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AHAJIN3 U MOJAEJIMPOBAHUE DOPPEKTA KBAHTOBAHUSA
MATI'HUTHOI'O IIOTOKA

B.B. CunopeHkon
MI'TY um. H.O. baymana

B pamkax aurnomesbl MoHonosia [Jupaka ycmaHoereH MagHUMHbIU 3apso
3/1IEKMPOHa, MOXOEeCMBEeHHO pasHbIli K8aHMy MazHUMHO20 romoka, Habnwdae-
MO020 8 ycriosusix ceepxrpogodumocmu. Ha amou ocHoge cdesiaH 8bI800 O MOM,
umo mobass Mukpodacmuuya obnadaem 8 COBOKYNHOCMU KaK 3/IeKMPUYECKUM, makK
U Mas2HUMHbIM 3apsidamu, Komopsble 8 u3onsyuu opye om opyea 8 lNpupode He cy-
wecmeayrom u cooepxxamcsi 8 00HOM U MOM Xe MamepuasbHOM Hocumerne, a rnoo-
meepxxdarowull OaHHbIU hakm CruH MuKpoYacmuubl - pe3ysibmam afiekmpomaa-
HUMHO20 83aumodelicmausi amux cobcmeeHHbIX 3aps008.

B ¢usuke usBecren aghghexm xeanmosanus macnumnozo nomoka [1] - makpo-
CKOITMYECKOE KBAHTOBOE SIBIICHWE, COCTOSIIEE B TOM, YTO MATHUTHBIN MOTOK 4Yepe3
KOJIBII0O W3 CBEPXIPOBOJHHMKA C DJICKTPUUYECKHMM TOKOM MOXET NMPHHUMATH JIUIIb

. 10-1
CTPOro JUCKPETHBIC 3HAUCHHUsI, KPaTHbIC MHHUMANbHOH Beanunne @) =2,07°10 °B6

(Bebep) - xkeammy maenummnoco nomoka. Yka3zaHHbI (u3nueckuit (GEeHOMEH ObLT
npenackazal B 1948 rogy @. JIoHgoHOM [2], KOTOPBIM TEOPETUUYECKU MOJTYUMIT JJIs

KBaHTa MarHUTHOT'O II0TOKa cooTHoweHne @' =h/e, rae h - nocrosiuas [lnanka, e

- 3aps dnekTpona. Onanako no3auee (1961r.) axcnepuMeHTanbHO YCTAHOBICHO [3, 4]

BIBOE€ MEHBIIIEE 3HAYEHHUE DTOr0 KBaHTA: @én =h/2e, 4T0 OOLIECTIPUHATO CUYUTATH

OOBEKTUBHBIM HETIOCPEICTBEHHBIM TMOATBEPKACHUEM OCHOBHOW WACH CO3AaHHOU K
TOMY BPEMEHH MUKPOCKORUYECKOU meopuu ceepxnposooumocmu [1].

CornacHo 3TOM TeopHH, CBEPXITPOBOASAINIEE COCTOSHUE KpHCTaia 00ycIoBIIe-
HO ()a30BOI MPOCTPAHCTBEHHO-BPEMEHHOM KOT€PEHTHOCTHIO HOCUTENEH TOKA B BUJIE
kBasn4dacTui bosze-koHaeHcaTa, 00pa30BaHHBIX ANEKTPOH-QOHOHHBIM B3aUMOJCHCT-
BHEM TIPOCTPAHCTBEHHO Pa3HECEHHBIX Map AJIEKTPOHOB MpoBOANUMOCTH (Kynepa 3¢h-
¢exm [1]), 0bagaomKX HYJIEBbIM CIIMHOM M 3aps0M, PaBHBIM YIBOCHHOMY 3apsiiy
aNieKTpoHa. VIMEHHO MPOCTPaHCTBEHHOE MApHOE B3aWMOJCWCTBHE JIEKTPOHOB IMPO-
BOJIUMOCTH (Kyneposckux nap lg.o ~ 10° M) du3HUECKH peann3yeT SBICHHE CBEPX-
MPOBOJIMMOCTH, TOCKOJBKY B IMPOIIECCE DIEKTPOIPOBOAHOCTH «CTOJKHOBEHUS» OT-
JEIBHOTO 3JIEKTPOHA C MOHAMH KPUCTAIUTUYECKONW PEIIeTKH HE CTIOCOOHBI U3MEHHTH

CYMMapHOTO MEXaHHYECKOT0 HMITYJIbCa €ro AJIEKTPOHHOU Taphl (ee IeHTpa Macc).



