
Arc
hive

 of
 S

ID

����� ��	
� � ���	�� ��
� � ���� ��	� � �� ���� /���  !	 "#/$�	%& "#	'
( /�	)*��+,-- 

�� 

.&� �	/0 �� $��� �� �123��  4�� 5� �	� �6� $�	� ����7� "/� 

� !	8� �	/0 �	) 3 9�	�):� 

5�3 ;86	< =*>1%8� ��
� �%&	# ��?��*�2	@07# �@�� 563 A��> �+

)�����	 
���� :�/�/���� ������ 
���� :�/��/����(

$1�B0 

B�C 3� �	� ��� �3 �%� D:� �6� $�	� 50 7E3 �� F� 1#� �6�7�GHC�EIJ� 7� �	J� �3 � ��3� �	� �BJK�6��� � �J	�%�& ��BJ��� 	#

L�	& 5� �	� 1�6�C �3�C � .�M�� "/� 	# �� �	%& ��� .O	�6	P� �� �	� �6� $�	� �31Q� =���CF<	> ����	� R�S8� �E��S6� �

. 3 ��7T ��	� .���3� 7C DJ	*�3 4��U4�� �3 �BJ V�� � 	# $�	� =���C !�31) . 3 �6� .��� 4�� =J3 �3 .���C � .W� "X�

�����7� A��7C Y7Z� 	� � 5
J�#7( �	#��312	) 3 �� �	'23 �3� ��& .$��� �� �123�� (Loss On Ignition, LOI) 5S� . 3 7@J� 4�� 

5[�C ���� 7)��� �2	 � � "� 5
J�# �V���7� 1� 3 �3 $�	M) 3 5� FJ	%C �1� F�6� 5� . 3 5)�7E�37W .=J3 Y31#3D#�I( =�� R�3�� =���C �

4�� DJ	*�3 	# � 7CLOI �	� �� .&� �	/0 	# �	) 3 "/� �	�):� � !	8� �	/0 A 	
� =���C �$��S� �� �123��S  	S�� =J7C

 �	� �6� $�	� ����7� 37�. 3 .���\
� =J1�52�%2 �3�7� 	C 7M< �8P  5J] �3 �	� ^_�)2	  )�.S&� �	/0 7 ��	S �	� ��7�7/S& 

���	ZC ��� 5� �	E�76 � `27#�� a�%'� �� � 1J�7E �	'23^b_1& .&3�7� �	� 52�%2 .4�� 5� �	� �6� $�	� � 7SC DJ	*S�3 	S#

LOI 	�� c
( �� dbb �deb �fbb �_bb �__b 1J�7E =���C .�	  �� O1� 5� g��*��  5[�� .��S  	�� =J7)/� =���C ��\
� 5� �123

 ��	�fb52�%2 $�	� � �	:)23 ��	� $�3123 ���h� 	#	�� �� �123��  �3 1�� � F�W �	/2� !�	�� "�*�� O	
�7� � �6� 1J�7E 7�E .cJ	)2

 4�� =�� .&� 7# �� �3� �	�2 � 7C DJ	*�3 	#LOI �� 	�� �S
�� � .S�?� ��P� 5P�3� VJ i�):� 	# ��3� ��S[� �3� .�� O�	SMC

.&� � 	#56�	�� 1J�7E A[� 56�	�� �3 .&� 7# 37� $1�� . � 5� $�3� V�BMC � 1&	� O�	M)� ��� DJ3��3 A[�� �.&� g	 3 7� 	#R2

1& O]�	�� .��123��  	�� DJ3��3 	�R2�W	� 	P� O	��7� =�@2	�� ��h'� � D#	� O]�	�� A�& �$12	� (RMSE) .S�	J DJ3��3 .

