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1 .�!K`!
O(P QJ�NB R�S=>&T��B(J C�2�&3�- �" C�&)I3& T��B(J@U$B 3& F�4U- TV,W3H� XY�U/B +�(U�

 .�J&O(P �J�" R�S=>&TN5B3 <NB3�5> �2 T��B(UJ QJ�NB C�2H �U2�&Z-& H ;(UP .U� 3& C�&)UI
.5N[�(UA�" ;(P 3& QJ�NB X5V\� C�2 �UJ&1UB QUJ�NB R�US=>& .U� .(P�U9 K�UN5,P& <U>&4�
 T��B(UJ�" .<UU2" ]�&ZUU!& �&3�U- �" ZUU5> &� 1�&��UUD H <UUM�- T=UM&" ^�UU%>" TUU- &� �&)UUI(=UU#5-"�&4UUB0

G?H(*B(J C�2T��"4UWH �U$>_ C&(U- 16�UB `-�UNB T- 1J(=J" K�[B& 16H "�&" "4WH C<57B C�&)I
"�&<UU>.��UUD T��B(UUJ �&3�UU- .UU� �"0&1��UU5V,a <UUb- 3&0T��B(UUJTUUN�ZI +�(UU=$- ��UU5=9& �" �UU2 C�UU2
T��B(J1B �&(c C�&)I��46H& H "(5I `-�NB C<b- C�2 (A�"1B d�e=9& "49 T- &� U2"< . fU* �"

TB�>(-J CZ��T��B( C�&)IKHZ!&O(P R�S=>& H 1-��3�& (-XUB�b� TU- <U��- C"&(U7>& g�4L T- �2 H
O(P X-�h=B g&(i&"(D TW4� Z5> �2.O(UP R�US=>& �,UJ TU- '(UA> +U�& �- <��- 1���%a T-j�UI �U2

TD "4M T=M&"(-k9 �" TD 1=56�b! g�4L T- &� K_g�4UL g�,5,Ue� H ;&<U2& (A�" 3& &<W H
1B"(�)*0>X59" H @$B XY�/B 1B�,� T[V- @��&<Nl0 ."4M m�\6 O(P .� R�S=>& �"

X[#B XY�/B 3& 1[�K�B3�J �" 3�JT��B(J (B& �" TD 1��2 1UB �56�b! C�&)I <UNND0R�US=>&
TN5$- C45647�(*O(P K�5B 3& C&T��B(J C�2K�[B& C�&)I C"�e=c& H (�)*�J&QU5D(� +U�& TU=%6& 0

\B T- TW4� �- <��-��"H<H ;&<2& H �2Cn�&(=J&�U5,2& TUW�" K"&" �&(Uc (o><B �- H K�B3�J C�2
O(P "&<b� TD 1>�B3 ."(�)* g�4L ;&<2&X�<U- "&<Ub� <M�- "��3 �21UB TUD 1��U2R�US=>& K&4U�

"4,>0R�US=>& <UN�_(! �" <U��- TUD 1��2��5bB T- TW4� �- X�<- (2 1-��3�& H "4- <N2&49 "��3 ��5/-
O(P�2\6"4,> m�0 �&4M" ��5/- C��D�J& .

TN5$- 1�&�&" Ta4,EB TVp/B Xq C&(- C"��3 C�24A6& K4ND��0TUW4� �U- .U�(2 TUD G<M TY&�&
��"H<\B H r�&(M T-(P 1��2&q1G<M<>&.TB�>(- 3& G"�7=J& �- T8-&� +�& �" T56H& ^<B CZ�� TW�"

jH".<�"(I O(8B�B&5t=B "4WH g�4L �" ^<B +�&C�2(     ."4U- H(U-H� 1��%UJ�\B X[U#B �U- "��3
+�&(-�N-'H� 3& G"�7=J& �- C<b- +5eeS=B 1��2<N>�B u9�M "�E�&"(7NB0 �<Uc3& ;&(U\>& vV8B

"&" 1#M4* X5V\� H +5A>�5BG�20'w� &� 1��2C&(-G"4,> 189 'H� T- TVp/B X�<%�.<>&&(ITUx
'H� �- C(o> m�\6 3& �24A6& +�&TB�>(- C�2Z��<N=/2 Xq X-�c 1y��� C01�w[U#B X,a �" �B&

./�� C�2��5bB �b5%P TV,W 3& ."�&" "4WH TN5B3 +�& �"0 �UB1B4U,a XUq G&� .U� "�UE�& 3& `>
1B'H� Z5> H "4MXU-�c ;<U2 `-�U� R<U\B(5: X[UM XU56" T- 189(5: XY�/B Xq 1B4,a C�2
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�/5> G"�7=J&.+�& (- KHZ!&0 R�S=>& XY�/B ^4,bB G3&<>&XB�UM 1Ubc&H C�U5>" �" 1U�&�&" Ta4,EB
�J& 1�&�&" z4> �2<L1�&�&" +�& ./�� H G"3�- TDC(UJ 3& G"�7=UJ& �U- �2U- 1>�UB3 C�U2T�UJ"

1B.<�_
TVp/B {�Z- "�b-& T- TW4� �- Q5�(� +�<-0 TN5$- Xq_ T=U/- �- Kj(U> C�U2XUq �" |U�&� C�&ZU!&

TB�>(- XY�/BK�[B& 1y��� CZ��<B .�/5> (�)*T��B(J K&(�C�&)I��"H<\B X,a �" Z5>&� 1��U2
1�&�&" Ta4,EB (-1B ^�,a& "49 TN5$-G<5}5* QW4B Z5> (B& +�& TD <NND1UB TVpU/B K<M (� "4UM.

TUB�>(- C4UA6& XUq TUN5B3 �" "4UW4B gw[#B X56" T-01U�&�&" TUa4,EB TVpU/B 1U89(5: CZU��
K&(A#2Hn*(A�"'H�TB�>(- C�2� 1y��� CZ��T- TVp/B Xq C&(- &G"(- ��D.<>&

(59&~&'H��2CTN5$- XY�/B Xq �" C��[=-&&(!]2Hn* H T=!(I �&(c (o><B C3�JC"�U�3 C�2
&��UD C��U[=-&&(! 'H� .U� K&4UNa TU- .5=>? @=��4A6& Gn�H T- .�J& G<M j�E>& TN5B3 +�& �" Z5>

 "(-��DG"(=/IC&.�J& T=!��
5647�(* R�S=>& "�4B �"TN5$- C4j�$J 3& C&01�b-<UN���%a <N=U/2 TUW4� "�4B TD 1!&<2& 3&

3&:Xc&<q 012"3�- K"(D(�D&<q 1=/��- &� ;&<2& +�& TD 1AN�<h> K"(D(�D&<q H ./�� K"(D
��"H<\B T- TW4� �-��"H<U\B K�U,2 C"(D��D ��"H<\B ."(D TN5$- 1=J�5J H C"(D��D C�2

 ��"H<U\B H �J& TW"4-1=UJ�5J C�U2 ��"H<U\B01=�(�<UB r�&(UM F�UJ&(- TUD <N=U/2 1��U2
1B X5,\� ^<B (- 1>4>�c H 185\B"4M.~w�B5b�5 +�� �U� H j�$UJ C&(U- Xc&<Uq H (�D&<Uq(U- <U5D

