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7KHUPDO�$QDO\VLV�RI�7LUH

$��5H]YDQL��*��.DUDPL��DQG�0��<DJKRXEL
'HSDUWPHQW�RI�0HFKDQLFDO�(QJLQHHULQJ��6KLUD]�8QLYHUVLW\

$%675$&7�� 2QH� RI� WKH� JUHDW� HQHPLHV� RI� UXEEHU� FRPSRXQGV� LV� KHDW�� +HDW� ZLOO� FDXVH� FKHPLFDO�DQG�SK\VLFDO
GHJUDGDWLRQ� RI� YXOFDQL]HG�UXEEHU�DV�ZHOO�DV�D�FRQVLGHUDEOH�ORVV�LQ�LWV�VWUHQJWK��$�PDMRU�VRXUFH�RI�KHDW�JHQHUDWLRQ�LQ
D� WLUH� LV� GXH� WR� LQWHUQDO� IULFWLRQ� UHVXOWLQJ� IURP� WKH� YLVFRHODVWLF GHIRUPDWLRQ�RI�WKH�WLUH�DV�LW�UROOV�DORQJ�WKH�URDG�
$QRWKHU� VRXUFH� RI� KHDW�JHQHUDWLRQ�LQ�D�WLUH�LV�GXH�WR�LWV�FRQWDFW�IULFWLRQ�ZLWK�WKH�URDG��3UHGLFWLRQ�RI�WKH�WHPSHUDWXUH
ULVH�DW�GLIIHUHQW�SDUWV�RI�WKH�WLUH�ZLOO�KHOS�WR�GHWHFW�WKH�EHKDYLRU�RI�WKH�WLUH�DV�UHJDUGV�LWV�VWUHQJWK�DQG�LWV�IDLOXUH�
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,Q� WKH� SUHVHQW�ZRUN��LQLWLDOO\�WKH�GDWD�UHTXLUHG�IRU�WKH�WKHUPDO�DQDO\VLV�RI�WKH�WLUH�DUH GHWHUPLQHG�ZKLFK�LQFOXGH�
WKH� WKHUPDO� FRQGXFWLYLW\� RI� UXEEHU� FRPSRXQGV�� WKH� WLUH� UROOLQJ� UHVLVWDQFH� DQG� LWV� KHDW� EXLOG�XS� UDWH�� 7KH
WKHUPRPHFKDQLFDO DQDO\VLV�RI�D�W\SLFDO�WLUH�WKHQ�IROORZV�EDVHG�RQ�WKH�WKHUPRG\QDPLFV�RI�DQ�LUULYHUVLEOH SURFHVV��7KH
PHFKDQLFDO� GLVVLSDWLYHV�� L�H�� WKH� K\VWHUVLV ORVVHV� DUH�DVVXPPHG WR�EH�WKH�PDMRU�VRXUFH�RI�KHDW�LQ�WKH�PDWKHPDWLFDO
IRUPXODWLRQ�

$� ILQLWH� HOHPHQW� FRGH� LV� GHYHORSHG� IRU� WZR�GLPHQVLRQDO� KHDW�WUDQVIHU�DQDO\VLV�RI�WKH�WLUH��7KH�UHVXOWV�REWDLQHG
VKRZ� WKDW� WKH� KLJKHVW� WHPSHUDWXUH� ULVH�ZLOO�RFFXU�RQ�WKH�FDUFDVV�WUHDG�LQWHUIDFH�LQ�D�WLUH�VSHFLDOO\ DW�KHDY\�ORDGLQJ
DQG�XQGHU KLJK�VSHHG�FRQGLWLRQV�
.H\ZRUGV��+HDW�*HQHUDWLRQ��5XEEHU��&RQWDFW�)ULFWLRQ��'HVLJQ��)LQLWH�(OHPHQW��9LVFRHODVWLF 'HIRUPDWLRQ

¶¯v¤¯�Î
¾¨ÀcZd�¦ ÄZ·°Z] ±¦ ¾�Z³�°Z���ª°pc Â�Á®Zk Z] z¿Zc ²Z°c
¦° z¿Zºc ¾¨Àdºº�Ç ÄZ·Á|À¯¡��¾�d¬� b§zo�¾��°®�¾¨À¯Z´¿®�Â
�v·®¾¯ °¦z£�¾��°®�¾���$À� Â���§ �Àv��Á®z��µz�¯�°®
½Zº¨��¦�¶ºº] zl´¯ ¾¨Àd�Ç¦º¨�¿Â ÄZ¸¬¨�zÀÀ�c ²¿¦ `�º°l¯
Ô¾¨À³Zº¨¯�v³Z°ºº�� ©Z ¬c Àv¯¡ ®ºkÂ�¶]�Â�Á®Z¯ ÄZ¸«º¨«º¯ ²À]
ÁÂÈºº� ©Z ¬c ²¿¦ �®º� ¾¯�z¿Zc ¾¨Àd�Ç ÄZ¸^À§zc Â�Z·Á|À¯¡ °®
¾º�d¬� bº§zo�zº]¦z] °®�¿ÂZº¤¯�ÄÂzÀºº³ ¦¿ À¦º´��¶]�¶¨³¡ z]
°vº· ¶ºº] ¦° z¿Zc ¶]�,´¿°�±¦ Áv��ª¤d´¯�¾¨À³Z¨¯ À¦ºc�±¦ ¾�t]
ÄZº¯®�¦°Z¨º�¡ Â�Ávºº� À¡�ªs¦®�°®�Z¯z-�vÀ«ºc�\kº¯��v·®¾¯
ÄZºº¯z- ¶§ ¾c°º��°®��v·®¾¯ �¿¦|�¦ ¦° z¿Zc �¬dt¯�ÄZ¸�t]
´¦ººs \ºº¿ztc��®º�³ ��®�¾^�Z´¯ ºp³�¶]�Â�¾zd´§ Áv��vÀ«ºc
Z·¶º¿Ç Àvº� ¦vººk bÀ À§��·Z§��¾¿ZÀ°À� ÀZ°dsZ� Â�¾¨¿|À�
>Zd¿Z¸º³ Â�¾¨Àdº�Ç ¨|Àº¯¡ ±¦ rº³ Àvº� ¦vººk ��Àv��¶d�º� Â®�
°®�\Àczc�²¿v]�¶§ ¾¿Z¯z- �b�¦® v·¦ºs ¾��°®�¦° Z¸³¡ ²dsº�
zºg¦�°®�Ávº� vººÀ«ºc�ÄZ¯z- ²À´$°· Â�®º�¾¯ vÀ«ºc�z¿Zc ªs¦®
¶§ ¦° z¿Zc �¬dt¯�ÄZ¸�t]��Á®Zk n���Z] z¿Zc ¾�|�« ½Z¨��¦
Zº] jº¿°vc ¶ºº] �v´d�· �Àp¯�Z] ¾¿Z¯® ¾®Z�c °®�b§zo�¦vd]¦ °®
¾ºº� ±¦~���Ä°Z§��¿¦z� Z] \�Z´d¯��v´§¾¯ ¶k¦º¯�Z¯®��¿¦|�¦
b«Zººo °®�z¿Zc ÄZ¯®�Â�Áv���£ºd¯�z¿Zc °®�Z¯®��¿¦|�¦ �¾d�Z�¯
°®�Áv��vÀ«ºc�ÄZ¯z- ¿Z°c�b«Zo�²¿¦ °®��®º�¾¯ ¦¿®|³ Õ°¦v¿Z�
¶º]Zk��bº¿¦v· ¢º¿z��±¦��Á®Zººk Z]²Z°c�n���°®�Â�z¿Zc ÀÂ°®
ªºº¤d´¯�z¿Zc Àº¯¦zÀ���Àp¯�Â�,´¿°��Á®Zk n���¶]��]Zc Â�¾¿Zk