AHnanu3 3¢ ¢dexTa KBaHTOBAaHUS MAarHUTHOTO MOTOKAa HAYHEM C HCCJICIOBAHUS
0a30BOM B TeOpUU IJEKTpUUECTBa TeopeMbl ['aycca [5], OMUChIBAIONIYIO AJIEKTpUYe-

CKYIO MOJISIPU3ALUI0 MAaTEPUAIBHON Cpe/ibl, IPE/ICTABIEHHON Kak B Au(depeHnaib-

Hoi divD = p, Tak U B MHTErpaabHOil @° = qSDdS = I pdV =q Qopmax. 3nech
5 Vs

D = &gy E - none BexTOpa DIEKTPUUECKON MHAYKIMH (CMELICHUS), OOYCIOBIECHHOE

OTKJIUKOM CpeJbl MpU BO3JCHCTBUM Ha Hee Mojisi Bekropa E - snexkTpuueckoi Ha-

NPSDKEHHOCTH; €6, - A0COJIIOTHAs BJIEKTpUYecKas MPOHMUIIAEMOCTb, O - OOBbEMHas

0
IJIOTHOCTb CTOPOHHETO JICKTPHUUYCCKOTO 3apsa. Onnako cieayeT nMCThb B BUY, UYTO
PaBCHCTBO HYJIIO CTOPOHHEro 3apsaaa, COOTBETCTBCHHO, JJICKTPHYCCKOI'O0 ITIOTOKaA

q = @° =0 orHrOIb HE 03HAYACT OTCYTCTBHE JICKTPUIECKOIO MOJIS B 3TOM 001acTH

MPOCTPAHCTBA, OCKOJIbKY 3JEKTPUUECKUE 3aps/ibl ObIBAIOT MOJIOKUTEIbHBIMU U OT-
pULIATENBHBIMHA, U YKAa3aHHOE I10JI€ MOYKET CO3/1aBaThCsl DJIEKTPOHEUTPAIBHBIMU HC-
TOYHUKAMH, HAIPUMEP, IEKTPUUECKUMU JTUTIOISAMH, MOCPEACTBOM KOTOPBIX pealiv-
3yeTcs mpouecce nosspusanuu. Takoe CBOMCTBO JIEKTPOCTATUYECKOIO OIS Ka4ecT-
BEHHO OTJIMYAET €r0 OT HBIOTOHOBCKOI'O MOJISI TATOTEHMSI, TaM UCTOYHUKH 3TOTO MOJIS
— I'PaBUTUPYIOIIUE MACCHI UMEIOT JIUIIb OJIUH 3HAK.

Wrak, ypaBHeHue divD =0 onmceiBaeT MHOJSPU3ALUIO JIOKAJIBHO DJIEKTPO-

HelitpansHOU (o = 0) cpeapl, OTKya ¢ Y4eTOM TOXAECTBA BEKTOPHOTO aHaln3a

divrota=0 monyunm byHnameHTanpHOE ciencTBUe Teopembl 'aycca: rot A® =D,

rie A® - BEKTOpHBIH 3IeKTpUUYECKHil MOTEHIHAN. B HHTErpansHOil GopMe 3TO cOOT-
HOIIIEHNE OMMCHIBAET (hYHKIMOHATBHYIO CBSI3b IUPKYJIAINHK 11071 BekTopa A () mo
3aMKHYTOMY KOHTYpY C ¢ MOTOKOM BEKTOpa dJeKTpruieckor uHaykimu D (r) depes
OIUPAIOUIYIOCS Ha 3TOT KOHTYP HOBEPXHOCTh S¢, HA KOTOPOMH, COTIaCHO (PU3UKE 5IB-

JICHHS TIOJSIPU3alliM, UHIYLIHUPOBAH MOPOKIAOMIUN 3TO MOJE SIECKTPUUECKUN MOJIS-

PU3ALMOHHBIN 3apsI:

gSAedl = [DdS = @°= n-@§ = [ 0%S = ¢°= n-e, (1)
C Sc S

C

N - uensle yncna. Takum oOpa3oM, UMEEM TOXKIECTBEHHYI0 CUMMETPHUIO pa3MEPHO-
CTEH MOTOKA BEKTOPA TOJIS AJIEKTPHUUESCKOW MHIYKIIUU (CMEIICHUS ) M JICKTPUICCKO-
ro 3apsana: saexmpuyeckuii nomok - @ = q° - [ A-c = Kynon] - anexmpuuecxuii sa-
pao. llpu 3ToM kgaum 3neKkmpuiecko2o 3apsaoa - 31eKmpoH MOXKET ObITh TOXJIECT-

BEHHO NIPEJICTABIICH K6AHMOM DNEKMPU4ecKo2o nomoka:. e = @y .



[TomHOCTBIO ciemysl JIOTWKE BBIIICTIPUBEICHHBIX PACCYKICHUHN MpPU aHATU3E
CBSI3U KBAHTOB JIEKTPUUECKOrO 3apsijia M MOTOKA ero MoJjsl nepeiaeM Ternepb coocT-
BEHHO K aHanmn3y 3 QeKTa KBaHTOBAHUS MarHUTHOTO TOTOKA. JlJisi 3TOT0 BOCTIOIB3Y-
€MCsI COOTHOIICHHEM, OMHMCHIBAIOIIUM PE3yabTaT MAarHUTHOW TMOJIAPU3ALNN MaTEPH-
anpHOU cpenbl div B =0, yacto Ha3eiBaeMoe TeopeMoii ['aycca yisi MarHUTHOTO TO-
ns, B BUAE ero MaTematuueckoro ciueactsus: rot A™ = B, rme AM - BeKTOpHBIH
MarHUTHBIA MOTeHIMaN, a B - BekTop momst MmarauTHOW MHIYyKUMU. VHTErpanbHas
dbopMa TaHHOTO COOTHOIICHHWS OMHUCHIBACT (DYHKIMOHAIBHYIO CBA3b IUPKYISAIUN

