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B Hacros:~wefi pa6ore nnst Maf'HHTHbtX 3apH!lOB g nnon51TCst o6oco6nDH
Hbie ypae11e11Hst MaKceenna, e KoropLIX divB ~ 4"Pm• a divD -~ 0. r.e . YJHlDIIe iiii<I, 
OllHCbiB810UlHe 3neKTpOM8f'HHTHUie SlBneHHSI B MHpe, llOCTpOCHHOM TO/IbKO U3 

MBrHIITHOli MarepHII ( "MIIp g•) .n ocrynKpyerCH, 'ITO M<lrHKTHBH M8TCpHH 

COCTOHT H3 BTOMOB, noao6Hb1X 8TOMy E opa , a llOCTOHHHBSl T011Kfli CT~)'KTYPhl 

yHIIBepcanhHa JWst Hawero Mitpa ( "Mupa e")" "Mupa g•: r.e. ~~~ =~ · 
ll eC 1lgC 

BcnencreKe '!ero npll e,lg nocrostHHble nnaHKa hg II he MllpOB g " e IICO!lH 

llBKOBbl (h g ,i he). nplt CBR3H Me><lly g II e, npellCK838HHOH Ll!tpUKOM 
e 2 

(g=-n), nony'leno coornoweiiite MelKilY hg 11 h e BHile h =-!l- h . 0Gcy>K-
2n e g 4<>2 e 

naiOTCSI B03MO)f{Hble npoHaneHJHI MaruurHoil MarepnH a KocMoce H n ont.J 

rax 11a ycKopKrenRx. 

Pa6ora BbinOnlleHa B na6oparopll ll S!llepHbiX npo6JTeM Oil Slll. 

npenpKHT 061>ellKHeHHOrO IIHCTKryra stnepHbiX IICCnenOB8HKllo Lly6Ha 1979 

Zrelov V.P. 

On a Hypothetical Possibility of the Search 
for Dirac's Monopole 
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'I' he present investigation for the magnetic charges "g" inlro-
duc~s the independent equations of Maxwell where div B = 4"Pm and 
div D = 0, i.e. the equations describing electromagnetic phenomena 
in the world consisting of only magnetic matter (the "g" world). It 
is postulated that magnetic matter should consist of atoms =?imilar 
t o Bohr's ones, and the fine structure constant should be universal 
for our world (the world "e") and the world "g", i.e. -._~-=~-=a. As 

n0 c n~c 

a r esult, with e .;, g , the Planck constants h g and he of the 'g" and 
"e" worlds are not e q ual (h g -f, h

0 
). With the relationship of "g" and 

"e" predicted by Dirac (g = en /2a) it is possible to obtain the 

relation for h g and he as h g = ... I!.~ he. Some possible displays 
of magnetic matter in-space anct aY accelerators are discussed. 

The investigation has been performed at the Laboratory of 
Nuclear Problems, JINR. 
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1. BBE,!1EHHE 

C MOMeHTa npe.LICKa3aHB.II )J.BpaKOMI1 1B03MO)I(}f.OrO Cyll(eCTBOBa

HH.II B npBpO.Lie MarHHTHbiX 3ap.II.LIOB npowno OKOnO 50 neT. 3a 3-TOT 

nepHO.LI npooe.~:~eHbJ MHoro~ucneHHble 3KcnepuMeHTanLHble He-

cne.LIOBaHH.II no nOHCKY MOHOnon.ll )J.Hpaxa pa3nH~HbiMH MeTO.LiaMH 

KaK B KOCMH~eCKHX ny~ax, TaK H Ha KpynHeHWHX YCKOpHTen.IIX 

MHpa. 3aoepwuowuec.11 noxa OTPHUaTenbHbiM peJynbTaToM *. C coo

peMeHHbiM COCTO.IIHHeM npo6neMbl KaK B 06naCTH TeopeTH~eCKHX, 

TaK H 3KCnepHMeHTanbHbiX HCCne.~:~ooaHHH MO)I(HO 03HaKOMHTbC.II 

no 6u6nuorpa!IJH.IIM CTeoeHca 12 ~ K3ppHr3Ha13< a TaK)I(e MOHorpa!IJHH 

CTpa)l(eoa H ToMHnb~HKa /41_ 

llpH~HHY 3KCnepHMeHTanbHblX Hey.~:~a~ 06Hapy)l(eHH.II MarHHTHOro 

Jap.II.Lia HbiOMeiiep a Tpe!~Jun 15 -'BH.LI.IIT B TOM, ~To cHnbHoe JnexTpo

MarHHTHoe B3aHMO.LieHCTBHe MOHOnon.ll H aHTHMOHOnOn.ll, po)i(.LieHHbiX 

B peaKI.{HH THna p 1 p >p ' ., p " •g 1 g , He TOnbKO CHnbHO nOHH)I(aeT Ce

qeHHe pO)I(.LieHH.II CB060.LIHbiX MarHHTHbiX 3ap.II.LIOB, HO H npBBO.LIHT 

K HX aHHHrHn.III.{HH C HCnyCKaHHeM 3Ha~HTenbHOrO qucna )l(eCTKHX 

Y -xBaHTOB. 

