
¾�À^���]Z´¯�¹ ½{y¹Z�§�±º´��¹ ­º¬��©Z�®d�·��µyZ°�©¹Y��yZ¸]æèíÐ

æîê

®£y�zgY�¾�yz]­v´-�z]�bt��±Z¯{�¹ Z¯u �©Z�pd�Y�¶kyu��¹ zÀ°s�¾¨¿%º«ºWy��Yºs
½yYu�¶.³�¾��±Z³�¾�o��Yºs�

¾¯Yz¸]�µvÀ��¹½v·Z��v°p¯�Î

µvÀ¨#
²¿Yyu �±Z³�¾cZÀ]�¹ b�Z]��¦Àd�«º³Z-yY�½Z·�¾-&¿¹ z]��¬dt¯�½Z·yºd§Z��zÀgPc�¶]�¶kºc�Z]�·¹&�£y�zgY�v��¾���¹ Z¯u��©Z�pd�Y�¶kyu��®

uº��¾�yz]�±Z³�bÀ À§�z]�½yYu�¶.³ ±Z¯{�¹ bt��±Zº¯{�¹u�uyM©Z�pd�Y�¶kyu�Z]�¦¿�z·�²lc�¹ ½¹v¸¯�­v´-�®£yìå¹îêuyº¯�v�yu�
±Z¯{�¹u�yu�±ºd�Zc�±Zº³ ~�º� �b�zº- yYzº£ µuZ dº�Yæåå½Z¯u�¹ ¶À³Zg�ççåóçåå¹ uYz-�¾d³Z� ¶kyu�ìê½Z¯u�¹ ¶À³Zg�çëå�çéå¶kyu�

yu�¹ ¶dt��uYz-�¾d³Z�¶d�]b¯Zt��Z]�¶¿Ç�¹u�¾´¬ÀcY�¾¬��½Z·éåav¯�¶]�±¹z¨À¯�æëív¿uz-�½yYu�¶.³ b�Z���{Y�é¹ bt��{Y�~��b�Z��
ª�Yº��Z]çé¶d�Z���v³v��¾�yz]�¾¨Àd�«º³Z-yY�¹ ¾¨¿%º«ºWy�aZÀ�º�s�b¸k�{Y�Z·�±Z³�

±Zº�³��·¹&º� ²º¿Y�j¿Zdº³¶]�©Z�pd�Y�¶kyu�¹ ®º£y�¶º§ uYu�zgY�½yYu�¶.³ ±Z¯{¹�v³uº]zgR¯�¾�z]��´c�zh§Yvo z]�½yYu�¾´�¯�yº�
¾´�¯b�Yu�¾�z]�¹ ¾��§��´c�zh§Yvo z]�½yYu�¹ ¾d ��²lc�®£y�©Z�pd�Y�¶kyu�Z]�uyM�{Y�µv¯M�b�u�¶] ±Z³�¹ ¶d�Yu�½zd°§�¾cZÀ]îê�

�³�½zd�À]�¾d �uyM�{Y�µv��¶À¸c�±Z³�¶]�b^ìå�b�Yu�b�Yv³�b�Z]�¾d ��z]�½yYu�¾´�¯�zgY�¾�yz]�²¿Y�yu�µv��yº�´¯�bt��±Z¯{�¹ Z¯u�
©Z�pd�Y�¶kyu�Z]�uyM�{Y�µv��¶À¸c�±Z³�zd°§��z¿x��µv´·u�±Z�³�¦Àd�«º³Z-yY�¾]Z¿{yY�j¿Zdº³îê��¹ zd�À]�½Z¯u�yu�µv��¶dt��±Z³�²À´#�®·

uº]�zd°§�±Z¯{�

½vÀ¬§�½Z·�µ%Y¹�®£y­v´-�©Z�pd�Y�¶kyu��b�Z]�±Z³���¾�o��Yºs

¶¯v¤¯
±Zd�Y�yu�¾¿Yx��uYº¯��z�¯�½º.«Y�¾�yz]yº�§��¬dt¯�½Z·

¹ ½%z³Y�²À¯Pc� yu�¾¿Yx�� µ¹z-�²¿zc� µv°�� ¶§� v·u�¾¯� ±Z�³
v�Z]�¾¯�±Z³�¶³Y{¹y�¾d�Z¿yu�²ÀXc¹z��²À.³ZÀ¯ yº��¶]ç�éç�{Y

�z�¯�½%z³Y�ª§¶³Yz��¾¹ ½z¸��¶³Y{¹y�è�êî�½%z³Y�ª§�{Y
Yy�¾¿Zd�¹y�z ³�¦¿�¶³Y{¹y�¾�z�¯�v·u�¾¯�ªÀ¨�c�±Z³��æ��

¾³YvÀ¯�aZ�«Z�¯�¢^�½Z·�µuYº³Zs�yu�±Z³�aZ�¿Z��±Y|À¯z¸�
±Yz¸cÀ¯ yº��¶]ºo ²À.³Zºu¹vèè�µuº]¿ÇZ]�vo�¶§�b�Yº{Y�¾

Î�¶]±Z¸ �Y�¾d�´��µZ.�³Yu��½{y¹Z�§�µv¨�³Yu��¾¿Yx���¿Z´��¹ ­º¬��uZd�Y�¹ v�yY�}Z´�yZ§�\Àczc�

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
83

.8
.1

.1
6.

