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Cyll{eCTByeT PJIJl npo6ne11, JlJIJI peweHHJI KOTOPHX Heo6xo.nHMO 3HaTb : . . ·1 
pacnpeJteneHHe 3HeproBHJleJieHHSI BOKpyr TpeKa 3apJ1:a:eHH08 .'IaCTHUH,. a I 

. -
B uexoTopwx cny'laJlx H ero ape11eHHYD .ztHHaMHKY - HanpeMep, npe j 

oueexax paJlH&UHOHHHX noapeQeHH8 MHxposneKTPOHHHX npH6o~os B · l 
YCJIOBHJIX ICOCIIH'leCICHX noneTOB, npH. HCCJie,llOB&HHH TeMnepaTYPHHX (i\ 
s«w,eKTOB H H311eHeHHA CTPYICTYPH · BHCOKOTeMnepaTYPHHX /~ ' 

CBepxnpoBOJlHHICOB DOJl .iteAc,TBHeM ny'IK,o~ . 3apJ1:a:eHHHX qacTHU H ;.,1•' J 
TeDJIOBHJleJISll>IIUIX · 3JieMeHTOB ·- &TOMHHX .. ·peaKTOpOB no,n .neAcTBHeM ·. J. 
OCKOJIKOB JleJieHHSI, . npH o6ny'leHHH TJl::1:eJIHMH. HOHaMH nonHMepHYX .'1 
11aTepH&JIOB'. . B paJlHaUHOHHOA 6eonorHH H Tait Jlanee. B DPHHUHne. . · t 
neo6xoJlHIIYe • cae.1teHHJ1 · 110:a:Ho nony'IHTb nyTe11 peweHHJI KHHeTHtJecKHX 1
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•ypaBHeHHA HJIH lleTOJlOI( MOHTe-Ka.pno. OJlHaKO 3TH cnoco6y BeCbMa :_~': 

TPYJlOellKH H BO IIHOrHX cny'l&JIX HX pe3ynbTaTH MO::l:HO C .llOCTaTO'IHO ;. 
I 

xopoweA TO'IHOCTl>k> BOCUPOH3BeCTH, HCDOJib3YJI npOCTYe \). 
• • ' - .ii 

Cl>eHOMeHOJIOrH'leCltHe annpoltCHMaUHH. ~ :;I 
CTaUHOHapKHM, He 3aBHC~ OT apeMeHH 't 3HeproBH,lleJieHHe B 

. - ' . 
TO'IKe C pa.itHYCOII & CTaHOBHTCSI noc.iie Toro,_ KaK B '3TY TO_'IKY. DPHJlYT 

BCe tl-3.lleltTPOHH •. OT C&IIHX 6HCTPHJl AO caMHX Me.nneHHHX. JlO 3TOro 

Bpe11eHH DJIOTHOCTL _Bl,[JleJIHBweAcJI ::rneprHH ft = It(&, t), a npH O'IeHb 
- ~ , . ~ 

NaJWX ,. t B006•e ' paaea HYJID. Pe3yJibT&TH aHaJIHTH'IeCKHX H 

IIOHT8-lt&PJIOBCltHlt pac'leTOB DOJlClta3HBak>T, 'ITO AJISI ODHCaHHJI 

3HeproBl,[JleJieHHR MOZHO aaeCTH 3iWeltTHBHH8 UOTOK o-H~Jiy'IeHHJI, 

pacnpocTpaHJl•erocR • Bell{eCT.Be nepneH.ztHKynsrpHo x Hanpasneneio 

Tpe,;a nepBH'IHOA 'l&CTHUW, JlJISI IIOJleJil>HHX oueHOK TaKoe ~PH6nH:a:eHHe 

Olt&3HBaeTcR npHrO,llHHM ~aze B CJiy'lae T~HKH·x. nneHOK, ;·xor.na'· 3aMeTHO 

. UHJIHHe !CpaelllalX', slJMl)exTo a • 

BpeMR npHXOJl& B TO'llty & nepneHJlHKYJIJIPHO pacnpocTpaHJlk>WerocJI 

tl-3.1181tTPOH& C 3HepraeA E, )la$!_COA m, CKOPOCTbk> -U _H npo6eroM .R 
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Bll,neneHHe gHeprHH , a·. TO'IKe &'·HatJJrnaeTCW B MOMeH'.1:',. t = tHa'i, 

