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1. B a e JJ. e H n e 

Uenbro aacTo.11mett pa60Tb1 .11an.11eTc.11•nayqeane aaannTnqecKHX caottcTB 

pen.11THBHCTCKOtt aMnnHTYIJ.bJ pacce.11HH.II B KB83HITOT0HUHanbHOM ITOIJ.XOJJ.e. 
· /1-3/ . ·. · 

B p.111J.e pa6oT JJ.n.11 aTott uenn npnMeH.llnOCb KB83HITOT0HUHanbHOe ypaa-
. /4-6/ 

HeHne noryHoBa-TaaxennJJ.ae 

3 ➔ 

d k 

( p H. q - aaqanbHbJe H KOHeqHbJe HMnynbCbl qacTHU B CHCTeMe ueHTpa 

. 1rnepu1rn, qaCTHUbl npeJJ.nonararoTC.11 CKan.11pHbIMH, a HX- MaCCbl - paBHbIMH) • 

4>opManbHO ypaaHeHne (1) oTnnqaeTca OT aaanornqaoro Hepen.11THBHcTcKoro 

ypaBHeHH.11 nnnnMaHa-lllBHHrepa q>aKTOpOM 1/ ,N2 +m 2, Be.llyIUHM CBOe npo

HCXO~.lleHHe OT penRTHBHCTCKOtt KHH0MaTHKH. B Hepen.llTHBHCTCKOtt TeopHH, 

HCXOIJ..11 H3 ypaBH8HH.II nnnnMaHa-lllBHHrepa,. MO~HO .ll0K838Tb M8H.ll0nbCT8MOB-. 
ckoe npeJJ.cTaaneane aMnnHTYJJ.hI pacce.11an.11, ecnn noTeHunan .11ah.11eTcSI cy-

nepnoanunett noTeHunanoa IOKaBbI 

V (p,q) .. J 
µ2 

0 

µ2 + ( p -q ) 2 

3 

( 2) 



/1-6/ 
B pa6oTax 6bmo BhrnCHeHo, 'ITO KB83HIIOTeHUHanbHOe ypaBHeHHe 

( 1) c rroTeHuHanoM, 06naaa10lllHM rrpeacTaaneHHeM ( 2) co crreKTpanbHO:il: 

.cl>YHKmrn:ll: p 1 38BHCSillle:ll: OT SHeprHH, He aaeT aMIInHTYllhI pacceSIHHSI, 

YllOBneTBOpSIIOllle:ll: rrpeacTaBneHH_lO MaHaenbCTaMa. TipH'IHHa STOro COCTOHT 

B T,OM, 'ITO llHCIIepCHOHHOe _COOTHOllleHHe llnSI aMrrnHTYllhI pacceSIHHSI IIO 

➔ ➔ 2 
rrepeaaqe HMIIynbca t = - ( p - q ) cnpaaeanHBO He npH acex aHeprHSIX 

s = 4 ( m2 + q2 ) 

OT npHMo:ll: Re q 2 

a nHlllb B o6nacTH 1 pacrrono)KeHHo:ll: crrpaaa H cneaa 

( 2 2) 121 - m +µ • 

B ll8HHO:il: pa6oTe llnSI HccneaoBaHHSI aaanHTH'IeCKHX CBO:il:CTB llBYX

qaCTH'IHO:il: penSITHBHCTCKO:il: aMIInHTYllhl pacceSIHHSI IIpHMeHSieTCSI KBa3HIIOTeH-

' /7/ 
uHanbaoe · ypaaaeaHe ( 3), BhIBeaeaaoe B pa6oTe 

rae 

T (sp ,tpq 's q 
= V (sP ) + ,tpq'sq s 

q 

1 
+--

( 211 ) 3 f d 4 k o<+>(k ) 
t I 

V (-s ,tpk'sk;'sq)T(sk;tkq'sq 
p ' 

sk = (kt +k2)2, 

tk = ( k - q ) 2 
q I t • 

s + t + u -4m 2 -i£ k k q k_q 

2 
sP=(p,+p2) 

Uk= (k -q )2 q I 2 • 

(3) 

, 

pl H p 2· 4-HMIIynbChI HaneTalOlllHX qacTHU, a q·1 .,H q_2 - pacceSIHHhIXo 

B CHCTeMe ueHTpa HHepUHH 

➔ 

pl 
➔ 

= - p 2 
➔ 

= p 

s 
q 

➔ ➔ 

q1=-q2= 

2 ➔ 2 
4E = 4 (m 2 + q ) q . 

