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 ���� ��	
�	 ���� ��	�� ���w/c ����	 ��	
�	 ���� ��  � �!� " !# �$ � % &'(�� ��% )� �$ � *# � +�  �	 .--�.

+� �!�$	 
/ 0 �1�' � !� 2	 34 �3"6�7� 8� #.  ����w/c 9:	% �!; <� =1�' >-"	- ?�<+� �� �� (�� ��% )� �$ � �@. �	6<

 ���� ��	
�	 *# � � �!� " !# �$ �  � % &' ��	
�	  � ����	 ��	
�	 A��w/c �	 ��	
�	 �� B� "- % C34 �$ � �� ���� (

+� +B�=� ��% )�.-64  +D� � �E�  ���� F�	�4 �� - G�	 ��� �� �H )� (�	 "- �� ��	 C-6� �' ��!; < 8�	6# (�	 �$ �� �

 -%30 	7H .3�64 +�"�� �� .	3�300  % � �!� ��6�� J�.6!�1000  KL� .34 �!B< �� � % (4 J�.6!�20� N��O6� (�� )160 

(��6�2' % �� S� +�-%
�	 �%3�  T%	 �0�� "- .3�34 ��U � O6��(��+$ VS� �2' ? $  ? $" !#  �330 �340 �350 �360 % 370 

 �!B< ADE� ��� "- J�.6!�34 ����	) +/	" � Z@0 �� +D� ��~8+�� �-6� (����� J%- �0�� "- .(�� O6+$ VS� �2' ? $   �

 ����� �!� �� &' ? $53/0 �54/ �55/0 �56/0 �57/0 �58/0  %59/0  �� ; " !# %350  ADE� ��� "- J�.6!�	4 	�� �0�� "- .3

(�� O6�� J6�+$ VS� �2' ? $   �����	�� ? $ ��5 �6 �7 �8 �9 �10� 11  %12 +�� �% ���  ; " !# ��350  ��� "- J�.6!�

 ?%" �� .3�-�. �!B< ADE�20(�� O6�� ��% )� �� �2'?" S� 1 �3� 7 �28� 90C2%"  +SS� ��% )� %28C2%" J G�	  ^� �� .���.

' _ !�# (�	 �!; < +$ VS� �2��S!�  _	�!!`<w/c  " !#  � ����	 _	�!!`< �� ���� (�� ��% )� "-� S� 	" ��6. �� >-	-  � �� ?	

�$ �  �$01/0  ����w/c  -%303/1  ��% )� T E� a V�28+� ��	
�	 C2%" �$ �-%
�	 ?	2	 �� (E!H �3� �10  "- � �!� J�.6!�

 -%30 ��% )� �(�� ADE���� ��2/1 T E� a V�  �$ �� S�)1+�� �(����	 ��	
�	 ��� �	 ��	
-"	-.  �$ � �!; < A��: �)!)0 "-

 ���	" aw/c 9:	%�< +�.34 � ) �$ � C"	6�$ ���H	w/c .��!� &6b� +�-%
�	 c�d� �%3�( 

 :����� �������� �� w/c!�"�#� �$���  ���� � %&	. 

 

1. 2. ����	
� ���� ���� �� ����� �����: 

3 ���� 8� #w/c+�  @�	 	" +�B� �)� (�� +�	" � % ��% )� "- � �!� " !# % ����	 ��� .3=� ��	?-3D�� ��  �)�

C-6�� 9��S< % +�"�� 	" 8�	6# (�	3�	 8E4)1(. (E!H  ���� � �!� �� &' $���	" a 2	+0	�� eB� ? O6��.��	 +=�� ? $ 

 �2'�� ] ����	6.- � �# �� [+  % -%30 �' �hi90 C ." � �j�	 "- T �Ck%�a %  $ $?  C- @��	 -"6�  $"6S� ��$

] ��	 ����. "	�l7/' �m �.	 .[!(�� � ACI ١١۶R-٩٠  �2'�� SG=� �	6=D� 	" ����	+ �	%" 2	+ i6<!� �+ ���>3  "6b�  �	

	" � n�� � e��+� �� 	" (��+ �2'�3 .�+ �"��+ ��6�� $? % � �2 �b�	" �� C34 o�S� -3D��?�+ �)< ����	 %�n � bU+ 

 ��	 p6ED� %]8[)h< .!_ ) C-���.	?  �B��(��  � O �<"	!( ��!�G 	�(  �2'�� � E� _ d�S�  �!E+ k6H6/" %�E+ �U!� 

�!� �  J G�	����. �0 %+ b�	%"+ � �!( �< �=< % ����	!e �U!� �!� � ] ��	 C3�' ��3� (�� %9.[ *h� �6=� < $? 

