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B CBR3H C 60llhillHM HHTepeCOM K H3yt.IeHHIO COCTaBHhiX 

KBapK·napTOHHhiX MO,D,eneii 3lleMeHTapHhiX t.IaCTHU Ba:>KHOe 

3Hat.IeHHe npuo6peTaeT KBa3HDOTeHUHallhHOe ODHCaHHe/l .' 

B3aHMO,IJ,eHCTBHR penRTHBHCTCKHX CBR3aHHhiX CHCTeM. He· 
DOllh30BaHHe penRTHBHCTCKOrO o6o6~eHHR DOHRTHR O,IJ,HO· 

BpeMeHHOCTH npo,D,eMOHCTpHpOBano 3$<1JeKTHBHOCTh 3TOrO 

MeTO,D,a DpH ODHCaHHH <}lopM<}laKTOpOB COCTaBHhiX CHCTeM 

B TepMHHaX penRTHBHCTCKH • KOBapHaHTHhiX KBa3HDOTeH • 
/2/ 

UHanbHhiX BOllHOBhiX <}lyHKUHH , ' • 

llocne,D,OBaTellhHOe H3yt.IeHHe COCTaBHhiX CHCTeM Bhl3hi· 

BaeT OC06hiH HHTepec K penRTHBHCTCKOMY ODHCaHHIO CHCTeMhl 

Tpex B3aHMO,D,eHCTBYIO~HX t.IaCTHU. 

3$<1JeKTHBHOCTh KBa3HDOTeHUHaJ1hHOrO l10,1J,XO,IJ,a B peme

HHH illHpOKOrO Kpyra 3a,D,a'l pacceRHHH a,D,pOHOB npH BhiCO• 

KHX 3HeprHRX / 4 •5 / npHBena K DOCTaHOBKe H pemeHHIO COOT· 

BeTCTBYJO~HX 3a,D,a'l B CHCTeMe Tpex t.IaCTHU. TaK, B pa-

6oTaX I 6 ,7' 6hlno uccne,D,oBauo 3HKouanhuoe npu6nu:>Keuue 

B penRTHBHCTCKHX TpeXMepHhiX Tpext.IaCTH'IHhiX ypaBHeHHHX 

H DOJlyt.IeHO 3aMKHYTOe Bhipa:>KeHHe ,IJ,llH aMllllHTY.D.bi Bh!COKO· 

3HepreTHt.IecKoro pacceHHHH ua cna6ocBH3auuoH: ,D,Byxqac-

THt.IHoii CHCTeMe. , • 1 

3HKOHanhHhie MO,D,eJ1H B3aHMO,IJ,eHCTBHH qacTHU, ·La. a,D,e • 

KBaTHO nepe,D,aiOT OCHOBHYIO xapaKTepHCTHKY npouecCOB 

a,D,pOHHhiX CTOllKHOBeHHH npH BhiCOKHX 3HeprHRX: pe3KOe 

pa3rpauuqeuue npo,D,onhHhiX H nonepet.IHhlx cTeneueH: cao6o· 

,IJ,hl, orpaHH'IeHHOCTh nonepet.IHhiX COCTaBnHIOIUHX HMDYllhCOB 

H PH.D. ,11,pyrux caoiicTB. 

llpu paccMoTpeuuu npoueccoa ynpyroro u ueynpyroro 

B3aHMO,IJ,eHCTBHH COCTaBHhiX CHCTeM npHMeHHTellhHO K MHO· 

rot.IaCTH'IHblM npoueccaM CTaHOBHTCR He06XO,IJ,HMblM Y'IHTbl" 

BaTh CTeDeHH CB060,D,hl, CBR3aHHhle C B03MO:>KHhiM npo,D,Onh· 
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HbiM ,1:\BH)I(eHHe.M COCTaBJUIIOI.I.(HX BHYTPH COCTaBHOH CHCTe.Mbl, 

KOTOpoe XOTJI H ,1:\0llYCKaeTCJI B pa.MKaX 3HKOHaJibHOrO llpH-

6JIH)I(eHHJI, HO OCTaeTCJI llO,L\'IaC B HeJIBHOH $op.Me. 

Y<J:eT TaKHX 34>$eKTOB JIBJIJieTCJI Ba)I(HbJM npu H3y<J:eHHH 

.MeXaHH3Ma $par.MeHTaUHH B HHKJII03HBHOM OllHCaHHH B3aHMO

,L\eHCTBHJI COCTaBHbiX CHCTeM, y<J:eTe TaK Ha3b1Bae.Moro 

$ep.MH- ,1:\BH)I(eHHJI H OT ,IJ,a'IH BO B3aii.MO,L\eHCTBHH peJIJITHBHCT

CKHX .11,1:\ep H ,1:\p. 

