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  ./0 12 134567849: .67;.< =4>? .@ABC 1D =4E FGHIJKLMN OPQ RST ULVN LWXYZ [\] _̂ M̀ a bc[de_ fgMheiejMLZ bklQb LV mMnLo Uk\]LV pqd pcac reTb stT u cneQ U]bvwxwyzDINd fZbaL{ |kWP}~sTa mlQL� baL� fVkMNba cbe� pq�[de_mMnLMN U]b LV k\ULVN kV fMk\k\ �Tel��zy����y���xy���y�]�y�Ẁ���}\ ] fgW�k�g� �]b mV mo �]LgW���y�]z�y��]b m�V m�o �]L�gW� pqd ck�Ma [Wie_]Llgi aq�qd pcac reTb �q� a�[de_ fokgS�a ] f�MkT bklQbpk�lTc �PWTeV k\�����Mc U]b mieP� s�Z k�W�ei � �q�MkT �ieP� Na pck�lTa kV ��� fdO�i �MaLd bc]LW�sQL� baL� fVkMNba cbe� �Plt� Uk\� f� ce� �MnLMN RST ULVN Na LXYl� k��de_ fltT ] RST ULVN mo cac �k�� k�WTbLV Na  �k{ ¡Mkl�q��dkV�f�TbLV m�e}� [MkT �aOW�s�Z k\U]LW�fik}~akgf
��MnLMN �Tel� ULVN kV [de_ mo cac �k���xy�M̀L�l}o �]L�gW�] flt�T �¢e�Q baq�£� Na �� [MaO�Q a k�V kM ] RST �Tel� ULVN [\ko kV ] mldac ab [MkT �aOW� M̀Ll�WV ] fltTf� [MaOQa [MkT mV s�]k£�qVkM�RST �Tel� ULVN kV mMnLMN U]b LV pqd ck�Ma [de_��y�PW�TeV m�o �]LgW�� cac �k�� ab [MkT mV s�]k£� M̀Ll�V �q�� sTqV ¤S£�� �kML¥ kV [Wie_]Llgi a q�M�LQ��O�i sQk�� bc sik{ M̀ a bc mlTe_ �f�ne¦ �O�i sQk�� bc ] �kdaL� §e� Na ï k© [MkT uOW�kg� �pkZeo�̈i k© uOW� k�g� fZbk�j~ m�V k�M �qd Ua f� f�l��qdkV�

 GHª«F¬­®°̄KejMLZ �RST ULVNLo �±kgS�a �[MkT �Uhei]ustT ²³µ́ ¶·µ¸f� cae� RST  W}gZ Uk�d]b Na fgM �cac [de_mV mo qdkV] fldaq�V �f�W¹OZ  ¹k�� mP}¥ Na f�Plt� Uk\beº��f� �� Na pck�lTa kV ] pqd »k}~a fgW�kg�¼ae� �aeZ��MO\ ] qW�tV cej�V ab |aOPQ fokgS�a ] f�MkT �f�cbe�qWieZabcac [\ko fMk�� L}~ mV m¥eZ kV�uLo Uk��de_ck�Ma pcLl�� beSV fgMLlgi a �]b mV pqdbaL� pck�lTa cbe� Ua ��fq�LW�[1]lTa���Na s½k�{ UaLV k��de_ M̀ a Na pck�sTa pqWTb |kjX a mV s¾�� bc |aOPQ[2]� s�Z ab stT Uk��de_ fgMheiejMLZ bklQb mo fP�ae~ Na fgMaL� LWXYZf� bf� [de_ RST ULVN q\cqdkV[3]�
                                                           

 ¿ÀÁ ÂÃ ÁÄ ÅÆ ÂÇÈÉÊËÊÉÌÍÌ¿ÀÁ ÂÃ ÁÄ Î ÏÐÑ ÒÓÂÀÁÄÔÕÊÕÊÉÌÍÌÖÀ×ØÙÃ ÅÙÚ ÒÛÜ ÏÐÝÛÁ ÞÀ Âßàá  Î âÙÙãÓ ÏÐäåÙÙà ÜÄ æÄÜ×ÙÙÈ âçÙÙãßÈ èÙÙéÚ ÜêÙÙëìÄ í×îåÙÙà ÜÄ æâïÆ ÂÙÙð ÂÙÙñêÝòóÃ ÏÂäåà ÜÄ æâÛÐãßÈôÁÐÈ ÒÝÚêÎ âÙãÓ ÏÐäåÙà ÜÄ æÄÜ×ÙÈ âçÙãßÈ èÙéÚ ÐÑÁ Ü âÛÂãÑÁ Âì í×îåà ÜÄ æêõö âòóôÁÐÈ ÒÝÚêÃ ÏÂäåà ÜÄ æâÛÐãßÈÞÚ ÜêßÑ ÞÇÃ êë÷ÄâàÂø ÜêÓæÁ ÂÝåà ÜÄÎ ÞÙãÓ ÏÐùåÙà ÜÄ æÄÜ×ÙÈ ÞÙÛÐãßÈ èÙéÚ æôÁÐÈ ÒÝÚêÃ ÏÂäåà ÜÄ æÞÛÐãßÈtshahrabi34@modares.ac.ir  

RST ULVNpcac baL� LWXYZ s�Z ab [de_ qdb uOW�kg� mMnLMNce¥eV [de_ U]b bc RST s�acL_ s�¥ bc ab fVeW~ ]f�cb]��Lo fgMLlgi a UbkgV� bc M̀ aLV k�V]Uqj�� Uk�W�q��LV u fPgdúpckj}T s�¥ bcpqd  Wg�Z [de_ RST U]b LV f�N ��� ]f� fokgS�a ] f�MkT bklQb LWW�Z mV Lq�ed[4-5]� OPQ ¨Tk�� RST ULVN ck�Ma kVf� mMnLMNM̀ a  Wg�Z Na �aeZ cLo ULW�eP¥ k�W�q��LV�bkW�V fgWlTû_  gd LWW�Z �stT Uk��de_ Na UbkW�V bc[MaOQa �RST ULVN [MaOQa kV ±kgS�a M̈Lü ] ml�� c]q��f�qVkM�kT L�Mc ýL¦ NaUk���Z �PWTeV |qd mV cae� [Mf� baL� LWXYZ s�Z �� LMN ] þk}Z  �� bc ce¥e�cLW��ÿeST ] ýk� ÿeST ẀV þk}Z  gd U]b LV pqd uk�� a OWi k� �f� �k�� LVNbkW�V LVN ÿeST ẀV fTk}Z [�Z L�oaq{ mo q\cpqMa ýk� ÿeST ẀV fTk}Z [�Z L�oaq{ Na Ll�bOVsTa »�� � beSV  }~ M̀ aab f£W£{ þk}Z  �� bc þk}Z �MaLd �º�f� baL� LWXYZ s�Zq\c��MaL�d �PW�TeV f��MkT |ab� qWieZ mo sW¾�a] M̀ a mV m¥eZ kVf� ẀW¾Z fTk}Z [�Zf� bkºl� a �ccL��MaL�d s��Z m�o c]b
                                                           

