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§1. B B e ll e H n e 

B npenhillymeii: pa6oTe 
111 

Mhi paccMoTpenn BhipO)I{llE!HHe BaKyyMa 

nnH cKanHpHoro ueii:TpanhHOro nonH c caMoneii:cTBHeM 

H '= .g f ¢ 
4 

( x) dx. 

3aeCh Mhi paCCMOTpHM C TO'IKH 3peHHH BhipO)I{llE!HHH BaKyyMa CKanHpHOE! 

Ill . . 
SapH)I{E!HHOE! none; KaK H B Mhi orpaHH'IHMCH cny'laeM OllHOH npOCTpaH-

CTBE!HHOH CTeneHH CB060llhi. MeTOll paCCMOTpeHHH1 KOTOphiM Mhi nonhsyeM-

111 
CH

1 
TOT )1<9

1 
'ITO H B ; OH 1 no CyTH aena,, HBnHeTCH paSHOBHllHOCThlO 

Teopnn BOSMyrueHnii:. 

1.1. Hamn pesynhTaThi COCTOHT B cnenyiOIUE!M. 

" 12,31 
a) KaK 9TO H yTBE!P)I{llaE!TCH TeopeMOH ronllCTOyHa B paccMaT-

pnBaE!MOM HaMH BapnaHTe KB8HTOBOH TeOpllii. nonH B cny'lae BbipO)I{lleHHOrO 

BaKyyMa npHCYTCTByeT 'laCTHU8 HyneBOH MaCChi noKOH. 

6) KpoMe Hee HME!E!TCH TaK)I{e ,'laCTHUa HeHyneBOH MaCChi nOKOH1 KOTO­

paH HeCTa6nnhH8 OTHOCHTimhHO pacnana Ha 'IE!TtiOe 'IHCno 6e3MaCCOBhiX 'lac-

THU; COOTBE!TCTBYIOIU8H MHHMaH ,Q05aBKa K MaCCe ITOKOH 1\1 paBHa 
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oM=-41Tig/M+ ••• 

B) 06e 9TH 'l:aCTHUhl - HefiTpanhHhle. 

I') HeB03MO:lKHOCTb pacllalla 'l:aCTHUhl HeHyneBOfi MaCChi IIOKOSI. Ha He-

'l:eTHOe 'IHCnO I'OnllCTOyHOBCKHX 'l:aCTHU CBSI3aHa C HanH'l:HeM HHTei'pana 
/4/ . 

llBH:lKeHHSI THIIa qeTHOCTH ; 'l:aCTHUa HeHyneBOfi MaCChi IIOKOSI 11pHHanne-

:lKHT C06CTBeHHOMy 3Ha'leHHIO +1 9TOI'O HHTerpana, qaCTHUa HyneBOfi MaCChi 

IIOKOSI - C06CTBeHHOMY 3Ha'leHHIO -1 (eM, IIYHKTbl 2.1 H 3,4) • 

n) BaxyyM BhlpO:lKlleH 110 aapSillOBofi llepeMeHHofi: nnSI Ka:lKnoro uenoro 

3Ha'l:eHHSI m m =0, ±1, ... HMeeTCSI iPYHKUHOHan {lm , llpHHanne:lKalllHil: 

C06CTBeHHOMY 3Ha'!eHHIO m OllepaTopa 3apSilla; BCe iPYHKUHOHanhl {lm 

llpHHanne:lKaT ~llHOMY H TOMY :lKe HH3llieMy C06CTBeHHOMY 3Ha'l:eHHIO I'aMHnb-

TOHHaHa, 
/3/ 

e) B nuTepaType BCTpe<IaeTCSI yTBep:lKneaue ( CM,, HallpHMep, , 'ITO 

OllHO'IaCTH'IHOe B036Y:lKlleHHOe COCTOSIHHe C HyneBOfi M8CCOfi IIOKOSI H CKOnb 

yronao ManhiM HMIIynbcOM MomeT 6h1Tb 11ony<Ieao neficTBHeM o11epaTopa 

aapstna Ha BaKyyM, 11a n) cnenyeT, 'ITO llpH aameM o11peneneHHH BaxyyM­

HhiX COCTOSIHHil: 9TO YTBep:lKlleHHe HeBepHO, 

§2. 0CHOBHOe COCTOSIHHe 

Mhl, xax H paaee, 6yneM paccMaTpHBBTb ypaBHeHHe lllpenuarepa 

HO =A 0 (1) 

nnSI I'BMHnbTOHHBHa 

02 
H = 

2
1 f d k [- + (k:~ + M 2 

) ¢ ~ ( · k) ¢a(- k) ) 
o¢ ( J>.) o ¢ (- k.) 

a a 

4 

'i ll 
't 
I 

+ g f dk l dk 2 dk S I 

. [¢1(kl)¢1 (k.}¢1(k3)¢1( 

+ 2 ¢t (kt)¢ t(k2)¢~.(k3)¢: 

