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B npeLlhiLlyruea pa6oTe aaTopa Ill npHBOLllinHch sMnrrprrqecKrre cpopMy

nhr, r.BH3hraaroruHe npo6ei' 6hiCTpoa TH)!{enoa • ( TH)!{enee aneKTpoHa) -'i8CTH ... 

Ubi B BSIUSCTBe C ee 8H8pi'Heit: 

b 
R,a(fnT), 

R - npo6ei', Bhrpa)!{eHHhiit a 
2 

I'/ CM ; T - SHepi'HH a /V\3a: a , b 
napaMeTphr, 38BHCHIUH8 OT 8TOMHOI'O HOMepa B8IUSCTB8, 

( 1 ) 

( 1') 

H C 

.UnH npoToHoa. 38BHCHMOCTHMH_ ( l) H ( 1') YLl88TCH annpoKcHMHpoaaTh 

~MSIOillHSCH T86nH'iHhi8 LlBHHhiS /2/ B WHpOKOit o6nBCTH 8H8pi'Hit - OT - lQQ 

LlO - 106 Mas C: TO'iHOCThiO HSCKOnhKO npoueHTOB, 

3neKTp0Hhi, npOXOLlHIUHe 'iepe3 BSIUSCTBO, TSpHIOT 8H8pi'HIO H8 HOI!H-

38UHIO H B036y:>KLl8HHe. 8TOMHhiX aneKTpOHOB T8K )!{e, K8K 8TO npOHCXOLlHT 

C TH)!{SnhiMH 'i8CTHU8MH, 0LlH8KO B OTnH'il!e OT TH)!{SnhiX 'i8CTUU coy Ll8p8lll!e 

n8Ll8IOIUSI'O aneKTp0118 C aneKTpOHOM Hnl! HLlpOM TOpM03HIUeit CpSLlbi npu

BOLlHT K OTHOCHTSnhHO 6onhWOit noTepe 8ll8pi'Ul! II 3H8'iiiTSnhHOMy. H3MeHe

HHIO HanpaaneHHH LlBH)!{SHIIH, nyTh 8n8KTpOH8 B BeiUeCTBe np8LlCT8BnHeT 

.r.o6oit noMaHyro nHHHIO, 8 npo6SI'II aneKTpOliOB 0LlliH8KOBbiX 8H8pi'Hit UMSIOT 

3ll8'iHTSnhHhiit pa36poc, 0TnH'iHe OT TSI)!{SnhiX 'i8CTHU 38KniO'i88TCH T8K:>Ke 

B TOM, 'iTO noTepH 8H8pi'HH aneKTpOHOB o6ycnoaneHhi erue H LlPYI'HM Mexa

HH3MOM - HCnyCK8HII8M aneKTpOM8I'Hl!THOI'O HGny'iSHI!H B aneKTpll'iSCKOM no

ne HLlep TOpMOGHIUei'o aeruecTBa, PaLlrraurroHHhre noTepn TH)!{enhiX 38pH)!{el!

HhiX 'i8CTIIU npeHe6pe)!mMo Manhr no cpaaHeHuro c HOHII38UIIOHHhiMH, AnSI 

aneKTpoHoa )!{e, oco6eHHo 6onhwlix sHe pi' Hit ( T > 2 /V\3a), LlBH)!{YIUHXCH 
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B T~:>KellbiX BeiUeCTB8X0 p8Jl118UifOHHbie noTepH COCT8B11SIIOT 3H8"lHTe1lbHYIO 

"l8CTb OOIUHX noTepb 9Heprnu, a ·npn O"leHb oonbUJIIX 9HeprHSIX - OCHOBHYIO 

IIX Jl01110. 

TeM He MeHee, K8K II B cnyq.Ae npOTOHOB 0 TOpMO)KeHUe- KOTOpbiX npo

IICXO.llliT lllllllb 38 cqeT IIOHli38UifOHHbiX noTepb0 cpopMyllbl ( 1) If ( 11
) OK83bi

B810TCSI npHMeHIIMbiMII II K 91leKTpOH8M 0 ecnu IIX npo6er Bbl"lHCnsinCH no cpop

Myn:_.; 

dE 

-rx-

T 
1 dE -l 

R= l [ ----. ] dE 
• p dx 

dE dE 
( dx"") IIOHH3. +( d X ) paimau. 

