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ITpHMeHeHHe ~Heapn30BaHHoro ypaBHeHRa rrepeHOCa Eo~nUMaHa ~ 

OIlHCaHRH TOpMOXeHHH 6~CTpUX'HOHOB B Be~eCTBe xopomo H3BeCTHO. TaKHe 
napaMeTpU pacrrpe~e~eHHH, KaK Cpe~H npO~MnHHll np06er H pa36poc rrpo
nMnHIiX .npoõeron, MO~Ô ~erqe scero nO~~Tnl penaa YPaBHeHHH rrepe
HOCa 06paTHoro B~a 1,2/. 8TH ypaBHeHRH 6~.BBe~eHH ~ap~OM 
R ero COTPY.rnmKarvn! /3/. TeXHl'IKa' paneaaa 8Tl'IX ypaBHeHlti1: OCHOBaHa aa 
MeTo~e MOMeHTOB. O~OH H3 OCHOBHHX rrp6~eM 3TOro MeTona HBrrHeTca noc
TpoeHHe WYHKUaH pacnpe~~eHHH no ee MOMeHTaM, oc06eHHo B ~qae BH
cOK03Hep~ HOHOB. ~T06H R36e~Th 3TOH TPY~OCTH, B padOT8 /4/ 
6wr rrpe.n.nOJKeH MlJ'l'epHaTlIBH.I:tlt no.rocon .1t7llI Bh1'tIHMeHIDI Im3KOIDITeHClIBHoro 
XBOCTa pacnpe~e~eHHE rrpO~anlJHoro npo6era. B 3TOM rro.roco~e aBTop HC
nMlJ30B~ npocTY~ CTaTl'ICTHKY CTO~~OBeHHH H KnaCc~eCKHe ypaBHeHHH 
MeX8HHKH ~ OITHCaHHff TOpMOJKemm l'lOHOB. 8T0 ~aeT B03MOXHOCTlJ OIlHCaTlJ 
lill3KOl'lHTeHclffiHl:lÍ1 XBOCT caaronaps TOM;!, tITO OH onpsneaen pacceaxaen 
Ha 6MlJIIIHe yr~, a BepoRTHOCTlJ TaKHX pacce~ Mana, noKS ROR TOpMO
9l'ITCH OT RatI~HOR 8Hep~ ~O 3Heprnn MaKC~DROro TopMOxeHKff. 

Ha OCHOBe 3TOR ~eH ~ ~aHHOn pa60Te npe~araeTCR MeTOn no~e~o
BaT~lJHHX npH6JImKeHHH .wm nOMofuioro perneHIDI JIHHeapH30BSHHoro YpaB
HeHRH nepeHoca EoRlJUM8Ha. llpH~eHHe oCHOBaHO Ha ~OCTl'I Barr.KtIEHH 
BepoHTROCTH paCC8.IDlIDI ~ aa 60JIlJnme yr~u B HeKOTopoM cnoe Mm.JIelm. 
MOJKHO nOKa3aTlJ, tITO B CJfyqae 6UCTpWC HOHOB ~ <:~ I, eCJIR TOJIIIWHa 
caoa !Jx HBJI.R:eTca ~OCTaTOtIHO MBJIoil. ITOTOK H pacnpeneneaae rrpo
~MhHoro rrp06era ~o rrOHHoil OCTaHOBKR RoHa MOXHO rrOJIYqnTh, ecrrH rrpn6
~eHHHe ypaBHeHIDI pemaTlJ rrOMe~OB8TeJIlJHO ~ ~oro MOR no rrOHHO~ 

OCTaHOBRB Bcex HOHOB. 
B 06IitIHOH rrOCTaHOBKe'SKCrrepl'IMeHTa qaCTl'I~ rryqKa ~eTHT B O~OM 

aanpasaeaaa, aasaaaa csoe ~eHl'Ie H3 .IIJIOCKOro l'ICTOtIH1Uta. ll03TOlrij' 
Y~06HO pemaTlJ ypaBHeHl'Ie rrepeHoca c nnocKofi Cl'IMMeTpneR. llpe~OH04QnA, 

tITO OClJ - x CHCTeMh1 KoopnHHaT rreprreRnl'IKY~pHa rroBepxHoCTl'I Ml'IilleHl'I, H 
HCTOtIHHK rry'tlKa ~eTCH nnOCKHM l'l rra~e~lJHRM. Torna cTaU3oHapHoe 
pacnpertenenae l'IOHHOro rrytIKa xaparerepaayerca noroaon cp (E J ê, x ) 
HOHa, r~e E -3HepI'RH, e -aanpaazenae ,llBIDKemm l'IORa H )( -rJrY
6HHa. ôBOXIDunH ~HKunH qb B rrPoCTpaHCTBe orrpe~enHeTCH ~eapH30

