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Rethinking macroeconomic modeling in the viewpoint of Cybernetics:
Review and trend of modeling for predicting the next economic crisis
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Abstract: By the identification theory in Engineering Cybernetics the paper analyses and comments the macroeconomic
system modeling in several important aspects: prior knowledge, hypothesis proposed, data used for modeling, constancy of
mechanism§identifiability, causality, etc. The paper presents views on two controversial issues, two censures and Lucas
critique of macroeconomic modeling in academic circle. By the results of review, the paper is pessimistic about whether
revised current models can predict the next crisis. Therefore, the agent-based model of the European economy EURACE
is briefly introduced in this paper. Finally the paper summaries the further research including the necessity to combine
dynamic stochastic general equilibrium (DSGE) model with the agent-based computational (ACE) model, to rethink the
macroeconomics, to strengthen the study of the variable-structure system identification and so on.
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Fig. 1 General steps of system identification
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�Cþ��7äkMarkov5. �c�G�Ú{¤�G
��UÓ�é�5�)K�.ù:�´|^yk��
�Ø�{ïÄÄ�÷*²Ly������(J¤

3[5]. ÏJ5b�Ø¤á,�.���ÒØ¤á
.

6) U�5�U*5.

ï��,�b�´,�E£�ó§XÚ7L´U
��U*�[12]. éu®ï¤��)��ì3S�G�
�m�.,ó§��Øk�@�äÙU�5�U*5
��â. ù�êÆ�.7L´XÚ�O(�£ã,â
UØ¢dc�b�´Ä�(.

éu÷*²LXÚ,�¹Ò'�E,
. XJØæ
^G��m�.,÷*²Lï�ÒØnäù�/U�
U*50b�. ¯¢þ,3÷*²LXÚ$13þï
:NC�~�e,ù��b���´Ün�. Xïá

�)N�Å�3S�G��m�.±�,��±ÏL
þ©J���â,�ä�.�U�5�U*5,±Ø
¢dc�b�´Ä�(. �¯K´�.�´Cq�,
Ø¢�(Ø�´k^��.

,
,=¦G��m�.3ÐÏUïá,3²L?
uPò!¢Þ½�Å�,�.k�5É�ÆC,~X
2007cm©�Å9d�­.²L�E�ÄåØv. ù
L²²LÆ.Ú�?N�Ü�QØUý��,�ØU
�O�§5�Ú§Ý,�ØU{�§�u)Ú��§
@F(å. 3ù«�¹e�úþq�éJ`3ùÏm
U�5�U*5b�´��Ün�.

7) �.u�9k�5.

�.u�q¡�.�ä±u��.�k�5. 3
ó§XÚE£¥,k�@Ø^ÚOêâ?1�.u�
��{[12]. éu÷*Oþ²L�.ÚDSGE�.Ñ©
Ok�@�.u��{.

�.b�Ú�OEâ±9ï�öE|��É�U

�)ØÓ��.,�æ^�
�{5'�ÚÀJ.D
Ú�¢y�.k�@'�ÚÀJ��{,'uDSGE
�.�'�ÚÀJ,QkDÚ��{,qk8c�k
����g�O�{[23].

3¢y�DSGE�.¥é�N�.­�A5�k
'ëê,Ï~æ^���O�{[24]?1?�,ùÚ�
.u�ØÓ.d��5¿: ��jO�.��±3,
���ãS^ÚOêâ���Ð�
. 3���S·
ÜÚOêâ��.�UkA�[9]. E£nØ�*:´:
²Lëê�O��Ñ��.ëê´�Z�(`z,�
OKJ��Ô),ù´Ò�Û(�êâ�ã)
ó. �3Û
Ü�ã,~X�ýÿ
À½�C��ã,�.ëê�
�±ÏLé¢SÚOêâ�[Ü
?1�O.ù��
�(J,ÛÜ�á�ã�ýÿ�J¬Ð�
,�ù@
�.ëê3O��ãþÒ�JjZ.ù«�{�1µ
��/­�[Ü0[8]. ©[25]@�,æ^DSGE�.é
¥I÷*²LÅÄ?1ïÄ�,�IÚ��ëê�O
IO.