7 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 iu

tjo
ur

na
ls

.iu
t.a

c.
ir

 o
n 

20
25

-1
2-

06
 ]

 

                               1 / 9

https://dor.isc.ac/dor/20.1001.1.24763594.1383.8.1.16.7
https://iutjournals.iut.ac.ir/jstnar/article-1-415-en.html


¾�À^���]Z´¯�¹ ½{y¹Z�§�±º´��¹ ­º¬��©Z�®d�·��µyZ°�©¹Y��yZ¸]æèíÐ

æîë

�³� Yy��ÈcYºv·u�¾¯� ±Z�è��¶]� ¶kºc� Z]�¶³Yz���z�¯� ±Y|À¯
¶lÀd³�±Yºc�¾¯�yº�§�yu�­v´-yu�¶§�¾¯v´-�±Y|À¯�¶§�uº°³�½zÀ-

ª¿v^c�aZ�¿Z�� ¶]� ±Z³��z�¯� ¶¬oz¯uº��¾¯�¾°£y�{Y��À]
(¿¬À¯�¶§�v·u�¾¯�ªÀ¨�c�Yy�²c�±ºÀ{Y�¾°¸¯��t]¾�£Y¹�{ZÀ³

­v´-�aYuyY¹�¶]�yº�§�¶³ÇZ�¾¯�ªÀ*�c�Yyv·u�©Z��z·©uZ�¯
éåå{Y�yÇu�±ºÀ¬À¯�¶kuº]¾¯�­v´-�v¿zs��z��b¨¬°¯�uº�
�è��¾��±Z³�[º¬�¯Z³�aYzÀÀ�c�z]� zgR¯�ª¯Yº��©zd´)�²¿Yz]Z´]�

b�Y�bÀ°·Y�|WZo�½yYu�¶.³�
¢^�¾�yz]½Z·¾¯Yz¸]��yYv¤¯�²ÀXc¹z�ëé¾´«{uv��¹í�ëí

c bpc�Yy�±Zº³ ¾º À)�aYzºÀÀ�c�vº�yuP¾¯�yYz£�zÀgv·u²]Yz]Z´]
±Z³�[º¬�¯�bÀ À)�� o�yu�¾°¸¯��¤³�\º�Z´¯�®º£y�[Ztdº³Y

uyYu�ç��uº^¸]bÀ À§bÀ°)�¹�²ÀXc¹z�Yy�{Z-�½yYu�¶.³ bÀ¬]Z£�
¾¯��·Z§�Yy�½y¹M�ª°��±Z¯{�¶lÀd³�yu�¹ �¿Y|º�Yv·u��²À´#�®·

¾¯�±Z³�½yYu�¶.³ bÀ À§�uº^¸]�\kº¯uº��æè��¹ ±Z³�®lo�²À]�
²ÀXc¹z��bÀ À§�¹ yYv¤¯®À¤d�¯��Z^cyY�uyM�uyYu�uºk¹��æå��

�¿Y|�Y�b^h¯�zgY�¶º] ¶kººc Zº]uuyM�bÀ°)�z]�©Z�pd�Y�¶ky
¶¿x�c��{yY�¹ ­v´-�{Y�µvº¯M�bº�u�¶º]z^À��uºk¹�z�³�{Y�±M�½Y

À]±Z³�bÀ À)�z]�}º^��0 ´¯�¹ b^h¯�yZgM�¾º�yz]�bÀº°·Y�zdº�
¾º¯ �tº�¯uºº��uyM�©Z�pd�Y�¶kyu��¿Y|�Y�Z]�¾¬)�yº��¶]

v]Z¿�¾¯�uº^¸]�±M�®���¹ z���¹ µvº� µzºÀc�±Zº³ ,º³y�b¬��¶]
yº�o�zd�À]�}º^��¹ ±Y{ºd´\kº¯�©Z�pd�Y�¶kyu��¿Y|�Y
c ¶º]P¾º¯ ¾ºcZÀ]�²dºsYv³Y�zºÀsuºº��º·¶kyu��¿Y|º�Y�²Àº´#�®

¾¯��¿Y|º�Y�Yy�bº�Z]�¾d º� uyM�©Zº�pd�Yv·u�ææ��Z]�}º^�
loº³ ®º^cyY�±Zºs �Zº�¯�¹ ¾�ºuyYu�}º*�¯ ²¿Y�¶)�º�ºXyu�¶¬

b�Y�bÀ°·Y�|WZo�®Àlo�½Z·�±Z³�ê��
®À�´c±v³Z¯�µ{Zc�yu�zgR¯�ª¯Yº��{Y�¾¨¿�yº´c�\�Z´¯�½Z¯u�
b�Y� ±Z³�uº��¾¯�\kº¯� ®¿È¯�ayYzoªÀ¨�c� {Y� ª^£� ¶§�

uº�� ª¤d´¯� n��� ¶]�b]º�y� ½zd�À]� yYv¤¯� ¶d�º��²¿Yz]Z´]�
¹ v´§�¾¯�� o�Yy�uºs�¦Àd�ÇY�b«Zo�½zc�¾³Çº��av¯�¶d�º�
�´§Y¹�¹ µv���¿z�c�¶d�Z�³�|À«¹yvÀ·� �¶d�º��¾¯z³�z]� µ¹È�

º¸£½Y�µuz§�v·Yºs�zc�[º¬�¯� Yy�¶d�º��,³y�uyÈÀ¯�±v��Õ��
¿Y|�Y� Z]�|À³�¾¿Yx���{yY¾¯�b�Y�bt��±Z¯{� Z¿� Z¯u��v´)�ë��

¾��¶d�Z�³�±v��¶´ÀcÇ%�yu�¾°¸¯�½Z·yºd§Z��bt��±Z¯{�¹ Z¯u
d�·�bt�v´�¹ ±Z³�b]º�y�±Y|À¯�z]�bt��±Z¯{�¹ Z¯u�²À´#�®·

Yy� ±Z³� ¾d ��bt�� ±Z¯{� Z¿� Z¯u��¿Y|�Y� ¹ v³zgR¯� ±M� ¾d �
¾¯��¿Y|�Yv·u�ì��

±Z³� aYzÀÀ�c� \kº¯� ¶)� z.¿u� zgR¯� ª¯Z�¾¯�±Z¯{� uº�
b�Y�½yYu�¶.³�yº��¶] ±Z³�¾�o�¹ ¾ À)��Yºs�½yYu�¶.³ ¾��

¾´�¯v´)�¾¯�b�Y�½yYu�æç��
²º¿Y�{Y��vº·�·¹&º�®£y�½Z·yºd)Z��zºgY�¾º�yz]��¶kyu�

©Zº�pd�Y�½yYu�¶.³ ¾��±Z³�¾ À)�aYzÀÀ�c�z]�bt��±Z¯{�¹ Z¯u�
¶º] ¹zÀÀ�c�²¿Y��·Z)�¹ ©zºd´)�yº�´º¯b¿Z¸³�yu�¹ [º¬�¯Z³�aY

b�Y�aZ�¿Z���·Z)�

�¹y�¹ uYº¯Z·
/vÀ«ºc�²lc� ¹ ½¹v¸¯� ­v´-� ®£y� ¹u� {Y��¿Z¯{M� ­Zl³Y�½Yz]

©Z�íå©Z�pd�Y�¶kyu�¹u�Z]�ìå¹îê±Z¯{�¹ Z¯u�¹u�¹ v�yu�
bt�æåå¹ ¶À³Zg�çÏå�çÍå¹ uYz-�¾d³Z� ¶kyu�ìê¹ ¶À³Zg�çÓå

�çÑåuYz-�¾d³Z� ¶kyu�µz¸]½zÀ-�v���¶d ·�(¿�av¯�¶]�Z·�±Z³
�Àp¯�½Z¯u�yu�&$çtçê�½v´]�¶d�]�yu�¶¿Ç�¹u�¾´¬ÀcY�¾¬

b¯Zt��¶]éêv³v��½yYu�¶.³ ±¹z*À¯��{Y�½¹v¸¯�®£y�­v´-
yu��£Y¹�½{y¹Z�)�aZ¤À¤pc�±Z¯{Z��yx]�¹ ©Z¸³�mÈ�Y�¶��R¯

{Y�²lc�®£y�¹ iz)�±Zd�z¸�±Z°·�±Zd�z¸��yu��£Y¹�¶��º¯�
v��¶À¸c�±Z-z-�

¾]Ztd³Y� ­v´-�®£y� ¹u�¾ À)�aZÀ�º�s�¾¿Z�Z´�� yº�´¯� ¶]
�¿Z¯{M{Y� v³Y�ayZ^�� ¶)� v�� ­Zl³Y� ¶À«¹Y�½Z·�¶³Yu� yY|·� ±{¹�

zdÀ«ºd*·�±{¹�¾-u{�²��v�yu��¶³Yu�¾dt���b]º�y�v�yu��
²ÀXc¹z��v�yu�²cº¬-�v�yu��[º�z¯�¹ (�s�²cº¬-�v�yu��

 À)�~¿v³Y²cº¬-�bÀ�¾´«{� uv��z]�¾.°·� ¶)�,´À«Z�� uv�� ¹
��ºc�µv��²ÀÀ�c�½Z·��¹y�}Z�Y$$&&v��­Zl³Y��é��

½Yz]Z^cyY�²ÀÀ�c�zÀ°s�bÀ À§� Z]�¾�yz]�uyº¯�½Z·yºd§Z����
Y µv¯M�b�u�¶] ½Z·zÀ°s�¾ À§��Yºs{¶kyu� ¹u� ¹ ®£y� ¹u�

©Z�pd�Yº´¿yZ�� ¶¬À�¹� ¶]�Yz-º�´d�§Y� ¹ �Yz-¹}Z�Y� z]�
¹y�$$&&yY�¾]Z¿{v³v��é��

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
83

.8
.1

.1
6.

7 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 iu

tjo
ur

na
ls

.iu
t.a

c.
ir

 o
n 

20
25

-1
2-

06
 ]

 

                               2 / 9

https://dor.isc.ac/dor/20.1001.1.24763594.1383.8.1.16.7
https://iutjournals.iut.ac.ir/jstnar/article-1-415-en.html


z]�bt��±Z¯{�¹ Z¯u��©Z�pd�Y�¶kyu��®£y�zgY�¾�yz]�Yºs���

æîì

®£y�zgY�¾]Z¿{yY�½Yz]�±Z¯{�¹ bt��±Z¯{�¹ Z¯u��©Z�pd�Y�¶kyu
z]� ½yYu�¶.³aYzÀÀ�c±Z³� ¾cZÀ]� ¹ ¾�o� �Yºs�¶³º°³�Z·

é�çé�éí�ìç�îë�æçå�æéé¹æëí¾�yz]�bt��{Y�~��b�Z��
v³v��²À´#�®·�¾�o��Yºs�aYzÀÀ�c� ²ÀÀ�c� ½Yz]�¾]Z¿{yY�

±Z³�(Àd�«º³Z-yY±Yz¿Y�¾d´��½Z·�±Z³�¾]ZÀ�{yY��¹y�}Z�Y�z]�
b�z-� ­Zl³Y�ç�¶¬À�¹� ¶]�¾�yz]� ¹æåª^£� {Y�b�À¬³Z�� z ³�

v�� ­Zl³Y� µv�� ¶Àkºc�¹ ¶³Z-�b ·�aZ �� {Y�¦¿� z·� {ZÀd¯Y�
±Z³�{Y�¦¿�z·�¾¿Z¸³�{ZÀd¯YZ]�Z·cv��¶^�Zp¯�Z¸³M�\¿Yz��¶]�¶kº�

¹ ¾°§�ayº��¶]�±Z³�bÀ À§�z.¿u�ayZ^��¶]�v¯Myu�½uvuyº¯�Zc
¶¿|lcªÀ¬pc�¹uzÀ-�yYz£�½yZ¯M�¾¿Z¸³�{ZÀd¯Y�{Y�½v´]��°k�¦¿�

b�Z¸³M�\¿Yz��¶]�¶kºcZ]�±Z³�¾�yz]�uyº¯�aZ ��{ZÀd¯Y�

±º¯{M�{Y�µuZ d�Y�Z]�b�Z]�¾º�yz]0�z]�½Z·�3XQFWXUH� WHVW�
) ¹ºº��º¾��7HQVLOH�WHVW�]ºº) ¶ºdº�u�(º°º.º´¿Y�µZºº�º±Yzd
�,QVWURQ� �����l³Y�ººvº� ­Z�æê��l³Y�½Yzº]ººbº�c�­Z�z$³Z�

bº�t³[¹zº� ¦º¿��3UREH�¶³Yºd�Y�t�¯�z�£�Z]�ª¨��½Y
çì�æzºd¯�¾d³Zº�µ{Yv³Y�{Y�~��¹ v��µuZ dº�Yuyº¯�/¹zÀ³�/zÀ-