2�- ? 	" � -"6� "-+�  �2'�� ��	 C34 N�b� �' �-6� - ��#	 8� l % ����	 ]10[ .. C2	3�	 q6:6�!�? �	%"+  ����	  �

." E� � �2 "- (��!�? H%	 _ rhH "- �'!� �$	 2	!� s �+� "	-"6U�� +�34 �. C2	3�	.!�? �	%"+  �	6=# �� (����  oU 4
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+V���	% 8!H- �� (�� ?" S� ��% )� % ����	 -3# (!� ?	�b�	" % O �<"	 (!!D< .-64+� +)< (�� ?k6H6=E< "- eB� % C- � 

��% )�  � O �<"	 "- +�	%" +�� ?�!.C2	3�	 2	 
!� �6=� < �B� (�	 �� .3�"+� �r� �� 8ES� - �2 ? $���	" a �� (�� ��% )� 

34 �+� *h�  -"6�  ����	 ��	
�	  ?	��  (��  ��  &'  �-%
�	  C"	6�$ .��	 C3S�  C3$ S� +)!)h<  e!)���  "6�  �� ?" S�

  .[12] -64 & ���	 c�d�  � A� =�� ����	 (���B� 3� � %"(�	 2	 >[11]

��3i 3$	6U+� &' +��" :(�� �� &' ? $+�-%
�	 �!;t<" �	6=#  � ?	�H )� "-  E���	 KE�� +� ��U � 9H d� +� L��

(E�� .-64 J G�	 ?- �2 �l- 3� � +=�� ? $O6�� �D�6< ?	�� �� ���' Ab� (�	 �i�U .�U	-�a 8wD� (�	 �� "v3=!�� 

% - �G�	 ��	�� "- ��% )� % ?" S� ��% )� 3=� � (�� &6b� ?-�E�# ? $+.x�% �+0	�� �	
!� 2	 �!� &' �-%
�	  � ��	

? $(��  ?	�� ACI  ٣١٨ "-  z"3=� w/cm +0	��  2	 �!l-  ?%�!a  	7H .-64  ��7aA!�'  +.-"6U  %  $_ @H6�  ��34&%y 

% -64 ����"  $AH l "- �H6B� �� 3�	6��  < 34 � +� � C2	3�	 �� 3� � C2 < (�� +�	%" % +�	" � .[13] ��	 C34 3!� < ?	C2 � 

�+.- � �� �� ����	 {%" .3=� �a 	"  $-�V!� ��$ �6�	�!a �3$- ?%" - �2 +V�U	3�	&'  �  $��	3V=� +/	3� �E=�	 �%3� 

�� ���� c�d� 8h� ? $+.x�% % ?
�"(�� 8h� p �	 ��  < ��	 J2s .��	 ����. "	�l +�	" � % +�	%" |��  $C ." � "-

.-64 J	3l	 (�� ����	 & ���	

>3�	C-6�� +��D� 0/22  < 0/2 	" (W/C) � �!� �� &' ���� 8l	30 ���� ��	�� % �� =� � �!� �6!�	"3!$ �B�

&' �	
!� %"(�	 2	 .��	 8ES� " !�� �!�U �' ?2 �e�	��� % �U � �� ��	 e� ?	C2	3�	 �� +/	" � ���� (�	 "- (E!H 

% (T ��� �r}) � �!� �� q6:6� (�	 �E�' T 0 .[14] ��	 (+�-%
�	 �%3�) (�� "- &6b� ?��7a" � ?	�� ��-%3h� (!H%	

.-64+� O6��� ( B�' K=� % 8E4 �+V��E4 3i"- �?3=���	-)  $��	3V=�

.3�-6�� �DH b� 	" c" D�� ? $ " !# "- ?" S� ��% )� _	�!!`< ?%" �� (�� +�	%" _	�!!`<�;	 (1390) +�� l % C-	2e��"

?" �' ? $+�"�� %  $� �!� _ !i6dU �� ��6<  � .3�-�� (!!D< 	"  $��6�� ?" S� ��% )� % �!B< +�DE� ��6�� 1200  B�' 

%  8i 0 (-64+�  &6�h�  C34  ���  (�� +.x�%  (����B�  ��)  $��6�� ?" S�  ��% )�  %  (��  ����	 (!�  F�	%"  J2s 

C2 < (�� "- +�	"  -� 1 : 2	 ��<" �#  $?
�"(�� J6�# ?�� C34 (!D< �!a 2	 ? $2 !� (����B�  B�' e#2 �� .��	 C34 +�"�� 