Ha ocHooe runoTe3bl, HJnaraeMoii HH)I(e, npe.~:~cxa3biBaeTc.ll, 

~TO npH aHHHrHn.III.{HH napbl MOHOnOnb-aHTHMOHOnOnb B03HHKaiOT 

y -xoaHTbl oco6oii npupO.Libl /xBaHTbl, xapaxTepH3YeMble cyll(eCTBeH

HO 6onLweii nocTO.IIHHoii llnaHxa: hg ::1,88·104 he . r.~:~e he- o6blqHa.ll 

nOCTO.IIHHa.ll llnaHKa/. 

* Ecnu He C'iHTa Tb .LIHcxyccuouHoii pa6oTw llpaiica H .~:~p. 
(Price P .B. et al. Phys.Rev. Lett.,1975, v.35, No.8, p.487). 
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2 . YPABHEHH.R MAKCBEJIJIA ,l!JI.R MAFHHTHOil MATE PHH 

~upaxfllanepable aaen MarHHTHblii 3ap.11,11, g B ypaBHeHH.fl Maxcaen

na C uenblO npH,D,aTb HM nonHylO CHMMeTpHIO B OTHOllleHH.flX noneii 

E H H, 3anHcaa ux B BH.D.e * 

-+ 
:-> 

rotH 4rr :-' 1 
-e:- Je+c-

ao 
at 

:-> 

div D = 4rr p e • 

rotE = _ _ 1 ai 4rr :-> c--at--c:- jm. 

divB = 4rrp • 
. m 

II/ 

-+ 

llocne,D,oBaTenbHOe pellleHHe ypaBHeHHii I 1/ npH ycnoBHH div B=l 0 

nOTpe6oaano BBe,D,eHH.fl ,D,OnOnHHTenbHOrO ~HKTHBHOrO MarHHTHOrO 

non.11 H
5 

(rot A= II + H! ), KOTopoe TpaKTyeTc.fl, KaK 6ecKoHe'IHblii 

CO~eHOH,D, - "HBTb ~HpaKa" , no KOTOpoii K MeCTy HaXOJK,D,8HH.fl 

MarHHTHOrO 3ap.fl,D,a g UO,D,BO,D,HTC.fl MarHHTHblH nOTOK ,D,ll.fl KOMneHCa-
. , 

UBH KYllOHOBCKOrO MarHHTllOrO non.fl MOHOnongfkill · PaCCMOTpeHHe 
r3 

,D,BHaMHKB ,D,BIDKeHH.fl 3neKTpOHa B none TaKOrO HCTO'IHHKa MarHHT-

HOrO UOll.fl npH HallO)I(eHHH " BeTO ~Hpaxa" /3neKTpOH HHKOr,D,a He 

nona,D,aeT Ha "HHTb ~HpaKa"/ npHBO,D,HT K KBaHTOBOMY ycnOBHIO 

g = 
e 
fu- n, /2/ 

e2 
r,D,e a =h--- - UOCTO.IIHHa.fl TOHKOH CTpyKTypbl, a n = 0, ± 1, ±2, ±3, ... 

ec 
0.D.HaKo Taxoii nyTb BBe.D.eHH.fl MarHHTHoro 3ap.11,11,a - He e,D,HH-

CTBeHHblii. Ecnu so B_feneHHOii, ,D,eiicTBHTenbHO, cymecTayeT MarHBT

Ha.fl MaTepB.Il /"MHp g "/, TO, Ha Halll B3rn.fl,D,, ,D,ll.fl "MHpa g" HY)I(HO 

BBO.D.BTL caoH ypaBHeHH.fl Maxcaenna c div B .;, 0. B KOTOpblx 

OTCYTCTByeT 3neKTPB'IeCKBH 3ap.11,11, (divD ~0), T.e. 

* 3HaK MBHYC nepe,D, Jm B 3THX ypaBHeHHJIX cne,D,yeT B3 ycnOBB.fl 

ap . . . ""! 
coxpaHeHHJI MarHHTHoro 3ap.11,11,a ' -~~ = -div'J ·.: at m 

4 

rot "E • = _!~ :-> 1 a a· c Jm+-----
c at ' 

:-> 

divB'= 4rrpm' 
:-> 

rotH' = - 1 ao . ~~-, 

:-> 

divD' = 0 , 

r,D,e Pm- nnoTHOCTb MarHHTHoro 3ap.11,11,a. 

/3/ 

3TH ypaBHeHH.fl nOnHOCTblO CHMMeTpH'IHbl 06bl'IHblM ypaBHeHH.flM 

Maxcaenna, onHCbiBaromHM JneKTpoMarHHTHble npoueccbl B HallleM 

MHpe /"MHp e "/: 

-+ 
:-> 4rr :-> 1 ao 

rotH =--- j + -- ---- , 
c e c at 

di v D = 4rr Pe • 

rotE = -!- aB 
c -;;t- ' 

:-> 

divB = O . 

/4/ 

B03bMeM Tenepb paBHble nOTOKH 3neKTpOMarHHTHOH 3HeprHH 

B "MHpe e" H "MHpe g": 

-> -> 

s e = sg. /5/ 

-+ c -+ - ) - t c ..... -+ 
r,D,e S e = -

4
; [E, H) , a S g , -4-;--[H ', E '), H conocTaBHM 3TH UOTOKH 

qacny KBaHTOB Ne H Ng c O.D.HHaKoBoii 'laCTOToii v a"Mapax e H g': 
~n.fl Halllero MHpa /"Mupa e"/ Mbl 3HaeM, xax 3TO ,D,enaeTc.ll: 

N 
s e /6/ 

e h e 11 

r.D.e h e- nocTOJIHHaJI llnaHKa ,D,n.fl Halllero MHpa. 

