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�  �������  ���� , � !"#  $%�& '�  "��&��()�&  ��  *&�+$�&,�  

�����,���  )-./0  "!�  ,"!�!-'  '�  �1��,!��!-'  ���  !2! 2/�3,$'�  

 � 24,���  �!�  �"!2!�&���  ,�0 . ��   �����,���  ���( , �.���4,�'�  �"#  

�!  ,$�!  "!�  %�/�&,!"!&!-'  �&� �/'  �"��3��  �/0  +��,#�/��0 , +�  

%3�&��!-'  ��  ���&0 ,��(2�0   ��/�!���0 : ��/'  )-./  ,$�3  �$�� , ��/'  

)-./  ,$�3  '��!-   �& �$2!0, ��/'  )-./  ,$�3  ��,"���/0   �& �.(�,&�/0  

����3' . ���(22/2�  ,�  �/'  +�3�/�& �  �'(2��/ , ��&0 *�!  ��2������0   

 ��/�!���0  +�  "���+$�!�,� , ,�  ,!�1�  5/,(�3' ,  �& ,&�  "�� �& �  

"�!�$��&�/ , �/'  �2!"!�/�/  */2�*�  ����/,(�3'  )-./0  "!�  

%�/�&,!"!&!-'  '��#   �& �$�&! . 

��   �'/���  �&� �/'  � "#'/�/  �/0  �������0  ����0 , "�!$�%!'��&  

�"#  �/'  �'(� /  �&� �"!��2��,��& #���/  )-./  �/0  !2!$'�   �& 

��.�'#,�'/0   +��,#�/��0  "!�  � 2-!�'  !& �/,��&'!�  �"�.������$0 . �  

�'(� /  ���� , "�&'  2���  %�#'&� *�'  �"��%� , �1!-  !& ��%'#�/��0  

2�&�!�����0  �3'  !2! 2/�3,$'3'   � 23,(�3'  *&��/�!-'��'  ��  %�,/2(  

�"�"�*�  (,��& $0  � ��!'�(*�0  MHz). �#�3  ���!- , ��  �����,���  )-./0  

,�  '��# , #"30  �& ���(  ,�  �$�&! , $ �'�'  �/'  "�4�/  �!�0  �,1('&�/  ,#2&0 

"�&'  2���  %�#'&�. �(2&��� , /  ���*���   �.$2&./   �& �3'  ��&4'   ��/�!�&4'  

)-./0 , �/,��!*!��+/ �  �!  2001, ,�  �/'  �,1('&�/  ��/'  �#��  ��!�( , �!�  

'$!�  �"�.�������  AMD Thunderbird (1000-1400� Hz). 	  ��� � �&,$'!0  

�"�.�������0 , $%!'��0  *&�1!���& �  ��%&�� �!'& �  �"#  �/'  �'��"�2/  

���&����  Intel, ���'  �� ��(  "&! ����!�!0 , �22(  ����#%�!'�   �& &*&������  

‘+��,#0 ’. 

�!22(  �"#  ��  ��!&%�&( "!�  +�  �'�1��+!-' , �'�& ��!"���6!�'   �& 

�!  "�!�3"& #  “��.�*& ” ��/'  �'�6��/�/  !2!$'�   �&  �2-���/0  )-./0 , ,�  

�"4���!  � !"#  �/0  5�2��3�/  �3'  �"&*#��3'  �!�  �"!2!�&��� . �  

 �2-���/  )-./  �3'  !2! 2/�3,$'3' , !*/���  ��/'  "&! ���+���  

2�&�!�����0  �!�0 , ��/'  "��(���/  �!�   - 2!�  63�0 �!�0   �& ��/'  

& �'#�/��  '�  ��.('!�'  �/'  ��%'#�/��  2�&�!�����0  �!�0 . �(2&��� , 

"!22$0 1!�$0  /  5�2��3�/  �/0  �"(�%!���0  )-./0 , "$��  �"#  �/'  ,��3�/  
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�/0  +��,! �����0 , ,"!���  '�  �"&1$��&  �& �2�%&��!"!�/�/  �!�  

"����#,�'!�  +!�-5!�  "!�  "�!$�%���&  �"#  �!'  � /�  ,�0 . 

