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AnasepA~H r.6. H AP · P2 - 12536 

MOAH¢HKa4H~ MOAenH KaCKaAa nHAHPY~~ero aAPOHa 

npeAnaraeTC~ MOAH¢HKa4H~ MOAenH KacKaAa nHAHPY~~e~ 4ac
TH4~ 6e3 y4eTa B3aHMOAe~CTBH~ BTOPH4H~X 4aCTH4, KOTOpa~ 
no3BOn~eT YAOBneTBOPHTenbHO OnHCaTb 3MynbCHOHHWe AaHHWe no 
cpeAHHM MHOmeCTBeHHOCT~M H pacnpeAeneHH~M nHBHeBWX 4aCTH4. 
Pac4eTw noKaawsa~T, 4TO AaHHa~ MOAH¢HKa4H~ AOCTaT04HO npa
BHnbHO OTpamaeT o6~He 4epTbl np04ecca MHOmeCTBeHHOro pOmAeHH~ 
4aCTH4 B npOTOH- ~AePHbiX B3aHMOAe~CTBH~X. 

Pa6oTa swnonHeHa s fla6opaTOPHH HAepHwx npo6neM OHRH. 

Coo6weHKe 06bellKHeHHOI'"O KHCl'Kl'Yl'8 S!LiepHbiX KCCneOOB8HHA, lJ.y6Ha 1979 

Alaverdian G.B. et al. P2 - 12536 

Modification of a Cascade Model for a Leading Hadron 

A modif i cation of the cascade model for a leading par
ticle is proposed. It neglects the interaction of seconda
ries and permits to describe satisfactorily the emulsion 
data on mean multiplicity and on distribu-tions of shower 
particles. The calculations show that the modification 
presented reflects well main features of the multiparticle 
process in proton-nuclear interactions. 

The investigation has been performed at the Laboratory 
of Nuclear Problems, JINR. 

Communication of the Joint Institute for Nuclear Research . Dubna 1979 
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B 1973 rO.D.Y K.roTT<PPH.D. 
1 1 1

• aaanHJHPYJI Mo.D.enL xacxa.D.a 

JIH.li.BPYIOIUero a.IJ.pOHa, npHWeJI K BbiBO.li.Y 0 TOM, 'ITO OHa He MO>KeT 

o6'bJICHHTb OTHOCHTeJihHO MaJiylO MHO>KeCTBeHHOCTb 'laCTHU, pO>K

.IJ.alOI.I.{HXCJI B npoueccax a.IJ.pOH- Jl.IJ.epHOrO B3aHMO.IJ.eHCTBHJI npB BbiCO

KHX 3HeprHJIX. C TeX nop TipOH30WJIH 60JibWHe H3MeHeHHJI KaK 

B 06'beMe H Ka'leCTBe 3KCnepHMeHTaJibHOrO MaTepHana, TaK H B 

HaWeM TIOHHMaHHH npouecca MHO)!(eCTBeHHOrO pO>K.D.eHHJI. 

He OCTaHaBJIHBaJICb Ha TIO.IJ.p06HOH xapaKTepHCTHKe 3KCTiepH

MeHTaJibHbiX .D.aHHbiX H cymeCTBYIOI.I.{HX MO.IJ.eJihHbiX npe.IJ.CTaBJieHHJIX, 

KOTOpble MO>KHO HaRTH B pR.D.e o630POB, HaTipHMep B l 2 - 4 l , OTMe

THM HaH6onee HHTepeCHbJe, Ha HaW B3rJIJI.ll., pe3yJibTaTbl 
15

•
6 1

• 

roBopllmHe o 6onLwoii A - JaBBCHMOCTH HHKJIJ03HBHhiX cneKTpOB 

BTOPH'IHbiX 'laCTHU. 3TOT <PeHOMeH TIOJIY'IHJI 06'hliCHeHHe B paMKaX 

MO.D.eJIH MHOroxpaTHbiX CTOJIKHOBeHBH I ? ,S I , npe.IJ.TIOJiaraJOI.I.{eH KaC

xa.IJ.upoBaHHe HaneTaJOmero a.IJ.poHa. 06o6meHHJO ee .D.JIJI ueneii 

OTIHCaHBJI BHKJI103HBHbiX xapaKTepHCTHK H MHO>KeCTBeHHOrO pacnpe

.D.eJieHHll BTOpB'IHbiX 'laCTHU TIOCBJII.I.{eHa HaCTOJII.I.{aJI H TIOCJie.IJ.YIOI.I.{He 

ny6JIHKaUHH. lloCKOJibKYHCXO.IJ.Hble,OCHOBHblenpe.IJ.TIOJIO>KeHHJICOBTia

.IJ.alOT c paccMoTpeHHhiMH K.roTT<PPH.IJ.OM, MLI Ha'IHeM c Tl.l.{aTenL

Horo aHanHJa pa6oTbl 
111 . 

