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A H H o T a y 11 H 

8 pa5oTe ITOK838H0 1 'iTO LlnH 0ITHC8HHH CBH38HHbiX COCTOHHHit B KB8HTOBOlt TeOpHH 

nonH MO)KHO nocTpOHTb noKanbHbilt noTeHuHan, HBnH!OWHitCH cynepn03HUHeit noTeHuHanoa 

lOK8Bbl C HHTeHCHBHOCTHMH, 38BHCHWHMH OT 3HeprHH. 



Ill 
8 pa6oTe 6hlrrO llOKa3aHO, 'ITO B COOTBeTCTBHH C llpHHUHITaMH KBaHTOBOi! TeOpHH 

llOIT!I CHCTeMa H3 LlBYX B3aHMOneiicTByJOmHX 'laCTHU MO>KeT 6b!Tb OllHCaHa ypaBHeHHeM THrra 

WpellHHrepa C o6o6meHHbiM KOMIT/IeKCHbiM llOTeHUHa/IOM, 3aBHCS!mHM OT alieprHH H HMrryrrbCOB 

. xl 
'laCTHU. TaKoii rronxon rroason!leT, c onHoi!: cTopOHbi, Hai!TH aMnnHTYLlY pacceBHH!I, a, c apy-

roi!:1 - H3Y'IHTb CTpyKTypy CBSI3aHHbiX COCTO!!HHi!. 

Ill 
H ap11ny c TaKRM rronxonoM B pa6oTe 6bma paapa6oTaHa cxeMa rrocTpoeHHSI noKa/IbHO-

ro llOTeHUHana Ll/ISI OITHC8HHH aM ri/IHTY Llbl pacceSIHHH, CYTb KOTOpOi!: 38K/IIO'I8eTCH B cnenyJO

ilteM. 

LlnS! 8Mll/IHTy Llbl pacceSIHRH Jl B KBaHTOBOi! TeOpHH ITO/IH Ll8HO pa3/IO>KeHHe ITO KOHCTa~ 

Te CBSI3H. CoBepweHHO O'leBHLlHO, 'ITO HerrocpellCTBeHHO H3 Ll8HHOI"O p83/IO>KeHHH He/Ib3H OT-

BeTHTb Ha BOrrpOCbl 0 !103MO>KHOM 8CHMITTOTH'IeCKOM ITOBeneHHH 8Mll/IHTYLlbi H XapaKTepe CBH-

3aHHb!X H pe30H8HCHbiX COCTOHHHA CHCTeMbl. 4T06bi ITOJJ:Oi!TH K peweHHIO ::lTHX BOllpOCOB1 B 

11 I 
pa6oTe p4CCMaTpH!18/ICH MeTOLl CyMMHpOB8HHH LlH8rpaMM TeOpHH B03MymeHHi!:. 3TOT ITOLl 

XOLl 1!03BO/IS!eT Ha OCHOBe HHI\:>OpMaUHH H3 TeopHH B03MymeHHi!: Llnl'l 8MllliHTYLlbi rrpouecca rro

CTpOHTb T8KOi! ITOTeHUR8/I, 'ITO ypaBHeHHe THIT8 WpeJJ:HHrepa C ::lTHM ITOTeHUH8/IOM naeT B nJ0-

6oM llOpS!LIKe TeOpHH B03MymeHHi!: 06hl'IHOe Bbipa>KeHHe Ll/IH 8MllJ1HTy Ll bl pacceHHHH. 3HaHHe 

llOTeHUHarra ITO TeOpHH B03MymeHHi! ll03BO/IHeT yCT8HOBHTb, KaK Mbi yBHLlHM HH>Ke, pHLl erO 

o6mHx CBOi!:CTB. nocKOJlbKY ITO C8MOMy ITOCTpOeHHIO llOTeHUH8/I8 Mbl orpaHH'IH/IHCb 38Lla'lelt 

rrpaBHJlbHOI"O OITHC8HHSI /IHlllb 8MllJIHTYLlbl pacceHHHH 1 TO nonyqeHHOe T8KHM o6pa30M ypaBHe

HHe THna WpenHHrepa Ll8CT B03MO>KHOCTb HaiiTH SHepreTH'IeCKHi!: crreKTp CBH38HHbiX H pe-

30H8HCHbiX COCTOHHHA CHCTe'Mbi. 