KBK 9TO nenan<:cb, HanpuMep, nprr cocTaBneH"'H TaonHu "npo6er-aHepr11SI"' 

aneKTpoHoB, npiiBOJllfMbiX B c6opHrrKe I 31. 8Trr Taonll"lHbie naHHbie MoryT 

obiTb annpoKCifMUposaHbi aaBIICIIMOCTHMH srr.oa ( 1) 11 ( 1'), Ha"luHaH, npiiMep

Ho OT 20 Mas 11 BbiUJe, snnoTb .oo MaKcrrManbHoro 3HaqeHHSI aHeprHII aneK

TpoHOB, nprrBO.llliMOro B Taonrruax /3/ - 1000 MaB. npll 9TOM OTKllOHeHIISI 

Bbl"'IICnSieMbiX no cpopMyne ( 1 ) 3H8~eHHlt R OT COOTBeTCTBYIOIUliX Ta6nuq

HblX 3HaqeHult He npeBbiUJ810T 3-5%. Tiprr Bbi"lrrcneHHHx T OTKnoHeHIIH Hec

KonbKO 6onbUJe - .S 5-8%. ( B o6oux cnyqagx 6onbUJIIe 113 yKa38HHbiX u11cpp· 

OTHOCSITCSI K rpaHIIU8M 00118CTII ;arrrrpOKCliM8UIIII) • COOTBeTCTBYIOll{lle 3Haqe

HIISI rrapaMeTpOB a 0 b II C 0 orrpe.oeneHHbie 110 MeTO.llY H8liMeHblllliX KBa.o

p8TOB0 npuBeneHbi B Ta6n11ue I 11, B cso10 oqepe.ob, 'MoryT obiTb arrrrpoKcii

MIIposaHbi cpyHKUHHMH OT Z -aTOMHoro HOMepa TOpM03HIUero semecTB8 • .[11151 
. . -1 

e.ouHoo6pa3rrSI Bbi"lllcneHnlt rrapaMeTpbi b n c , a T8K)Ke (a) arrrrpOKCHMrr-

pOBAnucb 38BUCUMOCTSIMII 0JliiH8KOBOrO BH.ll8 

-(3 z z -o 
a. e +Y 

3HaqeHliH noCTOSIHHbiX a 
-1 

Ka:>Knoro ·na napaMeTpoB (a) 

f3 
• b 

y 

II. 

(2) 

n o nnSI npencTaBneHIISI ( 2) 

C JlllH TBepJlblX BeiUeCTB ( OT 

Li no U ) n ra3oo6pa3HbiX BeiUeCTB (He.ATpanbHbte r:aabi, N , 0 J npn 

HOpManbHOM naBneHrrll npnBeneHbi B Ta6mrue II • .[laHHbte. 9TO.li ·Ta6miUbi . 
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I!8UHOHHbie llOTepH COCT8BllHIOT 3H8'IHTenbHYIO 

, a -ixpn oqeHb 6onblliiiX 3HeprHSIX - OCHOBHYIO 

If B cnyqAe npOTOHOB, TOpMO:>KeHne KOTOpb!X npo-

OHHbiX llOTepb, cpopMyllbl ( 1) u ( 1' ). 'oKaabx-

aneKTpoHaM, ecnn IIX npo6er Bbl'mcnHnCSI no cpop- I 0 

I·~ 
11\ 0 11\ H 0\ 1:'- co ~ ~ 
.::T 0\ co .::T 11\ co 1:'- 1:'- N 

I .::T ~ H H H 0\ 0\ 0\ 0\ 
' .. .. .. .. .. .. .. .. .. 

T -1 
..-' •!, N N N N N H H H H 

R= f [- _1 --!lli_] 
f, 

dE, 1 
p dx 

' 1~1~ 
\0 .1:'- \0 N 0\'.::T N \0 11\ 

,:<~ \0 co N 0 co .::T N H 1:'-
dE dE 

0\ co 1:'- 1:'- \0 11\ 11\ 11\ .::T 

( dx) noHII3. +( d x ) pannau. 

I~ 
.. .. .. .. .. .. .. .. .. 

' H H H H H"H H H H 

I~ I 0 ~ \0 0 H'\0 1:'- co \0 H 
ep, npn COCTBBneH«H Ta6nuu "npo6er-aHeprHSI' ~ 0\ ~ 0\ 11\ co 0\ 0\ 1:'-I N N 11\ 11\ 11\ 1:'- 1:'- 1:'- co 

B c6opHnKe 131. 3TH Ta6nn'l:Hbie llBHHbie MoryT J 
.. .. .. .. .. .. .. .. .. .. 

