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Mathematical modelling of radiating formation of defects processes at interoperability
of carbon with graphite

Abstract. Processes of radiation formation of defects in the carbon irradiated by graphite are considered
in work. The regularities arising at selection of approximation expressions, a finding of result area
at calculation of cascadely — probabilistic functions depending on number of interactions and depth of
penetration of particles are revealed. The regularities formed at calculations of concentration of radiating
defects in graphite, irradiated by carbon are received. Results of calculations are presented in the form of

tables and schedules.
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Introduction

At present, practically there is no general theory
of passage of particles through substance. For use
of this or that method of calculation it is necessary
neatly to define applicability of each method, its
possibility, approximation of described interaction,
area of applicability of classical methods, quantum
concepts, relativistic and non-relativistic physics.
Especially it is necessary to note interaction of ions
with substance. For the description of radiating
formation of defects of ions processes with substance
we use an analytical cascadely — probabilistic
method (CPM) which essence consists in reception
and further use of cascadely — probabilistic functions
(CPF).

Experiment

CPF calculation for carbon in graphite depend-
ing on number of interactions and depth of penetra-
tion of particles was done under the formula 6.63
of [1]. For calculation CPF it is necessary to find
parameters of approximation s, a, E, k. Approxi-
mation expression looks like 6.64 [1].

At selection approximation parameters the fol-
lowing regularities take place:

1. With reduction of initial energy of particle the
coefficients of approximation s, a increase, coef-
ficients E, k decrease. The theoretical correlation
ratio also decreases (table 1).

2. With reduction of quantity of points the theo-
retical correlation ratio decreases (table 1).

Table 1 — Approximation parameters for carbon in graphite

E_x3B c,*107 a E,/ k n
100 2,115 8,346 0,1 110,65 0,84
80 2,643 10,012 0,08 106,952 0,79
60 3,523 12,512 0,06 102,828 0,73

When calculating the CPF depending on number of
interactions the following regularities are brought out:

1. With reduction of initial energy at the same
depth of observation the internal area of result is
narrowed and displaced to the left from h/I (table 2).

2. Depending on depth of observation the percent
of displacement of the left and right borders of result
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area decrease. The area of result is displaced to the
left from h/l.

3. Depending on depth of observation the step
for calculation increases, on the average changes in
arange 8 — 36 (table 2)

4. Depending on initial energy at the same depth
of observation the step also increases (table 2).

KazNU Bulletin. Chemical series. Ne4 (68) 2012



140 Mathematical modelling of radiating formation of defects processes at interoperability of carbon with graphite

Table 2 — Dependence of displacement percent of the left and right borders of result area from number of interactions for
carbon in graphite for a) E = 100 keV; b) E = 80 keV; ¢) E = 60 keV

h*10%, sm B, B, N B,
1 80 55 8 135
2 65 5 12 70
3 63 -18 20 45
4 62 -34 25 28
5 65 -45 30 20
6 68 -55 35 13
a)
h*10*%, sm h/l C, C, N, C,
1 131 26 77 8 103
2 420 -7 56 30 49
3 971 -23 49 50 26
4 2011 -29,5 43,5 100 14
b)
h*10*%, sm h/l C, C, N, C,
1 241 13 64 13 77
1,5 473 -5 53 25 48
2 817 -17 49,5 38 32,5
2,5 1324 -24 46,5 60 22,5
3 2080 -28,4 43 100 14,6
3,5 3244 -30,5 39,195 155 8,695
¢)

Here B, B, are percentages of displacement of
the left and right borders of result area, B, is internal
result area (in percent), N is a step for calculation.

When calculating the CPF depending on h the
following regularities are noted:

1. With reduction of initial energy of a particle at
the same depth of observation the percent of internal
result area decreases (table 3), the result area is dis-
placed to the right from h/l.

2. With an increase of depth of observation per-
cent of displacement of the left and right borders
of result area decrease, the percent of internal re-

sult area also decreases and is displaced to the right
from h/l.

3. Depending on depth of supervision the step
increases, changes in a range 5-250.

4. CPF calculations depending on number of
interactions where the step increases slowly and
reaches several tens compared to the step for CPF
calculations depending on depth of penetration rises
sharply and reaches several hundreds.

5. Depending on initial energy of a particle at
the same depth of observation the step decreases
(table 3)

Table 3 — Dependence of displacement percent of the left and right borders of result area from depth of observation for
carbon in graphite for a) E =100 keV; b) E = 80 keV; ¢) E = 60 keV

h*10%, sm hl C, C, N, C.
1 82 38 90 5 128
2 257 1 64 18 65
3 568 -16 54.4 32 384
4 1098 26 43 60 22
5 2009 30 43 120 13
6 3678 -30,5 36 250 5.5

a)
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h*10% sm h/l C, C, N, C,
1 131 26 77 8 103
2 420 -7 56 30 49
3 971 -23 49 50 26
4 2011 -29,5 43,5 100 14
b)
h*10% sm h/l C, C, N, C
1 241 13 64 13 77
1,5 473 -5 53 25 48
2 817 -17 49,5 38 32,5
2,5 1324 -24 46,5 60 22,5
3 2080 -284 43 100 14,6
3,5 3244 -30,5 39,195 155 8,095
¢)

Here C, C, are percentages of displacement of
the left and rlght borders of result area, C, is internal
result area (in percent), N, is a step for calculatlon

Calculations are lead for carbon in graphite at
value of initial energy EO = 60, 80, 100 keV.

