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BBE.UEHl1E 

nonHOe paccMOTpeHMe 3aAa4M pacceAHMA HyKnOHOB Ha AApax Tpe -
6yeT peweHMA cnomH~X CMCTeM ypaBHeHMH faAAeesa-RKy6oscKOro ' 11 . 

6onbWY~ TPYAHOCTb B 3TMX 3aAa4aX npeACTaBnAe T y4eT npMH4Mna 
naynM. 

Uenb AaHHOH pa6oT~ - B~BOA npM6nMmeHH~X ypasHeHMH AnA aMn
nMTYA ynpyroro Nd pacceAHMA, y4MT~Ba~~MX TOmAeCTBeHHOCTb HyK
nOHOB. npM6nMmeHMe, AOnyCTMMOe B cny4ae rrd pacceAHMA 12 1 , 3a
Kn~4aeTCA B 3aMeHe raMMnbTOHMaHa MMWeHM onepaTOPOM KOHe4HOro 
paHra, 4TO 3KBMBaneHTHO npeHe6pemeHM~ BCeMM aMnnMTyAaMM, Kpo
Me aMnnMTYA ynpyroro pacceAHMA. B AaHHOM npM6nMmeHMM aMnnMTy
A~ ynpyroro pacceAHMA YAOBneTBOpA~T OAHOMepH~M MHTerpanbH~M 
ypasHeHMAM. npM6nMmeHMe KameTCA sepH~M npM pacceAHMM HyKnOHOB 
C 3HeprMeH E Ha AAPe, HaXOAA~eMCA B COCTOAHMM C 3HeprMeH (, 
ecnM E << [< [ M KOrAa c11nbHO noAasneHbl see npo4eccb1, KPOMe ynpy
roro pacceAHMA. 

B §1 nony4eH~ ypaBHeHMA AnA aMnnMTYA ynpyroro Nd pacceAHMA. 
B §2 nony4eH~ ypaBHeHMA, Y4MT~Ba~~Me BKnaA TpexHyKnOHH~X CBA-
3aHH~X COCTOAHMH B aMnnMTYA~ Nd pacceAHMA. §3 COAepmMT pewe
HMe 3TMX ypasHeHMH npM E =0. 

§1. YPABHEHl1R .unR AMnn11TY.U 
ynpyroro Nd PACCERHl1R 

nycTb H= ho+h C + V - nonH~H raMMnbTOHMaH Tpex HyKnOHOB, 

ho= __ l_t,;. =-~ /';. - raMMnbTOHMaH CB060AHOro ABMmeHMA HYKnOHa 
2µ P 4m P 

3 OTHOCMTenbHO 4eHTpa Mace HyKnOHOB 1 M 2, h C =- ~ /';. r + V 12 

nonH~H raMMnbTOHMaH HyKnOHOB 1 M 2, V = V 13 + V 23- noTeH4Man 
B3aMMOAeHCTBMA HyKnOHa 3 C HyKnOHaMM 1 M 2. 

DYAeM C4MTaTb, 4TO HyKnOH-HYKnOHH~H noTeH4Man HenoKaneH 
M MMeeT BMA 

V V10 10 Olp01 123 iJ = !J P !J + V !J !J , i, j = , , , /1 • 1 / 

rAe p 9_t - npoeKTOp Ha COCTOAHMe 4aCTM4 i, j 

s M M3
1
6cnMHOM t: 

C nonH~M cnMHOM 

➔, 10 ➔ ➔, ➔ ➔ ➔ ➔➔ ➔ 10 ➔ 

< k \Vij \k > =Jdr1jdrij exp(-ik\J+ikr 1j) <r;j \ViJ \r 1J > =Ag(k')g(k), 

. g(k) =(k 2+,82)-1 , 

·._· .. 



