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I .BBEllEHl1E 

Y,msepcanhHhlH cpaKT cymecrnosaHm1 6onhllIHX MarHHTHhIX M0MeHT0B H B 3a

pso1<eH11h1x nenTOHax, H B HMeromeM HyneBOH :meKTpH'ICCKHH 3ap51.[( a.[(poHe HCHTpo-

11e, H B n0JI0)KHTenb!I0 3ap51)KCHH0M npoT0He Henb351 HrH0pttposaTb B JII060H nomIT

Ke noHSITh ttcTmrnyro cTpyKTYPY 3THX H .[(pyrnx '!aCTHU, 

B npttpo.[(e eCTh e,[(HHCTBCIIHhlH HCT0'IHHK CTOJih CTa6HJibHOro, KaK y Bhillleyno

MSIHYThlX tt HHhlX '!aCTHU, MarHHTHOro M0MeHTa ~3TO - Ha6op HJIH (onTHMaJihHO) 

0.[(HII JaMKHYThlH (OnTHMaJlhHO) KOJihUCBOH KOHTYP, no KOTOp0MY 6e3 ,[(HCCHnauHH 

31!epmtt CTaUH0HapH0 o6pamaeTC51 CaMOC0rJiaCOBaHH0 pacnpe.[(eneHHhlH Ha 

3KBHnOTCHUHaJlhHOH nosepXH0CTH KBaHT jap51.[(a ±'e nptt o651JaTenbHO KBaHT0BaH

H0M ~pOHH3bIBa!OmeM K0JlhUO MarHHTHOM n0TOKe (c·Ha6JIIO,[(aeMblM ero 3Ha'!eHHeM 

<j> = M<j>0 ( M = 1,2,3 ... ; B raycconoif c.e. <j>0 = 1tfic = 2,0~785· 10-7• fc· cM
2). z . e 

CKOpOCTh 3ap51.[(a B nOK0511UCMCSI 3JICKTpOHe BnepBblC 6hJJia HaH,[(CHll pa3BHBllIIIM 

penS1THBHCTc1<yro Teop1Iro sneKTpoua llttpaKOM eme B K0HUe 20-x rr. [1]. OHa noc

, T0SIHHa II paBHa CK0p0CTII CBeTa ± c. OHa, O'ICBH.[(H0, H 51BJI51CTC51 CKOp0CThlO o6pa-

meHH51 JapSl.[(a _B COJ.[(a101UeM MarHIITHhlH MOMCHT µze =µ/._ff= 9,285· 10-2 l 3pr/fc 

H nOTOK q> = q> / V3 = <l>o T0KOBOM KOHType 3JICKTpoua. ze e 
/ • CBeTOBmI CKOp0CTh o6pameHH51. 3ap51.[(a B 3JICKTp0He~KOJlhUe He TOJihKO 

MHHHMII3ttpyeT pa3Mephl '!aCTIIUhl. Eme 6onee Ba)KH0 TO, 'ITO TOJlhK0 nptt 

u . 
~ = _9)_ = I HMCCTCSI B03MO)KH0CTh K0MneHCaUHII paCTaJ1KIIBaIIH51 3ap51.[(a co6crnei .• 

<p C 

HhlM 3JICKTp0CTaTll'leCKIIM noneM ero CT51rHBaHHeM co6CTBCHHhlM noneM 

MarHIITHhlM. TeM caMblM caMocornacosaHH0CTh • cpopMbl 3JieKTp0Ha OKa3hIBaeTC51 
1

npaKTH'leCKII nOJIHOH II 6e3 T.H. «Hanp~)KeHHH IlyanKape» (CM. [2], CTp. 311-12): 

K CO)KaJieHIIIO, 0TKponen1Ie ll1IpaKa x. = cai ([1] cTp.343) .[(0 CIIX nop mnepn-
1 

pernpyeTc51 KaK T.H. Zitterbewegung [3] - 6ecnop51.[(0'l!loe «.[(po)KaHIIe» nceii 

tJaCTHUhl, a ue KaK paJ II nascer.[(a BOJHIIKlllee caMonoMepJ1mnaromeec51 KBaHTonan

' llhlM MartlHTHhlM nOTOK0M q> = <j>
0 

o6pameHIIe C V = -C paBHOpacnpe.[(eneHHOf0 no 
z .. <p . 

rnpOH,[(aJlhHOH (no CYTH - cnepxnpoB0,[(511UeH) nonepXH0CTH 3JieKTp0Ha-KOJihUa Ja

pS1na -e.11 ,[la)Ke B, n0-BII.[(HM0MY, nnepBble npe.[(JIO)KeHHOH B 1954 r. [4]' KOJibUeBOH 

caMOCOrnacosaHHOH M0,[(eJIH 3JICKTpoHa CK0p0CTh 3ap51.[(a Ha nonepxHOCTII '!aCTIIUhl 

He npttpaB!leHa CBeTOBOH. A B IIHTeHCHBHO pa3pa6aThIBaBllleHC51 C 1969 no 1983 r. 

Jehle [5-10] M0,[(eJIII 3JieKTpOHa, MIOOHa, KBapKOB II llpymx '!aCTHU, OCHOBaIIHOH na 



/ 

KBaHTOBaHHH MarHHTHOro noToKa B o6beKTax ero paCCMOTpeHHSI - MHoroo6pa3HblX 

3aMKHyrbIX MamHTOilOTOKOBblX KOH'rypax - aHaJJH3HpOBaJIOCb He )lBH,KCHHe 3apS1)la, 

a IlOTOKOBbIX KmITypOB, CKOpOCTb KOTOpbIX B HeKOTOpbIX HX TO'-IKUX 6blna CBeTOBOH. 

JlerKO nOJI)"-IHTb CBOeo6pa3HOe YHHBepcanbHOe «COOTHOWCHHe onpe)leJieIIHOC-

6 -24 
TH» Me)l()ly xopowo H3MepeHHbIMH BblwenpHBe)leHHbIM µ • µ = -9,6 · 10 3pr/fc, 

. · 3 m 
-23 · µ = 1,41· 10 3pr/fc H MamHTHbIMH MOMeHTaMH Jlpyrnx l.faCTHU H HX 6oJibWHMH 

~ . 

pa,nuycaMH KOJICU R, KOTOpoe npu pa,nuyce MepH)lHa1moro cel.feHHSI l.faCTHU-KOJICU 

' . 1tR 21 . I e 
p 0 << R c )"-ICTOM H3BecT11oro BbipU,Kemrn µ = -- H3-3a v = c n :-- = 

2 
R oKa3bI-

c (jl C 1t 

BaeTC5l 

R=±i! (a) 
e 

(pa3yMeCTCSI, ecnn B 06pa3y10mux l.faCTHUY KOJibUax-napTOHaX lq.1 - e, TO oue11Ka 
. . I 

npHeMneMa H )lnSI COCTaBHblX l.faCTHU). 

,llrrn npoTOHa, HCHTpoHa H 3JICKTpOHa C IIOMOll.{blO (a) HaXO)lHM: 

Rp+- - 10-13 
CM, R ~ 10-13 

CM, HR = 6,7· 10-11 
CM. 

n e 

,J:LJrn npOTOHa H HeifrpoHa 3TH 3Hal.fCHIISI R YJlOB.fleTBOpHTenbHO cornacy10TCSI C HX 

H3MepeHHhIMH cpe)lHCKBa,npaTH'-ICCKHMH pa,nttycaMH pacnpe)leneHHH HCTO'-IIIHKOB 

B3aHMO)lCHCTBHSI (3ap51)la, Man-JHTHOro MOMCHTa) ✓(r2+) - 10-13 
CM H {(l) _ 10-13 

CM. . p n 

qTQ ,KC KacaeTCSI 3JICKTpOHa, TO pe3yJihTaThl )lnHTCJibllblX TO'-IHblX H3MepeHHH C 

KOHUa 50-x fO)lOB )lO cepe)lHllbl 80 rr. [11, 12] ero {(l) npHBC)lCHbl B Ta6nnu~ 1 
e 

(KOnOHKH 1,2,3,4 ). 

