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© 1973 06?.el>UHeHHI>lU UHC1ffU1ffY1ff JIC>epHblX UCCAeC>oe.aHUU j!y6Ha 

B HacToJI~eii pa6oTe paccMaTpHaaeTcJI cnyqaii cHnLHoii 
cBJI3H ·a Mo~enil cKanJipHoro HeiiTpanbHoro rwli.~~ c caMo-· 
~eiicTBHeM g¢4 8 ~ayM:epHoM npocTpaHCTBe.;apeMeHB. Mw 
6y~eM paccMaTpBBaTb ypaBHCHBJI OCHOBHoro . C~CTOJIHBJI. 
B O~HOtfaCTBliHbiX B036y)f(~CHHbiX COCTOJIHBH B 3TOH MO~enB 
B cjiopMe, ~aHHOH'B pa6oTaX /1,2/.. . . . . . 

I. CHaqana paccMoTpHM cnyqaii Heawpo)f(~CHHoro aa
KyyMa I /1 I, nyHKT 2.1 /2/ nyHKT 4.1/. IIpoB3Be~JI B CH~TeMe 
ypaBHeHBii OCHOBHoro cocTOJIHBJI I 191, pa6oTa /I/ I 3aMeHy 

p = q fi 

k = s yg'" 

a(p) = A(q) yg 

C 4 ( p) = D 4 (q) yg 
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D 4 S 4 = 2 + 15 f D 6 ds 

D 6 S6 = -4 [ D 4 D 4 ] + 28 f D 8 ds 
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l.l. Cnyqaii E ... 0 .HBJIHeTC.fi cny~IaeM cna6oii CBR3H; 

IIPH 3TOM 
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2 

s4 
+ •••• 
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1.2. Cnyqa:ii CHJII>Ho:ii CBH3H peanHJyeTcR, cornacHo 

I 41, rrpH E -+ oo .CHcTeMa ypaBHeHHii 121 He co.n:ep:>KHT B 3TOM 

rrpe.n:ene Manoro napaMeTpa; TaKHM o6pa3oM, cnyqa:ii CHJihHoii 

CBR3H C; B.bi'IHCJIHTeJibHOH TO'IKH 3peHIIH HeH3MepHMO CJIO:>K· 

Hee, 'leM cnyqaii cna6oii CBH3H. -
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1.3. Ilpe.zirroJIO:>KHM, 'ITO· CHCTeMa ypaBHCHHH 121 IIpH 

E = oo HMCCT pemeHHC. C .O:OCTaTO'lHO 6hiCTpO y6LIBalO~MH 
rrpH n ~oo !IJyHK~H.HMH D2n, H. 'ITO 3TO pemeHHe MO:>KeT 6LITb 

C 3a,n:aHHOH TO'lHOCTblO IIOJIY'ICHO o6pbiBaHHCM 121 Ha !IJYHK· . 

~HH D 2n c .n:ocTaTO'lHO 6onhmHM H~MepoM. EcnH 3TO rrpe.n:

rrono:>KeHHe CIIpaBC.O:JIHBO, TO Jap;aqa OTLICKaHH.H OCHOBHOrO 

COCTO.HHH.H B paCCMaTpHBaeMOH MO.O:CJIH CBO.O:HTC.H, IIpH 3a:

,n:aHHOH TO'IHOCTH, K pemeHHIO KOHC'IHOH CHCTCMLI ypaBHCHHH, 

IIOJIY'ICHHOH o6pbiBaHHCM 121. 3TO C03,n:aeT B03MO:>KHOCTb 

'lHCJieH.HOro orrpe,n:eneHH.H K034J$H~HeHTHbiX !IJyHK~HH !IJyHK~HO
HaJia-OCHOBHOrO COCTO.HHH.H B CJiyqae CHJibHOH CB.H3H. 3a

