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S U M M A R Y 

In the long-w.l.ve approximation the transverse electrical 

multipole form factors Et[-k:l) are usually[4 ,flreplaced by 

the charge f.f. ~'tfk.1 . In reality E~ {:-k.~ have an exact 
[~l] ~ 

structure E ~ (:-t:·t) = w Q t- f!!.l) + k'.t I;[- k'~) 
( l) 

where Te.(:k.Z) are the independent f.f. corresponding to static 

moments with speci 11 physical properties and called by us toroi

dal~"] 
p - 1-

The transitio 1 of the nucleus Ee9 J:: 7;-.). ~ is considered 

which is induced by- high-energy electrons scattered at large 

angles. This example shows that the ordinary replacement ~~~~ 
with a subsequent aeglect of the contribution from its in the 

cross section, as ::ompared to the contribution of the correspon

ding magnetic f.f. Me. {:tl} is not also justified quantitative~ 
- t-

Taking into account (l) for the transition J/2~1/2 the 

scattering cross section is of the form lJ 
cU= d.JO[Q:+t kJ(i~-ttt)[-1 M: + ~2~ T ... [~Q1~)+c.o2Q:J. C2) 

From the calculati:>ns of q._ , Tl and ML by the shell model 

with L..:.S coupling it follows that th~ fact w{J1 <~ M.Z. but ~"" t1J.. 
Conclusions: i) to estimate correctly the contribution from 

it is necessary to take into account its exact structure (l); 

ii) to find the magnetic f.f. ( starting with ::2) 1t is not enouiJl, 

as is usually suggested, to measure the cross sections at large 

angles ( eq. (2) ), but it is rather necessary to perform 

correlation measurements. 

A set of experiments for separate determination of the f.f. 
+ 

of the transition J/2 ~ 1/2 is discussed in detail. 



1, Yfs MynbTHITOnbHOI'O pa3nO)I{eHH51 8neKTpOM8I'HH1'HOI'O TOK8 B Knac
/ 1, 2/ 

ClP·!eCKOM H KBBHTOBOM cnyqae, ITpOBeJleHHOI'O B pa60T8.{ 1 cneJlyeT, 
2 

'ITO rrorrepe'IHhle 8neKTpH'leCKHe ¢opM¢aKTOphl Ee~k ) nMeiDT cTpyKTypy: 

( 1) 

T.e, COCT051T H3 rrpeJlCTBBHTenelt llBYX He38BHCHMbiX MYJibTHITOnbHbiX CeMeltcTB: 

sap51JlOBbiX QE ( -k 2) n TopoHJlHhiX Te (- k2 ) MynbTHrronbHbiX ¢opM¢aKTopoB. 

/2/ 
KaK ITOK838HO B pa6oTe , BbiL\eneHHe TOpOHJlHb!X <jlopl\i¢aKTOpOB B03MO)I{H0 

TonbKO B TaKHX rrpoueccax, r11e rrepeJlaBaeMbie HMrrynbc ,r k ~ ,f 0. 

B JlBHHOii pa6oTe paccMaTpHBBIDTC51 TOpOHJlHhle cpopM¢aKTOpbi rrepexo11a 

HL\pa 
98e B B036y)I{L\eHHOe COCT051HJ!e ITpH pacce51HHH fa HeM BhlCOK08Hep

reTH'leCKHX 8neKTpOHOB. OpH nsy'leHHH pacce51HH51 8neKTpOHOB Ha nerKnx 

H cpeJlHHX 51Jlp8X 06hl'IHO HCITOnb3yeTC51 rrapaMeTpH38UH51 TOK8 (eM. HBITpH-

/3/ 2 
Mep, ), B KOTopolt E e(-k ) B 51BHOM BHJle He p83Jl~neHo. Opn HC-

rronb30B8HHH TO'lHoro orrpeJleneHH51 Ee ( -k 2) HHKBKHX HenopasyMeHnfi ns-sa 

8Toro, KoHe'lHo, B03HHK8Tb He MO)I{eT, onHaKo rrpHH51TO 3aMeH51Tb Ee (- k 2 ) 

rrepBbiM qneHOM cyMMbi ( 1) 0 T,e, 38p51JlOBOH 'l8CTbiD W Q~- k 2), 'ITO rrpH-

BOJlHT K rroTepe HesaBHCHMbiX rrapaMeTpoB TE (- k 2) H < B03MO)I{HOCTH 

KOnnqeCTBeHHhlX OWH60K, TaK, HarrpHMep, B p51Ae pa6oT ITO pacce51HHID 

/4/ 
MeKTpOHOB Ha 51/lpax • HCXOJ151 H3 38MeHbl E e -+W Oe • YTBep)KJ18eTCH, 
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'JTo nKnaLI0"-1 Er B ce'JGHHe l\·lO:>KHO npene6pe'lb. B nei'lcTBIJTenbHOCTil, K ··,K 

6yueT fiOKaaAHO HH:>K8 0 BKilaJJ TOpOHJJHOI1 '!nCTH B CC'I<?IIllC pncce>IHH'rt MO!i'PT 

ObiTb cymecTBeHH ,JM H npene6pe:>KeHne HM MO:>KeT npi!BDJJllTh K :JHa'li!TCnb-

Hbll\1 OUlliOKaM IIpi OIIpCJJCilCHHH H3 8KCIIE!pHMCHT£lJ1bHb!X 11fll!HLIX B!.!CUlllX 

M3f'HiiTHb!X MOMCf TOB, Hfl'JHH£l5l C KBa,llpyiiOJ1bHOrO. 3ai\WTllM TllK:>Kc? 1 'ITO 1303-

