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AHHOTanUsA. [[ByX4aCTUYHON CHCTEME KOPPEIHMPOBAHHBIX JJIEKTPOHOB IPUIIMCHIBACTCS
KBAaHT KMHETHUYECKOTO MOMEHTA. BceileAcTBUE 3TOr0 MUHUMAJIBHO BO3MOKHBIM MarHUTHBIA ITOTOK
(KBaHT) CTaJ B JIBa pa3a MEHbIIIE, YEM MOTOK, PACCUMTAHHBIN JJI OJHOIO 3JIEKTPOHA. 3/1€Ch €CTh
IIPOTUBOPEYME, ITOCKOJIBKY MarHUTHBIN ITOTOK — BEJIMYMHA aJJUTUBHASA, II0O3TOMY €CTECTBEHHEE
ObLI0 OBl OXHMAATh €ro yBEJIMYEHHUS, a HE yMeHblIeHHs. llenp nccienoBaHus 3aKiIOYaeTCsl B
paspellleHuy YKa3aHHOI'O IPOTUBOpeuMs. BO3MOXHOCTH CO3laHUs MarHUTHOIO IIOTOKA
JIBYX4aCTHYOM CUCTEMOU JIEKTPOHOB M €70 U3MEPEHHUs HE ABJISIETCS] OPUTMHAIBHOW. MarHuTHbIN
IIOTOK MOXXET CO3[aBaTbCsi M €IUHCTBEHHBIM 3JeKTpoHOM. [l0100HO TOMy Kak NpH MapHOi
KOppeJSIIMM KBAaHT MAarHUTHOTO II0TOKAa BJBOE YMEHBIIWICS II0 CPaBHEHHIO C KBAHTOM
@. JlonioHa, Npu n-KpaTHOM KOPPENSLUU KBAHT YMEHBIIUTCA B 71 pa3. DTOMY HET pa3yMHOIO
0o0bsicHeHus. [lpunucbiBaHuEe KyNEepoOBCKOW Iape KBaHTAa KHUHETHMYECKOTO MOMEHTa HElpHu-
emsieMo. KBaHTOM KHMHETHYECKOIO MOMEHTA CIEAYET HAJENATh €IUHCTBEHHYIO YacTHIy U HE
clenyeT HaAelATh CHCTEMY YacTHLI.

KiroueBbie cj10Ba: KBAaHTOBasl CTPYKTYpa, KOPPEIUPOBAHHBIE AJIEKTPOHBI, IIPOBOJIHUK,
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BBE/[EHHE

B 1948 r. ®. JIoH10H BBIUMCINI KBAaHT MarHUTHOTO IOTOKAa OT 3JIEKTPHUYECKOIO TOKa,
CO3JaHHOTO OJIHUM 3JIEKTpOHOM. KIltoueBbIM yCIOBHEM BBIYHMCIEHUS SBUJIOCH NPUIUCHIBAHNE
AIIEKTPOHY KBaHTa KHHETHYECKOro MomeHTa /i [1].

B 1956 r. JI. Kynep omnucan aByX4aCTHUYHBIE CHCTEMbl KOPPEIUPOBAHHBIX 3JIEKTPOHOB
(KynepoBCKHE TMapbl), BO3HHUKAIONIME B MPOBOJHHMKAX BCJIEACTBHE HIIEKTPOH-(OHOHHOTO
B3aumozeiicTBus. [lpunuceiBanre AByX4acTUYHOW cHCTEME KBaHTa KMHETUYECKOTO MOMEHTa /i
IIPUBOJIUT K YMEHBIICHHUIO BBIYMCIIIEMOT0 3HAUEHNsI KBaHTa MarHUTHOT'O TIOTOKA BIBOE.

