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)()( *

ii xx ZZAE ���Ã{Z¨f�Y
|Ë{�³���

�µÁ|m����`ÌeZÆ¿M�duZ�»�Á�{Á�mZm�Ã�Âu�Ê�Y�Y�ÉZÅ��
¦Ë{���`Ìe��Â¿� �`Ìe�Ã�Z¼����duZ�»��Zf°Å���|��{��

�� �½Zf�ÅÂ¯��1� ���������
����
���ÄbeZÅ��2� ���������
��� �
���e�Á�ZÆeÔ§�Y�Ê¿Z«Â§�ÉZÅ��3� ��������
�� �
���d�{ÄÀ»Y{�ÉZÅÉY��4� ���������
����
����Â��Á�d�a�Ê�Y�Y� �5� ��������
���
���Ã�Ë�YÁ²À��¶°��Ê¿�]{Z]�ÉZÅÃ�Ë��Y{� �8� ���������
���
���d§�]M²À��¶°��Ê¿�]{Z]�ÉZÅÃ�Ë��Y{� �9� ���������
���

 

                                      
4Classified randomized sampling 
5Absolute Error 
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�� ��hv] 
������Êv����ËZ��§��

� µÁ|m������ËZ��§� Ê «YÁ� Ä�¬¿� Ä�ËZ¬»� ÄnÌf¿�Y�� Ê�Y�Y� ÉZÅ|uYÁ� Ä�¬¿� Z]� Êv
�½Z�¿� �
Ê»|Å{� �Ê»� ½Z�¿� lËZf¿� Ê§Y�³ÂË�Ì§� |uYÁ� Ä¯� |Å{��d§�]M� ÊÀ Ë�¶°�� Ê¿�]{Z]� ÉZÅ

Ã�Ë�´À��½M�ÉZÅ|uYÁ�Á��Y{�����,�����Á�������Ë��dv�����¹�Ó�d«{�Á�Äf�Y{�|��{
|¿�Y|¿�Y��Êv����ËZ��§�{�ÁM�]��{���Ê§Y�³ÂË�Ì§�|uYÁ��{�¾ÌÀr¼Å8�Ã�Ë�YÁ�ÊÀ Ë�ÉZÅ

²À��¶°��Ê¿�]{Z]d�Y� ÓZ]� Z�y� �Ì¿� �Y{� Ã�Ë�� ��½M�ÉZÅ|uYÁ� Á� Äbe�Ê§Y�³ÂË�Ì§� |uYÁ
������,������Á������|uYÁ��{�¾°Ì·�,Ã{Â]�ÓZ]�dv��ÉY�Y{�����ÉZÅ|uYÁ��Y�Z�y�½Y�Ì»

Äbe�Ê�Y�Y�dv��ÉY�Y{�Á��f�Ì]�ÉY�
���Ê»�|��{|�Z]���|uYÁ��{�����Ä]�dv���ÅZ¯
²À��{ÂmÁ�¶Ì·{Z�u�Z]�ÉZÅdÌ��Z]�Êv����ËZ��§��Á�]�Á��ËZ��§�Ä]�¦¸fz»�ÉZÅ

c|�d�Y�¦¸fz»�ÉZÅ���
�µÁ|m�lËZf¿�Ä]�ÄmÂe�Z]��|uYÁ�dv��,�����Ä]� Y��Ã�Âu��Y�ÊÆmÂe�¶]Z«�duZ�»�Ä¯

� ,Ã{Y{��Z�fyY�{Ây�
����Á�{Â]�|��{�
����Z�y�Êv����ËZ��§�{�ÁM�]� �{�|��{
{�Y{� �²À��{ÂmÁ� ,É�YÂ¼ÅZ¿� Á�\Ì��{ZË��ÊfyYÂÀ°ËZ¿ÉZÅ��,¹ÁZ¬»� Ze� {ZË��dÌ�Z�u� Z]

Ê³{�¿Á�]Ã�Ë�YÁ� Á� ZÅc|��Z]�Ê´À��ÉZÅÉ�]�Z¯� Á�¦¸fz»�ÉZÅ�,É��ÁZ�¯�Á��e�»�ÉZÅ
c|��Z]�½M��Á�]�Á�Êv����ËZ��§�Ê¿Â´¼ÅZ¿�\^��|uYÁ�dv���ÅZ¯�Á�¦¸fz»�ÉZÅ

d�Y� Ã|�� �½Zf�ÅÂ¯�Ê§Y�³ÂË�Ì§� �{��«YÁ�Ê�Y�Y�ÉZÅ|uYÁ�¾ËY�]ZÀ]�dv�� ,�¨e�»�ÉZÅ
ÄÌÆe��{�¹�Ó�|¿�Y|¿�Y��Êv����ËZ��§�Ä�¬¿����

�µÁ|m����Ê�Y�Y�ÉZÅ|uYÁ�Ä�¬¿�Z]�Êv����ËZ��§�Ê «YÁ�Ä�¬¿�Ä�ËZ¬»�lËZf¿��
|uYÁ��
Ê�Y�Y 

c|���
�ËZ��§ 

Z*(xi)� �
��Zf°Å� 

Z(xi)� �
��Zf°Å� 

dv��
�|��{� 

Z�y��
�|��{� 

Z�y�ª¸�»��|«��
��Zf°Å� 

ϭ͘ϭ S2�* 47718/1 27821/7 58/3 41/7 19896/4 
ϭ͘ϲ S2 14333/8 6541/2 45/6 54/4 7792/4 

S1*��,S2��,S3�Á �S4�c|��Z]�Êv����ËZ��§�\Ìe�f]{ZË��Ê¸Ìy�Á�{ZË��,��Âf»�,º¯�ÉZÅ��
)(*

ixZ����|uYÁ�duZ�»��Zf°Å���Ã|��{�ÁM�]�µ|»��{�É�Z¯�ÉZÅ|uYÁ���
)( ixZ����|uYÁ�duZ�»��Zf°Å��Ã|ÅZ�»�µ|»��{�ÉY�ÊÀ´¼Å�|��{�º¼Ë�¯Z»���ËY����{�|uYÁ��Å

Ê «YÁ���



���]Ê�ZÅ|uYÁ�Ä�¬¿��Y�Ã{Z¨f�Y�½Z°»YÉ��Y�YÊ�Å|uYÁ�Ä�¬¿�½YÂÀ��Ä]ZÉ������|¿Â�Z¯�e�       ������������ 

��
��

 

