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I1oso.n;o;vr ll,JIH HacTmuue:H: pa60Thi nocny)IQ.fna cTaTbH I1.M.<PpaHKa Ill, 
KacaromaHCH pem=ITHBHCTCKOro npeo6pa30B8HHH MOM€HTOB MarHHTHOro 

H 3JI€KTpHt-1€CKOrO )J;HIIOJieli. 0TJIHl.JHT8JlbHOfi oco6etrnoCTblO H3Jiara€MOrO 
H11)K€ ITOLI,XOLJ,a HBn:.HeTCH era HBHO peJIHTHBHCTCKH-KOBapl'IaHTHhlfl xapaKT€p. 

1. KaK H3B€CTHO) cywecrayeT recHaR CBH3h Me)f{,ll;y MexrunftJeCKHMH 
n MarHHT03JI€KTpHqecKHMl1 csoilcrsaMH !'vlarep:nanhHhiX T€Jl. MO)K8T 6biTb, 

II03TOMy B M€!0)lHl.JeCKOM rma.He JIYl.Jlll€ Hal.JaTb Harne paCCMOTp8HH€ C TpaHC
c\:JOpMaiJ;HH 6onee rrpHBhll.JHOrO MOM8HT8 HMIIYJibCa. 

HarroMHHM, liTo pemiTlfBHCTCKHH MOMeHT HMnynhca onpenenHeTCH 
apeMeHHhiMH KoMrroHeHTaM:n aHTHCHMMeTpwrnoro 4-TeH3opa Mik (''Mo
MeHra 4-HMITyJThca"): 

(1) 

3necb i, k, ... = 0, 1, 2, 3, fik£n - reH30p JiesH-q€BHThi ( ( 0123 =1), 
X£ ~ pn = mun - KOOp,!l,HHaTa H 4-HMITyJibC l.JaCTHUhlj cyMMHpOBa.HH€ npo

H3BO,lJ;I1TCH ITO BC€M l.JaCTllUaM, BXO.[{,RII.J.llM B COCTa.B CHCT€Mh1. IlpH 3TOM 

rrpocrpaHCTB€HHhie KOMITOH€HThl MaJ3 (a. {3 = 1, 2, 3) OllliChiBaiOT ,ll,BIDKeHHe 
(IT0JIQ)K8HHe) U€HTpa llH€PUHH ,lJ;a.HHOft CHCT€Mhl. 

C ;r::~;pyroti CTOpOHhl, ,l],JlH peJIHTllBHCTCKOrO MarHIITHOrO MOM€HTa CH
CT€Mhl 3apH,D,OB HM€€M 

(2) 

c = 1. II pH 3TOM t.IHCTO rrpocrpa.HCTB€HHbie KOMITOHeHThi a.H'THCHMMeTpmrno

ro 4-T€H30pa jfi 'k onp€,B,€JlHlOT p€JlHTHBHCTCKHff: 3J1€KTpHl.JecKHft ,JJ;lUIOJiWbJH '2' 1 . MOMeHT' '. · 

ECJIH y BCeX l.JaCTHI.J; CHCT€Mhl OTHOill€HH€ 3apH,na K. MaCCe O,lJ;HHaROBO, 
TO aeJIHt.IllHY e /m MO:>KHO Bhlli€CTH 3a 3HaK cyMMhi. B pe3yJihTare HatmeM, 
qTQ 

m ~-"-M 
J ik 2m ik 

Ecnu npH 3TOM paaeHCTBO 

~-•- M 
2m Oa 

© 06beAHHeHHblli HHCTHTYT R.AepHblX HCCJieAOBaHwi Jl.y6Ha, 1990 
l 

(3) 

(3 ') 



OIIHChiBaeT H3BeCTHYIO CBR3b Me~y MarHHTHhiM 11 MexaHMqecKHM MOMeH

TaMH cMcteMbi, ro ananorwrnoe paaencrao 

ln 13 ~-e-M (3 
a 2m a 

(3 ") 

Bbipa:>KaeT CBR3b Me)I(,Il;y 3JleKTpMtlecKHM ,UMilOJlbHhlM MOM€HTOM 11 llQJIQ)K€

HMeM (nBH>K€1-IHeM) U€Htpa HHepU;JUt CHCT€Mbt*. 

