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Mcnonb3YH JlByxapeMeHHYIO (jiyHKUIIIO fp11aa JlBYX '!8CTHU, noryHOB H 

Ill 
Taaxen11)l3e nocTpollnll KB8311IlOTeHuHanbH0e ypaBHea11e JlnH OJlHOBpeMeHHOfi 

B0nHOBOfi IPYHKUIIII, OCHOBHbIM iloCTOIIHCTBOM aToro ypaaHeHHSI SIBnSleTCSI ero 

TpexMepHbifi xapaxTep, 'ITO nposiansieTCSI B OTCYTCTBIIII He(pll3H'Iecxoro napaMeTpa 

OTH0CIITenbHOI'O BpeMeHII (11nn COOTBeTCTBeHHO - OTH0CHTenbHOfi aHeprnn). 3To 

o6CTOHTenbCTBO Il03BOnHeT.HattTH l111TepnpeTau11!6 (p113ll'!eCKOI'O CMhlcna OJlHO-
. . /2/ 

apeMeHHott BOnHoBott IPYHKUIIH • YcnoBHe HopMllpOBKII JlnSI Hee, OJlHSKO, 

KaK Mb! noKaJKeM HIIJKe, IIMeeT 6onee ·cnoJK~bitt BIIJl, no cpaBHeHIIIO c o6bI'IHblM 

npOCTblM ycnoBHeM Ha IIHTerpan OT KBa)lpaTa MOJlynsi BOnHoBott IPYHKUHH, 3TO 

·ycnoJKHeHHe B03HHKaeT KSK cneJlCTBHe 38BHCHMOCTH S!Jlpa ypaBHeHHSI (KB83H

noTeHUHana) OT nonHofi aHeprHH CHCTeMbl,. CooTBeT<;::TByJOmee ycnOBHe HOpMH

poBKH. JlnSI nayxapeMeHHOfi BOnHOBott (jiyHKUHll EeTe-ConnHTepa xopowo H3BeCT-
/3/ ... 

HO , 

PaccMOTPHM ctlypbe-npeo6paaoaaHHe )lByxapeMeHHott (jiyHKUHH fpHHa 

!IBYX 'ISCTHU: 

rne E - nonHaSI SHeprHH CHCTeMbI, a p H q -HMnynbCbl '!8CTHU KOHe'!HO

/ l/ 
ro.H Ha'!anbHOI'O COCTOSIHHfi B CHCTeMe ueHTpa HHepunn. B pa6oTe 6hlnq 

nonyqeao cnexTpanbHoe npeJlcTaBneHHe JlnH (jiyHKUHH 

MbI aan11weM B BHne: 

s 

G ( p,t; E)' KOTopoe 



G ( ;, ; ; E ) = f d E ' [ 
I c;, q; E ') "'= ➔ ➔ ') 

I ( P ,q; E ] , ( 2) 

0 E-E'+i< E + E '-i< 

rae 

I(p,q; E) =(21T/ :£. o(E-En)o(tn)Xn(p) X! (q) 

"'= ➔ ➔ 3 
I(p,q;El=(211) :£, o ( E - En lo ( kn l X n < r l x\ ( q') 

X n(p) = f d x➔ e -;; .;<OJ cf, 
1 
(O,t) cf, 2 (0) J n > 

X n (p) = f d; e -I ri t < n I cf, 
1 

( 0, t) cf,
2 

( 0) I O > 

ilorrycTnM Terrepb, qTo cpenn rronHoro Ha6opa cTaunoaapHbIX cocT0HHllil I n > 

HMeeTCH CBH38HH0e C0CT0HHl!e llBYX qaCTHU I B > c aHeprneli E B = M • 

OrrpenenHM Toraa cf)ypbe-rrpeo6pa30B8Hlle OllHO.BpeMeHH0li BOnHOBOA <pyHKUIIH 

CBH3aHHoro coCTOHHHR qepe3 cf>yHKUHIO X n : 

'I' c;l =v'i:M x c;l. 
B B 

(3) 

B ST0M cnyqae, KaK cneayeT 1!3 crreKTpanbHoro rrpencTaBneanH (1), ~YHKUl!H 

fpnaa nMeeT rron10c B T0qKe E = M , n B6nn3n rron10ca 

* 
'PB (p) 'PB (q) 

(4) 

G(p,q; E) 

2M(E-M) 

4 

/1/ 
BaeaeM Terrepb, K8K o6bl~HO , orrepaTop KB83llII0TeHUlrnna V : 

-1 -1 
G =Go -V, 

(q) 

rae Go -aayxapeMeHHaH cf>yHKUIIH fpnaa cao60J:1HbIX qacTnu. Toraa 113 oqe

BllllHbIX T0)KJ:leCTB 

-1 -1 
G G=GG =l 

( 6) 

II rrpeacTaBneHHH ( 4) cneayeT, qTo B0n!IOB8H cf>yHKUHH 

ypaBHeHl!HM! 