4 

➔ 

q 

j 

1' 
\, 

.; .. 
'f 

/: 

\I 
d 
\' 1! 
! I 

JI, 

ypaBHeHHe (3) IIpHHHMaeT BHll 

T (p,q) = V (p,q; Eq) 

Ek= V Jt2 + 2 
m 

l ' d3 k➔ · V ( ➔ ➔ + ,.....( ~ f . P • k; E ) T( k➔ ... ) 
411) , q 'q 

.,➔2 vk +m2 • (4) Ek(Ek-Eq -ic) 

TipH pa6oTe C ypaBHeHHSIMH (3)-(4) Yll06Hee 'nMeTb ll8llO C CYlll8CTB8HHO 

penSITHBHCTCKHM CII8KTpanbHhIM npellCTaBneHHeM KB83HIIOT8HUHana 

V((p-q➔ )2; E.q) .. /'' dµ2p(µ2;Eq) .. /dµ2p(µ2;_E_.,.,-_)_ 
µl µ2-(p-q)2 µ~ µ2-(Ep-Eq)2+(p-~)2 (5) 

BMeCTO ( 2) • HH)K8 MhI IIOKa)KeM, 'ITO IIpH rrpoaon)K8HHH KB83HIIOT8HUHana 3a 

saepreTH'I8CKylO IIOBepXHOCTb, OCHOB8HHOM Ha cl>opMyne (5), aaanHTH'I~CKHe 

CBO:il:CTBa aMIInHTYllhI pacceSIHHSI no nepeaaqe HMIIynbca t H SHeprHH s 

/2/ 
OTnII'I8lOTCSI OT Tex )Ke CBO:il:CTB, ycTaHoBneHHhIX B pa6oTe • 

ca 

2. AaanHTH'I9CKHe CBO:il:CTBa IIO nepenaqe HMIIVnb~& 

TipHCTyIIHM K H3y'IeHHlO aHanHTH'I9CKHX CBO:il:CTB ITO nepeaaqe HMnynb

aMIInHTYllhI paCC9SIHJISI1 YllOBneTBOpSilOllle:il:. ypaBHeHHlO. ( 4) C IIOTeH-

UH8IIOM ( 5). nnSI SToro OK83bIBaeTCSI cymecTBeHHhIM paCCMOTpeHHe HHTer-
, , . - , /2/ 

pana, COOTB8TCTBYlOlllero BTOPOJ\IY 6opHOBCKOMy npu6nH)K9HHlO ( K8K H B ) ' 

oo • d3k l · 

[VxV] .. fdµ
2

p(µ2.1,l!)fdµ!P(µ~;£q)J yk2 2 2·(p k) 2 E (E-E-id µ:-(k-q) 2 
I 2 +m µ 1- - k k q 4 m2 4m 

-1 1 ., , 

( 6) 

5 



liHTerpan no k MO)KHO npeo6pa3oBaTb K mu1y 

J d k - 1 _!._ f Hl k 1 . " 1 " ,( 7) 
ykz+7 EJEk-Eq- ic) 4pq z1-cos'(pk)Z2-cos(kq) 

xi 
rne 

zl = 
µ2 +k 2+ p2-(Ek-Ei) 2 

2kp 
z2 = 

µ2+k2+q2-(Ek-Eq) 2 

2kq 

Bocnonb3yeMCSI H3BeCTHOli ~opMynoli 

1 1 
00 dz' 

f dO it 
--➔ z 2-cos (kq) 

=411 f 
• ( "H) z

1
- cos (pk) zt,ll z-cos p q 

z1,2= z 1 z 2 + y (z;-1) ( z;-1) 

K ( Z t , Z2 . ; Z ') 2 2 '22 , 1 Z1+z2+z - Z1Z2Z -

( 8) 

1 

,JK (z1, z2; z') 

( 9) 

' 

JlnSI Toro, 'IT06b1 npeo6pa3oBaTb HHTerpan no TenecHoMy yrny K cneKTpanb

HoMy Bl!Jly! 

411 .f -~ 
t.4+ t , - t 

1 

yK4(z1' z2; t, 

( 10) 

x/M . bl nono)KHnH µ 1 = µ 2 = µ , 

6 

1, ,, 
l 

~ 

J 

ii 
_,I 

I 
' 

: ! 