11aTerpanhi 6epyTcSI 110 o6naCTH 

-£< k <£ •· -£ 

3necb Mhi 11epemnu OT KOMIIneKCHhD 

¢a , a = 1,2 • llnSI cnyqag Bhii 

BeplliHM 3aMeHy llepeMeHHhiX 

¢1 (k) =rose [,8 o(k) + tfr (k)) 
1 

¢ 2 (k) =Bin 0[ ~o (k} + tfr 1 (k)) + 

rne f3 > 0 , 0 ~ 0 < 2 11 , I1peo6pa 

2 
0 

H = t fdk [- otfra (k) otfr a (-k} 

n ll ..----~ 2 , . 
+ (k~+ M ~+ 4g¢{3 )tfr 2(k)tfr 2 (-1 

+4gf3 f dk 1dk 2 dk 3 o( k 1 +k 2+k 3 

+ g f d k 1 dk 2 dk 3 dk 4 0 (k 

( rp 1 ( k 1) tfr l (k 2) tfr 1 ( k 3 } tfr 1 (k 4 } + I 

+ 2 tfr 1 (k l)tfr l(k 2)tfr2 (k 3) tfr 2(k 



+ ••• 

He-

CB£3aHa c HanuqueM HHTerpana 

HeHyneBOH MaCChi DOKO£ DpHHaane­

HHTerpana, qaCTHUa HyneBOH MaCChi 

2.1 H 3.4). 

~OBOH nepeMeHHoil: an£ Ka*aoro uenoro 

0 m , npHHaane*aiUHH 

!flyHKUHOHanhi Om 

HH3llleMy COOCTB9HHOMY 3HaqeHHIO raMHnh-

131 
YTBep*aeHHe (eM., HaDpHMep, , qTQ 

He C HyneBOH MBCCOH DOKO£ H CKOnh 

nonyqeHo aeilcTBHeM onepaTopa 

, qTo npu HallleM onpeaeneHHH BaKyyM-

.,Ar.r.UATpHBaTh ypaBHeHHe llJpeaHHrepa 

0 (1) 

+ ( .kll + M 2 ) cp ~ ( k) ¢a(- k)] 

4 

! 
! 
! 

l 

+ g f dk I dk 2 dk 3 dk 4 8 (k I + k 2 + k 3+ k ~ ) 

( cp I ( k I ) cp I ( ~) cp I ( k 3 ) cp I ( k 4 ) + cp 2 ( k I ) cp2 (k 2) cp 2 (k 3) cp 2 (k 4) 

{2) 

+ 2 cp I ( k I ) cp 1 (k 2 ) cp 2 ( k 3) cp 2 ( k 4 ) ). 

I1HTerpanhi 6epyTcH no o6nacTH 

- e < k < e • -f < k 1 < e • 

3aeCh Mhi rrepelllnH OT KOMDneKCHhiX !flyHKUHll cp • cp * K Be!UeCTBeHHhiM 

Ill cpa , a = 1,2 • nng cnyqag BhiPO*AeHHoro BaKyyMa, noao6HO , CO-

BepliiHM 3aMeHy nepeMeHHhiX 

cp1 (k)=oosO[,Ba(k)+tfr
1

(k)l -sinl1tfr
2 

(k) 

(3) 
cp 2 (k)=·sinO[~a (k)+ tfr 

1 
(k)] + oosl1tfr 2 (k), 

rae ,8 > 0, 0 ~ /1 < 2 TT • ITpeo6paayeM cooTBeTCTBeHHO H 

2 

..L a 2 2 2 
H= 2 fdk [- +(k +M +12g,8 ) tfr

1
(k)tfr 1(-k) 

atjla (k) atjl a (-k) 

+ (k
2 

+ M 
2 
;-4g ¢,8 2 )tfr 2 (k)tfr 

2 
(-k)] + ,8 (M 2 + 4g ,8 2 ) tfr 1(0) { 4) 

+4 g/3 f dk 1dk 2 dk 3 a ( k 1 + k 2 + k 3 ) tP 1 (k I) ( tP 1 ( k2 )tfr 1 (k~) + tP 2(k 2 )tfr 2 (k 3)) 

+ g f d k 1 dk 2 dk 3 dk 4 a (k 1 + k 2 + k 3 + k) 

[ tfr1 (kl)rji1 (k2)tfr 1 (k a )tfrt(k 4) + tfr2 (k 1 )t/12 (k2 )tfr 2(k a>o/2 (k4) 

+ 2tfrl (kl)t/11 (k2)tfr2(k-3)tfr2(k4)l . 

5 



H 6yJleM HCK8Tb tPYHKUliOHan OCHOBHOI'O COCTO.IIH!i.II f2 o B BliJle 

Oo=e-K 

r-ne 

K = ~ ( fa 20 (k} 1jJ I (k}lj! I (-k}dk 

~"'!. + f a 11 (k} if! 1 (k}lj! 2(-k}dk 

+fa (k} if! (k}lj! ( -k}dk 
02 2 2 

+jdk 1 dk 2 dk 3 o(k 1+ k..~ +k3 } 

[ C 30 (k I 'k 2 'k 3 } rp I ( J\ I } if! I (k 2 } if! I (k 3} (6} 

+ C21(k1 ,k2,k3 }¢1 (k1}if!dk2}if!2 (k3) 