IJIB yaoimeTBOpHeT 

-1 
Go 'PB = V 'PB ll 

* -1 *· 
'PB Go = 'I' B V ' ( 7) 

rae YMH0lKeHne II0HHMaeTCH B orrepaTopH0M CMbICne KaK l!HTerpnpoBaHl!e no 

TpexMepH0My l!MIIynbCl!0MY rrpocTpaHCTBy. YMHOlK8H T0lKi:teCTBa (6) Ha G 

I! l!CII0nb3YH orrpeaeneane ( 5). Mb! IIp!!X0J:lllM K C00TH0IUeHl!IO! 

-1 -
G(G 0 -V)GbG. ( 8) 

ITpnpaBHl!BaH BblqeTbl B rron10ce IIp!! E = M B o6enx qacTHX paaeacTBa (8) 

c yq~T0M rrpeacTaBnemrn ( 4). I! ypaBaeanli ( 7), Mbl. rronyqaeM ycnoane Hop-

Mnpo~KI! anH BonH0BOli cf>yHKUIII! . 'I' B x/: . 

'P [ _a_ ( G-
1
- V) ] 'I' = 2 M 

B aE O E=M B 

xi . /3~ / 
Aaanornqaoe ycnoBne. nopMnpoBKI! r:pnBeaeao B pa6oTe 
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nnn B 6onee rroApo6Hoii aarrncn 

➔ ➔ * ➔ a -1 ➔ ➔ ➔ ➔ ➔ f dp d q 'I' B( p) I - [ G O (p, q; El - V ( p, q; E )] } E -,.\I 'I' B ( q l = 2 M • 
(2 17 ) 6 aE 

( 9) 

0TM~THM, qTo 3TO ycnoane HOpMHpOBKH rrpnrOAHO H Ann BOnHOBOll q>yHK

unn, yaoanCTBopnJOmeii HepennTHBHCT°CKOMy ypaBHeHHIO llJpemrnrepa. B 3TOM 
' . 

cnyqae 

- I ➔ ➔ )3 " ( ➔ ➔l [ G
0 

(p,q;El=(211 u p-q E-m 1 -m 2 -
p2(m i'+m2l 

2 m
1 

m
2 

n, ecnn IIOTeHunan He 38BHCHT OT 3Heprnn, Mb! IIPIIXOAHM K 06b1qH0My !IpOCTO

MY ycnoBHIO HOpMllpOBKII 

I * ➔ ➔ - f dp'P (pl'1'
8

(pl=2M. 
(2 17 )3 B 

PacCMOTpHM Tenepb HeCKOnbKO KOHKpeTHblX npnMepOB pennTHBHCTCKHX 

AByxqaCTllqffb!X CHCTeM. 

HaqaeM C CHCTeMbl ABYX CKannpHbIX qacTHU C MSCC'aMH 

TorAa 

m 
1 

H m
2 

• 

-I ➔ ➔ 3 · ➔ 2 ( I (pl ( 2 (pl 2 2 
Go (p,q;El=(211) o(p-ql -----IE -[€/plH2(pl] I, (10) 

(l(pl+€2(pl 

rAe 

C 1,2 (pl=yp 2 +m
2

· 
1,2 

YpaBHeHHe (7). Ann BOnHOBOll q>yHKUIIH CBR38HHoro COCTORHHn HMeeT BHA: 

l'E2-[(;(p)H (pl]21'1' (;;>}- (l(pl+€2(p) 2 B p - _.;__ __ _::_ __ 

2(/pl€
2
(pl 

6 

- 1-JdqV(p-:q;E l '1' 8 (q) 
( 2 17 )

3 
(11) 

/![ 
. I•-' 

1l 
; ( 

a ycnoBHe HOpMI!pOBKH (9) !IpHHHMaeT q)OpMy 

I . * 
-fd➔ 'I' 
(211i p B (p) 

2€1(pl€2 (pl 11'B(pl __ I_/dp~ql!IB(pl[:E V(p,q;El]E=M 11'B(ql= 1,( 12) 
( ) · ( l 2M (217) 

