
١

��� ����	
 �� ����� � ���� ��� ����� �����

���� ��
 ��������  !��"#$� ��%	&!# ���'

 �%��(

 ������ �� ��	 �� 
�� 
�	� �� �� 
������ ����� ��� �� ���� ����� �  !"��# $��    . &�' (�� � 

�� �)��* + 
�� ��	 ��� 
��, -. �  ���+��/ $�+�� + $0� (���� ��* �� ��1* + �+�2� �� ��

�"��� 3"�/ �� 
��# ��  !��45 ����+ . ���� � ���)* 3"�/ + ��	 !#��, 3"�/��67� �  8�92* (�� �4:

��;�" �   �� <=� !����/ 3��>,� �?��@ ��+ABC �/�� �D� ���*��1E�� ��F  ��FG��  HI $��=   

 !7�� �� JK� ���� !7�� �� ��L�*CB+ MB� !�@��  ���� � ��L�*  + ���L. ���@ ��  !7�� �� �+� + �

JK� �� �� I3, I2, I1 )** � �OPBQ RBB+ RSB TU/ V��I �� �W;*�L�F�� A(��  !9,� ���@ ��.

 YF�W� ��" ��Z� + !7���� YF�W� H�K� �� �@�� ��FL. �/ ��� (�� [@��  \@����+ ��>?* ]���@

 !7)�  ����� <U�	� ���� � JK� �� ����^ !7)�    ����� 6@ �� ���/�, +� (�� _ �9�� `�+ ���� �a�� 

 ��;@ ��� .� ��FL. (����  ��  !7���� �+�  ��L�* �  b� � �� (��L/+ !7���� ��"��L�*  �  b�  .

� �  b� � �@�� ��FL. (����  �/��� ���@ ���� � YF�W� ��1L�Z� �� ��FL. (�[@��� ����9� ���� � ��Z

I2���� � ��Z� �  b� � ��FL. (��L/ +  I3���;��  . �� �/ ��� ���@ b+W� c	�� \@����+ ��>?*

 ��" 8L.SBdRBQ eBdSB Q CBdeB + ^BdCB JK� �� ���� !7)� $+��*  !7���� ��"��L�* �L��@�� 

 &�L�'�R %!� c	�� (�� 3"�/ �� !7���� �;g� �`�* [@��@ �/Q �@������  . c	�� ��# 
���@�

 !7���� �/ ��� ���@ (��� ��1* + !7���� ��"��L�* &�L.� �� \h Y.�i� j7�� k+� �  ��4h���@

 8L. �  !7���� ��L�* �� ���@ ��>�� + 
���# ���h ���@ 3��>,� -.� MB �;�@ ���h ���@ �� ���  �L��@�� 

 8L. �  !7���� ��L�* � CB� 
��  �L��@�� ��.

) �*����" �%�  : ��7m�!– � ����–$�� 

+!%,!

 _/ ���9� ��� �/ �� ��*��;. ��	 ��� 
��,

  ���� o,+ _F	 �a�=W� ��	 o,+ _F	

) �� ���1* o,+ _F	 ( ��?�� -.�  �/ ��27 

 
��# ��� ����1@ + ��	 ���1* �� ���+�2�

 �����)R .( +� �� &�L)� ��K  ��	 ��� 
��,

!� p��*� ��'�@ _L.�� ��	 JK��� !�� ��,�

 ��  ��1* ��)  $��FL. q�[7" !#��, (��

 q+� ��'�@ Q �+�� (�  �� �W� �  [�� $��;) +

 ��* (���h ��'�@ �� ��� 6@ ���� ���  �/

 ���+ ��	 $�+�� ��:�),)("� +�# ���  ( �/

 ��" ��0 �� (��� !#��, �� �  �'UKa�

 (��� �W���,��� p��*� Q ����� ���#  . 
��,

r+s�i.� �" �LF. $�!92* ����� �7, $�9!

��71�+!��+��t �

e" �i. �LF. $�!92* ����� �1*+ HUa� $�9� �

    �4 + &�1@



٢

 ��� �� ! �FK� �@ `� ��'�@ (�� �� ��	 ���

 ��4h ���@ 3"�/ OD��+ ���� ���� �)��*+

 ���� (�7uL"+ ��+ ��" �  �;�@ ��	

�����)R.( �):�K� !K��� (�7E �� (�� �7  

 (�  �� + ��	 �/�* 3"�/ �� !7�� �� $�`�

��+v  ��� �W� ��0 (�,� + ����  67   

 + ��FL. 3��>,� �  ?7� !*�9�92* (�7E q�?@�

���# �"��	 ��  <=�  3"�/ .(��

             (�w  �� �� !7�w� w�� `� �):�K� <�" �  8�92*

          $�`�  !��  + ��	 !#��, + �W� ��0 �� 

          !w��   Q���w� � YwF�W� ��1L�Z� �� !7����

       w1@� �`�*+ !7���� + ���� � YF�W� H�K�   w  �

     x;*� $��a ���+ ��FL.)     &Uw  + �*�  y��*��

 &U  K�  Q &U  �� Y��� + Y��� �� �@�� ���)*Q

              &Uw  �� �w@�� ��+ Q�@�� ��>" ��+Q �@�� 8L.  Q (

���# q�?@�.

