
:84;, u<<fD +�!?A :w<A X<0 , :y?<8 ug,  &{v ,� @<6SD !� -Q<p{D (T;�{<A -?y (T;�{<A !� +�?kEV� ?A

 �Tj� )SvD9G=;B ELD9FHxW;?ns ,:v{<VS8  (Qs ?A *� -

:;?^Ss}g xt<fv1*& �! #{; �� �2:v?7tq8 :nDQtNs �3:wWNp�{A� x;Qzs �4

1- :VQwzs +,S8 QY � "?wY ?6 �!�S<Y +?9Zv�� rEW<V{<AB;<C@5AF9N5=@M5<CC.7CA

2- :VQwzs +,S8  ?<Zv�� �!�S<Y +?9Zv��rEW<V{<A

3-:;�Rg d;?w\ , ){qe +,S8  ?;�?EV� �!�S<Y +?9Zv��

4- +,S8 QY � :V?wY ?6 -{KZv�� �!�S<Y +?9Zv��rEW<V{<A :VQwzs

�#���

(?V  � -?yxfV{D �S<O�CO{V - xEjS8  �Sm xJ{D � {s S;R0Q;QKD dA?ws !� u;T9;?J -?yCV� .   @<6SD !� Xy,40 u;�  �

ug,  :B<6SD LbV xV  � *��S9A?Ej� , �Tq6 :y?<8 -?y)30 % , �Tq670 % �*��S9A?Ej�50 % , �Tq650 % �*��S9A?Ej�70 % , �Tq6

30 %*��S9A?Ej� (+�?s 5; *�{we xA@V?ws - ?A , ({v?D� o7p� !� +�?kEV� ?A *� -!?VSEV� , QY +�?kEV� (T;�{<A Q<p{D CzJ

CjS8 )?Kv�  ,T<p?D?6 *�{we xA r<V?E0 Q<W6, Q<y -S<8 ?7A .ug,  @<6SD -?yS<hEs S<G=D ?y)70 �50 �30�Tq6 ug,  @WM SA( �

 Xw6�, *?s!)90 �60 �30xn<m�( Xw6�, -?s� �)65 �55 �45{<WqV xJ �" ( ug,  xA o7p� :p{s CBWv ,)12:1 �9:1 �6:1 ( SA

 SEV� o<D� Q<p{D +�!?A -, )(T;�{<A (QY )?Kv�  �S7D xV  � X;?s!� Sy , QY :V SA LbV xV  � .  ,T<p?D?6 Ccqg -?ySEs� ?0

)5/0ug,  :v!, Q\ � ( :vTty CeSV ,)600xn<m� SA  ,� (�{A CA?G . Q<p{D (T;�{<A :7;T<j{sSD $�{Oug,  !� +QY -?y

xty , QY xW;?ns � �Qv?EV� (T;�{<A ?A  {6Rs:84;, -+�,QNs  � *� -?y� �Qv?EV� !?Ks -ASTM D-6751CY��  �Sm. U1V

  �Tj� )Sv !� +�?kEV� ?A (Qs 5;D9G=;B ELD9FH  �Tj� )Sv !� +�?kEV� ?; :bO *{<VS8  (Qs 5; ,SPSS +�!?A :w<A X<0 -�SA

ug,  @<6SD , ug,  xA o7p� :p{s CBWv �Xw6�, -?s� �Xw6�, *?s! -?ySEs� ?0 @WM SA -Q<p{D (T;�{<AQ;�S8 �?K;� ?y . I;?Ev

<0 :;?v�{D (Qs u;� x6 ��� *?Zv :v{<VS8  -!?WpQs !� o\?M@;S^ ?A �  (T;�{<A +�!?A :w<A XR�=0.50 CBWv SEs� ?0 , xEY��

:p{s� �� (T;�{<A +�!?A SA �  S<G=D u;SEZ<A ug,  xA o7p� .xW;?ns u<w3ty - u<A:v{<VS8  (Qs� )Sv !� +�?kEV� ?A -!?WpQs ?A

  �Tj�D9G=;B ELD9FH+Qwy� *?Zv  �Tj� )Sv ?A (Qs -SDSA -D9G=;B ELD9FH @;S^ ?AR�=0.582 (T;�{<A +�!?A :w<A X<0  �

:s -Q<p{DQY?A.

�����#�*� ��/ 
 � �Qv?EV�ASTM-6751-!?WpQs �*{<V?7<k;SEV� Uv�SD �(T;�{<A �+�!?A �.

