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Summary 

The correlations between particles with 
small relative momentum q are considered. It 
is shown that the angular distribution of 
i in the CMS of these two particles is de
termined by the dimensions of the system 
which generates the particles (and not by 
the strong interaction radius) . 

Paragraph 2 deals with the two-pion inva
riant function in the frame of statistical 
theory. It is shown that the odd angular 
momentum invariant functions vanish for q .... 0 
(Eq. (3)). This results in the dependence 
of the invariant functions on q (Eq. (7)). 
Equation (10) gives this dependence expli
citly. This formula leads to the angular 
distribution (11) of q , for small q , which 
permits the radius of the system which gene
rates the pions to be estimated. Formula of 
the same structure can be obtained in the 
frame of multiperipherality (Eqs. (13), (18), 
(19)). The anisotropy of q depends here on 
the range R of virtual exchange particle 
(see Eq. (25)). Paragraph 4 demonstrates the 
same properties for resonance reactions of 
the (27) type. Main equations are the follow
ing: (34), (37) for the members of the same 
isomultiplets, (41) for a pair of unlike 
particles and (44) for a pair of particles 
with equal masses and large I q I • 

§I. BeeoeHue 

HacTOHII\aH pa6oTa nocBHII\eHa aHanH3Y .nayxqacTH'IHhiX 

KOppenHl.I,HH npH MallbiX OTHOCHTellbHbiX HMllYllbCaX 'laCTHl.l,. 

Mbi ucxo.nuM H3 ecTecTBeHHoro yTaep>K,neHHH, 'ITO npu 

cTpeMHII\eiicH K Hymo pa3HOCTH HMnynbCOB q = p
1 
-p

2 
,nayx

qacTH'IHaH cucTeMa po>K.naeTcH TOnbKO B S - cocTOHHHH I ecnu 

nocne.nHee He 3anpell\eHo KaKHMu-nu6o 3aKoHaMH coxpaHe

HHH/; BKna,n BCeX op6HTallbHbiX MOMeHTOB, OTnH'IHbiX OT 

Hyneaoro, "BbiMHpaeT" /.IJ:llH He'leTHbiX op6HTallbHbiX MOMeH

TOB TaKOe "BbiMHpaHHe" aBTOMaTH'IeCKH cne,nyeT H3 aHTH

CHMMeTpHH COOTBeTCTBYIOII\ero COCTOHHHH OTHOCHTellbHO 

nepecTaHoBKH ~ ':., P2 /. Ha 3Toii ocHoae B pa6oTe
111 

a 

npe.nene ManhiX q 6binH nony'leHhi npocThie H30TonuqecKue 

cooTHoweHHH Me>K,ny ,nayxqacTH'IHhiMH cTpyKTYPHhiMH IPYHK

U.HHMH .IJ:llH nap 'laCTHl.l, H3 O.IJ:HOrO H TOrO >Ke H30TOllH'IeCKO

ro MynhTHnneTa. B §2 6y,neT npo,non>KeHo o6cy>K,neHue 3Toro 

aonpoca a paMKax cTaTHCTH'IecKoii Mo.nenu c coxpaHeHHeM 

H30TOllH'IeCKOrO CllHHa. 

O,nHoii H3 u.eneii cTaThH HBnHeTCH uccne.noaaHue xapaK

Tepa "BbiMHpaHHH" COCTOHHHH C OTHOCHTellbHbiMH op6HTanh

HhiMH MOMeHTaMH L =<:.. 1 . EcTeCTBeHHO nocTaBHTh aonpoc: .... 
npH KaKHX 3Ha'leHHHX q MO>KHO orpaHH'IHTbCH yqeTOM TOllbKO 

O.IJ:HOH S - BOllHbi? HanpaWHBaiOII\HHCH OTBeT, CBH3biBaiOII\HH 

KPHTH'IeCKYJO aenH'IHHY I q I c pa,nuycoM cunhHhiX B3aHMo

.neiicTBHii, B o6ll\eM cnyqae oKa3biBaeTCH HeBepHhiM. B paM

Kax KnaCCH'IeCKHX npe,ncTaBneHHH OTJ!OCHT_.enhHbiH MOMeHT 

KonuqecTBa ,naH>KeHHH ,nayx qacTHU. 'L = [ R, q], r .ne R -
paCCTOHHHe Me>K.D:Y TO'IKaMH, H3 KOTOpbiX 3TH 'laCTHl.l,bl 