ÏLL��~$1�ÚOêâï¤÷*²L�.,
¿|^,�Ü©L�êâ5�yÙk�5. ù��ê
Æ�.U3Ó�Ån�¹e�ÑA�GÝ�áÏý

ÿ. �¤±´áÏ�,´Ï�����ã¥�Å	
6(½ÀÂ)¬Ñy,²Li+Ü�¬æ�,«#�û
ü½\�N���.ù¬��XÚ�Ånõ�k
C
Ä,¦�.�k�5¬��ü$.

�¤æ^�´L���~$1��ÚOêâ,l
E£nØ5`§�¿Ø´²L¿©-y÷*²LX

Ú
�)�. d	,£ã²L1���§ª,�)
DSGE�.3S,k�Ñ²L�5z,ùÒ��½�.
�k���´3À½þï:NC!3ï�êâ¤£ã
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�~��dÄ��S.
÷*²LêÆ�.ØU^5?1��ã�ýÿ,

�ØU^5ýÿ�Å.Ï�§�ÅnCÄÚ��/l
m
�k�~;,�NC.k�
ØÍ?Ø
Äuù
aêÆ�.�²LXÚ­½5¯K,�ù�d�.O
�����­:Úy¢²L�XÚ��Å�u:�

�Ø´�£¯.
k<I%: ��o¤ïá�÷*²L�.�à�

uïÄØ­��!��²LCÄ,
Ø�5¿­��
����²LCÄ,X±Ï5�&�Ñy�»«[8].
¯K´ù«²L�5z�Äun5Ú��þï�b

���.�U�^3þï:NC����Sâk�.
ù�Òl��Ø��Ýé÷*²LÆâ.�þãI

JJÑ
�©��).
8) �E£5?Ø.
ó§XÚ�E£,´3XÚ$1��¹e¦��

�é��êÆ�.. k�$1¥�é�Ø¨mä�"
£´,ÏdE£�(J�Ur��ìÚ�"£´�ê
Æ£ãÑ�)?�. ùÒ´4�XÚ�3��E£5
¯K.
m�XÚ�E£duÑ\&Ò��±Y-y
5,�¦¤�(J��XÚ�ý¢êÆ£ãØÎ.ù
´m�XÚ��E£5¯K.
¤±,ÃØéum�XÚ½4�XÚÑ�UÑy

�E£5¯K[12]. �;�ù¯K,/m�XÚ�¦E
£Ñ\7L´2n�±Y-y&Ò,4�XÚ�¦êâ
�þ��7L�5Ø�'�0[12].
XÚE£�/�E£50Vg�Ú^3÷*²L

�.ï�¥,ÃØ÷*Oþ²L�.½DSGE�.,Ñ
ÑyØ�E£�¯K.ùLy�3|^ÚOêâ?1
�ü©Û�,�9U¤À�OKJ´ÄUl�.a¥

ÀJ���êâ[Ü��Ð��.(��!m©J�
E£½Â),XJdJ = min�Ñ�ëê�O�Ø´�
��,Ï
¤�Ñ��.Ø�½�ý¢XÚ�d. ù
L²XÚ´Ø�E£�. ùy��Ñ\ÚOêâ��
±Y-y5k'. ~X©[26]��3÷*²LDSGE
�.ï�¥,Ùq,¼ê�U�)NõÛÜ4�
�!ÛÜ4��½¥²¡.,ù¦Äu4�q,�O
�ëê�O{,ØUJø�(��.ëê.
,�«�¹¡�fE£: 3õ�§|÷*²L�

.E£¥�UÊHu),~X,3DSGE�.ï�¥.
E£(J��IO�ìC�OÚ½��},¦éëê
�O�ínC�Ø��.ù¯K�3À1²LÆ¥�
cÇ5�.(forward-looking model),æ^2ÂÝ�O
{E£��¬Ñy. ©[27]éu2ÂÝ�O{Ñyf
E£�
nã,¿JÑ�
k^�?n�{.

Ù¦Ø�E£«�!ÛÜE£ (local identifi-
cation)[28]Úf�E£5[29]�ù
¯K,A�Ø�Ñ
y3÷*²LXÚï�©z¥,¤�øØm�¯K.

�d�ÀJ·¨�ëê�O�{.