��&0 �"#,�'�0  ��2�*�0 , +�  "��!��&(�!�,�  �&0  ��/�!���0  )-./0  ,�  

��&�(  �"#  �/'  "�2�&#���/ , ��/  '�#���/   �& �"#  �/'  �"2!-����/ , ��/'  

"&! �-'+��/ . �  ��&�(  ����  ��'�& : "�4��  /   ��/�!���  )-./0  ,$�3  �$�� , 

,��$"�&��  /  )-./  ,$�3  '��!-   �& ��2& (  /  )-./  ,�  �'�22���  1(�/0  �!�  

����!� .  

�'  ��'�!,�� , +�  *!-,� : ��!'  �$�� , "40 ,"!�!-,�  '�  �22(.!�,�  

�/'  +��,! �����  )-./0  �22(6!'��0  �/  �!�  �!�  �$��  ,$��  ��!  ��3���& #  

�!�  �"!2!�&��� , "40 �"/��(6!�'  ��  �2& (  "!�  %�/�&,!"!&!-,�  �&0 

+��,! �����0  ���$0 , "40 �1��,#6!'��&  #2�  ���(  "�� �& (   �& ,&�  

&��!�& �  �'�*�!,�  ��&0 *&(1!��0  ��'&$0 ���#)� ��3'  "!�  $%!�'   

 ���� ������� .  

��!  *�-���!  ,$�!0 , )-./  ,�  '��# , +�  ��'�&  �&�+/��  /  *&�1!�(  "!�  

�"&1$��& ���#  ��&0 +��,! �����0  �!�  �"!2!�&��� . ��  �'�2�+!-'  $'�  "�!0  

$'�  ��  �2& (  "!�  %�/�&,!"!&!-'��&  ��/'   ���� ���0  ,&�  �*�#)�./0   �& 

��2& (  +�   ���� ��(�!�,�  �/'  *& �  ,�0  �*�#)�./ ,  ('!'��0  "��(22/2�  

 �& ,&�  �-� �&�/  ,�  �&0 ���#)� ��0 , ��   #��!0   �& �"&*#��&0,  �& 

�'�1$�!'��0  ��  "2�!'� ��,���   �& ��  ,�&!'� ��,���  ��  �%$�/  ,�  ���$0 .  

��/'  ����/   �& ��2������   ��/�!��� , �22���  1(�/0  ����!� , 

��'���&  ,&�  �'����!&%/  "��!�����/ , ,�  �'(2��/  #23'  �3'  �2& 4'   �& �/0  

 ���� ���0  �'#0  Phase-Change, ,�  �/  *&�1!�(  #�& ��/'  "�! �&,$'/  

"���"�3�/  �'��  �&� '��# , $%!�,�  �$�&!  ��'  ,$�3  �"��3��0  �/0  

+��,! �����0   �& .�1�-�!�,�  ��  �"&*#��&0 �"#  !�&*�"!��  (22!  $%!�,�  

*�& 30 �4�� . �   ��/�!���  ���� , "!2-  '$�  &��!�& ( , $%�& 1$��& 

�"�'(����/  ��!  %4�!  �/0  )-./0  �3'  "�!�3"& 4'  �"!2!�&��4' .   
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��������  1�  

 ����  ��������  �  �� ��  
 
 
 

��'�&  !  �'3��#���!0  ��#"!0  )-./0  �!�  �"!2!�&���  ,�0 . ��2&#����  /  %���/  
�&*& 4'  ���� ��4'  �&� �/'  )-./  �!�  �"�.�������  ,�0  *�'  ���'  �'�� ���  (�"!%�  
486  �& "�&' ), ��/'  �/,��&'�  �"!%�  /  %���/  ���4'  �3'   ���� ��4'  "!�  ��'�+30  
�&0 ��'�'�(,�  ,�  �/'  !�!2!��� , )� ��� , heatsing, cooler ��'�&  �"�����/�/ . 