¶³º°³�ªsYu�¶]�[¹zº� wºº ³�/Yzº] {ZÀº³zh§Yvo¶)�0�z]��´c�
b�Y�±Z³�0cZÀ]�µv´´)��t�¯�v¿uz-�¶^�Zp¯�z¿{�©º¯z��{Y��

@Î>
6�vo¾�z]��´c�zh§Y�z]o�]z¯�zd¯�¾d³Z� z]�­z-�\���
)�uº��¾¯�©Z°�Y�¶§�¾¿¹zÀ³���­z-�\�o�z]��
'�[¹z��z�£�zd¯�¾d³Z� \�o�z]��
7�¶³º°³�b¯Zt��zd¯�¾d³Z� \�o�z]��

b�c�­Zl³Y�½Yz]��)�b�t³�Z��b]Zg��t]�¶]�µzÀ-�¦¿�¿¾´À
¹µzÀ-½z.¿u�±Yzd�´¿Y� µZ.d�u�¥zpd¯��t]�¶]�ª�¹�v�¹

µv��µz^À«Z§�µZ.d�u�v�]µyZ��/Yz]�­{Ç�/¹zÀ³�0]Z¿{yY�{Y�~��¹
�ª*�� 0¬^¯u� ¶³º°³� ±v�zh§Yvoµ{Yv³Y� ­{Ç� 0��)� /¹zÀ³�

z¿{�©º¯z�� {Y� µuZ d�Y� Z]� ¹ v��/zÀ-zh§Yvo¶)�0�z]��´c�
b�Y�0cZÀ]�0]Z¿{yY�/Yz]�/z.¿u�yºd)Z��¶^�Zp¯�v¿uz-�

@Ï>

6�z]��´c�zh§Yvo¾��­z-�\�oz]�]z¯�zd¯�¾d³Z� z]��

)�µv��©Z°�Y�½¹zÀ³�­z-�\�o�z]�
D�¾-yZ��ªp¯�yu�±Z³��z�
E�¾-yZ��ªp¯�yu�±Z³�z�£

pc� ¹ ¶¿|lcº· µuYu�ªÀ¬º¯M�b�u� ¶]�½ZºÀd³� ¹ µvº- ¶lº½zÀ
�¿Z¯{M¶¿|lc� ½yZ¯M� ½Z·��¹y� (°)� ¶]� ¶d�z-� ­Zl³Y� ½Z·

� yu�²*³Yu�±º¯{M�¹ ~³Z¿yY¹©Z°doY�n�ê�b�z-�­Zl³Y�

fp]�¹ j¿Zd³
¶º] j¿Zdº³uZ¸³M�uyM�¹ Z·�­v´- aZÀ�º�s�0]Z¿{yY�{Y�µv¯M�bº�

0dt���0-u{�²��v�yu��zdÀ«ºd*·�±{¹��¶³Yu�yY|º· ±{¹�ª¯Zº�
¹ (�s�²cº¬-�v�yu��²ÀXc¹z��v�yu��b]ºº�y�vº�yu��¶º³Yu
yu�,´À«Z��uv��¹ 0´«{�uv���²cºº¬-�bÀº À)�~¿vº³Y��[º�zº¯

ºk½Zº·©¹væ¹çb�Y�µv��¶WYyY����)�¹ 0�Yz-º´¿yZ��j¿Zd³
��)�¶]�zÀ°s�b¯¹Z¤¯�¹ /zº¿x�|À³�uy½Z·�©¹vkè¹éYyY¶W

µv�b�Y��
¾£Z]� ±Z¯{�av¯±v³Z¯¾´p´¯���Yz-º´¿yZ�s�½¹y�êåå

¾³Çº��±Z¯{�²¿Y� ¶#z·� ¹ b�Y� zÀ°s�ayv£� µv´·u�±Z�³zc�
¹ µuº]�zc�½º£�zÀ°s�v�Z]½yYv¿Z�d�À]�c ¾��½z°tzÀuºs�{Y

¾¯�±Z�³bÀ À§¹�b�Z]��®lo�²¿Yz]Z´]�v·u{Y�µv¯M�b�u�¶] ±Z³�
±Mv·Yºs�zd¸]uº]�±Z¯{�²¿Y�½Yz]�vÀ ��uyM�µ&¿¹�¶]�²lc�uyM�

¾³Çº��²lc>ÇZ°doY� ¹ b�Y� zcyº�o� ¶§�b�Y�b¬��²¿Y� ¶]�
�}º^�zgR¯� ±Z³� ®lo� ¹ zÀ°s�¦¿%º«ºWy� aZÀ�º�s� z]
b�Y�S12 , T5±Z�³�¶#z·�¹ b�Y�zÀ°s�aYzÀÀ�c�v³¹y�µv´·u�

²¿Y� z¿uZ¤¯� v�Z]� zd�À]� zÀ°s�aZ^g� ¹ zcv´§�aYzÀÀ�c�av�
¢^�� ¶§�b�Y� zd°§� Z·yºd§Z�yu�iyv´¯�j¿Zd³�©¹vk�èaZ^g� ��

°sº¸¯�{Y��À]�²lc�zÀº½¹vµuº]� {Y�¹ºyu�aYzÀÀ�c�v³¹y�¾�z
b�Y�ª¯Z§�uyM�{Y�zd°§�vÀ ��uyM�µuZ d�Y�Z]�½zd°¿yº«Y¹��{yY

Yzd°¿yº«Y¹� {�Yz]��º�t¯��§��s´]yv�¾¯� ²ÀÀ�c¹ uº�
b�Y�uyM�¾¿Yº³Z³��{yY�µv´·u�±Z�³��À]�²lc�uyM�yu�±M�yYv¤¯

{ uv�� ¶]� ¶kºcZ]� ¶§�b�Y�½¹v¸¯� {Y´«²ÀXc¹z�� yYv¤¯� ¹ ¾¹
²cº¬-±M�kºc�ª]Z£�¶Àv�Z]�¾¯��

�¶º]ºº�Y�¶kyu�¹ ®£y�yºdº§Z��¹u�zº· �¾º¬§�yººz]�©Z�pd
À¯º±Y|¯¯¹Z¤º��§����§�¶]�b� ¹ ½z¿x�º¤¯�\¿zº¶]�b¯¹Z

'7
)6

S
 

ED
)6
u

 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
83

.8
.1

.1
6.

