaneH

HLiii C noMO~IO Ha6JIIO;a;eHHi cl>a:a:T: MarHIITHLie MOMeHTLI M BCex 1:0-

CMII'IeCJ:HX TeJI, ;D;JIJI I:OTOphiX OHII IIOBeCTHLI, no nop.a:;a;:a:y BeJIH'lHHLI 
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nportop:r:J;HoHalTI:.Hhl IIX MeXaHII"'eCKIIM MoMeHTaM L, T.e. no nop.Hp;Ky 

Beliii"'IIHbl BCe XOCMII"'eCKIIe TeJia IIMeiOT O)l;HO II TO )Ke riipOMarHIITHOe 

oTaoweaiie {) [6]: 

M = fJL. (1) 

Ba)KHO, "'TO caMo riipoMarHIITHoe OTHoweHIIe {) npn aToM no nop.Hp;Ky 

BeJIII"'IIHbl npOCTbiM cnoco60M Bblpa)KaeTC.H "1epe3 MIIpOBble KOHCTaHTbl 

{)'::!..;a 
c (2) 

( G - rp~IITaD;IIOHHa.H KOHCTaHTa, c - cxopocTb cneTa). ITo-BII;rJ;II~OMY, 

npli"'IIHa aT~ro JIBJieHU ;rJ;Oli)KHa • 6b1Tb cf>yap;aMeHTaJibHOH II YHIIBep-
' 

CaJibHOH )l;M BCeX KOCMII"'eCKIIX Tell. 
' 

Ha"'ano pa3BIITIIIO aToro no;o;xo;o;a noJIO)KIIJI B nepnhle rop;bl aawero 

CTOJieTu ancTpaniiHCKIIH reocf>1I31IK Cytlepnea;o; [4], npe;o;nmiO)KIIBWIIH, 

"'TO 3eMHOe MarHIITHOe none o6ycJIOBJieHO TeM, "'TO 3eMM o6nap;aeT 

noJIO)KIITeJibHhiM o6'beMHhiM tlap.Hp;OM II KOMrreaciipyiO~M ero oTpiiD;a

TeJib~hiM nonepXHOCTHhiM. llpii :lTOM, ecnii npe;o;noJIO)KIITh, "'TO :lJieK

Tp1I3aD;li11 B03HIIKaeT BHYTPII KOCMII"'ecxoro Tena tla C"'eT ;o;eiicTB1I.H 

ep;IIaoro MexaniDMa, To :lTo Morno 6bl o6'b.HCHIITh cyw;ecTBOBaHIIe Ma

rHII'Y"HhiX none:H y ncex KOCMII~ecx~x o6'beKTOB ep;IIHhiM. cnoco6oM. IIo

cne Toro KaK B 1909 rop;y reneM 6biJIO II3MepeHO :MarHIITHOe none Con-
.. - . ' ' . 

HD;a II OKatlaJIOCh, "'TO OTHOWeHIIe Mai'HIITHbiX MOMeHTOB K MeXaHII"'e-

CKIIM p;M 3eMJIII II Conan;a no"'TII O;rJ;IIHaKoBo, :lTa IIp;e.H cTana o"'eHb 

npiiBlleKaTeJibHOII. 

· KpynH:e:Hw:ff:H pyccxii:ii cf>II3HK Toro iJpeMeHII rt.H.Jie6e;o;en nocTa

BIIJI cepliiO :lKCIIepiiMeHTOB no nOIICKY HaMarHII"'IIBaH1I.H 6biCTpO Bpa

UJ;aiOUJ;IIXC.H Tell, :lJieKTpii"'eCKa.H noMp1I3aD;li11 KOTOpbiX MOrna 6bl B03-

HIIKHYTh tla c..JeT p;eHCTB1I.H Cllll II:Hepn;lm:, :3KBIIBaJieHTHbiX CIIJiaM T.H

roTeitu. O;o;mi.Ko onhiThl ;o;ann OTpiin;aTeJibHhlH pe3YllbTaT [5]. Ilpii

MepH:o "'epetl p;nap;n;aTb JieT'ciMepiiKaHCKIIMII y"'eHbiMII nop;o6Hb1H onblT 

6:hln nonTope:H II oTpiin;aTerri>lihi:H penyni>TaT ero i:rop;Tnep)K;o;ea. 
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HecMoTp.H aa nc10 Ka)Kyru;yiOcll npiiBlleKaTellhHOCTh II;rJ;eii Cynepnea;o;a 

ee o6ocaonaane aaTaJIKIIBaRTC.H aa Tpy;o;aocTII, KoTopble aa nepBbiH 

nnrMp; npep;cTaBMIOTC.H aerrpeo;o;oniiMhiMII. Bo-nepBhiX, )l;JI.H Toro "'T06bl 

BHYTPII KOCMII"'ecKoro Tena cyw;ecTBOBana aneKTpn"'eCKa.H noMpiina

n;u, :lTO )l;OJI:iKHO 6b1Tb :lHepreTII"'eCKII BhlrOp;HO, a p;onoJIHIITellbHa.H 

xynoaoBCKa.H aaepnu, nonauKaiOUJ;a.H B 3TOM cny"'ae, nony"'aeTCll o'ieHh 

6oJibWOH - nop.Hp;Ka pR5 (p - nnoTHOCTb nap.Hp;a B ~OCMli'ieCKOM Tene, 

R - ero pa;a;~Iyc ). Bo-nTophlx,aeo6xop;HMhiH KynoaoBCKIIH nap11p; nay

Tpn TeJia )l;OJI:iKeH, no-Bli)l;IIMOMy, IlpiiBeCTII K orpoMHOH Hallp.H)KeHHO

CTH 3JieKTpll'ieCKOrO IIOJI.H B6JIII3H ero IIOBepXHOCTH. C. ynepeHHOCTbiO 

MO)KHO YTBep)K;rJ;aTb, 'iTO HII'iero IIO;rJ;06HOrO He Ha6JIIO;rJ;aeTC.H, BO BC.H

KOM cnyqae p;M 3eMJIII. II, Koaeqao, rrpn o6ocaonaHIIII 3TOH riiiiOTetlhl 

Tpe6yeTC.H IIOHJITh, IIO"'PMY p;aiOT OTpnn;aTellbHhlll penyllbTaT na6opa

TOpHhle OnbiThl 2. 

Honoe p;hlxaaue :8 peweane npo6neMhl BOtlHIIKHOBeHII.H MarauTaoro 

non11 KOCMIPieCKIIX o6'heKT~B np;oXHyn naypeaT Ho6eneBcKoli npeMnli 

II.M.C.Bn:1KeTT [6], KOTOphiH o6aapy)Kn~, "'TO, aa liHHPHHYIO nanucn

~OCTh Me)Kp;y MarHHTHbiMli li yrnoBhiMli MOMeHTaMII Kp~Me 3eMJIII li 

Conan;a JIO)KliTC.H n nnen)l;a Vir-78, MaranTHoe none KoTopo:ii 6blno ae

na;o;onro ;o;o aT oro orrpe;o;eneao Bap;KOKOM. II pn 3TOM BnaKeTT' XOT.H II 

IICXO)l;lllllltl HeDepHhiX rrpep;IIOChlllOK, CMOr BbiBeCTll Bhlpa)KeHIIt' )l;ll.H rll

poMarHHTHOrO oTaorueH1I.H KocM:H.Jecxnx Ten (paneacTno (2)). 