®º�¾¯
ÀZ°dsZº� ¶º] À¡�±¦ ¾º�Z³�¾¿¦±Zº¯z- Â�ÄÞzºº³¦ »Èc¦ À¦|À¯
¶d�°�°Z§�¶]�¾¨Àd�Ç ÄZ·Á|À¯¡ ¾¨¿|À� ©Z�t�¯�Â�z¿Zc ¾¬s¦®

�bº§zo�b¸ºk Â�b�zº� �z¿Zºc ¶ºº] Áv��¾Z°�¦ ÄZ·°Z] �À¡�°®
¾.dº�] Á®Zºk b�Zº] Â��ººÀp¯��¿¦z� ²À´$°· Â�z¿Zc Ö®Z]�°Z��
Zº] Â�¶dº�¦® °¦zº£ zdº�À] °Zºº]µz�¯�°®�¶§ ¾¿Z·z¿Zc >Z�^���®°¦®
|Àº³ Äzdº�À] ÄZº¯z- vºÀ«ºc�Zº] �vº´´§¾¯ bº§zo�®Zºº¿±�b�z�
�ÇZº] ¾¿Zº¯z- v³Z°ºº�� Z] ¾¨Àd�Ç ÄZ·Á|À¯¡ ²À´$°· �v³¦¶k¦º¯
¾¿¦±Zºº¯z-��²À¿Z� ¾¿Z¯z- v³Z°�� Z] ¾¨Àd�Ç ÄZ·Á|À¯¡ ¶]�b^�³
`¬Xº�¯ �b^º�³�ÀZº°· ¶º] Â�vº´·®¾¯ ÀZºº�³�®ºs ±¦ ¦° Äzd�À]
±¦ Á®°¦Â�ÄZ¸§ºº� Â�©Zºº]z��z]¦z] °®�Àv��z¿x� \À�¡���¿Z�
¼Zº c¦�zd�¿zº� Z¸ºº³¡ °®�\¿ztc�Â�¿Z¨pd�¦��·Z§��Á®Zk n��

�vd�¦¾¯
±¦ ÄzºººÀ-ºº¬k Â�bsºº� »zº�¯�°®�¾¿ºk¶º�z� ¿Â|º«
¾¿Z·z¿Zc bsZ��Ä¦z]³Èc�Z] Á¦z°· ¾�Àp¯�b�¿± ÄZ¸À-®º«¡
Zº] �º^cz¯�©Zºº¤À¤pc�¾¬�¦�ÄZ·Á|À.³¦��zd�À] Ä°¦v¿Z� Â�¿¦Â®�Z]
zº· ÁZ-vºº¿® v´#�z·��b�¦ Á®º]�zÀs¦ ÄZ¸«Z� °®�¾¿Z¯z- ªÀ¬pc
Z¸º³¡ ¿Zºº°c�¾¿Z¸³ »v·�Z¯¦��b�¦ ©ÂZ d¯�©Z¤À¤pc�²¿¦ ±¦ ¿¦v§
¶Zº¤³�°®�Zº¯®��ºº¿±ºc�±¦ bÀ�£¦Â ²¿z£�¾´À]��À��¦¿ ¶]�ÀvÀ�°
ªººÀ¬pc�ª¨À��°®�À¡�j¿Zd³ ±¦ Á®Z d�¦ Â�~¿Âz� °®�z¿Zc �¬dt¯

�b�¦ Á®º]�z¿Zc ¾o¦z� Â
¦Àdº�Ç¦º¨�¿Â ¾vº¯ ¦ºº¿ ±¦ Á®Z d�¦ Z] >Î@�½°È§ Â�«Â®
¦º¿ ¾ºd§zo�ª¨Àºº� z·�°®�¾¿¦±Z¯z- Â�ÄÞz³¦ b�¦ Á®Z��¾�s
��Zº¤¯�°®�Zº¯®��º¿±ºc�Â�Á®¦® °¦zºº£ ¾�°z] ®°º¯�¦° Z°À�¦º· z¿Zc
>Ï@ ¾kz§Zº¯ Â�¾ººc°º]° ¦#��v³¦Á®z§ ¾´À]��À��¦° À¡��¬dt¯
b¸ºk ¶º� °®�¦° ¶ºdt� z¿Zºc ¶³Zº� Â�«Zººc ÄZ¸�t] ±¦ ¾cZ��£
µz�¯�°®�ÎÍ"¿°®º-�zdÀ¯ ~¨¬� °®�¦° Z¸³¡ Â�Á®¦® ³z]��¬dt¯
�º¿¦|�¦ ²ººÀÀ�c�²°��Z¸³¡ �v³¦Á®¦® °¦z£ §ÂZ´d¯�Ä°Z���ÄZ¸�´c
�º¿¦|�¦ zhº§¦vo Zºº] ¶§ ¦° ¶ÀoZ³ ²¿zd À�� ��¬dt¯�¶Z¤³�ÄZ¯®

 [
 D

O
R

: 2
0.