MCTHM TaK:>Ke, 'ITO eCJIH c!IJopMyJIHpOBaHHOe B Ha'laJie 3TOrO 

IIYHKTa rrpe,n:IIOJIO:>KCHHe BepHO IlpH E =oo,TO OHO TCM 6onee 

aepHo· rrpH acex E. , c < oo • 

1.4. MO:>KeT IIOK838TbCSI, 'ITO pemeHHe CHCTeMLI /2/ IIPH 

MaJibiX 3Ha'ICHH.HX mipaMeTpa -1/E MO:>KeT 6LITb rrpe,n:cTaB

JieHO p.H,n:oM no cTerreH.HM 3Toro napaMeTpa. llerxo y6e

.O:HTLC.H, O.O:HaKO, 'ITO 3TO He TaK: p.H,n: He 6y,n:eT CXO.O:HTh<i.H 

B OK"peCTHOCTH TO'IKH q=O .,IJ;eiiCTBHTeJibHO,. IIYCTb 
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3.n;e~L aTopo:ii qneH B npaaoii qacTH HC'leJaeT npH _ q-+ _0 ;rax 
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Ho- A 0( 0) =0 ;no3T.oMy B pa3no:>KeHHH (a) nep'aax nonpaBKa 
npH Ma11LIX q OKa3LIBaeTCH 6011LIIIe, 'leM rnaBHLIH '111eH; 
OTCID~a H C11e~yeT HenpHrO~HOCTL 3TOrO pa31IO:>KeHHH IIpH 
Ma11LIX q • 

· 1.5. Heo6xo~HMLIM ycnoBHeM cnpaBe~nHBOCTH BLICKa-
3aHHLIX BLIIDe npe~n01IO:>KeHHH 0 pemeHHH CHCTeMbl /2/ npH 
f = eo HB11HeTCH o6pa~eHHe B HY11L npaBLIX 'laCTeii B /2/ 
npH q=O,f =_oo;.HHa'le $yHKUHH D4(q; 0) , D6(q;O) ••• 
6y~yT o6pau~aTbCH B 6e_CKOHe'IHOCTL npH q=O/BBH_~Y. TOrO, 
'ITO A ( o ; o ) = o I,· qero npoacxo~HTL He . .o;oJDKHo: Mbl 
O:lKH~aeM, 'ITO Bee 4JYHKUHH D 2n(q;O) orpaHH'IeHW; · 

1 ~6. YpaBHeHHX · ~nH onpe~eneHHH B036y:lK~eHHLIX . 
. cocToJIHHi I /17 I, 121 I He conep>KaT HBHo g • TaK KaK 
y ~ ( k) = } , TO npeo6pa30BaHHH BH~a /1/ ~11H O~HO'IaCTH'I-, 
HOrO B036y:lK~eHHOrO COCTOHHHH CYTL . . ·· · 

. . . -I 
A ( p) = fi w ( q, f _ ) 

y p ( p , ••• p ) = t q ( q , ••• q ; ....! ) 
n In n 1 n f /Ia/ 

p = yg q. 

2. llepeii~eM K cnyqaro BLipo:>K~eHHoro ocHoBHoro co
CTOJIHHH I 111 ' nyHKT 2.2, /2/' nyHKT 4.2/.' llpOH3Be~JI 
B cHcTeMe ypaBHeHHii ocHoBHoro cocTOJIHHJI I /1/, /19/ I 
3aMeHy 

p = q yg 

a(p) = B(q;p) yg 

c 3 ( p) {3 f 3 ( q ; {3 ) yg 
/5/ 

C4(p) =f4(q;,8)y'g 

c 5 ( p) = {3 f 5 ( q; ,8) y'g 
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. . . /I/ /19/ . .. H HCK1110'1HB c·IIOMO~LIO nepBOrO ypaBHeHHJI . , napa-
MeTp M2, llpHBe~eM 3TY CHCT.eMy K ~H~y . 

2 . . 2 . . 2 
B ( q ; ,8 ) . = q + 8 ,8 + I ds [. 6 f 

4 
( q , - q , s , - s ; ,8) 

3 
- f .". 2 (s,-s,0;,8)] 0 

/6/ 
f 3S 3 = 8 + 10 I f 5 ds 

S 3· 3 [ ] 2 
f +-- f {3 {3 = 

4 4 ·. 4 3 
2 + 15 I f 6 ds 

f 5 s 5 + 2· 3 [ f 3{ 4] 21 I f 7 ds. 