BbllleTenH. ll03TOMY cne,nyeT O>KH,naTh, 'ITO BKna,n op6HTallb

HhiX MOMeHTOB L ~..:. 1 cTpeMHTCH K Hymo, e cnu I q I<< l:IR , a 

R - nuHeiiHhle pa3Mepbl o6nacTH reHepau.uu qacTHU.. KoHKpeT-
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Hble MO,I:{eJibHbie pacl.J:eTbl ITO.L{TBep)I(,I:{aiOT 3TOT BbiBO,I:{. Ba)I(HO 

no,I:{'IepKHYTL, 'ITO BeJIH'IHHa R MO)I(eT cymecTBeHHo npeBLI

waTL xapaKTepHbiH pa.L{HYC CHJibHbiX B3aHMO,I:{eHCTBHH 
r-11 m 

I TT 

"BbiMHpaHHe" COCTO.HHHH C HeHyJieBbiMH /B l.J:aCTHOCTH, 

C Hel.J:eTHbiMH/ op6HTaJibHbiMH MOMeHTaMH Henocpe.L{CTBeHHO 

BJIH.HeT Ha xapaKTep aHH30TpOITHH /aCHMMeTpHH/ B yrJIOBOM 

pacnpe.L{eJieHHH BeKTopa q_, npH q _, 0 . B § §3 H 4 6y.L{eT 

noKaJaHo, 'ITO HJyl.J:eHHe 3Toro yrnoBoro pacnpe.L{eJieHH.H 

MO)I(eT ,I:{aTb ITOJie3HYlO HHlPOpMaU.HIO 0 CTpyKType 06JiaCTH 

reHepau.HH. PaHee B pa6oTax /
2

•
3

•
4 1 

.L{JJ.H ou.eHKH paJMepoB 

R H BpeMeHH reHepaiJ.HH r npe,I:{naranocL Hccne,I:{oBaTL nap

HLie KOppeJI.HIJ.HH Me)I(,I:{y TO)I(,I:{eCTBeHHbiMH l.J:aCTHU.aMH C 

6JIH3KHMH HMITYJILcaMH. HH)I(e, aHaJIH3Hpy.H paJJIH'IHLie Me

xaHH3Mbl reHepaiJ.HH, Mbl YBH.L{HM, 'ITO B HeKOTOpbiX CJiyl.J:a.HX 

,I:{Jl.H 3TOH U.eJIH npHrO,I:{Hbi TaK)I(e H napbl HeTO)I(,I:{eCTBeHHbiX 

l.J:aCTHIJ.. 

§2. CmpyKmypHbte rPYHKIIUU 6 cmamucmu~ecKoil meopuu 

1. PaccMoTpHM peaKIJ.HlO: 

(I) (l) 
aM+bM,~> Am + Am'+X, /1/ 

(I) (I) 
B KOTopoB: BTOpH'IHLie qacTHIJ.bi Am H Am' OTHOC.HTC.H K 

O.L{HOMY H TOMY )l(e HJOTOITHl.J:eCKOMy MyJILTHITJieTy I I -Hx 

H30TOITHl.J:eCKHH CITHH, m H m'- ero npoeKU.HH/. Hac 6y.L{yT 

HHTepecoBaTL .L{ByxqacTH'IHLie cTpyKTYPHLie lPYHKU.HH 

f (-> -> 
mm' pI 'p2) 

6 
d _a ____ ' 

--- 3 -> w w 3-• d p 
I 2 d PI 2 

ycpe.L{HeHHLie no npoeKU.H.HM M H M' HJOTOITH'IeCKHX cnHHOB 
;II -> -> 

Hal.J:aJibHhiX l.J:aCTHIJ.. CorJiaCHO lPYHKU:HH f mm' (PI ,p2) 
Bbipa)l(aiOTC.H c ITOMOII(blO K034J4JHU.HeHTOB Kne6wa - rop,I:{OHa 

qepe3 (2 I+ 1) HeJaBHCHMLIX noJIO)I(HTeJILHO onpe.L{eJieHHLIX 

lPYHKIJ.HH f i ( p1 , p2 ), OTBel.J:aiOIUHX pa3JIH'IHLIM 3Ha'leHH.HM 

ITOJIHOrO H30TOITHl.J:eCKOrO CITHHa j CIICTeMbl (A+A). B Ha

u6one e HHTepeCHOM l.J:aCTHOM CJiyqae TT- Me 30HOB 

4 

f ->-> f->-> 
++(pi ,p2)= 2(PI ,p2), 

f -> -> 1 -> -> 1 -> -> 
+O(pi ,p2)= T fi(pl,p2)+ 2f2(pl,p2)' 

/2/ 
f ->-> 1 ->-> 1 ->-> 1 ->-> 

+ _( P 1 ' P 2 ) = T fo ( PI , P 2) + 2 f I ( P 1 , P 2) + 6 f 2 (p 1 , P 2) , 

->-> 1 ->-> 2 ->-> 
f oo (PI 'P2) = ) f o<Pl' P2) + 3 f 2 ( P1 'P2) · 

BBH.L{y CHMMeTpHH ITOJIHOH BOJIHOBOH lPYHKIJ.HH CHCTeMbl .L{BYX 

ITHOHOB COCTO.HHHe C j = 1 COOTBeTCTByeT Hel.J:eTHOMy op6H

TaJibHOMY MOMeHTy. Il03TOMY 

l~m f I (pI , ~ ) = f I (p , p) = 0, 
q->0 

/3/ 

T.e. ITpH q->_, 0 COOTHOWeHH.H /2/ nepeXO,I:{.HT B 

f + + ( p->' p ) = f 2 ( p :p ), 

f ,_._.) 1 f (->->) +0\p,p = 2 2 p,p , 
/4/ 

->-> 1 ->-> 1 ->-> 
f+_(p,p)= T f o<P ,p) + 6 f2 (p,p), 

->-> 1 ->-> 2 ->-> 
f oo ( P, P) = 3 f o< P, P) + 3 f 2 ( P, P). 

