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~'HO)K9C'fB€HHOCTb BTOpH1.J.HbiX OTpHUaTenbHLIX 1..f8CTHU 

B HJlpD-HJlepHbiX CTOnKHOBeHHSIX npH HMnynbce 4,2 f38/c 
HB HyKnOH 

Tipe.OCTaBneHbl 9KCnepHM€HTBflbHbl8 tl,8HHbi8 no MH0}K€CTBeHHOMy 

o6pa30B8HHlO TT- -Me30HOB B HeyrrpyrHX B38HMOAei1CTf\HS1X penHTHBHCTCKHX 

!ltlep p, d, He, C c <ltlpaMH ycnepona H raHrana npH nepBH'iHOM 
HMnynbce Ha HyKnOH p O = 4,2 f38/c. npoaeneHO cpaaHeHUe 3KCnepHMeH­
I'8nbHbiX naHHhiX no AA -B3BHMoneHcrBHIO c o6lUHMH 3aKoHOMepHOCTHMH 

JlnH Heynpyf'HX pp-cronKHOB8HHJI. 06Hapy>KeHO OTKHOHeHHe or nHHeiiHOJI 

3aBHCHMOCTH a.HcnepCHH or cpenneH MHo>+<ecraeHHDCTH "- -Me30HOB. Hccne­
noaana A -3aBHCHMOCTh BbiXO.!la 71- -Me30HDB. 

Pa6ora BbinOnHeHa B na6oparc>pHH Bb!COKHX 3Hepcnii Oll.$U1. 

npenpHHT 06'beJlHHeHHOf'O HHCTHTYTB !U:lepHbiX HCcne)lOBBHHll, ny6Ka 1979 

Angelov N. et al. Pl · 12281 
Multiplicity of Secondary Negative Particles in Nucleus­
Nucleus Interactions at the 1,2 GeV/c per Nucleon 

Experimental data on multiple production of rr- -mesons in 
inelastic interactions of p, d, He , C relativistic nucle-i with 
carbon and tantalum nuclei at incident momentum P0 ~4,2 GeV/c per nuc­
leon are presented, Experimental data on AA-interaction are compared 
with general regularities for inelastic pp -interactions. The deviation from 
linear dependence of dispersion on"- -meson average multiplicity has 
been discovered, The A -dependence of "--meson yield is 
investigated, 

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

Preprint of the Joint Institute for Nucleor Research. Dubno 1979 

1. BBE,l{EHHE 

llpH H3yqeHHH B3aHMO~eHCTBHH penRTHBHCTCKHX R~ep 6onbWOH 

HHTepec Bbl3biBaiOT npouecc1a1 MHO)I(eCTBeHHoro po)l()leHHR rr -Me3o­

HOB. B qacTHOCTH, 3TO CBR3aHO C B03MO:lKHbiM nORBneHHeM Kon­

neKTHBHbiX 3«W!eKTOB npH cTonxHoaeHHH x~ep. B 3TOM cnyqae 

3KCnepHMeHTanbHble xapaKTepHCTHKH MHO)I(eCTBeHHOrO pO)I()leHHR 

rr -Me30HOB MOryT cymeCTBeHHO OTnHqaTbCR OT npe~CKa3aHHH MO­

~eneH He3aBHCHMoro B3aHMO~eHCTBHR HyxnoHoB. KpoMe Toro, 

H3yqeHHe R~po-g~epHbiX COy~apeHHH MO)I(eT nponHTb CBeT Ha a~­

poH-a~pOHHble B3aHMO~eHCTBHR, KOTOpble B. HaCTORIUee BpeMR 

TO)I(e paCCMaTpHBaiOTCR KaK COy~apeHHR COCTaBHbiX CHCTeM. 

B ~aHHOH pa6oTe Hccne~oaanHCb pacnpe~eneHHH no MHO)I(ecT­

BeHHOCTH OTpHUaTenbHbiX qacTHU, B OCHOBHOM rr -Me30HOB, B 

CTOnKHOBeHHRX npOTOHOB, H~ep ~eHTepHH, renHR H yrnepo~a C R~­

paMH TaHTana ('fa) H nponaHa (C 
3
H

8
) npH nepaHqHoM HMnynbce 

Ha HyxnoH P 0 = 4,2 T3B/c. 

Ai 1 At • TT I ••• ' /1/ 

r~e A.' (p. d, 4He.U'C), A,·· (C 3 H8 ,Ta). 
I • ' 

0nHCaHa npoue~ypa, KOTOpax n03BOnReT Ha OCHOBaHHH ~aHHbiX 

no B3aHMO~eHCTBHRM B nponaHe nonyqHTb xapaKTepHCTHKH B3aHMO­

~eHCTBHR C R~pOM yrnepo~a. ll03TOMY HaWH pe3ynbTaTbl MO)I(HO 

paCCMaTpHBaTb KaK OTHOCXIUHeCR K ~BYM qHCTbiM R~epHbiM MH­

WeHRM: yrnepo~HOH (A 12)H TaHTanoBOH (A •• 181). 

XapaxTepHCTHKH pacnpe~eneHHH no MHO)I(eCTBeHHOCTH rr--Me-

30HOB B R~po- R~epHbiX CTOnKHOBeHHRX cpaBHHBaiOTCR C 06IUHMH 

3aKOHOMepHOCTRMH, Ha6mo~eHHbiMH ~nR MHO)I(eCTBeHHOrO po)l()le-

HHR qacTHU B pp-CTOnKHOBeHHRX. 
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IIO.Il06Hwe accne,llOB&HH.II aa paJH.blX 'IHCT.blX MHWeH.IIX I Li , 
C , Ne, Al , Cu , Ph I, HO TOJI:&Ko c na,llaJOUUIMH .ll,llpawa 

renHll, npoBO.IlHJIHC:& B OHJIH Ha cTpawepHoi Kawepe CKM- 200 111 

PeJyJibT&T.bl pa60T.bl 12/ I:SepKJIHI OTHOCJITC.II K 3HeprHJIM ll&,llaJO" 

UUIX Jl,llep I C , Ar I .llO 2,1 F:JB/HYKA. H nony'leHw c Bcnon:&Jo· 

BaHHew CJIOliCH.blX wHWeHei I LiH , NaF , Bal 2, , Ph 30 4 1. 

