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QO [17]"Ci=} xaUwD |twHv p�=Ut |UQQ@ |=Q@ '|Sv=Qo q Ca}@] =@ u=tr= uwO@
R= xO=iDU= =@ C=QP u}@ p=YD= x@ R=}v sOa VwQ u}= |rY= C} Rt |OQ@ Q=m |xRwL
|=ypmW Q}}eD =@ Q}oQO p�=Ut QO u=tr= 18G=Hwa= R= xm CU= pwtat |=yu=tr=
|=ypmW Q}}eD |R=Ux}@W x@ QO=k |@ wNx@ VwQ u}= u}=Q@=v@ "Ovm|t |Q}owrH nQR@
G} wRD u=mt= x@ u=wD|t VwQ u}= Qo}O |=}=Rt R= "CU= p=}U u=} QH w nQR@ Q=}U@
VwQ G} wRD R= |}=yxvwtv "OQm xQ=W= OwOLt hqDN= w OwOLt u=tr= |=yVwQ =@ u;

[19w18]"CU= OwHwt Qo}O |=yVwQ =@ SPH

R= "OQ=O OwHw VmQD p}mWD Ov}=Qi |R=Ux}@W u=mt= SPH VwQ R= xO=iDU= =@
OQwNQ@ |=yOv}=Qi QO xOvvR x@ Q[ uOWOQN w |oO}W=B sy R= |UQQ@ QO VwQ u}=
|UQQ@ 'p�=Ut ẁv u}= QO [21w20]"CU= xOW xO=iDU= q=@ Q=}U@ |=yCaQU =@ s=UH=
xm CU= |}xOwOLt R= QD=Qi Q=}U@ xOW |WqDt O=wt Q@= QO pmW Q}}eD Cq=L
p}rOx@ |Qr} w= VwQ u}vJty "OyO VWwB =Q u; u=tr= Q@ |vD@t |Sv=Qo q VwQ
w O=wt T=tD =@ \@DQt EL=@t w |Q=PoQ=@ OvwQ w xJN} Q=D ^iL QO uOw@ Ot;Q=m =v
T=tD pLt QO |SwrwB wD C=Q}}eD "CU}v ?U=vt p�=Ut ẁv u}= |=Q@ =yu; Cq=YD=
OQ@ Q=m xm CU= |Wr=J u}twO Ot=H w p=}U VvmtyQ@ pt=W |=y|R=Ux}@W QO
?} QND Ov}=Qi CLD xR=U xm |t=ovy p=Ft |=Q@ "Ovm|t QDxDUHQ@ =Q SPH VwQ
Cr=L u}= QO "OwW |t O=H}= |O}OH Kw]U p=}U =@ T=tD Cr=L QO OQ}o|t Q=Qk

"OwW|t wQ@ wQ pmWt =@ T=tD |R=Ux}@W

SPH VwQ QO C=@U=Lt OvwQ "1"4
xDUO x@ 'Ov=|�RH jDWt ẁv R= xm sm =L p}Uv=Qi}O CqO=at xDUO SPH VwQ QO
"O@=}|t Vy=m Ov=xDU@=w u=tR x@ =yvD xm xDUUo sQi QO |rwtat p}Uv=Qi}O CqO=at
pL 19K} QY |r=QoDv= |=yVwQ =@ u=wD|t =Q |rwtat p}Uv=Qi}O CqO=at xDUO

%R= CU= CQ=@a SPH VwQ QO C=@U=Lt OvwQ "OQm
"OwW|t |R=UxDUUo pYDtQ}e C=QP R= |}xawtHt =@ xr�Ut |xvt=O "1

"OwW|t xO}t=v 20pvQm ?} QkD u=wvax@ ?} QkD `@=D |=Q@ xOW x�=Q= |r=QoDv= VwQ "2
21C=QP ?} QkD u; x@ xm OwW|t xOR ?} QkD C=QP R= xO=iDU= =@ pvQm ?} QkD "3
|wQ Q@ `tH R= xO=iDU= =@ =Q pvQm ?} QkD p=QoDv= 'C=QP ?} QkD "OwW|t xDio