7 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 iu

tjo
ur

na
ls

.iu
t.a

c.
ir

 o
n 

20
25

-1
2-

06
 ]

 

                               3 / 9

https://dor.isc.ac/dor/20.1001.1.24763594.1383.8.1.16.7
https://iutjournals.iut.ac.ir/jstnar/article-1-415-en.html


¾�À^���]Z´¯�¹ ½{y¹Z�§�±º´��¹ ­º¬��©Z�®d�·��µyZ°�©¹Y��yZ¸]æèíÐ

æîí

©¹vkæ�±º¯{M�j¿Zd³�­v´-�¾¨¿|À��½Z·
¶³Yu�¾dt�
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²��¾-u{
v�yu
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±{¹¶³YuyY|·
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éë z � íæ êå ½¹v¸¯
êì è î�íé èí ²lc

Particle Size Index :*

©¹vkç�±º¯{M�j¿Zd³�M ¾¿ZÀ°À��½Z·uy
,´À«Z��uv� ~¿v³Y)bÀ À
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éæí éé æå èå çæ ê�ææ è�ææ uyMîê�­v´-½¹v¸¯�
� ê�éî ê�æå èæ � ë�î ê�æè uyMìå�­v´-/¹v¸¯�

©¹vkè�¾�Yz-º´¿yZ��±º¯{M�j¿Zd³�¶�Ès�
V

½zd°¿yº«Y¹
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Degree of softening
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T5��Yz]]yv´�
Tolerance I..
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D��¶¤À£u�
Departure 

time

D��¶¤À£u�
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C��¶¤À£u�
Development 

time
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Arrival time
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¹v¸¯�½îê�
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¬-º´cºººººº�c�¾º¹ µvºº� �À�²¿Yzºº]Z´]sZºº�º�·ººº� ½Zººº¡º

·Zº§º�v´º]Z¿�¾ºº¯�©¹vk�{Y�¶§�yº��±Z°·Ñ�uº��¾¯��Z^´ºd�Y�
zºÀ°s{Y�µvº¯M�bº�u�¶º]½¹v¸¯�­v´º- uyM¶]�b¯¹Z¤¯�\¿z�

¾º°§��º�§¶dº�Yu�À�º� ¹bº�Y�²À´#�¶WYyY�Z]�b�Y�vÀ¯Y
- b�§�z¿{�n�º� {Y�¾º¿Z·��yY|º-º½Z·�­v´��º�Z§��Àº¶d

�uº�Yz¿{s ±Z³�aZ�¿Z���·Z§�Z]�®À¤d�¯�¾�Z^cyY�ºb�Yu�v·Yº�

b�Z]�z]�¾�yz]�uyº¯�ª¯Yº��zgY
b�Z]�z]�®£y�zgY

z]�®£y�zgY�¶)�uYu�±Z�³�j¿Zdº³zh§Yvon���yu�¾��)��´c�ê�
¾º´�¯bº�Y�yYu�yYv¤¯�¶)�v���t�¯�Zº·²Àº.³ZÀ¯ ¶º�¿Z¤¯�Zº]

zºh§Yvo�z]��´c�º�)�¹ ¾º�£y�yu�¾º¸¯�{Y�zd°)�²lc�®º½¹v
bº�Y�²¿Y�¶]�¶kºc�Zº][M�[xk�¹ ²ÀXc¹z��bÀ À)�¹ bÀ°)�¶)
£y�yuºlc�®ºzd�À]�²v�Z]�¾º¯�¯Y�²¿Y�º]Z£�zº] �À��ªº¾´Àb�Y�
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z]�bt��±Z¯{�¹ Z¯u��©Z�pd�Y�¶kyu��®£y�zgY�¾�yz]�Yºs���

æîî

©¹vké�¾�Yz-º�´d�§Y�j¿Zd³�¶�Ès�
{Y�v�]éê¶¤À£u� ¾]Z¿{yY�uyYº¯ uyM��º³

æîå
æææ
ìæ�æ

Î�¶]�b¯¹Z¤¯�zh§Yvo��§�­z-�
Ï�½z¿x����§�zd¯�¾¬À¯�
Ð�b^�³b¯¹Z¤¯��§�¶]�

uyMîê�­v´-²lc

çéí
æêì
êí�æ

Î���§�¶]�b¯¹Z¤¯�zh§Yvo�­z-�
Ï�½z¿x����§�zd¯�¾¬À¯�
è�b^�³��§�¶]�b¯¹Z¤¯�

uyMìå�­v´-²lc

æéç
æèå
æå�æ

æ���§�¶]�b¯¹Z¤¯�zh§Yvo�­z-�
ç�z¿x����§½�zd¯�¾¬À¯�
è�b^�³��§�¶]�b¯¹Z¤¯�

uyMîê�½¹v¸¯�­v´-

ççå
æîç
æé�æ

æ���§�¶]�b¯¹Z¤¯�zh§Yvo�­z-�
ç�½z¿x����§�zd¯�¾¬À¯�
è�b^�³�] b¯¹Z¤¯�¶��§�

uyMìå�½¹v¸¯�­v´-

¾�ZlcyY�bÀ¬]Z£��¿Y|�Y�f�Z]�¶d�Z�³�¶]�²cº¬-�b^�³��¿Y|�Y
¹|�¯�¾¯z³³¾¯�±Zuº���¹vk©ê���æë��

b�Z]�z]�©Z�pd�Y�¶kyu�zgY
z]�©Z�pd�Y�¶kyu�zgY�¶)� uYu�±Z�³� Z·�²À.³ZÀ¯ ¶�¿Z¤¯zh§Yvo

n���yu�¾�z]��´cê�±Z³�yu�b�Z]�¾d ��¹ b�Y�yYu�¾´�¯
©Z�pd�Y�¶kyu�Z]�uyM�{Y�µv��¶À¸cîê�µv��¶À¸c�±Z³�{Y��À]