-��! �����

   ����ww�L" + �z�ww  ��ww" !ww��  T�ww�� ww      

)R{{M(     �F'� �� 37* y��+QRB      _w��* �w� !#  

 OD�� !"�             �	�w* �w  + �w" _w��* _w���* q�. 

     ��� !� �" �@�� ��� ����,�.   ��FL. !��  (����

    �F'� !� �I� 37*��e      �� ��>w�� (�*0�w  !#  

  ���� .        ��>w�� !"� _��* �F'� !� �I� 37* ��

   ���� _���' �  ��FL. .      �� �w)  !� �I� 37* ��

          37w* x��w� �  �;�@ ��FL. ��>�� !"� _��*

  ��* �F'� ��    ��� ���@ 3��>,� Q!"� _)C  .( V�F 

  �����L"+)R{AM (     ��w	 �"�| !:�[E $���}*

             
�w� �/ ��w	 �w:�' +� �� �:�� �@ 
�+� V� ��

             + �w@��� ��w� !w��  ���w� 
�w�@ 
�� �/+ 
��

            3��>w,� (��w��  &�w� �@ ���)  �/ �7�,# �?��@

        8wL. �� ��w	 �"�| !:�[EeB    �w* CB   !�@�w� 

 �ww�0 ww�� !ww7)� ww�� �ww�� 
��ww�,� p�ww�*� �Www�

)^.(  !��)R{P^ (      �� !��@ ��� 
��, ��L@ qU.�

R^   $�� �ww��� 8wwL. g/��ww' Q ��ww�/�* ��ww* 

           �+�w' �� ���� >/L* _L. + Y=@ �* �� !z�F��

     �w"��� 3"�w/ q�� V� .      OwD�� $�w��}* (w��

  -ww.� + 
�ww��# ��ww	 �� �� 
ww�	� $�ww��}*

      ���# !z�F�� $�� ��FL. ��� !7)� 3"�/)P .(

           &�w� �� �w.�>� ��wL2� + !F�F	 !�� RePR

       �� �@�� $�� ��L. Q��� ���@ABC   ��"��L�* �� 

   !7�� ��)^^+C^  �L��@�w�  (     ���� !w7)� ��wK 

       �,�� 3��>,� !7�� �� �+�  ��L�* �  �;�@)S .(

         ����w�L"+  �D�# x��*  !9�92* ��)R{{R ( Q

              &�w� �w� !wI  ���w� � ��Z�+ ����/�	 y�@ `�

��/             Q !��w: !7w�+ !7w� !��w: ��	 �� q�7# 

           �w��/ �� \wh �Fwa�,U  ���� � �/ �� cW��

            �� ~w;I �w + ��	 ��+�9� 8�L.  ����/�	 ��+

           �)w��* �w@+ 
��� 3"�w/ �� !D�* ���� �)��*

              ��� 3��>w,� �� _w�,+h (���wh �L�� ��  ���� .

         `�+ ��	��@� �	�* �  �� ���� �)��* ��� ���� �

   8�L. ����/�	     �w/ !g7	 �� !@�+� ���� 8L. 

 .          �w��� !:�w[E 3��>w,� -w.� Q 8�L. ����/�	

   �FL.+ �� <=� !����/Q    ��>�� �  �RR   !:� SB

�� �a��)A(.

 �����L"+ j7�+�)R{{R (   !7�� �� `�

�@�� $�� ��FL. �?��@+ 
�/ !�� �� ��

 �� �@�� ��FL. !7���� �/ �7�,#S^ !:� PM

 �  �a�� 3��h + 3��Q ��	 y�@ �  �D�*

 ��� 3��>,� ��	 !"��#)M.( x��* �/ !*�������

 �� ������ �� �/ ��� ���@ �� q�?@� ��/+*

 ����� $�� �@�� ��FL. 3"�/ -.�  !7��

 �0�  ��FL.+{ ����/�	 q�?@� $��a �� (*

 ~��� ��/ �� �/ �� �"��	 _a�' !��[7" 8�L.



