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S u m m a r y 

Some general properties of inclusive 
two-particle structure functions are studi
ed. The structure functions of 11+" + 1 17+17o 

etc. pairs are expressed in terms of the 
structure functions correponding to the to
tal isospin of the meson pairs (eq. (2)). 
The limiting case q = p .... 1 - p .... 2 .... 0 (where p 

1 
1 

p2 are momenta of two particles) is studied 
in detail. The consequences of general for~ 
mulae for the statistical model of multiple 
production are presented in §3 (eqs. (8) 

1 

(9) 1 )11)). The spin effects are considered 
in §4. The speed of vanishing the odd orbi
tal momenta states 1 when q_, .... 0 , is studied 
in § 5. This speed is determined by the 
dimensions of the meson-producing region. 
The result obtained is valid also for the 
resonant production of particles with small 
relative momenta ? ( §6). 

1. llepuaa qacn. HaCTOJIII(eii: pa6oTbl nocBJIII(eHa H3y'le

HHIO HeKOTOpbiX o6~HX CBOHCTB HHKn103HBHLIX CTpyKTYPHLIX 

clJyHKUHH ,ZJ;nJI nap TO~eCTBeHHLIX H HeTO>K.D;eCTBeHHLIX 'laCTHU 

llpH ManLIX OTHOCHTenLHLIX HMllynLcax. fiOCKOnLKy COCT.OJI• 

HHJI C He'leTHLIMH OTHOCHTenLHLIMH op6HTanLHbiMH MOMeH

TaMH aHTHCHMMeTpB'IHbl OTHOCBTenLHO nepecTaHOBKB HM-

nynLCOB .D;BYX 'laCTBU p 1 H p 2 , JICHO, 'ITO BKna,ZJ; 3THX 

COCTOJIHBH B .D;BYX'IaCTB'IHLie CTpyKTypHLie clJyHKUBH CTpe

MBTCJI K uyn10 npa q ~ r 
1

- p 
2 

_, 0 • KaK 6wno noKa3aHo u pa-

6oTe /
1
/, OTCIO.D;a, B 'laCTHOCTB, cne,ZJ;yeT, 'ITO B npe.ZJ;ene 

ManLIX q MO>KHO HallBCaTL pJI.D; npOCTLIX B30TOllH'IeCKBX 

COOTHOWeHHH Me~y CTpyKTYPHLIMH clJYHKUBJIMH, COOTBeT

CTBYIO~HMH KOMllOHeHTaM O.D;HOrO H TOrO >Ke H30MynLTH· 

nneTa. HH>Ke MLI npo.D;on>KBM. o6cy>K.D;euae 3Toro oonpoca 

B paMKax CTaTBC.TB'IeCKOH TeopBB. 

Bo BTOpOii: 'laCTH CTaTLH Ba OCHOBaH~ B30TOllH'IeCKHX 

COOTHOWeHHii: B pe3ynLTaTOB pa60T / 2• 3 HCCne.D;yeTCJI 

XapaKTep "BLIMHpaHHJI" COCTOJIHBH C He'leTHLIMH op6HTanL· 

HLIMH MOMeHTaMB llpB c6nB>KeHBB BMllynLCOB .D;BYX 'laCTBU. 

H3 o6~Hx coo6pa>KeHBii MO>KBO O>KB.D;aTL, 'ITO npH 3Haqe-

BBJIX I q I < < 1i I R , r .D;e R- naaeiiHLie pa3Mepw o6nacTH 

reHepaUHH 'laCTBU, OCTaeTCJI B OCHOBHOM TOnLKO S • BOnHa*. 

KoHKpeTHLie Mo.D;enLHLie pac'leTLI no.D;TBep~aiOT 3TOT ow

BO.ZJ;. 

* ,neii:CTBBTenLHO, B paMKaX KnaCCB'IeCKBX npe,ilCTaBne • 
HBH OTH1>CBT$nLHLIH MOMeHT KOnB'IeCTBa .D;BB>KeHBJI .llBYX 
'lacTBU L = [ R, p 

1
- p z1, r.D;e R -paccTOJIHBe Me~y Toq-

KaMB, 83 KOTOpLIX 3TH 'laCTBULI BLineTenB. 
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2. Cor nacHo /l I, .IJ;ByxqacTH'IHhie CTPYKTYPHhle <l>YHKUHH 

HHKJ1103HBHbiX ITpOI.I,eCCOB 

aM+ bM,--> A( T) A( Tl + , + 
rn m 

X Ill 

Bblpa>KaiOTCJI qepe3 ( 2T + 11 He3aBHCHMbiX ITOJIO>KHTeJibHO 

OITpe,IJ;eneHHhiX $yHKI.I,HH, OTBe'laiOll.I,HX onpe,IJ;eJieHHhiM 3Ha

'leHHHM nonHoro H30TOITH'IecKoro cnHHa t cHcTeMhl AA 
3.IJ;eCh T - H30TOITH'IeCKHii cnHH qacTHI.I, A , m H m' - ero 

npoeKI.I,HH; Ha'laJibHhle 'laCTHI.I,hl aM H b M, C H30TOITH'IeC-

KHMH npoeKI.I,HJIMH 1\1 H l\J' MOryT OTHOCHThCJI K pa3HhiM 

H30TOITH'IeCKHM MYJihTHITJieTaM, KOHe'IHble qacTHI.I,hl Am 

H A m, npe,IJ;ITOnaraiOTCJI OTHOCJill.I,HMHCJI K O,IJ;HOMY H TOMY 

>Ke H30TOITH'IecKoMy MYJihTHnneTy. 