"Ovm|t Z} waD OwW|t xO}t=v 22`HQt |xvt=O xm x}=Uty C=QP s=tD
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"""|
}xv=w

DU=
|xD

UwB
|o

DN}U
ow

\=U
@v=|

R=Ux
}@W

"SPH VwQ \UwD |R=UpOt "2 pmW
[24]"OFHC Tt |DQ=QL w |m}v=mt X=wN "1 pwOH
�0 Cp �y E

�
(kg/m3) (J/KgK) (MPa) (GPa)

8960 383 120 128 0 34

Cr=L CqO=at "2"5
|xrO=at "OW xO=iDU= C4 xQHivt xO=t |R=UpOt |=Q@ JWL Cr=L |xrO=at R=

"OwW|t h} QaD 12 |x]@=Q \UwD JWL Cr=L
P = A(1� !

R1V
) e(�R1V ) +B(1� !

R2V
)e(�R2V ) + !E

V
(12)

|x}rw= sHL OL=w Q@ |rN=O |SQv= |r=oJ e w sHL V 'Q=Wi P x]@=Q u}= QO
C=YNWt R= �0 w ! 'R2 'R1 'B 'A |=yQDt=Q=B u}vJty "CU= xQHivt |xO=t

"CU= xOW xO=O u=Wv 2 pwOH QO xrO=at u}= ?}=Q[ "CU= xQHivt |xO=t
'CU= QD=Qi Q=}U@ u; s=mLDU= R= |Ut |xDUwB Q@ xOQ=w Q=Wi xm u}= x@ xHwD =@
u}= "OW xO=iDU= xDUwB Q=DiQ |R=UpOt |=Q@ 25uR}=vwQo � |=t Cr=L xrO=at R=
|r=oJ w =tO x@ =Q xO=t |rN=O |SQv= w Q=Wi Q}_v |m}t=v}OwtQD X=wN xrO=at
lwW CaQU u}@ |]N |}x]@=Q Cq=}U w C=Ot=H QDW}@ QO "OR=U|t \w@ Qt u;

"CU= Q=QkQ@ 18 |x]@=Q j@=]t (Up) C=QP CaQU w (Us)

Us = c0 + SUp (13)

[22]"pL xvt=O QO C=QP ?} QkD "1 pmW

10 |x]@=Q \UwD `@=D |=Q@ C=QP ?} QkD "CU= `HQt |xvt=O QO C=QP O=OaD N
"OwW|t h} QaD 11 |x]@=Q j@=]t Wij u; QO xm "OwW|t u=}@

hf(xi)i =
NX
j=1

mj

�j
f(xj)Wij (10)

Wij = W (xi � xj; h) (11)

|xvt=O C=QP s=tD QO `@=D Q=Okt =@ i |xQP QO `@=D Q=Okt xm Ovm|t u=}@ 11 |xrO=at
"OwW|t xOR ?} QkD 'xOW xO=O uRw xQP sHL w |R=UQ=wty pvQm `@=D =@ xm `HQt
|SQv= w 'CmQL xR=Ov= 'sQH |=k@ CqO=at VwQ u}= R= xO=iDU= =@ 'VywSB u}= QO
|RQt w x}rw= \}=QW w |O=t |=ypOt =@ x=Qty w xOW |R=UxDUUo |xQP Qy |=Q@