2.1 ���!!!���((((Summary)
1) L ·J�Ñ:E£Eâ/A^¤õ�'�´¼�

���êâÚé¤¦^��.(�A�kûÐ�


)0[13]. p*±þÄuXÚE£nØ�é'!"
À!¿ÛÚµ�,÷*²LXÚ�ï�,duêâ¿�
d¿©-y�)±9�üCÄ½ö ln5Ú��

þïb�,ÚåXÚS3(�A�ÚÅn�CÄ,\
þ3²Ly�¥k� lÏJ5b�±9ÚOêâ

�&D'�~$,¦�ùa�½(���.Ùk�5
É���$�3�~��¹e��.
ùÒló§��Ø¥�XÚE£��Ýéu,�

�oé�Åu)/ª!u)�m9�³§Ý,ØU|
^�Åc�÷*²LêÆ�.?1O(�ýÿ�I

J(ë�11!Úó)JÑ�©��).

2) ©kd1�ÏÙJÑö
�¶. ©kdJ
Ñ[30],�â{¤êâïá�÷*�.3ýÿ,
��
�Cz��U¬Ã�. ©kd�Ì�g�´,÷*�
ü�¾^��
�5��Oþ²L�.  Ï��

ü�UC
I�UC,ÄK3dÄ:þ��üïÆ 
 ´Ã��[30]. ©kd1��¦ï�öl�*Ä:\
Ãïá�.,=l�N� Ð!EâÚ]
����
\Ã,3dÄ:þïÄ�Né�üCz��A¿é�
N?1\o5�	oNþ��A[30].
ló§��Ø5n),�?÷*N��üá5�

UC,Ò��u3C(���XÚ¥���ì��5
Æ�UC.ùÚå²L(�ÚÅn�UC,Ï
�.
�LUC.3c�.Ä:þ�éN��üUC��÷
*²Lýÿ�(Ø´Ã��. ù�<y
É�²LX
Ú�C(�A5.

3) y�½|²L�,E±ü��*²LÌN�
Ä�ü ,²L¹Ä®Ø2´üX��N1�.��
Ñ÷*²L±8(�oþ��Cþm��§�ª,X
Û?��*Ä:´��¯K.©kd��¦ï�öl
�*Ä:\Ãïá�.,ù�¿�¢�þÒ´�¦é
XÚÅn?1��\�ïÄ.Ø=´�w�÷*ÚO
êâ,��ïÄÙ�*Ä:. �´Nõ�N� Ð�
1�®8¤o\�÷*y�.

DSGE�.~~b��½a.�¤k�*²LN
Ñ´Ó��(=k/�L5[Ì0Ú/�L5ÌN0),
�±�1�{�O�,�(ýÿ�5(�¡�n5ý
Ï).�5�uÐ�´É��,�\o�{�~E,[25].

4) ²LÆ[�éï�¤³/�nØÚEâ�L
Nõ?U!�#!Ö¿. ~X,3÷*Oþ²L�.¥
Ú\J[Cþ,±L«(�CÄ�K�.�©[31]�
Ñ,J[Cþ¦^��õ¤�ï��.,[Ü°Ý�
p,ýÿ°Ý�Ò��. DSGE�.�U?��ÚuÐ
���ë�©[23].
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ù
U?U¦�.3þï:NC�áÏýÿ?�

ÚJp°Ý.,
,XJn5Ú��þï�­�b�
���,éuýÿ�Å�u)Ú5�±9Ï¦¤I÷
*N�����.Ø¬k�o�J.

5) 8ckØ�²L;[ÑwÐÄu<ó·AÌ
N!�O��÷*²L�.[32–34]. d{I��ïÄ¤
(Santa Fe Institute)ï��Ta{I÷*²L�.
ASPEN¼�
¤õ[35]. ù�ïÄÄud��Ø¤û
)�E,5ïÄ{. 3d¤õÄ:þî�|±�
EU–FP6Oy8¥
õI�åþ,èã�î�²Lï
á
��<%ÇÇ�!Äu<óÌN�ã.²L�.

EURACE,±Bn)î��7K½|Ú��²L,¿
��5��ü�¾é��â. duISéù�¡��
é�,¤±�©ùò3e!�{Ñ�0�.

3 ÄÄÄuuuÌÌÌNNN���!!!îîî���ããã...¿¿¿ééé²²²LLL���...

EURACE(A massively parallel agent-based
model of the European economy EURACE)

3.1 EURACE²²² LLL ��� ... VVV ããã (Brief view of
EURACE)
Äu<óÌN�ã.²L�.EURACE,�?3

@ÏïÄ�ã,�C®²���
âÑ�?Ð[35–36].
ù´æ^��Ø{5M��ç�ï�¤uÐ
5�

�ýïÄ{,�ØL´Äu>fO�Å��.¿1�
ý.