B 1961 r. B.C. luBep u Y.M. ®3p0sHK, a Takxke He3zaBucumo P. Jlomn m M. Hebayap
M3MEpPWIM KBAaHT MarHUTHOTO NOTOKA. Pe3ynpraT okaszancs BiBoe MeHbIle kBaHTa @. JIoHnoHA.
C tex nmop cuMTaercs, 4YTo KBaHT MArHUTHOTO NOTOKA CO3/1a€TCsl UCKITIOYUTEIBHO KYIIEPOBCKUMU
IapaMy U 4TO OH BABoe MeHblIe kBaHTa ®. JIonoHa.

Lenb uccnenoBaHus 3aKJII0OYAETCS B IEPEOCMBICIICHUN YKa3aHHBIX 00CTOSITEIbCTB.

MATEPHAJIBI H METO/IbI
00 ucknoyumenbHoCmMu 08YX4UACMUYHBIX CUCIEM
npu CO30aHUU MAZHUMHO20 NOMOKA
[TapHble KOppESAIMKY BO3HUKAIOT B IPOBOJHUKAX C MAJIOW UIMHOW CBOOOIHOrO mpobera
3JIEKTPOHOB M HE BOSHUKAIOT B IPOBOJHUKAX C OOJBINION IITMHOM cBOOOHOTO podera [2].
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Cuuraercs, 4YTO KBAaHT MAarHUTHOTO TMOTOKAa OT JABYXYAaCTUYHON CUCTEMbI H3MepeH (B
1961 r.) mas NMPOBOJHHMKOB C MaJIOW JJIMHON CBOOOMHOrO mpodera 37eKTpoHoB. OmHAKO 3TO
00CTOSATENHCTBO HE MOXKET UCKIIIOYATh BO3MOKHOCTh U3MEPEHHUsI KBAHTA MATHUTHOI'O TIOTOKA OT
OJIHOTO 3JIEKTPOHA B IPOBOJHHUKE C OOJBIION MJIWHON CBOOOJHOTO Mpolera 3JIEKTPOHOB (B
KOTOPOM TapHbI€ KOPPEJSIIIUM HE BO3HUKAIOT). DTO BO3MOXHO, TaK KakK JAHHBIA KBaHT
(®. Jlongona) B aBa pasa Oosbiine m3MepeHHOTo B 1961 r. K ToMy ke M 4yBCTBHTEIBHOCTH
M3MEPUTENILHOM anmapaTrypbl 3aMETHO BO3pOCIa.

Takum 00pa3oM, BOZMOXXHOCTh CO3/IaHUSI MArHUTHOTO ITOTOKA JBYXYaCTUYHON CHCTEMOM
JJEKTPOHOB M €r0 MU3MEPEHUsS HE SBIAETCS OPUTMHAIBHOM. MArHUTHBIM MOTOK MOXKET
CO3/1aBaThCSl U €AMHCTBEHHBIM AJIEKTPOHOM.

Maznumnoe Kéanmosanue om nPOBOOHUKA C OONbULON ONUHOU
C60000H020 nPobeza INeKMpoHo8
DHeprus MarHUTHOTO TIOTOKA BhIPAXKAaeTCs Kak
g Lo
2
rae © — MarHUuTHEBIN OTOK.
Tok OT eIMHCTBEHHOTO 3JEKTPOHA MOXHO BBIPA3UTh 10 hopMmysie
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T
rae I’ — Bpems, 3a KOTOPOE SIEKTPOH JIeIaeT OJUH 000pPOT B KPyTrOBOM KOHTYPE:
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rae R — pa3Mep KpyroBoro KOHTypa; v — JIMHEHHasi CKOPOCTb 3apsijia.

B 10 ke Bpems

2
m,v

2
ConocraBieHre MPUBEIEHHBIX BBIPAKEHNUH JAET BO3MOKHOCTB MOTy4uTh D:
2nRm,v _ 2mRp
- ’

E=

D=

(1)

e e
TAC p — KOJIMYCCTBO ABUIKCHUA.
Tak kak QJICKTPOH HC KOppCJ’II/IpOBaHHHﬁ (C,HHHCTBGHHLIf/'I), JBOSIKMX TOJIKOBaHWUI KBaHTa
€T0 KHHCTHYCCKOTO MOMCHTA HE CYIICCTBYCT!
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Ilocnennee BBIPAKCHUC — XpCCTOMaTHﬁHOC 3HadyeHue kpaHta ®. JlonmoHa.