"OvwW|t pL

SPH VwQ R= xO=iDU= =@ |R=Ux}@W "5
|R=UpOt "1"5

|}xv=wDU= |xDUwB CUmW w \=U@v= |R=Ux}@W VR=OQBV}B pL=Qt CtUk u}= QO
24u}=OwD= OmwQO}y R= "OwW|t K} QWD Q=wty C=QPl}t=v}OwQO}y VwQ R= xO=iDU= =@
xm CU= |W}=tR; x@ \w@ Qt xr�Ut u}= "CU= xOW xO=iDU= xr�Ut |R=Ux}@W |=Q@
'38 mm |HQ=N Q]k |=Q=O w xOW xDN=U OFHC Tt TvH R= xDUwB u; QO
C4 |xQHivt |xO=t =@ u; R= |t}v [23]"CU= 150 mm pw] w 3 mm Ct=N[
'V}=tR; j@=]t "CU= xOW OwOUt |tw}v}twr; VwB QO l} =@ u; Qo}O s}v w xOW QB
|xrY=i =@ w |}x]kv CQwYx@ 'CU= |vW=J |Q}oQ=Qk pLt u=ty xm Q=Hiv= ẁQW
=v@ w C=@U=Lt u=tR Vy=m |=Q@ "OW h} QaD xQHivt |xO=t pN=O QO 12 5 mm

\UwD |R=UpOt |xOvyO u=Wv 2 pmW "OW |R=UpOt xDUwB sQ=yJ l} 'uQ=kD x@
|R=UxDUUo ?2 pmW QO w xOW xDN=U pOt hr=2 pmW QO "CU= SPH VwQ
|xR=Ov=x@ C=QP |xv}y@ |xrY=i "CU= xOW xO=O u=Wv C=QP R= xO=iDU= =@ xr�Ut
\w@ Qt uQ=kD |RQt \QW '|vQ=kD C=LiY Q@ u}vJty "OW xDiQo Q_v QO 0 6 mm

1 pwOH QO OFHC Tt |DQ=QL w |m}v=mt X=wN "OW xO=O Q=Qk xLiY Qy x@
"CU= xOW xO=O u=Wv

200�s Ov}=Qi pm u=tR w 'OW xO=iDU= u=tR R= |Q}op=QoDv= |=Q@ K} QY VwQ R=
1 439 ns u; |xv}tm Q=Okt w 34 38 ns x}rw= |v=tR s=o xR=Ov= "OW xDiQo Q_v QO

"OW u}}aD
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|v=t
Rp

=tH
w|

wUw
t?

=ywO
tLt [27]"OFHC Tt u=v}wo � nQ@vDW= pOt ?}=Q[ "4 pwOH

G0 �0 �max
� n

(Gpa) (Mpa) (Mpa)

47 7 120 640 36 0 45
@G
@p

@G
@T

(Mpa/K)
@�
@P

Tmelt (K)

1 35 �17 98 0 003396 1790

"10�s R= TB pmWQ}}eD p}iwQB "3 pmW

G}=Dv |UQQ@ w EL@ "6
|R=Ux}@W |Q=PoxLY "1"6

10�s R= TB pmW Q}}eD p}iwQB '|R=Ux}@W R= pY=L G}=Dv |Q=PoxLY |=Q@
hr=3 pmW "OW xU}=kt [23]xOW s=Hv= C=W}=tR; R= pY=L G}=Dv =@ w OW G=QNDU=
|=yu}@ QwO R= xO=iDU= =@ xm CU= 10�s R= TB xrwr pmW Q}}eD |xOvyOu=Wv
R= xOt; CUO x@ pmW Q}}eD p}iwQB R}v ?3 pmW "CU= xOW C@F q=@ CaQU

"OyO|t u=Wv =Q u=tR u=ty QO |R=Ux}@W
uQ=kD QwLt x@ C@Uv |QwLt C}akwt ?ULQ@ |a=aW C}akwt 4 pmW QO
pmW Q}}eD p}iwQB |xOvyOu=Wv Q=Owtv u}= "CU= xOW s}UQD 10�s R= TB xDUwB
"CU= �8 R= QDsm \UwDt Qw]x@ |R=Ux}@W w V}=tR; G}=Dv u}@ Cw=iD "CU= xDUwB
O} -wt w OQ=O V}=tR; G}=Dv =@ |@U=vt |}=Qoty |R=Ux}@W R= pY=L G}=Dv u}=Q@=v@