B 3THX o6o3Ha'leHHHX o6ll.l,aH <l>opMyna HMeeT BH.IJ;: 

--> -+ ...- 1 MM ') -+ --> 
f ,( p 1' p 2 ) = ..... r mm , ( p 1' p 2 ) 

mm MM' 

t=2T t,m+m~2 
= ~ f t ( P 1 ' P 2) I C Tm , Tm'l 

t=O 

121 

r,IJ;e CTpyKTypHaH $yHKI.I,HH 

COOTHOIIIeHHeM 

( MM ') 
f , onpe,IJ;enHeTCH o6bi'IHhiM 

mm 

d 6 ( MM ') 

(MM)(_. _,. ) 
fmm' P1•P2 =wlw2 d3__. d3-+ 

p 1 p 2 

a , 
mm 131 

B cnyqae rr·Me30HOB I T = l, t = 0, 1, 2 I paaeHCTBa 121 
ITpHHHMaiOT BH,IJ;: 

f + + ( p 1 ' p-+ 2 ) = f -- ( p l ' p-> 2 ) = f 2 ( p 1 ' p--> 2 ) ' 

f + o<ij 1 ' f2) = f o ~ P1 • P .... 2) = f- o ( P 1 ' P 2 ) = f o - ( P .... 1 ' P_, 2) 

= ; f 1 ( p 1 ' p 2) + ~ f 2( p l ' p 2) ' 

f+_(p1,p .... 2)=f_+(pl ,p .... 2)= ~ fo<P1•P .... 2)+ ~fl(P1•P .... 2) + 

l f ( -> --> 
+62P1•P2), 

--> --> 1 -> --> 2 --> --> 
foo<P1•P2)=3fo(Pl•P2)+3f2(p1,p2) · 12'1 

4 

,l(nB nap K -Me30HOB I T = 1/2, t=O ,11 HMeeM 

£++ ( P 1 , P 2) = f oo< P 1, P .... 2) = f 1 ( P 1, p .... 2) 
12"1 

f+o<t>\.p ... 2) = fo+<P ... l'P-;)=; ro<P1·P2)+; £1<P1•P ... 2) • 

EcnH A - 6eccnHHOBhle qacTHI.I,hl, TO BBH.IJ;Y CHMMeTpHH 

ITOJIHOH BOJIHOBOH <i>YHKI.I,HH .IJ;BYX qaCTHI.I, BhiiTOJIHJieTCH paBeH· 

CTBO 

(-1)L = (-1) 2T + t 
' 

141 

r.IJ;e L - OTHOCHTeJIJ:,HhiH op6HTaJIJ:,HhiH MOMeHT CHCTeMbl AA, 
t - ee ITOJIHhiH H30TOITH'IeCKHH CITHH. llpH 3Ha'leHHJIX t = 2 'f - k, 

r.IJ;e k • .He'leTHOe 'IHCJIO, op6HTaJIJ:,Hble MOMeHThl npHHHMaiOT 

ueqeTuwe 3Ha'leHHH. KaK y>Ke roaopHnocL, B npe.IJ;ene 

p l -+ p 2 ( q-+0) BKJia,IJ; He'leTHhiX op6HTaJibHhiX MOMeHTOB 

HC'Ie3aeT; cne.IJ;oBaTenhHO, npH yKa3aHHhiX 3Ha'leHHBX non

uoro H30TOITH'IeCKOrO CITHHa 

lim f t (p 1, p-> 2 ) = 0 • lSI 
q-+ 0 

B 'laCTHOM cnyqae rr -Me30HOB npH p 1 -+ p 2 <l>YHKD.HH 

f l ( p 
1 

, p 
2

) -+ 0 , H OCTaiOTCJI ,IJ;Be He 3aBHCHMble $yHKI.I,HH 

£
0

(p 
1
,p

2
) H £ 

2
(p

1
.p 

2
) ,oTBeqaroiiJ,He H3oTonH'IeCKHM cnHHaM 

0 H. 2. 3TO npHBO,IJ;HT, KaK ITOKa3aHO B /l/, K COOTHOWeHHHM: 

lim f + + ( p 1 , P 2) 

q-+0 

2 lim f + o ( p 1 , P-+ 2) • 161 
-> 
q->0 

lim foo<P1•P2)= lim [£+0(pl'p2)+f+_(pl,p2)] • 

q-+0 q-+0 

16 'I 

,l(nB K -~e 30HOB npx q ... 0 
OCTaeTCJI JIHWh o,IJ;Ha (lyHKIJ,HJI 

paBeHCTBa lnpx q-+ 0 I: 

... -> ... 
wYHKD.HB fo( Pl 'P 2) -+ 0 , • 

f1<P1• P2) • 3To ,IJ;aeT 
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fK+K+(pi,p2)=fK°K 0 (pi,p2)= 2 fK+I('(pi,p2). 171 

Ilo.nqepKHeM, 'ITO paBeHCTBa 161 H 17 I OTHOCHTCH K cTpyK

TYPHbiM clJYHKI.J,HHM, ycpe.nnennwM no npoeKI.J,HHM H30Tonn

'lecKoro CnHHa Ha'lallbHbiX 'laCTHI.J, npu clJHKCHpOBaHHOH 3Hep

rHH, T.e. pe'Jb clJaKTH'IeCKH H,ll,eT 0 CYMMHpOBaHHH Ce'leHHH 

paJnwx peaKI.J,Hii. B cnyqae npoueccoB THna dd __, rrrr X, 
dd __, KKX u T.n., Kor.na H30Tonu'lecKHii cnnn naqanb-

noro COCTOJIHHJI paBeH Hymo, 161 H 171 CBJ13biBaiOT ,li,ByX

'IaCTH'IHbie cTpyKTYPHbie clJYHKI.J,HH y)l(e .nn11 o.nnoii H Toii )l(e 
HHKUI03HBHOH peaKI.J,HH. 