�Ä»Y{Y�µÁ|m�����§�Ê «YÁ�Ä�¬¿�Ä�ËZ¬»�lËZf¿Ê�Y�Y�ÉZÅ|uYÁ�Ä�¬¿�Z]�Êv����ËZ���
|uYÁ��
Ê�Y�Y 

c|���
�ËZ��§ 

Z xi*( )� �
��Zf°Å� 

Zxi( )� �
��Zf°Å� 

�dv�
�|��{� 

Z�y��
�|��{� 

Z�y�ª¸�»��|«��
��Zf°Å� 

ϭ͘ϴ S4 3691/1 3647/7 98/8 1/2 43/4 
Ϯ͘ϭϮ S2 793/0 793/0 100 0 0 
Ϯ͘ϳ S2 12597/9 7821/1 62/1 37/9 4777/0 
Ϯ͘ϵ S4 3986/7 3537/9 88/7 11/3 448/8 
Ϯ͘ϭϬ S2 494/3 494/3 100 0 0 
ϯ͘Ϯϲ S2 1436/5 1337/9 93/1 6/9 98/6 
ϰ͘Ϯϭ S2 1906/3 1094/4 57/4 42/6 811/9 
ϰ͘Ϯϳ S1 34587/2 32901/0 95/1 4/9 1686/2 
ϰ͘ϴ S1 4734/4 4369/1 92/3 7/7 365/3 
ϲ͘ϱ S4 7563/3 3188/5 42/2 57/8 4374/8 
ϴ͘ϭ S2 6104/0 2300/6 37/7 62/3 3803/3 
ϴ͘Ϯ S2 4118/4 2069/4 50/2 49/8 2049/2 
ϵ͘ϭ S1 9950/1 4782/0 48/1 51/9 5164/3 
ϵ͘ϳ S3 837/3 337/8 40/3 59/7 499/5 
ϵ͘ϴ S4 1996/0 630/2 31/6 68/4 1365/6 

��
�Ê�Y�Y� |uYÁ� �{�Êv����ËZ��§�¶»Z¯�ÊÀ´¼Å�����Á�½M�½{Â]�|À·|]�¶Ì·{� Ä]� �Ì¿

Ê»�|uYÁ�¾ËY� ÈÀÆa� ¹Z¼e� �{�Êv����ËZ��§�½{Â]� Ä]Z�»|�Z]� ��Ê�Y�Y� |uYÁ� �{����,
²À��{ZË��Ê¸Ìy�dÌ�Z�u�z]�½{Â]�|À·|]�,�ËZ��§�Ä]�ZÅ�É�]�Z¯�{ÂmÁ�Á�½M��Y�ÊËZÅ

�Á�]�\^��,�e�»�É�]�Z¯� �ÃY�¼Å�Ä]�É��ÁZ�¯�c|��Z]�Êv����ËZ��§�Á�¦¸fz»�ÉZÅ
d�Y�Ã|��|uYÁ�dv���ÅZ¯���|uYÁ��{����²À��{ÂmÁ�¶Ì·{�Ä]�dv���ÅZ¯�Z]�ÉZÅ

dÌ�Z�uc|��Z]�Êv����ËZ��§��Á�]�Á��ËZ��§�Ä]�¦¸fz»�ÉZÅd�Y�¦¸fz»�ÉZÅ��
�Ê�Y�Y�ÉZÅ|uYÁ��{������Á����d�{�Ê§Y�³ÂË�Ì§��{��«YÁÄÀ»Y{�ÉZÅ�Á�\Ì��¶Ì·{�Ä]�ÉY

e� É�YÂ¼ÅZ¿²À�� ½Z�°Ë� dÌ�Z�u� Á� dyYÂÀ°Ë� 0Z^Ë�¬��ËZ��§� Ä]� ZÅ��¾ËY� ÈÀÆa� ¹Z¼e
Äf�Æ¿� Y�� ZÅ|uYÁd�Y� Äf§�³�]� �{� É�¿�eYÂ¯� ÉZÅ��Êv����ËZ��§� ��¿� �Y� ÊÀ´¼Å� ,

��Y��f�Ì]�dv��Á�Äf§ZË��ËY�§Y���d�Y�|��{���Ê�Y�Y�|uYÁ���{�����É�]�Z¯�Á{�¶Ì·{�Ä]
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,Ä�Z»� Á� ¾�� Ä��«� ½{Z »� Á� É��ÁZ�¯� cÁZ¨f»� 0Ô»Z¯���ËZ��§� �Y� cÁZ¨f»� Ç�Æq� Á{
d�Y�Ã|��|uYÁ�dv���ÅZ¯�\^���Â�Â»�¾Ì¼Å�Á�|��Ã|Ë{�Êv��� ��ÉZÅ|uYÁ� �{

�Ê�Y�Y�����Á����É�]�Z¯�{ÂmÁ��Ì¿�ª�ZÀ»�Ê]M�cZ¿ZË�m��¯�¼e�,É��ÁZ�¯�Á��e�»�ÉZÅ
�Ã|��dv���ÅZ¯� Á�Êv����ËZ��§�Ê¿Â´¼ÅZ¿�\^�� ,ª�ZÀ»� �Y�Êy�]� �{�d�{ÓZ]

d�Y���
��
�����É�ZÌ���ËZ��§��

�µÁ|m�lËZf¿�Ä]�ÄmÂe�Z]���,Ê�Y�Y�ÉZÅ|uYÁ��Á���{�É�ZÌ���ËZ��§�Ä�¬¿�ÄÌÆe��{
dv��¾Ë�f�Ì]�Ê�Y�Y�ÉZÅ|uYÁ�Ä]��Â]�»�ZÅ���, �����,������Á����{Â]��ZÆ¿M�dv��Ä¯

��Y��f�Ì]����|��{,{Â]�Z»Y��|uYÁ�duZ�»�Ä¯�d�Y{�ÄmÂe�|ËZ]������¾´¼Å�Á�{Â]�º¯
¿��Z�f¿Y��Y��Á{�½M�½{Â]{Â^�,·~Y��{�Y{�É{ZË��duZ�»�Ä¯��Ì¿��´Ë{�ÉZÅ|uYÁ�Êy�]f��|À
� Ê�Y�Y� ÉZÅ|uYÁ� ¶j»����� ÊËÓZ]� dv�� ,d�Y{� {ÂmÁ� ��`Ìe� duZ�»� º��Y� �z]

d�{ÄÀ»Y{�ÉZÅ�ÉY���������Zf°Å����Y��f�Ì]�dv����Y{�|��{f��duZ�»��¬§�Á�|À
�½M��Y�Ê¼¯��Ê�Y�Y|uYÁ�������dv��ÉY�Y{�
����|��{{Â]��{�0Ze|¼��É��ÁZ�¯�Ê�Y�Y��

Y{� �Y�«�Ê�Y�Y�`Ìe�¾ËYf�|À� �Ê»� ��¿� Ä]É�]�Z¯� ,\Ì��|��,��0Z^Ë�¬e�Ê�ËZ��§��ËY��
d�{�`Ìe�Ê�Y�Y�ÈÀÆa��{�dyYÂÀ°ËÄÀ»Y{�ÉZÅd�Y�Ã{Â]�dv���ËY�§Y�¶»Z��,ÉY����

�Ê�Y�Y�ÉZÅ|uYÁ�ÈÀÆa�¹Z¼e������Á�����dÌ�Z�u�Ä¯�d�Y�É�¿�eYÂ¯�cZ]Â���¶»Z�
�Y�|uYÁ��{�Z»Y�,|¿�Y{��ËZ��§�Ä]���Âf»�Ê�Y�����,�z]��{�cZ]Â���¾ËY��]�ÃÁÔ��ÊËZÅ