oripe,nem1eMllA 'npe,neJiaMH HHTerpHpoBaHHJI npH R =: 11,(E )'; r,ne . ·. . ; m.aa: . . 

.. . 
E m.aa: ;, .. zf w/ i (1 (32) ··-

( 2) 

'· 

MaKCHMaJibHaJI 3Hephb:i' - o - 3JieKTpOHOB ( m: ~.::.::,,Macca nepBH'iHOA 

qacTHUll, (3 = u/c - ee CKOpOCTb) • B!l~e~-eHHe 3~~p~HH npexpawaeTCJI B 

MOMeHT t = t , orrpe,ne;rneM!lA",.,;3Ha~il~~eM ; R = & B rrpe,nenax 
KOH · ' -· 

,HHTerpHpoBaHHH. nanee rrpoHcxo,nHT oT.HOCHTeJI~H-o Me.nneHHllA rrpouecc 

TeIIJIOBOA penaxcaUHH, 3aBHCJIIUHA OT CKOPO~~H-" nepe,natrn . 3HeprHH . . ,, t ' ~ 

KPHCTaJIJIHt{es'xoa "peuieTKe. 3TY qacTb "rrpoi(efcca · Mil paccMaTpHBa Tb He 

6y,neM. 
EcnH: cooTHDW~HHe ( 1) npH 3a,naHHOM t(&) paccMaTPHBaTb ierrepb 

xax HHTerpaJibHOe. ypaBH~HHe OTHOCHTeJibHO E(&, t). TO era peweHHe 
. ' ' . . . . . - . ; . ~- •. . . '·, -, - , ; ~ i :; ,t~ ~ .··, ' -. . : ,. 

orrpe,neJIHT MHHHMaJibHYD 3HeprHD pacrrpocTpaHHDIUHXCJI rreprreH,nHKYJIJlpHO 

TpeKy 3cflcfleKTHB~blX o-3JJeKTPOHOB, ,naDIUHX BJ<Jia,U .B 3Hepr6Bll,UeneHHe 
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No - IIJIOTHOCTb aTOMapH!lX 3JieKTPOHOB,,, Benr.ecT.Ba,., MH!lle,af{,_:1'.I' .. -. , _era 
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cpe,nHHA HOHH3aUHOHH!l8 rroTeHuHan, z3qJ = Z{l - exp(-125(3Z )] -

3qJqJeKTHBHllA 3apJ1,n rrepBHqHoA qacTHUll. 

-· : 3aBHCHMO~Tb 11,(E) 'H o6p~THYD' e·A E(R) 'MolCHO--orrpe,neJIHTb, rryTeM 
: • ' :-- ' J ; < ~ , I ,; • .. - ' • • -. ' 

arrrrpOKCHMaUHH'H3BeCTH!lr 3KCrrepHMeHTaJibH!lX~ ~eopeTHqecKHX ,naHH!lX. 

KaK BHJ!HO H3 pHC. 1, 3TH 3aBHCHMOCTK BeCbMa CJia6o qyBCTBHTeJibH!l K 
._, , • • > .,( ••• ;--·.,•:-• -~::-- - •• :··· ··; ··- \ ~.-;~ ~.-: < • ..Ci,,•:~ ,- ,·, . 