2. HPOL(E,4YPA HOJIYqEHHJI 
3KCHEPHMEHTAJihHJJX ,li.AHHMX 

3KcnepaweHT ownonHeH c nowoiU:&IO 2-weTpoooi nponaaoooA 

nyJwp:&Koooi Kawepw JIB3 OHJIH, B pa6o'lew o6'bewe KOTopoA 

6.blJIH pa3MeiUeHbl TpH T&HTaJIOB.ble llJI&CTHHbl TOJIUUIHOi 1 MM 13,41. 

Kawepa o6ny'lanacb ny'IK&MH nerKHX Jl,llep (A <5_12) c awnyn:&cawa 

aa HYKJIOH P 0 = 12-51 T3B/c. Ha puc. 1 B BH.Ile HJIJIIOCTpausa 

llpHBe,lleHO C06.blTHe, o6p&30BaHHOe B pe3yJILT&Te B3&HMO,IleiCTBHJl 

Jl.llpa yrnepo,lla c T&HTanow npa awnyn:&ce P 0 = 4,2 T3B/c.HyKA. 

t 
+\') 

'"• 

Puc. 1. CAy'«lu 63auMooeuc•euA Aopa yzAepooa c •aH•aAoM npu 
nepeU'IHOM UMnYAI>Ce Ha HYKAOH P 0 = 4,2 T3B/c /nOAHWU UMnyAI>C 
naoaiOflleZo AOpa OKOAO 50 F3B/c/. 
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0T6op C06biTHH, o6pa30BaHHbiX B pe3yJibTaTe B3aHMO,IleHCTBB.II 

.ll,llep o TaHTane B nponaae, npoBO.IlHJie.ll no BBJyanbHbiM KPBTepu­

.IIM. IlpHMeeb noeTopOHHHX 'laeTHU K 'laeTHUaM ny'IKa OKa3aJiaC:& 

HeJHa'IHTeJibHOH ,llJI.II oeex .ll,llep- eHap.IIJlOB, - /1·310/o /
5
/. Bee 

OTpHUaTeJibHble 'laeTHUbl B 3Be3,1le, KpOMe H,lleHTH«iJHUHpOBaHHbiX 

3JieKTPOHOB, e'IHTanaeb 77- ·MeJoHaMB. CornaeHo 3KenepuMeHTanb· 

HbiM ,llaHHbiM no pp "B3aHMO,IleHeTBB.IIM, npHMeeb OTPHUaTeJib" 

HbiX eTpaHHblx qaeTHU He .llOJDKHa npeBbiWaTb 10/o. Cpe,llHHii rpa­

HH'IHbiH HMnynbe ,lleTeKTHpOBaHH.II, Ha'IHHa.ll e KOTOporo, 77- ·Me· 

JOHbl yoepeHHO H.lleHTH«iJauapooanaeb, paoeH P rp = 70 M:JB/c ,llJI.II 

JBeJ.Il B nponaHe a P
1
,p = 80 M:JB/c .llJI.II eo6biTHH o TaHTane. 

IlpHMeeb HeH,IleHTH«iJHUHpOBaHHbiX 3JieKTpOHOB K 77- ·MeJOHaM He 

npeBbiWaJia 30/o ,llJI.II eo6biTHH B TaHTaJie H npaKTB'IeeKH OTeyT • 

eToooana .llJI.II JBe 3.1l a nponaHe. 

BHJyaJibHbiH OT6op 3Be3,1l B nnaeTHHICaX npBBO,IlHJI IC onpe,lleJieH· 

aoii: npaMeea eo6biTHH, o6paJooaHHbiX B peJynhT&Te BJaHMO.IleB:­

eTBHH B nponaHe B6JIH3H nnaeTBH. 3Ta npHMeeb eOCTaBJIJIJia 17±2; 
9±3; 9±3; 13±410/o ,llJI.II p, d , He H C 06Jiy'leHHH eOOTBeTeTBeHHO 

H Bbi'IHTanacb H3 eyMMapHoro paenpe,lleneHH.II .llJI.II 3Be3.1l, OTHeeeH­

HbiX ITO BHJyaJibHbiM KpHTepH.IIM K B3aHMO,IleHeTBH.IIM B TaHTane. 

p acnpe,lleJieHH.II no 'IHeny pO:lK,IleHHbiX 77- ·Me 30HOB, npe,lleTaBJieH • 

Hble HH:lKe, COOTBeTeTBYIOT HeynpyrOMy B3aHMO,IleHCTBBIO, ICOTOpOe 

B ee'leHH.IIX onpe,llen.lleTeJI KaK 

a, =a 
In tot -(a ef +a~?-+ adif ). 121 

3,1leeL a " nOJIHOe ee'leHHe B3aHMO,IleieTBHJI, a r · ee'leHHe 
tot e 

ynpyroro paeee.IIHHJI O.llHOro Jl,llpa Ha ,llpyroM, a ~p - ceqeaae 

ynpyroro paece.IIHHJI c BOJ6y:lK,IleHHeM Jl,llpa, a dif - eeqeaae JlH· 

«lJpaKUHOHHOH ,llHCeOUHaUBH .ll,llep. 