3. IlpHBe,ll,eHHble BbiiUe pe3ynbTaTbl He CBJI3aHbl C MO

,ll,ellbHbiMH npe.ncTaBnenHHMH. PaccMoTpHM Tenepb cTaTnc

TH'IecKyiO MO,ll,enb, B paMKaX KOTOpOH MO)I(HO rOBOpHTb 

0 COBOKYDHOCTH 6onbiUOrO 'IHCna He 3aBHCHMbiX O,li,HO'Iac

TH'IHbiX HCTO'IHHKOB, H3lly'laiOli.I,HX TT -Me30Hbi C BepOHT

HOCTbiO, He 3aBHCHll.l,eH OT HX 3apJI,lJ,a H cna6o 3aBHCHll.l,eH OT 

3Hepruu u nanpaBnenuH BbmeTa. Tor.na .li.BYX'IacTH'IHbie 

CTpyKTYPHbie clJYHKI.J,HH f +0 (pi , p 2 ) H f + _ ( p J , p' 2) 

paBHbi ,ll,pyr ,ll,pyry, H HX, B nepBOM npH6UH)I(eHHH, MO)I(HO 

C'IHTaTb cna6o 3aBHCJili.I,HMH OT pa3HOCTH q = pI - p 2 . 
qTO KacaeTCJI CTPYKTypHbiX clJYHKI.J,HH f + + (pI, r' 

2
) 

H f O O (pI , p 2 ) , , TO OpH ,li,OCTa TO'IHO 60llbiUOM pa3UH'IHH 

B paCCMaTpHBaeMbiX HMnynbCaX OHH TaK)I(e COBDa,ll,aiOT 

c f+o (pi•P2) u f+_(PI·P'2), T.e. 

f (--> --> ) - f (--> --> ) - f (--> --> ) -
++ pi,p2 - 00 pl,p2 - +0pl,p2- f +- (pI 'p 2) 

181 
O.nnaKo .nnH O'leHb 6nHJKHx HMnynbCOB, Kor.na q --. 0 , 
CDpaBe,li,UHBbl 6e3MO,ll,ellbllble paBeHCTBa 161 H 16 'I, H3 
KOTOpbiX cne.nyeT, 'ITO 

f+Jfi\,p2) = foo<P'I.p2) = 2f+o<r--.l'i'2) = 2f+_(p,,p2) .18'1 

Y.nBoenue BenH'IHHbi .D.BYX'IacTH'IHoii CTPYKTypnoii clJYHKI.J,HH --> --> 
TO)I(,ll,eCTBeHHbiX 'laCTHI.I, OpH p] --> p 2 , no CpaBHeHHIO C ee 

3Ha'leHHeM ,ll,llJI KOHclJHrypai.J,HH C CHllbHO pa3nH'IaiDli.I,HMHCH 

HMiiynbCaMH, CBJI3aHo C HHr'epclJepeHI.J,HOHHbiMH'. JIBneHHHMH,--

6 

no,npo6no paccMoTpeHHLIMH B pa6oTax 
12

-
41 

• TaM :>Ke ... 
noKaJano, 'ITO o6nacTb Manwx q, B npe.nenax KOTopoii 

HMeeT MecTo 3aMeTnoe yBennqenue CTpyKTypnwx clJynKJUIH 

f ++ ( p l, p 
2

) H f O O ( p l, f 
2
) , Onpe.nenJieTCJI nHHeHHLIMH pa3-

MepaMH H3nyqaro~eii cacTeMLI I eM. TaK:>Ke HH:>Ke n.n. 5 H 61. 
H3 conocTaBneHHJI 12 'I c paBeHCTBaMH 181 H 18 '/ BLITeKa-

eT, 'ITO npH 6om.max 3Ha'leHHJIX I q I BXO.D;Hll\lle B 121 
ci>YHKI.J,HH f J (PI • P-> 2) • f l (pI' P-> 2) H f 2( p l' P_, 2) 
paBHbl _p;pyr ,npyry H cna60 3aBHCJIT OJ ~a3HOCTH <i. , --> 
a npH q--> 0 CTPYKTypuwe ci>YHKI.J,HH fo(PI•P2) H f2(PI•P2) 
y,nBaHBaiOTCJI, B TO BpeMJI KaK f I (pI, p 2) -> 0 · )J;nJI nap 

K.-Me30HOB auanorH'IHbiM o6pa30M y6e)I(,D;aeMCJI, 'ITO B paM-

KaX cTaTHCTH'IecKoii Mo.nenn npn 6onbliiHX I q I clJyHKI.J,HH 

f 1 ( p 1 , p 2) H f 
0 

( p 1, p 2 ) , paBHbl ,npyr ,npyry, a npa q__, ..... 0 
CTpyKTypuaJI ci>YHKI.J,HJI f O ( p 1, p--> 2 ), OTBe'laJO~aJI He'JeTHbiM 

op6HTanbHbiM MOMeHTaM, HC'Ie3aeT, B TO BpeMJI KaK clJyuK

I.J,HJI f l ( p l, p 2 ) y,nBaHBaeTCJI. 

Ecna oT rr-H K -Me30HOB nepeiiTH Tenepb K npoH3BOnb

HbiM 6eCCllHHOBbiM qaCTHI.J,aM, OTHOCJI~HMCJI K 3apJI,li,OBOMY 

MynbTHnneTy c H30TODH'IeCKHM cnauoM T,To KapTHHa ocTa

eTcJI llpHMepHO TaKOH )Ke. )J;nH CHnbHO pa3nH'IaiO~HXCJI 

HMnynbCOB BCe clJyHKI.J,HH f t (pI , p 2 ) COBna,naiOT, T. e. 

Bblpa)KaiOTCJI O.D;HOH H TOR )Ke clJyHKI.J,HeH f( p I , p__, 2 ) , cna6o 

3aBHCJili.J,eH OT q . Tor,na H3 COOTHOWeHHJI 121 cpa3y cne

,nyeT, 'ITO llpH ni06biX H30TOllH'IeCKHX npoeKI.J,HJIX m H m 

CTPYKTypuaJI clJyuKI.J,HJI 

f m m ' ( P l' P-> 2) = f(p I' P 2) ' 191 

llOCKOnbKY BCer,na cnpaBe,nnHBO HOpMHpOBO'IHOe COOTHOme-

HHe 

2T t ,m + m' 12 = 1 • 
I I CTm ,Tm' 
t=O 

O,nuaKo, cornacno 151, clJyuKI.J,HH f 1 ( p l' p__. 2) , cooTBeTCTByro

~e TaKHM 3Ha'leHHJIM t, ,nnH KOTopwx cyMMa t + 2 T JIBnJI-... 
eTCH He'leTHbiM 'IHCnOM, npH q --> 0 06~TCJI B Hynb. 
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Il03TOMy B o6naCTH O'IeHL 6nH3KHX HMnynLCOB ~nJI ID06LIX 
MO:>KHO HanucaTL 