C<l!opMyJIHpyeM OCHOBHhle TIOJIO>KeHHll MO.IJ.eJIH KaCKa.D.a JIH.IJ.HPYIO" 

mero a.IJ.poHa
1 11

: 

1. HaneTaJOI.I.{aJI qacTuua, HanpHMep, npoTOH, B npouecce coy.D.a

peHHll C li.IJ.POM, HCTibJTbiBaeT cepHIO TIOCJie.D.OBa TeJibHbiX HeynpyrHX 

CTOJIKHOBeHHii c BHYTPHJI.IJ.epHhiMH HyxnoHaMH, a po>K.D.eHHble qac

THUbl TIOKH.D.alOT Jl.IJ.pO, He B3aHMO.D.eHCTBYJI. 

2. llpe.IJ.TIOJiaraeTCJI, 'ITO peaKUHH JIH.IJ.HpyJOI.I.{ero a.IJ.pOHa 

C BHYTPHli.IJ.epHbiMH HYKJIOHaMH HH'IeM He OTJIH'IalOTCJI OT peaKUBH 

Ha cBo6o.IJ.HhiX HyxnoHax. llpH 3TOM C'IHTaeTcJJ, 'ITO B NN -BJaHMo

.D.eiicTBHJJX caMaJJ 6hlcTpaR, JIB.IJ.HpyromaJJ qacTHUa I coxpaHHBWHHCJI 

a.IJ.pOH/ YHOCBT TIOCTOJIHHyJO .IJ.OJIIO nepBOHa'laJibHOA 3HeprHH X -E/ E0 , 
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a cpe~Hgg MHO*eCTDeHHOCTb DTOpHqH~X qaCTHU rn) norapH~MH· 

qeCKH 3aDHCHT OT 3HeprHH CTOnKHODeHHR D CHCTeMe UeHTpa MaCC 
c vs ). 

i'i (E 0 )-a+bln s. 111 

I ll 
Hcxo~g H3 3THX nono*eHBH D pa6oTe 6~no noxa3aHo, "'TO Denu-

qaHa R A ' T.e . OTHOWeHBe cpe~HeH MHO*eCTDeHHOCTH nHDHeDbiX 

qacTBU (ii 8 ) , PO*~eHH~X D pA- D3aBMO~eHCTDHRX, K cpe~HeH 

MHO*eCTDeHHOCTB 3apg*eHH~X qacTBU (n cJ• PO*~eHH~X D NN

D3aBMO~eHCTDBRX, 3HaquTenhHO OTnBqaeTCH OT 3KCnepBMeHTanb

H~X 3HaqeHBH. B pacqeTax g~po annpoxcuMupoaanoch o~Hopo~HoB: 

c~epoB:, qTo noDnexno yDenuqeHue cpe~Hero qucna Heynpyrux 

coy~apeHBii li71 2c =2,2 B i7E m =3,211 11. Hcnonb30DaHue *e pea

nucTuqecxoro pacnpe~eneHBR g~epHoro DemecTDa, caxcoH·Dy~

coDcKoro, npuDo~BT x yMeHbWeHBIO v u Denuquu~ R A / v12c=1,58 , 

i/E =2,61. TaKBM o6pa3oM, HenpaDBnhH~ii D~6op g~epHoii nnoTHOCTH m 
RDnReTCR O~HOH B3 npBqBH B~WeyKa3aHBOro paCXO*~eHBR. BTopag 

npuquHa CBR3aHa c HeyqeTOM ~nyxTyauufi noTepb 3Hepruu nu~u
/ 7 B ' 

PYIOIUHM a~poHoM. YqTeM ux, cne~yg pa6oTaM · . 

Ecnu B pp -a3aBMo~eiicTDBRX a~nonHReTCR ~eHHMaHODCKBH 

CKeHnBHr no 3Heprua'9 ~ T .e. CTpyKTypHaR ~YHKUBR f( X , p ..1. ), onu-

C~DaiOmag pacnpe~eneHue no nonepeqHoMy BMnynbcy p ..1. u ~one 

3HeprHH X :o E / E O nB~BPYIOIUero a~pOHa, He 3aDBCHT OT ttepDOHa

qanbHOH 3Hepruu Eo . 

d 3 a ... ) E --- • r(x,p.l. =a dpa 121 

TO CTPYKTypHaR ~YHKUBR npOTOHa nocne v - xpaTHOrO CTOnKHODe

HBJI, cornacHo pa6oTaM 
17 

•
81 • ~aeTCJI a~pa*eHHeM: 

... ... ( ... 
F

11 
( X , p l ) :oX f C( X 1 , p .l,l) X .. . X f X11 , pl

11 
) x 

131 
... II ... II dX 1 dX 11 2 2 

xo(pJ.- ~ pli )O( x - n X j )-- x ... x --d ·p ,r .d P...L II 
i= 1 1= 1 X1 XII ... 