10
01

.1
.2

22
87

69
8.

13
80

.2
0.

1.
11

.6
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

24
-0

7-
03

 ]
 

                             2 / 13

https://dorl.net/dor/20.1001.1.22287698.1380.20.1.11.6
https://iutjournals.iut.ac.ir/jcme/article-1-218-en.html


ÎÐÕÍ °º¿z¸� �Î ¨°Z°� �ÏÍ ¾Z���¾È¤d�¦ÎÐÖ

¾¿Zºº�Z´� �¬dt¯��¿¦z� °®��®º�¾¯ ¶k¦º¯�¾¿Z¯z- �´c�Â�Z¯®
ÄZº·z¿Zc ¾¨À³Zºº¨¯º¯zc °Zd�° >Ð@��³¦°Z¨°· Â�Ä°ÂZ¿ �v³¦Á®z§
²Zº°c�±¦ À®zº§ zº�³�»zº� Zº] Z¸ºº³¡ �v³®z§ ªÀ¬pc�¦° Ä°¦º�
¶À^º� �º¬dt¯�ÄZºº·°Z]µz�¯�°®�¦° À¡�Á®Zk Z] z¿Zc ¾§Z¨��¦
�À¡�°®�¾¿¦±Zº¯z- Â�ÄÞzº³¦ »Èººc¦ ¾�°z] ²°��Â�Á®z§�Ä±Z�
¦º¿ Ä¦zºº] ~¿Âz� °®�z¿Zc ¦¿ �¬dt¯ ¶Z¤³�°®�¦° Z¯®��¿¦|�¦
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°®�¾º�|�« ½Zºº¨��¦�°Z§�±¦ ¾�Z³�ÄZ¯z- ªÀ«®�¶]��v´§¾¯ Z¯z-
ªºs¦®�¶º] ¾¿Zºº¯z- ÀZ¿zk�¦¿µz�¯�°®��Á®Zk Z]²Z°c�n��
�ºsz# ¾Zºo °®�®Zºº¿±�b�z� Z] z¿Zc �®°¦® °¦z£�|À³ «Zc�¶ÀoZ³
²Z°c�°®�¶�p«�¦¿ °®�¶§ «Zc�¶ÀoZ³ ±¦ ¶�¤³�¦¿ ²¿¦z]Z´]��b�¦
°¦zº£ ¦ºº· Zºº]²Z°c�°®�v�]�¶�p«�°®�b�°®��®°¦® °¦z£�Á®Zk Z]
ªº¤d´¯�¦ºº· ¶º] ¾¿Zºk ¶ºº]Zk�¢¿z��±¦ ¦° ®ºs ÄZ¯z- Â�®zÀ-¾¯
�²ºÀ¯± ½zºc ¶º�p«�°®�bº�°®�«Zººc n���¶§ v´#�z·��v´§¾¯
ÀZº�³�Ávº� ¿Zººl³¦ ©Z¤À¤pc Z¯¦��b�¦°¦® ¦° ®ºs ÄZ¯®�zh§¦vo
¾Zº¤d³¦�\º¿z� À®ºº] ÇZºº] Â�®Z¿±�b�z� ¶]�¶kºc�Z] ¶§ v·®¾¯
ª]Zº£ z¿Zºc ¾º�Àp¯�¨zºº¿¦® ÄÂ°�Z¯®�ÀZ¿®¦z-��¾¿Zk ¶]Zk�ÄZ¯z-
zº�³�°®�Ä¦zºº] �z¿Zc Äv�]Â® ªÀ¬pc�°®�²¿¦z]Z´] �>Ó@�b�¦ ¾Z°�¦
¾¿Zº¯z- ÀZº¿zk�ª¯Zº� Ä±zºº¯ ¶z��¦¿ �Äv�]�¶��°Zg¡�²d�z-
¶º§ ¦° À¡�n���±¦ ¾¿Zk ¶]Zk�ÄZ¯z- ¾Z¤d³¦�Â�z¿Zc ÀÂ°® ¶]�b]Zg
Ä¦z]��b�¦ z¿Zc «Zc�¶ÀoZ³ ª§�°®�Â® ²¿¦ ²À.³ZÀ¯ °¦v¤¯��£¦Â�°®
¦° \ºº§z¯�Ä±z¯ ¶z��²¿¦ �®º�¾¯ ¶d�z-�z�³�°®�¶ÀoZ³ ²¿¦ ±z¯

®¦® ÀZ�³�z¿±�©°º��¶]�À¦ºc¾¯
�ÎÎ�� �> @ �T�;77K;T ��:OQ �� f�z¿Zºc «Zººc ¶ÀoZ³ °®�¾®Z�¯�¾¿Z¯z- ÀZ¿zk TQ �¶«®Z�¯ ²¿¦ °®

