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Web Based E-Learning and Statistical Program for Analyzing 

Partition Chi-Square on Contingency Table 
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����&�-( 
+���6+7���!80"&8 #9:"+����,�0$9�;+�*#'<=)�>��?.,@A,?�,�&=�,)0+����#����.�+��;�+�>�"�>�B��;����(�+

����0;(+;(0�)0��0 ��*����C�"���>�#'<=).��,)��-9���*;�+�>�0�)0%!+7���>)�?";�>%�+%->*9����+�B/, 
;%�B/,�! ���*�A,#+&=��+! +��;�+�>�"�>�B��;����(�+����0;(+;(0�)0��0 $/�@>�"��0�<=)+��#�&�"�A, D6=0(�
�C�"60�60+�� �"+���/�) �**��E�"��0�����;%��,)+C�."/# <8)0�,"�)0+���/�) B��;���� +��?�,0�"(�
)�A>?"%!+7����*�) ��.�>�0@A,?�,+! �)*'��#�)����0.",�() ;%�(�B/,�! �C��) #9:"�!8"�)"�-/�,�� D6=0#9:"@%
(�++���/�) �**��E�"?";�>%�����0�>)� $/�$9�;+�*"&8"C�#�")?"#�F BD�� http://www.kmitl.ac.th/ 
~s0051149 D6=0�,)0��/�!80$9�;+�*%0?"#��<=)0�)*'��#�)�� ")+(�+"&8�<=)+��#�&�"�A,�!0B/,)O� ��#"<8).�;%�
�!�)�>�0�&=#+&=���,)0+! �P7Q&+��;�+�>�"�>�B��;���� �C�.�! ���*'60')?(�)0@A,?�,$9�;+�*' �>��>�"?.R>*&
���*'60')?(*�+ 
 

�Q��Q���P : +���/�) B��;����  +��;�+�>�"�>�B��;����  $9�;+�*�C�"����0����� 
 

Abstract 
The objective of this study is to develop program to assist those who want to analyze the partition chi-

square on contingency tables. It can be computed to find different characteristics conclusions in each population 
and to gain knowledge about the partition chi-square on contingency tables by web based e-learning regarding 
statistical hypothesis testing process and basic assumptions for chi-square test. The program will be so designed in 
such a way that user can communicate with computer by means of question and answer through the monitor. The 
final answer will end up with hypothesis testing results for each sub-table. For those who are interesting can find 
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the program at website http://www.kmitl.ac.th/~s0051149. The program must be installed on your computer. 
Moreover; web based e-learning also explains the content and examples related to the theory of partition chi-
square. For the satisfaction of users found that most users were satisfied. 
 

Keywords: chi-square test, partition chi-square, statistical program 
 
 

1. ���Q� 
+���/�) B��;���� (chi-square test) #9:"

������/�) �&="��*?�,?"0�"��(!�)�>�0;'�>.%�� 
�!80"&8)�(#"<=)0(�+B*>*&�,)(C�+!/#+&=��+! %!+7��
�A9�>�0+��;(+;(0�)09����+� (shape of the 
population distribution) �,)*A%�&="C�*���#����.�#+F 
 !"�6+B/,0>�� #�&��>�?�,(>��",)� ;%��!0�C�"��B/,0>��
B*>�->0��+#.*<)"������/�) �!�)<="h [1] ��*�!80@%
+����#����.��,)*A%��*�����-9�C��) ?"9��#/F"
9kR.�+����(!�B/,.%���"�/ D6=0��*���; >0B/,#9:" 3 
%!+7�� B/,;+> +���/�) m�������A9�"��/& (test 
for goodness of fit) +���6+7����*�!*'!"O���.�>�0
�)0�!�;9� (test for independence) ;%�+��
��#����.����*#9:"#)+'!"O��)0�!/�>�" (test for 
homogeneity of  proportions) 

+���6+7�;  "&8(�#9:"+����#����.�;  
�)0��0�&=*& c 9����+��&=)�����>)+!" 9��#/F"
9kR.�+����(!�"&8(��!80�**��E�".%!+�>�B*>*&���*
;�+�>�0+!"�)0�>��!/�>�"�)0%!+7���>)��>�0h ?" 
c 9����+� .�<))�(.*���609����+��!80 c 
9����+�#9:"9����+��&=#.*<)"+!" 