BekTopa AM (r) mo koHTYpy C ¢ mOTOKOM BeKTOpa MHAYKIMH B (r) depe3 omuparo-
HIYIOCS Ha 3TOT KOHTYP MOBEPXHOCTh S, Ha KOTOPOi, COTJIACHO HAIIeMy MPEeaIoio-

JKCHUI0, MHAYLIUPOBAH HOpO)KI[aIOH_II/Iﬁ 9TO MArHUTHOE I10JI¢ TUNOTECTUYCCKUN Mar-

HUTHBIWA NOJISIPU3ALIMOHHBIN 3apsil;

<JSAde = [Bds = @"=[o™Mds = ¢". )
C Sc Sc

Takum 00pa3oM, UMeeM TOXAECTBEHHYI0 CUMMETPHUIO Pa3MEpPHOCTEN BEKTOpa
NOJISl MATHUTHOM MHYKIIMA U MAarHUTHOTO 3apsijia (€CJii TAaKOBOH CYIIECTBYET): Mae-

numnoiii nomox - @™ = g" - [Bonvm-cexynoa = Bebep ]| - macnummnoiti 3apso. A
IIOCKOJIbKY BEJIMYMHA KBAaHTA MAarHUTHOTO MOTOKa @)’ OJHO3HAYHO YCTAHOBJIICHA B

sKcriepuMenTax [3, 4], To, corjlacHO COOTHOILICHUIO (2), K6AHM MAZCHUMHO20 3apsa0a

TOKIECTBEHHO ONPEEIUTCS K6AHMOM MA2HUmMHo20 ToToKa: M = @' = hil2e. B o1oii

CBA3U MPUXOJUTCA KOHCTATHPOBATH, UTO IMOJOKHUTCILHBLIC PE3YJIbTAThI 9KCIICPUMCH-

TOB O HAOIMKOAEHUID KBAHTA MATHUTHOTO MOTOKA B [3. 4] 0e3VCII0OBHO SABIAIOTCS (hH-

3UYCCKHMM OTKPBITMCM MArHvuTHOT'O 3apiaa U BEJIHMYMHBI CT'O KBAHTA.

Kcratu, ”MEHHO 3TOT BONPOC SBISETCA UEHTPAIBHBIM B HACTOSAILEM UCCIENO0-
BaHMU. ['aBHas 37€ch 3ajjaya — 3TO HE3aBUCUMBIM IyTEM AHAJIUTUYECKU JOKA3aATh
00BEKTUBHOCTHh HEPA3PHIBHOM CBSI3M U PABHOIMPABHOTO €IMHCTBA CYIIHOCTHO Pa3HbIX
3apsiIOB B BUJIC COOTHOIICHUS «€- M =h/2», MOIy4eHHOr0 HaMU TIPU aHAIIN3Ee JKCIIe-
PUMEHTOB 110 HaOMoIeH 0 3G (heKTa KBAHTOBAHUS MAarHUTHOTO MoToKa [3, 4].

HanomuuM, 4To rumore3a 0 BO3MOKHOCTH CYIIECTBOBAHUS MACHUMHO20 MO-
HONOJIA - YaCTHILIbI, 00JIaJaolel MOJT0KUTEIbHBIM WIH OTPULATEIbHBIM MAarHUTHBIM
3apsI0M, aHAJIOTMYHBIM 3JIEKTPUYECKOMY 3apsay, Obuia BeickazaHa [1.A.M. Jlupakom
(1931r.) ¢ 11enBI0 KOHIENTYaIbHOIO O0OCHOBAHUS CUMMETPUYHON KBAHTOBOW JJIEK-

TPOJIMHAMUKHN, UMEHHO 3Ty YaCTHILy U Ha3bIBAIOT MoHononem [Jupaka [1, 6]. OnHako



MOHOMOJNb J[Mpaka HE TONBKO HKCIEPUMEHTAIHHO HEYJTOBHUM, HO M TEOPETHUECKHE
MOCTPOEHUS 110 TOMY BOIIPOCY HE MO3BOJISIFOT JaKe MO MOPSAIKY BETUYHHBI OTpeie-
JUTH €Ie OJWH BaXHBIA MapaMeTp MarHUTHOTO 3apsjia — Maccy €ro HOCHTEIs.
CripaBeiTUBOCTH pajii OTMETHM, YTO U Macca AJIEKTPOHA TaK)Ke HE YCTaHABIMBACTCS
HACTOSIIIIAMK TEOPHUSMU, SBIISACH dKCIEPUMEHTaNbHBIM (pakToM. M Bce ke Kakux-
100 (PU3MUEeCKNX 3aKOHOB M OYEBHIHBIX JIOTUYECKUX BO3PAKEHUH MPOTHUB HACH
CYIIECTBOBaHHS MarHUTHBIX MOHOTIOJIEH HET, a MOTOMY B T€UCHHE YK€ MHOTHUX J1eCS-
TUJIETHI UHTEpEC K 3TOM (PU3NYECKH aKTyaJIbHOM IpobiieMe He ocinabeBaer.