Â�7: �z¿Zºc ¾k°Zs�n���±¦ ¾¿Zk ¶]Zk�ÄZ¯z- ¾Z¤d³¦�\¿z��K
;� Â�;� �z¿Zºc Àº¯¦zÀ��Ä¦º·�ÄZ¯®�Â�Á°¦º¿® ÄZ¯®�\Àczc�¶]�7f
°®�\ºÀczc�¶º] ¶ºº§ b�¦ z¿Zc «Zc�¶ÀoZ³ n���±¦ Äv�°® »z�¯
n�º� °®�¾¿Zºº¯z- ÀZ¿zk�T� Â�®°¦® °¦z£�Á®Zk Z] Â�¦º·�Z]²Z°c
�Á®Zººk Z]²Z°c�¶ÀoZ³ °®�®zc�¾�|�« °Zd�° �b�¦ Á®Zk Z]²Z°c
ÄÂzÀ³ ¶]�¶§ v´§¾¯ ®Zl¿¦ z¿Zc b§zo�z]¦z] °®�¦° ¾¯ÂZ¤¯�ÄÂzÀ³
¾ºh´s�Ä¦zº] Ávº� �º¬c�À¦ºººc �b�¦ ¿º�º¯�¾�|�« ½Z¨��¦
Zºº] z¿Zc ²Z°c�n���°®�Z¯z-�©°º��¶]��¿ÂZ¤¯�ÄÂzÀ³ ²¿¦ À®z§
«Zc�¶ÀoZ³ ¶]�\Àczc�²¿v]�¶§ ¾¿Z¯z- ÀZ¿zk��®º�¾¯ z·Z��Á®Zk

b�¦ ¶^�Zp¯�ª]Z£�z¿±�`«®Z�¯�±¦ ®º�¾¯ ®°¦Â�z¿Zc

�ÎÏ�39T� PD 
vºº�°® �»zº�¯�\ºÀczc�¶º] 3 Â�9 ��P ��D �ÇZº] `º«®Z�¯�°®
Â�³|ºº�« b�z���¾�|�« ½Z¨��¦�\¿z� �Áv��§xk�ÄZ¯z-
°Zº] Â�b�zºº� �¿¦|�¦ Z] �b�¦ Á®Zk Z] z¿Zc Äz·Z��²Z°c�°Z��
²Zº°c�n�º� °®�Ávºº� §xk�ÄZ¯z- À¦|À¯��Áv��¾Z°�¦ ¾�Z��
|À³ ¶«®Z�¯ ²¿¦ °®�Á®Z d�¦ ®°º¯�ÄZ·zd¯¦°Z� �v·®¾¯ ÀZ�³��¿¦|�¦
�bº�¦ Ávº� ²ºÀÀ�c�¾º]zlc�¢º¿z��±¦�¿Zºº¯±¡ ®°º¯�z¿Zc Ä¦z]
¶ºÀoZ³ °®�Ávº� §xººk ÄZ¯z- À¦|À¯�z]�¦° b�z� zg¦��Ó��ª¨�
¶º�oÈ¯ �vº·®¾¯ ÀZº�³��º¬dt¯ ¾�Z�º� °Zºº] ¶��°®�z¿Zc «Zc
b�zº� �ºº¿¦|�¦ ªÀ«®�¶]�¾�Z°¯�b�z� ²d�°�ÇZ]�Z] ¶§ ®º�¾¯
ªºÀ«®�¶º] z¿Zºc ¶ºº] Áv��¾Z°�¦ ¾�Z���°Z]�Àv��®Z¿±�Z] Â�³|�«
°®�°Zº���²ººd�°�ÇZ]�²À´$°· Â�Á®Zk Z] z¿Zc ²Z°c�n����¿¦|�¦

�v]Z¿¾¯ �¿¦|�¦ |À³ Áv��§xk�ÄZ¯z- À¦|À¯��À¡

Ä®v��©Z^�Zp¯�j¿Zd³ �Ô
Ä®Â°Â�À¦ºº´��¶º] ªº^£�ªºo¦z¯�±¦ Ávºº¯¡ b�®�¶]�ÄZ·Á¯¦®
ªÀºº�³¦z ¿® `«®Z�¯�Â�¶d�z-�°¦z£�Á®Z d�¦ ®°º¯�z¿Zc ¾¿Z¯z- `¬X�¯
²ºÀÀ�c�Ä¦zº] ¶º§ ¾�szÀºº� ®Âvp¯�Ä¦|k¦ `¯Z³z] ¦¿ °®�®§Zo
²º¿Âvc�Ävº�]Â® ©°ººº� ¶]�z¿Zc ¾�z����¤¯�°®�Z¯®�³zd�-
ÄZ´^¯�z]�z�³�®°º¯�`�v´·�°º�´¯�²¿¦ Ä¦z] �b�¦ Áv��¦zk¦ Áv�
²ºº¿Âvc�`¯Z³z] °®�Áz- ÖÕ Â�ÀZ°«¦ ÔÍ z]�ª°d�¯�Äv´]�¶¨^��¦¿
�©ÂZº d¯�Ä±zº¯ �¿¦zºº� Ä¦z] Zc ®zÀ-¾¯ °¦z£�ªÀ¬pc�®°º¯�Áv�
Â�²Zº�o�¾ºo¦º³��z¿Zºc �ºº¬dt¯�¶Z¤³�°®�Z¯®�¾´À]��À��²°�
À¦ºº´��¶º] v³ºº�¾¯ ¶ººk¦º¯�Äzd�À] ÄZ¯®��¿¦|�¦ Z] ¶§ ¾³¦zp]

�v³º� ¾¿Z�Z´� z¿Zc °®�z¿x� \À�¡ ¾o¦º³
ÄZ¸º�¿Z¯±¡ �Ávº� ²º¿Âvc�¾cZ^º�Zp¯�¶º¯Z³z] ±¦ Á®Z dºº�¦ Z]
�¾º�Z°¯�b�zº� ±¦�º¬dt¯�b«Zºo ÐÍ ±¦�ººÀ] Ä¦z] Ä®v�d¯
z¿Zºc ¶ºº§ Ä±z¯ �¿¦z� Z] \�Z´d¯ �®Z]�°Z���Â�¾�Z���°Z]�À¦|À¯
�º�¤¯��Ô��ª¨ºº� �b�¦ Áv��ªo��®º�¾¯ ¶k¦º¯�À¡�Z] Á®Zk °®
�v·®¾¯ ÀZ�³�¦° À¡��¬dt¯�Ä¦|k¦ Â��¿Z¯±¡ ®°º¯�z¿Zc ¾�z�
zºº· °®�¾�Z¤³ ��·Â&��²¿¦ °®�Áv��²¿Âvc�`¯Z³z] Ä¦zk¦ ¿Z.´·
�Àp¯�ÄZ¯®�¶]�b^�³�Zº¯®��¿¦|º�¦ zºh§¦vo Zº] ¶§ zº¿Zc ±¦  |k

 [
 D

O
R

: 2
0.

