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AnHoTauus. Beedenue. AXTyalbHOCTH PaOOTHI ONPENEISIETCs] TEM, YTO CIIMHOBBIH MarHUTHBIA IIOTOK JICKTPOHA, SBIISLICH OCHOBOH CO0-
CTBEHHOTO MarHUTHOTO MOJIsT (heppOMATrHETHKOB, 10 CHX MOp He ycraHoBieH. B 1948 r. ®. JIOHIOH BBHIYHCINI KBAHT MATHUTHOTO ITOTOKA OT JJIEK-
TPUYECKOTO TOKA, CO3AaHHOTO OJHUM 3JIEKTPOHOM. KiIloueBbIM yCIOBHEM BBIYUCIICHHS SBUIIOCH HPUIICHIBAHUE SJIEKTPOHY KBaHTAa KHHETHYECKOTO
MomeHTa i. B 1956 romy JI. Kymep omucan AByX4acTHYHBIC CHCTEMbI KOPPEIMPOBAHHBIX 3JICKTPOHOB (KYIIEPOBCKUE Iaphl), BO3HUKAIOIINE B IPO-
BOJHMKAX BCIEACTBUE IEKTPOH-(HOHOHHOTO B3aUMOJeicTBYA. [IpunuceiBaHNe JByX4aCTHYHON CHCTEME KBaHTAa KUHETUYECKOTO MOMEHTA /1 PHUBO-
JIUT K YMCHBIICHHIO BHIYMCIIIEMOrO 3Ha4YCHHUs KBaHTAa MarHUTHOro notoka Basoe. Hu @. Jlonnon, Hu JI. Kymep B cBOMX pacueTax HE YYHTHIBAIIH
MarHuTHBIE IIOTOKH, 00YyCIIOBIICHHBIE CITHHAMK 31eKTpoHOB. B 1961 . b. C. Tusep u Y. M. ®3p6suK 1 HezaBucumo P. [lomn u M. Hebaysp n3mepu-
JIM KBaHT MarHUTHOTO NOTOKA. Pe3yibTaT okasaics BaBoe Menblie kBanTa @. Jlonmona. C Tex mOp CYUTAETCs, YTO KBAHT MAarHUTHOTO [OTOKA CO3/a-
€TCsl MCKJIIOYHUTENIBHO KYIIEPOBCKHMH ITApaMH M YTO OH BAiBoe MeHblue kBaHTa @. JlonnoHa. Ifens. YCTaHOBICHHE CIIMHOBOIO MarHUTHOTO MOTOKA
anekTpoHa. Mamepuanst u memoost. IIpobiieMa 3aKII0OYAaETCS B TOM, YTO OOLICIIPUHATAST KOHIENIHS CIIMHA 3JIEKTPOHA HE MO3BOJLIET €ro BBIUMC-
JIMTh, YTO CBS3aHO C HEOIPEIEICHHOCTBIO CTPYKTYpPBI 3JIEKTPOHA. 3aia4a paboThl MO3TOMY COCTOHUT B IPUHSATHH JONOIHUTEIbHBIX BPEMEHHBIX (pa-
6ounx) momyuieHuit. [ eomerpuueckas popma dmekTpoHa HeusBecTHa. OHAKO CIUTACTCS, UTO ITO HE IIap U He cdepa. ITo cieayeT u3 HOpMyIIbl ero
KJIaccuueckoro paamyca. ITonHas HeonmpeneneHHOCT (OPMBI DIEKTPOHA MO3BOJIIET HEIPOTUBOPEYHBO NPEICTABUTH €r0 CIIMH B BH/IE MOMEHTA HM-
MyJibca, 00Pa30BaHHOrO MaTepUaIbHON TOYKOH C MAcCOil AIEKTPOHa, oOpalIaroieiicss M0 OKPYKXHOCTH HEOMpPEIeICHHOr0 paanyca (CKOJIb YroIHO
MaJIoro, IPUYEM €ro BEeNHYMHA 3HAYCHHS HE UMeEeT). DTOT IOAXO0/ MOXET UMETh HEJOCTATKU, HO OH MMEET U CYLIECTBEHHOE TOCTOMHCTBO B BUJE
BO3MO)KHOCTH HICIIOJIb30BaTh TOTOBYIO (hOPMYITy JUISi MATHUTHOT'O IIOTOKA, CO3aHHOTO «TOKOM) OIHOTIO dJIeKTpoHA. Pe3ynsmamut u oocyscoenue. B
JIEUCTBUTEILHOCTH CYIIEeCTBYIOT KBaHT . JIOHIOHA, KBAHT MAarHHTHOTO IOTOKA, OOYCIOBJICHHBIH CIIMHOM JJICKTPOHA, M MX CYINEpHO3Hiis (KBa-
3UKBAHT). 3aKatouenue. YCTaHOBICH CIIMHOBBI MArHUTHBIN IOTOK 3JEKTpOHA. VIMEHHO OH SIBISETCSI OCHOBOM COOCTBEHHOTO MarHHTHOTO IIOJIS B
(heppOMarHUTHBIX 3JIEMEHTAX dJIEKTPOTEXHUIECKUX KOMIUIEKCOB U CHCTEM.

