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B nocnenHee apeMll aHa'IHTenbHo aoapoc HHTepec K uay'leHHIO 

aMnnHTyn pacceHHHB Tpex 'IBCTHll B paMxax TeopHR noreanaam.aoro pacceHHHB/
11

• 3To 

o6ycnoaneao, ac-nepBblX, 6o11bWRMR ycnexaMR nHcnepcaoaaoro nonxoAa a npo6neMe ABYX 

Ten, a ao-aTopnrx, caMa no ce6e aanaqa Tpex 'IBCTHn npencTaanaeTca $R3H'Iecxa HHTepec

aoll H npHBlleKaTeJibiiOII, JiiMeeTCB H8Jl9lKJl80 'ITO H3y'leHRe 8H811HTH'IeCKRX CBOIICTB TpeX

'18CTH'IHblX BMnnHTYJl paCCeliHRB no RHB8pBBHTHblM nepeMeHHblM, OT KOTOpblX OBH 38BBCBT, 

nponbeT CBeT HB UOHRM8RR8 38KOHOMepHOCTell B CHCTeMe MHOrRX Ten, np~ H3y'leHBR TBKRX 

38Jl8'1 ecTeCTBeBBO UOCTapaTbCB no B03MOlKHOCTR MBKCRMBnbBO CB8CTR 38JlB'IY Tp8X '18C-

THU K 38A8'1e JlB)'X 'IBCTRll, UOCKOnbKY 38Jl8'18 JlB)'X 'IBCTRll B3y'leHa JlOCT8TO'IBO XOpomo, 

JlnSI STOll nell& llpBM8BSl8TCB K8K Ofibl'IHblll nOJlXOJl C UOMOWblO ypaBH8BBR nunM8H8-lliBHH

repa, TBK H Cp8BHBTenbHO HOBblll R OpBrRHBllbHblll UOJlXOJl C nOMOWbiO ypaBHeHHII ci>BJl)lee-

/2/ 
BB 

06mBII Clly'lall 38Jl8'1B TpeX 'IBCTRU AOBOnbHO CllOlKeH, 0JlH8KO 38Jl8'18 Cp8BHHTenbBO 

ynpowaeTCg, xorna OJlBa B3 'laCTBU o6nanaeT 6ecxoBe'IBO TSilKenoll Maccoll, T,e, BblCTYna

eT a pona canoaoro neBTpa. Mbl paccMoTpBM RMeBBO TaKoll cny'lall, xorna HB canoaoM 

ueBTpe pacceaaaeTCSI caSl3aHBaSI cacTeMa JlBYX 'IBCTRU, ByJleM C'IHTBTb, 'ITO a peayllbTa

Te B38BMOAellcrBRSl C CRIIOBblM neBTpOM CBB38HB8B CBCTeM8 Be paapymaeTCR, B T8KOM 

Cny'lae OK83blB89TCH, 'ITO 38Jl8'18 CBOJlBTCB K MBOrOKBB8llbHOII 38JlB'Ie paCCeHBRR JlB)'X 

'IBCTBU Ba HeKOTOpOM 'o6o6meBBOM' nOTeBUR8lle, 38BRCSIWeM OT BftYTpeHBero JlBRlKeHRH 

CBSl38HBOII CBCT8Mbl, 8 § 1 BblBOARTCSl CBCT8M8 ypaBH8HHII Jlllll 8MnllRT)'Jl p8CC8BHRR, 8 

TBKlKe )'K838H penenT nOCTp08BRR , o6o6weHHOro' nOTeBUR8118, B a 2 UOCTpOeH TBKOII 

fiOT8HUH811 JlllR '18CTHOrO cny'IBR, KOrna B CllOlKHOII CRCTeMe '18CTBI!bl B38BMOneliCTB)'IOT 