C yqeTOM (3) Ha OCHOBaHl·JM clJOpMyJI npeo6pa30BaHHH ]l;JIH KOMITOH€HT 

MexanwtecKoro MOMenta M 1k (eM., nanpnMep, 
141

) MO>KHO cpa3y nanHcarh 

cooraetctayiOI.IJ;He Bhipa>KeHHR .IJ,JU1 penHrHBncrcKoro ;rntnonblroro MoMenra 

~ ik • llepexo,IJ,R K npHBhltnthiM o6o3naqeHHRM, to ectb nonaran 

d ~' lit a apy py (4) 

r,n;e (a{3y llOJlHOCTblO aHTMCMMMCTpHqHhlii €,lJ;HHMqHbiii T€H30p ( ( xyz = 
- 1) , norryqnM 

( 5a,6,B) 

(6a,6,B) 

3,n;ecb co6craennaR cHcteMa orcqera S * conoKynnocrH paccMatpHaaeMbiX 

qacTitU .llBH>K€TCR OTHOCHTeJihliO S -cHCT€Mhl B,llOJlb OCH X CO CKOpOCTbiO 
(3, ·y= (1- l'l")-112 . 

2. PaccMotpHM renepb necKoJihKO qactnhiX cnyqaes. llycrb HHtepe

cyto!WlR HaC CHcTeMa 3apR,llOB npenctaBJUI€T co6oii paMKy C TOKOM, 3JI€K

rpu:qecKHii nnnonbHbtH MoMeHT KotopoH d = 0. Ecnn Konryp c TOKOM 

OpJteHTHpOBaH HOpMaJibHO K HanpaBJieHHto ,lJ,BH:>KeHHJl, TO Ha OCHOBaHJUt 

(5a) 3aKJIIOtJaeM, qro, B OTJIHtute OT BhiBO)J.OB /1/, ero MarHHTHbtii: MOMeHT 

ne Ii3MeHHetcH- npu nepexo.ne or S *- K S-cMcteMe. H, Hanporna, Marnm

HhiH MOMent KOHtypa, IUlOCKoctb Koroporo napannenbHa nanpaaneHiuo 

,D;BH)f(eHI-tR, Ha QCHOBaHHH (56,B) pacteT C YB€JIHqeJIHeM CKOpOCTH )l;Blt>Ke

HHR: 

(56,B) 

KaK BIUlHO, nocne.n;nHH pe3ynhrar raK)Ke pacxo.n;HTCR c cooraercrnyroi.IJ;HM 

BbiBO,ll;OM OTMeqeHHOfi pa6otbl. 

* HMeHHO cnencTBneM ¢opMynht ( 3 '') RBnReTCR m-tepu.nanLno-:met<TpHqecKnii 
3£\>¢leKT /3/- ammor H3BecTHoro 3t\>¢leKTa BapHe·na. 
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lJTO KacaeTCfl 3JI€KTpHli€CKOrO UHITQ.llhHOrO MOM€HTa, TO Ha OCHOBa
HHH (6) era npO,UOJihHaH K0MITOH€HTa d X QCTaeTCH H€H3M€HHoil, a ITOIT€
p€trnhT€ COCTaBJ1HlOlll)1€ pacTyT C YB€JIHlJ€Hlf€M CKOpOCTH. TaKO€ TIOB€IJ;€HH€ 
OITHTb-TaKH H€ cornacyeTCH C BhiBO,llaMH Ul1THposaHHOJ1 CTaTbll. EOJihW€ 

* * Taro, yTBep)KLI,€HHe, LJTO sem-rLIHHa .unnoJihHoro MO:'v1€HTa d x""' e E nsyx 
* * 

3apm:J;OB e H - e, paCITOJ1Q)K€HHhlX Ha OCH X B TOLJKaX X e =f I 2 H X_ e·=-f I 2, HE' 113M€HR€TCFI ITpH nep€XO.U€ K Ll,B¥:PKylU€i1:CH CI1CT€M€, Ka)K€TCFI B006lU€ 
a6cypll,HhiM, nOCKOJihKY paCCTOHHH€ p* npn 3TO:vi ;:t;OJDKHO npeo6pa30Bbi
BaTbCFI. Ka)KJ'I.IJ;Hilca napa,l:l;OKC o6ycnOBJI€H TeM, LJTO ITOCJI€llH€€ Bhipa)f(€HH€ HBJIH€TCH cyry6o HepeJIHTliBHCTCKHM. BbiT€KaiOlllaH )K€ 113 (2) COOT
B€TCTBYIOWaR p€JIRTHBHCTCKI1-KOBapHa.HTHaH Q:>opMyJia HM€€T BH,U 

e d ~-2-(tp -Xp ). X tn X t (7) 

B cHcTeMe noKOH S* HMITyJihC p; = 0, 3Hepnm Pt=m, 11 Mhi ,ue}ICTBH
TeJrhHO rronyqaeM npHBhrtrnoe Bhipa)KeHHe. O;::umxo B UBI-DKYllleficH S-cncTeMe px ""(3my, pt =my H c yLJeToM QJopMyn npeo6pa3osaHHH ,unH KoopuHHaT Hai1:,l),e:vr 

( 7. ) 