MO:>KHOCTb 60J1bWUX BKJ13JJOB 
- _ I 3/ 
Ob!na paCCMOTpeHa B paOOTe OCI!OB-

7 
Li 6e3 H3MeHCIIIl5l op6HTanbHol! 'JeT-110 i\ BK113Jl B CC'-!E HUe pacCC5lHil5l !Ia 

HOCTH 5lllpa !IpH naeT E ( /3/) 
2 CM, pHC, 3n , 

+ 
B HaCT05liUCJ! pa6oTe paccMoTpeH rrepexo!l 3/2 _, 1/2 >~npa 9 Be 

rrpu paCCC5lHUU Ha HCM BbJCOK08HepreTU'l8CKUX 811CKTpOHOB Hil OOI!blllllC yr

llbl, <PopM<jlaKTOpbi rrepexo!la Hai1nen·br B o6ono'-!C'-!HOi1 MO!lenH c L- S CBH3biO 

U IIOK333H0 1 'JTO H3-33 M3110H 8H8pruu B036y:>KilCHl!H BK1131l0M 3apHt:lOBOrO 

JJl!fiOilbHOrO <jlopM¢aKTOpa B fiOIICpC'lHYID 'J3CTb TOKa MO:>KHO rrpeHe6pC'lb, 

HanpoTnB, Topoun 'lbiH nunonhHbiH <jlopM<jlaKTop cymecTBeHeH. 

H ailaeHbi o611aCTU 3Ha'-!enui1 nepenaBaeMbiX HMrrynhCOB, llllH KOTOpbiX 

BK113Jl TOpOUilHOrO llHfiOIIbHOrO <jlopM<jlaKTOpa CTaHOBUTCH llOMilHUpyiDIU!lM, 

no!lpOoHO oECy:>K!lCH fiOJIHhlH OfihlT llllH p331l811bHOrO ll3MepeHH>I BCeX 

+ 
¢opM<jlaKTopoB nerexo!la 3/2 -> 1/2 • 

2. PaccMoTrnM pacceHHHe aneKTpoaoB Ha HerronHpn3oBaHHhlX H!lpax 

9 
Be, HaXOilHIUHXCH B ocHOBHOM coCTOHHHH P3;2- . B pe3yllbTaTe pacceHHIIH 

HllpO rrepeXOill!T B B036y:>Kil8HH08 COCTOHHHC S I ; 2+ C 8Heprneil B03oy)K-

/5/ 
llCHHH W = 1,665 MsB , TaK KaK H3'l£lllbHOe ll KOHC'JHOe COCTOHHllH Hrtpa 

HM8IDT pa3nll'-!HYID 'JCTHOCTb 1 TO COrJiaCHO rrpaBHI13M OToopa, B03HHK3!0lUI1t•1 

rrpn rrpocTpaHCTBe !HOM oTpa:>KeHllll ( C!vt, Ta6nnuy 1 B rrpi1110)!{8HJ!H), B ce

'-!BHne TaKoro rrprn.ecca aa!lyT BKJI3Jl sneKTpll'-!BCKllA Q 1(-k 2
) ll TOpOllllHhlA 

T 1(-k 2) nnnonbHLJe n MarHHTHbiH KBanpynonbHbiH Mi-k
2

) ¢opM¢aKTopL:. 

/6/ 
Ce'-!eHne pacceHHHH TaKoro rrpouecca nMeeT Bll!l: 

da ) da ~ l 2 e (-- =(--) all +(- + tg -) al ], 
dO rwnonllp. dO. MOT 2 2 
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r11e oil orrpeJlemieTCSl TOnhKO 3apHJloBofi rrpoJlonhHoil: '!acTbJO ToKa, a a L- rro-

rrepe'!Hofi '!aCTbJO JL H COJlep)!(HT KBaJlpaTbi MOJlynefi MarHHTHoro M 2 

TOpO!IJlHOrO Tl II 33pSlJlOBOrO Q
1 

lj:JopMQlaKTOpOB, a TEK)!(8 llHTeplj:JepeHUliOHHbi8 

'll18Hbl lm( (t) Q IT I ) . np!I 3TOM BenH'Il!Ha I Q 11 2 
II liHTep¢epeHUliOHHblll 

( w )2 w 
qneH BXOLIHT B ce'!eHHe a l c KHHeMaTH'!eCKHM ¢at TopoM M H ""M 

COOTB8TCTB8HHO. noaTOMy LinSl yrrpyrHX !IpOU8CCOB (~·=0) II Llnll HeyrrpyrHX 

rrpoueccoB c HH3Kofi aHeprHefi Bo36y)!(Jl8HHH BKnaLibi <•THX '!neHoB HecymecT-

BeHHbi. B HaweM cny'!ae w = 1, 665 M aB, ( __!!!....) 
2

"' Ji)-
6 

ll B rrorrepe'!HOH 
M 

'l3CT!I C8'18Hl!Sl LlOMilHHpyiOT MarHHTHhlll II TOpO!IIlHhlll lj:JopMlj:JaKTOphl. 

np!I 3TOM ycnOB!IIl C8'18H!Ie paCC8SlH!ISl aneKTpOfOB Ha H8ITOnSlp!I30B3HHbiX 

+ 
Hllpax rrpll rrepexone 3/2- -+ 1/2 BbxrnHLIHT cneny10tmM o6pa3oM: 

3necb 

2 e 
cla a 2 ctg 2-

(--) MOTT = --2 -----
cJO 4E sin2...1L 

2 1 + 2E . 1 e 
M sm 2--

/c 2 = Jk J2 
- KBanpaT rrepeJlaBaeMoro I!Mrrynbca, 8- yron pacCeSlHHSl, 

( 2) 

M -Macca HJlpa, E- aHeprHH rraJlaJOmero aneKTpOHil B na6opaTopHofi CHC-

TeMe. 

