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12  �2�%(�� � ��>�@* 1/6  52/1   28 ��� � C6 O���� 30/4  83/1  

13   %�#& �>N����'
* 1/6  72/1   29 "D�i2 4 40/2  

14  
��& a��
�L ���' 6 49/1   30 �2�)�J�2 /���� 4 70/1  

15  $%�& �>N 6 41/1   31 "<�H O�I& 50/3  64/2  

16  �	%� R��XV /���� 88/5  14/2   32 /����� ���'S 30/2  58/2  
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{>G R��c� A�KI@ � /���@ H� x9 {>G � $�'���2�	 H� �%� �2�6  �%�D�
�
       ]�%_G [��_�� Z�_'� �_D � ��_�)3( �

   H� ��_
�D F����_�& H���&� ��2�
 /	 ����2���&6    $6 2�_��& E��_I�� � %_�
�D    H� �_�>	 �_�2   
�_D)    R��_c� Z�_'� �_D

$�*�;L(2���& $���N /D � �%�K	 ��� F���& C�,��� 2
 ]�Q RS6%�%� /�L��� ��H . ��2���& F��    �2��_' "_&hN �_D

)* ( ]�%G 2
)3 (��%� �
�
 $�
 %�� .  

  

3-2 �	
�� *�+�� ��, -�� * $� ���� ���D�E	F 7G,  

 �D/G�@ /D F���& w��@]�Q ��� � ��H=� F��Q    ��_(D �_D � $���_' F�6 U�' $%�& O����     H�_D�2 $
�_�& H� ��_�*

F���& �/D�
& ]�Q ��� $���N /D ��H ��H/���*�c� 
2�& ���  F�� $�*���* R�?,
& � %�%� ����& $%�& F�� 2


����'
  � ����'
 
��D� �2�@�& R2%V ��#\ AD�V ]�Q �XV %���& ��� ... ]�%G 2
)4( "'� �%� �
2�6.  

  
 9� :4. ����'
 R�?,
& ]�Q �����H  

  

  Sandvik DTH Sandvik  DTH Sandvik  DTH Atlascopco penumatic 
Tophammer 

 
�>�    A B C D 

����'
 ]%&  DI100 DI200  DI600  CM 348 TH  
�#\ AD�V ]�Q �XV  115-70  115-70  190-89  102-64  

�2�#\ C��@ ]�i  3000  4000  6000  4000  

2�@�& R2%V)KW(  125  146  403  250  

����'
 $H�)Kg(  8500  13000  29000  4600  


��D�  ����'
)w�#@2�×z�N×]�i(  9/2×4/2×6/8  8/3×4/3×9  3/3×5/2×7/12  08/2×9/2×73/5  

/D 2�'�}>	 /D H������>� $���N  
2�
  
2�
  
2�
  
2�%�  

">�V)]��2(  2.500.000.000  3.500.000.000  7.500.000.000  1.400.000.000  

  

3-3 �	
�� ������  9�!.��  �����  

]�Q F���& C�,��� R�I�e�@ /	 "'� �#K�,& A\��& A&�� W�1I@ F�� 2
 B'��& ��H    2
 A_\��& F_�� /_D n�D�&

"'� �%� �	5 B�@�@ /D /&�
�.  

  

3-3-1 C#�
 @	��� �		$� � �	��� I1���� J	4E���  

 W�1I@ F�� 2
�� 2
6 �B'��& F���& C�,��� %���
��'  YL�_�    /_���* 2�_(Q �      2��L�_' /_	 �%_� /_���* �_c� 2


 A)� 2
 $6 �;@��& /K<K')1 ("'� �%� �
�
 $�
� .$�>�2�i %� �2��� /	  F�_��& C�_,���   ]�_Q  �_�H  B_'��&  �_D

 H� �%&6 "'
 /D [���� Z�'� R�1�1I@|K�,&  ��� �/;\�?& ���
%��&  �D � $�*�;L �r��i F�'%�(& ���'���2�	

 �&� 2
 /	$%�& /���
 ���	 /D��@ %��7�2 H� �
�#�'� �=�>?@ ���  �2�_��& %�Q ���*   "_'� �%_� ^�_���.   F_�� 2


F���& F�� H� �� �� �;<� H���&� F���@ 2�c�& /D ���'�2     �2�	8_& /_��* �
��_' ��_�2���& H� �� �� Z�'� �D RS6
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a'�9 /&��  �\��i ����%�
�*     & Z�_'� �_D ��_�2���& H� ^�%_	 �� Z�'� �D �@ %� /�'��L $�'���2�	 H� �  Z�_�19 

 ��N�' ���>	) ]�%G WD�X&2(/���* � �%� r�X& ��� F�_��& $���N /D   %_��	 ��
H�_��&� �2 RS6 .   ���_D /_&�
� 2


�$�*�;L R��c� Z�'� �D �%� �
�
 ���H���&� W�#K@  �%�
�* �
�#�'� F�����& 7�2 H�   ]�%_G 2
 [��_�� /	)5 (  /_D

"'� �%� �
�
 $�
� =�>?@ x��@�& $���N.  