Honhlii no;o;xo;o; B ucCJiep;onaHnn nonMO)KHOCTll reaepan;IIII MarH~T
aoro non11 KOCMn'ieCKHMII o6'beKTaMn na c .... IeT ux aneKTpn•Iecxo:ii no

n.Hpiinan;nii B nocn~p;HIIe ro;o;hl pann1in npocf>eccop B.M.I)>nropLeB c Kon

neraMII !7]. 
06hl'iHO npep;nonaraeTC.H, 'iTO )l;eHCTBli~ rpaBIITaD;liOHHOro IIOJI.H Ha 

1 B ueJCOTopbix pa6oTax, Kaca'K>ll\HXU a-roro 801ipoca, o KR'ft•riae ooopali\NIIUI npoTIIB Mexauntiwa 

renepBl\IIH MBrHIITIIbiX HOlleR Ul\ f'lt'T 3Jif'KTp11'1t'CitOH UOnllpii:Ulllllll RI~JI.RIIrat'TCll f006pall\f'HHf', 

'lTd tieMHOH lla6niol(aTCBb B0061J1t• He JI.Ollli\CH BIIJ\CTb 1'aKO~O MariiHTtiOro UOllll, TI\K Ult ABHll\t'TCJi 

BMCCTC C BPI\IJII\IOIIIIIMHCll 3JICKTp11'1CCKHMH 01\PliJII\MII. QTO Ht'JI.OpaayMt'HIIt' CBlltli\HO f nenpaBHJib

HbiM npuMCIIt'llllf'M npeo6paoo&aiiiiU n~;1eii npll nepexOJI.P 80 apalill\k>IIIYIOfll CiKTt'MY KOOpJI.HHaT •. 
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MeTami npHBO}l;HT K qpeOBLI'IaHHO MaJIOH arreKTpH'IeCKOH nOll.!lpHOa:QHH: 

E~ mg 
q . (3) 

3;n;ech g - ycxopeHn:e cnrrLI TJDKeCTH, m - Macca n:oHa, q - arreKTpH

qecxn:H oapH;n; IIOHa. 

OcHOBHaH np;eH B.M.fpnropbeBa 6ao11ponarracb Ha yTnepAKp;ermii o 

TOM, 'ITO B OHaMeHaTerre paBeHCTBa (3) )l;OliAKeH CTOHTb CYMMapHLIH 

oapHp; noHa II :JrreKTpoHa nponop;nMOCTH. Tax KaK xyrroHOBCKaH cnrra, 

CBHOLIBaiOI:QaH HX, MHOro 60Jibllle rpaBHTa:QHOHHOH CHliLI1 p;eHCTBYIO

I:QeH Ha HOH, TO B MeTaJillax nop; p;eHCTBHeM rpaBHTa:QHH )l;OliAKHO ycTa

HaBJIHBaTLCH paBHOBecne, npH KOTOpOM HOHLI CMei:QaiOTCH BMeCTe CO 

CBOHMH arreKTpoHHLIMH o6rraxaMH. CyMMapHLIH oapHp; Taxoro o6paoo

BaHHJ£ p;orrAKeH 6LITh 6rrnoox K HYITIO. B aTOM crryqae, B cooTBeTCTBHH 

c cf>opMyrroi (3), paBHonecne HoHa, oxpyAKeHHoro arrex'l;pOHHLIM o6rra

KOM, no MHeHHIO B.M.fpnropbeBa, )l;OliAKHO npHBeCTH K. BOOHHKHOBeHHIO 

BHYTPH MeTan:rra BLICOKOH arrexTpH'Iecxoi HanpHAKeHHOCTH. 

B HallleH rra6opaTopnn 6Lirro noTpa'leHo HeMan:o ycnrrni, 'IT06LI npo

nepHTh 3TY rHITOTeay 3KCnepHMeHTaJibHO [8]. llpH 3TOM liOCTaHOBKa 
/ 

Onbtf.OB 6Lirra nO'ITH TaKOH AKe, Ka.K H y ll.H.Jie6ep;ena, TOllbKO C. HC-

nOllbOOBaHHeM BOOMOAKHOCTeH, KOTOpLie p;aeT 3KCnepHMeHTaJibHaH Te

XHHKa KOH:Qa XX nexa: onLITLI nerrnch B ycrronHHx rrry6oxor.o MarHHT

Horo BaxyyMa, H B Ka'leCTBe 'IYBCTBHTellbHOrO arreMeHTa 6Lill npHMe

HeH CBepX'IYBCTBHTellbHLIH CKBHp;-MarHHTOMeTp. llpH 3TOM1 Ka.J( H B 

onLITax TI.H .• Jle6ep;ena, noMepHrrocb MarHHTHoe norre, xoTopoe Mor 6LI 

HH/l;y:QHpoBaTb 6LicTpO Bpai:QaiO~HHCH MeTaJiliH'IeCKHH :QHliH~IJ;p. llpe~J;

IT<>llaraJIOCh, 'ITO 3lleKTpHOa:QHH o6pao:Qa )l;OliAKHa rrpOHCXOIJ;HTb Oa C'leT 

/];eHCTBHH cnrr HHep:QHH, aKBHBaJieHTHLIX THroTeHHIO. PacxpyTKa o6-

pa.'3:Qa npOHOBO}l;HllaCb CKOpOCTHOH BOOIJ;YliiHOH Typ6HHKOH, TaK "'ITO. 

B HCClle/];yeMOM MeTaJiliH"<!eCKOM o6pao:Qe, noMei:QaBWeMCH B rrpO"<J:HYIO 

o601IO"<IKY, oa C"<J:eT CHIT HHep:QHH paoBHBaJIHCb }l;aBlleHHJ£ IJ;O HeCKOJibKHX 

COT aTMOccf>ep. PeoyrrLTaTLI HOMepeHHH noKaoaJIH OTCYTCTBHe HCKO-

8 

) 

MOrO a<t><t>eKTa B TBepiJ;LIX MeTarrrrax, TaKHX KaK CBH:He:Q, Oli0B0 1 HH/];HH 

n p;p. HexoTopLIH He nnorrHe noHHTHLIH acf><t>eKT 6Lirr oaperncTpnpo

BaH npn npai:QeHHH aMnyrrLI c ~HIJ;KOH PTYTLIO. 8ToT acf>cf>eKT He 6Lirr 

nonTopHIOI:QHMCH n, no-BHIJ;HMOMy, BLIOLIBaJICH nepeMei:QeHneM pTyTn 

BHYTPH aMnyrrLI. 