٣

��� 
������ >�@)RB  . (2� �����L"+ ��F� �L

)R{{B ( ����9� �� �� !7�� ��+ ���� ���h `�

 $�� ��FL.+ ��	   !@� V��� $��FL. � 

�@�/ !��  �?@��+ .!7)� ��K  !7�� �� ����

 �* !� �I� 
�	� + 3"�/�� �"�| !L?' qD

 8L.C^ �� ��L��@��R^ !:� eB 3��>,� �a�� 

 ���. ���� ���hM !7����+ �a��SC �a�� 

��� 3��>,� �� $�� ��FL.. ���� ~���* �����

 ��0 �W� �/ ��   �� �� !/�' &�=2� +� "

 �+�2� �� ���� �)��* ��D ��K  !2K�

 ������ . �  ��FL. 3��>,� �/ �7�,# �?��@ �1@�

 !��45 ����+ � �I� �  
��# ���  !���� �F.

���;�� ���� �?' 3��>,� �?��@ ��){. ( 
>�@���

 + $�+�� �' �� 3�  ��* +  ���+��/ ���

 �� ���@��#  ("�+�# �� 
������ + $0� (����

 ��}� �9K7� �� � �` 8L.��+ ���L�� ��1:�� !I

 
���# ��	 ��" ��0 ��+�9� 3��>,� -.� 

 ���.  
�� q�?@� !��  [�� <I ��)R( ��

 �"�| !:�[E (����  ��� ���@ ��}� �9K7�

 �� �� ��	 !:��' ��+ �W� ��0eB !:� CB

����� 
�"��� ��	 �� !�@��. q�?@� �  (�� �7  

 + !�7� $�`� Q ��0 (�� ��/ ��� + !7�� ��

 �/ 
��#   ��	 ����@ ��+�9�  
�77/ �+�2�

 � �� !� 3"  . ���  
�	� �F. �  !7����

 ���+ �� �@����� �� ���� ����� �)��* + ��

 � ��" 37* ��� �* ! � �/ ~���� �� 
��#  !

 �7/ ��#�FD ��+�')S .(   �� 37* `�

 ��� �;@�D �7E ��FL. . ���;�@ + ���� 37*

��� 
�+� &�I �� 
�*�/   �`� ��� (�L� 

���  �����@ ��FL. �+�. �  �� 37* \�. 

$�� -.�  ��� (�L� $�� !@0�I !:+�L/

��� ��FL. ���� �,�)e .(�+ ���� 37* y�

 $�`� 
���+ $����	 ��>�� + y�@ �� >�@ !��	

���� �����)C.(

  .��� � ���!

         ��FGw�� !w������ HI $��=   !��  (��     

          !7�� �� JK� �� �� !7�� �� ��L�* �/ ��F 

  8wL. �w CB)S1 ( +MB)S2 (   w�� !�@�w�  

!7�ww� ww�� �+�ww +)S0 (  + ���wwL. ���ww@ ��

 ��L�*�� ��JK� I3, I2, I1 )** �  w�OPBQ RBB

+RSB TU/ V��I �� �W;*�L�F�� A(  ���w@ ��

        �w� �wD� ���*  ��1E �� !9,�.     �w���  �� \wh

          _w��+� �Fwa�, �� 3wF/ + 
�w/ ��+� ~LD+ q�7#

          JKw� �� �K9@ (��7E��  �� � 	�+� �* 
�����1�

          �w  !7���� ��"��L�* +  
�� 
�� _�,+h �.�>�


������  ��� ��        ��w19L. �� �z�� �	�� �� F���

     ��  �D� 6@���� .       �w�#��� �� ��w7�LI� ��w 

             ��w67* �wE ��w6@ ���w� 8wL. �� F��� ���

  �� 
������ 8L. .        �� 
����w�� �w  !7���� �� \h

    (�www�)* !7�www���  !www)��+ 8wwwL. _www�,+h

���#.    �+�' �� !7���� ��"���@ �.C   +w�� 

   ��ww��'� �ww  �ww"���@ &�wwI��ww��'  ���+�ww' �ww"

^B�� ��.       ��w@�D 
����w�� ���w� ��w�/�*4560
��  .           (w"� +�# �� 
������ �  �)K� _/ 
�L��  	�+�

      �+�' 8L.  �  ���@��# S^deB   �W� �L��@�� 

          Vw��� Q !w��h��/ 
���7��� x��+� ��+ 
�� 
��

         
�w� ��1;���� _��+�+ ��,# q�?@� !@� :�:+ !@�

 q�?@� ���/ �)  &���� .