+C 12(kl,k2,k3}lj!l (kl}lj!2 (k2}lj!2(k3} 

+ c 03 (k I ,k2 ,k 3 }lj!2 (k I }lj!2 (k 2) if! 2 (k J) 

+ •••• ] 

6 

•i 

I 
I 
~ 
i 
\: 

2.1. faMlinbTOHHaH (4} C1 

TOMY HMeeTC.II TOnbKO TpH • Ba 

Hana 0 ITp!i H3MeHeHHH 3HaKa 

a) 0 He MeH.IIeTC.II0 

6} f2 MeH.IIeT 3H8K 0 

B) f2 rrepeXOJlHT B Jlpyr-oi 

neMamn~ TOMY Me C06CTBeHHOM 

if! 2 , B csoro oqepenh, rrepexo1 

2.2. Cnyqa~ 6} - nn.11 tPYHK 

He MOMeT. B cnyqae a) cnenye 

a =C = c = II 2 t 03 

Dn.11 orrpeneneHHSI ocTaromnxcSI } 

HHSI 

2 2 3 
0 =f3 (M +4gf3 }+ 2 Jc 30 ( 

a2 (p)=·p2+ M
2

+12g"f3
2 

+I 20 

2 2 2 4 Q2 I a (p} = p + M + gtJ + 6 c 02 . 

C3o(P t •P2 ,p3} [a2o(P 1 )+a2C 

+fca2(p t'P2 •Pa ;k ,·-:-k} 

ct2 (pt,p2,p3}[a2o(pt)+ac 

+3 fc 32 (p-
1

, k,-k ;p 2 ,p 3) 



OCHOBHOI'O COCTOSIHHSI !J o B BHAe 

Oo==e-K 

I (k)rp I (-k)dk 

)rp 2(-k)dk 

l ~ 

(k}rp ( -k) dk 
2 

(k I+ k..! + k3 ) 

) rp I ( k I ) rp I (k 2 ) rp I (k 3 ) (6) 

3 ) rp I (k I) rp I (k 2 ) rp 2 (k 3 ) 

) t/J I (k I ) rp 2 (k 2) rp 2 (k 3) 

) rp. 2 (k I ) rp 2 (k 2) rp 2 (k a>) 

6 

2.1. faMHlibTOHHaH (4) CO.nepmHT nHllli:o qeTHbie CTelleHH rp 
2 

, noa-

TOMY HMeeTCSI TOnbKO TpH , BapHaHTa llOBe):leHHSI C06CTBeHHOI'O ¢yHKUno-

Hana !J llpH H3MeHeHHH 3HaKa rp 
2 

• 

a) !J He MeHSieTCSI, 

6) !J MeHSieT 3HaK, 

B) !J nepeXOAHT B .npyroii co6CTBeHHbiH ¢YHKUHOHan !J, , npHHBA­

nemaumii TOMY me C06CTBeHHOMY 3H8'ieHHIO; !J' llpH H3MeHeHHH 3H8Ka 

rp 2 , B CBOIO O'iepellb, nepeXOllHT B !J . 

2.2. Cny'iaii 6) - llnSI ¢YHKUHOHana OCHOBHOI'O COCTOSIHHSI peanH30B8TbCSI 

He MomeT. B cny'iae a) cneayeT. npHHSITb 

a u=C21=C o3= • • • = 0 • (7) 

.llnSI onpeaeneHHSI OCT8IOU1HXCSI Koa¢¢HUHeHTHhiX ¢YHKUHH nony'iaeM ypaBHe-

HHSI 

0 = f3 ( M 
2 

+ 4g f3 
2

) + ~ f c 30 ( k , - k , 0) d k + ; f c 1•
2 

(0 ; k , - k ) d k 

2 . 2 
a 2

20 (p) ==·p 2 + M + 12g f3 + 6 f c 40 (k ,-k,p,-p)dk·+ fc 
22

(p,-p;k,-k) dk 

a 0~(p)== p
2

+M
2

+4gf3
2 

+6fc04 (k,-k,p,-p)dk + fc 22 (k,-k;p,-p)dk 

c3o (p 1 •P2 ,p3) [a 2o(P 1 )+ a2o (p 2)+ a 20 (p3) l ==8 gf3 + 10 f c5o(P J>P 2,p3 ,k(s'} )dk 

+fc 32 (p pP 2 ,p 8 ;k, -k) dk 

.c 12 (pl,p2,pa )[a2o(p1)+ao2(p2 )+ao2(pa)j = 8 gf3 + 

+3 fc 32 (p 1, k,-k ;p 2 ,p 3)dk +~ fc 
14 

(p 1 ;p 2 ,p 3 ,k,-k)dk 

.................... 

