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Obwas pusuxa

HexoTopblie Bonpockl No noeoay dopmynsl Anpaka
ANs 3apsna MarHUTHOro MOHONONS

XK. Jlowax
®onp Jlyu ne Bpoitns, [Mapux, Opanuus

B pabome kpamxo nanomunaemcs doxazameascmeo popmyavi Jupaxa; obcyxcoaemcs npagomep-
HOCMb 6bl1600a 0 GeAUMUNE MAZHUMHO20 3apada, caedyouiezo u3 paccmompenua Jlupaxa. Oxa3viea-
emcs, 4mo 3apid MOHONOAA He Max Jcecmko 3adpuxcuposan opmyaoi Jupaka, Kax 3mo npuHAMO
dymamo, U €20 3HAMEHUR MO2ym 3aHUMAMb 3HAHUMEAbHO Ooabwiuil unmepean, 6KANOMAA O4eHb Ma-

JACHbBKUEC 3HaAYenun.
®dopmyna Aupaka

Jupak nokasay, YTo eciiy 3JeKTpUYecKUi 3apsn
B3aMMOJEHCTBYET C MArHUTHBIM MOHOIIOJNEM, TO
o6a 3apsia e M g NOJDKHBI ObITh CBsI3aHbl HOPMYJIOi
[1—4]:

z2.2 (1)
he 2’

rae n — LEeJIoe YUCIIO.

JokasatenbcTBo JIupaka ocHOBaHO Ha Kanubpo-
BOYHOM MWHBapHaHTHOCTHU. JlMpak paccMaTpWBaeT
IBUXEHME 3JIEKTPUYECKOIo 3apsiia BOKpPYr Hemnom-
BMXXHOIO MOHOIIOJISI, aBTOP Xe NAHHOI CTaTbH, Ha-
060pOT, NOMYCKAET, YTO ABMKETCS MOHOIIONb, U
YTO 3JIEKTPUYECKUI 3apsii TpelncTaBisieT coboi
HEMoABHXHBIA KyNnoHOBCKMiIt LieHTp. OuyeBHUOHO,
YTO JO0KA3aTeNbCTBO U3-3a 3TOrO0 HEe U3MEHHUTCS.

HanoMHUM, 4YTO KYJIOHOBCKOE 3JIEKTPUYECKOE
IoJie HEIMOABMXHOIO 3JIEKTPUYECKOro 3apsnia Aei-
CTBYET Ha MarHMTHBI MOHOIIO/b Yepe3 NCeBIOBEK-
TOpHBIH noreHuHan B:

E=rotB=e—, 2)

‘:ul -

Toraa moTok noJjisi E uepe3 3jeMEHT MOBEPXHOCTH
T, OKpPYXEHHBI 3aMKHYTOI1 KpUBOM A, 3anuileTcs

[ EdS = [ rotBdS =§ Bdl = ef[ S = e[[ dQ. (3)
z b A 2 r z

U3 Boipaxenus (3) BuaHo, yto nortok moius E
yepe3 I, WIM UHTErpal ICEBIOBEKTOPHOIO MOTEH-
uMana B Brosb A ecTb HU YTO MHOE, KaK YroJ, ITof
KOTOpPBIM BUIEH 3JIEMEHT MOBEPXHOCTH H3 KyJO-
HOBCKOro LieHTpa. 310 Teopema laycca. Ecnu Te-
nMepb CXaTb KPHBYIO A B OIHY TOYKY, YMEHblUas
NMOBEPXHOCTb BOKPYT 3apsiaa e, TO MOJYyYHUM

$ Bdl = ef[ dQ = 4ne. @)
A-0 T

N3 ¢opmynst (4) yxe BuOEH OOMH MOMEHT,
nomuepkHytolit dupakom: mnoreHunan B, Oyayuu
pelieHHeM ypaBHeHHst (2), AOKEH MMEThb CHHIY-
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JISIPHYIO JIMHHUIO, KOTOpAasi MPOXONUT 4epe3 KyJio-
HOBCKHUIA LIEHTp, MHAye NepBblid uMHTerpan (4) pas-
Hsutcst 6 Hyto. Ternepb DOMYCTHM, YTO Kakoe Obl
HYU ObUIO BOJIHOBOE YpaBHEHHE, DJIEKTPOMArHUTHOE
B3auMoneicTBUEe OymeT ONMMCAaHO KOBapHaHTHOM
IMPOU3BOAHOM

- &
V-i=B. 5
% (5)
3ateM JIMpak BBOOUT B BOJHOBYIO (DYHKLIUIO
HEMHTerpupyemyto ¢asy v:

¥ = efMy. (6)

Ecau x (6) nmpuMeHuTs onepaTop (5), To BBExe-
HUe Pa3bl y MPUBOAUT K BBEIEHHIO HOBOTO MOTEH-
LuMaja rnyTeM U3MeHeHMs] KATMOpOBKH

(v —iiB}y - ei"(V + iVy -iiB)\u. (7)
he he
Jupaxk OTOXIECTBJSIET HOBbIM NMOTEHLIMAN C rpa-
JUEHTOM y, HO ha3oBblil dakTop e” He OymeT Me-
HSTb BOJIHOBYIO (YHKUHIO TOJBLKO TMPH YCIIOBUU
KpaTHOCTH 27, YTO 3aCTaB/IsIeT HAallMCaTh

£ §Bdl = §Vydl =2nn. (8
he A—>0 A0

Teneps u3 (3), (4) u (8) nomyuaerca dopmyna
(1).

BoiBog dopmynsi (1) 3 ypaBHenns
MOHoOnons

MoxHo nonyuutb ycnosue Hupaka (1) w3 pe-
IUeHUST YpaBHEHWsI MOHOIMOJISI B KYJIOHOBCKOM T10-
ne. Joka3aTenbCcTBO nosiyyaercsi Gojiee IJIMHHOE,
yeM y Jlupaka, HO JIOTHYECKH NPOLIE, TAK KAK BbI-
TEKaeT W3 YCJIOBHUS HEMNMPEPBIBHOCTU BOJIHOBOIA
(hYHKUMH OTHOCHTENIbHO I'PYIIbl BpalUEHUH.

B npencraeieHnu Beiinsa ypasHeHust 1jisi MOHO-
nojsi MOXHO 3anucarth B BHUAE YpaBHEHUH IBYX-
KOMTMOHEHTHBIX cnHopoB &, n [5, 8]:
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DTH ypaBHEHHS1, COOTBETCTBEHHO, JIEBOE U IPaBOE,
CEBEPHOE U I0XHOE, OIMMCBIBAIOT MOHOIOJb ¥ aHTH-
MoHonoJb. C Ipyroii CTOPOHbI, ypaBHEHUE (2) naeT

i e -xx_ .
Bx=7x2+y2, By=-;-—————x2+y2, BZ=W=0.

DTH MOTEHLIMATBI OTIMYAIOTCS KAIMOPOBKO OT
TeX, KOTopble yrmoTpeOnsu1 JIupak, HO, BOIPEKH
[MOCJIEAHUM, OHM MOMYMHSAIOTCS 3aKOHAM CUMMET-
pun ITnepa Kiopy Ui MArHUTHOTO MOHOIOJSA. 3TO
CBOMCTBO BaXKHO HE TOJIBKO I GU3MKHU, HO U WIS
BLIUMCIIEHUI, KOTOpble Oyaromapss 3TOMY paau-

KaNbHO YIIPOILAIOTCS.
JIerko roxasaTth, 4YTo ypaBHeHHS (9) momyckaioT
MepBbleé MHTErpajibl JIEBOrO M IPAaBOr0 KUHETHYE-

CKOr0 MOMEHTA!
J§=hA++—1-s,J =hA'+ls;
2 n 2

AT =rx(—1ViDB)iD£;(D=§, B=eB].
r he

BuaHo, 4To KoHCTaHTa D coBnamaeT ¢ JIeBOW
yacThlo ¢popmyibl (1) 1 MOXHO I0Ka3aTb, 4TO A —
ecTb MHOUTE3MMAIbHBIE OINEPaTopbl IPYNIbI Bpa-
weHuit B R3.

VI3 TUoTe3bl HElpepbiBHOCTU BONHOBOW (yHK-
Uy B ypaBHeHuM (9) OTHOCHUTENBHO TIPYIIBI Bpa-
LLIeHU} CJIeAyeT, YTo M COOCTBEHHbIE 3HAYEHUS A*
GYIYyT TAKMMM Xe. DTH 3HAYCHUS TOXICCTBEHHDI

MaTpUYHBIM 3JIEMEHTaM D}" "™M(0,9,0) mpencrasie-

HUI{ TPyIbl BpalIeHUH. ,

ITockonbKy oba 3apsna SBJSIIOTCS YUCTO TOYEH-
HBIMM OGBEKTaMM M BMECTe 00Opa3yloT OOBEKT Hy-
JIEBOI TOJILUMHBI, KOTOPbIHA, ONHAKO, SBJIACTCS KU-
paJbHBIM  (MOTOMY ~4TO OOMH M3  32psNoB
CKaJIsIpHBINA, a Apyrod — [ICeBLOCKAISAPHBINA), TO
MOXXHO IIpMpaBHMBATbL HYJIO Yroi CcODOCTBEHHOTIO
BpauieHus. M1 mbl umMeeM

m,ml =_j9—j+1>--'aj_ls j:

1 3 n
— e —gean 10
O’ 2’1, 2’ ’ 27 ( )

Eciu BbIPa3sMTb KUHETUYECKUE MOMEHTBI A* ©
[TOMOLLBIO YIJIOB BpALLEHUsI, TO MOJYYaeTCs TOXAE-
CTBO

j=

D=Em (11)
he

Vrtak, Mbl Hauuiu ¢opmyiy upaka, HO OHA
MpOUCXOaUT He OT (ha3oBOi HEONMpPELCIEHHOCTH, 4

cilefyeT U3 HENpepbiBHOCTU BpAlUEHMiI, HECMOTpS
Ha TO, YTO IICEBOONOTEHUUANBl UMEIOT CHHTYJSP-
HYIO JIMHMIO.

B omnnuume ot mokasarenbcrBa JIvMpaka, koTopoe
OCHOBAaHO HAa CHHIYJSIPHOCTH JIMHMM M HENaeT M3
Hee LEHTPAIbHBIH MaTeMaTHYecKUil obbeKT, Halie
IOKa3aTeJbCTBO KaK OBl CTHPAaeT CHHIYJISIPHOCTb
61aronapsi HENPepPLIBHOCTH U OXHOPONHOCTHU BOJI-
Hbl Ie Bpoitns, Kak U nosnaraercss B KBAHTOBOIT Me-
xaHuke. IMEHHO M3 yCJIOBHSI HENPEPHIBHOCTH BbI-
TexaeT dopmyna (11).

Ha camoM gene Teopusi, OCHOBaHHas Ha ypas-
HeHusx (9), cwibHO omimyaercs oT JlMpakoBCKOMH,
MTIOCKOJIbKY SIBJISIETCS €IMHCTBEHHOW Teopueil mar-
HUTHOIO MOHOIIONS, ABTOMAaTUYECKH COOTBETCT-
Bylolieil (B KBaHTOBOi ¢opme) 3akoHam IlIbepa

"Kiopu, KoTopble OOBMHO JaXe He LUTUPYIOTCS

IpPYTHMHU aBTOpPaMM.

" (5
C npyroii CTOPOHbBI, BEJIUYMHA _hi Ternepb orpa-
c

HUueHa rmoroMy, 4to (10) Bieyer 3a coboit
j<m <.
[MpuuuHa orpaHU4YeHUsI—reoOMeTpHUYecKas, TakK
KaK MOXHO [0Ka3aTh, YyTo oba 3apsua (3JeKTpuye-
CKMI1 ¥ MarHUTHBI) BMECTE OIpPEHENAIOT YIJIOBOE

nBwxeHue (o ITyaHco) KBaHTOBOro CMMMeETpHYE-

cKoro BoJjuka [7].
IMpoekiuysi KMHETHYECKOT0 MOMEHTa BOJYKA Ha

€ro ocb CUMMETpPUHU paBHsieTcs m'h, U 3Ta MPOEK-
uust no ¢opmyne (11) omnpenensier 3apsii MOHOMO-
ns. TakoBo (U3MUYECKOE TOJKOBAHHE (OPMYJIbI
Jvpaxka.

HeckonbKo BONPOCOB Mo noBoAy
dopmyn (1) n (11)

®opmyna (1) HaBOAMT Ha MbICIb, HTO 3apsl
MArHWTHOrO MOHOIOJISI BCerna JojKeH NMPpUHUMATh
OIHO W3 3HaYeHUi Moc/IeqOBaTEeIbHOCTH

1 137 e?
=e—n=e—n|oa=—
20 2 hc

he
e

N X

g

W3 Boipaxenus (11) Mbl uMenH Obl

g:ﬁm’:e—l-m'=e-l37-m'. 12)

e o

B ofoux ciyyasix e — 3apsfi 3JIEKTPOHA, W I10-

3TOMy OOBIYHO TOBODAT: 3apsil MATHUTHOr0O MOHO-

monsl KpareH C OONBLIMM K03 (PULIUEHTOM 3JIEK-

TpUYeckoMy 3apsany, ITOCKOIBKY 3JIEMEHTApHBIH
MAarHMTHBIM 3apsii paBeH

. 1
go =137e (j=n); go=685-¢ (_/=n+-2—). (13)