�Y�»Â¸´À¯�½Âq�Ê�ZÀ��¾Ì»���Z�u�cÔÌ°�e�,½M��Y�­�Ë�Æ¯�Á�Ã�{��Y�Å�|¿�Z����Ã|Ë{
Ê»{Â����Ê�Y�Y�|uYÁ��{����Äbe�º��Y��z]�Ä¯Ê»�¶Ì°�e� Y��ZÅ��Y� Z�y�½Y�Ì»�,|ÀÅ{

� �f�Ì]� Äbe� Ê§Y�³ÂË�Ì§� �{� Ê�Y�Y� ÉZÅ|uYÁ� �´Ë{{Â]� ��� cÁZ¨f»� dÌ�Z�u²À�Ä]� ZÅ
c|��Z]�Êv����ËZ��§��Á�]�\^��Ê�Y�Y�|uYÁ�¾ËY��{��ËZ��§��ÅZ¯�Á�¦¸fz»�ÉZÅ

d�Y� Ã|��½M�dv�� �Ê§Y�³ÂË�Ì§� �{�Á� Ã{Â]�¾ÌËZa�Ê�Y�Y�ÉZÅ|uYÁ�dv�� ,�´Ë{�ÉZÅ
Y{�É�ZÌ���ËZ��§�Ä�¬¿�ÄÌÆe��{�É{ZË��ÉZ�yf�|À����

Ê»� ��¿� Ä]�¶¯� �{ZÌ���ËZ��§�c|�� Á�Ê�Y�Y�Ê§Y�³ÂË�Ì§�¾Ì]� Ä¯� |����Z^e�Y�É�
{�Y{�{ÂmÁ���{Â�¿�Äf§�³���¿��{�|À·|]�Ê�Y�Y��³Y��Ê�Zy��ZfyZ��¶Ì·{�Ä]�|À·|]�Ê�Y�Y

|Àf�Å�É|Ë|��ÉZÅ��ËZ��§�ÉY�Y{� 0ÓÂ¼ »�|¿�Y{�Ä¯�ÃÂ¯�Ê§Y�³ÂË�Ì§���{�,Äbe�Á�ZÅ�ZÅ
d�{� Ê§Y�³ÂË�Ì§� Ä]� d^�¿� d�Y� ÓZ]� Ê�Y�Y� Ê»Â¼�� \Ì�� Ä¯d§�]M� Á� ZÅ�c|�� ,ZÅ

��f�Ì]�É�ZÌ���ËZ��§d�Y���
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�µÁ|m����Ê�Y�Y�ÉZÅ|uYÁ�Ä�¬¿�Z]�É�ZÌ���ËZ��§�Ê «YÁ�Ä�¬¿�Ä�ËZ¬»�lËZf¿��
|uYÁ��
Ê�Y�Y 

c|���
�ËZ��§ 

Z*(xi)� �
��Zf°Å� 

Z(xi)� �
��Zf°Å� 

dv��
�|��{� 

Z�y��
�|��{� 

Z�y�ª¸�»��|«��
��Zf°Å� 

ϭ͘ϭ R1* 47718/0 30063/8 63/0 37/0 17654/1 
ϭ͘ϲ R2 14333/7 6739/3 47/0 53/0 7594/4 
ϭ͘ϴ R4 3691/0 3647/7 98/8 1/2 43/3 
Ϯ͘ϭϮ R1 793/0 543/8 68/6 31/4 249/2 
Ϯ͘ϳ R2 12597/9 5464/1 43/4 56/6 7133/9 
Ϯ͘ϵ R2 3986/7 3288/7 82/5 17/5 698/0 
Ϯ͘ϭϬ R1 494/3 485/9 98/3 1/7 8/4 
ϯ͘Ϯϲ R1 1436/5 651/2 45/3 54/7 785/3 
ϰ͘Ϯϭ R1 1906/3 970/5 50/9 49/1 935/9 
ϰ͘Ϯϳ R0 34586/4 33415/2 96/6 3/4 1171/2 
ϰ͘ϴ R1 4733/6 4324/7 91/4 8/6 409/0 
ϲ͘ϱ R2 7563/3 3030/1 40/1 59/9 4533/2 
ϴ͘ϭ R0 6103/8 3994/4 65/4 34/6 2109/4 
ϴ͘Ϯ R0 4118/8 1470/0 35/7 64/3 2648/8 
ϵ͘ϭ R0 9950/1 5205/5 52/3 47/7 4744/6 
ϵ͘ϳ R1 837/3 470/0 56/1 43/9 367/3 
ϵ͘ϴ R0 1996/0 797/3 39/9 60/1 1198/6 

*�R0��,R1��,R2��,R3��ÁR4�]�Äc|�Z]�,É�ZÌ���ËZ��§�½Á|]�\Ìe�e�{ZË��,��Âf»�,º¯�ÉZÅ
{ZË��Ê¸Ìy�Á��
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������Ê«|Ày��ËZ��§��
�µÁ|m�lËZf¿�Ä]�ÄmÂe�Z]���,Ê«|Ày��ËZ��§�Ä�¬¿�ÄÌÆe��{Â¯�Ê§Y�³ÂË�Ì§ÃÄbe�Á�ZÅ�,ZÅ

ÓZ]�dv�f�Y{�ÊË� Z»Y� ,|À|uYÁ�Ê�Y�Y������ ,dv���Á�Äf�Y|¿�ÊËÓZ]�
����|��{{Â]��
�z]��{�ZÅ|¿�Z��dÌ�Z�u�Ê�Y�Y�|uYÁ��Y�ÊËZÅ�����,Y�»Â¸´À¯�Ê´À��ÉZÅ|uYÁ�Ä¸¼m��Y
²À��Á�½Âf�Y�d¸Ì�� ,¶Ì��d�Y�Ã|��|Ë|��Ê«|Ày��ËZ��§� �Á�]�\^��É�Ìz^e� ZÅ

��,É|¼uY�������c|��Z]�Ê«|Ày��ËZ��§��Á�]Ê¸Ìy�Á�º¯�ÉZÅ��ª�ZÀ»�{ÂmÁ�Á�|Ë|�
Z��§�½Á|]Ëd�Y� Ã{Â]�dv���ÅZ¯�¶»YÂ�� �Y� |uYÁ�¾ËY� �{��� ���ËZ��§� �Â¼n»� �{

Ê¼¿�Ã|Ë{�½Zf�ÅÂ¯�Ê§Y�³ÂË�Ì§� �Y�Ê Ì�Á��z]��{�Ê«|Ày{Â�� ���Y�Ê Ì�Á��z]��{
Äbe�Ê§Y�³ÂË�Ì§� ,{�Y|¿� {ÂmÁ�Ê«|Ày��ËZ��§� �Ì¿� ZÅÄq�³��c|�� Z]�Ê«|Ày��ËZ��§

�|uYÁ��Y�Ê Ì�Á�ÈÀÆa�,��Âf»�����d�Y�Äf§�³��]��{�Y���
���|��{����Ä¯�Ê¬�ZÀ»��{
�|¿�Y{�|À¿Z»�d�{�Ê§Y�³ÂË�Ì§�Á�d�Y�º¯�Ê�Y�Y�Ê»Â¼��\Ì��`Ìe�Ê�Y�Y�ÉZÅ���,���,

