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Xopoaoa C,A. I- 12276 

06 O.llHOii 8MllHpHtJ8CKOH 38KOHOMepHOCTH B flOBeJJ,eHHH IIOnHblX 

HHKnl03HBHbiX C848HHH p0>K.ll8HHSI flHOHOB BO B38UMOlleiicTBHRX 

anpOHOB H Slllep C SlllpHMH 

npoaeneu aaanua 3KCnepnMeHTanbHhiX aaHHbiX no HJlpo-HnepHbJM H an
poH-SI.nepHhiM B38HMOABiiCTBHHM. 00K838HO, '-ITO nonHbie HHKni03HBHbl8 CeYe

HHSI pOlKlleHHSI qaCTHU MOlKHO OllHCHTb <j>opMynoll THna C(S)Aa C napaMeTpOM 

a, He 38BHCHWHM 01' COpTa "18CTHU, CTanKHBBKHUHXCSI C H.llpOM, '-ITO 03H8488T 

yauaepcanbHOCTh A-aaaHCHMOCTH nonHhrx HHKnJ03HBHbiX ceqeHHH. 

Pa6ora Bbmonaeaa B na6oparopHH BbiCOKHX 3HeprHil 0115H1. 

npenpHHT 06beAHH9HHOrO RHCTHTyTa SIAepHbiX HCCnenOBHHHll. ny6Ha 1979 

Khorosov S.A. 
12276 

On an Empirical Regularity in the Behaviour of 
Total Inclusive Gross Sections of Pion Production 
in Hadron-Nuclear Interactions 

Experimental data on nucleus -nucleus and hadron-nucleus 
interactions are analyzed. It iS' shown that total inclusive cross 
sections of particle production could be described by the formula 
of c(s)'Aa type,a parameter does not depend on a kind of particles 
colliding with a nucleus Which means the universality of A -depen
dence of total inclusive cross sections. 

The investigation has been performed at the Laboratory of 
High Energies, JINR, 

Preprint of the Joint Institute for Nuclear Research. Dubna 1979 

llOJIHbiM BHKJIJ03BBHbiM Ce'leHBeM polK,lleHBH 'laCTBll TBna C 

Ha3b1BaeTCH BeJIB'IBHa iica= lna
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, r,D,e a
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- ce'leHBe polK,lleHHH 

n qaCTBll THna C. )l.pyrHMH CJIOBaMB, nca eCTb HHTerpaJI CTpyKTyp

HOH IPYHKUBB no BCeM 3KCKJIJ03BBHbiM peaKUHHM, BKJIJO'IaiOlllBM 

'laCTBllY C. 

)].JIB aHaJIH3a JaBHCBMOCTH nOJIHbiX HHKJII03HBHbiX Ce'leHHH pmK

,D,eHHH nHOHOB B H,D,pO- JI,D,epHbiX B3aHMO,D,eHCTBBHX OT a TOMHbiX 

BeCOB CTaJIKBBaiOlllBXCH JI,D,ep HCnOJib30BaJIBCb ,D,aHHble pafiOT /CM. 

111a6AUt#Y/, B KOTOpbiX BCCJie,D,OBaJIOCb MHOlKeCTBeHHOe polK,D,eHHe 

rr-·Me30HOB. 

BBH.D.Y TOrO, 'ITO aBTOpbl pafiOTbl /5/He npBBO,D,HT BeJIH'IHH HeynpyrHX 

ce'leHBii, 3TH ceqeHHH 6biJIH Haii,D,eHbl no JMnapaqecKoB: IPopMyne 
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KOTOpaH HellnOXO OllHCblBaeT Ce'leHHH B3aHMO,IleHCTBHH H,llep B pac

CMaTpHBaeMOM ,llHana30He 3HeprHH 11 •3 •6 1. llOCKOllhKY 3KCne

pHMeHThl npoBO.IlHllHCL npH pa3Hhlx 3HeprHHX, nps aHanHJe Y.Il06Hee 

llOllh30BaTLCH HOpMHpOBaHHhlMH llOllHhlMH HHKill03HBHhlMH Ce'leHHH

(na) A A 
1 2 

--~--~---MH pmK,IleHHH llHOHOB • 3,1leCL (~a)NN - nonHoe 
(iia) NN 

HHKlli03HBHOe Ce'leHHe pO)K,IleHHH llHOHOB B HYKllOH-HYKllOHHOM B3aH

MO,IleHCTBHH, B3HTOe npH 3HeprHH, npHXO,IlHilleHCH Ha HYKllOH 

B AlA 2 B3aHMO,IleHCTBHH. )l.nH (n a) NN HCllOllh30BanHCh ,llaHHhle 

pa60Thln I no HCCne,llOBaHHIO B3aHMO,IleHCTBHH HeHTpOHOB C npoTo

HaMH. 