_ HTaK, nop;nop;H ~ITor ncTopnH noy'leHHJ£ oeMHoro MarHeTHOMa, npn

XOIJ;HTCH KOHCTaTHpOBaTh, 'ITO rra6opaTOpHLie 3KCrrepH:MeHTLI He nop;~ 

TBepiJ;HliH HH Op;Hy HO BLI/];BHraBliiHXCH rnnoTeO. 8TO HaTaiTKHBaeT Ha 

MLICll,h, 'I_TO npH'I~Y Heyp;a'l crrep;yeT HCKaTb B TOM, 'ITO MeXaHHOM re

Hepa:QHH MarHHTHOro liOliH BKliiO'IaeTCH TOllbKO B KOCMH'IeCKHX Tellax H 

He pa6oTaeT B rra6opaTopHLIX ycrronux. MoAKeT 6LITh, oH CBHOaH c p;ei~ 

CTBneM cnepXBLICOKHX p;anrreHHH BHYTPH xocMH'Iecxnx Ten, He;n;ocTHAKH

MLIX B rra6opaTopnn? Ecrrn ;)TO TaK, TO ecTeCTBeHHO BHOBh nepHyTLCH 

K Bonpocy 0 BOOMOAKHOCTH BOOHHKHOBeHHJ£ BHYTPH KOCMH"<J:eCKOrO Terra 

arrexTpn'lecxoi norrHpH:Oa:QHH. Bo BCHKOM crry-qae, ecrrn npn aToM ei:Qe 

npe;n;norroAKHTh, 'ITO arreKTpH'Iecxne HBlleHHH paoLirpLIBaiOTCH BO :aHy

TpeHHHX o6rraCTHX, TaM, r/];e IJ;eHCTBYIOT CBepXBLICOKHe )l;aBlleHHJ£1 TO 

3THM AKe MOAKHO 6LIJIO 6LI 06'bJ£CHHTb 1 no'leMy He Ha6JIIOp;aeTCJ£ orpOM

HLIX arrexTpn'lecxnx norrei Ha nonepXHOCTH xocMn'lecxnx Terr. Ta.KjRM 

o6paOOM
1 

HeKOTOpLIX TpY)J;HOCTeH aToro ITO;IJ;XO/];a MOAKHO no6eAKaTb1 

cp;erraB COOTBeTCTBYIOI:QHe npep;norroAKeHHH. lloaTOMY OCHOBHLIM OCTa

eTCH BOrrpoc: KaK o60CHOBaTb 3HepreTH'JeCKYIO BLirO/];HOCTb BOOHHKHO

DeHHH arrexTpH'Iecxoi norrHpHOa:QHH BHYTPH xocMn'lecxoro Terra? 

N+l-.s Mop;eJib 

Ecrrn o6ooHa'IHTh 'lncrro Mop;errei, npe~J;rrOAKeHHLix nccrrep;onaTeliHMH 

)l;liH o6'bHCHeHHH MeXaHHOMa BOOHHKHOBeHHJ£ MarHHTHOrO nOliH 3eMliH 

n p;pyrnx xocMn'lecxnx Terr, 6yx:aoi N, TO o:QeHxa p;aeT no xpaD:Hea 

Mepe N > 30.HnAKe MLI·nonLITaeMcH onncaTb ei:Qe op;Hy, N + l-10. Ee 
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ocHonoB: JIBJIJieTcJI npe;a;norroxeHHe, 'ITO arreKTpn:'IeCKaJI norrJipn:nan;H.ll 

HY)KHOH BeliH'IHHhl B KOCMH'IeCKOM Terre MOXeT CTaTI> 3HepreTH'IeCKH 

Bhli'O;IJ;HOH, eCliH KOCMH'IeCKOe TellO o6pa:JOBaHO H:J Be~eCTBa, OllHCLI

BaeMOI'O llO;IJ;XO;IJ;.li~HM ypaBHeHHeM COCTOJIHH.ll. 

.IJ:ll.ll HenapJIXeHHOI'O KOCMH'IeCKOI'O Terra paBHOBeCHOe COCTOJIHHe onpe

p;ell.lleTC.ll MHHHMYMOM rpaBHTaD;HOHHOH, ynpyroiJ: II TellliOBOH 3Heprn:n:. 

Ilpn: llO.liBlleHHH 3lleKTpH'IeCKOH llOll.llpH:JaD;HH Be~eCTBa B n:rpy BCTy

naeT e~e· KyrroHoBcKaJI aHeprH.ll. 

On;eHKn: noKa:JLIBaiOT, 'ITO BKrra;a; TenrronoB: aHeprn:n: n o6~n:B: 6arraHc, 

BO BCJIKOM Clly'lae ;IJ;ll.ll 3eMliH, HeBeliHK, II liM MOXHO rrpeHe6pe'II> [9]. 
IInnecTHO, 'ITO rpann:Tan;n:oimaJI aHeprH.ll KocMn:'lecKoro Terra yMeHI>

rnaeTcJI rrpn: yMeHI>llleHn:n: ero pap;n:yca. liHLIMH CliOBaMH, C06CTBeHHOe 

rpaBn:TaD;HOHHOe llOlle CTpeMHTC.ll CXaTI> KOCMH'IeCKOe TellO. Ilpn: TaKOM 

cxaTn:n:, ecTeCTBeHHo, pacTeT ynpyraJI aHeprH.ll ne~ecTna. PanHonecn:e 

HacTynaeT, Kor;a;a yMeHI>llleHHe aHeprn:n:, BO:JHHKaiO~ee na c'leT cxaTH.ll 

Terra rpann:TaD;HOHHOH CHliOR, KOMlleHcn:pyeTC.ll COITYTCTBYIO~HM BO:J

pacTaHHeM ynpyroB: 3Heprn:n:. BonHHKHOBeHn:e arreKTpH'IeCKOH noll.llpn:

nan;n:n: ne~ecTBa n: noJIBlleHn:e ;a;onorrHn:Terri>HOH KyrroHOBCKOH aHeprn:n: 

CaM()o.JIO ce6e aHepreTH'IecKn: HeBLiro;a;Ho. Ho BMecTe c noJinrreHn:eM 

3lleKTpH'IeCKOH llOll.llpn:nan;n:n: MOXeT yMeHI>lllHTbC.ll ynpyraJI 3HeprH.ll 

Terra, B penyrri>TaTe n:nMeHJITCJI ero pa;a;n:yc n: rpann:Tan;n:oHHaJI 3Heprn:JI. 

IloaToMy, B rrpHHD;Hlle, Hellb:J.ll HCKliiO'IHTb TOI'O, 'ITO llOliHaJI 3Hepi'H.ll 

Terra np:rr aToM MoxeT yMeHI>lllHTbCJI, a nHa'IHT, noJinrreHn:e arreKTpH

'!ecKoil llOll.lipH:JaD;HH CTaHeT BLII'O;IJ;HLIM. 0TnepraTb TaKyiO BO:JMOX

HOCTb Helii>:JJI, Heo6xop;HMO nponecTn: pac'!eTLI . .IJ:rrJI aToro, npe:IKp;e 

Bcero, HY)KHO )l;OI'OBOpHTbCJI, C KaKHM Be~eCTBOM MLI HMeeM p;erro HliH 

KaKono ero ypanHeHn:e cocTOJIHHJI. HeMen;KHH y'leHhlH P.8Mp;eH B cnoeB: 

pa6oTe "ranonLie rnapLI" n 1907 rop;y narroxn:rr ocHOBhl TaKoro pac

'leTa. OH nnepnLie cMor pernn:Tb nop;o6HyiO nap;a'ly, npep;norroxn:n, 'ITO 

nann:cn:MoCTb nrroTHOCTn: nnenp;Horo ne~ecTna r OT p;anrreHHJI BHYTPH 
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:JBe:Jp;LI p MO:iKHO OJIHCaTb JIOliHTpOllHLIM ypaBHCHHCM: 

I"' pk . (4) 