Ha aHepreTJ{'leCKOli noBepXHOCTI! p2 = q 2 Beml'll!Hbl, BXO,!lSIIIlHe' 

B ( 10), onpenenSIIDTCSI cneny1011mM o6pa3oM: 

rne 

t =-2q 2 
( 1-z 1 z) 4+ • 

2· 2 222 2 
4µ EkEq + 4m (Ek-Eq) +µ (µ -4m ) 

2 2 
Ek - m 

... , ➔"'➔ 

= -.2 q 2 0- cos ( p q ) ) 

K4 (z
1
,z

1
;t') 

t '( t ' - t 4) 

it(q2)2 

t '( t' -4m )( Ek-E+)(E k"'" E-) 

4q4{E~-m2) 

2(µ 2-2m 2)E + y(t'+4q 2)(m 2 t'+µ2(µ 2 - 4 m 2
) ) 

E - q_ 
+-

t' - 4m 2 

( p) 

( 12) 

( 13) 

CneKTpanbHOe npencTasneHne IIHTerpana ( 7) no nepena<Ie HMnynbca t 

·MO)KHO nony'IHTb, ecnn ll3M9Hl!Tb nopSI/lOK HHTerpHpOB8Hl!SI no t ' II k . 

y cnOBHSI, _npll KOTOpbIX 3T8 onepaUIISI. nonyCTI!Ma, 6ynyT ycnoBI!.sIMH cymecT

BOBaHI!SI cneKTpanbHOI'O rrpeACTaBneHHSI. Ha 3TOM Bonpoce Mbl noAp06Ho 

OCTaHOBHMCSI HH)Ke. 

fpaHHUa o6naCTII HflTerpI!poBaHI!SI B ( 7) K 4 ( z I• z I; t , ) = 0 ll306pa-

)Ke!Ia Ha pnc. 1. HHTerpHpOBaHHe ocymecTBnSieTCSI no 3alliTPIIXOB8HHOll 06-

nacTH, rne K_ 4 (zl'z 1 ; t')-~O. 

CneAoBaTenbHo, nocne nepecTaHoBKH nopSI/lKa HHTerpHposaHHSI HHTerpan 

( 7) 6yneT l!MeTb cneny10111Hli cneKTpanbHblll BH/l: 

'1 



t~ 
4m2 t'- t 

j d Ek 
E+ Ek(E k-E q-id 

1 

v' t'(t~ -4m 2)( Ek-E+) ( Ek-E _) 

( 14) 

.. j_!l.: 
4m 2 t , - t 

p(s,t', µ 2
) 

CrreKTpanbHhlil IIHTerpan (i4) cymecTBeHHo oTnnqaeTcn oT aaanornqaoro 
/2/ 

Bbrpa:>KeHIISI, rronyqeHHOI'O B pa6oTe . • ileno B TOM, qTo Mb! CTponnn 

cpyHKUIIIO K4 ( z 1, z2 ; t ' °) ns naaapnaaTHhIX saaMeHaTeneil .B rrpencTaB-
/ 1-6/ 

neann (5), a B pa6oTax ncrronbsoaanocb crreKTpanbaoe rrpencTaBneane 

KB63IIIlOTeHunana C HepenSITHBIICTCKllMII 3HaMeaaTenSIMll, K8K B (2). 

PaccMoTpnM cBSI3b aTnx rrpencTaBneHnil 6onee rronpo6ao. B aepenn-

TIIBHCTCKOM rrpenene z t oqeBllllHblM o6pa3oM rrepexonnT B HepenSITIIBIICT-

CKOe 

z t 
µ2+k2+q2 

2kq 

(ecnn 
2 

µ 
2 2 )x/ He CTpeMHTCSI K 6ecKoHeqHoCTll rrpn C ➔ 00 • T,e. µ < m • 

a K4(zt ,zt t , a (9) rrepexonnT a aepenSITllBIICTCKYIO cpyHKUlllO 

K
3

(z
1
,z 

1
; t'): 

K3 (z
1
,z

1
;t')= 

/2/ 
rne (cM, . ) 

t '(t '-ta) 

4( q2)2 

t'(k
2
-k 

2
)(k

2
-k 

2
) + -

4q4 k 2 

k~ =-½[t' +2q 2 -2µ 2
:: y(t'+4q 2)(t' -4µ 2 )!]. 

