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PaCCMOTpHM CHCTeMy OllHHaKOBbiX 6030HOB 1 B3al!MOllellCTBYIOIUUX Mem

llY co6oli. nocpeacTBOM napHhiX cun c HbiOTOHOBhiM noreuuuanoM -1 / I x
1
-x

1
1. 

TaKaS! CllCTeMa OITUChiBaeTCSI B <j:lopManU3Me BTOpU'IHOI"O KBaHTOBaHUSI ypaB-

ueuneM Wpeaunrepa 

HO = E 0 (1). 

C I"aMUnbTOHUaHOM 

l 
H = 2 J V t/J + ( x) V tfJ ( x) dx 

1 r dx dy 
2 · I X-Yl if/(x) t/J+(y) t/J(y) t/J(x) 

(2) 

3accb t/J ( x), t/J + (x J - oneparopbi 1 yaoBneTBopSIIOIUne nepecrai!OBO'IHbiM coor-

norueHUSIM 

+ + + + 
tfJ(x) t/J(y) -t/J(y) t/J(x) "'tP (x) t/J (y)-t/J (y) t/J (x) <=0 (3) 

+ + 
t/J(x} t/J (y) - t/J (y) t/J(x) =a (x-y) . 
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,, 
Oneparop •mcna 'IacTHU N 

" N = f dx .p+ (x) tfr(x) , (4) 

KOMMYTHpyeT C I'aMHnbTOHHaHOM, B HaCTOfi!Ueii pa6oTe MbL nony'IHM <:lHepi'!IIO 

OCHOBHoro C3CTO~Hn~ ypaBHeHn~ (1) aCHMnTOTH'IeCKll TO'IHO, KOI'aa N 
/1/ 

-qncno qacTnu, aeol'paHH'IeHHO pacTeT, B pa6oTe aaHbi oueHKH an~ EN 

aanMeHbweii aaepi'Hll N -'IaCTU'IHoro cocTO~HH~: 

N2 (N-1) 

611 
> EN > -

Y HaC 

EN = -o,0547N 3 + ... ' 

N 2 (N-1) 

16 

; 
{5) 

{6) 

'ITO cornacyeTc~ c (5); TO'IKaMH o6oaaa'IeHbi -qneHhi, Manbie no cpaBHeHUIO 

c N 3 
, 

§2. MnHUMH3aUH~ raMHnbTOHHaHa 

Mbi BbiaenHM H3 tfr(x) He onepaTopHyiO 'IacTb f (x) H nepeiiaeM K Ho-

BhiM onepaTopaM ¢ no ljlopMyne 

tfr (x) = N 2 [(Nx) + N 312 ¢ (Nx) 

3aecb 

[q., re J, ¢ r11J 1 = [ ¢+reJ, ¢+r11J 1. =o • 

[¢reJ. ¢+rT/n o r e -TJ J • 

" nn~ onepaTOpOB H 
" 

H N nony-qaeM npeacTaBneHH~ BHJla 

"" "s/" "I" H = H N 3 + H N 2 + H N 2 + H N
3 2 + H N 0 l. 2 3 4 

4 

(7) 

(8) 

\ ( 
r 1 . ! 

~ 
' 

,, ,, 
N =NON 

" I " +N N 12 +N 
1 1 · 2 

" " 
rae onepaTOpbi H 1 , N 1 HBHO OT N He 38BHCBT H coaep~a 

cp 1 cp+ B CTeneHH 

" .No = ( [
2 re l ae 

,, 
Ho 

T 

T + V 

L..f('V[(~))2d~' 
2 

v _ _ 1 f ag dn rr~J2 rr 11 )2. 
2 . \~ -T/1' 

2,1, Y!a (9) cneayeT, 'ITO aaaaqa OTbiCKaHHB HaHMeHbWei 

" MaTeMaTH'IeCKOI'O o~HaaHHB onepaTopa H npH aaHHOM aHa'Ie 

TeMaTn'IeCKOI'O o~HaaHH~ onepaTopa 'N B rnaBHOM nopsm.Ke n 

aHTC~ K aaaaqe OTbiCKaHHB Ha}!MeHbWei'O 3Ha'IeHH~ ljlyHKUHOHan 

aaaHoM aaa'IeHHH N
0 

= 1 ljlyHKUHOHana · N 0 • nocneaHB.B aaaaqa, 

peah, cBoauTcB K aaaaqe OTbiCKaHn~ aaaqean~ >. = 1.0 , TaKe 

y6biBaiOWee npH \ e\ -+ 00 peweHHe ypaBHeHH~ 

--1. /). -· J 
2 

[(~.>.) =0 

" " aocTaBn~no ljlyHKUUOHany N 0 3Ha'IeHHe N 0 = I • nocne TOI'O, Ki 

>.
0 

H ljlyHKUH~ [( ~, -\ ) HaiiaeHhi, HHTepecyiOwee aac aaa'IeJ 

weii aaepi'Hll N -qacTn'IHOI'O cocTo~HH~ EN onpeaenHeTc~·paBei 

" EN = H [ [a, 1. 0 ) ] • N3 
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(4) 

pa6oTe MhL nony'IHM aueprmo 

IeCKll TO'IHo, Koraa N 
/1/ 

aaHhi oueHKI1 anH EN 

(5) 