~nJI MarHHTHOrO MHpa - "Mapa g" nocTynHpyeM, 'ITO OH COCTOHT 

83 MarHHTHblX aTOMOB /T.e. 83 aTOMOB, COCTOJilUBX H3 'laCTHU, 

HeCy1UBX TOllbKO MarHHTHble 3ap.ll,D,bl/, KOTOpble HMelOT nnaHeTapHylO 

CTPYKTypy, nonHOCTblO UO,D,06Hyl0 CTpyKType aTOMa liopa /3a 

HCKniO'IeHHeM TOrO, 'ITO ycnOBBJI KBaHTOBaHHJI MarHBTHblX aTOMOB 

5 



3aiTHCbiBaiOTCJI 'iepe3 .IJ.pyryiO llOCTO.IIHHYIO llnaHKa - hg-, He paBHYIO 

Ofibi'IHOH ITOCTO.IIHHOH llnaHKa "Mapa e" - h e, T. e. hg t h e /) ' . 

B 3TOM CJiy'iae 'IHCJIO MarHHTHbiX KBaHTOB, COOTBeTCTBYIOI.I.IHX 

llOTOKY 3HeprHH S g ' fiy.D.eT paBHO 

N 
g 

sg 

hgv 
/7/ 

B csny nocTynaTa hgT-he N e f. Ng /npu S e S g- /. \!eMy:lKe 

paBHO hg? 

llOCKOJibKY Mbl y:lKe BBeJIH B paCCMOTpeHHe "MarHHTHYIO MaTe

pHIO", "MarHHTHble a TOMb!" /no.D.o6Hbie a To My .6opa/, C.D.enaeM 

eme O.D.HH war - npHMeM, 'ITO llOCTOJIHHa.ll TOHKOH CTpyKTypbi 

.D.JIJI "MarHHTHOrO a TOM a" TaKa.ll :lKe, KaK H .li.JI.II Hawero MHpa, T. e. 

g2 

'h gc 

r.D.e g -

he=-~;!!.., 

e2 
t--~- , HJIH a g ,, a e, 

e 

MarHHTHbiH 3apx.IJ. , e - 3JieKTpH'ieCKHH 3apx.D. , tg -

C - CKOpOCTb CBeTa B BaKyyMe 

/8/ 

11 g 
217 .. , 

H3 ycJlOBHJI /8/ CJie.D.yeT, 'ITO COOTHOWeHHe Me:lK.D.Y hg H he 

fiy.D.eT onpe.IJ.eJlJITbCJI OTHOWeHHeM!...f! 2.llyTeM BBe.D.eHHJI MarHHTHOro 
e 

3apx.IJ.a B Ofibi'IHble ypaBHeHHJI MaKCBenna )].HpaK BbiBeJI COOTHOWe-

HHe /2/ Me:lK.D.Y g H e, nO.D.CTaBJI.IIJI KOTopoe B paBeHCTBO /8/, llOJiy

'IBM: 

hg 
n2 he 

=----- . 
4 a2 

/9/ 

* 3aM:eTHM, 'ITO e~.~.-~e )].apaK (Dirac p. A.M., 1963, v. ros. No. 5,p.45-53) 
CKJIOHJIJlC.II K MbiCJIB, 'ITO H3 Tpex BeJIH'IBH, e, b, B C, BXO.D..IIli.IBX 

8 llOCTO.IIHHYIO TOHKOH CTpyKTypbl, CKOpee Bcero, h He .IIBJI.IIeTC.II 

!IJYH.D.aM:eHTaJibHOH llOCTOJIHHOH /Ha 3TO o6paTHJI MOe BHBMaHHe 

Jl. Py)I(II'IKa/. 

llpH 'h =2, g ., e/ a /WBHHrepOBCKHH 3apX.D./ * 

h = ___ Ei_ -:: 1 88· 10 4h 
g a2 ' e • 

/10/ 

B CBeTe pa3BHBaeMOrO B HaCTO.IIll.leH CTaTbe llO.D.XO.D.a K MarHHT

HOH MaTepHH TeopHIO )].upaxa -'1.' cne.D.yeT paccMaTpHBaTb xax cnoco6 

COITOCTaBJieHHJI BeJIH'iHH 3ap.II.IJ.OB e H g. 

)].eHCTBHTeJibHO, "HafiJIJO.D.aTeJib" B MHpe MarHHTHOH MaTepHH, 

.D.JI.II KOTOpOH cnpaBe.D.JIHBbl ypaBHeHH.II /3/, TaiOKe CHMMeTpH3yeT 

ux B OTHoweHHH none if E' ·H H ' -nyTeM BBe.D.eHHJI B HHX 3JieKTpsqecxo

ro 3ap.11.11.a e H llOJIY'iHT CJie.D.YIOI.I.IYIO CHCTeMy ypaBHeHHH: 

rotE' =-~:-+ 1 as· 
C J m + ---~-- • 

c at 
... 