KiioueBble €j10Ba: 3JIEKTPOH, KyNEepOBCKas Mapa, KBaHT KHHETHYECKOTO0 MOMEHTA, KBAaHT MarHUTHOTO MOTOKa, KBaHT ®. JIOHIOHa, CIIHH,
CYNepIO3UIINS, KBA3UKBAHT

Jost nutupoBanus: [Tomos U. I1. CiHOBEIE MarHUTHBIE TOTOKH B ()epPOMArHUTHBIX dJIEMEHTaX JIEKTPOTEXHUIECKUX KOMIUICKCOB U CH-
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uralakademia@kurganstalmost.ru; https://orcid.org/0000-0001-8683-0387

Abstract. Introduction. The relevance of this work is determined by the fact that the spin magnetic flux of an electron, which is the basis of
the proper magnetic field of ferromagnets, has not yet been established. In 1948, F. London calculated the quantum of magnetic flux from an electric
current created by one electron. The key condition for the calculation was ascribing a quantum of kinetic moment h to the electron. In 1956, L.
Cooper described two-particle systems of correlated electrons (Cooper pairs) arising in conductors due to electron-phonon interaction. Assigning a
quantum of kinetic moment h to a two-particle system leads to a decrease in the calculated value of the quantum of magnetic flux by half. Neither F.
London nor L. Cooper took into account the magnetic fluxes caused by electron spins in their calculations. In 1961, B.S. Deaver and W.M. Fairbank
and independently R. Doll and M. Nebauer measured the quantum of magnetic flux. The result was half that of F. London’s. Since then, it is believed
that the magnetic flux quantum is created exclusively by Cooper pairs and that it is half the size of F. London’s quantum. Goal. The aim of the study
is to establish the spin magnetic flux of an electron. Materials and methods. The problem is that the generally accepted concept of the electron spin
does not allow it to be calculated, which is due to the uncertainty of the electron structure. The task of the work, therefore, is to make additional tem-
porary (working) assumptions. The geometric shape of the electron is unknown. However, it is believed that it is neither a ball nor a sphere. This
follows from the formula for its classical radius. The complete uncertainty of the electron shape allows its spin to be consistently represented as an
angular momentum formed by a material point with the mass of an electron rotating along a circle of an indefinite radius (arbitrarily small, and its
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value is of no importance). This approach may have disadvantages, but it also has a significant advantage in the form of the ability to use a ready-
made formula for the magnetic flux created by the ‘current’ of one electron. Results and discussion. In reality, there is a quantum of F. London, a
quantum of magnetic flux caused by the electron spin, and their superposition (quasi-quantum). Conclusion. The spin magnetic flux of an electron
has been established. It is the basis of the proper magnetic field in ferromagnetic elements of electrical complexes and systems.

Keywords: electron, Cooper pair, quantum of kinetic momentum, quantum of magnetic flux, quantum of F. London, spin, superposition,
quasi-quantum
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North-Caucasus Federal University. 2025;5(110):18-22. (In Russ.). https://doi.org/10.37493/2307-907X.2025.5.2

Conflict of interest: the author declare no conflicts of interests.

The article was submitted 06.06.2025;

approved after reviewing 10.07.2025;

accepted for publication 17.07.2025.

