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Ilpo6JieMa npoBCXO>K,[{eHBJI H :rnomo.uHH KpynHOMacw

Ta6HblX MarHHTHblX noneii BO BceneHHOH JIBJIJleTCJI 0,[{HOH 

B3 rnaBHblX nepeweHHblX npo6JieM aCTPO~H3HKH. KpynHo

MaCWTa6Hble MarHHTHble IlOJIJI urpaJOT Ba>KHYJO pOJib B ~op

MBPOBaHBB B3JiyqeHHJI aKTHBHblX ranaKTHqeCKHX Jl,I\ep, B 

qacTHOCTH Jl.[{ep ranaKTHK Ceii~epTa H MapKapJIHa, pa.[{Bo

raJiaKTHK H KBa3apoB. libIJIO npe.[{JIO:>KeHo HeCKOJibKO Teopuii 

npOBCXO:>K,[{eHHJI ranaKTnqecKBX MarHBTHblX noneii, OCHO

BaHHblX Ha KOHJJ;enca.unoHHOH KOCMOrOHHqecKOH rHilOTe3e, 

O,[{HaKo HH o,n;na H3 HBX He MO:>KeT 6b1Th npH3HaHa YAOBJieT

BOPBTeJILHOH BBBAY TPYAHOCTeii npHH.UHnnanLHoro xapaK

Tepa. 

C .[{pyroii CTOpOHbl, BOnpoc O npOHCXO»(AeHHH KOCMH

qecKBX MarHHTHblX noneii B paMKaX KOH.uen.uHii CBepxnnoT

HOH KocMoroHHB B.A.AM6ap.uyM.1rna111 ,n;o cux nop He pac-
• 

CMaTpHBaJICJI. ~ 

B HaCTOJIIUeii pa6oTe pacCMOTpeHa BO3MO:>KHOCTb pe

weHBJI npo6neMbl npOBCXO>K,Il;eHHJI ranaKTuqeCKHX MarHHT-
u u 6 /2/ • 

HblX IlOJieH BCXO,Il;JI H3 npe.[{JIO)KeHHOB B pa OTaX KOHKpe-

TH3a.UBB KOCMOrOBHqecKoii rHnoTe3bl AM6ap.uyMHHa. B 3THX 

pa6oTax 6blJIO Bbl,[{BHHYTO npe.[{IlOJIO:>KeHHe O TOM, qTo 

cBepxnnoTHoe npoToranaKTHqecKoe Bei.uecTBO AM6ap.uyMHHa 

npe.D;CTaBn.11eT co6oii cBepxT .11:>Keny10 3JieMeHTapHy10 qac

TH.UY - cynepa,n;poH C pe.[{:>KeBCKHM CilBHOM, pacna,n; H 

3BOJIJO.UH.II ~parMeHTOB KOToporo npBBOA.IIT K o6p~30BaHHJO 

ranaKTBKH, H Ha 3TOH OCHOBe 6blJIO .n;aHO 06'L.IICHeHHe Ha6mo

,n;aeMblM BeJIHqHHaM MOMeHTOB Bpai.ueHBJI ranaKTHK B HX 

CKOilJieHBH. H3BeCTHO, qTo 6oJibWHHCTBO acTpO~H3HqecKHX 

o6oeKTOB - nnaHeTbl, 3Be3,D;bl, ranaKTBKH H MeTaranaKTH

qecKoe npocTpaHCTBO - o6na,n;aeT MarHHTHblMH IlOJI.IIMH. 

BennqnHa Hanp.11>KeHHOCTH MarHHTHOro IlOJI.11 B pa3JIHqHbIX 
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o6'LeKTax Kone6neTc.H B wnpoKnx npeAenax. HanpuMep, 
Hanp.H)KeHH0CTL MarHHTHoro non.H 3eMnn npHMepHo paaua 
0,6 re ua nomocax n 0,3 re Ha 3KBaTope. Ha noaepx
H0CTH 6enLIX KapnHK0B cymecTBYIOT non.H c Hanp.H)KeH
H0CTLIO 106 re, a nynLcapLI, B03M0)KH0, o6naAaIOT Il0il.HMH 
nop.HAKa 1012 re. MarHHTHoe none 6onLWHHCTBa H3 nepe-
11ucneHHLIX o6'LeKTOB xopowo annpoKCHMHpyeTCJI noneM 
To11e11noro AHnonH, noMemennoro a uenTpe o6'LeKTa, npn-
11eM HanpaaneHHe OCH 3KBHBaneHTIIOrO AHilOilH, KaK npaau
no, coanaAaeT Hilll 06pa3yeT He6onLWOH yron C OCLIO 
BpameHHH AaHHOro o6beKTa. HanpHMep, MarHHTHOe none 
3eMnH xopowo onHCLIBaeTC.H noneM T011e11Horo AHnona C 