7 



2.3. flpH {3 -o oo HaXOJlHM 

a 20 ( p ) "' V p 2 + Sg {3 2 

ao2(p)= P 

cao (plp2 Pa),Sgf3/(a2o (p1)+a2o(p2)+a2o(pa)} 
_ _. 

c 
12 

(p 
1 

;p2 P a) ,Sg{J/ (a 2o(p I)+ a 02(p 2 )+ ao2 (pa)) 

2 2 2 
M + 16 g ln C = - 4 g {3 + 16 g In V 8 g {3 + 

2.4. OrrpeJlenHB 1 TaKIIM o5pa30M 1 Koa!fll}mulleHTHbie !flyHKUHII a 20 1 a 02 , 

C 30 I C 12 I c 40 ... 11 3Ha'leHHe rrapaMeTpa f3 1 rrony'laeM rrpeJlCTaB-

neHHe (5) 1 (6) !flyHKUIIOHana OCHOBHOI'O COCTOSIHHSI 0 0 ( cp) B OKpeCTHOC-

Til TO'IJKII 

¢ 
1 
(k ) = {3 ros 8 8 ( k ) 

¢ (k) = f3 sin 88 (k). 
2 

Mbl yTBep)KJlaeM 1 'ITO TaK IIOCTpOeHHbiH !flyHKUHOHan o5na)laeT CBOfiCTBOM 

CHMMeTpHII 

(3JleCh cp = cp 1 +i ¢ 2 

naCHO (3): 

!lo(¢ela )=llo( ¢) 

, 1 a 
). Bbtpa3HM ¢ = ¢e 

8 

(9) 

'lepe3 8 , t/1 ' coi'-

·: 
I 
l 

!1' 

i! 
) 
\ 

~ 
,j 

tfr1 ' = ¢ 1' ros (} + ¢ ; sir 

.p ' =- ¢ 'sin 0+ ¢ 'co 
. 2 I ·2 

f1 OJlCTaBHB CIOJla 

¢' =¢ -ci¢ 
I I 2 

¢; =¢2+a¢t' 

HaXOJliiM 

t/1, =tfr -atfr 
1 I 2 

tfr' =tfr +a[tfr +f3 
2 2 I 

floJlcTaB~B aTo B (6) 1 c y'leTOM (~ 

CBOHCTBa (9) He05XOJlHMO 

..!. I -B. ao2(0) t/1 2 (0 
2 

+ f2a 20 (k) t,'l 1 (k)t/1 1 

-J2a 02 (k)tfr 1 (k)t/l 

-2{3fc 12 (k;-k,O)\ 

+ ••. I = o • 

0TCIOJla cneJly!OI' MHOI'O'IJIICne 

Mil !flyHKUHSIMH 1 Haiip11Mep 1 

a 02,(0)=0 

a 20 (k) -a 02 (k) =fl c 



H8XOJlHM 

+ Sg{3 2 

"'8g{3/(a 2o (p 1 )+a 20 (p2 )+a2o(P a}) 

)=-Sg{3/ (a2o(p1 )+ a02(p2}+ao2(pa}) 

2 ./ 2 
= - 4 g f3 + 16 g In v 8 g {3 + 

TaKHM o6pa30M 1 KoaljlcJJHUH9HTHbJe ljlyHKUHH a 20 1 a 02 1 

••• H aHa'!eHne napaMeTpa f3 , nonyqaeM npencTas-

OCHOBHOI'O COCTOSIHHSI no( cp) B 0Kp9CTHOC-

cp I (k ) = {3 COS 8 0 ( k ) 

¢ (k) = {3 sin 88 (k). 
2 

TaK DOCTpOeHHblll ljlyHKUHOHaJI o6nanaeT CBOllCTBOM 

no( ¢e 1 a )=no( ¢) 

Ia 
) • BbipaanM ¢ '= ¢ e 

8 

(9) 

qepea 8 , t{l • cor-

I 

Jr 
)a 

'{ 
l 

l 

i 
J 

' 
t{l

1 
• = ¢ 1' cos 8 + ¢;sin 8- f3 8 (k ), 

t{l • =- ¢ • sin 8+ ¢ • cos 8 • 
. 2 I 2 

flOJlCTaBHB ClOJla 

¢' =¢ -a¢ 
I I 2 

¢; =¢2+a¢1, 

HaXOJlHM 

t{l • = t{l -a t{l 
I I 2 

t{l' =t/J +a[t{l +f3o(k)l. 
2 2 I 

floncTaBHB STO B (6), C y'IeTOM (7) y6e)K)l89MCSI1 'ITO JlJlSI CyiUeCTBOBaHHSI 

CBOllCTBa ( 9) He06XO)lHMO 

.1. 1-B.ao2(0)t{l2(0) 
2 

+f.2a 20 (k)tfo 1(k)t{l 2 (-k)dk 

- f2a 02 (k)t{l 1 (k)t{l 2 (-k)dk 

-2 f3 J c 12 ( k ; - k ' 0) t/J, ( k) t{l 2 ( -k) d k . 

+ ••. I = o. 

0TC!OJl8 cnenyKJr MHOI'O"'HCJleHHbie COOTHOIII9HHSI M9)KJlY KOSijllj:JHUH9HTHbi­

MH ljlyHKUHSIMH, HanpHMep, 

aw(O) = 0 

a 20 (k)-a 02 (k)=f3 c 12(k;-k,O). 

9 



.. 

Hafi:neHHbie B n.2.3. npH6mnKeHHbie BbiPa*eHHSI ·KoacpcpHUHeHTHbiX cpyHKUHfi:, 

KaK nerKO y6enHTbCSI1 YJ:IOBneTBOpHIDT 9THM COOTHOllieHHSIM. 