Page 481

-٤٨١-



.+#(+

(?V u<A :Ekv dA?ws -�?]Em� Q<p{D SH6�QM -?y2015 ?D2030�{A Qy�{O .� Q<p{D *� dBD xA u;�SA?wA -?y +� ,�Sj -�?]Em

 � T<v :Ekv(?VCj?; Qy�{O Xy?6 +Qw;� -?y . SA +,}e SV SA T<v :v�,�Sj :b<Ns CW;! �}7Zs �:Ekv dA?ws Xy?6 o7Zs

:s xqtJ *� !� x6 � ��  �Sm (T;� CO{V !� +�?kEV� +� uAS6, Q<y Q<p{D xA *�{D+Qw;|� �uAS6 Q<W6{ws �xEO{Wv -?y -?y

-� Q<p{D u<w3ty , -�S8{8 �S6 + ?Y� uAS6 Q<W6�)S5:=988=B AF896=@= �����, 2011 .(Y ?A �+QY S6� �}7Zs uEjS8 �Q

CO{V CtV xA *?nnNs xJ{DQY @qJ u;T9;?J -?y .CO{V u;� !� :7; :EO{V *�{we xA x6 CV� (T;�{<A �u;T9;?J -?y

xv?s?V  � �SA ?6  {cws xA ){VSs (T;� CO{V :w;T9;?J CzJ @V?ws  � �SA ?6  {cws xA +4;,  {a xA , :Z;?sS8 -?y

QY :jSfs (T;� -?y {D{s CV� +(1I9 �����, 2011) .u;T9;?J !� :7; *�{we xA +!,Ss� x6 (T;�{<A (T;� CO{V @V?ws -?y

:s :jSfsug,  SEV� o<D� ?; , SEV� o<Es ��{Y:s :v�{<M , :y?<8 -?y -,?M �:f<Ba �?Zws ?A �S;R0Q;QKD CO{V u;� , QY?A

xbnv �|?A *?EV �Qe -� �� �*4<W6�!{7W;, u<w3ty , #{J -xE;CV� (T;�  {D{s  � �SA ?6  {cws xA @V?ws -

(K=A �����, 2004).

xE;!{7W;, o<p� xA .|{tfs#,  � {D{s :v?V  CO{V rEW<V S<<hD xA !?<v , ug,  -|?A -  {cws xA :v{8?v{8 -?y

xE;!{7W;, Xy?6:s +�?kEV� ug,  -*� !� x6 �{Y:s xqtJ#,  xA *�{D l<m  -?y-!?Vxq<V, xAuAS6, Q<y - ?y) @<6SD

*�S6( T<p,S<0 �-!?V *{<Wp{s� �)({7p{s uEW7Y ?; :D �SM x;TKDxq<V{A / TA -?y �SM -� (Uv�SD , + ?Y� *{<V?7<k;SEV�

*� u;SEtzs x6 CV� S6� xA )!| , �S6:s *{<V?7<k;SEV� Uv�SD #,  ?yQY?A

(M9<9F �����, 2006; GI5B 5B8 KIG5?569, 2009) . Q<p{D , +��� Xw6�, ug,  ?A  ,T<p?D?6  {_M  � o7p� 5; #,  u;�  �

o<7p� , u;S<W<q8:s SEV�o<7p� u;� x6 �Qw6 xEjS8  ?6 xA :t6�SD (?fEY�  {D{s  � CO{V *�{we xA , (T;�{<A *�{we CND SEV�

:s �{Y(R5G<=8 5B8 ABK5F, 2008).

Xy,40 u;� rzs '�Qy� !�:

-ug,  @<6SD !� [p?O (T;�{<A Q<p{D -?y :y?<8*��S9A?Ej� , �Tq6*{<V?7<k;SEV� Uv�SD Xw6�, `V{D

-�{O !� :OSA u<<fD -Q<p{D CO{V :;?<t<Y , :7;T<j $ ,xw<zA �?PEv� C<\{]O u;SEzA ?A :EO{V @<6SD u;SD

- @V?ws (Qs 5; :w<A X<0<fD , (T;�{<A +�!?A -�SA:s :9EWBty @;S^ u<QY?A .

(Qs �l<nND u;�  � ,  u;� !�X<0  {cws xA :;?yA +�!?A :w<A onEWs -?ySEs� ?0 "?V� SA (T;�{<) �Xw6�, *?s! �Xw6�, -?s�

ug,  @<6SD , ug,  xA o7p� :p{s CBWv?y (-?y �Tj� )Sv `V{DD9G=;B ELD9FH ,SPSS:s x>� �8 xW;?ns ry ?A , ��S

:sQv{Y.
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 !?<v (SEw6 CND  ?Zj , ?s� ?A  {E6�  5; xA *{<V?7<k;SEV� Uv�SD Xw6�, `V{D :y?<8 ug,  !� (T;�{<A Q<p{D -�SA

�{A .u<Y?s 5<v?7s :VQwzs XPA  � +?9EV� u;� QY xEO?V !�S<Y +?9Zv�� -! ,?Z6 -?y)o7Y1.(

 )�%�.(T;�{<A Q<p{D +?9EV�

ug,  @<6SD !� Xy,40 u;�  � :B<6SD LbV xV  � *��S9A?Ej� , �Tq6 :y?<8 -?y)30 % , �Tq670 % �*��S9A?Ej�50 % �Tq6

 ,50 % �*��S9A?Ej�70 % , �Tq630 %*��S9A?Ej� (+�?s 5; *�{we xA ?A *� -!?VSEV� , QY +�?kEV� (T;�{<A Q<p{D CzJ @V?ws -