MynhTilrronhHbie ¢opM¢aKTOphi HOpMHpoBaHbi B Jl.lHHofi pa6oTe TaK, 

->2 
'lTD rrp!I /c = 0 OH!I paBHbl COOTB8TCTBYJOIIlliM BenH'lli.IaM MynhT!IIIOnbHbiX 

MOM8HTOB, 

npll Bhl'lliCneH!Ili Ce'!eHHSl (2) (!I )lanee, C8'!8Hlfi ( 16),( 17)) CJlenaHhl 

cneJlyJOmHe rrpH6nH)!(e HHSl: 
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11) TaK K8K l c << 1 , y'!HTbmaeTcll JHIIJ!b rrepBhiH 6opHDilCK!lii '!nen, 

'!TO HBJJHe'l'CH XOpO!ll•;il arrrrpOKCHM8UI!eH JlJlH nerKI!X H!lep, 6) MClCCa ::meK'!'

pOHa RO ncex •impr-.!y.Iax f!DJlO)KeJ!a paBHoli HYJl!O (me= 0), 'ITO crrpaneanHBO 

!Ip!! HHTepecyJD!UHX H1C :'lHC!prHIIX. 

T ! ( 2) I T I (-k 2 ) I 2 t' 3 IlblpaMeHIIH ' Bl!ili!0 1 'ITO 

BXO!lHT B Ce'!eHI!e C 6JJH3KI!MI! ITO BeJlll'II!HO KI!HeM8TI!'!OCKI!MH ¢aKTOp8MH 

/I)/ 
(eM, T8KMe (27) B ), 

Mbi noKaMeM B paanene 3 B paMKax o6onoqeqnoi1 MonenH, 'ITO noBe-

k 2 O!liiH8KOBO, 

+ 
neHHe BTHX ~opM~8K1'0POB K8K ~yHKUHH 

3. Bbi'IHC11HM n•~pexo!lHbie 3/2- l/2 aneKTpH'!eCKIIA ll TOpOH!lHWH 

ilHITOJlbHWe II MarHHTIIWH KB8!lpyiTOI1bHWA ~OpM~8KTOpW H!lp8 
9
8e, 

OITpenenOHHHMH COOTieTCTBY!OIJIHX orrepaTOpOB 

(2E+l)!! 
QE =------- f p(lZ,t) f";, (kx) Y0* 

m E -· L Lm 
(-ik) y477(2P+l) 

-> 3 
(n).Jx, 

M fm = ___ ;(2 f :':..!._!_!!_ _____ J f~ ( k x) Y ~(OJ ( ;)J-( ;() d 3 x , 
£ - L tm 

(-ik) v'477(2E+lHE+l) 

Trm = __ .!.!_~L!! __ J It (kx)Ye:+
11

(r;) ](;)d 3 x. 

(-ik)E+ 1 y'477(f+lJ 

3necb p( :, t) H J (;) - ITJlOTHOCTb 38pH!l8 II TOK8 1 rrpH'!eM 

rne 

ITOJlb3yHCb 

( 3) 

(4) 

(5) 

-.(a/ -.. 
a 11-..(;)- BeKTop HaM 1rHH'IIIB8HHH, lll apoBbJe BeKTDpbi Ye m ( n) ( a=O, ± l) 

171 
orrpeneneHbl B 1 f £( k X) - ccjJepH-II C~epll'!eCKHe rapMOIIHKH 

'!eCKaH ~yHKUHH Eecc·?JlH, 

9 4 5 
5Jnpo Be B OCI OBHOM COCTOIIHHH ~~2- - HMeeT KOH~HrypaUH!O(ls) (lp) . 

Kon<jmrypaUHHMH Boa6:rMneHHb!X COCTOHHHA, KOTOpbie MoryT )l8B8Tb BKJ18ll 

6 



11 T,JJ., Mbi He 6yJJ.eM rrpOH3BOJJ.I1Tb CMellJI1B8HHH 9THX r DHqJHrypBI.(HH, a 11C-

liDJib3yeM MOJJ.enb He38BI1CI1Mb!X 'l8CTI1U, B KDTOpOH 9TH COCTOHHHH BblpO)KIJ.e-

HN,I1 orp8H11'IHMCH paCCMOTpeHHeM nepeXOJJ.8 TOJibKO E KDH¢11rypaU11ID 

(1 s )4 (1 p) 4(2 s ) . 

0cHOBHOe 11 B036y~JJ.eHHOe CDCTOHHI1H HJJ.pa Ol111CIJB8IDTCH, CDDTBeTCTBeH-

HD, BeKTOp8MH 

=I s4p4 [311
31 

POJOOO,· 5 _J ___ J ,·J _l __ l __ l_,. _l > . 
2 2 2 2 2 2 

l1crronh3yeM o6onoqe'IHYID MoJJ.enb c L-S cBH3biD 11 cBeJJ.eM MaTp11'IHbie 

9JieMeHTbl ITO COCTOHHI1HM HJJ.pa K OIJ.HO'l8CTH'lHbiM M8Tp11'lHbiM 9JieMeHT8M, 

+ 
flnH rrepeXOIJ.8 3/2 ~ }/2 M8Tp11'IHNH aJieMeHT 38!1HllJeTCH B BI1JJ,e; 

9 

<L'S'T'Mr';J'I I 
I= I 

" 0 I I LSTM T; J > = 

<f 'm ' J'-M J 'I + a"> <10-} r " I T 'M T -> < 10 + r I T M T '> 

U(lL+S;O J)U(l L '--}-s' ;OJ')< t/1 ' { lt/1 > < t/1 { lt/1> 

" 
< R n'f'm' X.....LaNT~ r" 10 I Rnfm X_LaT_l_r '>. 