�DH b� "- ���	" a %- (�	 O �<"	 .C34 ��� (�� "- ?" S� ��% )�-2 >-64+� ?�!. C2	3�	 ����	  � +�	%" �� �2'   � ��

:34 �+� ��2 N�4 ��  B�'

�� 34 �+� O6�� ? $���� "- " r��	 8� l �!} _	�!!`< �;	 "- 	�j�	 � $����	��- )� "- T6�D� 30 2	 �!� _	�!!`< -1 

+�U	6=E� +Dl	% ? $����	 �9H d� ��6�" �!l- T��=� (�	�� =� >��	 ��6�" �� O6��� _	�!!`< (�	 (��<C3�# % (����B�

>�4	- 3$	6U �G!��  	"

�� �2'  �G!��  " ��#	 %  {2"	  �?"%'8�#  %  e�	�<  �+$-? �  ��U �  {%"  2	  ��% )� �!D�<  %  (��  A��� �!$ �  -2

A� =� % C- � +4%" �� �2' (�	 �@. �	6<+� % 3$-+� �$ � ���	 � B� 9b� "- �� �2' (��<T%	3�� �� �	" ����	

-3# ��	
�	  � �� -64+� C3$ S� +�l "6d< c�U �� .��	 C- �' (�� O6�� ���� ? $ �� �!a +�U	6=E� T��=� ?	��

.3� �+�� �$ � (�� ? $C-" J �< "- �(�� ?" S� ��% )� �(�� O6�� _ �!��< �� � �3� � �� ; O�4 �� % �����	

? $����	  "- %  (��  ���� ? $C-"  "-  C2%"7  ? $��% )�  ��  ����  $��6��  C2%"28  ? $��% )� ��	
�	  3i" -- 3

  �  %  300 C-"  �  (�� ?	��  ��	
�	  3i"- (����� .��	 �!!`��  %12 -0 180 2	  % 3=�+�  �!!`<  +bU�!}  _"6i  ��  _% @��

(180-140%) ��S!� _	�!!`< �=�	-  � % 200 C-"  � (�� ?	�� ��	
�	 �	
!� (���S!� % (135-120%) |3�	 _	�!!`< �=�	-

. [1] ��	 C-6�
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8E41-   ���� �� �!� ?6�h� _	�!!`< O �<"	w/c (�� ��% )� ��	�� "- ����	 % ]2 �3 �15  %16 [ 

;t<!� � �� &' ����!� � � %!�	
 �!� � � �=< �h< (�� "-+ _	�;	 2	 3�	6<- w��? � ��!�	
 - 	6$ (�� "--"	� ��!�G 

� %!�  	
�	  � .--�.�� �U 8��<!�� �6ED� �;	 	6$ & �0+ %" ��? � A��� C- � ��% )�+- c�� 2	 .-"	7.�V� 	
�	  ��� 

	" �+� � l %!� �U e�	�<!��  	6$ & �0�+ 	
�	 *# � 3�	6<�� 0 � ��% )�!� �) T )��	 ��� "- �6dU B�6? �% &'   �!� � 

 a!�(�� "- % C34 (!�G =m .3S�� -6�B� 	" (�� ��% )�!( � �r� ��+3�" � e� (�� "- ��!�� � � �2+ �	 ��G-  $ & �0 	6

�r0�� 8� l "	3)� �$ �  � C	��$	? ;t< �34 � O6�� &' 2	!� 6$ & �0 p6ED�	 %" ��? �U ��% )�!� �!� 2	 ��j� �;	  %

C3==� �	���	? %" �� �� ��	? 0 �!� .-"	- T )��	 

) ��	" E�$ % (�3<1387(  S��	 % �=!�6� &' &7� �?" S� ��% )� �� � �!� " !# ���� N6b� �!; < 3��� �6� "- "

(��) � �!� �� &' ���� ?	"	- ? $W/C 	" �� ; (3�-6�� +�"��� �!� �� &' ? $ ���� . 4/0 �45/0  %5/0  �$  � �� 3�-6�

�� " Bm � B�' 2	 �� � �!� ? $" !# � O6300 �350 �400  %450 ADE� ��� "- J�.6!�  "- .34 ��U ��O6�� �U   $

q6� 3=<�a � �!�2 ��	3V=� % C2	3�	 �j�	30  � ? $19 +!���� ^� �� .���. "	�l C- @��	 -"6�  �� ��	 �' 2	 +� 0 �� �2'