113 /4/ CJie,I:{yeT TaK)I(e, 'ITO 

f++ (p,p)=2f +0 (p,p), 
7---+ -)-) ~---+ 

f 00 ( p' p) = f + 0 (p 'p) + f +- ( p' p) . 
/5/ 

2. Pe JyJILTaTLI /2/-/5/ He CB.HJaHLI c MO.L{eJILHLIMH npe.L{

CTaBJieHH.HMH. PaCCMOTpiiM Tenepb CTaTHCTHl.J:eCKYlQ MO,I:{eJIL, 

B paMKaX KOTOpOH MO)I(HO rOBOpiiTb 0 COBOKYITHOCTH 60Jib

WOrO l.J:HCJia He JaBIICHMbiX O,I:{HOl.J:aCTIIl.J:HbiX IICTO'IHHKOB, H3-

Jiyl.J:aiOII(HX TT -Me 30Hbl C BepO.HTHOCTblO, He JaBHC.HII(eH OT 

3HeprHH H HanpaBJieHII.H BLIJieTa
151 . B 3THX ycnoBH.HX npH 

5 



,IJ.OCTaTO'IHO 6onhlllHX 3Ha'leHHHX I q I ,IJ.ByxqacTH'IHhie cTpyK

TYPHhie !jlyHKU.HH He JaBHCHT oT 3HaKoB 3ap.H,Il.OB rr -Me30HOB, 

T.e. ace OHH paBHhi O,IJ.HOH H Toil )l(e tPYHKU.HH f(p~ ,p2 ). OT

CIO,IJ.a C y'leTOM paBeHCTB 121 CJie,IJ.yeT TaK)I(e, 'ITO 

f 0 ( P, ' p 2) ~ f I (pl' p2) = f 2 (PI' p 2) = f (p-> 1 ' p 2 ) . 161 

IlepeH,IJ.eM Teneph K o6JiaCTH O'leHh MaJihiX 4- HMnyJihCOB 

q _c! q 0 ,q l. B paMKax paccMaTpuaaeMoil MO,IJ.eJIH .Il.BYX'lac

TH'IHhie CTpyKTypHhie tPYHKI.I,HH HeTO)I(,!leCTBeHHhiX nHOHOB 

no'ITH He 3aBHCHT oT q . Cne,IJ.oaaTeJihHO, B lllHPOKOH o6-

nacTH 3Ha'leHnii: q , B TOM 'IHcne H npu MaJihiX I ql, cnpaae,IJ.

JIHBbl paBeHCTBa 

ftO(pl ,p2 )~f~_(pl ,p2)=f (p ,p), 16 I 

r.ue pc(pl+p~)/2,. B TO )l(e apeMH npuq-•0 CTPYKTypHa.H 

tPYHKI.I,H.H I (p
1 

,p
2

) ,IJ.OJI)I(Ha "BbiMHpaTh", H :no Tpe6o-

BaHHe Ha,IJ.O COBMeCTHTb C 6e3MO,IJ.eJihHhiMH paBeHCTBaMH 121 
u MO,IJ.eJibHhiM ycJIOBHeM 16 'I. JlerKo y6e,IJ.HThCH, 'ITO 3a,IJ.a

qy pelllaeT !jlopMyna 

-l - ~ 'lo )' j "' 
fi (pl,p2),-,f(p,p)[1 \ (-1) i\(q,q()) l, 171 

B KOTOpOH !\ (0,0) = 1 H f'1-• 0 npH ,Il.OCTa TO'IHO 60JihlllHX q H 

q
0 

• 'for,IJ.a npH 60Jihlll_HX q_, H q
0 

BhlllOJIHeHhl paBeHCTBa 161, 
a npu yMeHbllleHn .. u I· c(l H q 

0 
tPYHKU.HH f 

1 
( p'

1 
, p

2
) • 0. KpoMe 

Toro, npu MaJihiX q H q 
0 

nonyqaeM 

f' -1 C p, P) = f o o < P, P) =· 2 f ( P , 'r) , I 6 ''I 

T. e. ,IJ.JIJI nap TO)I(,Il.e CTBeHHhiX nHOHOB ,IJ.BYX'laCTH'IHble CTpyK

TypHhie !)JyHKU.HH B ,IJ.Ba pa3a 6oJihllle CTPYKTYPHhiX tPYHK

u.uii: )J.JI.H nap HeTO)I(,Il.eCTBeHHhiX nHOHOB, a TaK)I(e ,IJ.JI.H nap 

TO)I(,IJ.eCTBeHHhiX nHOHOB B KOH!jJHrypal.I,H.HX C CHJihHO pa3JIH'la-

1011\HMHC.H HMnyJihCaMH. 

