
V. G. Chudinov. Computer simulation of radiation pro-
cesses. Defects in a crystalline structure, which are formed in
a solid under the action of radiation, are the main factor
responsible for the loss of durability of structural and fuel
materials in nuclear installations. The most important pro-
gress in the study of the characteristics of such defects has
been achieved by the methods of computer simulation. *

In this report the atomic mechanisms for generation of
some spatial defects, observed experimentally (dislocation
loops of the vacancy type in the cascade region (CR),2 pores
and gas bubbles,3 interstitial type dislocation loops,4 deplet-
ed zones with vacancy concentrations of ~ 30-40% 5) are
discussed. The results discussed were obtained by the author
of the report together with V. I. Protasov by the method of
molecular dynamics (MMD).6

Metals and compounds, irradiated by fast neutrons,
from the center of the periodic system are primarily studied.

It is shown that after the formation of the primary
knocked-out atom (PKA) and achievement by all atoms of
an energy less than the threshold energy for the formation of
defects (TEFD), a radical restructuring of the defect struc-
ture of the CR, which is characterized by the following ex-
cellent features, occurs.7'8

First, under the conditions of significant excitation of
atoms in the CR, the TEFD drops markedly. As a result of
this, the number of defects generated in the CR increases
substantially. Figure 1 shows the results of a calculation of a
5-keV cascade in copper. The first arrow marks the time by
which all atoms in the CR had an energy less than TEFD
(~ 25 eV). The generation of defects was completed when the
energy of all atoms was less than ~ 5 eV (first maximum).

Second, when all atoms achieve an energy less than the
acoustic energy, generation of vacancies and interstitial
atoms according to a noncollisional, collective mechanism is
observed, i.e., local melting according to the scheme pro-
posed by FrenkeP occurs in the CR.9

Third, at the concluding stage of the subthreshold
stage, due to the enormous temperature gradients (one can
speak about them in the CR only conditionally) associated
with the flow of heat into the surrounding medium, directed
diffusion of vacancies toward the center of the CR and diffu-
sion of interstitial atoms toward the periphery are observed.
Because of diffusion the location of all atoms in the CR
changes repeatedly in the crystalline lattice.

It is shown that depending on the time for completion of
the processes (determined by the dimensions of the CR and,
therefore, the energy of the PKA and the characteristics of
the medium), clusters of vacancies of different shape can
form. If T% 10'n s, then the vacancies form an irregularly
shaped pore at the center of the CR, which is transformed by
the thermal pressure into a Franck vacancy type dislocation
loop. A depleted zone with a high vacancy concentration is
formed atrsrlO~1 2s and evolution of the defect structure is
absent at T~ 10~13 s (CR of the order of 10 A). The results
obtained are in excellent agreement with the experimental
data2'4'5 and are in agreement with two other presently
known studies, concerning related problems.10'11 All pro-
cesses at the subthreshold stages have a distinct athermal
character.15

FIG. 1. Number of defects in the cascade region as a function of time. 1)
Total number of vacancies, 2) number of stable vacancies, 3) number of
stable interstitial atoms, 4) number of unstable Frenkel' pairs.

Simulation of the homogeneous generation of a pore12

showed that in contrast to the generally accepted scheme for
fee metals a dendritic (10 units) cluster of vacancies, which,
on reaching a certain size, spontaneously transform into a
pore with a critical size, is formed at the initial stage. The
pores are created according to the following general scheme:
a mobile vacancy—and even more mobile divacancy—den-
drite—pore with critical size—growth of the pore due to
attachment of single vacancies. The presence of light gase-
ous impurities accelerates the processes in this scheme.

The nucleus of interstitial dislocation loops consists of a
cluster of three interstitial atoms, in a dumb-bell configura-
tion with orthogonal axes, situated at neighboring nodes of
the crystalline lattice.13 Annealing of such loops proceeds by
transformation first into a tetrahedron and then into a pack-
ing-defect octahedron, which does not emit single interstitial
atoms up to premelting temperatures.

The technical realization of the simulation of the pro-
cesses examined above was made possible by the develop-
ment of an MMD algorithm which minimized the required
computational time.14

'L. D. Landau and E. M. Lifshitz, Statisticheskaya fizika, Nauka, M.,
1964 [Engl. Transl. Statistical Physics, 2nd ed., Pergamon Press, Oxford
(1969)].

2Ya. I. Frenkel', Vvedenie v teoriyu metallov (Introduction to the Theory
of Metals), Izd-vo Akad. Nauk SSSR, L., (1947).

3M. W. Thompson, Defects and Radiation Damage in Metals, Cam-
bridge University Press, 1961 [Russ. Transl. Mir, M., 1971].

"V. V. Kirsanov and A. I. Orlov, Usp. Fiz. Nauk 142, 219 (1984) [Sov.
Phys. Usp. 27, 106 (1984)].

5C. A. English, J. Nucl. Mat. 108-109, 104 (1982).
6Yu. V. Konobaev and Yu. A. Korovin, Vliyanie oblucheniya na materia-
ly yadernoi tekhniki (Effect of irradiation on the materials used in nu-
clear engineering); Obninsk (1981).

7A. Y. Stathopoulos, S. M. Morphy etal., J. Nucl. Mat. 110, 301 (1982).
8A. L. Suvorov, "Atomic structure and parameters of isolated depleted
zones in metals," Preprint ITEF-145, Moscow (1980).

9J. B. Gibson, A. M. Goland, M. Milgram, and G. H. Vineyard, Phys.
Rev. 120, 1229(1960).

10V. I. Protasov and V. G. Chudinov, Rad. Eff. 66, 1 (1982).
"V. I. Protasov and V. G. Chudinov, Rad. Eff. 1984 (in press).
12V. G. Chudinov and V. I. Protasov, Phys. Status Solidi (in press).
13M. W. Guinon and J. H. Kinney, J. Nucl. Mat. 103-104, 1319 (1981).

277 Sov. Phys. Usp. 28 (3), March 1985 Meetings and Conferences 277



14W. E. King and Q. Q. Benedek, J. Nucl. Mat. 117, 26 (1983). 18A. I. Melker and S. N. Romanov, Phys. Status Solidi 122, K17 (1984).
13V. G. Chudinov and V. I. Protasov, Rad. Eff. 81, 83 (1984). "EVM i moderirovanie defektov v kristallakh (Computers and Simula-
I6V. G. Chudinov and V. I. Protasov, Rad. Eff. (1985) (in press). tion of Defects in Crystals), Physicotechnical Institute of the USSR Aca-
17V. M. Protasov and V. G. Chudinov, Modelirovanie na EVM defektov v demy of Sciences, Leningrad (1982).

kristallakh (Computer Simulation of Defects in Crystals), Physicotech-
nical Institute of the USSR Academy of Sciences, M. (1980), p. 105. Translated by M. E. Alferieff

278 Sov. Phys. Usp. 28 (3), March 1985 Meetings and Conferences 278


