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A H H 0 T a U H H 

8 3TOtt pa60Te yqTeHO COXp8HeHHe nHHettHOrO MOMeHT8 H MOMeHT8 KOnHqecTB8 ABH*eHHH 

B CT8THq eCKOtt TeOpHH MHO*eCTBeHHOrO pO*AeHHH qacTHU. nonyqeHbl YA06Hbie cpOpMynbi AnH 

BepOHTHOCTH nepeXOA8 B cnyqae nepHcpepHqeCKHX CTOnKHOBeHHtt. 

R ~Rac·:zka 

A NEW FORMULA'riON OF 

TIIE STATISTICAL THEORY OF 

MULTIPLE PARTICLE PRODUCTIOn 

A b s t r a c t 

The angular momentum and momentum consP-rvation in the statisti­

cal theory of multiple particle production is taken into account. Con­

venient formulas for the transition probability have been obtained 

for the case of peripheral collisions. 



Bae.neHHe 

0nHC8HHe nepecpepH'IeCKOI"O CTOIIKHOB8HHH C ll OMOlllbiO MO,UeiJH MHO)KeCTB8HHOI"O pO)K,UeHHSI 

'J8CTHU ¢epMH B HMilyiibCHOM npe.UCT8BII8HHH SIBIJsteTCH .UOBOIIbHO Tpy.UHbiM, 0.UH8KO, 113 OilbiT8 

cne.nyeT, 'ITO nepHcpepH'IeCKOe CTOIIKHOBeHHe HrpaeT cywecTB8HHYIO pOIIh B peaKUHSIX 9II9MeH-

/If 
TapHbiX 'J8CTHU BbiCOKOi!. SHeprHH , 009TOMY )!{8IJ8T8nhHO MO.UHcpHUHpOB8Th rrepBOH8'I8nhHYIO 

TeOpHIO ¢1epMH 1 'lTOObl Y'I8CTb STOT acrreKT CTOIJKHOBeHHSl, 3a IIOCII8.UHH8 l"O.Ubl MHOrHe 8BTOpbl 

IHarrpHMep Ko5a, KyK, Uepynyc H BapameHKOBI .nanH HOBYIO aepcHIO cTaTHCTH'IecKoA Teo-

pHH MHO)K8CTB8HHOI"O pO)K,UeHHJI 'J8CTHU 1 B KOTOpOi Y'IIIH COXpaHeHRe yrnOBOrO MOM8HT8 HIIH 

121 
'nepH~epH'IHOCTH' CTOIIKHOB8HHi!. , 

B .U8HHOi!. paOOTe, HCIIOIIh3YSI IIpe.UCT8BII8HHe yrnOBOrO MOM8HT8 .UIISI peiiSITHBHCTCKHX 

/3/ 
'l8CTHU , Mbl .naeM HOByiO cpOpMyiiHpOBKy MO.U8IIH ¢epMH, B KOTOpOtl: Y'IHTbiBaeM COXp8H9HH9 

IIOIIHOi!. aHeprHH, HMIIYIIhC8 H MOMeHTa KOIIH'JeCTBa .UBH)KeRHH, a T8K)Ke . .npyrHe CHMMeTpHH, 

i-1 CXO.USI H3 TOil. )Ke CT8THCTH'J8CKOi!. rHIIOTe3bl 1 KOT0p851 HCII0IIh3yeTCH H B OObi'JHOft 

·~OpMyiiHpOBKe ¢1epMH B HMrryiibCHOM rrpe.ncTaBneHHH 1 Mbl IIOIIY'I89M oonee IIpOCTOe Bbipa)KeHHe 

.nnH aepoHTHOCTH rrepexo.na. Bonee Toro, Mbi rronyqaeM Ha·eyiO aaBHCHMOCTh aepoHTHOCTH rrepe-

XO.Ua OT IIOIIHOI"O MOMeHTa KOIIH'JeCTBS .UBH)KeHHSI CHCT9Mbl 1 ecnH TOnhKO OH OIIpe.neneH, HIIH 

rrapaMeTp CTOIIKROBeHHSI 1 eCIJH Mbl HMeeM CTOIIKHOBeHHSI C p83II~'JHbiMH MOMeHT8MH KOIIH'JeCTB8 

.UBH)!{eHH SI, 

B pa3.nene 1 Mbi Bbipa3HIIH aepoSITHOCTh rrepexo.na .nnH rrpoH3BOIIhHOi!. peaKUHH qepea 

HOBbie KB8HTOBb!e qHC118, B pa3.oene 2 .OSHa HOB8H ~OpMyl1RpOBK8 MO.nenR ¢epMH H KOHe'IHbie 

cpopMynbi .anSI aepoSITHOCTH rrepexo.na. B paa.nene 3 .naH BTOpoi!. B03MO*HbiA no.nxo.n K eTa• 

THCTH'JrCKOtl: TeopHH MHO)!{eCTBeRHOI"O po;>K,neRRJI '18CTHU, HaKOH8U B pa3.nene 4 .neMOHCTpH-

pyiOTCSI npOCTetl:mHe IIpHIJO)i{8HHSI, 

1. Bbipa;>KeHHe aepoSITHOCTH rrepexo.na qepe3 HOBbie rrepeMeHHbie 

B COOTBeTCTBHH C TeOpHei!. S -MaTpHUbl 1 BepOSITHOCTh rrepexo.na H3 H8'181IhHOrO COCTO­

SIHHSI "i " K HeKOTOpOMY Haoopy B03MO)!{Hb!X KOHe'lHbiX COCTOSIHHi!. N '18CTHU B HMIIyiibCHOM 

rrpe.ncTaaneHHH .naaa a Bbipa)KeHHH 

Ill 

... 
r.ne Mbi OIIHCbiBaeM BeKTOp O.UHO'J8CTH'IHOI"O COCTOJIHHSI HMIIYIIbCOM k 1 ' npoeKUHei!. CIIHH8 v 1 