����Á���Ê�Y�Y�|uYÁ��n]�,d�Y�º¯�ZÅ|uYÁ�dv��,������[Â£�»�É��ÁZ�¯�Ê�Y�Y�Ä¯
d�Y�Ã|��µ�fÀ¯�{�YÂ»��f�Ì]��{��ËZ��§�Á�d�Y�Ã�Âu���|uYÁ��{�
��,�Ê«|Ày��ËZ��§

��{��Ì¿�|Ë|����Ê»�Ã|Ë{�|uYÁ�duZ�»��Y�|��{|���©|Ày�¾ËY�¶Ì§Á�aZÅ,�V��¶°�
Ä¿Y{�ºÌz��cZ]Â���Ä¯� Y�q�,Ã{Â]Ã{Y{���Âa� Y��|uYÁ�t����Ë�|¿Y���|uYÁ�����dv��,

��¬§� Á� {�Y{�ÊÀÌËZa�
���d�Y� |��{� �Ê�Y�Y�¾ËY� º¯� �ZÌ�]�\Ì�� Ä]� ÄmÂe� Z]� 
�{ÂmÁ
ÄÅY�]M�,{ZË��sÔ»YÉZÅ�Ä¿Y{�Á�d�{ÓZ]�ª�ZÀ»��Y�É{Á�Á�ÉY�]��ËY���,cZ]Â���½{Â]��Ë�

ÉZa²ÀÌa��� d�Y� Ã|�� ºÅY�§� ©|Ày� {ZnËY� Á�� ,É|¼uY����� ��Ê�Y�Y� |uYÁ� ¾ËY� �{,�
c|��Z]�Ê«|Ày��ËZ��§�Ã|��|uYÁ�dv���ÅZ¯�Ä]��nÀ»�Ä¯�{�Y{�{ÂmÁ�Ê¨¸fz»�ÉZÅ

d�Y����
���µÁ|m�����Z]�Ê«|Ày��ËZ��§�Ê «YÁ�Ä�¬¿�Ä�ËZ¬»�lËZf¿Ê�Y�Y�ÉZÅ|uYÁ�Ä�¬¿��
|uYÁ��
Ê�Y�Y 

c|���
�ËZ��§ 

Z*(xi)� �
��Zf°Å� 

Z(xi)� �
��Zf°Å� 

dv��
�|��{� 

Z�y��
�|��{� 

Z�y�ª¸�»��|«��
��Zf°Å� 

ϭ͘ϭ G0* 47718/1 46559/0 97/6 2/4 1159/2 
ϭ͘ϲ G0 14333/8 8190/6 57/1 42/9 6143/1 

 

                                      
6 Piping 



���]Ê�ZÅ|uYÁ�Ä�¬¿��Y�Ã{Z¨f�Y�½Z°»YÉ��Y�YÊ�Å|uYÁ�Ä�¬¿�½YÂÀ��Ä]ZÉ������|¿Â�Z¯�e�       ������������ 
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���Ä»Y{Y�µÁ|m������§�Ê «YÁ�Ä�¬¿�Ä�ËZ¬»�lËZf¿�¬¿�Z]�Ê«|Ày��ËZÊ�Y�Y�ÉZÅ|uYÁ�Ä��
|uYÁ��
Ê�Y�Y 

c|���
�ËZ��§ 

Z xi*( )� �
��Zf°Å� 

Zxi( )� �
��Zf°Å� 

�dv�
�|��{� 

Z�y��
�|��{� 

Z�y�ª¸�»��|«��
��Zf°Å� 

ϭ͘ϴ G4 3691/1 3647/7 98/8 1/2 43/3 
Ϯ͘ϭϮ G0 793/0 793/0 100 0 0 
Ϯ͘ϳ G0 12597/9 10269/5 81/5 18/5 2328/5 
Ϯ͘ϵ G2 3986/7 3878/0 97/3 2/7 108/7 
Ϯ͘ϭϬ G0 494/� 489/1 98/9 1/1 5/2 
ϯ͘Ϯϲ G1 1436/5 1004/6 69/9 30/1 431/9 
ϰ͘Ϯϭ G1 1906/3 1022/8 53/7 46/3 883/5 
ϰ͘Ϯϳ G0 34587/2 32439/0 93/8 6/2 2147/4 
ϰ͘ϴ G1 4734/4 4199/2 88/7 11/3 535/2 
ϲ͘ϱ G4 7563/3 3030/1 40/1 59/9 4533/2 
ϴ͘ϭ G0 6104/0 3913/8 64/1 35/9 2190/1 
ϴ͘Ϯ G0 4118/4 1938/6 47/1 52/9 2179/9 
ϵ͘ϭ G0 9950/1 5212/5 52/4 47/6 4737/6 
ϵ͘ϳ G1 837/3 630/2 75/3 24/7 207/1 
ϵ͘ϴ G3 1996/0 1348/1 67/5 32/5 647/8 

*�G0��,G1��,G2��,G3��ÁG4�c|�Z]�,Ê«|Ày��ËZ��§�½Á|]�\Ìe�f]�Á�{ZË��,��Âf»�,º¯�ÉZÅ
{ZË��Ê¸Ìy��

��
�³Y��|À·|]�Ê�Y�Y�Äbe�Ê§Y�³ÂË�Ì§��{�Ä¯|¿�Y{��Y�«�ZÅ��ËZ��§�,{Â�¿�Äf§�³���¿��{�,�

d�{� �{� 0Ze|¼�� Ê«|Ày� |Ë|�� ÉZÅd§�]M� Á� ZÅ�ª�ZÀ»� �{� Á� {�Y{� {ÂmÁ� Ã�Âu� ÉZÅ
Äbe� Á�Ê¿Zf�ÅÂ¯d�Y� Ã{Y{�w��º¯�c|�� Z]� ZË� Á� {�Y|¿� {ÂmÁ�Ê«|Ày��ËZ��§� ZË�ÉY��

�É|¼uY������ �|Ày��ËZ��§� Ä¯�d�Y�|¬f »�Ä¯�º¯�\Ì�� Z]�t��»�ª�ZÀ»� �{�Ê«
d�Y�Ã|��ZÆ¿M�d¯|Å�¶»Z°e�\^��µÔv¿Y�Ç|Ë|a,�Ê»�Ã|Ë{{Â���©|Ày�¾ËY�]ZÀ]�\¸£Y�ZÅ

d�{�Ê§Y�³ÂË�Ì§��{Ê»�Ä�uÔ»�|À¿Z»Ê¿Zf�ÅÂ¯�ª�ZÀ»�Ze�|¿Â�����



��                        Ä¸n»�ÊËZÌ§Y�¤m��Y|¿Y�º�q �Ê¼¸��Ê�ÅÁ�a��Ã�Z¼��,¹�ZÆq�µZ����,��ZÆ]���������������������������������� �
 

 

�������ËZ��§�µZ°�Y��
�µÁ|m�lËZf¿�Ä]�ÄmÂe�Z]��Á�½Zf�ÅÂ¯�Ê§Y�³ÂË�Ì§��{��«YÁ�Ê�Y�Y�ÉZÅ|uYÁ��{�,Äbe�,ZÅ