B HaCTO.III.I.(eH pa6oTe llOKa3aHO, KaK HCXO,L\JI H3 pemeHHJI 

KBa3HnoTeuuuaJibHoro Tpex.Mepuoro TpexqacTH<J:Horo ypas-
t .... ! 

HeHHJI' '· MO)I(HO napa.MeTpH30BaTb 3TO llpO,L\OJibHOe ,1:\BH)I(e-

HHe B aBTOMO,L\eJibHOH $op.Me, npH<J:eM llOJiy'leHHble pe3yJib

TaTbl CnpaBe,L\JIHBbl ,1:\JIJI llpOH3BOJibHOH JIOpeHUeBOH CHCTe.Mbl 

OTC'IeTa. 

0T.MeTHM TaK)I(e,'ITOllOJiyqeHHOe3HKOHaJibHOenpe}:\CTaB

JieHHe B Tep.MHHaX llpHUeJibHOrO napa.MeTpa CTOJIKHOBeHH.II 

yKa3biBaeT Ha B03MO)I(HOCTb reo.MeTpH<J:eCKOrO TOJIKOBaHH.II 

ynpyrux H ueynpyrux MHoroqacTH'IHbiX npoueccos H 6y,L\eT 

llOJie3HO, B <J:aCTHOCTH, llpH H3y'leHHH JIBJieHHH $par.MeHTaUHH 

B napTOHHbiX MO,L\eJIJIX. 

PaCCMOTpHM CHCTe.My Tpex B3aHMO,L\eHCTBYIOI.I.(HX CKa

JIJipHbiX <J:aCTHU. IlyCTb m i , ! pi ! , ! q i ! , i = 1,2, 3 

MaCCbl H 4-HMllYJibCbl paCC.MaTpHBae.MbiX <J:aCTHU B Ha<J:aJib

HOM H KOHe<J:HOM COCTOJIHHH. COCTO.IIHHe CHCTe.Mbl 6y,L\e.M Hy

MepoBaTb HH,L\eKCOM a . a= 0 - COCTOJIHHe Tpex CB060,L\HbiX 

<J:aCTHU; a = i (i = 1, 2, 3) - COCTOJIHHe CB060,L\HOH i - TOH qac

THUbl H CB.II3aHHOH napbl ,1:\BYX ,1:\pyrHX <J:aCTHU. 

AMnJIHTY.L\Y nepexo,L\a f3-> a Tpex qacTHU 3anume.M B BH,L\e 

F~a =l611
3 f x+(pt)d~~A(P,~d;f3J, ,;')d;'x (~'), 

tJ (3{3 t-' t-' a a a aa 
/1/ 

-> 

r,L\e X a(B) (i.>) -
COCTO.IIHJi.ll a~) H 

ypasueuue.M I I 

172 -I 
Aaf3= -.. g 

1 0 

~Ba3HllOTeHnHaJibHa.ll BOJIHOBa.ll $yHKUH.II 

A - onepaTop nepexo,L\a, onpe,L\eJI.IIeMblii 

1 
(1- o ~ ) + 2 I A £ g 

0 
1£ 

Uf-' 17 f'l, f3 a 
/2/ 

1£- aMnJIHTY.L\a pacce.IIHH.II .L\BYX qacTHU B £-Toil ,1:\Byxqac-
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TH<J:Hoii no,L\cHcTe.Me ( 1 0=0). Mbl ucnoJib3yeM cTaH,L\apTuyro 

napa.MeTpH3auuro TpexqacTH<J:Hoii 3a,L\a<J:H. B qacTHOCTH, 

npu a =3 

-> .... 

~ = m2 PI - m J P 2 

3 m 
1
+ m

2 

-> 

;;! m3(PI+p2)-(ml+ID2) P3 p = ---- -=._ __ ..;:;...._....;:;_ __ 

3 mi+ m 2+m 3 

Heo6XO.L\HMO OTMeTHTb, 'ITO aMnJIHTY.L\a nepexo,L\a, onpe

,1:\eJieHHaJI paBeHCTBaMH /1/, /2/, He 3aBHCHT OT Bbi60pa 

cHcTeMbl OTc<J:eTa, T .e. 3anucaua ,1:\JI.II JII06oro npoH3BOJibHoro 

llOJIHOrO HMllYJibCa p Tpex <J:aCTHU. 