/11/ 
divD' = 4rrpe, ... , 

... , 1 an 4rr -:-+ 
rotH = - -- ---- - --- J • 

c at c e 

div B ' = 4rrpm. 

llpH peweHHH cucTeMbi ypaBHeHHH I 11/ c di v D I 0 no aHano-

rHH C peWeHHeM CHCTeMbl /1/ HeOfiXO.IJ.HMO fiy.D.eT BBeCTH !IJHKTHB-
-" -) 4 -) _ , 

Hoe 3JieKTPH'Iecxoe none Er rotC~ E 1 E r , r.D.e C- Bex-

TopHbiH noTeHI.,IHaJJ , KOTOpoe CJie.D.yeT TpaKTOBaTb, KaK 6eCKOHe'iHbiH 

3JieKTpH'ieCKHH COJieHOH.D. - "3JieKTpH'ieCKYIO HHTb", no KOTOpOH 

K MecTy HaXO:lK.D.eHH.II 3JieKTpH'ieCKOrO 3ap.II.IJ.a nO.D.BO.D.HTCll 3JieKTpH

'ieCKHH noTOK E r .D.JI.II KOMneHCai.-IHH xynoHOBCKoro 3JieKTPH'iecxoro 

non.11 Jap.R.D.a e E ~ e 1-;'/ r 3 
BBO.D..II .11.anee · Jan peT Ha na.D.eHHe 

MarHHTHOrO 3ap.11.11.a Ha "3JieKTpH'ieCKYIO HHTb", CJie.D.y.ll paccy:lK.D.e

HH.IIM )].HpaKa, MO:lKHO CHOBa npHHTH K YCJIOBHIO KBaHTOBaHHJI /2/ 
C TOH JIHWb pa3HHI.-1eH, 'ITO h e 3aMeHeHO Ha h g: 

e~ ~ .!.!... t1 .. c . 
2 " 

/12/ 

TaKHM o6pa30M, "Ha6JIIO.D.a TeJib" B" MHpe g"-,3HaJI CBOIO noCTO.IIH

HYIO TOHKOH CTpyKTypbl ag, llOJIY'IHT, 'ITO npH n =2 e =g/ag·T.e. 

npH ag :;; 1/ 137 e .;:- 137 g. 

* HH:lKe Be3.D.e HCll0Jib3yeTC.II 3TO COOTHOWeHHe Me:lK.IJ.Y h g H h e· 



3. B0,40P0,40II0,40EHblll MAFHHTHblll ATOM /BIIMA/ 

ECJIB MarHHTHble aTOMbl npe,llCTaBJIJIIOT C060H DOJlHOe DO)l06He 

aTOMa 6opa IBOKpyr DOJIO>KBTeJibHOrO Jl)lpa MarHBTHOrO aTOMa 

C 3apJIJlOM Kg ~ o6pamaeTCJI OTPBUaTeJibHbiH MarHHTHbiH 3apJIJl !C 

c MaccoH: m _I, TO qacTOTbl KBaHTOB, ucnycKaeMbiX TaKHM a TO MOM g . 
npu nepexo)lax 3apHJla ~C c OJlHOH cTa6unbuoH: op6HTbl ua JlpyryiD, 

6y)lyT onpe,lleJIJITbCJI 4JopMyJIOB 

m c2 K 2 

v = --~=---- a 2 ( _!_ - _! __ ) , 
2h g n 2 n2 

g 1 2 1131 

r)le a g - DOCTOJIHHaJI TOHKOB CTpyKTypbl, a n l H n 2 - rJiaBHble 

KBaHTOBble 'IHCJialu 2 ~n 1 + IIi' r)le ni=1, 2, 3 H T.Jl.l. 
llpB 3apH,D.e JI,D.pa K=1 MarHHTHOrO aTOMa Mbl6y,D.eM HMeTb BO,D.O

pO,D.ODO,D.06HbiB MarHHTHbiB aTOM IBllMAI. tJaCTOTbl KBaHTOB, uc

nycKaeMbiX TaKBM BllMA, 6y,D.yT COBDa,D.aTb CO BCeMH cepHJIMH 

Ofibi'IHOrO a TOM a BO.D.OPO.D.a npB yCJIOBHH 

m _c 2 m c2 
--~--- = --~-

h g he 
1141 

r,D.e m ~c2 H ffieC 2 - COOTBeTCTBeHHO 3HeprHH DOKOJI MOHODOJIJI 
g 

u 3JieKTpoua, B3 1141 TaK>Ke cne.nyeT, 'ITO 

m 
g 

hg 
= ----m 

h e 
e 

1151 

HCDOJ1b3YJI COOTHOWeHBe 191 JlJlJI hg / he H DO,D.CTaBJIJIJI ero 

B I 151, DOJIY'IHM 

llpB 

8 

n2 
m =m-----. 

g- e 4a 2 

n=l 

n= 2 

m -= 2.4 F3B; 
g 

m : 9,6 F3B. 
g-

1161 

1171 

3TH OUeHKH, eCTeCTBeHHO, COBIIa,D.aiOT C "KaHOHB'IeCKHMH" MaCCaMH 

MOHODOJIJI, DOJiy'leHHbiMH Ha OCHOBe rrpupaBHHBaHBJI KJlaCCH'IeCKOrO 

pa.nuyca 3JieKTpoua pa.nuycy MOHOIIOJIJI I eM., uanpuMep, 11>/ I. 
Pa3yMeeTCJI, eCJIH He IIpH,D.ep>KHBaTbCJI yCJIOBHJI COBIIa,D.eHHJI 

'laCTOT KBaHTOB, H3JiyqaeMbiX aTOMaMH 6opa H BllMA, TO MaCChi 

MarHHTHbiX 3apJI,D.OB mg-- MOryT H OTJIH'IaTbCJI OT BbiWeiipHBe,D.eH

HbiX oueuoK I 17 I. 
Mbi oueuunu Macey oTpuuaTeJibHoro MarHHTHoro 3apH.na, uaxo.nH

merocJI ua op6uTe BllMA, T.e . "nerKoro MOHononH" . KaKoaa >Ke 

Mace a IIOJIO>KHTeJlbHOrO 3apJI>KeHHOrO JI,D.pa Mg + BO,D.OpO,D.OIIO,D.06HOrO 

MarHHTHOrO a TOMa? 