_25 3 
MarHHTHLIM MOMeHTOM µ. EB = 8,lxlu Tc.CM, noMeI.QeHHLIM 
nO'ITB B ueHTpe 3eMnH H 06pa3yIOI.QHM yron B 15° C ee OCLIO 
BpameHHH. Hanp.H)KeHHOCTL ranaKTH'leCKoro Me)K3Be3AHOro 
MarHHTHOro non.H B OKpeCTH0CTH ConHe'IHOH CHCTeMLI no
PJI.I(Ka 2x1O-6 re, a B Me)KranaKTn11ecKoM npocTpaHcTBe, 

. -9 
no·BH.I(HMOMY, cymeCTByeT none c nanpH)KeHHOCTLIO 10 Tc. 
MarHHTHOe none B Haweii ranaKTHKe npO.HBil.HeTCH npH H3 • 
MepeHH.HX non.HpH3aUHH CBeTa 3Be3A, BpameHHH nnoCKOCTH 
nonapn3aUHH non.HpH30BaHHLIX paAHOHCT0'IHHKOB H 3eeMa· 
HOBCKOro pacmenneHH.H IlHHHH ,\ = 21 CM •. liCXOAH H3 Ha6mo
AaeMLIX AaHHLIX O KOH<l>Hrypauun MarHHTHLIX noneii HeKoT·o-

r u6 /4/ PLIX aKTHBHLIX ranaKTHK, pen ep BLIABHHyn runoTe3y 
0 cymecTBOBaHHH MarHHTHLIX_ AHnoneii ranaKTH'leCKoro 
MaCWTa6a. B nonL3Y B03M0)KHOro cymecTBOBaHH.H ranaK-
TH'leCKHX MarHHTHLIX AHnoneii CBHAeTenLCTByeT TaK)Ke 

• CTPYKTypa MarHHTHLIX noneii HeKOT0pLIX "XBOCTaTLIX" 
paAHOHCTO'IHHK0B, HanpHMep 3C129, ABHraIOI.QHXCH a CKon
neHH.HX ranaKTHK /cM. pa60Tbl 151 

/. 

B u u /2/ 
paMKax caepxnnoTHOH aAp0HH0H K0CM0r0HHH ec-

TeCTBeHHO npeAnOilO)KHTL, 'ITO Ha6nroAaeMoe B HaCT0.HI.Qee 
BpeM.H ranaKTH'leCK0e MarHHTH0e none HBil.HeTC.H OCTaTKOM 
nepB0Ha11anLHoro non.H npoToranaKTHKH - cynepaApoHa aHa
noru11Ho _T0MY, KaK M0MeHT K0ilH'leCTBa ABIDKeHH.H ranaKTH· 
KH .HBn.HeTC.H penHKTOM cnHHa cynepaApOHa, B pe3ynLTaTe 
pacnaAa K0Toporo c<l>opMupoaanacL ranaKTHKa. licXOAH H3 
C00TBeTCTBHH C KnaCCH'leCKOH 3IleKTPOAHHaMBKOH, M0)KH0 
npeAn0il0)KHTL, 'IT0 HMeeT MeCT0 np.HMaJI nponopuHoHanL
H0CTL Me)KAY MarHHTHhlM (µ.) H MexaHH'leCKHM(J) M0MeHTa
MH CBepXT.IDKenoro a,npoHa C MaCCOH ID: 
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e* 
µ. = 2 me J . /1/ 

3AeCL e *. - HCKOTOphIH 34><l>eKTHBHLIH 3ap.HA. TeopeTH'lec
KOe BLI'IHCilCHHe 3Toro 3ap.R:Aa B HaCToamee BpeMH npeA· 
CTaBmlCTCH HeB03MO)KHLIM. OAHaKO HCXOAH H3 pa3MepHLIX 
coo6pa)KeHHH MO)KH0 C'IHTaTL, 'IT0 ponL 34><l>eKTHBHoro 3a
P.R:Aa B cny11ae CBepxT.H)KeilhIX aApOHOB urpaeT rpaBHTa
UHOHHLIH 3ap.HA, H npOH3BeCTH B / 1/ 3aMeHy e * ➔ yG m . 
3TO npHBOAHT K H3BCCTHOH 4>opMyne EneKKCTT~51* * 