KaK y)l(e OTMe<J:anocb, B pa6oTe 171 6biJI paccMoTpeu 

CJiyqaii BbiCOK03HepreTH'IeCKOrO pacceJIHHJI Ha CJia60CB.II-

3aHHOM COCTO.IIHHH B CHCTe.Me neHTpa HHepUHH ( p = 0) 

H llOJiy<J:eH, B <J:aCTHOCTH, peJI.IITHBHCTCKHH aHaJIOr $Op.MyJibl 

rnay6epa. 

Pacc.MoTpHM ceiiqac peweuue ypaBHeHH.II /2/ B CHCTeMe 

C npOH3BOJibHOH llpO,L\OJibHOH KOMllOHeHTOH llOJIHOrO HMfl,Jib

ca, T.e. P=(P0 ,P~=0, Pz ). 113 pe3yJibTaToB pa6oTbl 17 H3-

BeCTHO, 'ITO TO'IKOe pellieHHe /2/ B 3HKOHaJibHOM llpH6JIH)I(e

HHH C y<J:eTOM CJia60CTH CB.II3H 34>$eKTHBHO CBO,L\HTC.II K HTe

paUHH BllJIOTb ,1:\0 11 nop.II,L\Ka no .L\BYX'IaCTH'IHbiM a.MllJIHTy,L\aM 

BHe MaCCOBOH llOBepXHOCTH H 3a.MeHe HX ,1:\0JI)I(Hbi.M o6pa30M 

Ha $H3H'IeCKHe a.MDJIHTY.L\bl pacce.IIHHJI. 

A =1 +1 + .!-(13lg0132 +132g T ), 
33 31 32 172 0 31 

/3/ 

r,L\e 
.... -> -> -> ' (2) -> -> -> -> ) 

T3 .(P,(p),(q))=o(p.-q.)w. 1
3

. (P.0 -w
1 
.• p

3
+pi .p.,q

1 
• 

I· J J J I I 

i,,· =1 2 , , w. =·tm2+ p2 
J v j i 

/4/ 
i =I ; 

s. 



H 

i a(_. ... 
2 go (P,(p),(!D)= pi-qi)o(p2-q ... 2) 

" 2 wiw2u)3(w I +w 2+w3-PO -if) 
/5/ 

BBe.IJ.eM peJIJITHBHCTCI<He OTHOCHTeJihHble HMllYIThChi .IJ.ITJI 

I<a>I<.IJ.OH .IJ.ByxqacTHqHOH llO.IJ.CHCTeMhi. 

P.. = (P
0
-w k ,p. +p. ) - 3HeprHJI- HMllYIThC k - TOH .IJ.Byxqac-

IJ I J 

THqHOH llO.IJ.CHCTeMbi. YqHTbiBaJI onpe.IJ.eneHHe nopeuq-npe

o6pa30BaHHJI /6ycTa/: 

- -> p2 
Aijpii = (yPi~ '0), = s 

' /6/ ij ij 

onpe.IJ.eiTHM 

k-> k-> 2 ' 2 2 
-· f. p. -c p. k pij r- mi-mi 

/7/ P .. = 
J I 1 J 

' f.=---
1 J 2 J 

2 yP.~ yP .. 
1 J 1J 

Tor.IJ.a peiTJITHBHCTCI<HH OTHOCHTeiThHhiH HMllYIThC k - TOH 

.IJ.ByxqaCTHqHOH llO.IJ.CHCTeMhi 

-> -> 
P • P .. 

-> i i 1 J -> ( 0, p ) = A .. ( , p ) , 
. ij 1! po ij 

/8/ 

ij 

T.e. 

-> 

ij 

(p... • P.. ) 
!j_ __ ~l 

Pfi (P~i + iPil) 
/9/ 

-> 
i> .. =1> .. 
_lj 1) 

p 

YqHThiBaJI onpe.IJ.eJieHHJI /6-9/, BhlllHWeM qneu ypaaueHHJI 

/7/, COOTBeTCTByK»QBH .II.BYI<paTHOMY pacceJIHHW C 

yqeToM nepexo.IJ.a Ha Maccooyro noaepxHOCTh. 

6 

§1. a= f3 = 3 

+ . + --> -> -> -> 

X (T31gOT32+l- 2 )X = J X_, _.(p2)dp2{T3I(s31'p1-q1-
P1 +p2 

-> -> -> -q ) 
(p +p3,pi 1 X 

-> ) 1 --
-> 2 ) -{p1+p3 pocpo +vPI3 

13 13 

(
-> -> ... --> ) 

--> -> -> -> q3+q2,p2-q2 -> ... 