H H30CIIHHOM 
... 2 2 

T1 , r. , [k
1 

= (k
0 

- k1 ) , k 1 = k 1 J 
I I, 
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CIIHH8 H TO)!{,UeCTBO '18CTHU, TO IIOIIY'IHM 

• EcnH Mbi y'ITeM coxpaHeHHe rronHoro H3o-

I ((0 
v v I= I 

N 2 
Iki)\ < k v, .. k v \U \ i > \ 

I I N N 
I= I 

121 

1, .• N 

3 



OowHe <PopMynbi .anSI 
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P * T,.I Tz 

N 

/5/ 
orrpe .oeneHbi, .oaHbi WarrHpo H , KOI' .oa 

T T 
3 

UepynycoM • 

Terrepb Mbi Bbipa>Ka~M aepoSITHOCTb rr e pexo.oa qepe3 rrepeMeHHbie yrnoaoro MOMeHTa 

/3/ 
rrpe.ocTaBneHHSI .OnSI N penSITHBHCTCKHX '18CTHU • 4TOObl OIIHC8Tb COCTOSIHH e ff '18CTIIU, 

Mbl HCIIOnb3yeM cne.oyiOI.UH9 KB8HTOBbl9 'IHCna : p 1 j 1 j, e I S I j I ( I"> 
2 2 2 2 

r. 
N -I ' s N .. 1 ' 

j N-I ' lN-I f N' SN ' CN 

¢H3H'IeCKOe CO.oep>K8HII9 3TIIX rrepeMeHHb!X O'leBH.OHO 113 cne.oyiOI.UHX Bb!pa>KeHI!~: 

2 
(I 

2 
(ki + k2 + •• + kl) 

e2+ (ai+a2)-+ e2+ ~ 2 ... j2 

fN + (jN-1+ aN)-+ fN+ SN-+ j 

/3/ 

VJ CIIOnb3YSI BeKTOpbl COCTOSIHIISI 1 Orrpe.oeneHHb!e 9THMH KB8HT0Bb!MH 'IHCnaMI! 1 Mb! MO>KeM IIOCTpO"' 

HTb IIHB8pH8HTHb!H 9.QHHH'IHbl~ orrepaTop B I'HnboepTOBOM IIpOCTpaHCTBe IIpSIMOI'O IIpOH3Be.QeHHJI 

B9KTOpOB N O.OHO'I8CTH'IH biX COCTOSIHHA. 

IN ~ fl;, ], [l ,]]a ,l
2

, .. , lN> dt
2 

•. • <hN d3P < P] [l ]] ... 1 
N N 2~ " N • /4/ J,J,. aN 

3.oecb aN 0003Ha'laeT Haoop .OHCKpeTHbiX KB8HTOBbiX 'IHCen H ' s ' j ' •• ' e s j e_,s 
2 2 2 N-I N-1 N- 1' J.Y N 

Terrepb, acrronb3YH To>K.oecTBO 

I < k I J.l ' •• ' k J; I M I i > I 2 
= < kl J.ll I I I !.1 I i > < i I M * I I I k J.l > ' 

1 NN N N II 

Mbl MO >KeM BB9CTH HOBbie BpeMeHHbie B Bb!pa>KeHHe /2/ .QnSI BepOSITHOCTH rrepexo.oa. 

N d k (4) N N 
lV = A P* 

N I T T
3 

~ ~ ~ ((ll _3 __ 1 _ _ ) 8 (P- ~ k )• ([ll dl' dE"] x 
v v 1 'J 'a' 1 .. J"ntr t= 1 •= 1 • • ="' • • 1•·-•N "'N ""tV 2k • 

X ( 
d3;. 
2P' 

0 

'4pu 
2 P'' - 0 

01 

< k 1 v 1 IP'J;[l~]'] ... > <P'J;[l~,J'] ... IMii> x 

X < i I M *I p, ]" [ l, ' J, ] ... > < p, '"[ l, J,] ... I k J.l > . 
" N • N I I 

nocne .ooaonbHO rpoM03.0KHX Bbi'IHcneHIIA rrony'laeM cne.oyiOwee Bb!pa>KeHHe: 

/5/ 
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w 
N g I PT*T ~ 

... 4 2 
(dl .~.(dl _:!L_s (P-P )<P] [t ,J]a ,t , ••• tiMii>l 171 

N 2 2P I • " N N 2 N • 3 JJ a 
" N 0 

3TO Bb!p8>K9HHe, B C8MOM .oene, IIOnHOCTbiO 9KBI!BaneHTHO Bbipa>KeHHIO /2/ .OnSI BepOS!THOCTH 

rrepexo.oa B HMIIynhCHOM rrpe.ocTaBneHHH 11 1 onaro.oapSI CBO~CTB8M BeKTOpa COCTOSIHHA 

4 



I P, f [ £ , f l a l , .• , £ > , MO)!{e T paccMaTpHB8TbCSI B npoH3BOnbHOit nopeHuoBoA CHCTeMe, 
a N N 2 N 

0AH8KO, 'IT05 b! nony 'lHTb cPH3H'IeCKOe TOITKOB8HHe HHAeKCOB ) H j • 1 Mbl paCCMOT-

pHM Bbipa)!{eHH e /7 I B c.u.M . N -qacTHU. B 9TOii cHcTeMe E "=£ 
N 

pOB8HHe AenbTa-cpyHKUHH, n o nyqaeM : 

E-KN £3-K3 -+ 

( dtN 
1 

. •• (dt. i< P=O,].[E,f]aN , t , .• ,tNIMii>l
1

181 
N-1 - • :J • 

~ Kf K1+K2 

I= 1 

Ooene HHT e rpHpOB8HHSI AenbTa-ctJyHKU HH 38K0Hbl eoxpaHeHHSI nonHOit 9HeprHH H HMnynbea Ha-

no)I{HnH, eeTecTBeHHO, onpeAeneHHbie npeAenbi HHTerpHpOBaHHSI no nepeMeHHb!M ( 
:} 

,. •. I 

Yf enonbayg onp eAeneHHe £ • ( 3) H 38KOHbl eoxpaHeHHSI, nonyqaeM eOOTHOWeHHe: 

£ 
o-1 

( 
N-1 

3Aeeb E • npeACT8BnS!eT 9H e prHIO " S " '18CTHUbl B e,U .M . 112 ... I s 'laeTHu. llanee e 

llOMOI.I.{biO eOOTHOW e HHS! 