BoT u MBI nipenictaBuM cebe, 9TO HapsAy ¢ peaibHO HaOII01aeMbIMH MOJI0KH-
TENBHBIMU U OTPHUIATEIBHBIMU JJIEKTPUYESCKUMHE 3apsSAaMu, TOPOKAAIOIMIMMH B TIPO-
CTPAHCTBE JJIEKTpPHUYECKOE KYyJIOHOBCKoe modie [5], B [Ipupoae cymecTBYIOT U c80-
O00HbIe MacHUumMHbIe 3apsA0bl - UICTOUHUKA MarHUTHOTO TOJIsi, OTBEUAOIIETO 3AKOHY
Kynona 63aumooeticmeus nenoogusichvix moueynvix 3apsaoos. Koneuno, 31ech Hal10
UMETh B BUJY, YTO MHOTOJICTHHE YIOPHBIE TTIOMCKU CBOOOIHBIX MarHUTHBIX 3aps/IOB
ocTaroTcsi 0e3yCHeNHbIMU, X0Ts 3aK0oH KylnoHa MarHUTHOTO B3aMMOJIEHCTBHUS B DKC-
NEPUMEHTE JEHCTBUTENLHO HAOJIOAeTCsl, HO TOJMBKO IS MATHUTHBIX TOJIOCOB Ha
KOHIIAX JUTMHHBIX HAMAarHUYCHHBIX CITHII.

s pu3mko-MaTeMaTHYecKoro MOAeNupoBaHus 3(Qexra KBaHTOBAaHUS Mar-
HUTHOTO MOTOKAa PacCMOTPUM B3aUMOJICHCTBUE MOCTOSSHHOTO BO BPEMEHH JJIEKTPH-
YECKOr0 TOKA C MarHUTHBIM CTaTHYECKUM TOJIEM, CO3JaHHBIM MpPEaIoyiaraeMbIMU
MarHUTHBIMH 3apsigamu. KOHKpeTHO, MpOoBeaeM aHaau3 MOBEJCHHS AJIEMEHTAPHOTO
AIIEKTPUYECKOTO 3apsia - SJIEKTPOHA «€» MPHU €Tr0 JBMKEHUH C MOCTOSHHOW 1O MO-
Y0 CKOPOCTBHIO V OPTOTOHAIBHO CHJIOBBIM JIMHHSIM OJHOPOJHOTO CTaTHYECKOTO
nmoyisi MarHuTHoM uHAyKuMu B (r)=const. CornmacHo Tteopum snekTpuuecTBa [5],
B3aMMOJICHCTBHE JIBHKYIIETOCS AIEKTPUIECKOTO 3apsiia ¢ MAarHUTHBIM TI0JIEM peajiu-

3yeTCsl TOCPEICTBOM MAarHWTHOM cocTasisouieil cuisl Jlopenua F , =¢[v,B],
COOBIIAONIEH YaCTHIIe IIEHTPOCTpeMuTenbHOe yckopenrne Mev2 /R =evB (m® -
Macca JJIeKTPOHA), MPUBOIAIIECE K ABMKCHHIO 3apsifa MO OKPYXKHOCTH paamyca R.
Toraa MOMEHT HMITYJIbCa DIEKTPOHa 3amumercs B Buge L, = R m®v =eR?B . Ox-

HAKO 3/1€Ch BAXXHO TO, YTO COTJIACHO MPUHIUIIAM KOPHYCKVAAPHO-BOIHOB020 OVAIU3-
ma mamepuu [7] opOUTAIBHBIN MOMEHT (MOMEHT UMITYJIbCAa) MUKPOYACTHUIIbI KBAHTY-
ercs, korma L, =R m®v =(2zR m®v/h)h/2z =(2zR/ A, )h=nh, rne n=27zR/ A,
- 11eJI0€ YHCIIO JUTHH BOJH 1 Bpoitns wactuust A, = h/m®v , yknansisaromuxcs ua

Tpaektopuu ee opoutsl, i =h /27 - mogudunmpoannas nocrostuHast [lnanka.



A BoOT TCIICPb 6YIIGM CUUTaTh, YTO MCTOYHHMKOM MArHuTHOI'O IIOJIA ABJIAIOTCA

TUIIOTETHYECKHE MarHUTHEIE 3apaabl M co cBOMCTBAMM, MACHTHYHBIMU PEalbHBIM
>IeKTprUecKuM 3apsaaaM (°. JIns aHanu3a BOCHONB3YeMCs PE3YJIbTaTaMu YXKe IIPO-