 2	 O6�� "- � �!� " !# �$ � �� �!� �� &' ���� ��450   <350 ADE� ��� "- J�.6!�  ��	
�	 A�6�� ?" S� ��% )

+� (�� "- 3��� �6� " S��	 % �=!�6� &' &7� �$ � %� " !# ��	
�	 "- 
!� +�H 0 (!=m �� S� .--�.�!	 �  2300  ��350 

ADE� ��� "- J�.6!� +� " r��	 +� �G!�� �� �	6=# �� (�	�� =� .-"	- -6�%C-%3h� "- �� -%"  ����'� �� & � �!4/0 <  

5/0 � �!� " !# ?	"	- ? $ O6�� �350 ADE� ��� "- J�.6!� O6�� �� � �� ����� =� -�E�# 2	 � $A F�	�4 "- ?�<

-"6U�� e� B� +b!h�3=4 � "	 ]4 [. 

�T6�	-"6 )2010 (B�!�=2 �? O6�� $? �6��+ 8l	30  � 	6�h�? �!� � 	��?  a % -�E�#�"	3?  .-6�� +�"�� 	" c3$

i	+ )h<!� ?% �"��+ � "	3)� 8l	30!� � � -"6�!2   �  ����w/c 	�� A� =�? '" � �)h<+�J Eh��	 � �_ �	
H	  "- J	%-

2 �%"? =��+  " S��	 �$ � %-? ��	!3 �(��� c�d� k��	? 
$ %��= $ -6�.  ?%�� ?��  �2'�� ?%" �� 16  � (�� O6�� 

� �!� �� &' ���� )w/c( 35/0 4/0 �45/0 �5/0 � %!�	
 �!� �  2	400  �500  �600  %700  ADE���� "- J�.6!� J G�	

	-- .��<!A ��	3V=�	��  $? O6�� ��$  $�� �E  .-6� ���^  �2'��  ?% �� -	- � S���% )� D� <+  2	w/c  2	 8)��� %

�!� � ��	> 	
�	�� �!�	
 w/c �  �!� � 	
�	 *# ��� 	" �+� �+-64 > � 	
�	�� 6�h�? �!� � 	��? w/c  �o�S� "	3)�

 � �2{�!. � �$ �+�3�  >	��? �� w/c 	
�	  � o�S��� 6�h�? �!� � �7ay6@���? 	
�	�� �+ �3� (�	 2	 > %"	
�	�� 

�!� � 	
�	 *# ��� �� ��% )�+64 - "	3)� ��	 (E�� % - �2�!� �� 3$- �$ � 	" J	%- )	
�	�� 7ay6@���?  y6@� % 	6$

���3(	 �� C%�# .�(	�� �? �� w/c ��! 2	 35/0� 	6�h�? �!� � �!�  2	1pcy 500 @=� �;	 (�� -�E�# ��+ �+-"	7.  ��

                                                      
1 pounds per cubic yard (pcy) of cement  
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"-  J�.6!� 400  %  300 T- D�  ���)< ��  ADE�-" �  "-  3�6a 700 �� ADE�-" �  "-  3�6a 500  2	  � �!�  "	3)� ��	
�	)

[17] -64+� � �)�	 2	 +4 � +.-"6U|�< % C2%" 28 ?" S� ��% )� %15 �$ � �� +B�=� (34 �+� ADE����

.3�-�� +�"�� 	" ( �"- &') C3�"6U ? $ F!h� "- (�� -�E�# �� � �!� ?	6�h� �!;t< (2013) �	" E�$ % -	" +� �!�

�� w/c ����  �$  ?	��  % 3�-6�  (0/50  %  0/45  �0/40)  � �E� � �!� �� &'  ����  � +�6��  ? $O6��  � B�' �DH b�  "-

  �V� �� ; w/c ���� �.	 �� 34 o�S� �DH b� (�	 "- .34 �!B< ADE� ��� �� J�.6!� 450 % 400 � 350 � �!�  � O6��

 �3� �+� ��	
�	 ��% )� �3� � �$ � ADE� ��� �� J�.6!� 350 �� 450 2	 O6�� "- � �!� ?	6�h� ��+� V=$ �-64 ��4	-

 .[18] 3� �+� �$ � 
!� ?-s6� ? $"6< �"' +.-"6U T ��0	 % �$ � �� �6� " S��	 A��:

--64+� � �!� c�d� �$ � *# � �E=�	 � hH � -� �4"- ? $��	3V=� �6dU �� ?	��	3V=� 9H d� 2	 �=!B� C- @��	

%  (��  "-  $��	3V=�  eB�  �$ � (!=1�$  .-64+�  C2%" /7 C2%"28 ��% )�  ���� �G!��  "-  % w/c ����  "- �!!`<  *# � 

