
I 

I 

06bE.UHHEHHbU1 HHCTHTYT SI.UEPHblX HCCJ1E.UOBAHHC1 
nAEOPATOPl-1.H TEOPETl1'iECKOh <t>vl3l-1Kvt 

Bb!'il-1Cnl-1TEnbHbli'! UEHTP 

B.C.6apaweHKos, A.B.6osin1KHes, n.A.Kyn10K1rna, B.M •. 1\1\anbuea. 

P-1341 

KACKA,UHblE B3Al-1MO,UE.vICTBvHI 4ACTl-1U 
C RLlPAMl-1 B OEnACTl-1 Bb1C0Kl-1X 3HEPrl-1.vI 

,Uy6aa 1963 



P- 1341 
BapaweHKOB B.c •• OOH;::t)KHeB A.B., KymoKHHa n.A. 

ManbueB B.M. 

KacKa;::tHb!e B38HM0;::telkTBHH '18CTHll C srapaMH B o6nacTH 

Bb!C0KHX 8HeprHll:. 

npHBeaeHbl pe3ynbT8Tb! pac'leT0B HeCKOnbKHX aecsrTK0B TbZ

CP.'I BHyTpHH;::tepHb!X K8CK8;::t0B B o6naCTH aHeprHll: OT 5 ao 30 BaB. 

CpaBHeHHe C 0!Ib!T0M II0K83b!BaeT, 'IT0 K8CK8;::tHb!ll: MexaHH3M Baa

HMoaell:cTBHH 0b!CTpb!X '18CTHU C srapaMH !IpH 8THX 8Hepr3HX 

HBn.11eTcH npeo6naaa10wHM. 

OpenpMHT 06Mt$1HeHHOro IIHCTMTYT& JIA0PHblX MCCJ0AOBaHNit 

.lly6Ha .1963. 
P-1341 

Barashenkov V.S., Boyadzhijev A.B., Kulyukina L.A., Maltsev V.M. 

Cascade Interactions of Particles with Nuclei in High Energy Region. 

Some dozens of thousands of intranuclear cascades in the energy region from 5 up to 

30 BeV have been calculated, and the results of these calculations are given. A compari1 

son with experiment shows that the cascade mechanism of fast particle interaction with 

nuclei is pre dominant at these energies. 

Preprint _Johll Institute for Nuclear Research. 
Duma. 1963. 



B.C.Bapallle!IKOB, A.B.Bon.a:arnea, n.A.KymoK1rna, B.M.Manbuea. 

P-1341 

KACKA.LlHblE B3AvfMOL{EHCTBvLH LIACTvfU 
C H.UPAMI-1 B OBnACTvf BblCOKvfX 3hEPrvfB 

Harrpaaneao B "AToMayro aaeprHro" • 

.Lly6aa 1963 



B TeqeHae nocneaaax neT B naTepaType aeo..o.HoKpaTHo o6cym.uancn aonpoc o TOM. Ka

K.Ofl: H3 ..O.Byx B03M0)KffblX MexaHH3MOB. M8X8HH3M nocne.aoBaTenbHhIX BHyTpHSI.O.epHbIX KBCKa

.0,0B HnH M0XSHH3M Tpy5Ka, 1]9)KHT B OCHOBe B38HMo.neHcTBBSI. qacTHU C SlllpaMH npa 9Hep-

f'lll!X T > 

B pa60Tax
11

-
41 

11enocpeacTB8HHhlM cp8BH0HH8M TeopeT11qeCKHX pacqeTOB C 8KCITep11Meu-

'. TaJlbHbIMH .aaHHbIMH, nonrteHHbIMH Ha ycKOPHTengx, Il0lt838HO, qTo B o6nacTn saeprIIfi Bil(IOTb 

llO T = 10 Bae OCHOBHbI8 qepTbl HYKllOH-SI.00pHbIX B38HMO.lleHcTBl![il: 06'bSICHSIIOTCSI KSCKaLI.-