10
01

.1
.2

22
87

69
8.

13
80

.2
0.

1.
11

.6
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

24
-0

7-
03

 ]
 

                             8 / 13

https://dorl.net/dor/20.1001.1.22287698.1380.20.1.11.6
https://iutjournals.iut.ac.ir/jcme/article-1-218-en.html


ÎÐÕÍ °º¿z¸� �Î ¨°Z°� �ÏÍ ¾Z���¾È¤d�¦ÎÑÒ

b�z� \�oz] �ÒÓÍ�ÎÐ��z¿Zc ¾k°Zs�n���°®�¾¿Zk ¶]Zk�¾¿Z¯z- ¾Z¤d³¦�\¿z� ©¦zÀÀ�c��Ò ª¨�

���NJ�FP� ®Z]�°Z���°®�¾�|�« ½Z¨��¦�zg¦�z]��ÒÓÍ�ÎÐ��z¿Zc «Zc���ºc�Áv� §xk�ÄZ¯z- �Ó ª¨�

Â�bºº�¦ Áv���t�¯�ª¨��ÄÂ°�z]�Â�¾¿Z�Z´� ®º�¾¯ ¶k¦º¯
¾Zº^£ °®�zº¿x�\Àº�¡ Â�¾ºº³¦zp]�¶Z¤³�²¿¦ °®�Z¯®��¿¦|�¦ À¦|À¯

�b�¦ ¶d�z-�°¦z£�¾�°z] ®°º¯��¬dt¯�Ä°Z§��¿¦z�
¶Zº¤³�°®�Zº¯®��º¿¦|�¦ À¦|Àº¯ zº] ¦° b�zº� zººg¦��Õ��ª¨�
¶º§ ®ºº� ¾º¯ ¶º�oÈ¯ �vº·®¾¯ ÀZºº�³�z¿Zc ±¦  |k�z·�¾³¦zp]
À¦|Àºº¯ Â�¾º�d¬� b¯ÂZº¤¯ ¶º§ ¶º³º-�ÀZº°·��b�zº� �º¿¦|�¦
°®�¦° Äzdºº�À] ÄZ¯®��¿¦|�¦��®¦®¾¯ �¿¦|�¦ z¿Zc °®�¦° ¾¿¦±Z¯z-
°Zºº] °®�¶§ ª¨��²¿¦ ÄZ·Á®¦® �®º�¾¯ \kº¯�z¿Zc �¬dt¯�¶Z¤³

z¿Zººc ÄÂ°�z] �¿Z¯±¡ °®���� NJ�FP� ®Z]�°Z���Â����� 1 b]Zg
ÄZ¸d�zº� °®�¶º§ bºº�¦ À¡�²À^¯ �b�¦ Áv¯¡ b�®�¶]�z�³�®°º¯
z¿Zºc ¾¨Àdº�Ç¦º¨�¿Â ©Zº�Z�c°¦ Â�Z¸¬¨º�zÀÀ�c ®¦vºº�c�¶§ ÇZ]
±zºº¯ °®�´º�s�¶]�Â�b�¦ ®Z¿±�°ZÀ�]�Z¯®��¿¦|�¦��b�¦ zd�À]
z¿Zºc b¯Zºt� ¶ºº§ ¶³Z��¶ÀoZ³ °ÂZl¯�°®�~§z§ Â�«Zc�½zd�¯
¨|Àº¯¡ ²dsºº� \ºkº¯�vº³¦ºc¾¯ Zº¯®��º¿¦|�¦ ²ºº¿¦ b�¦ ®Z¿±
²¿¦ z�Zs�²À°· ¶]��®º� ~§z§ °®�Z·¶¿Ç Àv��¦vk�Â�¾¨Àd�Ç
¾ºº�z�¯�z¿Zc ±¦ ¶ÀoZ³ ²¿zcz¿x� \À�¡ À¦º´��¶]�À¦ºc¾¯ ¦° ¶ÀoZ³
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��� NJ�FP� ®Z]�°Z���Â���NP�KU b�z� ����1 °Z]�°®�ÒÓÍ�ÎÐ z¿Zc ��¤¯�±¦ ¶�¤³�v´#�ÄZ¯®��¿¦|�¦ �Ô ª¨�

��� NJ�FP� ®Z]�°Z���Â�����1 ¾�Z���°Z]�°®�ÒÓÍ�ÎÐ z¿Zc �¬dt¯�Ä¦|k¦ °®�Z¯®��¿¦|�¦ zh§¦vo z]�b�z� zg¦��Õ ª¨�
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�º�ºd¯�vº´#�zº· ��� NP�KU b�zº� °®�¾Zºh¯�°ººº� ¶]��®z§
\ººÀczc�¶]�~§z§ Â�«Zc�Z¯¦��b�¦ �����q& z¿Zc °®�Z¯®��¿¦|�¦
°®��v³ºº�¾¯ ¶ºk¦º¯���q& Â���q& zhº§¦vo ÄZº¯®��ºº¿¦|�¦ Z]
ªÀ«®�¶]��¾^³Zk�¨°¦º¿® ¶ÀoZ³ °®�Z¯®��¿¦|�¦ zh§¦vo b«Zo�²À°·
Â�b�¦ ��q& �Àp¯�Z] Z¯z-�¾®Z^c�Á®zd�-�n���Â�®§�b¯Zt�
°®�¶ºd�°�°Zºº§ ¶]�¾¨Àd�Ç ¨|À¯¡ ¶kºd¯�¦° ¾^À�¡ ¾d«Zo�²À´#�°®
���q& ®Âvo�¾¨Àd�Ç ÄZ·Á|À¯¡ ª°pc�vo��v´§¾°³ ¶ÀoZ³ ²¿¦