<k ·1 v1~
1 

I k> =.\g(k ') g(k), g(k) = (k2 + ,B 2) -1 

napaMeTpbl noTeH41-1anos ¢1-1KCl-1POBaHbl no 3Hepr1-11-1 CBRal-1 ,qeHTPOHa 
Jc di =2,225 M38, Tp1-1nnerno11 a 1o=5,378 <l>M 1-1 c1-1HrneTH011 a 01 = 
=-23,69 <!>M ,qn1-1HaM NN pacceRHl-1R 1-1 paanl-14H~M aHa4eHHRM 3¢¢eKTl-1B
HOrO pa,q1-1yca ro 1 • 

.\ =-21,6749 ¢M-2 f3 =1,4498 <l>M -l 

ro 1 =2 ,2 <l>M, 

r 01 =2 '7 <!>M, 
r 01 =3 '0 <!>M, 

X =-14,2186 <l>M-2, 
X = -7,7910 <l>M-2 , 
X = -5, 7239 <!>M-2, 

ff =1,4178 <i>M-l, 
p =1,1648 ¢M-1, 
13=1,0534 ¢M-l. 

OnepaTop aHrnc1-1MMeTp1-1aa41-11-1 •.A ,,,;1..(1-P -P -P +P P +P P ) , 
. 6 12 13 23 13 12 23 12 

r,qe. plj - onepaTOP n~pecTaHOBKl-1 BieX KOOP.Ql-1HaT 4aCTl-14 i, j, one
paTOP nonHoro cn1-1Ha S 1-1 1-1aocn1-1Ha T Tpex HyKnOHOB y,qosneTsopRroT 
paBeHCTBaM: 

[H, A]= [H, S 2] = [ H, S z ] = [ H, T 2] =IH, T z ] = 0, /1 .2/ 

[V, S2] =[V, S z] =[V,T 2]=[V, T z] = 0. /1.3/ 

6aa1-1c cn1-1HOBOro, 1-1aocn1-1HOBOro npOCTPaHCTB o6pa3yroT ¢YHK41-1H 

11 1. ' ', 11 1 
X (12,3) =<12j3j(-,-)s,-,S,M>, r (12,3) =<12,3j(-,-)t,-, T,N>. 

sSM 2 2 2 · · tTN . 2 2 2 

nocTpOl-1M 6a31-1C cn1-1H-l-130Cnl-1HOBOro npOCTpaHCTBa X 2S2T , 11 = (M, N): 
av 

S= 2.. 
2' 

T=J.. 2 • 
. 31 = X 
X av 1lM 

2 

T 
a-- 11N 

2 

a= 1,2, 

s= .l 
2' 

T=..!.. 
2 ' 

1
1 -1· \.1M X - 2 av 

raM1-1nbTOH1-1aH h 0 aan1-1weM s s1-1,qe 
XolM 

2 

T 
a-llN 

2 

T 1 ' 
a-.~N 

2 

h = I h 282 T S T = .!_ 1_ . .2.. .!. · .!._ .!_ · .!_ .2.. • 
C C t ' 2'2' 2'2' 2'2' 2'2 S,T 

a= 1,2, 

a=l3,4. 

nycTb Xd - npocTpaHCTBeHHaR 4aCTb BOnHOBOl1 ¢YHK41-11-1 ,qeHTPOHa, 
x➔, X ➔ - npocTpaHCTBeHHble 4acT1-1 sonHOBblX ¢YHK41-111 HyKnOHOB 1 1-1 

p 'p . ➔ ➔ i➔➔ 
2, COOTBeTCTBeHHO, npl-1 ·s,t =1,0 1-1 s,t =0,1, <rJp>=e pr , 
Tor,qa 

➔ 2 

h 31 = <Oh 31 +If~ ..E...qx x31><x➔ x;31I + 
11 ( 217 )3 m p 111 p 111 

-;.. IPx~><iix:; I>, 

2 

y 

r 

.~ 

➔- 2 
h 11 = <t) h 11 + !. f dp L (Jx➔ x 11 > <x➔ x 11 I + 

c c 11 (211) 3 m . p 111 p 1v 

+ IPx 11><px 11 1 +I PX 11><px 11 I+ Ix_; X 11 ><x ➔ x 11 I), 
211 211 311 311 p 411 p 411 

r,qe 

(1) h 2S1 = !, E I 2S1 >< 2S1 I 8= 1._ _! . 
c 

II 
dxdxlv xdx1v ' 2' 2 

Onpe,qen1-1M onepaTop~ rp1-1Ha 

'G (z)=(h -z)-1 , 'G (z) .,,(h
0
+h -z)-1, 'G(~)=(H-z)-

1
, 

0 0 C C 

scnoMoraTenbH~l1 TPeX4aCTl-14HblH onepaTOP 

To (z) = V - V'G 
0

( z) T 0( z) 

1-1 nonHblH Tpex4aCTl-14H~l1 onepa'rop nepexo,qa 

T(z) =V-VG(z)V=V-VG 0 (z)T(z). 