"CU= |R=Ux}@W CLY
R= TB '|Sv=Qo q OwOLt <=RH= VwQ R= xO=iDU= =@ p�=Ut xvwou}= |R=Ux}@W QO
Oy=wN pDNt |R=Ux}@W OvwQ |xt=O= w OvwW|t VJ}B=w Q=JO <=RH= xDUwB \=U@v=
u}= QO xO=t |=yRQt xm u; p}rOx@ R}v |Qr} w= OwOLt <=RH= VwQx@ |R=Ux}@W "OW
"CW=O Oy=wNv Q@ QO |k}kO G}=Dv 'CU}v |@=}OQ w X}NWD p@=k |DUQOx@ VwQ

[25]"C4 |=Q@ JWL Cr=L |xrO=at ?}=Q[ "2 pwOH
R2 R1

B A �0
(MPa) (MPa) (kg/m3)

1 4 4 5 1 295�4 6 0977� 105 1601
CJ Q=Wi OL=w Q@ CJ |SQv= Q=Hiv= CaQU

!
(MPa) (kJ/m3) sHL CJ (m/s)

2 8� 104 9� 106 8193 0 25
[24]"OFHC Tt uR}=vwQo � |=t Cr=L xrO=at ?}=Q[ "3 pwOH

� c0 (m/s) S

2 02 3940 1 489

j@=]t eH w pH u; QO xm OwW|t u=}@ 14 |x]@=Q \UwD pl}D=DUwQO}y Q=Wi
%OwW|t x�=Q= 16 w 15 \@=wQ

p = pH + ��(e� eH) (14)

pH = �0c0�(1 + �)
[1� (S � 1)]2

(15)

eH = pH
2�0

( �
1 + �

) (16)

x}rw= |r=oJ �0 w |r=oJ � u; QO xm OwW|t x@U=Lt 17 |x]@=Q \UwD R}v �
"CU=

� = �0
�
� 1 (17)

u}= "OW=@ XNWt � w S 'c0 ?}=Q[ O}=@ jwi Cr=L |xrO=at R= xO=iDU= |=Q@
"CU= xOW xO=O u=Wv 3 pwOH QO OFHC Tt |=Q@ ?}=Q[

|O=t pOt "3"5
'OwW|t O=H}= 105 =D 104 |x@DQt R= |}=yVvQm MQv Cr=L u}= QO xm u}= x@ xHwD =@
u}= "OW xO=iDU= [26]u=v} wo � nQ@vDW= pOt R= xDUwB |Q}tN Q=DiQ |R=UpOt |=Q@

"CU= ?U=vt q=@ |=yVvQm MQv QO C=Rri Q=DiQ |UQQ@ |=Q@ pOt
V}=Ri= Q=Wi V}=Ri= =@ u=} QH VvD w |WQ@ pwOt u=v} wo � nQ@vDW= pOt QO
|WQ@ pwOt |=Q@ u}O=}v@ |xrO=at 'pOt u}= "O@=}|t Vy=m =tO V}=Ri= =@ w O@=}|t

"Ovm|t KQ]t 19 w 18 \@=wQ j@=]t ?}DQDx@ =Q u=} QH VvD w

G = G0

"
1 +

" @G
@p

G0

#
p
�

13
+

"
@G
@T
G0

#
(T � 300)

#
(18)

� = �0

"
1 +

" @�
@p

�0

#
p
�

13
+

"
@�
@T
�0

#
(T � 300)

#
� (1 + �"n)

�0 [1 + �"n] � �max (19)

sHL x@ x}rw= sHL C@Uv � 'Q=Wi p 'u=} QH VvD � '|WQ@ pwOt G x]@=Q u}= QO
"CU= |DNUQ=m u=wD n w |DNUQ=m ?} Q[ � '|Q}tN VvQm " '=tO T 'xO=t
?wP |=tO R= xO=t |=tO Qo = "CU= � w G |x}rw= Cr=L x@ \w@ Qt QiY T} wvQ} R
p}rO u}tyx@ "OwW|t xO=O Q=Qk QiY Q@=Q@ u=} QH VvD w |WQ@ pwOt 'Ovm Rw=HD
pOt ?}=Q[ "OwW h} QaD =tO C=@U=Lt |R=Up=ai |=Q@ O}=@ xO=t |xS} w |=tQo