BaHHHM ypaBHeHHeM TIepeHOCa Eo~UMaHa: 

O~ ~ I [cp] + I f.[cP] + Te [ <p] . 
ôX n fi (1) 

3~eclJ nepnae ,IJ;Ba lJJIeHa c npaaoü OTOpoHH ypaBRemUl OImCl:ffiaIOT
 
mtTerpM CTMKHOBeHIDl HORa c aTOMaM1i MmII8HH, npm aTaM pa3.IXeJI.mDT~ .za


Ter~H no 'paoceHHHID Ha ~e B óon~e yrwu, TO eOTD no .MaftHM B 6üJIb

lDlDII·nepe.n:aBae~"SHep1'mlM: ét" 

I~ [cp] ~ NJdO;; (E+T, T) 4' (E «r e x) _ N jdfJ;;(F,T) 4> (E, é, x.) 
o (;.o'.> () J ' o (..O~ () (2) 

n 
C"Q 

T t [<p]= N rdo;, (EI_~E, ê'~l) q,{r=' ê x) _ IV Jdr;;;(E''-7~ ê'-,é) e:p ré, ex) 
n J /~ I I ' co"> (J , 

" f,E CN":>1.7 tE (3) 

rne N'- TIJIOTHOOTlJ aemecrsa, cl o; - cexenae paccsSIHIDI Me)K,l]y nOHOM li aTO-
MaMH MHweIm, G -stx»: M8JK,IJy nanpaaneaaea CKOPOCTli li OC:bIO X ,E E 

npenea MaJIOM nepenaaaeaoã saepraa. B CJlytIae pacceanaa na M8JIHe yrJIhI 
H3MeH8HHeM HarrpaBneHHa ~nxeHHH MO~O rrpeHedpetI:b. 

PaanO*KM B ~ rrepBUn HHTerpaJI B Bup~eHHH (2) no T/E, rrORYtIaeM 
tE 

I~ [<I']=';"'e ! :' ;; .p(E, s, X) N fT"do; (4) 
o 

,3~eclJ HHTerpaJIH rrpe~CTa:BJIffiOT COdOR MOMsnTU norepa 3nepI'IDI B CJIJ"Iae 
MaJIllX nepenaaaeaax 3Heprnlt. 1-< =! OTBetIaeT cpe,JJ;He.a. norepa aaep
nm: 'Ha e.nmrnlij" .IQIIDiU: ee 

_ 11 E = S (E) =: fi rTd ~ 
li){"O J . (5) 

o 

TpeTH.a. qneH B ypaBHeHHH (I) orracaaaeT B38HM0~e.a.cTBHe HOHa c 
Me KTponaaa MHweIm: 

Te [~1. =- N fdV; (E H, T J <tJ(n T ê,x) _ IV rcl~ rE, r) rj>(E, é, x) 
Jw,:> () J U-J':> () J (6) 

OH D8BT O,ItHHaROBj'l) WoPMY C YpaBHemreM (2). llepBId lIH'ierpaJI pasaa

raeH B ~'no T/E B llQiyqseM 

~ ~~ . J I 
rAo] - _,- ') .l. - cp (E" e,)() N T \; o;I e L"+-' -

w~ 
Q- L I'(. dE" (7)k:q J 

B aTOM BH~eHllH HHTerpaJIH OITHCaaaIOT MOMeHTH aneRTpoHHolt rrOTepli 3Hep~ 

rmJ. 'lrreH I{,. 1. naer TaR naaaaaeaoe MeRTponHoe TOpMOJKeHHe: 

Se. (e ) z: ,., [ T oID; . 
(8) 