2.5. B COOTHOllieHHSI (3), CBSI3biB8IDlliHe nepeMeHHbie ¢ ( k) H t/J ( k ), 

BXO):(HT HeonpeneneHHhlfi: cpaKTOp 0 • 3acpHKCHpOBaB ero ycnOBHeM 

0 = ar g [ ¢ 1 (0) + i ¢ 
2 

(0) ] , 

nony•mM 0):(H03H8'IHOe COOTBeTCTBHe Me)K):(y Ha6opaMH napaMeTpOB t/J (k) 

H t/J(k), 0 ; llpH 9TOM Ha):(O C'IHT8Tb t/J 2 (0) = 0 • llpH TBKOM Bbi60pe 

napaMeTpoB cpopMyna (6) naeT npencTaBneHHe cpyHKUHoHana K , npHron-

HOe He TOnbKO OKOnO HeKOTOpofi: OAHOfi: TO'IKH 

¢1 ( k) = '{3 cos 0 0 (k) 

¢ {k ) = {3 sin 0 o {k ) , 
2 

HO H OKono BCefi: OKPY*HOCTH 

1.¢ (k)+i¢ (k)l=f3o{k). 
1 2 

/1/ 
2.6. llono6HO 1 n. 2.8, llOK83biBaeTCSI1 'ITO cpyHKUHOHan fl 

0
{¢) 

noKanH30BaH OKOnO HeKOTOpofi: "OKPY*HOCTH" 

¢(k)=vo(k), 0 s_argv<2rr. 

3necb (npH {3 ... oo ) 

lvl=f3+ •• , 

TaK 'ITO 

2 
II no(¢) I n {d¢kd¢: ) .. o ( ¢

0
¢6 __ ., v* ). 

k~ 0 

10 

2. 7. nnSI 3apSI)KeHHOt'O 

BaeTCSI 6eCKOHe'IHO KpaTHbi~ 

¢ (0 

¢(k 

H rrepefi:neM B H OT HHTE 

"KHHeTH'leCKaSI 9HeprHSI " IIJ 

1 T=-(-~ -
h c kf,. 0 

1 a a -r dr ra; 

~yHKUHOHan OCHOBHOPC 

paCCMOTpHM HapSiny C fl 
0 

lm e 
nm ;:; e n 

0 

OtJeBHJ:IHO, 

1m8 
Hn =e (H+-

m 

~OpMyna ( 10) IIOK83biBaeT, 

MeHHTb B ):(HCKpeTHOM rrpen 

m2 
---,hm 2 /v ...-1 

hr 2 

TaK 'ITO Bee cpyHKUHOHan~>I 

orrepaTopa II H rrpllnanne> 

nbi nm n1 =.±. 1, :t 2 ,.. PE 



~mnKeHHbie Bbipa)!{eHH.II ·Koa¢¢uuueHTHbiX ¢yHKuuii:, 

STUM COOTHOID9HH.IIM. 

.II ( 3), CB.II3b!B810UJHe nepeMeHHble cp ( k) H t/J ( k )
1 

<f>aKTOp 0 • 3a<f>HKCHpOB8B ero ycnOBHeM 

( cp I (0) + i cp 
2 

(0) ) , 

·" 
TCTBHe M9)!{Jly H860p8MH napaMeTpOB cp (k ) 

t/J 2 (0) = 0 • flpu T8KOM Bbi60pe 

l{aeT npeACTaBneHHe <f>yHKUHOHana K 

OTOpoii: OAHOH TOqKH 

= 'f3 ros e 8 ( k ) 

) = f3 sin e 8 (k ) ' 

> + i ¢ (k) I= f38 (k >. 
2 

, npuroA-

2.8, llOK83biB89TC.II, qTo <f>yHKUHOHan 0 
0 

( cp) 

"OKpy)!{HOCTH" 

0 ~argv<277. 

vl=f3+ •• , 

~ ) .. 8 ( ¢ 0 ¢ 6 - v " * ). 

10 

2.7. nn.II 38p.II)!{9HHOt'O non.II Bblp0)KJl9HH!'l OCHOBHOro COCTO.IIHH.II OK83bi­

B89TC.II 6eCKOHeqHo KpaTHbiM. neHCTBHTenbHO, 38M9HHM nepeMeHHbie 

¢(0)=re 10 

¢(k)=¢'{k)e
10 

, k,bO 

H nepeii:AeM B H OT HHTerpanoB llO k K HHTerpanbHbiM CYMM8Mi TOrAa 

.. KHH9THqeCK8.1I SHeprH.II " UpHMeT BHA 

1 (- ~ 
T= h kf,O 

a2 
a¢· (k) a¢ '* (k) 

1 a a 1 a2 

-r dr ra;-- f2 ~ ). 

cflyHKUHOHan OCHOBHOrO COCTO.IIHH.II 0 0 He 38BHCHT OT yrna 0 

paCCMOTpHM Hap.IIAY C 0 O <f>yHKUIIOHanbi 

lm e 
om = e n ' m = + 1 ' + 2, .•. 