X 

T32 (s32 ,p2-q2-{q3+q2) no (Qo y~) )uJ2(p2)w1(ql) 
.?3 23+ -+ 

-> -> 
2wl (q ... l)w2(p->~wiP --<{ I-p2)[w /if)+w2( p2)+w3(p_q I-p2)-PO-i(..] 

-J' ~ -:. -) 

( ) ... ... ... ... ( P3 +P2' P 2-q2) 
w2 q2 w1 ( p I)~12(s :J2 ,p2-q2 -(p3 + p2) ~ ) 

p~ (Pl
0
2 tV p32 ) 

+ ------ X 

2w. (p )w ( q )w ( P -p - q) [w (p->) +w ( q ) +w (P-i--<{ )-p-i~] 
II223 I 21122 3 I20 

x T31 ( s31 
->-> ->-> (q ... l+q3,pl-ql) -> -> 

,pi -q.-(q.+q3) _)!dq~ ... ...(q2). 

Qo (Qo Q2) q:tq 
13 I3 + V I3 I 2 

/10/ 

YqaThiBaJI, qTo Mhl paccMaTpHoaeM I q i -Pi I<< I Pi I , I qi ! , 
pa3JIO>I<HM 3HaMeHaTeJIH llO.IJ.hiHTerpanhHOrO Bblpa>I<eHHJI B 

/10/ c ToquocThiO .IJ.O naueiiHhiX qneHoB no I q 2 - p2! : 

ll"' 1 [ ( ~ q 3 (... _,) . ] -I 
--.... -- cui+~ +w3 -Po+ - -) q -p -1~ . /11/ 
2w3 (q3) w2 w3 2 2 
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C yqeTOM YCJIOBB.II CJia60CTB CB.II3B, paJ,IJ,eJI.II.II /9/ Ha npo

,IJ,OJibHLie B OODepeqHLie COCTaBJI.IIIO~Be OTHOCBTeJibHO p I
2 

, 

nonyquM orpaHuqeHB.II: 

->.l. 

IP l«mi2• 
I 2 • 

2 -> -> 2 
II yM +(P-q3) 

IP I< mi,2' I2 M 

/12/ 

r,IJ,e M - Macca CB.IIJaHHoro cocTO.IIHB.II. Tor,IJ,a, nepexo,IJ,.II 

B /11/ Ha MaCCOBYIO OOBepXHOCTb * B OCTaBJI.II.II B ~ JIB-

HeBHLie no qi 2 B lp2-q
2
1 qJieHLI, MLI nonyquM 

q2 q-->3 --> --> -I 
~I- [2w (-- -)(p --q ) -i ~;], 

3 w
2 

w
3 

2 2 
/13/ 

u aHanoruqHo ,IJ,JI.II BToporo JHaMeHaTeJI.II a /10/: 

.... .... 
P2 P3 (--> --> ) · ]-I ~ - [ ~ w (- - - ) p -q -.11; ' 

2 3 w
2 

w 
3 

2 2 /14/ 

T.e. 

.... -> 

~I +~2 ]!r__i - 0 [ ( _P1_ 
2w

3 
w2 

~)(p2-q2 )] 
w3 /15/ 

Ha ,IJ,aHHOM 3Tane y,IJ,o6Ho nepenucaTL Hawu BLipa)KeHB.II qepeJ 

nepeMeHHLie a HOBOM MacwTa6e. B qacTHOCTB, onpe,IJ,eJIBM 

HOBLie nepeMeHHLie, COOTBeTCTBYIOIQBe OpO,IJ,OJibHOMY ,IJ,BB)Ke

HBIO, B BB,IJ,e 6e3pa3MepHLIX OTHOWeHBB 

"'YpaaHeHBe Maccoaoii noaepxHOCTB a ,IJ,aHHOM cnyqae 
BMeeT BB,IJ, 

-+ 2 ........ 2 .... 2 ........ 2 
Po=w3(p3)+v'M +(P-p3)=w3(q3)+yM +(P-q3). 
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I 

I 

Piz y = --, 
xi = -p--' i Pz 

z 

qiz -> 
P =( P0 ,P.t ,Q, Pz ). /16/ 

i=l,2,3 

MLI noKa)KeM, qTo B ycnoBB.IIX JBKOHaJILHoro pe)KBMa /10/ 
eCTb ~YHKUB.II OOOepeqHLIX KOMOOHeHT OTHOCBTeJibHLIX BM