BEJICHHOM BBIIIE€ MPOILIEAYPHI MOJYUYEHUs COOTHOIIEHUS (2) QyHKIIMOHATBHOU CBSI3U

MarHvuTHOTIO 3apsaaa v IMOTOKa €ro MarHuTHOT'O OJIA.
[BdS =[o™ds = g™,
SC SC

OTcroa HaXOAMM HOPMAJIBHYIO COCTABIISIIOLIYI0 BEKTOpPAa MAarHUTHOM MHIYK-

un By,=c"=¢"/ 7R?, e Sc =7R?- miomanae opouTH MeKTpoHa. UTak okoHUa-

TENbHO MOMEHT HMITyJIbca 4acThibl 3armmmercs kak L, =eR°B=eq™/z=nh. B

HUTOTC MOJYy4YacM TOXACCTBCHHLIC APYT APYry KBAHTOBAHHBIC BCJIIMYMHBI MArHUTHOT'O

3apaaa u notoka ero nons: "= @M =n (h/2e), npu 3TOM KeaHM MALHUMHO20 3aps-

Oa TpeJCTaBUTCA Kak M =h/2e, rie B MpOU3BeIeHUE MUHUMAJIbHBIX BEJIMUUH DJICK-
TPUYECKOTO ¥ MAarHUTHOTO 3apsiIoB BXOJAUT mocTosiHHas [lmanka. Kak BuauM, cooT-
HollleHUe €-m=h/2 onuchiBaeT 0OOBEKTUBHO HEPA3PHIBHYIO CBS3b CYIIHOCTHO pa3-
HBIX 3aps70B, PABHYIO MOIYJIIO K8AHMA COOCMBEHHO20 Vel08020 MOMEHMA MUKDO-
yacmuy, OTBEYAIOIICTO, KaK U3BeCTHO [1, 7], cnumny anexmpona S=xh/2.

Takum oOpa3om, pe3ydabTaTbl PU3MKO-MATEMATHYECKOTO MOJEIUPOBAHUS d(-

d)eKTa KBAaHTOBAHWS MArHUTHOT'O IOTOKA JCUCTBUTEILHO COBINAAAIOT C MTOrAMM DKC-

IIEPUMEHTOB, ONUCAHHBIMU B paboTax [3, 4]. Ho Torna BBIXOIUT, YTO HIUPOKO H3-

BECTHOE aHAINTHYECKOE BBIPAXKCHHME Ul KBaHTa MarHUTHOrO motoka @) =h/2e,

rae sikoObl B 3HaAMeHaTene (purypupyeT BeTUYMHA 3apsia dJICKTPOHHOW mapel 2€ -
(bu3MYECKON CYTH SIBIICHHUS CBEPXIPOBOAMMOCTH, Ha MOBEPKY MPEACTaBISIET COOOM
OTHOIIIEHHE 3HAYEHUI KOPIMYCKYJSIPHBIX 3JIEKTPOMArHUTHBIX XapaKTEPUCTUK TOJBKO
OJIHOT'O 3JIEKTPOHA: CIIMHA ATOW MUKPOUYACTHULIBI K €€ MIEKTPUUIECKOMY 3apsny.
Kcraru, no pesynbraram ananuza 3¢¢exra KBAaHTOBaHHUS MAarHUTHOTO MOTOKA,
NPUXOAUM, Ha Halll B3IJIAJ, K BIIOJIHE Pa3yMHOMY BBIBOJY O TOM, YTO HEMOCPEICT-
BEHHBIM MCTOYHUKOM MAarHUTHOTO TOJS MPU AJIEKTPOMPOBOJHOCTH SIBISIOTCA, KaK U
JOJKHO OBITh (DU3UYECKM, UMEHHO U TOJIbKO CIHMHBI HOCHUTENEH TOKa, a HE HEKUU
Mupuueckuil penstuBusM. Kak npeacraBisieTcsi, 3I€KTPUUECKUN TOK B BUJIE YIOPS-
JOYEHHOTO JIpei(oBOro ABMKEHUS, HAPUMED, JIEKTPOHOB MPOBOJUMOCTH 3a CUET
HYJIEBOM B CPEAHEM MX OTHOCHUTENIbHONW CKOPOCTH B HANpaBIIEHUH TOKA CO3/Ia€T yC-
JIOBUS /111 B3aUMOJCHCTBUS MAarHUTHBIX MOMEHTOB 3THX 3apsA/lOB, TO €CThb BO3HU-

Karolllee Mpu 3TOM YHOPSIOYEHUE CIMHOB MPOSBISET ce0s HAa MAaKpOYpOBHE B BHJIE



MarHuTHOTO ToJig Toka. B mpoliecce CBEpXNMPOBOAMMOCTH BEJIMYMHA (IYKTyalui
CWJIBI TOKA, COOTBETCTBEHHO, IIIYMOBOM ()OH MarHMTHOTO MOJISI HACTOJIBKO MaJIbl, YTO
JIat0T BO3MOKHOCTbh HAa0JIIOAaTh ele 0ojiee TOHKOE SABJICHUE - 9¢hphexm K8aHmMo8aHUs.
MazHumHo20 nomoxa. B uTore MoXHO CUMTaTh, UTO, HAKOHEII-TO, YJAJI0Ch BCKPHITh
(bu3MYEeCcKUil MEXaHU3M MarHUTHOIO MOJISI TOKA, HAMPSAMYIO KOPPEJIUPYIOMIM ¢ Tpa-
JUIUOHHBIMU MPEACTABICHUSIMU O CIIMHOBOM MEXaHU3M€ UCTUHHOTO MarHeTU3Ma.