EURACE�.´��ÄuÌN�!�N8¤�!
4ã�9E,�÷*²L�.Ú�ýì,�)3�Ü

©: ¢NÜ©(�¤¬½|!�¤¬Ý]½|ÚNÄå
½|)!7KÜ©(&�½|Ú7K½|)±9+nÜ
©(�?Ú¥
Õ1). ¥
�?Ú¥
Õ1ÌN�Ì
{ü�!ý½�ûü5K,l
¦²L1�3�øÀ
J��ü�Ýe?1'�©Û.��,�k�
Å�
ÌNÙÌ�õU´Â8ÚuÙ&E,O�8¤��ê
Ú²L�I,¿D4�@
�¦&E�ÌN.ù�,r
²Lw¤dgÌ!�p�^�ÌN|¤�üzXÚ.
ÌNAäkg£5!Ï&a�Uå!̀ zUå!8I

°ÄUå!ínÚ5yUå!���ûUå!ÆSÚ

·AUå. z�ÌN´����Ø¤¡�Q´*	ö
q´Ä�ö.
�ï�I�,^u$1�ý�XÚÌN+�ÌÔ

n�[�n,Uìe�¢¹: 1)3î�²LNX¥�
�/n«�; 2)�«�ÌN+�|¤,=¹kØÓê
þ��«ÌN�a.9êþ; 3)ÌN�G�(X]
�)Ú'X(XÒ�'X),§����ýcÐ©zXÚ
G���Å¯�.
Äuý¢�ÚOêâ,TEURACE�.�LAZ

��4r!��ûÒÚ¤z�Õ1. ûÒ�Õ1� 
±¼��±,
Õ1m�±ØÓ|Ç�p¿�[34].
�.ï�öÄk©ÛÚ�Ñ��ÌNm��¦�

p��'X.ã2�´�~,L«�¤¬)�öÚ�¤
ö3û¬½|þ��p�^. �â¯õ�da'Xã
�±(½��ÌN�!Äuk�gÄÅ[37]£ã�X–
Å(X–machine)(�e©)�SÜ¼êf ,�ö^55�
ÌN�1�5K.

ã 2 �¤¬)�öÚ�¤ö3û¬½|þ��p�^[36]

Fig. 2 Interactions between the consumption goods producers and the consumers on the goods market[36]

3.2 ããã...ÌÌÌNNNïïï������RRR555��� ¸̧̧,{{{¡¡¡FLAME
(Flexible large-scale agent modeling environ-
ment, FLAME)
©[36]�Ñ
Äuk�gÄÅ�!�.ÌNï

�R5�¸FLAME,�^53�þ�¿1�?O�
Åþ�ýãþ�ÌNÚÙ$1��..
3FLAME�¸e�ï£ãÌN�X–Å,¿�½

��Ï&(�¦�ÌNm�p���&E.ÌNm
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¹Ä�¤k�p��'X,ÏL&E$15¢y,
=ü�Õá�ÌNSÜõU�mvk���éX.

{ü�X–Å½Â3ã3þ,§äkSÜPÁC
þid9 �Cþ(x, y)(ãþI�xpos, ypos). X–Å
�k2�SÜ�^�p�6�¼êf19f2,I�Ñ\
&Emsg1��f1�Ñ\. X–Å�±4x&Emsg2
±�§�c �(x, y)�Ï.

ã 3 X–Å�½Âã~[36]

Fig. 3 Example definition of X–machine[36]

gXk�gÄÅ, X–Å�)��k�G�8S,
=£¼êF ,±9^5�XÚÖ!�&E��óX .
,
, X–Å�k��K�Åì$1�S�,ÙSÜ
õU´òÙ¦ÅìuxL5�CþÚ&E��Ñ\

;\S�. Ù	ÜõU´òS�Cþ�?��Ú/½
ÑÑ&Eë��Ù¦X–Å.

X–|Å(stream X–machine)´X–Å����Y,
�©�Ñ�§�O�Ü©. X–|Å�½Â´��6
­�|Å: X = (M, m0, Σ, Γ, F, ω),§�): M´

k�PÁG�8; m0´éÄG�(q¡Ð©G�),
§´M�����; Σ´ÎÒ�k�8,¡�Ñ\
i1;G�=£¼êF : M×Σ → M ;ÑÑ¼êω :
M ×Σ → Γ . þ©¼êf´F���, Γ´ÑÑi1

ÎÒ�k�8. X–|Å/¤�~���O�µe,
~X±5½��ó�1¼ê�O�.