Ynpyroro pacee.IIHHJI Ha .ll,llpe TaHTana H ynpyroro paeceJIHB.II 

C B036y:lK,IleHHeM Jl,llpa Mbl npaKTH'IeCKH He Ha6JIIO,IlaeM H3 • Ja M&JibiX 

yrJIOB paeeeJIHHJI. B eOOTBeTeTBHB C «lJopMynoi 121 OT6paCbiBaJIBCb 

C06b1THJI THna .llH«iJpaKUHOHHOi .llHCeOUHaUBH na,llaiOIUero Jl,llpa * 
l2·31ol. B ,llenanac:& nonpaoKa ll·21ol Ha noTepiO cnyqaeo KBaJH· 

ynpyroro paeceliHHll HYKJIOHa ll,llpa-eH&Pll.lla Ha HyKnoHe ll,llp&-MH· 

* K C06.blTBJIM ,llH«lJpaKUHOHHOi ,llHCCOUHAUBB Mbl OTHOeHJIH cny· 
'lAB, B KOTOpbiX Bee BTOpH'IHble 'I&CTHU.bl 6.blJIH llOJIO:lKHTeJI:&HbiMB, 
HWeJIH HWUYJILC 60JILWe 3 T3B/c H OTKJIOHJIJIHCb OT H&llpaBJieHHJI 

nepBH'IHOi He 60JILWe 'leW HA 4°. 
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weHE if>:'_ ~n£ nony'leHHB pacnpe.D.eneHHli no 'IHCny po:lK,!l.eHHhiX 

77 ·Me30HOB npH HeynpyZOM B3aHMO,!l.eHCTBHH Jl,!l.ep C nponaHOM 

BBO,!l.RJlRCh nonpaBKR Ha CO,!l.ep)l(amHeC£ cpe,!l.H C06blTHH, OT06paHHhiX 

npn npocMOTpe, cnyqaE ynpyroro pacceJIHHJI H .D.HliJpaKIJ;HOHHOE 

,!l.HCCOIJ;HaiJ;HE. llpHM€Ch 3TY MO:lKHC OIJ;eHHTh, CpaBHHBRJI Ce'leHHK, 

Bhl'IHCJleHHhl€ COr naCHO XHMH'IeCKOH 4JopMyne nponaHa C 3 H 8 
HCXO,!l.Jl 1!:3 Heynpyzux Ce'leHHR B3RHMO,!l.eHCTBH.R Ha npoTOHe Hyrne­

po,!l.e /OHH B311Th! H3 pa60T /5,6. H npHBO,!l.llTCJi: E ma611. 1/, C ceqe­

HHHMH, nonyqeHHhiMH COrnaCHO BH3yanhHblM KpHTCpHJIM ;; . 3TE 

ceqeHnn oKaJanHCh so acex cnyqaxx 6onLwe pacqeTHhiX, rro3TOMY 

'IHCJlO 3Be3,1:1 6eJ "- ·Me30HOE YMeHhWaJlOCh E TaKOE CTeneHH, 'ITO" 

6w cornacoaaTJ> nonHoe 'IHcno co6hiTHH c pac'leTHhiM HeynpyrHY­

ce'leHHeM. 

Ta6AU11a 1 

3KCnepHMeHTaJ1hHhle BeJlH'IHHhl HeynpyrHX Ce'leHHH 

B MHJ1JlH6apHaX/'i,G/ 

Ai p d He c 

ap 30;!:_1 70:!:.,3 100:!:.,5 250:!:.,1 0 

ac 250:!:.,15 380:!:.,20 440:!:.,20 790:!:.,50 

~JlJI cpaBHeHHJI C ,!l.pyrHMH 3KCnepHMeHTaMH H TeopeTH'ICCKHMH 

pac'leTaMH )l(enaTenbHO H3one'lh HJ .D.aHHhlx Ha nporraHe .D.aHHhle Ha 

JI.D.pe yrnepo,!l.a. HanH'IHe 3KcnepHMeHTanhHLIX .D.aHHhiX no Heynpy­

roMy pp -cTonxHoBeHHto -'6 ·' 11 aenH'IHH ce'leHHH, rrpHBe.D.eHHhiX 

B 1/IQ6Jt. J, n03BOJ1JieT nyTeM BLI'IHTaHHJI H3 pacrrpe,ll.eneHHJI ITO 'IHC­

ny pO:lK,!l.eHHLIX ;r --Me30HOB B p(C 3H8 ) ·BJRHMO,D.eHCTBHJIX COOTBeT­

CTBYJOmero pacrrpe,!l.eneHHJI ,!l.J1JI PP- CTOJlKHOBeHHH, rrony'IHTb pac­

IIpe,!l.eneHHe B pC- B3aHMO,!l.eHCTBHJIX • .11CII0Jlh3YJI nonyqeHHOe TaKHM 

o6pa30M pacrrpe,!l.eneHHe ,!l.JlJI pC ·BJRHMO,!l.eHCTBHJI /KOTopoe ,!1.0Jl)KH0 

6LITh 3KBHBaneHTHhiM Cp -aJaHMO.D.eil:cToBJO/ H .D.aHHLie ma6A. 1, 
MO)I(HO TaK :lKe BLI,!l.enHTh pacrrpe,!l.eneHHe ,!l.JlJI CC - CTOflKHOBeHHiL 