          :3& �U/���%a vU5h\� +U�& 1VUL& ;<U2 .""(UI R�US=>& ~�U,=q 1UL�9 j�$J T[N�&».U� R�US=>&
�D(M j�$J +5- 3& 45647�(*4- �" G<M T=!(�)* C�2- K&($� �&"�$- �&�H& F�@=��4UA6& 3& G"�7=UJ& �

T- .5=>?T>4IXL�q <%J TD C& <UMG0G"�H_(U- +,UyT��B(UJ �UV=SB C�U2��5bB K"(UD �&)UI0
(�.<2" �&(c (o><B Z5> &� H& g�$5W«

2 . '"9>�$VW!
T��B(J �\-1UB &� K_ XU5V\� H �&"�U$- �&�H& �" C�&)UIUx H" �" K&4U�gH�U7=B H 1UVD R4x��

@5/h�"4,> C<N-:1

1. Strong, Robert A. (2000)
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1..� C��&ZB +5,S� G<>(5I(-�" TD �&"�$- �&�H& X5V\� H T�ZE�T��B(UJ .U� C�&)UI�U2
T-'H� H �U2�&Z-& 3& G"�7=UJ& �U- C"&(U7>& H T>�I&<W �4P1U[5N[� H C"�U5N- XU5V\� C�U2

�J&.1B XB�M &� �D(M H �bNL 0"�e=c& X5V\� TVq(B TJ X5V\� +�& ."4M
2.C47�(* ��(�<BT��B(J Q5D(� X5V\� H T�ZE� XB�M TDC�&)I C�&<$A> ��(�<B H �2

Ta4,EBT��B(J 3& C&C�&)I .�J& �2
TVp/BTN5$- Ta4,EB R�S=>&1�&�&" 3& C&T�(o> 3& 1[� 0�2�U5,2& TUD �UJ& T��B(UJ �&3�- C�2

 ZUU5> 1UUL�9 ."�&" KwUUD H "(UU9 "�UUe=c& �UUq�%B �"T��B(UUJ 0KwUUD "�UUe=c& �"� C�&)UUI 3& 1UU[
u9�M R4/\B @$B C�21B "4M5b� ]h> H5+G<NND1UB �U7�& C"�e=c& TbJ4� H <M� �" C&  .<UND

 T��B(UJ g�,5,e� �5,2& Z5> "(9 "�e=c& �"+U�& 3& 1UM�> C�&)UI TVpU/B"(U! `Uc&H �" TUD �UJ&
T��B(J1UB ^4UD4B G<UN�_ �" 1>�UB3 TU- (=U#5- ;(UeB <U5B& TU- &� 3H(B& ;(eB �&)I"(U! H <UND

B(JT��1B C�&)ITUN5$- @5,Ue� `Uc&H �" .<U#S%- "4U%$- &� "49 1�_ H 1Vb! ]��J_ H G�!� �� <ND
T��B(JT��B(J ��o=>& "�4B �5-4V8B K&Z5B C�&)I1B TN5#5- 1�_ ;(eB 3& &� �&)IH .U/�� .<ND
G"3�UU-0T��B(UUJ �UU5-4V8B K&ZUU5B TUUD <N=UU/2 1��UU2��5bB 1UU�&�&" TUUa4,EB R�UUS=>& 3& �&)UUI C�UU2
�B(JT�1B uS#B &� C�&)IT��B(J 1�&�&" Ta4,EB .<NNDT��B(UJ (U2 C�&)UITU- TUW4� �U- �&)UI

CH ��o=>& "�4B C<h> K��(W K&Z5B H ./�� 01>�B3 v!& 0CH r�&(M0 ��(�<B �" H �J& gH�7=B
Ta4,EB R�S=>& 0;<2 C47�(*""(UI (�D&<Uq G"3�U- H Xc&<Uq .U/�� TD C4\> T- j�$J 3& C&0

�J& .
 K4ND���U- .U�(2 TUD �UJ& G<UM TY&�& TN5$- 1�&�&" Ta4,EB TVp/B Xq C&(- C"��3 C�24A6&

��"H<\B H r�&(M T- TW4�G<M O(P 1��2<>&.�" T56H& ^<BTUB�>(- 3& G"�7=UJ& �U- T8-&� +�&CZU��
(.5�&�"&4D) jH" TW�"<�"(I O(8B .�B&t=B "4UWH g�4UL �" ^<B +�&X[U#B �U- "�U�3 C�U2(5

-H� 1��%J�\B."4- H(
^<B rJ4� C�4p� m�\6 3& Z=�4D��B rJ4� G<M TY&�& ^<B�UJ& XUq X-�c 189 C�20�" �UB&

1B4U,a XUq G&� .U� "�UE�& 3& `>�UB ./�� C�2��5bB �b5%P &<=-& .�J& TW&4B 1�w[#B �- X,a
1B.5N[� H ""(ITN5$- C�2R<U\B TUD ;<U2 `-�U� X[UM X56" T- Z5> .5�&�"&4D C3�J �U/5>0

J& X-�c .�/5> G"�7=KHZ!&1Ubc&H C�U5>" �" 1U�&�&" TUa4,EB R�US=>& XY�U/B ^4,bB G3&<>& +�& (-
G" XB�M�J& 1�&�&" z4> �2<L �� H �2.1U�&�&" +U�& .U/�� H ��Uo=>& "�4B G"3�-3& G"�7=UJ& �U- �U2
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C(JU- 1>�UB3 C�2T1UB T%UJ�\B 1S���U� g�UawP& �2<UL 3& G<UB_ �UJ"T=U/- 1U=q ."4UMC�U2
j(>&Z!&TN5$- TD C�_(! C&(- &� .5�&�"&4D C3�J+5A>�5B <N�-U- f>�U��&HT1UB ��UD+U�& ZU5> <U>(-

 <UU>�&" &� ��"H<UU\B.G"H<UU\B .UU� 3& TVpUU/B &(UU�3K&(�<UUB ."4UU- <UU2&49 (UU=I�Z- uSUU#B
T��B(J��"H<\B X,a �" Z5> C�&)I�&" Ta4,EB C&(- &� 1��2&1B ^�,a& "49 TN5$- 1�TUD <N��,>

B "49 (B& +�&G<5}5* QW41B TVp/B K<M (��U- 1U�&�&" R�US=>& �" ^<UB +U�& (A�" X[#B .""(I
.�J& G"3�- f>���&H +�(=,D+5��U* G"3�U- �U- 1U�&�&" R�US=>& TU- TVpU/B +�&(UENB 1UB "4UM.&(U�3

 +5��* ��o=>& "�4B G"3�- jZV=/B @D f>���&H�J&��"H<\B +5N},2 Z=�4D��B ^<B . 17NB(5: C�2
-�2(5t=B C&(�" @5,e� C1B (o>""(I 1�&�&" 'H(! 3& `>�B �� "(5I.+�&<U�"(I QW4B gw[#B

 K�hh\B TDKHZ!&'H� (-<�"(I K&4Na X%c ]S- �" TD 1��20'H� 3& TVp/B Xq C&(- +�4> C�2
1B G��M& �$>_ 19(- T- X�� �" TD <N��,> G"�7=J&."4M

+5U- XUB�b� �U- ~�4,bB j�$J 3& Ta4,EB .� R�S=>&1UB O(U8B G"3�U- H .U/��TUx(2 ."4UM
TUW�" 1bc&H C�5>" �" ."4- <2&49 (=#5- (���- G"3�- �!���" ^�,=q& 0<M�- (=#5- j�$J <%J ./��

./��1�&�&" G"3�- H �J& gH�7=B (A�<[� �- "&(!& C(�)* UB "<b=B XB&4a "4WH X56" T- Z5> �2� (i
(5: K_ (-]5* X-�c(UJ TU[N�& XU56" T- .�J& 1N5-T��B1U,> K&�&)UI+pU,8B G<UN�_ "�4UB �" <UN>&4�

<NM�-0+�&(-�N-X��B (I&=/2<N2" ]2�D &� "49 ./�� <N0z4N=B T- <��-TU>4I(* �U� C3�UJC3�UJ
z4N=B .<>3�H g�"�%B "49 C47�(*1B TD "�&" �5,2& G3&<>& K_ �� C3�J G<a�c +5=/S> �7I K&4�

T>4I(* 0j�$J <%J ��(�<B�J& C3�J.1

3 . e9`;B :"9>,( 6�)!
1UU�&�&" 3& 1UU%5D(� TUU- �UUt6 �" C4UU7�(*1UUB TUU=7I �UU2T��B(UUJ .UU� rUUJ4� TUUD "4UUM C&(UU- �&)UUI

T��B(JT��B(J ."4M X5[#� C�&)I1B �&)IB .� �� "(! .� <>&4���- T/J01U[5N[� (Uo> 3& .<UM
�" C47�(* .�Ta4,EB G<>(5I(-1�&�&" 3& C&T��B(J 16�B H 1bc&H C�2<M C�&)IG0.U� rJ4�

T��B(J �&)I�J&T%NW j�,� Tb6�8B .0C47�(* C�2."�&" j�> C47�(* ��(�<B2

C�4p�T��B(J C�2�!(#5* 3& (59& T2" <Nx �" C�&)IG"4U- �&"�4U9(- 1>���UM C�2(5UJ �" H
^4B(! T- "49 1S����1B T=7I .�J& T=!�� �J" C"��3 C"(-��D C�2 T��B(UJ H g��E� TD "4M-

1.) (D��* Z6�x 0Z>4W1380(
2.(D��* Z6�x 0Z>4W)1383(
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C�&)I1B �5b%� ����� R�=M 3& Z5>T��B(J H g��E� @Eq TD 1NbB +�& T- 0<NNDK(Uc �" C�&)I
G"4,> CH(5* 1L�9 '(=/I 3& @=/5-KH<U- .�UJ& ]�&ZU!& ^�Uq �" �a(UJ T- HC<U�"(� �5U20

C�H�N! "(-��DK_ �" 1�_ g&Z5$E� H "4W4B C�20G<N�_ �"H @UEq 0�a(J (- �H" K&<Nx T> C&
(-��D G4\> "�� g��E�C�U2��5bB �U� �J& G<M QW4B g&(55t� +�& .�M&)I <2&49 ;(AM C(5i

T��B(J rJ4� @5,e� )9& C&(- 1�H�7=BG�H" �- T/��hB �" �&)I ."4M T=!(I ��D T- T=M)I C�2
B XB&4a 3&�T��B(J j�E>& H R�S=>& �" (iT��B(J TW4� 0C�&)IG"3�U- H .U/�� j4$7B T- �&)I

- H" +�& T8-&� H K(c �" .�J& (A�<[� �18g�,5,Ue� TUD <><5UJ� TUE5=> +U�& T- (B&(D H 164>(-
j<a r�&(M �\�"(�)* j�E>& ��o=>& "�4B g&<��a F�J&(- �$N� <��%> K�N5,P&.1^�J �� K(c T56H& C�2

T��B(J @=/5- K&�&)IC&(-@5,e�C(5IT��B(J <N�_(! �"�%/> 3& C�&)IT��B(J G"3�- C�2 C�&)I
)ROI1B G"�7=J& (�%/> +�& Tx(I& .<>"(DC"��3 "(-��D �20 <N=M&"�B&^4U* 1>�UB3 '3�& @52�7B

T��B(J ./�� H1B G<�"�> &� C�&)I T2" 3& .<N=!(I19203& G"�7=UJ& �U- ^4U* 1>�B3 '3�& j4$7B
'H�T��B(J H 16�B g�5-"& G34q "�&H X�ZN� C�2<M C�&)I.'H� +�&TW4� X-�c 164\� �2 �" &�

O(P R�S=>&T��B(J C�2- C�&)IT <U>"�H_ "4WH �UB& 0T��B(UJ gH�U7=B ��U=!� K�UN},2�" K&�&)UI
1B T=!(I G<�"�> ./�� �- "�49(-^4* �5-4V8B T�(o> T[N�& "4WH �- `c&H �" .<M0TU- C"H<Uq �U�

"4- G"4,> .,D R�S=>& C�2��5bB XB�[�0 �B&."4%> �&"�49(- XB�D 1=5bB�W 3& 34N2 T2" ��1950
1B G"(,M 175D XB�a .� ./���5,D &� ./�� ��- +5=/S> C&(- Z=�4D��B C(2 T[N�& �� <M-

O(P C<h> g�>��(W ��5bB ;&(\>& H "4,> (�)* T��B(UJ C�2]ENUJ �U5,D K&4UNa TU- &� C�&)UI
."4,> 1!(bB ./��2�U=- �5J�/q Q�(y +55%� �- Z=�4D��B C4E#>&" ���M j�5V�H <b- C<NxTU-

T��B(UJ C�U5>" TU- &� C"(-��D H G"�J 16<B 0./�� ��5bB K&4Na"4U,> TUy(a C�&)UI.'H� +U�&
.� ^<B T- G3H(B&TU2" rUJ&H& �" H <U>H� +U�& TB&"& �" .�J& ;H(bB 1e9�M1960H ���UM 0

T��B(J �&3�- C�4p� T��* (- (N=N560�U,5c ^<UB K&4Na �\� G3H(B& TD <>"&" TbJ4� &� 16<BC�&)UI
"T��B(J 1�&�&1B T=9�NM C&."4M3

 ^�J �"1976�,5c ^<B F&� +7=J& �4/!(*TU��* &� ?&(U=5-�_ C�&)UI"4U,> C�&)UI.+U�& �"
1B r%�(B (A�<[� �- ./�� H ��o=>& "�4B G"3�- ^<B.<>"(I4 T2" �"1970��UD C�U2�&3�- T�(o>&

1.>&(! 01V�&�F �5D H 1D .0 KH&(-)1384(
2. Markowitz, Harry M. (1959)
3. Sharpe, W. (1963)
4. Haugen, Robert A. (1994)
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 UM .<5J� 12�A#>&" g�b6�8B �" "49 �47> TW�" +�(���- T-+5Uhh\B XUl,D H +�(UB 0 '��UB 0(V5
T��B(J TN5B3 �" TD <N=/2 C(A�"C�&)I0G<>3�& g�b6�8BTU2" �" .<>"&" j�E>& C&19800�>�UJ

TB�>(- ^<B 3& ��- +56H& C&(- TD "4- 1N5hh\B TV,W 3& 16.j&TN5$- C&(- 1>�B�_ CZ��4U5647�(* C3�J
 ."(UUD G"�7=UUJ&1 ^�UUJ �"1991 & TUU- TUUW4� �UU- C� 0(�D&<q ;&<UU2H 1A64UUx H 12"3�UU- C3�UUJ