JlorapHiiJMhl 3Ha'leHHH 

(nal A
1

A
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----------

(na)NN 
.IlllH peaKUHH, nepe'IHCneH-

HhlX B "'a6AUije, llpe,llCTaBneHbl Ha puc. 1 B 3aBHCHMOCTH OT nora

pHiiJMOB A 1 A2 • BH.IlHO, 'ITO TO'IKH .IlOBonLHO xopowo ne)l(a T Ha npHMoil, 

H, cne,llOBaTellhHO, MO)I(HO 3allHCaTh 

(na) A 
1
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2 (A
1

A )0,82 2 • /1/ 
(na) NN 

)l.nH ,llOllOllHHTellhHOH llpOBepKH HaH,IleHHOH 3aKOHOMepHOCTH MO)I(HO 

acnonL30BaTL ,llaHHhle pa6oTwro1no C tPb
2
0af2,89 F:JB/c ·HYKAoH/ 

H Ar + Pb20:I2,57 F:JB/c ·HYKAOH/ B3aHMO.IleilcTBHJIM. BepoHTHOCTL 

B3aHMO,IleHCTBHH na,lla10111ero H,llpa C H,llpaMH KHCllOpO,Ila H CBHHUa 

paBHa COOTBeTCTBeHHO 
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• Cpe,llHee 'IHcno 

apb 203 aPb203 -) -) 

po)K,IleHHhiX 
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Ha CllO)I(HOH MHWeHH llHOHOB ll Pb 0 = -------- + --------'--. 
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Tipe,llnonaraH TenepL, 'ITO (ria) co 

MO)I(HO nony'IHTh BellH'IHHY (na)CPb 

onscwBaeTcH liJopMynoil I 1/, 
,llllH He3aBHCHMOH llpOBepKH 

(nalcPb (na) ArPb 
JaKoHoMepHOCTH. Hail,lleHHhle 3Ha'leHHJI H 
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npe,llcTaBneHhl aa puc. 1 H xopowo cornacyJOTCH c JaBHCHMOCTLIO 
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10 102. 103 to'+ A,xAt 
Puc.1. 3a6UCUMOC"'b HOpMUpoeaHHbiX nOAHbiX UHKAI03U6HbiX Cette
HUU poJKOeHu.R rr - Me3oHoe e .Ropo- .RoepHbiX e3auMooeiicllleU.RX 0111 

a"'oMHbiX eecoe c"'aAKueaiOII#UXC.R .Roep. x- d , He, C+Ta, He+W; 
0- He+ Li, C,Ne, Al, Cu,Pb; o- C, Ar+NaF, Bal

2
, Pbp

3
;ll-d+CNO, 

AgBr, He t Agl3r. 

Mo)I(Ho acnoJIL3oBa Th .IlJIJI npoBepKH H ,llaHHhle !81, nony'leHHhle 

3MYJILCHOHHOH MeTO.IlHKoii .IlJIH B3aHMO.IleilcTBHH He+ CNO, He + Agl3r, 

d + CNO, d + AgBr npH 4,5 F:JB/c HYKAOH. llocxonLKY .IlJIH 

3THX peaKUHH HeH3BeCTHa BeJIH'IHHa (n sa) NN • ,llJIJI HOpMHpoBKH 

6wna HcnoJIL30BaHw ,llaHHhle no peaKUHH He+CNO. BeJIH'IHHhl nonHhiX 

HopMapoBaHHhiX HHKruo3HBHhiX ce'leHHii .IlJIH He+·AgBr, d + CNO B 

d + AgBr npe,llcTaBneHhl Ha puc. 1 H TaK)I(e cornacyJOTCJI c JaBs

CHMOCTLIO /1/. HeTpy,llHO UOKa3aTL, 'ITO H3 3aBBCBMOCTB /1/ 
BhiTeKaeT COOTHOWeHBe 

- 2 - -
(na) A A = (na) A A (na)A A 

12 11 22 
/2/ 
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~eBCTBBTenbHO, B3 

- a -
(no)AA =(A1A2) .(na)NN' 

1 2 

(na) A1A1 =(A 1A 1)a • (na)NN ' 

(na) ~A 2 = (A2A2)a . (na)NN 

cpa3y cne.n;yeT /2/. 
llepeB.n;eM K B3aBMO.IJ;eBCTBB10 "3neMeHTapHb1X" a.n;pOHOB C JI.IJ;pa

MB. Xopowo B3BeCTHO /eM., HanpBMep, o63op /!l/ f, qTo npu an

npoxcuMaUBB !llopMynOB cAa ceqeHBB B cpe.IJ;HBX MHO:lKeCTBeHHOCTeB 

B a.n;poH- JI.IJ;epHbiX B3aBMO.IJ;eHCTBBJIX napaMeTp a cymeCTBeHHO 3a

BBCBT OT TBna a.n;poua. ~nJI auanB3a 3aBBCBMOCTB (na)hA = f(A) 