HbIM M0X8HH3MOM, a peaynbT8Tbi" pacqeTOB Ha OCHOB8 MO.D.811H Tpy6KH peaxo npoTHBopeqa.T 

OfibITy. TTpoTHBOil0llO>K.HhI0 BbIBODbI H0KOTOpbIX 6onee paHHHX pa6oT, nonyqeHHb18 B 9TOtt ot5-

nacTU: aaepratt H3 OilbITOB C KOCMIPteCKHMH nyqaMH, 06ycn0Bl18HhI B OCHOBHOM H8.0.0CT8TO'lH08 

ToqaocTbIO 8KcnepHM8HTanbHbIX ll8HHbIX. 

TTpoC!oA: aaanH3 y6emaaeT, qTo M0X8HH3M BHYTPHSl!l8PJ&IX K8CK8ll0B HBllSl8TCSI cne.a.cT

BHeM CBOA:CTB II 38KOHOB, B cnpaB8.t:lJlHBOCTH KOTOpbIX H0T HHKaKHX OCHOB8HHA COMaeBSTbCH, 

BO BCSIKOM cnr1ae, B HHT~peane eme H9CKOJlbKBX .neCSITKOB EsB. 

TeM He M8H80 B nocneLI,aee apeMSI IlOHBHllHCb pa60Tbl, B KOTOpbIX Ha 0CHOB0 YCKOpHT8Jib

HblX axcnepHM0HTan&HblX .ll8HHbIX nenaroTCB IlOilbITKH CHOBa B03pO.O.HTb MO.ll8Jlb Tpy5KH /cM., 

Ha~aMep, pa6oTy E. <i>p11a11eHaepa
151 t. 

TaK KaK M0X8HH3M B3aHM0.0.8ACTBHB 6blcTpblX 1l8CTHU C Slllp8MH HM80T cymecTB8HH00 

3HaqeeHe .a.nB HHTepnpeTSUHH MHOI"'RX saneHHA B o6nacTH BhICOKHX saeprHA H cymecTB8HHO 

CK83blB80TCH Ha peaynbT8T8X pac1t8TOB nyqKOB 1l8CTHU llJISI BHOBb npo~KTHpy8MbIX YCKOpHTe

nelt, Mhl eme pa3 eepHyllHCb K 3TOMY BOnpocy. 

Ha 5hlcTpoaelicTBY!Olll0li :aneKTpOHHOil, C'l8THOll M8WHH8 MeTOUOM MoHTe•Kap110 6hlll0 

paCC1IHT8HO H0CK01IbKO ll8CHTK0B TbICHq BHyTpusnepHbIX K8CK8.UOB B HyKnoH-SID.epHblX H llHOH

g,nepHbIX B38HMO.ll0ACTBHSIX B HHTepsane SHepreA OT 5 .no 30 Baa. 

Cnoco6 pacqeTa JIHWb B H8KOTOpbIX .neTansrx OTllll'laeTCH OT OllHC8HHOro B Hawei:i pa-

6oTe131; B qacTHOCTH, npHHSITa BO BHHM8HH8 .ancpcpyaaocTb rpaHHUbl Hapa H 6onee TO'IHO y'tf

T8H 38KOH coxpaHeHHSI aaepruH-HMilY1IbC8 npH Heynpyrax B38HMo.nettcTBHSIX BHyTpH KIJ.P8x/ 

CpaBH8HH0 peay11bT8TOB STHX paC'I8TOB C OilbITOM Jl0K83ano, 'lTO pacrrpe.neneHB8 BTOp11q

HbIX. 'IBCTHU paan11qHblX copTOB no MHO)K8CTB8HHOCTH, HX HMilYJibCHbl8 H y~aOBbie pacnpc.nene

HlUt, Koa(p(puuueeT aeynpyrocTH xopowo cornacyroTcR c peayn&TaTaMH HaMepettHH. 