Xc&<q"(D TY&�& 1>�B�_ ^<B .� f>���&H K"(D.2

 ^�J �" 1x4I4N�&2000H 12"3�U- (�D&<Uq ;&<2& ^<B +�& TD "(D 1!(bB &� <�<W 16<B
1B TN5$- C3�! g�4L T- &� 12"3�- f>���&H Xc&<q.<ND3^�UJ �"200101Uq&(P 16<UB F�U>�_

^<B +�& �" TD "(D1I<>4UM<h> (�D&<Uq H 12"3�U- f>�U��&H Xc&<Uq 012"3�U- (�D&<q ;&<2&
1B TN5$- C3�! �6�q �" j�$J."4M4 ^�J �"20070 C&(- 16�,=q& T!<2<Nx ^<B .� Z�Zb6&<%a +-

.U/�� 12"3�U- ;&<2& ^<B +�& �" TD "(D 1q&(P f>4� F�4- �" j�$J 3& 1�45647�(* R�S=>&
& �- 1I<>4M<h> H .5��,=/5J1B TN5$- 16�,=q& 16<B 3& G"�7=J.""(I5

@=��4UA6& 3& 1U[� H <UM TUY&�& <UN642 K�W rJ4� ��- +56H& .5=>? @=��4A6&TU- 4E=U/W C�U2
1B R�/q F�J& TD <�__g�U5q XUL& @=��4UA6& +U�& .�UJ& G<U>3 g&"4UW4B .5=>? (- 1N=%B K

QJ�NB�9�J 1!"�e� g�awP& C(J .� �- &� +�H�&" +�(�& T=!��4E=U/W @=��4UA6& .� H j�:"
1B "�E�&.<ND6

+�(��J H K�x0 TUN5$- C&(- .5=>? @=��4A6& 3&TUVq(B<Nx C3�UJG"�7=UJ& 1U�&�&" TUa4,EB C&
G"4,><>&.TN5$- �"TVq(B<Nx C3�JG�H" �" G"3�- H ./�� TN5$- �&<hB T- 1-�5=J" �4oNB T- C&C�U2

16�B C�2�&3�- �5byH T- TW4� �- H uS#B01B 1-��3�& <�<E� 1�&�&" Ta4,EB .""(UI71}UJ&(6
CZ>�>���� H0��4A6& 3&3& �&"�U$- �&�H& 3& 1U�&�&" Ta4,EB .� TN5$- K&3H& +=!�� �4oNB T- .5=>? @=

TN5,D v�(PG"4,> G"�7=J& +5��* �,5c ./�� C3�JT=!(I TE5=> H <>&g�4UL �" 'H� +�& TD <>&
�J�* �- `5JH R&4W "4WH5$- C�2.�J& <57B "<b=B TN8K&(A�" H ;�M0C&(U- .5=>? @=��4A6& 3&

G"4,> G"�7=J& Z=�4D��B ^<B C�2��5bB �- j�$J 45647�(* R�S=>&.<>&9^�UJ �" +562001^<UB .U�
1. Lee, Sang M. and A. J. Lerro (1973)
2. Lai, T. (1991)
3. Inuiguchi, M. and J. Ramk (2000)
4. Parra, M. A., Terol, A. B. and M. V. R. Ur�´a. (2001)
5. Ben Abdelaziz, F., Aouni, B. and R. El Fayedh (2007)
6. Holland, J. H. (1975)
7. Chang, T. J. et al (2000)
8. Loraschi, A., Arnone, S. and A. Tettamanzi (1993)
9. Shoaf, J. and J. A. Foster (1996)
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.UU5=>? @=��4UA6& F�UJ&(- TU!<2<Nx C&(U-"(UD 1UUq&(P 4U5647�(* R�US=>&.1 H @5UDK&(UUA�"0 3&
TB�>(- Xq C&(- .5=>? CZ��Vp/BTG"4U,> G"�7=UJ& 4U5647�(* R�S=>& .<U>&2 H +5U6 K&(UA�"0^�UJ �"
20071��"�%B TN�Z2 Xc&<q �- 45647�(* R�S=>& C&(- .5=>? @=��4A6& 3&0G"�7=J& .<U>"4,>3 (U#5! 0

 �" &� .5=>? @=��4A6& "(-��DG?H(* XB�M 1�&�&" Ta4,EB ��(�<B ��(#� 3�I H �7> �bNL C�2
.�J& G"4,>�& �" H&v5h\� +0 �V=SB '3&(- `-&4� �- .5=>? @=��4A6& &�H G"&" �&(Uc 1J�(- "�4B
XL�q |��=>G<M K_ 3& &�'H� �- C�2 (A�"TN5$- T/��hB C3�JG"(D.�J&

j�$J 3& 1�45647�(* R�S=>& TN5B3 �"0 �" K&(�&C�Uc_ .�UJ& TU=!(I j�UE>& C"H<U\B g�h5h\�
K���* �" 1ANV�9 <M�& 1J�NM��D TB�> ^�J �" "41377H 12"3�U- (�D&<Uq ;&<U2& �U- C3�! 16<B

�J& G"(D 1q&(P f>���&H Xc&<q.4 � �" 1Ua&� C�c_ ^�J +5,2 �" +5N},2"4U9 C(U=D" T6�UJ
T��B(J C&(- 16<B�UJ& G"(UD 1q&(P 1a4NeB '42 3& G"�7=J& �- j�$J <%J �" C�&)I.^<UB �"

�U- (�D&<Uq ;&<U2& Z5> 1a&� C�c_ rJ4� G<M 1q&(Pf>�U��&H Xc&<Uq H 12"3 "�&" "4UWH.5 �"
 ^�J1382<%UJ R�US=>& TUN5B3 �" 1h5h\� 1>����,bB C�c_G"&" j�UE>& TU>�I<Nx ;&<U2& �U- j�$UJ

.�J&6 ^�J �" G"&346�9 C�c_1384<%Jj�$JTN5$- j�$UJ 3& C&�" �&3�U- F�4U- K&(U�& F�UJ&(-
'3�& T�(o>�"�(bB.�J& G"(D R�S=>& ./��7+5>3�>\B �" C<,K���*TB�>1J�NM��D&�<UM

(�D&<Uq ;&<U2& �U- 16<UB 0K&(U$� �&"�U$- �&�H& F�4U- �" j�$UJ 3& 1�45647�(* R�S=>& C&(- "49
J& �- &� f>���&H Xc&<q H 12"3�-=    .�UJ& G"(UD TUN5$- .U5=>? @=��4A6& 3& G"�78 1Vb6&<U%aZU5> G"&3

 U�&�&" Ta4,EB .� R�S=>& �" &� .5=>? @=��4A6& "(-��D�&"�U$- �&�H& F�4U- j�$UJ 3& 1 K&(U$�0
T-�J& G"(- ��D.9

T��B(J ��(�<B "(I&(! �" (9_ j<c 1VL& G<�& .�J& C47�(* "([V,a 1-��3�& TVq(B 0C�&)I
QUJ�NB C4U7�(* <UNx �U� .� G"3�- �- C47�(* G"3�- T/��hB 0"([V,a 1-��3�& �" �UJ&+U�& XU56" .