B pa6ornx [ 13, 14] noKa3aHO, '-ITO )laHHbie KOJIOIIKH 4 rn6n. l npe)lCTaBnSIIOT pa3-

Mep 3neK;pom1 He B ero C~CTeMe nOKOSI (CTT), a B CHCTeMe ueHTpa Mace (CUM). 

TTo3TOMY. )lnSI · nonY4eHHS1 ncrn1111oro ero pa3Mepa (B CTT) 11eo6xo)lHMO Ka)l()loe H3 

3~al.feHHH {(l) KOJIOHKH 4 )lOMHO)l(HTb Ha COOTBCTCTBYIOll.{HH peJISITHBHC;CKHH ~aK-
e 

Top y (Kono11Ka :3) cpoTopo)l()leH11oro1 B nape e + e- HJIH CTOJIKHyBwerocSI co BCTpeLI

HblM e -napTHepoM 3JieKTpo11a. 

Pe3yJibTaT, npe)lCTallJieHHbIH B KOJIOHKe 5, y6e)lHTCJibllO CBH)lCTCJibCTByeT: pa3-

Mep 3JleKTp0Iia: B Cfl BOBCe He TO'-IC'-Illblii, Oil - 10-l l CM, II BBHJlY 3K30TH'IIIOCTll 

cpopMbl 3JICKTpoua-KOJlbUa He npOTHBOpeLIIIT ;mmoi-i BblWC oue11Ke Re= 6,7· 10- 11 
CM. 

Mo)leJib CTPYKTypbl 3ap51,KCHllblX JICIITOIIOB B Bll)le nonynoKaJJbllblX cynep

TOHKI-IX KOJICU C KBallTOBaHHblM npo111!3b1Bal0ll.{I-IM KOJibUO ManrnTHbIM flOTOKOM H 

2 

Ta6JIHUa 1 

3Kcncpm1e1n. I E± 

I ECIJM '10<01) ~rn=Y'10 ,. 
ycTallOBKa. y=--,-

B CUM me· HJMepell!lblii llJMCpCllllhlii 

2 I 3 4 5 

<lloTopoJKa. ,,\,- I 57.5 M,B I 113 S 0.9· 10-13 S 10-II CM 

CTo.~KIIOBCIIIIH 

BCTPC'lllhl X (' (' 

I 
2.6 f38 

I 
5100 

I 
$ 4. 10-15 S 2· 10-I I CM SPEAR-I 

PEP 15 29400 $ 2- 10-lo S 0.6· 10-II CM 

PETRA I 18,5 I 36300 I $2· 10··16 $ 0,7- 10-II CM 

R 
sc11e.ucrn11e :noro KBmITosa1111b1M In - = 372,75 (p

0 
- pa.u11yc Mep11m1m111oro ce-

Po . 

•1emrn nosepx11ocrn KOJibUa) pa3pa6orn11a B 1981-91 IT. [15-18]. MoneJibllbie 

crnrn, MarmlTI!biii MOMeIIT, IIOJIIIOCTblO 3JICKTpoMarmlTlla51 Macca II Mar11IITOMe

xa1111'-1CCKOe OTIIOWe1111e cornacy1tHCSI C IIX 113Mepe1111blMII 311a•1e111tS1MII. 

H!l)l(C aIIaJill3HpylOTCSI csoiiCTBa TaKHX nohyJIOKaJibllblX 3JICMeIITapIIbIX 'laCTIIU

KOJieu JiellTOIIOB (npoHH3bIBaeMblX O)llll!M KBallTOM <l>o), 6030ll()R (JlByMSI <l>o) II T.ll. II 

I-IX 3JICKTpOMarIIHTIIOC B3al-lMO.UCHCTBHe, KOTOpoe B 3aBHCIIMOCTll OT paCCTOSIIIIISI 

Me)l()ly napn1epaMI1 OKa3bIBae_TCSI ,, TpanHUHOHIIO 3JieKTpOMarHHTllblM, II no CBOmt 

CBOHCTBaM 6JIJl3KHM K CHJibllOMY HJIII cna6m1y B3aHMO)leiiCTBIISIM. 

2. CBOl1CTBA '-IACTHU-KOJIEU 

Hoc,neJib Marmn11oro MOMe11-ra (11 cooc11oro c HIIM cmma) ::ineMe11rnp11aH 

'laCTHUa-KOJibU~ 3apSl)l(CIIa KBaHTOM 6e3MaCCOBOI"O 3apSl)la ± e, paBIIOMep110. pacnpe-

11ene1moro 110 IIOBepXIIOCTH TOpa C llJIOTIIOCTblO CJ= Const II 06paW.a10W.eroe51 CO 

. CBCTOBOH CKOpOCTblO \I (jl = C BOKpyr OCI-I CIIMMeTpllll KOJlbUa, 11peuecc11pymw.ero 

ornocHTCJibllO cp11Kc11pye~mii 11a6mo11aTeneM ocH z no)l yrnoM arccos ~ [ 19]. 

Co6cTBe1111b1ii ee 4-noTellUllaJI (i\jf, 5l )·B UIIJlllllllPll'leCKoii CllCTeMe KOOp.UllltaT 
(jl 

(r, <p, z); 11 rayccoBoii c.e. eCTb 

'V = ± _!:_ --{ikK(k); 5l = ± _!:_ --ji(2 - k
2

)K(k) - 2E(k); k2= 4R: .., .°) 
1tR r Cj) 1tR r k (R+rt+::.-

8 06nacn1 r, z ➔ oo k ➔ 0, 11, 11anp11Mep, 11p11 z ➔ 00 

. .., 

\jf(z) = ± ~ ; 5l (z) = ± eR - _!_ 
.:. (j) 2 _3 • 

(I'} 

3 



B6mn11 ;+;e rnpo11.uanh11oii nosepx11ocrn p
0 
~ p << R k ➔ I 11 

'l'(P) =± ...£ ( In B. + In 8); JI. (p) =±...£(In B. + In 8- 2). (I") 
rcR p q, rcR . p 

A 11a nosepx11ocT11 Topa 

'l'(P0) = ± - In - + In 8 = canst; JI. = ± - In - + In 8- 2 = canst, . e[ R ) e( R ) ,·, 
.• 1tR p0 q, 1tR p0 . 

nplf1-1eM HJ-Ja KBaHTOBairnocTH 11a6mo.uae1,1oro Manmn1oro noToKa qi
2 

= qi/"3 

21tRJI. (Po) 2e [ R . ) 1thc 
qi= T3 =- ln-+ln8-2 =±Mqi =±M-

z 3 "3p . o •e . 0 
(2) 

OKa3bIBaeTC8 KBaIITOBal!HblM TaK;+;e H 

R 
In - = M- 372,8339 - 0,07944, 

Po•· 
(3) 

OTKy,ua 

. '[ "3qio 2e ·J . • €<1>0" 
'l'<Po) = ± M 21tR + 1tR ; 51./Po) = ± M 21tR . (1'") 

nomlblii ManmnibIH MOMellT YaCTHUbl-KOJJh,Ua µ pase11 

µ ='\'jJµ =rtR -=+- T K. /=-. ,,;- 2 / e R ( · ec ) 
z c - 2 ' ·. 21tR . (4) 

311aK li"a6m~):laf:MOH era BeJJHYHHbl µZ 3aBHCHT KaK OT 311aKa 3ap8.Ua ± e, raK H OT 

31IaKa V = ± C. . q> ' 

_r;;;-µz 
HanOMIIHM, YTO 'Bb1TeKa10mee 1'13 (4) Bblpa)Kem,e R = 2'\'..} _.__c. BCJie)].CTBHe 

e 
MaKCHMaJlbllOfO H3 B03MO)KHblX Iv I= C H OnTHMaJlbHOCTH (KOJibUeBoii) cpopMbl TOKOq> 
soro KmITypa onpe.uenHeT 11auMe11bllIYJO B03MO)KHy10 se11uYu11y pa3Mepa R YaCTHUbI. 