0 CTeneHH cornaCHSl 9KCil0pHMeHTa H TeOpHH .lUUI cny'lfaSI HyKilOH-sr.a.epHbIX B3aHMO,!lea:

CTBHA: MO>KHO CYllHTb no Ta6nHue 1 It. pHC. 1, r.ne npHB8.ll0Ha qacTb nonyqeHHbIX HBMH peayn&-

TaToB. 

x/ M bl DOTpe6osanH BbIIlOnHeHHSI 38KOHa coxpaH0HHH 9HeprHH llllH Kam.aero aneMeHTap

HOf'O 8KTa B38HMO.lleficTBHSI. 3TO pe8nH30B8Il0Cb nocne,uoBaTenbHOa: BbI60pKOA: rr -Meaoua .llO 

TeX nop, noKa nonHaH aaeprHH B CHCT0M8 U8HTpa HHepUHH CT8IlKHB8IOUlHXCR qaCTHU ae 6&1na 

HCllepnaHa. 
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Aaano~equoe eornaeee ua6nro.oaeTeH a cnyqae B38HMO.lle~CTBHB 11 -Me~OHOB e snpa-

MH. 3To noKa3aHO, HanpeMep, ·aa pee •. 2 H 3, rJJ.e npeaeiteHhI a:MnynbCHOe H yrnosoe pacnpe-

neneHHB y -KB8HTOB, 06paay101UHXCB npH pacnane aeATpan&HhIX 71. -Me30HOB, reaepHpo-
_, . ' /6/ . 

B8HHhIX ny1IKOM nepBHqHhIX " - M830HOB B yrnepoaaoa MHllIBHH /no.opo6Hee CM. I. 

C sx.cnepH~eHTOM xopowo cornacyIDTeSI TaK>Ke peayllbT8Tbl oacqeTOB BHyTpHRLl0pHbIX 

K8CK8ll0B C o6pa30B8HH0M.CTpaHHbIX qacTHn /cM. pee. 4/. Hen01Ib30B8HHble npu BhlqHcneHHB 

STHX K8CKS,Zl0B xapaKTBpHCTHKH Heynpyrux 71 - N H N -N B38HMO.Qefi:CTBRH C pO>K.ll0HH8M 

runepOI-IOB R xapaKTepHeTHKH rnnepoa-HyKnOHHhIX B38HMOll.BilCTBHA qacTHqHO 6panHCb H3 oni,r

Ta, '18CTH'IHO ObtnH Bbl'IHCneHbl TeopeTH'leCKH /cp.,s-101,. 

C npyroA cTopoaw, pe3ynhTaTbl: pacqeTOB Ha ocaoae Mo.o.ena Tpy6KH ne>KaT .oanexo aa 

a~enepH!'\.IBHTan&aotl ollJe6x.oA. AuanoruqHoe aaKnroqeaue nonyqeHo a ae~aaaea pa6oTe
1111• 

' /12/ 
K • .n. ToneTOB nonpo5ao npoaHSJIH3Hpoaan sxcnepHMBHTSJlbHbte pa60ThI, B KOTOphIX 

nonyqeHbI aaxn10qeHHSI· 0 Tpy601IHOM MeXaHH3Me HyKnOH-Sl.z:t9pHhIX B38HMO,Zle8eTBBA B o6naeTH 

, /5 13/ 
yeKOpHT9nbHbIX 9HeprBA /cM. ' H .op.I. OH noxaaan; 1ITO Bee ORB BMBIOT cepb83HhI8 ne-

cj:,eKTbl MeTO/lH'leCKOro xapaKTepa IHallpHMep, paooTa E. ¢pHnneHnepa151 OCHOaaHa Ha 9KCrre

pHM0HTan&HbIX .uaHHbJX, B KOTOpbrX nponymCHhI BBR<Hbie reoMeTpHtteexue ct,aKTOpbI/. BaeneHHe 

nonpaBOK B 8TH pa6oThI ycTpaHSJST npOTHBOp0ttHR C Mex8Hit3MOM BHyTpHS1.ll0pHhIX 1taCK8llOB. 