-

xi • 
O6osHaqeane CKOpOCTll CBeTa c 6yneT BOCCTBHaBnIIBaTbCSI TaM, 

rne aTo o6nerqaeT rroanMaune, 

~ 

1 
I 

I, 

YpaBHeHIIe rpaHIIUbl o6naCTII IIHTerpnpoBaHIISI a IIHTerpane ( 10) ecTb 

t '= t ( pnc. 2). <PyHKUIISI 
4+ . 

2 2 2 2 2 .. 2 2 2 2 2 
2µ 2(k+q )+µ4+(k-q )+·(Ek-Eq)[(Ek-Eq)-2(k+q +µ)] -------k 

t4+ 

2·· 2 2 2. 2.. 
( E k- E q) t( Ek- E q) - 2 ( k + q + µ J] 

=t + - -
3+ k 

HMeeT 9KCTpeMyM no Ek B TOqKaX 

1) Ek= Et 
2m 2v' q 2 + m 2 

-
2m 2 - µ 2 

2) E k .. E 2 ,;; 
2m 2--µ2 

2\/ q2 + m 2 

3) Ek .. 00 • 

HaTerpnpoBaHne ocymecTBnneTCSI no 36lliTpllXOB6HHOH o6naCTll, Ecnn B3SITb 

µ 2 < m 2 , TO E 1 rrorranaeT. B o6nacTb naTerpnpoaaann ( KaK aa pnc. 2), 

a B aepennTHBIICTCKOM rrpenene ToqKn 1), 2), 3) rrepexonnT B ToqKn aK

CTpeMyMoB aepenSITIIBIICTCK0il rpaHHUbl t , = ta+ 

1) k2 kfaaq2+µ2 

2 2 ( 2 2) 2) k = k 2 ea - q + µ 

3) k2 = 00 

ToqKa E 3 = E 1 + E 2 , cooTBeTCTByroman t 4+= 4 m 
2 · c 2 , rrepexonnT Bk 

2 = 0 • 

TTpH 9T0M. crreKTpanbH0e rrpencTaBneHHe ( 14) 6yneT HMeTb Bnn: 

8 9 



4 m2c 2 

r~ E d Ek I 
+ t, - t 

,µ.2_ L 
J-E (E -E -ir 

E k k q 
+ y t '( t' -4m2 c2)( E k.-E+)( Ek- Ej 

m2c2 

00 dt' 00 dEk I 
+ J ~ J Ek(Ek-Eq -if ) 
4m2c2 E+ y t'( t '-4m

2c2){Ek-E+) ( Ek -E_) 

B npeaene c ➔ 00 BTopoii HHTerpan HC'!esaeT, a nepBbiii aaeT Hepem1TH

/ 2/ 
BHCTCKoe cneKTpanbHoe npeacTaBneHHe no t (cM. ) 

k 2 

J . dt' + dk2 
, f---

4f1- 2 t - t k 2 k2 _ q 2 

00 

I 

✓t '(k2 -k 2 )(k 2 - k 2 ) 
- +. + 

( 15) 

lJaCTb rpaHHUbl t-, = t 4+' KOTopaH Jie)KHT HH)Ke JlHHHH t, = 4 m2 C; 

nepeXOJlHT B HepeJIHTHBHCTCKYID rpaHHUY t'~ t
3 1 H306pa)KeHHYIO Ha . + 

pnc. 3.· 

B KBasnnoTeHunaJibHOM noaxoae c~opMynnpoaaH MeToll nocTpoeHHH 

JIOKaJibHOI'O noTeHuHana H3. MaTpll'IHbIX 3JieMeHTOB aMnJIHTYllbl pacceH-

/4-6 8/ 
HHH , 1 

• TTpn 3TOM, HCXOllH H3 npeanoJIO)KeHHH ·O cnpaBellJIHBOCTH llJIH 

aMnJIHTYllbl pacceHHHH llHCnepCHOHHOI'O COOTHOilleHHH ( HanpnMep, B cny'lae 

HeiiTpaJibHbIX 17 -Me30HOB) 

T(s,t,u)=J 
4m 2 

dt' At(s,t: u) 

- t 

+ j du'Au(s,t,u' 

4m2 u'- u 

llOKa3bIBaeTCH, 'ITO KBaannoTeHUHBJlbl HMeIOT cneKTpam~Hblll BHll! 