Ecnu pacnpe~eneHHe no MHO*eCTDeHHOCTH 3apJI*eHHbiX qacTHU, 

PO*~aromuxcg D accouuauuu c nu~HPYIOIUHM a~poHoM D NN -cTon

KHoDeHHJIX, npe~CTaBnReTCR HeKOTOpOH ~YHKUHeH P n (E 0,x , p ..1. ) , TO , 

4 

cor nacHo nono*eHHIO I, pacnpe~eneHHe no MHO*ecTDeHHOCTH qac

TBU, PO*~aiOIUHXCR D v ·KpaTHOM coy~apeHHH, OnHC~DaeTCR ~YHK" 

uueB: 

p i ' 
n - ~ 

n 1 , . •. ,n I ' 
I f ( x 1 • P l 1 ) p n 

1 
( E o · x 1 • P1 1 )x · " .· f ( x ~· · P.l v )>-

n 1 ~ ... ~n 1 ,= n 

-• S dxv 2 2 
P nl ' (X 1' ... ·. x, _1EO,xi ' ' P.l.l ' ) X ... --xd P l. 1 .. . d P..l. v 

1 I ' 

Haxo~g cpe~HIOIO MHO*eCTDeHHOCTb DTOpBqH~X qaCTHU (nl' ) , HMe· 

eM * ' 
11-1 

n 
11 

= rr (E 0 ) + ~ I F . (x )n t x E 0 ) 2L 
i z 1 l X · 

151 

Ecnu npeHe6peqh ~nyxTyauBRMB noTepb 3Hepruu, TO D~Pa*eHBe 

151 npuo6peTaeT DB~ 1
11 

nv "' n (E 
0 

)+ n (x E 
0 

) + n ( x 2E 
0

) + ... + ii ( x v--
1 

E 0 ) . 15 ' 1 

llpe~nono*BM Tenepb paDHoMepHoe pacnpe~eneHBe no x D NN

D3aBMO~eiicTDHRX I x =1121. Tor~a B3 151 nonyquM, qTo D nepDOM 

coy~apeHHB PO*~aeTCR B cpe~HeM n(E 0 ) -qaCTBU, DO DTOpOM -

npBMepHO ll (E 0 / e ) , B TpeTbeM - ii(Eo / e 2 ) B T .~., a He ll (E o), 

'ii (E 0 / 2) • n (E o / 4) B T . ~ .• KaK cne~yeT B3 ~opMynhi 15 , I /. e -

OCHODaHBe HaTypanhHOrO norapB~Mal. 3HaquT, C yqeTOM ~nyKTya
UHH noTe ph 3HeprBB nH~BPYIOIUeH qacTBUeH n v MeHbWe. qeM 

3TO ~aeTCR 15 'I, qTo. B CDOIO oqepe~h . npuao~BT K yMeHbWeHHIO 

DenuqHH~ R A . TaKBM o6pa30M, B pa6oTe
111

, B KOTOpOH qeTKO 

c~opMynupoDaHbi ocHoDH~e npe~nono*eHBR, nonyqeH HeDepH~H 
pe3ynbTaT, 83- 3a HenpaDBnbHOrO D~6opa DH~a g~epHOH nnOTHOCTB 

u HeyqeTa ~nyxTyauufi noTepb 3Hepruu. YcTpaHeHHe 3THX HeToq

HOCTefi D03DOnReT ~OCTBqb y~oaneTDOpBTenbHOrO onucaHHR 3KCne

pBMeHTanhH~X ~aHH~X. llo~TDep~BM 3TO yTDep*~eHHe qucneHHbiMH 

pacqeTaMH. 

