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CpeAHI'Iii cBoooJlHbiii rrpooer R :qacTHUbi c KHHeTIPieCKOii aHeprneii: T 

orrpe)lenSieTCSI 1 K8K H3BeCTH0 1 Bbipa)KeHHeM 

. T dE -1 

R = f[--1- --1 dE 
0 P dx 

(1) 

3 dE' 
rAe P - rrnoTHOCTb · cpeJlbi, Bbipa)KeHHaSI B r/cM , a-~ . - cpeAHHe 

noHnsaunoHHbie noTepn aHeprnn, Bbi"IHCnneMbi~ no cpopMyne EeTe-Enoxa. 

llnH :qacTHU Tnmenee aneKTpoHa cpopMyna EeTe-Enoxa nMeeT BHJl: 

2rr .nz
2 

e 
4 

2 2 . 
2m {3 C W max 2 

[ fu ..:...-.,;:-----..-- - 2 {3 ...0 - u ] 
Iz ( 

dE - ---:--~ 
dx l- {3 ) 

( 2) 

3JleCb n 
3 

:qncno aneKTpoHOB B 1 eM BemecTBa; m - , Macca aneKTpoHa; 

{3 = _y_ 
c 

( V - CKOpOCTb '18CTHUbl) j z - sapSIJl qacTHUbij I - cpeJlHHii 

IIOT9HUH!in IIOHH3aUHH. aTOMOB cpeJlblj W max 

nepeJlaBaeMaSI qacTnueii: aToMHbiM .aneKTpoHaM 

MaKCIIManbHaSI. 9H9pl"HSit 

8 - nonpaBKa Ha acpcpeKT 

nnoTHOCT~, cBnsaHHbiii c nonnpnsauneii: cpeilhii U - nonpaaKa, y'IHTbiBaro- · 

IUaSI yMeHbiU9HHS TOpM03HOii CIIOCOOHOCTH aneKTpOHOB sa C'I~T IIX CBS13H 
. . 
Ha K:- n L - ooono'IKax a To MOB npn · Manblx cKopocTSIX HaneTaiOmeii: 

qacTHUblo 
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J1 M99TCSI 3Ha'lHT9nbH09 ·. KOnH'l9CTBO paC'l~THbiX Jli:\HHbiX OTHOCJIT9nbHO 

JIOHJI3aUIIOHHbiX llOTepb II npo6erOB sapSI1K9HHbiX 'laCTIIU pa3HbiX 9Heprltil: B 

pasnii'lHbiX B9lli9CTBaX.- CB9Jl9HHbiX B COO-TB9TCTBYIOlliii9 Ta6niiUbl ( CM., Ha

npnMep, c6opHnKn/1-3/). 

OnHaKo nonhsoBaTbCSI TaKHMn Ta6nnuaMn He Bcerna yno6Ho lHanpnMep~ 

npn o6pa6oTKe pesynhTaToB nsMepennfi Ha 8BM), na n He BCSIKHfi pas 

OHII ecTh non pyKoi!:. lloaToMy npencTaBnSieTCSI nonesHhlM Hai!:Tn aHannTnqec-., 
KyiO 38BIICIIMOCTb.,M91KJly npo6eroM II aHeprnei!: 'laCTIIUbi 1 C JlOCTBTO'lHOH 

CTeneHbiO TO'lHOCTll annpOKCHMHpyiOiuyiO IIM9IOIIIII9CSI Ta6nii'lHbl9 Jl8HHbi9o 

llnH npoTOHOB c aHepriiei!: oT 2 no 200 MaB TaKaSI saBncnMOCTb IIMeeT 

BHn/4/: 

b ( 3) 
T = aR 

npH'l~M OT COCTaBa TOpM03Sllll9rO B9lli9CTB8 3aBHCHT TOnhKO napaMeTp a, 

a napaM9Tp b ,: 0,574 SIBnSieTCSI yHHB9pCanhHbiM. 