3p;ecb k - rroKanaTerri> rromiTporrLI. Ecrrn k = 0, TO ne~ecTBO HeC)KH

MaeMo, T.K. ero ITliOTHOCTb He :JaBHCHT OT p;anrreHIIJI. ranonoe COCTO

JIHHC ne~ecTna omicLinaeTcJI rroKanaTerreM k = 1. Hepell.liTMBHCTCKn::i'x 

<J>epMn:-ran, T .e. BC~eCTBO B COCTOJIHJIII ,aJieKTpOH-HOHHOli ITlla:JMLI, KO

~opoe C'll'ITaCTCJI o6LI•IHLIM )l;liJI "o6LI'IHOI'O" :JBC:J)l;HOI'O Be~eCTBa, llMeeT 

k = 3/5. 
.IJ:rrJI IIOliY'ICHll.ll pelllCHIJJI BMCCTe C ypaBHCHIICM COCTOJIHIIJI HC06XO

p;MMO :JallliCaTb ypaBHCHIIC paBHOBeCHJI. lloKa 3liCKTpii'ICCK~ ITOliJipn

:JaD;HJI OTCYTCTDyeT, ypaBHCHHC paBHOBCCII.!l orrpep;eliJICTCJI TCM, 'ITO 

rpaBnTaiJ;HOHHaJI CHlla {g · (g - rpaDIITaD;IIOHHOC ycKopeHIH') KOMIICH-
• 

CMpyeTCJI p;e{ICTDYIO~IIM Ha. ne~eCTDO rpap;neHTOM p;aBliCHIIJI: 

{g =grad p. (5) 

Ecrr:rr n ne~ecTBe BO:JHHKaeT arreKTPII'ICCKaJI rrorr.llpnnan;IIJI, TO MO)KHO 

I'OBOpiiTb 0 TOM, 'ITO Ka)K)l;LIH ero aTOM rrp~I06peTaCT HC60llblllO{I 3lleK

~pii'ICCKIIR :JapJip;, aD C)l;HHIID;e 06'beMa BCil.I,CCTBa cocpep;OTO'IHTCJI ?a

p.llp; p. 3To rrpnnep;eT K To My, 'ITO B ne~~cTne D03Hl~KHCT arreKTpn

'I~CKoe rrorre E II ;a;orrorrHIITCllbHaJI arreKTPII'ICCKaJI curra pE, KOTopaJI 

6y;a;eT HarrpanrreHa rrpoTIIB cnrrLI rpaBHTan;nu oT n;eHTpa K rronepxl{o-. 

cTII nne3p;LI. B aToM crry'lae ycrronne paBHOD<'CHJI nonMoxHo 3anucaTb 

TaK: 

r9--; pE ;=::grad p . (6) 

Ecrrn o6onHct'UlTb 

pE-
rg -q' (i) 

TO ypaBHCHJil' paBHOBCCUJI nepcriHlllCTCJI D DII)l;<' 

{g(1-q) =grad p. (8) 
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B crry'lae q = 0 Mbl HMeeM He:Jap.s:)KeHHOe Terro, a npn q = 1 arreKTpH

'lecKa.s: cnrra norruocTLIO KOMneucnpyeT ;IJ;eHCTBHe rpannTan;nn. Cnrrbl 

rpaBHTaiJ;HH MHOrO CJia6ee :lJieKTpH'leCKHX, llO:lTOMY ;IJ;JI.S: ITOJIHOH KOM

neHCan;HH rpaBHTaiJ;HOHHOH CHJibl He06XO;IJ;HM HH'lTO)KHbJH aJieKTpH'le

CJ(liH :Jap.s:;IJ;: ;IJ;JI.S: aToro ;IJ;OCTaTO'lHO HMeTL ua Ka)K;IJ;blH aTOM BHYTPH 

KOCMH'lecKoro Terra ncero I0-18 oT :Japll;IJ;a O;IJ;Horo arreKTpoua. 

IIpn TaKOH KOMneucan;nn, KaK BH;IJ;HO H::l paneHCTBa (8), rpa;IJ;HeHT ;IJ;a

nrreHHll BHYTPH KOCMH'lecKoro Terra HC'le:JHeT. Ho aTo He :JHa'lHT, 'lTO 

6Y;IJ;eT OTCYTCTBOBaTL CaMO ;IJ;aBJieHne! ,Jl;eHCTBHTeJILHO, XOT.S: npHXO;IJ;.S:

I.QHHC.S: Ha O;IJ;HH aTOM Bei.QeCTBa :lJieKTpH'leCKHH :3ap.S:;IJ; HH'lTO)KeH, cyM

MapHa.s: :lHeprn.s: :lJieKTpH'leCKoro noJil[, KOTOpa.s: 6Y;IJ;eT cyi.QeCTBOBaTL 

BHe :JBe:J;IJ;bl, OKa:JblBaeTc.s: orpoMHOH. KyrrouoncKa.s: aueprn.s: yMeHLWHTc.s:, 

eCJIH Ha nonepXHOCTL :3Be:3;IJ;LI "HarrHnHeT" llOBepXHOCTHblH :3apll;IJ; ;IJ;py

roro :JHaKa, 'leM o6'beMHblH :Jap.s:;IJ; BHYTPH :JBe::l;IJ;bl, n Mbl nony'lHM 

cTpyKTYPY, npe;IJ;1IO)KeHHyiO ei.Qe Cy:JepneH;IJ;OM. B aToM crry'lae nnenp;a 

6Y;IJ;eT HeCTH nap.&:;IJ; C ll1IOTHOCTLIO p BHyTpH, HO B IJ;e1IOM 6yp;eT 31IeK

TpOHeHTpa1IbHa H xynouoncxoe none BHe :JBe:Jp;bl 6Y;IJ;eT OTCYTCTBOBaTb. 

B nnaue yMeHbWeHH.s: Kynouoncxo:H aueprHH aTo Bblrop;uo. Ho npn aToM 

noBepXHOCTHblH ::lap.a:p;, HaxO;IJ;.S:I.QHHCll Ha napj[)KeHHOM wape, 6Y;IJ;eT npHT.S:

rHBaTbCll K n;eHTpy wapa H paBHOMepHO C;D;aB1IHBaTb ero Bei.QeCTBO. 3TO 

npHBep;eT K yMeHbWeHHIO rpaBHTaiJ;HOHHOH :lHeprHH npH O;D;HOBpeMeH

HOM pocTe aHeprHH p;ecpopMan;nn. 

TaKHM o6pa:JoM, npn q = 0 nei.QecTBo KOCMH'lecxoro Terra C)KaTo He

op;Hopop;uo: p;anneune Po B ero n;eHTpe O'leHb nennKo, a Ha nonepxuocTH 

p;anneune oTcyTcTnyeT. IIpn q = 1 nee KOCMH'lecxoe Teno op;Hopop;Ho 

C)KaTo cnoeM nonepxuocTHoro napll;IJ;a. ,ll;e:HcTBYIO~ee B aToM cny'lae 

Ha Bei.QeCTBO ;IJ;aB1IeHHe P1 nony'laeTCll HeCK01IbKO MeHbWHM, HO, TeM He 

MeHee, Be1IH'lHHa ero HMeeT TOT )Ke nopll;D;OK, 'lTO H ;IJ;aB1IeHHe B n;eHTpe 

npH OTCYTCTBHH aneKTpH'leCKOH ITOJil[pH:laiJ;HH. 