. V t ( ( p - q➔ ) 2 ; E q 

00 dµ.2p·(µ.2. E ) J t ' q 

4 m 2 µ.2 +. ( p - q ) 2 

10 

I 
I 

l 

\ 

I 
i 

f
.l 
\ 

r 
l'i 
,'} 

\ 
, I 

J 
,{ 

'

~~J 

(~ 

V 
u 

➔ ➔ 2 
((p.+ q) ;Eq) 

00 

J 
4m 2 

dµ2p (µ.2; E ) 

µ.2+(p'+q)2 

Ecnn BOCnOJib3OBaTbCH T8KHM npeacTaBJieHHeM KBa3HnoTeHuHana, T.e. 
2 ·2 · 

C /l ~ 4 m . ' TO rpaHHua t , = t 4+ 6yaeT HMeTb 8,Hll, H306pa)KeHHblll Ha pnc. 1. 

B 3TOM cny'lae HHTerpnpoBaHne ocymecTBJI~eTcH· no o6nacTH, He HMe10meii 

HepenHTHBHCTCKOI'O aHanora. I1HTepeCHO Bb!HCHHTb, KaK 3TO o6CTOHTeJib

CTBO CKa)KeTCH Ha ycJIOBHHX, npH KOTOpbIX cymecTByeT cneKTpaJibHOe npea

cTaBJI9HH9 (14) no nepeaa'le HMnynhca t 

·3. YcnoBHH cymecTBOBaHHH cneKTpaJibHOI'O npencTaBJieHHH 

no nepena'le HMnynhca 

TTony'leHHoe cneKTpanhHoe npeacTaaneHne no 1 cnpaBellJIHBo JIHillh 

npH Tex 3Ha'leHHHX ~HKCHpoBaHHOH nepeMeHHOll s = 4 ( m2+ q 2) 'npn KOTOPbIX 

cxonnTcH HHTerpan: 

00 d E f . k 

E. Ek{Ek-Eq -if) 
+ 

I 00 dEk 

~ J E -E -·£ 
q E k q I 

+ 

JI - J2 

I 

y(Ek-E+) (E - E 
k -

1 ' 1 00 d Ek 1 
-- - - - J --- ---:----~-=--=--=--== 

y(Ek-EJ(Ek-E_) EqE+ Ek y(Ek-E+)(Ek-EJ 

• 11 · 



CXOJlHMOCTb MO:>KeT HapyruaTbCSI npH cneJlyJOIUHX- ycnOBHSIX! 

l) E +"' 0 - -KoaueBaSI oco6eaaocTb B J2 ; 2) E+"' E q - KonueBaSI 

oco6eHHOCTb B J 1 ; 3) E +"' E - - oco6eHHOCTb BCi3HHKae'T B 

1 

V ( Ek - E + )( E . k - E_ ) 

Ha C8MOM' ·Jlene nepBOfi oco6eHHOCTH JieT.' 4To6bl y6e)lHTbCSI B STOM, 

npeJlCT8BHM HHTerpan J2 B BHJle 

rile 

TTpH 

J 2 == 

b ., 

a 2 "' 

2 
q > -

J2 

1 
E 

q 

00 

J 
0 

dx;.;. ____ _ 

b chx + a 2 

V ( t , + 4 q 2)( m 2 t, + /l 2 ( /l 2 - 4 m 2 ) 

t' - 4m 2 

2 ( /l 2 - 2m 2 ) E q 
;-;-_ 4 m-2--

2t, (2 22)2 m ..:!:.__f. - m 

4m
2 

2 (t ' - 4m 
2 

) 
X 

E 
./ 2 2 ' . ( 2 2 

qV 4m (t'-4m2)(q2+ mt + /l -2m ) 2 

x arc tg 
y4m 2 ( t' -4m2 )( q 2 + 

4m 
2 

m2t'~-2m2 ) 2 

4m~ 

y(t' +4q
2

)(m
2
t' +/l

2
(/l

2
-4m

2
)) +2(/l 2

- 2m 2) Eq 

( 16) 

( 17) 

2 L, ( 2 2 2) 2 
B TO'IKe q 

2 
"" - m + /l - m oco6eHHOCTb B J 2 ne BO31IHKaeT, TaK KaK 

4m 2 

6epeTcSI rnaBaoe 3Jia'IeHHe arc tg . 