         �� ]7w�+, 
�[��� �� 
������ �  b+W� c	��

  8L.PB–B       �wa�� + !:�w[E ���>L"+Q�L��@�� 

     ��w19L. �� ��	 !@�+ � �I�SBdB  QCB–SB  + 

MBdCB        &�wL.��� \wh+ _;� Q�F'�+� �� �L��@��

 !7�ww��� ��ww"��L�* ) ���ww� � (�ww:+� �� \wwh (



٤


���@�  �w��# ��#  .         �w   ��4wh ��w�@ c	�w�

_ww � k+�    ��ww"��L�* &�wwL.�  �� \wwh jww7�� 

 
���@� !7���� �� ��# .  wK� c	�� (�7uL"

 �	�F/ !@�+ x����  �w�# 
���@� ���/ �� _;� �"

��.   �� ��*�@Z " ���/C    �  x	 eC   �Fa��  �*�  

RP          q�w?@� !��� $��=  x	 " �+� �� !�@�� 

     ����'� �  �/ ��A^        b�wK	 �Fwa�, w�� !�@�� 

  �ww�/ �/�ww* �ww��/A^BBB   ��ww��" �� �ww*�  

�� ) $/ "��) �e*M~ � �� . (

        ���� � �� ��>�� 
�� &�L.� ��"��L�* T���    

         �w* ��w	 �w �I� w�/ (���w* k+� �  $/ "

         ��+�+ �� ��>w�� + �;��2� !.��� ��,| �K9@

     
����w��   �w   
�� <=� �� ���9� (��)* �1D

��  ��# 
���@� !L?' ��"���7/ ��.

  ����   �� x9,S       �'��� �  $/ " x�+ x	 

RP/{         �w�  q�?@� ~ � ��   .       �w* �w��/ ��w�� ��

         _w�;� �� !.��� ��" �;��� q�?@� (Lv ���� 

  ���� �)        ���w� � ��w" ��L�* T���   (   + (�wD+Q

     �ww" ���wL�  +  $�ww,� + �w" ��ww1�F. �w  
���w;�

         + Y����� �@�� ���)*Q &U  + �*�  y��*�� $��a+

 ��   Yww��� ��+ Q�ww@�� 8wwL.Q &Uww  wwK�Q &Uww 

        ���L�   �"�| �zU.Q&U  �� �@�� ��+Q �@����>"

        !@��,� 
�# �* �+� ���)*Q &U  + � Q ���� ��"

        �w* !@�w�,� 
�w# �Fa�,Q !"� _# �* �+� ���)*  Q

     �� �;` _/�/ ��1| .     p�w, $��wa (�w�)* �1D

  ���)*QRB        $w/  w" �� !� �w�� + !,��w=* �*�  

  ��W�@���.            (�w�)* �w  �;w�@  �w���  ���� ��

 !�ww���  ��ww" �ww*� )xww�+ xww	+� ( (�ww�)*  +

     �� q���� �@�� � �I��a��.    $�;w��2� ���1@ ��

    T���   �����RC %      +� �� !�w���  �@�� � �I�

 ���#  q�?@� $/ " x�+ x	 .

 /&�� 0�12 

 H�K� �� �):�K� ���� $��a \@����+ ��>?*

 � + !7���� YF�W� 6@ �� �/ ��� ���@ ����

 ��Z� + !7���� YF�W� H�K� (�  ��FL.

 JK� �� ���� !7)� <U�	� ���� � YF�W� ��"

 &�L7'�^ %���� ��D+. ��FL. (�[@��� ����9�

 �  !7���� ��"��L�* �/ ��� �� [@��  �@��

 8L.MB + CB �  O�** �  �L��@�� ^BC/RS + 

S{{/RS (�*0�  ����" �� (*  ��	 �  �� ��FL.

 
+# V� ��   ����� 6@ �� �/ �@��� ��=�	�

 �  b� � ��FL. (�* (���h + �@�# !� ���

 �  !7���� �+�  ��L�*RCA/RR !� ����" �� (* 

 ��� $+���� [�� ��L�* +� �  �/ ��� . (��

`� !7���� �/ ��� ���@ �):�K�

!ww7)� . �ww�� ��ww��� �ww@�� �ww�FL.  ww  ���� 8wwL

       �w�� 
��w  �`�w* !  !7����.    (�[@�w�� �w���9�

     [@�w�  ���w� � YF�W� ��" ��Z� �� �@�� ��FL.

    �� �w/ �w�� (w�� ��w"��L�* ) I 2  �� \whRBB

V��* �� �W;* �L�F�� (+I 1)  �� \hPB �L�F�� 

  V��* �� �W;* (     �w  O�** � MP/RS   + C{/RS  (w*

  ��wL�* + ��FL. (�*0�  ����" ��I 3)  �� \wh

RSB      V�w�* �� w�W;* �L�F��  (   �w AP/RB    �� (w* 

     ��� ����� �� ��FL. (��L/ ����".    _w �� �w?��@

           !����w/ �� w�L/ �wv. $��a �� ��7�� �D�*

    ���w� � ��Z� �� �����K  
��  *0�  >�@ !7����

I 2  8wL. �  !7���� MB    �w  �;w�@ �L��@�w� 

 !7�ww��� �+�ww  ��wwL�*Se/SR3��>ww,� �wwa�� 

        3��>w,� (w�� ���*��wa �� �w�� ��w��� ��FL.