~nJI rrony'leHHJI aHanorH'IHLIX pacnpe,!l.eneHHH B dC H HeC -

B3aHMO,!l.eBCTBHJIX He06XO,!l.HMhl 3KCIIepHMeHTaJ1hHLie ,!l.aHHLie ITO dp 

H Hep - CTOJlKHOBeHHJIM, KOTOpLIX ReT B HaCTOJIIIJ;ee BpeMJI II pH 

Haweii 3HeprHH. 0.D.HaKo MO)I(HO npe,!l.nOJ10)1(HTb, 'ITO npH p O = 

4,2 F3B/C.HYKII. 3TH pacnpe,!l.eneHHJI He CHJlbHO OTJlB'IalOTCJI 

6 

OT aHanorH'IHLIX pacnpe,!l.eneHHB B pC "B3aHMO,!l.eBCTBHJIX. ~eii:­

CTBHTeJlbHO, H3 3KCnepHMeHTaJ1bHLIX ,!l.aHHLIX no pp /8/ H pn /7.' -

CTOJlKHOBeHHJIM MO)I(HO onpe,!l.eJlHTh cpe,!l.HlOlO MHO)I(eCTBeHHOCTb po)l(­

,!l.eHHLIX 77--MeJOHOB 'n_? B ,!l.BCnepCBlO D_,~y'~~~;=~~~;- B p-HyK­

JlOH - B3aHMO,!l.eBCTBHJIX (pN). 0Ka3aJ10Ch, 'ITO cpe,!l.HJIJI MHO)I(eCT" 

BeHHOCTb H ,!l.HCnepCHJI npB HOpMBpOBKe Ha nOJ1HOe Ce'leHHe pN -

B3aHMO,!l.eBCTBHJI paBHLI: 

<n_> = 0,30±0,015, D_ = 0,49±0,01. /3/ 

llpH B3aHMO,!l.eBCTBBH rrpOTOHa C yrnepO,!l.OM 

<n_ > = 0,33±0,02, D_ = 0,53±0,015. /4/ 

3TH ,!l.aHHLie nO,!l.TBep)l(,!l.alOT HaWe npe,!l.nOJ10)1(eHHe. ll03TOMY ,!l.JlJI 

nony'leHHJI pacnpe,!l.eJleHHB no MHO)I(eCTBeHHOCTH 77- - Me30HOB B 

dC H HeC-B3aHMO,!l.eBCTBHJIX HCnOJ1b30BaJ10Cb pacnpe,!l.eneHHe no 

'IHCJlY 77- -Me 30HOB B pN- CTOJlKHOBeHHJIX. 

flo HaWHM OIJ;eHKaM, npoiJ;e,!l.ypa Bhi'IHTaHHJI H HeOnpe,!l.eneHHOCTb 

B BeJlH'IBHe nonpaBOK MOrflH BHeCTH B ,!l.aHHLie no. <n_ -, H D OWH6-

KY nopJI.D.Ka 5'1o. 

3. PACllPE,[fEJIEHHJI llO MHO)l(ECTBEHHOCTH 
11 -ME30HOB 

B 11a611. 2 rrpuae.D.eHo KonuqecTBo JaperucTpHpoBaHHLIX co6LITBH, 

B KOTOpLIX o6pa30BRJ10Cb onpe,!l.eneHHOe 'IHCJlO 11-- Me30HOB IIpH 

B3aHMO,!l.eBCTBBH p , d , He, C C nporraHOM, yrnepO,!l.OM B TaH­

TanoM. 3.D.ecb A i B A 1 o6oJHa'lalOT uccne,!l.yeMLIB Ha6op CTanKHBaJO­

WBXCJI Jl,!l.ep; n_ - "'HCJ10 po:lK,!l.eHHLIX 11- ·Me30HOBj N tot - ITOJlHOe 

'IHcno co6LITBii Heynpyroro B3aHMO.D.eiicTBBJI. Ha puc. 2 npuBe.D.eHLI 

pacnpe,!l.eneHBJI ITO MHO)I(eCTBeHHOCTH 1T -Me30HOB B HeynpyrBX 

CTOnKHoBeHHliX p , d , He B C c yrnepo.D.OM H TaHTanoM. KpBBLie 

Ha PHCYHKaX COOTBeTCT_BylOT pacrrpe,!l.efleHBJIM llyaccoHa C napa­

MeTpaMB, paoHLIMB 3KcnepuMeHTanLHLIM 3Ha'leHHJIM. B 11a611. 3 
npe,!l.CTaoneHLI BenB'IBHLI cpe.D.HHX MHO)I(eCTBeHHOCTeH <n_> H ,!l.BC" 

nepCBB D_ pacnpe,!l.eneHHB no MHO)I(eCTBeHHOCTH npH B3aBMO,!l.eii­

CTBHB Jl,!l.ep-cHapK,!l.OB C yrnepO,!l.OM H TaHTaJlOM. 113 pUC. 2 H H3 

rrpBBe,!l.eHHLIX B 11a611. 3 3Ha'leHBB OTHOWeHHK <n_>/0: BB,!l.HO, 
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liHCJIO C06blTHH, B KOTOpblX poJK,AaeTC.II n_ rr-·Me30HOB llpH 

B3aBMO,neiiCTBBB p , d , He H 

O' 2 3 4 5 

750 287 25 
564 219 24 
904 482 83 6 

596 372 67 6 
355 275 63 6 
125 120 53 13 

769 588 172. 48 15 3 
347 417 165 48 15 3 
399 497 304 181 63 9 

293 230 107 37 24 9 
67 142 97 37 24 9 

130 248 105 84 81 63 
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Ta6AUI.#a 3 

BeJIH'IHHLl cpe,I:lHHX MHO~eCTBeHHOCTeH ··n H .UHcnepcHH D _ 
pacnpe.ueneHHB npH B3aHMO,I:leHCTBHH X,I:lep-cHapX,I:lOB C yrnepO,I:lOM 

