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HacTOJilllaJJ: pa6oTa nocBJJ:llleHa HCCJie,IJ,oBaHHIO KBaJH

noTeH.QHaJILHoro paCCeJIHHJI 'laCTH.Q CO CllHHaMH 112 B npe

,IJ,eJie BbiCOKHX :meprHii H <iiHKCHpOBaHHbiX nepe,IJ,a'l HMITYJibCOB 

Ha OCHOBe paJBHTOrO B pa6oTaX/l~/ aCHMITTOTH'IeCKOrO 

MeTO,IJ,a. 

1. PaccMoTpHM KBaJanoTeH.QHaJILHoe ypaaHeHHe ,IJ,JIJJ: 

BOJIHOBOH <iiYHKU:HH .IJ.BYX 'laCTHU: CO CITHHaMH 112 H MaccaMH 

m B CHCTeMe U:eHTpa Mace / 3/ 

,... -+ .... - -

[ E- 1 ~H < - i v ) - H u v )@ 1- yo 0Y o g·v c; ; E) 1 w rr) = o , 11.11 

r,IJ,e 

H(i V)=my 
0 

-+ 

+ ia v 11.21 

E = 2 ym2+ il2 = 2 ym 2 +p' 2 =2w , 11.31 
p 

p H p, - HMITYJibCbl 'laCTH.Qbl B Ha'laJibHOM H KOHe'IHOM 

COCTOJIHHJIX, a l - e,IJ,HHH'IHaJI MaTpHU:a 4 X 4. 
Bb16epeM KBaJanoTeH.QHan V(r; E)a BH.IJ.e * 

'V( r; E)= y
0 

0 y 
0 

V( r; E) , 11.41 

r,IJ,e 'V(r;E)- CKaJIJJ:pHaJI <iiYHKU:HJI. 

iii 0TMeTHM, qTO HJJiaraeMbiH B pa6oTe MeTO,IJ, ll03BOJIJieT 
npoBeCTH aHaJIOrH'IHOe paCCMOTpeHHe ,IJ,JIJI KBaJHITOTeH.QHa
JIOB 6onee o6lllero BH,IJ,a. 
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.D;n.H peweHHJI ypaBHeHHJI /1.1/ upe~cTaBHM wecTHa~
:ua THKOMDOHeHTHYIO BenB'IHHY 'I' ( r ) B BH~e DPJIMOrO DpO

H3Be~eHHJI ~BYX 6HCDHHOpOB 

'I'(;)= (:)0 (:~)' 
I 2 

/1.5/ 

r~e 'I' I , 'I' I , 'I' 2 , 'I'' 2 - ~BYXKOMDOHeHTHLie l)yHK:QHH. 

BBe~eM ~anee BOCLMHKOMDOHeHTHLie BeJIB'IHHLI 

c· 0 ~.} 
<~><r>= 

'I'' 0 'I'' I 2 

11.61 

c· ~ ~;) X (1) = 

'I'' ® '1'2 I 

/1.71 

Tor~a ypaBHeHHe /1.1/ C DOTeH:QHaJIOM /1.4/ DpHBO~HT 
K cne~yromeii cucTeMe: 

(E-g'V-2my
0

) <I>+ i(a
1 

-a:z>x = o, 11.8/ 

( E-g'V) X + .i ( a I -at <I>= 0, /1.9/ 
r~e HCDOJIL30BaHLI 0603Ha'leHHJI 

~ (I) v 0 ) ( 0 
ai = , a2 = 

o &<I>V a< 2)\7 

->(2) .... ) a 'V 

' 
0 

11.10/ 

( 
f 0) 

Yo = o ...f ' /1.11/ 

4 

1 0 .... 
.... (I) - ( ) 0 a ' 
a - 0 1 

.... < 2) .... 1 o ) I 
a = a 0 ( ' 11.12 

0 1 

a ; - o6LI'IHLie MaTpH:QLI Ilaynu. 

