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Finding the domain of cascade — probabilistic functions for light particles
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Finding the domain of cascade — probabilistic functions for light particles

In the paper the calculations of cascade-probabilistic functions depending on number of interactions and depth of
penetration of particles are considered and we get a real area of finding the results. The regularities of behavior of the
area of results and a step for calculation depending on the various factors have been found. The results of calculations
were presented in the form of diagrams and tables.
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A.B. Kopabae, A.A. Kymunmms, AWM. Kymaunmn, E.B. Hlmeranes, T.A. [lIMbiranesa
Haxoxnenue 006JacTi onpeaeaeHns KAaCKaIHO-BePOSTHOCTHBIX
(GyHKUMI 1715 JTerKuX 4acTHI

B pabore paccMaTpuBalOTCs pacdeThl KaCKaHO-BEPOSATHOCTHBIX (DYHKIIMH B 3aBUCHMOCTH OT YHCIIa B3aUMOJACHCTBUI
U TITyOUHBI TPOHUKHOBEHHSI YaCTHII, B CBA3M C YEM HAXOIMTCA peanbHas o0IacTh HaXOXKAeHUs pesynbrata. HalimeHs
3aKOHOMEPHOCTH OBEJCHUS 00NacTH pe3yibTara U Iara Juls pacuyera B 3aBUCUMOCTH OT Pa3iIM4HbIX (akTopoB. Pe-
3yJIBTaThl PacyeToOB MPEICTaBICHBI B BUIE IpaduKoB 1 TaOIHII.

KuroueBnie ciioBa: o6nmacTs, 9acTHIa, allOMUHNI, skere30, 60p, a3oT.

A.b. Kopabaes, A.A. Kyrmunmun, AWM. Kymunmun, E.B. HImeiranes, T.A. IlIMpiranesa
7Keniu1 0estmexTep yuIiH KaCKaAThI-bIKTUMAJABLIBIK KbI3METIH AaHBIKTAY ayMaFbIH Ta0y

Byn 3eprrey xymbIchIHIa OenmIekTep/iH imiHe Ooiialf eHyiH >KOHE e3apa ocepiecy CaHbIHA TOyeNJi KacKaIThl-
BIKTHMAJIIBUIBIK KbI3METIH, HOTHIKEIJICP/IiH HAKThI OpHAJIACKAH aifiMarbIH ecerTeyi KapacThipabl. OpTypii dakropnapra
KaTBICTHI €CenTey KaZaMbl MEH HOTIKENEPIiH KOpiHy aiiMarbl YIIiH 3aHIBUIBIKTAap TaObu1abl. EcenTey HoTmXRETEpi

ChI30aHyCKa TYPIH/E )KOHE KeCTe TYPiH/e KeATipireH.

Tyiiin ce3mep: aymarbl, OeIIeKkTep, AJUTFOMHHNII, TeMip, 00p, a30T.

Introduction

The constructional materials envelop a set
of the different materials applied to manufac-
ture the details of constructions, machines and
technical products. Possibility of creation of any
construction and its working capacity depends
on existence of materials with suitable mechani-
cal properties.

The work was performed within a cascade-prob-
abilistic method. As a target ferrous alloys are taken.
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The essence of the cascade-probability method is
to obtain and further use of the cascade-probability
functions, having the meaning of the probability to
reach a particle a certain depth h after the n-th num-
ber of collisions.

In this connection, it is necessary to calculate
these functions, find the domain of definition of the
result and choose the step for the calculation. It is
necessary to reveal the regularities arising in the cal-
culation of these functions depending on the various
factors.
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Experiment

To calculate cascade-probabilistic function tak-
ing into consideration energy losses for ions de-
pending on number of interactions, it is necessary to
find the domain of result. In the found area CPF at
first increases, reaching a maximum, and then starts
decreasing. Let’s note some regularities of behavior
of area of result at change of number of interactions
of particles.

1. Finding the value of parameter #// =~ n. With a
small nuclear weight of the impinging particle and

Results and Discussion

small depths, the maximum value of CPF is reached
approximately at 4//. With increasing the depth of
supervision the area of result starts being displaced
to the left from the corresponding /// and starts be-
ing narrowed.

2. With reduction of initial energy with the same
depth the area of result also is narrowed and dis-
placed to the left.

3. Dependence of value of the maximum of CPF
on supervision depth is a decreasing, on energy with
the same depth for any impinging particle and any
target also decreasing.

Results of calculations are presented in the form of schedules (figure 1-3) and in table 1.

15 16
+ n*10°

Igy

Figure 1 — CPF dependence for aluminum in iron on number of interactions
for E;= 500 keV and h=0,1*107; 0,2*107; 0,3*107 (cm) (1-3)
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Figure 2 — CPF dependence for aluminum in iron on number of interactions for
E,= 100 keV and h=0,1*10"; 0,2*10%; 0,3*10*; 0,4*10* 0,5%10; 0,6*10* (cm) (1-6)
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Figure 3 — CPF dependence for boron in iron on number of interactions for

24

210 -
Igy

[9)]

T n*10°

E,= 1000 keV and /2 = 1,0x10%; 2,0x107%; 3,0x10*; 4,0x10; 5,010 6,0x107*; 7,0x10~*; 8,0x10~* (cm) (1-8)

Table 1 — Dependence of percent of displacement of the left and right borders of result area on number of interactions
for aluminum in iron for a) E = 1000 keV; b) E = 500 keV; ¢) E = 100 keV;

As h/l can be very big (tens of millions), the val-
ues of CPF calculated with a step 1, practically will
not differ from each other and the counting duration
will be very big (more than two hours). Value N, is