Ho npaBHjbHO JH TaK paccyxunaTb? Bo-nepsbiX,
MOHOMNOJIb MOXET B3aMMOIENCTBOBaTh, HaNpUMED,
¢ siapom Jo6oro atoMa ¢ HOMEpPOM N. Torga mno

¢opmyne (11) umeeM
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he el , e
=—m=——m=—"-137-m (14
Ne N a N ’ )
M 3apsii MOHOIIONA OymeT AENUTENEeM Mpenblayllero
sapsima (12). DneMeHTapHbI MAarHWUTHBIA 3apsid
CTaHeT

g0=%e (j=n); g0='6%5_'e (j=n+'%)' (]5)

ITockonbKy 3HaueHue N orpaHdueHo TabauLER
MeHzeneeBa, TO LIS 3JIEMEHTAPHOTO MarHUTHOIO

sapsina (15) HepaseHctBo min|g| 2 |e| BbimonHseTcs,

HO OTHOLUEHMSI 3apSIIOB YK€ HAMHOIrO MEHbLIIE.
Uro xe kacaeTcsi MaKCUMAaJbHO BO3MOXHOTO Mar-
HUTHOTO 3apsina (npu (pUKCUPOBAHHOM 3HAYEHMH
sapsina sgpa N), TO MAaKCMMaJIbHBIM 3apsi yXe He
3apsin Jdupaka, a

e .
Emax = 137W./:

M oH Oynetr mopsiaka (13) Tonbko IS KHHETUYe-
CKMX MOMEHTOB Mopsiika j = N, KoTopble MTPHHLM-
MHAIbHO U MOTYT OBITh OYEHb OOJIBIUMMH, HO 3TO
MaJIOBEpPOSITHO.

Bo-BTOpBIX, €CIIM MOHOIOJIb HAXOAUTCS BOJIM3H,
HO CHapyXu KJlacTepa SJIEKTPUYECKUX 3apsloB {ep},
TO npeapiayuie ¢GOpMyNabl COXPAHSIIOTCS W Mbl
nonyyuM ¢opmyiy TUIa

g2ep
L -
he

Korza cymma } e, Gonbluas, MarHUTHbII 3apsin

P
£ MOXET cTaTb OYeHb MaJIEeHbKUM.

OTH npuMepbl HABOAAT HAa MBIC/Ab, YTO OYEHb
MajeHbKUE MarHUTHbIE 3apsiIbl, MPUGIUIUTENIBHO B
a? pa3 MeHblie JIMpaKOBCKOro 3apsifa, KOTOpbIE
Habnionan B. @. Muxaitnos [12—17], [24], [25] u
o Hero Openxadt [9], Pensbep [10] u Lemmunr
[11], Ha deppoMarHMTHBIX a3po30JiAX, He o6s3a-
TeJbHO HapywaoTt dopmyny [upaka — BOIpeKU
TOMY, KaK TIPMHSITO CYUTATh — €CJH TOJbKO CMOT-
peTb Ha Gopmyny Jdupaka B MpemIoXeHHOM 3[eCh
06006111eHHOM BUIE.

Jupak Hanucan IO TMOBOAY 3KCIEPUMEHTOB
Openxadra: “This is not a confirmation of the pre-
sent theory” [2] moToMy, YTO CYHTAaN 3HEPTHIO B
3KCIMEPUMEHTAX C Aa3pO30JISIMM CIHILIKOM HU3KOMH
IUIsL POXAEHMUSI MOHOIoJIel, KOTOpble OH TpeIBU-
nmen. OH 6bUl yBEpeH, YTO POXIEHHE 3apsigoB IO
dopmyne (1) obs3atenbHO TpebGyeT BHICOKMX 3HEp-
Ui,

MHorue roabl 10 HacToslEero MoMeHTa Muxaii-

JIOB M aBTOP CTaTbH TaKXe CUUTAIU, YTO €ro 3KcC-
NMepUMEHTh! Haj a’po30JisiMd — MNOMOOHbBIE 3KCIIe-
puMeHTaM 3penxadrta — mnporuBopeyar dopmyine
Jvpaka u3-3a MaJIOCTH BEJIMYMHBI MArHWMTHLIX 3a-
psI1OB, KOTOpbie OH oGHapyxuin. Y1 Mbl 6butH 03a-
JayeHbl 3TUMM pe3yNbTaTaMM, TOCKOJbKY OblIK

ybexneHbl, yTo 3Ta ¢opMyna SBASIETCS Heusbex-
HbIM CJIEACTBUEM 3JIEKTPOMATHETU3MAa U KBAaHTOBOI
teopuun. HecMmoTps Ha To, yto BbiBod opmya (1) n
(11) coBeplLieHHO BepeH, Tenepb A AyMalo, YTO HX
HCTOJKOBaHHME IMPEYyBEIUUEHO.