E • max 

:} 

+ K (~ 
I= 1 

H /9/ 

E 0 rnln = K • 

M bl MO)!{eM yeTaHOBHTb Bee npeAenbi HHTerpHpOB8HHSI B Bbipa)!{eHHH /8/. 

2. M o A -- e n b 

2.1. ct>opMyna AnSI BepOS!THOCTH nepeXOAa e Henonb30B8HHeM eTaTHCTH'leeKOit 

rHnoTe3bi 

8 cPH3PJKe 9neMeHT8pHbiX 'ISeTHU Bb!eOKOit 9HeprHH 1 KOrAS B KOHe'lHOM eOeTOSIHHH HMe-

eTCll MHOrO penllTHBHeTCKHX '18eTHU 1 Mbl He MO)!{eM llO'lTH HH'lero eK838Tb 0 noBeAeHHH 

KBaApaTa MSTpH'IHOrO aneMeHTS, C Apyroit eTOpOHbl 1 lleH0 1 'iTO B TSKHX npoueeeSX 1 KOrAS 

B KOHe'lHOM COeTOSIHHH Mb! HMeeM 5onbWOe 'lHeno qaeTHU 1 KBSApaT MaTpH'lHOrO aneMeHTa 

ena60 38BHeHT OT KBSHTOBbiX '!:Keen OTAenbHOit 'l8CTHUbl, YfTSK 1 MO)!{HO nonO)!{HTb 1 KSK H B 

nepBOHS'lSnbHOit clJopMynHpOBKe ct>epMH, 'iTO Bee KOHe'IHble eoeTQllHHSI N 

eMb!e 38KOH8MH eoxpaHeHHSI 1 paBHOBepOHTHbl, 8 eaMOM Aene 1 T.!lKaH eTSTHeTH'IeeKall rHTIOTe-

38 eoOTBeTCTByeT 3SMeHe KBSApaTa MSTpH'lHOrO aneMeHTS HeKOTOpOit noeTOllHHOit 1 KOTOpaR 

38BHeHT 1 OAH8K0 1 OT 'lHena 'ISCTHU N B KOHe'lHOM eoeTOSIHHH, B TSKOit clJopMynHpOBKe no 

eoo6pa)!{eHHllM paaMepHoeTH aTa noeTORHHall MO)!{eT HMeTb BRA R N-
2 

1 rAe R -1 
HMeeT 

paaMep Maeehi. OpHMeHllSI 9TO npeAnono*eHHe 1 H3 ctJopMynhi /8/ nonyqaeM 

w 
N 

g P* RN- 1 (2Er 1 

I TT 
3 

~ 

JJ.f 1 o
2

J1 

... f • 
N N 

K + K 
1 2 

•=1 

/10/ 



B TeopHH ¢epMH nocToRHHast, KOTopaH aaMeHSi eT Kaa npaT Ma T pH 'IHoro aneMeHTa, paccMaTpH-

17 I 
BallaCh KaK H9KOTOphil!: H960llhWOl!: 06'beM B3aHMOD.9l!:CTBHR • B H8CTOS!Wetl cpOpMyliHpOBKe 

nOCTOHHHyiO R Mhi Mo>KeM paccMaTpHB8Th KaK HeKoTophil!: "panHyc" B3 8HMoneil: cTBHSI. B 

CaMOM D.9ll9, He38BHCHMO OT TOI'O, K8K Mhl H830B9M 3TH nOCTOHHHhl9, OHH BC9I'D.8 HBIIS!IOTCS! 

npOH3BOllhHhiM napaMeTpOM MOD.91IH H HX 3H8'19HH9 MO>K9T 6h!Tb YCT8HOBII9HO TOllbKO H3 cpaB-

H9HHS! C 3KCnepHM9HT8llbHhiMH D.8HHhiMH, 

B npHHUHne B03MO>KHO, 'ITO 6naronapSI ToMy, 'ITO nocTOS!HHaH CBR3H D.liH pa3liH'IHhiX 

Kll8CCOB '18CTHU p831IH'IH8, Mhl D.Oll>KHhl npeD.nOliO>KHTh, 'ITO p8CCM8TpHB89M8H nOCTOHHH8H 38-

BHCHT OT BHD.8 '18CTHU B KOH9'1HOM COCTOSIHHH. 0D.H0Bp9M9HHO K8K H B nepBOH8'18llbHOH cpOpMy-· 

1IHpOBK9 ¢ epMH Mhl MO>K9M nOliO>KHTh, 'ITO p8D.HYC B38HMOD.el!:CTBHSI Ll.liSI 

HYKIIOHOB OTIIH'I89TCSI OT paD.Hyca D.IISI !( -Me30HOB H CTp8HHhiX '18CTHU. 