DYJibCOB, a JaBBCBMOCTb OT OpO,IJ,OJibHOrO ,IJ,BB)KeHB.II COCTaB

JI.IIIOIQBX 1,2 BHYTPB COCTaBHOB CBCTeMLI 6y,IJ,eT BXO,IJ,BTb aBTO

MO,IJ,eJILHLIM o6pa3oM qepeJ nepeMeHHYIO x * • KuHeMaTu

qecKue BHBapBaHTLI Ja,IJ,aqB B TepMBHaX /16/ OpBMYT BB,IJ, 

2 2 -> 2 
t-(p -q) =-s(x -y) -q, - 3 3 3 3 3-'-

2 2 2 
S = m3 M m3 + , __ + 

x3 l-x3 y3 

2 .... 2 
M +q3.l. 

1- y 3 

/17/ 
. ' 

.... 
r,IJ,e, He Tep.ll.ll o6~HOCTB, MLI noJIO)KBJIB p3 ""0 ; M - Macca 

CB.II3aHHOrO COCTO.IIHB.II CBCTeMLI /1,2/. bTMeTBM, qTO B3 

/17 I ycnoaue nonepeqHoCTB KBa,IJ,paTa noJIHoro nepe,IJ,aHHoro 

BMDYJibCa OJHaqaeT x 3 ""Y 3 • 

Onpe,IJ,eJIBM ceiiqac KBaJunoTeHUBaJib~IO BOJIHOBYIO ~YHK
UBIO CB.IIJaHHOrO COCTO.IIHB.II .IJ.BYX qacTBU J: 

.... .... x2 
E'1mx .... ....(p

2
)=x _. .... (p , ). /18/ 

p --> 00 pi+p2 (pi +p.j l. 2 J.. X I+X2 
12z 

HHBapBaHTHOCTb OTHOCBTeJibHO npo~TpaHCTBeHHLIX apa~eHBB 

OpBBO,IJ,BT K 

-+ x2 -> 
x< .... .... > (p2+ • --),x .... (p - ~(p +P .... ) ~ ) /19/ 

pi+p2.l. XI+X2 0-l. 2-l. X .t-X I 2 .l.' • f 2 XI+X 2 

*OTMeTBM, qTO aBTOMO,IJ,eJibHa.ll CTpyKTypa aMOJIBTY,IJ,bl 
pacce.IIHB.II B 3HKOHaJibBOM OpB6JIB)KeHBB He JaBBCBT OT 
BLI6opa nopeHueaoii cucTeMLI oTcqeTa. KoHKpeTHLiii BLI6op 
/16/ Ha onpe,IJ,eJieHHLIX 3Tanax JIBWL ynpo~aeT pacqeTLI. 
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YcnOBHC HOpMHpOBKH KBa3HDOTCHUHallbHOH BOllHOBOH ~YHK· 

UHH /18/ HMCCT BH,n 

+ -> ->-> ..... -+..2 2 I w I w2 X-> _,( p2 )x_, (p2 )dp2 = v (pl +P2J +M 
PI+ P2 PI +p2 

H OpH Bbl60pe nepeMCHHblX /16/ CBO,nHTCJI K 

I 
2 + -+ -+ )dp->2 fim p 12 I x(l-x) x_,_ Cp ,x)x .... (p...L,x dx=l. 

zo u.L l ol .!. 

/20/ 

/21/ 

Ilpa y'leTe onpe)J.eneHHJI /16/-/21/ 'laCTb MaTpH'IHoro 3lle

MeHTa aMDllHTYJJ.bi pacceJIHHJI /10/, COOTBCTCTBYIOIUaJI ,nBy· 

KpaTHOMY paCCCJIHHID B 3HKOHallbHOM OpH6llH~CHHH,OpHMCT 

CllCJJ.YID~HH BH)J,: 

2 ->-> ->) 
1(

2
)= I x: (p->2-l.,x)dp~.lPzdx2T31 ( 8 31 ,-p2l-+q2l+q3Lx 

0-L. 

