
r31f/32 
6D.f-.tLULeHJ~JL6. 8. C .. 

_52 - .?-,9l-.3J{_-~~ .............. 

OB'bEtJ;HHEHHblft HHCTHTYT HtJ;EPHbiX HCCJIE!l;OBAHHH 

\ 

,, 
1 
\ 

~EllOHMPOBAHHAHllYBRMKAUMH 

· ~y6Ha 199ct-



OEbE.1U1HEHHbH1: YIHCTYITYT 5I)lEI'HbiX YICCJIE)lOBAHYIM 

Jla6opa TOplHI BhPH1CJB1TeJib HOM Te>:Hl1Kl1 11 aBTOMa Tl13aUl111 

~-1-~-H/ 

B.c. Eaparnem:oB 

MATEMATYJ:qECKOE MO)lEJIYIPOBAHYIE 3HEPfOBH)lEJIEHYI5I B TPEKAX 

3AP5IEEHHHX qA~TYIU 

;; .'!-~ ~ 

~ 

.lly6Ha, 199~ . 

~ 8-\tl~~;~ BH:rlt'f't ~t 
~ U'!"!iid! :\CC.:JeJ!I)IlGII ,, 

: --~WSJl~tOT~ 



AHHOTaUHH 

ITpHBeneHa rrporpaMMa, IT03BOflH~ma~ paccqHTRBaTb BpeMeHHOe l1 

rrpocTpaHCTBeHHoe pacrrpeneneHHH 3HeproBuneneHHH 

3ap.s:r~eHHOH qacTHUU C 3HeprHeH E ~ 1-l0
4 

M3B/HyKflOH. 

ynenbHue ITOTepH 3HeprHH 3TOH 

TpeKa 

OnHoBpeMeHHo 

dEjdx. 

ITporpaMMa IT03BOflHeT HCCnenoBaTb 3aBI!Cl1MOCTb 3HeprOBUneneHI1H OT 

CBOHCTB MHWeHH l1 THITa rrepBHqHQH qacTHllhl. 



MATHEMATICAL MODELLING OlP ENERGY DEPOSITION 

INSIDE CHARGE PARTICLE TRACKS 

v.s.Barashenkov 

The computer code tor calculat14>n of space - time 
distributions of energy deposition illside a charge particle 
track is presented. In parallel the •tnergy losses dE/dx for 
this particle are estimated. The cod•e allows tb investigate the 
dependence of energy deposition on t:1e properties of target and 
the type of projectile. 



Mccne.n:oBaHHe pa.n:HaQHOHHhiX Bhl3biBaeMhiX B 

ITOJIHMepHhiX, CBepxrrpOBO.ll:~WHX H .n:pyrHX MaTepHaJiaX 3ap~~eHHhiMH 

4aCTHQaMH C 3HeprHeH E ~ 1-10
4 

M3B/A lA- MaCCOBOe YHCJIO YaCTHUhl) 

Tpe6yeT pacYeTa 3HeprOBhl.ll:8JieHH~ c(R,TJ Ha pa3JIHYHhiX paCCTO~HH~X R 

OT U8HTpa TpeKa H era H3M8H8HH~ C T8Y8HH8M B peMeHH T. TaKOH 

paCYeT B KaYeCTBe MO.IJ:YJI~ BXO.IJ:HT B 6oy,ee CJIO~Hhle rraKeThl rrporpaMM, 

MO.IJ:eJIHPYIOWHX cTpyKTYPHhle H3MeHeHH~ BemecTBa B ITOJie CHJibHO 

HOHH3HpyiOmero o6JiyYeHH~. 

B OCHOBY ITOJIO~eHa· 

arrrrpOKCHMaQH~ MOHTe-KapJIOBCKHX paCYETOB, ITO.IJ:p06HO OITHCaHHa~ B 

HaweH pa6oTe
111

. 

HH~e ITpHBO.IJ:HTC~ rrporpaMMa DOSA, 

YCJIOBHH, YTO COOTHOlli8HHe "rrpo6er-3HeprH~" 

c(R,t) 

R = 
rrpH 

R(E) 

E
a<El 

arrrrpOKCHMHpyeTC~ CTerreHHOH 3aBHCHMOCThlO R = k(E) C 

KYCOYHO-ITOCTO~HH1IMH ct>YHKUH~MH k (E) H IX (E). 