 +�?kEV�CjS8 )?Kv�  ,T<p?D?6 *�{we xA r<V?E0 Q<W6, Q<y -S<8 ?7A ?A , ({v?D� o7p� !�. Sy  � :jS]s ug,  *�T<s u<<fD -�SA

 ({sSj !� �X;?s!�)1 ( QY +�?kEV�(AH5DCIF 5B8 K5F=A=B=5, 2011):

)1 (

M :ug,  :p{7p{s *!,

M :ug,   � �{J{s �S2 -?yQ<V� :p{7p{s *!,

:ug,   � �{J{s �S2 -?yQ<V� :sSJ CBWv

 Q<W6{D� , ug,  -!?V +�?s� �r<V?E0 Q<W6, Q<y , o7p� -S<8 +!�Qv� �ug,  -S<8 +!�Qv�) Q<W6, Q<y , ({v?D� %{qPs

r<V?E0( -?y!?j -!?V�QJ �+QY �?K;� -?y!?j 5<7kD �`<Ns -?s� ?D %{qPs -?s� Xy?6 �Q<W6{D� , ug,  *�S6 %{qPs �

 [p?O SEV� o<D� !� ({v?D� -!?V�QJ �+QY 5<7kD (T;�{<A CO{V Q<p{D oM�Ss :;{ZA� �?<qte )?Kv� ?A [p?O SEV� o<D� Q<p{D ,

Qv�{A  .

 Xw6�, *?s! -?yS<hEs S<G=D)90 �60 �30xn<m�( Xw6�, -?s� �)65 �55 �45"{<WqV xJ � ( xA o7p� :p{s CBWv ,

 ug, )12:1 �9:1 �6:1 ( SEV� o<D� Q<p{D +�!?A -,  SA)(T;�{<A ( SA LbV xV  �QY )?Kv�  �S7D xV  � X;?s!� Sy , QY :V .
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  ,T<p?D?6 Ccqg -?ySEs� ?0)5/0ug,  :v!, Q\ � ( :vTty CeSV ,)600xn<m� SA  ,� (�{A CA?G . :7;T<j{sSD $�{O !� :OSA

ug,  !� +QY Q<p{D (T;�{<A  {6Rs -?y)xE;!{7W;, �:p?92  � :7<D?tw<V -28 ,40xbnv �"{<WqV xJ �Y -SA� -xbnv �*Q -

xbnv , #T; (?fEY� -(QY xW;?ns � �Qv?EV� (T;�{<A ?A.

 (,QJ  � onEWs -?ySEs� ?0 �{bV1CV� +QY +��� *?Zv .

 ��# � .onEWs -?ySEs� ?0 �{bV

onEWs -?ySEs� ?0LbV

1-01

Xw6�, -?s�455565

Xw6�, *?s!306090

ug,  xA o7p� :p{s CBWv6912

ug,  @<6SD?y305070
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-  �Tj� )Sv !� +�?kEV� ?A -!?WpQsD9G=;B ELD9FH:

 Uv�SD Xw6�,  � +�?kEV� � {s -?ySEs� ?0 "?V� SA (T;�{<A +�!?A *�T<s u<<fD  {cws xA :y?9Z;?s!� :pQs �(T;�{<A Q<p{D !� QfA

  �Tj� )Sv `V{D *{<V?7<k;SEV�D9G=;B ELD9FHQY x>� � . (T;�{<A +�!?A �-!?WpQs u;�  �(B=C8=9G9@ 2=9@8) SEs� ?0 *�{we xA

 *{<V?7<k;SEV� Uv�SD Xw6�,  � +�?kEV� � {s -?ySEs� ?0 , xEWA�,] Xw6�, -?s�)A( Xw6�, *?s! �)B( xA o7p� :p{s CBWv �

 ug, )C( @<6SD ,ug, �Tq6 ug,  "?V� SA ?y)D([ -?ySEs� ?0 *�{we xAQvQY xEjS8 Scv  � onEWs . !�  �Tj� )Sv u;�  �30

 +Qy?Zs) (,QJ2 (Q;�S8 +�?kEV� (T;�{<A +�!?A -�SA xw<zA (Qs u<<fD -�SA.
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 ��# � .(T;�{<A +�!?A -!?WpQs -�SA +�?kEV� � {s ��Qy?Zs

��Qy?ZsXw6�, -?s�Xw6�, *?s!ug,  xA o7p� :p{s CBWvug,  @<6SD?y(T;�{<A +�!?A

1453063027/6

2453067094/7

3453012308/9

4453012705/10

5456095067/8

6459063026/7

7459067062/7

84590123076/9

94590127009/12

10553095098/8

11556065011/7

12556093032/9

13556095052/9

14556095005/8

1555609506/7

16556095079/8

17556095056/8

18556095083/7

19556097031/7

205560125004/10

2155909506/7

22653063099/5

23653067043/7

246530123011/7

256530127009/7

26656095006/8

27659063099/4

2865906706

296590123037/8

30659012705/9
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-  �Tj� )Sv !� +�?kEV� ?A :v{<VS8  -!?WpQsSPSS:

xbA�  *� ,� CVQA -�SA SEV� o<D� +�!?A �:v{<VS8  -)(T;�{<A ((2=9@8) Xw6�, -?s� -?ySEs� ?0 , xEWA�, SEs� ?0 *�{we xA