Bo-niepBbiX, ypaBHeHust (9) 1S MOHOMOJS [1O-
Ka3bIBalOT, YTO MOHOIIONb, 0obsianas HyJeBOH Mac-
coif, He TpebyeT BbICOKUX IHEPrHil ISl ero poxie-
HUs. SICHO, 4YTO MOXHO B HMX HE BEPHUThb, HO
IaXe B 3TOM CJydae 51 CTOI0O Ha TOM X€ YpOBHE
“mOBEPUTENIBHOCTH”, KaK U caM Jlupak: 3Ta Teopusl
ITIOKa He TMOATBEpXIeHa 3KcrepuMeHToM. OmHaAKO
DKCTMEPUMEHTbl YpPYLKOeBa M €ro COTPYAHMKOB,
€CJIU He TBEpAO NOKAa3bIBaIOT CYILLIECTBOBAHMUE 3TUX
MOHOIIOJIEH, TO, MO KpaiHEld Mepe, HENAIOT NMpen-
MOJIOXEHWE CYIIECTBOBAHMSI MOHOIMOJIE Oolee
obocHoBaHHBIM [18].

Crnenyer yuectb, 4TO caMm Jlupak ObUT 03anadyeH
(1 He 6e3 OCHOBAaHMS) CUMMETpPHER ero (popMyJbl
OTHOCHTEJIbHO [BYX 32psiIOB M WCKaJl IPUYMHY
M300WINSI 3JEKTPOHOB B TPHUPONE U CKYOHOCTH
MoHoroneld. [ToaToMy OH BbIpasuyl TUMOTE3Y, UYTO
3Ta aCUMMETPUsl OOBSICHSIETCSI acCUMMeTpUel 3apsi-
OB, U YTO IOCAEOHSIST BNeUeT 3a coboil acMMMeT-
PHIO B 3HEPTHUH POXACHHUS YaCTHLL.

Ho a nymalo, uto ypaBHeHus (9) comepxar Bo3-
MOXHOCTb OODBSICHUTb 3TOT 3KCMEePUMEHTANbHbIA
daxT, He BBOISI Bompoca sHepruu. JeicTBuTensHo,
HECMOTPSI Ha TO, YTO 3TH YpaBHEHUsST ObLIM BHayale
OCHOBaHbl Ha JIMpaKOBCKOM YpaBHEHUM 3JEKTPO-
Ha, OHM pe3KO OT HEro OTJIMYAIOTCS 3aKOHaMU
CUMMETPUH, TIOCKOJbKY OHO CONEPXKHT 3aKOHbI
Kiopu mns marnetrusma [5—8]. Dra pasHuua oco-
GEHHO MPOSIBIISIETCSI B 3apsSIIOBOM OfepaToOpeE.

3apsiIoBbIiA OMEPATOpP IMEKTPOHA MIPOCTO PABHSI-
eTcsl eIMHWUYHOMY OIlepaTopy, YMHOXEHHOMY Ha
3apsINOBYI0O KOHCTAaHTY e. AHTHIJEKTPOH (ro3u-
TPOH) — 3TO NEKTPOH, MAYLUMIA BBEPX MO TEUEHUIO
BPEMEHMU: €r0O 3apsIIOBBIit OnepaTop OTAHMYAETCSl OT
NMpenbIayLIEro TOJbKO 3aMeHOi e Ha —e. BoaMox-
HOCTb DPOXIEHHUS M aHHUTWISLUMU INEKTPOHHBIX
nap, T. €. nap obpaTHbIX 3apsiioB, CO3MAET TIOJAPU-
3aLMI0O BaKyyMa, KOTOpasi OrpaHWyeHa HeHy.1eBoii
Maccoit anektpoHa. Ecnn 661 3Ta Macca 6blia Hy-
JIeBOit, nossipusauust 6eu1a Obl OGeckoHeuyHoli. Ha-
060poT, 3apsIOBbLIK OMepaTop MOHOMONST MMeeT
ONpENeNEeHHYIO 3apsIIOBYI0 KOHCTAHTY g, KOTopas
HE MEHSIETCS HW NMpH KakoM rnpeobpazoBaniu P, T
win C, HO 3TOT OMepaTop MMEET ABA KMPalbHbIX
COCTOSIHMSI C OOpaTHbLIMM COOCTBEHHBIMM 3Haue-
HUSIMU +g ¥ —g. OOHO COCTOSIHME COOTBETCTBYET
MOHOTMOJI0 COBCTBEHHbIM 3HaYeHHEM, CKaxeMm, +g,
M OYOEeT JIEBbIM C CEBEPHBIM 3apsiioM, LPYroe co-
CTOSIHHE — aHTHMOHOIOJb, HMEET Ty Xe 3apsifo-
BYIO KOHMCTaHTY g, HO COCTOsiHME —g, T. €. OymeT
NpaBbIM MOHOIIOJNEM C IOXKHBIM 3apsSIIOM.

