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Mathematical modeling of radiating defects in iron

Abstract. Processes of radiation formation of defects in the iron exposed to radiation by various ions are
considered in the work. The algorithm is developed for calculation of cascadely - probabilistic functions,
concentration of radiation defects, computations are lead, the regularities arising at calculations of
cascadely - probabilistic functions depending on number of interactions and depth of penetration of particles,
concentration of radiation defects are revealed by an ionic irradiation in iron. Results of calculations are

presented in the form of tables and schedules.
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Introduction

Alloys on the basis of iron (steel, cast iron) are
considered in the work, as now beams of ions are
intensively applied in mechanical engineering at
deriving of ultrastrong details and materials. The
cascadely - probabilistic method (CPM) is used
for this purpose, in which basis is recipience of
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analytical expressions and further use of cascadely —
probabilistic functions (CPF). CPF mean probabilities
that the particle generated on some depth h’ will reach
of depth h after n numbers impacts.

Experiment

CPF expression for ions in view of losses of
energy has a following appearance [1]:

o Eo—Kh
E, —kh

n

j—(h—h') : (1)

For calculation CPF the following modernized formula convenient for computation is received:
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where n is the number of interactions, h °, h are depths
of generation and registration of an ion accordingly,
l, a, E, k are parameters of approximation.

To find parameters of approximation was used
the following approximation expression [1]:
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Dependences approximation curve s from h are
resulted in figure 1.

Further calculations of cascadely - probabilistic
functions depending on number of interactions and
depth of penetration of particles are lead. Areas of
a finding of result are found and the regularities of
CPF behaviour from number of interactions and
from depth of penetration of particles are revealed
(tables 1, 2, figures. 2, 3).
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Figure 1 — Approximation of the modified section of cascadely - probabilistic function: for nitrogen in iron for

E,=1000 (1), 800 (2), 500 (3), 200 (4), 100 (5) keV. Coefficient of correlation 1 = 0,9999.

Table 1 — Dependence of displacement percent of the left and right borders of result area from number of interactions for

silicon in iron for a) £,=1000 keV; b) £,= 800 keV ¢) £,= 500 keV  d) £,=200 keV ¢) £, =100 keV

h*107, sm B, % B, % N, B, %
0,5 35 23 20 58
12 34 3 35 31
1,9 38 -18 45 20
2,6 44 31 55 13
33 50,8 41 69 9.8

4 58,3 51,7 82 6,6
47 67,3 63,2 105 4.1
5.4 79,1 77,1 130 2

a)

h*10¢, sm B, % B,% N, B,%
0,5 32 16 22 48
L1 32,5 6 35 26,5
1,7 37,5 -19.,5 50 28
2.3 442 32 62 12,2
2,9 51,6 435 70 8,1
3,5 60,2 54.6 79 5,6
4.1 70,8 67,5 100 33
4,7 86,15 85,05 140 1,1

b)

h*10¢, sm B, % B,% N, B,%
0,1 7y} 47 13 89
0,5 28 58 33 36
0,9 32 11 48 21
1,3 38 24 60 14
1,7 45,5 355 70 10
2.1 54 47 85 7
2,5 64,3 60,2 99 4.1
2,9 78,15 76,2 125 1,95
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Continuation of the table 3

h*10%, sm B,,% B,.% N, B,,%
0,1 27 21 25 48
0,3 26,5 -3,5 46 23
0,5 33,5 -19 62 14,5
0,7 43 -33,5 74 9,5
0,9 54,7 -49 91 5,7
1,1 70,5 -67,6 120 29

d)

h*10%, sm B,,% B,,% N, B,,%
0,1 48 60 12 108
0,8 23,5 10 32 33,5
1,5 25 -4 45 21
2,2 29,7 -14,5 60 15,2
2,9 36 -25 72 11
3,6 43,5 -35,4 80 8,1
4,3 52,5 -46,5 95 6

5 63,4 -59,6 110 3.8
5,7 78,05 -76,3 135 1,75
e)

Table 2 — Dependence of displacement percent of the left and right borders of result area from depth of penetration for
silicon in iron for a) £,=1000 keV; b) £,= 800 keV; c) £,= 500 keV; d) £,= 200 keV; e) £,=100 keV

7*10°, sm hi C.% C.% N, C.%
0,5 473 17.5 412 22 58,7
12 1477 42 34 49 29,8
1,9 3062 -17 36,3 90 19,3
2.6 5585 255 37,5 155 12
33 9765 303 37 285 6.7

4 17310 -30,65 33,7 625 3,05
4.7 33513 24,65 25,35 2550 0,7
a)

7*10°, sm hih C.% C.% N, C.%
0,5 670 13 35 25 48
1,1 1899 6,5 33,7 62 272
1,7 3832 -18.,5 34,7 112 16,2
23 6943 26,5 36,5 200 10
2.9 12255 30,5 36 355 55
35 22464 29,22 313 915 2,08
4.1 47689 20,115 20,36 6700 0,145

b)

7*10°, sm hi C.% C.% N, C.%
0,1 215 35 57 12 94
0,5 1343 35 31 44 345
0,9 3056 11 31,5 85 20,5
1.3 5719 213 34 138 12,7
1,7 10075 28 355 250 7.5
2.1 17919 30,1 33,5 585 34
25 34964 24,95 25,77 2250 0,82
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Continuation of the table 2

7*10°, sm H C.% C.% N, C.%
0,1 715 16,5 30,5 25 47
0,3 2714 -4,5 28 62 23,5
0,5 5949 -17,7 31,5 126 13,8
0,7 11664 26,9 34,2 242 73
0,9 23618 -28,75 31,2 712 2,45
1,1 60923 -17,338 17,45 15500 0,112

d)