• • )o(x 2 -y2)-
xT32 (s32 ,p2..1..-q2.l 2x3P?.I 

X p dq-> dy ~y -> ( q + yq
3 

'Y) = 
z 2.l. Z' 0 2l l + 

21Ti ----x 
2 

m 3 I pz 
22 ' 

2Pz X 3 

2 + -> -+ -> -+ -· 
= P I x ( p , x ) x ( p + k , x) d p d k l d x x 

z 2.1. 2 .1 l 2L 

(l-x3)21ri x-----m2 2 T ( s k ( '• ( :::.z- _"'_a_ 31 31 ' _)_+ 1-• 
X 2 2) 

) Ci 3 .Ln 32 < s 32 • x Ci 3 c k .1. ) • 

/22/ 2 X 3 

rJJ.e Mbl o6oJHa'IHllB 

10 

x2 
~ X 

l-x3 
=Y 

1- y 3 

H 

r 
I 
I .. 

q2J.+ rCi3 .L.=k .J.. +P2 .1. • 

HllH 

=.2.i..IS(k-> ,x)dkl dxT (s ,(1-x)q ++k.l)x /23/ 
,- ..!.. 3I 31 3 

qys 

rJJ.e 

x T (s.,xq
1
--k

1
), 

32 3z '3+ +-

-> 22 +-> -+-> 
S(k-l-,x)=(l-x3 )Pz Idp

21
x (p2 .l.,x)x(p2-\.+k.j.,x)-

- ~OpM~aKTOp CBJI3aHHOrO COCTOJIHHJI, OpH'ICM 

I _, M 2 
IS (0 .L.' x)dx = 

o mi m 2 
/24/ 

BLIDHIDCM TaK~e 'lllCH aMDllHTy,nbl, COOTBCTCTBYIOIUHH O)J.HO-

KpaTHOMY pacceJIHHID Ha CBJI3aHHOH CHCTCMe: 

+ ---) 4 -+-+ --+4~---) 

X T32 X =I w: .... (p2)dp2o(pl-qi)T32 (Po-wl,p2+p3,p2'~) x 

pl +p 2 

c )d-> qt (-> ) 
x wl P l q 2 -> -> q2 = 

ql+q 2 
/25/ 

2 2 -+ +-> -> -> ->1 
=- pz (l-x3) I dx dp2.J. (1-x)x (p2.J.'x)x(p2+-+xqJ.t,x)T32(s32'q3. 

CocTaBBM TenepL nonaoe Bblpa~eaae ,nnJI aMnnHTy,nLI nellexo-

JJ.a f3=a = 3 B 3HKOHanLHOM npa6na)KeHHH: x+ Ax= --3 F 
1617 

I -> -> 
F ( s , ~ 1 ) = 0 fl s (1.- X ) ~ .1. , X ) X dx f 13 ( s 13, ~ .L. ) + 

-> -> 
+S(x~.l. ,x)(l-x)dx f 23 (s 23 .~.L.)t + 

II 



-> -> + :1 -> 

16 
2 - J S (k I ,X )dk dx f 

1T q y s ..J.. j_ 31 
( s 13 ,(1-x)~l +kl)x 

.,. -> 

X f 32 ( S 32 , X ~ J.. - k.!... ) , 1261 

r~e T .. =-1- f. .. 
IJ 1677 3 IJ 

TaKHM o6paJoM, B napaMeTpHJau;uu 116,17 I nonyqeuua.a: 

aMUJIHTy~a pacce.HHH.H Ha CJia60CB.H3aHHOH CHCTeMe CO~ep

*HT B .HBHOM BH~e peJI.HTHBHCTCKOe npo~OJILHOe ~BH*eHHe 

COCTaBJI.HIOIQHX 1,2 CB.HJaHHOrO COCTO.HHH.H, UpH'IeM C y'leTOM 

Onpe~eJieHHH KHHeMaTH'IeCKHX HHBapHaHTOB :na JaBHCHMOCTL 

axo~HT B aMnJIHTy~y aaToMo~eJILHLIM o6paJoM. TeM caMLIM 

B 1261 Y'ITeH BeCL CUeKTp UO B03MO*HLIM COCTO.HHH.HM, OT· 

Be'laiOIQHM paJJIH'IHLIM X, UpHo6peTaiOIQHM TenepL CMLICJI 

~HHaMH'IeCKOH nepeMeHHOH. 0TMeTHM, 'ITO UpH CTaTH'IeCKOH 

JaMeue xi ->f1i , i=1,2 , r~e 11 i =mi/m 1 +m 2 -cooT

aeTCTBYIOIQHe npHBe~eHHLie MaCCLI ~BYX'IaCTH'IHOH UO~CHC

TeMLI, cJ>opMyna 1261 nepexo~HT B peJyJILTaT pa6oTLI 171. 

§2. a = 3 , fJ = 0 

PaccMOTPHM BJaHMo~eiicTBHe 6LicTpoii qacTHULI c coc

TaBHOH CHCTeMOH ~~BYX 'laCTHu;l, KOr~a B KOHe'IHOM COCTO.H

HHH BCe TpH 'laCTHIJ;LI HaXO~.HTC.H B CB060~HOM COCTO.HHHH 

lpaJBaJI CB.HJaHHOrO COCTO.HHH.HI. 