��Y�®Ë� �Å� {�ÁM�]� �{� ZÆ¿M�dv�� Ä]�d^�¿��ËZ��§� µZ°�Y� {�ÁM�]� �{� ZÅ|uYÁ�dv�
�ËZ��§ÄÅY�]M�Á�Ê«|Ày�,É�ZÌ��,Êv���ÉZÅ¾ÌËZa�ÉY{Â]��e���ZÅ|uYÁ�duZ�»�Äq��Å

²À��dÌ�Z�u�¶j»��ËZ��§��]��iR»�¶»YÂ��cÁZ¨e�d¸��Ä]� ,|�Z]��f³��]�,É�]�Z¯� ,ZÅ
Ê³{�¿Á�]�Á�É�YÂ¼ÅZ¿�,\Ì��ÉZÅÊ´À��
d�Y��f¼¯�ZÅ|uYÁ�dv����¾´¼Å�|ËZ��¾ËY�]ZÀ]

¶°�� �Y� Ê°Ë� {�Â»� �{� Ê�Y�Y� ÉZÅ|uYÁ� ½{Â]�Ä¯� Êf«Á� Z»Y� ,|�Z]� {ZË���ËZ��§� ÉZÅ
Ê»� Ê���]��ËZ��§� µZ°�Y� ��¿� �Y� Ê�Y�Y� ÉZÅ|uYÁ�Á� Äf§ZË��ËY�§Y� Ê¿Â´¼ÅZ¿� ,{{�³

Ê»��ËY�§Y��ËZ��§� {�ÁM�]�ÉZ�y|]ZË� ��Ê�Y�Y�ÉZÅ|uYÁ� �{� 0Ôj»���� ,����� Á�����Ä¯
�Á�d�Y�{ZË�� �ZÌ�]� ,{�ÁM�]�ÉZ�y�Á�º¯� �ZÌ�]� ,dv�� ,|¿�Y{� Ã�Âu� �{�É{ZË��duZ�»

Ê¼¿�0Ô¼��Äf§�³���¿��{�¾´¼Å�ÉZÅ|uYÁ�½YÂÀ��Ä]��ËZ��§�µZ°�Y�Ä�¬¿�ÄÌÆe��{�|À¿YÂe
�Ê�Y�Y�|uYÁ��{�Êfu�,|¿Â�������dv��,{�Y|¿�É{ZË��duZ�»�Ä¯�
���d�Y�|��{����
�Ê�Y�Y�|uYÁ��{�dv�������,d�Y�Ã�Âu�±��]�|uYÁ�¾Ì»Á{�Ä¯�
���{Â]�|��{���¾ËY

�ËZ��§���¿��Y�|uYÁ��Y��f�Ì]�dv���Ì¿�Ê«|Ày�Á�É�ZÌ��,Êv����Y�º�Y�¦¸fz»�ÉZÅ
���d�Y{�|��{� �²À��dyYÂÀ°Ë�dÌ�Z�u�Á�º¯�\Ì��,Ê�Y�Y�½{Â]�d�¯��Ë��Ä]� ZÅ

�Ã{�ÁM�ºÅY�§�|uYÁ���Ze����{��ËZ��§���¿��Y�Y��ÊfyYÂÀ°Ë��ËY���,�ËZ��§�Ä]��nÀ»�Ä¯
�|uYÁ�ÉY�]��ËY���¾ËY� Ä¯�Êe�Â�� �{� ,d�Y� Ã|��½M�ÉÓZ]�dv������{�Y|¿� {ÂmÁ��

�Ê�Y�Y� |uYÁ�dv������ Á� {Â]� ÓZ]� �Ì¿�
���d�Y� |��{� ��dve� 0Z^Ë�¬e� �Ì¿� |uYÁ�¾ËY
�ËZ��§���¿��Y�ÊÀ´¼Å�Á�d�Y�É��ÁZ�¯�Ê�Y�Y���Âa�ÉÓZ]�dv��\^��¦¸fz»�ÉZÅ

d�Y� Ã|�� ½M� �� Ê�Y�Y� |uYÁ���dv�� ,��
���d�Y{� |��{� ��ËZ��§�Ê¿Â´¼ÅZ¿�ÉZÅ
d�Y� Ã|�� |uYÁ�dv���ÅZ¯� Ä]� �nÀ»�Ê«|Ày� Á�É�ZÌ�� ,Êv��� ��ÉY�Y{� |uYÁ� ¾ËY

�ËZ��§Ê»�Ê«|Ày� Á�É�ZÌ�� ,Êv��� |Ë|�� �ZÌ�]�ÉZÅ|�Z]� ����Âa� ,Ê�Y�Y� É�Â�
�ËZ��§��Á�]�Ä]��nÀ»�Ê]M�cZ¿ZË�m��¯�¼e�Á�­Zy�½{Â]�d§Z]��Ë�� ,ÊÅZÌ³�¦Ì ��ÉZÅ

�Y�Ã|��|Ë|�d���Ê�Y�Y�ÉZÅ|uYÁ�dv������Á����{Â]�¾ÌËZa��ZÌ�]�����¿��Y�ZÅ|uYÁ�¾ËY
�ËZ��§dv��,¦¸fz»�ÉZÅdv���Â¼n»��{�¾°Ì·�,|Àf�Y{�ÊeÁZ¨f»�ÉZÅ�{ZË��Ê¸Ìy�ZÅ
|¿{Â^¿���Á�ZÅ|uYÁ�º¯�ZÌ�]�dv��Ç|ÀÅ{�½Z�¿��´Ë|°Ë�Z]��ËZ��§�µZ°�Y�¾f§�³���¿��{

�Y��ËZ��§�µZ°�Y�Ä�¬¿�ÄÌÆe��{�¹�Ó�dv��¹|�d���Ê§Y�³ÂË�Ì§��{�Ê�Y�Y�ÉZÅ|uYÁ��{
d§�]Mdv���Ì¿�¶°��Ê¿�]{Z]�ÉZÅ{Â]�¾ÌËZa��ZÌ�]�ZÅ����

� �



���]Ê�ZÅ|uYÁ�Ä�¬¿��Y�Ã{Z¨f�Y�½Z°»YÉ��Y�YÊ�Å|uYÁ�Ä�¬¿�½YÂÀ��Ä]ZÉ������|¿Â�Z¯�e�       ������������ 
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��

 