.113 11.81 cne~yeT 

(a +a ) ( E-g V- 2 my ) <I>= 0. 
I 2 0 

11.131 

.D;eiicTBYJI ua o6e qacTH I 1.131 on epa TopoM a 
1 

, uony-

'IBM 

~ 

(E-g'V+2my
0

) '\a2<t> = gaia2 'V<I> +&aiva2<I> + 

~ .... 2 .... 2 .... .... 
+ga

2
·vai<t>-(E-g'V-2my

0
)V <I>+& v V<l>+. 2g vv V<I>. 

11.141 

.11:3 11.91 BLITeKaeT 

i <a -a ) x = <q -a;J~ <a -a:z><t>+ -
1
-<2\', 

2
-::Za1 a:)<I>.IL15I 

I 2 ( E-gV)2 I E-gV 

Ilo~cTaBJIJIJI 11.151 B 11.81 H HCDOJIL3YJI 11.141, ~JIJI rfl 

HMeeM 

2 2 E-g'V+2my 
[ (E -gV) -4m ]<I>+--· o g (a I v-a2v)(a 1-a:)<I>+ 

(E -g'V) 2 

+ 1 [ (E-g'V)2V 2 <1> -2g a a ·v<t> -2ga v a <1> -
E-g'V I 2 I 2 

.... 2 .... .... 
-2ga

2
·vai<I> -2gV 'V<I> -4gV'V'V<I>]=O 11.161 

HJIH 
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-> 2 2 ," 
(V +P )<ll=V

3
q.<ll, /1.17/ 

r~e 

i 1 . ->2 
3¢.= 4( 2Eg'V-g2V2 + 2 g ai a2 V +gV V 

E-g·v )+ 

,.. 

E - g 'V + 2 m Yo (a ·v -a V )(a - a2 ) + 1[ g I 2 I 
+ 4 - (E-gV) 2 

+ 
2
8. <ai·va2 +a2·vai +2v·vv )J. 

E-gV 
/1.18/ 

,.. 

C llOMOIQLIO /1.13/ V 3¢. MO)I(HO npeo6pa30BaTL I< BH~y 

·v 3.¢. = ~- 1 2 Eg'V -i' ·v 2 + 28 5 a ~v +Vv + 2 82 a. va2v +<V·v>: 

E- g 'V (E-gV)2 

6 

4 
+ -- 2 

( E -g ·v) ( E- g'V +2m y -)- g [ a I·v a 2V + (V ·v) 2]1 + 
0 

+ 1 -> -> 

E-g ·v gVVv 1 (gava +ga2va.). - ,.. I I 

E-gV +4ny0 /1.19/ 

BBe~eM npe~cTaBneHHe 

<II = (<II(+)) 
(-) 

<II 

/1.20/ 

(+) :."\ (-) -> 
H ~nJI <II (r J H <II (r) nony'IHM CHCTeMy ypaBHeHHH 

( ->2 -2),..(+) ,"(++) (+) ,"(+-) (-) 
v + p- '1' = v <II + v <II /1.21/ 

(V 2 +pi<~~<->= ·v<-->q,<->+ ·v<-+><11<+>, /1.22/ 

r~e 

->2 -> 2 -> 2 
.--<++) 1 [ . 2 2 

2 
gV V 

2 
(g V'V) 

4 
(gV'V) ] 

V =- 2 EgV -g V + --- + + + 
4 E- gV (E- gV)2 (E-gV)(E-gV +2m) 

+ l 1 g v·vv'- __ g __ ((;(I)V'V ;<Lv + ;<2> VV c;< 2V)], 
E-g'V E-g'V+2m I 

/1.23 

"<+-> 8 ... o>-- ... <2>--v 3E-3g'V+2m 2.,.(]) ... v~<2l->.v V = a V a V + ------g u V u V , 
2(E-g'V) 2(E-gV)2 (E-g'V +2m) 

/1.24/ 

,.. ... ->, 2 ->, 2 

v<--l~[2EgV -g2V2+ 2 ~ +2 (g VV) + 4 ~~- V V) --]+ 
4 E-g'V (E-g'V)2 (E-gV)(E-gV-2m) 