Beeoenue | Introduction. AkTyanbHOCTh pabOTBI OMPEICISETCS TEM, YTO CITUHOBBIH MAarHUTHBIN I10-
TOK 3JICKTPOHA, SIBJISISICH OCHOBOI COOCTBEHHOI'O MarHUTHOTO TOJS (heppOMAarHUTHBIX 3JIEMEHTOB JIEKTPO-
TEXHHYECKUX KOMIUIEKCOB U cucteM [1-5], Mo cux mop He yCTaHOBJICH.

B 1948 r. ®. JIoHIOH BBIYMCINI KBAaHT MAarHUTHOIO MOTOKA OT 3JEKTPUYECKOrO TOKA, CO3JAHHOTO
OJHUM 3JIEKTPOHOM. KITFOueBBIM yCIOBHEM BBIYMCIICHUS SBUIOCH MIPUITUCHIBAHHUE 3JICKTPOHY KBaHTa KHUHeE-
THYECKOTO MOMEHTA 7.

B 1956 rony JI. Kynep ommcan nByX4acTHYHBIE CHCTEMBI KOPPEIHMPOBAHHBIX AJIEKTPOHOB (KYIIEPOB-
CKHe TIapbl), BO3HUKAIOIIVE B TPOBOJIHUKAX BCIIECTBUE IJIEKTPOH-(POHOHHOTO B3auMoeicTBus [6]. [Tpumm-
ChIBAHUC ILBYX‘IaCTI/I‘-IHOI‘/'I CHCTEME KBAaHTAa KHHETHYECKOTO MOMEHTA /i IMPUBOAUT K YMCHBIICHUIO BbBIYUCIIA-
€MOI'0 3HAYCHHUA KBaHTa MarHUTHOI'O IIOTOKAa BJABOC.

Hu ®@. Jlonnon, au JI. Kymep B cBoux pacueTax He YUHTHIBAIA MarHUTHBIE TOTOKU, OOYCIIOBICHHEIE
CIIMHAMH 3JIEKTPOHOB.

B 1961 r. b. C. luBep u Y. M. ®3p63uK u Hezasucumo P. o u M. Hebaysp u3mepuinu KBaHT Mar-
HUTHOT'O OTOKA. Pe3ynbTar okazancsa Basoe MeHble kBanTa @. JloH0Ha.

C Tex mop CUMTAETCsl, YTO KBAaHT MarHUTHOTO IOTOKA CO3JACTCA MCKIYUTENBHO KYIIEPOBCKUMHU I1a-
pamu, 4To OH BABoe MeHbIle kBaHTa ®. JIoHm0Ha ¥ CO CTMHAMM 3JIEKTPOHOB HE CBSA3AH.

Lenp nccienoBanus 3aKJI09aeTCsl B yCTAHOBJICHUH CIIMHOBOI'O MarHUTHOT'O MOTOKA 3JeKTpoHa. IIpo-
Onema mpu 3TOM 3aKJII0YaeTCs B TOM, YTO OOIICNPUHATAs KOHLENIMS CIMHA 3JEKTPOHA HE MO3BOJIAET €ro
BBIYHCIIUTD, YTO CBSI3aHO C HEOIPEENIEHHOCTHIO CTPYKTYPHI DJIEKTPOHA.

Ortcrona 3aa4a paboThl COCTOUT B MIPHHSATHH JOTIOTHUTEIHHBIX BPEMEHHBIX (Pa00vHX) AOMYIICHUH.

Mamepuanvt u memoont ucciedosanun | Materials and methods of research. I'eomerprueckas
¢dopma snekTpoHa Heu3BecTHA. OHAKO CUMTAETCS, YTO 3TO HE IIap U He cdepa. ITo ciaeayeT u3 GopMysl
€ro KJIacCU4eCcKoro pajguyca

p o Hot”

e i

4mm,

rae HO — IMOCTOAHHAsA MarouTHasi, e — 3aps/ 3JICKTPOHaA, me — Macca 3JICKTpOHa.