2 2 2 2 
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3aecb X +a 0 f i a 1 COOTBeTCTBeHHO, CilllHOB8SI ll ll30CIIHHOB8SI BOJIHOBbie 

cpyHKunn; U(l L 2 -S;OJ) - KoscpcpnuneHTbi PaKa; Benn'IHHbi <1/I'l[.P><.Pl[.P> 

5!BJISIIOTC51 reHeaJIOI'll'IeCKiiMll K03cpcp!iUlleHT8Mll 0 a M8Tpll'IHblll 3JieMeHT cnpaBa -

y)!<e OAHO'I8CTll'IHbl i M8Tpll'IHbiH 3JieMeHT. 

Mbi yqnn 3aecb, 'ITO sneKTpoMarHHTHbie CBoifcTBa HApa o6ycnoBneHhi 

He TOJibKO HenapHb:M HYKJIOHOM, HO ll OCT8JibHb!MU HyKJIOH8Mll p -060JIO'I

Kll. 06naCTb IIepenaBaeMb!X llMIIyJibCOB 0 B KOTOpOif cnpaBeJ]JillB IIOA06Hblit 

noaxoa, onpeaenSiercH ecTecTBeHHwM o6pa3oM. BBeAeHne cpopMcpaKTopa 

"Hapa B uenoM" n11eeT CMbiCJI B cnyqae, Koraa annHa paccenBaeMoil BOJIHbi 

-~ 
cpaBHHMa co cpeaHeKBaapaTH'IHbiM paanycoM HApa: k ~ < r 2 > . 0TCIOiliJ 

k k~1-+-- 1 "Jill k d00 1\13~ BbiTeKaeT Hli)!(HHH ,pannua o6nacTn aonycTHMbiX : '+' , c 

PaCCMOTpenne HAp3 K8K COBOKyiiHOCTll HepenSITllBllCTCKllX HYKJIOHOB orpaHH-

k 
/3/ 

'IHBaeT CBepxy 3H8'IeHHSI 

fick 3 
(---) «1, 

M c 2 
k 2 < 25 ¢ -2 = 1 ( _GeV )2 . 

c 

B npnMeHSieMoii: H< Mil Moaenii He3aBIICIIMbiX qacTnu onepaTopbi nnoTHocTn 

38pSIA8 0 TOK8 II Be~Topa HaMarHII'IIiB8HIISI IIMeiOT BIIA: 

9 
p(;)=e l f

1
o(;_;

1
), 

I= I 

9 
,, --+ e ...,. 
i ( x ) = -

2
-M l l f 1 8 (x- ; 1 ) p 1 I 

I= I 

9 

l r. 0 ( X_,- ; ) a I 
I= I I 
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rJJe 

1 
(I) 

+ T 3 
f I= --2---' 

1+r(l) 1-r(l) 
f = _.:..._:__:_;j_ __ 1L + _ _____,1._ IL n , 

I 2 P 2 

!L n=- 1,91 1 

T J - 33p5!JJOB35! MaTpHUa DayJIH 0 0 I - CITHHOBb!e MdTpHUb!, CneJJyH CTaH-

JJapTHOA rrpoueJJype BhlqHcJieHH5! HJJepHhlX MaTpHqHhlX 9JieMeHTOB 0 H8XOJJHM 0 

qTo rrepeXOJJHbie J P ~3/r-. 1/2+ TOpOHJlHbiA Jllll10llbHUA, 38p5!Jl0BbiA JJH-

ITOllbHb!A H MarHHTHbiA KB3JJpyiiOllbHblA rpopMrjlaKTOpbl Hapa 
9
8e paBHbl 

<-J.-+ IT (-lc 2J[3!r>= 1,65 4--o- + _k.!.._) _L. 
~ ~M c ;, 4{3 --

vf3 
( 6) 

lc 2 lc 2 1 
·exp(---l·expl---(a2 - -

9
{3 )] 

4 f3 4 

1+ 2 3- lc 2 lc 2 

<y- [Q 1(-k )[y >=1,53 ,/{3 (l-4"{3)exp(-- 473 ). 

k
2 

( 2 1 1 • exp [- -- a - -- ) 
4 9{3 

( 7) 

lc 2 lc 2 k 2 
2 1 . (l + 0 1./-L - ) exp [- -- ] exp [ - -- (a - -- ) ] 

I p4{3 4{3 4 9{3 

(8) 

9 



2 
3aBHCHMOCTb exp [- +(a 2_ Ji;] B03HHKaeT 3a C'IeT IlOilpaBKII Ha <fJopM<fJaKTOp 

ayKnoHa ( a2 :D,43 ¢~II )''!eTa ABH)I{eHHH ueHTpa Mace HApa B ocunnnHTopHoif 

-1 
Moaenn. BenH'IHHa {3 - cKanHpHbiH ocunnnHTopHbiif paananhHbiH rrapaMeTp. 

/4/ 98 {3-1 = 2,78 .h2. vb 9KCI1ep!IMeHTa C TieayeT, 'ITO AnH HAep e '!' 