  

  
 

 J4
1. ]�Q F���& C�,��� /D n�D�& �;@��& /K<K' 2��L�'��H  

  

  

 9� :5.  =�>?@ x��@�&)F���& H���&�  ���|K�,& ��2���& /D /G�@ �D $�*�;L R��c� W�#K@ Z�'� �D(  
  

 C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13 

A 6/14  7/25  6/5  6/63  5/38  5/2  5 7 6/13  5/63  7/13  6 5 

B 6/29  7/38  6/38  6/63  5/63  5/6  6/75  6/75  6/13  6/63  6/88  6/5  6/25  

C 6/5  7/14  6/57  6/43  6/14  6/75  7/14  6/67  6/71  7/71  6/29  7/29  7/71  

D 6/43  5/63  6/57  6 5/88  6 6/38  7 6/75  6/63  6/63  6 7 

  

���D F���@ B��e "�>�� YL�� $�*�;L R��c� Z�'� �D ��)/�0�� $H�({>G �D �W�#K@ � �2�6  R��c�$6��  �D

 �F�����& 7�2x��@�& /<��1& �G�H YL���� A�)
@  ��y�� 2�
�D 7�2 H� �
�#�'� �D �$H� �� �� H� 
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YL���� /D"'
 �%&6 /	 [���� 2
 ]�%G )6 ($�
� �
�
 �%� "'�.  W�1I@ F�� 2
���D F���@ YL�� $H���� 

 "'� �%� �
�#�'� ��� $���� �9����6 7�2 H�)/����d $H� .($H� W�#K@ �D �80 $�*�;L R��c� H� A��\ ���) $H�

/�0�� ($H� �H� A��\ ���  $���� �9����6 7�2)/����d $H�(YL�� ���(� $H� � �� /XD�2 Z�'� �D)18 ( /;'�I&

�%�
�*  ]�%G 2
 [���� /	)7( "'� �%� �
�
 $�
�.  "'� �	5 /D ^HSYL�� ��� �XV �/��H�2 %�0�@ $���&

�U�' �2�#\ "�KD�V �]�Q W>N �U�' 2
 /�& 5�#� ��� �]�Q  %�0�@ $���& ��@��K>N �����&�2�9 w�>�& �/K9 
��D�

�"N�' 2
 /�&  ]�Q B������'
 %�#& �>N � /D %��<� ";`& /;�G ��2�
YL�� F�� H���&� /Q �� /	 ���& F�� ��

a�D /���* �� ���D�%� /���* $6 ��(D "��e� �N�D %���D �@M  ��@S�D /;@2 2
)�� /D ��
�� (�& 2��V
��* .

 ���'YL�� ���/����� /��&�' �F���& �� �@��9� R2�(&2 �2�%(�� � ��>�@ �  /Q�� � %��<� �#�& /;�G ��2�


YL�� F�� H���&�=	 /���* �� ���D ��%��D �@M �& �N�D
��* 2��V ��@S�D /;@2 2
 /���* $6 /	 %���.  /D ^HS

YL�� F�� �&�>@ /	 "'� �	5�& A1�<& ���%)� H� ��%���D.  
  