B ciyuae mapa popmyna nmena Ol Buz

P o3 e

® 54mm,
B ciyyae chepsl hopmyia uMesa Obl BU

r = l lvloe2

© 24mm,

[TosHas HeompeaeIeHHOCTh (DOPMBI 3JICKTPOHA MTO3BOJIIET HEMPOTUBOPEYMBO MPEICTABUTH €0 CIIMH B
BHJIC MOMEHTA UMITYJIbca, 00pa30BaHHOTO MaTepHUaTLHOW TOUYKOW C MAacCOW 3JIEKTPOHA, oOpaIIaromieics mo
OKPY>KHOCTH HEOTPEACIICHHOTO paauyca (CKOJIb yroIHO MAJIOTO, MPHYEM €T0 BeIMYMHA 3HAYCHUSI HE UMEET;
NPEAJIOKEHHOE TOMYLIEHUE HE pacCMaTPUBAETCS B KaUeCTBE KOHKYPUPYIOIIETO MO OTHOIICHHUIO K U3BECT-
HBIM ONHCaHUSIM CIIMHA BJIEKTPOHA, HanpuMmep, B pabotax benuHdanTte). ITOT MOJX01 MOXKET UMETh HEJ0-
CTaTKH, HO €CTh Y HEr0 U CYIIECTBEHHOE IOCTOMHCTBO B BHJIE BO3MOXKHOCTHU HCIIOJIB30BATh TOTOBYIO (hOp-
MyJy JJI1 MArHUTHOTO MOTOKA, CO3IAHHOTO «TOKOM» OJTHOTO 3JIEKTPOHA, IOJYYEHHYIO B [7] o cxeme

.ty
2
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o 2nRm,v _ 2nRp , (1)
e e

rae E — sneprus, | — Tok anekrpona, 7 — nepuoi oOpaleHus JISKTpoHa, R — pannyc 1abopaTopHOU TpyOKU
(B ombitax b. C. JluBepa, Y. M. ®3p063Hka, P. Jlomna u M. Hebayapa), V — nuHeiiHass CKOPOCTh €IMHUYHOTO
UIEKTPOHA, ) — UMILYJIbC EAUHUYHOIO 3JIEKTPOHA.

Pesynvmamot uccnedosanuii u ux oocyycoenue / Research results and their discussion. Crinn aiex-
TpOHA paBeH

h. 2

C ydgeTtoM (1) KBaHT MarHUTHOTO TTOTOKA, 00YCIIOBIIEHHOTO CITUHOM DIIEKTPOHA, PaBEH
_2mRp_2nk, 213, f3n -

® e e e 2 2 e

*3ameuanue 1. Knaccuueckuil paguyc (I, ) B BBIKJIaJKax cTaThbu HE MCIOIb3yeTCs M OITOMY Ha pe-

)

3yJIBTaThl HE BIUSET. Y TOMSHYT UCKIIOYUTENILHO ATl WUTIOCTPAllMi HEONPENEIeHHOCTH ()OPMBI 3IEKTPOHA.

*3ameuanue 2. Beioupats R s ¢opmynst (1) He nmpuxoautca. B momydennyro gopmyny (3) mis
CIHMHOBOTO KBaHTa MAarHUTHOTO TOTOKA PaJNyC HE BXOAUT («pacTBOpWIICs B criuHe). [loaTomMy ero Bennyu-
Ha 3HaueHus He umMeeT. [1o kpaiiHeil Mepe, BIIOJIHE MOXKHO CUUTATh, YTO OH JOCTAaTOYHO OOJBIION, YTOOBI HE
pa3BUBasach Ype3MepHas SHEPrusl.

Dkcnepumenmanvhas 6epuduKayusi CNUH08020 K8AHMA MacHUmHo2o nomoka. Kpyropoii Tok B 1a6o-
paTopHO# TpyOKe, 00pa30BaHHBIN OJHUM JIEKTPOHOM, CO37aeT MAaTHUTHBIN MOTOK

o =20
e e

(4)

310 popmyna ®. Jlongona [8].
CriyH 35IeKTpOHA MOYKET UMETh JIUIIH JIBE MPOEKIINH Ha HAIllPpaBJieHHEe MarHUTHOT'O TOJIs MOToKa (4), a
MMEHHO:

L

esB =%

N | =+

B cuity 3akoHa coxpaHeHHss MOMEHTa UMITYJIbCa CIIMH IPOTHBOIOI0XKEH OpOUTaIbHOMY MOMEHTY, T10-
3TOMY

h
L.=——.
esB 2

CrnenoBaTenbHO, MarHUTHBIN TTOTOK, 00YCIIOBIIEHHBIA CIIMHOM 3JIEKTPOHA, BBIYUTAETCS U3 MOTOKA (4)
(ero mpoekmws).