Kaxnapiit U3 aTx MoHonosneit sBasieTcsi o6pasom
BTOpPOTO B 3epkalie: amo u ecmb 3akox Kiopu, nepe-
eedennuili Ha keanmogoili asvik. Ho B oTnuuue ot
3JIEKTPOHA, MOHOMNOJb M AHTHMOHOMNOJbL “BHUAsT”
O[IHO W TO XE€ HanpaBjieHHEe TeYeHUsi BpeMeHu. TyT
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HU BBOLMTCSI, HU TepsIETCS HMKaKasi SHEPTus, HET
HU POXIEHHUS, HU YHUYTOXEHHS Map, HU MOJSIPU-
3alMM BaKyyma.

DTHU 3aKOHBI BHIPAXAIOTCSI TEM, YTO OOMEH MO-
HOIMOJISI HA aHTMMOHOIOJb MOJIyyaeTcst Ipu obme-
He ypaBHeHuit (9). MameHeHUe 3HaKa 3apsiia 30€Ch
He O3HAyaeT M3MEHEHMs 3HakKa KOHCTaHTbl g,
a TOJIbKO TEPEXOd C OJHOTO COOCTBEHHOIO 3Haye-
HUS onepaTopa Ha npyroi [5—8].

OIHAKO CJIENYET 3aMETUTb, YTO KaXKIOMY MOHO-
T10JII0 C HAHHOM 3apsiloBOIt KOHCTAaHTOM g COOTBET-
CTBYeT HPYrol MOHOMOJb C KOHCTaHTOW —g, HO
OHU HE COCTaBJISIIOT IMapbl MOHOIOJb — AaHTUMO-
Honosib. OHU COOTBETCTBYIOT OBYM pa3HbIM 3Haye-
HusiM +m' u —m' B dopmyne (11), nHaue rosops,
IBYM yrjaM ® U m — © OCH [BYX 3apsiioB € U g 1o
CpaBHEHMIO C KMHEeTHYecKUM MomeHTOoM. He cyiue-
CTBYET HUKAKOrO OlepaTopa, KOTOPbIA MepeBOdMT
Obl OIMH MOHOIIOJb B OPYrOil: OHU MPOCTO paBHO-
3HauYMMbI€ YaCTHLIbI. '

[TocKoJIbKY B OTJIHYME OT 3JIEKTPOHA 3[4€Ch HET
rpoliecca poXIAEHUsI WIM aHHUTWISLMA Nap MOHO-
roJieil ¢ oOpaTHbLIMM 3apsAlaMHu, TO HET OIMACHOCTH
OECKOHEYHON MOJSIPM3allMKi BakyyMa, M MOXHO
Jaxe BoOOpasuTh 3GhUp TaKUX MoOHorosed oboux
3Hakos [7]. B TakoM adupe 6putd Obl anpuopH
BCEBO3MOXHbIE 3apsiibl, B TOM YHCJIE U HYJEBbIE,
T. e. HeWTpuHO. Mnu MoXHO cka3aTb HaoOopoT,
YTO 3TO HEUTpUHHBbIH 3Up (KaK 3TO ObLIO YXe
JABHO MNpEIIOXEHO), B KOTOPOM HaxoOATCsl MarHu-
TOBO30YXIEHHblE HEMTPUHO, U €CTb MOHOTIOJNH.