B o6nacTH aHeprni!: OT 200 no 1000 M aB cooTHOIII9HIIe ( 3) cnpaBennnBo 
·, 

b = 0,656/41. npn sn:a'leHIIH 

Ha OCHOBaHHH 3Toro 38KniO'l9HHSI1 B. pa6oTe/S/ ynanoch annpOKCHMH-

cnpaBenniiBbiMII ( B npenenax 10-15%) B o6nacTn aHeprni!: 

no 400 MaB. b = 1, 748; c =-4,84.10-5; • w = 0,572 II 

yHnBepcanhHbte nnH BCex BemecTB nocTOHHH.bie, ·A n V 

npOTOHOB o'T 10 

t= 1,2.10-4 -

3aBHCSIT OT Z -

aToMHoro HoMepa BemecTBa. CBeneHufi·o cymecTBOBaHnn nono6Horo pona 

9Mn1Ip1I'l9CKHX SaBIICIIMOCTei!: Me)!(Jly npo6eroM 'l8CTJIUbi li ee aHeprnefi B 

4, 

! : 
l 

·): 
.. ; 

I 
J: I' 

'! 
t 

J ll 
ll ;.I 

1 'It. 'l 

'~·.J· \. 
I , 
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o6nacTII eme 6onhiiiiiX aHeprni!:, rne cooTHOIIIeHIISI 

cnpaBennnBOCTh, B nnTepaType HeT. 

B CBHsn c aTnM HHJKe npnBoJlHTcH Hai!:neH 

Me)!(Jly npo6eroM n aHeprnel!: 'lacTnu, cnpaBennnBb 

rni!:. 0Hn IIMSIOT BHJl: 

. b 
R=a(fu._T) 

T =(c) Rt/b. 

2 
R - B r/cM ,· T- B MaB), rne a, b -II 

·oT aTOMHOrO HOMepa TOpM03Silllero B8lli9CTBa. 

llnH npOTOHOB BbipaJKeHIISIMll Bll!la ( 5) ll 

BaTh naHHbie npnBOJlJIMofi B/1/ Ta6nnUbi npo6E 

lllTepHxei!:MepoM nnSI Haii6onee '!aCTo BCTpe'laiOJ 

n Oh - Pn'leM II ManeeM), Ha'lnHaH npuMepHc 

. JlO MaKCIIManhHOr01 npiiBO!\IIMOrO B. Ta6nnuefl/ :0 

llpii 3TOM ·aTKnOH9HHSI Bbl'lliCnHeMbiX no <lJopMyn. 

T OT COOTB9TCTBYIOlllliX Ta6nii'lHbiX Benli'lllH 

B6nH31I KOHUOB yKa3aHHOrO llHT9pBana aneprn 

5-7%. ( pnc• ) ) • CooTseTCTBYIOIIIHe sna'leHHSI na 

neHHbiS no M·eTOJlY HaHM9HhlliHX KBaJlpaTOB1 npll 

BemecTno a( to-6) . b c 

Be 4,18 9,50 39,78 
c 4,22 9,44 40,70. 

AI 5,64 9,36 38,06 
Cu 7,40 9,28 35,49 
Pb . 14,24 9,09 30,38 

Bo3JlYX 5,88 9,27 39,06 
01 4,07 9,40 42;25. 
012 3,68 9,42 43,66 

llocKonhKY napaMeTp b M9HSI8TCSI cna61 

oueHoK R II T . C TO'lHOCThi01 npiiMepHO ·B JlBI 
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l.aqnTenbHOe:'KonH'19CTBO paC'I~THbiX JlA,HHbiX OTHOCHT9nbHO 

Tepb H npo6eroB 38pSIJK9HHbiX 'IBCTHU pa3HbiX 8Heprltii B 

cooTBeTCTByromne Ta6nHUhi ( CM., Ha-

TbCSI TaKHMH Ta6nnuaMH He Bcerna yno6Ho lHarrpnMep~ 

nbTBTOB H3MepeHHii Ha 3BM) 1 na H He BCSIKHii pa3 

IToaToMy rrpencTaBnSieTCSI rrone3HhlM aafiTH aaannTH'Iec-., 
M9JKJlY rrpo6eroM II 8Heprneii '18CTHUbi0 C JlOCT8TO'IHOii 

arrrrpOKCHMHpyroiuyro HM9JOIIIH9CSI Ta6nH'IHbl9 Jl8HHbie. 

aHeprnefi OT 2 no 200 MaB TaKaSI 3BBHCHMOCTb nMeeT 

b (3) 
T = aR 

B8 TOpM03SIIIIero B9III9CTB8 38BHCHT TOnbKO napaMeTp a, 

= 0,574 SIBnSieTCSI yHHBepcanbHbiM. 

OT 200 no 1000MaB COOTHOIII9HHe (3) cnpaBennHBO 

= 0,656/4/. 