+���/�) B��;����(� )+B/,#'&�0�>� *&
���*;�+�>�0)�>�0",)� 1 �A> ?"�!/�>�"�)0%!+7��
�>)��>�0h ?"+%->*9����+�;�>%�+%->* D6=0B*>��*���
�� -B/,�>�#9:"���*;�+�>�0?"�A>?/ �,���*���
��#����.��>)B9 ;%�B/,@%��-9�>��A>?/ ,�0�&=;�+�>�0

+!".�<)�A>?/ ,�0�&=B*>;�+�>�0+!" +F(�B/,���%�#)&�/
�)00�"��(!�*�+�68" �C�?.,#�,�?(�60+%->*9����+�B/,
/&�68" 

/!0"!8"+���6+7���!80"&8  (�"C�#�")��O&+��
��#����.���0����� .%!0(�+' �>�+���/�) B��
;�����C �.�! ���*#9:"#)+'!"O��)0�!/�>�"*&
"!��C��!R��0����� D6=0(�#�&�+�>�+��;�+�>�"�>�B��
;���� (partition chi-square) $/�(�;�+�>�"(�+

����0;(+;(0�)0��0?/h #9:"����0�>)��"�/ 2×2 
B/,(C�"�"#�>�+! )0�����*#9:")�����)0����0
"!8"h ;%,�?�,��O&+��;�+�>�"�>�B��;����?"%C�/! 
�!/B9 D6=0(�B/,���%�#)&�/�)0+����-9@%?" c 
9����+�*�+�68" [2,3,4,5,6] 
 

2. ��	� ��
�0�
X(00����/�� 
#'<=)'!o"�$9�;+�*��#����.�+��;�+�>�"�>�

B��;����(�+����0;(+;(0�)0��0�&=0>���>)+��?�,
0�" $/�)�A>?"�A9$9�;+�*�C�#�F(�A9�&=?.,@A,?�,#%<)+
#*"A�>�0h ?"+����#����.�;%���,�0�<=)+���)" "
#�F #�<=)0+��;�+�>�"�>�B��;����(�+����0;(+;(0
�)0��0�&=#9:"m�7�B�� 
 

3. X�Z�	(�+����+�-���-�.������
/�+	���0

�/+�/0�(0��0 
.%!++����,�0����0�>)�$/���O&�)0 Castellan 

�<)�C�+��;�+�>�" (partition) ����0#/�*))+#9:"
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����0�>)��"�/ 2×2 (C�"�" (r-1)(c-1) ����0 �&=#9:"
)����+!";%��>�0*&)0�����*#9:")����#�>�+!  1 ;%�
.%!++��"&8*&���*�)/�%,)0+! ;"���/�)0 Lancaster 
;%� Irwin D6=0*& 2 �!8"�)" �<)  

3.1 X�Z�	(���+ 
?.,(!/#�&�0%!+7���>)��)0�!�;9���0

;��")";%�;���!80?.,#.*���* #'<=)+��;9%@%
m��.%!0(�++��;�+#9:"����0�>)��"�/ 2×2 ;%,�*&
� � �*.*���� 0��*�! ��- 9���0���&= �, ) 0+ � �
#9�&� #�&�   

3.2 X�Z�	(�����(0 
��,�0����0�>)�$/�*&��O&/!0"&8 
3.2.1 +��&����0#��=*�,"#9:"�"�/  r×2 

�!�)�>�0 +��;�+�>�"(�+����0;(+
;(0�)0��0�"�/ 3×2 D6=0*&)0�����*#9:")����
#�>�+!  (3-1)(2-1) = 2 (60*&����0�>)��"�/ 2×2 #�>�+!  
2  ����0�>)� �&=#9:")����+!"/!0"&8 
 

����0#��=*�," 

11O  12O  

21O  22O  

31O  32O  
 

;�+�>�"#9:" ����0�>)��&=1 

11O  12O  

21O  22O  
 

;%�����0�>)��&= 2 

11O  
+ 

21O  

12O  
+ 

22O  

31O  32O  

$/����*�&=?"#D%%��)0����0�>)�
#+�/(�++����*���*�&=?"#D%%��>�0h �)0����0
#��=*�," #�>" ?"����0�>)��&= 2 #D%%�D,�� "(�*&
���*�&=#�>�+!  O11+O21 ;%�#D%%���� "(�*&���*�&=
#�>�+!  O12+O22 ;%�*&�A���C�"���>� 