�>Ô@�b�¦
Zºº¯®��¿¦|�¦ À¦|À¯�z] ¦° Áv��¾Z°�¦ ¾�Z���°Z]�zg¦��Ö��ª¨�
¶º³º-�ÀZºº°· �v·®¾¯ ÀZ�³�z¿Zc �¬dt¯�Ä¦|k¦ ¾³¦zp]�¶Z¤³�°®
�z¿Zºc ©Zºº�Z�c°¦ Â�Z¸�°s `´¯¦®�¿¦|�¦ ªÀ«®�¶]��°Z]��¿¦|�¦ ¶§
�º¿¦|�¦��vºº´§¾¯ zd�À] ¦° z¿Zc °®�Z¯z-�vÀ«ºc�Â�¾�d¬� b¯ÂZ¤¯
�®ºº�¾¯ \ºkº¯�z¿Zºc �ºº¬dt¯�Ä¦|k¦ °®�|À³ ¦° Äzd�À] ÄZ¯®
®Zºº] °Z���Â��� NP�KU ¾�Z°¯�b�z� °®�¶§ ª¨� ²¿¦ ÄZ·Á®¦®
¦° Zº¯®��¿¦|�¦ ²¿zd�À] Å¦®vl¯ �b�¦ Áv¯¡ b�®�¶]���� NJ�FP�

¶º] �vº·®¾¯ ÀZº�³�¶³Zºº� ¶ÀoZ³ °ÂZl¯�°®�~§z§ Â�«Zc�±z¯ °®
¶º] z¿Zºc ~º§z§ Â�«Zºc �²ººcºÀ³�ÐÍÍ ¾�Z���°Z]�°®�¾Zh¯�°º�
¶ººk¦º¯���q& Â�����q& ¾®Z�¯�¾¿Z¯®�¿¦|�¦ zh§¦vo Z] \Àczc
��q& Á°¦º¿® ¶ÀoZ³ °®�Z¯®��¿¦|�¦ zh§¦vo ¶§ ¾«Zo�°®�v³v�¾¯

�b�¦ �����q& z¿Zc ÄZ¯®��¿¦|�¦ ��ºd¯�Â
¶Zº¤³�°®�Zº¯®��ºº¿¦|�¦ zh§¦vo z]�¦° ®Z]�°Z���zg¦��ÎÍ��ª¨�
Zºº·Á®¦® ²¿¦ �v·®¾¯ ÀZ�³�z�³�®°º¯�z¿Zc �¬dt¯�Ä¦|k¦ ¾³¦zp]
¶º] ����1 b]Zºg °Zºº] bpc�Â��� NP�KU ¾�Z°¯�b�z� °®�¶§
`º´¯¦® �®Zº] °Zº����·Zºº§ Z] ¶§ v´d�· À¡�z.³ZÀ]��v³¦Áv¯¡ b�®
�À¡�¾�Z�ºº� ¾d � �·Z§ ªÀ«®�¶]��z¿Zc ©Z�Z�c°¦ Â�Z¸¬¨��zÀÀ�c
z¿Zºc °®�Äzdº�À] ÄZºº¯®��¿¦|�¦ f�Z]�¾¿¦±Z¯z- Â�¶d�Z¿ �¿¦|�¦
Â�«Zºc ¶ººÀoZ³ ÄZ¯®��¿¦|�¦ zh§¦vo |À³ �¿Z¯±¡ ²¿¦ °®��®º�¾¯
�º¿¦|�¦ �º�ºd¯�±¦ zdº�À] °ZÀºº�]�¶³Z��¶ÀoZ³ °ÂZl¯�°®�~§z§
�º¿¦|�¦ ��� NJ�FP� ®Z]�°Z���°®�¾Zh¯�°º��¶]��b�¦ z¿Zc ÄZ¯®
Â���q& \ºÀczc�¶º] ~º§z§ Â�«Zºc zº¿x�\Àºº�¡ ¾o¦º³�°®�Z¯®
�����q& z¿Zc °®�Z¯®��¿¦|�¦ ��ºd¯�¶§ ¾«Zo�°®�b�¦ ����q&

�b�¦

z¿Zc ¾¿Z¯z- ªÀ¬pc�j¿Zd³ Äv´^�°k �Õ
�¾¿¦±Z¯z- À¦|À¯��·Z§��z¿Zc °®�Áv���¬c�À¦ºc��·Z§ Ä¦z]
¶º] Zº¯®�vºo ±¦�ººÀ] �¿¦|�¦ ±¦ ÄzÀ-º¬k Â�zd¸] ¾¿Z¯z-�¾®Z^c
Â�¾º�°z] ª]Zº£ ¾ºº ¬dt¯�ÄZ·°Z§Á¦° �¾³¦zp]�¶Z¤³�°®�´º�s
Â�Ä°ZdsZºº� ¬Èººº�¦ vº´¿¦z� °®�vº³¦ºc¾¯ ¶º§ bº�¦ ¢ºÀ¤pc

�®zÀ-�°¦z£�¶kºc�®°º¯�z¿Zc Ä±Z�¶´À¸]
§ºº�p¯�z¿Zººc ¾o¦z� ÄZ·zd¯¦°Z� ¶¬°k�±¦ ÏÑ¾�Z���¾d �
\£Zºº�d¯�©Z�Z�c°¦ Â�Z¸¬¨��zÀÀ�c�À¦|À¯�¨v´´§ ²ÀÀ�c�¶§ ®º�¾¯
¾d º� zº] zºgR¯�ª¯Zºº� ²¿zd°¸¯ �b�¦ z¿Zc �sz# ¾��°®�À¡
°®�¶º§ ¶³º-�ÀZ°· �®Z]�°Z����¿¦|�¦ �b�¦ ®Z]�°Z����z¿Zc ¾�Z��
¾º�d¬� b¯ÂZº¤¯ �·Zºº§ \kº¯�v��Á®¦® ÀZ�³�z�Zo��·Â&�
¾-®°ººs ²ºÀ#�±Âzº] ¶ºº] zl´¯ Z¸´c ¶³ z¯¦ ²¿¦ Z¯¦ �®º�¾¯ z¿Zc
®ºº�¾¯ \ºkº¯�¶º¨¬]��®ººº�¾¯ z¿Zc ¾�Àp¯�Áz¿¦® ÄÂ°�Z·¶¿Ç
Zº] z¿Zºc ²Zº°c�n�ºº� Â�¶d�Z¿ §vpc�ÀÂzÀ] »z��¶]�«Zc�¶ÀoZ³
�¾ºº´°¿¦��·Z§ ¶]�®ºs `]º³�¶]�|À³ ¸º�º¯�²¿¦ �v]Z¿ �·Z§ Á®Zk
z�Zºs ²ººÀ°· ¶]��v³±¾¯ ²¯¦® b§zo�°®�©Z^g�¿v��Â�Ä°¦v¿Z�Z³
�º¿¦|�¦ ¾ºº´�¿��ÏÒz�´¯�b^�³��·Z§ Z] À¦ºd]�¶§ v�°¾¯ z�³�¶]
°ºº� ¶º] �®Zº] °Zº����ºº¿¦|�¦ Â��À¡�¸Z c°¦�¶]�b^�³�z¿Zc µz�
²ºº°��Â�®z§�¾h´s�¦° zd¯¦°Z� Â® ²¿¦ zÀÀ�c�¾ ´¯�©Z�^c��ÀZ¯|°·
vºÀ«ºc��z¿Zºc ¾¨Àdºº�Ç¦º¨�¿Â ©Z�Z�c°¦ Â�Z¸�°s �·Z§ Z] À¡