2.1. Macca H cnm1. lfro TaKoe cnm, YaCTHUbI-KOJihUa 

lho6b1 onpet1.eJIHTb nOJIHOCTbJO 3JieKTpOManmn1y10 Macey m flOKOHIUeHCH 

yaCTHUbl-KOJlbUa C ee CTaUH01Iap11bIM co6crne1111blM 4-x noTelJUHaJIOM (i\j/, 51.q>) He

o6xo.UHMO BbIYHCJllffb [2,20] 

4 

2 lJ[j(po) ] 
me = Pq,c + 2 7 Jl.q,(p0) + mv(p0) ds (5) 

(llHTerpHpOBaime no nosepXHOCTH TOpa). TTOCT08HHble Ha Hell j , JI. , 0" ll \jl onpe-
(j) (j)' ; ,. 

,UeJJeHbl Bblllle. 

A.ueKsaTHbIM onpet1.eJJeHHeM HMnynbca Pq, 6e3Maccosoro 3ap8.ua e B co6crneH-

HOM none (i\j/, JI. ) 8BJJ8eTC8 KaHOHHYeCKllH (o6o6meHHbIH) HMnymc 
(j) 

a.L e· e 
P =- = m yv +- JI. (p ) =- JI. (p ) (6) 
(J)av qq>cq>O c(J)O 

q> 

(L= m c2 ~ + g_ (ii1 Ji)_;_ q\jl - peJI8TllBHCTCKM cpyHKUll8 narpaH;+;a, Ha 
q . C C . . . . 

COt].ep;+;ameii 3ap8.U nosepxHOCTH, m q = 0). no CBOeMy qJH3HYeCKOMY CMbICJJY pq> COB

nat).aeT C BBe.ueHHblM .UupaKOM [l] peH8THBHCTCKHM KBaHTOBO-MexaHHYeCKHM onepa-
' ➔ a e ➔ , 

TOpOM llMHYJibCa P= tl't a➔+- 5l 
· r C 

l1HTerpHp0Ba!IHe (5) .uaeT 

mc2 = "13 ~ ( M + Jr J 
e2 . . 

(CX. =-;,;- - HOCT08HHM TOHKOH CTpyKTypbI) 
riC · 

(5') 

2.1.1. TeopeMa O UeJJOCTHOCTH KBaHTa 3apHAa YaCTHUbl-KOJibUa. 

,!loKa3aTeJibCTBO (OT npOTHBHOro): TTpeAHOJIO)KHM, YTO 3apH.U YaCTHUbl HMeeT He 

KBaHTOBa1my10, a npOH3B0JlbHYJO BeJJH'IHHY Ee (e ;t: 1), H cpaBHHM Bblpa;+;eHHH (2) AJJH 
MarHHTHOro nOTOKa CKB03b KOJlblW 

. qi= 2rcR 51.iPo) = M'-'3 <l>o = M'-'3 rc1ic e , 

B KOTOpoM X:opollIO H3MepeHHblH KBaHT . qio = 7t'frc. HMeeT B 3HaMeimTeJJe TO'IHblH 
. ' . . e 

KBaHT 3apH.ua e, c. Bblpa)KeHHeM MexaHHYeCKOfO MOMeHTa (cnHHa) S IlOKOHIUeiicH 
YaCTHUbl-KOJibUa 

ee 
S=RP =- RJI. (p). (7) q> C q> 0 

. 1'11c 
no.ucrnlius B S nonyqeHuoe HJ Bb1pa;+;e1mH )].JIH <j> JHaYeHue RJI. (p

0
) = M'-'3-, 

. q> . e 
HaXO,UHM 

5 



S=MffeFz 
2· (7') 

OTCIO,!J.a cne.rzyeT OlleBH,11.HOe 3aKJIJO'leHtte: 

,UJrn Toro, 'IT06h1 tta6n10,11.aeMrui sentt'IHHa cntttta S = SI f3 ::1neMettrnp11oii 
z 

lJaCTHUhl-K0nhUa 0Ka3anach paBHOH 
11 

cntttty nenrn,m 2; 603mm - 1i H T . .D.., 11eo6-

X0,11.HM0 H ,11.0CTaT0l!H0 OT0)K,11.eCTBHTb E = 1. 

Tor,11.a Ha6n10,11.aeMoe 3Hal!etttte cntttta S sneMeHTapttoii 'laCTHUhI-KOnhua 
z 

S = M '!!:_ (7' ') 
z 2 

npe,11.CTatteT nopa3ttTenhHO llHBapttaHTHOH ee xapaKTepHCTHKOH, He 33BHCS11UeH IIH OT 

3HaKa 3apsi,11.a ± e, HH OT senH'IHHhl ee MaCCbl m, HH OT 6onh111oro pa,11.nyca KOnhua R, 
onpe,11.ensi10mruicsi TOnhKO ttanpasnetttteM o6pamenttsi ,mpsi,11.a (3HaKOM v q, = ± e) n 

KBaHTOBbIM l!HCnOM M. 
HaCKOnbKO o6ocHOBaHHhlM B CBeTe pe3ynbTaTa Bhillleonttcammro SKCKypca B 

o6naCTh ,11.po6nettttsi KBattTa 3apsi,11.a e lJaCTHUhI-KOnhua sisnsieTcsi ua,11.eneune napTo-

2 e n 
HOB-KBapKOB 3apsi,11.aMH ± 3e ll ± 3 H 0,11.HOBpeMeHHO C STHM cnmmMH 2' cy,11.HTh, 

pa3YMeeTCSJ, KonneraM, pa3BHBal01UllM TeOpHIO KBapKOB. 

2.1.2. MarnHTOMeXaHtt'leCKOe OTHOlllettne. 

. µ 
MarttHTOMeXaHHl!eCKOe OTHOllleHHe. g = s z paccMaTpttsaeMOH sneMeHTapHOH 

z 
l!aCTHUhl OKa3hIBaeTCSI (CM. (4), (5'), (7")): 

g=±( 1 + M:ff );e, ( 7t~=0,00134108 )- (8) 

e 
Otto He TOnhKO - KaK H ,11.omKHO 6hITh - B,11.BOe npeBOCX0,11.llT gl = -2 MOMeHTOB 

· me 
op6ttTanbHhIX, HO 06na,11.aeT TaK)Ke H MMOH aH0ManbHOH ,11.06aBKOH, npas,11.a, npeBOC

XOMlUeH Ha -15% H3MepeHHYIO TaKyJO ,11.06aBKY 3apsi)KeHHh!X nenTOHOB. 

<l>tt3Hl!eCKrul npH'IHHa CTOnh 6ntt3KOro COOTBeTCTBHSI M0,11.enbHOro MarHHTOMe

e 
xaHH'leCKOro OTHOllleHHSI KOneu-nenTOHOB g = 1,00134108- SKcnepHMeHTanhHhlM 

me 
e e 

sneKTpOHH0MY g = 1,00115965 ~ tt MIOOHHOMY g = 1,00116594-- COCTOHT s 
e me µ me 

e µ 
TOM, 'ITO 3Hal!eHtte (6) HMnynhca 6e3MaCCOBOro 3apsi,11.a e B co6cTBeHHOM sneKTpO

MarttHTHOM none (CM. (1 "') tt (5')) 

6 

(9) p =!'..Jl( )= me 
q, c q, Po ( a. ) 

2 1 + Mrt-.f3 

co,11.ep)KIIT B 3llaMeliaTene He T0JlbKO IlOSIBHBWlliicsi 6naro,11.apsi 6e3MaCCOBOCTll Japsi,11.a 

MIIO)Kl!TeJih 2, CIIIDKalOlUllii co6cTBellllblii MexalllllJeCKllii M0Me11T KOnll'leCTBa sneK