Ecnu rrpHHJITb, 'ITO 

M + m __ E __ = __ _P_ 1181 
m _ me 

g 

r.ne m H me - COOTBeTCTBeHHO MaCChi IIpOTOHa H 3JleKTpOHa, TO 
P m 

Macca MarHHTHoro HYKJIOHa M + = m - _m_:p __ ~17 ,6 T3B lrrpu 
2 g g e 

mg-c =9,6 F3BI. TaKaJI Macca MarHHTHoro HyKJIOHa 6JIH3Ka KMac-

ce MOHOIIOJIJI, Bbi'IHCJieHHOB B paMKaX MO,D.eJIB llOJIJIKOBa- Xoo!lJTa n .S I . 

3aMeTHM, 'ITO TaKaJI MO,D.eJib MarHHTHOrO BO,D.OpO,D.ODO.D.06HOrO 

aTOMa,IIOCTpOeHHOrO H3 MOHOIIOJIJI ~HpaKa H MOHOIIOJIJI llOJIJIKOBa

Xo~!lJTa, ue.naauo y>Ke npuaneKanacb /9 / .D.JIJI o6'bJICHeHHJI ueo6bi'IHbiX 

xapaKTepucTHK Maruinuoro 3ap.11.11.a, 3aperucTpupoaauuoro llpaii:coM 

H .D.P· /lO/. 

Pa3Mepbl ao.nopo.norro.no6uoro MarHBTHoro aToMa 6y.nyT orrpe

.neJIJITbCJI pa.nuycoM rrepaoii: op6HTbl MBllA, T .e. aeJIH'IHHOB 

g2 
r = -----------

g m c 2 2 
g- ag 

1191 

a oTuoweuue rg K pa.nuycy aToMa 6opa "Mupa e " - BeJIB'IBHOB 

-~~ m c2 r - = _____ e _____ _ 
e m _c 2a 2 • 

g 9-

1201 

llpu m _ c 2=9,6 F3B. rg/r., ;;1. 
g ' 

9 



3HeprHH CBH3B nerxoro MOHOllODH B BllMA C ero H,JJ;pOM 

IBnH JHeprHH HOHH3aUHH BllMAI 6y.u;eT onpe.u;enHTbCH MarHHTHOB 

nocTOHHHOB Pu.u;6epra 

m -c 2 
R ~ ___ _p ____ a 2 • 

g 2 
1211 

llpu m - c2 ;;9,6 F:JB Ri256 K:JB. 
g 

3HepreTH'IeCKHB cneKTp TH)t(ellbiX <l!OTOHOB cepHH Jla:iiMaHa 

lnt=11 so.u;opo.u;ono.u;o6Horo MarHHTHoro aToMa npu co6mo.u;eHHH 

ycnoBHH 1141 u m _c 2=9,6 F:JB 6y.u;eT Ha'IHHaThCH c JHepruu 

(hgv)max ;:;250 K:JB: a cepHH llaweHa In =31 - c JHepruu (hgll lmin ;; 

=28 K:JB. 

TaKHM o6pa30M, MBllA npu qacToTax <l!oTOHOB, cooTBeTCTBYIO" 

J.UHX HaweMy onTH'IeCKOMY cnexTpy, 6y.u;eT ucnycxaTb MarHHTHhie 

OllTB'IeCKHe KBaHTbl B JHepreTB'IeCKOH WKane, COOTBeTCTBYIOIUeH 

peHTreHOBCKOMY ,JJ;Hana30HY - 128+2501 K:JB. 
EcnH B "MarHHTHOM MHpe g " no aHanorHH C HaWHM MHpOM, 

KpOMe 8llMA, HMeiOTCH H .u;pyrue aTOMbl, y KOTOpbiX H,JJ;pa HMeiOT 

Japx.u; K +• r.u;e K>1./T .e . ua6op JTHX aTOMOB npe.u;cTaBnHeT co6oii 
g 

CBOero po.u;a nepHO,JJ;H'IeCKYIO CHCTeMy MarHHTHbiX aTOM OBI, TO 

MaKCHMallbHaH 3HeprHH TH)t(enoro KBaHTa, KOTOpyiO MOryT ucnyc

KaTb TaKHe aTOMbl npH HX B036y)t()J;eHHH, COrnaCHO 1111 6y.u;eT 

Yg 
E ;;(h ") .K 2

. 
max g max 

1221 

llpH MaKCHMallbHOM 3apx.u;e MarHHTHoro x.u;pa K =100 E Yg ~ max 

2,5 F:JB ITaKOBa 3HeprHH KBaHTa MarHBTHOrO aTOMa, COOTBeT-

qacToTe peHTreuoacxux xsaHTOB uawero "Mupa e" I . CTBYIOIUaH 

4. B03MO)J(HbJE IIPOJIBJIEHHJI MAFHHTHOH MATEPHH 
B KOCMOCE H B Ollb!TAX HA YCKOPHTEJIJIX 

11 PeHTreHoacxoe H3nyqeHue B KocMoce 

Bhlwe Mbl onpe.u;enunu, 'ITO JHepreTH'Iecxu:ii cnexTp TH)t(enhlx 

JCBaHTOB MBllA npH 'laCTOTaX, COOTBeTCTBYIOIUHX HaWeMy ODTH

qeCKOMY ,JJ;Hana30HY, 3aHHMaeT o6naCTb OT -28 )1;0 -250 K:JB. 