  ���w� � �w�Z� �� ��FL.I 1  �w17* B^/e  �wa�� 

  �w�� 
�� . w�F.          _w �9�� w`� ���w;@ ��� !w7)� �5

           (�[@�w�� �w���9� ���w� � ��w" ��Z� + !7����

         �w�FL. (�*0�  �/��� ���@  �@�� ��FL. ��a



٥

   ��wL�* �w  b� �S 2 I 2   ��>w�� �w  PC/Re  �� (w*

���"    ��w" ��L�* + ��� 
��  �S 1 I 1 +   S 2
I 1   ��>w�� �w  O�** � BC/Re + A{/RS  �� (w*  

          �w@��� ��w� ��w)  ��w" q�9� �� ����".  (�w�L/

 ��L�* �  b� � ��FL.S 0 I 3 ��>�� �  {{/{ (* 

             q�w. �`�w* 
�w7"� ��w�@ �/ ��� 
��  ����" ��

  �ww�� �ww�FL. 3"�ww/ ww  !7�ww��� . �ww�>?*

\@����+            w6@ �� ��� ��w�@ �w):�K� ���w� $��a 

             &�wL�'� JKw� �� Yw��� ��  �w@�� ��a^ %  � +

         &�wL�'� JK� �� �� <=� !����/ ��a 6@�

R %         ��w"��L�* (�w  �� ���� !7)� ����� <U�	�

W�     ���� ��wD+ !7�w��� YF�.      $��wa w6@ �� +

             ��+Q Yw��� �� �w@�� ���w)* + &U  + �*�  y��*��

   YwwF�W� ��ww"��L�* (�ww  �� �ww@�� 8wwL. + ��>ww"

   
�"�ww�� ��� !ww7)� ���ww�� <U�ww	� !7�ww���

�ww�@. ww6@ �� ���ww� � YwwF�W� ��ww"��L�* (�ww  ��

          &�wL�'� JKw� �� �w*�  y��*�� $��a^ %  ��wD+

     � $��a 6@ �� + ����       �� �w@�� ���)* + &U  y��*�

               + �w@�� ��>w" ��+ + �w@�� Yw��� ���w)* + Y���

 !ww7)� ���ww�� <U�ww	� �ww@�� 8wwL. 
�"�ww�� ���

���[@.       �"�w| !:�w[E c	�� \@����+ ��>?*

         !w� ���@ !7���� ��"��L�* &�L.� �� \h ��	

              ��w"��L�* (�w  YwF�W� ��w" 8wL. �� �w/ �"�

   !wwL@ 
�"�ww�� ���� !ww7)� $+�ww�* !7�ww���

���.         k+� �w  ��4wh���@ c	�w� ��# 
���@�

        !7�w��� ��"��L�* &�L.� �� \h Y.�i� j7��

          3��>w,� -.�  !7���� �/ ��� ���@ (��� ��1* +

      !7�w��� ��L�* �� ���@ ��>�� + 
���# ���h ���@

   8L. � MB          �w  �;w�@ ���h ���@ �� ���  �L��@�� 

   8wwL. �ww  !7�ww��� ��wwL�*CB  
��ww  �L��@�ww� 

���.        !w� ��w�@ b+W� c	�� \@����+ ��>?*

      ��" 8L. �� �/ �"�RBdSB Q SBdeB   Q eBdCB  + 

CBd^B       ����� !7�w��� YF�W� H�K� �L��@�� 

        &�L�'� JK� �� ���� !7)� ����� $+��*R % !�

         3"�/ �� !7����  �;g� �`�* [@��@ �/Q �7�� 

  ��� c	�� (��.      c	�w� ��w" (�[@��� ����9�

  � ��"��L�* b+W�        8wL. �� �w/ ��� ���@ YF�W

 ��ww"RBdSBQ SBdeB  +  CBd^B �ww�� !�@�ww� 

           +� �� $+�w��� !w�U/ �� !7�w��� �+�  ��L�*

       ����  ��� !7���� [�� ��L�*.     8L. ��eBdCB

             ��w� $+�w��� TUw/ �� ��wL�* �w� " �L��@��

   8wwL. �ww    !7�ww��� ��wwL�* �� �ww/ �ww@���MB

     + �� ���9� (��L/ �  �L��@��    ��w� ��1  ��)v

  �w�� ��,# .      8wL. w�� ��CB     $+�w�* �L��@�w� 

��"��L�* (�  ���� !7)�S1+ S2  ��w��L@ 
���

           8wL. �� �Ww� ��0 �/ ��@� 
�7"� ���@ (��+

CBdeB             �� -w.�  !7�w��� ��wL�* +� "+ 
��    

       ��� 
���# ��0 (�� (�,� (� .  (�[@��� $����9�

           8wL. w�� �� �w/ �w��  �� [@�� ^B   �L��@�w� 

            Q�w@���@ [��w�� �w  ���� !w7)� $+�w�* �"��L�*

      w�L/ !7�w��� !FL. 8L. _�:� �  �� (�� �F.