..................... 
3~ecL . sn - Be11H'I.HHLI' nony'leHHbie 38MeHoil: A-> B B. /3 I. 

. . ~ ~· 

2.1. Cnyq'aii cna6oii _ cBH3H ~JIH cucTeMLI /6/ peana:iyeT-
. CJI npH {3 4 00 , C11y'laR CHiihHOR CBH3H - nj>H p -> 0 , . 

: . 2.2. 0THOCHTe11LHO ;CHCTeMLI /6/ npH {3 = 0 C:,D;eiiaeM 
npe~nono:>KeHae, nono6Hoe c$opMynapoBaHHOMY B ·· llyHKTe 
L3. CooTBeTCTBeHHO 6y~e:M C'IHTaTL, ·'ITO Ka~aH H3_ $yHK
naii B ( q, {3) , f n ( q,,8) npH ,8-> 0 , CTpeMHTCJI. K KOHe~IHO!'fY 
npe~en.r· 

2.3. TliK KaK. B(q,0)4To, no~o6ao nyHKTY 1.4, nerJ(O 
y6e~HTLCB, 'IT,O. pellleHHe CHCTeMLI /6/ He. MO:>KeT 6biTL 
npe~CTa~JieHO pH~ OM no CTeneHHM {3 2

, CXO~JI~HMCil: .rr'pH 
Bcex q. 

3. llpe~e11hHLie CJiy'laH ,8 -> oo · H f.-> 0 JIBJIHIOTCJI IIPOTH
BOITOJIO:>KHhiMH. 

',l(eiicTBHTe11LHo, · paccMoTpHM · MaccoBhlii .napaMeTp M 2 

H3. 4JopMyJihl /1/· pa60TLI /_I/ ·. KaK 4JYHKUHIO rrapaMeTpOB. 
,8 2a f npH ~aHHOM g. CornaCHO 4JopMy11aM /11/ H /19/ 
pa60Tbl /1/ BMeCTe C /2/, /5/ HMeeM • -~ · ·. 

7 .. 
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M 2 = M12 {t· -1 ) g[ ~ - 6 f D
4 

(O,O,t .. .- t ; _!_) dt] = 
f . f . 171 

1 . 1 
g { - - 6 f [ D ( 0 ,0 , t, - t; -) 

f . 4 f 
_1_ ] d t - 12ln ( 2 £) J 

yl +t2 

M 2 = M 2({3) 
2 

. 2 3 . . 4 
g[-4{3 - -f(E (O,t,-t,f3)- dt 

2 3 yl + t2 

- 12ln ( 2£) ] • 181 

0TCIO.IJ;a, C yqeTOM «<J~pMyJILI 131 pa60Tbl /
1
<nerKO IIOJiyqHn, 

«<JopMynLI 122/ H 1231 TOR :>Ke· pa6oTLI. · TaKHM o6pa3oM~ 
cnyqaJIM f -> 0 H {3 2 

-> oo 3aBe,IJ;OMO COOTBeTCTBYJOT pa3Hble 
3naqenHJI rrapaMeTp_a M 2• C pocToM E aennqHna M 2 y6h1Ba-

1 . 2 
eT lnpH 60JibWHX 3HaqeHHJIX f- /, C y6LIBaHHeM {3 BeJIHqH-
Ha M 2 pacTeTl lnpH 6onLmnx 3HaqeuuJix f3 2 I. 