� O	
�7� 7C]	� 7J�	Q� �� �� 5� ��� 5[�C F�	W 	�� DJ3��3 	� ��� 7E� j�P� A�& D#	� �!�	�� "�*� 7)�S�� ASJ7:C �3 �S&	2 1S23�C

O	
�7� 1&	� 7C]	� 	�� �� 	# .��1> �J	�� �D#�I( =J3 ��deb 1& $�3� L�:�C $��� �� �	� �123��  	�� =J7)/� g��*��  5[�� 

�$1& $123��  �6� =�7� �	%C 	�� =J3 �� 37J� �2	� �3 �2	%)�	  �� ��3� . � �3 � �21�� =�7� AJ7:C FW31> 5)�7E O��< � � 	#

. 3 7)%� ��7Z� K723 5
J�# �.

$K3� 	# 1��� :$��� �� �123��  �7C DJ	*�3 ��	� �6� $�	�(LOI) 

�.����� ��� !"#$	%��& '(�$ )&�*(��+ ,-�. /$���	�0&$ )&�*(12'3"#$	 �,�"4 	�4�5( 2�6"#$	 �7 

*:)3�#,�038$ �9� 1:�;��3< = >9< :mehsalehi@yahoo.com 

www.SID.ir

www.


Arc
hive

 of
 S

ID

����� ��	
� � ���	�� ��
� � ���� �	� � �� ���� �/���  !	 "#/�	%& $"#	'
( /�	)*��+,-- 

�� 

5�1Q� 

2'#�< ?<�( -�. )8@ 2	�< ?AB$�< �	 C� #�AD , )E�A�F C�AE
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 'A#�$	 R�!#$ �8 5& , �*�HE 1�,� �X	 �v# .Q��9A+$ �,�
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)A&��� �k�& ,	 :'< �� , I �9G�& 'A( ., C 60A& 3&$

 /$��3PE)Sd(/$��3PE ,  0#$�� :�V�V_� �<$	$ �	)w('*0����	

LOI ̀ E )*\< )609� C$�A� , 	�$	 �A� Q��9A+$ �,� �A� C�$	

 -�A. )8@ 2	�< L��\� ?A�7�� C�AELOI  �A&�*< )A(,� �A&$ .

L�$ x$'E$QE,K� �,� ^�$,� )&��� 1, �� Q��9+$ L�� C�E

LOI-�AA. �	 �AA(	 ��AA5a C�AAE /�0AA&$ `AA5< ��AA5a , =�AA_<

C���0Y� �&�*< L��\� ,C$�A� 2� A+ �	 /'#$7 A& C�A<	 L���

 -�. )8@ 2	�< 	�,@��)<'(��.

4�� � �3�� 	#

�V]*< 	� < )B$ A# 1�A\8�]< cAG0Y< �A(	 7$ 1	�+�5A( C�AE

 $� C��A�0Y� , =�_< ��5a /�0&$ �	 /�F	�8 , �#�E + 1/�&���

 )< ?<�( 	 ( .-�. )��$�B , )0� n� `�e��PE �A(	 �A� �AE

 1������7�t,H<�t)<'(�� .)P�GX$ , )����$�qD :�yY"<

 �(	 ��5a < 	� < �	 �A\8�] =,'AD S�A&$ 2'A( 2	�,@ )�.(

�(	 L�$ �	 )U$�$ C����+ , R'A*F `A�	 , )A�@ C7�,�"A+ �E

�&$ �!# �.

�# P# C�$	�� ��l 7$ -�. �A� �OM )_]& d[)0#�A& C�A0<

�(	 )�	�y� � n �� /�F	�8 , �#�E + 1/�&��� 1	�+�5( C�E

 	$'\� � P!< �	 , ���F R�!#$dT[ rAPD -�A. �A# P# C�,@

'( .$'0�$ �# P# C�E -�. 1, 2'A( Z"A. $ E �A� 'A�� + 7$ 2

1/'( Z8$ 7$,	)G�< '( 2	$	 � ;k C�0<'#.

�# P# )<�P� C$�� �E)dT[=n(�,� �� -�. )8@ 2	�< 1C�AE 

�A� Q��9+$)Sw(,LOI C�AE�<	 �	 �TT 1�JT1�TT 1[TT ,

[[T 2� A+ �	 �k�A& ,	 :'< �� I �9G�& �D�	 )A3��038$

)='A<L�TsSdTTExation  ( �AX	 �A�[±I �9AG�& �AD�	 

27$'#$ '( C��F)Sh.()FK�, 7$ ).�� ?<�A( -�A. �A6�	 C�E

=	�AA\< `�9AAG+ :�AA*��+(Calcium Carbonate Equivalent, 

CCE)  ��)0"F�� / �&$�0�� �,�)SJ(-�. ���� ,�,� ��

)� ��)S�(27$'#$ H�# '#'( C��F .