THIIY MHWeHH.· .. ff WHPOKOM·, HHTepBaJie · 3HeprH8 OT HeCKOJibKHX 38 - ,no 

E _, 10 T3B MOlCHO _ HCIIOJib30Ba Tb 3 KCIIOHeHuHaJibH}'IO. a-rmpox'ciiMaUHD 
. : ;· ... • .- ._.::.J Y':"':r_.-,f:· "~-:.:··f_:~---'1-:°~'11! 
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PHC. 1. 3aBHCHMOCTb, npo6er-3HeprHH nnH 3neKTPOHOB, B, rpa¢HTe, 

anIDMHHHH H ypaHe. 

C K03¢¢HUHeHTaMH a, &, c, 3aBHCHIJlHMH OT cpenHHX Maccoaoro H 

3apHnoaoro qHcen aemecTaa MHWeHH. 

YnaqHaH KycoqHo-cTeneHHaH · armpoiccHMaUHH · npennmreHa P. KaTueM 

c COTpynHHKaMH111 : . 

11,(E) K(E)EfX(E) , .. ( 5) 

rne K H cc(E) = dl - KOHCTaHThl B HHTepaanax E e {El,El+1l• Ha 

IlPHMepe aJJIDMHHHH noKa3aHo, '!TO npH E :s 1 r3B nocTa-roqHQ Bcero 

nayx HHTepBaJJOB. B 3TOM cnyqae aupall:eHHe ( 2) ·ynaeTcH 

annpOKCHMHpoiaTbilPOCT08 ¢OPMYJJ08 

a 1 
g(&,t) = 

2rrcc&2 .1 + .a/& [(1 & + .B ·1.1/CC
. · Rmaa:+. a ( 

_ & + a)t/cc] 
1 --·· 

. d + a ' 
( 6) 

rne a., = Ricct, . d = RE(&,t)cc, Rmaa;. :=, RE~ - MaKCHMaJJbHhl8 npo6er 

o-3JJeKTPOHOB, cc,;=, cc(E(&))'.; '· 

IlOCKOJJbKY po3ep¢opnoBCKH8 cneKTP ( 3) 

npoueccoa B ueHTpaJJbHOM CTBOJJe TpeKa, HX 
., ' ' < ' _., ' ' ', ·_ ~. 

IlOMOIJlbID ¢eHoMeHOJJOrHqecKOro ¢aicTopa: g(&;tJ 

~,' h,.:4: 

He yqHTuaaeT CJJOlKHhIX 

BKJJan no6aBnHeTCH c 

g(&, t )x(&), r.ne 
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A-~-~ 1
;

3 exp(-C), & > B 
( 7) 

C (& - B)/(G + H~); A, B, G, H - KOHCTaHThl. 

flpH ¢HKCHPOBaHH08 3HeprHH nepBHqH08 qaCTHUhl Eo/A 

3HeproauneneHHe 3aBHCHT OT THila MHWeHH H ,6oM6apnHPYIDIJle8 qacniuu 

TOnbKO nHWb qepe3 MynhTHilnHKaTHBHhl8 K03¢¢HUHeHT a. flpH t tKOH 
· 111 

BhlpaJKeHHe (6) nepexonHT B CTaUHOHapHyID ¢opMyny KaTua . 

B paMKaX npH6nHJKeHHH (5) 3HaqeHHH tHaq H tKOH onHHaKOBhl nfH 

Bcex MHWeHH8 H 6oM6apnHPYIDlllHX qacTHU H onpenenHIDTCH. nHWb 3Hepn1e8 

Eo/A H paCCTOHHHeM OT ueHTpa TpeKa &. Ha pHC. 2 npHaeneHa 

3aBHCHMOCTb tKOH(E) nnH & = R (E ). KaK BHnHo, npH BhICOKHX o . maa:o 
3HeprHHX ycTaHoaneHHe CTaUHOHapHoro 