�µÁ|m����Ê�Y�Y�ÉZÅ|uYÁ�Ä�¬¿�Z]��ËZ��§�µZ°�Y�Ê «YÁ�Ä�¬¿�Ä�ËZ¬»�lËZf¿��
|uYÁ��
Ê�Y�Y 

c|���
�ËZ��§ 

Z*(xi)� �
��Zf°Å� 

Z(xi)� �
��Zf°Å� 

dv��
�|��{� 

Z�y��
�|��{� 

�ª¸�»��|«
Z�y��

��Zf°Å� 

ϭ͘ϭ S2 * R1 * G0 * Ch1 47718/1 17126/12 35/9 64/1 30592/0 
ϭ͘ϲ S4 * R4 * G4 * Ch0 14333/8 3989/57 27/8 72/2 10344/2 
ϭ͘ϴ S4 * R4 * G4 * Ch0 3691/1 3647/72 98/8 1/2 43/4 
Ϯ͘ϭϮ S2 * R1 * G0 * Ch1 793 543/81 68/6 31/4 249/2 
Ϯ͘ϳ S2 * R1 * G0 * Ch1 12597/9 4682/53 37/2 62/8 7915/4 
Ϯ͘ϵ S4 * R2 * G2 * Ch1 3986/7 2887/23 72/4 27/6 1099/5 
Ϯ͘ϭϬ S2 * R1 * G0 * Ch1 494/3 415/99 84/2 15/8 78/3 
ϯ͘Ϯϲ S2 * R1 * G1 * Ch0 1436/5 651/23 45/3 54/7 785/3 
ϰ͘Ϯϭ S2 * R1 * G1 * Ch0 1906/3 828/85 43/5 56/5 1077/5 
ϰ͘Ϯϳ S1 * R0 * G0 * Ch0 34587/2 32253/98 93/3 6/7 2333/2 
ϰ͘ϴ S1 * R1 * G1 * Ch0 4734/4 4198/51 88/7 11/3 535/9 
ϲ͘ϱ S4 * R2 * G4 * Ch0 7563/3 3028/66 40/0 60/0 4534/6 
ϴ͘ϭ S3 * R0 * G2 * Ch2 6104 1941/42 31/8 68/2 4162/6 
ϴ͘Ϯ S2 * R2 * G0 * Ch2 4118/4 1282/30 31/1 68/9 2836/1 
ϵ͘ϭ S1 * R0 * G0 * Ch0 9950/1 4778/29 48/1 51/9 5171/8 
ϵ͘ϳ S3 * R2 * G1 * Ch0 837/3 330/73 39/5 60/5 506/6 
ϵ͘ϴ S2 * R2 * G0 * Ch2 1996 488/72 24/5 75/5 1507/3 

� ��� �
�������Á��Ä�ËZ¬»ZÅ��

�µÁ|m�lËZf¿��Ê»�½Z�¿�Ä�¬¿�ÄÌÆe� �{�Ê�Y�Y�ÉZÅ|uYÁ�Ä�¬¿�dv��¾Ë�f�Ì]�|Å{
§d�Y�Ê«|Ày��ËZ�����Á�Z�y�¾Ë�f¼¯�ÉY�Y{�Ä�¬¿�¾ËY�ÄÌÆe��{�Ê�Y�Y�ÉZÅ|uYÁ�Ä�¬¿

d�Y�Y{�Y��É�Z¯�ÉZÅ|uYÁ�dv��cY�ÌÌ¤e�\Ë���¾Ë�f¼¯�Ä¯�Y�q�d�Y�d«{�¾Ë�f�Ì]��
d�Y��ËZ��§�µZ°�Y�Ä�¬¿�ÄÌÆe��{�Ê�Y�Y�ÉZÅ|uYÁ�Ä�¬¿�d«{�Á�dv��¾Ë�f¼¯���Êf«Á

���]��ËZ��§�µZ°�Y���¿��Y�Ê�Y�Y�ÉZÅ|uYÁ�Ä¯Ê»�Ê�Ä¯�Äf§ZË��ËY�§Y�Ê¿Â´¼ÅZ¿�,{{�³
Ê»��ËZ��§�{�ÁM�]�ÉZ�y��ËY�§Y�Á�dv���ÅZ¯�Ä]��nÀ»{Â�����
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RSMEY� É�Z¯� ÉZÅ|uYÁ� ÉZ�y�cZ ]�»� ¾Ì´¿ZÌ»� ¹Á{� Ä�Ë�d���� Á)( ixZ��duZ�»
Ã|ÅZ�»�µ|»��{�|uYÁ�ÉY�Ê «YÁ��ËY����{�|uYÁ��Å�ÊÀ´¼Å�|��{�º¼Ë�¯Z»����

�� ÄnÌf¿É�Ì³��
�`Ìe�|Àq�Ä]�Ä¬�À»�,Ê¸¯�\Ì���Z�Y��]�,Ê�Y�Y�dÌ¸]Z«�Á��]ZÀ»�Ê]ZË��Y�Ä�¬¿�ÄÌÆe��{

ÃÂ¯�Ä¸¼m��Y�Ê�Y�YÄbe�,ZÅd�{�,ZÅ�Á�,ZÅ����Ã|��ºÌ�¬e|¿Y� �¾ÌÀr¼Å��Z]�Ê�Y�Y�`Ìe��Å
�Ê�Y�Y� |uYÁ� |Àq� Ä]� É�Â·ÂfÌ·� Á� ¾Ì»�� ��Âa� dÌ �Á� ,Ê§Y�³ÂaÂe� ,­Zy� Ä]� ÄmÂe

ºÌ�¬eÃ|�� É|À]|Àf�Å� ºÆ»��ËZ��§� �{� {Ây� ZÅ�Âf¯Z§� ¾ËY� Ä¯� |¿Y� ��Ä�¬¿� ¾ËY�]ZÀ]
�Ê�Y�Y�dÌ¸]Z«�Á��]ZÀ»�Ê]ZË��Y�Ê�Y�Y�ÉZÅ|uYÁ�Ä�¬¿��Ê»�É���®Ë�Ã|¿�Ì³�]��{�|¿YÂe

ËZ��§� �{�ºÆ»�¶»YÂ�|�Z]��� ��Ê�Y�Y� |uYÁ�����dv�� �Y�Ê«|Ày��ËZ��§�ÉY�]� ZÆÀe
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� {Â]� �Y{�Ây�]�ÊËÓZ]� �ZÌ�]��
���|��{� ��ËZ��§� Ä�¬¿� ÄÌÆe� �{� Á�dv�� ,�´Ë{�ÉZÅ
{�Y|¿� ÊËÓZ]� �� dv�� Z]� |uYÁ� ¾ËY�
����µZ°�Y� Ä�¬¿� ÄÌÆe� �{� Y�� ¹�Ó� dv�� |��{

{�Y|¿��ËZ��§� ��Ê�Y�Y�|uYÁ�dv�����Ä�¬¿�ÄÌÆe��{Á��ËZ��§�ÉZÅ���ËZ��§�µZ°�Y
d�Y�¾ÌËZa���Ê�Y�Y�|uYÁ�dv�����Ä�¬¿�ÄÌÆe��{��ZÌ�]��ËZ��§�µZ°�Y�Á��ËZ��§�ÉZÅ

d�ÓZ]� �� |uYÁ�����Ä�¬¿� ÄÌÆe� �{� ÊËÓZ]�dv��ÉY�Y{� º¯�duZ�»� Ä]� ÄmÂe� Z]�ÉZÅ
Ê»�½M�µZ°�Y�Á��ËZ��§|�Z]���|uYÁ ����dv���Y�,Ê«|Ày��ËZ��§�Ä�¬¿�ÄÌÆe��{��n]

Ä�¬¿�ÄÌÆe��{�ÊËÓZ]Åd�Ì¿��Y{�Ây�]��ËZ��§�ÉZ��Ê�Y�Y�|uYÁ��� ��,{�Y{�ÊËÓZ]�dv�
Ê»��ÅZ¯�½M�dv���ËZ��§�µZ°�Y�Ä�¬¿�ÄÌÆe��{�Z»Y�|]ZË��
���|��{����Ê�Y�Y�|uYÁ