M9lKJlY co6oll C IOK8BCKRM UOT8HUB8110M, 

§ 1, '06o6meHJiblll' UOT9HllR811 

nycTb 'IBCTBllbl 1 B 2 C paBHblMB MBCCBMB m 

napH B38BMO)leliCTBBIO M8lKJlY Co6ol! C nOTeBUBBllOM 

o6paayJOT CBB38HftYIO CBCT8M)' 6nar~ 

V q;> -r> ll • PaccMOTpBM paccu-
12 I 2 

HBe TBKOII CRCTeMbl HB Tp9Tbell '18CTHll80 KOTOpyiO Mbl 6yneM C'IHT8Tb 6eCKOH8'1HO TlllK8110I!, 

fBMRllbTOHH8H T8KOII 38Jl8'1H HM99T BRA (B CHCT8M9 t •1) 
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H~i\. r )=- _1_ v 
2 

-_L o 
2+ V <li' -i' ll+V ~; t>+v ~; i), 

2 2m -+ 2m v t
2 

12 I 2 I 1 2 2 
(1) 

rne V (it I>- nOTeHilB&n B38BMone!!:CTBB!I i -Toll '18CTB!lbl c noneM. BonsoBaSI «!JyHKnH!I 
I I 

ynosneTBOp!leT CTAilllOB8pHOMY yp8BB9Bil!O lllpeD;BHrepa: 

H(t , ; ) IJI ( r , 1) = E IJI ( t , ; ) , 
I 2 I 2 I 2 

(2) 

rne E - nonaaa sueprsa. BBeneM KOOpABBATbt ueBTpa saepuaa a OTBOCHTe1Ihlloro JlBHJKe

HB!I CB!I38HBOII CBCT9Mbl 

; = ~q; +; ) . 
I 2 

.. .. 
p = r - r 

I 2 

B STHX KOOpABH8T8X raMBnbTOBB8B (1) npBHBM8eT BBA: 

H (;I' ;2 ) "' H(t 'p ) -..1.. 
m 

2 

v p + v ~pi)-_! v 2 +V Q7)1)+V <lt-Pj)3 l 
4m r' 1 2 2 2 • 

Torna 'lACTb raMBnbTOHRaaa (3) 

H (p) =-_!_ 
12 m 

2 .. 
V .. + V <IP I) 

p 12 

(4) 

onBCbiB8eT OTHOCHT9nbHOe ABRlK9BH9 cnolKHOII CKCT9Mbl npa OTCyTCTBHB TpeT&ell 'l8CTH1lbl. 

nycTb HAM B3B9CTBO STO OTHOCBT9nbHOe IJ;BBlK9HBe: 

1 2 .... -+ a .... [-- v + v (ip Ill cf> (p) = l cf> <P ), 
m p 12 a 12 a 

(5) 

rne E a - saeprH!I CB!I3H B coCTO!IHHH a I <a =-1• a I < 0 
12 12 12 

, a npeAnonmKHM, 'ITO 

cacTeMa co6cTBeBBbiX <jlyHKUBII I cf> (p) l opToaopMBposaaa. Torna, paanara!l nonay10 aon-
-+ -+ a 

HOBy!O cPYHKilH!O 'I'( r , p ) no cPYBKDH!IM cf> a (p ) 
'I'(; ,j) )=I F (t)cf> (if), 

a a 
(6) 

a 

HeTpyABO BHAeTb, 'ITO IJ;D!I «iJyHKUHII F (r-+) nony'laeTC!I cneny!Oill&!l cacTeMa ypaaaeaall: 
a 

2 a -+ -+ -+ 
[-_LV (E-< )]F (r)=-I W (r)F{J(r ), 

4m 1 12 a fJ {Ja 

(7) 

rAe 

J cf>~ <~> v <1; +LIH <r> dp +Jcf>*Q<;>v<l;- -p 1> cf> ~>liP 
I' I 2 a I' 2 2 a (8) w (;) 

{3a 

TaKHM o6paaoM, aana'la CBOIJ;HTC!I K MHoroKaaan&HOII aana'le pacce!IHB!I neKTpa 

HK9pUHH CDOlKKOll CHCTeMbl 1!8 H9KOTOpOM "o6o6meHBOM" nOT&HllHAne (8), KOTOpblll CBnbBO 

38BHCHT OT BftYTp9HK9rO IJ;BHlK9HK!I CB!I38HBOII CKCTeMbl. 