Wtak, cpaBHUTENIBHO NPOCThIE PACCYKIEHHUS C MpHUBIeUEeHUEM 0a30BOM uaeH
KBaHTOBOW (BOJIHOBOM) MEXaHHMKHU - KOPIYCKYJSIPHO-BOJIHOBOI'O Jyaln3Ma MaTepuu
MO3BOJIMJIN MONTYYUTh P ACHCTBUTENBHO (PYHIAMEHTAIbHBIX PE3YIbTATOB, KOTOPHIE
CO BCEH OINpPEeAEeNIeHHOCThIO CTABAT BONPOC O HEOOXOJIMMOCTH CEPbE3HON KOHUENTY-
aNbHON MOJIEPHU3AIMU OCHOB KJIACCUYECKOM 3JIEKTPOIMHAMHUKHU.

Opnako ceifyac mepesl HaMHM CTOUT HE CTOJIb INI00alIbHAs, HO HE MEHEE Ba)KHas
3a/laya: XoTeJoCh Obl MOHATh, MOYEMY HE YAAETCS IKCIEPUMEHTATBHO OOHAPYKUTh
CBOOOJHBIX MarHUTHBIX MOHOMOJEH, Ja U BOOOLIEe, BO3MOXHBI 11 OHU B [lpupone?
Jliist aToro onpeaenum otHouieHue cuil KynoHa B3auMoieicTBUS Map HETOABUKHBIX

AJIEMEHTAPHBIX DJIEKTPUUECKHUX « € - € » U MATHUTHBIX « .M - M » 3apsii0B B BAKyyMe:

Fee 2 2 2 2
M=l 2= 2= (87, 3)
FKW Are,re Amur mg, M

rne Z,=./y,/ g, - mMnenanc nmpoctpancTsa puznveckoro Bakyyma. Kak Buaum, pe-
3yJlbTaT, HECOMHEHHO, (PM3MYECKU MHTEPECEH, TaKk Kak o0e cuibl KyinoHa cBsi3aHbl
. ee _ 2 rmm

Apyr ¢ Apyrom ¢QyHnameHtanbHbiMu KoHCTanTamu: Foo =[(e/m)Zy]° Fy ", npu-
YeM CHJIa KYJIOHOBCKOTO B3aMMOJEHCTBUS MarHUTHBIX 3aps70B OOJbllle aHAJIOTHY-
> > . pmm _ 3pee
HOM DJICKTPHYCCKO# CHIIbl Ha Tpu mopsiaka: Fy " =1,2-10"F. " .
B xauecTBe npuMepa caenaemM OLEHKY SHEPreTUUECKHUX 3aTpaT MO pean3aluu
CBOOOJIHOTO 3apsijia Ha MPUMEpPE MPOoLEecca MOHU3ALMH aTOMa - XapaKTepHOU CTaIno-
HapHOM dJIEKTPOHEUTPAJIBHOW CTPYKTYpPBHI, YAOBIETBOPsIOLIEH Teopeme UpHioy [5].
Cornacno teopuu H. bopa atoma Bomoposa [7], popmyia MUHMUMATLHON IHEPTUU

MOHM3AIMK TAKOro aToma umeet Buj E° = (me%)/ [(47&90)2 242 u uncneHHo pas-
Ha Ele =13,6 9B . Torma ans macHumHou amomHoOu CMpPYKmMypsl ¢ Y4eTOM COOTHO-
meHuit (3) noaydyuM GOpPOBCKYIO GOPMYIly SHEPTUM MOHU3ALMKW MAarHUTHOTO aToMa:
EM=(mMut)/ [(47r,uo)22hz]. Ipu uucinoBoit onenke sueprun E" yurem 3ameua-
HHe BbILIE O 3apsic B COOTHOLICHUM [JIs KBAHTAa MATHATHOrO notoka @' =h/2e u

BO3bMCM MACCyY KBaHTd MAarHc€TuU3Ma mm, paBHYIO MacCCE J3JICKTPOHA me. B wurore



umeem EM~ 5,3-1075B. Kak BumuM, paszielleHHe HAa 4acTH MATHHTOHEHTpanIbHOM
CTPYKTYpPBI B BUJIE aTOMa NOTPeOyeT SHEPrUM Ha 6 MOPSAKOB OOJIbLIE, B CPABHEHUE C
aHAJIOTUYHOM MPOIeAYpOH HaJ MOAOOHON IEKTPOHEHTPATBLHON CTPYKTYPOH.

W xoTs1 atombl, UX sfpa U BCAKOIO PoOJa 3JIEMEHTapHbIE YaCTHULIBI 00JIalat0T
MAarHAUTHBIMH MOMEHTAaMH, OJTHAKO MHOTOYHCIIEHHBIE SKCIEPUMEHTHI 110 HOHHU3ALNUH
aTOMOB, U3YYEHME SJIEPHBIX PEaKIMi, aHAIU3 B3aUMOJACHCTBHS M pacnaja dJIEMEH-

TapHBIX YaCTHUIl B OTHOIICHUU Ha6J'IIOI[eHI/I$I CBO6OI[HI>IX MAarHuTHBIX 3apsAa0B OKa3a-

nuck 6e3ycremHbiMy. [IpuyemM npu sHeprusix 0oibIe 10%5B MOJTy4atOT MHOKECTBO
Pa3IUYHOIO COpPTa 3JIEMEHTAPHBIX YAaCTHUIl C KPATHBIM 3apsiAy 3JIEKTPOHA dJIEKTpUye-
CKUMU 3apsAJaMu U KPaTHBIM MOCTOSTHHOW [lnaHka MarHUTHBIMH MOMEHTaMH, HO U
3/1eCb MArHUTHBIX MOHOIIOJIEW HUKTO MOKa He HaO01al.