H TaHTaJIOM 

D 
<n > 

Ai At <n_> - ------o: 
c 0,33::!:_0,02 0,53::!:_0,015 1 ,17::!:_0,09 

p 

Ta 0,45::!:_0,02 0,62::!:_0,015 1,17::!:_0,08 

c 0,60::!:_0,04 0,69::!:_0,03 1 ,26::!:_0,13 
d 

Ta 0,88::!:_0,07 0,86::!:_0,05 1,19::!:_0,15 

c 0,97::!:_0,05 0,94::!:_0,04 1,10::!:_0,10 
He 

Ta 1 ,36::!:_0,06 1 ,20::!:_0,04 0,94::!:_0,08 

c 1 ,60::!:_0,10 I ,29::!:_0,07 0,96::!:_0,12 
c 

Ta 3,12::!:_0,12 2,77::!:_0,08 0,41::!:_0,03 

'ITO B cnyqae HaneTaiOlliHX nerKHX JI,I:lep pacnpe.ueneHHR no MHO­

JtceCTBeHHOCTH rr -MeJOHOE nO'ITH HC OTJIH'IaiOTCR OT nyacCOHOB­

CKHX, XOTJI HafiJIIO,I:laeTCJ! HeKOTopax TeH,I:leHl{HJ! K YMCHbWCHHIC 

OTHOWCHHJl ·.11_ >. 10:. C pOCTOM aTOMHOI'O Beca HaJieTaiOlllero .IIJJ.­

pa A i . B cny'lae yrnepo.uRoro o6ny'leHHt.: pacnpe.ueneHHC no 

MHo~eCTBCHHOCTH ,--MeJOHOE .unt.: C- Ta CTOJIKHoBeHHH JaMeTHC 

WHpe nyacCOHOBCKOfO. O.unaKO CTOHT OTMCTHTh, 'ITO CCJIK H:! 

C-Ta - BJaHMO,I:lCHCTBHH BbiJJ.CJIHTb CJiy'laE 6e 3 CTpHnllHHrOBbl)' 'lac­

THU /"UeHTpaJibHbie" CTOJIKHOBCHHJI/, TO no ·npc.unapwrCJlhllbll\' 

,I:laHHLIM ,I:lJIJI HHX nonyqae1 CJl 1 O~C llpH6Jlii3H1 CJihHG nyacCOHOBCKOC 

pacnpe.D.enenHe I · n_ '> = 5,3±0,2, D~ = 5,5±0,8/. 

)l.aHHbiC no CpC.D.HCH MHO~CCTBCHIIOCTH qacnm pa. 3JJH'IHCI'O cop· 

Ta, Ofipa3YIOlliHXCJ! npH fl3aiiMO.UCiic1Billl JIC! KH;; K.LJC[ l: JaJ!laJH~M. 

onyfinHKoBaHbl B pa6oTe 14 1• 
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4. CPABHEHHE C 0.5ll(HMH 3AKOHOMEPHOCT.HMH 
B pp- CTOJIKHOBEHH.HX 

B pp-CTOJIKHOBCHHJ!X K HeynpyrHM B3aHMO,I:lCHCTBHXM OTHOCJ!T 

Bee COfibiTHJI, KPOMe ynpyroro pacceJIHHJI, HJIH, .D.PYfHMH CJIOBa­

MH, npOUCCCLl, r.ue po~aeTCJI XOTJI fiLl O,I:lHa HOBaJI 'laCTHUa. 

