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3 Hil HHe ~OHH 3a~H OH H~X n OTep b 3 He p r HH ~ n p 0 6 e r OB 6~C T P~X 4 a C 

T~~ He o5xOA ~MO B CBR 3~1 C pa CWH pR lOll~ CI1 CR npO rp a l~MOH I1CCn e AO Ba HHI1 

C penRT~ BI1C TC KI1MI1 RApaMI1 H C03A a HHeM a n n apa TypW. HaMH 6~nH B~

nOn He H~ paC4eT~ HOHH3a ~110HH~X nOTep b 3 H e p r l1~ H 11 0HH 3a~~OH H~X 

n p 06erOB 4a CT~4 nY 4 KOB n p OT OHOB , RAep A CHTCpI1R, ren l1R H y r ne

p OA a C 3Hep r~R MH A O 10 r3B H a Hy Kn oH RA p a B 6 e T o He , * en e 3 e , 

C B I1 H ~ e 11 ypaHe . 

An R p aC 4 e T a nOTepb 3 He p r l111 Ha ~ O HI13a4H ~ He 06x oA~ M O 3H a HI1e 

u e 'r onsxo c p e A He H CKOp OCT H no r e p s 3 Hep r~~ - dE / <lx , HO ~1 c eu e 

HH H Heynpy rHx B3aHMoAeHcT B ~ I H , x o r opu e H3B CCT Hbi B Orpa HI14 CHHOM
 

AHana30He 3 H e p r~H H Mac c~ 4a C T~~ n y 4 K a AnR YK a3aH HWX CPCA .
 

\I1 Mc lOl~11 ec R B HaC T OR14CC Bpe MR i'Jn npOK CI1 1 1 I1 pY~14He etlOpMyJlbl A a lOT xop'o-;
 
w e e cor n acu e p aC4CT HblX BcnH 4H H c e 4 e HH H Heynpyn1x B 3 a HMoAc HCT 


BH I1 RA e p C H3BeCT H~M H onblTHWMH A a HHblMH, H OHH 6~ nH HC n OJl b 3 0 


BaHbl Har1H .
 
/ lI

B p a ()OT c n pu 3Hep r HH Ha n e T alO1411X nnep B oti ri ac r u - 2 f 3 B 

Ha Hy KJlOH etlo p My n a A n n c e 4 CHHn Hc y n p v r l1x 8 3 aH MoAcAc TBH A Rne p 

C RAp iH~ ~ 1 (1 n a e r ca B~ p a>KeH H cM: 

2 A l / 3 A I lS . _ 8 ) 2 
{7 IT R ( n c • 

r A e An 11 A - MilCCOBblC 4 H c na RAep n y 4 Ka H c p e A bl COO T Bc T c TseH Ho , c
 
R 1,2rl :IlM . 13 l, fi(i - 0,20 (A 1

l 
:l , A 1/ :\ ) .
 o n1" 1 cB p a60 T C · H cn o n b 3 Y CTC R Ta * e $opMy n a /1/ An R A H a n a30Ha 

3 He p r HI1 nY4KOSl>IX 4a C TH I~ 0 ,1, - 5 r 3B Ha Hy Kn Olt , rne R o = 1 , 46QM 

H B= 1, 2 1. JlnR (. PC l\bl 11 3 CMe CH . RAe p Mbl B ~4 11cn R nH IJ - ~ IT (i ) 
_ CMeCI1 

C Y4C r OM n a p l~11 a J1 b HOH nnuT HOC H 1 KOMnOHC I1T . B COOT SCT CT BI1I1 C npl1 

BCA CHH oA ¢opMyn oA An R a HaMH 5 wn l1 paC C 4H T a H ~ Cp eAHH e n p o 5 c rH A 
AO u e y n p y r o r o B 3aI1 1~oAc i1c T B I1R n o tlJo p My ne : 

A Ac iNA " ~ . / 2/ 

r n e A • NA H - MilCCOBOC 4 11 c n o RA CP cpen u , 4 11 c n o !\Bo r a APO(J 
c 

11 c e4CHH c t l e y n p y r o r o B3 a l1MOA CA CT BHR HanCTalO14erO RApa c o CpCAOH . 

B CJ1H4HHbl cpeAH ~1 x npoGeroB A n p H Be A e Hbl B Ta511 . I, IlpH4eM AJlR npo 
/ 31 

TOH OB y Kil3il ll l>l T ill<lKC H 3 1< Cn Cp HMCHT a ll b Hbie 3Ha 4eHI1R AnR 3HCp


r H~ B A~ ana 30He 1,5 - 20 r3B.
 