PE3YJIBTATbHI HCCJIE/IOBAHHUA
Maznumnoe Keéanmosanue om moKd, CO30aHHO20 08YMs INEKMPOHAMU
Tok OT NIByX HIBIDKYIIMXCS 3apsaoB BABOe Ooublie, 4eM OT oaHoro. [Ipu sTom He
CYIIECTBYET HUKAKOW Pa3HUIIBI B TOM, KOPPEIHUPOBAHHBIC 3apsIbl WIIA HET.
MarauTHbIN MOTOK OT YABOSCHHOT'O TOKA BABOE OOJIBIIIE, YeM OT HEYIBOSHHOTO [3, 4].

62



Ne 1(25), 2025 Bectauk TBepcKOro rocy1apCTBEHHOIO0 TEXHUYECKOIO YHUBEPCUTETA

Cepust «CTpOUTENBCTBO. DIIEKTPOTEXHUKA U XUMUYECKUE TEXHOJIOT UM

Takum oOpa3om, ¢ yd4eToM BeIpaxeHus (2)
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XpecToMaTuiiHOE 3HA4YCHME KBaHTA MAarHUTHOIO IIOTOKA, CO3JaHHOIO KYIEPOBCKOU
[1apOH, BUETBEPO MEHBIIIE:
L @
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ITomyyenue BenuuuHBl (4) BO3MOXHO TOJIBKO IIPH CIIOKEHUHM BEJIWYMH, OOpaTHBIX
BbIpaxkeHuto (3):
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9T10 HE COTJIACyCTC C CYHICCTBYIOLIUMU TCOPUSAMHU.

Iapuvie koppenayuu — ne npeoen

IIpyn XpecTOMaTUIHOM BBIYMCIEHUU KBAHTA MAarHUTHOTI'O MOTOKA YYMTHIBAIHUCH TOJIBKO
KYIIEPOBCKHE Mapbl 3JIEKTPOHOB, T.€. UX MAPHbIE KOPPEIIALIUH.

BMmecre ¢ TeM B Takoil € Mepe WIM JaXKe B MEHbIIEH MOTYT BO3HUKATH KOPPEISLHUU
00JIbIIETO YKCIIa JIEKTPOHOB.

ITonoGHO TOMY Kak NMpU HNapHOW KOPPENIsILMU KBAaHT MarHUTHOTIO MOTOKAa BIBOE YMEHb-
LIWICS 110 CpaBHEHMIO ¢ KBaHTOM ®. JIOHI0HA, ITPU 71-KPATHOM KOPPEJSLIMU KBAHT YMEHBIIUTCS
B 71 pas:

Dy =—. (6)

AHanornuHo BeIpakeHusM (4) u (5) Beipaxkenue (6) He coriacyercs ¢ CyIIeCTBYIOIUMU
TEOPUSIMHU.

Maznummnoe keanmoeanue om npo6oOOHUKA ¢ MANOU ONUHOU

600001020 npobdeza I1eKmpoHoe

Ecnu cuurare popmyny (4) ans KynepoBCKOW Mapbl JOCTOBEPHOM, TO OJMH AJIEKTPOH
CO3/a€eT MOJIOBUHY IIOTOKA, CO3/IaHHOT0 Mapoii:

1 h _h
0" 38 T,
22e 4e
Ecim nMeeT MecTo n-qacTHIHasi KOPPEISAIUS JJISKTPOHOB, TO
1 A h
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HmMmeetcs (I)CHOMCH ,Z[pO6J'ICHI/I}I KBaHTa, YTO HCAOIMMYCTUMO I10 OITPCACIICHUIO.