Oco6eHHO HHTepeCHbtll peayn&TaT nony'laeTCH, ecna paccMOTpeTb aa.ttaqy B BMnyn&c

HOM npeACT8BD9HHH, BBOA!I $yp&e-o6paahl: 

4 

\rj! ·~ 
~: 

lf 
~·~ 

l 
I 
\ 
I 

)< 
/ 

1 

~ 

... -3/2 
Fa ( r ) = (217 ) f e 1jlt 

.... ·3/2 !.......... ..... 
cf> (p)= (2n>) Je pr cf> (p )dp 

a a 
F (p)d;, 

a 

.... ·3/2 ~~~ ..... ... 
W (r )=(h) fe \V 

0 
(p )dp • 

{3a pa 

Torna F (p) ynosneTBopseT CHCTeMe ypasseaall: 
a 

[ p 2 I 4m -( E - < a ) 1 F (p .. ) = - I f d k 
12 a w,'l/; -k > F f3<r > • 

f3 
rne 

-+ -+ 
... ... ... .... 2 ... ... p·k ... .... 2.. ...... '"?' .... 

WQ (p -k )=V ((p -k) )Jdq cf>*Q(q +-lcf> (q )+V ((p -li)JJCq cf>~(q-~)cf> (q) 
l'a I I' 2 a 2 I' 2a 

(9) 

(10) 

H ecnB o6e 'll.CTH!lbl B38HMOIJ;ei!CTBy!OT C BH9WBBM DODeM C OIJ;HB8KOBOII CHDOII IV
1 
=V 

2 
=VI, 

TO 

... .. .... ... ... ... 2 
w{Ja ( p - k ) = f {3a (p- k ) v (( p - k ) ) • 01) 

rne 

ff3 ( p - k) = f dq cf>~ ( ; + p - k) cf> (q) + J dq cf>*Q ( ; - p-k ) cf> (q). (12) 
a I' 2 a I' 2 a 

Kax aanao H3 peayn&TaTa ( 10), B • o6o6meBBOM" nOTeBUaane saaaMonellcTBHe c Buew· 

HHM noneM cPaKTOpH3yeTC!I C cjlopMcjlaKTOpOM CDOlKHOII CHCTeMblo 

CscTeMa ypaaaeHHII JlunMaaa-lllBHBrepa nm1 aMnnBTyn paccesaB!I HMeeT BBIJ; 

TfJ (p',p) = WfJ (p' -p) +I 
a a 'Y 

f dq WfJy(p'-q)Ty4 (q,p). 
-+ 2 'Y 
q /4m-(E-E) 

12 

(13) 

EcnH paCCMOTpeTb pHil TeOpBH B03Mymeaall IJ;n!l STOll CHCT9Mbl, TO H9Tpynao BHIJ;9Tb, 

'ITO 8TOT PHil nonycKaeT o'leHb aarnSUI.HY!O nsarpaMMBYJO HHTepnpeTaUBIO (cM.pac.l). E.ttBB-

CTBeHHOO OTDH'llfe 0T IJ;Harp&MMBOI T9XBHKB 06bi'lHOrO DOT9HilH8llbHOrO paCCe!IBH!I COCTOBT 

Ton&KO B TOM, 'ITO B9pWHHAM, BMecTO "ronol!" KOHCTABTbl CB!13H; 6ynyT COOTB9TCTBOB8Tb 

<jlopM<jJAKTOpbl f{Ja (p -k ) , H8nB'lll9 KOTOpbiX 0Tp8)1(89T TOT cjlaKT, 'ITO CBB38HH8!1 CHCTe-

MS HM99T CTpyKTypy. 