Tpo11a-KOJibUa B,11.BOe no cpas11e111110 C op611TanhllhlM M0Me!IT0M nmoTeTH'leCKOH TO

lJelJHOH 11e3apsi)Kelll!Oii 1IaCTllllhl C Toii )Ke Maccoii Ill = 111 y, KaK y IIOKOS11Uerocsi 
' (} 

s11eKTpo11a, o6pammomeiksi no oKpy)KHOCTll pau11yca R c v q, ➔ c, 110 11, Kpm.1e Toro, 

MIIO)KHTenb ( 1 +rt~)= 1,00134108. l·h1e10masirn B noCJJeJJ.J1eM MaJiaSJ ,11.06asKa 

a. I \Jl(p0)1 - I Jlq,(P0)1 
. ~ pas11a, KaK JJefK0 B11.UeTb, 0TII0WCIIIIK) 

rt'l3 · 21 5Vp0)1 

nonblTKa aBT0pa [ 18] np1rnecn1 ee Benil'lllllY B nomme C0OTBeTCTBHe C BhllllC

ynoM~lllyTbIMII 113MepellllblMII Jlla'leHllSll\lll ,11.06aBOK .unsi ::meKTpo11a II MIO0!la nepeBO

.UOM -2% CBeTOBOii CK0pOCTII 3apsi,11.a B 11opManb11y10 K V q> II KacaTenb11y10 K ll0Bepx-

. ~ 2 2 . • 
!IOCTi! Topa KOM£JOI1e11Ty V npll l'~ + \! = C X0TSI ll .U0CTllrna uenn, 110 0Ha He K0p-

1 q> I 

peKTIIa BCJIC.UCTBHe 11eB03MO)KII0CTll KBaHT0BaIIIISI B03111!KaIOlll,ero npll STOM B Tope 
· -173 2 

(xorn H npe11e6pe)K11Mo ~mnoro) noToKa (j>q, - 10 re- CM . 

TeM 11e Me11ee, BblWellJn0)Kelll!Oe ,11.aeT OCH0Bamrn K cnpaBe.l].)lllB0MY JaMelJalllll0 

;!l11paKa [I], CTp.192 «Cn1111 3j1eKTpo11a lie llMCeT 6n11JKOro COOTBCTCTBllSI C '1eM

m160 B Knacc1111ecKoii MexairnKe)) .uo6as11Tb: 

CBOHCTBa cnmrn sneKTpo11a npaKTH'leCKll C0Bna,11.aI0T co CBOiicTBa~m M0MCHTa 

KaH0IIH'leCKOl'O HMnynhca paB11opacnpe.uene1111oro no T0p0HJ].anbllOH nosepXIIOCTII 

6eCKOlle'IIIO TOIIKOro KOnbUa 6e3MaCCOBOf0 3apsi.ua -e, llaX0,!1.SI[Uerocsi B CTaUIIOHap

HOM COCTOSllll;lll o6pamemrn no 11eii C V q> = C ll KBallTOBaHHbiM 11a6111onaeMblM 311a-

'le1111eM np0llll3blBaI01Uero K0JlbUO ManlllTII0l'O noTOKa. 

2.2. Ca~10cornacosa1111ocTb cpopMbl 

KaK ll3BeCTIIO, caM0COIJJaCOBallHOCTb cpopMbl pas11opacnpe.ue11e11110ro 110 IIOBep

XIIOCTII 6eCKOHelJHO Jl.)'lllllllOfO UllJlllHJJ.pa II J].Blffa101Uerocsi BJ].0Jlb ero OCH co CBeT0-

BOH CKOpOCTblO 3apsina llJ].eanbHa. OJJ.JiaKO TaKoii UllnHIIJJ.P, C0fllyTbiii B K0JlbUO, .ua)Ke 

R 
np11 rnraHTCKOM 311a11em111 KBaIITa In - = 372,75 Bee )Ke 111\leeT, X0TSJ II He-

Po 
31Ia'IIITeJJhllYIO, 11eypaBIIOBewe111mcTb. 

Kon1111eCTBe1111rui ee oue11Ka, BbllJOntlellllaSJ C JI0MOlUblO 113BCCT!lblX T01lllblX Bbl

pa)KeJmii 11anpS1)Ke11JJOCTeii ::meKTpll'leCKOl'0 II Mal'IHITIIOfO IJOJISI, Bbl'IIICJICllllblX Jl.)'ISI 

KOOp.UHIIaT ll0Bepx11ocn1 lJaCTllUbl-K0JlbUa ::JJleKTpo11a (R,, = 6,7· 10~11 
CM), .uaeT 
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BeJHl'IHIIY np11Mep110 11a 3 nopHJJ.Ka MellbWYI0, 'leM B IBBeCTIIOll KJ1acc114ecKoi1 MO

J].eJlll ::ineKTpo11a-ccpepb1 (r
0 

= 2,82· 10-
13 

cM) c 11enonsmK11b1M pas11opacnpenene11-

1tblM no ccpepe JapHnm1. 

2.3. MoJJ.eJJbllble. napaMeTpbl KOIIKpeniblX 3J1eMe1napllblX 'laCTHU-KOJleU. 

ConocTaBJ1e1me Bblpa)l(emiii Jl.JIH paCCMOTpellHblX BbIWe xapaKTepHCTIIK 'laCTHU

KOJleU noKaJblBaeT, 4TO B Ka)l(Jl.Oll rpynne C qJHKCHpoBallllblM M cmrn s:. = M ~ ll 
a 

MamHT0Mexa1111'1eCKOe on1owe1rne g = I + Mff rt ll0CT0HHHbl. 

Bee )Ke npyrne napaMeTpbl - Macca llOKOH m, MamHTllblii M0MellT µz., 60JlbWOH 

pan11yc KOJlbUa R H KallOHH'leCKHH HMllYJlbC p<p KOllKpeTIIOH 'laCTHUbl B COOT

BeTCTBHH C cpopMynaMH (4), (5') H (9) nponopUHOllaJJbHbl HJlll 06pamonpo

nopu11011aJJbllbl npyr npyry. 3TO naeT BOJMO)l(JIOCTb B TOM cny4ae, KOfJ].a HJMepHTb 

ynanocb xorn 6b1 OJ].HH napaMeTp 'laCTHUbl, JHa'leJmH OCTaJJbllbIX ee xapaKTepHCTHK 

npe.ucKaJaTb pac'leToM. 

TaK, 11anp11Mep, Jl.JIH 't-JienT011a, y KOToporo HJMepe11a JIHWb ero Macca H spe1.rn 

)l(HJIIH (mt=3,181-I0-
24 

r, 'tt=3,3-l0-
13 

c), a Ma~HHTliblll MOMellT 11e HJBec'reH, 

noJibJYHCb 11JMepeu11oii mt, c noMOIUblO (4), (5') H (9) 11axon11M Rt= l,94·10-
14 

CM, 

2 6 0-24 r . -14 
µ = , 91-1 ::ipr/ cu llMllYJlbC P = 4,76-10 f·CM/c. n ~ 

llT06b1 'IHTaTeJJb Mor nposepHTb, HaCKOJlbKO TO'IHO COOTBeTCTBYIOT npencKaJbl

BaeMble MOJ].eJlbHble JHa'leHHH xapaKTepHCTIIK KOJleU-JlenTOHOB IIX neiiCTBHTeJlbllbIM 

(HJMepeHHbIM) BeJJH'IIIIIaM, np11seneM TaK)l(e MOJ].eJlbHbie (Bbl'IIICJlellllble no 

9 4 -28 
HJMepellHblM MaccaM !IOKOH 3JleKTpoHa m = 'I 0953 10 r H MIOOlla 

e 

mµ = 1,883566-10-
25 

r) npynie napaMeTpbI. O,m TaKOBbI: 

R =6,6974-10-
11 

CM,µ =9,2865-10-
21 

::ipr/rc, P = 1,3636-10-
17 

f·CM/c. 
e U ~ 

R =3,2391·10-
13

cM, µ =4,4913-10~
23 

::ipr/rc, p =2,82-10-
15 

f·CMIC. 
µ . ~ ~ 

3. B3AJ.1MO)lEHCTBJ.1E CTAPbl 3JIEMEHTAPHblX YACTHU-KOJIEU; 

CJIQ)KEHHE HX MOMEHTOB 

Ksa1nosa1me ua6JIIOJJ.aeMoro cyMMapuoro cn1111a S nsyx BJa11Mo.ueiiCTBY101UHX 
z 

3JleMe11Tap11bIX 'laCTHU-KOJleU COBMeCTHMO Jll!Wb C .UBYMll sapuaHTaMH 06ycJ10BJ1HBa

eMoro HX MarHHTllblM BJaHMOJ].eHCTBHeM o6HJaTeJJbllO CHMMeTpH4HOf0 BJaHMHOfO 

8 

,j 

1 

,J 

\ 
j 

pacnOJJO)l(eHHll oceii npeuecCHH KOJleU B npocTpaHCTBe: COOCHOfO ll COllJlOCKOCTHO

ro. 