�®¦®�·Z§ z¿Zc °®�¦° Z¯z-
®°ºº¯ v³¦ºc¾¯ z¿Zc Ä±Z� ¶´À¸] v´¿¦z� °®�¶§ Äz.¿® ªo�Á¦°
²º¿¦ Ä¦z] �b�¦ Ä°ZdsZ�v´# ÄZ·z¿Zc ¾o¦z� �®zÀ-�°¦z£�¶kºc
¶ºÀoZ³ °®�¶ºd�°�°Zº§ ¶ºº] ¾¨Àd�Ç ¨|À¯¡ ±¦ ¾�t] À¦ºc¾¯ °º�´¯
�º¿¦|�¦ Zº] Zºc ®zº§ ¶ººÀ¸c ÇZ]�~¿±zd�À· Z] ®¦º¯�±¦ ¦° z¿Zc «Zc
Â�ÇZº] ÄZ¸d�zº� °®�¶ººÀ¬¤³�`¬À�Â�¾zd´§ ÀZ¨¯¦��¾�|�« b¯ÂZ¤¯
z¿Zº�µºº� °®��®ºº� ®º·¦z� ÄzººÀ-|¯zc Z¿�zÀ�¯�zÀÀ�c�¿Z.´·
¶dsZº� ²À¿Zºº� ~¿±zd�À· Z] ¾¨Àd�Ç ÄZ·Á|À¯¡ ±¦ z¿Zc ÄZ¸�t]
zÀºÀ�c�zººg¦�Z¸´c ¶³�z¿Zc ¾¨Àd�Ç¦º¨�¿Â ©Z ¬c �·Z§ Z] Zc v³º�
¾�d¬� b¯ÂZ¤¯ �·Z§ ¶]�¸º°l¯�°®�¶¨¬] �®º� ¾h´s�Áv��z§¯
¶º] Z·Á|À¯¡ ÀºÀ�Çº¯z� °®�z�³�v¿vlc�²À´$°· �®º� ¾¸d´¯ z¿Zc
bº¿¦vº· bÀ¬]Z£ �º¿¦|�¦ °ºº�º´¯�¶º] «Zºc ¶ÀoZ³ °®�´ºº�s
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ÎÐÕÍ °º¿z¸� �Î ¨°Z°� �ÏÍ ¾Z���¾È¤d�¦ ÎÑÕ

���NJ�FP� ®Z]�°Z���Â���NP�KU b�z� °®�ÒÓÍ�ÎÐ z¿Zc �¬dt¯�Ä¦|k¦ °®�Z¯®��¿¦|�¦ zh§¦vo z]�¾�Z���°Z]�zg¦��Ö ª¨�

��NP�KU b�z� Â�����1 °Z]�°®�ÒÓÍ�ÎÐ z¿Zc �¬dt¯�Ä¦|k¦ °®�Z¯®��¿¦|�¦ zh§¦vo z]�®Z]�°Z���zg¦��ÎÍ ª¨�

Â�¦ººº· Zº] z¿Zºc zdº�À] ÄZº¯z- ¾®Zº^c�°®�vº³¦ºc¾¯ À¡�¾¿Zº¯z-
�v�Z] zgR¯�¶ÀoZ³ ²¿¦ °®�Z¯®�vo�±¦�À] �¿¦|�¦ ±¦ ÄzÀ-º¬k

z¿Zººc ¾³¦zp]�¶Z¤³�°®�Z¯®�vo�±¦�À] �¿¦|�¦ ª¿Ç® ±¦ ¾¨¿
±¦ ®Zº¿±�b¯Zºt� ²º¿¦ �bºº�¦ ¶³Z��¶ÀoZ³ °®�z¿Zc ®Z¿±�b¯Zt�
�ºº¿¦|�¦ ¦° z¿Zc °®�Áv��vÀ«ºc�ÄZ¯z- Â�~¿±zd�À· b�¦ �º�¨¿
z¿Zºc ±¦ Zº¯z-��º�®�Àvº� vºº´§�\kº¯�z.¿® Äº��±¦ Â�v·®¾¯

©¦zºg¦ Z¸º´c ¶º³ ¶³Zºº� ¶ÀoZ³ °®�«Z��`^« ÄZ´p³¦�¿¦|�¦ �®º�¾¯
n�º� �ºº¿¦|�¦ Z] ¶¨¬]��v·®¾¯ �·Z§ ¦° ®Z¿±�b¯Zt� ±¦ ¾�Z³
|Àº³ ¦ºº· ¶º] z¿Zºc ±¦ Zº¯z-�¾Zº¤d³¦ �¶ººÀoZ³ ²¿¦ °®�¾¿Z¯z- ¾®Z^c

