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I. Mb! paCCM0TpHM npocTellwul! cnyiial! CKam1pH0l'0 ael!TpallbH0l'0 nong C 

caMonel!CTBH9M npu 0AHOll npocTpaHCTB9HHOll pa3M9pH0CTH: 

a 2 2 2 
H = 1.. f dk [- · + (k + M lcf,(k)cf,(-kl] 

2 l3cf, (kl lJcf, (-kl . 

4 
(I) 

+ g f II (cf,(k
1

)dk 
1
)8(k

1
+k

2 
+k

3 
+ k

4 
), 

l=I 

3necb HHTel'panbI 6yAeM C'IHT8Tb 6epyWHMHCSI no o6naCTH 

-f < k <f, -f< k 1 <f (2) 

BaeneM o6oaHa'!eaue: 

2 
t = M + 12 g l'n ( 2f ) . (3) 

3Ha'leHHSI Tpex napaMeTp0B g , 

T0HHUH H 

f nonuocTbro onpenenSiroT !'aMHnb-

x) 

I. 1, O6bl'!Hblil BbI6op x) 

Oa oTae'!aeT aanucu 

H=+ fd:[-13
2 

/8cf,(kll3cf,(-kl+ (k
2

+µ
2

) cf,(kl cf,(-kl] 

+g N fll(cf,(k
1 

ldk
1 

)8( k 1 +k 2 +k 3 +k 4 l; 

" l'Ae N - CHMB0n H0pManbH0l'0 np0H3B9A9HHSI 12 I. 
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f dk 2 2 
_ 12 g ... / =- 2 

M = p. 
yk2+p. 

= p. 2-12g fn (2f/p.) 

COOTBeTCTByeT 

I = p. 2 
- 6g fn ( l / p. 2 

) , (4) 

anech p. - aaTpaBoqHaH Macca noKoH. 

1,2, llnH <jil!KC!!pOBBHHblX 3HaqeHl!ll g II t ypaBHeHue JllpenuHrepa 

HO =AO (5) 

nonycKaeT nepexon K npeneny f ➔ OO. oe3 B03HIIKHOBeHl!H pacXOUIIMOCTel\
131

• 

1.3. Mb! paCCMOTpl!M OCHOBHOe COCTOHHl!e raMl!nhTOHl!aHa ( 1) B 38BII-

Cl!MOCTH OT Benuq11Hhl napaMeTpa t (aHaqeH11e g cqHTaeM <jiuKC!!pOBSH-

HblM g > 0 ) , llocTynHb!M nnH 11ccnenOB8HHH HBnHeTCH, oqeBl!UHO, cnyqall 

t ➔ 00 , COOTBeTCTBYIOIUIIH CTaHnapTHOMY cnyqa10 cnaool\ CBH31! ,(cornaCHO (4) 

38TpaBoqHaH Macca IlOKOH HeorpaH11qeHHO pacTeT C poCTOM t ; cnyqall 

cnaooll CBH31l B raMl!nhTOHIIBHe ( 1) pean11ayeTCH, KBK 1!3BeCTHO, ecm1 g ➔ 0 

npH <jiHKCHpOBBHHOM /L ' n1100 P. ➔ 00 npH <!>11KCHpOB8HHOM g ) • OnHaKO !!Me-

eTCH eme OUIIH nocTyilHb!H nn.11 HCCnenoBBHll.11 (11 CTOnh JKe npoCToll) cnyqal\ 

t ➔ - 00. 

3TOT npenenhHblll cnyqal\ HBn.11eTCH OTnpaBHblM nn.11 11ccnenoBBHIIH .l!BneHl!.11 

BblpOJKUeHl!.11 BaKyyMa, 

1.4, npH t ➔ -oo KOHCTPYKUll.11 n. 2.2. naeT UBa B38l!MHO OpToroHanh-

HblX <jiyHKUIIOHana, npHHanneJKam11x HHlKHeMy ypoBHIO; 3TI! <!>YHKUIIOHanhl nepe-

XOU.IIT OUIIH B npyroll np11 !!HBepC!!H <p ➔ - <p ycpenHeH11e no-H11M naeT: 

<p (k) ± vB (k ). 

4 

I 
1 

I 
1, 

1.5. HanpoTHB Toro, npH I ➔ + 00 <l>YHKUHOHan OCHOBHoro COCTOSIHHSI 

eUHHCTBeHeH H HHBapHaHTeH OTHOCHTenhHO HHBepCHH, TaK qTo: 

¢ (kl = O. 