2χ ;  ;�+
�>�"?";�>%�����0�>)� /!0"&8 

�C�.�! ����0�>)��&= 1  

2

1
χ   =   

2

12211122

2
)( OOOON −

)(
211221

RRRRCC +
 

;%��C�.�! ����0�>)��&= 2 

2

2
χ  =  

2

221231211132 )]()([ OOOOOON +−+

)( 21321 RRRCC +
 

 

#*<=)  N = �"�/�!�)�>�0�!80.*/ 

ijO = ���*�&=�&=�!0#+�B/,(�+;��")"�&= i ;%�;��
�!80�&= j �)0����0+����(�#��=*�," 

Cj = @%��*�)0;���!80�&= j �)0����0+����(� 
#��=*�," 

Ri =  @%��*�)0;��")"�&= i �)0����0+����(�
#��=*�," 

.*��#.�- : 1. �>��-+�>���/(�+����0#��=*�," #�>"     

R3 = @%��*�)0;��")"�&= 3 (�+

����0#��=*�," 
2. @%��* 2χ �)0����0�>)� ���#�>�+!  

2χ �)0����0#��=*�," 
3.2.2 +��&����0#��=*�,"#9:"�"�/ r×c 

�!�)�>�0 +��;�+�>�"(�+����0;(+
;(0�)0��0�"�/ 3×3 D6=0*&)0�����*#9:")����
#�>�+!  (3-1)(3-1) = 4 /!0"!8"(60*&����0�>)��"�/ 2×2 
#�>�+!  4 ����0�>)��&=#9:")����+!" /!0"&8 
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����0#��=*�," 
                                             
 
 

 

;�+�>�"#9:"����0�>)��&= 1 

11O  12O  

21O  22O  
 

����0�>)��&= 2 
                                                                                                                                                                                                                                                      
 

 

����0�>)��&= 3 

11O + 12O  13O  

21O + 22O  23O  
 

����0�>)��&= 4 

11O + 12O  
+ 

21O + 22O  

13O  
+ 

23O  

31O + 32O  33O  
 

�A���)0�>� 2χ ;  ;�+�>�"�)0;�>%�
����0�>)�#9:"/!0"&8 

2

1
χ   = 

2

22121211211122 )]()([ OCOCROCOCRN −−−

))(( 21212121 CCRRCCRR ++
 

2

2
χ   =  

2

221231211132

2
)]()([ OOOOOON +−+

))((
2121213

CCRRCCR ++
 

2

3
χ   =  

2

222113121123

2
)]()([ OOOOOON +−+

))((
2121321

CCRRCRR ++
 

2

4
χ   = 

2

323123132221121133 )])(()([ OOOOOOOOON ++−+++

))(( 212133 CCRRCR ++
 

 

�,)�!0#+� :  
 

����0�>)��&= 1 (��A+�- ��* (collapse) 
#9:"�>�"."6=0�)0����0�>)��&= 2 ;%�
����0�>)��&= 2 (��A+�- ��*#9:"�>�"
."6=0�)0����0�>)��&= 3 

3.3 X�Z�	(�������   
;�"�>����*�&=?"�A���)0 2χ

  
;�+�>�" 

�!�)�>�0 [2] ?"+���6+7��60���*;�+�>�0
�)0�"�A0;%��"#�&8�?"�-��* !�����*#9:"@A,"C� $/�
�->*�!�)�>�0�"�A0 52 �" ;%��"#�&8� 43 �" �!�)�>�0
;�>%��"(��A+(C�;"+�>�*&%!+7��#9:"@A,"C� @A,��* 
.�<)B*>;�/0))+ �,)0+����� �>��"�A0;%��"#�&8�
*&�-��* !�����*#9:"@A,"C�?"%!+7���>)��!80��* �<) 
#9:"@A,"C� @A,��* ;%�B*>;�/0))+/,���!/�>�"#�>�+!"
.�<)B*> �,�B/,�,)*A%�!�)�>�0/!0����0�&= 1  

�,)�!0#+� +��(!/#�&�0%!+7���>)�?";��
")"���#��=*(�+@A,��* B*>;�/0))+ ;%�@A,"C � 
��*%C�/!  
 