~ CTpyxTypH~e ~YHKUHH, npoHHTerpupoDaHH~e no nonepeqHOMY 

HMnynhcy, o6o3HaqaroTCR qepe3 f ( x) H F v(x). 
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/ 8 / 
Bb16epeM cne.ztYJOIUYJO napaMeTpB3aUBJO cTpyKTYPHOB <l>YHKUBH 

-. B2 -Bp..j. 
f(x, p+ ) = x- e , 

277 
B.::: 4058 

v 1 3 
-+ [lnllx] 

0 

B 2 Bpl ~- 1 
F (x ,p ) = x ---- -- ( ---'-) K ( B p ) 

~· .J... (v-1)! 277 2 1Lv - 1 ..l- ' 
2 

/6/ 

/7/ 

Tor.zta 

F, , (X) = X~l/x ]V-
1 

c~~-1)-, . /8/ 

r.zte Ke- <l>YHKUHJI MaK.ztOHanb.ztao )ln11 n(E 0 ), Ka3anocb 6hl, .ztocTa

TO'IHO B3JITb ,AaHHble no pp -B3aBMO,AeBCTBBJIM, O,AHaKO He06XO,AHMO 

y'leCTb, 'ITO HaWe paCCMOTpeHBe cnpaBe,AnBBO TOnbKO ,IJ;nJI pO>K,AeH

HbiX 'laCTBU, B 'IBCno KOTOpbiX He BKnJO'IeH nB,IJ;BPYJOIUBB a,ApOHo 

KpoMe Toro, npu aHanH3e pA -B3aHMO,IJ;eiicTBHii npoH3BO.AHTCJI 

pa3,AeneHBe BCeX BTOpH'IHbiX 'laCTHU no HX HOHH3HPYJOIUeii cnoco6-

HOCTH, Bbi,AenJIJOTCJI S- H g -qacTHUblo IlpoTOHbiOT,Aa'IHB60nbWHH

CTBe cnyqaes nona.ztaJOT B g - qacTHUbl H He .ztaJOT BKna.zta B cpe.ztHJOJO 

MHO>KeCTBeHHOCTb nBBHeBbiX 'laCTHUo Il03TOMY B3 p p - ,AaHHbiX Hy>K

HO HCKnJO'IBTb KaK nH.ztHPYJOIUHe npOTOHbl, TaK H npOTOHbl OT,Aa'IH o 

Ilo OUeHKaM pa60Tbl
1 10

: Cpe,AHJIJI MHO>Ke~TBeHHOCTb DpOTOHOB B 

p p - cTonKHOBeHHJIX npuMepHo pasHa 1 ,41 o Ecnu npe.ztnonaraTb, 

'ITO B npOTOH-HeiiTpOHHbiX B3aHMO,AeHCTBHJIX cpe,AHJIJI MHO>KeCTBeH

HOCTb 3apJI>KeHHbiX 'laCTHU cymeCTBeHHO He OTnH'IaeTCJI OT cpe.ztHeH 

MHO>KeCTBeHHOCTB B p p -B3aHMO,AeBCTBHJIX, a MHO>KeCTBeHHOCTb 

npoTOHOB B .ztBa pa3a MeHbWe, TO B cpe.ztHeM B PN - cTonKHoBeHHJIX 

Ha6nJO,AaeTCJI O,AHH npOTOHo }lnJI onpe.zteneHH6CTH B03bMeM 3TY 

BenB'IHHY, paBHYJO 0, 9 1 1! "for ,Aa 

ii(E
0

) = i:i PP(E )-009=(nPP (Eo)- 2)+1.1 0 
ch ch 

3.zteCb ii,~'1~' (E 0 ) ,AaeTCJI KaKOB-nH60 H3 cl>YHKUHH, nepe'IHCneHHbiX 

B DpHnO>KeHBHo Y'IBTbiBaJI BbiWeCKa3aHHOe H BBO,AJI BepOJITHOCTH 

HeynpyrHX COy,AapeHHB W 1, , Haii.zteM Cpe.!UfJOJO MHO>KeCTBeHHOCTb 

nBBHeBbiX 'laCTHU, pO>K,AaJOIUHXCJI B pA -B3aHMO,AeHCTBBJIXo 

i'is=nJl ll + ~w~.~ n"% 
11 o V•1 

i 1 
=nJI

1111
+ (iiPP (E 0 )-2) + ~ (1- ~WJO ) f Fo(x) x 
• c h i=1 j=1 X I 

L 

6 

( -pp dx -x n (xE 0)-2)- + 1.1 v, 
ch x 

XL B /10/ onpe.ztenJieTCJI B3 ycnOBHJI 

W = N (A , a) I ~ N i(A , a) 
v v i21 

v =~ vWv, 
l-'21 

N (A ,a) - 3<l>cl>eKTBBHble 'IRena 
1121 

v 

fiPP (xL,E 0 ) =2, a 
ch 

N,(A,a) = .!... f d2 b [aT(b}] ve -aT(b; a=30mb 0 

v a v! 