1.6 •. BBHUY 38BHCHMOCTII (3) onepaTopa (1) OT napaMeTpa I paa-

UBOeHHe OCHOBHOro COCTOHHHH np!! t ➔ - 00 He MO)l<eT cqHT8ThCH HeOl!<HUBH

HO~ThIO. npocTeHWIIM npHMepoM, B KOTOPOM HMeeT MeCTO HeqTo noxoJKee, 

HBnlleTCH ypaBHeHl!e (n. 2.10) 

·. 2 

(- d +1x 2 +gx
4 lt/J =Atfr 

dx 

1. 7, CornacHo ( 4 ). np11 t ➔- oo P. ➔ o 

cTaHnapTHoro cnyqa.11 cnaooll CB.113H cnyqall t 

H cnoJKHb!Ml onHaKO B nellCTBHTenhHOCTI! np11 

cnyqal\ cnaooll CB.11311 (XOT.11 11 HeOobiqHblH} , 

, noaTOMY C TOqKn 3peHl!.II 

➔- 00 

t ➔ - 00 

llBn.lleTC.11 naneKHM 

pean11ayeTc.11 TaKJKe 

1,8. BMeCTO UBY;"'. napaMeTpOB t H g ypaBHeHl!.11 nyHKTOB 2.1., 

(6) 

2.2. conepJKaT nHWh OUIIH, c 11n11 /3 · 1 .l!Bn.llJOIUl!HCH !IX <jiyHKU!!el\; aHanorllH 

C ypaBHeHl!eM (6) IlOK83bIBaeT ecTeCTBeHHOCTb aToro CBOllCTBa nonoo11.11, 

1,9, napaMeTpOM ManocT11 paanoJKeH11.11 nyHKTa 2,2 .11Bn.11eTCH een11q1rna 

/3 -2 
' KOTOpa.11 MOlKeT Ob!Tb Bb!palKeHa KBK <jiyHKUll.11 OT 11 g (ypaa-

HeH11e (23)); ycnoBHe (HeoohiqHoll) cnaool\ CB.11311 He ncqepnuBaeTC.11 B03-

MOJKHOCThIO 

g = const , t ➔- 00 

2 • 
( /3 = - t/ ( 4 g) + • , . l , 

HO coneplKl!T uenbill KOHTIIHYYM B03MOlKHOCTell, H B qacTHOCTH, npenenhHb!ll 

cnyqall 

t = const , g ➔ + oo 

2 
(8/3 = 12 fn g +, 12fn (12 fn g ) ••• , 

-2 I/ g ) l 

KOTOpbill, TaKl!M oopa30M, He HBnHeTC.11 cnyqaeM Cl!nhHOll CBH311, 

5 



I.IO. AHallHa ypasHeHHH (5) Mbl 6yneM necT11 no cnoco6y, npenno>KeH
/3/ 

H0MY HaMH paHee 

2. npencTaBHM (jiyHKUHOHan OCH0BH0I'0 C0CT0HHHH Do B a11ne 

(1
0 

= exp(- IC ) 

H nepen11weM ypanHeH11e (5) n cj,opMe 

8
2 

IC + f dk [ l,,p(kl 8,p(-t) 

81C 81C 
-----+ 
8,p(k) &p(- kl 

2 2 
(k +M ),p(k):,¢,(-k)] 

(7) 
+g f 0(,f>(k1 )dk

1 
18(k 1 +k 2 +k 3 +k 4 1= A. 

PacCMOTpllM nsa pa3Hb1X K0HCTPYKTIIBHblX cnoco6a llOCTp0eHIIH peweH11ii rpan

HeHIISI (7), 

2.1. EyneM IICKSTb (jiyl!KilHOHan IC n Dltn€! 

IC = _l_[ f a(k) ,p(kl 9(-kldk + 
2 

+fC
4

(k
1
,k

2
,k

3 
,k

4 
)0(,f,(lt

1
)dk

1
)8(1t

1 
+lt

2 
+k

3
+k

4
) 

+ fc
6 

(k
1 

,k
2 

,k
3 

,-,k6 lll (ef,(k
1 

ldk
1 

)8(1< 
1 

+k
2

+ ••• k
6

) 

+ ] . 

(BJ 

noncTan11a (8} a (7) 
1
non)"laeM ypanHemrn nm1 onpeneneHIIH Koaq,q,Hu11e11THb1x 

!pYIIKUHii: 

a
2

(pl-=p
2 

+m 2 +6 f dk [C4 (p,-p,k,-kl-C 4(0,0,k,-k)]. 