�����ÄÅY�]M� Á�Êv����ËZ��§�ÉY�]Ä�¬¿� ÄÌ¬]� ÄÌÆe� �{� Z»Y� {�Y{� ÊËÓZ]�dv��ÉY�ZÅ
{�Y{�ÊÀÌËZa�dv�� �d�{�`Ìe��{��«YÁ�Ê�Y�Y�|uYÁ�Ä���YÄÀ»Y{�ÉZÅ�|uYÁ� ,ÉY �����

ÄÅY�]M��ËZ��§� ÉY�]� �¬§� ÉZÅ|uYÁ� Z»Y� ,{�Y{� ÊËÓZ]�dv��ÉY������ Á������dv�
|¿�Y{��ËZ��§�µZ°�Y�Ä�¬¿�ÄÌÆe��{�Êfu�ÊËÓZ]���Ê�Y�Y�|uYÁ ����ÄÌÆe��{�¹�Ó�dv��,

�ËZ��§� Ä�¬¿{�Y|¿� Y���ËZ��§�µZ°�Y� Á�¦¸fz»�ÉZÅ� ��`Ìe� �{��«YÁ�Ê�Y�Y�ÉZÅ|uYÁ
Ã�Ë�YÁZÅ�d§�]M� ÁÃ�Ë�´À�� ¶°�� Ê¿�]{Z]� ÉZÅÄ�¬¿� ÄÌÆe� �{� Y�� ¹�Ó� dv�� �Y{�ÉZÅ

|¿�Y|¿��ËZ��§� µZ°�Y� Á��ËZ��§� �� |uYÁ� Äf^·Y����ÄÅY�]M��ËZ��§� Ä�¬¿� ÄÌÆe� �{�ÉY
{�Y{�ÊËÓZ]�dv����

�Á� Äf�Y{� Y��dv��¾Ë�f�Ì]�Ê«|Ày��ËZ��§� Ä�¬¿� ÄÌÆe� �{�Ê�Y�Y�ÉZÅ|uYÁ� Ä�¬¿
Ê»¯�Ä]�Ä�¬¿�¾ËY�ÄÌÆe��{�|¿YÂe�Á���Y�½M�dv��Ä¯�|Àq��Å�{Á���ZÄËÓ�ªÌ¨¸e�ÉZÅ�Á�ZÅ

d�Y� �f¼¯� �ËÁZ�e� �Ì�¨e� ���Ì¿�Ê«|Ày��ËZ��§� Ä�¬¿� ÄÌÆe� �{�Ê�Y�Y�ÉZÅ|uYÁ� Ä�¬¿
�ËZ��§�Ä�¬¿�ÄÌÆe�Ä]�d^�¿� Y��d«{�¾Ë�eÓZ]{�Y{��´Ë{�ÉZÅ� ��Ä�¬¿�ÄÌÆe��{�½M�d«{

d�Y�¾ÌËZa��ZÌ�]��ËZ��§�µZ°�Y���,Ê«|Ày��ËZ��§�Ä�¬¿�ÄÌÆe��{��Y�É�f�Ì]�duZ�»
� �Y� �f�Ì]�dv�� ,Ê�Y�Y�ÉZÅ|uYÁ���|¿�Y{� |��{� ��Ä�¬¿� Ä]��Â]�»�duZ�»�¾Ë�f¼¯

��Y��f¼¯�dv���{�Y��duZ�»�¾Ë�f�Ì]�Ä�¬¿�¾ËY�Ä¯�Ê·Zu��{�,d�Y��ËZ��§�µZ°�Y���
{�Y{�|��{� 



��                        Ä¸n»�ÊËZÌ§Y�¤m��Y|¿Y�º�q �Ê¼¸��Ê�ÅÁ�a��Ã�Z¼��,¹�ZÆq�µZ����,��ZÆ]���������������������������������� �
 

 

�� �]ZÀ»��
���¼uYs�,É|����������É{�]�Z¯�É�Â·Â§�Â»ÂW���½Y�Æe�ÃZ´�¿Y{�cY�Z�f¿Y����
����,Ê»Y�Æ]s�c�,��½�Á�x¸¿�a���Âa�Ê^�Z¼Æ������������ËZ��§�¶»Z��Ê���]É�]�Z¯��{�­Zy�É�Ë~a`Ìe�Á�ZÅ�ÉZÅ

�Ìn¿Y�ºq��Ìz]M�Ã�Âu��{�¦¸fz»�Ê�Y�Y���,[Â���Á��ËZ��§�Ê¸»��ËZ¼Å�¾Ì»Â��cÓZ¬»�Ä�Â¼n»��±���
��ÂË�Æ������Â�¯�É�Y{�Ìz]M�Á�­Zy�d�Z¨u�cZ¬Ì¬ve��¯�»�,���

���¹�,Ã{Y�Ì¸«�ÊmZu����������Ã�YÂÅZ»��ËÁZ�e��Y�Ã{Z¨f�Y�dÌ¸]Z«�Ê���]�Êy�]��Ìz�e��{�ÓZ]�®Ì°¨e�c�|«�Z]�ÉY
½Y�Æe�½Zf�Y��{��ËZ��§�µZ°�Y���,[Â���Á��ËZ��§�Ê¸»��ËZ¼Å�¾Ì»Â��cÓZ¬»�Ä�Â¼n»��±�����ÂË�Æ�

�����Â�¯�É�Y{�Ìz]M�Á�­Zy�d�Z¨u�cZ¬Ì¬ve��¯�»�,����
���s�,ÊÅZ§�����������½M�µ�fÀ¯�Á�Ê]M��ËZ��§��½Y�Æe�ÃZ´�¿Y{�cY�Z�f¿Y�,¹Á{�_Zq� ��
���½�,É�{Z«��k�Á��Ê�Á|«�����������ËZ��§�Ê���]�Ä�Â¼n»�,ÉZq�YÂ¸e�Ã�Âu�Ê�Y�Y�ÉZÅ|uYÁ��{�­Zy�É�Ë~a

� ,[Â��� Á��ËZ��§� Ê¸»��ËZ¼Å� ¾Ì»Â�� cÓZ¬»�±��� �ÂË�Æ������Á�­Zy� d�Z¨u� cZ¬Ì¬ve� �¯�»� ,
�Â�¯�É�Y{�Ìz]M����

�����,|¿Â�Z¯�e�É|¼v»��{�Á��Ì¿®Ê»Z¯����������­Zy��Y|ËZa�dË�Ë|»��{�ÄËZa�Ä�¬¿�®Ë��ËZ��§�µZ°�Y�Ä�¬¿��
��]ZÀ»�Á�É��ÁZ�¯��Ë{�a�,­Zy�Á�[M�Ê�|ÀÆ»�Ã|°�¿Y{�,�Y|ËZa�Ä �Âe�Á�d�Ë���Ìv»�,­Zy�Ê¸»��ËZ¼Å

k�¯�,½Y�Æe�ÃZ´�¿Y{�Ê Ì^����
����� ,|¿Â�Z¯�e� É|¼v»�{� ,� �®Ì¿¹� Á� Ê»Z¯� �É�ZË|À¨�Y� �������� �ÄÌÆe��Á�� Ê���]���ËZ��§� µZ°�Y� Ä�¬¿