1T -Me30HOB H 

YTo6hi pacc'IHT8Tb '1M CliO npHeMneM hiX cocTOS!HHl!: I 10 I, M hi cHa'lana npoHHTerpHpyeM no 

HenpephiBHhiM nepeM9HHhiM 

E-K 
r "d ( 

N-1 N-1 

lK • s= 1 

N 

Kl + K2 

(E -.~ 1 [(•)N-2 
(N-2)! 

c 3- KJ . . . r l 2 

llanee 38M9THM, 'ITO YI'll0Bhl9 MOM9HThl S 2 '• •.' S N ' j 2 ' j N- 1 

1111 

HrpaiOT ponh npo-

Me>KyTO'IHhiX YI'liOBhiX MOM9HTOB 0 nOny'leHHhiX npH Cll0>K9HHH r2 .... rN. a, , .. , aN 

131 
I CM. I. YT05hl npoBeCTH cyMMHpOB8HHe no D.HCKpeTHhiM HHLJ.9KC8M r ' s ' y ' .. , r ' s ' 

2 2 2 N N 

Mhl p8CC'IHT89M CH8'18ll8 nOliH09 'IHCliO H938BHCHMhiX C06CTB9HHhiX COCTOSIHHl!: YI'liOBhiX MOMeH·-

TOB, liOlly'leHHh!X H3 Cll0>K9HHS! YI'liOBhiX MOM9HTOB f 2 , .. , f N , a l , . . , aN Ha j . 3TO 

181 
'IHCIIO C06CTB9HHhiX COCTOSIHHl!: D.8HO H3B9CTHhiM K03cpcpHUH9HTOM Ko6a Z2N(f 2, .. ,~, q , .. , aN; j ), 

M hi rronyqaeM 

WN gl p;T 
3 

N- 2 
( ( E -. ~ 

1 
K 

0 
) R l ~ 

2E(N-2)! J,f 2, .. ,fN 
( 2 f + 1) Z 2N (r 

2 
, .. , f N' a , .. ,a 

1 l> J ). 1121 

EnaronapH TOMy, 'ITO K03cpcpHUH9HT z2N(f2 .... eN. at'"' aN;] o6pawaeTcH B Hynh, ecnH 

Mhl He MO>KeM CliO>KHTh YI'll0Bhi9 MOMeHThl f 
2 

, .. , f N , at, •• , aN , 'IT06hi fiOliY'IHTh 

D.8HHYIO B9liH'IHHY f , Mhl MO>K9M npOCYMM!!:pOB8Th ITO BC9M B03MO)I{HhiM 3H8'19HHHM 

f 2 .... rN. 1 .Mhl MO>K9M yCT8HOBHTh B9pXHH9 niBD.9llhl LJ.lls:! M OM9HTOB f 
2

, .. , f N 

H f , HcnonbaySI orrpeneneHHe (i=2, .. ,N) H J H npHM9HS!S! Kll8CCH'19CK09 paCCMOTpe-

HH9, np8BD.OfiO D.06H09 B CliY'I ae C TOIIKHOBeHHS! 0'19Hh 60llhWOl!: 3H9pi'HH. 

J max = p em o p 

N 
1131 

f 1,ax=(E - ~ K 8 )R , 
•=f+t 

I'D. e 

cmo 

-1 ! 2 2 2 2 y, (2E) [E -(m + m ) ][E -(m -m) ]I 
1 2 1 2 

p 

6 



I! 

3.aecb p npe.acTaBnSieT MOMeHT CTanKHB810WHXCSI '18CTHU B C,U,M, H p -napaMeTp 
em • 

CTOnKHOBeH HSI) R -pa.aHyc B38HMO.ael\cTBH SI. 

npoBO.QSI B cpOpMyne 1121 Cf~.iMHpOBaHHe no BCeM .OH CKpe THbiM KB8HTOBbiM 'IHCnaM, Mbl 

rronyqa e M N N ·2 

I 141 
[(E-LK)R] 
__ __::•_=_:J • 

2E (N -2)! 

r.ae N 

2 
TT 

r dx 
0 

{
1
!} sin [(2a 1 + l)x] 

X 

TT 

N 

x {II sin
2
[( E )R+J] .·x!·l ·= 2 

3N • 3 
sin x 

sin [(2Pe.,;P + 2)x 
.·f-x--

4sm -
2 

/15 I 
( p em; p + 1 ) COS [(2p em ; p + ..:kJ X]). 

sin ..!:.... 
2 

EcnH p "" R , Mbl .aon>KHbl HMeTb .aeno C HCKniO'IHTenbHO nepHcpepH'Ie CKHM CTOnKHOBeHHeM 

H KOI'.Qa p "' 0 Mbl HMeeM ueHTpanbHOe CTOnKHOBeHHe, 

2.2 .LlHCKYCCHH 

l..JT05bi nony'IHTb cpopMyny 1141 .anSI BepOSITHOCTH rrepexo.aa, Mbl HCXO.QHnH H3 TOll: >Ke 

CTaTHCTH'IeCKOil: J:'HllOTe3bl, 'ITO H B cpopMyllHpOBKe ¢epMH B HMnynbCHOM npe.acTaBneHHH, 

O.aHaKo Mbi BH.OHM, 'ITO HecMoTpSI Ha To, 'ITO B HaweA cpopMynHpOBKe Mhi y'IHTbiBaeM coxpa­

HeHHe 3HeprHH, MOMeHTa H yrnOBOI'O MOMeHTa, KOHe'IHOe Bbipa>KeHHe 1}41 .QJlSI BepOSITHOCTH 

nepexo.aa npowe 'leM B TeOpHH ct>epMH B HMIIynbCHOM rrpe.OCTaBneHHH, YJMeHHO, B .aaHHOM 

cnyqae, He3aBHCHMO OT 'IHCJia '18CTHU B KOHe'IHOM COCTOSIHHH, Mbl MO>KeM paCC'IHT8Tb TOnbKO 

e.aHHCTBeHHbiA HHTerpan 1151 BMeCTO (3N -4) - KpaTHb!X HHTerpanOB B rrpe .a bl.ayweA cpop-