+[....l._8vvv- s <~o>v·va<o v +a<2> w ;<2> v>L 
E-gV E-g'V-2m /1.2S/ 
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V
"(-+l g -.(I) -->V-.<2l V' .... V 3E-3g'V- 2m 2-->0) v .... ·v-->(2l .... v·v 

= a a + ga a . 
2(E-g'V) 2(E-gV)(E-gV-Jn) 

11.261 

H3 I 1.131 cne~yeT 

~(I) V(E-g'V- 2m)<l>(+l+-a<:?> V(E-g'V+2m)<l>(-) =0, 11.211 

ct(l) V ( E-g'V +2m) <I>(-)+~ (2) V (E- gV -2 m)<l> (+l = 0. I 1.281 

(-) 
HcKJIIO'IaJI c noMo~biO 11.211, 11.27 I H 11.281 <I> H3 

I 1.221, nony'IHM ypaBHeHHe ~JIJI ~i~YHKI{HH 

( v 2 + p 2 ) <I> ( +) = v <IJ ( +) , 11.291 

r~e 

= "<++ l 1 E 'V 2 "( + l 
'V Cf; V ) = 'V + (p2+ A)- [B + -g - m 'V -o0lva<2JV + 

E-g'V +2m 

+ ~~E +g'V +2m 
<E-sv)-c E-=--;·v_+_

2
_m_> __ s v v v cv 2 + P 2 -·v <+ + > > L 11.301 

A= 
.... " <+ ) 1 ~ ........ <+-) .... 2 

gV 2 'V -2(V - )- gV 'V V ·v 2g2 (V V) 
·--------- + + 

E-g'V +2m (E-g'V)2 -4m2 

""(+-},-1 .... ... "(+-) .... 2 .... 2 
(V 'J gVVVV 1 [

2
E ·v 2V2 2gV V 2 (g V 'V) 

+ - 4 g -g + + 2 + 
E-g'V E-g'V (E-g'V) 

( V 'V)
2 

+4 g ], 11.311 

(E-g'V)(E-s V -2m) 

8 

I 

I 

B = 8 ;;<O V ct<2
> V 'V 

E-g'V+2ni 

" (+-) 
·v 

2g2 
::----:::---- ~(I) ~ 

(E-gV)2 -4 m 2 a V'V J2l V'V'~+:) 

+ .y<+-v <-+) l1.32t 

Hll{eM peweHHe ypaBHeHHJI 11.291 B BH~e 

---~ ( ........ 
(+) ""!\ ipr W r;p) (+) ~ 

<I> (r, =e e <1>
0 

(pJ, 11.331 

r~e 
.... .... 

( .... ) p p 
<l>o P ""¢o ( 7) Q ¢o <- -::;-), 

IP I IP I 
11.341 

A 
a ¢ 0 "' ¢ 0 - 06bi'IHble CllHHOpbl, OllHCWBaiOII{He CB060~-
Hwe 'laCTHI{W co cnHpaJibHOCTbiO A • 

H3 11.291 MJI lilYHKI{HH e w nonyqaeM 

-->2 --> w = ~ w 
( v + 2iJ! V )e = 'V ('r;V +:ip)e 11.351 

HJIH 

( ........ ) iq(r'-"-:') 
W r;p 1 1 J d-->d-->' K(-+) e = +-- q r e q x 

(2rr)3 

( .... , .... ) 
~ --> _. W r ;p 

x ·v (r'; v +ip)e 11.361 

r~e 

1 
K =- 2 p-q +q2-i(. 11.371 

ITpe~cTaBHM W(r; g) B BH~e pJI~a no cTeneHJIM 34MtleK-
~ ~ 

THBHoro noTeHI{Hana ·v ( r ; v ) ·: 
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W = !. gn W , 
n n /1.38/ 

r~e g - napaMeTp, KOTOpLIH BBe~eH ~nR y~o6CTBa H B KO

HC'IHOM OTBCTC 6y~eT npHpaBHCH K e~HHHIJ;C. 

liy~eM HCKaTL W n nocne~OBaTenLHLIMH HTepaiJ;HJIMH. 