1{aK MOIKII O BHA e T b ~3 T a6nH ~bl , p ac4 e T Hbic H 3 K c ne pHr~C liT a J1 b HbIC
 

B CJ1H4HHbl n p o fi e r o a A AO Hc ynpyroro B3aHMoAcAcTBHR A n R n p o r oaoa 

OTn~4aIOT CH IIPy r o r npy r a B npe n eri a x 10 - 1 7%. npH 3Hep r\.1H HHll<e 

_ 0 , 5 r3B Ha HyKJ10H uaner aoure ro flApa B03MOIKHO 60J1bW,CC OTJlH4~ e 

pac u e r uux Bcn H 4H H npo6croB OT ACI1C TBHT CnbHblx, OAH il KO AnR r a 

KHX 3 HCp r H l1 npo6e r 4a cTHl~ AO o CT aHOBKH CT a HOBHT CR Ma nblM, 11 n 0 3 
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TOMy AnR n y 4 KoB C 3 Hepr~R M~ 4a CT~ 4 H~»<e - 1 r3B Ha Hy KnOH He-
cy~ec T Be HH O Bn~RH~e ~3MeHeH~R c e4e HHR C 3 He p r~ eH Ha pe3ynbT~

pylO~ 1O Ben~4~HY OTHOCHTenb Hbl X ~OH~ 3 a4~OH HbIX no r e p s 3 He pr ~ \.1. 

'I'afirnnra I
 

C!JeAmre npoo e r-n A AO He ynpyro ro B3 3uM o AeAc TBliH (r I eN 2) 

4 12C.It He PSKCn • PpaC'leT 

Ee TOH 99, 9 89,6 ?3 , ~ 58 ,7 39 ,2
 

iileJIeao 131, 9 IIO 95,3 8U.? 58 ,?
 

CBHHeu 193 ,? 160 145 13U lU6
 

YpaH 199 ,3 166 ,3 152 13? II2
 

Ha an e-ie -rre npo6 era OT X AO X ~ dx HOH~3a4~OHH ble nor e pa ~C 

n~T~Ba IOT ~OH~ nY4Ka , npOweAW~ e 6 e3 Hey npyro r o CT OnKHOBeH~R 

p a C C TOR H~e X, BepORT HOCT b 4 e r O Aa eT AnR 4 ~ Cna 4 aCT~4 ny 4Ka 
X/ .\ MHO»< ~ T en b e- . To r na OTHOC I1 TeJl bH~e no r e p a 3He p r~~ ny-nca 4 a C

T~4 Ha ~OH I13a4~1O npH npo6ere 4aCTI14 n y 4Ka AO OCTa HOBKH 6 YAYT 
onp eAeJlRTbCR no ~opMyn e : 

max 1 X - X / A ~ dX , 
( e dX /3 /Eo o 

rA e Eo- Ha 4 a Jlb Ha R K~HeT I1 4e C KaR 3HeprHR 4 a c T ~ 4 nY4K a . npo6e r ~ 

onpenen ana c s CYMM~ poBaHl1eM 3Jl e MeHTO B An l1H dX, Ha KOTOp blX
 

B~4~cnRn~C b 11 8 ~4I1T aJl~C b ~ 3 K~H eTH 4ecKoH 3 H e p r l1 ~ 4 ac T~4 c p e A

H~ e ~oH~ 3a 4 ~ o HH ~e nOTep~ 3Hep r~~ , BnnOT b AO ee OCTaHOB K ~ .
 

Mbl ~ CnOJlb 30 Bam1 AnR c peAHe H CKOpOCTI1 nor ep s 3H epr~ 11 - dE / dX 

4a C TI1 ~ eH Ha ~OH I1 3 a ~~ 1O Ha eA~ H I1~e An l1Hbl c1J0 PMYJlY oeTe- Bnoxa 14 1 ,
 

a Anl1Ha c p e AHe r o npo6era AO Heynpy r o r o CTOJl KHOB eH~R 6paJla Cb
 
Ha MI1 He 3 aB I1 CH ~eA OT 3HeprHI1 HaJl e T a~~eH 4a C T~ ~ ~ , T . e . B COOT

BeT C T B~~ c o 3 Ha4eH~RM~ , np~B eAeHH bIM~ B Ta6Jl .1 . B ~op MY Jle p;fl R
 

-dE / dX M~ ~C nOJl b 30 BaJl~ 3Mnl1 p~ 4e C K ~e KOHc Ta HTbl , xor opsre Aa Ba Jl~ 

COBnaAeH l1e pa CC 4~T aH HbIX MH H~MaJl b HbIX 3 Ha 4 eH~ H -dE:ldX p;flH npo 

TOHOB B YKa 3 a HHUX cpeAax , np~ 3 Hep r~Rx , COOTBeT CTBYIO~HX M~ 

X max 

T a6J1lil.\ a 2 

12 CHOHli 3aJ~lioH llble npori e r-u n p OTOIIOB Ii RAe p n, "He II
 
B P 3 3I1bIX c pcn ax I TIpo 6 e r R CN . I
 

ssroa lU:IE:3O C!llIlill.l YFAI! 
Eu.I~H 120 I2 CI'8. P Jl ~. I~C I' JI 'He I ~C P .u 4U• p Jl ~. 