"CU= xOW xO=O u=Wv 4 pwOH QO OFHC Tt |=Q@ u=v} wo � nQ@vDW=
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"""|
}xv=w

DU=
|xD

UwB
|o

DN}U
ow

\=U
@v=|

R=Ux
}@W

"u; T=mav= w Q=Hiv= Gwt Q=WDv= pL=Qt "6 pmW

Gwt Qw@a s=ovy QO |a=aW |=DU=Q QO xDUwB Ct=N[ QO VvD QwDv=m "7 pmW
"3�s R= TB w lwW

VvD C=Q}}eD "3"6
u=Wv xDUwB xOQwN VQ@ K]U QO (�r) |a=aW |=DU=Q QO VvD QwDv=m 7 pmW QO
pLt QO "CU= Q=Hiv= ẁQW R= TB 3�s x@ \w@ Qt QwDv=m u}= "CU= xOW xO=O
QO u; Q=WDv= R= TB "CU= |Q=Wi �r 'xDUwB |rN=O K]U =@ Q=Hiv= Gwt T=tD
"OOQo|tR=@ |WWm CQwYx@ w xOQm OQwNQ@ O=R; K]U =@ Gwt u}= 'xDUwB Ct=N[
"CU= xOW xO=O u=Wv 8 pmW QO u=tR ?ULQ@ (��) |]}Lt VvD C=Q}}eD

"10�s R= TB xDUwB |QwLt C}akwt ?ULQ@ |a=aW C}akwt "4 pmW

"u=tR ?ULQ@ xDUwB |a=aW pmW Q}}eD "5 pmW

VwQ u}=Q@=v@ "OQ=Ov OwHw pmW Q}}eD p}iwQB G=QNDU= u=mt= Cr=L u}= QO u}vJty
w CU= ?U=vt Qo}Om} R= C=QP uOw@ pkDUt w |Sv=Qo q Ca}@] Q@ x}mD =@ SPH

"CU= xOQm |v}@V}B |rw@k p@=k CkO =@ =Q pmW Q}}eD p}iwQB
|QDt|r}t 15 pY=wi |=Q@ u=tR?ULQ@ xDUwB|a=aW pmW Q}}eD 5 pmW QO
|xrY=i xDUwB |=OD@= QDt|r}t 15 QO "CU= xOW xO=O u=Wv xDUwB QwLt |wQ
|xrY=i QO |vW=J Q=QkDU= Qt= u}= p}rO "CU= l}ORv sy x@ pmW Q}}eD |v=tR
Q=Hiv= Gwt |v=W}B OwW|t Ea=@ xm CU= xQHivt |xO=t pN=O |QDt|r}t 12 5
|@U=vt C=aq]= Q=Owtv u}= "OUQ@ CtUk u}= x@ l}ORv Q=}U@ |v=tR |xrY=i QO
\=kv QO Q=Hiv= Gwt x@ xDUwB |Q}tN MU=B w pmW Q}}eD ẁQW u=tR XwYNQO