Bcne,UCTBHe Toro, '!TO MO.llYJlb CKaJJllpHOfO noTeHUHaJJa 'laCTHUbl-KOJlbUa 'V BCIO

ny npeBOCXO.UHT BeJIH'IHHY BeKTOpHoro noTeuunana Jl<p (CM. (1), (1 '), (1 ") ll (1' ")), 

3JleKTpOMafHHTHall 3Heprnll BJaHMO,UeiiCTBHll napbl oicaJbJBaeTCll OTpHUaTeJibHOH 

(cnoco611oii CBllJblBaTb napy B CTaUHOHapHbIX COCTOHHlU!X) B e,UHHCTBeHHOM CJl)''Iae 

- npH npoTHBOnOJIO)l(HOCTH JHaKOB JapHna napTHepoB. MarnHTHbie )Ke HX MOMeH

Tbl MOf)'T 6bITb KaK napanJieJJbllblMll (HO npli 3TOM CllHHbl - aHTHnapanJieJibHbIMH), 

TaK II a11nmapanIIeJibHbIMH (npH, paJyMeeTCH, napaJJJieJibHblX CllHHax). 

B peJyJJbTaTe cyMMapHble MafHHTHbie ll MeXaHH'leCKHe MOMeHTbl CBHJaHHb[X nap 

aBTOMaTH'leCKH OKaJblBalOTCll CJie,UylOIUHMH: 

CTpH MaFJmTHblX MOMeHTax napaJJJieJibHblX Clll!H napbl scerna paseH pa3HOCTH 

cnHHOB napTHepos, T.e. OH HyJiesoii, ecJIH M 1 = M
2

. 

CT pH µ. aHTHnapaJJJieJJbHblX .npOHCXOJ].HT CJIO)l(el1l1e MOJJ.yJieii S .. 
I V 

3TO npOTHBOpe4HT HJBeCTHOMY yrnep)l(Jl.e1m10 0 TOM (CM., HanpnMep, [19], 

CTp.397), '!TO «llOCKOJibKY Clll!H rt-MeJOHa paseH H)'JIIO, TO OH He o6nanaeT co6crneH

llblM ManmTHblM MOMeHTOM». Yrnep)l(Jl.eHHe 3TO, KaK Mbl BHJ].eJIH, cnpaBeJl.JlHBO Jl.JIH 

O,UHOII 3JleMeHTapHOll 'laCTHUbl-KOJibUa, HO ne Jl.Jlll COCTOllJUero, KaK H3BeCTHO, HJ 

Jl.B)'X napTOHOB 1t
0

-MeJOHa. 

BbIWeHJJIO)l(ellHOe naeT OCIIOBaJme npe.unoJiaraTb, qTo, B 'laCTHOCTH, 1t
0

-MeJOH 

o6JianaeT JHa'IHTeJibllbIM MarHHTHblM MOMeHTOM, KOTOpb!H no cnx_ nop He TOJibKO He 

HJMepeH, HO H He o6uap)')l(eH no e,UHHCTBeHHOH npH4HHe - qpeJMepHO MaJJOM em 

speMeHH )l(l!JHH 't O = 0,83- 10-
16 

c. 
7t 

Ba)l(HblM )'CJIOBileM, 06ecneqHBal01UHM HaH6oJiee np04H)'IO CBllJb napbl, HBJilleT

Cll TO'IHOe paBeHCTBO 6oJibWHX panH)'COB R KOJieu-napTHepoB - TOJibKO npH ero 

BblllOJIHeHHH llOTeHUHaJJbHall 3Heprm1 B3aHMO,!{eHCTBmI 3JieMeHTapHOll qacTHUbl

KOJlbUa ll" ee aHTHqacTHUbl npn CJIH.HHHH o60HX KOneu B enHHblll TOP ,!{0CTHraeT 

BeJIH'll!Hbl nx 3Hepnrn ll0K0H, ll CTaHOBHTCH BOJMO)l(HOH aHHHrnJIHUHH. 

To4Hblll yqeT npeuecCHH K0Jieu o6eHx 'laCTHU npH BbJqncJieHHH onepaTopoB 

noTeHUHaJJhHoii 3HeprnH nx MarnnTHoro H ::ineKTP0CTaTH'lecKoro BJaHMoneiicTBHH 

u ll u ' BX0,UHIUHX B BOJIH0Boe ypaBHeHHe, qepeJ peweHHe KOToporo HaXO,UHT BOJI-
.M :J 

HOBb[e ql)'HKUHII CTaUH0HapHblX COCTmrnnii napbl, Tpe6yeT Jl.JlHTeJibHOH pa60Tbl. 

BMeCTe C TeM pa31iHUa Me)l(Jl.)' JierK0 HaX0,!{l!MblMH Ma)l(0pHp)'IO!UHMH BeJmq1maMH 

3HeprHH BJaHM0JJ.eiiCTBH.H nsyx qacTHU-K0JieU B panHKaJJhH0 ynpoma10meM. pacqeTbl 

npenno.JI0)l(eHHH 0TC)'TCTBH.H npeuecCHH ll ee Ha.rmqH.H HeBeJIHKa. 

CT03TOM)' Hll)l(e npHB0,UHTC.H Bblpa)l(eHH.H ll BbJqHCJleHHble C HX ll0M0!UhlO KpHBble 

JHa'leJmii 3HeprnH B3aHMO,!{eHCTBH.H napbl ne npeueccHp)'IOLUHX qacTHU-K0JieU, na-

10mne 6JIH3KOe K HCTHHH0M)' npencTaBJieHHe 0 CBOHCTBax BJanMoneiiCTBH.H. 
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3.1. CnY'-'aH COOCHOro B3aHMHOf0 pacnOJJO)KeHHSI 

He npeuecc11pyiom11x KOJJeu 

3)],eCh noTeHUHaJibHIDI 3Heprnsi B3aHMO)],eHCTBliSI B UHJIIIH)].pH'leCKOii CHCTeMe KO

op)].HHaT C ee Ha'laJIOM, pacnoJIO)KeHHblM Ha OCH CHMMeTpHH 06e11x qacnm, B 

3aBHCHMOCTH OT pacCTOSIHHSI r12 Me)K)],y napanneJibHblMH Me)],HaHHbIMH nJJOCKOCTSIMH 

TOpOB C IlOMO!UhlO 'leTbipexnoTeHUHaJia (1) Bbipa)KaeTCSI TaK: 

U(r12) = U)r12) + V/r12), me BBHAY r= R np11 HHTerp11poBmm11 

2 2 
U (r ) = ± ~ (2 - k )K(k) - 2E(k) 

.M 12 1tR k 
e2 

U (r ) =±-kK(k)· 
:J 12 1tR . • 

(11) 

k2= 

2 
1 -161 2 Po 
-

2
-(r

12 
» p

0
- 10 R); k = 1 --2 (r12 ➔ 0). 