~ 
U, I 3 , ~ 6,5 3, 2 j 1 .< 2 ,4 I , ~ 0 ,4 I ,2 ~ , 3 1 , 2 U,4 D,7 1,4 0, 7 D, 24
 I
 
0, 2 II 22 II 3 ,7 4 , 1 d ,2 4 .1 j ,3 3 , ~ 7 ,8 3 ,9 1, 3 2 ,4 4 ,8 2 ,4 U,8
 

D,5 51 I U2 M 17 I~ 38 19 6 ,1 18 35 18 5,9 II 22 II 3 ,6
 

0.7 86 172 86 29 32 63 32 IU,3 3U 59 30 9,9 18 36 18 6 , 1
 

I 145 290 145 49 54 I lfl 54 17 ,4 50 100 5D 16, 6 30 61 3U IU
 

1,4 231 462 231 77 85 170 85 2'1.7 80 158 8D 26 48 96 48 16
 

2 367 739 367 122 135 269 135 44 124 250 125 41 76 153 77 25,6
 

3 6D2 1200 6D2 200 2~ I 44D 221 n :4.i< 400 204 68 125 25D 125 4~
 

5 ID7D 214G I D7U 360 39D 78G 39D 130 36D 720 360 I 2D 22U 44D 220 74
 

8 1770 3540 r n D 590 ;;SU I 29U 650 216 590 1180 590 195 364 728 363 106
 

10 2220 4440 2220 740 815 162G 814 271 740 148U 74U 244 455 912 454 152
 

llnR 6 e TOHa n pH p a Cll e Te HCn OJlh S OBa.naCL nJ10THOC'l'b 2, 5 ICM 3
 

Ii COCTa B : 0 2 = 5 27., Si =32 ,57., Ca = 6%, Na = 1, 5%, Fe = 4% 
Ii Al = 4%. (:,0;' 
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H~MYM Y ~OHI13a4 ~ ~ . n OAo 6 p a :-l Hble All R 3aAa HHoH cp enu KO HCTa HTbl 
B rpop-sy n e AnR -dE /d X , nony-reuaae AJlR npor ouoe , ~ CnOJl b 30BaJl~ C b 

3 1lep r liH n p OTOHOB PUC . OT llOCIITCJI I> Jn,le IIOJIH3 al.\HOHHbie nor epu
HaM~ T aK~e ~ AJlR 4a CT~4. OTJl~ 4a~~XCR OT npOTOHOB no Mac c e 

Ii RA ep AeiiTl! pllll, l' eJ IHR Ii vr.nepona Ial - B Ge To Ile , 161 
11 3apHAY . 

xeneae , Ia I - CU I1 H1~e , I r / - y paue , 
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P e3ynbT a T~ paC4eTOB ~OH~ 3 a4~ OHH~X np06erO B H OT HOCHTen b H~X 

H O HM3 a4HOH H~X nOT e pb 3He pr HH npH BeA eH~ B Ta6n . 2 H Ha pHcy HKe. 
Cpa BHeHl1e nony -reu uux B enH 4 ~1H npofie r oa npOTO HOB B C B ~1 H4 e C 113
BeCTHbltlH Aa HHblMH/ 51 nae r co ananeuae B npen en ax He CKOJlbKI1 X npo
4e HTOB . AHaJlOrH4H aR T04HOCTb pa C4e TO B npoGe r oB nOllY4aeTcR Ta K
*e AllR APy r Hx CPCA 11 4aCTH4 . AllR BenH4HH ~ Mbi 04e HHBaeM T04
HOCTb pe3 ynbTaToB He xy*e - 15%. 

KaK CJleAyeT H3 Ta 6nH ~ b1 H pl1 cyHK a , pa 3J1 H4HR HOHH 3 a4 11 0 H H ~X 

nOTepb ypa Ha H CBHH4a Ma Jl~ . QAHaKo 66llbwaR nllOTHOCTb ypa Ha MO

>XeT 06ecne 411Tb lly 4WYIJ reO I~e T pHIO 3aU\IHbI . 
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II c noru.a y c r c H IIH.1 Jl~·IY J I<I !Je1'C-!iJl Ox a C 'J Mn lip liqeCK H MH nonpaaxaax 

M H YKa 3 aHHbl X c p en H Y411 TbIB aC T C fI u eyupyr-oe B 3 aHMOAeHC T B He 

q aC THIJ; rryqKa C 3HepI'HllMII AO 10 r 3B Ha HYKnOH. 

P a6 0 T a B blITOJl H e H a B Jla c op a ropaa BblCOKHX 3Hep I'm l OMID!. 
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Ilepenon O. C. J.l ll llcll 'p lJtwuni'! 

Vorobiev G. G. , To I s L:,) V K.u, PI-85-351 
Ionizat i on Ranges .1 11 d Re l nr i ve 
Ionizat i on Ene r gy 1. 0 lH le S of Proton 
and Li gh t Nucl e i 

The resull~ or ca lcul a t i ng ionization ranges and r el ative 
ioni za t i on f'1\L'rg y los ses of protons, deuterons, helium and 
ca rbon nuc le i ill <.: Ullc r e t e , iron, lead and iranium using the 
Be t he- Bl.ocb t o riuu l n wi t l: empirical corrections f or these 
me di a and t nk i uj; in to account inelastic interaction of beam 
parti c l e s wil h upl o 10 GeV/ nuc l eon energies a r e presented. 

The i nvos t i gn t i. on has been performef at the Labora t ory 
of IIi I1h I~ n c r ~ i e n , ,111m . 
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