TaKHM o6pa30M, KRK Mbl Bll,li;HM, npo.UOJibHaH KOMITOH€HTa 3Jl€KTpHlJecKOrO ,UHTIOJlhHOrO MOM€HTa .LJ;€ilCTBHT€JihHO OCTR€TCH H€113M€HHOI':f npH .UBH)f(€HHH. 3. PaCCMOTpHM 6onee ~eTaJihHO CJiytiafl:, l(Qr,Ua paM I<: a C TOKOM (B Bll,ll;€ n* * * KB~paTa co cTopoHaMH r. ) nemHT B rrnocKoCTH x , y . ITycTh AJIH npo-
cTOThi ee U€HTp COBrra,uaeT C HalJaJIOM KOOp.UHHaT, a CTOpOHhl napaJIJI€JlbHb1 
COOTB€TCTBYtOlllHM OCHM. MarHHTHhifi: .UHIIOJlh o6pa3yiOT lJ€Tbipe 'JJ1€KTPOHa, HaXOD.HlUJ1€Cfl B MOM€HT BhiLJHCJI€HHR B cepe,UHHaX CTOpOH KBa.LJ;paTa. TOK 
HarrpaBJI€H rro tiacoaoH c-rpenKe. HaliHeM c 3J1€KTPOHa Ha rrpasoH cTopmte KBa.,D;paTa, y KOTOporo X* = ~*I 2 (,uanee - npOTHB qacoBoi:J CTp€JIKH) • B pe3ynhTaTe Haii.LJ;eM 

!m* e * * * * Jll z ~ 2 -- (X Py - Y Px ) 2m 

_ e* e* * e* * e* ~......£..[-p --.(-p )+(--)(-p )-(--Jp*l~---8 e*p* 2m 2 Y 2 x 2 Y 2 x m 

(8) 

* * * A 6 d* 
rJJ.e Mbi yqn11, lJTO Px = py = p . HanorHlfi-lhiM o pa3oM, HanpHMep JJ.JIH Y , 6y.n,eM HM€Tl> 

-d* ~2 ~(y*p* -t*p*) y m t y 
e * e * =..::.'!..._ [ -·-. m + (- -·-) m 2 2 

m] ~ 0. (9) 
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}.];sa BhinHCaHHbiX ttJieHa COOTB€TCTByiOT B€pXH€MY H HIDKH€MY 3JI€KTpoHaM, 
,[J)IH npocroT&I nonaranoc&, liTO t * ..., 0. Heo6xonHMo no.uttepKHyTh, liTo 
B paMKaX T€0pHH OTHOCIH€Jlbf-{QCTH CTaHOBJITCfJ cylUecTB€HHhlMH MOM€HThl 
Bp€M€HH, B KOTOphte B }laHHOM cnyqae "6epyTCR" npaBhtif H JI€Bbiii 3JJeK-

"' -t * * rpoHhL lleHCTBHTen~;Ho, npH tn t 
11 6yneM HM€Th, ttTo d y .;i 0. OnHaKo 

cornaCHO CJIO)f(HBlUiiMCft rrpe.UCT3BJI€HHRM 3Jl€KTpHli€CKHii )l,HfTOJihHhtii MO
M€HT raKoii cHcTeMbi )l,OJI)KeH 6hiTb paeen Hynw. A 3To o3HattaeT, lJTo yKa-
3aHHhte 3JieKTPOHhi non)f{Hht "6par&ca" HMeHHo onHoepeMeHHo. Ho, MO)KeT 
6onh, caMoe ea)t(Hoe 3.UeCL 3aKnrottaercR a TOM, liTO nocnennee ycnoeHe 
QJaKTHttecKH 3anaer <PopMyny npeo6pa3oBaHHH .una nponmTbHoro pa3Mepa 
paMKH. Eonhwe Taro, TeM caMhiM 3.Uech HeHBHO BBO.UHTCH onpenenenHe 
ea:>~moro QJH3HttecKoro noHHTHH rrpononhHoro pa3Mepa penHTHBHcTCKn 

• • .uemKymerocH rena*. Herpy,uHo en.ueTb, liTO, nocKoJI&Ky tn- t
11 

=0 ("ycno-
Br-t:e CHHXpOHHOCTH"), paCCTOHIIH€ M€)f(.D,y 3Jl€KTPOHaMH B nBH)KylUeiicH 
CHCTeMe e:::: xn -xn )l,OJDKHO onpenem:rTbCH "cJ:lOpMynoti: YllJIHH€Hl-fR": 