 9� :6. /<��1& x��@�&� ]�Q F���& C�,��� ���2���& �G�H��H  $H� F���@ �/�0��� YL����  
  

 C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13 "	%�� *��  

C1 1 12/1  14/1  15/1  15/1  16/1  19/1  19/1  24/1  28/1  32/1  36/1  36/1  0920/0  

C2 89/0  1 01/1  03/1  03/1  04/1  06/1  06/1  10/1  14/1  17/1  21/1  21/1  0820/0  

C3 88/0  99/0  1 01/1  01/1  02/1  04/1  04/1  09/1  12/1  16/1  20/1  20/1  0808/0  

C4 87/0  97/0  99/0  1 1 01/1  03/1  03/1  07/1  11/1  14/1  1 18/1  0798/0  

C5 87/0  97/0  99/0  1 1 01/1  03/1  03/1  07/1  11/1  14/1  18/1  18/1  0798/0  

C6 86/0  97/0  98/0  99/0  99/0  1 02/1  02/1  07/1  10/1  13/1  17/1  17/1  0792/0  

C7 84/0  95/0  96/0  97/0  97/0  98/0  1 00/1  04/1  08/1  11/1  15/1  15/1  0776/0  

C8 84/0  95/0  96/0  97/0  97/0  98/0  1 1 04/1  08/1  11/1  15/1  15/1  0776/0  

C9 81/0  91/0  92/0  93/0  93/0  94/0  96/0  96/0  1 03/1  06/1  10/1  10/1  0743/0  

C10 78/0  88/0  89/0  90/0  90/0  91/0  93/0  93/0  97/0  1 03/1  07/1  07/1  0720/0  

C11 76/0  85/0  86/0  88/0  88/0  88/0  90/0  90/0  94/0  97/0  1 03/1  03/1  0698/0  

C12 73/0  82/0  84/0  85/0  85/0  85/0  87/0  87/0  91/0  94/0  97/0  1 1 0676/0  

C13 73/0  82/0  84/0  85/0  85/0  85/0  87/0  87/0  91/0  94/0  97/0  1 1 0676/0  

  
 9� :7.  � $�*�;L R��c� W�#K@ �D YL�� �� ���(� $H� /;'�I& 7�2$���� �9����6  

  

 C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13 

Ej 999/0  995/0  991/0  994/0  993/0  996/0  993/0  998/3  992/0  995/0  992/0  996/0  991/0  

dj 00017/0  0/00403  0/00005  0/00059  0/00087  0/00338  0/00611  0/00017  0/00079  0/00442  0/00077  0/00237  0/00884  

W'j 0/00526  0/12391  0/00158  0/01798  0/02675  0/10377  0/18781  0/00515  0/02417  0/13571  0/02367  0/07286  0/27138  

Wj 
.1�D� *�� 

0/00654  0/13726  0/00173  0/01938  0/02884  0/11103  0/19688  0/00540  0/02426  0/13200  0/02232  0/06653  0/24783  


�	$� "A�: @AN�  @AN� @AN� @AN� @AN� .���  @AN� @AN� @AN� .���  @AN�  .���  @AN�  
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$�>����D %� �2��� /	 /��* C�,��� F���&  ]�Q7�2 H� �B'��& ��H ���SAW� TOPSIS  �XL Y�?,@ �

)LA( /D $���N�L�D =(& H� F��@��V � F��@7�2=�>?@ ������* %�Q  2
 /	 "'� �%� �
�#�'� �/?L��

/&�
�� 7�2 F�� H� �
�#�'� /D n�D�& R�;'�I&�� "'� �%&6 .  

  

3-3-2 @1(%��"�1?� � ��*�� ��
 �� ������� �� ������ .��  

F�%D  �XL ^�� H� �
�#�'� �D =�>?@ x��@�& �%�D� 2�c�&) OD��21  �2 (�D�& Z��1&
�� . $H� =�>_?@ x��@�& 2�


� B��__e C�__e H� /__��2
 2
 YL�__� �__� "__�>� ��__�n�__D�& �__D =�>__?@ x��@�__& 2
/__D �%__� Z�__�1& "__'
  

�& %�6) ]�%G8 .(/���* ���(� $H�$H� =�>?@ x��@�& ����X' {>G H� �� 2�
�& A��\
��  r�� /D [���� /	

 ]�%G)9 (�&%��D ."��0�� Z�'� F�� �D/���* �%�D�& R2�� F�� /D ��%��D :C > B > D > A.  