• ~ 2 4R 
1+--

4R2 

3HaK «-» B 3HeprnH MarHHTHOro B3aHMO)].eHCTBHSI U HMeeT MeCTO npH / 0)].HOro .M ~ 

3HaKa B 06011x KOJibUax, a B u - npH npOTHBOnOJIO)Kii'bIX 3HaKaX 3apsi)],a napn1e
:J 

pOB. 

B o6nacTH paCCTOSIHHH Me)K)].y ueHTpaMH KOJieU rl2 ➔ 00 k ➔ 0, II 

e2R 2 1 e2 
U (r ) = +-- - · U (r ) = + - · . .M 12 - 2 3 ' :J 12 - r ' 

. r12 12 
e2 [ 2 l U(rl2) =±- 1 ±_B_ 
r12 2r3 · 

12 

(12) 

a B CJIY'-'ae p
0 

<< r12 <<R k ➔ 1, 11 3)],ech 

e2( R ) e2( R ) U.M(r12)=±-R In-+0,07944 ; U/r12)=±-R Jn-+2,07944 ; 
7t r12 7t rl2 

l 
2 2 

± ~R = const! np11 3HaKax U II U npoTHBOnOJIO)KHblX, 
1t .M 3 ' 

U(r12) = · 2 

2e ( R ) ± - In - + 1,07944 - ecm1 3HaKH u II u 0)],HHaKOBbl. 
1tR r

12 
.M :J 

(13) 

2e
2 

2e
2 

( R ) Tipe)].eJihHhIMII np11 r12 ➔ 0 S1BJIS110TCS1 U(o) = ± 1tR 11 ± 1tR In Po+ 1,07944 ( 13'). 

10 

I 

3.2. Cny'laii pacnOJJO)KellHSI 11e npeuecc11pyiom11x KOJieu conJJOCKOCTHOro 

3)lecb, o6o311a'l11B paccTosi11ne Me)l(Jly. ue1npaM11 Koneu 4epe3 r 12, m.1eeM: 

U(r12) = U)r12) + U/r12); 

U = ± - - 1 + - cos <p -'=---'-'....c:.~__:==.,= d<p ; e2 1tJ ( R )312 [ r12 ] (2 - k
2
)K(k) - 2E(k) 

M 1t2R o r R • k 

7t [ 2 11/2 e2 2K k r rp rl2 
U = ± - J ( ) d<p ; - = I + 2 ~ cos <p + - ; 

3 1t2 R 
O 

I + r/ R R R R 2 

(14) 

2 
,, Po 

k- = I - - (r ,, = 0). 
4R2 L 

k2 = 41/ R 
. (1 + r/R)2 (Po« r12); 

Hmerp11p0Bm111e no <p B ( 14) )].JISI r 12 ➔ 
00 11 )].JISI p0 << r 12 << R II r 12 ➔ 0 J1erKo 

BblilOJIHSleTCSI, H pe3yJibTaTbl )],JISI yKa3allllblX o6nacTeH rl2 COBna)].alOT C npHBe)],ell

llblMII BhIWe cooTBeTCTBYIOIUIIMH Bhlpa)KeHHSIMII (12), (13) 11 (13'). 

KaK II CJie)].OBaJIO Q)Kll)laTh, paCXO)].IIMOCTII U(rl2) )],J]SI BCex 3Ha'lellllii ,.12 OTCyT-

CTBYIOT. 

3.3. XoA 311epnrn B3a11Mo)].eiicTBHS1 no . r 12 

Y)Ke ynOMIIHaJIOCb, 'lTO CBSl3allllble COCTOSIHHSI napbl B03MO)Kllbl TOJlbKO TOr)].a, 

KOr)],a 3apS1Jlbl napn1ep0B npoTHBOnOJJO)Kllbl. TI03TOMY pac•1eThl U(rl2) C flOMO!UblO 

Bbipa)KellHH ( 11-14) 6b1Jm BblilOJIHeHhl )],J]SI 3TOro HX CO'leTamill. 

Ko11KpeTHbIMH napn1epaMH napbl 6h1Jllt B3l1Tbl 3JieKTp011 II nm11Tpo11 C 

MIIIIHMaJibHO B03MO)KJ-lblM 31Ja'lem1eM U(o) = -511 K3B. 

Pe3yJJhTaThI pac'leTOB 11nniocTp11py10Tcsi P11c. 1. 

,J r,2} 
Cnnowl!hlMII KpllBhlMII 11306pa)Ke11 XOJl ul R Kpy)KKII )],eM011cTp11pymT XOJl 

( 
r12 I ( rl2 ) · U

3 
R J a KOCble Kpecn1K11 - UM R B nape connocKOCTHhIX KOJieu c napaJI-

J r12) (rl") 
neJJhllhIMH µzi" A 3aBIICIIMOCTh U 3l R u UM ,; naphI Koneu cooCllhlX c 11apaJ1-

JJeJihllhIMII )Ke µ . 11pe)lCTaBJ1e11a COOTBeTCTBeIIIIO TpeyroJihlll!KaMII II KpeCTIIKaMII 
ZI 
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U (keV) U(keVl 

0.2 
10,20 10-so 

10
-40 

1 
0 

-100 

~q 

-200 

Uor = 1J7keV= con?!. ~ 

-300 

-400 

-500 

+ 

X 
.x + 

+ X 

X 

Pttc.l 

\ 

xx 
XX X 2 X 

+ + 
X X 3 r,¼ 

+ 

npm,fblMH. Xo.D, U .!.UHi CJIY4llil aHTHnapa.rJJleJlbHbIX µ . B nape Ha pucyHKe 0TCYTCT-
M V 

syeT, T.K. OH 11erK0 no11y4aeTCH 3aMeHOH 3HaKa H3o6pa)KeHHbIX (AJlH napa1111eJ1bHbIX 

µ .) U ( rR12 J Ha o6paTilblH. 
Zl Ml 

· rf rl2 ) rl2 · 
BBHAY Toro, 4T0 ul R AJlH R > 4 c pocT0M .r12 acuMnT0THlJeCKH cTpeMHTCH 

2 
K KYJIOHOBCK0H 3HepmH B3aHMO.D,eHCTBHH T0lJelJHblX e + H e- U/r12) = - !!_, Ha 

rl2 

rl2 rf rl2) 
p11cyHKe AaHbI KpHHhie T0JlbK0 AO R < 4. A B CBH3H c TeM, lJT0 0TJlH'IHH ul R 
lJaCTHU-K0JieU OT Ky.r101ioHCKOH 3HepmH B3aHMO.D,eHCTBHH (noc11e.D,HHH ,[l,JlH cpaBHeHHH 

Ha OCH0BH0M - npaB0M - cpparMe1ne H306pa)KeHa nyHKTHpoM) oco6eHHO CHJlbHbl 

· rl2 TJr12J 
Ha oTpe3Ke 0 < R < 1, cpparMeHT xo.D,a no HeMy ul R (11eeb1tt) AaH B 110-

rapucpMHtJecKoM Macwrn6e ocu a6cuucc H 200-KpaTHbIM yee11HtJeH11eM ueHbI ·Ae

JieHHH OCH op.D,HIIaT. 

12 

.. '· rl2 
TTpusneKaeT BHHMaHue, n{)e)K,[l,~ ecero, B03HHKHoeemie B 0611acrn 0 < R <'- 3 

MH0roBapHaHTH0CTH X0.D,a 3HepmH B3aHMO.D,eHCTBHH napbl nony110KaJ1bHblX :meMeH-

J r ,21 · 
Tap11b1X 3apH)KeHHbIX 4acT11u-Ko11eu ul R ) a TaK)Ke paAHKaJlbH0e 0T,/IHlJHe ecex 

4eTbipex era BapttaHTOB OT KYJl0H0BCK0ro B 3T0H o6Jlacrn. 