(1p+(2 p 

B KaqecTBe cneayJOmero rrpnMepa paCCMOTpHM CIICTeMy ABYX qac_TIIU 

co CIIHHOM 1/2 II MaccaMII m I H m 2 • B 3TOM cnyqae ___ ,·BMeCTO orrepaTopoB 

J ,oqeBHAHO, . HY)KHO ncrronb3OB8Tb orrepaTop~I ¢,=¢,Yo . BonHo~alI 

q>yHKUHn q, B nBnneTcn. IIIeCTHSAUSTHKOMIIOHeHTHOll Bennqnaoii, II C IlOMOillblO 

npoeKUHOHHbIX orrep_aTopoB Ka3HMHpa MO)KeT 6b!Tb npeACTaBneHa B BIIAe cyMMbl 

qeTbipex cnaraeMbIX, OTBeqaJOillHX qeTb!peM BO3MO)Kffb!M KOM6naaunnM 3H8KOB 

3Heprllll qacTnu. TorAa rronaan aonHoBan q>yHKUHn C_Bn3SHHoro COCTORHHR 

/4/ 
YAOBneTBOpneT ypaBHeHIIIO 

[ 
➔ ➔ ] ➔ (1) (2) 1 ➔ ➔ ➔ ➔ 

E -,- H 
1 

( p l - H 2 ( p l 'I' B ( p ) = y y
0 

---
3 

f d q V ( p, q ; E l 'Ip ( q l , 
O (211) B (}3j 

rAe ~ ➔ ➔ ➔ Ct. 2) 
H1,2 (pl=a•p +m1,2 Yo 

IlpH 3TOM 

-1 ➔ ➔ 3 ➔ ➔ (1) (2) [ ➔ ➔ 
G0 (p,q; El =(211) o(p-q)y

0 
y

0 
E-H/pl-H 2 (pl] 

n ycnoBlle HOpMHpOBKH (9) HMeeT BHA: 

I ➔ * ➔ I ➔ ➔ * -+ (1 > c2 > a ➔ ➔ _.:, 
--3 Jdp'I' (pl'I' (pl---Jdpdq'P (pl')' y [-V(p,q;El] 'I' (ql=2M. 
(217) B B (217)6 B O O aE E=M B 
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. Moll<HO TaKJKe rrony'IHTb ypaBH0HHH .CtnH rrpoeKUHli BOnHoBoli q>yHKUHH Ha 
\ 

COCTOHHHH C orrpeneneHHb!MH 3HaKaMH SHeprHlt 'IaCTHU. Tax, HaIIpHMep, B pa-
/5/ 

6oTax llCIIOnb3?Banacb BOnHOBaH q>yHKUHH, crrpoeKTHpoBaHHaH Ha COCTOHHHH, 

B KOTOpbIX o6e 'IaCTl!Ubl HM0IOT OAHOBpeMeliHO rronolKliTenbHbie nnu OTpuuaTenb

Hbl0 3Ha'I0HHH 3Heprnu. 

PaccMOTpl!M rronpo6Hee cnyqaJt, xorna BomwBaH q>yHKUHH crrpoexTnpoaa-

Ha Ha COCTOHHHH C OAHHMl! TOnbKO rronolKl!TenbHb!Ml! 3Ha'IeHHHMl! SHeprHH 
/6/ 

qacTHU ! 

<+> * * ➔ *C+l ➔ * (ll < 2) 
'PB (pl=u,(p)u2(-p)'l'B(p), 'PB (pl='l'B(p)yo Yo u,(p)u2(-p) ( 16) 

rne u 1, 2 -CIIHHOpHbI0 BOnHOBbie q>yHKUHH CB060AHbIX 'IaCTHU C rrono:iKHTenbHOli 

SHeprHeli, HOpMnpoBaHHb!0 ycnOBHeM 

COOTB0TCTBYIOillll0 q>yHKUllll fpHHa! 

! u = I.· A Hanorn'Iiro orrpenenHIOTCSI 

<+>( ➔➔, *<)*() ( ➔➔ )(1)(2) () () G p,q;E)=u
1 

p u
2 

-p G p,q;E y 0 y0 u 1 q u 2 -q 

[ 
(+) ➔ ➔ -I 2 2 2 2 

G 0 (p,q;E)] =<E-,/p +m 1 -,/p +m 2 ) 

BTopoe cnaraeMoe B. CII0KTpanhHOM rrpencTaBneHHH ( 2) IIpH 3TOM . He 
(+) 

(17) 

naeT BKnana. BonHOBaH q>yHKUHH 1P B ynoBneTBOpHeT IIpOCTOMY ypaBH0HHIO! 

2 2 ·-2--2 (+) ➔ 

(E-,/p +ml -,/p + m2) 'PB (p) 
( 2,r )3 

rne B COOTB0TCTBllll C orrpeneueHHeM (5) 

<+> ➔ ➔ ( +> ➔ 
JdqV (p,q;E)'l' 8 (q), 

v<+> = [ c~+> r1 
-[ c<+> 1-1 

8 

( 18) 

YcnoBne HOpMnpoBKH ( 9) IIpHHl!M80T qiopMy: 

I . *<+> ➔ <+> ➔ I ➔ ➔ *c+J ➔ a C+l ➔➔ <+> 
--Jdp'l'B (p)'PB (p)---fdpdq'l'B.(p)[-V (p,q;E)]E=M'l'B(ip=2M(l9) 
(2,r)3 (2 ,r) 6 aE 

C. 

B, aaKnIO'I0HH0 aBTOpb! BbtpalK_8IOT 6naronapHOCTb A.H.TaBxennnae, 

B.r.Kanb1llleBcK0My, B.A.MaTBeeBy, 11.B.ITony6apHHOBY H n.A.Cnerrqeaxo aa rro

neaabm o6cyJKA0HHHo 0AHH ~-3 aBTOpOB (P.H.¢>. ) 6naroAapeH K.¢>pOHCAany aa CTI!-· 

MynnpoBaHne HHTepeca K rrpo6neMe aopMnpoBKn. 
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