CnenyeT aaMeTHT&, 'ITO nony'leBHhte peayn&T8Tbi B paCCMOTpeaaoll aana'le smn!I!OTC!I 

o6maMH, T.e. CHCTeMa ypaBaeaall (13), onpeneneaae "ol5o6meaaoro• nOTeauuana (10) ae 

a&BHCSIT 0T KO!IltpeTBOrO BH.tl8 B38HMOIJ;ei!CTBB!I Me>KIJ;y '18CTH!l8MB, OHH cnpaBeiJ;DHBbl IJ;D!I 

n106oro noKan&aoro napaoro B38HMonellcTBHH. Korna Bht6paHbi noTeunaanbl H uaaecTHbl 

IJ;D!I HBX p&W&HB!I nBYX'lACTR'IBOII npo6neMb10 MOlKBO ITOCTpOHTb • o6o6meHHbie" ITOT9HUH8Dbl0 

acnon&aya onpeneneHBe (10). B nan&aellweM nonpo6ao paa6epeM cnyqall !OKABCKRX nOTes-

naanoa. 
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y 

PHC, 1, .llHarpaMMB&SI HBTepnpeT&IlHSI CHCT8Mbl ypaBBeUII (18) AnSI 8MDnBTYA p&CCQSIBBSI 

§ 2, J0lt8BCKOe B38BMOAeiiCTBIIe 

nycTb DOTeBilH&n V
12 

lleRTp&nl>BO CHMMeTpH'IeB: V • V ~pI) , TorAa CBli38BBOe 
12 12 

COCTOSIBHQ ODHCI>IB&eTCSI BOnHOBI>IMH ljJyBIUlBliMB BRA& 

"' (p >·.P <P>-~ v. (...£... ), 
1Z nlm p r.m p 

(14) 

~ 

rAe P ·I P I , a unl (p) YAOsneTBoplleT paAHam.BOMY ypaBBeDJO WpeARBrepa. H&TPYABO 

181 
Dony'IHTb B3 STOI'O onpeAeneUll BRA BOnHOBI>IX cjlyRIUlRII II RMny.llbCBOM llpOCTp8BCTBe : 

.. .. nl 
"' ( q). "' ( q ) - "' ( q ) y 

IZ nlm fm 

.. 
(..Jl.. ) • 

q 
( 15) 

"'(q+Q)•"' (~+Q)-:I 
fJ - D., ... , - t t 

all!' , ...... 
.. ;t f' 

y l ID (...J..) Y* ~l)t/>D. ~Q ) (16) 
I I q l m Q l f ,q ' 

I 2 I I 2 I 1 2 .. "' I 2 

6 

rAe 

8 f/f .[<21''+1X2frt1)(2!' 2 +1) ll-1<-l)'"t( f' f 2 f 1 ><f' f 2 f d 
m m m' 4 rr 0 0 0 m' m •m (17) 

I 2 2 I 

nf' 2 f . f 
00 

.p (Q,q) -(4rr) i 1(-•) 2 f rdrj (qr)jf (Qr)u ,,(r) 
fl f2 o fl 2 n 

(18) 

.. 
t/>nf ( q ) • 4rr If f r dr j f ( qr) u nf ( r) (19) 

0 .. .. 
Q - p - k --2-· Q ·I Q I · 

Tor A& 

ft/>* ( q + p -k ) "' (q ) dq = :I 
{3 - 2 IZ fm 

.2 2 

ft f'. .. 00 
, nf 

B 2 ,Yt (;_g_) f q 2 dq </>* nf(Q,q) ¢ (q)= 
1810

2
10 

2
10

2 Q Q ft2 

3 t .. - .. f t t' 
• :I (4rr•) i 2 f rdr u f(r) /r'dr'jf (Qr') u f~r') fq2 dq jf(qr)jf(qr'B 2 Y (-.JL). 
2 m o n o 2 n o m m m, t 2m2+ Q 