TaKoe Y.Il.BOeHne Henocpe,IJ.CTBeHHO CB.H3aHo c HHTep!)Je

peHU.HOHHhiMH .HBJieHH.HMH, no,IJ.p06HO paCCMOTpeHHhiMH B pa-

60T ax 12 ,3,4/. TaM )l(e 6hiJIO noKa3aHo, 'ITO !)JyHKIJ,HH ~ , 

onpe,IJ.eJIHIOII.J,a.H noBe,IJ.eHHe naphl TO)I(,Il.eCTBeHHbiX nHOHOB, o6-

paiiJ,aeTCH B HYJih npu I q i » 1/R , r,IJ.e R - JIHHeHHhie pa3-

6 
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u;eHTpa Mace paccMaTpHsaeMoii: napLI qacTHIJ; • .D:nH aHaJIH3a 

:noro BOITpoca Ha,D;O 3HaTb HBHbiH BH,D; cPYHKIJ;HH i'l (q, q O) , 

KOTOpbiH MO:>KHO HaHTH TOJibKO B paMKaX OITp6,D;eJieHHbiX MO

,neJibHbiX npe.n;ITOJIO:>KeHHH. lfMeH u;eJiblO TOJibKO no.n;qepKHYTb 

OCHOBHYIO MbiCJib, Mbl paCCMOTpHM npe.n;eJibHO npOCTYIO MO

,D;eJib. flpe.n;cTaBHM ce6e 06'beM, B KOTOPOM ITpOHCXO,D;HT 

reHepaiJ;HH 'laCTHIJ;, B BH,D;e 06JiaKa HeiTO,D;BH:>KHbiX HCTO'IHHKOB, 

KOTOpbie B036y:>K,D;aiOTCH B O,D;HH H TOT :>Ke MOMeHT BpeMeHH 

H HCITYCKaiOT 'laCTHIJ;bi, B ,naJibHeHWeM He B3aHMO,D;eHCTBYJO

IIJ;He. flyCTb pacnpe,neJieHHe HCTO'IHHKOB B npOCTpaHCTBe 

xapaKTepH3yeTCH cPYHKIJ;HeH raycca 

.... --> 2 
p ( r ) - exp ( - r / 2 a 2 ) . 

/6l 
Tor,r~;a, KaK noKa3aHo B 

tl ( <i, q o)= 
exp (- a 2 <}2 ) 

2 
lt(q 0 r) 

/9/ 

r.n;e T - cpe.n;Hee BpeMH :>KH3HH HCTO'IHHKOB. B CHCTeMe He

ITO,D;BH:>KHbiX HCTO'IHHKOB yrJIOBOe pacnpe,neJieHHe BeKTOpa 

q H30TpOITHO, 'ITO HBJIHeTCH CJie,D;CTBHeM ccllepH'IeCKOH CHM

MeTpHH pacnpe.n;eneHHH p ( r) . .lJ:pyraH KapTHHa 6y.n;eT B 

CHCTeMe u;eHTpa MaCC ,D;BYX TO:>K,D;eCTBeHHbiX ITHOHOB. B HeH 

p1 + p2 = 0 , q 0 = w 1 -w 2 =0H cPYHKUHH l'l(q ,q 0 ) c yqeTOM 

npeo6pa3oBaHHH JlopeHu;a HMeeT BH.n; 

tl ( q, O) = exp [- a2 q~-_ v 2 y 2 a 2( q ;) 2 ] 
1 + v2y2 r2(qn)2 -----. /10/ 

--> .... 
3.n;ecb V = V 0 - CKOpOCTit HCTO'IHHKOB B CHCTeMe ITOKOH 

napbl qaCTHIJ;, Y = (1- v 2 )-'h_ - COOTBeTCTBYIOIUHH JIOpeHU

cPaKTOp._,lf3 COOTHOWeHHH /7/ H /10/ CJie.n;yeT, 'ITO npH 

MaJibiX q yrJIOBaH KOppeJIHIJ;HH Me:>K.n;y q H 0 OITHCbiBaeTCH 

cPOPMYJIOH 

f++ = £00 - 1- (1/2)q2 v 2 y 2 (a2 tr
2

)cos
2 

f), /ll/ 

B KOTOpOH BeJIH'IHHa 

8 

.. 

R = v y ( a2 + r 2 )'h. /12/ 

HMeeT CMbiCJI 3cPcPeKTHBHOH ,D;JIHHbl H3Jiy'laJOIIJ;eH CHCTeMbl. 