	���0��� 1   (C�"�"�"#�&8�;%��"�A0 (C�;"+��*
%!+7��+��#9:"@A,"C� 

%!+7���>)��)0
+��#9:"@A,"C� 

���*�A0  

��* 
#�&8� �A0 

@A,��* 22 14 36 
B*>;�/0))+ 9 6 15 
@A,"C� 12 32 44 

��* 43 52 95 
 

�**��E�" 

H0 : �"#�&8�;%��A0(�*&�!/�>�"�)0%!+7���>)��)0+��

#9:"@A,"C��!80 3 ��/!  B*>;�+�>�0+!" 

11O  12O  13O  

21O  22O  23O  

31O  32O  33O  

11O  
+ 

21O  

12O  
+ 

22O  
 31O  32O  
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H1 : �"#�&8�;%��A0(�*&�!/�>�"�)0%!+7���>)��)0

+��#9:"@A,"C��!80 3 ��/!  ;�+�>�0+!" 
�&=��/! "!��C��!R α = 0.01  

������/�)   =2χ
  
∑∑
= =

−r

i

c

j ij

ijij

E

EO

1 1

2
)(  

  =     10.712 

              2χ ����0  =  
2χ 0.01,2  =  9.21 

��-9�>�9y�#�O H0 ;�/0�>��"#�&8�;%��A0

(�*&�!/�>�"�)0%!+7���>)��)0+��#9:"@A,"C��!80 3 
��/!  ;�+�>�0+!")�>�0*&"!��C��!R��0������&=��/! 
"!��C��!R 0.01  

#*<=)9y� #�O H0 (6 0���.����%�#)&�/

#'�=*#��*�>��A>?/;�+�>�0+!" $/�?�,+��;�+�>�"
 

2χ  
D6=0����0#��=*�,"�"�/ 3×2 #*<=)�C�+��;�+�>�"�>�  
B��;����(�B/, (3-1)(2-1)  = 2 ����0�>)� /!0"&8  
 
	���0�-(���� 1  (C�"�"�"#�&8�;%��"�A0(C�;"+��*

%!+7��+��#9:"@A,"C� �<) #9:"@A,��*
;%�B*>;�/0))+ ( #9�& � #�& � 
� �. �> � 0 + � � # 9: " @A, � � * ; % � B *>
;�/0))+) 

%!+7���>)��)0
+��#9:"@A,"C� 

���*�A0 
#�&8� �A0 

@A,��* 22 14 
B*>;�/0))+ 9 6 

 
�**��E�" 

H0 : �"#�&8�;%��A0(�*&�!/�>�"�)0%!+7���>)� �<) 
+��#9:"@A,��*;%�B*>;�/0))+ B*>;�+�>�0+!" 

H1 : �"#�&8�;%��A0(�*&�!/�>�"�)0%!+7���>)� �<) 

+��#9:"@A,��*;%�B*>;�/0))+ ;�+�>�0+!" 

�&=��/! "!��C��!R α = 0.01  

������/�)  =
2

1χ   ( )
)( 211221

2

12211122

2

RRRRCC

OOOON

+

−  

                                =   
)1536)(36)(15)(52)(43(

(9)(14)] - [(6)(22)95
22

+
       

                                =    0.005 

               
2χ ����0  = 

2χ 0.01,1  =  6.635     

��-9�>��)*�!  H0 ;�/0�>�B*>*&���*

;�+�>�0)�>�0*&"!��C��!R��0����� �)0�!/�>�"�)0
%!+7���>)� �<) +��#9:"@A,��*;%�B*>;�/0))+?"
�"#�&8�;%��A0 
 
	���0�-(���� 2  (C�"�"�"#�&8�;%��"�A0 (C�;"+��*

%!+7��+��#9:"@A,"C� �<) B*>#9:"@A,"C� 
(#9:"@A,��* + B*>;�/0))+) ;%�#9:"
@A,"C� (#9�&� #�&� ��.�>�0+��B*>#9:"
@A,"C�;%�#9:"@A,"C�) 

%!+7���>)��)0
+��#9:"@A,"C� 

���*�A0 
#�&8� �A0 

B*>#9:"@A,"C� 31 (22+9) 20 (14+6) 
@A,"C� 12 32 

 
�**��E�" 

 H0 : �"#�&8�;%��A0(�*&�!/�>�"�)0%!+7���>)� �<) 

+��B*>#9:"@A,"C�;%�#9:"@A,"C� B*>;�+�>�0+!" 