H H H H H H H H H H 

IICIIMOCTSIMH Bllll8 ( 1) II ( } ' ) , H8'IHH8S1 1 IIpHMep- .. I 
E-t 

llO M8KCHM8llbHOrO 3H8'IeHHSI 3Hepr«H aneK- I = ! Q) 

131 - 1000 Maa. OpH aToM OTKnoHeHHSI 
I ::g ;; Q) <l.J :::.,- rJ 0"-cl r:-- <lJ :::1 ~ 

R 
:,: ~ ~ c...> ~ 'r:: ..../) >< ::s <::c' a_~ ~ OT COOTBeTCTBYIOlliiiX T86l!1K'J:- '!; m 
',1 

I 
\0 0\ \0 1:'- 0 .::T .::T 0\ N N 

Bbi'IHCneHHSIX T OTKllOHeHHSI Hec- i N N ~ .::T 11\ 11\ 1:'- 1:'- co 0\ 

o6onx cnyqagx 6onbiiine Ha 
' 

YK838HHbiX UHcpp 
•' > 

;annpoKcHMBUHH). CooTBeTCTBYJOll!He aHaqe- ),1 -~o H co 1:'- 0 \0 1:'- H ~ 0 1:'- co 
'· H 0 1:'- 11\ 0\ co \0 1'1'1 .::T 0 C\1 

I 11\ t<'\ 1'1'1 0 co 0 0'1 \0 N H 0\ 
, onpelleneHHbie no MeToay HanMeHbUIHX KBaa-

L 
.. .. .. .. .. .. .. .. .. .. .. 

co 11\ .::T .::T 1'1'1 .::T t<'\ 1'1'1 1'1'1 ~ C\1 
I H, B CBOIO oqepellb1 'MoryT 6b!Tb annpOKCH- ,, 

Z -aToMHoro HoMepa TOpMo3SIUlero aemecTsa • .[lnSI .l . -1 

1~1 ~-
1'1'1 N 11\ 1:'- H N N 1:'- co N 

napaMeTpbi b II C 1 a T8K:>Ke (a) annpOKCIIMU- 1:'- co 0'1 11\ N .::T 1:'- H 11\ 0\ co t.r\ 1'1"1 H 0"\ 0\ 00 \0 . 11\ .::T N 
OllHH8KOBOrO BHLl8 : \l: .. .. .. .. .. .. .. .. .. .. .. 

1'1"1 1'1"1 1'1'1 1'1"1 N N C\l N C\l C\l C\l 

' a • e -{3 Z -8 :J, .::T +y z (2) ~ N 0 00 N 1'1"1 co ~ \0 11\ .::T co 
1 11\ \0 \0 .::T 0 \0 0 0 \0 1'1'1 .::T 

0 ·H C\l 1'1'1 .::T 1'1'1 .::T 11\ \0 1:'- co 
II .. .. .. .. .. .. - .. .. .. .. . 
-~ 0 0 0 0 0 0 0 0 0 0 0 

X a • f3 • y n a llllH npellCTBBneHHSI (2) E-t 
(a)-1 = C)) Qj 01:? <:::0 

' b n c llllSI TBepllbiX BeUleCTB ( OT Q) <;tJ ...... 
r::!j v . < 0 <. ~ c::z:: cr::. ::a __.) 

Bell.{eCTB ( Heil:TpanbHbie raGbi, N 0 ) npu 
Q) :c \.!) ~ 00 ·;j"l ,.v M <"'C • ~ ::r:: N 1'0 ..:;- ~·. ~ 

BelleHhl a Ta6nuue ll /. 0;) 
• .[laHHbie 3TOil: T86niiUbi . i 

/ 
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TAEJUUIA 11 

llapaueTpH _05- .. ft r d 
TBep~e Be~ecTBa (a)-1 3,366 . 0,1736 2,466 0,3407.. 

g 0,688 0,0550 3,434: . 0,1870 
c 1,893 0,0662 3,070 0,102! 

raaoo6paaHHe ( co-1 4,905 0,2178 4,g61 0,4755 
Be~eCTBa npH g I,II7 0,0603 2,839 0,1355 HOpMaJU,HOM 
J{aBJieHHH c 2,267 0,0969 3,915 0,1478 