©Z�pd�Y�¶kyu� Z]� uyM� {Yìå�b�Y�uºk¹}º^��aYywyu
¾´�¯�zÀgPc�±M�½y¹M�ª°��¹ zÀ°s�¾¨¿%º«ºWy��Yºs�z]�uyMyYu

¾¯uyYx-�¾¬)� yº��¶]b¬��¶]� uyM�©Z�pd�Y�¶kyu��¿Y|�Y� Z]
�¿Y|�Y�b�Z]�¾d ��¹ �·Z§�±Z³�®lo��¾´cº¬-�¶¨^���À��c

¾¯v]Z¿��©¹vkê���Ö¹ææ��

b�Z]�z]�bt��±Z¯{�¹ Z¯u�zgY
�Y�±Z³�bt��±Z¯{�¹ Z¯u�zgY²¿Y�yu�µv��µuZ d�·¹&�z]�zh§Yvo

¾´�¯� ¾��)� ¹ ¾�z]��´cuº^³� yYu)åê�å(Pd�¶]� ¶kºc� Z]
²¿Y[º¬�¯Z³�zgY�±Z³�bÀ À)�z]�¾¿Z¸´c� ¶]�±Z¯{� Z¿� Z¯u� zÀÀ�c� ¶)

²¿Y�¶]�¹ ¶d�Yu�ª]Z¤d¯�zgY�bt��±Z¯{� ¹ Z¯u� yºd)Z�� ¹u�b�Yu
v�³�yYu�0´�¯�b�Z]�z]�Z¸³M�zgY��º°l¯�ªÀ«u�©¹vkê���æé��

b�Z]�z]�½yYu�¶.³ ±Z¯{�zgY
z]� ½yYu�¶.³ ±Z¯{� zgYzh§Yvo¢]Z�¯� ¾��)� ¹ ¾�z]��´c�

©¹vkêd�Yu�¾�¿Y|�Y�v³¹y�¹ ¶zh§Yvo¾��)�¹ ¾�z]��´c
{Y� v�]éí�ÈdsY� |À³� µ{Zc� ±Z³� ¶]�b^�³� ½yYu�¶.³ b�Z��
¾´�¯b�Yu� yYu�½yYu�¶.³ ¾�� ±Z³� ±v��b ��b¬��¦�s�
v�¹ ±M�±b�Y�¾cZÀ]�ê��

½yZ¯M�¾�yz]éb«Zo�yZgM®£y�½Z·yºd)Z��ª]Z¤d¯��¹ Z¯u�
²À´#�®· bt��±Z¯{±Z¯{� Z]�²lc�®£y�yu�¾�z]��´c�zh§Yvo
¹ ¶¤À£u�¦¿�bt�æêbt��½Z¯u�¹ ¶À³Zg�çêåuYz-�¾d³Z� ¶kyu�

¾´�¯��ÈdsYb«Zo� z¿Z�� Z]� yYuyYu� Z·u)åê�å(Pd�ºcZ]¶]� ¶k
¾�z�� {Y� ¹ b�Y� zd�À]� b«Zo� ²¿Y� yu� �bt�� ½Z¯u� ¶§�²¿Y

bt��±Z¯{��ÈdsY|À³b�Y�®§��²¿Yz]Z´]¾�z]��´c�zh§Yvo
b�Y�zd°§�b«Zo�²¿Y�yu�¾�z��{Y®£y�²ÀXc¹z��bÀ°§�¹ bÀ À§

[º¬�¯�²lcb�Y� zc²¿Yz]Z´]bt��½Z¯u� Z]�²lc� ®£y� �çêå
uYz-�¾d³Z� ¶kyu¹¹ ¶¤À£u�¦¿�±Z¯{æê½YyYu� ¶À³Zg�ª£Yvo��

®°¿|§Z¯b�Y�¾�z]��´c��
¾��§��´c�zh§Yvo ¾�yz]�yu�©Z�pd�Y�¶kyu�ª]Z¤d¯�zgY�

¯u�yuºZ¯{�¹º±Zt��º���yu�bºnê�yu�º´�¯�vº¾yYub�Y�yu
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çåå
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�ê�� ¾��§��´c�g/cm2� �Ò�� ¾�z]��´c�J�FP��
% éë�æéêé $ í�çìîí ²lc ®£y
$ æî�æëçæ $ î�èåêî ½¹v¸¯�®£y
$ ëî�æêçç $ í�èåíè ©Z�pd�Y�¶kyuîê�
$ îë�æêêç % î�çììé d�Y�¶kyu©Z�pìå�

bt��±Z¯{æåå¹ ¶À³Zg�
$ çí�æêæì ë�çíéé bt��½Z¯u&sçæå

bt��±Z¯{ìê¶À³Zg�¹
$ èì�æêêí $ ç�èåæé bt��½Z¯u&sçêå

b�Y�yYu�¾´�¯�¥zd�¯�zÀ���¹zo�½YyYu�uYv�Y��ÈdsY��åÒ�å(Pd�
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b�Y�yYu�¾´�¯�¥zd�¯�zÀ���¹zo�½YyYu�uYv�Y��ÈdsY��åæ�å(Pd�

©¹vkì�¯²À.³ZÀ¯�¶�¿Z¤®£y�©Z�pd�Y�¶kyu�½Yz]�bt��±Z¯{¹�Z¯u�±Z³�¾¿Z¸³�{ZÀd¯Y
²*³Yu�±º¯{M�ê�� 0¿Z¸³�{ZÀd¯Y yZ°Àc