�v]Z¿¾¯ �¿¦|�¦
À¦|Àº¯ zº] Ávº� ¾Zºº°�¦ ¾�Z���°Z]�Â�®Z]�°Z����b�z� zÀg>Zc
²º¿¦ °®�¬Âzº�¯�°ºº� ¶º] �z¿Zºc °®�Zºº¯z-�vÀ«ºc�Â�ÄÞz³¦ »Èc¦
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ÎÐÕÍ °º¿z¸� �Î ¨°Z°� �ÏÍ ¾Z���¾È¤d�¦ÎÑÖ

¶º§ vº� ¶º�oÈ¯ �bº�z-�°¦zºº£ ªÀ¬pc�Â�¾�°z] ®°º¯��·Â&�
vºo ±¦ z¿Zººc ¶]�Áv��¾Z°�¦ ¾�Z���°Z]�Â�¾�Z°¯�b�z� ¶$³Z´#
z¿Zc ¾³¦zp]�¶Z¤³�°®�Z¯®�Ä¦Áv´¿¦|� °º��¶]��v´§�±ÂZlc�¾�t�¯
b�zº� °®�Z·®°¦v³Zdºº�¦ b¿Z�° z�Zs�²À°· ¶]��v]Z¿¾¯ �¿¦|�¦
³Â°�²¿zcÁ®Zº� �À¡�¶º] Ávº� ¾Zºº°�¦ ¾�Z���°Z]�Â�z¿Zc ¾�Z°¯

�b�¦ z¿Zc \¿ztc�±¦ ÄzÀ-º¬k Â�Z¯®��¿¦|�¦ °Z¸¯ Ä¦z]

Â�¾¿Zº¯z- n�º� �º¿¦|�¦ Ä¦zº] �z¿Zººc «Zc�ÏÓ�¤³�°®�zÀÀ�c
À¦|Àº¯ Â�¾ºº�|�« ½Z¨��¦��·Z§ ��Àp¯�Z] zd�À] ÄZ¯z- ¾®Z^c
¾¨À¯Zºº´¿®Âz¿¡ ½Z¨��¦��·Z§��Á®Zk Z]²Z°c�n���°®��¿Z�
±¦ |Àº³ �Á®Zºk Zºº]²Z°c�ÀZ¯±�°®�¦º·�Àv��~^o�±¦ ÄzÀ-º¬k Â
zdº�À] ¢ºÀ¤pc�Â�¾ºº�°z] ®°º¯�v³¦ºc¾¯ ¶§ b�¦ Ä®°¦º¯�¶¬°k

�®zÀ-�°¦z£

¶¯Z³ ÁÞ¦Â
�� YLVFRHODVWLF GHIRUPDWLRQV
�� KHDW�EXLOG�XS
�� UROOLQJ�UHVLVWDQFH
�� ELDV�WLUH
�� FURZQ
�� FDUFDVV
�� PHFKDQLFDO�K\VWHUVLV ORVVHV
�� VWHDG\�VWDWH
�� LQIODWLRQ�SUHVVXUH

��� )OH[PHWHU *RRGULFK
��� PRYLQJ�KHDW�VRXUFH
��� VLGH�ZDOO
��� WRS�SO\
��� VXE�SO\
��� EHDG
��� ILOOHU
��� WKHUPRYLVFRHODVWLF
��� GUXP�WHVWHU

��� KHDW�VRXUFH
��� FURVV�IORZ
��� 1XVVHOW 1XPEHU
��� 5H\QROGV�1XPEHU
��� 3UDQWHO 1XPEHU
��� UDGLDO�VWLIIQHVV
��� DVSHFW�UDWLR
��� SDWWHUQ

�k¦z¯
�� 'RGJH�� 1��� DQG� &ODUN�� 6�� .��� ³7LUH�0RGHOLQJ�DQG

&RQWDFW� 3UREOHPV� +HDW� *HQHUDWLRQ� LQ� $LUFUDIW
7LUHV�´� &RPSXWHU� 	� 6WUXFWXUHV�� 9RO�� ����1R������
�����

�� &KDNUDERUW\�� 6��.���DQG�0XNKHUMHH��'��3��³6WXG\�RI
+HDW� %XLOG�8S� RI� D� &XUHG� 7LUH�8VLQJ�D�*RRGULFK
)OH[PHWHU�´�5XEEHU�:RUOG��33���������-XQH������

�� <DYDUL�� %��� 7ZRU]\GOR :��:���DQG�%DVV��-��0���³$
7KHUPRPHFKDQLFDO 0RGHO� WR� 3ULGLFW WKH
7HPSHUDWXUH� 'LVWULEXWLRQ� RI� 6WHDG\� 6WDWH� 5ROOLQJ
7LUHV�´� 7LUH� 6FLHQFH� DQG� 7HFKQRORJ\�� 767&$�
9RO������1R�����33����������������

�� )XMLNDZD�� 7���)XQ]DNL��$���DQG�<DPD]DNL��6����³7LUH
7UHDG� 7HPSHUDWXUH� LQ� $FWXDO�&RQWDFW�$UHDV�´�7LUH

6FLHQFH� DQG� 7HFKQRORJ\�� 767&$�� 9RO�� ���
1R�����33��������������

�� 5H]YDQL�� $��� ³0HDVXUHPHQW� RI� 7LUH� 7KHUPDO
3URSHUWLHV� 	� )LQLWH� (OHPHQW� $QDO\VLV� RI� +HDW
7UDQVIHU� LQ� 7LUH�´� 0�� 6� 7KHVLV��6KLUD]�8QLYHUVLW\�
�����

�� =XNDXVNDV�� $��� &RQYHFWLYH +HDW�7UDQVIHU�LQ�&URVV
)ORZ�� +DQGERRN� RI� 6LQJOH�3KDVH�&RQYHFWLYH +HDW
7UDQVIHU� -RKQ�:LOH\�	�6RQV��,QF��1HZ�<RUN�������

�� %HDWW\�� -�� 5��� ³3K\VLFDO� 3URSHUWLHV� RI� 5XEEHU
&RPSRXQGV�´� 0HFKDQLFV� RI� 3QHXPDWLF� 7LUHV�
:DVKLQJWRQ� '�&��� 8�� 6�� 'HSDUWPHQW� RI
7UDQVSRUWDWLRQ�������
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