2 2 2 

nocneABBII HHTernan paseS 

f q2dq j (qr)j (qr')=.....JL_ 6(r -r'). 
o l f 2rr' 

nosTOMY HRTerpspOB&BBe DO d r npOBOABTCH TpHBD&nbHO D Ml>l nony'l&eM 

... .. ...... 
f .p• ( q + Q ) "' ( q ) dq = 

{3 - IZ (20) 

3 f ff 2 t' .. 
• ( 4rr) ~ :I i 2 B Y (- .Jl) f dr j ( Qr) u f (r) u (r) • 

2 f 
10 

mm
2

m' f
2

m
2 

+Q 0 f
2 

n nf' 
2 2 

3To Bl>lpalKeBHe cnpaBeAnRBO AnH npOH3BonbHOro lleRTpam.aoro nOTeHilH&na V (lp 1) . 
12 

PaC.CMOTpDM Tenep& 'I&CTDI>III Cny'lall, ICOI'A& 

BRAe 

rAe 

V ( IPI>,. V (p). f g(p.) exp [-p.p] 
12 12 

P.o p 

dp. (21) 

TorAa peweBDH paAuam.aoro ypaaseDHH MOlKHO 3&nRC&Tb B cneAyJOWeM cneKTpam.HOM 

141 

u nf (p) = f G nl (o ) exp [-a p] d o , (22) 
0 

f .. 
G f(o)-(-1} f p (y)[B(o-y) Pf (~) +0(o-y)_!_p(~l dy, 

n 
0 

nf y do f y 
(28) 
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l __ _ 

a ~f (y) onpenenHeTCH H3 UHTerpanbHoro ypaaaeHHH THna BonbTeppa 

Y-1' o 

J K f (y, y') pnf (y, d y' ' p (y)e N li(y-" )+ __ m_ 
nf nf Y 2 _I( 2 

.t 0 

rne N - nocToHHHaH HOpMKpoaxa, " 2•ml•al 
a 

a 
l - SBeprHR C8J13H COCTOSIBRII 

~npo ypaBH&HHH (24) paaao 

rne 

K f (y,y, • f g (~t) G t (y, Y[ I') d~t , 
l'o 

G_ t (y,y';~t)•-2.... f ct Pt (.!._)8(y-y')~f8(y-l'-r)Pt( I'+' )]. 
y' 0 y' dp y 

(24) 

a 

Slcao, 'ITo nnn naaaoro K
1 

(y,y, 

nnn mofioro aaa'JeHHH napaMeTpa " 

KOTOpb!ll fiyneT CXOllHTioCSI npH nJOC5biX 

palKPHHH (:.!0), HMeeM: 

ypasaeaxe (24) RMeeT OllH03Ha'Jaoe peweaae 

R STO p8W8RR8 MOlKRO CTpORTio C llOMOWbiO PRl18
1 

I' 0 • Hcnonb3yet.c Tenepb npencTasne&&e (22) B Bbl-

f f f 
..(cotr)r 

dr jf (Qr) unl (r) un!tr) • dt7 Gnt (a) f dr Gn'( (r) drjt (Qr) e 
0 2 0 0 0 2 

(25) 

Jlerxo llOK838Tb/4/, 'ITO 

•ar 
00 t Pt(.!..) 

f dr j (kr ) e • f ( L) B d/3 , 
0 t "(3 Jt2+f32 

Hcnon&3yR STO B (25), RM88M 

011 - .. - t /'d ·, J ( Qr )u (r) u (r) • f dt7 G (a) f ct G (r) f ---;T;'d (3 Pt (.!.!!_) Q 2 (28) 
t nt ., • !' 

o 2 n < o n< 0 n C>!-1' 2 2 {3 Q 2+ {3 2 
a acnoMHRB onpeneneaae Q 1 nonyqaet.c 

... ... ... .. .. 
f<P* (q + ..1...=.!.. )</> (q )dq-

(3 - 2 a 
(27) 