0 - -

QqeBHAHO, 

lmO m 2 

HO =e (H+--2-) no. 
m .h r 

( 11 ) 

ct>opMyna (10) noKa3biBaeT, qTo r ,.v/h (BenuqHHY 8 (0) 

M9HHTb B AHCKpeTHOM npeACTaBneHHH Ha 1/h ); llOSTOMY 

m2 

cneayeT sa-

--- .. h m 
2 I v _,; 0 , npu h -> 0. 

hr 2 

TaK qTo BCe ¢YHKUHOH8nbi n m .IIBn.IIIOTC.II C06CTBeHHbiMH !jiyHKUHOHanaMH 

onepaTopa II H npuUaAne)!{aT OAHOMY C06CTBeHUOMy 3flaqeHHIO. cflyHKUHOHa-

nbl 0 m , m =±1, ±2 , .. peanuayJOT B03MO)!{H0CTb B) nyHKT8 2.1. 
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2.8. PaccMoTpHM aefiCTBHe Ha !jlyHKUHOHanht nm(¢) orrepaTOpa 38pH-

a a 

Q "' f dk [¢ (k) - 8-- ¢* (k) 
0 

]. 
8¢(k) O¢*(k) 

l13 ( 9) cneayeT 

·"'" Qno 0. 

p auee H3 OITpeaeneHH H ( 11 ) <lJy HKUHOHanoB n m rrpH m/ 0 H8XOllHM 

Ia !rna 
)==e nm(¢). n m(¢e 

0TC!Oll8 BbiTeKaeT 

Qnm=mnm. 

l1 TaK, HapHllY C He3apHlli9HHblM COCTOHHH9M BaKyyMa n0 ( ¢) HMeJOTCH 

COCTOHHHH BaKyyMa, HeCyWHe nJOOOH uenhiH 38pM m 1 ll m( ¢) ; OCHOB­

HOe COCTOHHHe B paCCMaTpHBaeMOH MOllenH OK83hiBaeTCH BblpOllilleHHblM ITO 

BenHqHHe 3apHaa. 

§3. Bo36ymaeHHhle COCTOHHHH 

<PyHKUHOHanbi B036ymaeHHblX COCTOHHHH 6yaeM HCK8Th B BHlle npOH3-

BeaeHHH <lJyHKUHOHana OCHOBHO~O COCTOHHHH no 

··Han U 

n = u n o• 

Ha HeH3BeCTHblll $yHKUHO-

DnH onpeaeneHHH U H3 (1), {2) nonyqaeM ypaBHeHHe 

12 

8 2 U 
1 ' +-f d k [- Y 81/Ja (k)8t/J a (-k) 8~ 

EyaeM HCKaTh ceMefiCTBO peweuHfi 

p . P. p 

u =rtotP1 (p)+f'oltP 2(P) 

+ fdk 1dk 2 8(k 1+k 2 -p)[f'~ I 

. [' p ( k k ) ·'· (k ). ·1• ( k . ' 
+ II I; 2 'I' I I 'I' 2 2' 

+ •••• 

YpaBHeHHe (12) neperrHChiBaeTCH B l 

] 
p p 

[A- a 20 (p) ['10 ==-3Jf' 30 (k,-k,p)rl 

p 

[A ~ao2(p 1)-ao2(p2)] ['02 (pi; P2) 

[A-a2o (p l)-ao2(p2) -ao2(p 3 )]f': 

p 

== f'21i (p 1 ,p -pi )c 12(p 1-p; P2 •I 

+2sinm(p 2p 3 ).l f'0: (Pa ,p-p3 )~ 

+ ••••• 

[A-a02 (p)li;,: =-3Jf';3 (k,-k,p 



TBHe Ha tjJyHKUHOHanhi nm(¢) onepaTOpa aapg-

¢* (k) 8 ]. 
8¢*(k) 

8 2u su · 
fdk[-} orpa(k)orpa(-k) + orpa(k) 1 =AU. 

( 12) 

EyneM ncKaTb ceMellcTso pemeHJtll U 

,.1 p - ~ p 
u = rm r/J1 (p)+ ro1 rfi

2
(P) 

tjJyHKUHOHanoB n m llpH m/ 0 HaXO,llHM + f d k I d k 2 0 ( k I+ k 2 - p }( r ~ ( k I k 2 ) rp I (k I ) rp I (k 2 ) + 

n m ( ¢ ). . p . . . p 

+ ~ I ( k I ; k 2) rp I (k I ) rp 2 ( k 2) + r 0 2 ( k I k 2 ) rp 2 ( k I ) rp 2 ( k 2) 1 