Tor~a H3 /1.36/ Haii~eM 

W 
1 ..... ( ........ , 

I = - J d ;t d--> •q r-r ) 
(217 r '1 r e 

"" -> 
K(q)V (r '; V +ip)xl, 

..... ~ -i>_, 

1 2 1 -> i q ( r-r ) --> 
W2 =--W1 +-Jdqdr'e K(q) x 

H T.~. 

2 (2i 

x ·v c;,; v + i p) w 
1 

<r,; P), 

2. Bw6epeM p H p' TaKHe, 'ITO 

-> 

--> ~ l. 
p =(--,p ), 

2 z 

--> 

-->, ( ~j_ 
p = -, p 

2 z 
) ' 

~ ~ , -+ 

/1.39/ 

/1.40/ 

/2.1/ 

r~e ~ 1 = p -p - nepe~a'll.\,HMn_}'nLca. 
Pa3naraR K(q) H 'V(t; v -t~ip) B pR~ no cTeneHJIM 

1 1 p""p' nony'IHM 
z 

-> 
... 2 ... ~ 

-> 1 q -ql. l.. 
K (q)=- + + ... ' 

2p(~ ....,i£) 4p'Z(q -i €)2 
z 

/2.2/ 

10 

t 
t 

'"" -> -> • :>-. ·i -> (I) ->' (I) -> (2) ... (~ 
V(r; V +t PJ =gpV-"-g(a VVa +a '\IVa )-

2 z z 

g .... o>~ .... <~ t;.v o> (2) 1 2·v2 i a ·v /2 3/ --a v a v a a -- g + -g + ... . . 
4p z z 4 2 z 

• 0TMCTHM, 'ITO B ~aHHOM pa3nO:>KCHHH MW yqnH HapJI~y 
C rnaBHWM H nepBWM nonpaBO'IHhiM 'lnCHOM TaiOKe H 'InCH 

6onee BhiCOKOrO nopJI~Ka ManOCTH no Jl , a HMCHHO, 
p 

1 .... .... 
- 4P ga(l) v7f..2)V'Vaz(l)a~2), KOTOpwii, KaK 6y~eT noKa3aHO 

HH:>Ke, onpe~enReT ~BoiiHoii nepeaopoT cnHHa • 

HcnonL3YR /2.1/-/2.3/, W I(r;p) H W2 (~;p) 
npe~CTaBHTL B BH~e 

1 
WI =WIO+-Wll+ ... , 

p 

1 W =-W + ... , 
2 p 20 

r~e 

z 
W = _[__ J dz 'V ( y z 2 + r :f ; E ) , 

10 2i -oo 

.!... wit = ..!.·v p 2p 

--> --> 
--> 2 'A Z 

V l. _....,tLll. Vl. J dz, (z, -z)g'V + 
'4p -oo 

z 

+ -1- J dz, [-is.. ( t 0 v 'V a (I) + a(~ V'V a (2) )-
2pi -oo 2 z z 

1 g ... o> t; ---<2>~·v o> <2> 1 g2 ·v 2 1 -4'P a va vazaz - 4 , 

MO:>KHO 

/2.4/ 

/2.5/ 

/2.6/ 

/2.7/ 
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z -> z' 2 
L w = _1 f dz I [ g2V 2 + ( V'l. f dz "g'V ) ] . 
P 20 8 . pl -oo -oo 

/2.8/ 

B npe.nene 
.... 

pz _,. oo' !\..!.. -cllHKCHpOBaHO, /2.9/ 

npH g- const rnaaHLIB BKna.n .naeT W10 ( 1, p), a ocTanLHLie 
qneHLI - nonpaBKH. Cne.noaaTenLHO, e w MO>KHO npe,ncTa-

BHTL KaK 

W WIO 1 1 1 ] 
e =e [1+ -Wll +-W 20 +0(--j · 

p p p 
/2.10/ 

YcTaHOBHM TenepL CBJIJL Me>KAY 'leTLipexKoMnoHeHTHOB 
cllYHKUHeB 'II (q) H aMnnHTYAOB pacceJIHHJI. 