&E��3�±¿1��?O�Åþ?1,§
d�
�OO�Å(¤¢�O�!:)|¤,¿d�
^p�Ï&�äòù
O�Åë�å5. $1¤^
é�[B.

z�ÌN�b½¹Ä3�
½Â�©�(�
µ)¥,¿Uz�©��5½å�A��^. ½|Ì
NKæ^ÑØÓ�X–Å,¡�/²LX–ÌN0,Ù
A^�[KaXÙ¦ÌN,�±¹�3½|þ,Ì
N�Ì�1�5K�lX–Å�SÜ¼êf¼�[36].

lî��/n&EXÚ (GIS)Úî�ÚOÛ

(Eurostat)¤¼�ÚOêâ,¦�.¥��û![
Ì(4r)!	Ô¥%±9Ù¦²LÌN3î�+è
S�NþX¢/©Ù.±��©l
pÝ8(�¢
NO�î�±	�­.Ù{Ü©,§é�.Jø­
��(�)	)Cþ,XU
d�.

��ÌN�±¹�3A�½|þ. ~X[Ì(4
r)�±3NÄå½|þ¿��
,q´�¤¬Ý]
½|þ��¤ö,q´&�½|�/±<,�´7
K½|��¦Ý]öÚI[Å �	\ö. Ïd,
ò½|À�ÌN¹Ä�©�,3ØÓ½|þÌN�
üØÓ��Ú,�ã2.

EURACE²L�.´Äu¯���:�ÌN�
¹Ä��6u§®Â��&EÚ§S�±k��

E,¿±k�n5!·A1�±93©Ñz�½|
¥�¤é'é�ÙA�. �L�$1�Oþ²L�
.ÚDSGE�.ØÓ, EURACE²L�.rN$^
[âÝ��*êâ,~Xk'���ÌöJ�&E.
EURACE�$1ZyÑ÷*²LXÚS3�²L
±Ï�½5�âCy�.ù´y�ãïÄ�Ì�8
�,
Ø´é²L3�~$1�~��ã?1�ü
©Û½ýÿ.

3.3 {{{zzz���NNNÄÄÄååå½½½|||������ýýý¤¤¤JJJ(Simulation
results for simplified labor market)
©[36]�ÑEURACE²L�.{z�NÄå½

|ù�¬ïÄ��ý¤J.�´{z�.,��Ñ%
ý�¤J.§L²,¦+(	Ï)O\]�)�Ç��
²w/Cz,3Ø�ýÿ��m,â,�CÒ�U
u). {z�NÄå½|��N�.�Ñ3©[35].

�,,î8EURACE�UJø½5ÚVg5�
(J.�aq���
��.�ïÄ¤JL²,§
��±����êâ[Ü�éÐ[38]. ©[38]��Ñ
k'u�îA«�/���JÚ�^�Ï�#(

Ø.Ïd,ÄuÌN��.(ABM)��Oþ²LÚ
�ü©Û�óä�´äkdå�.

3.4 ããã...ÄÄÄuuuÌÌÌNNN���îîî���²²²LLL���...EURACE���
MMM###:::(Innovations of the massive agent-based
model of European economy EURACE)
©[33]�(EURACE�M#:�: 1)�äz. �

�÷*²L�.´d�|­U!r'é��ä|¤

���E,�üz�ä,�)�¬�ä!ûÒ�
ä!�´�ä!&��ä�; 2)Ú?½|)�Æ.Ì
NUØÓa.�1�y©eZ|,ïÄÙ37KØ
­½¥�Cz,±Jøý´&E; 3)ïÄE,�²
LÚ7K½|3Ø÷v��þïb���Ly;
4)ÌN�ýÏ�ÆS.�OÌN�ýÏ�U´
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K(�)�,��æ�K(�)�"1Ä.ÌN�â¦<
�1�UCgC��1��(J–—�¬ÆS.
EURACEéÌN�âØÓa.��¬ÆS�1�
5Æ?12�ïÄ; 5)UJøM#��üÚ½|N
�ûü. XãÖ�\Y²�ûü; 6)U[ÜÚ·A
÷*Ú�*ÚOêâ. ØØ¢N²L��ÅL§´
Ä²­,½´Ä�½Âñ�þï:,ÑU�{[Ü
Ú·A.