CornacHO BbIBOJIaM HAIIETO aHaIM3a, B JIFOOBIX (PU3MYECKUX MPOLIECCaxX Ha CO-
BPEMEHHBIX YCTAaHOBKAaX, B TOM uucie U Ha cynepkoutaiiaepe (BAK) c sneprueit
~1,3-10" 5B, co37aTh MarHUTHBIA MOHOIIONIb SHEPreTHUeCKH HEBO3MOXHO. OjHa
HAJEXK/1a - 3TO MOTOKHM YaCTHL KOCMUYECKUX M3JIYYEHHH, I/le SHEPrus pa3HOro pojaa
cobbiThii Bo Becenennoit, oOpazHo rosopsi, 6ecnpenenbia. Ho u 31echy MHOTroJIeTHHE
TEXHUYECKH CIIOXHBIE OMCKU MOHOMOJIA [{upaka ocTaroTcsi 6€3yCHeIHbIMU.

Takum oOpazoM, UMeeM NapaOKCaJbHYI0 CUTYallUI0: C OAHOW CTOPOHBI, Mps-
MO€ HaOJIOJEHUE U30JUPOBAHHBIX MArHUTHBIX MOHOMOJEH HEBO3MOXKHO 3HEPIeTH-
YeCcKH, a, CKopee BCero, B TakoM Buzae B [Ipupoae ux nmpocto HET, HO ¢ APYrou CTo-
POHBI, YCTAHOBJICHO PaBHOMPABHOE COCYLIECTBOBAHUE AIEKTPUUECKUX U MAarHUTHBIX
3aps7I0B, MPOU3BEICHUE KBAHTOB KOTOPBIX €-M=h/2 paBHO Keéanmy coOCmMEeHHO20
momenma muxpouyacmuy [7]. Takas B3aMM03aBUCHUMOCTb (DU3MUECKUX XapaKTepH-

ctuk pasHoponHeix (% m M 3apsoB ABHO yKa3bIBaeT HA PEaNbHOCTH CHIIOBOTO

B3aMMOJIEUCTBUS MEXI1Y HUMH, a 3TO YK€ MOBOJ CEPbE3HO 3ayMaThCs HAJl, Ka3al0Ch
Obl, JIOTUYECKH OECCMBICIIEHHBIM BOIPOCOM: @ BOOOIIE, MOTYT JIM CYIIECTBOBATh 3TU
3apsAbl 0 OTAENBHOCTU Apyr oT npyra? KoHeuHo, 3/1€Ch BIIOJHE €CTECTBEHHBI OIl-
peAelIeHHbIE COMHEHUS! B TIPABOMEPHOCTH CTOJIb CTPAHHOM TPAKTOBKH MOJYYEHHBIX
pE3yJIbTATOB, a MOTOMY HEOOXO0/IMMa BECOMasi IOMOJIHUTEIbHAS apryMEeHTaIUs.

C 3Tol 11eN1bI0 aHATIOTUYHO AIEKTpUUYecKkoMy 3akoHy KynoHa uncto gopmas-
HO 3anuiueM 3akoH KyioHa B3auMOAEHCTBUSA AJIEKTPUUYECKOTO U MATHUTHOTO 3apsi-

J0B, KOTOPBIN JUIs1 UX KBAHTOB « € -1 » MPEACTABUTCS PABEHCTBOM COOTHOILIECHH:
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c=1//eyu, - CKOPOCTH CBeTa B BakyyMme. BUIHO, 4TO JaHHBIA pe3yabTaT (usnde-

CKU IIpUMeYaTesieH U TpedyeT ocMmbicieHus. OJHaKO HAC OH MHTEPECYET C KOHKPET-
HOM LIENBI0 BBISICHEHUS JOIMYCTUMOCTH TaKOro, Ka3ajaoch Obl, SK30TUYECKOTO B3au-
MOJIEHCTBUS IBYX CYIIHOCTHO pa3HbIX 3apsAn0B. COINIaCHO YUCIIEHHOH OLEHKE, cuid

Kynona snekmpomacnummnoco 63aumooeicmeus KBAaHTOB «€-.u>» 3apsioB Ha €Iu-

HU4HOM pacctosiuuu (1m) Apyr ot apyra pasha FZ) =7,9-102"H . Jlna cpaBHeHus
npuBesieM BeMHUUHbL cuil KyrnoHa: aneKTpuyueckoil s «e-e» Feo =2,310%H u
MarHuTHOM I « .M - M » F@T:Z,TIO_ZE’H. Utak, xynonosckoe e63aumooeiicmsue

pasHopoaHbIX 3apsaaoB ° u M JHEPreTUYECKU OIYCTUMO, TO €CTh UMEEM PEAIb-
HBII apryMEHT 3a TO, YTO YKa3aHHBIE 3apsibl MOTYT COBOKYITHO COAEPKATHCSA B OX-
HOM U TOM € MaTepuaibHOM Hocutesne. O0001as, NpuxoauM K HEOKUIAHHOMY, HO