1. Lin, D., Wang, S. and H. Yan (2001)
2. Oh, K. J., Kim, T. Y. and S. Min (2005)
3. Lin, C. C. and T. Y. Liu (2007)

4.) <,q& 01ANV�1377(
5.G�M) 1>����,bB ...&Z�Za H <,\B 0G"&Z5Va1382(
6.�y� 01a&�)1377(
7. C(5B& T%5/> H <5,q 0G"&346�9)1385(
8.) +5>3�> 0C(S=J& C<,\B1385(
9.1Vb6&<%a) +5,5J 0(5$M G"&31381(
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- <��- "([V,a &(�3 0�J& +MH� T/��hBTUD 1B�UAN2 .""(UI 1-�U�3�& vUV8B TU> H 1%U/> g�4UL T
1B �&(c 1-��3�& "�4B j�$J C47�(* "([V,aXD G"3�- 0"(5I0 UB< T��B(UJ (o>TUD "�&" �&(Uc �&)UI

 T��B(J �b7NB H C<h> "4J �ZW H" XB�M�J&.
 �E>_ 3&1U,> .U/�� +=!(UI (o>�" KH<- 12"3�- TDG3&<U>& C&(U- 1%UJ�NB ��U5bB <U>&4�C(U5I

,a<M�- 45647�(* "([V0X�<b� 1-��3�& C�2��5bBT- �4oNB +�<- ./�� C�N%B (- G<M.<M T=!(I��D
+/NW ��5bB4U5647�(* "(U[V,a 1-�U�3�& C�U2��5bB 3& 1U[� K&4UNa TU-0G"3�U- rUJ4=B +5U- gH�U7�

) 45647�(*pr�- ~�4,bB gH�7� +�& TD �J& �N%B 45647�(* G"3�- �- (1B G<5B�> 1Vy�7� G"3."4M1 1[�
1Vy�7� G"3�- ��5bB T- .�"Z> C�2��5bB 3& (A�" 1[�0K�UJ4> TU- G"3�U- �%/> ��5bB ) C(�)U*��U5bB

(N�(�.�J& (2�,=U/5J .U/�� TU- �%U/> &� G"3�U- (UN�(� H +U/NW ��U5bB H" (U2� G3&<U>& .5C(U5I
1B<NND.G"3�- �%/> �� ���M ��5bB X-�hB �"03�- C(�)*(55t�4U5647�(* XUD .U/�� T- �%/> &� G"

G3&<>&1B C(5I.<ND3

T>4I(*T��B(J <%J C3�J<%UJ G"3�U- K"4U,> T=/%,2 v�(P 3& C�&)I0�&3�U- u9�UM G"3�U- �U-
G3&<>&I1B C(5_(! 3& 1U#S- g�4UL TU- H "4UM1UB K�U5- TUeS#B rU9 .U� '3&(U- <UN�  ."4UM

T-T>4I(I� �&3�- G"3�- C&3& �" <%J G"3�- TD C&1UB TU=!(I K45UJU5b� Q�(Uy H "4UM5+)2RTU- (
T>4I(* TW�" K&4NaT- C3�J1B ��D."H�4

4 . e9`;B +F@AK-!
0.U5=>? @=��4UA6& 3& G"�7=UJ& �U- 45647�(* R�S=>& �" K_ ;<2 H v5h\� z4y4B �52�B T- TW4� �-

]2Hn* +�& �" G"�7=J& "�4B 'H�0CZ�4E� 'H� 1a4>-�� 3�5> "�4B g�awP& .<M�- 1y� C&(U-
'H� z&4U>& 3& ]2HnU* +�& C&(W&TU>�S-�=D 01>&<U5B C�U2 0C& G"&" �H(UBT=UM)I C�U2T%q�UeB H

<M C�H_"(IG"&" 3& G"�7=J& �- flJ H- C�2T 1bJ G<B_ �J"<�"(I TVp/B C&(- 1y��� 16<B ��
4� �- v5h\� +�& �" .""(I 1q&(P j�$J C45647�(* R�S=>&01UJ�(- "�4UB z4Uy4B �U52�B TU- TW

TB�>(- ^<B- T!<2<Nx CZ�� T.5N[� 3& 1[� K&4Na^<UB �" g�U5V,a �" v5h\� C&��D C�2C3�UJ

1.) 1ANV� <,q& H �y� 01a&�1383(
2. Cohen, Jerome B., Zinbarg, Edward D. and Arthor, Zeikel (1987)
3. Alexander, Gorden J., Sharp, William F. and Jefrey, V. Balley (1993)

4.(D��* Z6�x 0Z>4W)1383(
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@=/5J- 1b5%P(5: H 1b5%P C�2T ̂ <UB .5N[� +�& .�J& G<M T=!(I ��D^<UB T=UJ" 3& C3�UJC�U2
<Nx 3& R4V8B �8J T- K<5J� (=/- C3�J�5$B �5V-�c TD �J& 1b8c.�J&�&" &� ;<2 +�

G"&" 0v5h\� +�& j�E>& �4oNB T-�D(M C�2C&(U- K&(U$� �&"�U$- �&�H& F�4U- �" ^�b! C�272
^�UJ G�UB <N7UJ& T- 1$=NB G�B1386(U�3 g�UyH(7B +=!(UI (Uo> �" �U- H <U�"(I R�US=>&016<UB

U/> 01I<>4UM<h> 0.5��,=U/5J(5: .U/�� 0.5��,=U/5J ./�� 012"3�- ;&<2& �- T!<2<Nx �%
 H ���My +5- 3& j�$J C45647�(* R�S=>& C&(- 1A64x Q�(50 �&"�$- �&�H& F�4- (�(- �D(M

 1q&(P K&($� <M Xq .5=>? @=��4A6& 3& G"�7=J& �- ^<B flJ H .<�"(I
1.T��B(J<N=U/2 ^"�Ub=B ./�� �- 12"3�- ^�%>" T- K&�&)I..U/�� �U$>_C&�&" H <U>Z�(I

#�&Z!& ��o=>& "�4B �5-4V8B.<N=/2 1
2.T��B(J(- &� "49 C47�(* K&�&)IXc&<q F�J&1B R�S=>& '3&(- `-�� �&<hB K"(D.<NND
3.T��B(J TN�ZI (21- �� C�&)I.�J& @5/h� X-�c ���$>
4. ."�&<> "4WH g�56�B H 1��"�%B TN�Z2 ��"H<\B
5.."�&<> "4WH 1y&(h=J& 'H(! H C�&3�- ��"H<\B �52

 K"4- T!<2<Nx T- TW4� �-/BTVp0��"H<U\B H ;<U2 `U-&4� 0@5,e� C�2(5t=B) ^<B C&ZW&TU- (�U2
.�J& G<M G"&" �5y4� (�3 �" T!<2<Nx 16<B 1q&(P �4oNB

4-1197%B +"�)9s-! .
1,=/5J G�A> 3&01WH(9 G<,a ]S- K_ @5,e� C�2(5t=B 01y��� ^<B C�2�J& v5h\� +�& �" .

1y��� ^<B @5,e� C�2(5t=B Z5>0TeS#B F�J&(-0G<M ��(b� C�2ix�UJ&�&<UhB (A>�U5- TUD
T��B(Jj�$J �" C�&)Ii j&�J&.