/10/ 

/11/ 

T(b)- TaK Ha3biBaeMaJI cl>YHKUHJI TonmHHbi Jl.ztpa,CBJI3aHHaJI c nnoT

HOCTbJO pacnpe.zteneHHJI JI,AepHOH MaTepHH {J A (r), cne,A)'lOIUHM 067 

pa3oM: 

+oo ---
-+ 2 9 . 

T(b)= f p (yl:l +Z-)dz 
-oo A 

PA ( r) 2 

const 

1 
L::.!L 

+ e c 

R = 1.12A 
113 rm 0 c c' 00545 fm 

const :: 3A 

4 11 R ( n 2 + 11 
2c 2 ) 

0 JIH)l - cpe,AHee 'IHCnO nH,AHPYJOIUBX npOTOHOB B pA -cTOnKHOBe

HHJIX, KOTOpoe MO>KHO onpe.ztenHTb, HCXO,AJI H3 Cne.ztYJOIUBX paccy>K

,AeHHH o EcnH B pN -B3aHMO.zteiicTBHJIX c BepoJITHOCTbJO p "' 2/3, 

nH.ztHPYJOIUaJI 'laCTHUa 6y.zteT npOTOHOM, TO nocne v HeynpyrHX 

COy,AapeHHB C BepOJITHOCTbJO ~: - 6y.zteT Ha6nJO,AaTbCJI npOTOH, 

a C BepOJITHOCTbJO ~: - HeHTpOHo ~!: H ~ ~ CBJI3aHbl ypaBHeHHJI

MH 

p p c n 
~~~ = p~v-1 + (1-p) s,/-1 e = p 

1 

~: =<1-p) ~~-1 + p~~-1 ~;=1- p /12/ 
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Pewall CHCTeMy /12/, HMeeM 

p [v / 21 

~v = L ( v 
i = 1 2 i 

~ ~ = [(v+ ~/21 
i= 1 

P v-2i (1- P )2i 

v v-2 i + 1 2i- 1 
2i-1 ) p (1-p ) 

/13/ 

Ycpe.n;Hllll ~~ no paJJJH'IHblM BepoliTHOCTliM coy.n;apeaaii, noJJy'IHM, 

'ITO n JII1J..l ."' 0,5. TaKHM o6pa30M, onpe.n;eJJeHbl BCe BeJJH'IHHbl, Bxo

.IJ;llmae B COOTHOWeHHe /10/, H MO>KHO Bbl'IHCJJHTb ll s , HCnOJJb3Yll 

xaxyro·JJH60 napaMeTpH3aUHIO n PP(E 0 ) H3 npHJJO>KeHHll . 
c h 

Pac'leTbl noKa3aJJH, 'ITO B OCHOBHOM BCe npaeMJJeMble napaMeT· 

paJaUHH noJBOJJliJOT .nocTH'Ib corJJaCHll c 3MYJJbCHOHHbiMH .n;aHHbiMH 

B o6nacTa 3Hepraii 20 ~ E 0 ~1000 F3B. Pa3JJH'IHll Ha6nro.naroTcll 

npH EO < 20 F3B H Bbi3BaHbl pa3HblM noBe.n;eHHeM n PP(E O) npH 
c h 

MaJJblX 3HeprHliX. TOJJbKO napaMeTpH3aUHH n 1 .;. 114 OnHCblBaiOT 

.naHHble B wapoxoii o6nacTa 3Hepraii I puc. 1-4/, Ja HCKJJJO'IeHHeM 

o6nacTH E0 > 1000 F3B, r.ne JxcnepaMeHTaJJbHaJI CHTyaUHll .noc

TaTO'IHO Heonpe.n;eJJeHHa. B pacqeTax Mbl noJJaraJJH, 'ITO B P +Em • 

B3aHMO.IJ;eBCTBHliX 26,611/o COCTaBJJliiOT B3aHMO.IJ;eHCTBHJI C li.D;paMH 

CNO a 73,411/o c ll.n;paMH AgBr 1 131
, xoTll HexoTopble .n;aHHhie 

6biJIH noJJy'leHbl C HCnOJJb30BaHHeM 3MYJJbCHH .n;pyroro COCTaBa/ 
14 :' 

qT06bl H36aBHTbCll OT Heonpe.n;eJJeHHOCTH B COCTaBe 3MYJJbCHH, 

Ha puc. 5, 6 npoBe.IJ;eHO CpaBHeHHe 3KCnepaMeHTaJJbHblX .n;aHHbiX 

C paC'IeTaMH cpe.n;HeB MHO>KeCTBeHHOCTH 'laCTHU BO B3aHMO.IJ;eH

CTBHliX npoTOHOB c rpynnaMH JI.n;ep Ag Br H CNO. Kax BH.IJ;HO, 

HMeeTCJI He6onhwoe pacxo>K.n;eaae pacqeToB c .n;aHHblMH no rpynne 

