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(Matsukawa et al. 2006, 2008),
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(Lee & Wirth 2009, Osetsky et al. 2006, Robach

et al. 2006). , Osetsky

,

5 ,

(Lee et al. 2007, Osetsky et al. 2006), 15 .

, ,
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(Lee & Wirth 2009).

,

(Drouet et al. 2014, Nogaret et al. 2007, Terentyev & Bakaev 2013, Terentyev et al.
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Uberuaga 2013, Bai et al. 2010); (Beamish et al. 2010;

Campañá et al. 2008),

(Borovikov et al. 2013), (Song et al. 2014).

.

,

. ,

(Sugio et al. 1998) (Samaras et al. 2002, 2003) (Bai & Uberuaga 2013, Demkowicz

et al. 2010, Demkowicz et al. 2008, Demkowicz & Thilly 2011)
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, : ,

, ,

,

,
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, .

, .
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, ,
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. , .
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, ,

, ,

19 (Campañá et al. 2008). ,

, (1) ,
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(Song et al. 2014).
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Li (Li et al. 2013,
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, ,

, 20 . ,

: , ,

. :

, , 21 . ,
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, .

(Arsenlis et al. 2012, de la Rubia et al. 2000, Khraishi et al. 2002, Li

et al. 2011). ,
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.

4

, ,

, .

0.3 Tm

. , : (1)

,

, ; (2)

, ,

, ,

, ;

(3) , ,

, . ,

.

4.1

,

(Blewitt et al. 1960, Kojima et al. 1991, Lucas

1993, Odette & Frey 1979, Singh et al. 1997). , ,

, ,

(dispersed barrier hardening, DBH) .

, (Orowan 1942),

τ = α′µb
√

Nd (1)

, µ b , N d



, , , , : 21

. α′ , . ,

α′ ≈ 0.3; α′ ≈ 0.2; α′ ≈ 1.

,

, . ,

(Blewitt et al. 1960), (cascade-

induced source hardening, CISH) (Singh et al. 1997),

– (Frank–Read)

. ,

(Robach et al. 2003), (Singh

et al. 1997), .

4.2

, ,

(Asaro & Rice 1977, Hill 1966, Hill & Rice 1972)

, ,

.

, α (Hutchinson 1976, Peirce et al.

1982)

γ̇α = γ̇0

(

τα

τα
c

)
1

m

sign(τα) (2)

, γ̇0 m , τα .

τα
c (CRSS), .

, (lattice

friction)τ0 τα
n ( (back stress))

τα
s , (Hall 1951, Petch 1953, von

Blanckenhagen et al. 2001, 2003) (Lu et al. 2009).

, τα
d

,

τα
c = τα

c (τ0, τ
α
n , τα

d , τα
s ) (3)

, .

,

(Arsenlis et al. 2004). ,

( ) ,
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.

, ,

, ,

. ,

.

(Kr-

ishna et al. 2010).

, . ,

,

. ,

, , .

,

, (0.05 < T/Tm < 0.2)

(Krishna & De 2011). ,

, .

, , ,

,

, .

(Patra

& McDowell 2012, 2013).

, (Bullough & Wood 1980, Matthews & Finnis 1988)

(cross-slip) (Rhee et al. 1998) (dislocation climb) (Mansur 1979)

. ,

,

. , .

,

,

, . ,

, ,

. , ,

.

, , ,

,
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, . ,

,

(Taylor 1938),

(Wang et al. 2010a), ,

, (Coulibaly

& Sabar 2011, Paquin et al. 2001, Paquin et al. 1999, Sabar et al. 2002).

4.3

,

(Barton et al. 2013, Xiao et al. 2015a), (

) ( )

,

. 24 , ,

; ,

; ,

, ,

(Krishna et al. 2010).

,

, (Barton et al. 2013).

, ,

α , (Xiao et al. 2015a)
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√

√

√

√hd
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∑
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N
α : H

β (4)
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α (5)
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β = Ndefddef(I − n

β ⊗ n
β + Pα

annδβ
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, δβ
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n
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α
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α
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α
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N
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(Barton et al. 2013)
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, (Kiener et al. 2011).
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) ( ) , (2)

.

, (Kraft

et al. 2010)

σy = σ0 + kdn (10)

, σy σ0 , d .

k n . , n = −0.5, (10) – (Hall–

Petch) (Cottrell 1958, Hall 1951, Li 1963). , n −0.5 −1
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(a) ; (b) (Xiao et
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, ,

, (Kraft et al.

2010; von Blanckenhagen et al. 2001, 2003). , τα
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2015a), 26 . : ,
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, . 20 ,
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(Xiao et al. 2015a).
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(a) ; (b) (Xiao et al.

2015a).

(Varshni 1970)

Cij(T ) = C0

ij −
sij

exp(T0/T − 1)
(14)

, C0
ij 0K , sij T0 .

(Zhang et al. 2013)

µ(T ) =
√

C44(T )(C11(T ) − C12(T ))/2 (15)

, .
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√
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]
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Abstract Investigations on irradiation hardening of metallic materials have much sig-

nificance for the design of anti-irradiation materials and engineering applications. Both

irradiation-induced defects and gaseous impurities produced by nuclear reactions have dra-

matic irradiation effects on the mechanical properties of materials, which include irradiation

hardening, irradiation embrittlement and irradiation creep, etc. In this paper we are con-

cerned with irradiation hardening, i.e., the strength of materials increases with irradiation,

under low irradiation doses and low temperatures of T < 0.3 Tm with Tm the melting temper-

ature. Besides, other factors such as the grain size, the grain boundary and the temperature

affect mechanical behaviors of irradiated polycrystalline materials. The study of irradia-

tion hardening of metallic materials is a multi-scale problem, for which the macroscopic

mechanical behaviors of irradiated materials are determined by both the change of interior

structures with irradiation at micro-scale and the interactions among irradiated grains at

meso-scale. This paper reviews experimental results, numerical simulations and theoretical

models for irradiation hardening of metallic materials. Some scientific problems for future

study are also presented.
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