2- Dome – like nodules 
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baL�� LWXY�Z s�Z RST s�acL_ �PWTeV |qd mV [MkT � Ẁ¾�cLW��Lo LWº� stT Uk��de_ bc M̀ aLV k�V]L�WW�Z mo stT u f� c]q�� fgWlTû_  gdaq�W_ sW}\a RST mWi]a sQkV qdkV f�q�o[6]�L�V UbkW��V LWXY�Z [�de_ s�ktü ] RST ULVNcbac ±kgS�a�O�W� ±kgS��a �RS�T UL�VN [MaO�Q a kV �k�e}~ f� [MaOQ aqVkM[7]�Lo [de_ s�ktü LWXYZ]bklQb LV stT u f�LV �TeZ �� ua]c Ẁ��}\ ] f�MkTpq�d fTbLV Ẁ££�� sTa[8-9]�bk�lQb L�V m�MnLMN RS�T ULVN LWXYZ U]b LV f�Vk�� |k£W£�ZUk����de_ f���MkTDLC
�s�kt��ü ] �� LWXY��Z Ẁ����}\ ][�de_ fokgS��a ] f��MkT bk�lQb LV [de_MoS2–O�PQ sTa pqd uk�� a[6-7]�f� �k�� pqd uk�� a |k¾i kS� g̀Wim��e��W\ �e�ok�Z m�o q\c f��£W£�Zbk��lQb L��V m��MnLMN O��PQ RS��T UL��VN LWXY��Z U]b L��VLo Uk��de_ fgMheiejMLZ]]L��M a Na 	s�Ta pq�� uk�� a stT u] m�M aba  �k{ ¡Mkl� ] pqd fTbLV ¢eQ §eüe� [\] _̂ M̀ a bcsTa pqd 
�V�

 �³�
·�� ��� ��������� �H��hk�Wi � ��o Uk\cneQ ULT Na �W£�Z M̀ a bc pck�lTa cbe� cneQ�lTankV ukg�HSLA�flt�T kV pqd fZbaL{ |kWP}~z��z »eoabf� fTqdkV� m�e}� aqlV aLS� mV  gd fg�Mc Uk\x�Ll}WPW�s�kt�ü ]x UL�VN !�T ] q�d mW�Z Ll}WPW���Tel� Uk�\�zy����y�� �xy���y�]�y�pbk}d �TeZ fgW�kg� �]b mV �]LgW�Uk�\ �Tel� Uk�MLVN ] pckj}T "©ko �Plt���y�]z�y��]LgW� [Wie_]Llgi a q�M�LQ �TeZ ẄZLZ mVkV�k�ML¥] ¤S£�� �kML¥ qMcL�  �k{ �W£l��� �kd fieP�� bc [Wie_]Llgi a q�M�LQz��ML���Q qWTa LlWi v�] �Mbe�ieT qWTa LlWi fPW�z��Lo qWTa uL�]uk�� a �W� ] �W£l�� �kML¥ kV �� �MaLd mo qd�̈WZLZ mV ¤S£�� �kML¥ »]aq¥ bcz]�sTa pqd mMaba� [�Z |kWP}~m�e}� fMacNUk����c bc k�\°C 
���|q�� m�Vz sQL� uk�� a s~kT� #®G$�%&H'()* + ,̄-$ .̄ /H0�1®-(I0 ­ 2, ­-3�kML¥ �lW�� acA/dm2�x k�c°C 
x� �k�Nmin
x�

                                                           
1- Dimonld – like carbon 

#®G$�
 %45'6* + ,̄-$ .̄ /H0�1®-(I0 ­ 2,­-3Uq�� �kML¥ �lW�� acA/dm2�x UqZko �kML¥ �lW�� acA/dm2             � k�c°Cx� Uq�� �k�Ns

z7� UqZko �k�Ns
�� �k�N o[Wie_]Llgiamin

v� ����89¯I.: G6,:-;m�e}� aqlV a UbkgV�  }~ uk�� a Na  j�fVL< k\f�gMLlgi a UL�W� �Uq�� |be� mV�q�q�d fMe�d qW�Ta !�T ]�U]b Ubk�gV� m�e}�f��N] sj��� k�V cbaq�kl�Ta »e�P�� bc k\z��=zqW�Ta Lo]�Mbe�ieT qWTa mV �W��g/l
�x�Lo qW�Ta]] ��W�g/l xy��Mbe�ie�T qWTa��k�ML¥ �lW��� ac k�V ] A/dm2�xm�V |q��qd uk�� a s~kT� >���?*¯@A B8-.CD(@E ®DF6E m�e}� uk}Z RST ULVNUbkgV� Na q¾V ]  j� k\Q]L_ �TeZLl�ePW f�NeTpNaq� as�Ta pqd ULW��pq�d �baO�� UL�VN cq�~ L�\ Ẁ��kW�  �k{wmjZL�L�V ��Plt� s�¥ mT bc f��T ULVN f� RST U]bqdkV�pNaq� a beº�� mV [\] _̂ M̀ a bcULVN ULW� �Tel� ULVN bkW¾� Na RST�Ra
�sTa pqd pck�lTa�s�kt�ü pqd ck�Ma Uk��de_x�Ẁ��k�W� m�o ceV �]LgW���m�jZL� [de_ RST �Plt� Gk£� bc f��T s�ktüs�kt�ü �TeZ ¡��TMonimeter»q���S2.310f���q��dkV�flt��T O��Mb �TeZ k��de_¡�T fltT]LgW�Micromet1k�V�q��]b]LQ kV NLgM]U]LW�grf

z��pNaq�� as�Ta pq�d UL�W��Ẁ�� k�W�7 mjZL�flt�T cq�~ �ae��~ m�V m�e}� L\ U]b LV f��T fltT� [de_sTa pqd �baO�
 