4-2 (/K! +"�)-!(6"�) Ll"*6 /K! c>"t )*,"`! .
1y��� ^<B (2 1q&(P �"0U- TUD �UJ& 3�U5> 1UeS#B (�"�UhB T-�U� 0^<UB TU- C"H�H K&4UNa T (5i

�&(y .<>�&" K_ Xq 1��$> |��=> (- 1,5h=/B��"H<\B 1N! QU- C�U2(5t=B Q�&(y H �2T !� ��UDTU=
;<U2 `-�U� �"0 C"H�H C&ZUW& 3&1Uy��� ^<UB TU- <N=U/2.B^<UUB XUq 3& ]5U* TUD 1=-�Ui (�"�Uh

1BG"&" X5V\� H T�ZE� H ��&<B 0"�NJ& 3& �/��- C�2"(I XB�M 0<>"(I +5bB G<M C�H_ ̂ H<UW
1.�J&



�>9H6"I�#9?> +@9A@<B)� C"D-3( +()> E9-3F 1-*6@GA( +) "> +(...119

 /�Kb1/K! +"�)-!(6"� .
)-!(6"�u)4!(6"�)-u)4

ir j�$J 12"3�- rJ4=Bi. j&
iiiS j�$J 12"3�- 1A64x Q�(yi.j&
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# 1y&(h=J& 'H(! ��"H<\B
�B(J 0T=!(#5* T��B(J C�2�&3�- �"T�1B �&)I &� 1B�$J 'H(! "�$N#5* <>&4�.U6�B TUD <U2" TUY&�&

 &� X,a +�& 0�/5> K_»1y&(h=J& 'H(!«1B.<NB�>1G<UM `UNB 1Uy&(h=J& 'H(U! TUD 1��4L �"
<M�-01B G"&" K�#> ^<B �" (�3 ��"H<\B g�4L T-."4M

nixi ,...,,210 $'

45647�(* �" &� @$J (2 K3H Xc&<q ��"H<\B +�&1B (o> �" (7L (-&(-"� &� 1U7NB "&<Ua& H "(5I
1B1B ;)q ��"H<\B +�& <M�- 3�EB 1y&(h=J& 'H(! TD 1��4L �" .<��,> .""(I

4-45K4 Lf()^ /K! J(K�( .
#45647�(* 12"3�- (�D&<q

T��B(J T[N�& T- TW4� �-1B g�4L 12"3�- Q/D C&(- C�&)IT��B(J H "(5I �&)I "�&" XU��,� TU-
T��B(J &� "49 TW"4- C4\>�U- (��UN=B ;<U2 0<UND QU/D &� 12"3�U- +�(���U- TUD <UND C�&)UI

1B ��(b� (�3 g�4L T- 45647�(* 12"3�- ."4M

%
$

$
n

i
ii rxZ

1
1max

T��B(J G"3�-" C�&)I(2 XB�M +5bB G�H" .� �" 0j�$J �T!�Uy& TU- 1=!�U��" C<Uh> G4UWH TU>4I
G�H" ^4P �" �,5c g&(55t�0�UJ& <U�(9 K�UB3 �" 1U�&�&" �U� �&�H& �U,5c (U- @5U/h� TUDC&(U-

1B G"�7=J& (�3 T8-&� 3& G"3�- �(> T%J�\B."4M
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$
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ttt
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PPD
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# .5��,=/5J(5: ./�� Xc&<q
(55t� K&4Na T- &� ./�� TD �E>_ 3& ��(b� G"3�- C(�)* 0@�"(UDG"3�U- `U�34� G3&<U>& (U2 +�&(-�UN-

<M�- (�"H<\B0T��B(J ./��I 3& X,a �" ."4- <2&49 (=,D C�&)»G"3�- �(> ��5bB ;&(\>&«TUD
1In�H (A>�5- ^�,=q& `�34� C�2�J& 0C&(-G3&<>&1B G"�7=J& ./�� C(5I T[N�& T- TW4� �- .@5ND

1.)  1ANV� <,q& H �y� 01a&�1383(
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f>���&H0G"&" ]ND&(* (A>�5-�J& +5A>�5B ^4q �20Xc&<q +�&(-�N-.U� K&4UNa T- f>���&H K"(D
<2 ;C&(-(55t� ]2�D1B ��(b� (�3 g�4L T- 45647�(* G"3�- C(�)* ."4M
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n

i

n

j
ijjiii xxxZ

1 1 1
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2 ,,min

#45647�(* .5��,=/5J ./�� Xc&<q
G3&<>& ��5bB 0�=- �5J�/q Q�(y C(5I./�� �&"�$- �&�H& .5��,=/5J�J&.Q�(y +�& 1=,/c

1,> ]2�D z4N� �- TD 1VD ./�� 3&1B G3&<>& &� <-��I�U- @$UJ .U� ./�� 1%/> ��5bB 0�=- ."(5
 �J& j�$J 1B�,� �&3�- 45647�(* T- TW4�TD1B (�3 T8-&� 3&."(D G"�7=J& K_ T%J�\B C&(- K&4�
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m

mi
i rVar

rrCov
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Xc&<q ;<2K"(D .5��,=/5J ./��T- TD �J&1B ��(b� (�3 g�4L."4M

%
$

$
n

i
iixZ

1
3 "min

# 1A64x K"(D(�D&<qj�$J 12"3�-
T��B(J T[N�& T- TW4� �-XU��,� H �J& �%�B 12"3�- Q/D ^�%>" T- �&)I"�&"R�US=>& 1B�$UJ TUD

 0<M�- �%�B �,J T- K_ 12"3�- `�34� TD <ND+5N},2�D(M1A64Ux C&�&" 1UJ�(- "�4B C�2
<>"4- �%�B 12"3�-0(b� �U%�B 12"3�U- 1A64Ux �U- 1�4U5647�(* R�US=>& C&(- (�3 ;<2 f*�U�

1B.""(I

jiSXXSXXXSZ
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4 3max

#45647�(* 1I<>4M<h> K"(D(�D&<q
j�$J 1I<>4M<h> K&Z5B03& .�UJ& <Uh> ^4U* XU�B T��B(UJ (UA�" z&4>& T- j�$J X�<%� �5V-�c (A>�5-

T��B(J TD �E>_�" <>�&" X��,� K&�&)IT- C�H(y `c&4B<NMH(7- &� "49 j�$J <N>&4=- 1=q&�0 C&(-
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� T%J�\BG<M TVB�bB �D(M K_ j�$J TD 1��23H� �%/> 3& �D(M .� 1I<>4M<h> ./� �J&
 �UUJ& T=UUM&" �UU56�b! �&3�UU- TUUD 1��UU23H� TUU-01UUB G"�7=UUJ&K"(D(�D&<UUq ;<UU2 +�&(-�UUN- .@5UUND

1B ��(b� (�3 g�4L T- 45647�(* 1I<>4M<h>.""(I

%
$

$
n

i
iiexZ

1
5max

#45647�(* ���M �%/> (�D&<q K�B�_
��M G"3�- ."(D 1!(bB 45647�(* X5[#� C&(- ��5bB .� K&4Na T- &� ./�� T- 1!�y& G"3�- ��5bB 0�

 T��B(UJ H �J& j�$J G"3�- H ./�� KH<- G"3�- ;w=9& 01!�y&K&�&)UI XU��,�C4U\> TU- <U>�&"
T��B(J(���U- 12"3�U- H "4UM XUL�q �%/> +�& (�D&<q TD <NND C�&)ICTUD 1[U/�� C&3& TU-

 X,\=B1B<>4M0.<NND Q/D

%
$

$
n

i
ii SxZ

1
6max

5 .�> LT@#%! v@� 6(2>(e9`;B 6, �-&6 6"I
@=��4A6& 3& 1[� .5=>? @=��4A6&jZ5>�I�& .5=>? (- 1N=%B K_ F�J& TD �J& C��[=-&&(! C�2 C�2