38K~JO'I9HHSI1 B pa6oTetS/ ynanocb anrrpOKCHMH-

u/3/ 38BHCHMOCTSIMH 
w+tR 

T = VR 

R= AT b+cT 

B np·enenax 10-15%) B o6nacTn aHeprnfi 

= 11 748; C =-4 1 84.10-5; W = 0,572 H 

BCeX Beli!eCTB ITOCTOSIHH,hie, :A H V 

(4} 

(4') 

npOTOHOB OT 10 

t= 1,2.10-4 -. 

38BHCSIT OT Z -

CBeneHnfi'o cymecTBoBaHHH nono6Horo pona 

MeJKny npo6eroM qacTIIUhi II ee a He prneii B 
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o6naCTH eme 6onbiiiiiX 3HeprHH1 rne COOTHOIII9HHSI THIT8 (3) H {4)-(4') TepSIIOT 
' -

cnpaBennnBOCTb 1 B nnTepaType HeT • 

B CBSI3II c 8THM HHJKe npiiBOJlSITCSI HaiirieHHbie aBT~poM 38BIICIIMOCTII 

MeJKJly npo6erOM II SH.epriiefi '18CTIIU 1 cnpaBeJlnHBbl9 B IIIIIpOKOii o6naCTII aHep-

rn:ft •. 0HII HM9JOT Blin: 

b 
R=a( fu T) 

T =(c) Rt/b 

2 
R - B r/cM 1 T- B MaB), rne a, b ,If c 

·oT 8TOMHOrO HOMepa TOpM03SIIIIero B9III9CTB8o 

( 5) 

{5') 

napaMeTpbl
0

1 -38BHCSIIIIH9 

llmi npOTOHOB Bblp8JK9HHSIMH BHna ( 5) II ( 5') ynaeTCSI arrrrpOKCHMHpO• 

BaTh naHHbie npiiBOniiMOii B/ 11 TaflniiUbi npo6er - sHeprnSI, Bhi'IIICneHHbie 

lliTepHxefiMepoM nnSI Han6onee qacTo BCTpeqaromiiXCSI BemecTB (·a nnSI CH 
II rna - Pn:'leM II ManeeM). H8'1HH8SI npiiMepHO c 8Heprnn 100 M SB BnnoTb 

no MaKcn:ManbHoro·, rrpiiBonnMoro B Ta6nnuel 11 saaqeHIISI saepriiii- 100p00 MaB. 

ITpn: aToM oTKnoHeHIISI Bbi'IHCnSieMbiX no clJopMyna~ (5) II (5') 3Ha'leHHii R II 

T OT COOTB9TCTBYIOIIIHX Ta6nH'IHbiX BenH'IHH COCTaBnSIIOT - 3-4%, nHIIIb 

B6nH3H KOHUOB YK838HHo'ro HHTepBana SHeprHii ITpOTOHOB yBenH'IHB8SICb no 

5-7% (puc.)}. CooTBeTCTByJOmn:e 3Ha'leHHSI napaMeTpoB a,b II.c 1 onpene

neHHhie ITO M·eTOJlY H8HM9HblliHX KBanpaTOB1 rrpnBeneHbl B Ta6nnue. 

BemecTBO 

Be 
c 

AI 
Cu 
Pb 

Bo3ayx 
01 
012 

ITocK-onbKY 

oueHoK R. II T 

a( lQ-6). b c a( to-6) c 

4,18 9,50 39,78 6,20 37,32 
4,22 9,44 40,70 5,64 38,84 
5,64 9,36 38,06 6,30 37,39 
7,40 9,28 35,49 . 7,16 35,67 

. 14,24 9,09 30,38 9,26 32,53 
5,88 9,27 39,06 5,56 39,41 
4,07 9,40 42;25 4,97 41,07 
3,68 9,42 43,66 4,62 42,28. 