TaKHM o6pa30M, MarHBTHaJI MaTepBll, nocTpoeHHaJI H3 MarHHTHbiX 

10 

aTOMOB, BCDyCKaeT TH)t(ellble KBaHTbl TOllbKO C 3Heprueii, COOTBeT· 

CTBYIOIUeii peHTreHOBCKOH H 6onee )t(eCTKOH 'laCTH cnexTpa. llo:no

My B03HHJCaeT ecTeCTBeHHbiH BOnpoc: He npOHBDHeT DB ce6H Mar

HHTHaH MaTepHH B TaKHX rno6anbHbiX HBDeHBHX, KaK He06bi'IHOe 

H3ny'leHue a KocMoce? 

8 He.u;asHo Bblwe.u;weii KHHre lllxnoscxoro 111/ npuao.u;HTCH no.u;

po6Hble CBe,JJ;eHHH 0 He06bl'laHHO MOIUHbiX HCTO'IHHKaX peHTreHOBCKO" 

ro H3Dy'leHHH, 06Hapy)t(eHHbiX BnepBble B 1969 ro.u;y aMepHKaHCKOH 

na TpynhHOH cny)t(6oii " Bena" no xoHTponro 3a cornaweHueM o 

JanpeiUeHHH x.u;epHbiX ucnbiTaHuii s aTMoc<l!epe . CnexTp :noro 

3ara,JJ;O'IHOrO peHTreHOBCXOrO H3Dy'leHHH. KaJC pa3 HaXO,JJ;HTCH B 

HHTepecyiOIUeM HaC ,JJ;Hana30He OT 10 )1;0 250 K:JB, a llOTOK COCTaB

nHeT -- 10-4 3pZ/CM 2 C. 

B HaCTOHIUee BpeMH ycTaHOBDeHO, 'ITO HCTO'IHHKOM 3TOrO 

H3Dy'leHHH HBDHIOTCH UeHTpbl TaK Ha3biBaeMbiX wapOBbiX 3Be3,JJ;HbiX 

CKOnneHHH . llHKOBaH MOIUHOCTb 3TOrO B3lly'leHHH COCTaBnHeT 

··3·1038 :Jpz/c, 'ITO cpaBHHMO, KaK OTMe'laeT lllKDOBCKHB, C 6ono

MeTpH'IeCKOH caeTHMOCTbiO scero wapoaoro cxonneHHH, HaC'IHTbiBa

IOIUero HeCKOllbKO COTeH TbiCH'I 3Be3,JJ; . He6e3biHTepeCHO B CBH3H 

C 3THM OTMeTBTb, 'ITO ecnH YMHO)t(HTb 3HeprHIO, H3nyqaeMyiO 

ConHueM, W0 -3,8-10 33 :Jpz/c Ha OTHoweHue nocTOHHHbiX llnaHKa 

hg 1 - 4 w0 - 37 
--=- = 2·10 , TO nony'IBTCH 3HeprHJI W = -- = 8·10 3pZ/C, 
he a 2 . a2 

6nH3KaH K BbiWenpBBe,JJ;eHHOH llBKOBOH MOJ.UHOCTH peHTreHOBCKBX 

HCTO'IHBKOB. 

B cseTe pa3BBBaeMoii 3.u;ech u.u;ea HanpawaaaeTcH s~a~so.u;: 

He IBDieTCJI DH MOJ.UHOe HMDYllbCHOe peHTreHOBCKOe H3Dy'leHHe 

wapOBbiX CKonneHHH "ODTB'IeCKBW" B3lly'leHBeW warHBTHOH WaTe

piiB'l 
llp.aw~a~w .u;oxa3aTenbCTBow Taxoro yTsepliC,IleHB.a .aan.anocb 61a1 

H3MepeHHe ero DOCTOJIHHOB llnaHKa, HanpHMep, DO JcWleKTY KOMDTO· 

ua. 