Ag Br ));Jill ynyqweHHll cornacHJI, no- BH.IJ;HMOMY, aeo6xo.n;HMO BKJJJO· 

'IHTb KaKHM"JJH60 o6pa30M He3Ha'IHTeJJbHOe xacxa.n;apoBaHHe B T O· 

pH'IHblX 'laCTHU, O.IJ;HaKO He HCKJJIO'IeHa B03MO>KHOCTb, 'ITO .n;pyroH 

BH.IJ; cPYHKUHH f (X, P .l, ) n03BOJJHT ycTpaHHTb paCXO>K.IJ;eHHe. 

B o6meM MO>KHO JaKJJJO'IHTb , 'ITO Mo.n;eJJb xacxa.na n a.n;apyro

mero a.n;poHa c yqeToM ¢lnyxTyauaa noTepb 3 Hepraa a y'leToM 

cpe.n;Hero 'IHCJJa npOTOHOB B pp ·BJaHMO.IJ;eBCTBHliX He npHBO.IJ;HT 

K KaTaCTPOcPH'IeCKOMY paCXO>K.IJ;eHHIO C 3MYJibCHOHHblMH .n;aHHblMH 

no Cpe.n;HeH MHO>KeCTBeHHOCTH JJHBHeBblX 'laCTHU H He npe.n;cKa3bl-

BaeT 6oJJbWOro pocTa RA = ns / n ~~(Eo ) /puc. 7/ . 

8 

25 

ns 
(nch) 2o 

/5 

/0 

5 

10 

0 1 l 10 0_... _;_...---

0 0 - ._ ---
~ ..- "---

o-o---0 -
...0 

~0~ 

102. 103 E jrJB/ JOII 
Puc .1. 3a6ucuMocmz, ii s u ii (SIP om 3Hepzuu Ha/lema10111eZo npomoHa. 
qepHble IIIO'IKU - 3MYIII>CUOHHble c)QHHble, C6elll/lble - c)QHHble c)/l}f 
r-'P- 63auMoc)eucm6uu. 3KcnepuMeHmaAI>Hble 3Hat~eHUR 63RIIII>I u3 

pa6om .' 13 · 14 ·16 ' . CniiOJUHaR Kpu6aR - pact~em no ,PopMyAe /10/ 
c ucnOIIb306QHUeM napaMempU3QijUU Ill. OnucaHue nflf (E o) 31110U 
napaMempU3QijUU npec)cma6/leHO nyHKIIIUpHOU KpU60U. 

2~ 

ns 
( fid!) 2.D 

15 

10 

5 

/ 

oo~/0 
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Puc.2. To xe, 'IIIlO u Ha puc. 1, HO c ucnoAb306aHueM 6 pact~emax 

napaMe111pu3a14uu II2. 
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Puc.3. To JKe, 'IIIlO u Ha puc. 1, HOc ucnoAI>306aHueM 6 pac'lemax 
napaMempu3aijUU H3. 
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Puc.4. To JKe, 'IIIlO u Ha puc. 1, HO c ucnoAI>306aHueM 6 pac'lemax 
napaMempu3aijUU H4. 
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/ 15 16 / 
Puc.S. Cpa6HeHue 3KcnepuMeHmaAI>HI>JX c)aHHI>Jxpa6om · noMHo-
JKeCff6eHHocmu AU6He61>1X '1acmu11 u pac'lemo6 no ¢opMyAe /10/ 
c)AJf 63aUMoc)eiicm6ui1 c zpynnaMu Jfc)ep AgBr I C6emAI>Ie mo'IKU u 
cnAOIUHaJI Kpu6aJI/ u CNO j'lepHI>Ie mo'IKU u nyHKIIIUpHaJI Kpu6aJI/. 
B pac'leffax 61>1Aa ucnoAI>306aHa napaMempu3aijUJI H1. 
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Puc.6. To JKe, 'IIIIo u Ha npe{)J>Jl>YflleM pucyHKe, HO pac11e111 c ucnoAI>-
306aHueM napaMeffpU3aijuu H4. 
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Puc.7. 3aaUCUMOCMb R A == n s / nc~ om 3Hepzuu HaAemaiOUjezo 