Tax.HM o6pa30M, HBllJH p8.etteTbl BMeeTe C aaanH30M ax.cnepuMeHTan&HbIX pa6oT, BbI-

nonaeHHbIM K • .JJ. ToncTOBbIM, fi03BOJISIIOT fTB_ep)K..uaTb, ttTO Kaexa.o.HbJfi MexaHH3M B38HMO.Oeil

CTBHSI 6bJCTphIX 'ISCTHn C SI.O.paMH xopowo cornaeyeTeSI C H3BecTHbIMH B HSCTOSIIUE!e BpeMSI 

8KCIIepHM8HTBnbHblMH .O.SHHbJMH BO eceii o5naeTH yeKOpHT8JlbHbJX saeprna. 

3aMeTHbI8 OTKJIOH8HHSI aa6nro.oaroTCH JIHllJb IlpH paceMOTp8HHH HSKOTOpbIX napnHBJlbHbIX 

eeqeHHil, HallpHMep cettemtst o6paaoaaHHR a.eHTepHH • .LlnSI cornacoaaHHSI C 9KCil8pHM9HTOM B 

9THX cnyqagx Tpe6yeTeSI 6onee .aeTBJlbHOe .KBBHTOBO-MSXBHH"ll8CK08 paceMOTpean"e; B 1l8CTHOC

TH, - 6onee TOqHbI8 yqeT B3aHMO.O,eiicTBH8 e nepH(pepnqecKHMH HyKJIOHBMH/lS/ 

B o6naeTH caepXBbieOKHX SHeprHH T > 30 Baa aKenepHM0HT8JlbHbI8 .llSHHbte co.oep)K.aT 

. 6onbWH8 OWH6KH I B HX MO>KHO cornacOB8Tb KaK C MOll.SnbIO BHYTPHSI.O.BpHoro xacxa.ua, TBK B 

C MO.O,eJib10, Tpy6KR. MbI XOTHM, OllHBKO, no.o,qepKHYTb, "l!TO H B STOM CJiytlae MO.U0Jlb Tpy6KH 

HS HBnHeTeSI aeo5XO.llHMO:A llJISI 061,SICHSHHSI H3B0CT RbIX B H8CTOSIIU80 Bp0MSI axcnepHM8HTBJib

HblX .0.BHHbIX. 

nonb3YHCb cnyqaeM, MhI XOTHM ·Ta_K>Ke o5paTHTb BHHM8HH8 Ha 0.ll.HO aee&Ma pacnpocTpa

HBHHOe He.aopaayMeHHe. flpu oqeHb 60JibWHX aHeprHHX, aene.o.cTBHe penHTHBHCTCKOr~ C>K8THH, 

BpeMSI B~8HMO.aeAcTBHSI nepBH1IHOii qaeTHilhI C s.upoM-MHWeHblO HBCTOJlbKO _·Mano, qTo B3aHMO

.o.e8:cTBH0 He ycneaaeT pacnpoeTpaHHTbCB B HanpaaneHHH, nepneH.t1HKynHpHOM CKOpOCTB, nep

BH"l!HOA qacTHUhI, B OK.83hIBa8TCS1 CK.OHU8HTpHpOB8HHbIM B Tpy6x.e, KOTOpyro nepBH'IHSSI 'I8CTHU8 

BblpeaaeT B S!nepHOM aeweeTBe. Qqeab 'IBCTO STO paceMaTpaaaeTCSI KSK aarnst.aHhIA apryMeHT 

B ll~Jlb3Y MeXaHH3M8 Tpy5xH. 0.UHBKO TaKSSI cpu33qecx.8S1 KapTHHa eBH3aHa nHWb.C KHH8M8TH

KOtt npouecea H He llpOTHBOp0'1BT HH KaCK8.llHOMy, HR Tpy601IHOMy M8X8HH3~r• 

.Qng MexaHH3M8 Tpy6KH xapaxTepHbIM _HBnSieTeH onaoepeMeHHOe B38HMO.t1eiicTBHe nep