-> .... 2T+ t ........ 
ft(PI•P2)=[l+(-l) Jf(pl•P2). /10/ 

Tor~a npu q .... 0 
Ha OCHOBaHHH COOTHOWeHHH /2/ ~nH 

COBna~aiOU{HX H30TOnH'IeCKHX npoeK~HB cpa3y MO:>KHO nony
'IHTL 

fmm (p l ,p .... 2) = 2 fCp l ,p 2), 

ecnu yqecTL, 'ITO npu He'IeTHLIX 3Haqeuusx CYMMLI t + 2 T 

K03~~H~HeHTW C~~~~m= 0 , C ~pyro:H CTOpOHLI, ~nHHe
COBna~aiOU{HX H30TOnH'IeCKHX npoeK~HB, KOr~a m #m ', HMeeM: 

2T , , 
f t-> ->) f(-> -> ) ..., t,m+m t,m+m 

Apl,p2= pl,p2 • .:., CT T'CT T' X m m t = 0 m, m m, m 

x [ l + (- l) t + 2 T ) = f( p-> l ' p 2 ) ll + 1T C Tt, m +Tm : CT t, m +Tm :( -l) t + 2 T j . 
t=O m, m m, m 

KaK H3BeCTHO, cnpaae~nuao paaeHCTBo 

C t,m+m'( ) t+2T Ct,m+m' 
, -1 = , Tm, Tm ~ Tm , Tm 

Il03TOMy OCTaBWaHCH CYMMa npBHHMaeT BH~ 
t = 2T. , 

L ct,m+m C t,m+m 
t = 0 Tm , Tm' Tm ', Tm 

H 06pamaeTCH B HynL H3-3a OpToroHanLHOCTH COCTOHHHB 

!'Im,Tm>u ITm',Tm>. Il03TOMY OKOH'IaTenLHO 

f m m ' ( P I ' P 2 ) = f( P l ' P~ ) 
HnH 

fmm'(pl'p .... 2)=; fmJpl,p2) /11/ 

MLI BH~HM, 'ITO B 06Cy:>K~aeMOB MO~enu npH q -> 0 ~Byx
'IaCTH'IHaH CTPYKTypnas ~YHK~HH TO)J(~eCTBeHHLIX qacTH~ 
B ~Ba pa3a 6onLwe CTPYKTypno:H ~YHK~HH ~ns HeTo~ecTaen
HLIX 'IaCTHIJ;, npHHa~ne:>Kall{Hx K TO My )J(e H30MynLTHnneTy. 

3aMeTHM, o~HaKo, 'ITO nocne HHTerpupoaanus /11/ no 

HeKOTOpOB ManoB o6naCTH HMnynLCOB B OKpeCTHOCTH mo-
-> 

6oro liJHKCHpOBaHHOrO HMnynLCa p MLI npHXO~HM K rut: 

8 

BeHCTBy 

'IaCTH~: 

'IHCna nap TO:>K~eCTBeHHLIX H HeTO~eCTBeHHLIX 

F {p)=F ,(p). mm mm /12/ 

Pa3nH'IHe Me:>K~y /11/ H /12/ CBH3aHO C TeM, 'ITO .lUIH 

TO:>K~eCTBeHHLIX 'IaCTH~ pe3ynLTaT HHTerpHpOBaHHH ~YHK~HH 
( .... .... 

f m m p 1> p 2 ) no nepeKpLIBalOUlHMCH HHTepaanaM HMnynLCOB 

p 1 H p 2 Ha~o pa3~enHTL nononaM /l /, ,ll;ns uenepeKpwaaro

UlHXCH HMnynLCHWX HHTepaanOB H3 /11/ cne~yeT, KOHe'IHO, 
COOTHOWeHHe 

F 
mm 2 F '· mm /12 '/ 

4. PaccMoTpHM TenepL CTaTHCTH'IecKyro Mo~enL .nns 
'IaCTH~ C OTnH'IHLIM OT Hyns CnHHOM s , IJpH ~OCTaTO'IHO 
6onLWOB pa3HOCTH HMnynLCOB BCe ~YHK~HH f t ( p l , p-> 2 ) 
coana~aroT, T.e. 

(
,. ~ -7> ~ ~ -7> 

f m m' pI ' p 2 ) = f mm ( p I ' p 2 ) = f( p I 'p 2 ) • 

Y'ITeM TenepL, 'ITO ~ns napLI qacTH~, - KaK 6o30HOB, TaK 

H ~epMHOHOB, - BXO~HU!HX B O~HH H TOT )J(e H30MynLTHnneT, 

cnpaBe~nHBO COOTHOWeHHe 

(-l)t+2T+S 
= (-1) L 

' 
r~e S - nonHWB CnHHOBLIB MOMeHT CHCTeMLI. EcnH He 

HHTepeCOBaTLCH CnHHOBWMH COCTOHHHHMH, TO ~nH ~BYX'Iac

TH'IHLIX CTPYKTYPHLIX ~YHK~HB, COOTBeTCTBYIOU{HX onpe

~eneHHLIM 3Ha'IeHHHM t, MO)J(HO HanHCaTL 

2s S 
£ = L 2 +l £ 

t 2 s t ' 
5=0 {2s+l) 

r~e f St - .CTpyKTypHaH ~YHK~HH C ~HKCHpOBaHHLIMH S H 

a MHO)J(HTenL npH BeD paBeH CTaTHCTH'IeCKOMy Becy co

CTOHHHH C CYMMapHLIM CllHHOM S , 
IlpH Manwx q B CHny "BLIMHpaHHH" COCTOHHHB C He

'IeTHLIMH op6HTanLHLIMH MOMeHTaMH 

£ = £ [ 1 + ( -l) t + 2 T + S ] 
St • /13/ 
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lJ03TOMY C yqeTOM/ 13/, B CJiyqae TO>K,IJ.eCTBeHHhiX 'laCTHU, 

f ( -> -> ) f( -> ... ) '£ ~ 2S + 1 t + 2T + s 
mm PI•P 2 = PI•P 2 5...:.. [1+(-1) ]x 

t ( 2s + 
t,2m 2 -> -> , 2S+1 

X I c T T I = 2 f( p l 'p 2 ) 2 . /14/ 
m' m S ( 2 s+ 1)2 

J.n.ecb 2' 03HaqaeT CyMMHpOBaHHe TOJibKO no 'leTHbiM S . 
3TO CBH3aHO C TeM, 'ITO, KaK y>Ke OTMe'laJIOCb BbiWe, 