 H���/, *̄C:/,¯E 8 °̄pk�l�Tc �PWTeV ��� fdO�i [MkT Uk��Mk�N�U]b m�ieP� I I���Mc��k����a Jl¾��� pk���� ac s�k�T�Na pck�l��Ta k�V ] mieP�LS� kV k�W�ei � Uk\ mm

v�yvsQL� uk�� a�fS� s~LT
m/s

zy�q��d m��lQL�Lº� bc��W���� Uk���c�zK�x���¥bc Ve¦b ] caL�Wl� kTfj�� szwK��ceV q�bc�uk}Z U]b LV aqlV a m�e}�s�Z [MkT Uk��Mk�N� k\U]LW�sVkXkgf
�sQk��� k�Z �O�iz���s�QL� uk��� a Ll��m��e}� U]b L�V  !�Tm�o Ua s�Z k��Mk�N� �ceV abac ab [MkT �aOW� M̀Ll}o]LW�Uk�\z�� ] kgf

xsQL� uk�� a� pNaq� a kVm�e}� �N] [\ko ULW�_ k\L\ Na z��sQk��� Ll���Tb �O��i sQk��� ¨�{ LV �N] [\ko Uk\bace}� ��O�i
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qd�uL�� ubaO\ pc �M s�c kV fM]NaLZ Na�»q��Sartorius� pNaq�� a UaLVm��e}� �N] UL�W�q�McL� pck�l�Ta k�\�be�º�� m�V�eg�T]LgW� �TeZ [MkT LXa � ï k© [MkT uOW�kg� �Wt�Zf�V]b f�]Llgi a�§e�Philips��»qXL30�fVk�MNba cbe�� sQL� baL���³��� � �� ��� ��>�DF6E 8-.C�k��� [�de_ ] m�MnLMN RST bc f��T ULVN Na  �k{ ¡Mkl�f�m�Wi]a ��MnLMN UL�VN k�V m��Mk£� bc [�de_ ULVN mo q\csTa mlQkM [MaOQ a�bc gdzRST ULVN¨��{ L�V k��de_ k��� mMn LMN ULVNL£Z �SV ab Ẁ��}\ ]pcac �k�� k��� ẀV fjM sTa pqd�mlQkM kV ¡Mkl� M̀ aO�W� L��Mc �k�££�� Uk�\¢k�jS� a cbac[10-4]�
 ��>�¯��3�1 DF6E D(@E�,9OMb Na  �k{ ¡Mkl�L�o Uk���de_ RS�T bc f���T fltT]u mMnLMN U]b LV pqd ck�MaUk�Pg�d bc |]k��l� ULVN kV Uk\� ]�sTa pqd pcac �k���

�I3�%�,�-,C 8-.C ®/3�1 �5E 8-.C �H. �5. ­9 gd bace}� bc�Na m�MnLMN UL�VN [MaOQ a kV�zy�m�V�xy� f� [\ko [de_ fltT ��]LgW�qVkM�k�V m�g�M a m�V m�¥eZ k�V [de_ �kML¥ �lW�� ac [\koL�o Ubk�gV� bc f�\c]flt�T �u f� [\ko OW� [de_qVkM[11]f� Lº� mV a"i 	fP�a  �k~ qTb \ko[�de_ �k�ML¥ �lW�� ac [\ko �fltT [RS�T bc f�\c qdkV k����m�e}� �WPo RST aqlV a bcck��Ma k�V mo pceV �k�gM k\s�Ta pcL�o LWW�Z f¾�a] RST �k��� RST bc |]k�l� Uk�MLVN� m�e}� f¾� a] RST �ULVN [MaOQ a kV sik{ M̀ a bc[MaO�Q a OW� k\ f�s�¥ fik}~ a �kML¥ mo fMk��� Na ] qVkM[de_UaL�V f�\c m�e}� �WPof� �k�gM k\k���� RST bc �kML¥ �lW�� ac a"i 	qdkV f� [\koqVkM�Na mMnLMN ULVN [MaOQa kV�xy�mV�y���]LgW� pckj}T Na pck�lTa  Wic mV k�W�l�¥LV §k�Zba[MaOQa �LZLVN Uk\ f��lQb]LQ ��}~ ] mlQkMf�� Ll��WV O�W� k�\ccL���Ẁ��< bc

Gk£� �f{eSTab fMnk�V �k�ML¥ �lW��� ac pq���LV ] O�WZ ±e� pcLo  }�Z[11]L�V pqd ck�Ma [de_ fltT ẄZLZ M̀qV ]f� Ll�WV Gk£� M̀ a U]bced�RS�T �q�d ýk� mo fMk��� Na [de_ Ẁ{ bc m�e}�f}� ¢k�Z a f\cqlQa[4]
�k�N [MaOQ a kV ] [de_f� Ll�WV OW� m�e}� RST ULVN �f\cW��� ac a"i 	ced�lRS�T flt�T ẄZLZ M̀qV ] pqd LZckMN k�MLVN ±e� bc �kML¥f� [MaOQ aqVkM�

 

 gd mV m¥eZ kV�f� pq\k��m�MnLMN ULVN [MaOQ a kV mo ced Na��y�mVz�y�U]b L�V pqd ck�Ma Uk��de_ fltT �]LgW� f� [\ko k���qVkM�RS�T �UL�VN [MaO�Qa k�V OW� sik{ M̀ a bc � m�e}� f¾� a]�k�ML¥ �ce�V s�VkX mV m¥eZ kV ] mlQkM [MaOQ a OW[de_ s�¥ fik}~ a[de_ �kML¥ �lW�� ac �f\c[\k�o f�\c f�qVkM�[�de_ flt�T ��k�ML¥ �lW��� ac [\k�o kV m�Wl� bcf� [\ko OW� mP�k{qVkM�
 

�I3>%�,�-,C 8-.C �« D, �̄�3�1 �5E D(@E�,9?E ­ FG*:  �$�. D, H̄�H3®-(I0 ­!®9 �. �̄�:
 >�>��̄�3�1 D�,¯E 9 (̄;9L�o [�de_ ���� fdO�i [MkT cLgP}~]L�V aLV bc st�T us�Ta m�lQL� baL�� fTbLV cbe� k�W�ei � �q�MkT �ieP�� g�d�k���� ��MnLMN ULVN mo fMk��de_ UaLV [MkT �"t�� f����s��Z ab pq�d  ��k{ fgW�k�g� �]b mVU]L�W�kgf