 G<>3�J& XL& @=��4A6& +�& .»�VL& C�h- �� R�S=>&«1!"�Ue� g�UawP& C(UJ .� �- &� +�H�&"
�9�J'H� �5UL4e9 �U- 4E=U/W @=��4A6& .� H G"4,> j�:"& T=!��"�UE�& 1Ub5%P XUB�[� C�U2

1BT=M� 3& C<�<W Ta4,EB X/> (2 �" (A�" g��%a T- .<��,>QJ�NB 3& G"�7=J& �- �2C&ZUW& +�(U�
1B "�E�& X%c X/>1B �&(c K4B3_ "�4B QJ�N� C&(- <�<W C&ZW& H "4M<>(5I.1

4A6&.5=>? @=��T5%M v�(P 3&_(! C3�J<N�1B 1b5%P .5=>? C�2 1bc&H C�5>" XY�/B �� <M4D
 U- 1=bNL C�5>" XY�/B 3& C��5/- .<ND Xq &�T@=U/5J GnU�H�U- H G"4U- G<U5}5* ��5U/- C<U564� C�U2

'H�TN5$- C�2 'H� ]Uh> .<N=/5> Xq X-�c ^H&<=B H 1=NJ C3�JTUN5$- C�U2(U5o> 16�U,=q& C3�UJ
5=>? @=��4A6& (i�B H F�/q ��5/- TN5B3 +�& �" .�J&.2 �" &� "49 C�W .5=>? @=��4A6& G3H(B&

'H� K�5BTN5$- C�2 H (i�B 'H� .� K&4Na T- H �J& G"(D 3�- 1-49 T- G<5}5* XY�/B Xq C3�J
T9(x �" G<5}5* XY�/B Xq C&(- &��DC��UE� C�U201UB R�U/q TU- 1UJ<N$B H 1U,Va+U�& .<U�_

1. Shu-Heng, C. (2002)
2. Beasley, D., Bull, D. R. and R. M. Raulf (1993)
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@=��4A6&6 3& �2����� �!"#$%& � �'(#)* �#'+,-�. !#�/ 0�!#1 2,!3#1!�� 4!#� -� 0�#''567#89
7:(); <!=&>2+? ����� /- !@?A.�C!+?

5-1����� ��!"#$%& '()* +,!&-. .
D(C-7EF/��!G, H"(?IJ�- !K 21!1/ <!*L'"@K � 7:(); <!*�-7#M LK L5 �?-/� N�/�(� <O!1

:Q1/ 0�R LMS9 TCU
V.D(C-7EF/H"(?I <!*W/7; LX7+:� O/ <�5 !K2� -!5 !*!@?A �79 !K L? �''5

W.D(C-7EF/W/7; O/ 2("Y+; -� H"(?I <!*); !*2� 7:(�%G'� W/7; HC -� L? >�'5
�.D(C-7EF/ 2#� 0�!G(1/ Z�* [K!, �!XS\/ O/ H"(?I <!*�#''5�!#XS\/ !#C ](#^� O/ L#?

%EC� 2_+5
`.D(C-7EF// /- 2F!+(a/ �X/7. H"(?I <!*!G(12� 0�/- 2Yb. �X/7. L? �''5

��!G, LK L;7, !K � 0�R L(Gc <!*D(C-7EF/ �-7� -� d7'5!, Le?A �#R L(Gc H"(?I <!*> 2#�d/7#,
<%,%KD(C-7EF/ 0�+X <!*L'"@K Tf!)� Ta -� H"(?I <!*:�7+? Lf/-/ TCU g%R LK /- <O!1
1.<�'�O!"? H"(?I D(C-7EF/;7, d��K � L(R/�? 2M!9 2$!C- <!*2#?�-� �%#_h+X L#K L

L'"@K Tf!)� Ta LK Lhi)�2� <O!1D(C-7EF/ jC/ .�O/�%k L#?7c%* Ta LK -�!.2(C���#��
 </%K)L?7+?%"l !C 2b9 (2b9Q1/7:(#); <!#=& <�- L#5<!#C � L(#17"k!? >L(#17"k

.�R!K 0�R mC%Y, nh(o�
2. 2##� -�!##. /- D(C-7##EF/ j##C/ >H##"(?I D(C-7##EF/ <!##*%Eh+X -!(9!##1!##, �O!##1j(&!##C -�

W/7;2F!#a -� .�#'5 T#+X ]&7� 2h5 L'"@K <!* J�- -� L#5O/ 7:(#); >2('#1 <!#*
�-7#M 23#)? L#'"@K p!#q? <7#1 L#K Q#5%a � L(&!C r!:?/ LC!)+* p!q? !K L)C!q� ]C%\

2�2� 2(.� !@', 2h5 L'"@K W/7; .�%"cLK �?/7,Lhi#)� 2#C/%E+* 6/7#9 L5 �CA Q1�
)? L'"@K W/7; %* �7R s;7�.�R!K t"? 2h5 L'"@K W/7; 23

3.Z!bY?/ H"(?I D(C-7EF//- 2Cu!#K <%Cvk </%#KH#'"_, !#K ]#"Gh,D*/%#& <-!#_(K/ <!#*
2�2� %)"� /- Lhi)� HC %wx� � /-!5 Ta � �O!1�O!1.1

1. Goldberg, D. E. (1989)
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5-2��!"#$%& @A&?B .����� +,5
L'"@K J�- H"(?I D(C-7EF/ d/t"� j""Y, </%K ]"q�, jC/ -� L5 Q1/ 2K!C LC!�%#1H#C -� <-/v#c

LC!�%1 �312� -/%. 0�!G(1/ �-7� <-/vc!#K %#CO </t#;/ !#K 2#_"(?I D(C-7#EF/ -7#y'� jC�#K .�%"c
L�!?%K O/ 0�!G(1/ n"�� -� 2)C7?Visual Studio 2008.�R 2a/%\

5-2-1C6D#.6?E . :LF!3?� !C L(R-Q"K O/ </j#_+� W/7#; H#C 0�#R�5 T_#R d/7#'X LK L5 !*
C s1!'�) O/ (s1!'�!? !Lhi)� %y? �-7�Q1/.1O/ ]"q�, jC/ -�>�#R 0�!G(#1/ N!+"#1� <-/v#c�5

2� /- 2*�*� %C�!q� O/ 2_C >Q"K %* dA -� L5 </-/� %$!a Lhi)� rO7��%5 .�%Cvk50 .Q1/ dI
W/7; LX7+:� O/ 2_C %E?!"K dI %* N!+"1� -/�q�LC!�%#1 d/t#"� L#K p7#K%� <!*%#* -� <-/v#c

.Q1/ Q5%R

5-2-2@F(�D&?G 6 H(5 IG,J .: Z�* [K!,</%K0���#�� -� L?7Ez !*%"{(� L_'C/ j""Y, Lhi#)�
2� |q? <!GC/2� -/%. 0�!G(1/ �-7� >�'C!+?[K!#, -/�#q� TC�#3, </%K }u7+Y� 2c�?O/%K [K!, � �%"c

2� -/%. 0�!G(1/ �-7� dA LK L()K/� 2c�?O/%K -/�q� HC LK Z�*.�%"c2�-!3X LK:DC-/� %EC�

 !)()( xfgyF "