(A) Xw6�, *?s! �(B) ug,  xA o7p� :p{s CBWv �(C)ug,  @<6SD , �Tq6 ug,  "?V� SA ?y(D) -?ySEs� ?0 *�{we xA onEWs

QvQY xEjS8 Scv  �  .

xbA� xbA�  � {\ xA +S<hEs Qw2 :v{<VS8  - -2QY i;SfD:

2=?+5A+6B+7C+8D )2(

?, 8, 7, 6, 5CA?G:s CV� :v{<VS8  T<p?v� !� x6 QwEWy :;?yQw;� .  �Tj� )Sv 5t6 xA :v{<VS8  T<p?v�SPSS-18CjS8 )?Kv�.

.!��,�"� �

+���)Sv !� +�?kEV� ?A ?y  �Tj�SPSS-18Y o<qND :j�?]D .}s?6 �Sa @p?m  � o; {E6?j X;?s!� 5t6 xAQvQ . o<qND I;?Ev

 *?Zv Uv?; �,:sug,  @<6SD -?yS<hEs x6 Qy� SEV� o<D� *!, SA - ��?wfs S<G=D �Xw6�, *?s! , ?y)(T;�{<A ( xEY�Qv -Q<p{D

CV� . -?s� -?yS<hEs x6 :D {\ � SEV� o<D� *!, SA - ��?wfs SG� �Q\ � 5; LbV  � ug,  xA o7p� :p{s CBWv , Xw6�,

)(T;�{<A (CV� xEY�� -Q<p{D .CBWv , Xw6�, iqEPs -?y?s� x6 CV� :wfs u;QA u;� ��S<G=D �ug,  xA o7p� :p{s iqEPs -?y

CV� xEY�� (T;�{<A Q<p{D *�T<s SA - ��?wfs) (,QJ3.(
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 ��# �. SEV� o<D� *!, Uv?; �, x;TKD)(T;�{<A(

��S<<hD dA?ws-��!� xJ ��?fASs &{tKs�?fASs u<9v?<sF- �� :wfs LbV

@<6SD27/1759/87BG841/0433/0

Xw6�, *?s!22215/110BG057/1350/0

Xw6�, -?s�23/50562/2528��190/24000/0

ug,  xA o7p� :p{s CBWv2323055/16152��552/154000/0

@<6SD�Xw6�, *?s!45/8002/200BG915/1110/0

@<6SD�Xw6�, -?s�48/5895/147BG411/1233/0

@<6SD�ug,  xA o7p� :p{s CBWv47/23907/597��719/5000/0

Xw6�, *?s!�Xw6�, -?s�42/26626/665��368/6000/0

Xw6�, *?s!� xA o7p� :p{s CBWv

ug, 

46/15254/381�649/3007/0

Xw6�, -?s� � xA o7p� :p{s CBWv

ug, 

42/37121/928��880/8000/0

@<6SD�Xw6�, *?s!�Xw6�, -?s�82/2548/31BG304/0964/0

@<6SD�Xw6�, *?s! � :p{s CBWv

ug,  xA o7p�

85/3269/40BG390/0925/0

@<6SD�-?s�Xw6�, � :p{s CBWv

ug,  xA o7p�

82/11052/138BG322/1236/0

Xw6�, *?s!�Xw6�, -?s� � CBWv

ug,  xA o7p� :p{s

86/29944/374�582/3001/0

@<6SD�Xw6�, *?s!�Xw6�, -?s� �

ug,  xA o7p� :p{s CBWv

165/10785/67BG645/0843/0

:Z;?s!� -?bO1629/169306/104

o62438/1396572

BG:wfsCW<v  ��.

�:wfs Q\ � Iw0 LbV  �CV�  ��.

��:wfs Q\ � 5; LbV  �CV�  ��.

xw<zA -?s�  � CO{V u;SD45 ug,  xA o7p� :p{s CBWv �"{<WqV xJ �12:1 *?s! �60 @<6SD !� , xn<m�50 % ug, 

 , �Tq650 %Qs� CVQA *��S9A?Ej� ug,  .

 xA xJ{D ?A) o7Y2 ( Xw6�, -?s�  � (T;�{<A Q<p{D :y�!?A *�T<s u;SEZ<APC45CV� +�{A . ?A SEV� o<D� xA o;QBD �Sv

CV� xEY�� :p,Tv S<V �Xw6�, -?s� X;�Tj� .*{A?\ Xw6�, CeSV X;�Tj� Ss� u;� o<p�xA -!?Vxq<V,  � :;?<qm  ,T<p?D?6 -
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SD Xw6�, CeSV xA CBWv �|?A -?y?s�:s *{<V?7<k;SEV� Uv� QY?A)� �� �{J,  ,T<p?D?6 , ?s� u<A x6 :qA?nEs SG� .(xA +,}e

 Xp?92 rEW<V !� +�?kEV�) {Wv�Qw6 (X;?s!�  �xA �?BM Q<p{D Fe?A ?yxq<V, xA �  o7p� ?A Xw6�, *?s! , +QY ({v?D� S<PBD -

 ({v?D� uEj  CV� !� X;�Tj� Fe?A .?E;?zv , xEO�Qv� S<O=D:s SD|?A -?y?s�  ���S8.