JJOTMYCCKH BIIOJIHE O6OCHOBaHHOMy BBIBOJY. JJICKTPUYCCKHUC WU MATHUTHBIC 3apsabl

10 OTACIBHOCTH, B M30JISILUU APYT OT Apyra B [Ipupoje HE CYyIIECTBYIOT.

Takoil kapuHAIBHBIA BBIBOJ MOATBEPKIAAETCS OOBEKTUBHO, MOCKOJIBKY KOP-
NYCKYJIIPHBIMH 3JICKTPOMAarHUTHBIMU XapaKTePUCTHKAMU YacTUll Mukpomupa [1, 7]

SBJISIIOTCSL  9IeKMpU4ecKul 3apsio |qe | =Nn-e, ompenensionuii ee IICKTPUUCCKUE
CBOWCTBA U coocmeennublil yenosou momenm |S| =Nn-(h/2) — cnun, OTBETCTBEHHBIH 3a
MarHUTHBIC CBOMCTBA, KOTOPBIN, KaK TENEPh YCTAHOBJICHO, CBA3aH C MArHUTHBIM 3a-
psagom vactuips: M =n-(h/2e). Kak BuanM, HENOCPEACTBEHHBIM MOATBEPKIEHHEM
PaBHOIPABHOTO COCYIIECTBOBAHUS DJICKTPUUECKUX M MATHUTHBIX 3aPsIOB B OJTHOM U
TOM K€ MaTepuaabHOM Hocutene sBisercs umenno - "= n-(W/2) - cnun muxpo-
yacmuyvl, GU3NICCKUIA MEXaHU3M PEaTU3allii KOTOPOTo OOYCIIOBJICH BBISIBJICHHBIM
B JIAaHHOW pa0bOoTe AJIEKTPOMATHUTHBIM B3aMMOJICHCTBUEM YKa3aHHBIX 3apsI0B.

Kcrartu, 31€ech BojiHe yMecTHa UcTopuyeckad crpaBka [8]: eme [Ix./Jx. Towm-

COH B YY4E€OHHUKE IO JICKTPOMArHeTU3MY Tpejiarajl CTyJeHTaM B BHJIC YIPaXXHEHUS
BBIYHUCIIUTh MOMEHT MMITYJTbCa DJICKTPOMArHUTHOTO TIOJIS, CO3JIaHHOTO CHCTEMOH W3
AIIEKTPUYECKOTO U MAarHUTHOTO 3apsfoB. COTIaCHO PELICHUIO 3aJa4d, YTIOBOH MO-
MEHT TaKOH CUCTEMBI U €€ TIOJISI ONPEICIIICTCS MPOU3BEICHUEM dTUX 3aPsI/IOB.
Pestome. B pamkax eunomeswvl Mononons /upaxka ycmanoeien MacHUmHslu 3a-
PAO INeKMPOHA, MOHCOeCMEEHHO PABHBIU KEAHMY MACHUMHO20 NOMOKA, HAOI00ae-
MO20 8 YyCnogusax ceepxnpogsooumocmu. Ha smoii ocnose coenan 6b1600 0 mom, 4mo
nobas muxpodacmuya 06aadaem COBOKYNHO KAK JEKMPUYeCcKUM, MaxK U MacHum-

HbIM 3aps0amu, Komopbwvle 8 uzonsayuu opye om opyea 8 llpupooe ne cywecmeyiom u



cooepacamcs 8 0OHOM U MOM Jice MaAMePUaiIbHOM HOcumene, a noomeepHcoOarouull
OaHHBI hakm CNuH MUKPOUACMUYDL - PE3VIbMAm JIeKMPOMASHUMHO20 83aUMOO0ell-
CM8Us IMuUx cooCmeeHHwvix 3apsa008. Cedo8amenvHo, U NoJisl YKA3AHHLIX 3aPsi008biX
00beOuHeHULl OONHCHBL ObIMb CIMPYKIMYPHO 3HAYUMENbHO CNLOJCHEE HbIHeUHUX IJIeK-
MPOMACHUMHbBIX NoJell, a OJisk ONUCAHUS MAKUX HOBbIX No.Jell mpedyomcs unvie QyH-
OameHmanbHbvle YPagHeHus: 0py2020 271YyOUHHO20 YPOBHSL

AHanu3 BOIpOca BBISBICHUS TAaKUX TOJIEH W TMOCTPOCHHE OMHUCHIBAIOIIUX HUX

ypaBHEHUI1 IPOBEJIEHbI paHee, Halpumep, B padotax [9].
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PHISICAL-MATHEMATICAL MODELING AND ANALYSE
OF MAGNETIC FLUX QUATIZATION EFFECT

V.V. Sidorenkov
MSTU named after N.E. Bauman

Within the bounds of Dirac’s monopole hypothesis was ascertained the mag-
netic charge of the electron equals to magnetic flux quantum, observed in conditions
of superconductivity. On this base was made a conclusion that micro particles possess
in the aggregate as electric as well the magnetic charges, and their spin is the result of
electromagnetic interaction of these inherent charges.