(6) 

neuw, Manwe no cpaaueu11m 

:Th f (x) 11 nepell:aeM K Ho-

(7) 

ry ' 

(8) 

~aaneHIIH BIIna 

' r4N 

+ N,. Nl/2 !V' 
1 ' + 2 

J ... ... 
(9) 

rae onepaTophr H1 N1 
HBHO oT N ae aaai1CSIT 11 coneplKaT onepaTophr 

¢ , ¢+ B cTene.Hll 

,, 
H

0 
T + V 

T 1 
2 

v=--1 r dtdn {(~)2[(71)2. 
2 , I~ -711, 

( 10) 

2.1. Ha (9) cnenyeT, 'ITO aana'la OThiCKaHI1H HBI1MeHhwero 3Ha'leHI1H 

" MaTeMaTI1'1eCKoro OlK111l8HI1H onepaTopa H npu aaHHOM 3Ha'le.HHI1 N Ma-

TeMaTu'leCKoro OlKHABHHH onepaTopa 'N B rnaBHOM nopHnKe no N cao-
t~ / " 

AHTCH K 38A8'1e OTbiCK8HI15I HaiiMeHhWero 3H8'1eHI15I tjlyHKUllO.Hana H0 npll 
,, 

naHHOM 3Ha'leHI111 N
0 

= 1 tjlyHKU110Hana , N 0 • TiocneaHH.H aana'la, B caoro oqe-

peah, CBOAHTCH K 38ll8'1e 0TbiCK8HI15I 3H8'1e.HH5I A = .\0 , T8KOro, 'IT06b! 

y6hraaromee np11 I~~ -+ oo peweaue ypaaHeHHH 

dn f.2fn.N_x 1 tr~=. X) =0 
I~ -11 I !. 

(11) 

" " nocTaBnHno tjlyHKUnouany N0 3Ha'leHI1e N0 = 1 • Tiocne Toro, KaK aeni1'111Ha 

,\
0 

ll tjlyHKUllH { ( ~ , ~ ) H8llAeHhl 0 11HTepecyromee HaC 3Ha'leHI1e H8liMeHb-

well: aueprllli N -'laCTI1'1HOro cocTOHHIIH EN onpeaenHeTcH paaeliCTBOM 

(6') 
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i 
I.· 

! 

T aKnM o6pasoM, rrpn N .... oo 

HeorrepaTopuaSI TiaCTbN 2
{( xN ) 

B OIIepaTope tji ( x) rnaBHOH CTaHOBllTCSI 

oua-To n orrpenenSieT rnaBHhiH Tineu B pas-

no)l{eHnn EN rrpn N ... oo 

2.2. Y MIIO)I{HB ( 11) Ha [( ~, ,\ ) n rrpov.aTerpnpoBaB no ~ , rronyTinM 

COOTHOIIIeHlle 

"' T = -2 V + ,\ N 
0 

a 
YMHO)I{llB (11) Ha ~a~{(~,,\) n rrponHTerpnpoBaB no ~ , rr onyTin M 

" T = - 5 V + 3,\ N0 

l1cKJIJO'IaSI N 0 , uaiineM 

1 T -=-rV 

TaKllM o6pasoM, anSI ypaBHeHIISI ( 11) nMeeT MecTo TeopeMa Bnpnana , 

" TaK 'ITO SaiillCb <fJyHKUIWHana flo MO)I{er 6biTb ynpomeua no 

·H0 =-T = i v 

2.3. fJpOIIHTerp!IpOBaB IIO HarrpaBJlCHIIJO 7J , rrpnneneM ypaBHeHne ( 11) 

K BIIay 

snecb 

1 
2 

dZU(r,,\') +4rrU (r ,,\')JU2 (p, ,\ ')[l._l.]dp ,.,,\ 'U(r,,\ '); (12) 
dr 2 o P r 

U(r,,\') = rf(r, ,\), 

. 00 2 
,\'=,\ +4rr fU (p ,,\') dp/p 

0 

Yno6Ho llHTerplipoaarb ypaBHeHne (12) 1 sanaB HaTianLHbie ycnon!ISI U ( 0, ,\ 'J=fJ, 

U f0,,\ }=1 H rron6npag ,\' TaKUM o6pa30M, 'IT06bi <fJyHKUllSI U (r ., ,\ ') He llMena 

