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BaparneHKOB B.C.; Hllbi!HOB A.C., ToHeea B.D. 
P3-554B 

Baan~waefiCTBI!SI penHTI!BHCTCKUX SII1ep aei1TepnSI n Tpi!TI!SI 

C tjJOTOSMYilbCI!efi : 

B paMKax Moaenll aHyTpHSII1epHbiX KaCKaaoa c y1.1eTOM 1!3MeHeHIISI 

CBOi1CTB SI/1p8-MHllleHII B Te'leHI!e npouecca B3811M0/1eUCTBIISI paCC'II!T8Hbl 

Heynpyrll~ CTOIIKHOB~HI!Sl aefiTpOHOB II SI/1ep Tpi!TI!S! C S!/1p8Mll tjJOTOSMYilbCI!Ii 

· B I!HTepBalle SHeprllfi Bll/IOTb .110 30 fsa/ HYKIIOH, B SHepreTH'!eCKOll 38Bli

CIIMOCTII MHOlKeCTBeHHOCTII Me/1/leHHblX BTOpli'IHbiX '18CTIIU npll SHepri!SIX no

pS!I1K8 HeCKOilbKIIX fsB npei1CK83biBaeTCSI M8KCIIMYM1 . o6yCIIOB/leHHblll yMeHb

llleHI!eM nnoTHOCTII BHYTPIISI/1epaoro aemecTaa a peaynbTaTe Bbi61!BaHIIH HYK

IIOHOB /l8BIIHOM K8CK8JlHbiX '18CTI!U, 06cylK/18eTCS! Ha/1elKHOCTb OT6opa B38l!MO 

aeilCTBIIM C B0/10p0110M tPOTOSMYilbCIIII C IIOMOIUbiD Kpi!Tepi!S! nh < 1, 

. fipenpHHT 06be,llHHeHHOI'O HHCTHTYTa BAepHbiX HCCJleAOBaHHit 
,ny6Ha, 1970 

P3-5S48 
Barashenkov V.S., Iljinov A.S., Toneev V,D, : " . . 

Interaction of Relativistic Deuterium ar,d Tritium Nuclei 
with the Photoemwsion O~es · 

Inelastic collisions of the' deuterons and tritium nuclei with 
the photoemulsion ones in the energy range up to 30 GeV/nucleon :~ 
were calculated within the framework of the intranuclear cascade 
model taking account of the changes in the nucleus-target proper

ties in the process of interaction. In the energy dependence . of the 
slow secondary particle multipliCity at the energy of the ·order of 
several GeV . the maximum is predicted which is due to the decrease 
of the intranuclear matter density resulting from the knocking out of 

.. nucleons by the cascade particles. Reliability of the selection ~f 
interactions with photoemulsion hydrogen with the aid of· the n h <;.. 1 

criterion· is discussed, · 

Preprint. Joint Institute for Nuclear Research. 
Dubna, 1970 
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/1-3/ 
B pa6oTax • 6bmo II?KaSaHo, _'ITO np11 aHepi'IIHX T < 1 ras/nyK-

::::s ' I j 

noH H9YJi!PYI'IIe,. BSaiiMOJleii:CTBIIH ohiCTpbiX Jleii:TpoHOB c HJlpaMII xopowo . , , , X/ . ··,,, 
OIIIICblB8lOTCH MeXaHII3MOM BHyTpllHJlepHbiX K8CK8Jl0B i paCXO>KJl9HIIH . C ~Ubi-

, ' ' • • . I ; ; ' ~ ', j 

ToM' OTMe'IaiOTCH JlllWb B HeKOTOpb!X JleTaJlHX, Cos)laHne B ny6ne ny'IKOB 
' " . '' ' ,; . . . . ,· ; .-.. 

peJIHTllBIICTCKllX Jl9ii:TpOHOB II03BbJlH9T 113Y'IIITb Jl9HTpOH-HJlepHhl9 .B3811MO-. 
' i ' . ·. . . /4'5/ '·' . 