H3 /1.6/, /1.7/ nony41-1M ypaBHeH1-1e 

T(z) =T O (z) + T 0(z) (G 0(z) - 'G 
0
(z)) T (z) • 

Ha paseHcTB ·11.2/, /1.3/ cne,qyeT 

F = !. lx2s2T >F2s2T <x 2s2T I, .F=V,To,,0 ,T. 
S,T,a,{3,v av af3 f3v c 

Ha /1.7/ nony4aeM CHCTeMy ypasHeHl-111 ,qnR T 0-MaTPH4 

/1 .4/ 

/1.5/ 

/1.6/ 

/1. 7/ 

/1.8/ 

T02S2T =V2S2T_!,V2S2T 'G T02S2T • /1.9/ 
af3 a/3 y ay O r/3 

Ac1-1MnTOTl-14eCKl-1e COCTORHHR Nd pacceRHl-1R nony41-1M, aHTl-1Cl-1MMeTp1-1-
3yR ¢YHK4Hl-1 cso6o,qHoro ,QBHmeHl-1R 4acTl-14~ 3 OTHOCHTenbHO 4eHTpa 
Mace 4aCTl-14 1 1-1 2, HaXO,QR~l-1XCR B CBRaaHHOM COCTORHl-11-1 131 

J¢!s2T -> =va'AJ¢ 2_!32T>=v3Alx kx2s2T >, r,qe 
kv a kV d ,111 ➔➔ 

3 1 1 1 -+ ➔ ➔ :\ ik P 
S,T=-,-;-,-, <r,pJxdk>"'Xd(rJe 

. 2 2 2 2 
Ha6nro,qaeMaR aMnn1-1Ty,qa ynpyroro Nd pacceRHl-1R, He aas1-1cR~aR B 
cny4ae no'reH41-1anos /1. 1 / OT KBaHTOBblx 41,1cen v, onpe,qenReTcR 

paBeHCTBOM 

r2S2T (k', k, z) =- L < ¢~~2; I T(z) I ef> ~S2T > o , = 
217a kv kv a vv 

;_,_ L(<ef> 2S2T 
217 k'v' 

/l.10/ 

IT{z)J¢!S2T >-2<¢!~2; JT(z)P13J¢!S2T>)•ow,' 
kv k V kv . 

3 



f 2S2T (k:k,z)=-L2 <¢!~~; jr(z) i¢!s2T >o , 
TT k V. · kV VV 

µ ' -+ - 2S2T -+ 

=-~<xdk'lf' 11 (z)lxdk>ovv,, 

rAe 

k '= k = (2µ E) ½ , z = E + c + iO , 1 = T(l - 2P ) 
- d 13 

r 2S2T =<x2S2T Jr 1 X 2S2T >. 
a{-l m, . f3v 

113 ypaBHeHl1R / 1 • 8/ cneAYIOT onepaTOPHble ypaBHeHl1R 

TP = T0P +T 0cao-G )TP ' 13 , 13 C 13 
/1. 11/ 

r = r 0 + T 0ca 0-G c)f', I' 0= T 
0o -2P 13 ) • /1.12/ 

Hcnonb3YR /1.4/, HeTPYAHO nony411Tb cneKTpanbHOe npeACTasneH11e 
Ge, IlOACTaBl1B ero B / 1 . 12/; nony411M T04Hble. Cl-;1CTeMbl ypaBHeHl1H 
AJlR aMnJ111TYA• PaccMOTpl1M OAHO 113 ypaBHeHl1M 8=½· 