I
4

C
4 

=2g+l5fdkC 8 (1t 1 ,k2 ,k 3 ,lt 40 k,-k), 

. (9) 
I6c8 +2 .2 [c._c4]=28fdlt C8(kl,k2 ,k3,k4, lt5 ,k. ,k,-k). , 

6 

3nec& 

n 

I 
n 

I a (k
1 

), 
1=1 (10) 

2 2 f . m = M +6 dk C
4 

(0,0,k, -k ), (11) 

[ C4 C 4 ] ( k 1 , k 2 , k 3 , It 4 , k 5 , k 6 ) = simm ( k 1, k 2 ,k 3 , It 4 , k 5 , It 6 ) 
1 

c,<1c1,k2,k3•-k1-k2-lt3) c,<k,,k5 ,k6,-k,-k\_-k6 ). (12) 

♦ 

3aMeHHM K09!pipllllll0HTHble (jiyHKUHH H HeaaBHCHMYIO nepeMeHHyIO: 

p = mq • 

a(pl=mA(q), 

C ,=(g/ml·D, (q1,q2 ,q3,q4 ), (13) 

2 3 ) 
C 6 =(g/m )D6(q1,q2•••••q6 I 

H npeo6paayeM CHCTeMy (9) K BRAY 

A 
2 

=q
2 

+l + 6£ fds [D 
4 

(q,-q ,s ,-s )- D
4 

(0,0, s,-,.l~, 

u 
4 

D 
4 

= 2 + 15 £ f D 6 ( q { q 
2 

, q 
3 

, q 
4 

, s , - s ) d s , (14) 

u
6

DR +2.2[D
4

D
4
] =2B£fD

8
(q 1 ,q 2 , .. ,q 6 ,s,-s); 

nono6Ho (IO), aneCb 
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0 ~ 
D 

I A (q ) , 
1=1 I 

= g / m 2 

CHCTeMa (14) npH £ = 0 pewaeTcn TO'IHO: 

A ( q) = V q2 + I • 

D
4 

=2/ >o
4

, 

D 6 =- 4[D
4

D
4
]/o 6 

( 15) 

3aaaue peweaun npH E = O noaaonneT nocTpOHTb Ann E > O peweaue B BHAe 

PRAS no CTeneHnM £ • B 'ISCTHOCTH: 

ds 
A(ql= wq- 3£(1-1/w q) f (w +"' )("' + 1) + ·• ., 

D 
4
(q ,-q ,s,-sl= (w 

-1 

q+w •) 

a q • 

~. 

a 
+ /3 (M 

2 
+4g /3

2
) if, (0) + 4 g /3 f Il ( if, ( k 

1 
) d k 

1 
) 8 ( k 1 + k 2 + k a 

. 1=1 

4 
( 17) 

+gf Il(l{,(k )dk
1

)8(k 1 +k 2 l=l I I 

+k
3

+k
4

)=A'. 

¢>yHKllHOHan K HS 3TOT paa 6yAeM HCKSTb B BHAe: 

K = y[ f a(k) l{,(k) l{,(-k)d k 

a 
+ fc (k k k ) n (l{,(kl )dk:1)8(k1+k2+k3 

3 1 2 3 l=I . (18) 

' +fC (k k k
0

k )Il(if,(k 1)dk 1)8(k 1 +k 2 +k 3 +k
4

). 
4 I 2 3 4 I =I 

IloACTSBHB (18) B (17), nonyqaeM ypaBH8HHR Ann onpeaeneHHn K03¢¢HllH8HT

HhlX WHKllHH: 

2 2 
0=2/3(M +4g/3 l+3fC

3
(1<,-k,0ldk, ( 19) 

2 2 2 i:?2 f 3aecb ---- a =P +M +I2g,-., +6 c,(p,-p,k, -k)dk, 

w~yq 2 +I. 
q 

3aMeTHM, 'ITO cornaCHO ( 15), npH nocTOnHHOM g npeAeny £➔ 0 COOTBeT

CTByeT m ➔ 00 o 

2,2, IlonO>KHM B (7) 

<f, (k) ="1 (kl +/36 ( l.:l , 

TSK 'ITO (7) nepeHAeT B 

I 

2 

2 

fdk[~ 
81{,(k)ol{,(-k) 

a K BK 
- 81{,(k) 81{,(-k) +<k2+M2+12g /32)1{,(k)l{,(-k)] 

8 

( 16) 

! 3 C 3 =8g/3 + 10fC
5 

dk, 

3, 3 [ ] 
I,c,+--C3C3 =2g +Isf.c6dk. 

4 

2 
HcKmoqan napaMeTp M C noMOWb!O ypaBH8HHR ( 19)' nonyqaeM 

2 2 2 3 
a (p)=p +8g/3 +f(6C 4 -~C 3 )dk. 