K03ciJciJau,aeHTbl C \?;m Tm OTJIH'IHbl OT HYJIH TOJlbKO npa 

qeTHhiX 3Ha'leHHHx cyMMLI 2 T + t. Cne.n.oaaTeJILHO, 

f (-> -> (-> -> 
mm pl,p2)=f pi,p2) 2 s 

2 s + 1 " [ 1 + ( -1) s ], 
(2s+l) 

'ITO 3KBHBaJieHTHO I 14/0 ,l).JIH qacTau, c u,eJihiM cnHHOM 

2'(2S+l) =(2s+ l)(s+ 1), 
s 

a )J.JIJI 'laCTHU, C noJiyU,eJiblM CnHHOM 
l ' ( 2S + 1 ) = ( 2 s + l) s o 

s 
TaKHM o6pa3oM, .U.JIH 6o30HOB 

-> -> 2(s+l) -> -> 

f mm ( P l 'P 2) = f( PI 'P 2 ) ' 
2 s + ] 

B TO BpeMH KaK ,IJ.JIJI ciJepMHOHOB 

f m m ( ; l , P-> 2 ) 
2s -> _, 

2s + T f ( P I ' P 2 ) • 

/15/ 

/15 '/ 

06paTHMCH Tenepb K CTPYKTypHhiM ciJYHKU.HHM fmm' (;1,;2) 
npa mfm'. B 3TOM cnyqae npa MaJILIX I ql HMeeM 

( -> -> -> -> 2 S+ 1 t + 2T + S 
f m m , P l ' P 2 ) = f( P I' P 2 ) 2 L -( ---)2 [ 1 + (- l) ] x 

S t 2s+ l 

xl ct,m+m:l2=f(p ,p )! 2 '2S+l 2 [Ct,m+m'\2+ 
Tm, Tm l 2 S (2s+1)2 t Tm, Tm' 

+ 2 2 S+ 1 ( _ 1) S 2 C t, m + m :c t, m, + m 'l 
S (2s+l)2 t Tm,Tm Tm,Tm 

0 

10 

'I 
I 

I 

IlOCKOJibKY ~ 2 S + 1 = 1 ...:.. s " ' 
( 2 s + l) 

npaqeM nepBaH cyMMa no t 

TaK>Ke pasHa e.n.aHa.u,e, a BTopaH cyMMa no t , KaK y>Ke 

OTMe'laJIOCb BhiWe, paBHa HYJIIO, JICHO, 'ITO 

-> -> (-> -> 
f mm' ( P 1 ' P 2) = f P 1 'p 2) ' 

B pe3yJILTaTe nonyqaeTcH, 'ITO .U.JIH 6o30HOB npa q--.--. 0 
OTHOWeHae .U.BYX'IaCTii'IHbiX CTpyKTypHbiX ciJYHK.IJ,HB TO>K,IJ.eCT

BeHHhiX H HeTO~eCTBeHHbiX 'laCTH.IJ, 

fmm<P1•P2) l 
f (::,-,.-- = 1 + --- > l 
mm' PI 'P 2) 2 s+ 1 

a )J.JIJI clJepMHOHOB aHaJIOrH'IHOe OTHOWeHHe paBHO 

f (-> -> ) 
mm PI' p 2 

f ,(pl ,p2) mm 

l 
1----<l. 

2 s + l 

/16/ 

/16/ 

5. KaK Mhl y6e.n.anacb Bhlwe, B HeKOTOphlx cJiy'-laHx cy

I.IJ,eCTByeT npHMaH CBJI3b Me>K)J.y 3clJclleKTHBHbiMH Ce'-leHHJIMH 

06pa30BaHHJI nap TO>K,IJ.eCTBeHHbiX H HeTO>K,IJ.eCTBeHHbiX '-laC

THU,, npHHa,IJ.Jie>Kai.IJ,HX K O,IJ.HOMY H TOMY >Ke H30TOnH'-IeCKOMY 

MYJILTHnJieTy. 3To no3BOJIHeT BhiHCHHTh Bonpoc o xapaK

Tepe "BbiMHpaHHH" He'leTHbiX OTHOCHTeJibHblX op6HTaJibHbiX 

MOMeHTOB npH q-> -> 0 . 
Ha'-IHeM CO CTaTHCTH'-IeCKOB MO,IJ.eJIH, B paMKaX KOTOpoii 

.U.BYX'IaCTH'-IHble CTpyKTypHhie ciJyHKU,HH nap 77 -Me30HOB CBH-

3aHbl npa q--. 0 paBeHCTBaMa /11/. IloBe.n.euue CTPYKTyp

HhiX ciJYHKI.(HB ,IJ.JIH nap TO>K,eCTBeHHbiX nHOHOB H3y'laJIOCb, 

HanpaMep, B pa6oTax 13 • s . TaM 6LIJIO noKa3aHo, 'ITO 

f ( -> -> ) (-> -> -> -> 
++ PI•P 2 =f __ PI•P2)=foJ.PI•P 2)=C(l+-1(q)),/17/ 

r.n.e /1. ( q) - ciJYHKI.(HH 4-aMnyJILCa q = p J - p 2 , 06pall.(aiO-

I.IJ,aHCJI B e.n.HHHUY npa q= 0 a B HYJIL npa q--. oo • KoHKpeTHhlii 

BH,IJ. ciJyHKI.(HH t\ ( q) onpe.n.eJIHeTCJI BpeMeHeM >KH3HH B036y>K

,IJ.eHHOB CHCTeMbl r H ee reoMeTpH'IeCKOB CTpyKTypoii. 