Ill 
B pa6oTe ycTaHoBneH0 1 'ITO npouecc pacceHHRB, a TaK>Ke aHepreTH'IeCKHi!: cneKTp 

CBH38HHb!X H pe30H8HCHbiX COCTOSIHHi!: OllHCb!BaeTCH . ypaBHeHHeMXXI 

I 1.1 I 
2 

rae noTeHuHan V ( E1 (p-q) ) 2 
HBITS!eTCH cpyHKUHeil aHe.priiX E. H rrepena'IH HMITY/IbC8 (p-q). 

0TCIOLl8 Ll/IH 8Mll/IHTYLlbl rrepexona T( q1q') HMeeM ypaaHeH-He B cpopMe JlHrrMaHa-WBHHrepa: 

T(q,q') v ( E + ; ( , ( q - q' > 
2 > + r _ V ( E + i£, ( <!.:- p ) 

2
) T ( p, q') 

[( E+ i£ )2- p2- m:l_l ~'l 

Ha Maccosol! rrosepXHOCTH: 

cpyHKUHH T cosrranaeT c aMnnHTY no A pacceBHHH : M 1 r .o:e 

S =1- i...!!_8 ( E -E.') M. 
£2 

npencTaBITSISI cpyHKUHIO T B BHne : 

I 1.21 

I 1.31 

T ( q, q') V ( E + ir, ( q - q' ) 
2 

) + ( V ( E + i r1 ( q - p ) 
2

) G (E + i r; p, k) V ( E + ir, ( q'- k ) 
2

) • 1 1 • 41 

• d 3
p d 3k 

xl 
AMI11IHTy JJ. y pacCe!IHHSI Mbl 6yneM H83b!B8Tb KB83HllOTeHUH8ITbHOi! 1 e c nH ee npoeKUHH H8 

'leTHbie H He'leTHbie COCTOSIHHSI ITO nepeMeHHOi! COS() MOI"yT 6biTb npeJJ:CT8B/IeHbl B BHLle cy-

neprr03HUHlt ¢ypbe-o6pa30B llOTeHUH8/IOB lOKaBa C HeKOTOpb!MH HHTeHCHBHOCTHMH a 

xxl 3necb H .o:anee qepea P 1 q o6oaHa'leHbi TpexMepHbre HMrrynbCbi. 

3 
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..;. 

nony 'iHM ypaBHeHHe LlnSI cj:JyHKUHH rpHHa G ( E; Cb q') 

2 2 2 ~ 2 3 
( E - q - m ) y q + m G ( E; Cb q' ) - f V ( E, ( q - p ) ) G ( E, p, q') d p -= 8 ( q - q' ) • 

I 1.5 I 

npe)!(ne 'ieM HccnenoaaTb caoll:cTBa ypaaaeHHSI 11.21
1 

cnenaeM onao 3aMe'iaHHe. 06bi'iHO aa 

121 
OCHOBe LlH Cne pCHOHHbiX COOTHOWeHHJ!: ITO S C OLlHHM Bbl'iHTaHHeM 6e3 y'ieTa U -KaHana 

!:f(s,t) V(t)+1/ rr rda lmM(a , t) 

4m2 (J - s 

H LlBYX'iaCTH'iHOll: YHHTapHOCTb~ 

+ + 3 
i I M ( Pa , Pf:3)- M (pa, Pf:3) l + ( M (pa, p) M ( p, Pf:3) d p -= 0 

B npennono)!(eHHH, 'iTO V(t) H lm !.f( s, t) nonycKaJOT npencTaaneHHSI BHna: 

V ("" U(v) d I • ""r p(s,v) d (t) = 1/ rr _ __ v, m .. 1 ( s, t) = 1/ rr v 
2 v-t 4 2v-t 

~ ~ 

nonyqa~T H enH Hell:Hoe ypaBHeHHe n nH cn e KTpanbHOll: cj:JyHKUHH : 

r ne 

+ . 
p(a,v)= - 2rr (( r (a + i £, J.j ) r (a+ h , v2 ) R (a, v 1 , v2 , v ) d v 1 dv

21 
~2 q .Js 

r ( s, v) = U (v) + 1/ rr J 
4~2 

p(a, v) 

a- s 
da , 

a cj:JyHKUHSI R HMe"! T H3BeCTHoe Bhlpa)!(eHHe: 

R ( s, t1 , t 2 , t) = ~ IC ( 1 + ~, 1 + ~ , 1 + ~ 
2q 2q 2q 2q 

\ 2 2 2 ttt 
e < t 1 + t, + t - 2(t t, + t t,+ t, 1 , 7 J 

11.61 

11.71 

11.81 

11,91 

11,101 

11.111 

_ 1_ l(( 1+~ 
2q 2 2q 2 

1 +~, 1+ _ t _ ) = 
2q2 2q2 [ 

2 2 2 t l + t 2 + t - 2 ( t t I + t t2 + t I t2) - tIt 2 t J Y, ) 
q2 

11.121 

s = 4(m
2

+ q
2

) . 