ai)poHa. 3KcnepuMeHmaAbHble i)aHHble pa6om 114 ,16,1 71 . CnAowHa.R 
u nyHKmupHa.R KPU6ble - pact~em c ucnoAb3oaaHueM napaMempu3a
IIUU fll, 04. 

Tioi<a)l(eM, 'ITO Y.D.OBJieTaopuTeJILHoe onucauue 3I<cnepuMeHTaJIL

HbiX .IJ.aHHbiX B03MO)I(H0 He TOJibl<O .D.JIH cpe.IJ.Heii: MHO)I(eCTBeHHOCTH 

JIBBHeBbiX 'laCTHU, HO H .D.JIH BX pacnpe.D.eJieHBH. }];Jig 3TOrO I<OHI<pe

TB3HpyeM BB.D. cPYHI<UHH pn (E 0 ,X, p ..1. ), npe.IJ.CTaBJIHIOIUeii: pacnpe

.D.eneuue no MHO)I(ec~aeuuocTB 3apg)l(eHHbiX qacTBU, pO)I(.IJ.aromuxcs 

B accouuauuu c JIB.D.BPYJOIUHM a.IJ.pOHOM. He.D.aBHO 6Lmo ycTauoane

HO, 'ITO 3TH pacnpe.D.eJieHHH nO.D.'IBHHIOTCH aBTOMO.D.eJibHOMy noae

.D.eHBI0/ 18·2~~0TOpOe B pa6oTe123 1 6hiJIO ua3BaHo "qacTHbiM" KHO

cxeii:nuuroM, T.e. 6biJIO noxa3auo, 'ITO 

12 

dan / d!}_ 
n(.,) da / d., ='I' ' (z)' z,. n 

ii (.,) /14/ 

r.D.e n ( TJ) - cpe.D.HHH MHO)I(eCTBeHHOCTL 'laCTHU, pO)I(.IJ.eHHbiX B 

accouuauuu c Bbi.D.eJieuuoii: qacTuueii:, BMeromeii: .Puxcupoaauuoe 

3Ha'leuue xaxoii:-nu6o I<BHeMaTB'Iecxoii: nepeMeHuoii: 11 I P+, Y -

6blcTpOTLI, M; -I<Ba.IJ.pa T pO)I(.IJ.eHuoii: Mac eLI/ . 

Bo3LMeM a xaqecTBe 11 nepeMeuuyro x , 'ITO 3I<BHBaJieHTHO 
2 2 

BLI6opy M x. Tax xax npu BLICOI<HX 3Heprusx M x :: s ( 1 - x ) . 

Tor.D.a ycnoaue coaMeCTHOCTB BLmonueuug KHO- cxeii:nuura 1241u 

"qacTHoro" KHO-cxeii:nuura npBBO.D.BT I< cJie.D.YIOIUeii: CBH3H cPYHI<UHB 
'I' , B 'I' 125,26 / 

'I' ( _n_) 
n(Eo) 

1 nCE ) f f ( x ) __ o -'1' ' ( n ) . 
0 ii (E 0 ,x) n (EO ,x ) 

E CJIH Bb16pa T L 'I' * B BB.D.e / 27-29 / 

- ~ z 2 
'l'(z) ~ .!!...z e 4 

2 

a .D.JIH ll (EO , X ) B3HTL 3aBBCBMOCTb TUna, 

n (E0 , x ) ~ n (E
0 

) (1 +a ) ( 1-- x )a , a :: 0 ,33 

' / 23 / 
TO /15/ n03BOJIHeT BOCCTaHOBBTb BB.D. 'I' 

/15/ 

/16/ 

/17/ 

'I' ' ( z) =' ; (1 +a ) 2 z [(l- 2a )+ 2a ~ z 
2
(1 +a )

2 
]x exp[-: z 

2(1 -~a )2
1. /18/ 

v 
TeM caMbiM onpe.D.eJiseTcs P ( E 0 • x) u, cJie.D.OBaTeJILHO, P 

n n 
B Bblpa)l(eHBH /4/. Ycpe.IJ.HHH P ~ no pa3JIH'IHbiM xpaTHOCTHM 

COy.IJ.apeHBH, MO)I(HO HaHTB pacnpe.IJ.eJieHBe JIBBHeBbiX 'laCTBU B pA

B3aBMO.D.eHCTBBHX 6e3 yqeTa JIB.D.BPYIOIUero a.D.pOHa . lloci<OJibi<Y 

MHOrOI<paTHble HHTerpupoBaHBH B /4/ 3Ha'IBTeJibHO yCJIO)I(HHIOT 

pacqeTbl, ·npB Bbi'IBCJieHBHX 6biJI BCnOJib30BaH MeTO.D. MOHTe - I<apJIOB

CI<OrO MO.D.eJiupoaauus . H3 pe3yJILTaTOB, npe.IJ.cTaBJieHHbiX u a puc.B, 

9, BH.D.HO, 'ITO COrJiaCBe pacqeTOB B 3I<CnepBMeHTaJibHbiX .D.aHHbiX 