--JG 
µ. = c J · /2/ 

KaK _3aMeTHilH EneKKCTT H AP-, COOTHOWCHHe /2/ YAHBH· 
TCilLHO xopowo BLinonHHeTCH Ail.H HeK0TOPLIX acTpo4>u3--
11eCKHX o6'LeKTOB /HanpHMep, Ail.H 3eMnH, IOnHTepa, ConH
ua H HCK0T0fLIX APYrHX 3B83A/. ,IJ;n.11 Haweii ranaKTHKH 
J O= 1,8xlO7 z.cM2 /c H cornaCHO /2/ nony'IHM cneAyromee 
3Ha'leHHe M.H AHnonLH0ro MarHHTHOro M0MeHTa: µ. G = 
= 1O60rc.cM 3 , 'ITO All.II HanpJI)KeHHOCTH non.H B OKpecTH0· 
CT .HX ConHe'IHOH CHCTeMLI / r == 1 o22

cM/ npHBOAHT . K 3Ha-

. /1,Q -6 
11eHHIO J{ == ~ == 10 re. C noMOI.QLIO aHanH3a pa3Mep-

r 

I! 

* 3Ha11eHHe 3ap.R:Aa e *= yG m urpaeT BLIAeneHHYIO ponL 
a TeopHH rpaBHTaUBH 3iiHWTeiiHa, TaK KaK JIBil.lleTCH ?,{aK· 
cuManLHLIM 3ap.11A0M 11ep,Jf;oii ALIPLI B MeTpBKe Keppa
HLIOMeHa /cM., HanpnMep, / /. 

** KaK noKa3aHO B 12 ~ MOMeHT KOilB'leCTBa ABH)KeHHH 
m 3/2+ 

ranaKTHK onBCLIBaeTC.11 4>opMynoii J = ( ~) h, rAe rn -
. ·24 p · 

!,{acca ranaKJ,JIKH, mp = 1,67x1O z - Macca npoToHa u 
li = 1,05.10" z.cM2 /C - noCTOJIHHa.11 IInaBKa. IIOACTaBil.11.11 

. l yG h 3/2 '·41 312 

3T0 3Ha11eHHe J B /2/ ,nony11uMjµ. = -c-( ~ ) == 10 (~ ) re. cM ~ 
I P P 

llacneHHLle 3Ha'leHH.H 4>n3aqecKBX H a~ypo<l>H3H'leCKBX ae
IlH'IHH 3AeCL H Bll)Ke B3.HT.bl H3. o63opa ( • 
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HOCTeii M0:lKH0 o.u;eHHTL BenH'IHHY B03M0:lKHhIX BhICWHX MynL

THnonLHhIX M0MeHT0B npoToranaKTHKH-cynepaAp0Ha. Pa3-

MepH0CTH :meKTpH'leCKHX ( ( (k) ) ,B MarHHTHhIX µ (k) MynLTH

nonLHhIX M0MeHT0B Bhlpa:lKalOTCJI qepe3 pa3MepH0CTH 3neKT

puqecKoro 3apJ1Aa (Q) H MarHHTH0r0 AHn0nLH0ro M0MeHTa 

( µ = µ (l) ) H AnHHhI (L) cneAylOIIJ;HM o6pa30M: 

[ € (k) ] = Q L k • 

[µ(k)]=µLk-1 

/3/ 

B cuny coxpaHeHHJI 'leTH0CTH 3neMeHTapHaJ1 'laCTH.u;a M0:lKeT 

o6naAaTL qeTHhIMH 3neKTPH'leCKHMH (k = 0, 2 ,4 .. )H He'leT

HhIMH MarHHTHhIMH (k= 1,3 ,5) MynLTHnonLHhIMH M0MeHTa

MH. CAenaa a /3/ n0ACTaH0BKH 

Q ➔ ,JG m /3apJ1A ➔ rpaBHTaIJ;HOHHhIH 3apHA/, 

µ ➔ Y'.Q. J 
C 

J 
L➔-

mc 

/AHnOnLHhIH MarHHTHhIH M0MeHT H3 

<i>opMynhI /2/ I, 
/ AnHHa ➔ "KoMnTOHOBCKaJI AnHHa" /' 

nony'IHM cneAYIOIIJ;ee o6o6IIJ;eHHe 4>opMynhI IineKKeTTa 

BhICWHe MynLTHnonLHhle M0MeHThI: 

f (k) (k - lJ8TH. ) I 
µ (k) (k- H6!8TH .) 