H eTpy nHo BHneTb, 'iTO peweHHe nHHell:aoro ypaaaeaHH . I 1.21 c noTeHuHanoM V ( t) , npen-

cTaaneHHhiM B cj:JopMe I 1.81, MO)!(eT 6biTb caeneao K peweHHJO HenHaell:Horo ypaaaeHHSI nng 

cneKTpanbHOJ!: cpyHKUHH. 

B caMoM nene, nocKonbKY noTeHuHan V ( t) HBnHeTcSI aewecTBeHHbiM H ero ¢>ypbe-

o6pa3 3aBHCHT TOnbKO OT paCCTOSI:IHSI, aMITnHTY na, Hall:neHH8SI H3 ypaBHeHHH I 1.21, y LlOBneTBO

pSi e T y~nOBHIO YHHTapHOCTH IL7 I, Vf3 aHanH3a ypaBHeHHH 11.21 C llOTeHUHanOM 11.81, HBnSI-

131 
~WHMCSI cynepll03HUHeJ!: JOKaBCKHX ITOTeHUHanOB, cne n yeT , 'iTO aMnnHTy Ll8 pliCCeSIHHH HMeeT 

npencTaBneHHe 11.61 H 11.81, npH'ieM KOHCTaHT8 Bbl'iHTaHHH B 11.61 COBnanaeT C ITOTeHUHanOM 

v ( t) . 

n pHBeneHHblH npHMep ITOKa3 biB SeT, 'iTO HCCnenoB8HHe aM nnHTY Ll hi pacceSIHHSI C ITOMOWb!O 

ypaBHeHHSI 11.2 I SIBnS!eTCH LlOCTaTO'iHO 9cpcj:JeKTHBHblM 1 ITOCKOnbKY 3LleCb Mbl HMeeM neno C 

nHHeHHhiM ypaaHeHHeM, npencTaBnHJOWHM co6oli o6o6wea11e xopowo H3y'ieHHoro ypaaHeHHSI 

illpeLlHHrepa, Torn a KaK Ha 6a3e ycnOP.HSI YHHTapHOCTH H LlHCnepCHOHHbiX COOTHOWeHHA Mbl 

HMe e M, BOo6we f'OBOpS!, LlOBOnbHO-TaKH CnO)!(HYIO HenHHell:HyiO CHCTeMy HHTerpanbHhlX ypaBHe-

HHJi. 

4 



I 1.51 

ibi'IHO Ha 

121 
ina : 

11.61 

11.71 

11.81 

11.91 

11.101 

.11 I 

npea-

!:{11H 

ypbe-

OB1leTBO-

!H HMeeT 

eHUHanoM 

:>MOll(b!O 

10 c 

•HHSI 

Mbl 

rpaBHe-

nepeAaeM Tenepb K H3y"'eHH!O HeKOTOpb!X CBOl\CTB ypaBHeHHSI 1!.21 • [lnsr Bb!SICHeHHSI 

acHMnTOTH"'eCKHX CBOl\CTB aMnnKTYilbl pacceSIHHSI B S -KaHane, ypaBH9HHE! 1!.21 JlnSI OnHCaHHSI 

CBH3aHHblX COCTOHHH!t He06XOilHMO nHCaTb B t -KaHane, rae t = 4 E 
2 

, a S R U SIB11SIIOTCSI 

nepeaaqaMH HMnynbCa. [lnst OriHCaHHSI npSIMOrO H o6MeHHOrO B3aHMOileACTBHSI BB9Jl9M noTeH

UHa1lbl V± , COOTBeTCTBeHHO Jl11SI "'eTHb!X H He"'eTHb!X COCTOSIHH!tl
1 

I. Tor:Oa ypaBH9HH9 11,21 

MO)!{HO 3anHC8Tb OTlle1lbHO Jl11SI qeTHb!X H He'leTHblX COCTOSIHHft: 