Bbipa)l{eHHH ( 6) -( 8) rrpiiBOLlHT K cneayJOIUIIM 3Ha'IeHHHM rrepexoAHbiX 

MynhTIIITOIIbHbiX MOMeHrOB HApa 
98e : TOpOHAHbiH AIIITOIIbHbiH MOMeHT 

paBH~IeTCH 

r+ 3-
r 1 "' < T I T /0) I T > = 2,68 H,M.<fJ, ( 9) 

3apHAOBhlH AlliTOnbHhlH WOMeHT paBHHeTCH 

( 10) 

MarHIITHhlH KBaapyrronbfhlH MOMeHT paBHHeTCH 

( 11) 

4. M bi y)l{e yKa3~IBanii B pa3aene 1, 'ITO Heyrrpyroe pacceHHHe 9neKTpo

HOB Ha HApe aaeT B031\!0)1{HOCTb H3y'IaTb IlOBeaeHHe TOpOHAHbiX <fJopM<fJaK

TOpOB, KaK <fJyHKUHH (- c2
). 

2 vb pac'!eTOB, rrpc BeAeHHbiX B pa3Aene 3, BHAHO, 'ITO T1 ( -lc ) BeaeT 

ce6H aHanorH'IHO ApyrcMy rrorrepe'IHOMY <fJopM<fJaKTOpy - MarHHTHOMy KBBA

pyiTOIIbHOMy, YncneHHbi ~ oueaKH MYIIhTHrrorrhHbiX MOMeHToB, caerraHHbie B o6o-

IIO'Ie'IHOH MOAeJIH, !10Ke3biBaJOT1 'ITO H p. 2 - BeJIH'IHHbl OAHOrO I10pHAK8 

('ITO MO)I{HO 6b!IIO 0)1{lf)i8Tb IlpOCTO H3 MYIIhTHITOnbHOrO pa3nO)I{eHHH TOKB) 0 

a TBK KaK 9KCI1epHMeHraJibHO CTano B03MO)I{Hb!M H3MepHTb MarHHTHbie MYIIb

/4/ 
THITOnbHbie MOMeHTbl BI>ICOKOH IlOIIbHOCTH 1 BenH'IHHB T 1 T8K)I{e AOCTYITHa 

H3MepeHHIO, 

TaK KaK B ceqeHIIH ( 2) H3-3a ManOCTH ( ~ )
2 

Mbl I1peHe6pernH BKJiaAOM 

B a L 3apHAOBb!X AHITOHeif, MO)I{HO CpaBHHTb BKnBA TOpOHAHOH 

10 



( 12) 

ll MarHllTHOH qaCTll ceqeHllH 

( 13) 

C BKnaAOM 3apHAOBOrO $opM$aKTOpa TOnbKO B a fl 

( 14) 

rAe oH He rroAaBneH ManhiM $aKTopoM w , AHanll3 1 rrr oBeAeHHbiH B o6o

noqeqHofi MOAenn HApa (tflopMynw (6)-(8)), rroKa3wBaer, qTo B ceqeHllll 

pacceHHllH Ha 6onbrune yrnhi () ""160° aneKTpoHoB Ha !lerronHpll30BaHHbiX 

HApax cymecTByJOT ABe o6nacTn rrepeAaBaeMbiX llMrrynb<:OB 

-2 

B KOTOpbiX BKn8Abl K8K aT ,TBK ll aM 3HaqnTenbHO !IpE BOCXOAHT an Q 

( CM. pnc, 1), 

TaKllM o6pa3oM, rrpeHe6pe*eHne BKnaAOM B ceqeH~e rrorrepeqHwx aneKT

pnqeCKHX ljlopM$8KTOpOB (tflaKTllqecKll AnH paCCMaTpllBaEMbiX IIpoUeCCOB 

BKnBAOM TOpOHAHbiX tflopMtfJaKTOpOB) He HBnHeTCH KOppel:THbiM, noCKOnbKY liD 

Toro *e IIOpHAK8 0 qTo ll J.L 2 oll3 BbiP8*€HllH (12), (13) BllAH0 0 

qTo BKn8Abl llX B "8Hll30TpOIIHYIO"' (3aBllCHWYIO OT. yrno 3) qacTb ceqeHllH 

cpaBHllMbi Me*AY Co6ofi, 

YqeT BKnaAa B ceqeHne ToponAHbiX tflopM$aKTopoB cymecTBeHeH AnH 

orrpeAeneHllH BbiCWllX MarHllTHbiX MynbTlliiOnbHbiX ljlopM~J,lKTOpOB IIO 8KCIIepll

MeHTanbHblM ceqeHllHM paCCeHHllH aneKTpOHOB Ha HApax !Ipll 6onbWllX rrepe

LiaBaeMblX nMrrynbcax B o6nacTll 6onbrunx yrnoB pacceHJIHH, 06merrpnHHToe 

/4/ 
rrpeHe6pe*eHne BKnaAOM rrorrepeqHwx aneKTpnqecKnx tflorM$aKTopoB (To-

II 



pOHDHhlX ~OpM~BKTOpOB) Mo•eT ITpHMepHO BABOe 3BBhlWBTb 3HB'-!eHHH Mar

HHTHb!X MOMeHTOB BbiCWHX ITOpHAKOB ( HB'-IliHBH C KBBApyrronhHOrO) 1 li3BneKae-

Mb!e ll3 3KCITepHMeHTB. 