·I Bf tal' y (- P _,) j Gnn' (.\) 

t , t + .. ,. .. t' 
"' "' "' "' z"' zl I P -li I A u 22 2 tJa.2 

lp-klt2 
dA, 

(p _, }2+ Az 

rne 

nn" f 2 
G (A).,.( 411') 3 __L 
ft 2 t' At

2
+r 

fda fdr8(A-2(cotr)}G ~)G J"P ( 2<eul ), ( 2.8) 
o o nt ,.! t

2 
A 

8 

a RHli(Rlll npeAen R.BTer pauRH 

npH XOTopbiX OTnR'IIIhl OT ayna 

R (24), 9TH 3118'19HRJI p8BIIhl 

A (3a onpeAanJieTCII MHHBM8nbHbiMH 

aecos~e WHXURH G (u) R G (r) 

3H8'1aHRSIMR a H r , 

,.f n 1'' 
• Kax sanao aa (23) 

K., noaTONy 
1 

Af3a=2(K.f3+"a) , 
2 

" = m I 
I• I I (29) 

12 . 

Tax&M oC5paaoM, acnonb3yR BhlpalKeRHe (:.!7) B cjlopt.cyne (10), nony'laeM cnenyrowee 

npencTasneaae 'oC5oC5meHaoro' nOTeBilHana: 

W (p-k)..W 
fja n !'m ", n t m 

(p-k)= 

-I Bff/' 
t .. 

2 2 

, ..... .. 
2 

P-k - ,. .. .. t l .. (_)f G"" (M lp-kl ~ 
zzll-tiA ttt' {3a 2 (p-k}z+Az 

lt-f'l~ ~~~l+l'. 

t 
[(-1} \r ((p-t) ~+V ({p.t)Z)l,(SO) 

I 2 

Ecu nOTeBil&anw B3aRMOAellcTBHH c saemHRN noneM OAR&aXOBbl AnR oC5eax '18CTHU1 

TO cjlopNcjl8XTOp ( 12) RN88T BHll: 

.. .. .. .. 
f (p-k.)· f (p-k}-

f3a n 'f ... "',J.m 

=I 
ll"z 

[1+(-l)f2] gft l' y ( P-k) j G an'(.\) 
2 t .. -# .. t' 

.,., .,' 2 2lp-KI A u 
2 {3a 2 

It - t ' 1 < t < t + t ' • 
- 2" 

.. .. t 
I P- k I 2 

.. dA , 
cP -k).2 + Az 

(31) 

Mhl HAHN, 'ITO &ecMOTJ!H &a ueHTpan&ao-CHMMeTpR'IBhiA xapaltTep nepBH'IBoro rtOTes

uaana • ofioC5m&HRbil' llO'l'9HilH8n nepecTaeT' fiWTb ll9HTp8nbRG-CH-MMeTpR'JBh!N - B03RRX8eT .. .. 
38BRCRMOCTb OT IUIIIPABJl&HRJI BeXTOpa p - k , 

·1 
Hs BblpalKeHRH (31) sumo'laeM, 'ITO BanR'IR&a A {3a onpenenaeT 'paswasauocTb' 

ll&BTpa Rll9pllRR C40lKHOI '18CTHUbl H ecnH CBH3b MelKlly 'laCTHUaMH 6ecxoBe'lHO aenHKa 

( I• I 1 .... 
12 

'lacttuy, 

·I 
• Af3a -+ 0 ) 1 TO COCT&BJIYIO CRCT&M)' MOlKHO paCCNOTpeTb Xalt TO'J&•JIYIO 

B cneny10meA paC50Te1 acnonb3y 11 nony'leBBbla BhlpalKeHRII nnH cjlopwcjlaxTopoa • • oCSoC5-

meaawx• nOTeBil&anos, Mbl RSY'lRN a&anRTR'Iecxae csolcTsa aMJinRTyll T {3a (ji ' , ' ) . 
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