Llanee, aaMeHnn KosqxjiuuneHTHbie ¢yHKllHH H aeaaaHCHMyro nepeMeHHyro 

P = v sg I /31 • q, 

a (p) = V 8 g I /3 I A ( q ) 

9 



C3 ~fag .Bil.Bl D 3 , 

c
4 

= ysgD4 /l,81, 

c 1 =VBg n/<,Bl,81 >, 

npl!BeAeM ypaaHeHl!H K B11.cty 

A 
2 

( q ) = q 
2 + 1 + ,8 - 2 f ds [ 6 D 4 ( q , -q, s , - s ' · )- ~ D 

3 
( s , -s , 0) ] , 

-2 
D

3 
u

8 
=1+10,8 f D

1
(q 

1
,q

2 
,q

8 
,s, -s)ds, 

(20) 

(21) 
3. 3 [ ] 1 15 D a =---DD +-+ --JD ds 

4 4 · 4 3 3 4 µ2 6 

3. 4 21 
D 6 a 6 =-2-

4
- [D 3 D4 ] + fP"f D7 ds. 

-2 
no.cto6HO (14), CIICTeMa (21) np11 ,B =0 pewaeTCH TO'IHO; 3TO noaaonHeT 

-2 -2 
.ctnH ,8 >0 nocTpOl!Tb peweHHe a BH.cte pH.eta no CTeneHHM ,8 , B 'laCT-

HOCTH: 
-1 

D3 (q,-q,0l=0+2euq) +••• 

· • 6 1 ds 
A(ql= eu + ----1- -Ceu --lf--.--------

q 2 Cuq ,B 8 q 2 (euq +eu
8 

Heu
8

· + 1/2) 

ds -+I +eu Cu q 8 

+ 
2 l ·1. 

(2eu +1){2eu +ll ( eu +eu + eu 
q s q s q+s 

~ 

2 

2.3. nplI BblBO.cte ypaaHeHHil. (14), (12) napaMeTp M 6bm Bblpa)l{eli 

HeKOTOpb!M cnO)l{HblM o6pa30M (( 11 ) • ( 19)) qepea HOBbie napaMeTpbl m 
2 

,B • nonbayHCb <jiopMynaMII rrpeo6paaoaaHIIH ( 13), (20) II orrpe.ctenea1IeM 

(3) II no.ctcTaBnHH a HyneaoM rrp1I6n11)i{eH1III no napaMeTpaM £ , p-2 

3Ha'!eHIIH <jiyHKUIIil D3 

II3 (14), (21 ): 

• D4 .ctaHHble a KOHUe rryHKTOB 2,1, 2,2, aaxo.ctHM 

10 

ft 

~· 
.1 

r 
i 
I 

2 . 
t=m -6fC

4
(0,0,k-kldk +12g&.(2f) 

m2 -12g &, .2.. + 12 g +••• 
(22) 

m 

.ctnH cny,rnH n. 2,1 11 

=- 4g,a2 3 
--fca (k,-k,O)dk + 12g &, (2f) = 

2 ,B 

- 4 g ,a 2 + 12 g &. v a g ,a 2 

(23) 

4" a I 
+g[-=- + --2- +••· l 

f3 n 

.ctnH cny'laH n. 2.2. OTCIO.cta cne.ctyeT, 'ITO npe.ctenbHOMY cnyqa10 l ➔ 0 COOT-

BeTCTByeT t ➔ + 00 , a npe.ctenhHOMY cny'la10 /3 .:...2 ➔ 0 - t ➔ - 00 • 

. -2 
2.4. BbmlIWeM Tenepb a nepBOM np116nl!lKeHHH no l , ,B SHepI'HH 

COCTOHIIHli n.rr. 2.1, 2.2. lfa (7), (8) HSXO.ctHM .ctnH A 

A = _l_ o (0) f a(k ) dk , 
2 

To'!HO TaK )l{e, IIOJ:lCTaBnHH ( 18) a ( 17), rronyqaeM 

A'= .Lo (0) fa(kldk 
2 

Bblpa)i{eH1Ie 

Cne.ctyeT y'leCTb TSK)i{e, 'ITO A' 0Tn1I'1aeTCH OT napaMeTpa, BXO.ctHinero B 

ypaaaea1Ie (7): 

A=A' +CM
2

/2),8
2

fo(k)o(-k)dk 

4 4 
+g,8 fll (o(k,)dk,)o(Ici +k2+k3+lc4l, 

i=l 

TaKIIM o6pa30M, .ctml cny'laH IIYHKTa 2,2. 