J k 
=,JG m(mc). 

Ha 

/4/ 

3Ha'leHHJI 3neKTPH'leCKHX M0MeHT0B cneAYIOT H3 /4/ npu 

'leTHhIX k. a MarHHTHhIX - npH He'leTHhIX / C ~0'IH0CTLIO 

AO 6e3pa3MepHhIX MHO)KIITeneii/. B Ka'leCTBe npHMepa o.u;e

HHM B03MO:lKHhIH OKTynonLHhIH MarHHTHhIH M0MeHT AnJI Ha

weii ranaKTHKH: 

• IQ J 2 100 
(3) = _v_ J (-) ,,, 10 re. CM • 

µa c me 
/5/ 
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JlerKo BHAeTL, 'ITO OKTynonLHhIH M0MeHT AaeT ucqe3a101IJ;e 

Manhlii BKnaA B MarHHTH0e none B 0KpeCTH0CTJIX ConHe'IHOH 

CHCTeMhI:' 
(3) 

OKT µG -10 
J{ .. -r- .. 10 re . 

r 

H, TaKHM o6pa30M, HM M0:lKH0 npeHe6pe'IL rio cpaBHeHHIO 

c AHnoneM. OAHaKO BKnaA 0KTynonJI M0:lKeT cpaBHJITLCJI co 

BKnaA0M AHn0nJI Ha paCCT0JIHHJIX Il0PJIAKa r = 102° CM, T .e. 

B HenocpeACTBeHHOH 6nH30CTH OT HApa ranaKTHKH. 

B 3aKJIIO'leHHe 3aMeTHM, 'ITO B 0TnH'IHe OT M0MeHTa 

K0nH'leCTBa ~BH:lKeHHJI, KOTOphIH coxpaHJleTCJI B npo.u;ecce 

3B0JIIO.UHH, MarHHTHOe none He coxpaHJ1eTcJ1. OAHaKo u3-3a 

BhICOKOH npoB0AHM0CTH H 3Ha'IHTenLHOH caM0HHAYK.UHH Me)K-

3Be3AHOH cpeAhI nepB0Ha'lanLH0e MarHHTH0e none 3aTyxaeT 

0'leHL MeAneHH0 H BpeMJI penaKca.u;J\B M0:lKeT 3Ha'IHTenLH0 

npeBLICHTL B03pacT ranaKTHKH. TaKHM o6pa30M, 3a apeMJI 

:lKH3HH ranaKTHKH B ee MarHHTH0M none MoryT npOH30HTH 

JIHWL He3Ha'IHTenLHhle H3MeHeHHJI, CBJl3aHHhle C ABH:lKeHHJI

MH "BMop'o:lKeHHoro" B CHn0Bhle nuHHH H0HH3HP0BaHH0ro 

Me:lK3Be3AHoro BeIIJ;eCTBa. lionee AeninLHaJI pa3pa6oTKa 

Bonpoca 06 3B0JIIOIJ;HH nepBH'IH0rO MarHHTH0ro nonJI, C OAHOH 

CT0P0HLI, npJIM0"CBJl3aHa C o6IIJ;HMH BonpocaMH 3BOJIIOIJ;HH 

ranaKTHK, c Apyroii - c Heo6XOAHMOCTLIO nocTp0eHHJI <i>YH -

AaMeHTanLHOH TeopHH cynepaAp0H0B C yqeT0M CHnLHhIX 

H rpaBHTaIJ;HOHHLIX cun. 

BL1pa:iKa10 6naroAapHOCTL aKaAeMHKY B.A.AM6ap.u;yMHHY, 

aKaAeMHKY H.H.IioroJI106oay H npo4>eccopy B.A.MaTaeeay 

3a HHTepec K pa6oTe H CTHMynupylOIIJ;He o6cy:iKAeHHJI. 
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