Bectauk KasHY. Cepus xummaeckas. Ne3 (71). 2013

R*10%, oM B, % B,.% N, B,.%
1 46 8 17 54
2 48 -22 27 26
3 54 -38 34 16
4 60,5 -51,5 46 9
5 69,5 -64,5 60 5
6 83 81 90 2
a)
R*10%, em B, % B,.% N, B,.%
1 34 -12 45 2
2 49,3 -40,3 62 9
3 72,55 -69,7 98 2,85
b)
h*10° em B, % B,.% N, B,.%
1 25 9 35 34
2 28,5 -9,5 48 19
3 36 -23 58 13
4 45,5 -37 71 8,5
57,5 -52,5 86 5
6 74,03 71,7 108 233
c)

taken as a step for calculation, that is added to the
current n and CPF is calculated atn,n+ N ,n+2 N ..
. Thus, for calculation of CPF it is necessary to find
not only domain of result, but also to choose a step.
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At a choice of a step the following regularities take
place.

1. For the small nuclear weight of the impinging
particle and small depths the step is small (about 10-
20), with increase of depth of supervision it starts
increasing.

2. With increase of nuclear weight of the imping-
ing particle the step respectively increases, reaching
several hundreds and even thousands.

3. With energy reduction (the impinging particle
and a target are the same) the step also increases.

4. Dependence of a step on supervision depth for
any impinging particle and any target is increasing.

For CPF calculation taking into consideration
energy losses depending on h it is also necessary to
find function’s domain. Let’s note some regularities
arising at finding real domain.

1. As calculations show, with a small nuclear
weight of the impinging particle and small depths the
area of result of CPF depending on / is near 4, which
corresponds to //1. With increase of depth of supervi-
sion the area of result is displaced and narrowed.

2. With reduction of initial energy of the particle
(the impinging particle and a target are the same)
with the same depth of supervision the area of result
is displaced to the right and narrowed.

3. With increase of depth of supervision for any
impinging particle and any target the area of result

45 h*10%, cm
T T T T T T T 1
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is displaced to the right and the percent of internal
area decreases. The percent of shift of the left bor-
der of area decreases, sometimes on the end of run
increases a little. The right border of area fluctuates,
on the end of run decreases, however the percent of
internal area of result always decreases.

4. Dependence of value of the maximum of CPF
on depth of supervision is decreasing function. With
reduction of initial energy of the particle value of
function in a maximum point for the same depths
decreases.

Let's note some regularities in the behavior of
a step.

1. For the small nuclear weight of the imping-
ing particle the step is small, with increase of depth
of supervision it increases, and on the end of run it
increases very strongly.

2. With reduction of initial energy of the particle
with the same depth of supervision (the impinging
particle and a target are the same) a step also in-
creases.

3. With increase of nuclear weight of the imping-
ing particle for the same depth of supervision the
step increases at first gradually, then very sharply.

4. With increase of depth of supervision for any
impinging particle and any target the step increases.

The results of calculations are presented in fig-
ures 4,5 and in tables 2,3.

6,6
h*lO", cm
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Figure 4 — CPF dependence for aluminum in iron on / for
E,;= 1000 keV and //I= 462, 1479, 3516, 7765, 18430.
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Figure 5 — CPF dependence for boron in iron on depth of penetration for
E,= 1000 keV and n= 113; 264; 471; 768; 1217; 1961; 3404; 7301 (1-8).

Table 2 — Dependence of percent of displacement of the left and right borders of result area on depth of penetration

for aluminum in iron for E, = 1000 keV

R*10%, cm hi. C.% C,% N, C,%
1 462 4 48 30 52
2 1479 -19 44 80 25
3 3516 -29.3 41 190 11,7
4 7763 -32,1 37,45 386 535
5 18430 -26,2 274 1800 1,2

Table 3 — Dependence of percent of displacement of the left and right borders of result area on depth of penetration for
nitrogen in iron for a) E; = 1000 keV; b) E = 800 keV; ¢) E = 500 keV; d) E = 100 keV
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R*10%, cm hi C.% C,% N, C,%
1 237 30 56 15 86
2 553 12 42 30 54
3 987 -2 38 55 36
4 1613 -13 38 85 25
5 2578 -22 37 150 15
6 4240 26,5 33,5 335 7
7 7718 22,9 24,4 1500 1,5
a)
h*10%, cm hi C.% C,% N, C,%
1 287 25 47 20 72
2 693 6 40 40 46
3 1296 -9 38 70 29
4 2265 20 37 130 17
5 4047 -26,4 33,9 320 7.5
6 8302 -21,85 22,95 2000 1,1
b)
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R*10%, cm hi C,% C,% N, C,%
1 522 15 39 30 54
2 1404 -8 37 70 29
3 3149 -23 36 200 13
4 8020 -23 25,67 1250 2,67
c)
R*10%, cm hi3. C.% C,% N, C,%
1 176 36 58 13 94
2 391 20 44 25 64
3 655 9 40 35 99
4 989 -1 40 45 39
5 1421 -10 38 65 28
6 2002 -17 37 90 20
7 2824 -23 36 180 13
8 4068 -26 33.7 310 7.7
9 6172 -24.9 28 720 3.1
d)

Conclusion area location of the result and a step for calcu-

lating.

In the paper the calculations of cascade- It was revealed the regularities of the domain of
probability functions depending on the depth of the result and the step depending on the atomic num-
penetration of the particles and the number of ber of the incident particle, target, the initial energy
interactions were conducted. It was found the of the primary particle and the depth of observation.
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