+ 1 ± 
v-(E+it,(q-p) )T(p,q') + ± . , ' r r-(q,q') = V (E + u,(q-q) )+ 
[( E + it) 1- p 1 -m1

] .jpl"+fill-
11.131 

nycTb noTeHUHa1lbl 

+ 1 v- ( E, ( q- q') )B HeKOTOpOM HHTepBane 9HeprHA E npeacTSBHMbl B 

Q:>opMe: ' + 
+ , oc u-r E, ~~ ) 

v- r e, r q - q' > > = r d ~~. 
,JJ+(q-q')' ; 

1.1 

I 1.1 41 , 

Toraa pew.eHHe ypaBHeHHH 11.21 COOTB9TCTB9HHO anSI "19THbiX H H9"19THbiX COCTOSIHHA B 9TOM 

)!{e HHTepsane 9HeprHl\ HMeeT BHil: 

± 
T (q,q') 

± 1 '1 
T (q,q,JJ;E) 

JJ + ( q - q') 1 11.151 
dJJ. 

n posepHM aTO yTBep)!{JleHHe no TeOpHH B03Myll(eHHA. [lnsr 3TO!t uenH 38riHWeM ypaBH9HHe 

/1.2/ B CHMB011H"'eCKOA QlOpMe: 

± 
T 

± 
v + 

± ± 
v X T ) 

npellCTSB1lSISI 1 H V B BH Jle paano>KeHHSI no KOHCTaHTe CBSI3H: 

± ± ± 
T 12 + 14 + 

-t. ± ± 
v v2 + v + ... 

4 

no a cTaB11SIH B ypaBHeHHe /1,16/, nony"'HM! 

+ n ·I ±. 
~~ + ~ v,m X T '" -1m 

m "' l 

[lnH n = 1 

11.16/ 

/1,17/ 

I 1.181 .. 
noKa)!{eM Tenepb, "'TO ecnH QlYHKUHH T,, ... ,11n-JlpellCT8BHM B BHil9 /1.15/, TO 

Q:>yHK uHSI 1 1 "TSK* e npeacTaBHM a B aToll Q:>opMe, 

PaccMoTpHM npoHaseaeaHe: 

oc oc oc 

r a e 

5 

I 1.19/ 
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TaK K8K 

l(v
1

,v
2

) rr r K ( q .; t ', u, vI , ll:z, q 2 
) 

- 2 
2 . t, + ( q - q') 

r.ae 

K~ 8(..Jt'-yv,-..,fv 2 )8(/j.) 

vr;:-
141 

/j. -J[3BeCTHb!H .aeTepMHHaHT , TO: 

v X T - r dv ( ~ 2 , 2 E 
2m 2n-2m- . 2 X <f > q 1 • V) 

f.L2y+(q-q') 

dt' 
) 

11.201 

, npH'IeM: 

X ( q 2, q'2, E, v) 
T (u,q' 2,E, v") u" (E,vi)K(q'~v,u,v ,Y ,q 2 ) 
2n- 2m .. ,.m 1 2 f du f dvi f dv2 

0 f.L2 f.L2 
[E

2
-m 2 -u]..Ju + m 2 / 1.21/ 

OTcJO.aa cne.ayeT, 'ITO cPYHKURH T
2

" npe.acTaBIIMa B BH.ae 11.151. TaKHM o6pa3oM, npe.acTaB

neHHe .U11SI peweHRSI ypaBHeHIHI 11.21 B ciJopMe 11.151 yCTaHOBJieHO. 

H anHweM ypaBHeHHe .anSI cneKTpanbHOH cPYHKUHH r • ilnH aToro no.acTaBRM Bbipa:lKe-

HHS! 11.141 H 11.151 B ypaBHeHHe 11.13 I. npHMeHS!l!: . ¢opMyny 11.201, nony'IHM 
xl 

:!::: '2 2 r (q ,q ,v,E) 

rae 

+ + 
u-(E, v) + fi o;(q' 2,v,u',t',q~E) T 

(E -m2 -u')..Ju'+m2 

(q' ,u',t', E)·du'dt' 11.221 
' 