O osouinvix cmanoapmax
JIBa KOppPEIMPOBAHHBIX JJIEKTPOHA IUIOXOTO NPOBOJHHKA HAJENAIOTCA KBaHTOM /i
KMHETUYECKOT0O MOMEHTa Ha TOM OCHOBAaHUH, UTO 3TO kganmosas cucmema. C 3TUM CIe10BajlIo
OBl COTJIACUTBHCS, €CITU OBl JAHHBIN MMOJIXO PACIPOCTPAHSIICS U HA JPyrue NoJ00HbIE KBAHTOBbIE
CUCTeMbl (HampuMep, Ha JBa DJJeKTpoHa renus (poib (OHOHOB, MOCPEICTBOM KOTOPBIX
CBA3BIBAIOTCA KOPPEJIMPOBAHHBIE JIEKTPOHBI, y TEIMsl UIPAET CHJIa NMPUTSHKEHHUS CO CTOPOHBI
snpa atoma [5])). [Ipenmonoxxum, 94To 3T0 BEpHO. IpyrumMu clioBamH,
2myvr,, =h. (7)
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Pe3yanaT OTJINYAETCS OT TaOJIMYHOTO 3HAYEHUS TOUTH BYCTBCPO.

B 10 e Bpems ecnu He mape, a KakIA0My dIEKTPOHY MPUIHCATh KBAHT /i KHHETUYECKOTO
MOMCHTA, TO PE3YJILTAT OKAXXCTCA IIPaBUJIbHBIM.

W3 310l cuTyannu ecTh 1Ba BO3MOXKHBIX BBIXOJIA:

1. [Tapy 2JIEKTPOHOB TeNUs HE CIIEIYeT HAJEeNSATh KBAHTOM /I KHHETHYECKOTO MOMEHTA,
MO3TOMY BO M30€KaHWE JABOWHBIX CTaHAAPTOB UM (KBAHTOM /1) He ciedyem HAACNATh U MPOYUE
MHOTI0O49aCTUYHBIC CUCTEMBI, K KOTOPBIM OTHOCUTCA U KYIICPOBCKad Iapa 3JICKTPOHOB.

2. MHOrO4acTUYHbIE KBAHTOBBIE CHCTEMBI cledyem HAJENsTh KBAHTOM /i KHHETUYECKOTO
MOMCHTA, B TOM YHCJIIC U IIapy O3JICKTPOHOB TI'CJIHA. O)IHaKO TOrga OpuacTCsa MpU3HATh, YTO
paanyc aroma refius B YeThIpe pa3a MEHbIIe, YeM IPUHATO CUUTATh.

[lepBrIii BapuaHT mpeacTaBisieTcs 0oiee MpenoYTUTENbHBIM.

rHe

~7,56 - 1077 (m).

Maznummbulii nHOMOK, 00YC/108/1€HHBLIL CHUHOM ITNIEKMPOHA
I'eomeTrpuueckas popma dJIEKTpOHA HEU3BECTHA, HO CUMTAETCS, YTO ATO HE IIAp W HE
cthepa. 3to criexyet u3 GOPMYIIBI €T0 KIACCHYECKOTO Panyca;:
2
_ M€
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B crygae mapa ¢popmyna umeeT BU

_3 Ho€”
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B ciydae cdepsl popmysa BRITISANUT CIEAYIOMIUM 00pa3oM:
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[TonHass HeompeneaeHHOCTh (OPMBI AJIEKTPOHA MO3BOJIIET HEMPOTHBOPEUYMBO IPE-
CTaBHUThH €T0 CIIMH B BHJIC MOMEHTa MMITYJIbCa, 00pPa30BaHHOI'O MaTEepPHaIbHON TOYKOH ¢ Maccou
3IIEKTPOHA, 0OpAIIAIOIICHCS IO OKPYKHOCTH HEOTPEAETICHHOTO paanyca (CKOJIb YTOAHO MaJoro,
NpUYEM €0 BEJIMYMHA 3HAYCHUS HE UMEET). DTOT MOJIXO] MOXKET UMETh HEJIOCTATKH, HO TaKXKe
UMEET U CYIIECTBEHHOE JIOCTOMHCTBO B BHJIE BOBMOKHOCTH UCIIOIB30BaTh TOTOBYIO (hopmyiy (1)
(BKyIIe C MpeIeCTBYIOMUMH (hopMyIaMu).