➔, 31 ... ➔, 031 ➔ 

<x dk if' rrlx dk>=<x d k II' ii Ix dk > .+ 

... 
Hf dk"(E"-z)-1 (E"-zH )-1 <x k'iT 03.1ix k"><x k~'II'

31
lx k>+ 

d (
2

rr )3 d d 11 _ d d 11 d 

➔,, ➔ 2 -
+ f _«:!L2E_ L (E " - z )-1 (E " - z + ..E:.) 1 

x, 
(2rr) 6 m m 

x[<xi'IT~~1 1xj"><xPk''lf'~}lxi> + · 

< k'iT 031 l ➔pk">< ... k"II' 31 I k>] + X d - 12 p 21 X d ' 

Ecn11 3HeprnR HYKJlOHa, naAalO~ero Ha Aer::iTpOH, E<< led I, TO MO>KHO 
npeHe6pe4b aMnJ111TYAaMl1 pa3Bana, no cpaBHeHl1IO C aMnJ111TYAOH 
ynpyroro pacceRHl1R, TorAa nony411M np116n11>KeHHble ypastteH11R 

<x k'lr2s2Tlx k>,,,<x k'if'o2s2T Ix k>· + 
d 11· d . d 11' d 

H f dk" (E ·~z)-1 (E •~zH )-
1 <x k' iT0 2s2Tlx t''>-x 

d (2rr) 3 - d d 11 d 
➔,, 2S2T ➔ 

x<xdk '111 lxdk>. 

/1. 13/ 

3aMeTl1M, 4TO AaHHOe np116n11>KeH11e 3KBl1BaneHTHO 3aMeHe'oriepaTOpOB 
h 3c1, h ~1 onepaTopaM11 KOHe4HOro paHra 

h 31 "' ( 1) h 31 , h 11 ,,, ( 1) h 11 
C C C C 

/1. 14/ 

4 

I' 

\, 

' _i 

~--

lhaK, B np116n11meH1111 /1 . 14/ Ha6nJOAaeMaR <I'>, npRMaR < T> 11 06-
MeHHaR <TP 13 > aMnmlTYAbl ynpyroro Nd pacceRHl1R nocne paano>Ke
Hl1R no nap~11aI1bH~M BOJlHaM YAOBJleTBOPRIOT OAHOMepH~M 11HTerpanb
H~M ypaaHeHl1RM C OAH11M 11 TeM >Ke RAPOM 11 HeOAHOPOAH~Ml1 4JleHaMl1 
<I'o > , <T 0 >., <T 0P13> COOTBeTCTBeHHO. 

§2. Y4ET TPEXHYKflOHHWX CBR3AHHWX 
COCTO~HH~ B 3AAA4E Nd PACCERHH~ 

np11 3aMeHe ho+ h c"' ho+ ( l) h c Y41i1TblBaeTCR Jll1Wb OCHOBHOe COCTOR
Hl1e Ml1WeHl1. CneAYIO~l,1M 3TanoM yny4WeHl1R np116n11>KeHl1R RBnReTCR 
y4eT TpeXHYKJlOHH~X CBR3aHHblX COCTORHl1H. 

nycTb f., IY i >= I IY. > Ix 11 > - 3HeprnR 11 BOJlHOBble <l>YHK-
1 ala av -

~HH 3 . 1 . 3 1 
· He 1 = 1, v = (M , 2 ) , H, i = 2, v = (M , - 2 ) · 

faMl1JlbTOHl1aH H 3an11weM 8 BHAe 

H = H' + I f I Yi > < y i I , H' = h O + V + h - I E i j Y .> < Y . j • 
i=1;2 i C i=1,2 l l 