+ •••• 

Ypasueuue ( 12) nepenuchrsaeTc_g B sune 

COCTOHHHeM BaKyyMa n0 ( ¢) HMe!OTCg 

n106oll uenhiM 3ap~ m , f! m( ¢) ; OCHOB-

[ 1 
p p p 

A- a20(p) riO =-3Jr 30 (k,-k,p)dk..,.. Jrl,2 (p ;k ,-k)dk ( 12.1) 

saeMoll MO.llenu OKa3hiBaeTcg BhipmKneHHhiM no 
p 1 p 

[A ~ao2(p 1)-ao2<p2)1 ro2 (pi; P2 )= 2- r!Oc1/-p;p1 ,p2~+··· (12.2) 

p 

[A-a2o (p ~>-ao2(p2) -ao2(p a )Jrl2 (pi >P2•Ps )= 

Boa6ymneHHhle COCTOHHHH 

EHHhiX COCTQgHHM 6y.lleM HCK8Tb B BHJle llpOH3-

0 COCTOgHHg no Ha HeH3BeCTHhiM <fJyHKUHO-

p 

=r20 <P 1 •P -p~ )c12(p1-p;p2,p3 > 

+2sinm(p2pa)l ro: (Pa ,p-pa )c 12(pl ;p2,pa-p)l 

( 12.3) 

n = u n 0 • 
+ ••••• 

1), (2) nonyqaeM ypasueuue [A- a02 (p)Jr;,:- =-3 Jr :a (k,-k,p)dk-Jr 2: ( k, -k ;p)dk 

12 
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3.1. B HH3llleM nopRAKe no 
-I 

{3 · Bb!TIHCBHHble ypaBHeHHR CBOARTCR K 

[A -a 20 (p)] 11 ~ 0 

[ A- a 02 (p) ]f' :. = 0, 

OHH A810T ABa pa3nlf"lHbiX C06CTBeHHbiX 3Ha"leHHR 

API =a20(p")"" yp2-+-8gf32 
,.J 

A~ =a 02(p)"' IPI· 

p 

0AHO H3 HIIX0 A 2 0 COOTBeTCTByeT "laCTHUe HyneBOif MaCChi nOKOR, B 

cornaCHH c TeopeMoif fonACToyaa; Apyroe cooTBeTCTByeT "lacTHUe c Mac­

coif nOKOR y8 g {3 2 
• 

3.2. Bee ljlyHKUHH a 20 • a o2 • c 30 ' •• ' BXOARlllHe B ypaBHeHHR 

(12) KaK Koa¢¢HuHeHThi, BemecTseHHhl. HecMOTpR Ha 9To, co6CTBeHHoe 

p -1 
3Ha"leHHe A 1 c y'leTOM nonpasoK 6onee_ Bhtcokoro nopsrAKa no {3 oKa-

3biBaeTCR KOMnneKCHbiM H OTBe'laeT HeCTa6HnbHOif "lSCTHUe, pacnaA8101Ueil:­

CR Ha ABe H 6onee 'ISCTHU HyneBOll MaCChi TIOKOSI. 

neifCTBHTenbHO, H3 ypaBHeHI!SI (12.3) HaXOAHM (npH A =API) 

1~2 (pi ,p2)=1~o cl2(-p;pl'pa)/(A~-IPII-IP2I+ic). 

3necb 3HaMeHaTenb o6pamaeTCR B aynb npH lp 1 1 +IP 21 =A~, P 1+P 2 =P, 

TI09TOMY nplf TSKHX 3HS'IeHIIRX p 
1 

, p 
2 

ero cneAyeT AOOnpeAenHTb; Mhl 

nenaeM aTo, Ao6aBIIB K 3HaMeHaTeniO i c TaK, "lT06hi Benu"lHHa f'0~(p 1 ,p2 ) 

COAep>Kana nHlllb paCXOASilUHllCR nOTOK 'IaCTHU HyneBOll MaCChi TIOKOR. 

3ToT noToK, cornacao ypaBHeHHIO ( 12.1 ), MO}KeT AaTb BKnan B A f 
'lepea nocpeACTBO ra: 

p 

H 1 12 • HaH6onblllHM oKa3hiBaeTCR nocnenauil: 

BKnaA: [ (p ·k -k -p) ] 2 dk c 12 ,. • 

API -a2o(P)= f k [A~-Ikl-lp+kl+ir] 

14 

0TCIOAa nnR BenH"lHHbl I m M , rne 

M = .,j (A': ) 2
• 

HaXOAHM 

ImM=-V2g 

3.3. HaifAeHHoe aHa"leHHe ImM 

coif M Ha ABe 6eaMaccoshle qacTHUbl 

TH_ sKnaAhl a Im M oT pacnaAOB aa 

BKnSAbl 6onee HMelOT BbiCOKHe_ nopRAKI 

p p 

3.4. Mbt o6oaaa"lHM U 1 ( ¢)(U 2 

ypaBHeHHR ( 12), npHHaAnemamHif co6c· 

Hblif ( He"leTHblif) no 1/J 2 . ( CM. nyHKT 

U~(¢) , U :(¢) paCCMOTpeHHble ny: 

cneAyeT COOTHOllleHHe 

P Ia 
U,\(e ¢)"'e 

I q,\ a P 

u"' 

- p 

TaKHM o6pa30M, COCTOSIHHR U ,\ 

I'YT o6naA8Tb HeHYnaBhiMH 3apRA8Mif 

¢yHKUHOHana u: ( cf>) cneAyeT q 2 = 0 

cneAyeT, O'laBHAHO, q t "' 0. 