3.1. EcnH 6LI «<Jyul<:nuJI M~E-1 ) ni>H pocTe E cuaqana 
y6b1Bana, ·a rroTOM uaqana pacTH, 3To o3naqano 6hl, qTo . 2 . . . . ' 
,IJ;aHHOMY 3Haq{mHIO M OTBeqaeT no KpaRHeR . _Mepe )Uia 
3HaqeHHJI f . H, CJie,IJ;.OBaTeJibHO, ,IJ;Ba pa3HbiX 4!YHKI(HOHana 
OCHOBHOrO COCTOJIHHJI, -.JT.O I<a:>KeTCJI Mano~epOJITHbiM. Ilo:J
TOMY Mbl 6y,IJ;eM O:>KH,IJ;aTI., qTo «<JYHKI(HJI M~ (E-I) MOHOTOHHO 
y6hiBaeT C pOCTOM .f BO BCeR o6naCTH 0 < f •. "'\HaJIOrHqHbiM 

. o6pa30M Mhl 6y.neM O:>KH.IJ;aTL, qTo «<JyuxnuJI M 2 (~) . Mono
TOHHO y6LIBaeT. C pOCTOM f3 2 BO BCeR o6naCTH . {3 > 0 ; . 

Ilo TOR :>Ke npnqHne 6y.neM O:>KH.IJ;aTL 

2 - 2 
M

2 
(0) < M 1 (0}. /91 

tf>ynKI(HOHaJI OCHOBHOrO COCTOJIHHJI B cnyqae HeBblpO:>K
,IJ;eHHOrO H JJblpO:>K,ZJ;eHHOrO BaKyyMa npe.IJ;CTaBJIJieTCJI B BH,ZJ;e 
e-:-" H e ~ K COOTBeTCTBeHHO~ . r.ne «<JyHKI(HOHanhl K. H 
i( onpe.nenenhi.«<JopMynaMH 181 u /181 pa6oTLI/l~EcnH 6bl 

8 

.B .,.«<JopMyne. /91 CTOJIII 3HaK TO'I'Horo uepaBeHCTBa, 3TO 
o3naqano 6LI, qTo B o6nacTH 

. M 
2
2 (0) < M 2.< M ; ( 0) · · 

HH O,IJ;Ha H3 «<JopMyn 181, 1181 pa60Tbl / 1
/ He OIIHCbiBaeT 

«<JYHKU:HOHana OCHOBHOrO COCTOJIHHH, H .IJ;JIJI nero CJie,IJ;yeT 
_ucxaTb xaicoe-'!"o .npyroe npe.ncT.aaneuue. Taxoe nono:>KeHHe 
HaM· Ka:>KeTCH ManoaepOJITHbiM, H Mbl 6y.IJ;eM O:>KH,IJ;aTb, qTO 

2 . 2 
l\1 2 (0) =·M 1 {0)~ /9al 

Cor.riacuo 17 I, 181; nocne.nuee paseHCTBO cao.IJ;HTCJI K co
oTnomeHHIO 

-~ . . 
f dt[4D 4 (o,o_~t,-t;?) -f 3 (o,t,-t;o_) ]= o. 1101 

3.2. HTaK, Mhl o>KH.IJ;aeM, qTo 

"' lim· K ( f ) = lim K ( {3) • 
f .... oo ·13 ... 0 

IHI 

_BBH.IJ;Y 151 K03«1J~HU:HeHTHLie «<JyHKU:HH f 2n + 1 He ,ZJ;aiOT IIpH 
{3=0 sxna.na a i<. Amr xo:J«<J«<!HnneuTiiLix «<Jyuxn:HR B(q,O) , 
f 2n (q,O) nony;qaeTCJI CHCTeMa ypaaneHHH~ cosna.na~II(aJI, 

IIpH BbiiiOnHeHHH YCJIOBHJI 110/, C CHCTeMOH ypaBHeHHH /2/ 
npH E :·,;·. ~ • · · • ·' 

TaKHM o6pa3oM, ycnoBHJI 1101 .nocTaToquo .nnJI BI>mon-
. HeHHJI YCJIOBHJI CWHBaHHJI 1111. . . . : .. ... . 