CruH 3JIeKTPOHA BRIYHCISETCS 110 (OopMyIie

NE)

L =n.
2

es

C yuerom ¢popmyisl (1) KBaHT MarHUTHOTO MTOTOKA, OOYCIOBJIIEHHOTO CIIMHOM 3JIEKTPOHA,
MO>KHO BBIPA3UTh KaK

_2mRp 2L, _2ny3, Rk
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/lannvie, nonyuennvie ¢ 1961 2.

KpyroBoii Tok B nmaboparopHoil TpyOke, oOpa3oBaHHBIH OJHUM 3JEKTPOHOM, CO3AAET
MarHuTHBIN MOTOK (3).

CruH 371€KTpoHa MOXKET UMETh JIMIIb JIBE MPOEKLIUN HA HANpPaBICHUE MAarHUTHOTO MOJIS
notoka (3), a UMEHHO:

L=t
2

esB

B cuny 3akoHa coxpaHeHUst MOMEHTa UMITyJbCa CIIMH HMPOTUBOIOJIOKEH OpOUTAIBHOMY
MoMmeHTy. [ToaTomy
h

LesB 2 °
CrnenoBarenbHO, MATHUTHBIN MMOTOK, 00YCIOBJICHHBIM CIIMHOM 3JIEKTPOHA, BEIUUTAETCS U3
noToka (3) (ero mpoeKIws).
Takum o6pazom, B 1961 1. u3mMepunu opOUTANbHBIM KBAaHT MarHUTHOTO MOTOKAa 00HO20
AJIEKTPOHA 32 BBIYETOM MPOEKLHH CTMHOBOIO KBAHTa MarHUTHOT'O MOTOKA!
hr L (10)
e 2e 2e

a He KBAHT OT KYIIEPOBCKOM MapBhl.
CoBnanenue usmepeHHoro 3HaueHus (10) c (4) sBasieTcsi COBEPILIEHHO CIIyYalHbIM.

3AK/ITOYEHHUE

KuneTnueckuii MOMEHT — 3TO aJINTHBHAS BEIMYMHA. MOMEHTHI, pa3BHBaEMbIC KaXKIbIM
3JIEMEHTOM MHOTOYAaCTHYHOW CHCTEMBI, CKJIaJbpIBatoTCsA. M eciM KUHETUYEeCKUH MOMEHT
MHOTOYAaCTUYHON CHUCTEMBI pPaBeH KBAHTY 7, TO 3TO 3HAUMUT, YTO OJIHA YAcTUIIA (JIIEKTPOH) UMEET
KUHETHYECKUII MOMEHT, paBHBIA ApoOHON uyacTu kBaHTa. OJHAKO €CIM KBAaHT JpOOMTCS Ha
YacTH, TO ITO YK€ HE KBaHT.

Takum 00pa3zom, MpUNHCHIBaHNE KYEPOBCKOHM IMape KBaHTA /i KUHETHYECKOTO MOMEHTa
COBEPILEHHO HETIPHUEMIIEMO.

B neiictButenbHoCTH cymiecTBYIOT KBaHT @. Jlonona (3), KBaHT MarHUTHOTO MOTOKA (9),
O0OYCJIOBIICHHBI CITMHOM DJJIGKTPOHa, W uX cymnepno3unus (10), T.e. KBa3UKBaHT. OTOT
KBa3UKBaHT U u3Mepwiu B 1961 r.
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INTERPRETATION OF MAGNETIC FLUX QUANTUM MEASUREMENT RESULTS

V.D. Pavlov
Viadimir Electromechanical Plant (Viadimir)