MoryT 6biTb ucnonb30BaHbi npu Bbi'lHcneHuu npo6eroB u sHeprult sneKTpoHOB 

B B9U19CTB8X C mo6biM Z , 0LIH8KO npH STOM cnenyeT UM9Tb B BHLiy, 'ITO 

norpemHOCTH Bbi'lucneHHbiX TaKHM o6pa30M 3Ha'leHult R · II oco6eHHO T 

6ynyT HecKOnhKO 6Qnbwe (uHorna snsoe), qeM yKa3aHHbie Bbiwe, TaK KaK 

9TH norpeWHOCTH 6yLiyT o6ycnosneHbl yMe He TOnbKO npu6niiMeHHOCTbiO 

caMoll annpoKcHMauun R n T cpopMynaMn ( 1) II ( 1') i Ho II HeTO'lHOCTbro 

annpOKCUM8UIIII BXOLIHU1IIX B 8TH cpopMynbi napaMeTpOB a 1 b II C 

3aBHCSIMOCTSIMH BULla (2), 

B Ta6nuue III 1Ip1IBOLIHTCSI 3H8'19HIISI napaM9TpOB a 1 b H C LliiSI 

pSILI8 XHMH'l9CK«X C09LIUH9HIIlt II / cnomHblX BemeCTB 1 HCIIOIIb3YeMbiX B 9Kcne

pUM9HT8X C 6b!CTpb!MU sneKTpOH8MU, 

fl H T e p B T y p B 

1. M.K. B3opoa, Coo6meHJre OMHM P1-4442, ):!y6Ha 1969. 

2. High Energy and Nuclear Physics Data· Handbook, Rutherford 
High Energy Laboratory, Chilton (~963), 

3. Penetration of Charged Particles in Matter, 
Natl. Res, Council. Publ •. ~133 (1964). 

Natl. A cad, . Sci, -

PyKonacb nocTynana B H3.llaTenbCKHll oT.nen 

10 moHR 1969 ro.na, 

6 

TAEJrnl.lA n 

CoeJ{HHeHHe Hnw BemecTBO 

Bo.l{a o, 
Bos;nyx o, 
C02 o, 
MeTaH · o, 
Opr. CTeKno (nrouwr) o, 
IlOJIHSTtiJieH o, 
IlOJU'ICTHpOJI o, 

Ned I, 
LJ I, 
A~·ce I, 

A~B c. I, 

CTaHJ{apTHaH woTosMynEcHX I: 

M!i!metiHaH TKaHE o, 
KOCTHOe BemecTBO 0. 
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TAEJlml!.l! 

llapa.MeTpH _Of. . fl r 
0,1736 2,466 0,3407 .. 
0,0550 3,434: 0,1870 
0,0662 3,070 0,1021 
0,2178 4t.?61 0,475 

g 1,II7 0,0603 2,839 0,1355 ,... 

c 2,267 0,0969 3,915 0,1478 

b30B8Hbi npu Bbl'mcneHnu npo6eros 11 aHepruA aneKTpoHos 

M Z • OnHaKo npu aToM cnenyeT nMeTb B suny, 'ITO 

auurnAHHbiX T8KllM o6pa30M 3H8'teHnA R . ll oco6eHHO T 

(uHorna snsoe), qeM yKa3aHHbie Bhiwe, ~aK KaK 

6ynyT o6ycnosneHbi y)!{e He TonbKO npn6moKeHHOCThiO 

R n T ¢opMynaMn ( 1) n ( 1'); Ho n HeTO'tHOCTbiO 

napaMeTpos a , b n: c 

npnsonHTCH 3Ha'teHnH napaMeTpos a , b. n c nnH 

sewecTB, ncnonb3yeMbiX s aKcne-

II aneKTpOH8MU, 

fl H T e p 8 T y p 8 

• Coo6weHire OHHH Pl-4442, JJ.y6H8 1969. 

and Nuclear Physics Data. Handbook, Rutherford 
Laboratory, Chilton (1.963). 

Charged Particles in Matter, 
cil. Publ •. 1.1.33 (1.964). 

Natl. Acad. Sci. -

PyKonacb nocTynana B H3JlaTenbCKHll OT)len 

10 HIOHll 1969 rolla, 
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TAEJrnUAJU~ 

Coe~HHeHHe Hnw Be~ecTBO 0( 8 c 
Bo~a 0,368 . 2,924 4,086 

Boa;zzyx 0,382 2,89! 4,035 

C02 0,382 2,888 4,034 

MeTaH · 0,!83 3·,287 5,340. 

Opr.cTeKno(nroUHT) 0,356 2,986 4,!07 

lloJIHaTHneH 0,288 3,II5 4,4Lf.3 

IlOJIItiCTHpOJI 0,330 3,049. 4,2.10 

Nql !,485 !,762 2,223 
LLI !,575 I,7IO 2,!52 

A~ce !,369 !,833 2,32! 

A~ B t I,454 !,788 2,250 

CTaH~apTHaH WOTOaMynDcltiX !,272 !,903 2,4!3 

Mbime'!IHaH TKaHD 0,370 2,927 4,068' 

KOCTHOe Be~eCTBO 0,478 2,742 3,700 
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