MynHpOBKe, 

B caMOM .aene, peaynbTaTbi nony'leHHbie H3 Mo.aenH ¢>epMH, Haxo.aSITCSI B rrpoTHsope'IHH 

C 9KcnepHMeHTanbHbiMH .aaHHbiMH .anSI TSKOil: peaKUHH, B KOTOpOA rrepHctJepH'IeCKOe CTOnKHOBe• 

11 I 
HHe HrpaeT cyweCTB e HHYIO pOnb , Mbl Ha.aeeMCSI, 'ITO B H8CTOSIWell: ctJopMynHpOBKe, 5naro-

.aapSI SIBHOil: 38BHCHMOCTH BepOSITHOCTH n e pexo.aa OT rrapaMeTpa CTOJIKHOBeHHSI, 5y.aeT B03MO>K­

HO 05bHCHHTb CBOil:CTBa rrepHcPepH'IeCKOI'O CTOnKHOBeHHSI, 

.Llanee OTM e TH M , 'ITO 38BHCHMOCTb OT CnHHOB '18CTHU CHnbHO OTnH'IaeTCH no cpaBHeHHIO 

C 38BHCHMOCTbiO OT CllHHOB B MO.QeJIH ¢epMH . BMeCTO .QOBOnbHO COMHHTenbHOI'O K09cpcpHUHeH­

N 
Ta THlla II (2a + 1) Mbl HMeeM 38BHCHMOCTb Tllll8 1}51, KOTOpaSI HanaraeTCSI 38KOHOM 

'"' J cno>KeHHSI yrnOBbiX MOMeHTOB, 

Enaro.aapSI TO My, 'ITO HaqanbHOe Bbipa>KeHHe 17 I H I 81 H cpopMynHpOBKa Mo.ae JIH HBHO 

110peuu-HHB8pH8HTHbl, BepOSITHOCTb nepexo.aa TSK>Ke nopeHU-HHBapHSHTHa, l..JT05bl rrony'IHTb 

cpopMynbi .OIIH BepOSITHOCTH rrepexo.aa B llpOH3BOnbHOA nopeHUOBOA CHCTeMe, Mbl .aon>KHbl JlHlllb 

38MeHHTb 9HeprHIO E - [ •2]y, 
ua p , r.ae p'=(E', -p' ] -rronHbiA MOMeHT B pac-

CMaTpHBaeMOA CHCTeMe, 

B oco5oM cny'lae, Kor.aa rronHhiA yrnosoA MOMeHT orrpe.aeneH, Mbi nonyqaeM H3 121 

cne.ay!OWYIO cpopMynHpOBKY .a nSI BepOSITHOCTH nepexo.aa 
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WN = (2] +l) A, p 

T T3 

rae 

1/JN ( a
1

, ] , E) 
2 

" 

N N-2 

[( E - I [( ) Rl 
_ _ __.._. =::::_,l_ • 

2E ( N -- 2-)_!_ 1/JN( a,, E, f), 

" r dx 
0 

N N N 
2 

I II sin [( 2a1 + l) x]ll II sin [(E -IK 1) R +l ]. xI sin [(2]+1) x] 
1=1 •"'2 i=J+1 

sin 
'N•3 
X 

/16/ 

/17/ 

VfeXO.USI H3 Bbipa>KeHHSI /}6/, Mbl MO>KeM SIBHO ll0K838Tb, K8K nonHbiA yrnoBOil: MOMeHT BnH­

ReT H8 BepOS!THOeTb nepeXO,ll8 B eny'lae eTOnKHOBeHHSI O'leHb OOnblllOil: 3HeprHH e oOnbllJHM 

yrnOBbiM MOMeHTOM /eM. (I 4/. 

2.3. 838HMo.aeil:eTBHe B KOHe'IHOM eoeTOSIHHH 

M bl MO>KeM paeeMOTpeTb '18eTH'IHO B38HMo.aeAeTBHe B KOHe'IHOM eoeTOSIHHH, Y'IHTbiB8SI npH 

pae'leTe BepOSITHOeTH nepexo.aa Bee K8H8nbl e pe30H8HeHbiMH eoeTOSIHHSIMH '18eTHU, 'ITO npH­

BO.UHT K TOMy >Ke KOHe'IHOMy eoeTOSIHHIO. M bl paeeMaTpHBaeM pe30H8HeHoe eoeTOSIHHe BH.aa 

"i" K8K KB83H'I8eTHUy e Maeeoil: M;, enHHOM ~ H H30enHHOM 

3H8eM .aeeSITb pe30H8HeHbiX eoeTOSIHHil: '18eTHU, 8 HMeHHO, 

T/; cu, p, ,, K*,K*, N*, A*, I*, i3 *. 

T· 
I Tzi • noKa Mbl 

4TOObl nOnHOeTbiO BOenpOH3BeCTH cpH3HlJ:eeKHe 'lepTbl peaKUHl! e aneMeHT8pHbiMH '18eTHU8MH, 

Mbl .aon>KHbl paeeMOTpeTb Bee npOMe>KyTO'IHbie eoeTOSIHHSI e pe30HaHeHbiMH KB83H'IaeTHU8MH, 

B ooweM eny'lae, KOr.aa Mbl HMeeM B npoMe>KyTO'IHOM eoeTOSIHHH n1 KB83HqaeTHUhl THna -· 7) , n 2 CU, ... , n 1 of=< I Bbipa>KeHHe ,anSI BepOSITHOeTH nepexo,aa HMeeT BH.U: 

N" 10 N'-2 

W = g1 (n .J P* (n 0 ) 
N TT.E 

[(E-I!Cs-In M) R 
•=-=t ·=~-·-

2E.(N'-2)! 
1/J ( a 1 , E, p, n •) 

N 

10 10 

N' = N - 2 ( n + n ) - I n 
1 2 t=s ' 