��	
�	  (�	  &6b� �  �;	  �$%xa 100 -%30 +�  �	 >--�.+�  J V=$-%2  ��% )� ��	
�	  *# �  ��' � �!�  ?6�h� ��	
�	

.[19] ��	 C34 _ �;	 (�� J	%- �� ((�� "- � �!� " !#)

�� (� �!� " !# % w/c �����	) "6�7� 8� #3 �!; < ��� )� % +�"�� �DH b� (�	 2	 c3$ ��0%�b� +�# +� �� p �	 ��

.34 �+� (�� ��% )�

:���������  	���!" .2

:���� �$% &�'��' � 	�(�) *)�� 1,2

%  +E�
!�  _ d�S� ��  34 �!B< �	�B< � �!� �� U" �  2	  2q6�  3=<�a � �!� ��6�� J�.6!� 300 ��DH b� (�	  "-

.��	 C3�' 2 % 1 ? $T%3� "- �' +/ !�!4

C- @��	 -"6� � �!� +/ !�!4 _ d�S� -1T%3�

 

SiO2 Al2O3 Fe2O3 CaO MgO SO3 K2O Na2O LOI C3S C2S C3A C4AF 
Alkaline 

equivalent 

0.130.722.153.4063.003.804.5021.10 0.88 54.2 19.6 5.5 0.6011.6

 

T%3�2-  !� _ d�S�+E�
 C- @��	 -"6� � �!� 

?" S� ��% )� 
]Kg/Cm2[ 

  �H	 ?%" C3� �!l �[%] 
 (!�

]Cm2/g[ 

 {�!.

]min[ 
T ��� �r} 

2 C2%" 7 C2%" 28 C2%" 
 90 

�%�E!� 

32 

�%�E!� 

45 

�%�E!� 
�!H%	 +� B� 

228 396 544 2/2  7/21  2/12  3052 160 245 5/24  

 �0�� "-?3D�  -%30 �!B<  �1000 ��	3V=� 9H d� J�.6!��?	 O6�� �U �� .���. "	�l " � "6��- "- +=�� ? $ �

 "6�T6�D� ��	
�	 �j�	30 C2	3�	 ��	3V=� )MSA (� �G=� �� ��	
�	 ���% )� �$ � ��=�
$ ��	
�	 +H Vm ]20[� �$ � 

��a�?��7a �$ � �!� l (��?
�" "- �� )� |2 �  � e�	�< �"6< �"' ��	
�	 &'+V�U	3�	 % C�!} +�-64 .	7H  �H } �U � 

(�� +�D=i  � ��	3V=� MSA:٢۵mm J G�	 +�-�!. .? =�� & ���	 9H d� V=���	3	? ?	�� �!B< O6�� (��? $ +S� �2' 

"- (�	 �!)h< 
!� �� (!�$ T	6=� � ��U � "- (�� ?	��	 �� S�) $ (C-6� ��	 .8E42 % T%3�1 _ d�S� ��	3V=�? $ 
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+��d� "- (�	 �DH b� 	" � S� +�3$- .8h� �!B< 9H d� V=���	3?	  2	&6=� �	�B< +�34 � .2	 ��	3V=�? $ �4"- �� � hH 

�$ � c�d� � �!� ]21[� C- @��	 �=!B� 43. 

 

T%3�3-  N�� "- C- @��	 -"6� 9H d� +=� _ d�S�+=�� O6�� ? $ 

 q6���	3V=� 
 +��� T%3� 

)FM( 

3i"- 

&' &7� 

�6d�� �2% 

)SSD( 

3i"- 

 +V��E4 

��47. 3i"- 

  �H	 2	200 

(+�	- �) ���E4 ��!� F�6�� (4 5/7 20/2 55/2 45 4/0 

���E4 ��!� �� � 9/3 3/3 51/2 * 1/3 

 

8E42-  ��	- ? $"	-6��) �� � �(��	" ���) (4 ?3=�F�% 9H d� A!��< % ()�m ��� (+��d� O6�� "-? $ (�� 

� "-�! O6�� $� ��!@!  9H d���	3V=�?	 &' %- )� ��� �2%+ 	�4 �9H d�F� +E�
!�  �- �61�$�  -"6� "	
�		� �C- @�

�2'V�6 $�8�# F�	�4 �?"%' C-6� �� ; � E�	 30  < ... %	  �  < 3�	- G� 	�4+b� �� �E `��  B=<�! �� �! ���d+ 34 �  +0	��

O6���H6� �b�	" "- �� =�� �	6< % 34 J G�	 +� {%" ��  $-�	  � �6�� < -%30 ��6��� ?- B=S!a T%3� 2	 C- @�n:٠.35 

(!V� !�) 1/0   <67/0C-���. -��" � �� 34 ����. �r� "- (!�U +�	%" C-"  � ���� �� )� % �6�� �T	- ��!<) ?	(�	%"  < ?� 

 -"	-]5[ .(�	 �!B< ?	��  O6��60%   � �� �40% (4 �4"- 34 C- @��	 8E4)2(. 