3HaqHTenbHoe apeMH. cnenyeT, onHaKo, 

peJKHMa 3aHHMaeT aecbMa 

HMeTb B BHny, qTo OCHOBHaH 

qacTb 3Hep~HH aunenHeTCH Ha paCCTOHHHHX, 3HaqHTenhHO MeHbWHX 

R~. H npaKTHqecKH BpeMH ycTaHOBneHHH CTaUHOHapHoro pell:HMa 

HaMHoro MeHbWe 

PHC. 2. 
tKOH(Rmaa;J'. 3TO BHnHo H3 cpaBHeHHH KPHBhIX Ha 

PHC. 2. 
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Eo,MaB/A. 
3aBHCHMOCTb BpeMeHH ycTaHOBJJeHHH CTaUHOHapHoro peJKHMa B 

TpeKe OT 3HeprHH nepaHqHo8 qacTHUhl. IlyHKTHPOM noKa3aHa 

aHaJIOrHqHaH 3aBHCHMOCTh ,UJUJ o6JiaCTH' BHYTPH KOTopo8 

npoHcxo.nHT 90~ 3Hepronu.neneH~H. 
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Ha pHc.· 3 noKa3aHa apeMeHHaH nHHaMHKa 3HaproauneneHHH B 
. . '. . . 

HeKo:ropo8 BHyTpeHHe8 TO'!Ke TpeKa_. E?nbmaH nnoTHOCTb aunenHeM08 

3HeprHH B ueHTpanbHUX pa8oHax TpeKa npHBOBHT K pa3puay 

MoneKynapHUX CBH3e8 . B .. noJiHMej:JHUX. MaTepHanax . H K . noKanbHUM 

H3MeHeHHHM CTPYKTYPU B KPHCTannH'!eCKHX MHWeHHX. 

- cne:nyeT·, · non'IepKHYTh·, ·qTo: annpoKCHMau1rn. :· ( 5 l - (Tl c 

napa.MeTpa.MH;- nono6paHHUMH B pa.6oTe1}(, . npH~eHHMa nHWb. nJrn .·nerKHX 
0MHWeHe8 (Ma8ilap,· rpaqmT','., npH .E /A"~· 5. M3B, KpeMHH8 H amoMHHH8). 
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6apaweHKOB B.C. P7-92-365 
PacYeT BpeMeHHO~ AHHaMHKH_ 3Hepros~aeneHHR 
B TpeKaX 3apR~eHH~X YaCTH4 

/ 

06cy~aaeTCR 3aBHCHMOCTb OT BpeMeHH paaHanbHOro 
pacnpeaeneHHR 3HeprnH, BblAenR~e~CR BHYTPH TpeKa Ja
PR~eHHO~ Yacrn4b1 (npOTOHa HnH HOHa) -c 3Heprne~ E, ~ 

. ;;: 1.'...10 4 M3B/HyKnOH. noapo6HO pac.CMOTpeH cnyya~ nerKHX 
cpea, Koraa npHMeHHMa annpOKCHMa4HR P.KaT4a H ~p.' 1 '. 

.Pa6oTa B~nonHeHa B na6opaTOpHH B~YHCnHTenbHO~ 
TeXHHKH H aBTOMaTHJa4HH o~~~-

. Ilpenpmn Om.e;t~ueuuoro 1-1ucrnry1·a 11:1epHbIX Hcc:1e:1osau1-1tt: .lly6Ha 1992 

·nepesoa asTopa· 

Barashenkov V.S. P7-92-365 
Calculation of Time Dynamici .of Energy 
D'eposition Inside Charged Particle .. Track_s 

The time dependence -0f radial distributicin oide
posited inside the track of a charged particle (pro~ 
ton, ion) energy E.= 1~10 4 MeV/nucleon is considered. 
The case of .light nuclei _where.the R.Katz et.al. ap
proximation can be applied is discussed in detail. 

The investigation has bee~ performed at the Labora
tory of Computing Techniques~rid Automation, JINR. 

Preprint of the Joint Institute for. Suclear Research. Dubna 1992 