Jl9HCTBHH II npn OOnbWllX 9Hepi'HHX, BIIJlOTb JlO T;;; 5 ras/HyKJIOH • 

I'Jle yme JlOJl>KHO· Cyii!eCTB9HHO CK838TbCH 113M9H91lll9. CBOHCTB HJlp8-MIIW9HII 
. > l 

1 
• ' , ; ' r • • ' • r ~ ~. · .. ·,, , ' ' · ~ ., 

IIO Mepe pa3BIITIIH K8CK8JlHOH Jl8BIIHbi 0 KOTOpaH rrpll .9THX 9Hepi'UHX s:aHO-

BIITCH B9CbM8 pa389TBJ19HHOH, 
• 't 

B JlaHHoii paooTe Mbi npoJlonmiiM 11ccneJloBaHne neynpyr11x JleiiTpoH.. 
HJl9pHbiX B3811MOJl9ii:CTBIIH 0 pacppoCTpaHIIB 9I'O Ha OomlCTb 9Hept'llii: , , 

' .. :• . 
T ;; lof30. ras/ HyKJlOII, nn.H TOI'O, 'ITOObl nony'IIITb Gonee 'I9TKOe ~peJlC.TaB-

. . ·. . . •' . ,' 1. •' ·' 

nen11e o TOM, KaK i::soiicTsa neynpyr11x ssaiiMOJleiicTBIIii: IISMeHHIOTCH npli 

rrepeXOJle K 6onee TH>KeJlbiM peJIHTIIBIICTCKIIM HJlpaM, Mbl llpllB9Jl9M T8K>K9 

Jl811Hble JlJlH rrpOTOH-HJl9pllbiX B3811M0Jl9HCTBHH II JlJlH B38UM0Jl9HC~BHH, Tpii-

THH + Httpo, Bee pac'IeThi Bbmonnenhx JlJIH tjloToaMynbCIIII ( 6es y'IeTa ssaiiMo-

• Jl9HCTBIIH C BOJlOpOJlOM), T,K, tjJOT09MYJlbCIIOHHbl9 113Mepel!IIH HBJlHIOTCH 

nau6onee npocThiMII 11 s aToM cnyqae uMeeT~si n~116onb~ee Konll.:wcTso 

( 11-3/ 
9KCrrepiiM9HT8Jlbl!biX ll8HHbiX CM, . i rrepBbl9 OIIbiTbl C peJIHTHBIICTCKIIMll 

Jl9HTpOH8MH ·B nyoue TaKme BbliiOJll!ellhl M9T0Jl0M tjJOT09MYJlbCHii) ,· · ' · 

~ .,'' • I •, ~ 

x/· . 
3JleCb H sesJle aanee T -KuHeTH'IeCKaH 9Hept'HH HaneTaiOmero 

HJlpa B na6opaTopHoii: cucTeMe KoopJliiHaT (s pacqeTe Ha OllHH ayKnoli). 

. ':· ,· '·' ·: 

3 
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.. I ~~ ~. /1~3/ 

·noA06HO TOMy, K8K 9TO 6bin0 C_AeriaHO B HalliHX pa6oTaX ·· , Heyn-

pyroe B38HM~Ae:ii.CTBHe ABYX. Sl.llep Mbl 6yAeM CBOAHTb K COBOKynHOCTH KaCKa-::

. AOB, · nopo*AaeMbiX HyKnoHaMH HaneTaiOmero S!Jlpa BHYTPH Sl.llpa-MameHH.· 

T ~ 1 fsBIHyKnoH, rAe B xoporueM 

,•,·, • 0 I 

npH6JlH)KellHH 9TH K8CK8Abl MO)!{HO 6binO CtJHT8Tb He3aBHCHMbiMH 1 Mbl yqTeM 

Tenepb scpcpeKT yMeHbllieHIHI nnoTHOCTR tJHCna HyKnOHOB Sl.llpa-MRllieHH 1 

. :· Bbi6H~aeMblX ·uHTeHCHBHO pa3BHB8IOllleficg nllBHHOfi 6biCTpblX K~CK8AHblX · . 
. . qacT~U. KacKa~~~-. 'nopO.)!{jleHHbl~ pasnatJHblMH ~yKnOHaMH Hanel-aiomero an-