AMnmiTy.na G \+) cBJIJaHa c wecTHa.nuaTHKOMnoHeHTHOB 
cllYHKUHeB 'P(q) COOTHOWeHHeM /

3
/ 

.... .... .... .... .... ( +) .... .... 
'P(q)='P

0
(p)o(p-q)+F(q)G

1 
(q,p), /2.11/ 

r.ne 
,... ...... --+ " -I 

FCq)= [E-10H(q)-H(-q)01] y 0y , 
0 0 /2.12/ 

'II 
0

(p) = U(p) 0 U(-p), /2.13/ 

a U (p) = U A (p) - o6LI'IHLIB 6HCllHHOp,/f?OTBeTCTBYIOUUlB 
CB060)J;HOB 'laCTHUe CO CllHpanLHOCTLIO A • 

HeTpy,nHo BH,neTL Tor.na, qyo F(q) MO>KHO npe,ncTaBHTL 

B BH,ne 

2 .. .... .... .. 2 .... .... 
.... E +Ell 0 H(q)+H(-q) 0 1]-2wq+2H:q)0H(-<J) n. 

F(q)= .. y <aY • 
4E CiP -q2) o o 

/2.14/ 
(+) ........ 

Bae,neM aenH'IHHY G ( q ,p ) , paaayro 
2 ~ ........ ~ 2 ........ 

. (+)(.... .... E + E [ 10H(q) +H(~1]-2w +2H(~(~) 
G q ,p) = I g X 

12 

t 
I 
I 

(+) .......... 
X y 0 0y 0 G I ( q 'PJ . 

fipH 3TOM Ha 3HepreTH'IeCKOB llOBepXHOCTH 
2 . 2 

IP 12 
= IP' 12 

= E ; 
4

m 

6y,neM HMeTL 

/2.15/ 

/2.16/ 

(+) E - - <+> 
U*tp') 0 U*(-P)G (i)jp) = 2 U $' )0 U <-P' )G1 $: p) · /2.17/ 

H3 /2.15/ H /2.11/ cne.nyeT 

.... .... .... .... 1 (+) ........ 
'P(q)='P (p)o(q-p)+ .... 2 .... 2G (q,p). 

0 p -q 
/2.18/ 

Y'IHTLIBaJI /2.18/, H3 /1.1/ B npe.nene lrl-+"" nony'IHM 

.. (+) 
[E-10 H(p')-H(-P')01]G tp',p)=O. /2.19/ 

0Tcro.na cne.nyeT, 'ITO G <+ )(p ~ p) MO>KHO npe,ncTaBHTL 
B BH,ne 

( 
F ~ ( 

(+) .... , .... 

G ( p ,p)~ '" ~:: F ® -

p 

G J w +m p ' 
2w ........ , p 

up G 

w +m /2.20/ p 

r.ne F H G - )J;BYXKOMnoHeHTHLie aenH'IHHLI. 
Onpe.nenJIJI T(p ',p) c noMomLro BLipa>t<.eHH.II 

.... , .... ) (+)(.... . 
T(p ,p <1> 0 p)=F 0 G, /2.21/ 

H3 /2.20/ nonyqaeM COOTHOWeHHe 

u (p')0U(-P')G<+> <i)'.p) = <1> ~+> * (p) T(p :I)) <1> ~+tJ;), /2.22/ 

KOTOpoe 03Ha'laeT, 'ITO MaTpH'IHLIB 3neMetiT aMnnHTYALI 
CBO,nHTC.II K Ma TpH'IHOMY 3neMeHTY 4 x '4 OT T (p: p). 
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HcnonL3YJI /1.6/, /1 301 H /2.11/, nony'IHM CTaH-
,IJ;apTHYIO CBJI3L Me:>K,Z:{y Ill(+ ( r) H 'leTLipeXKOMllOHeHTHOH 
aMnnHTy,IJ;oii T (p' ,p') 