PaccMoTpeHHbte s nyHKTe 3.2 AE 

noKoR, a Apyrasr - c . aeaynesoil: 11 Hec 

·MH. 

3.5. B nHTepaType BCTpetiaeTCR 

'ITO OAHO'ISCTif'IHOe B036y>KAeHHOe COC 



-l 
{3 · BblllHCaHHbie ypaBHeHHSI CBO}:ISITCSI K 

0 

X 3Ha'IeHHSI 

,.J 

T 'IaCTHUe HyneBOH MaCChi IIOKOSI, B 

t:~pyroe COOTBeTCTByeT 'IaCTHUe C MaC-

c 30 ' •• ' BXOJ:ISIWHe B ypaBHeHHSI 

HHhi. HecMOTpSI Ha sTo, co5CTBeHHoe 
-I 

5onee Bb!COKOPO IIOpSIJ:IK8 IIO {3 OKa-

'IaCTHUe, pacrrat:~aiOmefi-

IIOKOSI, 

Haxot:~nM ( rrpn A =A~ ) 

( -p; P t , P 2) I ( A ~ -I P 11-1 P 2 1 + iE ). 

Hynb rrpn lp 1 1 +lp 2 1 =A~, P 1+P2 =p' 

ero cnet:~yeT t:~oorrpet:~ennTb: Mbi 

i c TaK, 'IT05bt BennqnHa f'o~ (p 1 , P2 ) 

'I8CTHU HyneBOH M8CChl IIOKO~ 

(12.1), MO>KeT t:I8Tb BKnat:~ B A f 
OKa3biB8eTCSI IIOCnet:~HHH 

-k-p)] 2 dk 

P+kl+ i c ] 

.14 

OTciOt:~a t:~nSI BenH'lHHbi I m M ' rt:~e 

M = y (A ~ )2_p 2 

H8XOJ:IHM 

Im M =- v 2 g 11i/ {3. 

3,3, Hafit:~euuoe sua'IeHue lmM OTBe'IaeT pacrrat:~y 'IaCTHUbi c Mac-

cofi M Ha ·t:IBe 5esMaccoBhte 'IaCTHUbi; auanorH'IHbiM o5pasoM Momuo Hafi-

TH. BKnat:~bi B lm M OT pacrrat:~OB Iia 4,6 If 5onbmee qncno qacTnu; STH 
-I 

BKn8}:1bi 5onee HMeiOT BbiCOKHe IIOpSILIKH IIO f3 • 

p p 

3,4, Mbt o5o3H8'IHM U 1 ( ¢)(U 2 ( ¢ )) co5CTBeHHbiH l!JyHKUHOHan 

ypaBHeHHSI (12), rrpnuat:~nemamnfi co5cTBeHHOMY sua'IeHHIO A~ ( AP2 ), 'IeT­

Hbtfi (He'IeTHbtfi) IIO 1/1 2 (eM, IIyHKT 2,1 ), llpuMeHHM K l!JyHKUHOHanaM 

u:(¢) , u;(¢) paCCMOTpeHHbie IIyHKTbi 2,4, 2,5, lis Hei'O Ha STOT pa3 

cnet:~yeT cooTuomeuue 

P Ia 
U,\(e ¢)=e 

1 q,\ a 

u; (¢). 

. p 

TaKHM o6pa30M, COCTOSIHHSI U ,\ ( ¢) 1 A=l, 2 , B006IUe I'OBOpSI, MO-

ryT o6naaaTb HeuyneBhlMH sapSiaaMH 

WHKUHOHana u: (¢) cneayeT q 2 .. o 
CneayeT, O'IeBHJ:IHO, q t =, 0, 

q ,\ • OauaKo H3 BeiUeCTBeHHOCTH 

n H3 HanH'IHSI pacnat:~a 1 ... 2 +2 ' 

PaccMoTpeHHbie B rryHKTe 3.2 t:~Be qacTHUbi, onua c uyneBofi Maccofi 

IIOKOSI, a npyi'aSI .- C HeHyneBOH If HeCTa6nnbH8SI OK83biB.8IOTCSI HefiTpanbHbi-

·MH, 

/3/ 3,5, B nnTepaType .BCTpe'IaeTCSI yTBepmaeHHe (eM., HarrpnMep, ) , 

'ITO Ot:IHO'IaCTH'IHOe B036ymaeHHOe COCTOSIHHe C HyneBOH M8CCOH•IIOKOSI 1i 
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_,; 

(cKonb yronHo) ManhiM uMnynhCOM MO)I(eT 6biTh nony'leHo ne.il:cTBHeM Qne­

paTopa 38pSIJla Ha BaKyyMHOe COCTOSIHHe. ¢lopMynh! UYHKTa 2.8 UOKa3bll'la-. 

lOT, 'ITO npu HallleM onpeneneHHH BaKyyMHbiX COCTOSIHHH :3TO YTBep)I(JleHHe 

HeBepHO. OnepaTOp sapSIJla nepeBOJlHT n1060e BaKyyMHOe COCTOSIHHe B BaKy-

YMHOe )!(e. 

B saKniO'IeHue 6naronap10 aKaJleMuKa M.A. MapKOBa sa HHTepec K pa-

6oTe. 
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