EcnH '"' > - COCTORHHe pacceRHl1R' TO 

Hl'f>=H'l'P>, H'jyi>=O, i=l,2. 
OnpeAeJ111M onepaTOPbl 

G'(z)=(H'.2.z)-1 , ·a'(z) =(h
0
+h - I c

1
ly.><y

1
I-z)-

1
, /2.1/ 

C C i= 1,2 l 

nontt~r::i onepaTop nepexoAa a 3TOM cny4ae 11MeeT BHA 

T '(z) = V-VG '(z) T '(z) = To (z) + T °(z)(G0 (z)-'G ~ (z)) T '(z) • /2. 2/ 

noACTaBJlRR 

·a, = ·a + I E . a I y . > < y . I ·a c , 
C C i=l 2 l C l l 

rAe • · 
-1 

E/z)=c
1
(t -c 1<y1 l'Gc(z)IY 1 >) , 

B /2.2/, nony4aeM 

rAe 

T'=T 0 +T 0(a 0 -'G )T'- I .E 1T
0

Gcjy1 ><y_ 1 l'GcT', 
C i-1 ~ 

T'=[T 0- I E.C. jB.><B
1
)J[1+(G 0-G )T'], 

i=l, 2 l l l C 

c;1 (z) =1 +Ei (z) <y 
1 

l'G /z) T
0

(z) 'G /z) IY 1 > 

I B t > = Toa c I Y t > • 

/2.3/ 

/2.4/ 

TaK KaK <x>!~IB
1
>=0, TO ypaeHeHHe /2.4/ a cny4ae S=Q__coanaAaeT 

C ypaaHeHHeM /1.8/.HcnOJ1b3YR paeeHCTBa 2 

<x 11 1B > =<x 11 I B > = 0, a =1,2,:(4 
aM+ l 2 aM-l._ 1 

2 2 
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B np1-16111-1meHHl-1 /1.14/ l-13 y'paBHeHHfl /2.4/ no11y4aeM ypaBHeHHe A11.R 

Ha6J110AaeMblX. aMnJlHTYA AY611eTHOrO pacce.RHl-1.R C y4eTOM COCTO.RHHH 
3·He1-1 3 H. . 

➔ ➔ ➔ 01' ➔ 
<x k'II, • ix k>=<x k'W 1 Ix k> + 

d 11.i, d d ' 11 d 

-E. c. <xdk'x 11 IB .><B .lt-2P,13\xdkx 1
1
1 > +, 11 lV l l V 

+Ed f dk .. (E .. _ z)~-l (E "-z+r d) -l x 
(211) 3 

x[<x k'lT 011 Jx k">-'-E.C.<x k'x 1 \B.><B.!xdk"x
1
1

1 
>] x d 11 d 11d Vl l V 

/2.5/ 

xx/"'11~11 Ix i-> 
rAe r'=T'O-2P ), 13 

i=l,i,=(M,.L) Ail.A pd pacce.RH1-1.R' /BKJlaA 
2 

B pd pacce.RHHe AaeT J)l-1Wb 3 He / l-1 i=2, v=(M,- r> _AJl.R nd pac-

ce.RHl-1.R /BKJlaA B nd pacce.RHHe AaeT JlHlib·' 
3

H /. . 

lfa-3a pa3Jll-14l-1.R 3Hepr1-1i1 CB.R3l-1 l-1 BOJlHOBblX cj)yHKl.ll-1H 3He l-1 
3

H 

ypaaHeHl-1.R /2.5/ B HeKOTOpOH cTeneHl-1 Y4l-1TblBalOT KyJlOHOBCKOe 

B3aHMOAeHCTBHe B CHCTeMe Tpex HYKJIOHOB_ Ha MaJlblX paccTO.RHl-1.RX 

- - 1 1 
p,r-r

3 
- 2 ct>M e c11y4ae ·s,T,.,-,-

He 2 2 

§3. PEWEHHE YPABHEHH~ AflR AMnflHTYA 
Nd PACCERHH'R 

B c11y4ae noTeH1.11-1a11oe /1.1/ ypaeHeHH.R /1.9/ pewaJOTC.R aHa111-1-

TH4eCKH. np1-1BeAeM Bblpa>KeHl-1.R A11.R nap1.11-1aJ1bHblX TO 2e82 T aMnJlHTYA, 

onpeAe11eHHblX paBeHCTBaMl-1 
11 

6 

< k'\To2s2T I k>= .l To2s2T (k' k z) y (k')Y* (k) 
X d 11 X d f m Uf ' ' fm fm ' 

' . 