11 
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,\ = 8 (OJ [ M 
2 /3 2 

/ 2 + g /3 4 + .!__ f a ( k ) dk ] • 
2 

(26) 

Bb1paa11a B (24), (26) a(kl 'lepeaA(kl no lj>opMynaM (1_3), (20) H nollCTa

BHB BblpalKeHIIH A • llSHHble B KOHlle nyHKTOB 2.1, 2.2, nony'lHM nocne Bb!K-

naD.oK: 

,\ 

f a (kl cf, (k) efl,{-Ji,)ld:Jt ➔ h l:a(k lcf, cf, 
I I -I 

H TSK llanee, I<: ti -h. i • i = o • .;1:-1 • ±2 ••• TO 8(0) B (24)-(26) 38MeHHeTCH 

Ha h H He~- IIC'IeaaeT. 

8(0) 

f2 2 2 - / = --3g(fn(2fll + fn(2fl<m -6gfn---;- + 12g) 2 I 2.6. 3aMes:.m 
2 m 

llnH n. 2.1 11 

,\ f 2 
2 2 I 

--- = - - 3g( fn (2f)) + fn (2f}{-4gf3 -6gfn--"'II~ 
8 (0) 2 ..; 8 g /3 2 

2 IT 
+ 6g---l/2 

3-./3 

llnH n. 2.2. l-lneHhI, KOTOpb!e OCTSIOTCH KOHe'lHbIMH npH e ➔.. , 3/leCb ony

meHbl. C y'leTOM (22), (23) nony'leHHhie lj>opMynbJ MOI'YT 6b!Tb o6'bell11HeHbl 

B YTBepJKlleHHe, 'ITO 

f2 2 
,\/8(0)= --,-.-3g(fn(2f)) + fn(2f)( ...!.. + f(tl) + ••• , 

2 2 (27) 

I'lle 

f(tl/t ➔ .o np11 t ➔ .:!: .. 

Td'lKSMII o603HS'leHbl 'lneHbl, KOHe'lHhie np11 f ➔ oo • CnellyeT OI'OBOpllTbCH, 

'ITO 9HepI'IIH OCHOBHOI'O COCTOHHIIH He IIMeeT lj>H311'leCKOI'O CMbICna:' nOllC'leT, 

npoBelleHHblH B HSCTOHilleM nyHKTe, OllHSKO, noneaeH TeM, 'ITO OH nOK83an 

npaBJWbHy!O - paCTylllYIO 38BHCIIMOCTb co6CTBeHHOI'O 3HS'leHHH OT t 

(np11 I ➔ j; 00 ) • 

2.5. ¢opMynhl (24), (25), (26) npOll3B01lHT llOBOnbHO TeMHOe ane'IST-

neHl!e BBllllY Hanl!'ll!H HeonpelleneHH_OI'O lj>aKTOpa 8 (0) • EcnH, OllHSKO, c 

_CSMOI'O Ha'lana noHIIMSTb a (7), (8) (17), (18) HHTerpanbl KSK IIHTerpanb

Hhle cyMMbI, HanpHMep , 

12 

/3 ➔ -/3 

noaaom1eT nony"'l:lrrh, 113' peweHIIH n. 2.2 eme OllHO peweHHe ypaaHeHIIH (7), 

np11Ha1lneJKamee 'JraMY' JH"e CSMOMY. co6CTBeHHOMY 3HS'IeHIIIO (26): BBllllY (16), 

(20) nony'IeHHhle 'l:SKlrM ~6pa30M llBS peweHIIH nepeXOllHT llPYI'_B llpyra npH 

npeo6paaoaaH111£ 

cf,(kl ➔ - cf,(kl. 

2,7. Ilp11 IIOilllllASHHH CIICTeMbl (7) KSK CHCTeMhl C llllCKpeTHblM Ha6opoM 

CTeneHell cao6o.m;n ((IIj"llKT 2.5) He npellCTaBnHeT TPYllS HS OCHOBSHIIII (6), 

(8), (18) nony'IIE'rb> lj>opMSnbHbie BbipalKeHIIII llnH HOpMbl N - fO! n def>. 

II BCeB03MOlKHblX cpe:mmx. B 9KCnoHeHTe OCTSBIIM n11Wb nepablll, KB81lp8TH'I-

Hbill no cf, 11nw ifi· r 'UleH K : OCTanbHble paano~HM B CTeneHHhle psi-

llbl, HaM noHSllOQ= IIHTerpanbl 

f exp (-h}: a(Jct ),p('.k 1 )cp(-k
1 

ll Il def, (k 
1 

) = Il V --17
--

ki ha (k I 
e No • 

f exp (-bl: a(kJ,pfkl'cf,(;..kJ) Il dcp(k) }: Ck It k cf,(k
1 

lcf,(k 
2 

).-.cf,(~) 
k1 • k:l' .. kn .• k 2n l 2•~• 2n n 

D -1 
N0 [ I: C: TT ( 2 h a ( It )) 

k 1,k 2 ;,.....k:.n. k.-,-k 1 ,k 2 ,-1t2 , •• kn•-kn}:11 J + •• . ]; 