"OQw;|t sy=Qi u; hrDNt

Q=Hiv= Gwt Q=WDv= |R=Ux}@W "2"6
&OwW|t QWDvt xQHivt |xO=t QO |wQm CQwYx@ Q=Hiv= Gwt 'Q=Hiv= ẁQW =@
"CU= xOW xO=O u=Wv 6 pmW QO u; T=mav= w Q=Hiv= Gwt Q=WDv= pL=Qt
"OwW|t p}O@D q=@ Q=}U@ Q=Wi =@ R=o x@ xQHivt |xO=t 'Q=Hiv= Gwt Q=WDv= =@
l} O=H}= ?Hwt u; R= |DtUk w xO}UQ xDUwB |rN=O |xQ=w}O x@ Gwt u}=
Qo}O CtUk "OwW|t xDUwB QO pmW Q}}eD ẁQW w |wk Q=}U@ |Q=Wi Gwt
Ov}=Qi p}tmD R= TB "Ovm|t CmQL xDUwB RmQt CtU x@ w xOW Tmavt u;
xDUwB Qo}O CtU R= w xDi=} V}=Ri= Q=Hiv= R= pY=L CqwYLt sHL 'Q=Hiv=
CqwYLt \=U@v= 'Q=Hiv= Ov}=Qi 'SPH VwQ R= xO=iDU= =@ "OwW|t GQ=N
xOW |R=Ux}@W |DUQO x@ |Ut |xDUwB =@ u; VvmtyQ@ w Q=Hiv= R= pY=L

"CU=
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|v=t
Rp

=tH
w|

wUw
t?

=ywO
tLt

"u=tR ?ULQ@ |a=aW CaQU C=Q}}eD "10 pmW

"u=tR ?ULQ@ |rw] CaQU C=Q}}eD "11 pmW

|rw] w |a=aW |=DU=Q QO CaQU |=yxir-wt w jr]t CaQU C=Q}}eD "12 pmW
"xDUwB QwLt pw] QO hrDNt \=kv |=Q@

w xOW QiY |rw] CaQU 'xDUwB |=OD@= R= 40 mm |xrY=i OwOL QO "OwW|t
"O@=}|t V}=Ri= TBU

|a=aW |=DU=Q QO CaQU |=yxir-wt w jr]t CaQU C=Q}}eD 12 pmW QO
u}vJty "CU= xOW xO=O u=Wv xDUwB QwLt pw] QO hrDNt \=kv |=Q@ |rw] w
xOt; CUO x@ Q}O=kt =@ w xOW x@U=Lt R}v |vQ=o CaQU '1 |x]@=Q R= xO=iDU= =@
Q@=Q@ |vQ=o CaQU xr�Ut u}= QO "CU= xOW xU}=kt SPH VwQ x@ |R=Ux}@W R=
O@=}|t V}=Ri= =OD@= |a=aW CaQU |QwLt |xrY=i V}=Ri= =@ "CU= 1315 m/s

|=yxir-wt Ov};Q@ xm R}v jr]t CaQU "OUQ|t C@=F ,=@} QkD Q=Okt l} x@ TBU w
CaQU "OUQ|t C@=F ,=@} QkD |Q=Okt x@ C}=yv QO w xDi=} V}=Ri= =OD@= 'CU= CaQU
|xrY=i QO CaQU u}= "CU= xOW p}mWD |=yVmQD CaQU Ck}kL QO jr]t
CaQU |vQ=o |xrO=at xm =Hv; R= "OwW|t l}ORv |vQ=o CaQU x@ 20 mm OwOL
VwQ R= xO=iDU= =@ |R=Ux}@W |xOta C} Rt OQ}o|t Q_v QO C@=F =Q xDUwB pm

Ct=N[ |=DU=Q QO x]kv 4 |=Q@ u=tR ?ULQ@ |]}Lt VvD C=Q}}eD "8 pmW
"xDUwB

"xDUwB Ct=N[ |=DU=Q QO x]kv Q=yJ |Q}oQ=Qk pLt "9 pmW

QO w xDUwB Ct=N[ |=DU=Q QO 1 mm pY=wi =@ x]kv Q=yJ |=Q@ Q=Owtv u}=
9 pmW QO \=kv u}= "CU= xOW s}UQD u; |=OD@= R= 30 mm |QwLt |xrY=i
K]U |wQ 4 |x]kv w xDUwB |rN=O K]U |wQ 1 |x]kv "CU= xOW xO=O u=Wv