O6�� �!B< �B�+=�� ? $ +�-%
�	 �%3�  �� �� +�) {%" �� :34 J	3l	 (J .1- ����	5/3±5/8 +�� ���� >2-  " !#

 � �!�20±350 ADE���� �� J�.6!� >3- ����w/c 3/0±56/0. ��6�2' ��% )� �� B� "-(!=� "- +=�� ? $ 1 �3� 7 �28 

% 90C2	3�	 C2%"3�34 ?�!. 8E4)3.( 

   

8E43-  �+$ VS� �2' _ !�# 2	 +/ $ � �!)h< (�	 "- 
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2,2 +�$�� 	�,�:!�-.� /�01) �" �2." ��� 

�0�� (�	 "- N�� �!� "- C- @��	 -"6� � �!� " !# $+=�� O6�� ? ٣kg/m 350 -6�.  (�	 "-0���  �!B< ? =��

O6�� +/	" � �� �3!�" �+$ VS� �2' (�� ? $� ����	) A� =5/3±5/8 +�� � (���6�- �� ��� �G!�� "-� w/c  +��

�!`�� 3�' ��- ��.  ���� (�	 +=�� O6�� �!H%	 ? 0�� "- ���H	55/0 .34 ����. �r� "- J . (�	 "- 8O6�� (�� 

+$ VS� �2'  � ����	? $ ���� 5� 6� 7� 8� 9� 10� 11 % 12 +�� ���� %  �� ; " !#٣kg/m 350 .34 �!B< 

3,2 	�,� +�$����� �2." �"  4�5�w/c !�-.�: 

 ���� �0�� (�	 "-w/c O6�� +=�� ? $3/0±56/0 (�	�� =� .3�-�. � hH 7O6�� (�� '+$ VS� �2  � ���� &' �� 

� �!�? $ 53/0� 54/� 55/0� 56/0� 57/0� 58/0 % 59/0 % " !# �� ; 350 J�.6!� "- ��� ADE� ��		 34. 

4,2 	�,� +�$����� �2." �" 7�8�1 ���9 !�-.� 

 J . (�	 "- � �!� " !#20±350 3�-�. � hH(�	 2	 .%" 5  O6��(�� +$ VS� �2'  � ? $" !# 330� 340� 350� 360 % 

370 J�.6!� "- ��� ADE� �!B< 34 �� +D� �� Z@0 +/	" � )����	~8+�� ���� (-6�. 

3. :��.� ;���������  <" � =�$�: 

T%3�2 O6�� ?" S� ��% )� ^� �� �i�U=�� ? $+� � S� 	" �DH b� (�	 "- +.3$- 

T%3�4-  O6�� ^� �� �i�U�DH b� (�	 "- +=�� ? $ 

+SS� ��% )� 

(T E� a V�) 
(T E� a V�) ?" S� ��% )� (�� ? �- 

)C( 

����	 

+�� �)(��� 
W/C N�� J � 

28C2%" 90C2%" 28C2%" 7C2%" 3C2%" 1C2%" 

5.4 41.8 36.9 29.8 21.2 6.7 21 5 0.55 S5 
4.9 42.0 37.1 27.2 20.9 7.2 21 6 0.55 S6 
4.8 40.5 35.8 26.0 18.6 6.3 21 7 0.56 S7 
4.6 40.6 33.6 24.5 14.6 4.8 21 8 0.57 S8 
3.4 36.0 30.6 21.7 11.5 3.5 21 9 0.57 S9 
3.1 34.9 29.8 20.6 11.3 3.2 21 10 0.57 S10 
2.8 33.8 30.1 20.2 11.2 2.7 23 11 0.58 S11 
2.6 33.6 29.8 19.4 8.3 2.3 23 12 0.58 S12 

5.3 38.8 34.7 26.9 13.3 6.8 22 2 0.53 W: 0.53 
7.9 41.2 37.2 27.3 15.9 7.1 22 4 0.54 W: 0.54 
7.4 42.8 36.9 27.4 14.7 6.7 22 5 0.55 W: 0.55 
6.6 43.8 37.8 25.6 13.8 7.0 22 7 0.56 W: 0.56 
5.0 42.3 35.6 25.3 13.6 7.3 22 9 0.57 W: 0.57 
4.7 39.7 31.1 22.7 13.8 6.9 22 11 0.58 W: 0.58 
4.7 35.6 26.6 22.2 12.2 5.8 22 14 0.59 W: 0.59 