,· 

. ,,• } '" ; . ··' . . . . . .· ;, .. •·' ' . 
. pa, oKasl,maiOTCSI npH sTOM scpcpeKTHBHO CBSI3aHHbiMH Me*AY co6ofi. KaK 

. . . /6 7/ . · I .. · ·' . · ·· • 
;. noKasanH pactJeTbi ' , npH sHepra~x, 6onbmHX HeCKOnbKHX fsB, yqeT 

.·H3Me!leHHSI nnOTHOCTH Hy~nOHOB B SIApe-MHllieHH no Mepe pa3BHTHSI BHyTpH

.. 
SIAepHoro k'ac~aAa SIBnSieTCSI COBeprueHHO. He06XOAHMblM y)!{e B 6onee . . 

• ~ ~ L ' 

BosMO)!{HOCTh AanbHe:ii.mero pacmapeHHSI sHepreTHtJecKo:ii. o6nacTH 
,· 

CBSI3aHa, no-BHAHMOMy, C He06XOAHMOCTblO yqeTa 'MHOroqaCTHtJHbiX scpcpeK-· 

.. 16,8/· 
TOB , o, 

Mbl 6yAeM npeAnonaraTb, tJTO B CHCTeMe KO?PAHHaT, CBSI38HHOH C 
'• • ....r-~ -• 

. ; 

neTaiOlllHM SIApOM
1 

OTHOCiiTenbHble HMnynbCbl HyKnOHOB .9TOrO SIApa' onpe-

· AenSIIOTCSI Bbipa)!{eHHSIMH. 

2 . p 
(p) ., 

(p2+m·£)2 
N 

2 . 2 . 
. W t (p) .. p exp(-p /0,014), 

( 1) .. 

(2) 

rAe £ = 0,00223 fsB, p . Bbipa)!{aeTCSI B fsB/C, 

PacnpeAeneHHSI (1) H (2) npeACTaBn~T co6ofi KBaApaT cpypbe

KOM~oueHTbi . COO,TBe~c-r,ayr6mHX BOnHOBbl~ .py HKUHHo nnSI npocTOT~l Mbl 

6yAeM CtJHT8Tb
1 

tJTO Ae:ii.TpOH- 9TO "raHTenb" C nne!tJOM f= 2Rd 
-13 (: R d = 2.16x10 eM), a HyKnOHbi B Sl.llpe TpliTifSl pacnonaraiOTCSI 

4 ·. 
·~· ' 

... - ~ . ., 



B BeplliHHaX TpeyronbHHKa. KoopilnJiaTbi BeplliHH H8XOJlHM H3 npocTpaHCT-
. I • , . , 

BeHHOI'O pacrrpeaeneHHH HyKnOHOB B Hape TpnTnH; · KoTopoe onpeaenneTcH ero 
. . ·, ··/9/ .. ' :. 

BOnHOBOH ~YHKUneft .• KaK y~e OTMeqanoc& B 
/1/ ' 

pa6oTe , . aeTann npocT-. . ' 

paHCTB9HHbiX p~CnpeaeneHHH cna6o CK83biB~IOTCH Ha peayn&TaTaX pacqoTa. 