Ecna, uanpaMep, pe'IL a.n.eT o paBHOMepuo cBeTHII.(eMCH 

wape pa.n.ayca R, TO 

II 
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2 2 -1 
L\ ( q) = I ( ql R /h )[ 1 + ( q 0 r/li) ] , /18/ 

r.ne qo - . pa3HOCTL 3Hepruii rr -MeJOHOB, ql - npoeKUHR 
-> 

pa3HOCTH HX HMnynLCOB q Ha HanpaaneHHe, nepneH.D;HKY-
nspHoe aeKTopy cyMMLI HMnynLcoa, a I ( x) = 2 J 1 ( x) I x , 
r.ne J 1 (x)- nepaas l}lyHKUHJI lieccens. Ecnu npocTpaHCTBeH

Has nnOTHOCTL HCTOqHHKOB onpe.D;enseTCR l}lyHKUHeii raycca 

1 X 2 y2 z 2 
exp [- - ( -- + - + -) ], 

2 a2 b 2 c 2 

To BMecTo /18/ cne.nyeT HanucaTL 

L\ ( q) = exp [ - ( q 2 a2 + q 2 b 2 + q 2 c 2 ) I h 2 ][ 1 + ( q 0 r t 1i ) 2 ] - l • 
X y Z . 

/19/ 

MHo>KHTenL C a /17 I, aoo6IUe roaops, JaBHCHT OT p 
1 

H 

p2 /cM., Hanp., IS /, HO HHTepaan HMnynLCOB, Ha KOTOpOM 

ero aenuquHa JaMeTHO HJMeHseTcs, y)Ke He casJaH c pa3-

MepaMH HJnyqaiOIUeii o6nacTH R H onpe.nenseTcs .npyrHMH 

li>aKTOpaMH, B qaCTHOCTH, - pa.D;HYCOM CHnLHLIX B3aHMO-

.D;eBCTBHB r = 1i /m rr c. EcnH B COOTBeTCTBHH c .nyxoM 

CTaTHCTHqecKOB TeOpHH cqHTaTL r << R, TO B HHTepecyiO-

IUeii Hac o6nacTH, Kor.na I q I = 1i/ R , aenuquHy C MO)KHQ 

nonaraTL KOHCTaHTOB. 

~nR HeTO)K.IJ;e CTBeHHLIX TT- Me 3 OHOB CTpyKTYPHLie l}lyHK-

UHH f+ O H f+- npH yCnOBHH cnpaBe.D;nHBOCTH CTaTHC-

THqeCKOB Mo.nenu a o6nacTH 1 q .... l = 11 1 R ocTaiOTcs nocTosH-

HLIMH H, Ha OCHOBaHHH /11/ H /17/, MO)KHO JanHCaTL 

f+ 0 (pJ , P
4 

2) = f+- ( p\, P4

2 ) = C • /20/ 

C .D;pyroii CTOpOHLI, H3 COOTHOWeHHB /2 '/ cne.nyeT, qTo 

f1(Pl'P .... 2) =2f+o<P1•P .... 2) -f++<P1•P .... 2), /21/ 

T.e. 

f l ( p-> l ' p-> 2) = c (1 - L\ ( q ) ) • /21 'l 

12 

. 

IlpH q = 0 l}lyHKUHR £1 ( p l, p ->2) = 0 , npH 6onLWHX q , KOr .D;a 

I q/ »iliR H I qo/ »fi/r,fl(pl,p-.2) = f 2(p-.I' P .... 2) = C 

lfHLIMH cnoBaMH, "BLIMHpaHHe" HeqeTHLIX OTHOCHTenLHLIX 

Op6HTanLHLIX MOMeHTOB onpe.nenseTCR He XapaKTepHLIMH 

paJMepaMH 11 I m rr c H .nnHTenLHOCTLIO i'i I m rr c 2 , a pa3-

MepaMH HJnyqaiOJ.Ueii CHCTeMLI H .D;nHTenLHOCTLIO npouecca 

HJnyqeHHs. 3aMeTHM, qTo .nns nap K -MeJoHoa cxo.nHLie 

paccy)K.D;eHHR TaK)Ke npHBO.D;RT K COOTHOWeHHIO /217, HO .D;ns 
HHKniOJHBHOB l}lyHKUHH f 0 ( p I• p-> 2), B TO BpeMs KaK HHKni0-

3HBHas l}lyHKUHR f l ( p-> l , p 2 ) OnHCLIBaeTCR paBeHCTBOM 
/17/. 

6. Ilony~eHHLIB TOnLKO qTo BLIBO.D; 0 xapaKTepe "BLIMH

paHHR" HeqeTHLIX op6HTanLHLIX MOMeHTOB cnpaae.D;nHB He 

TOnLKO B paMKaX CTaTHCTHqeCKOH TeOpHH; paccMaTpHBae

MidB KaK KaqecTBeHHoe yTaep)K.D;eHue, OH HMeeT o6IUee 

JHaqeHHe. ~ns unnrocTpauuu ero cnpaae.nnuaocTH paccMoT

PHM MO.D;enL, oqeHL .D;aneKyiO no CBOHM CBOHCTBaM OT CTaTH

CTHqecKoii, a HMeHHO - peaKUHIO COBMeCTHO ro o6pa3oBaHHJI 

6eccnHHoaoii qacTHULI H peJoHaHca, npu nocne.nyiOIUeM 

pacna.ne KOToporo nosanseTcs eiUe O.D;Ha qacTuua, npu

Ha.nne>KaJ.Uas K TOMy )Ke H30TOnHqeCKOMy MynLTHnneTy, 

qTO H nepaas. ~ns onpe.neneHHOCTH OCTaHOBHMCR Ha npo
uecce Tuna 

Ka -. K cp 0 a, ¢ 0 
-. KK, /22/ 

KOTOpLiii MO)KHO JanHCaTL TaK)Ke B BH.D;e 

Ka-. aKKK. /22 '/ 

B .nanLHeiiweM MLI 6y.neM HHTepecoaaTLcs KOHeqHLIM co

CTORHHeM, B KOTOpOM O.D;HH H3 K -Me30HOB, - COOTBeT

CTBYIOIUHB eMy CHMBOn CTOHT B /22/ Ha I!ePBOM MeCTe, -

HMeeT HMnynLc p1, BTopoii - j)
2
, a HMnynLc K -MeJoHa paaeH 

p 3 • ~ns npocTOTLI 6y.neM TaK)Ke npeHe6peraTL He6onLWHM 

paJnHqHeM Mace Japs)KeHHLIX H HeiiTpanLHLIX K-MeJoHoa. 