B rrporpaMMe HCITOJih3YIOTC~ .IJ:Be Heorrpe.n:eJI~eMhle B .n:aHHOH 

rry6JIHKaQHH CTaH.n:apTH1Ie rrporpaMMhl: Gli.USS - B1IYHCJI8HHe HHTerpaJia 

MeTO.IJ:OM faycca H RZERO- HaXO~.IJ:eHHe H}JI~ q>yHKUHH F(x). 

B KaYeCTBe rrpHMepa rrpHBO.IJ:HTC~ BhiYHCJieHHe pacrrpe.n:eJieHH~ 

C (R, T) H y .ll:8JlhHbiX rreTeJih 3HeprHH ITE pBHYHOH YaCTHU8H dEjdx .IJ:JI~ 

B3aHMO.IJ:8HCTBH~ HOHa KpeMHH~ C MaHJiapo:.f C H 0 . 
5 4 2 

TipH HCITOJih3Y8MhiX 3HaYeHH~X rrapaMeTpOB rrporpaMMa rrpH!O.IJ:Ha 

TOJihKO .IJ:JI~ JierKHX MHllieHeH ( BO.IJ:a, opr-aHHY8CKHe TKaHH, ITOJIHMepHhle 

Ma TepHaJihl, rpaq>HT; rrpH 3HeprH~X E/A ~ 5 M3 B MO~HO paCCMa TpHBa Th 

aJIIOMHHH8Bhle H KpeMHH8Bhle MHllieHH). B KaYeCTBe 6oM6ap.n:HpyiOW8H 

YaCTHUhl MoryT 6h!Th rrpOTOH H JII06hle 6oJee T~~eJihle HOH1I. Cor JiaCHe C 

3 KCITepHMeHTOM HJIJIIOCTpHpyeTC~ Ta6JIHQar.m I- TI, r .n:e paCCYHTaHHhle ITO 

HaweH rrporpaMMe 

.n:aHHhiMH/ 2 - 41 

.nn~ pacYeTa 

dEjdx 

3HeprOBhi.IJ:8JI8HH~ 

~paBHHBaiOTC~ C 

B 6onee T~~eJihiX cpe.n:ax (B 

YaCTHOCTH, B BTCTI-KepaMHKaX) CJie.n:yeT 13M8HHTh 3HaYeHH~ rrapaMeTpOB 

B COOTHOlli8HHH "rrpo6er-3HeprH~'' H B IT01paBOYHOH q>yHKUHH Z(R). 
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CpaBHeHHe paccqHTaHHhlX 3Haqe~HH dEjdx (M3B/cM) co 

CTaH.napTHhlMH Ta6JmqHhlMH B CJiyqae JI81KHX cpe.u. 
1 12 10~' 

B3aHMO.U8HCTBHe HOHOB 
1 

H, 
6

C, 4 ~,Ag C rpaqmTOM. 

E 1H 
1 

12c 
6 

107A 
47 g 

M3B/ 
/A pacq, Ta6JI. pacqeT. Ta6JI. pacqeT. Ta6JI. 

1 504 569/2/ 1 25"10 4 1144"1( 
5091 31 

I 

215 252 272/ 2/ 7 96"10 3 8196"1( 
269/ 3/ 

I 

5103"10 3 
8 1 64 • 1( 

5 146 160/2/ 5166"1( 
159/3/ 

3 0"10 3 
5148"1( 

10 8318 921 21 3128"1( 
921 31 

I 

3126"1( 
/2/ 100 1411 1416/2/ 509 53~ 

5003 516 515/2/ 202 20~ 

104 416 414/2/ 
10 413 415 

,4/2/ 1144"105 1 48"10 5/ 2/ 
I 

3/2/ 1 41"10 5 1 41"10 5/ 2/ 1
3/4/ I 

1
1
88"10 5/ 4/ 

:3/2/ 1127"105 1
1
23"10 5/ 2/ 

,3/4/ 1
1 
68"10 5/ 4/ 

,3/2/ 1 05"10 5 9
1 

65"10 5/ 2/ 
,3/4/ I 

1
1
29"10 5/ 4/ 

,/4/ 3 03"10 4 3
1 

09"104/ 4/ 
,/4/ 1

1
24"10 4 1

1
23"104/ 4/ 

I I 

Ta6JIHUa n 

CpaBHeHHe paccqHTaHHhlX 3Haqe ·IHH dEjdx ( M3B/CM) co 

CTaH.uapTHhlMH Ta6JIHqHhlMH B CJiyqae e3aHMO.U8HCTBHH rrpOTOHOB C 

aJI~MHHH8M H repMaHH8M. 