Ilpn Bht6ope opneiiTaunn · raaTenn i Tpeyron&HHKa npeanonararoTCH panuonc-:

poHTHhiMH BCe HarrpaBnOHHH B TeneCHOM yrne, paBHOM 4TT 

3aaaane ~opMbi aaneTaromero HJlpa noaBomreT. aBTOMBTIIqecKII. nony

qiiTh BennqiiHY ceqeHHH anSI peaKUHH TIIIT8 'CTpiiiTITIIHI'a.· 

rro'cKD.IihKY IIMe~maHCH 'B HaCTOHlllee BpeMH 8KCrrepiiM9HTanhH8H 

na(llopMaUIIH aeB~n~Ka, pac'ir.eT Bomonaea c TeMII ~e aaaqeHIIHMH rrapaMeT-
. ' /7/ ' . . ' . . 

poB, qTo II B pa6oTe • Ba1Jh1IpoBaHIIe aTnx napaMeTpoa II3MeHHeT peaynh-

TaThi B npeaenax 20-30%; Bee pacqeTbi BhmonaeHbi MeTOJlbM MoaTe-Kap

no Ha BblqiiCniiTenhHOH MaiiJHHe B3CM-6; Jl9Tann pacqeTOB MO~HO H8HTH· 
.·. 117 10/ 

B pa6oTax ' ' • 

Ha puc. 1-3 noKaaaaa aaepreTnqecKaH aaBHCIIMOCTh cpeaaeft MHo-

. ~9CTB9HHOCTH TOHKHX, cepbiX H CyMM8pHOI'O qucn~ cephiX H qepHbiX cne- ' 

JlOB n ii n n =n + n KaK anH aeftTpoaoa, TaK II ang HJlep 
s c h I! b 

TPHTHH ·x.apaKTep· aaBHCHMOCTH ii ( T) Bec6Ma 6nnaoH: K · TOMY, qTo Mii .IIMeeM 

• .xl 
8 

• 
JlnH. rrpOTOH-HJl9pHbiX B38HM0Jl9HCTBHH . cnyqae Jl9HTpOH-HJl9pllbiX 

cTonKHOBeHHH _6nn3KHMH o:Ka3biBaiOTCH n a6coniOTHbie anaqeJUiH Mno~eCTBen:.. 

HOCTH MeaneHl!hiX qacTnu: Bemrqnaa n (T) li938BHCHMO OT aneprnil T 
c . . 

BCOI'O nHlllh npn6nH3HTenhHO aa 0,5, a Bennqnaa nh'(T) npn6nH3HTEmbUO Ha 

9JlHIIUUy rrpeBbllli8IOT COOTBCTCTBYIOlliHC 3HaqeHUH- JlnH rrpOTOII-HJlCpHOI'O 

B38HM0Jl9HCTBUH. 

x/ ... · 
· PaaaeneHHe aapsi~ellllhiX BTopnqllhiX qacTnU na s- , g- n 

. b -qaCTHUhl BhiiTOnl!HnOCh. B COOTB9TCTBHH C 06biqllhlMH auepreTnqeCKHMII 
KpnTepnHMH {eM., aanpnMep, pa6oTy/11/) • 

... 



.. 

!13 pHcyHKOB BHAHO, 'ITO _npH .nepexone .K Gonee TSimenhiM ,aaneTaiO~ 

J!lHM 51ApaM s!~JcjleKTbl U,HaChimeHHSI" MHO)K9CTB9HHOCTH Mel{neHHblX '18CTHU 

n ~·.H. nh, . _, ooycnoBneHHbie yMeHblll9HH9M _nnOTHOCTH 'l?.cna BHyTpHSIAepHbiX 

HyKnOHOB B, SIApe-MurueHH, na'IHHaiOT _noSJ:BnSITbCSI npH MeHbUIHX snepi'HSIX T. 

DpH T, = 1· fsB y:qeT yMeHbUieHHSI nnoTHOCTH, BHYTPHMepHbiX. HyKnoHOB • - .- • • .• J 

yMeHblllaeT 3H8'19HH9 n Ha TpH eAHHHUbl B cnyqae nefiTpOH-5JA9pHb!X CTOnK,.;, h '. . . ' . . ' . .· 

HOB9H~tfi H llO'ITH Ha '19Tblpe eAHHHUbl ~ cnyqae, B38UMOA9llCTBJill C MPOM 
. ' 

TpUTHSI, Dpu 6onbruux snepi'HSIX pasnu'lue _ cTaHOBUTCSI eme 6o~~e 3aMeTHhiM. 
. . 