4. PaccMoTpHM B 3axnroqeuue nonuoe ceqenHe npo
necca CTOJIKHOBeHHJI .IJ;BYX qaCTHU C HMIIYJILCaMH .p H .0 , 
B KOTOpOM o6pa3yiOTCJI n qacTHI(, · B npe,D;eJibHOM cnyqae ·. 
g-> oo·. 3TO ceqeHHe MO»<:eT 6biTh BblqHcJieHO 'IIO «<JopMyne 

a (p) = ~ f \H\ 
2 

o( IA(k.) '-A (p) - A(o)·) 
n J.cl_ . 1 ' /12/ 

A_(p) o(Iki -p) n dki •. 

/3/ 
' 3.necL,. cornacuo .: 

H ( p, 0 ; ~ , k
2 

, o o • k
0 

) _;, ( I A( ki ) - A ( p) ~ A ( o ) ) 

.:g 
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N ( k:·) I/2 XO p { ~- k- • :. k .. ) 
I 1 ). . . ' 2' . n ( ; n 

N(p) N(O). 

/13/ 

BenHqHHa :N ( p) . . onpe.n:eneHa fbopMyna:MH /39 I' I 49/ pa-
6oTLI /3/, aMnJIHTY.Il:LI X -c:HcTeMoif ypaBHeHHH /2/ p8.6o- · 
TLI /4/, p/A ( p)- CKOpOCTb' HaJieTaroir{e:H qacTHULI. . - . 

YpaBHeHH-'1, onpe.n:emrroiUHe tPYHKUHH X~P(k1 ,k 2, ••• kn) , 
He co.n:ep:>KaT JIBHO 3aBHCHMOCTH OT g, IT03TOMY npeo6pa-
30BaHHe, no.n:o6Hoe /1/, /la/, ecTL 

0 p CT 01( • l ) 
xn (kl ,k2, ••• kn) =g n \ql,q 2, ••• q n•-; ' /16/ 

r.n:e c - HeKoTopoe 'IHCJIO, He 3aBHCJIIUee OT n. TaK KaK 
X~P(kl ,k2)· co.n:ep:>KHT qacTL o(kl) /Hcxo.n:HaJI ITJIOCKaJI 
BOJIHa/, TO c = -1/2. ,l(anee, H3 /1/, /la/ nerKo noKa-. . . 
3aTL, 'ITO 

k 1 1 
N( k) = L ( -, - ) g - -"2" yg ( /lB/ 

/HaiTOMHHM, 'ITO B JieBoft qacTH fbopMyJI /1/, /la/, /16/, 
/lB/ M~ ne BLmHcanH· 3aBHCHMOCTH OT m H g; TaKHM 
o6pa30M,, .3TH ciJopMyJILI . .n:aro·T nepexo.n: OT ci>YHKUHii, 3aBHCJI• 
IUHX OT .ll:BYX napaMeTpOB m H g, K ciJyHKUHJIM, 3aBHCJIIUHM 

· JIHmL · oT KoM6HHaUHH ( · /4/ nHx napaMeTpoB/. HTaK, 
ciJopMyJia /12/ npHHHMaeT BH.Il: 

277 p 1!.12 ) 
u ( p} = - f F( 0 ' -=; 0 1' q2.· •• qn ; -
· n v · V g · t · 'g 

- . n 
.8 ( ··l: 

. m2 , . L . m 2 . . m 2 
cu (q.,--) -cu( ,--) -cu(O,-)) 

1 g v""""i g . g i=l 

8 ( l: q 
i 

_P_) II d qi 
yg 

r.n:e ciJyHKUHJI F onpe.n:enJieTCJI no ciJopMynaM /13/,/1/-/IB/. 
ECJIH w(O,O) >OH m2/g <<l, TO BCe ce'leHHJI Un (p)iipH 
g ... oo Be,nyT ce6JI KaK 

10 

' ~·' '· 

· .. 

fu ( p ) 
. ,; g /14/ an ('p). -
v 

5~ IIpocTf!HmHM cnoco6oM npoBepKH c.n:enaHHLIX B :noB: 
pa6o'.re npe,nnoJIO>KeHHH _HBJIHeT'c.H_, I<aK HaM Ka:>KeTCH, 'IHCJieH-
HLIH c'leT. ., 
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