+ 
Q -(q'~ 11, u', t', q 2

, E) 
.± 

1h J [( ( q' 
2
, v, u ', t ', v , q 2} U ( E, v ) dv 1 • 11.231 

YpaaHeHHSI TKna 11.221 
~I 

Ll liSI HOTeHUHaJibHOrO pacceSIHHSI BnepBhle o6cy:lKLta11HCb B pa60Te B 

CBSI3H C H3y'leHHeM aCHMHTOTH'I e CKOrO TIOBe.aeHHSI aMn11HTYLlbl pacceSIHHSI, .il1!SI TOrO, 'IT06b! C 

noMOWbiO ypaBHeHHSI 11.1 I HaliTH aMnnHTy.ay pacce~HHSI, a, cn e .aoaaTeJibHO, H cneKTp CBSI3aH

HbiX H pe3 0HaHCHb!X COCTOSIHHH, Bbi6epeM HOTeHuHaJI TaKHM o6pa30M, 'IT06b! cPYHKUHR T Ha 

HOBepXHOCTH Mace TO'IHO COBnaaana C aMTI11HTYLIOH pacceSIHHSI B 111060M nopSiaKe TeOpHH B03-

MyweHHH. 3TO MO:lKHO nony'IRTb, ecJIH onpeaeJIHTb TIOTeHUHaJI K3 ypaBHeHHH 

3aecb CK06KH 

xxl 
HOCTb • 

+ + .::!" ± ± + 
v-~ [T-], v ~[T4 J- [v2 x T2-

11.24 I 
2 2 4 . 

+ .± n-1 ± ± ) 
v - ~ [ T ] - l [ v2m X T2n- 2m 
2n :Zn m==t 

03Ha'laiOT nepexo.a B COOTBeTCTBYIOWHX Bb!pa:lKeHHSIX Ha MaCCOByiO HOBepx-

xl + 2 2 
1l'apo Q- npoaon:lKa.eTcSI H B o6nacTH oTpKuaTe11bHbiX 3Ha'leHKH q H q'. TaKHe 3Ha'leHHSI 

B03HRKaiOT npR npo a on>KeHHH aMnnHTYLibi npouecca B o6nacTb aHeprKli HH>Ke nopora. 

xx/ 
nocne :O!TOH one paUKK TIOTeHUHaJI 6yaeT cPYHKUHeH T011bKO LIBYX He3aBHCHMb!X nepeMeHHHbiX 

E H t • 

6 

T• 

BJ 

n 1 
P• 

0 ' 

c: 

B• 

B 

B 

I.: 

f. 

6 

c 



/ 1.21/ 

~.UCTSB-

• rpa)K e -

141 
Te B 

O Ob! c 

BSI38 H-

Ha 

B03-

IT OB e px-

l H SI 

~ HHH b!X 

noKa>KeM Tene pb, 'ITO ecnH 8MnnHTY.ll bl pacce SIHHSI .n nSI qeTHb!X H He'!eTHbiX COCTOSIHH .ll 

+ 
M- B He KoTopo ii o6nacTH ~tHeprHii npe.ncTaBHMbi B ¢opMe : 

+ J a- ( E, 11) 
2 

IL211 + (q-q'J 
d11 , 11.251 

TO noTeHUR8nbl 
± 

V , onpe.neneHHbre H3 ypaBHeHHii I 1.241, B aToii o6naCTH aaeprHA HMeJOT 

+ 
1 r u - ( E ' II ) dll • 

. 2 
1T IL2 II + (q-q'} 

t 2 
V (E,(q-q'J) 11.261 

' ~. 

npo aepHM 9TO yTBep>K.neHH e no TeopHH B03MyweHHA. TaK K8K [ T2] COBna.naeT c aMnnHTy.noA 

pacceSIHHH M 2 BO BTOpOM nOpSI.UKe , TO c¢opMynHpOB8HHOe Bb!llle YTBe p)i{.neHHe .nnSI V2 

O'!eBR.UHO. B qeTBepTOM nopH.nxe: 

c:ne.UOBaTenbHO, H8 OCHOB~HHH /1.201 H 11,251 V4 T8K )Ke npe.UCT8BHM O B cpOpMe 11.261 • 

AHanorH'IHbre paccy:>K.neHHSI 6 e a T py.n a MoryT Ob!Tb npoae.ne Hbi B n106oM nopH.nxe TeopHR 

a o aMywe HHA. T a KHM o 6paaoM no TeopHH B 0 3MyweHHii yc T aHoBneH o , 'ITO e cnH aMnnH Ty.na pacceSIHHSI 