. ., . J rl2) ·. 
TTp

0
n _3T0M o6a eapttaHTa ul R opio~o~ttTpoHirn, cymecTBe~110 pamtt~HbI 

rl2 rl2 · 
TOJlbK0 11a oTpe3Ke·-0,l <R<-3, a nptt RE (0;0,l)·mm cxo.D,HTCH K OAHOii tt 

.. . ·. Jr12J ., . . 
TOH )Ke IlOCTOHHHOH BeJl~lJH~e l/l R = -1,37 KsB'. T.e., B o6oeMe aT0Ma opTO-

Il03HTp0HHH c r 12 < O,IR cymecTByeT lf,[l,eaJlbHllil acttMilTOTtttJecKaH cno6o.D,a AJ1H>Ko-

11eu-naprnepon. 

He JlHilleHbl.- npaB.D,a, 11e H.D,eaJlbHOii, a Jl~rapttcpMHlJeCKOii TaKoii cno6o.D,hl If 

K0JlbUa-napTHepbl B napan03IlTp0HHH, T.K. B HeM AJlH·BCex rl2 < - O,lR 3aBHCHM0CTh 

J r 12 J . ·-1 l/l R _ OT r,2 11orap11cpMttlJeCKllil. /. 

Oco6h1ii Hl!Tepec Bbl3bJBaeT rny6irna norapttqJMH4eCKOH Il0TeHUHaJlbH0ii HMbl 

AJlH Ka)K,[l,0ro H3 Koneu-naprnepoe n napan03HTpo11ttn; noM0JI:ymo panttllil (cM:pttc.1) 

3Hepnm Il0K0H mo6oro H3 IIHX, T0r.D,a KaK, aHaJl0rHlJHllil HMa _B. 0pT0il03HTP0HHH 

HMeeT rny6u11y -:-1,37 K38 ~ 6011ee, lJeM,Ha .[),Ba nop_H.D,Ka MeHhlllYI0-.3.D,eCb, nep0HT

H0, H C0.D,ep)KHTCH qJH3W-IeCKllil ,npHlJIIHa npeB0CX0)],CTBa npeMeHH )Klf3HH 0pT0-
± . ' . 

no3HTpomrn (1,4· 10-7 
c) Ha.[), 'te = 1,25· 10-1° C napon03HTpOIIHH B - 103 pa3. 

Ho 11au6011ee Y.D.HBHTenbHblM CBOIICTBOM lJHCT0 3JleKTP0ManmTH0ro B3aHM0-

.D,ettCTBHH napbl no11ynoKaJ1bHb!X 3JleMeHT~pHblX lJaCTI-IU-K0neu xnnxeTCH MeTaMopcpo-

r 12 
3a K0HCTaHTbI B3aHMo.D,eiicTBmI r1PH nepexo.D,e H3 0611acTH 6011blllHX R' r.D,e 011a 

2 . . . , r12· 
HMeeT 311atJe11tte e 06h1tJnoro Ky11ononcKoro B3attMo.D,eiicTBHx, B o6nacTb R << 1, B 

. . ·,· ·: ·2 . ' .• . ,: 
_. . ·, 2e -

K0TOp0H MeHxeTCH H pa3MepnoCTb K0HCTaHTbl rtR (CM. C0QTH0!lleHirn (13) H_ (13'), 

tt Ha Mnoro nopxAK0B e01pacTa~T ee eenutJHHa, T.K . .D,a%e AJlH nau6onee nerKHX 

KOneu-neilTOHOB e- He+ R ±=6,7· 10-ll _CM. 
e 

OlJeBH)],HO, lJT0. BCe npHBe.D,eHHbie . Bbl!lle Bblpa%eHIUI 3HeprHH B3aHM0.D,eHCTBHH 

U(rl2) napbl K0neu~nemoH0B 3JieKTP0Ha H Il03HTpoHa npuro.D,Hbl ll AJlH .D,pyn-tx 3a-
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pH)KeHHhlX nap «JienT0H-aH:lUlenT0H» npH noJJ,CTaH0BKe B HHX BMeCT0 3!Ja1.Jelllrn RC 

C00TBeTCTBYIOIUHX Rµ IDIH R't, a .neneHHH lllKaJlhl 3HepmH Ha p11c. I JJ.OMl(O)Kl!Th Ha 

R R e e R IDIH R coorneTcTBeHH0. 
µ 't 

Xo.n 3Hepmii B3aHM0JJ,eiiCTBHH naphl 3apg)KeHHhlX nenT0H_a II 603011a (pa3yMeeT
CH, C Re= Rb) H T.n. M0)KH0 BhllJHCJIHTh C noM0IUhlO Tex ie coornorne1mii (11) II 

. . . R 
(14) C JJ,0Jl)l(HhlM YlJeT0M KBaHT0BaHHhlX 3Ha1.JeHHii In__: B 1.JeTblpexnoTeHUHa.nax Ila 

Po 
noBepxH0CTH K0neu napbl. 

'12 
TioJIY4eHHble napaBapHaHThl Ucoax II Ucop/ B o6JiaCTII -RE (0, - 3) MOryT 6bITb 

. ' p p ' . 

r 
IICfi0Jlh30BaHHhlMH )],JIH n0HCKa JJ.HCKpeTHhlX COCTOHl!IIH naphl C ( ~

2 
) ~ 3 (T11na 7t-

. Me30H0B H attan0rH'IHhlX Me30H0B C s· = 0), a TaK)Ke C0CT0HIIIIH «HeiiTpo11» C 
z 

h . . . 
sz = 2' B K0T0p0M napa BKJIIOlJaeT B ce6g K0JihU0-JienT0H C 3ap}JJ],0M, e > 0 II KOJihU0-

6o30H C 3apHJJ.0M -e "1epe3 pernem1e B0JIH0BhlX ypaBHe1-mii C Haii.neHHhlMH onepaTo-
coax cop/ ·, ·. · ,, ' 

paMII Up (r12) H Up (r12). TipH 3T0M napT0Hhl 6yJJ.YT npeJJ.CTaBJI}JTh co6oii 3Jle-
·. · .. . . . . . .. h 

MeHTapHhie 1.JaCTJ-IUhl-K0.(lhUa.c UeJihlM KBaHTQM 3apH.na ± e (11 CfillH0M M 2) II aJJ,eK-

. BaTH0 BhI6paHHhlM (B nape - 0JJ,HHM H TeM )Ke)_ R. lfro KacaeTCH npaBIIJla 
KBapK0B0ro C'leTa; TO B nape «HeiiTpoH» OHO TaK)Ke 6y.neT .neiicTBeHllhlM, eCJIII 

lJHCJI0 riapTOHOB B a.npoHe 3aMeHHTh Ha L, Mi= 1 + 2 = 3. 

3AKJUOY.EH11E 

11-raK, KaK T0JlhK0 Hai:rn.ny co cTa6HJihllO cymecrnyIOIUIIM KBaHTOBallHhlM 3ap}J
JJ.0M 3JieMeHTapHOH lJaCTIIUhl ± e 6bm Y'ITeH CT0Jlh )Ke CTa611JihHhlH o6ycJIOBJleHllhlii 
KBaHTOBaHHhlM MarHIITHhlM fi0T0KOM TOK 3T0f0 3apg.na, peanbH0CTh K0T0poro MII0-
roKpaTHhlMH T0'IHhlMH H3MepeHIIHMII MarHIITllhIX M0MeHT0B 1.JaCTHU JJ,aBH0 JJ,0Ka3alla, 
H 6hlJIH HaHJJ,eHhl BCe K0Mn0HeHThl co6crnem10ro 4~x noTellUHaJia noKOHll{eHC}J 

lJaCTHUhl (i\j/, 0, 5lq,, 0), TaK HMeHHO B TOH )Ke o6naCTII ~6Jll13H 'taCTHl{hl, r.ne xoporno 

HCCJieJJ,OBllHHbJe 3Kcnep11MeHTaJlhHO CHJlhH
0

ble, cna6ble ·u 3JleKTp0Mar11nTllble B3aHMO
.neiiCTBirn .no CHX nop npHHHT0 ClJHTaTh HMeIOll{HMH pa3JJH'IHYIO npnpo.ny H 
pa3JIHlJHhJe HCT0'IHHKH (HOCHTeJJH),. B KOTOpOH HaHJJ,eHHble CKaJI}JpllhlH 'JI H BeKT0p

HhlH 5lq, noTeHUHaJlhl HMeIOT npHMepH0 paBHble M0JJ.YJIH, 6hlJIH 11aii.neHbl PU.UIIKaJlhll0 

14 

OTJlll1.Ja10m11ecg .npyr OT .npyra HeCK0JlbK0 Bap11al1T0B 0JJ,II0fO II Toro )Ke 1.JIICTO 3JJeK
Tp0MafllHTIIOfO B3aJIMOJJ,eiiCTBlrn, 06na.na10m11x CBOiicTBm,111 KaK CIIJlhlI0fO (B napa
COCTO}Jlllrnx), TaK II cna6oro B3al!MOJJ,eiiCTBllii. 