napaMeTp b MeHSieTcSI cna6o (B rrpenenax.9,1-9,5),To nnSI 

C TO'IHOCTbJ0 1 npiiM9pHO B nBa pasa xyniiieii 1 '19M yK838HH8SI 
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Sb!W91 9I'O MO»<:HO C'IHT8Th llOCTOSIHHbiM1 llpHHSIS JlllH 

nony'ISIOIIlH9CSI- llpH STOM 3Ha"ieHHH napaMeTpOB. a H 

npnseneHbl 'S llSITOM H W9CTOM CTOn6uax Ta6nHUblo 

3Ha'Ie~HSI npo6eros 6biCTpb!X npOTOHOS1 Sbi'IHC1l 

MOI'YT 6b!Th HCll0llh30S8Hbl JlllSI onpeneneHHSI npo6erc 

MOIIlhlO COOTHOW9HHSI 

1 
·R 1(TI)=-z2 

l 

~R (~T 
m P m 1 

p 
) ' 

rne R 1 H Tl - COOTS9TCTB9HHO npo6er H SHepi'Hl 

H aapSinoM z 1 , • m P - Macca 
IDp 

npoToHa, Rp(- T t) -
m l . tnp 

naromero sHeprHeil: - T 1 
mt 

TaKHM o6paaoM, nnSI 

npHM9HHMOCTH COOTHOW9HHH ( 5) H ( 5') COCTaSnSieT I 

nnH rr -Meaoaos - 15-15000 Mas, nnH K -Me 

50000 MaB. Ta6nHUbi- :m:e noKa 'ITO conep:m:aT naHHbie 

'· 
THU no 5000 Mas/ 2/. 

nnTepa.Typa 

1. High Energy and Nuclear Physics Data. Har 

. High Energy Laboratory, Chilton (::1963). 

2. Penetration of Charged Particles in Matter, 

Re.s •. Col-!ncil. · Publ. · ::1::133 (::1964). 

3. C.F. Williamson, J.P.Boujot, J.Pica.rd, Ra.por~ 

4 • .D.o 11H Ce6.· )f(:3TcfJ, 1Jb 121 ( 1982). 

5. E.i3a.rouch, Nucl. · Instr. ·and Meth., 6::1, ::1 

PyKonncb nocTynnna B nanaTenbCKI 

22 anpenH 1969 rona. 
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ebiW91 ero MO:lKHO C"'HT8Tb llOCTOSIHHbiM1 npHHSie .llnSI ecex eewecTe b = 9,30. 
' IlonyqarowHeCSI npn aToM sna'remm napaMeTpoe a H c, o603H8"19HHbl9 a H c, 

npnee.oeHbl B USITOM H WeCTOM CTon6u_ax Ta6nHUbio 

3HatJe~HSI npo6eroe 6biCTpb!X npOTOHOe1 ebi"'HCnSieMblX no «flopMyne ( 5) 1 

MoryT 6biTb ucnonbsoeaHbi .onSI onpe.oeneHHSI npo6eroe .opyrux qacTHU c no

MOmbro COOTHOW9HHSI 

1 
Rt<T,)=2 z,. ~RP(~T m ml p 

) , ( 6) 

r.oe R 1 H T 1 - cooTeeTcTeeHHO npo6er H aHeprHSI tJaCTHUbi c Maccoii: m 1 
m 

H sapSI.llOM z 1 , • m P - Macca npoToHa, Rp(-PT 1 ) - npo6er npoToHa, o6na-
. . . m 1 . . 

. MpT 
.oarowero aneprueii: - 1 • TaKHM o6pasoM, .onSI p. - MesoHoe o6nacTb ml 

npHM9HHMOCTH COOTHOW9HHfi (5) H (5') COCTaenSieT npHMepHO 10-10000 Mae
1 

.llnSl TT -MesoHoB - 15-15000 Mae, .onSI K -MesoHoB - npHMepHo 50-

50000 Mae. Ta6nHUbi- :lKe noKa 'ITO co.oep:lKaT .oaHHbie no npo6eraM aTHX qac-
'· 

THU .oo 5000 Mae/21. 

nrrTepa.Typa. 

1. High Energy and Nuclear Physics Data Handbook; Rutherford 

. High Energy Laboratory,· Chilton (:1.963). 

2. Penetration ·of Charged Particles. in Matter, Natl.Acac:J.Sc.i..:..Natl. 

Re.s •. Council.· Publ. · :1.:1.33 (:1.964). 

8. C.F'. Wllliamson, J.P.Boujot, J.Picard, Ra.port CEA.-R3042 (:1.966). 

4. Jlo 11n Ceo.· )[(8TfP, ~ 121 ( 1962). 

5. E.Barouch, NucL · Instr. and Meth., · 6:1, :1.:1.3 (:1.968). 

PyKonnc& nocTynnna a nanaTen&cKna oTnen 

22 anpenn 1969 rona. 
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