+ 
B He KOTOpOii o6naCTH 9H e prHii np e.UCT8BHM 8 B BH.Ue /1,25/, TO rioTe HUH8nbl V- B 9TOM HHTep-

Bane 9HeprHii SIBnSIIOTCSI cyn e pn03HUHSIMH IOK8BC KH X noTe HUH8nO B C HHT e HCHBHOCTSIMH, 38BHCSI

WHMH o:r aHeprH ll E 

C.n e naeM cne .nyrowee 3aMe '! 8 HH e . n p H Hcno nb30B8 HHH HHcj:JOpM8UHH o6 aMnnHTy.n e pacceSI

HHSI H3 T e OpHH B03Myll{e HH H M b l nonyqae M H e KOTOpbie KOHCT8HTb! Bb! 'IHT8HHSI, KOTOpb!e He 

np e .ncTaBHM b l B cj:JopM e II .25 I. n pH BOCCT8HOBneHHH noTeHuHana v 9TH KOHC'f8HTbl H8MH He 

6y.nyT y'IHTb!B8TbCSI. B 38BHCHMOCTH OT cT e neHH n nonHHOMa B b i 'IHTSHHSI, noTeHuH a n V( E, t) 

oy.n e T npa BHnbHO OITHCb!B8Tb nHlllb napUH8nhHbie BOnHbl C e > n . 

noKa :>Ke M T e nep b, 'ITO B TeO p HH nOnS! .UnSI H3 y '! e HHSI C B SI38HH b!X COCTOSIHHH B 

MO >K HO ITO CT OO HTb nOK8nbH blH ITOT e HUH 8 n, SIBnSIIO WHiiCSI cynepn 0 3 HUH eH IOK8BCKHX nOTeHUH8nOB 

C HHT e HCHB HO CTSIMH, 38BHC SIW HM H OT 9HeprHH, H HM eiOWHii BH .U : 

± 
1 f U ( E' v) d v . 
77 ll2 v + (q-q')2 

/ 1,27 I 

M bl YCT8HOBHM, 'ITO T8K Oe npe .UCT8Bne HHe Bb!T e Ka e T H3 npHHUHnOB KB8HTOBOii TeOpHH nonS! B " 

HHTepBane a a e prHii: 

- 41! 
2 < t < 41! 

2 
• 

11.281 

B TeopHH B03Mywe HH H .nnH nro6ol! .n H a rpaMMbi n nopH.nKa, .naroweii BKna.n B 8JiofnnHTYL1Y 

151 
pacc e SIHHSI, .UOK8 3 8H b l O.U HOMep H bi e .U HCne pCHOHH bie COOTHOllleHHSI K8K no nepeMe HHOii 

ITpH cp HKCI! p OB8HHOM 3H8'! e HHH S , H8XO.U S!We MCSI B HHTepBaneJC;
1

: 
/1.291 

4m 2 < s < 4m 2 

xl 151 
O.nHo M e pH bre .nH c n e pcHOHHbre c o oTHOlll e HH SI B p a 6 oT e nony'! eH b i .n nH pa3nH'! .'I biX cpH3H-

qecKHX np o u eccoB, 3 .necb M br n '1 HBO .llH M p e3ynhTaT bi T OnhK O .n n SI c ny qa g pa B H biX Mac e . 
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'· ..:·.~~ rf..,}f !..:·..,r-~~.;~-., ~ t,<r 1 

. . '; . -~·--;.'" :~·; . TaK H ITO rrepeMeHHOH S rrpH ¢ HKCHpOB8HHOM B HHTep san e : 

. / 
/1.30/ 

,;; I 

- 4JL 1 < t < 4 JL 1
• 

x/ 
C n e a osaTenbH O , a nn aMrrnH T y abi pacceH HH H MO)KHO HarrHcaTb rrpeacTasneHHe 

M ( s , t) r 
2 

IL 

a ( s ' , t) d s ' + r---.!!....2_ ( u ', t ) du'. 11.311 
s '- s IL 2 u' - u 

\ 
:h..,_ 

\ 

3 a e cb rr e p e M e HHaH 

+ 
¢Y HK UHH tf-

H a xo aHTCH B o 6 nacTH 11 .30 I . H a o cHoBaHHH I 1.311 MO * HO rrocTpOHTb 

r ae 

+ 
u- (s , t) 

00 + r a - ( s ', t ) 

IL 1 s '- s 
d s ' 

+ 
a - ( s, t ) = a

1 
(s , t) ± a

1
( s, t) . 