HeJJh3}J He ouem!Th B 3TOii CBH311 Bceii rny61111b1 BblCKa3aHHOii eme B nepB0M 
)].eC}JTIIJJenm 20-ro BeKa MblCJIII felIJJ.pl!Ka A1no11a Jlope,nua: « ... MO)KIIO ClJIITaTb, 
1.JTO BCe CIIJlbl CB}J3allbl 6onee HJIII Me11ee Tec110 C Te~m CIIJlaMII, K0TOphle Mb! 1ny1.JaeM 
B 3JJeKTpmtallleTH3Me» [21 ]. 

31Ia1.JJIMOCTh MalllllTIIOro B3aHMOJJ.eiicTBIIH 3J1eMe1napHblX 1.Jacn1u npO}JBJI}JeTC}J, 
ecTeCTBeHII0, oco6e11110 }JpKO Me)KJJ.y 3JleKTpOIIOM, o6JJaJJ.aIOIUIIM YIIIIKaJibll0 
60JJhlllllM µze II mteIOIUIIM HyJJeBoii cyMMapllbiii 3ap}JJJ. HeiiTpOIIOM . C ero 

µZII = -9,66· w-24 3pr/fc (CM. ofoop Teopmt H 3KCnepm1e11TaJlbllhIX )],allllblX 0 ne-. 

B3aHMO)].eiicTBHH B [22]). 
ABTOp IICKpem1e 6naroJJ.apHT 03HaKOMHBlllHXCH C pa6oToii nepeJJ. ee 

ny6nuKau11eii B.Jl.AKce110Ba, lO.A.AneKca11.upoBa, r.H.AcpatiacbeBa, <1>.A.rapeeBa, 
B.11.JlymuKoBa H A.E.TiecToBa Ja ue1111h1e nucKyccu11 11 ll0M0IUb, a TaK)Ke A.B. Ee
nyrnKmta II A.E.TionoBa, coo6m11_BWIIX O pa3pa60TKe B KOHUe 60-x IT. TOpOll)].aJlh
HOii Mo.uen11 "laCTIIU 3. l1.Orp3eBa.JihCKIIM, pe3yJJhTaTbl KOTopoii ee aBTOp ony6mtKO
BaTh, K co)Ka.ne11mo, 11e yc11en. 
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Marnp~ H.M. P2-95-98 
HeKOTOphle CBOiiCTBa 3JJeMe11Tap11hlX nonyJJOKaJlhllhlX KBa!ITOB,lllllhlX 'laCTIIU·KOJleU 

\ •-',• , ' : ' ' ' ' ' 

P~ccMo;pe11h1 ··csoiicrsa MO)le.%HhlX Japl!lKeH1th1X ,meMemap11h1x nonynoKaJJhHhlX KBa11rnsa1111htx 
'JaCTIIU·KOJJCUJICnTOHOB, 6030110B II T.11., B KOTOphlX 11apimy C KBallTOM 6eJMaCCOBOf0.3aplllla ±e llMeeTCll_ 
CTOJlh lKe CTa6ilJlhllhlii. npOHIIJhlBalOtUHii KOJlhUO KBaHTOBailllhlii ' Mant11T11htii noTOK 
<l>.·=M<)>0 (M,;, 1,2,3, ... ), 06yCJ1osmmaio11111ii cymecrnoea1111e cmma S.=Mh/2 11 __ Mari111-i-11oro·Mm1e11rn 

µ
0

= eR/2_ (R _,...:. 60JlhWOii: pallilyc. KOJlhUa) ·'laC;IIU C. MaOl~TOM~Xalllt'lCCKIIM OTIIOWeHileM 
.r:, = µ,/ s,, = 1,00134 ms e/mc .)IJlll JJenTOIIOB, gb = 1,00067054. e/mc 6030110B II T.)I. Haiiae11a ~IIIO!U· 

BapHatlTIIOCTh XO)la _3Hepn111 U(r12) 'IIICTO 3JleKTpOM~nmrnoro B3attMO)leiicTBllll naphl 6m13KIIX 0llpyr K 

llpyry' 'laCTIIU;KOJJeU B TOii o6nacnt paCCTOlltlllii r,2 ~te~y IIIIMII, rne MelKllY 3KBIIBaJJeHTJlh1Mll no M;Cce 

Mpo11a~m 11MeeTcS1 c:11J1h1toe BJam1oneiicrn11e. 0111111 113 • eap11a11T~B no CBOIIM csoiic-rsaM J)leCh 6.~1130K K. 

°CIIJlhllOMY B3at1MO)leiicTBIIIO, apyroii-K CJJa6oMy: .[loKaJa11a lleBOJMOlKIIOCTh OllllOBpeMell;IOro 06J1a:tallltll 
paccMorpe1111h1MH 'la~rnua.\11!·Ko11i,uaMll°)lp0611uM JapllaoM II cmmoi.i s, =1,/2. ' 

Pa6orn Bbmon11e11a B Jla66parnp11;l 11eii-i-po1111oii cjnn11K11 tiM. H.M.ct>paitKa OH5111. 
' ,, ',, ' ' " ' 

Openp~IIT 06-h~)IHHellllO~ lll;·CTHTyT~ llll~Pllh;X 'nc~e)IO~aHltii . .!ly611a, .l995 

_OepeBO)I aBTOpa 

Matora I.M. 'P2-95-98 
Some_ Properties of Elementary S~!nilo~al Quantized Ring-Rarticks . 

/· 

· The properties of ~~del charged ;emilocal quantized eleme~tary .ring-particles of lepton~: bosons , 
etc: are considered, in which together with a quantum of a massi'ess_ charge ±e there exists so stablc;as 
±e, a quantized magnetic Hux <!>.:: M<)>0 (M = 1,2,3, ... ), penetrating the ring, which. causes the existence 

of ~pin S. =Mh/2 and imag~etic moment µ = eR/2 (R-big ring radius) of particles ~ith a 

1nagne;ome1hani7at relationg1:: 1,00134108 e/mc
0 

for leptons, gb = 1,00067054 e/mc for b~sons arid so 

on. 'A multivariance· of a pure elect~omagnetic interaction energy dependence of a pair of ring-particles 
· is found in that region of disiances r12 between partners/ where a strong in~eraction takes plac.: aino,ng· 

hadrons equivalent the_m on ma~s. One type by its properties is similar to a strong interaction.while the 
othir ..:_ to a weak one. The impossibility of simultaneous possession the fractional charge ·. and spin 

.St =1'il2_fonhe considered ring-particles has bee~ proved.·. ' 

The investigation ha.~ b~en perfonned at the Frank Laboratory of Neutron Phsics, JINR . .,... . . ' . . . \ ,' ' \,, ' .. 

. ' 
·' , Pre~rint of the Joint Institute for Nuclear Reseru'ch. Dubna, 