2. llepeB:.n;eM Tenepb K po:>K.n;eHHJO qacTHU c MaJibiMH oT

HOCHTeJibHhiMH HMITYJibCaMH ITO MYJibTHnepHcPepH'IeCKOH cxe

Me /pHC. 1/. TaKHe qaCTHIJ;bl MOryT B OCHOBHOM po:>K,D;aTbCH 

/KaK npaBHJIO, c MaJibiM ceqeHHeM/ JIHWb B coce.n;HHX y3nax 

MYJihTHnepHcllepH'IeCKOH necTHHIJ;hi. Bhi.n;enHH B aMnJIHTy.n;e 

peaKUHH A (p
1 

, p 2 , p) JIHWh Te cllaKTOpbi, KOTOpbie Ha 

.n;uarpaMMax 1a H 1B He cosna.n;aroT, MO:>KHO 3aiTHCaTb 

ch 
C a + -------

2 
, 

A(pl,p2,P)- (P--=_~)2-m2 (P-p2f - m /13/ 

r.n;e m - Macca o6MeHHOH qacTHIJ;hi. K03cPcPHUHeHTbi C a H 

Cb onpe.n;eJIHIOTCH H30TOITH'IeCKOH CTpyKTypoii: paCCMaTpH

saeMblX .n;HarpaMM. EcnH 1 H 2 - 6eccnHHOBbie To:>K,D;eCTBeH-

p 1 p 

P·P, l::fQ. 
11 P, 

P ·Pa ~G. 

PI pl 

P· P •. P. t -P-P.·P. 
4 z 

~Cl i6 
Puc. 1 

9 



Hble 'laCTHll;bl, K03qxpHIJ;HeHTbl C a H C b , O'leBH.U:Ho, COBIIa,LJ;alOT, 
HO B o61ll;eM cnyqae c af- ch ; O,LI;HH H3 HHX /HarrpuMep, cb I 
MO:>KeT 6biTb ,LJ;a:>Ke paBeH HyniO. 

Bae,LJ;eM o6o3uaqeuue p = (PI +P2 ) /2 ; TO.[,LJ;a PI =p+q/2 , 
p 2 ,~ p-q/2 . Bae,LJ;eM TaK:>Ke 4-aeKTOp Q=P-p. BenH'IHHa 
Q 2 = t < 0 ; rrpu 6nH3KHX pi up 2 oua rrpH6nH:>Keuuo paaua 

KBa,LJ;paTy rrepe,LJ;a'IH HMIIynbca OT y3na 1 K Y3ny 2. B HOBbiX 
0603Ha'leHHHX aMIInHTy,D;a 

_ Ca _ ~ 
P) -~ ---2- 2 A(pl ,p2, - (Q-q/2) -m 

cb 
(Q:q/2)2 _-;-2. 

2 
EcnH BenH'IHHa q O'leHb Mana, TO H3 1141 cne,LJ;yeT: 

C a-Cb Q 
A - 1- c~c b- m 2 +I t I 

a 

2 
A- 1 + _(Q.sl__ 

(m2 + It I) 2 ' 

2 
( Qq) l, 

A-Qq[1+{m2+1t1)2 

e cnu C a I ± C b ; 

ecnu ca = cb 

ecnu Ca=-Cb. 

1141 

1151 

1161 

1171 

C'IHTaH Macchi qacTHU 1 H 2 O,LJ;HHaKOBbiMH, HMeeM pq =0 , 
Tor,LJ;a B l}lopMynax 1151, 1161 u 117 I Mo:>KHo JaMeHHTb 
(Qq) H~ ( Pq). B cucTeMe u;euTpa Mace rra£bi ~ + 2 J?a3HOCTb 

3HeprHii: q 0 =w 1-w 2 =0 ; cne,LJ;oBaTenbHO, -Pq=Pi{= IP II qlcose, 

r,LJ;e e - yron Me:>K,LJ;y HarrpaBneHHHMH BeKTOpOB p H if. TaKHM 
o6pa30M, ,D;nH rrapbl HeTO:>K,D;eCTBeHHbiX 'laCTHIJ; B yrnOBOM 
pacrrpe,D;eneHHH BeKTOpa if B03HHKaeT aCHMMeTpHH. )l.eHCT
BHTenbHO, cornacuo 1151, 

I A12 c - c b I P II iL_ cos e. 7 a ___ _ 

-
1 

+ ~ 0 c b m2 + I t I 
a 

1181 

10 

~ 

1 

)l.nH TO:>K,LJ;eCTBeHHbiX 6eCCIIHHOBbiX 'laCTHIJ; C a =C b H aCHM
MeTpHH OTCYTCTByeT, HO HMeeT MeCTO aHH30TpOIIHH: 

2 p2 q2 2 
I A I - 1 + 2 ----- cos 0 

c m 2 +It I )2 1191 

XapaKTep acHMMeTpHu u aHH30TporrHH cHoBa orrpe,LJ;enHeTCH 
pa3MepaMu H3nyqarolll;eii: cHcTeMbi. Mbi ceii:qac y6e,LJ;HMCH, 'ITO 
4~BeKTOp 

2 
Q -> 

2 0 = I o , _2_Q __ l 
m2+ltl m2+ltl m2+ltl 

MO:>KHO CBH3aTb C BpeMeHeM :>KH3HH H ,D;nHHOH rrpo6era BHp
TyanbHOH qacTHUbi, yqacTBYIOIUeii: B o6Meue. Cne,LJ;yeT, rrpaB
,LJ;a, OrOBOpHTbCH, 'ITO 3TH IIOHHTHH He HBnHeTCH BIIOnHe 
O,LJ;H03Ha'IHbiMH. Y,LJ;oBneTBopuTenbHaH l}lu3H'IecKaH HHTeprrpe
Tau;uH B03MO:>KHa TOnbKO B ynbTpapenHTHBHCTCKOM cnyqae, 
KOr,LJ;a 