 H1 : �"#�&8�;%��A0(�*&�!/�>�"�)0%!+7���>)� �<) 

+��B*>#9:"@A,"C�;%�#9:"@A,"C� ;�+�>�0+!" 
�&=��/! "!��C��!R α = 0.01  
 
������/�)     

          =
2

2
χ  

( ) ( )[ ]
)( 21321

2

221231211132

RRRCC

OOOOOON

+

+−+  
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                  =    ( ) ( )[ ]
)51)(44)(52)(43(

614129223295
2

+−+  

                  =     10.707 
2χ ����0  =  

2χ 0.01,1  =  6.635     

��-9�>�9y�#�O H0 ;�/0�>�*&���*;�+�>�0

+!")�>�0*&"!��C��!R��0������)0�!/�>�"�)0%!+7��
�>)� �<) +��B*>#9:"@A,"C�;%�#9:"@A,"C�?"�"#�&8�;%��A0 
;%���*�����-9�60�>�B��;����(�+����0�>)�;%�
����0#��=*�,"B/,/!0"&8 
 

@%��-9�>�B��;����;�>%�����0�>)� 
%C�/! �&=�)0����0 �>�B��;���� 

1 0.005 
2 10.707* 

��* (#�>�+! ����0#��=*�,") 10.712 
  

(�++��;�+�>�"B��;���� (�' �>�B/,
���%�#)&�/#'�=*#��* �<) ' �>�*&#1'�����*;�+�>�0
��.�>�0�!/�>�"�)0%!+7���>)� �<) +��B*>#9:"@A,"C�
;%�#9:"@A,"C�?"�"#�&8�;%��A0#�>�"!8" ;�>B*>*&���*
;�+�>�0��.�>�0�!/�>�"�)0%!+7���>)� �<) +��#9:"
@A,��*;%�B*>;�/0))+?"�"#�&8�;%��A0 
.*��#.�- : 
1. ?.,�!0#+��>�+��;�"�>��>�0h ?"�A�� 2

1
χ ;%� 

2

2χ (�?�,�>�(�+����0#��=*�," B*>?�,(�+����0
�>)� 

2. �>� 2χ ����0#��=*�," =  @%��*�)0 2χ (�+����0�>)� 

3. (�+�C���*�&=�,)0+��B/,�C��)  (�#9:";"���0?"
+��(!/�!�;9��>)���0;��")" �<) ���(�#��=*(�+
�C���*;�++>)"B9�!0�C���*�&= 2 

  

4. #�+���]+�� 
B/, $9�;+�*�� # ����.�+��;�+�>�"�> �       

B��;����(�+����0;(+;(0�)0��0 D6=0��*���
/��"�$.%/@>�"#�F BD�� �<=) http://www.kmitl.ac.th/ 
~s0051149 $/�*&#*"A�&=�C��!R���+%>���60 /!0"&8 

4.1 #"<8).� D6=09��+) /,��#"<8).��)0�P7Q&
����� 

4.2 �!�)�>�0 
4.3 +��/��"�$.%/ $9�;+�*��#����.�+��

;�+�>�" 2χ
 

4.4 #"<8).� #*<=)�%�+#%<)+�&=;� #*"A #"<8).�(�
#�,��A>.",��>�0�)0 �"C�;%��P7y&  

�!�)�>�0 #*<=)�%�+#%<)+�&=;� #*"A�!�)�>�0 (�
#�,��A>.",��!�)�>�0#�<=)0+��;�+�>�"�>�B��;����(�+
����0;(+;(0�)0��0 (partition chi-square) D6=0
;�/0%�0���,)���*?.,#%<)+�!80.*/ 5 �!�)�>�0 #*<=)
#%<)+B9�&=%�0���,)���*?/�,)���*."6=0 (�;�/0$(��� 
����0 ��O&+���C�"�� ;%�@%��-9?";�>%��!�)�>�0
"!8"h 

/��"�$.%/ #*<=)�%�+#%<)+�&=;� #*"A/��"�
$.%/ (�#�,��A>.",��>�0�C�.�! /��"�$.%/$9�;+�*
�C�"��+��;�+�>�"�>�B��;����(�+����0;(+;(0
�)0��0 (partition chi-square) D6=0��*���/��"�
$.%/$9�;+�**���/�!80?"#��<=)0;%�?�,0�"B/, /!0
�A9�&= 1 
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�$���� 1 
 