JipK HaWCH 3HeprHH + 3TO, B OCHOBHOM, npOUCCCbl C po~eHHeM 

XOTJI fibl O.ll.HOI'O rr'' -Me30Ha. C TaKOH TO'IKH 3pCHHJI aHaJIOfOM 

HeynpyrHX pp - CTOJIKHOBeHHH B X,I:lpo- .ll.lJ.CpHbiX B3aHMO,I:lCHCTBHJIX 

cne.uyeT C'IHTaTh npoueccbl c po~ACHHCM rr -Me30HOB 11/, 3xcnepg­

MeHTaJibHOe onpe.D.eJieHHe ce'leHHJI TaKoro npouecca cBJI3aHo c 

fiOJibWHMH MCTO,I:lH'IeCKHMH TPY.UHOCTJIMH. II03TOMY ,I:lJIJI OUCHKH 

nxna.ua cny'laen 6eJ po~.D.CHHJI 'laCTHU fibln npo.uenaH pac'leT ceqe­

HHH o in H u prod no MO.D.eJIH "MJII'KHX c4Jep", KOTOpaJI XOpOWO 

OnHCbiBaeT 3KCnepHMCHTaJibHbiC BeJIH'IHHbl Ce'leHHH a in /5/ 

B 111a6A. 4 npHBC,I:lCHbl OTHOWCHHK paC'ICTHbiX Ce'ICHHH a prod K 

"in ,I:lJIJI Hawero 3KcnepHMeHTa. BeJIH'IHHLl OTHOWeHHH a , a 
pro<l in 

HCnOJibJOBaJIHCh ,I:lJIJI noJiy'leHHfl 3Ha'ICHHH ll H )) npH HOpMH-

poBKC Ha CC'ICHHe <T prod · 

Ta6AUI.Ia 4 

0THOWCHHJ! paC'ICTHbiX CC'IeHHH " l /If. npK B3aHMO,I:lCHCTBHH 
pror 111 

p , d , He , C c yrnepo.uoM H TaHTanoM 

............... Ai 
A~ 

c 
Ta 

p 

0,816 

0,936 

d 

0,858 

0,941 

He 

0,888 

0,949 

c 

0,916 

0,958 

Ha puc. 3 npe.ucTaBJieHa JaBHCHMOCTb 3KcnepHMeHTaJibHLIX JHa­

'ICHHK .UHcnepcHH D_ 01 cpe,I:lHHX MHo~eCTBeHHOCTen · n_ · .. KpoMe 

HaWHX ,I:laHHbiX, 3,I:l~Cb HaHCCCHb! ,I:laHHble no BJaHMO,I:leHCTBHJIM Jl.ll.Cp 

reJIH£ C HMllYJibCOM 4,5 T3B/c·HYICA. C pa3Hb1MH MHWCHJIMH, nony­

'ICHHblC Ha CTpHMCpHOR KaMepe B )l.yfiHe :L'_ JipJIMaJ! JIHHH.R npe,Z!; • 

cTaBnJiel JMnHpH'IecKyiO JaBHCHMOCTb ManxoTpa- Bpy6nescxoro 

,I:lJI.Il HeynpyrHX pp -B3aHMO,I:lCHCTBHB B HHTepBaJIC HMnyJibCOB 

4-400 T3B/c. BH.UHO, '110 JKcrrepHMCHTaJibHble TO'IKH .UJIJI B3aHMO-

,I:lCHCTBHH p , d , Ill: c pa3JIH'IHb!MH x.upaMH noJKaTc» Ha JIHHeif-
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! 
A (P,d,He,C) C + 
• lP,d,~,C)TCl 
v He ( C , Pb ) 

2 ' 
- pp 

I 

0 
1 

0 
4 2 0 3 

< n..> 
Puc. 3. 3a6UCUMOCIIIb 3KCnepuMeH111QAbHbiX 3Ha~eHUU oucnepcuu 
D_ = y:::-n:g-:::-_:-::-n:-:-2 0111 cpeOHUX MHOJKeC1116eHHOC1/IeU 0111pUija1/leAb­

HbiX ~ac11U14 <n > 6 pp u AA- 63auMooeuC1116U.RX. ! , • - Hawu 
OaHHble, (V) - i}aHHble pa6o111>1 .'L'. Ilp.RMa.R npeocma6A.Rem 3Mnupu­
~ecKyKJ 3a6ucuMOCillb MaAxompa- Bpy6Ae6cKozo OA.R Heynpyzux pp-

63QUMOOeuc1116UU. 

HYJO 3aBBCBMOCTb ManxoTpa- Bpy6neocxoro. Tai<BM o6pa3oM, .IJ.JI.Il 

pacnpe)],eneHBB no MHO)I(eCTBeHHOCTB ll- -Me30HOB B .ll)],pO-.Il)],epHbiX 

B npOTOH- npOTOHHbiX B3aBMO)],eBCTBH.IlX Ha6illO)],aeTC.Il Hei<OTOpoe 

n0)],06Be, I<OTOpOe BnepBble 6biJIO 3aMeqeHO npH B3aHMO)],eBCTBHH 

a -qacTBU C pa3JIBqHbiMH .ll)],paMH /1/. 0.IJ.HaJ<O npH B3aHMO)],eB­

CTBHH. Jl)],ep yrnepo)],a C TaHTaJIOM Ha6JilO)],aeTC.Il OTI<JIOHeHHe OT 

nBHeBHOB 3aBHCHMOCTH B CTOpOHY OTHOCHTeJibHOrO ywupeHHJI pac­

npe.IJ.eneHHJI. 3To OTI<noueuue MO)I(eT 6b1Tb o6ycnooneuo yoenuqe­

HHeM BI<Jla)],a B )],HCnepCHlO D_ lilnyi<TyaQHH qucna B3aHMO)],eB­

CTBYlOillHX HYI<JIOHOB Jl)],pa- CHapJI)],a. 0HO MO)I(eT 6b1Tb TaJ<)I(e OT'IaCTH 

CBJI3auo c yaenuqeifueM OTHOCBTenbHoro oxna.IJ.a npoueccoo xo­

repeuTuoro Tuna. 

Ha puc. 4 npuoe)],eHo pacnpe.IJ.eneuue no MHO)I(eCTBeHHOCTH 7l -

Me30HOB B nepeweHHbiX KNO. 3.IJ.eCb a/ a prod - .IJ.OJI.Il co6hiTHB 

c qucnow ll- -we30HOB, paBHbiM n. Ilpe.IJ.CTaoneHhl 3I<cnepuMeH­

TaJibHble .IJ.aHHble no B3auwon;eilcTBB.IlM p , d, He, C c .ll.IJ.pawu 

yrnepo.IJ.a u TaHTana npu 1Q = 4,2 F3B/c•HYKA.,no CTonxuooe-

12 

11 

( 

I 

1
1 

\6~ 
A 

' c: 
v 

I - ........ 
i//JI ~ ', 

• (P,d,l-lll,C) C 

• (p, ci,l-lt,C) Ta 

t:. C(t..:l-1,~0-) 
o He(C, ~) 

--- PP (50-400)rtB/e f rr~,,~ 
\~f l f 
\If~\ H! 

-OAf-

O.OH-

0.001 3 4 5 
n_ 

<:rL') 

Puc. 4. PacnpeoeAeHue no MHoxecm6eHHocmu ompuija1/leAbHbiX ~acmu14 
6 nepeMeHHbiX KNO OA.R pp u AA- 63auMooeucm6uii. Kpuaa.R 
npeocmaeA.Rem noaeoeHue oaHHbiX no pp- a3auMooeucmauJIM OAJI 
3Hepzuu 6biUJe 50 F3B. 

HH.IIM .ll.IJ.ep renu11 c JI.IJ.paMB C, Pb npu P 0 = 4,5 F3B/c·HYKA. !1.' 