• e ~ e Y, (lOJ 

£• • • 
r.ue = xn -x 11 

4. TiocrrenHJ·rti: npHMep, no HaUJeMy MHeHHJO, nprmo.n.HT K Ba)K]-{htM 
CJle,ItCTBH.RM .UJIH <PH3HKH 3JI€M€HTapHbiX li3CTHU**, Tio COBp€M€HHbiM npe.n.
CTaBJI€HIUIM, anpOHhi, HanpHMep, CYTb C0CTaBJJ€HHhl€ H3 KeapKOB o6b€KTht 
KoHeliH&rx pa3Mepoe. B llacTHOCTH, .UBHIK€HHe KeapKoB npHBO)l,HT K cyw;e
cTeoeaHHIO Mari-IHTHOrO MOM€HTa. CKa)f(eM, HeihpOH COCTOHT H3 U-I<BapKa 
H Jl.BYX d-KaapKoB. B npocTeiiweti:: cHMMeTpHtn-wti:: I<oHQJHrypaunH u-KaapK 
aaXO.D;HTCH B UeHTpe (X* = 0), a d-RBapKH (c paBHbiMH ':f npOTHBOJIOJIQ)I(
HhiMH HMnyJibCaMH)~ Ha O.D;mtaKOBbiX paCCTORHHRX OT UeHTpa (x* H- x*). 
BocnoJib30BaBUIHCb QJopMynoti:: (7) AJIH nYmOJibHoro MOMeHTa Hei!TpoHa, 
Hati::.UeM 

,.. e * * * d =--(t -t )p x 3m n n x 
d 

(11) 

3nech t; H t ~ - apeMeHH&te Koop.UHHaT&I npaaoro 11 neeoro d-KaapRoe. 
qT06bi o6ecneliHTb BhtnOJIH€HH€ 3I<CfT€pHMeHTaJibHOrO ct>aKTa OTCyTCTBHR 
co6cTB€HHoro 3JI€KTPHllecKoro .unnoJibHoro MoMeHTa y neti::tpoHa, Hy)I(Ho 
)l,OnyCTHTb, liTO ero KOHCTHTyeHTbi "6epyTCR" O.D;HOBpeMeHHO (CHHXpOHHO) 
HMeHHO B co6CTB€HHOti:: CHCT€M€ llaCTHIJ;bl 8* /6/ • HeTpynno JIOJ<:a3aTh, lfTO 

*COOToeTCTBYtOlllee MO]:U!¢lU<8llHH OnpeneneHHR penRTHBHCTCKOii nnmtbT (CM., 

nanpHMep/ 
5
). 

* * Kone<IHO, npHMeHHTenbHO K 3JteMeHTapHMM ttaCTHUaM MM non:>t<Hbt nonb30B8TbCR 

COOTBeTCTBylOlllHMH onepaTop3MH. 0Wt3l<O ¢M3Httect<aR CyTh npo6neMbl OCT3.UeTCR 

HeH3MeHHOii. 
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3TOT BhiDO)J, COXpaHH€TCH H TipH H€CHMMeTpHlffiOfi: KOHclJHrypaiJ;HH KBapKOB, H ll)IR ,upyrHX a,upOHQB. I1HhiMH CJIOBaMH, B3aHMO,U€fiCTBH€ a,n;pOHa rrpOHCXO· .UHT TaK, lJTO COCTaBJIRIOlUH€ era KBapKH ,n:eftCTBYIOT (B Cp€.UH€M) O,.IU10BpeM€HHO B S * ·CHCTeMe. YcTaHOBJieHHhill B aacTORIIJ;ee apeMH aepXHilli rrp~M }lJ1H C06CTB€HHOrO 3Jl€KTpll'I€CKOrO )l;HTIOJihHOrO MOM€HTa HeiiTpoHa / 7 I II03-BOJIR€T 3aK~'liOqHTh, qTQ .UOITYCTHMaR H€0,UHOBpeM€HHOCTh ITpH CKOpOCTH .UBtDK€Hllii KBapKOB OKOJIO 1 CM/C H€ npeBhiWaeT ""10-25 b, a npH CKOpoCTHX, 6.rH13KHX K CB€TOBbiM,- "'1Q-35c. Ta.KHM o6pa30M, .UJIH paCCTOHHuli nopHnKa 1 CM H€0)J,HOBp€M€HHOCTb H€ MO)f(€T 6hiTb 6oJiblli€ ""'1 o- 12
c. TI03TO· My MO)KE·lO CK'a3aTb, qTo JIOp€HIJ;€BO COKpaiiJ;eHH€ MOE€T e,!l;I1HCTB€HHO llpOH· BHTbCF.l rrpH CKOpOCTHX .UBH)f(€HHR TIOpR.UK'a 10-12 CM/C, a BerJHLlllHa ero COCTaBHT OK'QJIO l(J2 ~o. ilpH 3aM€THhiX )K€ CKOpOCTHX )J,BH)f(€EHH Mbl BCer)J,a 6y;a,eM HM€Tb y;a,JIHH€Hll€ I1pO,!l;OJibHhiX pa3MepOB B COOTB€TCTBI1H C KOHU€II· UH€if peJIHTHBHCTCKOfl: )J,JII1Hbl. 
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