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u}= C}y=t QDj}kO |UQQ@ |=Q@ =t= "O@=}|t Q}}eD |oDiW; =@ |]N CQwYx@ swi
|xawtHt 'Qw_vt u}= x@ "s}vm xO=iDU= xO=Oj=@]v= |=yVwQ R= =D CU= sRq C=Q}}eD
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6 |wQ Q@
hrDNt Cq=L w |oDiW; hrDNt |=yC@Uv |=Q@ ��i w �� '��p ' �E |=yC}tm
XNWt xQm K]U |wQ Q@ OwN Q_=vDt \=kv |wQ Q@ w x@U=Lt pwrU T-=Q h=QLv=
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w 's_vt |x}=B pwrU QO OwN |x}rw= pLt R= T-=Q h=QLv= j} Q] R= |oDiW; "u; |QwLtlD VvQm� VvD Q=Owtv Q@ swi Q=DN=UR} Q QO |UOvy |oDiW; O=H}= QF= "11 pmW
V}=Ri= |oDiW; C@Uv =yxQm `=aW V}=Ri= =@ w CU= |oDiW; C@Uv l} |xOvvmXNWt xQm Qy "OwW|t O=H}= hrDNt |=y`=aW =@ |}=yxQm K]U |wQ Q@ u; uO=OQ=Qk
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pwrU x@ C@Uv� |QwLtlD |=yC}tm QO xOt;OwHwx@ C=Q}}eD |xv}W}@ "13 pmW
"Q=DN=UR} Q |xUOvy QO |oDiW; O=H}= QF= QO �s_vt |x}=B

"s_vt |w[a 4 |x}=B pwrU R= xOWxDN=U |QwLtlD Q=DiQ h}YwD "2 pwOH
u}}=B OL q=@ OL

n C n C

1 014 �0 027 096 0 028 �E

1 153 �0 011 0 867 0 016 ��p
0 799 �0 023 1 811 0 005 ��i
1 6 �0 030 0 983 0 036 ��

|Q}oxH}Dv "5
|QwLtlD Q=DiQ Q@ �R=@pwrU� swi Q=DN=UR} Q |xUOvy QO Xkv QF= 'VywSB u}= QO
Q=Qk xO=iDU= OQwt [10] xOWx�=Q= |R=Uuoty pOt 'Qw_vt u}= x@ "OW |UQQ@ u;
OL=w l} Q=QmD R= xm Ovm|t ZQi swi |=Q@ ?w=vDt |Q=DN=U 'pOt u}= "CiQo
Q=DN=UR} Q |xUOvy QO Xkv "CU= xOW p}mWD x}=B pwrU s=v x@ u=Um} |xOvR=U
p=ta= u; |x}=B pwrU T-=Q pLt QO �lJwm |}=H@=H� |oDiW; O=H}= j} Q] R=

"OwW|t

"|QwLtlDVvQm�VvD Q=Owtv Q@|UOvy|oDiW; QF=|i}YwD|UQQ@ "12 pmW

%OvwW|t ?=NDv= 22 |x]@=Q CQwYx@ `@=wD

y = C xn + 1 (22)

13 pmW QO xOWxO=O u=WvhrDNt|oDiW; |=yC@Uv x|=H x@ Qo = 'x]@=Q u}= QO
R= =Q xrY=i u} QDtm y xm Ov};|tCUOx@ |Qw] n wC C@=F?}=Q[ 'OvwW u} Ro}=H
|]NQ}e |xrO=at pL j} Q] R= Q=m u}= "OW=@ xDW=O ��i w �� '��p ' �E |=yC}tm
|=Q@ """w 2 '1 Q}O=kt uOQw;CUOx@ xm CU= K[=w "OwW|t s=Hv= C=a@ Qt u} QDtm
G}=Dv 2 pwOH "O=O Oy=wN u=Wv =Q C=Q}}eD QDq=@ =} w 'wO |x@DQt '|]N C}y=t 'n

"OyO|t u=Wv 13 pmW QO xOWsUQ |=yQ=Owtv |=Q@ =Q =yxO=O j}@]D
q=@ OL xmCi=} QO u=wD|t n |=Q@ 2 pwOH QO xOWxO=O u=Wv O=Oa= QOCkO =@
xOWx@U=Lt u}}=B OL u}vJty w �� '��p ' �E |=yC}tm |=Q@ xOt;CUOx@ u}}=B w
u}= "OvyO|t u=Wv |oDiW; =@ C=Q}}eD QO �|]Nx@W =} w� |]N |OvwQ �i |=Q@
=O}B V}=Ri= |oDiW; =@ wO� |x@DQt `@=D CQwYx@ �i |q=@ OL xm CU= |r=L QO

"Ovm|t
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"OvyO|t u=Wv |oDiW; =@ C=Q}}eD QO �|]Nx@W =} w� |]N |OvwQ 'C@=F VvD
u} R=e; VvQm |va} |QwLtlD C}tm Qo}O |q=@ OL xm CU= |r=L QO u}= �
V}=Ri= |oDiW; =@ wO |x@DQt `@=D CQwYx@ �s}rUD VvQm � C@=F VvD |x}L=v

"Ovm|t =O}B
EL@ OQwt |=yC}tm QO C=Q}}eD u} QDW}@ xm OQm XNWt =y|UQQ@ 'xwqa x@
j=iD= u; uQ=kD QwLt |=DU=Q QO pwrU T-=Q |oDiW; xm Ov};|t O}OB |Dr=L |=Q@

"ODi=

=@ |UOvy Xkv |=Q=O |=yx}=B pwrU |=Q@ VvQm� VvD Q=Owtv '?}DQD u}= x@
|QwLtlD |=yC}tm?r=k QOpY=LG}=Dv w 'x@U=Lt|R=UuotyVwQ R= xO=iDU=
u} R=e; VvQm w 'C@=F VvD Q=Okt 'C@=F VvD |x}L=v pw] 'nv=} pwOt Ovv=t� swi
|=Q@ QDV}B xJv; =@ pY=L |=yC}tm |xU}=kt =@ 'xt=O= QO "OW x�=Q= �x}L=v u}=
|QwLtlDVvQm�VvD Q=Owtv Q}}eD |xwLv [10]'Ow@ xOt;CUOx@ s_vt |x}=B pwrU
"OW |UQQ@ |i}m w |tm CQwYx@ 'x}=B pwrU |xUOvy QO |oDiW; u=R}t V}=Ri= =@

%xm O=O u=Wv G}=Dv =DU=Q u}= QO
Q=Owtv |x}rw=?}W Q}_v |QwLtlD |=yC}tm |=Q@ xOt;CUOx@ u}}=B w q=@ OL �

=yCWwv=B
1. homogenization
2. basic-cell (or unit-cell)
3. representative volume element (RVE)
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