AM IT ITHT y aa !.f (s, t ) B bi p a )!{ a e TCH q e p e3 S T H ¢ YH K UHH cneay iOWH M o6pa30M: 

M ( s, t) + - + -
Y2 [ M ( s,t) + M (s , t ) +M ( u , t) -M (u , t)). 

/1.32/ 

11.331 

T aK Ka K rr e p e aa'la H M ITYIT bC a S ~ 0 , TO, HCITOITb 3yH rr p eacT a sne HH e 11.321 H ycTaHOBITeHHOe 

+ 
paHe e y T B e p )Kae HH e I CM. ¢ o pMyn bi 1! .25 1 H 11.26/ I , rr oT e HuH a iT b! v- rrpeacTaBHMbl B 

¢opM e 11.26 I, a, cneaOBaT e nbHO, H X ¢ yp b e - o 6pa3bl B H HT e p Bane S H e prl{ A: /1 .30/ HMe iOT BRa: 

± ~ -v r + 
V ( E, r ) = 1/ rr ( e r 

2 
u- ( 'E, v ) d v • 11 .341 

IL 

T aK HM o6pa30M H a M H ycT aHOBne H O, 'IT O B T eOp H H ITO n SI B p a M K a X T e Op HH B03M yW e HH i% aMrrnH• 

Ty a bl M:!: B H e KOTOpOH o 6 naCT H 9 Hepr Hl!: rrpeacT aBHM bl B BR ae 1!.3 2/ , T. e . H Me iOT KBa3HIT OTeH 

x x l ± 
U HaiTbHyiO ITPH P O aY • noT e HuHa n bi V 1 BOCCT aHOB n e H H bJ e ITO T 8 KO l!: KBa3HITOT e HUHaiTbHOil. 

xl 
Mbl Gaecb H e Y'IHT biBa e M KOH C T a HT B b l'IHTaHHH , ITOCKOnbKy , KaK M bl Y *e B blll! e OT M eqanH, 

O H H H e rrp H HH MaiOTC H HaMH B O B HH MB HHe rrpH IT OC Tpoe HHH ITOT e HUHana. 

A M rr nH T y a a M ( s, t )He HM ee T rro T e opHH B03MyweH H l!: oco6 e HHOCTel!: rrpH t < 4 IL 1 

Kp oMe rr onro c a B T O'IKe 
2 

t = JL A HanHTH'Ie CKaH CTp y KT y pa aM rrnHTy a bl, ITOCTpOeHHOlt Ha 

O C H O B e ypaB H e HHH 11.21, B00 6 W e r OBOpH , 6y aeT Y *e H MeTb rron roc a , CBH3aHHbie B03MO)f{HbJM H 

CBH3aH H hlMH C OCTOS!HHH M H B - Ka H a n e . 3 T H rronroc a ¢ aKTH 'IeCKH HBITHIOTCH KOHCTaHTaMH I B 

0 6ll!e M cnyq a e - rr o n H HOMOM I Bbl 'I HTaHHH B s -Ka H a n e , KOTOp bJe M OryT BITHHTb Ha aCHMITTOTHKy 

a Mrrn H T Y a bl p acceHHH H . 3 aecb KaK p a 3 rrpoHBnH e TcH r n y6o K a H CBH~b, ycTaH o sne HHaH Pea*e, 

Me)K a y C BH 3 a HHbiMH C OCT OHHH HMH H aCH M ITT OTH 'Ie C K Olt B M ITnHTya o lt pacceHHHH . 

x xl 
3 aM e THM, 'ITO e c nH aM q n HT y a a .~! ( s, t) y a .osn e T B o pH e T rHrroT e TH'IeCKOMy a HcrrepcHOHHOMY 

cooTHO ll!eHH IO rro rr e p e aaqe H M rr y nbca a nH ni06blX sewecTBe HHbiX S , TO OHa 6yaeT 

K Ba3 H ITOT e HUH a nb HOiL noT e HUH a nbi 1 C O OTB e TCT BY IOW H e T a KOl!: aMITIT HTy a e , 6y ayT rrpeacTaBH-