 )�%�.xW;?ns (?tEM� LbV  � u7v�� *{s!� ?A iqEPs -?y?s�  � -Q<p{D SEV� o<D� u<9v?<s -1Q\ �

 !� SD|?A -?s�  � x6 QwEj?; � *� ?7ty , ,�� �PC50:s xEV?6 :6Qv� SEV� +�!?A !� ��{Y . oA?nEs SG� o<p� xA CV� u7ts Ss� u;�

, -?s� u<A*{A?\ Xw6�, Fe?A x6 QY?A  ,T<p?D?6 Ccqg , Xw6�:s -!?V�{Y . -SD *QY :v{A?\ Fe?A �Xw6�, -|?A -?y?s�

xq<V, xA ?yQ;S<W<q8:s *{<V?7<k;SEV� Uv�SD *QY os?6 !� oBm �:;?<qm  ,T<p?D?6 -�{Y(DCF58C �����, 2004) . , � ?y?t;�

+�!?A  � Xy?6 �?s� X;�Tj� ?A T<v *� ?7tyQv�S6 +Qy?Zs �  (T;�{<A .Qv�S6 �Sbs o<p� ,� ?y *� :1- -!?V *{A?\ �|?A -?s�

:s d;SWD �  ?yQ;S<W<q8 -SDQw6 .2-x;TKD �|?A -?s�  � SEV� :D �SM -):Bbm &?BY� S<g &{v .?\{]Ps (:s � {\ x6 ��S<8

� �� :0  � �  SEV� +�!?A Xy?6 � {s ,� Sy(IA5<5F5 �����, 2008) .

xA xJ{D ?Ao7Y3 xE; |{s CBWv  � (T;�{<A Q<p{D :y�!?A *�T<s u;SEZ<A12:1�{A .o7Y  � x6  {a *?ty3:s +Q;� ?A �{Y

 !� ug,  xA o7p� :p{s CBWv X;�Tj�6:1 ?D12:1CV� +�S6 :a �  -�{f\ S<V �(T;�{<A Q<p{D *�T<s . Sy  � x6 :;?J *� !�

y  ,T<p?D?6 :t6  �Qns !� X;?s!� �r<V?E0 Q<W6, Q<)5/0 (  �Qns u<A xJ{D oA?m oA?nEs SG� o<p� xA , QY +�?kEV� :v!, Q\ �

 :p{s CBWv  � +�!?A u;SEzA �:p{s CBWv ,  ,T<p?D?612:1Qs� CV� xA CV� :;|?A CBWv .?B;SnD x6
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 )�%�.xW;?nsCBWv  � -Q<p{D SEV� o<D� u<9v?<s -iqEPs -?y ?A ug,  xA o7p� (?tEM� LbV  � u7v�� *{s!�1Q\ �

�S6 �?wEJ� �?;!  ,T<p?D?6  �Qns , |?A :p{s CBWv *?sTty uEY�� !� Q;?A �xw<zA +�!?A uEY�� -�SA x6 ��� *?Zv �S;{<p� -� . +�!?A

:s X;�Tj� ug,  xA o7p� :p{s CBWv X;�Tj� ?A � ,T<p?D?6 r6 S;�?ns -�SA �SEV�QA?;(D9 O@=J9=F5 �����, 2005). !� :ftJ

QVSA xw<zA  �Qns xA ?D xEj?; X;�Tj� SEV� +�!?A �xE; |{s X;�Tj� ?A ��?;!  �Qns xA  ,T<p?D?6 uEY�� ?A x6 Qv�S6 CA?G *?nnNs . !� QfA

:s xEV?6 +�!?A !� :p{s CBWv X;�Tj� ?A �*� �{Y(C5J5@75BH9 9H 5@, 2009; A@5AI 9H 5@, 2008; D9 L=A5 85 S=@J5 9H

5@, 2006; JCG<= 9H 5@, 2008).

 � �Qv?EV� "?V� SA xw<zA (T;�{<A :7;T<j{sSD $�{O !� :OSA �+QY Q<p{D (T;�{<A CO{V C<k<6 u<<fD  {cws xAASTM

Q;�S8 u<<fD .x<q6+!�Qv� :7;T<j{sSD $�{O -+!?A  � +QY -S<8� �Qv?EV� ({Bm oA?m -ASTM� ��  �Sm) (,QJ4.(