Ha BhlWeCKB3BHHOrO BhlTeKaeT ewe DAHO BB•Hoe cneaCTBHe, DoCKOnhKY 

BKnBAbl TOpOHAHb!X ll MarHHTHb!X ~OpM~BKTOpOB anH ni06b!X BenH'-!liH ll ITpll 

niD6hlX yrnaX pacceHfliH HBnHIDTCH BenH'-IliHBMliODHDrO ITOpHAKB 1 C ITOMOWbiD 

3KCrrepHMeHTB ITO paCC8HHliiD aneKTpOHOB TOnhKO HB HerronHpli30BBHHb!X HLlpBX 

HesoaMo•ao paanennrh BKnanbr T1 (-k
2

) n M J-k 2
J.nnH paaaenhHDH aKcrre-

pnMeHTanhHoi1 oueHKI! nx BKnaaos B ceqeane, nccneaosaHHH rroseneHHH 

3TliX ~OpM~BKTDpOB1 KBK ~YHKUHH k 2 
ll KOppeKTHOrO orrpeneneHHH MBrHHT-

HhlX ll TOpOHLlHhlX MOMeHTOB Heo6XOLlliMO ITpOBDAliTh LlOITOnHHTenbHO COOTBeT

CTByiDIJllle KOppen HUH JHHbie li3Me peHHH ( ITOnHb!H OITb!T) 1 orrpeaenHH C8'-18HliH 

pacceHHliH HB 6DnhWJie yrnbi 3neKTpOHOB HB HerronHpli30BBHHb!X1 ITOnHpli30-

BBHHb!X ll OpHeHTllpOBBHHb!X ( Hnll Bb!CTpoeHHbiX) MHWeHHX, PaCC!\!OTpliM 3TOT 

sorrpoc rroapo6aee. 

5, CrrHHOBOe CCCTOHHHe HLlpB CO CITHHOM J B o6meM cnyqae OITliCblBB

eTCH M8TpHuei1 fTnO"HOCTll 

J 2J J J 
p = ----- I I T LMP LM ' 

2 J + J L=O M 

p ~M- ITOnHpli3BUHOHHble orrepaTOpbl 1 MBTpli'-IHbie aneMeHTbl KOTOpb!X 

orrpeneneHhl cneayiDITHM o6paaoM: 

J 
<m '!PLM lm>=(2L +l)<lmLM I Jm'>. 

J 
Crrna-TeH30phl TLM orrpeaenHIDT cocToHHHe rronHpnaaunn paara L 

MnweHh ll3 HerronHpt30BBHHhlX '-18CTlll( OITliChlBBeTCH CITHH-TeH30pOM Hy

neBoro paara. KoMrrrJHeHTbi crrnH-Teaaopa ae'-!eTHoro ( '-!eTHoro) paHra sana-

IDT CITHHOBhle COCTJHHHH rronHpli30B8HHhlX (BhlCTpOeHHhlX) MHWeHei1, PaHr 
-+ 

COOTBeTCTByET 06hl'-!HOMy BeKTOpy ITOnHpH38l(llll P . Ecnn oaao-

BpeMeHHO KOMITOHeHThl 
J 

T LM '-!eTHOrO ll He'-!eTHoro paHrOB OTnli'-!Hhl OT HynH, 

MHWeHb H83hlBaeTCH OplleHTllpOB8HHOH. 
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llm1 cnyqaR 'IHCTOrO KBaHTOBO-MexaHH'IeCKOro C')CTORHHR C liOnRpH38-

UHeH BLlOnb OCH n M8TpHU8 linOTHOCTH HMeeT BHLl: 

( 15) 

Ko a<jlql!luHeHTbi 
J 

aL OlipenenH~T CTelieHb liOnHpH38UHJ B Ll8HHOM H8lip8B-

neHHH, T,e, OTHOWeHHe cpenHero 3Ha'leHHH lipOeKUHH CliHHa HL1pa Ha HalipaB-

neHHe liOnHpH3aUHH K ero HCTHHHOMy 3Ha'leHH~. 

PaccMoTpHM Heylipyroe, c H3MeHeHHeM lipocTpaHCTBeHHofi 'leTHoCTH 

Hnpa, pacceHHHe aneKTpOHOB Ha liOnHpH30BaHHOH H oplleHTHpOBaHHOH MHWe

HHX, EcnH HLlpa liOnHpH30BaHbi, B Ce'leHHe L1BL1YT BKna.~ qneHbl BHLla d lpk /lik• 

r 1 Pklllk. EcnH •e Hnpa opHeHTHpoBaHhl, B ceqeHHH liORBHTCH nolionHH-

TenbHo qneHbi BHna: d 15 lk d" 

( CM, Ta6n, 2 B lipHno•eHHH), 

CeqeHHH pacceHHHH aneKTpoHoB Ha 6onhrnHe yrn11 B cnyqae liDnHpH

,'5/ 
3aUHH liD HOpManH K linOCKOCTH pacceRHHH HMe~T BHLl 

da 
--( 

dO 

lionHpH3, 
HOpManhHO 
K lin, pace. 

3 2 2 1 -;- k 2 3/2 e k 2 

+-IMi-k )I l--v-6 a~(--) tg-2 y1 --4M2 
5 450 4 

~-( 
dO 

OpHeHTHp, 
HOpManhHO 
K lin, pace. 

) cia 42 ~ 2 =<--) l-k tg2--(-
d0 MOTT 9 2 5 

- _1_ a 2( 1 + ~ ) ) I T (- k 2) J
2 + _8_ k ltg 2 _e_ 

3 4M 1 75 2 

13 
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( 17) 