"OQ=O Q=Qk u; |HQ=N
|Ur=B w xO}UQ =yQwUvU |Q}oQ=Qk pLt x@ 4�s OwOL R= TB Q=Hiv= Gwt
xm u=vJ "OwW|t p=ta= xDUwB |rN=O K]U x@ 1�s ,=OwOL s=wO u=tR =@ |Q=Wi
R= u=wD|t u=tR u}= QO 'CU= xOt; `HQt ?Dm QO lwW Gwt =@ \@DQt EL=@t QO
u}= QO [2]"OQm Q_vhQY l}D=DUwQO}y VvD QwUv=D Q@=Q@ QO |i=QLv= VvD QwUv=D
VvD "OW=@|t Q@=Q@ sy =@ =yu; Q=Okt w CU= |Q=Wi VvD QwUv=D |=yxir-wt Cr=L
Q=Okt �1 |x]kv� xDUwB |rN=O K]U QO |Q=Wi Tr=B u}= R= pY=L |]}Lt
|xv}W}@ Q=Okt Qo}O \=kv QO w xDW=O xQHivt |xO=t c-j Q=Wi x@ l}ORv |}xv}W}@
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O=H}= Ea=@ ẁ[wt u}= "OwW|t Zkv OvDUy R}v O=wt |xOv}=tv u=tRty xm pL
|}=[i `} RwD w =yVmQD CaQU Ovv=t Q_v OQwt |=y|HwQN QO Q}otWJ |=]N

"OwW|t =yu;
=Q VmQD p}mWD w uOW xmDxmD |xO}OB |R=UpOt C}r@=k SPH VwQ xJQo =
wQx@ wQ xO}OB u}= xv=}=Qo`k=w |R=UpOt QO |}=yC}OwOLt =@ O=wt R= |NQ@ QO 'OQ=O

%R= Ov=CQ=@a OQ=wt u}= R= |}=yxvwtv "CU=

=QJ "OwW|tv |R=Ux}@W|DUQOx@ OQD O=wt QO uOW xmDxmD |xO}OB VwQ u}= QO "1
QO "CU=ylQD uDUw}B sy x@ w OWQ VmQD O=H}= xOta Q=mwR=U O=wt u}= QO xm
|R=UpOt |Q}tN VvQm V}=Ri= =@ VmQD O=H}= Ov}=Qi SPH VwQ QO xm |r=L

"CU= ?U=vt sQv C=Rri |R=Ux}@W |=Q@ w OwW|t

"OwW|t O=H}= R=o =} `}=t x@ Ot=H R= R=i Q}}eD lwW Gwt Qw@a QF=Q@ O=wt |NQ@ QO "2
|R=UpOt |}=v=wD VwQ u}= "Ovm|t Q}}eD =yVmQD `} RwD |wor= p}rO u}tyx@

"OQ=Ov =Q xO}OB u}=

xO}OB QO xOta Qw]x@ xm C=Rri Q=DN=UwQm}t =@ \@DQt EL=@t VwQ u}= QO "3
"CU= xOWv xDiQo Q_v QO 'CU= QF-wt VmQD O=H}=

=yCWwv=B
1. expanding ring technique
2. fragmentation
3. micro crack
4. shear bands
5. voids
6. PETN
7. Coupled Lagrangian-Eulerian method (CLE)
8. arbitrary Lagrangian-Eulerian (ALE)
9. material point method (MPM)
10. smooth particle hydrodynamics method (SPH)
11. element deletion
12. cohesive elements
13. discontinuous enrichment functions
14. Abaqus
15. Ls-Dyna
16. mesh free methods
17. element free Galerkin
18. distortion
19. explicit

20. Kernel approximation
21. particle approximation
22. support domain
23. smoothing kernel function
24. Autodyn
25. Mie-Gr�uneisen
26. drag
27. shaped charge
28. Spall
29. bifurcation
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