A

A

B

A

A

îíì�æ
îèæ�æ
íêè�æ
åëå�ç
åêæ�ç

²lc�®£y
/¹v¸¯�®£y

©Z�pd�Y�¶kyuîê�
©Z�pd�Y�¶kyuìå�

bt��±Z¯{æååbt��/Z¯u�¹ ¶À³Zg�&sçæå

½yZ¯M� ¾�yz]é�b«Zo²À´#�®· yºd§Z�� ¹u� ²¿Y� ª]Z¤d¯� yZgM�
¶kyu�¹ zd�À]�½Z¯u�¹ zd°§�bt��±Z¯{�yu�¾��§��´czh§Yvo

©Z�pd�Yîê�b�Y�ª£Yvo��«Zoyu¾Z]�bt���¿Yz��²¿Yyu�¶§

©Z�pd�Y� ¶kyuìå��zh§Yvo¾��§��´c�®°¿|§Z¯b�Y��Z]
¶]�b�Z]�¾¯z³�±Y|À¯�¶§�²¿Y ¶]�¶kºc¶d�Z�³�±v��¶´ÀcÇ%�yYv¤¯

uyYu�¾.d�]�bt��±Z¯{��¿Y|�Y�Z]�²¿Yz]Z´]¹d³�yu�º¶lÀ�¿Y|�Y�
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çåæ

©¹vkí��½yYu�¶.³ ±Z¯{�½Z·�²À.³ZÀ¯ ¶�¿Z¤¯±Z³�¾¿Z¸³�{ZÀd¯Y�½Yz]
¾¿Z¸³�{ZÀd¯Y ½yYu�¶.³ ±Z¯{

gêìå�å æëíb�Z��
gëææ�å æééb�Z��
fæèí�æ æçåb�Z��
eêìè�æ æîëb�Z��
dæíí�ç ìçb�Z��
cììí�ç éíb�Z��
bçíç�è çéb�Z��
aêèå�è éb�Z��

b�Y�yYu�¾´�¯�¥zd�¯�zÀ���¹zo�½YyYu�uYv�Y��ÈdsY��åæ�å(Pd�

ºÀ�Z´ÀcÇ%±©Z�pd�Y� ¶kyu� yu� ¾��§��´c� zh§Yvo �ìå�
¾¯��·Z§v]Z¿�²¿Yz]Z´]{Y� µv�� ¶À¸c� ±Z³uyº¯yu�¶kyu� Z]� uyM
©Z�pd�Yîê�¶§�²¿Y ¶]�¶kºc� Z]� �bt��±Z¯{�±v��¾³Çº�� Z]

yZÀdsY� yu� ½zd°§�[M� ¹ uyYu� ½uZ¿{� ¾p���[xk�}º^�
¾¯� yYz£� ²cº¬-� ¹ ¶d�Z�³� ±Z¯{��¿Y|�Y� �uzÀ-\kº¯�bt

¾¯�±Z³�±v��b ��¹ ¦�suº���²¿Yz]Z´]½Z¯u�¹ zd°§�±Z¯{�
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©Z��yu�z«Zd´]¹y�¹ ½v¿z�æîíébt��±Z¯{�¹ Z¯u� Z]�¶�]Yy�yu�
v³vÀ�y�¾¸]Z�¯�¶lÀd³�¶]�½uÈ]�±Z³��¹ n��¯�¾³Z³� �½uÈ]�±Z³

µuº]� z�¯� yu� ©¹Yvd¯©Z�pd�Y� ¶kyu� Z]� uyM� {Y� ¹íç�¶À¸c
¾¯uº����ì��

z] ¾�yz]�uyº¯�ª¯Yº��zgY¾�o�¾]Z¿{yY�½Z·�¾-&¿¹
(Àd�«º³Z-yY�

¾�o�¾]Z¿{yY�z]�©Z�pd�Y�¶kyu�zgY
¢^�©¹vk�ìuyM�{Y�µv¯M�b�u�¶] ±Z³�¾¿Z¸³�{ZÀd¯Y� �ìå�zd�À]

uyM�{Y�µv��¶À¸c�±Z³�{Yîê�b�Y�åæ�å(Pd�� ¶]�¶kºcZ]aZ 
¾¯�¾ ´¯�zgY�µv´´§��z�¯�a¹Z�£�z]�¶$³M�¾�yz]�uyº¯uyYx-

b�Y�±M�,³y�¹ ª¯Z§�±Z³�±uº]�zc�b ��¢^�� µv´´§��z�¯
auZ��²�¹y�±Z³��z�¯�¶]�ª¿Z°c�uyYu�zc�-¶#zyu�º]�¹ ®���

zd�À]�}º^��Z]�±Z³�uº]�zc�©º^¤¯��

ª¯Yº��{Y�¾¨¿��­v´-�uyM�uyº¯�yu�µ&¿¹�¶]�uyM�©Z�pd�Y�¶ºkyu
®¸¯v´¿Mz��µv´´§�©zd´§�À°tcb�Y�z�©Z�pd�Y�¶kyu��¿Y|�Y�Z]

²À¯Zd¿¹�v´³Z¯�½x�¯�uYº¯�±Y|ºÀ¯��uyMµ¹z-�½Z·BmÈ¯Y�¹�uZ¿{�
¾º¯uºº��¿Ç�yu�¦ÀdÀ��vÀ�Y�uºk¹�b¬��¶]�²Àº´#�®º·¶�±¹z«M�

Z]�bÀº�Zszº�¾º¯ �¿Y|º�Y�½v]Z¿�¾¯�ª¯Yº��²¿Y¹ v�y�v´³Yºc
À¯�µuºc�¾¿ZÀ°À�ºÀ]�bÀ«Z���v´¿Z°³�¦¿zpc�Yy��zc�zÀ°s�¾]¹z¨