* «l>yHI<UBH 'I' OnBCbiBaeT pacnpe.D.eJieHBe no MHO)I(eCTBeHHOCTB 

"BCTHHHO" pO)I(.IJ.eHHbiX 'laCTBU B p p -B3aBMO.D.eHCTBBHX. 
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F(ns) 
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Puc.B. PacnpeoeAeHUJI no MHoxecm6eHHocmu s - <~acmuij 6 pA-
63QUMOOeUC1116UJIX npu 3HepZUJIX HaAeiiiQKJUieZO np01IIOHa 24, 50, 
67, 200 F3B /puc. a, 6, 6, z, coom6emcm6eHHo/. CnAOIUHble 
zucmozpaMMbl - 3MYAbCUOHHble oaHHble pa6om1>/ 13 ~ Pac<~em c uc
noAb306aHueM napaMempu3aijuu JI2 u 6KAKJ'IaKJUIUii 5000 co6btmuii, 
npeocma6AeH mo<~KaMu. 

anonue y~oaneTaopuTenbuoe . 3To noxalMBaeT, qyo ~auuax Mo~u-

4Juxauux Mo~enu xacxa.T:J;a nu~upyromero a~poua ~ocTaToquo npa

BHnbHO oTpa~aeT o6mue qepTM npouecca MHO~ecTaeuuoro po~

~euux qacTHU B pA • BlaHMO~eHCTBHRX . 

ABTOpM 6naro~ap.IIT A.B.Tapacoaa, K.r.rynaMoBa, JI.H.Jlanu

~yca, H .M.qepuoaa 3a nno~oTBOPHMe ~ucxyccuu u o6cy~~euux. 

14 

30 

Fins) 
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0 I - •"J [ .I•Cjl n d 
0 /0 20 30 10 20 ns 

Puc.9. To xe, 11110 u Ha puc. 8, HO 6 pac<~emax ucnoAb306aHa 
napaMelllpU3aijUJI JI3. 

JIPHJIO)J(EHHE 

IlapaMeTpH3aUHB 3aBHCHMOCTH cpe~Heit MHO~eCTBeHHOCTH 3apx • 

~eHHbiX qacTHU, po~~aiOIUHXCR B pp "B3aHMO~eHCTBHRX, OT 3Hep· 

ruu uaneTaromero npoToHa E 0 una OT xaa~paTa nonuoii 3Hepruu 

B CBCTeMe UeHTpa Mace S = 1, 76+ 1, 88 Eo . 
IlapaMeTpB3aUHB Ill· Il4, Y~OBneTBOpBTenbHO OllBCbiBaiOIUBe 3a • 

- PP 
BHCBMOCTb n ch (EO ), npBBO~RT K cornaCBIO pacqeTHMX 3Haqe-

Hri C 3KCnepuMeHTanbHbiMH ~aHHbiMB . 

Ill. 

Il2. 

iiPP(E 0 )= -1,15 +1 ,521ns 
ch 

iiPP (E )-1 32 °·3 
ch 0 - ' s 

/31/ 

/ 30/ 
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Il.3. [iPP(E 
0

)=1,73 +0,17 (lns)
2 

/ 30/ 
ch 

2 
II4. ii~ft(E 0) = 1 ,17+ 0,3 ln s + 0,13(lns) 

IlapaMeTpHJauuu IIS-IIIO, Hennoxo 

npHBO,nliT K JaBbiWeHHbiM 3Ha'leHHJIM n s 

II.S. iJPP(E 0 ): - 4,32 + 1,96 lns +7.65 / s 0 ·5 
ch 

/ 30/ 

OfiHCbiBaiOII.\He n P'-t_E 0 ), 
Ph 

npu ManbiX 3Heprullx. 

/ 32 / 

II.6. 
- . 0.25 
n PP(E

0
) "' 2,68 +1,45lns - 2,68 ln s / s / 33 / 

ch 

II .7. - pp ' 0 .5 
nch (E 0 )=-2,62 +1,88lnE 0 +4,65 / Eo / 33 / 

II8. ii PP(E
0

) ~ 2,31 + 0,15 (lns)2 1301 
ch 

II9. ii~~(E 0 ) = 1,42s 
0

•
28 / 30/ 

IIIO. ii PP(E 0 ) ~ -4,55 + 1,99ln s + 8,16 1 s 
0

·
5 / 30/ 

ch 
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