3aecb 

a - CTeiTeHb ITOnSip1138UHH y OpHeHTHpOB8HHbiX Siaep, 

B rrpnno•eHHH 3 rrpnBeaeHw Bwpa•eHHSI anSI ceqeHHA pacceSIHHSI aneKT-

poHOB Ha IIOnSipH30B8H,IOA H OpHeHTHpOBaHHOA MHWeHSIX anSI mo6b!X J H J ', 

rrpn rrpoH3BOnhHhiX yrnax pacceSIHHSI f). BL6op 6onhwnx yrnoB pacceSIHHSI 

f) B ( n.1) -( n,6) He·~KOnbKO yrrpowaeT 9TH Bbipa•eHHSI H CBOaHT HX 

K (16)-(17), 

npoBeaeHHe ITOnHoro Ha6opa ITOnSipH38UHOHHbiX H3MepeHHA IT03BOnHT 

BhiaenHTb BKnaahi BCe:c paccMaTpHBaeMbiX tPOPMtP8KTOpOB 0 T8K K8K yqHTb!B8SI 0 

qTQ ycnOBHe 9pMHTOBC CTJI TOKa H T HHB8pH8HTHOCTb CBSI3b!B810T aeACTBH

TenbHYIO H MHJIMYIO q£CTH KB*UOrO <flopM<PaKTOpa COOTHOWeHHSIMJI 

Q * ( 1 ) f Q u ;, - (-1 ) f +I M 0 I 
f~- f' "'L- L 

MO*HD peWHTb CHCT91\,.y ypaBHeHHA (2), ( 16), ( 17) It Bb!pa3HTb Q (-/c 2), 

T ( -lc 2) , M ( -lc 2 
) qepea HerrocpeacTBeHHO H3MepSieMbie BenJiqHHhi ;; 

( HerronSip.), cla ( rronSip.), ..!!..£__ ( opHeHTHp,). 3To aaeT 
clO clO 

- cla ( )ll(cla) 2 e lc
2

(1 lc
2 

)1-1 
-a I~ OpH<mT. c/0 MOT"fl2 tg l • -4- + ~ 

14 



1 Q
1 

( -k2Ji 2 = [ ~ ( nom1p. ) - i5!._ (Heno:IHp. 
df! df! 

( 18) 

lc 2 3/2 (} fc2 -2 
• [ a (- ) tg -- y J + -- ] , 

1 4 2 4M 2 

TaKHM o6paaoM, npoaeaeHHe yKaaaHHhlX KoppenHUHOHHhlX sKcnepHMeH

TOB II03BOJIHT paaaeJIHTb BKJI8llbl MYJibTHIIOJlbHhiX <flopM<jJa~ TOpOB Q I ( -fc 2) 1 

T1(-k 2) H M2(-k 2), orrHChiBBJO!IIHX rrepexoa 3/2--. 112~ H, cpaBHHBaH HX 

C p8C'leTHbiMH 1 OUeHHTb IIpHMeHHMOCTb HUepHbiX Moaeneii llJIH OIIHC8HHH 

HeynpyrHx npoueccoa, 

B aaKniO'leHHe eme paa noaqepKHeM, 'ITO ecnH ne c raBHTh aonpoc 

0 COOTBeTCTBHH Me)I(UY !flopM$8KTOp8MH H MOMeHT8MH 1 KOTOpb!M B KJiaCCH-

'leCKOH 9JieKTpOllHH8MHKe npHaaeTCH qeTKHH reoMeTpH'IeCt.HH CMbiCJI 1 TO 

aonpoc o paa6HeHHH nepexoaHhiX <jJopM!flaKTopoB Eem(-k
2ha aapHaoayiO H To

poHaHyiO qacTH He npHHUHIIHaneH. OpH TaKoM nonxoae ¢orM!flaKTOpbi HBJIHIOT

CH npOCTO yao6HO Bbi6paHHbiMH HHB8pH8HTHbiMH tPYHKUHHMII llJIH H3y'leHHH 

B38HMOUeHCTBHH npOTH)I(eHHhlX KB8HTOBOMexaHH'leCKHX o6~eKTOB1 T8KHX 

KBK HllpO, 

0aHBKO pa36HeHHe H8 38pHllOByiO H TOpOHllHYIO 'l8CTII COBeprneHHO He-

06XOllHMO B KJI8CCH'l8CKOH 91l8KTpOllHH8MHKe, rae Cy!IIeCTIIYIOT CHCTeMbl 1 

06JI8ll8IO!IIH8 JIHIIIb TOpOHllHbiMH MOMeHT8MH/ 1l 1 H B KB8HT )BOH TeOpHH B CBH3H 

C HapyrneHH8M llHCKpeTHbiX CHMMeTpHH, 

AaTophi HcKpeHHe 6naroaapHhi B.H. ct>eTHcoay H P.A. 3paM)I(HHy aa 

pa3~HCH8HHe BOIIpOCOB1 CBH38HHhiX C HUepHbiMH MOUeJIHMH, 

ABTOpbi T8K)I(e rrpHaHaTenhHhi yqacTHHKaM ceMHHapoE no TeopHH 

Hapa fla6opaTopHH TeopeTH'leCKoii !f>H3HKH OHHH H HHHH<l> MfY aa o6cy)l(

aeHHe 9TOH pa60Tbi, 
15 



Ta6mrua 1 

npaBHna OT6opa MynbTHITOnbHhlX MOM8HTOB ITO llHCKpeTHhlM 

CHMM8TpHS!M 

L 0 ( '/ 3 I LJ ...... .<--

<JL Pi ...,.... p T p T I pIT I 
I 

Q 
' 

-+ + -+ -+ + + L ~ o 
..... 

ivJ 
{... 