 ��MB ��wwL�* �� �L��@�ww� S2�ww��  ) �wwF. �ww 

 �� !7�ww��� 8wwL. ���ww�/�* ���ww* ���+�ww2�

    ��L�*S2     (�w  �UwL.CA   + ^P     w��}�� �L��@�w� 

   ��� 
��  .(     . $+��* q�. �  Q(�� �/    (�w  �w�FL

 ��w"��L�*S1+S2  ���� !@��wWL".  �w�>?*

        ��"��L�* &�L.� �� _;� b+W� c	�� \@����+

         8wL.�� c	�� (�� �/ ��� �� [@��  !7����

         �w�� 
��  ���� !7)� $+��* ����� YF�W� ��"

.



٦

 _��)R : ( �� ��FL. (�[@��� ����L@ _��)S(    : b+W� c	��  (�[@��� ����L@

!7���� ��"��L�* ��0!7���� ��"��L�* &�L.� �� \h ��	 ��"

 _��)e : (  ��0 �"�| !:�[E  (�[@���  ����L@!7���� ��"��L�* &�L.� �� \h ��	 ��"

D &+�)R: (  (���� ��"��L�* ��D��� \h b+W� c	�� \@����+ ��>?*)���� � (�:+��� \h(��19L.��YF�W�

$�) � (�[@���

ABdMBMBd^B^BdCBCBdeBeBdSBSBdRBRBdBdf$���}* ~ �7�

BSM/BBSe/BBMS/BRRR/BBC^/BBe/BBRM/Be���*

BMR/BReM/BCMC/BeR/B**RM^/BBR^/BBBC/BS!7����

BS{/BBee/BBe{/BBBP/BBBA/BBBR/BBBR/BM�K	

A/RBAP/RSSe/R^PC/A{A/PAM/CR/MdCV%

  &+�D)S  : ( YF�W� ��19L. �� b+W� c	�� (�[@��� ����9�

ABdMBMBd^B^BdCBCBdeBeBdSBSBdRBRBdB

AA/RA^A/RAMC/RACC/RAM^/RAA{/BA^{/B!7���� �+� 

AMe/RABCP/RBSA/RBBA/RBPS/BBM{/BA^C/B !7����CB�L��@�� 

ACM/RBSS/RB{M/BC{/BBPB/BBMA/BA^M/B !7����MB�L��@�� 

S{^%eRC%eCS%R^^%RC^%^^%^C%LSD 5%



٧

 &+�D)e  :( +W� c	�� \@����+ ��>?*!7���� ��"��L�* &�L.� �� _;� b

$�) � (�[@���

**RPS/Bdf$���}* ~ �7�

**AAe/Be���*

BRM/BS!7����

dM�K	

A{/{dCV%

  &+�D  )C : ( !7�� �� �� _;� YF�W� ��" 8L. �� b+W� c	�� (�[@��� $����9�

ABdMBMBd^B^BdCBCBdeBeBdSBSBdRBRBdB�� �� _;�!7��

aA/Rab^A/RAMC/RbCC/RcRM/RdAP/Be^{/BRP/BLSD  =

  &+�D )^ : (  !7���� YF�W� ��"��L�* �� ��	 ��4h���@ ����9�

 ���h ���@)Cm/hr(   ![��;L" O�vR2���@ �:��)���L�*

eS/B{^/BD=0.26 t0.46

SP/B{R/BD=0.48 t0.38
S0

AP/B{M/BD=0.14 t0.84

R{P/BD=0.25 t0.6
S1

PS/B{A/BD=0.4 t0.52

Se/R{A/BD=0.78 t0.49
S2

 &+�D)M: ( �� <=� !����/ ���9�

 <=� !����/

 ��) �� q#�F�/

����"(

 �� _/ ���9�

�!,=) �� q#�F�/

����"(

 �� ���9�

 !#�@�� ) ��

����" �� O)��(

 ���� � �� ���9�

)O)�� �� �� 

����"(

 ��FL.) q#�F�/

����" ��(

�"��L�*

APB/RA/MA^{ePBA/MeA{RSBeBI1S0

{eB/RA/MA^{ePBA/MeA{ReBCBI1S1

PeC/RA/MA^{ePBA/MeA{RSA{BI1S2

{RA/RAe/^{^CePBAe/^^M^RRCRBI2S0

RCB/SAe/^{^CePBAe/^^M^RSA{BI2S1