-->--> ipr 
)+)( .... )-~(+)(_.) ipr e T(-->'->)~(+)(-->) 
'~' r -'~'ope +- p,p 'l'o p, 

r 
/2.23/ 

r,IJ;e 
,--+J' -+ 

-> -> ( +) -> 1 -> -1 p r "' -> -> ( +) 
T(p',p)<ll

0 
(p)=--fdre 'V(r;V)Il> (r)= 

477 

-> r>-> 

1 -> -i~l ;l. "' -> -> . W\r;p) -> 
= -- f dr e V (r; v +ttpJe ~!>0 {p). /2. 24/ 

477 
llo,IJ;cTaBnJIJI B /2.24/ pa3no>KeHHJI /2.3/ H /2.10/, r,IJ;e 

W 10 , Wll H W 20 onpe,IJ;eneHLI cllopMynaMH /2.6/-/2.8/, 
HaKoHeu, nonyqaeM 

T =T 1 +T 2 +T 3 , /2.25/ 

r,IJ;e aMnnHTYAa 6~3 nepesopoTa cnHHa 

p -> -~11., g 00 --... -

Tl= -.-f d r.i.e I exp [ -. f dz'V( ..jz2 
+f 

2 ;E)] -11 + 
277:1 21 -oo .i. 

-> -> 
-~l.rl. 2 

+-1-Jdr:,e exp[{r- rdz'V(..jz 2 +;f;E)]Jdz'f'V1..jz'
2
+f3E>-

477 -oo -oo 

-> 

-.
4
1 f dr e -i~..l j:',i.exp [ 

2
8. t dz' 'V ( y Z ' 2 + ;l; mJ X 

17 1 -oo 

xi{-~'V 2 (..jz 2 +r..l2 ;E)-ig'V(yz2 + r..l2 ;E)(v1-iK.i. V.I.) X 

X l dz. (z • - z) g'V ( v z , 2 + r 1 ; E) + g'V ( v z 2 +;;; E ) ~ X 
8.1 

"""" 

14 

z z z' -- 2, 
x[ J dz'g

2
'V

2
(yz'

2
+rf;E)+ fdz'(V.i. fdz"g'V(vz" 2+rf;E)) Jl, 

""""()0 -oo -oo . 

aMrrnHTy,IJ;a c nepesopoToM cnHHa 
/2.26/ 

-> -> 
-i~.l.r' 

1 -> ~ g "" 2 ->2 
T =- 4-J dr..L.e exp[

2
-,-J dz'V(vz +r, ;E)]x 

2 17 .1 -oo ~ 

-> J"" d 8 c ... O> ~·v o> ... <2> x z 71 ai vl az + a L -oo 1 Vl'V a (2)) 
z ' 

/2.27/ 

aMnnHTy,IJ;a C ,IJ;BOHHLIM nepesopOTOM CllHHa 

-> -> 

1 -i~..Lrl. oo 

T3 =-4 f dr..L.e exp[ ~J dzV(vz2 +rf;E)]x 
17 2!1 -oo 

g «> ->(I) ->->(2)-> 2 ->2 (I) (2) 
x-(dza v1a Vl.V(yz +r,;E)a a . 4p..:-oo l .l. ..r. Z Z 

/2.28/ 

B 3aKnJO'IeHHe aBTOpLI C'IHTaiOT CBOHM llpHJITHLIM: ,IJ;OnroM 
BLipa3HTL rny6oKyro 6naro,IJ;apHOCTL H.H.Jioronro6osy H 
A.H. TasxenH,IJ;3e 3a HHTepec K pa6oTe H ueHHLie 3aMe'laHHJI, 
a TaK>Ke B.A.MaTseesy, B.A.MeiUepJIKOBy, M.B.CasenLeBy, 

• A.H.CHcaKJIHy, H.Ji.CKa'IKOBY H P .H.~aycTosy 3a CTHMy-
nHPYIOtUHe H nnO,IJ;OTBOPHLie ,IJ;HCKYCCHH. 
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