5.9 39.8 34.4 22.8 16.0 8.3 22 8 0.57 C: 330 
6.2 40.4 35.1 23.4 16.2 8.2 22 8 0.57 C: 340 
6.1 39.7 35.3 26.0 17.9 8.1 22 8 0.56 C: 350 
7.7 40.4 37.1 26.5 18.4 8.4 22 8 0.55 C: 360 
8.5 41.9 39.6 28.3 18.8 8.9 22 8 0.53 C: 370 
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8E44 �� �2' "	-6��+$ VS� �2' (�� O6�� "- ?" S� ��% )� (!!D< ? $ ����	 _	�!!`< ��	�� "- +� � S� 	" .3$-

+� � S� "	-6�� (�	(�� ��% )� �&' �-%
�	 ��� �� ����	 ��	
�	  � C"	6�$ �� 3$- (_3�3=� % � !� �C <6�)  �$ �

+� .3� � ���H	(�	 "-  ���� ^� �� +V����$ ��0��w/c  ��% )� %28 )� % ����	 ^� �� +V����$  � ��� )� "- C2%" ��%

289:	% �b�	" C2%"+� � S� 	" ?�<.3$- 

  
8E44-  O6�� ?" S� ��% )� ^� �� +=�� ? $����	  ��!`�� ? $ �DH b� (�	 "- 

8E4 "-5  _	�!!`<���� w/c  ��	�� "-^� �� ��% )� ?" S�  ���� (!=�1 �3 �7 � �28  %90  C34 C-	- � S� C2%"

+� �r� �� .��	 ���� �$ �  � C"	6�$ �� 3�"w/c  �=�B� ���� "	-6�� (E!H .3� � ��	
�	 ?" S� ��% )� �	
!�w/c  	"

 -%3056/0 +� � S�.3$-  ���� ��	
�	  � �� ���' �# ^� �� (�	 p �	 ��w/c  2	53/0   <56/0 ���	 �	
!� 2	 �2  ��7 

+�� � -%30 ����	  � (�� "- .��	 ��� � �!!`< ���2+�� �e�	�< ���+� (!� a ?��7a(�	 2	 % 34 � e�	�< ?k��	 T �#	  � %"

��6�2' �U � "- � �E�O6�� ��$ ? $ ��
� �-6� 	"	- e}�!# (!� a ����	  � (�� �� ��	 e�� +=�� ? $w/c  �(!/ a

	" +=!� a ��% )� .3$- � S� 

  
8E45-  O6�� ?" S� ��% )� ^� �� ����  � +=�� ? $w/c �DH b� (�	 "- �!`�� 

8E4 "-6 	" � �!� " !# _	�!!`<  ��	�� "-^� �� ��% )� ?" S�  ���� (!=�1 �3 �7 � �28  %90  ��4	7. �� �� �� C2%"

.��	  ^� ��  � ^� �� (�	 ��� )� �(�� ��% )� "- � �!� " !# �!V�Sm �!; < �� � !H6�� % � � =4" � 2	 ?" !�� "6d< e}�!#

 ���� _	�!!`<) +�l ����w/c ((�� ��% )� ��	�� "- +� � S� ���� 8� # �� 3$-w/c 9:	% �;	.-"	- (�� ��% )� �� ?�< 
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8E46-  O6�� ?" S� ��% )� ^� ��? $ �DH b� (�	 "- �!`�� � �!� " !#  � +=�� 

8E4 ? $"	-6�� "-7 �!; < 38� # �����	 ���� w/c % " !# � �!� "-  � ��� )� ��% )� (��  (�	 ^� �� p �	 �� %

.��	 C34 ��� )� �DH b�  ���^ 	�( �#!_   �2'�$ VS+ -	- � S�   � ���$ �  �$01/0  ����w/c  -%303/1  T E� a V�

 ��% )�28	
�	 C2%"�� �+��3�  H!(E 	2	 ��?  �$ �-%
�	10 �!J�.6 �!� �  "-��  )� �(�� ADE������%  -%302/1 

 �$ �� S�) T E� a V�1�� �+��� 	
�	�� 	
�	 (����	��  .-"	- �$ � C"	6�$ ���H	w/c �-%
�	 c�d� �%3�+ � &6b�!��. 