IIonHoe oTcyTcTBHe nap.a:p;a npn q = 0 H MaKCHMaJibHhiH napllp; npn 
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q = 1 - aTo ;IJ;Ba npe;IJ;eJibHhiX cny'la.s:. KoHe'lHo, cnep;yeT O)KH;IJ;aTb, 

'lTO pac'leT MO)KeT llOKa:JaTb, 'lTO aHepreTH'leCKH BhlrO;IJ;HhiM OKa)KeTC.S: 

~eKHH npoMe)KyTO'lHbiH napnauT. 

K co)KarreHHIO, caM pac'leT OKa:JhiBaeTcll HaCTOJibKO C1IO)KHblM, 'lTO 

ero MO)KHO npoBeCTH TOJibKO C nOMOIIJ;biO Bhl'lHC1IHTe1IbHhiX MawHH. 3Ta 

CJIO)KHOCTb BO:JHHKaeT B OCHOBHOM H:J-:Ja TOro, 'lTO p;anneHHe, KOTO

poe pa::lBHnaeTc.s: BHYTPH :JBe:J;IJ;bl, ::laBHCHT oT nnoTHOCTH Bei.QecTna 

.BHyTpH paCCMaTpHBaeMoro Wapa, a :lTa IT1IOTHOCTb B CBOIO O'lepe;IJ;b 

:JaBHCHT OT ;IJ;aBneun.s:. TaKne pac'leThl npHMepHo 'lepen p;na p;ecllTH

neTn.s: nocne co::lp;aHHll P .3Mp;eHOM nonnTponuo:H Mop;enn nponenn He

::laBHCHMO C.lfau;IJ;pacexap n JI.,ll;.Jiaup;ay. lfaup;paceKap cMor nx npo

necTH 6naro;IJ;ap.a: ToMy, 'ITO y ero y'lnTeJil[, ::lHaMeHHToro acTp<XPn

::lHKa A.3;IJ;;IJ;HHrToHa B KeM6pnp;)Ke 6hlna p;ocTaTO'lHO conepweHHa.s: no 

TOMY npeMeHn Mexaun'lecKa.s: C'leTHa.s: MawHHa. KaK nponop;nn pac

'leThl JI.,Jl;.Jiaup;ay, HeH:JBeCTHO, HO OH npnp;anarr :lTHM pac'leTaM TaKOe 

BHHMaHHe, 'lTO HX pe:3y11bTaThl npHBe11 B BH;IJ;e rpacpHKOB [10], KOTQ

pble pe;IJ;KO ncTpe'laiOTCll B ero :JHaMeHHTOM Kypce. Bc10 :lHn;HKnonep;HIO 

cpH:3HKH eMy Y;IJ;aJIOCb Bhlpa::lHTb ll::lhiKOM cpopMyn. 

IIpocToe peweHne B paMKax nonnTponuoB: Mop;enn nony'laeTCll AJij[ 

C1Iy'la.s: HeC)KHMaeMOrO Bei.QeCTBa, HO npH :lTOM BO::lHHKHOBeHHe 31IeX

TpH'leCXOH noJil[pH:lan;HH He MO)KeT npHBeCTH X H::lMeHeHHIO HH rpaBH

TaD;HOHHOH, HH ynpyroii aHeprHH Terra, a :JHa'lHT, peny11bTaT llCeH H 

6e:J ncnoro pac'leTa: nonneHHe p;ono1IHHTe1ILHoii KynoHoBcxoii aHep

rHH 6Y;IJ;eT HeBLirOp;HO. 

Op;HaKO nponep;eHHe pac'leTa p;u Bei.QeCTBa c OT1IH'lHhiMH OT HYU 

n01IHTpOnHhiMH HHp;eXCa.MH X H:JMeHeHHIO :lTOrO BhiBOp;a He Bep;eT: pac

'leT B paMxax nonnTponHoii Mop;e1IH noxa:JhiBaeT, 'lTO ;!I;JIJ[ ra:JoBoro 

wapa, cocTOlli.Qero nn nei.QecTBa c ni06LIM nonn:TponHLIM HHp;excoM, 

BO:JHHXHOBeHHe aneXTpH'leCXOH noupH::lan;HH :lHepreTH'leCKH HeBlall'O

;D;HO. 
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Ho 3eMllll - He ra:JOBbiH map. .TI:llll Hee ncrroJIL:JOBaHne ypaBHe

HIDI cocTo.liHHJl ( 4) Bp.llp; rrn orrpaBp;aHHo. Ecrrn C'IHTaTL 3eMJIIO TBep

p;biM TeJIOM, KaKHM OHa, 6e3,YCJIOBHO, .liBllliCTC.ll B6JIH3H IIOBepXHOCTH, 

Hama :Jap;aqa cnJILHO yrrpocTHTC.ll. B aTOM crryqae MO)I{HO socrrorrL:Jo

BaTLC.ll pe:JyJILTaTaMn aHam!Tn'lecKoro pemeHIDI :Jap;aqn o p;e<J>opMa..: 

D;liiH TBepp;oro mapa C06CTBeHHbiM rpaBHTaD;HOHHbiM IIOJieM, IIpliiBep;eH

HOrO B "TeopliiH yrrpyroCTH" JlaHp;ay-Jln<J>mnn;a [11]. cho pemeHne 

IIOJI,Y'IaeTC.ll aHaJIHTH'IeCKHM TOllbKO )l;llll Cli,Y'Ia.ll CJia6oiJ: rpaBHTaD;Hlii, 

KOrp;a p;e<J>opMaD;HH BeiiJ,eCTBa MaJibl, HO Ka'leCTBeHHO 6oJILmHe p;ecl>op

MaD;HH C,YTH p;erra He lii3MeH.lltoT. A C,YTb pemeHH.ll COCTOHT B TOM, 'ITO B 

D;CHTpaJILHOH o6JiaCTH mapa BCIIJ,CCTBO OKa::lbiBaeTC.ll C)l{aThiM, HO IIpH

MepHO Ha O):(HOH 'leTBepTlii pap;nyca, IIpliiJieraiOIIJ,eH K IIOBepXHOCTH, OHO 

l10p;BepraeTC.ll pap;naJibHOM,Y paCT.lJ)f{eHJIIIO. 8To 03HaqaeT; 'ITO paCT.li

H,YTO Bp;Ollb HarrpaBJICHH.ll pap;nyca BeiiJ,eCTBO, 3aHHMaiOIIJ,ee IIO'ITJII IIOJIO

BliiH,Y 06'beMa mapa B6JIJII311I IIOBepXHOCTH. 8To C,YIIJ,CCTBCHHOe OTJilii'IliiC 

oT crryqrur ra::loBoro mapa •. .IJ:rr.ll raaosoro mapa npn q = 0 B cdoT

BeTCTBliiH C ( 4) 'B6JIH3H IIOBepXHOCTlii BMeCTe C 0 6paiiJ,CHHeM B H,YJIL 

)l;aBJieHIDI K H,YJIIO CTpeMHTCJl H I1llOTHOCTb BeiiJ,eCTBa. IloaTOMy· ~llll 

aTo'fto crryqaJi: dcHOBHoii nxrrap; B rpaBHTan;iioHHYIO aHeprnro Terra BHO

CHT nrroTHoe ·BeiiJ,ecTno B n;eaTpaJibHOH o6rracTn :3BetJp;bl. Bo:JHHKHOBe

H'He -arreKTpnXIecKoro :Jap.llp;a n nepepa:cnpep;erreHne )l;aBJieHIDI: He sep;eT B 

aTOM crryqae K :3aMeTHOM,Y yMeHLmeHHIO rpaBliiTaD;liiOHHOH aHeprnn, lii B 

peayJILTaTe B03HliiKHOBCHHe aneKTplii'ICCI(OH IIOIDipH:3aD;liiH OKa3biBaeTC.ll 

HCBblrO)l;HbiM . .IJ:rr.ll TBepp;oro mapa CHTyan;IDI Ka'ICCTBCHHO li:3MCH.liCTC.ll 