B cnyqae nHoH- H HyKnoH-SIAepHbiX s3aUMOAeficTBUfi K yMeHbUieHUIO 

. nnO~IIOCTH BHyTpH51A9pllbiX HyKnOHOB _0'19Hb 'IYBCTBUTenbHOll OK83b!B89TC51 
. . /6 7/ ' 

Koppennuun Mn_omecTBeHHOCTH s- H g -'laCTHU ' , To me caMoe 

HI\.199T M9CTO H B ,cnyqae B38HMOA9llCTBHll C Bb!COKo9H9pi'eTU'l9CKUMU 5I,[lp8MH 

neiiTepHSI. H TpHTHSJ (eM, ·puc, 4), 

Eme OAI!Oll xapaKTepHCTUKOH B38HMOA9HCTBU5J1 KOTopaSI MOmeT .Ob!Tb, 

npOCTO H3MepeHa 118 Olli>IT9 1 SIBnSieTCSI BenH'IHH8 yrna 1 B KOTOpblll BbineTa

eT nonoBuna BTOpH'IHbiX qaCTHU onpenenennoro copTa, Pac_'l~THbie 3Ha'leHHSI .. . 

yrnoB 012 npHB9A9Hbl Ha pUC, 5 • 

. Ha npaKTHKe AJ!SI oTnenenHn B3auMoiteiicTBHii c BonoponoM cjloT_osMynb-

cHn qacTo Hcnonh3yeTCSJ ycnoBHe n h ~ 1 . OnnaKo_ npH · sTOM TepSieTCSJ 

,._H neKoTopaSI_ :qacTb gnepHbiX B3auMoneiicTBnii. H3 naHHbiX, npHBeAeiiRbiX 

Ha pHC, 1-3, BHAHO, 'ITO 3H8'19HH51 ii & , H nh npH STOM MOI'YT H3M91151Tb~ 

CSI na 20-25%. HecKonbKO cna6ee ycnoBue _ nh < l BnuSJeT na MI~O:-

meCTlleHHOCTb nHBH9Bb!X .'la.CTHU n 
8

, 

Dpu cpaBHenHn !~JoTosMynbCHOHHblX naHHhlX c TeopHeii_ Heo6xonuMo 

TO'IHO Y'IHTb!B8Tb KpinepHU OTOOpa TeX unH UHblX rpynn COObiTUH 1 'ITO 

. oco6eHHO CyllleCTB9HHO AnSI B38UMOA9llCTBUll C BbiCOK09H9pi'9TH'IElCKUMH 

SJApaMH, rne pa3nenenHe cl'onKH.OBeHnii c rpynnaMH nerKUX u Tn>KenhiX 
. . , I . ~ . ' . 

5JA9p !IJoTOSMynbCUU npeACT8BnSieT 3H8'1UTSnbll0 OOnbUIHe Tpy.QHOCTU 1 '19M 1 

HanpuMep, B cnyqae B38HMOA9llCTBHll c_npOTOH8MU, 

6 
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Pac. 1. CpeJlliSrSl MHOlKeCTBeHHOCTh ioHKHX. cneJlOB, o6pasyiOIUHXCSl npH 

o6.nyqeHHH 1\JoToaMy.JihCHH ( SIJlpO-MIIUielih ·. 
70 

Ga ) ·. npoToHaMH, )lefiTpoaa

MH H s:~npaMH TpRTRSl c aaeprneii T fan/ayKnoli. CnnoiuHbie KpHBbie 

OTliOCSlTCSl KO BCCM ueyn{?yrHM B31lHM0JlCHCTBHSlM 1' nym<THplibl9 KpllBbl9 -

. K co6blTHSlM C n h >) •. CTaTI!CTif'qCl HHl OUII!6Kn }laC'ICTa COCT8B.J1SlCT"' 5%. 
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