7*10°, sm hik C.% C.% N, C.%
0,1 151 43 63 7 106
0,8 1403 7,8 26 40 33,8
1,5 3088 -4,5 26 71 21,5
2,2 5428 -14 29 112 15
2.9 8831 -21,9 32 190 10,1
3,6 14135 -27,4 334 310 6
4,3 23362 -28,65 31,3 700 2,65

5 42992 -22,784 23,322 3550 0,538
e)
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Figure 2 — CPF dependence for silicon in iron from number of interactions for £, = 1000 keV and

h=0,5%10-4; 1,2*10-4; 1,9%10-4; 2,6%10-4; 3,3*10-4; 4,0¥10-4 (cm) (1-6).
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Figure 3 — CPF dependence for boron in iron from depth of penetration for £,=1000 keV and
n=113; 264; 471; 768; 1217; 1961, 3404; 7301 (1-8).

Results and Discussion

Concentration of radiating defects at an ionic irradiation was calculated under the following formula [1].

E, (Eypy —E)

T
2
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max

The regularities of concentration behaviour of
radiating defects depending on various factors are
received. For easy flying particles and easy targets
curves increase, peaking, then decrease up to a zero.
For E_ =50 keV in section there is a maximum
that speaks about localization of cascade areas on
small depth. With an increase of nuclear weight of
a flying particle value of function in a point of a
maximum increases and, consequently, curves pass

ISSN 1563-0331

e ~E) § j v, (H)exp| -

n=ngh—kA,

h—K ar )
A )W,

above while values of depths decrease, i.e. the large
concentration of vacancies clusters in near-surface
area is formed. With an increase of initial energy of
a particle area of damage are displaced in depth of
a material. At identical £ and E_ for heavier par-
ticles on unit of a way of ion movement it is formed
more areas. With energy of flying particle £, =100
KeV a maximum of function is at a surface of a tar-
get, and its value is not enough and quickly turn into
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zero, very small damaged area which lays within the limits of 10-100 nanometers consequently is formed.
Results of calculations are presented in figure 4.

0 2 4 6 h*10*.cm

Figure 4 — Sections of allocations on depth of vacancies clusters at an ionic irradiation for nitrogen in iron for E =100
keV, E=1000 (1), 800 (2), 500 (3), 200(4) keV.
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AN. Kynuumuh, A.A. Kynuumus, T.A. [Meiranesa, E.B. [lMeiranes, 11.E. [lxxeneyHosa
Paguanusiabik MiH TeMipiHaeri MaTeMaTuKaJIbIK YJriiey

Byt sxxyMBICTa 9pTYPITi HOH COyIere TYCIpireH TeMip/Ieri paAHaIisUIbIK OUTIMIHIH yAepicTepi KapacTeIpsuFad. MyHIa
KacKa/IThl BIKTUMaJ (DYHKIUSIIAP €CENTEYiHIH adrOPUTMI d31pIIeH I, 03apa dPEKeTTeCy CaHbl MEH OTIMIIIIK TepeHIIriHe
OaiinaHpICTHI DYHKLMS KYHIHE TaIay sKacaJblHIbl, KACKAIThI BIKTUMAN (DYHKLIHSIAPAbIH ecelTeyIepiHIe o3apa opeKeT-
TeCylepleH TYpPaThiH CaH KOHE OOINIIEeKTepOiH OTIMAUIIK TepeHMIri, pamualusIblK MIHACPIiH IIOFBIPIAHABIPYBIHA
OaifTaHBICTHI TEMip/IeTi HOHABIK CIyiere TYCipy Ke3iHae malaa O0FaH 3aHIBUIBIKTap aHBIKTANABL. EcenTeymep KOpBIThIH-
JIBITApBI TPaQUKTEp KOHE KeCTeNep TYPiHae KeATipiIre .

Tyiiin co30ep: Moznemnbey, akaymnap, YTiK, HOHAAP, aIMac, IOHBIH.

AN. Kymuanmms, A.A. Kymanms, T.A. [veranesa, E.B. IlIveranes, 1H1.E. [xeneynosa
MaremaTnyeckoe MoJIeIMPOBaHHE PATHALMOHHBIX 1e)eKTOB B JKeJie3e

B pabote paccMoTpeHBl TPOIECChl PaAUallMOHHOTO JAe(ekTooOpa3oBaHmsi B xKelle3e, OOTYISHHOM pa3TUIHBIMHU
noHamu. Pa3paborTaH ajropuT™ sl pacdera KacKaJHO-BEPOSTHOCTHBIX (DYHKIUH, KOHLEHTPALUH PaIMAIllMOHHBIX
}Ie(beKTOB, TPOBCACHBI pAaCUYCThl, BBIABJICHBI 3AKOHOMEPHOCTH, BOSHHUKAIOMINE IIPU pacueTaxX KaCKaJHO-BEPOATHOCTHBIX
q)yHKLII/Iﬁ B 3aBUCHUMOCTHU OT HHUCJIa B3aHMOﬂeﬁCTBHﬁ u FJ'[y6I/IHI)I MMPOHUKHOBECHHWA YaCTHUIl, KOHICHTPAIIUU paJualliOHHBIX
JIe()eKTOB TIPH HOHHOM OOJIy4YEHHH B jKelie3e. Pe3ybrarsl pacueToB PUBECHBI B BUJE I'Pa(UKOB U TaOIIHII.

Knioueswie cnosa: MonenupoBanue, 1e()EKThl, YTIOT, HOHBI, CTallb, YyTYH.
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