H no B3aBMO.IJ.eilcTBH.IlM .ll.IJ.ep yrnepo.IJ.a c LiH u Pb 30 4 npu 

3Hepruu 1,8 F3B/HYKA. 12l. Kpuoa.11 cooTBeTCTByeT 3I<cnepuMeH­

ranbHbiM )],aHHbiM no HeynpyroMy pp - B3aHMO)],eBCTBHlO npu P p > 

>50 F3B/c. BH.IJ.HO, qTo 3I<cnepuMeHTanbHble Toqxu .IJ.JI.Il scex 

AA -s3aHMO.IJ.eilcTBHB B npe.IJ.enax owu6ox rpynnupylOTC.Il B.IJ.OJib 

Hei<oTopoil nHHHH, I<OTopa.ll, O.IJ.Hai<o, He coona)],aeT c KNO - 3aBu-

CHMOCTblO .IJ.JI.Il pp -B3aHMO.IJ.eilcTBBB npu PP>50 F3B/c. 
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5. A -3ABHCHMOCT.b Bb/XO,ll.A 77- -ME30HOB 

Ha puc. 5 npe~cTaBneaa JaBHCBMOCTb cpe~aeii MHO)t(eCTBea­

HOCTB OTpBUaTeJibHbiX qacTBU <n _> OT aTOMHOrO BeCa na~aro­

ll{ero .11~pa A i ~JI.II ~Byx .11~ep- Maweaeii: yrnepo~a a TaHTana. 

ECJIH B KaqecTBe nepBOH TOqKB B3.11Tb MHO)t(eCTBeHHOCTb, COOTBeT­

CTBYIOIUYIO B3aaMo~eiicTBBIO "cpe~aero ayxnoaa" N c .11~epaoii 

MBWeHbiO, BblqBCJieHHYIO Ha OCHOBe Cyll{eCTBYIOII{BX ~aHHbiX DO 

NN a pA B3aaMo~eiicTBB.IIM /4/, 

A 
I 

c 
v 

(p,d,He, C)Ta 

5.0 • (p,d)He,C) C 

I 

0 .. 11 I I I I I I I I II I 1 1 I 

~ 2 4 42 
~l 

Puc. 5. 3aeucuMoc•~> cpeoHeii MHoJKec•eeHHoc•u o•pu11a•eALHLIX 
'1ac•u11 <n _ > o• a•oMHozo eeca .110pa cHapJIOa A i OJIJI coyoapeHuii 
p , d , He u C c yzAepoooM (&) u •aH•aAoM ( • ). Pac'4e•H~>Ie 

MHOJKec•eeHHoc•u OJI.JI e3aUMooeuc•euu "cpeoHezo HYKAOHa" o6o3Ha­
'4eHw (ti, 0). YpaeHeHUJI np.IIMLIX oa~a•c.11 e •eKc•e. 

14 

<n >NC = l(<n > c + <n > c ) = 0,40 ±0,04, - 2 - p - n 

<n >NT=_!_(<n >T +<n >T)=0,55±0,03, - a 2 -• p a - n a -

TO OKa3biBaeTCJI, "'TO 3aBHCHMOCTb <n_ > OT Ai XOpOWO ODHCblBa­

eTCJI CTeDeHHOK tPYHI<UHei!. 

<n >=k· Aa /5/ 
- 1 

~mil BJaHMO~eHCTBHK C yrnepo~OM DOJiyqaeM: 
2 k = 0,42±0,03, a = 0,55±0,04 npH X /n = 1,25, 

a ~JIB B3aHMO~eHCTBHH C TaHTaJIOM: 

k = 0,54±0,03, a = 0,70±0,03, npR X 2 /n= 0,70. 
BenE npe~noJIO)t(KTh, qTo JaBHCHMOCTb ·:n _> oT aTOMHoro Beca 

11~pa- MHWCHE At TO )I(€ CTCIICHHOro BH~a 

<n_>-Af3 t • /6/ 

TO 110 ~BYM 3I<CII€pHM€HTaJII.HbiM 3Ha"!eliHJ!M <n_ ·., COOTBCTCTByro­

ll{H!II; B3aHMO~CHCTBHIO C yrnepo~OM H TaHTaJIOM, MO)t(HO OUCHHTb 

JHa'leHHJl rroxaJaTenx fl ~JI.H HMeroll{HXCJI JI~ep- cHapJI~OB I p , 

d, He, C /: 

/1 p = 0,11±0,03, 
fi11 e= 0,12±0,03, 

{j d = 0,14±0,05, 
f) c = 0,25±0,04. 

3~€Cb Kapnma MCHee "'CTKaR, HO H3 COBOI<YIIHOCTH JHa"!eHHH 

IIOKa3aTeJieH a H {J BH~HO, qro IIPH Ai <At MHO)t(CCTBCHHOCTb 

yseJIH'IHBaeTCJI 6bicTpee c pocroM A i. qeM c A 
1

• 3aBHCHMOCTL 

or A1 (A i ) TeM CHJibHee, "!eM 6onbwe tllaxcapoBaHHoe 3Ha'leHae 

A i (A 1 ). Ta1' Kai< accne~yeMwe HaM a rrpoueccw ~OIDKHbi JaBa­

CCTh CHMMCTpH'IHbiM o6pa30M OT A i H At , MO)t(HO IIpe~IIOJIO)t(HTb, 

•no cl>opMyna BH~a: 