JIis HaUIMX JIENTOHHBIX MOHOIONENH KOpPEHHOM
BOTMpPOC MX POXIEHMS, HABEPHOE, He HAaXONUTCS B
06aCTH BBLICOKOM SHEPTUM: TYT, MOXET ObITb, 9KC-
TIepMMEHTbl YpyLIKOeBa YX€ YKas3aliu, Kak MOryT
POXIATLCS TAKWE MOHOIOJNM — C DHEPrusiMM, paB-
HBIMM HeckoiabkuM k3B [18]. B Tex xe sKkcnepu-
MEHTax Te M3MepeHMsl, KOTOpble OH MpOBOAMI C
UpoiinoBbiM Ha ocHose 3¢gdekra Meccbayspa, Ha-
BOIAT HAa MbIC/Ib, YTO B TaK Ha3bIBa€MOM “‘CTpaH-
HOM” W3JIydeHWU HAXOAMUTCSI paBHOE KOJUYECTBO
MOHomoJielt oboux 3HakoB. Torga MOXHO BbICKa-
3aTh TMIIOTE3Y O TOM, UTO B 3TUX 3KCIEPUMEHTaAX
Ha caMOM IeJie MOHOIIOJU HE POXOAIOTCs, & TOJb-
KO MpOosBASOTCS U3 3PUpa.

Unest o BeagecylHocty 3drpa MOHOMOJIEN Haxo-
IUT CBOEro pofa IIOATBEPXAEHUE B CJIEOYIOLEM
daxre. Heckonbko JIeT TOMY Hasal MHE YAanoch
[oKa3aTh, YTO B TeopuM eauHoro mnoass Mapu-
AntyaHertl Tounens [19, 20], ocHoBaHHOM
Ha HelTpMHHOI Teopuu cBeta ae bpoiis, ¢ rpaBu-
TauMeil obbeAMHsIeTCsI He OOBIYHBINW 3JIEKTpOMarHe-
TH3M, KaK 3TO MPUHSITO, @ MAarHUTHbIA (poToH [21,
22]. OT1OoT (OTOH HOBOrO THIMA OTJHHYAETCS OT
OBbIYHOIO  3JEKTPOMArHUMTHOro oTtoHa THIIOM
CUMMeETpUHM. S Mmokasa, 4To MarHWTHbLIH (hOTOH Ha
caMoOM JieJie yXe OblT BKIIOUEH B TEOpHIO cBeTa Jie
Bpoitns B Buae apyroro “ckioHa” teopun. U3 sTo-
ro cjenyeT, YTO €CTeCTBEHHLIA COpPAaTHHK IpPaBMTO-
Ha He 3JIeKTpUYecKHuii (HOTOH, a MAarHUTHbIA, YTO
SIBHO COTJIACOBBLIBAEeTCSlI C MOeeil O MOHOIIOJIbHOM

a¢upe MOTOMYy, YTO MOHOIMOJU HMEHHO “BMAST
cBeT” yepe3 3TH MarHUTHbie ¢oToHbl. MOXHO 3a-
MeTuTb, uTo dopmyina (2) E = rotB Haxomutcs B
5TOi TEOpUM, U MHTEPECHO TO, YTO OHA yXe Haxo-
nunach y ne bpoiins B 1940-m roay B ero Teopuu
ceeta [23].

Tenepb, ecii BEPHYTbCA K 3KCIEPUMEHTAM Hal
aspo30JISIMM, B HMX OCTaeTcsl OJHAa 3araika: MMeeT
JIN ToJIydeHHOEe 3HaYeHWe Il MAarHUTHOrO 3apsiia
YHUBEpCaJIbHOE 3HAaY€HHWE WM CBA3aHO TOJIBKO C
S3TUMHU 3KcrepuMeHTamu [24, 25] (obnyyeHue dep-
POMAarHUTHOrO a3po30Jisi SIPKMM CBETOM Jia3epa MM
nyru)? Y nocne Bcero BbILIECKA3aHHOTO MOXHO JIH
yTBEpXHaTh, YTo ¢opmyna (1) Jupaka onpenenser
3apsil. MATHUTHOro MoHormnoss?