N" = N - 3 ( n 
1 

+ n,) - 2 ( I n 8 ) 

t= 3 
Ill¥ 

" N•• 10 
ifJ (a,, E,p,n )=~ ( dx III sin[(2aJ..2:.!l__~_(jll_trr sin"'(2Sk+l)x]l/M )I A(p) 

N ° " o 1~1 sin 3 N'- 3 1<,;1 
8 

"k 2 10 

lk(M.) =II sin I[ E-(nk-r)Mk -I n.M.]R+llx; g(p) 
r= 1 

h ( i) 
2 

sin I[ ( E 
N" 

I K. 
•=1+1 

3. B T 0 p 0 il: 

o=k+1 

10 

In.M.)R+l]x I 
•= 1 

no.axo.a 

sin[(2pe..,pt2) x _ ~os[(2p~HI~] 

4 sin 2 __!!_ [p p+lr1 sin __::_ 
2 emo 2 

i = 2,3, .. ,N h(l)= 1 

TaK K8K B enyqae Oopa30B8HHSI MHO>KeeTBa 'laeTHU B eTOnKHOBeHHH llOBOnbHO Tpy,aHO 

eK838Tb 'ITO-HHOYllb 0 noBe,lleHHH eooTBeTeTBYIOWero MaTpH'IHOrO aneMeHT8, Bee 'ITO Mbl MO-

>KeM e,aenaTb - 9TO yqeeTb Bee eHMMeTpHH 'laeTHU B KOHe'IHOM eoeTOSIHHH. 

0llH8KO B npe,llblllYWeil: cpOpMynHpOBKe Tpy llHO paeeMaTpHB8Tb T8KHe eHMMeTpHH KOHe'IHOrO 

eoeTOSIHHR, K8K, HanpHMep, npOeTpaHeTBeHHYIO qeTHOeTb HnH eTaTHeTHKH Eo3e-3ARWTelhia H 
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<f>epMH-[lHpaKa, C APY!'Oli: CTOpOHbl, Mbl 3H&eM, 'ITO, paCCM8TpHB8H, HanpHMep , CT8THCTHKY 

Eoae -3li:HwTeli:aa D.a)!<e npeD.BapHTenbHO, Mbl nonyqaeM nyqwee cornacHe Teope THqecKoro 

/9/ 
npeD.CK838HHH C 9KCnepHM eHT811bHbiMH D.8HHbiMH 

l.{T05b! yqeCTb Bee B03M0)!(Hble CHMM e TpHH '18CTHU B KOHe'IHOM COCTOSIHHH, Mbl 38MeHHM 

aeHaaecTHblli: KBa D. paT MaTpH'IHO!'O aneMeHT a aepoSITHOCTbiO HaXO)!( D.eHHSI N qacTHU c onpeD.e­

neHHbiM ll011H b!M MOMeHT OM, <lH ep!'HH H Y!'110Bb!M MOMeHTOM B HeKOTOpOM ccpepH"'eCKOM 05'beME' 

B38HMOD.eli:cTBHSI. B npHHUHne 9TO cooTBeTcTayeT aaMeHe 

I < P , J [ E,J] a ·' t , ... , t I M I 
• ~ 2 N 

2 ... 
> 1-+(dp •.. (dp 

n 2 N 
/19/ 

r Ae -aonHoBaSI cpyHKUHH yrnoaoro MOMeHTa AnSI N pemiTHBHCTCKHX qacTHU. 
... 

rN=P,J,J.,f.,s2,J2,t2, ••• ,eN-1 sN-1 iN-1 w-1,eN, sN>iN u 
... ... 
P2•· ··•PN 

-oTHOCHT e 11bHble K00pD.HH8Tbl, SllBHb!li: BHD. HOpM811H30B8HHOA B011HOBOli cpyHKUHH Y!'110BO!'O MO­

/}Q/ 
MeHTa AnSI N penSITHBHCTCKHX 5eccnHHOBbiX qacTHU cyTh 

rA e 

H 

- lEt 
e 

Jj'h"" 

2 2 2 
A ( a, b, c ) = a + b + c , - 2 ( ab + ac + be ) 

A -paD.HYC 5onbworo o5'beMa aopManHaauHH, 

1201 

1211 

1221 

... .. 
B -SIK05HaH npeo5pa30B8HHH nepeMeHHbiX X 1 , ••• , % N B OTHOCHTe11bHble KOOpD.HH6Tbi, 

Tenepb, paccMaTpHBaSI npeD.nono)!(eHHe /}9/, Mbl nonyqaeM H3 o5wel! cpopMynhi /8/ cneD.yiO-

wee Bb!pa)!(eHHe AnSI sepoSITHOCTH nepexoD.a: 

N-1 -1 
B-KN t,-K, 

* 
WN = gl p A (2E) I r dr r dr (d ... (d~ "' (jt) "' 

(p) / 23/ . p 
TT N-1 . 2 2 g N YN 3 "· N-1 n y 

I K1 
K +K N 

f1 s1 J1 
1 2 

I= 1 

B nocneD.HeA cpopMyne Mbl aanHCbiBaeM, 'ITO HHTerpHpoBaHHe B nepeMeHHb!X p ..... p ... 
2 · N 

npOBOD,HTCSI no ccpepH'IeCKOMY o5'beMy B36HMOD.eAcTBHSI n . CTpO!'O !'OBOpSI, Mbl HMeeM B03-

MO)!(HOCTb npHHS!Tb ccpepH'IeCKHA 05'beM B36HMOD,eAcTBHSI B K00pD.HH6T8X H, 
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• WN >= ( 2] +lU, p 
T T

3 

rae 

t/JN (a1 ,},E) 2 --
71 

N N-2 

[( E - I !( ) R] 
ec:~z II 

2E(N-2)! t/JN(a,,E,]), 

7T 

N N 2 N 

I II sin[(2a1 +l)x]ll II sin [(E-IK 1)R+l].xl sin[(2]+1)x] 
r dx I= 1 •= 2 i=f+-1 

3N•3 
X 0 sin 

/16/ 

I 17 I 

Vf eXOLlH H3 Bb!pa>KeHHH /16/, Mbl MO>KeM SIBHO IIOK838Tb, K8K IIOnHbiit yrnOBOit MOMeHT BnH­

HeT H8 BepOSITHOeTb rrepeXOLl8 B enyqae eTOnKHOBeHHSI O'leHb 60nbll!Oil: 9HeprHH e 60nbll!HM 

yrnoBbiM MOMeHTOM /eM. II 4/. 