<n_>=k·A~·Af3 
I t ' a (A i, At)= {1 (At, A 1 ) /7/ 

6y~eT IIO~XO~JIIl{eH rrapaMeTpB3aUB€H 3aBBCHMOCTB cpe~HeH MHO­

)t(€CTB€HHOCTB reHepHpOBaHHbiX qacTHU OT aTOMHbiX BCCOB CTaJI­

I<HBaiOII{HXCJI Jl~ep. 
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6. OECY)J(,4EHHE PE3YJibTATOB 

Ha OCHOBe 3KCnepHMeHTaRbHMX ~aHHMX no MHO~eCTBeHHOCTH 

OTPHUaTeRbHWX 'laCTHU, reuepHpOBaHHWX B COy~apeHHRX nerKHX 

R~ep p, d , He , C c HMnynbCOM 4,2 F3Bjc. HYKA. c nponauoM 

H TaHTanoM, MO~HO C~enaTb BMBO~ 0 TOM, 'ITO cpe~HRR MHO~ecT­

BeHHOCTb 3aBHCHT rnaBHWM o6pa30M OT aTOMHOrO Beca na~aiOJ.Uero 

.ll~pa. 3Ta CHRbHaR 3aBHCHMOCTb CTaHOBHTCR RCHOH, ecnH ee 

COfiOCTaBHTb C OUeHKaMH Cpe~Hero 'IHCna <'"i , B3aHMO~eHCTBYIOI.UHX 
uyxnouoB na~aromero R~pa. TaKHe oueHKH MoryT 6wTL nonyqeuM, 

ecnH onpe~enHTb cpe~HHH 3apg~ CTpHDDHHrOBMX 'laCTHU, H ~ng 

B3aHMO~eHCTBHR R~ep p , d , He H C C R~pOM TaHTana OHH 

npHBO~HnHCb B uaweii npe~M~ymeii pa6oTe /4/. B ma6A. 5 ~aiOTCR 
3Ha'leHHR OTHOWeHHR <:n_ >/<vi > ~nR coy~apeHHH "cpe~Hero HyK­

ROHa" N H .11~ep d , He H C c Monexynoii nponaua, R~poM yrne­

po~a H Jl~pOM TaHTana. 3TO OTHOWeHHe xapaKTepH3yeT 'IHCRO 

reuepHpOBaHHWX 11- ·Me30HOB B nepeC'IeTe Ha O~HH DpOB3aHMO· 

~eHCTBOBaBWHH HYKROH na~aiOJ.Uero R~pa. 

)J,aHHWe ~ng yrnepO~HOH MHWeHH nonyqeHW H3 ~aHHWX Ha 

nponaHe B npe~nono~eHHH, 'ITO B cnyqae CTORKHOBeHHR C BO~O­

pO~OM nponaua na~aromero ~eiiToua HnH R~pa renHR TOnbKO o~HH 

HYKROH OT na~aiOJ.UeH 'laCTHUW yqaCTByeT BO B3aHMO~eHCTBHH. BH~HO, 

'ITO ~RJI onpe~eneHHOH MHWeHH OTHOWeHHe <n_>/<vi > DOCTORHHO 

c TO'IHOCTbiO uecxonbKHX npoueHTOB. Taxag xapTHHa o~H~aeTCR, 

eCnH HYKROHW na~aiOJ.Uero .ll~pa B3aHMO~eHCTBYIOT He3aBHCHMO 

,11;pyr OT ,11;pyra. 

Ta6Auija 5 

3Ha'leHHJI OTHOWeHHR <n_ >I <vi>, 
OTPHUaTenLuwx qacTHU B nepec'leTe 

BaBWHB HYKROH na~aiOJ.Uero .II,D;pa 

HRH 'IHCRO reHepHpOBaHHWX 

Ha O~HH DpOB3aHMO~eHCTBO· 

~At 
~ 

C3H8- c Ta 

N 0,37±_0,04 0,40±_0,04 0,55±_0,03 

d 0,37±_0,03 0,38±_0,04 0,55±_0,05 

He 0,37±_0,03 0,39±_0,04 0,50±_0,03 

c - - 0,52±_0,06 
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Jionee CJia6aa 3ABHCHMOCTb MHOliCeCTBeHHOCTH OT ATOMHOrO 

Beca JI,D;pa•MHJDeHH l<&'leCTBeHHO TOliCe MOllteT 6b1Tb DOHJIT& B paM· 

xax reoweTpaqecxHx npe,D;cTaaneaK:ii:. 

YWHpeaae pacnpe,~~;eneHaii no 'l&cny poliC,II;e&HbiX rr- -we30Hoa, 

aa6mo,~~;aewoe ~.II yrnepo,D;Horo o6nyqeaKa Ta&Tanoaol wHmeBH, 

yxa3biBaeT Ha BKRa,D; HOBOrO BCTO'IBHK& ~KTya~:ii:, KOTOpbliMO· 

llteT 6WTb o6ycnoBneH cnyqaiHbiM xapaxTepow CTOnKBOBeBKJI Hyx­

noHOB a,~~;ep, a TaiOKe Ban&'IKew npoueccoB xorepe&THoro TKDa • 

llo•BH,IJ;HMOMy, 3,D;eCb npOJIBnJieTCJI CROliCH&JI DpKpO,D;a B3&HMO,D;ei· 

CTBYKKQHX 06~eKTOB. 

ABTOpbl C'IBTAIOT CBOHM DpBJITHbiM ,IJ;ORrOM Bblpa3HTb 6naro,D;ap· 

HOCTL o6cnylltH:aaJOIUewy nepcoHany 2- weTpoaol nponaHoBol xawepw 

B na6opaKT&M, DpHBHM&BWHM y'l&CTHe B o6pa60TKe CHHMKOB. 
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PyKonuc& noc•ynUAa e U30a111eA&cKuii o•oeA 
2 Map•a 19 79 zooa. 
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