Mbl B BRa e /1.341 a nH n i06 biX 3 Ha'l eH H M s • Mbl B R a HM , TaKHM o6pa30M 1 'ITO r'HITOTe3a 0 

crrpasea nHBOCT H aHcrre pcHOHH hl X c o oTHOll! e HHi% rro rr e p ea a q e RM rrynhca sea e T ann ni06blx 3Ha

q e H H H 9 H e p r RH S K IT OT e HuHany , S! B nH IOW e MyC S! c y rr ep iT03HUHe H ITOT e H U Ha noB J0KaBbl C RHT e H-

C H B H OC T S!MH , 3aBHCS!WHMH OT SHeprH H . 
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C HHTeH-

. . ' ,,. ... 

aMrrnHTyJ:Ie pacce HHHH
1 

HBnHIOTCH, KaK Mbl BHJ:IenH BbiWe, cynep1103HUHeH IOKa.BCKHX llOTeHUHa

nOB C HHTe HCHBHOCTSIMH, 3aBHCHWHMH OT SHeprHH. 

B 3aKniO'IeHHe OTMeTHM, 'ITO llpH H3y'leHHH aMrrnHTYllbl pacceSIHHSI B paMKaX TeOpHH 

B03MyWeHHl! Mbl He MO)!(eM HerrocpeJ:ICTBeHHO CJ:IenaTb HHKaKHX 3aKni0'19HHl! 0 cywecTBOB8HHH 

pe30HaHCHhiX H CBSI38HHhiX CQCTOSIHHI\ CHCTeMh!, 3TO o5~HCHHeTCH He TeM, 'ITO CHCTeMa se 

HMeeT STHX COCTOHHHA, a TeM, 'ITo" MeTOll TeOpHH B03MYW9HHI\ He llpHCllOC05neH K T8Korp 

pOJ:Ia 3aJ:Ia'laM, noaTOMy aHanHTH'IeCKaH CTpyKTypa aMrrnHTy llhl pacceSIHHH, nony'leHHaH H3 

TeOpHH B03MyWeHHH)He 5yJ:IeT HM9Tb oco5eHHOCTeH, CBH3aHHbiX CBH3aHHhiM COCTOHHH e M CHC

TeMbl, BoccTaHOBneHHe llOTeHUHana UO HHcpOpMaUHH, CO J:Ie p)!(a wefiCSJ B TeopHH B03MyweHHH) H 

nocneayJOwee HccneaoBaHHe CHcTeM&I Ha 5a3e ypaBHeHHH THna Wp eJ:IHHrepa no3BOnst eT Y*e 

H3Y'IHTb SHepreTH'I9CKHA cneKTp CBH3aHHhiX H pe30HaHCHh!X COCTOSJHHfi, a TaK:>Ke acHMUTOTHKy 

161 
aMrrnHTYllhi pacceHHHH. B pa5oTe ypaBHeHHe 11.21 c noT e HuHanoM 11.341 npHMeHHnocb K 

HCClleJ:IOBaHHIO aCHMllTOTHKH aMllllHTy lib! pacceHHHSI B S -KaHane. VfCll0llb3YH J:I llH ypaBHeHHSI 

11.22 I TexHHKY, pa3BHTYIO ¢ y5HHH H CTpocponHHH, aBTOpbl IIOKa3allH
1 'ITO aCHMllTOTHKa 

B o5nacTH 50llblllHX s HMe eT pea.»<eeBCKOe llOBeJ:IeHHe, 

npoBeJ:IeHHhll! Bh!We . aHanH3 yKa3h!BaeT Ha llllOJ:IOTBOpH OCTb KBa3HilOTeHUHallbHOI'O UOJ:I

XOJ:Ia B KBaHTOBOH TeOpHH IIOllH, 

B 3aKnJO'IeHHe aB'l'Op &I B &Ipa* aiOT rny5 o KyJO 5naroaapHOCTb H. H .Eoromo 5 o By 3a ueH

H&Ie COBeTb! H CTHMynHpy!OWHe o5cy)!(J:IeHHSJ , a TaK)!{e ll.Vf.SnOXHHUeBy, 6.A.Ap5y30By, 

A.B.EcppeMOBY, HryeH BaH Xbey, M.K.nonHBaHoBy H P.H.ct>aycToBy 3a rrnoaoTBOpH&Ie 

J:IHCKyCCHH. 
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