BH"l!H08 qaCTHUbl ep~ay co BCeMH HnH C 6onbUJHHCTBOM HyKnOHOB -Tpy6KH, KOTOpSSI CT8HOBHTeSI 
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eaHHOA aoa6y:;-K.neHHOil CHCT8M08. npH KaeKS.llHOM _)f{e MBX8HH3Me npOHCXO.ll.SIT noenepOaa.Tenb

~ B38H.MoneticTBHSI C OT!l8JlbHblMH HyKnOHSMR Tpy6KH. 
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PyxonHCb llOCTynHna B H3L1aTen&e1tu:A oT.nen 

20 HIOHH 1863 r. 

TaonHna 

Cpe.o.aee -ie:cno nHBHSBbIX qacTHU, po:m.ua10LUBXCSI npu B38HMO.OelieTBHH npoTOHOB 

C Slllp8MH cpOTOSMYnbCHH 

THrr 11npa T = 8 Esa T = 25 Baa 

Onb!T/2/ TeopHSI Onb!Tx/ TeopHll 

rpyrrrra nerKHX 3,0 !; 0,2 2,8 
51.0.0 ...... 

5,15 -!:, 0,23 4,8 

fpynna TSl>KBnhIX 3,5 :!; 0,3 3,7 
Hnep 

6,8 :!; 0,4 6,8 

B paeqeTe Ha 
3,4 epe.o.aee· H.apo 3,2 ! 0,2 6,6 ! 0,1 6,2 

cpOT03MY1IbCHH 

x/ npHBe,'leHbl cpe/lHHe 3H8'1BHHll )lnll p800Tbl/l
3
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5
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P11c. 1. Yr110Bhre pacnpet1e11eHRll s -qacTRU; a/rpynna nerKHX srnep, 15/rpynna THJKe11b1X 

s.n.ep. nymtTHpHbI8 rHCTOrpaMM bI npen,cTaamuoT 9KCII0pHM0HT81lbHbie .uaHHbie li3 

paOOTbl/19/ _ 3Repf'Hll nepBOH8'181lbHblX npoTOHOB. - 25 Bab. naoopaTOpHall CIICTeMa. 
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viMnyllbCHhlli cneKTp y -KB8HTOB, 06paay10UlHXC!1 "npH OOJIY'18HRR yrneponaol! 
weHR B ny'!Ke 11- -Meaoaoe c aeepr.:el! 7 Bae ( 11 - + c'~ 11 0 + ••• , 110., . 2y ) • 
rlyHltTHpOM o6oaaaqeaa 9KC mpHM8HT81IbJ!8ll f'HCTOrpaMMa R3 pa60Tbl/ I I. 
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PKc. 3. Yrnosoe pacnpe.ueneHHe y -xsaHTos, o6pa3yIOLUHXCH npH o6ny,'8HHH yrnepo.uHoll 
MHIU8HH s ny,11Ce 11 - -M83O,OS C aHeprHell 7 Bas. nyHXTHp - axcnepHM0HTSlil,
HaH r'HCTOrpaMMa H3 pa60Thl 7 /. 
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Puc. 4.. J.1MnynbCHbiil cneitTp A -rHnepOHOB, pO)K,llSIOlllHXCH npH saaHMO.UeficTBHH C a:.a,
poM yrnepo.ua 11 - -M83OHOS C 8HeprHei! T = 7 Bas. nyHKTllp - axcnepHM0HTSnb
HaR rHCTOrpaMMa H3 pa60TbI/17 /. CucTeMa ueHTpa Mace m-roa-HyKnOH. . 
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HMaym,cRlilll cne11:Tp 'K Meaoaos, po>Kll4IOUlRxcsr npa saaBM0llellCTBBB c srllpoM 
yrnepolla rr - -Meaosos c aaepraell T • 7 Bas, OysKTRp - a11:cnepaMeeTam.sasr 
rRCT0rpaMM8 R3 pa60T!il/l71• CacTeMa neaTpa Mace Dl!OB-ByKn0R. 
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