AMnJIHTy~a cooTBeTCTBYJQIQero nepexo.na a-> 0: 

9/2 ~ :! 
F0 = 6477 JA0 (P,p;p')dp'x(p'). 1211 

a a a a 

ECJIH COOTBeTCTBYIOIQHH HeynpyrHH cJ>opMcJ>aKTOp onpe~eJIHTL 
paBeHCTBOM 

-> 2 
S(k 4- ,x)=( 1-x3) Pz 

12 

P2z 
xo=--~ 

plz +P2z 

-> -> 3/2 
o(xo-x)x(p2tk..L. ,x)4 17 ' 1281 

i 
I 
L 
1 

1 

TO, nocne BLI'IHcneuuB:, auanorH'IHLIX cnyqa10 ynpyroro 

pacce.HHH.H Ha CJia60CB.H3aHHOM COCTO.HHHH B 3HKOHaJILHOM 

UpH6JIH*eHHH, HCKOMa.H aMUJIHTy~a paJBaJia UpHMeT BB~ 

-> -> 2 3/2 -> -> 
F03 (s,x,p '~ )=(1-x) p 477 I x(p +(1-x)~ ,x) X 

21 l 3' z 2l l 

~ --+ --+ --+ 
xxf 13 (s 13 .~, )+x(p +X~ ,x)(1-x)f

23 
(s 23 ,~ )+ 

4- 2l 1 1 

--+ --+ -+2 -+ -+ 

+ fx (p L +kl , x)dkl f (s ,(1-xMl +kl) x 
2 - 2 31 13 

1677 qys 

-> -> 

X f 32 ( S32; X~ 1 -k 1)}. 1291 

Ilo auanorHH co cnyqaeM ynpyroro pacce.a:uu.a: (a={J =3) pe

weuue 1291, COOTBeTCTBYIOIQee 3HKOHaJILHOMy UpH6JIB*eHHIO 

aMUJIHTY~LI BJaHMO~eHCTBH.H CO CJia60CB.H3aHHOH CHCTeMOH 

C paJBaJIOM B KOHe'IHOM COCTO.HHHH, UpH06peTaeT OU.HTL 

aaToMo~eJILHYIO cTpyKTypy no npo~OJILHOMY ~BH*eHHIO coc

TaBJI.HIOIQHX CHCTeMLI. 0TMeTBM, 'ITO ceiiqac cneKTp 3Ha'leHHH 

X B 1291 BOH~eT B Ha6JIIO~aeMLie Jcl><l>eKTLI ~JI.H COOTBeTCTByiO· 

IQHX ueynpyrux ceqeuuii. 

BocnonLJyeMc.a: TenepL JHKOHaJILHLIM npe~cTaaneuHeM 
~BYX'IaCTH'IHLIX aMUJIBTy~ ynpyroro pacce.HHB.H / 4/: 

-> 1 
f(q ) =- J 

J 217 

• -> -> 
Iq b 

e :..J.. f(b)d 
2b ' 

2 i f(b ) = e 
2 

i X (h) -1, 

1301 

H JanuweM cJ>opMyJILI 1261, 129 I ua .HJLIKe npuu;enLBoro na

paMeTpa coy~apeuu.a: b. TaK KaK ~ByMepuLiii cJ>ypLe-o6pa3 

aMUJIBTY~LI pacce.HHH.H CB.HJaH C COOTBeTCTBYIOIQBM KBaJB· 

noTeuu;uanoM x = f'V(z ,J))dz, npe~cTaBJieHBe 1301 onpe~e
JI.HeT UOBe~eHHe aMUJIBTY~LI yupyroro pacce.HHB.H B .JaBBCB· 

MOCTB OT auaJIBTB'IeCKBX CBOHCTB KBaJBUOTeHu;Bana KaK 

cJ>yHKIJ;BH OTHOCHTeJILHOH KOOp~BHaTLI ~BYX 'laCTHIJ;. 

13 



Y'IHTbiBa.R onpe,11,eneuue cllypbe- o6pa3a KBaJunoTeunuanh-

HOH BOTIHOBOH <llYHKUHH -> 

-> 1 i~b 
X ( p .L' x) = h J e X (b ,x)d 2 b 

' 

nepenuweM qacTh TpexqacTHlJHoii aMnnHTYJ1.hi ynpyroro pac

Ce.RHH.R, COOTBeTCTBYIOIUYIO ,IJ,ByKpaTHOMY pacce.RHHIO, B BH,IJ,e 
_.-. 