2 2 
Q o >> m t It I 

'2 ->~•2 2 
H Q =(P-p) >>m +ltl. 1201 

BpeMH :>KH3HH BHpTyanbuoii: lfaCTHUbi u;enecoo6pa3Ho orrpe
,LJ;ennb KaK T=l/lt-.Q 0 1. r,LJ;e ~Q 0 - pa3HOCTb 3Hepruii: pe
anbHoii: H BHpTyanbHOH lfaCTHU C O,LJ;HHM H TeM :>Ke HMIIynbCOM 
Q . Tor,LJ;a H3 paBeHCTB 

2 -> 2 2 ->2 2 
Qo-Q =-ltl, (Qo+i'lQo) -Q =m 

cne,LJ;yeT ~Q 0 -=.-

2Q T =---L-
m2+ It I 

m2 +It I 

2Qo 
, T.e. 

1211 

AuanorH'IHO ,LJ;nuua rrpo6era BHpTyanbuoii: qacTHUbl orrpe,D;e
n.ReTcH no l}lopMyne R= 1/lt-.Q 1. r,LJ;e t-.Q - pa3HOCTb 
HMIIynbCOB peanbHOH H BHpTyanbHOH lfaCTHU, neT.Rill;HX B Ha
rrpaBneHHH HMIIynbCa Q H o6na,LJ;al01ll;HX O,LI;HHaKOBOH 3uep
rueii: Q 0 . 

JlerKO BH,LJ;eTb, 'ITO IIpH BbiiiOnHeHHH ycnOBHH 1201 
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-~ 2 
Ill Q 1 = m +It I 

2IQ I /22/ 

TaKHM o6pa3oM, BbiJICHJleTCJI, 1.fTO 

~- )T, Rl*. 
m2 +-t /23/ 

CooTuorneHHH /15/- I 17 j MoryT 6biTh Terrepb JarrucaHbi !lJop

MynaMH 

C -C 
<\ ·- 1 1 a b ( -·> . - T c-:;-c- T q o - R q_,) . 

a b 
/24/ 

B CHCTeMe u.eHTpa paCCMaTpHBaeMOH rrapbl q 0 ~0 H 

1 ca-=-~~ Ii<I. A~1+-:rc+cb 
a 

/25/ 

llpu 1 qj « 1 /R K03lPlPHU.HeHT acHMMeTpHH /a .D.nH To')l(,ll;ecT

BeHHhiX qacTHU. - aHH30TpOIIHH/ 01.feHb Man, 1.fTO COOTBeTCT

ByeT "BbiMHpaHHlO" COCTOHHHH C HeHyneBhiMH op6HTaJibHbiMH 

MOMeHTaMH. 

* B ynbTpapenJITHBHCTCKOM cnyqae rrpo6er BHpTyanhHOH 
1.faCTHU.bl MO:>KeT CYlll.eCTBeHHO rrpeBOCXO.D.HTb pa3Mepbl o6nac

TH ee rrpocTpaucTaeuuou noKanuJaU.HH. B TO :>Ke apeMH, ecnu 

Q - rrpocTpaHCTBeHHOIIO.D.06HbiH 4-BeKTOp, CKOpOCTb V=R/T 

CTaHOBHTCJI 60Jibllle CKOpOCTH CBeTa. 3TO He IIpHBO.D.HT K ua-

pyllleHHlO IIpH1.fHHHOCTH, T .K. "uerrpH1.fHHHbiH 3d>4>eKT" COCTaB-

nHeT R-T =: -:l!L- Q~ 1 , a c TaKoH T01.fHOCThlO noKanHJauux 

m2 +It I 
1.faCTHI.J.bl IIpHHU.HIIHaJibHO HeB03MO:>KHa. 

12 

§4: YzAOBble pacnpeoeAeHuR e peaKfiURX 
C pe30HOHCOMU 

1. PaccMoTpHM peaKU.HlO 

a + b _, 1 +2 + 3, /26/ 

H.D.YII.J.YlO qepeJ yJKHe rrpoMe:>KyT01.fHbie peJouaucbi no .Il.BYM 

KauanaM: 

a+b-·1+r' . 
~--- 2 +3 

a+b->2+r 
I 

t- 1 + 3. 
/27/ 

llpe.D.IIOJIO:>KHM, 1.fTO 6eCCIIHHOBble 1.faCTHU.bl 1 H 2 BXO.D.HT B 

O.D.HH H30TOIIH1.fCCKHH MYJibTHrrneT, peJoHaHCbi r' H r 
B .D.pyrou. Tor.D.a 3$$eKTHBHoe ceqeuue peaKU.HH /26/ MO:>KHO 

Jarruca Th B BH.D.e 

Ca 
a - I 

m2 -m 2 + im r 
23 r r r 

ch 2 
+--------1 

m2 - m2 + im r 
13 r r r 

/28/ 

2 2 2 2 
3.D.e Cb ffi 13 = ( fl) + p 3 ) , 0123 = (p 2 + p 3 ) , m r H r r -

Macca H lliHpHHa pe30HaHCa, a K03lPlPHU.HeHTbl C a H C b 

orrpe.D.enxroTcH H3oTorruqecKo8 CTPYKTypou peaKU.HH. 