eSe/SAe/^{^CePBAe/^^M^RePCBI2S2

P{e/R{/^SAPePB{/CP{P{{{BI3S0

B{M/S{/^SAPePB{/CP{PRRBMBI3S1

ReM/S{/^SAPePB{/CP{PRRSPBI3S2



٨

 &+�D)A : ( ��" !7���� �� �@�� ��FL. 3��>,� �a�� ����9�CB + MB�� !7���� �+�  ��L�* �  �;�@  YF�W� ��" ��Z�

 ���� �) " �� (* �  q�������m(

 ��FL. 3��>,� �a��S2

 �  �;�@S0

 ��FL. 3��>,� �a��S1

 �  �;�@S0

S2S1S0

B^/eCB/PC/RSBCC/ReBee/RSI1

Se/SRRB/RSPeA/ReA{S/RSCRC/RRI2

A{/RSMP/RBSAA/RRBMe/RR{{^/{I3

 &+�D)P : ( $�) � (�[@���)MS(��� YF�W� H�K� �� �):�K� ���� $��a���� � + !7�

 !����/

 <=�

��

 8L.

       �@��

)cm( 

�@�� ��>" ��+ ���)*

 Y���

�@��

 �@�� ���)*

Y��� ��

   &U  y��*��

)cm( 

    �*�  y��*��

)cm( 

 �@�� ��FL.

)ton/ha (

 �D��

�����

$���}* ~ �7�

BA/BBBR/BRPR/RBRMRPS/BBP^/RCMMA/S^APR^/^BSe{P/Se���*

**
RP{/B

n.s 
BR/B

n.s ^AS/MCMn.s 
R{R/B

*
eBe/eA

n.s A^B/{n.sRCA*CSS/MS!7����

BRP/BBBR/BPSM/S^SMe{/B^{^/^CRA/SABeA/MBMCC/BME(a)

n.s 
SC{/B

n.s 
BBR/B

n.s PRC/MCSn.s 
^BP/B

n.s 
C{B/P

n.s A^B/PRn.s BPe/^MC*RPP/ReS���� � ��L�*

BAB/BBR/BMRC/{SASMS/BPSA/RBR{C/^B^M^/MBCPR/SME(b)

n.s 
BeC/B

n.s 
BR/B

n.s ASB/M^Pn.s 
eMP/B

*
CBe/RR

n.s A^B/MRn.s Pee/CBn.s SBP/RC !7����*���� � ��L�*

BRA/BBe/BPR{/R^APC^^/BRPR/e^SP/S{BeA/{^^{B/BRSE(ab)

^e/MPM/^BM/Re^B/CB{/CBA/MS{/^CR/MdC.V. %

 &+�D){  : (���� � + !7���� YF�W� H�K� �� �):�K� ���� $��a (�[@��� ����9�

 <=� !����/

��

       �@�� 8L.

)cm( 

�@�� ��>" ��+ Y��� ���)*

�@��

 �� �@�� ���)*

Y���

 &U  y��*��

)cm( 

  �*�  y��*��)cm

(

�@�� ��FL.

)ton/ha (

�"��L�*

EAP/RABS/RAS/eReA{/RCD{/ e{ABC^/PPBCA^/RA{BCDBe/RSS0I1

DE{S/RABB/RAS^/eBMAP^/RCABC^/CeABCBB/PPABCBB/ RPMCDCR/ RRS0I2

DEP{/RA{{/BA{S/SPSABB/R^CDe^/CRABCA^/P{CA^/RAME{{/{S0I3

CDE{e/RAB^/RAe/eBSAMB/R^ASS/ CMA^B/{^ABS^/R{SABBC/ReS1I1

ABRC/SABR/RACA/S{MAM^/RCAAA/C^BCBB/{BABB/R{eABA{/RSS1I2

BCDB{M/SABC/RAM^/S{PASB/R^BCD^^/CSBCBB/PMCS^/RAPDEBM/RRS1I3

EPeC/RA{M/BASA/eSSASB/R^ABCAA/CeABCA^/P{ABCS^/RPCBCCB/RSS2I1

AeSe/SA{A/BARS/S{^ABB/R^ABeA/ CCABS^/{CAA^/ R{SAPC/ ReS2I2

ABCReM/SA{{/BAC/eSBAM^/RCC{^/CCCA^/PeCBB/RAMCDSP/RRS2I3

SB/BBPC/BSS/MRBC/RA^/SeA/PPC/RRRP/RLSD5%



٩

&+�D)RB :( &�L�'� JK� �� $�� YF�W� $��a T���  !7���� YF�W� H�K� (�[@��� ����9�^ %

 !����/

�� <=�

   �@�� 8L.

