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Generation of radiating defects in the copper irradiated by ions of aluminum

Processes of radiation formation of defects in the copper irradiated by ions of aluminum are considered in the work.
Algorithms of calculation of concentration of radiating defects are developed, presented in the form of block diagrams.
The regularities of behavior of concentration of cascade areas in the copper irradiated by aluminum are revealed. Results
of calculations are presented in the form of charts and tables.
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T.A. HlImpiranesa. 11LE. XKXeneynosa, A.A. Kynmunmun, AWM. Kynmuumus, E.B. [lMbiranes,
AJTIOMHHHI HOHAAPbIMEH CIyJIeIeHipiJIreH MBICTAFbI PAIHALUSIIBIK 1e(eKT reHepauuschbl

By jKyMbICTa aTIOMHHUI MOHAAPBIMEH COYJICHIIPUITCH MBICTBIH paJuslMsUIbIK AeheKT Ty3ily yaepicrepi kapac-
THIpBUTFaH. Paguanusambsik nedexTiaepai KOHISHTPAHsIapbIHBIH €CeNTey aJrOPUTMIEPI JKacabl, OI0K-CchI30aHyCKa
TYpiHJE KeNTipiareH. ANOMHHUAMEH COYJIEICHIPIIreH MbICTBIH KacKaJThl aiiMaKTapbIHbIH KOHIEHTPALUsIaPbIHbIH
e3repy 3aHIbUIBIKTAphl aHbIKTaIFaH. Ecentey HoTkenepi rpaduk jkoHe KeCTe TYPiHAe KeNTipiireH.

Tyiiin ce3nep: aneKTporeHepaTopiiap, MbIC, KOHTAKT CbIMbI, pajuaropiap, aJlOMUHUH.

IILE. Xeneynosa, A.A. Kymunmun, A.M. Kynuuwun, E.B. [lMeiranes, T.A. Imbiranesa
TI'enepanust paguanuoHHLIX Je(eKToB B Meau, 00Jy4eHHOI HOHAMH ATIOMHHUS

B pabote paccmarpuBaroTcs Npolecchl paauaoHHOro 1eeKTo00pa3oBaHus B MeIH, O0Ty4eHHOI HOHAMHU aJTIOMHU-
Husl. Pa3paboTaHbl alNropuTMbl pacyeTa KOHLEHTPALUH PaJHallMOHHBIX Ne(EKTOB, IPEICTABICHBI B BUJIE OIOK-CXEM.
BBIsIBIICHBI 3aKOHOMEPHOCTH TTOBE/ICHNST KOHIIEHTPAIIMY KacKaJHbIX obacTell B Menu, oOIydeHHOH aaroMuHueM. Pe-
3yJIBTaTHl PACYETOB MIPE/ICTABICHEI B BUE TPAUKOB U TaOIHUIIL.

KiroueBble cjI0Ba: 2I€KTPOreHEPaTOPEI, ME/lb, KOHTAKTHAsI IPOBOJIOKA, PAHATOPEI, ATIOMUHHMA.

Introduction

Copper, its connections and flotages find wide
application in various industries. Copper in the elec-
tro technology is used in the pure state: in manufac-
ture of cable products, trunks of naked and contact
wires, electrogenerators, the telephone and cable
equipment and radio equipment. Heat-exchangers,
vacuum-devices, pipelines are made from copper.
More than 30 % of copper spent on flotages. Flo-
tages of copper with other metals are used in me-
chanical engineering, in the automobile and tractor
industry (radiators, bearings), for manufacturing the
chemical equipment. High viscosity and plasticity of
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metal allow to apply copper to manufacturing varied
products with very complex pattern. The wire from
red copper in burned condition becomes so soft and
plastic, that from it without effort it is possible to
twist every possible cord and to curve the most com-
plex elements of an ornament.

Flotages on the basis of copper are considered
in work, as now bunches of ions are intensively ap-
plied in mechanical engineering at reception of ultra
strong details and materials. For hardening units,
details and materials in mechanical engineering we
develop a new in cascade - probabilistic method
(CPM), in which is based on reception of analytical
expressions and further use of cascade — probabilis-
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tic functions (CPF). CPF make sense probabilities
that the particle generated on some depth 4’ will
reach depth 4 after n-th of impacts.