OrryCKM B ypanneaasx (2) H (7) qnmrn c 1< ~ 2, rrpmco~M R 
CJIe,n;ylW1eft (jJopMe ypaBH8HIDI nepenoca (I): 

e- '. - ~ -.~ ---"-."' ..- -", ....t--l\lt, .l-.- ;~ 
~ .... .',l '\1.! \.. I
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deP_ J d rs» - w ...G iE L(5e {E ) -t-f,no {E)) <P] t r,/" [4>] ( 9) 

}fu~eM perneIDIe ypaBHemUI (9) B cnoe [o) sr] MeTo,nOM rrOCJIe,nOBaTeJI:b
HI:lX lIpM6JlllJKeHlIll, ·YtUl:TlIBafl, 'ITO nePOflTHOCT:b pacceaaaa na 60Jl:burne 'yr
JIH M8J.I8: 

cp ~ <:piO) +- ?; cpf"} f- t 2 <:jJ(Z) f- .. ' . 
(10) 

fuITerpMPYfl (9) rro X H ncnonsaya pan (Ia), rrOJIY'IaeM 

cP,o, + ~ ep 1-> -I- tJ cP(~1 .+ .... ;:: q,{x = o)-+
x K 

S:~~ ~fr\(f) t s..,/EJ)(<t>/o'f ,tet>'·'·f t\:pIZ,+... f]+- j fdX'I"L [q,/"'t x<p/lI f(Z4:/+:d (11 ) 
o' o 

Cne.nyfl o6HKHoBeHHo~ rrpo~e~pe MeTo,na rrocne,nOBaTeJI:bHHX npH6~~eHMfi, 

pas,neJIRM ypaBHeHne (11) B pJI.n ypaBHeHHH rro o~HaKoBofi CTerreHH Ma
JIoro rrapaMeTpa ~ • B pesYJI:bTaTe rrOJIY'IaeM CMCTeMY ~~epeHuaaJI:bHUX 
YP8BHeHBI 

~ cp i") = _J_ ~ Ú5 ('=) + S,.,,)E ))4:> "1 +OI' " =0, ti 2)"; (2)e'dX (,O~ o 'dE 

r,ne 

OQo = q,()(:O) I QI' .:Inl. [cP ú '- ] t'", 'I 4/ .•.. 
I 

CMCTeMa ypaBHemdt (12) peaaaacs c TOllHOCT:bro no BTOPOro nopan

Ka rrOCJIe,nOBaTen:bHO B ~OM CJIoe .no rranHOn OCTaHOBKR HORa H B
 

MlmIeH11 1'1: o Ha'IaJIDHID.m 3HeprIDIMH 0,2 , 0,5 , Ia, 50, 100 MsB.
 
Pacnpenezeaae nponoasaoro rrpo6era F (x) 6l:L7IO BWIRCJIeHO HS rrOTO

M OJIe,n:yIOI.!UIM rrpe,IT,1I0JKeIDieM:
 

F{>f) :: J<P (E:; O/ e, x)de 

(13) 
Cpe~H rrpo,nOJl:bHKa rrpo6er 

R,..-= 

&>'QrXF{x)dx 
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3Hepn1l'1 110Hoe (M3B) 

PMc. I. 
Cpe,IOillH rrpo,nOJI:bHHH npooer Rp 11 paaopoc nponoasaoro 
npooera v WLR: nporona B N... ()l) - pesYJI:bTaTlI
,naHRoR pa6oTH, CITJIOillHHe KplIBHe - pesYJI:bTaTH, rrOJIY'IeHHHe 
MeTo.n;OM MOMeRTOB B pa6oTe75/. 

li paaõpoc IIpO~OJ1:bHOrO rrpo6era U ,r~e 

c;-Z:: 
C>OI (i -/ip / F(x) cJx , (15) 

-00 

rrpe,nCTaBnHeT codol xopomyn rrpOBepKY rroane~OBaTeR:bHHX rrpa6nREeHHI 
rro pacceaaasx na 60JI:onme yr,. trnCJIBHHHe peSYR:bTaTH BMecTe c ,naHHliMH 
rrorryqeHHUMn ~eTo.n;OM MOMeHToB 5/, rrOKaS~HH Ha pHC. I. Ha6~,na8TCH 
xopomee OOBrr~eHHe ~ 6HCTPHX HOROB. 