13 
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PeaKu;HJI 122 'I MO>KeT H.D.TH no mecTH KaHanaM, KoTopLie 

BbiUHCaHLI HH>Ke BMeCTe C HX Ce"'eHHJIMH: 

K+a .... K+K+K-a, K 0 a -> K°K°K0 a; I ( .... .... --> ) 
a PI•P2•P 3 

K+ a -> K+ K° K 0 a, K 0 a--> K°K ~-a; all ( P\ 'p 2' p .... 3 ) 1231 
+ -

K+ a .... K° K+Ko a, K0 a --> K K°K a; III(-> .... --> ) 
a Pl'P2•P3• 

3~eKTHBHble ceqeHHJI H30TOUH1.feCKH COUpJI>KeHHbiX KaHanOB 

COBUa,IJ,aiOT, B CHny qero COBKYUHOCTL peaKIJ;HH 1231 xapaK· 

TepH3yeTCJI He meCTLIO, a TOnLKO TpeMJI 34JclieKTHBHbiMH 
III III -->-->-> 

Ce"'eHHJIMH a , a H a , 3aBHCJIUUIMH OT HMnynLCOB p I , p 2, p 3• 

EcnH npocyMMHpoBaTL KOHe"'HLie npo,IJ,yKTLI Bcex KaHa

noB 1231 C BeCaMH, nponopiJ;HOHanLHbiMH COOTBeTCTBYIOI.I\HM 

34JclieKTHBHLIM Ce1.feHHJIM, TO o6pa3yeTCJI H30TOUH1.feCKH He" 

UOnJipH30BaHHaJI CMeCL, K KOTOpOH UOnHOCTLIO UpHMeHHM 

no,IJ,XO.D., pa3BHTLIH B /I I* . llo3TOMY, no,IJ,C"'HTLIBaJI qocno 

co6LITHii, B KOTopLix K-Me30HLI, BXO.D.JII.I\He B napLI K+ K + 
+ .... .... 

H K K 0 
, HMeiOT HMnynLCbl pI H p 2 , MO>KHO Ha OCHOBaHHH 

cooTHomeHHJI 12 "I 3anoca TL 

1( ............ ) £( ............ 
a PI • P 2 ' P 3 = I P I ' P 2' P 3 

II(-> ........ ) II(->-> .... ) lf( ............ ) 
a pi,p2,p3 +a pl,p2,p3 =2 lpl,p2,p3 + 1241 

l (->-> ->) 
+-fo PI•P2•P3 • 

2 
r,IJ,e f I H f O " 34JclieKTHBHLie Ce"'eHHJI, COOTBeTCTBYIOI.I\He 

TpHnneTHOMY H CHHrneTHOMY H30TOUH1.feCKHM COCTOJIHHJIM 

cHcTeMLI ,nByx KOHe"'HLIX K- Me 30HOB. OTCJO,IJ,a cne,IJ,yeT, "'TO 

.... -> -> II .... -> .... Ill -> -> .... 
fo(PI•P 2'p3)=2[a (pl'p2,p3)+a (pl'P2•P 3)]~ 124'1 

I(-> -> .... ) 
-a PI ' P 2' P 3 • 

~ OTnH"'He OT /1/, B ,IJ,aHHOM cnyqae pe"'L H,IJ,eT He 06 
HHKn103HBHLIX peaKIJ;HJIX, a 0 peaKIJ;HJIX C 4JHKCHpOBaHHLIM 
"'HCnOM KOHe"'HLIX 1.faCTHIJ;, o6na,IJ,ai01.1\HX BUOnHe onpe,IJ,eneH" 
iiLIMH 3Ha1.feHHJIMH HMnynLCOB. O,nHaKo 3TO o6cTOJITenLCTBO 
He HMe~T 3Ha1.feHHJI, UOCKOnLKY npH BLIBO,IJ,e COOTHOmeHHH 
pa6oTLI/l I ocnonL3yeTcJI TOnLKO H30TOUH1.fecKaJI CTPYKTypa 

paccuaTpHBaeuLix npo:u;eccoB. 

14 

PeaKu;HJI, B KOTopoii B03HHKaeT napa K + K +,MO>KeT, Boo6~e 
rOBOpJI, ocy~eCTBnJITLCJI .D.BYMJI nyTJIMH: B O)l.HOM CJiyqae 

npH pacna,IJ,e ¢ 
0
·Me30Ha o6pa3yeTCJI 1.faCTHIJ;a C HMnynLCOM 

p pBO BTOpOM - C HMnynLCOM p-> 2 • fi03TOMy, nonaraJI )l.RH 

COKpa~eHHJI 3aUHCH h = c = l, MO>KHO B HHTepecyJO~eii HaC 

KHHeMaTH"'eCKOH o6naCTH, B KOTOpOH pI"' p 
2 

H o6a llYTH HHTeJ 

4JepopyJOT, npe,IJ,CTaBHTL 3~eKTHBHOe Ce"'eHHe a B BH,IJ,e 

r ... .... ... c <PI ' P_, 2 + P->3 ) 'C < P 2' P .... I + P .... 3 ) 2 
(J ( p I' p 2• p 3 ) = I 2 2 . + 2 2 . ' I 

m2 3 -m ¢+Im¢J"'¢ m 13 -m ¢+Im ¢1¢ 
1251 

3,IJ,eCL m.I 3 H m 23- 34J4JeKTHBHLie MaCCLI UpO,IJ,YKTOB pacna,IJ,a 

¢·Me3oHa, m¢- Macca ¢-Me3oHa, ~I'¢- ero WHPHHa, 

a C- HeKOTOpaJI ~YHKIJ;HJI, BH,Il, KOTOpOH onpe,IJ,eJIJieTCJI aM

UJIHTY,IJ,OH reuepau;HH ¢·Me30Ha B peaKIJ;HH 122/. 
l.JTO KacaeTCJI peaKIJ;HH, B KOTOpLIX ofipa3yiOTCJI napLI 