D � �� L�$ �� �L��A05� L�A�\� 1QE,KA� x$'AE$ 7$ )3� �+

 /'#$7 A& C�A<	 L��A05� , 	 A� 2� A+ �	 -�. /'#$7 & C�<	

 ?X$'AB , 2'A( 2'#$7 A& )8@ L��+ R�P� �+ �&$ )��<	 1-�.

 	$'A\� 1� v*< L�PE �� 	 ( �D < $� )#'\< L��+ ���Y��T

:�A*��+ , )A8@ 2	�A< 	�A�7 �A� `A+ ��	�V< I�&$ �� -�. �# P#

+, b�Y0#$ 1=	�\< `�9GLOI�# P# L�$ 	� A< C�A<	 �*A� �	 �E

 '�	�F L��\� �\8�]< .�A# P# 1��A& C$�A� 2'A( 2'#$7 A& C�AE

 12'A#�< )A8@ 2	�A< , =	�\< `�9G+ :�*��+ ���Y� /$H�< )&���

'#'( �0�� .

�,� �A� -�A. )A8@ 2	�< L��\� 7$ �� C�AE �A� Q��9A+$ 

)G+$,sZG�(WB) ,LOI �8	�\< 1�&�F� �A� /  :� AM �A�7 

2	$	 C$�� '<@ �&	 �� �(	 �E C�E :

]S[SOMWB=b0+b1LOI 

/@ �	 �+:LOI C�AE�<	 �	 �k�A& ,	 :'< ���TT 1�JT1

�TT 1[TT ,[[T1I �9AAG�& �AAD�	 b0, �'AA;< 7$ ��AAk b1

-�A. )8@ 2	�< 	�,@�� :l	�\< ��( �A&$ .A!< L�6#�A�< �,�

)X�� C�]. :�\��< 2'#�<(Root Mean Square Error, RMSE)  
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!�1[+..&� �	/0 �%��W3 � �J	��37l[ O	Z:�� 5�6	P� ���� 

�(	 R�# )����$�qD = n

)�D�	(

)����$�qD ��k

)�D�	(

��O��$

)�0<(

�#l�& )F'#��� L�6#��<

))G�< �0<(

�#l�& C�<	 L�6#��< 

)I �9G�& �D�	(

	�+�5( E��s��N��s���� �� �/��

/�&��� E��s��N�s���� ��� �/�

�#�E + E��s��N�s��� ���� �/�

/�F	�8 E��s��N��s������ ��� �/��

]d[

2

1
n

)]x(M)x(P[

RMSE

n

i
ii∑

=
−

=

/@ �	 �+:P(xi)<�$'V)8@ 2	�<2'( 	�,@�� 1(xi)M<�$'AV 

)8@ 2	�< 27$'#$ 2'( C��F ,n$'\� 	�# P# �E)<'A(�� .�AMz. 

2	$	 C��<@ �$	 P# 1�E , )A]. / �&�F� :l	�\< 1Q*+$�� C�E

/ <7@ t�# 2	$	 ?+ C$�� 1Z��0<$��� �A� �A5#@ ZA�3O� ��& , �E

 �(	 7$ Z� �E I�&$ �	 /'#$7 A& �A&�*< C�<	 	�,@�� , �E

 + �$H�$ R�# 7$ 2	�O0&$ �� 2�STATISTICA 6.0 'A<@ �A&	 ��.

`AE ��$�U L�A� )A]. )609A�LOI �	 �AE�<	 C�AE 1cAG0Y<

 )*\< }]& , �;&�_< '�	�F L��\� �5#@ C�$	 .`EL�*a ��$�AU 1

`E L�� )]. )609�LOI )FK�, , �E 'A<@ �A&	 �� -�. C�E .
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