AuanorH1.fHbie $opMynbi crrpaae.D.JIHBbi H .D.JIH 34>«l>eKTHBHbiX 

Ce1.feHHH, OTHOCHII.J.HXCH K orrpe.D.eJieHHbiM 3Ha1.feHHHM H30TO

IIH1.feCKOro CIIHHa .Il.BYX1.faCTH1.fHOH CHCTeMbl 1+2 . HarrpHMep, 

B paCCMOTpeHHOH B IS/ peaKU.HH 

K +a-~ K+cp+a, ¢ _, K+K /29/ 

HMeeM .D.Ba TaKHX 3lPlPeKTHBHbiX Ce1.feHHH a0 H a1 , COOTBeT

CTBYlOII.J.HX H30CHHrneTy H H30TpHrrneTy CHCTeMbl (K+K) , 
IIpH1.fCM 

a -
0 

I 1 
2 .. 

"'23 -m~ + im r r r 

1 
m2 -m2 

13 

2 

+imrrr 
I, /30/ 
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.... .... 4 KOTOpa.Knpu Pt ,p 2 HMCCT CMbiCJI -uMnyJILCape30HaHca. 

Tor)J.a B COOTBCTCTBHH C 
17 •8 / MO)KHO 3anucaTb 

y =qorr -qf:, /36/ 

.... 
r)J.e T r - CpC)J.HCC BpCM.ll )KH3HH pe30HaHCa, C r - ero Cpe)J.

HHH npo6er. B CHCTCMC nOKO.ll napbl /1+2/ BCJIHquua y B 

<l>opMyJiaX /33/ H /34/ npHHHMaeT BH)J. 
.... 

y = -q ( =- 1 q II r r i cos e. ; 37 1 

B qacTHOM cnyqae peaKuuu /29/ <l>opMyna /30/ nocne uu

Terpauuu no x nepexo.IJ.HT B 

1 f (y) -1- ------. 
0 1 + ( q--> ( ) 2 

/38/ 

KaK u cJie.IJ.OBaJio O)KH)J.aTL, "BLIMHpauue" ueuyneBLIX op6u

TaJILHLIX MOMCHTOB H 3)J.CCb onpe)J.CJI.IICTC.ll pa3MepaMH H3-

JiyqaiOIIJ;CH CHCTCMbl /pacna,lJ.HbiM npo6eroM pe30HaHca/. TaKOH 

)KC pe 3yJILTaT nonyqaeTC.ll u B o6IIJ;eM cnyqae, KOr.IJ.a C a I= 
f- -!: C b · B COOTBCTCTBHH C 3THM xapaKTCp Y!:JIOBOrO pac

npe)J.CJICHH.ll TaK)KC onpe)l.CJIHCTCH napaMCTpOM C r • )l.eHCTBH-

TCJibHO, npH )l.OCTaToquo MaJibiX qfr 

~~--1 
dcose 

2 
+

rr 
Ca-s_ lqllfr 
-c~cb 

a 

1 cose. 

<l>opMyJia /34/ )l.aeT 

/39/ 

H3MCP.ll.ll K03<l><l>uuueHT npu cos e ' MO)I(HO onpe)l.CJIHTb BCJIH

quuy H HanpaBJICHHC fr · 
2. <I>OpMyJia THna /39/ HMCCT MCCTO H TOr)l.a, KOr)l.a qac

THUW 1 H 2 He BXO)J..IIT B O)l.HH H30TOnuqeCKHH MYJILTHnJICT 

u o6Jia)l.aiOT pa3HLIMH MaccaMH. B 3TOM cnyqae H3 .D.BYX 

KaHaJIOB /27/, KaK npaBHJIO, OCTaCTC.ll TOJibKO O)J.HH, Ha

npHMep, nepBbiH. 0THOCHTCJibHbiH HMnyJILC q OKa3biBaCTC.ll 

MaJILIM, CCJIH CKOpOCTH qacTHU Vl H ;2 6JIH3KH )J.pyr K )J.py

ry, T.e., CCJIH m 12 =s m1 +m 2 .HeTpy)J.HO noKa3aTb, qTo 3TO 

B03MO)I(H0 JIHllib npH 3HaqeHH.IIX MaCCblffiO CHCTCMbl qaCTHU 

1+2+3 , 6JIH3KHX K 

- 2 2 2 2 -l 
mo=[(ml+m2)mr+ml(mlm2+m2-m3)]m2. /40/ 
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HecMoTp.H Ha HepaaeHCTBo Mace qacTHU 1 H 2, $opMyJihi 1331 
H 1351 OCTaiOTC.H BepHhiMH, Ha,D,O TOJihKO IIOJIO:>KHTh B HHX 

C b=O, HCKJIIO'Ia.H TeM caMhiM B 127 I BTOP.OH KaHan. llo3TOMY 

$opMyrra 1391 ,D,JI.H yrrroaoro pacrrpe,D,erreHH.H B CHCTeMe 

IIOKO.H 'laCTHU 1 H 2 IlpHHHMaeT BH,D, 

_da 2 __. __. 
d cos e - 1 + -;; I q I I e r I cos o . 1411 

"BbiMHpaHHe" HeHyJieBbiX op6HTaJibHhiX MOMeHTOB H 3,D,eCb 

orrpe,D,errxeTc.H pacrra,D,HhiM rrpo6eroM pe3oHaHca f r. 