¾¯�vÀ«ºc�½zd�À]�z��¯�aZ^À§zc�¹ vÀ�Y�²¿Yz]Z´]uº��ç��

¾¿Z¸³�{ZÀd¯Y�z]�bt��±Z¯{�¹ Z¯u�zgY
¾³Çº��±Z¯{�½Yz]�¾¿Z¸³�{ZÀd¯Yzd°§�½Z¯u�¹ zcbt���µuº]�zd�À]�

b�Y�¹ ¶¤À£u�¦¿�ª£Yvo�v¿Z]�n��¯�±Z³èåv³Z°]�yº´cyu�¶À³Zg��
ºº�Y�\kººº¯ zºº¯Y�²ºº¿Y¶dºº�Z�³�±vºº� ¶´ººÀcÇ%��¿Y|uº^ºº¸]�¹

vºº]Z¿�¾ºº¯ �¿Y|ºº�Y�¾ºº¿Z¸³�{ZÀººd¯Y�¶lÀººd³�yu��µvºº� bºº�Z]
�©¹vkì���æé��

±Z¯{�zgY½yYu�¶.³¾¿Z¸³�{ZÀd¯Y�z]�
}Z�Y� z]¹vk©í¾¿Z¸³� {ZÀd¯Y� ²À]Z·�±Z³{Y� ~��½yYu�¶.³

½yYu�¶.³ ±Z¯{��¿Y|�Y�¹ uyYu�uºk¹�yYu�¾´�¯��ÈdsY�·Z§�Z]�
Yz°·� ¾¿Z¸³� {ZÀd¯Yµb�Y�åæ�å(Pd��¿Y|�Y�b¬�� ¶]� z¯Y� ²¿Y�

¯ ®���¹ z���¹ b�Z]�z]�¶§�b�Y�±Z³�¾cZÀ]�¹ ¾¨�sR�b�Y�zg
Çº°�¯�²À´#�®·Ý{Yv�]�é�èy½yYu�¶.³ {¹�z·Z��¾-u{�¦�§�
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©Zºº�pd�Y�¢^ºº� ²Àºº´#®ºº·ª¨ºº�æ¾ºº¿Z¸³�{ZÀººd¯Y¶ººkyu�¹u�
d�Yº©Z�p£y�º¸¯�®º¾´�¯��ÈdsY�½¹vyYu¶d�Yu¾¿Z¸³�{ZÀd¯Y�¹
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±Yz¿Y�¾¿Yx���¿Z´��±Yz¸c�
�� $$&&��������$SSURYHG�0HWKRGV�RI�WKH�$PHULFDQ�$VVRFLDWLRQ�RI�&HUHDO�&KHPLVWV���WK HG��������3LORW�.QRE�5RDG�VW��

3DXO��0LQQHVRWD���������86$�
�� &]XFKDMRZVND��=���<��3RPHUDQ]�DQG�+��&��-HIIHUV��������:DWHU�DFWLYLW\�DQG�PRLVWXUH�FRQWHQW�RI�GRXJK�DQG�EUHDG��

&HUHDO�&KHP����������������
�� (O�VDPDK\��6��.� DQG�&��&��7VHQ��������(IIHFW�RI�YDU\LQJ�EDNLQJ�WHPSHUDWXUH�DQG�WLPH�RQ�WKH�TXDOLW\�DQG�QXWULWLYH�

YDOXH�RI�%DODG\�EUHDG��&HUHDO�&KHP����������������
�� )DULGL�� +�� $�� DQG� *�� /�� 5XEHQWKDOHU�� ������ (IIHFW� RI� EDNLQJ� WLPH� DQG� WHPSHUDWXUH� RQ� EUHDG� TXDOLW\�� VWDUFK�

JHODWLQL]DWLRQ��DQG�VWDOLQJ�RI�(J\SWLDQ�%DODG\�EUHDG��&HUHDO�&KHP� ��������������
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EUHDG��3ROLVK�-��)RRG��1XWU��6FL� ����������������
��� +DJOXQG��$���/�� -RKDQVVRQ�DQG�/��'DKOVWHGW��������6HQVRU\�HYDOXDWLRQ�RI�ZKROHPHDO�EUHDG� IURP�HFRORJLFDOO\�DQG�

FRQYHQWLRQDOO\�JURZQ�ZKHDW��-��&HUHDO�6FL���������������
��� +DULGDV�� 3�� DQG�+� 0DOLQL�� ������ (IIHFW� RI� LQFRUSRUDWLQJ�ZKHDW� EUDQ� RQ� WKH� UKHRORJLFDO� FKDUDFWHULVWLFV� DQG� EUHDG�

PDNLQJ�TXDOLW\�RI�IORXU��-��)RRG��6FL��7HFKQRO��������������
��� 3DWHO�� 0�� 0��� 1�� &KDQG� DQG� *�� 9HQNDWHVZDUD�� ������ 4XDOLW\� FKDQJHV� GXULQJ� VWRUDJH� RI� EUHDG� IURP ZKHDW� DQG�

EODFNJUDP��-��)RRG��6FL��7HFKQRO� ������������
��� 3RQWH��-��*���6��7��7LWFRPE�DQG�5��+��&RWWRQ��������)ORXU�DV�D�IDFWRU�LQ�EUHDG�ILUPLQJ��&HUHDO�&KHP���������������
��� 4DURRQL��-��������)ODW�%UHDG�7KHFKQRORJ\��&KDSPDQ�DQG�+DOO��1HZ�<RUN�
��� 5HGOLQJHU��3� $���&��6��6HWVHU�DQG�$��'��'D\WRQ��������0HDVXUHPHQWV�RI�EUHDG�ILUPQHVV�XVLQJ�WKH�,QVWURQ�XQLYHUVDO�

WHVWLQJ�LQVWUXPHQW��GLIIHUHQFHV�UHVXOWLQJ�IURP�WHVW�FRQGLWLRQV��&HUHDO�&KHP����������������
��� 6FDQORQ��0��*���+��'��6DSLUVWHLQ�DQG�'��)DKORXO��������0HFKDQLFDO�SURSHUWLHV�RI�EUHDG�FUXPE�SUHSDUHG�IURP�IORXUV�

RI�GLIIHUHQW�GRXJK�VWUHQJWK��-��&HUHDO�6FL�������������
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