��k���

#$% &$' ()* +&,'-./&0123
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f�q\c� g�d m�V m�¥eZ kV�pq\k���f��f����� m�o ce�dce� Na ab baqMk_ ] Uq�V� [MkT �P{L� k��de_ [MkT �"t���k��f�q�\c�baq£� mo fMk��� NaU]LW�] pce�V ��o fik�}~a f� �Wtü ] stT [de_�O��i ue�T ��P{L� M̀ aLV k�V �qdkVm�e}� M̀ a bc [de_ M̈LtZ �P{L� f�¾Mf}� pqMc k\edc� pNaq� a ] f}�< |aq\k��ULW�m�e}� �N] [\koL�\ Na q¾V k\ z���MnLMN ULVN kV [de_ bc mo cac �k�� �O�i sQk�� Ll� �zy�Na _ �]LgW����[Mk�T |ab� �O��i sQk��� L�l� qd qWieZ f}o bkW�V� g�d bc Rüa] beSV §eüe� M̀ a�pq�Mc f�ced��O�i sQk�� bc�K���Ẅ�d Uabac f����� L�l� f� q�Z�\c �k�� mo qdkV[Mk�T ��P{L� ] nk�V [MkT �L� �q Uq�V��baqMk_ k��sTa]
z�

[� 

�I3H%/3�1 /,¯E ��@�* D6�6*8-.C �« D, °̄?�� BFG3  ̄F, ­ DIH�¯I*!®9 �. �̄�: �,�-,C8®-H� 

kgf
�!��0 ?�-E ®m/s

��� �MnLMN ULVN kV [de_ bc��y�Na �_ �]LgW����k�V �L�l� �MnLMN ULVN�xy��]LgW�Na _x����MnLMN UL�VN kV �Ll� �y�Na �_ �kjML£Z �]LgW�v����MnLMN UL�VN k�V ] L�l��y� Na _ �]LgW����bkW��V [Mk�T |ab� �O��i sQk��� Ll�qMcL� Nk©� baqMk_ [MkT �P{L� ¤�a] bc ] qd qWieZ f}o��k��� ��o ] s�ae�gM [MkT �L� mV nkV [MkT �L� Na �qWTba »k£l� a �q�\cbaq�Mk_ [Mk�T ��P{L� mV Uq�V� [MkT �P{L� N f�qdkV[12]� gd mV m¥eZ kV�baq�£� Na m�MnLMN UL�VN [MaOQa kM [\ko kV �xy�f� [MaOQ a [de_ fltT �]LgW�fltT M̀Ll}o ] qVkM¢e�Q UL�VN k�V m�MnLMN U]b L�V pq�d ck��Ma [de_ mV GeVL�f�qdkV�Uk�WTbLV [\] _̂ M̀ a bc mo fMk��� Naf�dO�i [MkTNa LZnk�V bkW��V flt�T k�V k��W�ei � �q�MkT �ieP� �TeZ ���Lo [de_]f�dO�i [MkT q�M�LQ a"i 	sTa pqd uk�� a stT u�kdaL� §e� Na �kZq}~�f�qdkV�
                                                           

 

1- Abrasive  

�k�daL� [Mk�T [\k�o UaL�V fP��a  ��k~ m�g�M a mV m¥eZ kVs�Ta RS�T flt�T [MaOQ a[3-12,15][Mk�T �aO�W� a"�i 	 [de_\k�o kV k\baq�£� Na m�MnLMN UL�VN [MaO�Q a k�M [�xy� �]LgW��[de_ fltT [MaOQ a kVk\�f� [\koqVkM�M̀Ll��WV f� ¢eQ ULVN kV mMnLMN mV GeVL� [MkT �aOW�[de_ mo qdkVsTa fltT M̀Ll}o Uabac �� U]b LV pqd ck�Ma�m�V k���� ��MnLMN ULVN mo fMk��de_ [MkT �"t�� f����d]Llgi a �]bpq�� ce¥eV fMkW}W gd bc �q� axpqd pcac �k��[�de_ f�MkT bklQb LV [Wie_]Llgi a LWXYZ mPWT] M̀qV kZ sTaLo]ccL� �t�� OW� stT u�pNaq��� a k��V�N] [\k��o UL��W� m�e}�k�V [�de_ bc mo qd mº{û� �f}�< |aq\k�� OW� ] k\�MnLMN ULVN��y��O��i sQk��� kZ �]LgW����|ab� L�l�bkW��V [Mk�T |ab� q�¾V m�V sQk�� M̀ a Na �qd qWieZ [MkTqd qWieZ f}o�ULVN kV mMnLMN U]b LV pqd ck�Ma [de_ bcz�y�OW� �]LgW� �O�i sQk�� kZ����� Na �_ ] qd qWieZ [MkT |ab� Ll�q�� ce¥eV f}o |ab� ��O�i �� aca kV�aqMk_ mV Uq�V� [MkT �P{L� Na »k£l� a ¤� a] bcNa _ b���Ll� sTa pcklQ a ¢k�Z a �O�i sQk��� g�d m�V m¥eZ kVx�t��� f�[de_ [MkT mV s�]k£� ��O�i Uk�lQk�� uk}Z bc mo cedULVN kV mMnLMN U]b LV pqd ck�Ma��y��]L�W�Na Ll�WVz�y� sTa �]LgW��£� fP�a  �k~ mo fMk��� Na[MaO�Q a �k�daL� [Mk�T mV s�]k fltTsTa[12-3,15][Mk�T q��M�LQ m�g�M a m�V m�¥eZ kV ]L�º� m�V a"i 	sTa �kdaL� §e� Na �kZq}~ [\] _̂ M̀ a bc fdO�if�flt�T [MaOQa �[MkT mV s�]k£� [MaOQ a fP�a  Wic qTbf�qdkV� gd��� gd mV m¥eZ kVUk�\�]xf�� �t���M̀Ll��WV m�o ce�dde_ mV GeVL� k��de_ uk}Z ẀV bc [MkT mV s�]k£�ck�Ma [ ULVN kV mMnLMN U]b LV pqd��y�fQk�� �̀M a mo pceV �]LgW�pq�d  �k{ ¤S£�� �kML¥ kV [Wie_]Llgi a q�M�LQ �TeZ RSTsTa�m�Mn �q��� bc m��e}� �cac baL�� kV [Wie_]Llgi a q�M�LQ bcUk�\ �fZbaL{ |kWP}~ Na fdk� Uk���Z U]k{ mo f�STUbkg�Wdk� 	�T ]pqd ý"{ q�l�\ f�N j� [�Z Na Ubk~ f�ST a"i ] [de_ Naf� kW�� f\cLV pqd ck�Ma [de_ mo Ube¦ mV 	cedf� ULl}o fP�ac [�Z Uabac OW� ÿeST M̀ a U]bq�dkV[16]� Lo [de_ ï k© [MkT uOW�kg� mo fMk��� Na]f�l�� stT u f�qdkV[8,17-22][�£� f�P�ac [��Z m�g�M a m�V m¥eZ kV ]kT §e� M̀ a bc ULXe�cbac [M[3,12-14]f� Lº� mV a"i 	qTb [de_ fP�ac [�Z [\ko M̀ a�m�MnLMN [Wie_]Llgi a LX a bc� sTa pqd [de_ Ll�WV [MkT mV s�]k£� 
~kV�
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��� ��>�>�/, ­�; ­ -H� �̄8®-H�D0¯�� ­ LWXY�Z fTbLV beº�� mVU]L�W�fgMhe�iejMLZ bk�lQb L�V fik�}~a �MnLMN ULVN kV [de_��y�f��MkT bklQb M̀Ll�V mo �]LgW� s�Z abU]LW�kgf
�s��Z �cac �k��� ce�� Na]LW�Uk�\z]