 L5 <-7\ LKf [K!, � 0�7K Z�* [K!,g%"l ��X HC LK /- Z�* [K!, -/�q�2� TC�3, 2G'�� �#C!+?
F p7K%� 2c�?O/%K -/�q�Q1/2c�#?O/%K [K!#, O/ L#5 <-/�#q� !#K W/7#; d�7#3? !C d�7K s1!'� .
LK2� Q1�2� 0�":'1 >�CA ~7? O/ Lhi)� d7z .�7RL'"@K <O!1Q1/Z�#* [K!#, !K 2c�?O/%K [K!, >

 d!)_C Lhi)�Q1/2� mC%Y, %CO LbK/- �-7M LK Lhi)� jC/ 2c�?O/%K [K!, .:��%c
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h
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Zn
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#
$

#
$

#
$

#
")(

dA -� L5
1Z !,6Z "1 H#)C- >H",!+()"1%"l H)C- >2*�O!K Z/�*/ [K!, :s",%, LKsC%#$ >H",!+(#)

 �-!R Q3)? � 2c�?7R�q? H)C- >2EF7z

1. Beasley, D., Bull, D. R. and R. M. Raulf (1993)
2. Schmitt, L. M. (2001)
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kn : Z�* </%K 2c�?O/%K -/�q�k) r/max(<O!1
kp : Z�* </%K 2c�?O/%K -/�q�k)r/min(<O!1
kh:2K �9!R�!"q�Z�* </%K 21�"h./ <O!1kr/.Q1/

5-2-3.(�%#J 9&(OJ 6 P�O)Q 'D&(�&:r�O7��%5 �/�Y,2� Q"Y+; 0O/�?/ /- !*j#C/ -� .�#'C7c
|C!�OA -� Q"Y+; 0O/�?/ >]"q�,L#K T)? HC O/ Q"Y+; � L(&%c -/%. 21-%K �-7� mh(o� <!*

J�- O/ 0�!G(1/ !K %(@K W/7; j(&!C -7y'� LK %EC� T)?    .Q#1/ L#(&!C �7#3@K T#�� �"F7, <!*10O/�#?/
+; >]"q�, jC/ Q"Y150�/�Y, � r�O7��%5T)?250Q1/!:?A O/ .%#y? �-7#� 2c�?O/%K [K!, L5

T)? 2\ dA JO-/ >Q1!b9 -/�q� d�%5 D+"'"� 2k -� !�O/ �#k .�-/� 2#F�t? %"#1 >mh(o� <!*
T)? �/�Y, d�7�OAmh(o� <!*> s#1!'(� |@; �%? !K>#K 2c�#?O/%K JO-/ jC%#(@KL0�#�A Q#1�

079/0Q1/.

5-2-4R?3 .(�%#J D,G (0!:A%& -��"F7, O!K �'C>r�O7��%5!#@?A 2c�?O/%K [K!, -/�q� LK L;7, !K !*
� 0�R W!o(?/!#*%Eh+X N!#+X/ </%#K %#EC� < #KL2#� L#(&%c-!5  ) %#_"K .�?7#R1985L#C�- H#C (

A%& </%K <%(�/-!k%"lQ#1/ 0�%#5 Lf/-/ �"F7, O!K �'C.#K [K!#, ]#3\ %#K Q#"Y+; J�- j#C/ -� JO/%
2� s,%�.�7R2L3,- O/ 2YK!, L5 �?O%& 0�?-!+R HC r�O7��%5 %* LK ��1 J/ Q#1/>�"#8o,

2� 0�/�2� s",%, jC/ LK .�7R�"F7, /- �F/� %* O/ 231!'� 2�5 d/7,�.�%5 Tq('� <�YK T)? LK
 ]"q�, jC/ -�50�#5 %#* � 0�R W!o(?/ 2c�?O/%K JO-/ !K L)C!q� �!1/%K %,%K r�O7��%5 r/
r�O7��%5 jC/ O/ 2#� <�YK T)? -� r�O7��%5 L1 �"F7, LK so('� <!*r�O7#��%5 H#C .�#?O/�%k

L'"@K d/7'X LK%,q('� <�YK T)? LK D"q()� r�O7��%5 jC2� T��%cL3o? N�� �!1/%K)  .(/%c

5-3����� +,5?$1)* .
 #1/ H"(?I <!*%Eh+X O/ �C!K 7:(); <!=& -� Lbq? HC d�%5 /�"k </%KO/ �-7#� �� .�7#+? 0�!G(

: O/ �',-!3X !*%Eh+X jC/

1. Schmitt, L. M. (2001)
2. Shu-Heng, C. (2002)
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1.|@; %Eh+X:%#EC� dI !#K dI HC </7(�� dA -� L5 Q1/ 2&�!8, �'CA%& HC |@;
</%K2� jCtEC!; �C�; H"(?I -!(9!1 HC �"F7,.��%c10�#R 0�!G(#1/ |#@; %Eh+X

 Q9/7'_C %Eh+X ]"q�, jC/ -�Q1/K .LdI O/ 2#_C L#5 s#",%, j#C/L#K /- !#*Z�!#8,
j"#K L#'�/� O/ 2&�!#8, �-7#M LK L5 <%EC� -/�q� !K %K/%K /- dA -/�q� � 0�7+? W!o(?/

dI -/�q� j"C!k � u!K �a2� W!o(?/ !*�7R>2� -/%.-� 0�#R 0�!G(#1/ |#@; �%? .�*�
 ]"q�, jC/1/0Q1/ ]"q�, jC/ -� |@; -/�q� .001/0Q1/dI -� 2#h3. -/�#q� LK L5

2� L&!$/.� .��%c !#o(?/ 2&�!8, -7bK dI HC 2(WQ#&!C |C/t#&/ �>-7#bK %#EC� dI
2� |*!5 � W!o(?/ 2&�!8,.�K!C

2.2Y\!q, %Eh+XX : 2hM/ %Eh+</%Kr�O7#��%5 �#"F7,>H#"(?I D(C-7#EF/ -� �#C�; <!#*
 [\!q, %Eh+XQ1/�#"F7, <�#C�; �/%#&/ >Q#Y"3\ -� J�7#9 <!(+* LK!^� %Eh+X jC/ .

2�dI) </t;/ L5 �C!+?<!*2� T"_^, |'C�F/� O/ dA (L#K L;7, !K ]"q�, jC/ -� .��%c
QC�����Lhi)� <!*>2� W!o(?/ r�O7��%5 HC O/ jC�F/�.(�7_Y� %Eh+X) �?7R

6 .<(. +&?Q&
 j"K O/ L'"@K 7"F7G,%k W!o(?/50N��#; -� L5 Q1/ %y?�� d/%@, -/�!@K �/-�/ �-7K %,%K Q5%R

4> jC/50{(� 0/%+* LK Q5%R!@?A </%K 0�R mC%Y, %" N�#� </%;/ </%K rOu <!*%(�/-!k �d!#^?
.Q1/ 0�R 0�/�
 N��; -�2Q5%R N�/ d7(1 >mC%Y, D"+8, %"{(� r�� d7(1 � 21-%K �-7� <!*</%#K 0�#R

2� d!^? /- Q5%R %* Q5%R </%K -!y(?/ �-7� L?!"*!� 2*�O!K r71 d7(1 .�*�Q1/ 0�!G(1/ !K L5
O!K j"E?!"� O/ 2*�720!#� �'G#1/ L#K 2#@('� 0!#�86 #KLH#)C- L3#1!�� </%#K .Q#1/ 0�#�A Q#1�
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