HMCHHO B CHJI,Y TOro, 'ITO B6JIH:311I IIOBCpXHOCTH, rp;e BellliKO ,YCKOpeHHe 

g, BeiiJ,eCTBO He' C)l{aTO IIO pap;nycy, a paCT.liH,Y'!'O. cho OHaXJ:HT,· 'ITO 

p;rur cnyqa.B: q = 0 rpa.BnTan;noHHaJJ aaepriDI norry'laeTC.ll 6orrLmoii. Pac~ 

'leT IIOKa::lbiBaeT, 'ITO D CJIYXJ:ae q = 1 Dee BCIIJ,CCTBO wapa C)l{liMaeTC.ll 

p;aBJieHJIICM 

GM2 

P1 = 6RV 

J4 

(9) 

(M, V n R- Macca, o6'beM 11 pap;nyc KOCMH'IecKoro Terra), II B pe:JyJib

TaTe pap;uyc Ta:r.:oro KOCMII'IecKoro Terra oKa:JbiBaeTc.ll MeHbme, a :3Ha

'IIIT, MeHLme 11 rpamiTan;noHHa.ll aHeprn.ll. YnpyraH aaepriDI npn aToM 

MCH.lleTC.ll He TaK CIIJILHO, IIOTOM,Y 'ITO IIpOUCXO)l;HT TOJibKO li3MeHeHne 

3HaKa pap;HaJILHOH p;e<J>opMaD;IIII - paCT.li)I{CHHe :JaMeH.liCTC.ll C)l{aTHCM. 

B CB.li:JII c aTIIM p;rr.ll Bbi'IHCJICHH.ll aHepreTuqecKoro paBHOBCCH.ll B 

TBCp)l;OM mape 60JICC OIIpanp;aHHO IIOJib:)OBaTLC.ll p;pyriiM ypaBHCHHCM 

COCTO.liHII.ll, rrepeXO)l;.liiiJ,IIM IIpii MaJibiX )l;aBJieHII.liX B :JaKOH I)'Ka, HaiipH

Mep: 

I= lo(l + k). (10) 

3p;ecL lo - IIJIOTHOCTL rrpn ayrrenoM ;o;asrreaun, K - MO;IJ;j~JIL ncecTo

poaaero C)JGtTII.ll nemecTna. B6rrn:JII rronepxaocTn, rp;e p << 1\, Ta

Koe ypaBHeHHe COCTO.liHH.ll COOTBeTCTB,YeT HeC)I{HMaeMOMY BeiiJ,eCTBy C 

1 = lo· B6mmu n;eaTpa 3eMmi, rp;e p ~ /\.·, ypanHeHne cocTO.liHII.ll co

OTBeTCTByeT BeiiJ,eCTB,Y C IIOJIIITpOIIHbiM IIH)l;CKCOM, 6JIII3KIIM K 1, 

p 
l~loK · 

B aToM crryqae map KaK 6bl cocTaBJieH 113 p;nyx crroen: BHyTpeHaero -

C)I{HMaeMoro, KOTOpbiii H(' DHOCHT 6orrLmoro DKJiap;a B rpaDIITaD;IIOH

H,YIO aHeprHIO, II BHCmHero HCOKIIMaeMOrO, KOTO}Jbllci D OCHODHOM ee II 

onpep;err.lleT. Bo:JHIIKHOBeHue :Jap.llp;a rrpnnop;nT K nKaTnro DC<'ro mapa. 

Ho :JaMCTHoe yMeHLmemre rpannTan;noHao!i GH<'prmr n aToM crry•rae 

IIpOH30H;IJ;CT TOJibKO )l;llll )l;OCTaTO'IHO MaCCIIBHbiX Tl'JI, )l;JI.ll KOTOJ>biX p;a

BJieHH.ll P1 rrpn6JIH)KaiOTC.ll K Mop;yrriO ncecTopoHH<'ro C)KaTII.ll A". Reno, 

~rTo )l;JI.ll Marrblx KOCMIPI<'CKIIX Terr, }l;JI.ll KOTopblx P1 < A", ;o;e<J>opMa

n;nu 6yp;yT M<tllbl, ::laMeTHoro YMCHLm<'HII.ll rpaBJITClll;IIOHHOII GH<'prmr HC 

IIpOII30H;IJ;CT II B03HIIKHOB<'HH<' aneKTpH'ICCKOII IIOliiiJ>II3all;IIII OCTaHPTC.ll 

HCBblrO)l;HbiM. 

liMeHHo TaKo:r! pe:JyJILTaT n ;o;<H'T KOMIILI<>TepHhlii pcu·•:r<'T [12] ;o;n.ll 

6aJiaHca aHepriiii D MaCCIIDHOM Wape, COCTO.llllJ,<'M lin D<'IIJ,<'CTDa C ypa-
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q==0.4 

A 1.2 1.6 2.0 

PHc. 2. 3anHCHMOCTb rrorrHo:H ::meprHH KOCMH'ICCKoro Terra oT rrapa

MeTpa A (rrpHnep;eHHOH Macchl KOCMH'IecKoro Terra) p;rrJJ Tpex :ma'IeHHH 

arreKTpH'IeCKOH rrorrJJpHna~HH. BHp;Ho, 'ITO rrpH A > 0.6 nonHHKHoneHHe 

3JICKTpH'ICCKOH IIOll.llpH3a~Hll CTaHOBHTCJI 3HepreTH'ICCKH BhlrOp;HO 
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q 

P11c. 3. 3anHCHMOCTb rrmiHo:H aHeprHH xocMH'lecKoro Tena OT uerrH'IHHhl 

anexTpH'Iecxo:H rrorrJJpHnan;llll B crry'lux A = 0.5, A = 1, A = 2, A = 3. 
BHp;Ho, 'ITO rrpH A = 0.5 IIOJIBJieHHe anexTpH'IecJ:oi rroJIJipHOan;HH aHep

reTH'leCKH HCDl>Irop;Ho. IlpH 6om.w11x A MllHHMYM aHeprHH cMe~aeTCJI n 

CTOpOHY q -+ 1 
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BHeHneM cocTo.s:HHJI (10). Pe:Jyrri>TaT aToro ·p~eTa · noxa:J~ Ha 

pu:c. 2 n 3. Ha: aTnx pncymax 

A=6PtfK. (11) 

JI:J pnc. 2 MO)f(HO BHp;eTh, 'ITO BO:JHHKHOBeHHe :Jap.s:p;a B KOCMH'IeCJWM 

Terre CTaHOBnTc.s: aHepreTn'Iecxn Bbt:rop;HhiM, xorp;a napaMeTp A ~ 0.6. 