YcnoBHe BO31IHKHOBeJIHSI BTopofi CHHrynSiplIOCTH E+ E q BbmonHSieT-

CSI IIpH q? ' ne:>KaIUHX Ha BeIUeCTBeHHo.fi OCH 

q2 l 
t, - 4/l 2 

3aMeTHM, 'ITO ua aanucu HJITerpana J 1 

1 
00 

d 
j1"' - J - X 

Eq 0 ·bchx+a 1 -i£' 

rile b orrpeJleneno paBeJicTBOM ( 16), a 

a "' -1 
_t , - 2/l 2 

t' - 4m 2 
t 

q 

B BHJl0 

( 18) 

. 2 
BHJllIO, 'ITO STa oco6eanocTb BO31IllK80T npu t, -:::. 2/l • l1HTerpan j t Bbl-

, 'IHCnSieTCSI nerrocp_eJlCTB0HHO. B peaynbT8T0 OK83b!B80TCSI, 'ITO 

l) IIpH q 2 > 0 

Jt 
2(t'-4m 2 ) 

E y(t'-4m
2
)(t'-4/l

2
)( , 11

4 2 - 0 q 2 ) 
q t - /l 

v < t, - 4 m ~> < t~ -41'-2). < , /l 2 · t -4/l 

2 
q 

X 

x arc tg 

y(t'+4q2)(m2 t' +/l 2 (/l 2 -4m 2
)) -(t'-2/l 2 )Eq 

2) IIpH 

4 
2 

q > I!: 
t, - 4/l 2 

(t' :>.4/l
2

) 

( 19) 

12 I 13 
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ll 

2 
q < 

4 

t' - 4µ 2 

j 7T 
2 

t' _ 4 m 

2 
(2µ < 

2 < 4µ ) 

, 4 2 b-al-✓r (q ~t') 

J2 ~ v 4 

. 2 . _fL __ J h ... -4µ )(q - t '-4µ 

+ t - m £n -~-· -===== 
Eqyf(q2,1') b-3i+yf(q~t') 

rAe 

f(q 2 ,t') (t'-4m 2)(t'-4µ 2
) (q 2 -

4 
fL 

t, - 4 µ 2 
) . 

TTo9TOMY B crreKTpanhHOM rrpeACTaBneHHll rro rrepeAa''Ie llMIIynhca "t 

crreKTpanbHa.lI ¢yHKUll.lI 

p (s,t', µ 2
) 

1 
IJ1-J2 

v -t, < t, - 4 m 2 T 

( 20) 

( 14) 

( 21) 

HMeeT B s -rrnoCKOCTll KOpHeBbie TO'IKll BeTBneHH.II. PaBeHCTBO ( 18), aaAa

JOIIIee MeCTOIIOnO)l{eHne paapeaoB, ¢opManhHO COBIIaAaeT C aaanorll'IHbIM BO 

BTOpoii 5opHOBCKOii HTepamrn IIOTeHunana IOKaBbl ( 2) B ypaBHeHHll n1mrrMana-
/ l l/ 