21 0co6eHHOCTB KOMDTOH·JcWleJCTa KBaHTOB C DOCTOIHHOB 

llnauxa h g ~ he I a 2 

H3weueuae .u;nHHhl aonHhl peHTreuoacxax xsauToB lc o6bi'IHoii 

nocTo.auuoii llnauxa he I npa pacceJIHHH ua cso6o.u;uoM JnexTpoue 

paBHO 

he 
~A= --(1- cosO), 

mec 1231 
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r.n.e m e - MaCCa TIO:KOJI 3JJe:KTpOHa, C - C:KOpOCTb CBeTa, 8 - yrOJJ 

Me)K.IJ.Y HanpasneHHJIMH na.n.aromero H pacceJIHHoro :KBaHTOB. MaxcH

MaJJLHOe H3MeHeHHe ,IJ,JlHHhl BOJJHbl llj>H pacceJIHHH :KBaHTa Ha3a,IJ, 

(8 = rr) COCTaBJJJieT (L\,\) max :o; 0,0484 A . 
- n he fipH pacCeJIHHH H3JJy'leHHJI C TIOCTOJIHHOH JJaH:Ka h = -- Ha 

g a2 
3JJe:KTpOHe H3MeHeHHe 3HeprHH Ta:KHX :KBaHTOB yBeJJH'IHBaeTCJI B OT-

HOWeHHH h g / h e= 1/ a 2, T .e . Ma:KCHMaJJbHOe H3MeHeHHe ,IJ,JlHHbl BOJJHbl 
4 0 0 

( ~,\)=0,0484·1,88 · 10 A - 900A. CooTBeTCTByromee Ma:KCHMaJJbHoe 
max 

H3MeHeHHe 3HCprHH :KBaHTa M h v )COCTaBHT 
g 

2 
(hgll) 

il(h [I) = 2---- - -
g max m c2 • 

e 

3/ BcnbiW:KH cBeTa, Ha6nro.n.aBwuecJI aMepuxaHc:KHMH 

:KOCMOHaBTaMH 

/24/ 

113BeCTH0{12/qTO BO BpeMJI TIOJJeTOB Ha JlyHy npH BbiTIOJJHeHHH 

nporpaMMbl "AnnOJJOH" aMepH:KaHC:KHe :KOCMOHaBTbl peryJJJipHO 

Ha6nro.n.anH CHJJLHbl·e BCnbiW:KH 6enoro ~BeTa, B03HH:Karomue B rna

Jax C 'laCTOTOH npH6JJH3HTeJJbHO 1-2 B MHHYTY. 3TH BCnbiW:KH 

y)Ke nOJJY'IHJJH 06'bJICHeHHe H, no- BH,IJ,HMOMy, 31<CnepHMeHTaJJbHOe 

nO,IJ,TBep)K,IJ,eHHe Ha OCHOBe npHBJJe'leHHJI H3JJy'leHHJI BaBHJJOBa

llepeH:KOBa OT peJJJITHBHCTC:KHX JI,IJ,ep. flo HaWeMy MHeHHJO, Ta:KOH 

)Ke 34MPe1<T ,IJ,OJJ)KHO Bbl3biBaTb H "onTH'IeC:KOe" H3JJy'leHHe MarHHTHOH 

MaTepHH. 

fiyCTb, ,IJ,eHCTBHTeJJbHO, He06bi'IHOe peHTreHOBC:KOe H3JJy'leHHe, 

0 :KOTOpOM Mbl rOBOpHJJH B n. 1 3TOrO pa3,1J,eJJa, JIBJJJieTCJI Ta:KOBbiM. 

Ero noT ox B oxonoJeMHOM npocTpaHcTBe cocTaBJJReT -10 - 43pz/cM ~. 
llpH cpe.n.Heii 3HeprHH :KBaHTOB :noro HJJJy'leHHJI h ,r' - 0,1 M3B 

2 2 g 
3TO COOTBeTCTByeT -· 6·10 K60HIIf06/CM C. ECJJH 3TH :KBaHTbl HMelOT 

onTH'IeC:KYIO 'laCTOTy, T.e. eCJJH HX ,IJ,JJHHa BOJJHbl cymecTBeHHO 

npeBOCXO.IJ.HT pa3Mepbl aTOMOB, TO OHH 6y,IJ,yT HCnbiTbiBaTb :KOre

peHTHOe pacceJIHHe / l 3/Ha 3JJe:KTpOHaX, nOJJHOe Ce'leHHe :KOTOpOrO 

a - o 0 Z 2• r.n.e a0 - ce'leHHe TOMCOHOBcxoro pacceJIHHJI Ha 3JJe:KT

poHe, a Z- aTOMHbiH HOMep. 

PaC'IeTbl no:Ka3biBalOT, 'ITO npH o60JJO'I:Ke H3 aJJIOMHHHJI TOJJmHHOH 

1 ,5 CM nOTO:K He06bi'IHbiX :KBaHTOB Ja 06WHB:KOH 1<0pa6JJJI COCTaBHT 

-4,5 '10-5
oT npHBe.n.eHHoro Bblwe. llpH nnoma.n.B 'leJJoBe'lecxoro 

rJJa3a -2,5 CM 2 B Hero nona.n.aeT O:KOJJO 4 Ta:KHX :KBaHTOB B MHHYTY, 

'ITO XOpOWO COBna.n.aeT C Ha6JllO.D.eHHJIMH aMepH:KaHC:KHX :KOCMOHaB-

12 

TOB *· C BepOJITHOCTblO 95% Ta:KOH :KBaHT BCnbiTaeT :KOrepeHTHOe 

pacceJIHHe ' Ha 3JJe:KTpoHax rnaJHoii )KH.IJ.:KOCTH . CornacHo ¢opMyne 

/24/ :KBai!T- co cpe.n.Heii 3HeprHeii h g v =o, 1 M3B nepe.n.aeT 3Hep

r Hto ~(hg v) - 40 K3B 3JJe:KTpoHaM, :KOTOpbie Ha 'laC TOTe nepBH'IHOrO 

xBaHTa '" · 1 ,3· 1 o 15 c - 1 BcnycTJIT xBaHTbl 1 c o6bi'IHoii nocToRHHoii 
· · il( h~v) __ 

4 
llnaHxa h P/ o6mBM 'IHCJJOM -· --

11
---- =10 KeaHmoe. TaxaJI BCnblw
e"' 

xa cBeTa npesblwaeT nopor 3pHTeJJLHoro omymeHBJI Ha 273 nopR.n.xa . 