,Ilrr.s: Wapa C MeHhWHMH pa:JMepaMH BO:JHHKHOBeHU:e CllOHTaHHOH arreK

TpH'IeCKOH norr.s:pn:J~n aHepreTn'Iecxn HeBhirop;Ho. CorrracHo onpep;e

rreH:mO (9), B nepByiO o'Iepep;h K pocTy napaMeTpa A Be):(eT yBerrn'IeHue 

MaCChi XOCMH'IeCKOro Tella. floaTOMY pe:JyllhTaT pac'IeTa MO)f(eT 6hiTh 
.' 

c<f>opMyrrnpoBaH no·;a;pyro,My: cnoHTaHHaH arreKTp~'leCKaH norr.s:pn:Jan;HJI 

CTaHOBHTC.S: aHepreT~'JeCKH Bhil'O)J;HOH, ecliH Macca Terra npeBhiWaeT 

npHMep;HO B 10 pa::l HliH 60llbWe Macey JlyHhi (KoHe'IHO, eCliH OCTaJihHhie 
·, 

KOHCTaHThi COCTaBll.HIOID;ero TellO BeiD;eCTBa - llliOTHOCTh H ynpyrOCTh 

- OCTaiOTC.S: THllH'IHblMH p;rr.s: ":JeMHbiX" ycrroBHU). 

JI:J pu:c. 3 Bnp;Ho, 'ITO BMecTe c yBerrn'IeHneM A, T.e. :sMecT_e c po

cToM·Macchi Terra, paBHOBecne, cooTBeTCTBYIOID;ee MHHHMYMY aHeprnn, 

CMew;aeTC.S: B CTOpoey q -+ 1. fioaTOMY npn )J;OCTaTO'IHO 60llhWHx MaC

CaJC'jB COOTBeTC'fBHH C onpe;a;erreHHeM (7) ~HHMYMY aueprnn COO'l'BeT-. . ... 

CTByeT llliOTHOCTh CB.S::JaHHOrO BlleiCTpH'IeCKOrO :Jap.s:p;a 

p~ G1121 . (12) 

IifpoMarllHTHoe oTIIoweuae · 

BpaiD;eHn'e· BOKpyr CBOeu' OCH KOCMH'IeCKOro Terra C TaKHM 06'beM

HhiM :Jap.S:)J;OM ( C -y'IeTOM KOMITeHcu:pyiOID;ero llOBepXHOCTHOro) CO:J;D;aCT 

y Hero MarHHTHhiH MOMeHT, BeliH'IU:Ha KOTOporo onpep;err.s:eTC.S: paBeH

CTBOM BrraxeTTa (1) c ru:poMarHHTHblM OTHoweHHeM: 

{) = ~ ~ 2.88 .1Q-15 (cM/r)112 , 
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rrorapn<f>M KOToporo 

lg {) = -14.54 

llOKa:JaH Ha pnc.4 WTpllXITYHKTllpHOII liiiHIIeii. 

Ha aTOM pncyHKe TaKJKe rroKa:JaHhi nHa'IeHilK M ( L) p;rr.s: Tex KOCMII'Ie

CKHX 06'beKTOB, ;D;liH IWiophiX OHII HaM l13BCCTHhi. ,IlaHHhie, IICllOllh30-

BaBUiliCCJI llpii IIOCTpoeHIIII BTOrO pncyHKa, B3JIThi 113 cnpaBO'IHIIKOB, 

0630pOB II OT'ICTOB 06 BKCITC)J;IIJJ;IIHX KOCMII'IeCKIIX annapa

TOB [13-19] . .IJ:rrH ncex yKanaHHhlX nnen;a;, KpoMe CorrHn;a 11 nyrri>capa 

(Her X-1), nHa'IeHIIII MarHIITHhiX noneil, cKopocTeii npameHilK n pa;IJ;ny

con npiiBC;IJ;CHhi B o63ope [15]. B GTOM o63ope He npnBe;IJ;eHhi MaCChi 

3Be3;IJ;, HYJKHhie HaM ;IJ;liH Bhi.jncrreHnH L. llx MOJKHO onpe;IJ;eJIIITh, uc

XO;IJ;H II3 ;IJ;aHHhiX 0 cneKTpallhHhiX Kllaccax 3Be3;IJ;; ~OTOphie II3BeCTHhi. 

0;IJ;HaKO BCC 3TH 3BC3;IJ;bl OTHOCJITCB K KJiaccaM, 6mi3KHM K COJIH("IHOMY, 

noaToMy, 3Ha.s: nx pap;nycbl, Macchi MOJKHO onpep;em~Th, npep;norroJKim, 

'ITO aTn 3Be3;IJ;hl nMeiOT TY JKe nnoTHOCTh, 'ITO II CorrHn;e. llorry'IeHHhle 

3THM ITYTCM YrJIOBhlC MOMCHThl )];liB 3Be3;IJ; IICllOllh30BaHhl IIpii llOCTpO

eHHH pnc. 4. 

,Ilrr.11 Ho n TliTaHa MarHIITHhle norr.lf onpe;IJ;eJieHhl KOCMH'U'CKIIM an-
; 

napaToM "Bo.llp;JKep-1" [17, 18]. B rrnTepaType oTcyTcTBYIOT p;aHHhle 

o6 yrrronoil cKopocTn npameHilK aTIIX cnyTHIIKOB IOnnTepa 11 CaTypHa. 

B cn.11nn c TeM, 'ITO 3a c'IeT ;a;eilcTnn.s: npurrnnHoro TpeHIIB U('puop; npa

meHHJI CITYTHIIKOB BOKpyr OCH CTpt>MIITC.II K nepiiO;IJ;Y IIX op 6nTallhHOro 

npameHH.II, npn nocTpO('Hliii puc. 4 ;IJ;liH Ho II 'IIITaHa BMeCTO )TliOBhlX 

CKOpOCTCH B3HThl 3Ha'I('Hllll o6paTHhlX nepliO;IJ;OB IIX o6pa[UCHIIB BOKpyr 

D;CHTpallhHhlX UJiaHeT. 

Pac'IeT no MeTop;y HaiiM('HhWIIX Knap;paTon p;a('T ;D;ll.ll ·Ha6JIK);IJ;a('MhlX 

p;aHHhlX: 

lg {) = -(14.82 ± 0.87) 

3TOMY paBeHCTBY Ha puc. 4 COOTBCTCTBY('T CllliOWHC\11 liiiHIUl. 
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Pnc. 4. Ha6mop;aeMble :JHa~eHWI Mar'HHTHbiX MOMeHTOB KOCMH~e

CKHX Tell B :JaBHCHMOCTH OT HX yrliOBbiX MOMeHTOB. 