+ + 

+ + L ~..L 

3HaKH ~ 03HaqaK~ COXpaHeHHe (HapyweHHe) COOTB8TCTByiDlli8A qeTHOCTH, 
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ITpn:no)Kean:e 2 

Ceqean:e paCCEHHllSI sneKTpOHOB Ha SILlpe CO CIUIHOM J B OllHOqlOTOH

HOM rrpn:6nn:)Kean:n: 31tiTIICbiBaeTcSI cneny!OIUIIM o6pa3oM: 

+£ + i ) Sp ( J P Jv ) 1 

v /l 

• E 
rne 1 /l J /l - c,rrepaTopbr sneKTpoMaran:Taoro ToKa sneKTpoaa n: anpo-

Ha COOTB9TCTB9HHOj p -MaTpllUa ITnOTHOCTH CITllHOBbiX COCTOSIHHH MHIU9HH 0 

KoTopy!O B opToroaanbHOM 6a3n:ce yno6ao 3arrn:caTb B BHLle: 

3nech p m - BeKTOp ITOnSipll38UllH1 S lk - T9H30p BbiCTpOeHHOCTll, am -CITH-

HOBBSI M8TpllU8 f1aylll (B K8HOHll'I9CKOM 6a3IICe p HMeeT BHLl (15)) 

+ , (I) 
Sp ( J /l p Jv) "' 7 A /l v B (I) • 

B A
(l) 
/l v BXOLlSIT pa3n if'IHb19 KHH9M8TH'I9CKHe IIpOH3BeneHHSI HMrrynbCOB Pp. 

H p~ ( CM. pllC. 2) • ~I) COLl9p)KllT BC9B03MO)KHbie IIpOll3B9Ll9HllSI MynbTH-

rronbHbiX MOMeHTOB 0 YMH0)K9HHbl9 Ha BeKTOp ITOnSipll38UllH Hnll T9H30p Bbi

CTp09HHOCTll nnSI ITO 'ISipll30B8HHOH n:nn: BbiCTpoeHHOH Mllmean:. 

6 
B Ta6nHue 2 B ,mn:caHbi ace B03MO)KHbie ( arrnoTb no rropSILlKa ( ka) ) 

B 1 nnSI aerronSipll3oBaHHoif, rronSipn:3oBaHHoif H BbiCTpoeaaoif MHmeaeif. Bbr-

- + 
neneHbi 8 1 1 KOT!>pbre na10T BKnan a ceqean:e B cnyqae rrepexona 3/2 -. 1/2 ; 

( B Ta6n. 2 {3 - vIc ) • 

IT pHno)Kean:e 3 

CeqeHHSI pacce ~HIISI sneKTpoaoa aa rronSipn:3oBaHHbiX H BbiCTpoeHHbiX 

Mlllli9HSIX LlnSI rrpOH3EOnbHbiX J H J', nl06b!X yrnax pacceSIHllSI H IIpH pa3-

nll'IHbiX HarrpaaneHIISI ~ B9KTOpOB ITOnSipH3aUllH HM9JOT BHLl ( CM. pHC. 2): 

18 



ITOnHpH30B8HH8H MHWBHb 

( n.l) 

da ( ... ) ( da ) 
- n2 = - MOTT 
JO dO 

t2 Jfl..(_lc_2_)[1 Q (-lc2) 12 +~'~) 
9 [J '] 4 M 2 

1 5 4 M 2 

( n.2) 

• ( _J_ + tg 2JL )[IT 1 ( -lc 2) 12 + ..1_ I M i -lc 2JFJ + 16 a 1 a i ~-) 312 
.] 

2 2 5 4M' 

lc2 (} 
• [ J + 2 (J + 4M2 ) tg 2 T] < Tl ( -lc 2), M 2 ( -lc lJ'> + I 
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OpHeHTHpDB8HH8H MHWeHb 

cia (-+ ) (cia ) I 2 
-- nl =--MOrT -

dO cJ 0 9 

( n,4) 

( n.5) 
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3Ll8Cb a J ,2 - CT8IT8Hll ITOJI51pll38Ullll ll Bb!CTp08HHOCTH 0 ( J ) "" 2 J + 1 1 

a K08¢¢nuneHTbi a o, 1, 2 H b1 , ••• onpeneneHbi ~nenyJOTUHM o6pa3oM: 

·(e 1 2)2 

{ 1 2 1} o o o r 1 2 

2 2 1 
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a = 
2 

2 rn/ 5 

27...; 3 

Jt-J' [J'] 2 2 1 
(-1) 1 

[ J ]~ ! J J J'l (1 + -2- P., 

( 

E 1 2 )2 { 1 2 1 } 
000 £l 2 

2 2 1 

A= _l_.y_H__. a =-Vrr (-l}i+J+J' 
10 15 ' 0 45 

2 1 1 

! J J J' 

b I = - _1_ y 2_ ( -7 ) J-i J ' [ J '] ! 1 1 2 j 
3 3 [J]~ JJJ' 

b 2 = - --" - ( -7 ) J -- J '_[_J_' l_ ! 2 2 2 l 
[J]~ JJJ' 870y7 

b = rry14 (-l)J+J'-~ 12 2 2 l 
3 81 I J l ~ J J J' 

b 2 1 5 11 ' J +J ' 
6 = T" 3 - (-1 J 

[J' l 
[ J] ~ 

2 E 2 2 £ 2 {7 2 1} 1 ( 0 0 0) ( 0 0 0). £ 2 2 
1 2 1 

£11 2£211211 
I (2 r + 1 J ( o o o J ( o o o J • e 2 2 

1 2 1 
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10 " -2- J + J ' [ J 'J 2 2 2 r 2 2 2 2 l 
f1 = --v -- (-1) -- ! . , ! ~ (2£+ J) ( o 0 0 J ! E 2 2 I, 

3 27 3 [ j ] l-1 j j j L 2 2 1 

rne c· ;, ;,) l i 1 ;2 ;,} H r i 1 
i' i '} 

m 1 m2 m3 1. f 1 r2 p 3 1 £1 
r 2 r 3 

k7 k2 k 3 

COOTBeTCTB8HH0 1 3-j 1 6- i H 9- j CHMBOnbl BnrHepa. 
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