Hyne.if rrpn r •> 0 , Ho cTpeMnnacb K HYJIJO rrpn r ... oo 

2.4. Tiepexon or (6") K (6') ocymecTBJISieTCSI c noMe 

rrono6ng .ypaBH9HllSI ( 12) 1 COCTOSIIUero B TOM, 'ITO eCJlll lj ( T 

peiiieHne ypaBHeHnSI .( 12), ynoBnerBopSIJOIUero KpaeBhiM ycnoJ 

U (0} "' U (oo } = 0 

T9 <flyHKUllSI 

U (r,,\') 
1 

CU ( Cr' C ,\ ' ) 

JlJISI n106oro C •> 0 TO)I{e YJlOBneTBOpSieT ypaBHeHnJO ( 12) c ; 

KpaeBhlM ycnOBIIeM 

V1 ro J = u 1 r .00 J = o . 

3Heprng EN HaxonnrcSI npn aToM KaK OTHOIIIenne 

EN=N 3 H (U(r,,\') J/IN ( U(r,,\') J l 3 • 

r r 

41ICJl9HHbiH pa~'IBT Jl89T ( 6). 

2.5. 3aMeTnM, 'ITO pesynbraT (6) ocraercSI crrpaBeJtnn 
, 

He B (2) IIOTeHUHana B3aliMOJl9HCTBllSI - J /:1 x- yi\ Ha JlJ06oii 

V(x-y), nMeJOIUIIH rrpn x- y Ty )l{e oco6eHHOCTb; (6) orrr 

Hll9M IIOTeHunana Ha MaJlbiX paCCTOSIHliSIX ll He 38BliCliT OT I 

BaHnSI · V ( r ) rrpn r .... oo • 

B SaKJIJO'IeHne Bblp8)1{8JO unaronapHOCTb M.A. MapKOBY 

pa6ore • 

JlHTepaTypa 

1. F. Calogero, C.Marchioro. J. Math. Phys., ~ 562 

PyKOIIliCb IIOCTYIIHJla B HSJlaTeJlbCKF 

14 liJOJISI 1971 rona. 
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' · ( x) rnaBHOll CTaHOBiiTCH 

nenHeT rnaBHbiil qnen B pas-

el'plipOBaB no e , nony'IuM 

JBaB no e , nony'IHM 

ecTo .TeopeMa Bnpuana , 

ynpomena no 

, npHB~JleM ypaBnenHe ( 11) 

.:....l]dp .. t..~U(r,t..'); (12) 
r -

~ u~qanLHbie ycnooHH U ( 0, /.. 1=D, 

1 ljlyHKUHH U(r, /..') ne HMena 

... _.,., 

2,4, DepeXOJl OT (6") K (6') OCyiUeCTBnHeTCH C noMOIUb!O CBOUCTBa 

UOJl061iH -ypaBHeHHH (12), COCTOHIUel'O B TOM 1 'ITO ecnn U ( r , ·A ') eCTb 

peruen11e ypaBHeHHH .( 12), yAOBneTBopmomero KpOOBhiM ycnoBHHM 

U {0} "" U {oo } = 0 

TO ljlyHKUllH 

U (-r, /..' ) 
1 

CU ( Cr • Ct..' ) 

nnH ni06oro c ·> 0 TO)Ke YllOBneTBOpHeT ypaBHeHlliO ( 12) c A;= C
2 

A ' II 

KpaeBbiM ycnOBHeM 

V
1 

ro J = u 1 r "" J = o . 

3ueprug EN HaXOJlllTCH npu aTOM KaK OTHOllleHue 

EN =N 3 H (U{r,t..') }/IN r-!!J..!_~t..')) 1 3 • 

r r 

(6") 

4HcneHHbiH paclJ€T naeT ( 6). 
.. 

2,5, 3aMeTHM
1 

'ITO pesynbTaT (6) OCTaeTCH CIIpaBeJlnHBblM !Ipll SaMe-
, 

He B (2) IIOTeHUUana BSaHMOAeHCTBHH - J /:I X- yi\ Ha n106oil IIOTeHUila,n 

V ( x- y) , llMeiOlllllH np11 x ~ y TY )Ke oco6euuocTb; (6) onpenenHeTCH noBene

HHeM noTeHUHana Ha ManhiX paCCTOHHllHX ll He SaBilCllT OT CK~pOCTll y6bi

B8HliH V ( r ) npu r ... "" • 

B saKniO'IeHue Bhipa)KaiO unaronapuocTh M.A. MapKbBy sa uHTepec K 

pa6oTe, 

1. 

JluTepaTypa 

F. Calogero, C.Marchioro. J. Math. Phys., !Q_, 562 (1969). 

PyKonuch nocTynllna B llSJlaTenhCKHil oTnen 

14 uiOnH 1971 rona • 
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