4 (((���: &&&¢¢¢UUUýýýÿÿÿ²²²LLL���ÅÅÅ���÷÷÷***²²²LLLïïï
���ïïïÄÄÄªªª³³³ (Concluding remarks: Trend of
macroeconomic modeling study for predict-
ing the next economic crisis)
X12.1!�(¤ã,y^�÷*²L�.�J

²wäkÛ�5,�,,§��3ãåU?. �â
12!�"À(J,�öé§�²L?ÖUÄýÿ
,�g�Å±�*��Ý.

¡é�5�UÑy��Å,÷*²Lï��M
#ïÄI�k#�g´. XÛïá��Uýÿ�Å
�÷*²L�.,�´²LÆ[!²L��ØÆö
ÚêÆ[¡c¥y�î­]Ô.
�I��¬�Æ
[!%nÆ[!ó§�±9O�Å�;[�ÓªÆ

�/ë�.

¥I��Æ��M©<��Ü¨d20õccÒ
é°8/�Ñ/�ãår��Ø�g�Ú�n�²

LÆ�g�Ú�nME5/(Üå50,/Ø=�
�)DÚ�½n©ÛEâ,��5­uÐ½þ�½
5�(Ü�©ÛEâÚ�{0[39]. Äu<ó·AÌ
N!�O��÷*²L(ACE)�.æ^��´½5
/Zy�Å�y��½5ïÄ{. âd,�©rN
8��ï�ïu��:

1) DSGEÚACE�.�(Ü.

�
?�ÚªC²LXÚ�¢S�Ån,©[40]
JÑDSGEÚACE�.�(Ü5ï�. ù�,Q�±
DSGEêÆ�.�r��)ºÚ�üïÆUå,ä
k�¿©��NÄ:,qk�UO(/ý�XÚ�
�Å.ù�±`´½þÚ½5ïÄ(Ü��«�{.
�XÛ(Ü¿ù«(Ü�.Urõ�,ÿI�¢�
5�y.

2) é÷*²LÆ7L?1�g.

Q,�.�êÆL�ª´�â÷*²LÆ�n

Ø�Ñ�,¤±�UïáUýÿ�Å!?n�Å�
÷*²LêÆ�.,ÒÄk�é��E£k��£
�÷*²LÆ?1�g: =
/��}
? XÛU
?§,�)��­�b��n5Ú��þïnØ±
9n5ýÏ?

©[8]3Ù(Ø¥JÑ:�3Ø���&E!Ø
¿©�ºx½|,
�½|²LØ7�´k��½
­½�b�eMá/#÷*²LÆ0./I�òº
x©Û!&EÚÅ���(Ü3��Ø²ï!�¥

zÚ(�Cz�µe¥,æ^�b�äk���¯
a5(�)êÆ�b�),¿�Uk�/«ú�y²
�?Ö(~X,é©Ñºx�Ð?,2©��K�).
²LÌN¯KÚ÷*²L	Ü5òÓ¥%� 

�0.

© [41]JÑ:Má/Ø�õ��£²LÆ (im-
perfect knowledge economics, IKE)0,ÏL(@²
LÆ[�£�Ø�õ,�ïDÚ�.�cJÚØ
%–—S^�/n5Ï"0b��,3½5�½ó,
55Æµe¥,±�«�½|ë�ön5oN��
ª5�Ä%nÏ�,,dUE÷*²LêÆ�
.[10]. IKE�3&¢�UJø�c÷5¤J.

��²LÆ(second-order economics)K´{I
����ØÆöS ·±À��(Umpleby)JÑ�. ¦
@�,�¬�Æ[��UCg�,Már*	öK
\²LXÚ�/��²LÆ0,/#N¤kë�
ö(1Äö)¤�*	ö,
*	ö¤�ë�ö(1Ä
ö)0[42]. ,dïá�#.²L�..

3) ïÄ÷*²L�C(��..

�
Ny÷*²LÅn¿(��UC,÷*²
L�.�(�AT�¢N�(�UC
UC[10]. I
SÜ­=�Ç320­V80c�ïÄOþ²L�.
�,é@Ò�Ä�ù�­��C(�¯K.¿rN
AïáC(��²L�.�©�ãï��{[43].
©[44]´¦ÒIS	éõ«�.�C(�ï��²
LXÚ�C(�¯K�ïÄ�¹Ú¤J¤��­�
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^v
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