3. 11MeeTC.H JII060IIhiTHa.H B03MO)I(HOCTh 0606lUHTh pe-

3yJihTaTbl II. 1 Ha CJiy'laH 60JihiiiHX OTHOCHTeJihHhiX HMIIYJihCOB 

q . ,LJ;nx 3Toro B peaKUHH 127 I Ha,D,o oT6HpaTh TaKHe rraphi 

qaCTHU 1 H 2, KOTOpbie BhiJieTaiOT IlpH6JIH3HTeJibHO CHMMeT

pH'IHO OTHOCHTeJibHO IIJIOCKOCTH, OIIpe,D,eJI.HeMOH HMIIYJihCOM 

p
3 

H Ha'laJihHhiM HMrrynhCOM p__,
0

=p1 +P
2
+p

3 
, H, KpoMe 

Toro, Y.D.OBJieTBOP.HIOT ycrrOBHIO m
13

"' m23 = m r lrrpH 3TOM 

rrpe,D,rrorraraeTC.H, 'ITO m 1 =m 2 ; 6o'rree rro,D,po6HhiH aHaJIH3 
19' 

KHHeMaTHKH TaKHX nap CM. B . I.Tipe,D,CTaBJieHHe Ce'leHH.H 

B BH,D,e 1331 ,D,JI.H TaKHX IIIHpOKOyrOJihHbiX nap OCTaeTC.H Bep

HbiM, XOT .H pa3HOCTh HMIIYJJhCOB q -'PI-p 2 BCJIHKa. l.JTo6bi 

HCKYCCTBCHHO BBeCTH HeKOTOpbiH aHarror Marroro q , 0Tpa-

3HM HMIIYJibC p~ B IIJIOCKOCTH CHMMeTpHH (p~ , p :i), KaK 

B 3CpKaJie. 0Tpa)l(eHHbiH BeKTOp 

I>; 
__, 2 __, c·· __, 
p - _n Pin) 

I ---- 1421 
-· -~ l n = [Po • P3 . 

~2 

Jle:K<: y6e.D.HTbC.H, 'ITO \p}J =J p__,1 ! 
p

0 
p
1 

KpoMe Toro, 

' w I =W l p 0 p ~ 

2 2 2 2 •) -->--> 

m23 = (p2 + P3) = (Po -pi)= mo+ mj- 2 wou.'! + 2 PoPI 

2 2 2 ' 2-->->, mo +ml- wOw! + PoPI. 

AHarrorH'IHO 
2 2 2 -->--> 

m 13 = m o + m2 - 2 0 0 ° 2 + 2 PoP 2 · 

16 

C ->, -> 0 , 
HCTeMy oTc'leTa, r,D,e p 1 + p 2 = H w 1 =w 2 , noMeTHM 

v B * __, __, 
3Be3,D,O'IKOH. Be,D,eM pa3HOCTb q =P'l - p

2 
, KOTOpa.H B 

COOTBeTCTBHH C npOH3Be,D,eHHhiM CHMMeTpH'IHhiM OT60pOM 

OKa3biBaeTC.H Marroil; yron Me)I(,D,y q * H Po o6o3Ha'IHM e * . 
,lJ;JI.H BeJIH'lHHhl Y , Bhi'IHCJI.HeMOH B COOTBeTCTBHH C 1321, 
rrorryqaeM 

--> -->* 1-->*1 , ... *! q*po ___ q_ !Po cos() 
Y= -mr-- m rr 

r r r 
1431 

llO,D,CTaBJI.H.H 1431 B 1331 H HHTerpHpy.H flO X , llOJIY'IHM IlpH 

.D.OCTaTO'IHO MarrhiX Jq* I OKOH'IaTenbHhiH pe3yJILTaT: 

_ _j_q 1 2 C a - C b 
---- + d cos e *' -; -c--c-- A e * cos e * a+ b r 1441 

r,D,e A = !-Po I I IP:i + P 3 1 :. KoHcTaHTa, onpe,D,errxeMax 

reoMeTpHeil OIIbiTa(A-1), a Cr* =IP2* +P.;J/IqTr- pacrra,D,HhiH 

rrpo6er pe3oHaHca. TaKHM o6pa3oM, H J,D,ech yrrroaoe pac

npe,D,erreHHe orrpe,D,errxeTc.H paJMepoM H3Jiy'laJmueil cHcTeMhl. 
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