CPF behaviour depending on number of
interactions is the following:

Curves are crossed among themselves, with an
increasing h curves are displaced to the right, the
distance between neighbouring curves increases,
value of function in a point of a maximum decreases
(figure 1).

Depending on depth of penetration at small n
curves are crossed. With an increasing n the distance
between curves increases also curves are not

lg y, n*10°

-104
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crossed, the internal area of result, value of function
in a point of a maximum decrease (figure 2).

Calculation of concentration of radiating defects
at an ionic irradiation has allowed to bring out the
following regularities:

1. With an increase of threshold energy at the
same depth of penetration the values of concentration
of radiating defects significantly decreases, borders
of result area do not change (table 4).

2. Depending on depth of penetration the values of
concentration of radiating defects increase (table 4).

3. With an increase of initial energy of a primary
particle at the same value of threshold energy and
depth of penetration the values of concentration of
radiating defects decrease.
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Figure 1 — Dependence y, (h’, h, E)) onn at E; =100 keV for h = 0,0001; 0,0002; 0,0003; 0,0004;
0,0005; 0,0006 cm (1-6).
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E, =100 keV for n =82, 257, 568 (1-3).

KazNU Bulletin. Chemical series. Ne4 (68) 2012



142 Mathematical modelling of radiating formation of defects processes at interoperability of carbon with graphite

lower, transition through a maximum is carried out
more smoothly. Concentration of radiating defects

As calculations show (figure 3), with an increase depending on depth increases, peaking, then de-
of threshold energy the curves pass significantly creases up to 0.

Results and Discussion

Table 4 — Borders of a definition range of concentration of radiating defects for carbon in graphite E, =10,15,20 keV at a)
E,=100 keV; b) E = 80 keV; ¢) E = 60 keV
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Figure 3 — Dependence C, (E, h) from h at E, =100 keV; the E_= 10; 15; 20 keV (1-3).
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Pagnanusabik Minaep naiifna 6oy yaepicingeri kemiprek ned rpadurTin dcepiecyinae naiiga 6oaran
MaTeMaTHKAJbIK YJrijieyiep

Byt sxyMbIcTa TpaduT coyiere TYCIpUINeH KOMIpTeK paauanusuiblK OUTIMIHIH yaepicTepi KapacTeipbuiran. Hotmke
OapbIChIHIA TAOBLIFAH  ANMPOKCHMAIIMS OPHEKTEPIH TaHIAN aliblll, Haiga OOJIaThIH 3aHABUIBIKTAPIbl KAaCKaIThl
— BIKTUMaJ (DYHKIUSIAPABIH CCENTEYiHIC, ©3apa OPEKETTCCTIPreH Ke3le CaH OOJIIeKTEpiH OTIMIUIIK TEePeHIIr
alikpIHAaIABI. KeMipTek coyiere TYCIpuUIreH rpaduTTeri pajauallisulblK MIHICPIIH IIOFBIPIAHIBIPYbIHA OailIaHBICTHI
eCemnTey KYpacThIPaThlH 3aHIBUIBIKTAP aHBIKTAIIbl. Ecenrteynep KOphITHIHABLIAPEI MPadUKTEp KOHE KECTeaep TYPiHIe
KEJTIPUITeH.

Tyutin co30ep: MoneNbILY, akayaap, KOMIpTEK, HOHAAp, TPa(uT.

AN. Kynmuumuh, A.A. Kynmuumms, T.A. [lImeiranesa, E.B. [lmeiranes, 11.E. [l>xeneyHosa
MaremaTnyeckoe MOJAeJTHPOBAHUE MPOLECCOB PAAUALHOHHOTO JedeKTo00pa3oBaHus IPH B3aMMOIeCTBUM
yriepoaa ¢ rpagurom

B paGote paccMarpuBaroTCs MPOLECCHl paJualMOHHOro nedexroodpa3oBaHus B yriepoae, 0OIyueHHOM IpauTOM.
BbIsiBiIeHBI 3aKOHOMEPHOCTH, BO3HUKAIOIIME IPH IOJ00pE anmpOKCUMALMOHHBIX BBIPAKEHUH, HAaXOXJICHUH 00JacTH
pesyabrara MpH pacdere KacKaJHO-BEPOSTHOCTHBIX (DYHKIMH B 3aBUCHMOCTH OT YHCJIa B3aMMOJCHUCTBHUH W ITyOWHBI
MIPOHUKHOBEHHUS YacTull. [lomydeHbl 3aKOHOMEPHOCTH, 00pa3yIomuecsl NpU pacdeTax KOHLIEHTPALUH PagHallHOHHBIX
nedekToB B rpadure, 00IydeHHOM yIIepoioM. Pe3ybraTel pacueToB NpeICTaBICHb! B BUE ITPA(UKOB U TAOJIHII.

Knrouesvie cnosa: monenuposanue, 1eeKTsl, yIiIepos, HOHbL, TpaduT.
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