T~~l (k:k,z)-=Ce •2•A•g(k')g(k)x 

x j drlrx d(r) 1
2 

j f <! k'r) j e< ~ kr)d
31 

(r, z), 

T~
1
1/ (k ~ k, z) -= ce { dr lrx d (r) \

2 
j e<1 k 'r) j f ( ~ kr) • d

11 
(r, z) x 

0 

x [>.. ( 4+ 4a0 +a) g(k ') g(k) -9Ab g(k ') g(k) - .9>.. b g(k ') g(k) + 

+9A(4+4a
0

+a) g(k') g(k)] , 

/3.1/ 

/3.2/ 

/3.3/ 

ij 
. li) 

l 
)I 

l 

ll 
'/ 

rAe-

( ) [ f3y(f3 + Y)] ½ 1 ( -yr ~{Jr) x r = -'-------~ - e -e , 
d 2rr(f3-y) 2. r , 

Ce=4112 (2f +1)[1+<-tll, 

d 31 (r,z)=[2(1+a0)-ar1 , 

d 11 (r, z) =H4 + 4a0 + 'ii)(4+;4a 0+ a)-9b b] . 

y =mlc di 

ct>yHK~l-11,1 'a, b, b, a Bblpa>KalOTC.R 4epe3 HHTerpaJlbl 
➔➔ ➔ ➔ 

➔ ikr ➔ ikr 
a(r, z) =>- I dk 3 e g2(k) ' a(r, z) =A I~ e g2(k)' 

_ (211) E-z (211) E-z 
➔ ➔➔ 

, dk e i k r - -- k 2 
b(r,z)-=>..f--_ --g(k)g(k), b=A.b/>.., E=-

(217)·3 E - z 2µ 

a
0

, i , b 
O

, b 
O 

- 3Ha4eHH.R coOTBeTcTey10~1-1x cj)yHKLIHH np1-1 r =0 _. 
<l?yHkl.11111 d31 ( r, z) 11 d 11 (r, z) 11Me10T no1110ca nepeoro nOP.RAKa 

e T04Kax r31 (z), r11(z) /cM. p11c. 1-2/. CornacHo /1.7/, T 0 -

onepaTOp nepeXOAa B Cl1CTeMe, COCTO.R~ei1 113 4aCTl1l.lbl 3 11 ABYX 

1.1eHTPOB' OTHOC11TeJ1bHOe paccTO.RHl1e Me>KAY- KOTOPblMl1 paBHO r ' 
nonHa.R 3Hepr11.R c11cTeMb1 z=E+E d +iO. CneAOBaTeJlbHO, r282T (z) -
paccTO.RHl1e Me>KAY 1.1eHTpaMl1 1 11 2, np11 KOTOPOM, A11.R AaHHOH 3Hep

r1111 Z, cy~eCTByeT CB.R3aHHOe COCTO.RHl1e B TaKOH TPeX4aCTH4HOH 

Cl1CTeMe. An.A nap1.111aJ1bHblX Ha6J110AaeMblX aMn1111TYA; onpeAeneHHblX 

aHa11or114HO /3.1/, 113 /1.13/ no11y4aeM ypaeHeH11.R 

r 2S2T(k' k z)=r02S2T (k' k z)+ 
11f ' ' 1 tf ' ' 

/3.4/ 
1 

00 

dk"k" 2 + E -- f _ __,;;;;::,-.:-:_ ___ TO 2S2T ( , ,, 2S2T 
d(211) 3 o (E "-z)(E "-z +Ed ) 1tf k 'k ,z) r uf (k ", k, z). 

YpaeHeHl1.R A11.R npRMblX T i~YT 11 o6MeHHblX 13T l?1iT nap1.111aJ1bHblX 

aMnJ111TYA 11MelOT RAPO ypaeHeHl1.R /3.4/ 11 HeOAHOPOAHble 4JleHbl 

T O 2S2T 11 13 TO 2S2T COOTBeTCTBeHHO 
Ut'. ttt'. ' • 
CJleAyeT O>K11AaTb, 4TO /1.14/ J1Y4We ecero BblnOJlH.ReTC.R np11 