2.3. 838HMOLteil:eTBHe B KOHe'IHOM eOeTOHHHH 

M bl MO>KeM paeeMOTpeTb '18eTH'IHO B38HMOLteil:eTBHe B KOHe'IHOM eoeTOSIHHH, Y'IHTb!B8H !IpH 

paeqeTe BepO!!THOeTH rrepeXOLl8 Bee K8H8nbl e pe30HaHeHb!MH eoeTOSIHHSIMH qaeTHU, 'ITO !IpH­

BOLlHT K TOMY >Ke KOHe'IHOMy eoeTOHHHIO, M bl paeeMaTpHBaeM pe30H8HeHOe eoeTOSIHHe BHL18 

"i" K8K KB83H'I8eTHUY e Maeeoll: Mi 1 CIIHHOM ~ H H30CIIHHOM T· 
l T zi • noKa Mb1 

3H8eM aeCHTb pe30H8HCHb!X eOCTOSIHHil: '18CTHU, a HMeHHO, 

71 ; w, p , (, K*, K •, N*, A •, I• , E • . 

l.{T06b! IIOnHOCTb!O BOCIIpOH3BeCTH cpH3H'IeeKH9 'lepTb! peaKUHil: C aneMeHT8pHb!MH '18eTHU8MH, 

Mbl LtOn>KHb! paecMOTpeTb BCe IIpOMe>KyTO'IHbie COCTOSIHHSI C pe30H8HCHb!MH KB83H'I8CTHU8MH. 

8 o6meM cnyqae, KOI'Ll8 Mbl HMeeM B rrpoMe>KyTO'IHOM COCTOSIHHH n1 KB83H'IaeTHUhl THII8 -· 71 , n 2 w, ... , n 1 o~= 1 
Bbipa>KeH~;~e anH BepoHTHOCTH rrepexoaa HMeeT BHLl: 

N" 10 N'-2 

W = g1 (n .J P* (n .J 
[ ( E - I lC s - I n • M

8
) 

ezt •=~---------------
R 

t/; (a1 , E, p, n
8

) 

N N TT.fi 2E.(N'-2)! 

10 10 

N' = N - 2 ( n + n ) - I n 
1 2 l=s ' 

N" = N - 3 ( n 
1 

+ n 
2

) - 2 ( I n 
1 

) 

I= 3 
/ 181 

" N.. 1 

"' (a,, E, p, n ) = __!_ r dx I II sin[(2~~i!llt IT sin"'r_(2Sk + 1) x] f (M ) l g (p) 
N • " o , .. 1 sin3N'-3 1<=1 k • 

"k 10 
fk( M •) =II sin 

2 1 [ E- ( nk-r) Mk -I n .M .]R+ll x; g(p)- sin[(2pc..,.p+2) x 
r=1 •=1<+1 4sin 2 _,._ 

cos[(2p 0111aP+-i-Jx) 

[p p+ 11"1 sin "' 
2 Cilia 2 

h ( i) 
2 

sin I [ ( E 
NH 10 

I K•- In. M.)R +l] x l 
•=1+1 •=1 

i=2,3, .. ,N h(1)=1 

3. B T 0 p 0 A IIOLlXOLl 

TaK KaK B cny'lae o6paaoBaHHH MHo>KeCTBa qaeTHU B eTonKHOBeHHll aoaonbHO TpyaHo 

CK838Tb 'iTO-HH6YLlb 0 IIOBeaeHHH COOTBeTCTBYJOWero MaTpH'iHOI'O aneMeHT8, Bee 'ITO Mbl MO­

>KeM caenaTb - 9TO yqeCTb Bee CHMMeTpHH '18CTHU B KOHe'IHOM COCTOSIHHH, 

0 LlH8KO B II peLt biLlY melt ¢opMynHpOBKe 'rpy LlHO p8CCM8TpHB8Tb T8KHe CHMMeTpHH KOHe'IHOI"'O 

eoeTOSIHHH, K8K, Ha!IpHMep, IIpOCTpaHCTBeHHYIO qeTHOCTb HnH eTaTHCTHKH fioae-3ARWTei\Ha H 
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¢epMH-1JHpaKa, C ,apyroii CTOpOHbl, Mbl 3H8eM, 'ITO, paCCMaTpHBaH, HanpHMep , CT8THCTHKY 

Eoae -3iiHwTeiiHa ,a a }l{e npe.aaapHTenbHO, Mbi nonyqaeM ny'lwee cornacHe TeopeTH'IecKoro 

/9/ 
npe ,llCK83eHHH C SKCnepHMeHTanbHblMH ,ll8HHblMII 

4T06bl yqeCTb BCe B03MO}I{Hble CIIMMeTpHH '18CTHU B KOHe'IHOM COCTOSIHHH, Mbl 38MeHHM 

HeHaBeCTHhiii KBa .a paT MaTpH'IHOro aneMeHT a aepoHTHOCTb!O HaXO}I{,aeHKSI N '18CTIIU c onpe.ae­

neHHbiM !IOnHblM MOMeHT OM , aHeprllll II yrnOB biM MOMeHTOM B HeKOTOpOM ccpepll'leCKOM 06'beME.' 