)cm( 

�@�� ��>" ��+ Y��� ���)*

�@��

 �@�� ���)*

Y��� ��

  &U  y��*��)cm

(

�*�  y��*��)cm( �@�� ��FL.

)ton/ha (

 ��"��L�*

!7����

CPMe/RABBB^/RAA{/eBBA{S/RCB^Pe/CRAA^B/PPAPee/RPBBRCA/RRS0

BB^P/sABeS/RASC/S{{AR^/R^AP^B/CCA^BB/{BAPee/RPAAS{{/RSS1

AB{P/SB{AC/BAM/eRSA{^/RCAeMA/CCAS^B/P{Aee/RPCA^BC/RSS2
BeS/BBe/BPP/R^P/BeM/SSe/^AC/AP/BLSD5%

 &+�D)RR : (����9�H�K� (�[@������� � YF�W�T��� $��aYF�W� &�L�'� JK��� $��^ %

 !����/

�� <=�

   �@�� 8L.

)cm( 

�@�� ��>" ��+ Y��� ���)*

�@��

 �@�� ���)*

Y��� ��

  &U  y��*��

)cm( 

 �*�  y��*��

)cm( 

 �@�� ��FL.

)ton/ha (

 ��"��L�* �����

B ��/rA �r/rA ��/�rsA s�/r�A �/��A ��/�sA �s/r��A ��/rsI1

A rs�/sA ���/�A s�/s��A ��/r�A ��/��AB ��/��A ��/r��A ��/rsI2

AB ��s/sA ���/rA ��/���A ��/r�A ��/�sB ��/��B r��B ��/r�I3

SM/BR/BCS/eB^R/Be/eR/AP/A^A/RLSD5%



١٠

-��!

rdy+ � Q ���	� .
��W��G� .ReAA . �� ���+��/ $��FL. `� �� ��	 �"�| !:�[E $���}* !�� 

 ��}� ��� !v��� .���� 
�[�@�� ���+��/ 
���@�� ���� !��7���/��7�L�.

SdqQ !F�F	 .HQ�.�>� ��L2�+ .RePR .   ���� ��F�W� ��" 
�+� + F��� ��� � ��/ `� !�� 

@�� $�� ��FL. �� �)���ABC .(! 5 ��?�� ��� ���+��/ $�9�92* >/� !z�1@ k��>#.

3- Ariy, J.M. 1987 . Corn and corn Improvement. Academic press Inc. Newyork. 
P 721.
4- Bao.J.S.,Yang.and y.c.Hao . 1991 .The effect of water stress during different 
growth periods of maize on its physiological characterstics. Aca-
Agronomicasinica. 17(4). 261-266.
5- Blake , E.R.;W.W.Nelson & R.R.Allmaras. 1996.Persistence of subsoil 
compaction in Mollisol. Soil Sci.soc.Am.J: 1819- 1825.
6-Ewing .P.R and Wagger .M.G.1991.Tillage and crop cover management effects 
on soil water and corn yield .soil science .1991,55:4,1081-1085 .
7-Gajri,P.R.and Prihar .S.S.and Cheema,H.S.and kapoor.A.1991.Irrigation and 
tillage effects on root development ,water use and yield of wheat on coarse 
textured soils .Irrigation Science .1991.12:3,161-168 .

8- Mckeys,E. 1985. Soil cutting & tillage.Elsevier Puplisher. Newyork.
9-Mohamed saleem,M.A. and Adeoye,K.B.1990.Comparsion of effects of some 
tillage methods on soil physical properties and yield of maize and stylo in a
degraded ferruginous tropical soil . 1990 .Soil and Tillage Research 
.1990.18:1,63-72.
10-Truksa ,J.1990.Deep loosening and liquid manure application during grain 
maiz growing .Rostlinna Vyroba .1990.36:7,699-706.



١١

The effects of sub soiling and irrigation on corn yield

Abstract
This study was conducted to determine the effects of sub soiling and 

irrigation regimes on corn yield. Three sub soiling depth including S0(without sub 
soiling), S1(sub soiling at 40 cm depth) and S2 (sub soiling at 60 cm depth) and 
three irrigation regimes include  I1( 80 mm evaporation from A class pan) , I2 (100
mm evaporation from A class pan)   , I3(120 mm evaporation from A class pan)  
were compared based on split block design with four replication.
Results showed that :( a) yield was affected significantly by sub soiling and 
irrigation treatments in 5% probability level. (b) Three sub soiling treatments :   
(S0, S1, S2 ) had significant difference (p< .001) in CI index. (c) Sub soiling had 
increased the soil infiltration rate.

Keywords: sub soiling - irrigation -corn 