E 1H + 
1 

M3B/A pacqeT. 

1 588 

215 293 

5 170 

10 9716 

1003 1615 
104 513 
10 419 

Al 

Ta6JI. 

463/ 3/ 

255/ 3/ 

155/3/ 

91 2/ 3/ 
I 

/3/ 
1514/3/ 
418/3/ 
418 

1l 
1 

pacqeT. 

1080 

543 

314 

180 

3013 
917 
910 

2 

I+ Ge 

Ta6JI. 

642/ 2/ 
612/ 3/ 
367/2/ 
380/ 3/ 
234/ 2/ 
2391 31 
144/2/ 
145/3/ 

/3/ 
2517/3/ 
812/3/ 
814 
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c 
c 
c 

f), 

:LS 

FUNCTION FT 

c 
c 

cc~TI~u~: .. ·-
TSTA~T=TK<~> ~ T~~G=TK(2) 

C.ALGULATICN rF E"irRGv o~ ct. r:cr:cr; /U< ITvrr- Tr: ,,,~ T .. , 
AT TJ,l': 1 

y 1. = • 
C H ~: G K C F T T 11 f 
IFCT .LT. TK(1)) ;o TO A 
IF(T .GT. TKC2.)) ;o TO 1S 
lG=Ttv~.x 
AG=(i\S/IlK)·~'"'(j .IA_F) 
CALL :;:?-·HlCAG,EG,E3T,fT,~. r:-4.J' i ,F1) 
Y 1 = ( 1 , • ( R S + T f T t ) I ( C. K ~' :· (~ T '~ "~- n l F + T :~ T il ) ) "' ·" ( j • I f'L F ) 
CC= F'- r:v > /CX 
X= J • 
I F ( ; • L T • r~ X • ( r; , C C • (; T ~ ~. :- • ) f"'. 0 T C ~ .. 
X = ~ X·':' C r:"' t Xi:: C ., C ( ) 
CCI\TI1\V 
COTHL'-
0 C ~ = C C-) ( Y •· Y :.. ) >~- I 1 • · • X ) I C 1 • + T :: ·, 11/ f- S ) 
CCI\TI~li: 
CCI\TI1\U~ 
IF(FFGI'lt .LT. 1.. I FFTURrl 
Rf":.llx=~~AX/CT 
T:::T.A=TrT/1/0T 
D ~ o x = ? •.. ,. ~ • ~ 4 :1 t: ~· 1 • ! f. 1 :t • E : · ? >f. o n o >t- r: l\ '. 1 ::; :) < r: -::; 1 • :; • • :;. r- {l x , . ·: .. ~.;. > 
·HTL:::<t--. ·~ ;:i\fl 

77,/7:~-2 fPT::j FT': t., .'\+r;:'h 

FU~CTICN FTCX,J) 
C A L C U L Jl T I 0 f\ C F I<' It i q, F Fi G V 1 ;.J P 0! : JT < .~ T fl-' f· r. ;::- \J -· ~ ! 
CCf"/"CN/TT/HF, TL,t K 

GG~~.r~ITTT/.R~,[l,CL 
.::xr::~'"'L Fr 
~~R~i < t K"'Y.'H'.4 L Fl 
IFCV .(:-:, 1,) CO Tn l 
X 1 = X"' ( :. • - V ) >r>:- ( : .1 P l F ) 

._ CCt-.TII\L':: 
:Ps=~.::-E 
FT=TL-ftiiJS''.': (FG ,X1,X,FPS)·'~

"~- ;.i, l F ~· A I< /lJ TIC L 
~<:::TUR"- ·.~ 7 1\0 

FUNCTION FG 1.317~-? CPT=1 

c 

FUNCTION FG1 

c 

R 

FUf\CTIC~ ~="C: (X) 
CC~~C~ITT/ !LF,TL,AK 
~t-~=S:i.:i .. , 
F G = i. >f. "~- I f\ t !=" - i , I ;;: • l >t- ( X + A I· ) I S G ,' T ( X t ' • '~ ~ !" ) 
~c:TU::t-- t: rl\n 

.., '>17 :<.-? CPT=•. 

r U f\ C T T r:: 1'J ~=" ( 'l. ( X ) 
CCr-~CI\ITT/ t\LF,TL,~\1< 
CC~~C~/T!/~MPX,T~T~ 
C C~t~Cl\tT?/qX,L ),ex 
Y :-: ( ( P tv C X- X) I ( h" ~ ilX ._ T F T A} ) 'f·>< ( • • If L. r) 
fC=Y/(X-+T Ttl} 
C C ..: <:< - r. X l I r; v ...,_ 
'-- .. 
IF(X .LT. 
Z .:: t X ~- ( ( :. ·· X 

F G.t ::: F C: 1 "' ( 
~t.TU<'t\ '1.; :.-

X • C '- • 
(~ Cf) 
• + 7 ) 
(j 

; (' • f' T • ! ; ~ } :-, l; 7 0 9 

t:-~·1 
' . 