Taxum obpasom, B 1961 1. b. C. usep, Y. M. ®sp63uK, P. onn u M. Hebaysp usmepunu opOuTanb-
HbII kBaHT MarHuTHoro noroka OJTHOI'O snexkTpoHa 3a BHIYETOM IMPOEKIIMU CIMHOBOTO KBaHTa MAarHUTHO-
r'o MOTOKa (4epe3 TOPIEBbIC MOBEPXHOCTH UX JJAOOPATOPHBIX TPYOOK)

h h h
— 5
e 2e 2e ©)
3TO KBAa3HMKBAHT, @ HC KBAHT OT KyHepOBCKOfI I'IapLI
h
=—, 6
0= 5 (6)

CoBmaienre U3MepeHHOTo 3HadeHUS (5) ¢ (6) SABISIETCS COBEPIICHHO CITYYaiHBIM.
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OmHAaKO 3TO COBMAJICHHUE SBJISACTCS HAJACKHOW DKCIIEpUMEHTALHOM Bepudukaruei dhopmyn (1), (3)—
(5) u IPUHSTOTO TOMYIIEHUS O CITUHE JIEKTPOHA.

Dopmanvras eepugurayusi CHUHOB020 KEAHMA MASHUMHO020 nomoxd. VI KBaHT MarHUTHOTO TOTOKa
®. JlongoHa (4), ¥ KBaHT OT KYIEPOBCKOM Napsl (6) MpeCTaBUMEI B BHJIE

o, N2 _2n

q
a q q

rae g —3apsn, Ly — KBaHT KHHETHYECKOTO MOMEHTA.

[loacranoBka B 3Ty GopMyiy 3apsiia JICKTPOHA M €ro KMHETHYECKOI0 MOMEHTa (chuHa) (2) Hemo-

CPEACTBEHHO JIacT
2n, 23, 3h
O, =—L =——Fh="—.
q e 2 2 e
Cosmiagaer c (3), uro Taxke sBIAETCs Hane:kHOU Bepudukanmeir popmyn (1), (3)—(5) u npunstoro
JIOMYIICHUS O CIIMHE AJIEKTPOHA.
3axnouenue / Conclusion. B [9, 10] moapoOHO 1MoOKa3aHO, YTO MPUIKCHIBAHUE KYTICPOBCKOM Mape 3JIeK-
TPOHOB KBaHTA /I KWHETHYECKOTO MOMEHTA SBJIsIeTCS HempueMieMbiM. [1oaToMy B Takoii ske CTeTeHrn HenmpheM-
JICMOW SIBJISICTCS CBSI3aHHAsI C 3TUM (DOpMYJIa JUIs KBAHTa MarHUTHOTO TIOTOKA OT KYIIEPOBCKOH mapsl (6).
B nefictButensHOCTH cymecTBYOT kBaHT ®. JloHmoHa (4), KBAaHT MarHUTHOTO TIO0TOKA (3), 00yCcIoB-
JICHHBIN CTIMHOM 3JIEKTPOHA, U UX cyrepro3uius (5) (kBa3ukBaHT). Ero (kBa3ukBaHT) 1 m3mepuian B 1961 T.
CHOuHOBHIN MarHUTHBIN MOTOK 3JIEKTPOHA paBeH

_\3h
es 2 e '
HmeHHO OH sIBISIETCSt OCHOBOW COOCTBEHHOTO MAarHUTHOTO MOJIsi ()epPOMATHUTHBIX 3JIEMEHTOB AJICK-
TPOTEXHUUYECKUX KOMIUIEKCOB U CHCTEM.
[Ipu 3TOM NpHUHATEIE B pabOTe JIOMYIIEHHS O CITUHE AJIEKTPOHA HE OTPa3MIIMCh HA OKOHYATEIILHOM pe-
3y/lbTaTe M MO3TOMY MOTYT CUMTAThCS BPEMEHHBIMH (pabodynMy) M HE MPOTHUBOMOCTABIATHCSA OOIIETIPUHS-
TOHM KOHLENINY CIIUHA.
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