kgf
��O�i s~LT bcm/s

zy�sQL� baL� [Mk�N� cbe�� mP�k{ ¡Mkl� gd bcvf� �k��[MaO�Qa k�V m�o q�\cU]L�W� Na fik}~ azkZkgf
�f� [MaOQ a OW� [MkT �aOW�qVkM�Ẁ�_ �]N f��MkT bklQb fTbLV U]b LV pqd uk�� a |k£W£�Z bcLo [de_ ] f�q<]¡Mk�l� O�W� L��Mc Ẁ�££�� �TeZ stT usTa pqd mMaba f�Vk��[8]� baqMk_ [MkT �P{L�U]LW� s�Zkgf

z�Na _����Ll�s�Z U]LW�kgf
�Na _���bc ] Ll�U]L�W�kgf

�Na �_x�� sTa pqd §]Ld �O�i sQk�� Ll��

��	���� �	�� ����� ����� ������'
��� �� -
� � ������	
�	,'��������� ����� ��������
��-"�'���
�� �
�'kgf
� ��>�>�-«/3�1 �­® ®?@E � V beº�� mV��MnLMN UL�VN k�V [�de_ ua]c ] L�}~ fTbL��y� s�Z ab [MkT mV s�]k£� M̀Ll�V mo �]LgW�U]L�W�kgf

�Na

LV f�ne¦ Uk�lQk�� bc fdO�i [MkT [Mk�N� 	cac �k�� ce�sQL� uk�� a �� U]b� g�d bc [Mk�T �"�t�� f����� |be�� mV  �k{ ¡Mkl�� sTa pqd pcac �k���f� mº{û� mo beS�k}\dNa _ ce����O��i sQk��� L�l�sQk���� k��Z ] pq��d §]L��d baq��Mk_ [Mk��T ���P{L�x���L��l� �W\�q��\c �k��� m�o [Mk�T �L�� bc f�k���k� [MaO�Q a m�e�f}� pq\k�� sTa [de_ s�gdced� s�Z [de_ M̀ a M̀ aLV k�VU]LW�fik}~akgf
��O�i sQk�� kZ x���f� �k�� ce� Na fVe� ua]c ] UbaqMk_ Ll�\cq �s��Z beo"�� [de_ mo fMk��� NaU]L�W�kgf

�sQk��� k�Z �O�ix���s��Z [MkT [Mk�N� a"i 	q�� s�gd bk<c Ll� U]LW�kgf
xsQL� uk�� a �� U]b LV�|be�� m�V  �k{ ¡Mkl�  gd bc [MkT �"t�� f����7m�T Na m�o pqd pcac �k�� sTa pqd  Wg�Z mP{L�� Na »]a �P{L��kZ���Qk��� L�l�[Mk�T ��P{L� ��O��i ssTa bacbe�LV fMnkV [MkT �L� Na mo pceV Uq�V��sQk��� �̀M a Na �_ mo pceV baqMk_ [MkT �P{L� �u]c �P{L�sTa pqd Nk©��f� mº{û� mo beS�k}\M̀ a bc [MkT �L� ced sTa sVkX �kjML£Z mP{L��m�V m�o s�Ta paL�}\ [Mk�T �L� [MaOQ a kV ueT �P{L� §]Ldc ÿeü]f� pqMced�qd pq\k�� f}�< be¦ mV mP{L� M̀ a bcfVe�� m�V m�MnLMN ] pqd M̈LtZ k�l}�� f�¾V bc [de_ mof� pqMcqd�s�Ta pck�lQ a ¢k��Z a mW{k� M̀ a bc [de_ s�gd ¤�a] bc��̀M a Na _ s�gdz���k��W�ei � �q�MkT ��¥ �O�i sQk�� Ll�sTeW_ §e�eV RST U]b LV�pq\k��� f}�< be¦ mVm�o q�d[Mk�T L�X a ��}~ bc f�k���k� [MaO�Q a j̈�T [de_ s�gdqMcL��f� [de_ s�gd pq�\c �k�� LWW�Z M̀ aqdkV[8]� >�����/,¯E 8 �̄*�H�¯I* DE9-.��MnLMN UL�VN kV [de_ ï k© [MkT uOW�kg� fTbLV beº�� mV��y��k��� ce�� Na ab [Mk�T m�V s�]k£� M̀Ll�V mo �]LgW�gW� LM]k"Z �cac�� [MkT LX a füL~ ¤S£� ] RST Na f_egT]L qd mW�Z�  gdwLMe"ZSEMs��Z ab ¢eQ [de_ [MkT LXa RST Na U]LW�kgf
�Na _z��f�� �k��� �O��i sQk�� Ll�q�\c� f�� pq\k��� RST U]b LV UbkW�V UNae� Uk\bkWdm�o ce�d f� �kdaL� [MkT pq�\c �k��qdkV[8,23]� q\k���� ] �O���i ���� aca k��V���TeZ pq��d pqWMk��T ÿeS��T pmlTe_ mo qd mº{û� f�V]b f�]Llgi a �egT]LgW��q�d Ua� sTa mlQL� |be� RST Na UbkW�V Uk�l}�� bc [de_�

                                                           
1- Spalling  
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���D���� !��0 8¯�(;¯)* 9 

�I3�%-«/3�1 9 /,¯E �ª�-* �E®.̄ ?@E � �,�-,C 8-.C����?�� +®-IH*8®-H�kgf
�?�-E ® !��0m/s

���D���� !��0 8¯�(;¯)* 9 L�o [�de_ f�l��� � ï k© [MkT uOW�kg� ¤�a] bc]st�T u f�[Mk�T Ẁ�{ bc fPgW�T Uk���Z »k}~ a ��  Wic mo qdkVf� fdO�im�� ae¥ m�V L���� m�o qdkV] f��Npq�d ±L�Z q�db sTa[8,17-22]�

�I3�%-,���SEM.̄ /3�1 /,¯E -� ­ �5E C­ �,�-,C 8-.C����?�� +®-IH*8®-H�kgf
�C­�1��� !��0 ?;¯)* -(*

 gdz�LMe"ZSEMab beo"�� [�de_ [Mk�T LX a RST Na s�ZU]LW�kgf
�Na �_z����k��� �O��i sQk��� L�l� f�q\c�mo beS�k}\f� pq\k��L�o [�de_ �ced]Na f¾�üe� be�SV u sTa pqd pq�o RST�[�de_ RS�T Na f£¦k��� pL�WZ f{ae� f�mlTe_ mo qdkVsTa pcklQa ¢k�Za �� bc [de_ �qd Ua�

 �I3��%-,���SEM.̄ /3�1 /,¯E -� ­ �5E C­ �,�-,C 8-.C����?�� +®-IH*8®-H�kgf
�C­�1 ����!��0 ?;¯)* -(*  gdzzLMe"ZSEM[�de_ [Mk�T L�X a RS�T Na fl}�� s�Z ab beo"�U]LW�kgf

xNa _z����O��i sQk��� Ll� f� �k��q\c�f� pq\k�� mo beS�k}\] pck�lQa ¢k��Za [�de_ s��gd cedf� pq\k�� fVe� mV mMnLMN OPQ RSTced��k��� qW�T mW{k��PQ ] pq�d �̈MLtZ [de_ mo sTa fMk¥ �pqd pcacm�MnLMN O f� pqMcced�  gdz�LMe"�ZSEMẀ�}\ [Mk�T L�X a f�üL~ ¤�S£� Na de_[f� �k�� abq\c�f� pq\k�� mo beS�k}\s}�� bc [de_ �qd pq�o cedfMk\ sTa pcklQa ¢k�Z a [MkT LX a Na�fdO�i [MkT Ẁ{ bc fPgWT Uk���Z »k}~a Na fdk� f�l��qdb mV L��� k�W�ei � �q�MkT �ieP�±LZOMbbc ce¥e� �Wi]a Uk\ Lo [de_]�klMk�� ] pqd L�MqgM mV k��� �qd  "l� ] stT umlTe_ 
~kVsTa pqd [de_ �qd Ua[8,17]�  gdz� gd LMe"Zz�f� �k�� LZnkV fMk}��bOV bc abq\c� L�o [�de_ bc ce�¥e� ±LZOMb]pq�Mc R�üa] be�SV st�T u f�ced�M aOQ a LX a bc ¢eQ ±LZOMbNa f�dk� m�o [�de_ f�P�ac [�Z [ Lo Uk\qMbqW\ �MO�Z]Lo mV u]qWieZ �sTa UOPQ upqdsTa
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 �� ��� ����fPgW�T Uk���Z »k}~ a Na fdk� f�l�� LXa bc �O�i m� aca bc] pcLo qdb ¢eQ ±LZOMb �pq�MkT �ieP� fdO�i [MkT Ẁ{ bc±LZOMb mVL�o [�de_ bc ce�¥e� L�Mc Uk\] "�l� st�T u f�lTe_ �klMk�� ] cedmq\ae� ¢k�Za �qd UacklQ a[8,17]� H�>�/3�1 D«¯I5� ­ 9 (̄;9°̄[�de_ fokgS��a bk�lQb fTbLV beº�� mVL�o Uk�\]st�T uq�d �Tb �O�i sQk�� ¨�{ LV ±kgS�a M̈Lü Uk\bace}��k�V ]  Tcei �PWTeV [Mk�N� »e¦ bc mlTeW_ beSV k\bace}� M̀ aqd ��Tb ¼e"t� baOQa uL� Na pck�lTa� W�ZUaL�V �O��i sQk��� ¨��{ L�V ±kgS��a M̈L�ü |aLW gd bc |]k�l� �MnLMN ULVN kV Uk��de_Uk\z�]zx�k�� sTa pqd pcac� gd Uk\bace}� mV m¥eZ kVz�f� pq\k��f���� mo cedUk\m�W{k� ]c Na �kZq�}~ �O��i sQk��� ¨�{ LV ±kgS�a M̈Lüpqd  Wg�Zq� a�o ±kgS��a M̈Lü mo »]a �P{L�] pce�V L�l} pc]q�� bc �kZq}~vy�kZ�xy�cbac baL��bc m�o m�W{k� M̀ a bc�cbac baL�� [Mk�T �"�t�� f����� bc Uq��V� [MkT �P{L�

��ieP� þk�}Z RS�T m��Wl� bc ] pceV ckMN [MkT |ab� qWieZẀ�V ¢e�Q |ab� l̀QL� baL� sP~ mV [MkT LXa RST kV pq�MkTf�� [\ko RST ]c M̀ aq�V kM�L�� a �̀M aU]L�W� [\k�o 
�~kVf� ±kgS�a M̈Lü �� »kj�c mV ] ±kgS�accL��pc]q�� bc �kZq}~ ] pceV LZckMN ±kgS�a M̈Lü mo u]c �P{L��y�kZ7y�cbac baL��baq�Mk_ [MkT �P{L� bc mo mW{k� M̀ a bcpq�d q�WieZ [MkT |ab� �cbac baL� [MkT �"t�� f���� bck}Z RST m�Wl� bc ] pceV OW< k�RS�T ] pq�Mk�T �ieP� ẀV þ f� [MaOQa [MkT LX aqVkM�M̈L�ü �� »k�j�c m�V ] ±kgS��a U]LW� [MaOQa 
~kV L� a M̀ af� ±kgS�accL��bc m�o pqd pbkda mlg� M̀ a mV OW� ¤¥aL� bcq�WieZ f��MkT |ab� [Mk�T Uk���OW�kg� L�X a bc ��O�i Ẁ{f�mº{û�  Vk� LWXYZ |ab� M̀ a mo q�edLü LV Ua±kgS�a M̈ q�bac�bc s�Ta �̀g}� st�T ÿeS�T Ẁ�V stT �b� be�{q\c [\ko ab ±kgS�a M̈Lü fl{ cbae� f�¾V�] pcL�o  �}~ ��SP© �ae��~ mV sTa g̀}� pb� sik{ M̀ a bcccL� ±kgS�a M̈Lü [\ko 
~kV[3]�  gd mV m¥eZ kVwf� pq\k��bc ï k© [MkT uOW�kg� mo ced z����O�i sQk�� »]a Ll�f� �kdaL�qdkV�uOW� kg� M̀ aLV k�V��TeZ [�de_ �cbe�� [W�� �»]a �P{L� bc ï k© ±kgS�af� pq�MkT �ieP�qdkV[3]�

�I3�>%�I3 -,�����-�� .̄ D, �̄6�9�. 9 U]b L�V st�T fPW� ] stT cae� Na fjWoLZ mg�M a mV m¥eZ kVf� L�MqgM��MnLMN ULVN kV [de_ bc �q�O�i�y�L�gW�m�V ��]�m�MnLMN �bO�V fgWl�Tû_ k�M fgWlTna  gd LWW�Z uq~ sP~s�oL{ k��Mbae}\k� Na f�}o caq�¾Z ±e�� U]b LV pq�O�i ��¥f�q�o[3]�f� [\ko ÿeST ẀV þk}Z RST M̀ aLV k�Vs�ik{ M̀ a bc �qVkMuOW� k�g� Ubae}\k�� �q�d  ��� ] þk�}Z RST [\ko �nk}l{af� ï k© ±kgS�aqdkV�M k��� Na[�de_ �̀M a RST ULVN mo f f� bkW�VULVN M̀ a ±e� Na pqd pq�o |ab� �qdkV ��ac bc k�\ ULVNq\aet� ±kgS�a LV UbkW�V LWXYZ ] pcklQa uac mV ¢eQ Uk\
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s��dac� g��d bc m��o beS�k��}\z��µm
�y��Ra

�pq\k���� f���P{L� Na »k�£l� a Ẁ�{ bc ±kgS�a bc UbkW�V LWW�Z �cedu]c �P{L� mV »]acbaq� ce¥] ±kgS�a�ULVN ±e�Na ¤�k�� k\ f� pq�MkT �ieP� soL{M̈L�ü |aL�WW�Z ��� ac M̀ aLV k�V ] cedf� Ll¾WT] [de_ M̀ a bc ±kgS�aced�[de_ fokgS�a bklQ o]L�MnLMN ULVN kV u��y�s��Z �]LgW�]LW�Uk�\z]kgf
� sQL� baL� fVkMNba cbe� OW�� g�d bc  ��k{ ¡Mkl�zx�k��� cacsTa pqd p�Uk�Pg�d m�Mk£� kVzx���i a�]�r��t��� f�s�Z �� |k�kTe� ��� ac Ẁ��}\ ] ±kgS�a M̈Lü mo cedU]LW�kgf

zNa Ll��WVU]L�W�kgf
�s�Ta�bcU]L�W�kgf

z �ceV Ll}o  WiqV �nk}l{aU]L�W�q�WieZ [Mk�T |ab� �fik�}~ast�T bk�o L�l}o ���� fdO�i [MkT q�M�LQ Ẁ{ bc pqd] pqd[Mk�T |ab� m�V sj��� UL�l}o ukg�l�Ta ] fltT Nabc pqd qWieZU]LW�kgf
�f� bacbe�LVq�dkV�Ẁ{ bc ]L�M a NamieP� RST mV ] pceV Ll�WV beo"� |ab� bc  gd LWW�Z [MkTf� Ll�WVM̈L�ü [\k�o bc ab �SP© [£� m�Wl� bc 	q�j�<f� UNkV Ll}o ±kgS�aq��o� g�d L�WW�Z sP~ mV Ẁ��}\] s��Z pq�Mk�T �ieP� mV [MkT |ab� Ll�WV f�q�j�<U]L�W�

kgf
z�qMq_f�q�j�<–m�V sj��� [Mk�T Ẁ�{ bc �O�i U]LW�kgf

�f� ¢k�Z a Ll�WVq�lQ a�[MaO�Q a 
�~kV pq�Mq_ �̀M aq�d q�\ae� �� |k�k�Te� ��� ac p M̂eV �±kgS�a M̈Lü[5]�k�V f� stT ÿeST ẀV stT �b� be�{ mg�M a mV m¥eZm�V q� aeZccL�� ±kgS�a M̈Lü [\ko 
~kV ] pcLo  }~ �SP© �ae�~
[3]bc Ll��WV [Mk�T |ab� q�WieZ a"i 	U]L�W�fik�}~ akgf

� mV sj��U]LW�kgf
zf�� O�W�M̈L�ü [\k�o �̈¥e� q�� aeZqdkV pqd �� |k�kTe� ��� ac ] ±kgS�a� g�d m�V m¥eZ kVzz f� pq\k��bc �̈i k© [Mk�T uOW�k�g� m�o cedz��»]a L�l� k��f� �kdaL� ��O�i sQq�dkV�±kgS��a uOW�k�g� M̀ aLV k��Vpq�MkT �ieP� �TeZ [de_ �cbe� [W� �»]a �P{L� bc ï k©f�qdkV[3]�f�PW� ] st�T cae�� Na fjWoLZ mg�M a mV m¥eZ kVf� L�MqgM U]b LV stT�MnLMN ULVN kV [de_ bc �q�O�i�y� û_ kM fgWlTna  gd LWW�Z uq~ sP~ mV ��]LgW��bOV fgWlTk��Mbae}\k� Na f�}o caq�¾Z ±e�� U]b LV pq�O�i ��¥ �mMnLMNf� soL{q�o[3]�[\k�o ÿeS�T Ẁ�V þk�}Z RST M̀ aLV k�V f��q�d  �� ] þk}Z RST [\ko �nk}l{a sik{ M̀ a bc �qVkMf� ï k© ±kgS�a uOW�kg� Ubae}\k�qdkV�UL�VN mo fMk��� Na f� bkW�V [de_ M̀ a RSTab� �qdkV�̀M a ±e�� Na pqd pq�o | ULVNL�V UbkW��V LWXYZ ] pcklQ a uac mV ¢eQ Uk�MLVN  �ac bc k\sdac q\aet� ±kgS�a� gd bc mo beS�k}\zv� µm

�y��
Ra
�f� pq\k��Ẁ�{ bc ±kgS��a bc UbkW��V L�WW�Z �ce�dcbaq� ce¥] ±kgS�a u]c �P{L� mV »]a �P{L� Na »k£l� a�±e�� L{ Na ¤�k� k�MLVNf�� pq�MkT �ieP� so���� ac M̀ aLV k��V ] ce�d¤WT] [de_ M̀ a bc ±kgS�a M̈Lü |aLWW�Zf� LZced� 

f�� stT ÿeST ẀV stT �b� be�{ mg�M a mV m¥eZ kVq�� aeZ±kgS��a M̈L�ü [\k�o 
�~kV ] pcLo  }~ �SP© �ae�~ mVccL�[3]fik�}~a bk�V bc Ll��WV [MkT |ab� qWieZ a"i 	 kgf
� bkV mV sj�� kgf

zf� OW�±kgS�a M̈Lü [\ko ¥̈e� q� aeZqdkV pqd �� |k�kTe� ��� ac ]�
 

�I3�H%?;¯)* �)� -. � Ī5� ­ �,-A �­-HH��?�� �® �̄(* �,�-,C 8-.C .̄ 8 �̄�3�1 8­-. !��09 .̄kgf
�D3��0 ?�-E ®m/s