Abstract. A quantum of kinetic momentum is attributed to a two-particle system of
correlated electrons. As a result, the minimum possible magnetic flux (quantum) became smaller
(twice) than the flux calculated for a single electron. There is an obvious contradiction, since
magnetic flux is an additive quantity and therefore it would be more natural to expect its increase
rather than decrease. The aim of the study is to resolve this contradiction. The possibility of
creating a magnetic flux by a two-particle system of electrons and measuring it is not exclusive.
Magnetic flux can be created by a single electron with the same success. Just as in the case of
pair correlation the quantum of magnetic flux decreased twofold compared to F. London's
quantum, in the case of n-fold correlation the quantum will decrease n times. There is no
reasonable explanation for this. Ascribing a quantum of kinetic momentum to a Cooper pair is
unacceptable. A quantum of kinetic momentum should be attributed to a single particle, and
should not be attributed to a system of particles.

Keywords: quantum structure, correlated electrons, conductor, mean free path, kinetic
moment, magnetic flux.
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MATHUTHBIN 3APSI. OCEBOE B3AUMOJENCTBHUE
IMTPOBOJAHUKOB C TOKAMUA

HU.II Ilonos
Kypeanckuii cocyoapcmeennuiii ynusepcumem (2. Kypean)

© Ilomos N.I1., 2025

AHHOTanus. B cratbe 0TMEUEHO, YTO CUia MOJIEBOTO B3aUMOJEHCTBUS JBYX TOUEYHBIX
HEBEKTOPHBIX OOBEKTOB (TpaBUTALIMOHHAS MJIM AJIEKTPOCTATUYECKAs) 3aBUCUT OT BEJIMYMHBI
3apsA10B, OJ KOTOPBIMHM MOHMUMAETCSl Macca WM 3JIeKTpuueckuil 3apsan. Ilpu sTom mpobiem c
ONpPEIETICHUEM HAIPSHKEHHOCTH IOJIS IIyTEM JEJICHHS CHIIBI Ha 3apsi HE BO3ZHUKAET, IIOCKOJIBKY
3Ta OIepalusi He 3aTparuBaeT BeKTOphl. [lokazaHo, yTO MHaye OOCTOUT JAEJI0 C MarHUTHBIM
B3auMojelcTBueM. lIpu momeITKe omnpeneneHus HaNpsSHKEHHOCTH IYTEM HCKIIOYEHHS U3
dopMynbl U CUJIBI BEKTOPHOW BEIMYMHBI BO3HHUKAET MpoOJeMa C OCTaBIIMMUCS JBYMs
BEKTOPAaMH, COCTOSAINAas B TOM, YTO OHM HE MOIYT B3aMMOJECHCTBOBAaTb JPYr C JApPYyroM
(0Opa30BBIBaTh BEKTOPHOE WM CKalsipHOe Npou3BeneHue). OO003HAYEHO, 4TO KiaccHueckKas
CXeMa MCKIII0YaeT KaKhe-ITu00 TPYAHOCTH MPH OINpeIeIeHUH MarHUTHBIX 3apsI0B U MOHOMOJIEH.
Y CTaHOBIIEHO, YTO, KPOME B3aUMOJCHCTBUS MEXAY NapajuIeIbHBIMU IIPOBOJHUKAMU C TOKaMHU,
CYILIECTBYET OCEBOE B3aMMOJICHCTBHE.
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BBE/IEHUE

Cuna mosneBoro B3aUMOJIEHCTBUSI JBYX TOYEUYHBIX HEBEKTOPHBIX OOBEKTOB (TpaBH-
TAI[MOHHASI WM AJIEKTPOCTATUUECKasl) ONPEEIAETCS BEIpAXKEHUEM

8.8
dF12 :kﬁrirlz, (1)

rie g — Macca wiM osiekTpudeckuid 3apsn [1-3]. Ilpm atom mpobiem ¢ ompeneseHHueM
HaNpsHDKEHHOCTU MOJIS IIyTEM JEJICHUs BeNW4MHbI (1) Ha g, MIM g, HE BO3HUKAET, IOCKOJIBbKY
3Ta ONepalys He 3aTParuBacT BEKTOPHI.
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