] 

Pacrrpe,neJIeRRe rrpo~on:bHoro rrpodera, cpe.n;HRn rrpoder H pa3ÓPOC 
,IJ,llil HOHa H B MHlU8lm N,' c 8Heprneit 0,2, I, 5 MsB nOKa3aHH 
na pHO. 2 • KaR mr,nHO HS paoyaxon, HCllOJI:b30BaJme MOMeHTOB .wIJl 
OITRCaHKff pacrrpe,nBA8HHJl llpo,nOJ1hHUX rrpo6eroB Mo~eT 6HT~ oÓMaH~O, 

ooo6eHHo B OJIYllBe BHcoK03HeprnqJiliX HOROB. XOTfl cpe.rotWi BeJIHtIIDla 
(nepBIitt MOM8HT) pacrrpe,ne~eHRfl rrpu6nHsRTaR:bHO COBna,naeT c BanH'lHHOft 
o MB.RCRMBJI:bHOft nepoJITHOCTI.n, BIt7Ia,It 0'1' muta BO BTOpol ~HT~:&HBI 

, MOMeB'l' (sHcrpa YM8H:DmaeTM: c YBeJIH~eHHeM 3RepI'IDI HOROB. . 

-00 (14) 
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PIlo. 2. 

Paonpe,IteJIemm rrpo,ItOJI:&HHX npoõeroa, Ope,ItHH8 nponoasaae npooera 
11 Ope,D;H8KBa,lU)aTlPlHHe paS6POOH IIpo.nOJI:&HOro rrpo6era MH nporoaa 
o 9HeprHJDIH 0,2, I H5 MaB B Ni • 
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Bé;lPP;OIll A. PI7-86-336 
Oõ HCnOJIb30BaHHH ypaBHeHHH nepeao ca BOJIbIJ;MaHa 
P;JIH onHcaHHH nOTOKa H pacnpep;eJIeHHH npOp;OJIbHOrO 
npoõera ÕblCTPbIX HOHOB 

OrIHcaH MeTOA nOCJIep;OBaTeJIbHbIX npHÕJIWKeHHH p;JIH BbIl.IHCJIeHHH 
nOTOKa ÕblCTPbIX HOHOB B CJIoe MaTepHaJIa,. I1cnOJIb30BaHHe npH6JIH
)KeHHblX ypaBHeHHH rrOCJIep;OBaTeJIbHO p;JUI KaJK,JJ;Oro CJIOH cpensi BeAeT 
K onHcaHHIO ABH)KeHHH HOHa p;o nOJIHDH ero OCTaHOBKH B cpep;e. 
Pacnpene.neuaa npOp;OJIbHOrO npoõera ÕblJIH paCCl.IHTaHbI p;JIH ÕbICTPbIX 
H HOHOB B MHIlleHH Ni B naanasone 3HeprHH OT 0,2 p;o 100 M:3B.
 
DapaMe~pw pacnpep;eJIeH~H - cpep;HHH npOp;OJIbHWH npoõer H pa3õpoc
 
nponorrsnsrx npoõe r-oa - COrJIaCYlOTCH c pe3YJIbTaTaMH, nOJIYl.IeHHbIMH
 
BbIl.IHCJIeHHeM MeTop;OM MOMeHTOB.
 

PaõOTa BbIIIOJIHeHa B ITaõopaTopHH TeOpeTHl.IeCKOH !pH3HKH OIDII1. 

Ilpenpmrr 06'be,D,HUeHHoro HHcTHTyra anepusrx HCCJIeAOBaHHH. ,lly6Ha 1986 

DepeBOp;	 aBTopa 

Bardos G. PI7-86-336 
Application 9f the Boltzmann Transport Equation 
to Calculations of Flux and Range Distributions 
of Energetic lons 

An approximation method for calculating a flux of energetic 
íons in a layer of matter is presented. Used successively for 
every layer of a medium. approximation equations describe an 
ion motion till its complete slowing-down. Range di~tributions 
xor H ions incidenting on a Ni target at an energy of 0.2
100 MeV are calculated. Characteristic parameters - the mean 
range and longitudinal straggling - are in good agreement with 
those obtained by the moment method. 

The investigation has been performed at the Laboratory 
of Theoretical physics. JlNR. 
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