  
 9� :8. $H� =�>?@ x��@�&$H� 7�2 2
 2�
�
�' ��
 

  

 C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13 

A 9446/0  9824/0  9893/0  0000/1  8762/0  0000/1  7003/0  0000/1  9081/0  0000/1  0000/1  0000/1  6485/0  

B 9677/0  0000/1  9711/0  1/0000  0/9169  0/9286  0/9454  0/9643  0/9081  0/8492  0/9649  0/9231  0/8106  

C 1/0000  0/9675  1/0000  0/9698  1/0000  0/7704  1/0000  0/9529  0/9941  0/7302  0/8822  0/8230  1/0000  

D 0/9892  0/7629  1/0000  0/9050  0/9577  0/8667  0/8936  1/0000  1/0000  0/8492  0/9299  1/0000  0/9079  

  
 9� :9. /���* ���(� $H�$H� 7�2 Z�'� �D ���
�' ��
  

 

/���*  A B C D 

���(� $H�  8453/0  9035/0  9190/0  8843/0  

  

  

3-3-3 @1(%��"�1?� � ��� 1� "�1?� "� @��A
 ��
 �� ������� �� ��9,  

F�%D  OD��2 H� �
�#�'� �D �%�D� 2
 2�c�&5  �6 �D =�>?@ x��@�& B�@�@ /D  �%_� Z�_�1&M   $H� =�>_?@ x��@�_& 2�


�& A�)
@ 
��)]�%G ���10  �11 .( OD��2 H� �
�#�'� �D YL�� �� ���D /&�
� 2
7  �8  /D   �%_�� A_\ B_�@�@ ]6

�%�� A\ � ";`& "'� �%� /;'�I& �#�& ]6)  ]�%_G12 .(   /_���* /K_��� x}_'  �%_�� H� �_�   2
 � �_#�& � "_;`& ]6

 YL�� "��(��;<� �)�
��  /;'�I& /���* ���%�
�* )  ]�%_G13 .(    "_��0�� Z�_'� F_�� �_D  /_���* �%_�D   /_D �_�

 R2�� ��H�&%��D:  
C > B > D > A  
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 9� :10. �D =�>?@ x��@�&/���* /D "��;� 7�2 2
 �%� Z��1&� �%��]6  
 

 C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13 

A 0/4841  0/5264  0/4996  0/5157  0/4667  0/4395  0/3925  0/5105  0/4762  0/4207  0/5290  0/4637  0/3807  

B 0/4959  0/5358  0/4904  0/5157  0/4883  0/4733  0/5299  0/4922  0/4762  0/4955  0/5104  0/5024  0/4759  

C 0/5125  0/5184  0/5050  0/5002  0/5326  0/5706  0/5605  0/4864  0/5212  0/5762  0/4666  0/5635  0/5870  

D 0/5070  0/4088  0/5050  0/4667  0/5100  0/5072  0/5009  0/5105  0/5243  0/4955  0/4919  0/4637  0/5330  

  

  

 9� :11. $H� =�>?@ x��@�&/���* /D "��;� 7�2 2
 2�
� �%��]6  
  

 C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13 

A 0/00317  0/07225  0/00086  0/01000  0/01346  0/04880  0/07728  0/00276  0/01155  0/05554  0/01181  0/03085  0/09435  

B 0/00324  0/07355  0/00085  0/01000  0/01408  0/05255  0/10433  0/00266  0/01155  0/06540  0/01139  0/03343  0/11793  

C 0/00335  0/07115  0/00087  0/00970  0/01536  0/06335  0/11036  0/00263  0/01265  0/07606  0/01041  0/03749  0/14548  

D 0/00332  0/05611  0/00087  0/00905  0/01471  0/05631  0/09861  0/00276  0/01272  0/06540  0/01098  0/03085  0/13208  

  
 9� :12. �%�� A\�%�� A\ � ";`& ]6YL�� �� ���D �#�& ]6  

  

 C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13 

�%��";`& ]6  0/00335  0/07355  0/00087  0/01000  0/01536  0/04880  0/11036  0/00276  0/01272  0/05554  0/01181  0/03085  0/14548  

�%���#�& ]6  0/00317  0/05611  0/00085  0/00905  0/01346  0/06335  0/07728  0/00263  0/01155  0/07606  0/01041  0/03749  0/09435  

  
 9� :13. /���* /K����%�� H� �� YL�� � �#�& � ";`& ]6�;<� �)�
�� $6��  

  

/���*  �%�� H� /K���";`& ]6  H� /K��� �%���#�& ]6   YL���;<� �)�
��  

A  0/06096  0/03066  0/33467  

B  0/03027  0/04291  0/58631  

C  0/02616  0/06277  0/70585  

D  0/02788  0/04571  0/62115  

  

  

3-3-4 @1(%��"�1?� � ��.&# C	��� ��
 �� ������� �� ��  

/;@2 �=�>?@ x��@�& /D /G�@ �D �%�D� 2
 2�c�& F�%D ��  /���*  /_D ��H�  �_�  �_� H�  YL�_� ��_�    F�_��@ 
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