���
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�I3��%?;¯)* �)� -. � Ī5� ­ �,-A �­-HH���,�-,C 8-.C .̄ /3�1 8­-. !��0����?�� +®-IH* !��0 ?�-Em/s
zy��0 ­ 9 .̄ ®�

 kgf
�� ®�

 kgf
H

pNaq� a ] f}�< |aq\k��s�Z [de_ �N] [\ko ULW�bkV 

kgf
z� qWieZ [Mk�N� Uk�l� a kZ mo cac �k��[MkT |ab q�� ��el��M̈Lü f���� bc ±kgS�a �P{L� �M M̀ aLV k�Vf� pqMc �O�i sQk�� ¨�{ LV ±kgS�aced�bc �kjML£Z f� pq\k�� [Mk�N� Uk�l� a»k{ bc ±kgS�a M̈Lü mo ced f� [\ko±kgS�a »]a �P{L� Na �qWTb �L�a M̀ a  Wic �qdkVf� u]c �P{L� mVqdkV�m�e}� �}\ bcl� a bc k\»]a �P{L� Uk��qd �o »k{ bc [MkT |ab� qWieZ mgW¹k¥ �±kgS�af�mV  !T ] mlQkM [\ko f}o ±kgS�a M̈Lü aqlV a �qdkV[MaOQa ±kgS�a M̈Lü �[MkT |ab� �q�� qWieZ  Wicf�qVkM�f� ab pqMq_ M̀ abc mo cLo LW��Z |be� M̀qV �aeZkT |ab� qWieZ mgW¹k¥ ±kgS�a »]a �P{L� Uk�l� a»k{ bc [M f� �qd �oL�MqgM mV ¢eQ |ab� �cLoLW� ] cbe�LV �qdkV f� Ll}oced�s{ab �qWSP© ¥̈e� L�a M̀ abc ] |ab� M̀ a LZf� L�MqgM U]b LV þk}Z RST ]c Ll�kT� �O�i m�Wl�ced�Nabc ab ULl�WV [£� [MkT |ab� caq¾Z M̀ a sik{ M̀ a bc ]L�M af� k�M a ±kgS�a M̈Lü [\koq��o��P{L� mV c]b] kV m� aca bc�baqMk_ [MkT �P{L� bc [MkT |ab� qWieZ �qd ��el� kV u]cbc ] RST ]c ẀV �SP© |be"V [MkT |ab� �cej�  Wic mVf� [MaOQa ±kgS�a M̈Lü �þk}Z RST [MaOQ a m�Wl�qVkM�s�Z ¢eQ ��e}� UaLV ±kgS�a M̈Lü Uk\bace}� ��Mk£� kVUk\bkVz��] kgf

�f� �t��fik}~ a bkV [MaOQ a kV mo ced f� [\ko ±kgS�a M̈LüqVkM�bkV bc ±kgS�a M̈Lü kgf
z ẀVvy�kZwxy�bkV bc � kgf

�ẀVvxy�kZ7y�bkV bc ] 

kgf
�ẀVxy�kZvy�f� �kTe�q�o�fik}~ a bkV [MaOQ a kV �kji k© f� aqW_ [\ko ±kgS�a M̈Lüq�o[24]� �³�́
����
� zK pceV mMnLMN ULVN Na LXYl� stT uLo [de_ RST ULVNsTa �� Na Ll�WV pbae}\ ]� �K m�MnLMN RS�T U]b LV |]k�l� Uk�MLVN mo flik{ bck�\m�V s��]k£� M̀L�l}o �ce�d ck��Ma fgW�kg� �]b �TeZk�V m�MnLMN U]b L�V pq�d ck��Ma [de_ mV GeVL� [MkTRST fQk� µm�xy��Raf�qdkV�fQk�� [MaOQ a kV m�V ¢e�Q baq£� Na mMnLMN RST µm�zy��Rak�V k�M ] �� [\k��om��V µm

�y�� Ra[Mk��T m��V s���]k£�flt�T [MaOQ a  Wic mV k��� U]b LV pqd ck�Ma Uk��de_f� [MaOQ a �[de_qVkM� �K m�V sj�� ¤S£�� �kML¥ kV [Wie_]Llgi a q�M�LQ Na pck�lTaULl�V RST fQk� ��W£l�� �kML¥ck��Ma mMnLMN U]b LV f�Ll��WV [Mk�T m�V s��]k£� �̈¥e� Ẁ���}\] 	q��of� ÿeST M̀ a U]b LV pqd ck�Ma Uk��de_ced�

	
� �
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�K k����de_ uk��}Z Ẁ��V bc [Mk��T m��V s���]k£� M̀Ll���WV�] fgW�k�g� �]b m�V k���� ��MnLMN UL�VN mo fMk��de_sTa pqd ck�Ma [Wie_]Llgi a�ck��Ma [�de_ m�V Ge�VL� MN U]b L�V pq�dRS�T fQk�� k�V m�MnL µm��y��Ra f�kV [Wie_]Llgi a q�M�LQ �TeZ RST fQk� M̀ a mo qdkVsTa pqd  �k{ ¤S£�� �kML¥� xK �O�i Uk�lQk�� bc ï k© [MkT uOW�kg� �¢eQ [de_ bcf� f�l�� ] �kdaL� ẄZLZ mV f�ne¦ ] pkZeoqdkV� vK ���� ac Ẁ���}\ ] ±kgS��a M̈Lü fik}~a bkV [MaOQa kVkTe�f� [\ko �� |k�qVkM��� ���¶� ÿ]b bej� Lloc Uk�� Napb]k�� �¹ aba L¦ktV uq�abc pq��Nba Uk�\þq���� �Uce�}�� þq��� �kMk�� Na Ẁ��}\ ] �W£�Z »e¦¤�}l�� |k�£W£�Z uL�l�� sMLMq� Uq}{a þq��� ] UL�NLV|k�� kg� a �ce�}� �\aL�Q ] Ubk�g}\ s�¥ mV qMq{ baOQ a 	�¥LV uNn f\k��Mk�N�f� acbq�� ] Lg��Z [\] �̂_ �̀M a uk��� a Ua f�ced��� ��µ
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