PROJECTILE FARTIClf t-tl~S A:: 4t.! · 
-t- ·t- CAkGE '= 1t.Dl 
-t- -t- · E"~RGY E= 15.0G MEV/D 

TAR G E: T 0 ENS IT Y C T = t • 4t' G / C ~ ~ 

TARG::T NUCLEAR COt'PCf\r'I\T P'IRAMF.TERSt 
1 "Ut-lBER,I'liSS,CI-tl'f:':· = 1. 88.9 3g, 
2 t--UHBER,MASS,C!-iARGf 56, = 2 ' 137. 3 
3 "Ut1At:.R,t>1tSS,CI-ARGf 2g, = 3 • 63.'3 
It NUMBER,Ht!SS,C!-t!RGf <">c = 7 • 16 o\1 

----------------------------------------------------------------------------
R ,C I" 

eiO(JOUE· 7 
.S:JUGJE-;:? 
.1LQo:,;r:-·:s 
.5111"1 -·~- •• 6 
.1CfJGdE-. S 
• 5 G ,, ,I .• ::: - s 
• 1 tl .. i F U f - · 4 
• 5 0 v ,; w F. • :: 4 
• 1 U .J U ·.j E • .3 

,Sf:S45c·1.8 o297j2f-16 
.~e473F·17 .91684E-16 
.SES48~·17 .1~8~6F-15 
,4e~82E·16 .45976E-15 
.sr:~ss·~ ·ic .74712;:.::-15 
.4857ff·1~ .~3 83~-14 
• <:736-:.t- <!.S • 7 7i::t.d.F.-14 
.4S57AE·1L! .1jf44E-13 
.L175t ·13 .19' !'LE-13 

" 
a5Gd0t,::-J2 :,. L • 
• 1 u u iJ !) f - ,. 1 J • l • 

• Sht :~::- l '• ; . 
' t • 

----------------------------------------------------------------------------
C(R,1> ,F~G/C~3 

---------------------------- .. --- *' _,.,.-. -------,..---------- ·---- -------- _ ... 

CM/T,SEK .1POE-::.8 ------------------------------------ .. ---------------------- .. ------------ _ ... 
• 10 ;·1 E-07 \J • .141 '? .. 
I 5 iiI,! E-v7 '• '· • ,. • 
.1 0 (l E-u6 :) • .. • ., ~c E-u6 'j • •" * 

• 1ll!J E- r; :l • 0 • 
.SI.if;E-•JS :l • 

.. 
' . .,) . 

.1uo F.-·· 4 
. • . , .. : d .. 

• s :; E- 4 : • b • 

.10u c_: 
t- "' 

3 ·• • 
.5 OLE-iJ.3 :> . 
.1 onE-·~ 2 i • q ' 
.s ur.~ E-,·, 2 t, • L • 

• 1 ,l F-, 1 ~ . 
• 5 LJ \l f-·; 1 
,1\JC E+'l !. 

e .3 ?E + :12 
.6~7[ + i s 
.s H1 F ... 17 

,, • 

I • 

' . .. 
, . 

! ' • 

' . 
' . 

• :3fl2C. +1 3 I 382E.+i~ . Sb:E+:! 2 ,5E:l.~+i2 
.~L9F+1:1 .2231::+L2 
.1c4f+;g • 948[ +U 

• 2 3 6 t- +\: h • 1 (' L F: + i 1 
~". .257:+1 7 

~. .120~+1~ 
. , . 
\ . 
, . 

~ ... 
i' ' 

.~82F+j 3 

.S6tf+j2 

.223f-.+j? 

.948 H:1. ,. 

.1oi6E+li 

.1:5\•C.+ P, 

.6tf<H!7 

.22R' + h 
,5 t4L+f 5 

. . 
~ . .. 
. . 
. .. 
. . 
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