.",��>�0�)0/��"�$.%/ ;�/0.",��>�0+��
/��"�$.%/$9�;+�* $/�#%<)+ {�%�+�&="&=#'<=)
/��"� $.%/$9�;+�*;%��A> *< )+��?�,
$9�;+�*| #'<=)�C�+��/��"�$.%/$9�;+�*
B9��/�!80?"#��<=)0 
 
D6=0(�#�,��A>+��?�,0�"$9�;+�*B/,/!0�A9�&= 2 

  

 
 

�$���� 2  
 

.",��>�0+��#�,�?�,0�"$9�;+�*��#����.�+��
;�+�>�"�>�B��;����(�+����0;(+;(0�)0
��0 
 

#*<=)�%�+#%<)+9-}*  (�#�,�
�A>.",�+��?�,0�"$9�;+�* (�9��+y/!0�A9�&= 3 $/�
@A,?�,0�"�,)0#%<)+(C�"�";��")";%�;���!80 #'<=)
+C�."/�"�/�)0����0#��=*�," 

 
 

�$���� 3  
 

.",��>�0+��?�,0�"$9�;+�*��#����.�+��
;�+�>�"�>�B��;���� 

 
�A9�&= 3 ;�/0+��?�,0�"$9�;+�*��#����.�

+��;�+�>�"�>�B��;����(�+����0;(+;(0�)0��0 
$/�@A,?�,0�"�,)0#%<)+(C�"�";��")";%�;���!80 
#'<=)+C�."/�"�/�)0����0#��=*�," D6=0(�*&�"�/B*>
#+�" 5 � 5  

 �!�)�>�0+��?�,0�"$9�;+�* �)�+�!�)�>�0  
9��+)  /!0"&8 

+C�."/?.,;��")"#�>�+!  4 ;%�;���!80
#�>�+!  2 $/��%�+#%<)+(�+;� #%<=)" .�<)�� -�!�#%�  

;%,�#%<)+�%�+9-}*     (�9��+y
����0�"�/ 4 � 2 /!0�A9�&= 4 
 

 
 

�$���� 4 
 

.",��>�0+��#%<)+����0�"�/ 4 � 2   
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�A9�&= 4 ;�/0+��#%<)+����0�"�/ 4 � 2 (�
*&����09��+y�68"��*�"�/�&=#%<)+B�, �!8"�>)B9?.,
?�>�<=)+%->*�&=�6+7� %!+7���>)��&=�,)0+��#9�&� #�&�  
;%��!�#%��&=?�,�C�"�� #*<=)�� -�>��� ;%,� ?.,�%�+

9-}*  D6=0(�B/,�>�B��;����))+*� /!0
�A9�&= 5 
 

 
 

�$���� 5  
 

.",��>�0+���C�"���>�B��;����(�+����0
#��=*�,"�"�/ 4 � 2   

 
�A9�&= 5 ;�/0+���C�"���>�B��;����(�+

����0#��=*�,"�"�/ 4 � 2 D6=0(��� -�>�@%��*?"�-+
;��")" ;���!80 ;%�@%��*�!80.*/?.,$/�)!�$"*!�� 
.%!0(�+"!8"?.,+C�."/�>�;)%~� (alpha) D6= 0?"
$9�;+�* *&?.,#%<)+ 3 �>� �<) 0.01 .�<) 0.05 .�<) 0.1 
?"�&="&8�,�#%<)+�>�;)%~�#�>�+!  0.01 ;%,�+/9-}* 

  (�;�/0@%+���/�) 
�**��E�"))+*� /!0�A9�&= 6  

 
 

�$���� 6  
 

.",��>�0@%+���/�) �**��E�"(�+����0
�"�/ 4 � 2 

 
�A9�&= 6 ;�/0@%+���/�) �**��E�"(�+

����0�"�/ 4 � 2 D6=0@%�&=B/, �<) 9y�#�O�**��E�"
.%!+ ��*���;�+�>�"#9:"����0�>)�B/, 3 ����0�>)� 

$/�+/9-}*      (�9��+y
.",��>�0;�/0����0�>)� /!0�A9�&= 7 
 

 
 