,I(a&Hble npHBep;eHbi B liOrapH4>MH~eCKOM MaclllTa6e. fio OCH opp;H

HaT- norapH4lM MarHHTHoro MOMeHTa B rc · CM3, no OCH a6c~HCC

norapn4>M yrnoBoro MOMeHTa Bpall\eHWI B apr· c. 

ffiTpHXnyHKTHpHall liHHWI- pe:JyllbTaT pac~eTa, CnliOIIJHall liHHWI 

- pe:JyllbTaT 4>HTHpOBaHWI no aa6niOp;aeMbiM :JHa~eHWIM M(L) 

20 

llCIIOJib30BaHHe paBeHCTBa (12), CIIpaBe)l;JIHBOrO TOJibKO )l;li.H rrpe)l;ellbHO 

6oJiblliHX Terr, IJ;OIT)KHO DeeTH K 3aBhlllleHHK> pac~eTHOH ou;eHKH. To, ~To 

JlyHa Han6orree CHJibHO y)l;aJieHa OT pac"'eTHOH IIpKMOH, IIO)l;TBep)K)l;aeT, 

'ITO BHYTPH 3Toro Marroro KOCMH"'ecKoro o6'beKTa )l;aDrreHHK HeBeJIHKH 

H He CIIOC06Hbl 3ITeKTpH:30BaTb BeiiJ,eCTBO B )l;OCTaTO"'HOH Mepe. 

HeKOTOpble BbiBOfl;bl 

Y)l;oBrreTBopnTeJibHO corrracyKcb c pe:Jyrr~>TaTaMH Ha6rrro)l;eHHH, onn

caHHaH Bb!llle MO)l;eiTb HMeeT COMHHTeJibHOe rrpeHMyiiJ,eCTBO rrepe)l; npe)l;

ITO)KeHHhlMH paHee B TOM, 'ITO He Tpe6yeT Jia6opaTOpHOH npoBepKH. 

To"'Hee, TaK KaK pa6oTaTb onHCaHHbiH Mexa&H3M 3JieKTpH'IecKoil rro

rrKpH3a~HH Ha"'HHaeT IIpH CTOJib Bb!COKHX )l;aBJieHWIX, KOTOpbie HeiTb35I 

IIOliY"'HTb IIpH rrpoBe)l;eHHH HY)KHOro OIIb!Ta, TO CTaBHTb Bonpoc 0 ee 

rra6opaTopHOH rrpoBepKe npe)l;CTaBITKeTCK HeB03MO)I(Hb!M. 

0)l;HaKO IIpOKBJieHHe 3eMHOrO MarHeTH:JMa xapaKTepHnyeTCJI KpOMe 

BeJIH"'HHbi IIOITK eiiJ,e IJ;eJihlM pJI)l;OM 'IepT. qTO MO)KeT CKa3aTb 0 HHX 

paCCMOTpeHHaH Mop;ellb? 

B 3TOH MO)l;eJIH, cTporo roBopJI, :JHaK aneKTpH'IeCKOH rro11.HpH3a.IUIH, 

a 3Ha"'HT, H clHaK MarHHTHoro MOMeHTa KOCMH"'eCKOrO Terra, He OIIpep;e

JieH. Ho )l;eilcTBHe TKroTeHHK Ha TJI)KeJihle HOHbi )l;Oll)KHO 6b!JIO 6hl Bbi

TOJIKHYTb rrerKHe 3JieKTpOHbi Ha noBepXHOCTb1 H 3TOT MaiTbiH 34>4leKT 

MOr 6b! orrpe)l;ellHTb rrpe)l;IIO"'THTeJibHbiH :JHaK MarHJ;ITHbiX MOMeHTOB 

- HMeHHO TaKOH 3HaK IIOITK HMeeT B HaCTOJIIIJ,ee BpeMJI 3eMITK H MHO

rHe )l;pyrne KOCMH"'eCKHe Terra. C )l;pyroH CTOpOHhl, 3HaK MarHHTHOrO 

MOMeHTa MO.IKeT H3MeHKTbCK 3a C"'eT )l;eHCTBHK MeXaHH3Ma )l;HHaMO. 

.IJ:eHCTBHTeJibHO, paCCMOTpeHHhlH Bblllle MeX~HH3M MO)KeT HeCTH OT

BeTCTBeHHOCTb 3a B03HHKHOBeHHe OCHOBHOrO MarHHTHOrO IIOli.H KOC

MH"'eCKHX 06'beKTOB . .IJ:eTaJibHall CTpyKTypa, BpeMeHHaH 3aBHCHMOCTb 

H 3HaK MarHHTHbiX IIOJieH MoryT 6biTb o6'bKCHeHhl )l;eHCTBHeM )J;HHaMO, 
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)J;liJI KOTOporo OCHOnHoe IIOJie CliY2KHT :JaTpanO'IHbiM. lJ03TOMY IIpep;

CTanliJieTCJI, 'ITO OCHOnHaJI Tpy)J;HOCTh MO}J;el!H )J;HHaMo, COCTOJilll;aJI n 

OTCYTCTnHH :JaTpano'IHOro IIOliJI, M02KeT 6biTh npeop;orreHa, T.K. pac

CMOTpeHHbiH a<J><J>eKT 3lleKTpH'IeCKOH IIOliJipH3a~HH He nep;eT K OTMeHe 

MO}J;eliH }J;HHaMO, HO )J;OIIOliHJieT ee MeXaHH3MOM n03HHKHOneHHJI :JaTpa-

nO'IHOro IIOliJI. 

Ho HMeeTCJI ern;e O)J;HH MOMeHT, nhl:JblnaiOUJ;HH cepbe3Hble OIIaceHHJI: 

060CHOnaHHe paCCMOTpeHHOH MO}J;eJIH nponep;eHO }J;liJI KOH}J;eHCHponaH

HOrO nern;ecTna, IIOnep;eHHe KOTOporo IIpH Mal!biX p;anrreHHJIX OIIHCblna

eTCJI 3aKOHOM fyKa. lJ03TOMY, Ka3aJIOCh 6bl, IIpHMeHHMOCTh 3TOH MO

p;errH p;oli2KHa 6biTh orpaHH'IeHa nrraHeTaMH H n:x cnyTHHKaMH. PearrhHO 

pe3yllhTaTbi paC'IeTa OKa3blnaiOTCJI IIpHMeHHMbi }J;liJI ncex 06'beKTOn, 

p;rrH KOTOpbix ecTh p;aHHble Ha6rriOp;eHHH. To, 'ITO n 3TOM pHp;y OKa:Jblna

IOTCJI 3ne3p;bi, COCTOJIUJ;He n OCHOnHOM, KaK Mbl ynepeHbi, H3 3lleKTpOH

HOHHOH nrra:JMhl, H nyrrhcapbi, M02KHo, KOHe'IHO, paccMaTpHnaTh KaK 

HeKoTopyiO aHarrorHIO C TpHHap;~aTbiM yp;apoM '!aeon, KOTOpbiH o6ec

~eHHnaeT nee npep;bip;yi.Qn:e. Ho npep;cTanrrHeTcJI, 'ITO aTo, cKopee ncero, 

pe3yllhTaT HeKoppeKTHOCTH HCIIOllh30naHHJI IIpH nponep;eHHH pac'!eTOn 

n J)'ftMKaX IIOliHTpOIIHOH MOp;eliH ypanHeHHJI COCTOJIHHJI C <J>HKCHponaH

HbiM IIOliHTpOIIHbiM HH}J;eKCOM. 

ABTop my6oKo 6naro.uapeH B.JI.Jho6owHuy, JI.A.MaK-
CHMOBY H M.H.Tio.uropeuKoMy Ja MHoroneTHHe noneJHhie o6-

cy)Kp;eHHJI H3JIO)KeHHOH npo6rreMbi, KpHTHKY H IIOMOUJ;h n C03)1;aHHH OIIH

caHHOH Mop;errn: H yTo'IHeHHe pac"IeTon. 
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