TO'lKSMII o603H8'.'Je:Ha· COBOKynHOCTb (2 n - l) II - 1 'lneHOB, I'lle cnapllBSHHe 

nponaBelleHo IIHS'Ier, 'teM B BbinllCSllHOM nepBOM ttneHe, Ilp11 llOllC'teTe Hop

Mbl B03HHKaeT eian&woe '111cno 'Ineaoa, 

N=N
0
(l+l:l, 
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KBJKAOMY ea KOTOpblX COOTBeTCTByeT onpe)leneHHblli cnoco6 cnapeBaHeSI, onpe

)leneHHaH JlHarpaMMa i BenH'leHa C k l k 
2 

•• , COCTaBnSieTCSI ua npoeaseJleHeli 

K094MjieueeHTHblX cpyHKueli C 3 ' C. C5 ' ••• (8) ene (18). KaK OKa-

ahIBaeTCSI, HOpMa MO:lKeT 6hITb npeJlCTaBneHa B Be)le 

N =N 
0

exp( I' ), 

I'Jle I ' COJlepll<HT IIHIIIb Te 'lneHbl ea l; , KOTOpblM COOTBeTCTBYIOT CBSia

Hble JlHarpaMMbI.• 

PacCMOTpeM Jlanee HHTerpan 

Y= fa: n d</>(~) Z(<f>), 

I'lle 

Z(</>l= I Y (kl ,k2 "". k2n) <f>( kl l</> ( k 2 ) • •" </> ( k 2n) " 

Kax e paHbwe, AnSI y nony'laeM npeJlcTasneeee B Belle cyMMbI 6on&woro 

'IHcna '!neHOB, KBll<JlOMY ea KOTOphIX COOTBeTCTByeT AearpaMMa. Mo:lKHO rro

KaaaTb, 'ITO sene'leHa z '= y /N paBHa cyMMe TeX 'lneHOB' y ' KOTOpblM 

COOTBeTCTBYIOT CBSlaHble JlHarpaMMhl. 

2.8. 3aMeHSISI eHTerpanbJ B (18) CYMMaMe (n. 2.5) H non&aySICb npase-

naMH nyHKTa 2. 7' rrony'laeM cpeJlHHe aHa'leHeSI i/I ( k ) e rf, ( k) i/I Ck , ) : 

rf, {Ol = - [ I 
k 

3h 
2 C

3
(k,-k,0) 

(2 ha (k)) ( 2 ha (0)) 

- I 15 h 
4 

kl,k2 

C 
5 

( It 1 , - k 1 , k 
2 

, - k 2 , 0i 

(2h a(k 
1

)) (2ha{k 
2

)) 2h a (0) 

2 3 
h C 3 (k

1
,k

2
,-k

1
-k

2
)h C

4
{-k 1 ,-k 2 ,k

1
+1t 2 0) 

+ - I 24 . 
2 

k l .k 2 2 ha ( It 
1 

) 2 h a ( It 
2 

) 2 ha { It 1+ k 
2

) 2 ha (0) 

+-l-l:36 
2 .,,.~ 

2 3 
h C 3 {1tp-ki-OlC 4 (1tl'-lt 1 ,lt 2 ,-k 2 )h 

(21u(k
1

))
2 

2ha(k
2

)2ba(O) 
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3JleCb 

2 3 ) 

+ - I 36 
2 k 1 ,k2 

h C 3 (It 1 ,-lt 1 ,O) h C 
4 

(k 2 ,-k 2 ,0,0 

2 h a ( It 
1 

) 2 h a {k 
2 

)( 2 ha (0)) 
2 

+ •••• J 6 
k, 0 

It =0 , 

"' • I u k,O . 0 

npe 

npe kf 0, 

3 

,(I (kl i/I (-kl ,. I 12 
k1 

h C 
4 

( k 
1 

, - k 
1 

, k , - It) 

2 
2h a ( k 

1 
}( 2 h a { k)) 

+ I. 90 

' kt• k2 

+- l:36 
2 k 1 

+~I 36 
2 k1 

b 6 C 6 (k 1 ,-k 1 ,k
2
,-k

2 
,k ,-k) 

2 
2ha(k

1
) 2ha(k

2
) ( 2ha (k}) 
. ' 

2 2 
h C

3
(-k ,-k

1
,k+k

1
)C

3
{k,k

1
,-k-k

1
)h 

(2 h a ( k )) 2 2 h a { k 
1 

) 2 h a ( k 
1 

+ k 
2

) 

2 2 
h C 

3 
{ k , - k , 0) C 

3 
( k 

1 
, -k 

1 
, 0) h 

(2ha(k)) 2 2ha(k 
1

) 2ha(0) 