BOCnOllb3yeMCJI 3KCnepBMeHTanbHbiMB .IJ;aHHbiMB pa60T /10,11~8 KOTO

p1.1X BCCne.n;ooanacb A- 3aBBCBMOCTb cpe.n;HeB MHO:lKeCTBeHHOCTB 

penJITBBBCTCKHX qacTBil DO B3aBMO.IJ;eBCTBBJIX C JI.IJ;paMB 11--, 11 +_, 
+ 

K -Me30HOB B npoTOHOB /3HepraJI 100 B 175 F:JB/. AnnpoKCBMa-

(iia)hA a 
------ = c1 A 

(iia) hN ' 
llBJI I c h - KOHCTaHTa, 3aBHCJilllaJI oT TBna a.n;po-

Ha/ no3oonJieT onucaTb 11-A-, 11+A-, K+A-- B pA-o3aBMo.n;e8cTBBJI c 

o.n;HBM napaMe:rpoM a =0,92±0,01 /x 2=14 Ha 13 cTeneHe8coo6o.n;b1/. 

KoHcTaHTbl ch npu 3TOM uecxonbKO oTnuqaJOTCJI OT e.n;BHBilbl f puc .2/, 

qTo, B03MO:lKHO, o6ycnooneHO Heonpe.n;eneHHOCTblO BenuqHHbl ll hN 

/cpe.IJ;Hee qucno penJITBBHCTCKHX qaCTBil B a.n;pOH - HyKnOHOM 

B3aHMO.IJ;eHCTBBB/, KOTOPYIO aBTOpbl 110• 111 HaXO.IJ;BnB no .n;aHHbiM 

pa60T, BblnOnHeHHbiX .n;pyroB_ MeTO.IJ;BKOB. 

qTo xacae1;cJI pa3nuquJI napaMeTpa uaxnoua a o JI.n;po- JI.n;ep-HbiX 

H a.n;poH- JI.IJ;epHbiX B3aHMO.IJ;eBCTBBJIX, TO OHO, CICOpee BCero, CBJI3aHO 

C CYllleCTBeHHOB pa3HHUeB B 3HeprBJIX, npB KOTOpbiX nonyqeHbl 

paccMoTpeHHble Bblwe .n;aHHble. Oueuxa napaMeTpa a .n;nJI pA -o3aH

Mo.n;e8cTBHB npu 3HeprHJIX 476 F:JB, c.n;enaHHble no .n;aHHbiM pa6o

Tbl/2/ B no 3MYllbCBOHHbiM .n;aBHbiM /12-:npBBO.IJ;JIT lC 3HaqeHHlO a :;;: 0,8, 
qTo cornacyeTCJI C a =0,82 , nonyqeHHOB .IJ;llJI B3aHMO.IJ;eBCTBBB 

JI.IJ;ep C JI.n;paMB B 3TOB :lKe o6naCTB 3HeprHB. 

TaxaM o6pa3oM, npooe.n;eHHbiB aHanB3 noKa3biBaeT, qTo A -

3aBBCBMOCTb nonHbiX BHICnl03BBHbiX ceqeHHB pO:lK.IJ;eHBJI nBOHOB 

DO B3aBMO.IJ;eBCTBHJIX a.n;pOHOB B JI.IJ;ep C JI.IJ;paMH OnHCbiBaeTCJI 
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Puc.2. 3a6UCUM0CIIb HOpMupoaaHHbiX noAHbiX UHKA103U6HbiX C€'1€HUU 

POXO€HUJI peAJIIIIUBUCIIICKUX 'laCIIIUII 60 63aUMOO€UC1116UJIX 11+ (~), 
11- (V) , K + (o) u p(O) c JIOpaMu 0111 aiiiOMHozo aeca JIOep. 

!llopMynoB cAa, r.n;e a He 3aBBCBT OT TBna qacTBil, CTanKBBalOlllBXCJI 

C JI.IJ;POM. 

B 3axnJOqeuae OTMeTBM o.n;Hy npuonexaTenbHYlO oco6eHHOCTb 

nonHbiX BHKnl03BBHbiX ceqeHBH. 06blqHo B3yqaeTCJI 3aBBCHMOCTb 

Cpe.n;HeB MHO:lKeCTBeHHOCTB pO:lK.IJ;eHHbiX qacTBil OT aTOMHOrO Beca 

JI.IJ;pa-MBWeHB. Ho xapaKTep 3TOB 3aBBCBMOCTB BO MHOrOM onpe

.n;enJieTCJI Bbl6opoM ceqeHBJI B3aBMo.n;eBcTBBJI /a prod • a abs , ••• /, 

ua xoTopoe HOpMBpyeTcJI cpe.n;uee. HeTpy.n;uo oa.n;eTb, qTo nonuble 

BHKnl03BBHble ceqeHBJI po)K.IJ;eHBJI OT Bbl6opa HOpMBpOBICB He 3aBHCJIT. 

AoTop 6naro.n;apeu A.n.racnap•uy,A.H.ronoxsacTooy,K.r.ry

naMooy B B.C.CTaBBHCKOMY 3a none3Hble o6cy:lK.IJ;eHBJI paccMaTpa

BaeMbiX .B pa6oTe oonpocoo. 
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