������� ��É{�Â»� Ä ·Z�»� ,� �½Z¬·Â�� Á�¾¯� �Ìz]M� Ã�Âu� �[Â��� Á��ËZ��§�Ê¸»��ËZ¼Å�¾Ì»Â�� ���¯�»
½Y�Æe�,�Â�¯�É�Y{�Ìz]M�Á�­Zy�d�Z¨u�cZ¬Ì¬ve���

����,d]Zn¿¹��,��������Ã�YÂÅZ»��ËÁZ�e�Ê»Â«����Y{�a�ÊnÀ��½Z°»Y���ËZ��§�Ä�¬¿�ÄÌÆe�Á�ÊËZ�ZÀ���Â�À»�Ä]�ÉY
�­Zy�Êv��¾§�Ê��Â»M� ÃZ³�Z¯�¾Ì·ÁY� ,��Z§�½Zf�Y� �{�­Zy�d�Z¨u��{�¾ËÂ¿�ÉZÆË�ÁM� ��cZ¬Ì¬ve��¯�»

�,É�Y{�Ìz]M�Á�­Zy�d�Z¨u���Á��¾¼Æ]���
9. Boardman, J., A. J. Parsons, R. Holland, P. J. Holmes, and R. Washington,  2003. 

Development of badlands and gullies in the Sneeuberg, Great Karoo, South 
Africa. Catena, 50 (2-4), 165-184. 

10. Cerdan, O., Y. Lebissonnais, A. Couturier, H. Bourennane and V. Souchere. 
2002. Rill erosion on cultivated hillslopes during two extreme rainfall events in 
Normandy, France. Soil and Tillage Research. 67 (1): 99-108. 

11. Egboka, B. C. E. and I. P. Orajaka. 1987. Soil and gully erosion models for 
effective control programs. Geoforum. 18 (3): 333-341. 

12. Flugel, W. A., M. Marker, S. Moretti, G. Rodolfi, and H. Staudenrausch, 1999. 
Soil erosion hazard assessment in the Mkomazi river catchment 
(Kwazulu/Natal-south Africa) by aerial photo interpretation. In: Zentralblatt fur 
geologie und palaontologie; Teil I. 3 (4), 641-653. 

13. Mohammadi-Torkashvand, A. 2008. GIS: some models for preparing erosion 
features map. In the Proceeding 15th International Congress of the International 
Soil Conservation Organization (ISCO), 18- 23 May, Budapest, Hungary. 

14. Moussa, R., Voltz, M. and Andrieux, P. 2002. Effects of the spatial organization 
of agricultural management on the hydrological behaviour of a farmed 
catchment during flood events. Hydrological Processes, 16, pp. 393-412. 



���]Ê�ZÅ|uYÁ�Ä�¬¿��Y�Ã{Z¨f�Y�½Z°»YÉ��Y�YÊ�Å|uYÁ�Ä�¬¿�½YÂÀ��Ä]ZÉ������|¿Â�Z¯�e�       ������������ 

��
��

 

15. Oldeman, L. R., R. T. A. Hakkeling and W. G. Sombroek. 1991. GLASOD 
classification of soil degradation. 

#_>
http://www.unescap.org/stat/envstat/stwes-

class-glosod.pdf. 
16. Sidorchuk, A., M. Marker, S. Moretti and G. Rodolfi. 2003. Gully erosion 

modeling and landscape response in the Mbuluzi catchment of Swaziland. 
Catena. 50 (2-4): 507-525. 

17. Sidorchuk, A. 1999. Dynamic and static models of gully erosion. Catena. 37: 
401-414. 

18. Sirvio, T., A. Rebeiro-Hargrave and P. Pellikka. 2004. Geoinformation in gully 
erosion studies in Taita hills, SE-Kenya, preliminary results, In the proceedings 
of the 15th Africa association of remote sensing of environment conference, 17-
22 oct. 2004. Nairobi, Kenya. 

19. Souchere, V., Cerdan, O.  Dubreuil, N. Le Bissonnais, Y. and King, C. 2005. 
Modelling the impact of agri-environmental scenarios on overland flow in a 
cultivated catchment (Normandy, France). Catena, 61, pp. 229-240. 

20. Van Zuidam, R. A. 1985. Terrain analysis and classification using aerial 
photographs. International institute for aerial survey and earth sciences. ITC-
Textbook VII-6, 2. Ed., Enschede. 

 
References (in Persian) 
1. Ahmadi, H., 1995, Applied Geomorphology, Publication of Tehran University. 
2. Bahrami, H., pournakhl, T., Tahmasebi, N., 2005, Study of Erodibility Factor 

of Soil in Usages in Different Types Of Lands in Water Protection in Cham 
Anjir Region, Collection of Articles,3rd National Conference on Erosion and 
Desimination,6-9  of  Shahriver in 2005, Research Center of Soil Maintanance 
and Water  in Country. 

3. Haji Gholizadeh, M., 2005, Survey of Possibility of Using Satellite Photos 
with High Quality in Recognizing Erosion Types in Tehran Province, 
Collection of Articles,3rd National Conference on Erosion and Desimination,6-9  
of  Shahriver in 2005, Research Center of Soil Maintanance and Water  in 
Country. 

4. Refahi, H., 1999, Water Erosion and Its Control, 2nd Edition, Publication of 
Tehran University. 

5. Ghaderi, N., Ghodosi,J.,2005, Study of Erodibility of Soil in Land Units of 
Telvarchai Region, Collection of Articles,3rd National Conference on Erosion 
and Desimination,6-9  of  Shahriver in 2005, Research Center of Soil 
Maintanance and Water  in Country. 

6. Mohammadi Torkashvand, A., Nikkami,N., 2007, Map of Erosion Forms, a 
Basic Map in Sustainable Management of Soil, National Conference on 
Soil, Environment And Sustainable Development,  College of Water & Soil 
Engineering, Pardis of Agriculture & Natural Resources of Tehran University, 
Karaj. 

7. Mohammadi Torkashvand, A., Nikkami,N., Esfandyari, M. 2005,  Study of 
Method of Making Map of Erosion Froms of 1:25000, Case Study, Water 
Region of Kan andSoleghan, 3rd National Conference on Erosion and 
Desimination, Research Center of Soil Maintanance and Water  in Country, 
Tehran. 

http://www.unescap.org/stat/envstat/stwes-


��                        Ä¸n»�ÊËZÌ§Y�¤m��Y|¿Y�º�q �Ê¼¸��Ê�ÅÁ�a��Ã�Z¼��,¹�ZÆq�µZ����,��ZÆ]���������������������������������� �
 

 

8. Nejabat, M., 2002, Possibility of  Figurative Processing of Satellite Photos to 
Recognize and Make Map of Soil Surface Erosion in Fars Province, 1st 
Educational Workshop of New Technologies in Soil Maintanace, Research 
Center of Soil Maintanance and Water  Protection. 1st & 2nd of Bahamn,2001. 

 