2 2 h C 3 (k 1 ,-k 1 ,0) C
3 

(k 2 ,-k2 ,0)h 

+96 I 
k. 01tl,k2 

(2h a (0))
2 

21,a (k 
1 

) 2ha {k 
2 

) 

l,"> 



+ 1so I 
kl ,k2 

+ 45 I 
kl ,k2 

+ 60 I 
kl ,k 2 

+ 90 I 
kl,k2 

2 4 
h C

3 
(k,k

1
,-'-k-k 1)h C

6
(-k,-k 1 ,k+k' 1 ,k 2 ,-k 2 

2 (2ha(k)) 2ha(k 1 ) 2ha(k2 )2ha(k 1 +k 2 ) 

2 - 4 • h C
8

(k, k,0)h C
6

(k 1 ,-k 1 ,.k,;:-k2 ,0) 

2 
(2ha(k)) 2h,a(k 1 )2ha(k 2 )2ha(0) 

2 4 h C 3 (k 1 ,k 2 ,-k 1 -k 2 lh C 5 (k,-k,-k 1 ,-k 2 ,+k 1+k 2 l 

( 2 ha ( k)) 
2 

2 ha ( k 1 ) 2 ha ( k 2 ) 2 ha (k1 + k 2 ) 

2 4 
h ca (k1•-k1,0) h c6 (k,-k,k2•-k2,0) 

(2ha(kl) 2 2ha(k) 2ha(k )2haC0) 
I 2 

+ 90 a I 
k • i tk 2 ,k3 

h 2 c 3 (ki,-k 1 ,0lh 4 C 6 (k 2 , -k 2 ,k3,-k 3,0) 

( 2 ha (0)) 
2 

2 ha ( k
1 

) 2h a ( k 2 ) 2 h a ( k 3 ) 

IlepeXO)llI OT cyMMbl K IIHTerpanaM, c noMOl!lbIO q:iopMyn (20) nony'laeM 

-- 3 f3 dq 
t/J (kl= 8 (kl[-J --------

4 1/31 Wq (1+2WQ 
+ ••• ] ; 

TO'IK8MII 0003Ha'le!Ihl qneHbI, IIC'!e3aIOIUl!e BMeCTe C f3 - 2 
, TaK11M o6pa30M 

)llllI Benll'lll!Ibl v ( 16) HaXO)ll!M 

V =f3 + _!_!!_ f d q 
41/31 . ,.w q (1 +2wq) 

+ ... (28) 
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3aMeTIIM, '!TO qnenbl t/J ( k) t/J (-k ) t COJlep)K81Ul!e 8 k. 0 ( H HMeIOmHe no-

prutOK BenH'IIIIIhl h -
2 

) , B TO'IIIOCTH paBHhl ( 1/J (0) ) 
2 

, a OCTaIOIUHeCH 'lneHhl 

HMeIOT nopHJlOK BenH'IHHhl 
h-1 

• TaKHM o6paaoM, 

-----~ -- 2 --2 (. t/J (0) - t/J (0)) 
2 

= [ t/J (0) ] - [ t/J (0) ] ., h -t • 

Aaanor11'1HO ycTaHaenuBaeTCH, ti:To Boo6me npu k =2n - I H k = 2n · 

- k 
[ t/J (0) - t/J (0) ] ., h 

OTCIOJla cneJlyeT, '!TO pacnpe)lenemie no t/J (O) t TO eCTb QJYHKUIIH, nony'!eH-

aaH HHTerp11poBaH11eM pacnpe)leneanH n~ no BCeM nepeMeHHhIM, KpOMe 

t/J (0) , aaBIICHT OT apryMeHTa [ t/J (0) - t/J (0)] yh TOnbKOj 

2 -J 0
0 

n d t/J c k > = p [ c t/J co>- t/J co> > ..;-r ] ; 
kf o 

3)leCb p ( x) - nonO)Kl!TenbHOe pacnpe)lenen11e, 11Me10mee ·Bee MOMeHTbl, OT

CIOJla, B CBOIO O'lepe/lb ,BhITeKaeT, '!TO paCCMOTpeHHhie_ Bhlllle JlBa OCHOBHhIX 

COCTOHIIIIH (n. 2.7) B3611MHO opTOI'OHanbHhl (JlnH HIIX cf, (0) l!MeIOT nopm:tOK 

BenH'IIIHhl h -I II oTnll'!aIOTCH 3HaKOM ( 16) t (28)). 