' -> i b t<. ' 
F(2) (A 

1 
,x)= f d 2 b- d 2 b, dx e _.. 

33 ~ ·2 

-+ 2 !x(b
12

,x)\ x 

/31/ 

X f
1
(b +X b )f (b•-(1-x)b ), 

12 2 12 

r,11,e f .(b) , i =1 ,2 - ,IJ,ByxqacTHlJHble aMnnHTY.IJ.hl pacce.RHH.R 
I 

H aae.n.euhl cne,IJ,yJOmue o6o3Haqeuus: 

_,. -+ _,. 

b =0-x)b t-Xb , 
I 2 

/32/ 
b =b 

-+ 

-h 
12 I 2 

b 
1 

, b 
2 

- HH.LJ.HBH,IJ,yanLHble npunenLHble napaMeTpbl Tpex ·· 

qaCTHlJHOB 3a,IJ,alJH, COOTBeTCTBYIOIUHe B3aHMO.LJ.eBCTBHIO qac

TH:Ubl 3 C COCTaBTIRIOJUHMH 1 ,2. AuanorHlJHO, .LJ.llR aMllllHTY.LI.bi 

pa3aana B 3HKouanLHOM npe.n.cTaaneHHH nony'IHM: 
.....,..--+ ;.~ 

2h!\,+ip b 
(2) _, _, 2.--> 2 -+ + 2~ 12 -+ 

F ( x,p 
1
,t-.

1 
)= f d-b d b e x(b ,x).x 

03 2..... +- 12 12 

xf
1
(b +xb

12
)f

2
(b-(1-x)b

12 
). /33/ 

0TMeTHM, 'ITO HHBapHaHTHOCTb OTHOCHTellbHO BpameHHH 

npHBO,IJ,HT K 3aBHCHMOCTH /31/, /33/ TOllbKO OT onpe,11,eneH

HblX KOM6HHaUHB npHUellbHblX napaMeTpOB CTOTIKHOBeHHR 

b1 H b2 • Ilpo3paquas reoMeTpuqecKa.R HHTepnpeTanus 

npe,IJ,cTaaneuus /31/, /33/ H ca.R3b c napaMeTpaMH ynpyroro 

,IJ,BYXlJaCTHlJHOrO pacceRHHR MOryT OKa3aTbCR none3Hb1MH 

1'4 

i 

1 

npu HJyqeHHH N-qacTHlJHblX 3a,11,aq npuMeHHTenLHO K npo

neccaM cllparMeHTaUHH B napTOHHOH MO,IJ,eJIH. 

TaKHM o6pa30M, B nonyqeHHOM 3HKOHaJibHOM peweHHH 

TpexqacTHlJHOH 3a,11,aqu pacce.RHHR ua cna6ocas3aHHoii cuc

TeMe B BH,IJ,e /26/, /29/ RBHblM o6pa30M yqTeHO peJIRTHBH

CTCKOe np0,11,0JlbHOe ,IJ,BH~eHHe COCTaBJIRIOIUHX BHYTPH CB.R-

3aHHOH CHCTeMbl. B CTaTHlJeCKOM npe,11,ene X -+ p. nony

qeHHble 'OPMYllbl nepeXO,IJ,RT B COOTBeTCTBYJOIUHe peweHHR 

pa6oTbl I I. Heo6xo,IJ,HMO no,IJ,qepKHYTL, 'ITO yKa3aHHble pe-

3yJILTaTbl nonyqeHbl Ha OCHOBe peJIRTHBHCTCKHX TpeXMepHblX 

KBa3HllOTeHUHaJibHblX ,YPaBHeHHH, T .e. BeT He06XO,IJ,HMOCTH 

HX llOCTynupoBaHHR 19 / HCXO,IJ,R H3 auanorHH C HepeJIRTHBHCT

CKOH cllopMynou r nay6epa H COOTBeTCTBHR p.-+ X • Oco6hlii 

HHTepec npe,11,CTaBJIReT npHMeHeHHe llOJIY'IeHHblX pe3yJILTaTOB 

K 3a,IJ,alJaM 0 CBR3aHHblX COCTORHHRX H B3aHMO,IJ,eHCTBHRX 

a,11,pOHOB B napTOHHblX MO,IJ,eJIRX. 

AaTophl Bblpa~aJOT rny6oKyiO 6naro,11,apuocTb B.P.rap

ceaauuwaunu, B.A.MaTaeeay, A.H.CucaKRHy, A.H.Taaxe

JIH,I1,3e 3a none3Hble o6cy~,IJ,eHHR. 
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