K+Ko, TO B HHX llpH pacna,IJ,e ¢ 0 ·Me30Ha MO>KeT B03HHKaTh 

TOJILKo O,IJ,Ha H3 3THx tiacTHU: Cne,IJ,oBaTeJILHo, 

II -> -> -~ C (PI' P 2 + P•3) 2 
a (p1,p2,p3)=1 2 2. J' 

m23-mlim¢Irb 

( -> > -> . 1261 
II I ·• .... .... C P 2' P 1 + P, ) 2 

(T (pI' p 2' p 3) = 1-2--2--:---.-1 . 
m 13-m q,+Jm ¢1¢ 

fiO,IJ,CTaBJIJIJI 1251 H 1261 B 124 f, llOJIY'IHM 

.... .... ' I ( ( ,~ 1 'p-> 2 + p3) c ( p 2 'P->1 + p 1) , 2 
f o< P 1 • P 2 • P 3 ) = i ------- - -------- i 127 I 

m
2 

.-m 
2+ i m I' m 2 -m 2 + im I' 

2:l ¢ ¢ ¢ 13 ¢ ¢ ¢ 

JlerKO BH,IJ,eTL, "'TO npH pI= ~2 ~YHKIJ;HJI f 
0

( p 
1
, 1;->

2
, p->

3
) o6pa

~aeTCJI B HYJIL, KaK H .D.OJI)f(HOfihiTL.D.JIJinapLI K-Me3oHoB 

C He"'eTHhiM OTHOCHTeJihHhiM OpfiHTaJILHhiM MOMeHTOM. 

llocKOJILKy <i>-Me30H JIBJIJieTcJI Y3KBM pe3ouaucoM, MO>K

Ho B HHTepecyJO~eif Hac ofinacTH p 
1 

"' p .... 
2 

npeuefipetiL 

3aBHCBMOCTLIO 4JYHKIJ;BB C OT BMnynhCOB B C"'HTaTL ee 
KOHCTaHTOH. B 3TOM UpBfiJIB)f(eHBB 

15 
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l 
_, _, P-. )-! 2 • r 

f (pl'p2' 3 2-m· +1m,~..¢ 
0 m 23 ¢ '7-' 

l I~ /27 'l 
2 2 · r m 13 -m ¢+1m¢ ¢ 

Ecnu, no aHanoruu c pa6oToii / 2~ . npoHHTerpuposaTb /27 '/ 
no nepeMeHHoii 

X 

2 2 2 2 
m13+m23- :..J. /28/ 

2m¢r¢ 

pacnpocTpaHHB npe.nenbl HHTerpuposaHH.II OT -oo .no +oo, TO 

CTpyKTypHa.ll l}lyHKD;H.II f O 6y,neT 3aBHCeTb TOllbKO OT apry-

MeHTa 
2 2 

m23- m13 
y = 

2mc/T¢ 

IlpH 3TOM OKa3b1BaeTC.II, qTO 

£0(y)-l-
l 

l + y2 

31}1i}leKTHBHble MaCChi m23 H 

4-HMnynbCbl p 1' p 2 H p 3 : 
m 13 MO)I(HO 

2 ( 2 2 ( )2 
m 23 = P 2 + P 3) • m 13 = P 1 + P 3 • 

Ilo3TOMY 2 2 
m23-m13= p¢(p1-p2)' 

/29/ 

/30/ 

Bblpa3HTb qepe3 

ecnu .nn.11 4-uMnynbca pe3oHaHca B o6nacTH, r.ne cy~ecTBeH
Ha HHTepq,epeHD;HJI, npHHHMaeTcJI ecTeCTBeHHoe onpe.neneHue 

Pep=~ [ (p1+p3) +(p2+p3)]. 

CooTHomeHue /29/ MO)I(HO Tenepb 3anucaTb B su.ne 

Pq}P2-p1) _,; 
= q0 T cp- q Lcp' 

m¢r¢ 
/291 y = 

16 

-. 
rJ],e T d; - speM.II )I(H3HH ¢ -Me30Ha, e¢- ero pacnaJ],HbiH 

npo6ef, q O- pa3HOCTb 3HeprHH tiaCTHD;, q - pa3HOCTb HX 

HMnynbCOB. PaBeHCTBO /29/ cnpaBeJ],llHBO B niD60H CHCTeMe 

OTC'IeTa, HO OC06eHHO npOCTOH BHJ], OHO npHHHMaeT B CHC-

TeMe D;eHTpa HHepD;HH tiaCTHI.{ 1 H 2, B KOTOpOH q o= 0 H 
_,;r 

y= -qtdi 
B 3TOH CHCTeMe OTC'Ii:na 

l /301 £
0
(y)-l-

-> 2 
I - < i e ¢) 

To-eCTb Mbl CHOBa y6e)l()1,aeMCJI, 'ITO "BbiMHpaHHe" He'leT

HbiX op6uTanbHbiX MOMeHTOB onpe,l1,enJieTCJI pa3MepaMH TOR 

o6naCTH npOCTpaHCTBa, B KOTOpOH npOHCXOJ],HT reHepai.{HJI 

qacTuu;. B J],aHHOM cnyqae 3TH pa3Mepbi cosnaJ],aiOT c pac-

naJ],HbiM npo6eroM pe30HaHCa £ cp, H J],ByxqaCTHqHaJI CTpyK

TypHaJI l}lyHKIJ;HJI f 0 pe3KO naJ],aeT npH I q I :5 h/ e ¢ . 
CTpyKTypuble l}lyHKIJ;HH COCTOJIHHH C HetieTHbiMH op6u

TanhHbiMH MOMeHTaMH B 06bi'IHbiX 3KCnepHMeHTaX He

nocpe,l1,CTBeHHO He H3MepJIIOTCJI. 0)1,HaKO "BbiMHpaHHe" 3THX 

COCTOJIHHH npH q -> 0 OTpa)l(aeTC.II Ha noBeJ],eHHH Ha6niD,nae

MbiX BellH'IHH, B tfaCTHOCTH, yrnOBbiX pacnpeJ],eneHHH OTHO

CHTellbHOrO HMnynbca q . 3ToT Bonpoc Tpe6yeT oco6oro 

paCCMOTpeHHJI. 
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