2,9. OTHOCl!Tenb!IO 38Bl!CIIMOCTII OCIIOBHOI'O COCTOHHIIH OT napaMeTpa 

npH npoMeJKyTO'IHbIX 31Ia'le!IIIHX STOI'O napaMeTpa KaJKeTCH aa116onee Be-

pOHTHhIM, '!TO cymecTByeT Kp!!Tl!'leCKOe 31Ia'1eH11e t =to 

I >_t 0 OCIIOBIIOe COCTOlIIIl!e e)ll!HCTBeHHo, a.npu t <to 

, TaKoe, '!TO npn 

paa)lBoeno, 

2.10 • .UnH ypaBHelil!H (6) COoCTBeHIIaH QJYIIKUIIH OCIIOBIIOI'O COCTOlIIIHH 

'!eTHa no x , npu 6onbllll!X OTp11uaTenbHhIX 3Ha'!e!Il!HX t s:ra QJYIIKUHH 

HMeeT )lBa CHMMeTpH'IIIO pacnonoJKelIIIbIX MaKCl!MyMa, KOTOpble .B npe)lene 

t ➔ - 00 CTaHOBHTCH nenepeceKa!OIUHMHClI, OcooennocTb ypaBHeHIIH C 6eCK0-

1Ie'11Ib!M 'll!CllOM CTenene11 CBO0O)lbl (1), (3), (5) COCTOHT B TOM, '!TO ana

nOI'll'l!Ihle M8KCIIMyMbl B ero OCIIOBIIOM .cOCTOlIIIHII ne nepeceKaIOTCH npH Bcex 

3Ha'le!IIIHX I t Me!IblIIIIX, 'leM t o , IlosTOMY KalK)lblll 113 STHX MaKCl!My-

MOB lIBlllieTCH He38Bl!CIIMOll QJYIIKUl!ell OCIIOBIIOI'O COCTOHHIIH, 

3. BKpaTue paCCMOTpHM BblpOlK)le!Il!e OCIIOBIIOI'O COCTOHIIl!H B cny'lae 

aapHlKeHHOI'O non!!, KOI')la 
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H = h l: 
k 

aa . 
[- -------+(k2 +M

2
)ef>(kl¢\+k)] 

h 2 a,t>(k) a¢.(+ k) 

3 -
+gh l: ef>(k

1 
)ef>(k

2 
)ef>(k )ef>(+k +k -k ); 

kl ,k
2

,k
3
,k ( 3 I 2 3 

anech qepTa CBepxy 03HaqaeT KOMnneKCHOe conpgJKeHHe (B OTnHqH~ OT 2.8). 

TTpouenypa nyHKTa 2.2 noaBonHeT nonyqHTb (nnH nocTaToqao Manb1X aaaqe-

HHli I HHBapHaHTHblli npH npeo6pa30B8HHH 

ef>(k) ➔ eta ef>(k) 

(jiyHKUHOHan OCHOBHOI'O co·cTOHHHH, noKanH30B8HHblH B CMbICne n. 2.8 OKono 

'Kpyra .. 

ef>(k)= 11o(k), 0,$. arg 11 < 2 1T 

(aenHqHaa I II I onpenenHeTCH nono6ao (28)). llnH aapHlKeHHoro nonH Bbl-

pOlK/l8HHe OCHOBHOI'O COCTOHHHH OK83bIBaeTCH 6ecKOHeqao KpaTHbIM, lleiiCTBH-

TenbHO, 38M8HHM B H nepeMeHHbie 

ef>(O)=re10 

ef>(k) =ef> '(kl e 10 

TOI'na B BbIP8lK8HHH H KHHeTnqecKaH 3HepI'HH npnMeT BHA 

1 
a2 1 a a 1 a > 

T= h<-iJ a,t>, <k> a?,- <k> 
-,- Tr r dr - 7 ~ • 

YnoMHIIYTbIH Bb!We <!iyHKUHOHan OCHOBHOI'O COCTOHHHH (lo 

yrna 0 ; nonoJKHM 

QqeBHAHO, 

HO = e m 

im0 

_nm"' e no . 

1mO m2 

(H +--- )00 h ,2 
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He 38BIICHT OT 

T BK KaK r ., 11 / h H h ➔ 0 ' TO Bee <!iYHKUHOHanbI 

HBnHIOTCH co5CTBeHHhlMH <liYHKUHOHanaMH onepaTopa H 

OAHOMY H TOMY JK8 co6CTB8HHOMY aaaqeHHIO, 

0 m ,m =0,t_l, t.2, .,; 

, npHHanneJKalllHMH 

ABTop BhlpaJKaeT 5naronapaocTh npo<!ieccopy ll.H. BnoxHHUeBy H aKa

neMHKY M.A. MapKOBY 38 H80AHOKpaTHbl8 o5cyJKA8HHH H _ITOCTOHHHbill HHTe

pec K pa6oTe. 
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