Experiment

For calculation CPF the formula (159) [1] is
used. The parameters of approximation entering in
approximation expression, the approximating sec-
tion of interoperability calculated under the Ruth-
erford formula have been found. The regularities
of selection approximation coefficient, regulari-
ties of behavior of actual area of result are found
at calculation of cascade - probabilistic functions
depending on number of interactions and depth of
penetration of particles at various values of initial
energy.

With use of the received expression for CPF
concentration vacant clusters under the formula
(176 [1] is calculated. The algorithm of calculation
is presented in figures 1, 2. Results of calculations
are resulted in tables 1, 2 and in figures 3-5.

For easy flying particles and easy targets curves
increase, peaking, then decrease up to zero. With an
increase of initial energy of a particle curves are dis-
placed to the right. With an increase of threshold en-
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ergy of the E_of value of concentration decrease, and
curves pass significantly below, transition through a
maximum is carried out more smoothly. At energy
E, =100 xeV the curve decreases. With an increase
of nuclear weight of a flying particle value of func-
tion in a point of a maximum increases and, conse-
quently, curves pass above while values of depths
decrease. With an increase of nuclear number of a
target for the same flying particles value of function
in a point of a maximum slightly increases, values of
depths decrease.

Results and Discussion

The finding of area of result of concentration of
radiating defects at an irradiation of copper ions of
aluminum has allowed to reveal following regulari-
ties:

1. With reduction of initial energy of a primary
particle the interval of area of result is displaced to
the right, values of concentration of radiating de-
fects increase

2. Depending on depth of penetration initial
and final values of number of interactions increase,
the interval of area of result (n0 nl) also increases
and displaced to the right
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The block diagram of algorithm of caleulation Cl(Ea, &)
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Figure 1 — The block diagram of algorithm of calculation Ck(E, #) The block diagram of calculation of subintegral function f(41)
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Figure 2 — The block diagram of calculation of subintegral function f(/1)
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Figure 3 — Dependence of concentration of cascade areas on depth at an irradiation of copper ions of aluminium:
E,= 1000 x3B, E = 50 (1), 100 (2), 200 (3) 2B
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Figure 4 — Dependence of concentration of cascade areas on Figure 5 — Dependence of concentration of cascade areas on
depth at an irradiation of copper ions of aluminum: E = 500 depth at an irradiation of copper ions of aluminum:

©B, E=50 (1), 100 (2), 200 (3) oB E,=200 B, E = 50 (1), 100 (2) 5B

Table 1 — Borders of a range of definition of concentration of radiating defects for aluminum in copper at E =50, 100, 200
B, E =800 kB

h*10%,cm C E,, xoB n n

0 4469 800 1 31
2054
846
0,6 5460 700 502 856
2475
982
1,2 6786 600 1316 1879
3018
1133
1,8 8607 500 2436 3159
3719
1275
2,5 11249 400 4006 4912
4637
1331
2,8 13011 350 5005 6028
5166
1244
3,1 15292 300 6255 7434
5745
971
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Table 1

32 16350 280 6818 8030

34 17643 260 7502 8747

35 18947 240 8200 9498

3,6 20387 220 8947 10328

3,7 21969 200 9803 11264

3,8 23914 180 10838 12346

4 25747 160 11944 13533

4,2 27524 140 13229 14829

4,3 28849 120 14749 16466

4,4 28608 100 16592 18460

4,5 22883 80 18752 20676

4,6 15279 70 20054 22070

4,7 526 60 21575 23713

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



T.A. Shmygaleva

131

Table 2 — Borders of a range of definition of concentration of radiating defects for aluminum in copper at E =50, 100, 200

B, E =200 kB

h*10%cm

E,, xoB

0

200

109

0,13

180

614

1013

0,26

160

1464

2049

0,4

140

2556

3327

0,53

120

3775

4665

0,65

100

5136

6182

0,78

80

6996

8189

0,84

70

9275

10664

0,9

60

10752

12257

Conclusion diation defects in copper irradiated with aluminum
ions were given. It were found the regularities of the
behavior of the domain of definition, depending on
the initial energy of the primary particle, the depth
of penetration of the threshold energy.

Thus, in this paper the algorithms for calculating
the concentration of radiation-induced defects have
been obtained and presented in the form of block
diagrams. The calculations of concentration of ra-
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