 ��# �.xW;?ns � �Qv?EV� lA?bs +QY Q<p{D (T;�{<A �?<\{]O :OSA -ASTM D6751

C<\{]OQM�, � �Qv?EV� #, 

*{s!�

!?Ks �,QM �Qns

+!�Qv�+QY -S<8

  � (,�QEs o<>,!?8

*�S;�

  � :p?92PC6/15; 7AORD40529/0 -87/09/0815/0

xE;!{7W;, :7<D?tw<V -

  �PC28

AAQ GOSD445-036-9/1488/54

xE;!{7W;, :7<D?tw<V -

  �PC40

AAQ GOSD445-036-9/163/345/2

xbnv*QY -SA� -PCD2500-0212-3 -24-

xbnv#T;  -PCD97-0210-15 -9-24-

xbnv(?fEY� -PCD92-85130>13861

���
�
�
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-  �Tj� )Sv !� +�?kEV� ?A -!?WpQs !� o\?M I;?EvD9G=;B ELD9FH :

 ?A xA xJ{D) (,QJ1 ( ,) (,QJ2 ()Sv !� +�?kEV� ?A ,  �Tj�D9G=;B ELD9FH:w<A X<0 (Qs +QY)3 ( :y?9Z;?s!� (Qs ,)4 ( x>� �

 QY) (,QJ5 :(

2=9@8=8.172-0.85389A+1.313889C )3(

2=9@8=8.926722-0.08539A+0.437963C )4(

 ��# �.(T;�{<A +�!?A +QY :w<A X<0 (Qs
A89EI5H9 RQPF98=7H98 RQA8>IGH98 RQRQD �C �B �A �IBH9F79DH

15.351 �0.5813 �0.6481 �0.6723 �-1.314 -0.8548.2B=C8=9G9@
M=9@8

�A: H9AD9F5HIF9 (PC); B: H=A9 (A=B); C: AC@5F F5H=C (A0@/AC@); D: 7CADCG=H=CB C: C=@G (% 75BC@5 C=@).

�T<9 75D56=@=HM C: DF98=7H=CB C: H<9 AC89@ (RQ 5B8 58>IGH98 RQ) =G J9FM ;CC8 :CF 6=C8=9G9@ M=9@8.
�T<9 "PF98=75H98 RQ" C: 0.5813 =G =B F95GCB56@9 5;F99A9BH K=H< H<9 "A8>IGH98 RQ" C: 0.6481.
�"A89EI5H9 PF97=G=CB" A95GIF9G H<9 G=;B5@ HC BC=G9 F5H=C. A F5H=C ;F95H9F H<5B 4 =G 89G=F56@9. T<9 F5H=C C: 15.351
=B8=75H9G 5B 589EI5H9 G=;B5@. T<=G AC89@ 75B 69 IG98 HC B5J=;5H9 H<9 89G=;B GD579.

 xA xJ{D ?A (,QJ5 @;S^ ?A �  (T;�{<A +�!?A :w<A X<0 :;?v�{D (Qs u;� x6 ��� *?Zv -!?WpQs !� o\?M I;?EvRQ=0.582 xEY��

 SA �  S<G=D u;SEZ<A �ug,  xA o7p� :p{s CBWv SEs� ?0 , Xw6�, -?s�  � +�!?A u;SEZ<A x6 - {a xA �� �� (T;�{<A +�!?A45 xJ �

 ug,  xA o7p� :p{s CBWv  � , "{<WqV12:1Qs� CV� xA) o7Y4.(
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 )�%�.(T;�{<A +�!?A -,  ug,  xA o7p� :p{s CBWv , Xw6�, -?s�  {E6?j S<G=D

 -  �Tj� )Sv !� +�?kEV� ?A :v{<VS8  -!?WpQs !� o\?M I;?EvSPSS:

+��� xA xJ{D ?A ({zKs Iw0 �onEWs -?ySEs� ?0 , (T;�{<A +�!?A xA %{ASs :ASKD -?y?, 8, 7, 6, 5 xA %{ASs �?e}a� l;Sa !�

xv{tv:s xBV?Ns (T;�{<A CO{V -?yQv{Y .  �Tj� )Sv !� +�?kEV� ?A +S<hEs Qw2 :bO *{<VS8  (Qs 5; l;Sa !� @;�S^ u;�

SPSS-18 SA�SA?=6.92, 7=0.671, 5=-0.244 :9EWBty @;S^ ?AR�=0.50Q;�S8 xBV?Ns . T<p?v� �?BV?Ns !� o\?M I;?Ev

s *?Zv (Qs -?ySEs� ?0 � ,�SA -�SA Uv?; �,: LbV  � +QY x>� � (Qs x6 Qy�01/0:s  �� :wfs QY?A) (,QJ6.(

 ��# 	 . *{<VS8  (Qs Uv?; �, o<qND xv?8Qw2 `A�,  *�T<s @<6SD , ug,  xA o7p� :p{s CBWv �Xw6�, *?s! �Xw6�, -?s�

ug, (T;�{<A +�!?A ?A ?y

��S<<hD dBws�?fASs &{tKs-��!� xJ ��?fASs u<9v?<s  �QnsF- �� :wfs LbV

*{<VS8 32/478456/119

+Qv?t<m?A85/45323891/171/62000/0

dtJ16/932242

+!�Qv� , +QY xBV?Ns :bO *{<VS8  (Qs xK<Ev  ��!?A -�SA +QY -S<8:s �  (T;�{<A +xbA�  � {\ xA *�{D -5�S6 i;SfD:

2=9@8= 6.92-0.244A+0.671C )5                                                 (

xW;?ns+!�Qv� +�!?A S;�?ns -:s *?Zv +QY xBV?Ns S;�?ns ?A +QY -S<8 !� SEt6 -?bO ?A +QY x>� � *{<VS8  (Qs x6 Qy�1/0

 :9EWBty @;S^ , Q\ �50/0:sQw6 :w<A X<0 �  (T;�{<A +�!?A Qv�{D.
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.!��,�*� �$��

- SEV� o<D� *!, SA - ��?wfs SG� �Q\ � 5; LbV  � ug,  xA o7p� :p{s CBWv , Xw6�, -?s� -?yS<hEs)(T;�{<A (

CV� xEY�� -Q<p{D . Xw6�, -?s�  � xw<zA CO{V �+Qs� CVQA I;?Ev lBa45 o7p� :p{s CBWv  � , "{<WqV xJ �

 ug,  xA12:1:s Q<p{D�{Y  .

-ug,  @<6SD -?yS<hEsCV� xEY�Qv -S<G=D (T;�{<A Q<p{D -,  SA Xw6�, *?s! , ?y .:s x<\{D u;�SA?wA �{bV !� �{Y

 ?yS<hEs -T6Ss)50 % , �Tq650 % , *��S9A?Ej�60xn<m� (�{Y +�?kEV� CO{V Q<p{D -�SA .

-x<q6-+!�Qv� :7;T<j{sSD $�{O+!?A  � +QY -S<8� �Qv?EV� ({Bm oA?m -ASTM� ��  �Sm.

-(Qs !� 5; Sy !� +Qs� CVQA I;?Ev *?<s :v{<VS8  T<p?v�+��� , ?y:s *?Zv :ASKD -?y Qy�x6 !� +�?kEV� ?A -!?WpQs

 �Tj� )SvD9G=;B ELD9FH @;S^ ?AR�=0.582 @;S^ ?A :v{<VS8  (Qs xA CBWvR�=0.50  � �  -SEzA I;?Ev

:s *?Zv �{O !� -Q<p{D (T;�{<A +�!?A :w<A X<0Qy� .QA @;�S^ u<w3tyV *?Zv :v{<VS8  (Qs  � +Qs� C:s Qy�

 (T;�{<A Q<p{D +�!?A SA -SEZ<A S<G=D -� �� ?ySEs� ?0 S;?V xA CBWv ug,  xA o7p� :p{s CBWv SEs� ?0 x6:sQY?A .

-<0 (Qs  �Tj� )Sv `V{D +QY x>� � :w<A XD9G=;B ELD9FH ?A (T;�{<A Q<p{D -�SA SBEfs (Qs 5; �S;! o;|� xA

:s +�!?A u;SEZ<AQY?A  :

�(Qs xA xJ{D ?A +QY x>� � -?y)3 ( ,)4 ( xw<zA -?s� uEjS8 Scv  � ?A ,45 xw<zA CBWv , ��S9<Ev?V xJ �

 ug,  xA o7p�12:1) o7Y4 ( Xw6�, *?s! -?ySEs� ?0 -�SA -T6Ss �{bV �?PEv� ?A ,60 @<6SD , xn<m�

 ug, 50 +QY :w<A X<0 (Qs !� +QY xBV?Ns (T;�{<A +�!?A  �Qns �)3 (34/10 (T;�{<A +�!?A  �Qns ,

QY xBV?Ns :y?9Z;?s!� (Qs !� +)4 (54/10:sQY?A .

�RQ=672378:s:s (Qs :KwV ?BEe� -�SA :BV?ws  {E6?j x6 QY?AQY?A.

�-?y {E6?jA8>IGH98 RQ,PF98=7H98 RQQwEWy 5;�Tv ry xA.

�  {E6?jA89EI5H9 RQ) CBWvG=;B5@ xABC=G9 (351/15:sQY?A . !� SD|?A S;�?ns  {E6?j u;� -�SA4

:s �{qbsQY?A       .
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6. R5G<=8, .., 5B8 F. ABK5F. 2008. PFC8I7H=CB C: 6=C8=9G9@ H<FCI;< CDH=A=N98 5@?5@=B9-75H5@MN98
HF5BG9GH9F=:=75H=CB C: F5D9G998 C=@. FI9@ 87:265-273.

7. AH5DCIF, M., 5B8 H. R. K5F=A=B=5. 2011. C<5F57H9F=N5H=CB 5B8 HF5BG9GH9F=:=75H=CB C: IF5B=5B 6=HH9F
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BF5GG=75 C5F=B5H5 C=@ :CF 6=C8=9G9@ DFC8I7H=CB. EB9F;M FI9@G 18:77-83.