YTo KacaeTcsi BTOPOil IMIIOTE3bl, TO, [TO-MOEMY,
OTBET OTPULATENIbHBINA. A YTO Kacaercsi NEPBOM, TO
roKa HEeT OTBETa, TaK KaK 3TO €AUHCTBEHHOE M3Me-
peHHe MarHutHoro 3apsina. Bo BcsKoM cayuae,
MOXHO YTBEpXIaTb, YTO MArHUTHBIH MOHOTOJb
coBCEM He OOBIYHASI YacTHLIA HE CTOJIbKO H3-3a ero
3apsiga, CKOJIbKO M3-33 ero KMpajJlbHOCTH (KOTOpYIO
OMNHKCHIBAIOT TOJBKO ypaBHeHHUs (9)), MOTOMy 4YTO
UMEHHO KHpPaJIbHOCTb MarHMUTHOTO 3apsiia U HEKH-
PaJIbHOCTh JIEKTPUYECKOro CO31aI0T TaKOE COCTOSI-
HUe, MpU KOTOPOM MOHOIMOJb — €IWHCTBEHHas
YyacTHLaA, y KOTOpO¥# ONWH U3 OCHOBHBIX MapaMmeT-
poB (ee 3apsiI) MMeET JBOMHOE MPOTHBOPEYHBOE
CBOMCTBO: COXpaHATbCA (BCIEACTBME YpaBHEHUM
(9)) u 3aBUCeTh OT B3auMoneicTeuit. JleiicTBUTENb-
HO, C OIHOM CTOpOHbI, 3apsil g BeeT cebs Kak
OOBbIKHOBEHHAs] KOHCTAHTa, OMpenesieHHasl TOJIbKO
3KCIIEPUMEHTOM K He OrpaHuYyeHHass HHUKaKuM
TEOPETHUYECKUM YcoBUEM (TaK OyaeT B MarHUTHOM
WIM B HEMpPEpbIBHOM 3JIEKTPMYECKOM TMOJiE), a C
LPYroii CTOPOHbBI, 3TOT MarHUTHbINA 3apsil CBA3AH C
SJIEKTPUYECKMM 3apsioM ycroBusiMU Tuna (1) miau
(11) no nMpuuMHaM cUMMeTpuM (3To Byner B KyJo-
HOBCKOM TI10JI€), M TOTAA 3apsl CTAaHOBMTCSI KBaH-
TOBBIM YHUCJIOM.

Jlo6aBuM ellle, YTO €CAM MbI OTKa3bIBaEMCS I10
BBIILIECKA3aHHBbIM MPUYHHAM OT MIEH, YTO INepBas
BCTpEYa MOHOMOJS C HEMOABHXHBIM 3JEKTpHUYe-
CKMM 3apsiioM OIpeneNsieT HaBceraa 3HadYeHue
MarHUTHOrO 3apsiia, TO YTO MOXHO cKasaTh B CJie-
AyIOlIeM ciyyae: Tocjie TIEpBOM TaKkoil BCTPEYH
MOHOTIIOJIb OTHANSIETCs1 BCe Gonblue U Oosblle ¢ TeM
Xe MarHWTHBIM 3apsiioM MO 3aKOHY COXPaHEHUA U
roToM BcTpeyacT apyroi KynoHOBCKMI LIEHTP, KO-
TOpbIA MOXET HMMETb COBCEM HOBBI 3JIEKTpUYE-
cKuit 3apsn?

S noka BMXY TOJNbKO TPHU BO3MOXHOCTH!

1. MoHonosb, Npubauxasch K HOBOMY 3JIE€K-
TPUYECKOMY 3apslly, COXPaHAET CBOf MarHUTHBINA
3apsil, ¥ TOrJa OH HapyLlaeT yCJIoBHE HEMpephbiB-
HOCTU BOJIHBI.

2. 3apsii MOHOTMOJSA TPETEepruUT KBaHTOBbBIH
nepexod K HOBOMY MarHWTHOMY 3apsly, COOTBET-
CTBYIOLLEMY HOBOMY  3JIEKTPUYECKOMY  3apsily.
B »tom cnyuae, ecnn o6a KynOHOBCKMX LIEHTpa
oueHb AaNeKH OAMH OT ApPYroro, To BCE MPOANET
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OoYeHb [NIAJKO MOTOMY, YTO aMILIUTYAA BOJIHBI YObI-
BAeT C paccTosiHueM Kak r-!, u HyxHo Gymer cue-
MUTb MOYTH HyJeBble BoJHbI. Ho ecnu anektpuye-
CKHe 3apsiibl HaxosaTcs GivxXe ONUH K APYToMy, TO
CLIEMUIEHHE BOJIH MPUBOIUT K HOBOM 3amaye MOTO-
MY, YTO MEHSIIOTCSI ONHOBPEMEHHO BHELLHHE YCIIO-
BHSL M CTPYKTYpPa YACTUIIBI.

3. Mbl MoXeM BUAETh B ypaBHeHUsIX (9) HOBYIO
3amayy “"MOoJIEKYJISIDHOrO TUMa" — ONHOrO MOHOIIO-
N1 BOau3u aByx KymoHOBCKMX LIEeHTPOB. DTa 3amava
HAXOIUTCS Ha CTaJMU BbIMHUCIEHUIA.
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Some problems concerning the Dirac’s formula
for a magnetic monopole charge

G. Lochak

Louis de Brogile Foundation, Paris, France

After a brief survey of Dirac’s formula, some questions are asked, tending to show that
the conclusions concerning the magnetic charge are not general. The monopole charge is not
so rigidly fixed as it is believed and it can take a more extended range of values, some can

be even very small.