�$���� 7 
 

.",��>�0;�/0����0�>)�(�+����0#��=*�,"
�"�/ 4 � 2 

 
�A9�&= 7 ;�/0(C�"�"����0�>)�(�+����0

# ��= * �, " � " � /  4 � 2 # *<= ) # %< ) + � %� + 9-} * 

  (�9��+y�>�?";�>%�����0
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�>)� ��*�!80@%��-9;�>%�����0�>)��68"*�$/�
)!�$"*!�� /!0�A9�&= 8  
 

 
 

�$���� 8  
 

.",��>�0@%+���/�) �**��E�"?";�>%�
����0�>)� 

 
?"+��&�&=�,)0+��#9%&=�"�"�/����0#��=*�,"

?.*> ?.,�%�+#%<)+9-}*   ;%�#%<)+9-}* 

 #'<=)+C�."/�"�/����0#��=*�,"
?.*> #�>" +C�."/?.,;��")"#�>�+!  3 ;%�;���!80
#�>�+!  4 $/��%�+#%<)+(�+;� #%<=)".�<)�� -�!�#%�

#)0 ;%,�#%<)+�%�+9-}*   (�9��+y
����0�"�/ 3 � 4 /!0�A9�&= 9 
 

 
 

�$���� 9  .",��>�0+��#%<)+����0�"�/ 3 � 4 
 

�A9�&= 9 ;�/0+��#%<)+����0�"�/ 3 � 4 (�
*&����09��+y�68"��*�"�/�&=#%<)+B�, �!8"�>)B9?.,

?�>�<=)+%->*�&=�6+7� %!+7���>)��&=�,)0+��#9�&� #�&�  
;%��!�#%��&=?�,�C�"�� #*<=)�� -�>��� ;%,� (60�%�+

9-}*  D6=0(��C�"���>�B��;����?";�>
%�����0�>)� /!0;�/0?"�!�)�>�0�&=@>�"*�  
 

5. ���� ���
X%(���(��
 
+���6+7���!80"&8  �<)  +����,�0$9�;+�*

��#����.�+��;�+�>�"�>�B��;����(�+����0;(+;(0
�)0��0  #'<= )�6 +7� #��"��?"+��;�+�>�"�> �        
B��;����(�+����0;(+;(0�)0��0 ;%�"C�#�")
��O&+���� #����.���0�����  #*<=)' �>�+���/�)     
B��;�����C�.�! ���*#9:"#)+'!"O��)0�!/�>�"*&
"!��C��!R��0����� D6=0$9�;+�*"&8(��>���C�?.,@A,?�,
B/,�! ���*��/�+?"+���C�"���>�B��;����?"
����0#��=*�,";%�����0�>)� ;%�.�@%��-9�)0+%->*
9����+�B/, ��*�!80B/,�! ���*�A,#+&=��+! #"<8).��)0
��O&�� #����.�+��;�+�>�"�>�B��;���� $/����
@A,(!/�C�B/,"C�#�")#"<8).� �!8"�)"+����#����.� 
�%)/("�!�)�>�09��+)  #'<=)?.,@A,?�,#+�/���*#�,�?(
*�+�68" 

(�++��9��#*�"���*'60')?(�)0@A,?�, ' �>�
�>�"?.R>*&���*'60')?(?"��/! *�+ �!80/,�"
m�'��*�)0#�F BD��;%�/, �"+��?�, 0�"�)0
$9�;+�* 

$9�;+�*��#����.�+��;�+�>�"�>�B��;����
(�+����0;(+;(0�)0��0"&8 (!/�C��68"#'<=).����*
;�+�>�0��.�>�0�!/�>�" .%!0(�+�C�+���/�)   
B��;����+! ����0#��=*�," ;%,�' �>�@%+���/�) 
*&"!��C��!R��0����� $/�+��;�+�>�"(�?�,.%!++��
�)0 Castellan �C�.�! @A,�&=�"?((�"C�B9'!o"��>)   
)�(�C�B/,$/�?�,��O&+��;�+�>�"�>�B��;����(�+
.%!++���)0"!+������>�")<="h �&=�6+7�#�<=)0"&8B�, #�>" 
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Gudmund and Iversen (1979) [7] ;%�#","
+��"C�#�")�&=">��"?(*�+�68" #�>" +���C��A9;  
�,)���*�&=9��+y#9:"m�'#�%<=)"B.� #'<=)�<=)?.,@A,?�,
#�,�?(�!8"�)"+����#����.�0>���68" 
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