9. IA5<5F5, H., 5B8 E. M=B5A=. 2008. T<9FA5@ GH56=@=HM C: 6=C8=9G9@ =B GID9F7F=H=75@ A9H<5BC@. FI9@ 87:1-
6.

10. D9 O@=J9=F5, D., 5B8 M. D= LI77=C. 2005. ODH=A=N5H=CB C: 5@?5@=B9 HF5B G9GH9F=:=75H=CB C: GCM695B C=@
5B8 75GHCF C=@ :CF 6=C8=9G9@ DFC8I7H=CB. ADD@=98 B=C7<9A=GHFM 5B8 B=CH97<BC@C;M 121:553-560.
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ADD@=98 B=C7<9A=GHFM 5B8 B=CH97<BC@C;M 130:405-414.

14. JCG<=, H., 5B8 J. TC@9F. 2008. ODH=A=N5H=CB C: 7CHHCBG998 C=@ 9H<5BC@MG=G HC DFC8I79 6=C8=9G9@ <=;< =B

;CGGMDC@ 7CBH9BH. JCIFB5@ C: H<9 AA9F=75B O=@ C<9A=GHGT SC7=9HM 85:357-414.
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D9H9FA=B5H=CB C: PFCD9FH=9G C: B=C8=9G9@ PFC8I798 :FCA M=L98 HKC HMD9G
C: J9;9H56@9 C=@ 5B8 DF98=7H=CB C: 6=C8=9G9@ M=9@8 IG=B; D9G=;B ELD9FH

GC:HK5F9 5B8 7CAD5F=GCB K=H< F9;F9GG=CB AC89@

N59=A9< G<C@5AF9N59=1* D5F=IG< 35F92 MC<5AA58-T5;<= GC@A5?5B=3

5B8 M5<8=9< A6C@<5G5B=1

1-MS7 SHI89BH, D9D5FHA9BH C: B=CGMGH9AG EB;=B99F=B;, S<=F5N .B=J9FG=HM
B;<C@5AF9N5=@M5<CC.7CA

2-AGGC7=5H9 PFC:9GGCF, D9D5FHA9BH C: B=CGMGH9AG EB;=B99F=B;, S<=F5N .B=J9FG=HM
3-AGG=GH5BH PFC:9GGCF, D9D5FHA9BH C: FCC8 S7=9B79 5B8 T97<BC@C;M, S<=F5N .B=J9FG=HM

����
���

IB H<9 DF9G9BH KCF? H<9 DFC8I7H=CB C: 6=C8=9G9@ IG=B; A=L98 GIB:@CK9F 5B8 F5D9G998 C=@

=B H<F99 @9J9@G (30% F5D9G998 5B8 70% GIB:@CK9F, 50% F5D9G998 5B8 50% GIB:@CK9F,

70% F5D9G998 5B8 30% GIB:@CK9F) =B 5 DCH5GG=IA <M8FCL=89 75H5@MN98

HF5BG9GH9F=:=75H=CB F957H=CB K5G =BJ9GH=;5H98. E::97H C: 8=::9F9BH D5F5A9H9FG =B7@I8=B;

7CADCG=H=CB C: C=@G (30, 50 5B8 70 65G98 CB F5D9G998 C=@), F957H=CB H=A9 (30, 60 5B8 90

A=B), F957H=CB H9AD9F5HIF9 (45, 55 5B8 65 PC), 9H<5BC@ HC C=@ AC@5F F5H=C (6:1, 9:1 5B8

12:1 AC@/AC@), F957H=CB 75H5@MGH 7CB79BHF5H=CB (0.5%) 5B8 GH=FF=B; GD998 (600 FDA) CB

H<9 DFC8I7H=CB C: 6=C8=9G9@ K9F9 =BJ9GH=;5H98. T<9 DFCD9FH=9G K9F9 7CAD5F98 K=H<

ASTM 6751 GH5B85F8 5B8 5B 5779DH56@9 5;F99A9BH K5G C6G9FJ98. T<9B 5 D9G=;B ELD9FH

AC89@ 5B8 5 @=B95F F9;F9GG=CB AC89@ K9F9 89G=;B98 HC DF98=7H H<9 6=C8=9G9@ M=9@8 65G98

CB D5F5A9H9FG @=?9 F957H=CB H9AD9F5HIF9, F957H=CB H=A9, 9H<5BC@/C=@ AC@5F F5H=C 5B8

7CADCG=H=CB C: C=@G. R9GI@HG C: F9;F9GG=CB AC89@=B; G<CK98 H<9 AC89@ DF98=7H=CB 56=@=HM

C: 6=C8=9G9@ M=9@8 K=H< 5 7C9::=7=9BH C: R2=0.50 5@GC 9H<5BC@/C=@ AC@5F F5H=C <5G H<9

<=;<9GH =AD57H CB 6=C8=9G9@ M=9@8. CCAD5F=GCB C: F9;F9GG=CB AC89@ K=H< D9G=;B ELD9FH

AC89@ G<CKG H<9 GID9F=CF=HM C: D9G=;B ELD9FH AC89@ K=H< 5 7C9::=7=9BH C: R2=0.582 =B

H<9 DF98=7H=CB C: 6=C8=9G9@ M=9@8.

���
	
�� ASTM-6751 EGH5B85F8, 2=9@8, B=C8=9G9@, TF5BG9GH9F=:=75H=CB, MC89@=B;.
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