B381lMO,ll e HCTBIISI. 8 rrpHHUH!le STO COOTBe TCTByeT 38MeHe 

I < P , J ( E,Jl a·' E , ••• , E I M I 
2 ~ 1 N 

2 ... 
> I ... I ap ... Jdp 

n 2 N 
/19/ 

-aonHoBaSI cpyHKUHH yrnoaoro MOMeHTa .anSI N penSITHBHCTCKHX '18CTHU • 
... 

yN; p' J, J.' f., 8 2 'j2, E2, ••• , fN-1 SN-1 iN-1 W-t. fw SN> EN u 
... ... 
P2•···1PN 

-oTHOCHTenbHbie K00p.ll11H8Tbl, .s!iBHblH BH.ll HOpManH30B8HHOli BOnHOBOli cpyHKUHH yrnOBOT'O M0-

/10/ 
MeHTa .anSI N penSITHBHCTCKHX 6eccnHHOBhlX 'ISCTHU cyTb 

n(qp)] Y (il ... p), 
L• • • JM /20/ 

r.ae 

1211 

H \\1, ( ( 2 2 1 -1 
q • = 1\ • , ( •-1 , K • ) ( 2 ( • ) 

1 1 1 
A ( a, b, c ) = a + b + c , - 2 ( ab + ac + be ) /22/ 

A -pa.aHyc 6onbworo o6'beMa HOpManHaauHH, 
... ... 

B -SIK06H8H npeo6pa30B8HHH nepeMeHHblX 1C 1 , ••• , X N B OTHOCHTenbHbie KOOp.llHH8Tbl, 

Tenepb, paccMaTpHBaSI npe.anono>KeHHe /19/, Mbi nonyqaeM H3 o6mell cpopMynbr /8/ cne.ayJO-

mee Bbrpa>KeHHe .anSI aepoSITHOCTH nepexo.aa: 

N-1 -1 
B-KN E,-x, 

* 
WN gl p A (2E) I r a( r dt (d ... J dj1 "' (jt) 

"' 
(p) / 23/ . p 

rr N-1 . 1 
n 2 Q N 

YN 3 ''· N-1 y 
I K1 

K +K N 

f 1 s 1 J 1 

1 1 

I= 1 

B nocne.aHell: cpopMyne Mbl aanHCbiBaeM, 'ITO HHTerpHpOBaHHe B nepeMeHHbiX_ p •...• p ... 
1 . N 

!IpOBO.llHTCSI !IO ccpepH'IeCKOMy 06'beMy B38HMO,lleii:CTBHSI • CTporo roaopSI, Mbi HMeeM aoa• 

MO>KHOCTb !IpHHSITb ccpepH'IeCKHll 06'beM B38HMO,llellCTBIISI B KOOp.llHH8T8X H, 
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npOH3BOa H HHT e rpHpoBaHHe ITO rr e p eMe HHhlM 

¢eKTHBHOH MaCChi" aByXITHOHHOi! CHCTeMbl 

·• 
p 11 

2 
P Mbi rronyqaeM pacrrpeaeneHHe "a<P­

J ' 

M-K 
- 1T w

3 
;;; r dt

2 
2K

17 

rae 

M-K 17 

q2 q 2 a Q2 
2 3 --

aq3 [ L £ r q > £ r q > J = r d ( 2 L . t/Je u <( 2) 
o e 2 r 3 o o 2· · 3 

y, 

q2= >.. 

a ( 
2 

a ( 3 t l 2 3 2K!l t2,t3 

2 2 2 - 1 

(( 2' KTT 'K 1T )( 2€ 2) ; 
y, 2 2 2 -1 

q3=>.. (M,t2, KTT)(2!2) I 

2 

£ e (q) = ie (q RJ - i e. 
1 

ie+ / q R > bO 

fo (q) 
2 

j (qR)+n (qR)j (qR) 
0 0 1 

e = o. 

T errepb,Hcrronb3YH cooTHOUJ eHHe 

'12 
2 2 

( 2 = [ M + KTT - 2 AI E 1T l 
) 

M hi rronyqaeM 
2 2 

M -JKTT 

-~ -y, 
2 2 '<' w3 = r d ETT [ M + K TT- 2M Errl .... 

KTT ~.~ 

t/Je e ( ( M 
2 

+ K 
2 

- 2M E ) 'l•l. 
2' 3 1T 1T 

/31 I 

/32/ 

/33/ 

/34/ 

EcnH Mbi rronO)KHM, HanpHMep, S=O H 11 ·=-l , TO M bl HMeeM cneay!OUlHe aonyCTHM ble KOM-

6HHaUHH f 2 H f3;(0,0), (1,1) , ... ,(N ,N) ... • P8c'leT rrDK83hiB8eT, ecnH cyMM8 

f 2 + f 3 yBenH'IHB8eTCH Ha 2, TO BKn8a OT STOlt KOM5HH8UHH yMeHbUlaeTCH H8 OaHH rro-

/}3/ 
pHaOK , 4T05bi rrony"'HTb p8CnpeaeneHHe aHeprHH Mbl MO)KeM, B npHHUHne, orp8HH'IHTbCH 

aByM H nepBbiMH a onyCTHMbiMH KOM6HHaUHHMH f H f • 0505UleHHe OITHC8HHOrO 3aeCb 
.2 ' 

MeToaa anH rrony"'eHHH p8crrpel\eneHHH 3HeprHH npOH3BOnbHOI! 'laCTHUbl B CHCTeMe N "'aCTHU 

O'leBHaHO, 

ABTop 6n8roa8peH rrpo¢eccopy IO. Bepne 38 HHTepec K H8CTosrweA p86oTe H ueHHbie 

coBeTbi. ABTOp T8K)Ke rrpH3HaTeneH B.C. B8paUJeHKDBY 38 rocTerrpHHMCTBO H rrone3Hble AHC-

KYCHH. 
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