lliB1rnrepa • Ho B HaIIIeM cnyqae, 5narOA8p.lI "pen.lITllBHCTCKOMy" crreKT-

panbHOMy rrpeACTaBneHHJO rro t , oHo orrpeAen.11eT, KpoMe rrpaBoro paapeaa 

2 0 2 " 2 ..Jl:2 q :;: , T.e. s ~ 4 m , eme n neBblll paapea - 00 < q :S -
2

-

lJTo5bI rrony'IHTh crreKTpanhlloe rrpeAcTaBneune rro t An.II Bcero HHTerpana 

( 6), ueo5xoAHMo eme rrepecTaBHTh rrpeAcTaBneune ( 14) c nuTe1pnpoBaaneM 

rro µ 
2 

• CrreKTpanhua.11 ¢yuKun.11, rronyqeuaa.11 rrocne HHTerpnpoBaHH.II rro µ 2 

¢ylIKUHH p (s,t',µ2),5yAeT HMeTb neBbIH paapea -oo <q 2 'S_ -2m 2 

11, cnenoBaTenhllo, B s -rrnocKocTn. paapea - oo < s < - 4 m 2 • 

14 

Oco5euHOCTh, cooTBeTcTBYJOIIIa.11 E+ = E_ , B031IHKaeT rrpn q 2 = 

Eii COOTBeTCTByeT BC.II BeIIIeCTBeHH8.II OTpnuaTenhHa.lI rronyocb B s 

t , 

4-
-rrnoc-

KOCTH, s .<0 • 113 Bblpa)l{ellnii ( 17). ( 19) 4 n ( 20) BHAHO, 'ITO 9Ta oco5eH

IIOCTb COOTBeTCTByeT norapn¢Mn'IeCKOll TO'IKe BeTBnelIH.II B. crreKTpanblIOll 

¢YIIKUHH ( 21) .• B Hepen.1ITH1?HCTCKOM czzyqae 9TOll oco5euHOCTH HeT, TaK 
2 ' 2 2 

KaK TaM nuTerpanbI rro k2 
(nnn Ek ) 5pannch B rrpeAenax k_ < k < k + 

(cM0 (15)). 

4. 3aKnro'IeHne 

B aaKnJO'IeHne e.IIIE; pa3 OCTalIOBHMClI Ha 3Ha'IeHnn pen.1ITHBHCTCKH

.HHBapna1ITHOro orrpeAeneHn.11 KBaanrroTeHunana BHe aaepreTnqecKofi rroBepx

HOCTn. TTpn TaKoM orrpeAeneann ¢aKTOp 1/ y k 2 + m 2 He BHocnT cnaryn.11pao

cTeft B crreKTpanhHoe•rrpeAcTaBneane,rro t • TTonyqeaaoe crreKTpanhaoe 

rrpeACTBBneane (14) Y'IHTb!BaeT, KaK ll AOKa3aHHOe B KBaHTOBOll Teopnn 
/9/ -·· 

non.II ( CM., HarrpnMep, ) • pen.lITHBHCTCKYJO KHHeMaTHKy. 

KaK Bbl.lICHeHo, AHCIIepCHOHHoe COOTHoilleune IIO t. ueJib3.II AOKa3aTb 

rrpn s < 0 • E.cnn 5bI 9TOll CHHryn.lipHOC~H y crreKTpanbHOll .¢yHKUHH p (s. t'. µ2) 

He 5bmo, TO OCTaBanc.11 5b! TOnhKO neBbIH paape3. - 00 <s ::;; -4 m 
2 

1 AOIIYCKa-

!Oillllll HHTeprrpeTaUHJO B TepMHHaX rrpoMe)l{yTO'IHblX COCTO.IIHHll u -KaHana. 

l1HTepecHO OTMeTHTh, 'ITO aHanorH'IHB.II CHHryn.lipHOCTb rrpn ·s .< O IIO.IIBJI.II

eTC.II n Ilpll IIOIIbITKe IIOCTpoeHH.II peJI.IITHBHCTCKOll aMIInHTYAbl pacce.lIHH.II, 

YAOBneTBOp.lIIOIIIell ycnoBHJO ABYX'IaCTH'IHOll YHHTapHOCTH B s -KaHane /l 11• 

3aMeTnM, 'ITO CKB'IOK crreK.TpanhHOfi ¢YHKUHH P Ls , t ' , fL 2
) Ha paa-

/2/ 
peae s ~ 4 m 2 He paBeH o, B OTJIH'IHe OT • a 

4 

2 rr 
=-·--

y_s_ 

0 (q2 -
t , - 4 fL 2) 

v t , < q 2 t ., - 4 q 2 µ 2 - µ 4) 

(t'-~4µ 2
). 
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3To Bbrpa)KeHne· coBrranaeT c Bbrpa)KeHneM nm1 aHanorntJHoro CKatJKa 

B HepenHTHBHCTCK0M cnytJae
1101 

C ytJeT0M nHllih penHTHBHCTCKOfi CBH3H 
2 2 · 2 

Me~y aHeprnefi ll HMIIynhC0M E q = q + m ll KHHeMaTH'leCKoro !pBKTopa 

__ 1_ • 
y"'s 
' ABTqp Bbrpa)KaeT rny6oKyro IIpll3HaTenhH0CTh B.r.KanbrllieBCKOMy, ' 

B.M.BnHorpanoBy' A .n.noHKOBY' B.A ~MemepHKOBy, p .M .Mnp-KacHMOBy' 

A.H.TaBxennnse, P.H.¢1aycToBy sa rronesHbre o6cy)KneHHH n cTHMynnpyro

myro KpHTHKy. 
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