4/ Bo3MO)KHOe npoJIBJJeHHe Heo6bi'IHbiX :KBaHTOB B onbiTax 

Ha ycxopHTeJJJIX 

Ha ocH~se H.D.eH Tpe¢ana H HLtoM>eiiepa '5/o noacxe MarHHTHbiX 

3apJI,IJ,OB no }' -:KBaHTaM - BbiCO:KHX 3HeprHH OT aHHBrHJJJI~HH nap 

gg, pO)K,IJ,eHHbiX B . COy ,IJ,apeHHJIX 6biCTpbiX 'laCTH~ C Hyi<JJOHaMH, 

y)Ke npoBe.n.eH PR.IJ. 3xcnepHMeHTOB / 10 -2 1/ Ha ycxopHTeJJJIX BbiCO:KHX 

3HeprHii . O.n.Haxo 3TH onbiTbl Gb1JJH nocTaBneHbl Tax, 'ITO B HHX 

perHCTpHpOBaJJHCb JJHWb CJJy'laH MHO)KeCTBeHHOrO o6pa30BaHHJI 

)KeCT:KHX y ·:KBaHTOB . 

B COOTBeTCTBHH C HaCTOJimeii rHnOTe30H, Bo-nepBbiX, CJJe,IJ,yeT 

OTMeTHTb, 'ITO BCe aHHHrHJJJI~HOHHble :KBaHTbl HMelOT CfmeCTBeHHO 

60JJbWYIO TIOCTOJIHHYIO fiJJaH:Ka, a n03TOMy B3aHMO,IJ,eHCTBOBa Tb · 

6y.n.yT He 06bi'IHbiM o6pa30M /XOTJI 6bl nOTOMy, 'ITO OHH He MOryT 

6b1Tb nor JJOmeHbl 06bi'IHbiMH a TOMaMH/. 

Ha Haw B3rJJJI.D., JHa'IHTeJJLHblii HHTepec npe.n.cTaBnReT MJir:KaJI 

'laCTb cne:KTpa He06bi'IHbiX <i>OTOHOB, B03HH:KaJOmaJI :Ka:K TOpM03HOe 

H3JJy'leHHe MOHOTIOJJHJI /napbl MOHOTIOJJL-aHTHMOHOnOJJb/ . 

Pac'leTbl c npHBJJe'leHHeM ¢opMyn, npuBe.n.eHHhiX B :KHHre ;2 1;' 

noxaJhiBaJOT, 'ITO 'IHCJJO TOPM03HbiX :KBaHTOB c nocTOJIHHoii llnaHxa 

B .D.HanaJOHe 'laCTOT OT ' ' "" 2·10 15c·· l.IJ.O 1', -"'10 16c - l npHMepHO paBHO 
1 -- 2 

25 **.fipH Cpe,IJ,Heii BX 3HeprHH hg1~ 0,5 M3B 3TO COCTaBJJJieT -0,05% 
OT nOJJHOH MaCChi MOHOTIOJJHJI 2m g - c 2 =20 F3B. 

* Kax coo6manpci/14~.Ja HC:KJJIO'IeHBeM H.H. PyxaBHWHH:KOBa, HB:KTo 

H3 COBeTC:KHX :KOCMqHaBTOB He Ha6JllO,IJ,aJJ no.n.o6Hbl~ BCllhiWe:K. 

3TO, O,IJ,Ha:KO, TIO • BH,IJ,HMOMY, M9)KH0·06'bJICHHTb 6onee TOJJCTOH 06WBB-

1<0H :Kopa6JJJI "COI03" H CTaH~HH "CaJJIOT". 

* * 3Ta O~eH:Ka CHJJbHO 3aBHCHT OT Toro, HaC:KOJlb:KO 'laCTOTa li t 

-2 r 6JJHJ:Ka x qacToTe v
0 

= --,r.n.e 6opoBcxuii pa.n.Hyc a0=~/B .n.aHHOM 

cnyqae v1-11,.">:1f/OV~ / . Saohg a2 -
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TaxHe xoaHTJ.r c ;:; ~ ·10 H> c -tnpH B3aHMo,neiicTBHH co cpe.noi 

3a cqeT MHoroxpaTaoro xorepeHTHoro paccegaug MOryT nepeiiTH 

B o6naCTb qaCTOT BH,nHMOrO ClleKTpa H-·llpH perHCTpaUHH, HanpHMep 

Ha UBeTHOB ~OTOllllCHKe,,no~Hhl Bhl3BaTb 3aMCTHOe O,nHOUBeTHUe 

DOTeMHeHHe, T .K. 3HeprHg KBaHTa /c UOCTOgHHOH hg .,;1,9 ·104 h e 

H v;:; l0 15c- t/ hg u =1,2·10-7 :1pz 3KBHBaneHTHa -·Z·10 4 xoaHTOB C 

o6blqaoi nocTognHoii llnaHxa he. 
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