 �� ��6<  � (�	�� =�+� �i 0 ^� ��+� �@. �	6< ���	" a �	6<w/c  % 9:	% �!; < ����	 % � �!� " !# 8�	6#  � ��� )� "-

o�S�C <6�) ��% )� "- ?�<.-"	- (�� (_3� 3=� % � !� � 

   
8E47-   ? $"	-6�� �!; < ��� )�3 ���� �����	 8� #w/c (�� ��% )� ��	�� "- � �!� " !# % 

4. 	>�.��!�? 

1.  (�	 "-��	3V=� 9H d� A!��< ��� �� �DH b� +� �� ; ?	3 _	�!!`< �;	 �0��3���� �����	 8� # w/c  %# " !

C <6� ?" S� ��% )� �� � �!�� � !� % 3=� _3� )1 �3 �7 �28  %90 (C2%" (�� .34 +�"�� 

2. � "-� T%	 �0_	�!!`< "- ����	 ��	�� ��% )� ?" S� "- 8O6�� (��  +$ VS� �2'34 +�"��� �� .^ � S� -	- �� 

C"	6�$  � ��	
�	 ����	 �� ��� �-%
�	 �&' ��% )� (�� )�C <6� � !� % _3�3=� (�$ � +�3� �. "- (�	 ��0�� 

+V����$ ^� �� ���� w/c % ��% )� 28C2%" "- ��� )�  � +V����$ ^� �� ����	 % ��% )� 28C2%" "�b�	 9:	%?�< 

	" .-	- � S� 
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3.  "-_	�!!`< J%- �0�� ���� w/c "- ��	�� ^� �� ��% )� ?" S� (!=� 3�34 ��� )� ���� . ^� ��8�O6� ���� 

�=�B� w/c 	" -%30 56/0 e�	�< �# �� �� ����) ��B� ?��7aw/c:٠٫۵٣ ��	 % ��2+�� �	" (��� � S� -	-. 

4. _	�!!`< J6� �0�� "- " !# � �!� 	" "- ��	�� ^� �� ��% )� ?" S� (!=� ���� 34 +�"�� .�� )�� �� -6�� _ �;	  $

���� " !# _	�!!`< ^� ��  � ^� �� ���� +�l )_	�!!`< ���� w/c ("- ��	�� ��% )� (�� � S� +�3$- �� 8� # ���� 

w/c �;	 9:	%?�< �� ��% )� .-"	- (�� 

5. .p �	 ��  ���^ +$ VS� �2'   ��$ �  �$01/0  ����w/c  -%303/1  ��% )� T E� a V�28	
�	 C2%"�� �+��3�  H!(E 

	2	 ��?  �$ �-%
�	10 �!J�.6 �!� �  "-�� E����AD  -%30 ��% )� �(��1	
�	 T E� a V��� 3$	6U ���  ���H	 .

 �$ � C"	6�$w/c �-%
�	 c�d� �%3�+ � &6b�!��. 

5. ��)*�AB 

�ES< % +�	-"3l Cx�%?	 2	  ��	��3�� � =4" �� % (!�=E<? $ C VS� �2' % �� � 8=��a ��02+�D=i ���G� �E � �!� 

.J"	- 

6. DE)!� 

]1[ # ��	 ,C-	2 e��"!8 �� l ��� � %+� 1390 �"�;	 `<!!_	� �	%"+ %" �� (��? `<!!_	� " S� ��% )�? # "-!"   $? 

c" D��"�S4 �!( � C�V=�+ �3=B�+ � =�� C VS�	- �� =�� ��	��#. 

]2[  B�6�� T��=� % N��? � � m � (��!e$-
 � (�G�	 �!� � �6E�	 3=<�a+ J6� �1988 �h@i �6. 

]3[ �	- �' C"	-	 � (�� 8�DH	 "6��-+ ��'�� E19812"	��	6U��%-"6�.'.% %�� + �3=B� 9H d� T��=� %+� %�. �� ���4$!8 

� �!6��|"61979 

]4[  ?3B� -	" +� �!� ,-6�h� +!� ,�%3��� +� :" ,(�h� (�3<"�!� " !# �!; <&' &7� ���% )� �� �  S��	 % �6� " 

�� ; � �!� �� &' ���� ?	"	- ? $ (�� "- 3���"  
!� a   : 
���< C VS�	- +=� C3ES�	-1387  ,-  C"%37   C" �4 ,3 

 +a !a)55 �	��# +�3=B� (;  �h@i 2	1  �h@i  <8 . 

]5[  �=$	"? � {%"+ (�� O6�� N��" )h< 
���!_ )  � �(E�� % � ��U �33. 
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