HYJleBOH 3Hepr1111 HYKJlOHa, pacce11eaeMoro AeHTPOHOM, n03TOMY Mbl 

orpaHl1411BaJ111Cb Bbl411CJ1eH11eM AJ111H pacce.RHl1.R. np.RMYIO 11 o6MeHHYIO 

AJ1l-1Hbl TO -pacce.RHl1.R onpeA.~J111M paBeHCTBaMl1 
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-ao2S2T =L<x k'IT02s2T (z)lx k>=-µ-To2s2T (OO i) 
dir 2" d 11 . d _& 2 • 110 ' ' d ' /3~5/ 

ao2s2T =L<x k'x2s2T ITo(z)P. Ix kx2s2T > = 
ex 211 d tv 13 d tv 

µ 13 T O 2S2T (0 0 £ ) 
=-- 110 ' ' d ' 8112 

k'=k=O,.z=£d 

iJ'(E+cd.J <PM 

{( ,I, 
'Z {E+Ed) 'r'M 

6 
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PHc. I • r·31 (z) - nomoc ipyHK

QHH d31 (r, z) npH gaHHOM 

sHatJemm z =E+ £ d •·. 

PHc. 2. r 11 ( z) - nomoc ipyHK
QHH d 11 (r, z) npH gaHHOM 

_sHatJeHHH Z = E + ( d H pa3JIH'lHbJX 

3HatJeHHHX r O 1 • 

nonttaR AilHHa pacceRHHR B npH611HmeHHH T .. T 0 HMeeT BHA: 

a O 2S2T = a O 2S2T _ 2a O 2S2T , 
dir e:x 

3aMeHHB B 4>opMy11ax /3.5/T 0 Ha T,nOI1Y4HM npRMYIO l,t o6MeHHYIO 
AI11'1Hbl Nd pacceRHHR. 

YpasHeHHR /3. 4/ np1,t f =O, Z=( d peWu/ll,tCb 4HCileHHO MeTOAOM 
3aMeHbl 1'1HTcrp1,tpoBaHHR KBaApaTypHOl1 CYMM011 raycca. 0THOCl'1Te11b
HaR T04HOCTb Bcex Bbl41'1CileHHblX Be111'141'1H He xyme O, 001 • 
. noAblHTerpanbHaR 4>YHKltl'1R B /3.2/ np1,t Z=(d 1'1MeeT no1110c 

r 31 
(£ d) =2, 149 <l>M, HHTerpan /3 .2/ Bbl41'1CI1RI1CR B CMblCile rnaBHOro 

3Ha4eHl'1R, 

np1,t TaKoM cnoco6e HHTcrpHposaHHR An1'1Hbl KsapTeTHoro pacceR~ 
HHR paBHbl 

8 

a031 =1 676 <!lM a 031 =-2 407 <!lM a 031 =6 490 <llM 
di ' ' ' ' · " ' 

a 3 { = 1,332 <!lM, aei1 = -1 ,958 <!lM, ~ 31 = 5,248 .<llM., _ 
dir ex 31 /4/ · 

JKcnepHMeHTaJlbttoe 3Ha4eHHe ·. a exp =6., 35~0, 02 <llM npH peweHl'11'1 
ypasHeHHH <llaAAeesa c noTeHttHanaMH / 1 • 1 / nony4eHo a•~ =6, 28<1>M 151 . 

i1TaK, a031 6m1>1<e K a 31 4eM a31 . Ha cpastteHHR a31 c ai1 

cneAyeT, 4TO BKJlaA Heyn~yrHx aMnJlHTYA B KsapTeTHYIO AilHHY pac
ceRHHR .. 0,20. TaK KaK a~f~'/2a!~ "' 0,3, TO AOMHHHpyeT o6MeH
HOe pacce.RHHe. np1,t s =3/2 npHHttHn nay11H He n03B0JlREfr HYKilOHY 
npOHHKaTb Br11y6b "AeihpOHa, <llYHKltl1.R Nd pacceRHl1.R Cl'1JlbHO K11ac
Tep113osaHa, no3ToMy np1161111meH11e /1.14/ oKaaanocb paayMHbl~. B 
c11y4ae AY6JleTHOro pacceRHHR nOAblHTerpaJlbHaR ¢YHKlt11.R /3,3/ np1,1 
Z=( d He HMeeT nOJllOCOB' 11HTerpan /3. 3/ Bbl411CJ1RJ1CR 06bl4HblM o6pa-
30M, ' ' 

A1111Hbl AY6JleTHOro pacceRHHR OKa3aJ1HCb 60JlbW11Ml1, a 3Ha4eHHR 
AeTePMHHaHTa ~1,tCTeMbl J111~el1Hb1X ypaBHeH1111, K KOTOp011 np11 Z=(d 
CBOAl'1110Cb ypaBHeHHe /3. 4/' Ma/lblM. 3To o6bRCHfleTCR TeM' 4TO 
3Hepr11R Z, np11 KOTOp011 y, ¢YHKltl111 d 11 (r, z) nORBJl.RIOTCR no1110ca, 
6111'13Ka K (d. TaKHM o6pa30M, B np11611HmeHHl1 /1. 14/ 3Heprl'1R CB.A31,t 
c11cTeMbl Tpex ttyKnottos ~k dj. np11 S =1/2 HYKilOH MomeT npoH11KaTb 
B r11y6b AeHTPOHa' np1161111mettl'1e j 1 • 14/ OKa3blBaeTCR ttesepHblM, 
1,1 CileAyeT Y411TblBaTb BKJlaA OT TpexHyKJlOHHblX CBR3aHHblX COCTORHl111 
cornacHo §2. 

3AKJll04EHHE 

0TM8Tl1M oco6eHHOCTl1 3aAa411 Nd pacce.AHJ,1.A, B OTI111411e OT 11d
pacceRHHR121~0- MaTPHtta HMeeT no1110ca no napaMeTpy r. 0AHaKo 
HecnomHblM TOmAeCTBeHHblM npeo6paaosaHHeM Mom~o nony411Tb pery-
11.RPHYIO T 0.Ae11cTBHTeI1bHO, raMHilbTOHHaH H aan11weM B BHAe H=h 0+ -
+V+y+hc-Y• rAe y~const>O.nosTOpR.R see BblKJlaAKH §1, HO yme 
Ail.R Vy=V+y 1,1 hc(ohc-Y 1,1 Bbl611pa.R y AOCTaT04HO 60JlbWl1M, nony-
4HM peryil.APHYIO ~MaTpHttY H attanorH4Hble ypaBHeHHR AilR T. 

3aMeTHM, 4TO onepaTOp T, cornaCHO 1,8, He KOMMYTHpyeT C p13' 
P 23 , H, soo6~e rosop.R, npH611HmeHHYIO Ha61110AaeMy10 aMnJlHTYAY 
pacce.AHHR CJleAyeT Bbl4HCJ1RTb no ¢opMy11e 

2S2T ->, ·• .E_ 1 2S2T j 
f v 'v (k ,k, z) =-

211 
]'"<cpk 'v, T-2TP 13-2P13 T +2P 13 TP 13+ 

+2P 13 TP 23 I cp ~S2T >' 
. kv 

rAe onepaTOPbl T, TP13'"' YJIOBJleTBOp.RIOT Cl,tCTeMe 

T-T 0 +T 0(G0-'G c)T, TP13=ToP 13 +To(Go-'Gc)TP 13 ' 

P 13 T= P 13 T + P13T (G 0-'Gc)T, 

P 13 TP ii =P13T Opii +P13T 0(G 0-Gc)TP1i' ij = 13,23, 

9 



KOTopaR B np1,16111,1meHHH / f. 14/ CBO,C\HTCR K CHCTeMe O,CIHOMepHblX 
HHTerpaJlbHWX ypasHeHHA. 

nony4eHHble ypasHeHHR HeTPYAHO 060611lHTb Ha CJ1y4aA ynpyroro 
pacceRHHR HeihpOHOB Ha 6011ee CJlO)f{HblX R,qpax. 

B 3aKJ1~4eHHe aBTOPbl swpama~T HCKpeHH~~ 611aro,qapHOCTb 
A. J1. 3y6apesy · aa none3Hble o6cym,qeHHR. 
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