	�&*�"!��  ,$��  ��!'  �"!2!�&���  "��(��&  +��,#�/�� , ����  ��'�&  /  ,/��& �  
"2� $�� , ����  !  � 2/�#0  *�� !0 , !  �"�.�������0 , /   (���  ���1& 4'  ,�0 , � #,�   �& 
!& ,'�,�0 . 8'�0  �"#  �!�0  ��#"!�0  �"��3��0  �/0  +��,#�/��0  $.3  �"#  �!   !���  �!�  
�"!2!�&���  ,�0  ��'�&   �& /  %���/  �!�  �$��  ��  ��'*���,#  ,�  �&0 )� ���0 . 
�"�����/�/  "�!9"#+��/  ��'�&  !  �$��0  �!�  "��&5(22!'�!0   '�  ��'�&  ��  "&! %�,/2�  
+��,! �����  �"#  ����'  "!�  �"(�%�&  ,$��  ��!   !���  �!�  �"!2!�&��� . �  
�'�� �&#�/��  �&� �/'  )-./  "�!$�%���&  �"#  �!  ���!'#0  #�& ��  !2! 2/�3,$'�  
 � 24,���  $%!�'  *&�1!���& �  ��,"��&1!�(  �'(2!��  ,�  �/'  +��,! �����  �!�0 . 
&�  
"��(*�&�,�  $'�  mosfet ��!1!*!���0  (�$�!&�  �"(�%!�'  *� (*�0  ��&0 ,/��& $0  ,�0  
"2� $��0 ) $%�& 30 � !"#  ,�  *�*!,$'/  ���!*!  x volt '�  "��(��&  ��/'  $.!*!  �!�  y volt. 
:��'  �"��+��,�'+��  �  .�1-��&  �"#  �&0 +��,! �����0  2�&�!�����0  �!� , �#��  /  
�'�2!���  �!�  x  �& y volt �22(6�&. 

�  !'!,����  �!�  "�!$�%���&  �"#  ��  ��%& ( Metal – Oxide - Semiconductor 
Field - Effect Transistor (���'6���!�  �"�*���/0  "�*�!� ). ��'�&  ,&�  /2� ��!'& �  
*&(��./  ,�  ���&0 � �!*$ ��0 , "!�  ��'   -�&!  � !"#  $%�& �/'  "�!���,!��  �/0  �(�/0  
��!1!*!���0  �.���/,(�3' . �  ,&�  �"�1�  �!�  ��'�&  /  ���3�/ ,  �& (22�0 *�!  ��'�&  /  
���!*!0   �& /  $.!*!0 . 8��&  #��'  $'�  mosfet ��!1!*!�/+��  ,�  x volt �#��  ,"!���  '�  
"��(��&  ��/'  $.!*!  �!�  y volt. �!  y #,30  ��'�&  ��'�%���  ,& �#���!  �!�  x. 
&�  
"��(*�&�,�  !& �(��&0  "!�  "��(��&   $'�  ��!1!*!�& #  �"!2!�&���  ��'�&  12,5  �& 3,3 
volt. �("!&�  #,30  /2� ��!'& (   � 24,���  �!�  �"!2!�&���  %��&(6!'��&  ��1$�����  
2&�#����  volt �&� '�  2�&�!�����!�' , �22(   �& ,���2-���/  � (,� . ;22�  +$2!�'  1,6 
volt " .%. /  cpu  �& �22(  2,5 volt " .%. /  ram. 8��&  %�/�&,!"!&!-,�  ��   (+�  "���"�3�/  
��  mosfet "!�  �'�2�,5('!�'  '�  ��!1!*!���!�'  ,�  �/'  �3���  �(�/   (+�   - 23,� . 

&�  "��(*�&�,�  !& �/,��&'!�  �"�.������$0  ��!1!*!�!-'��&  �"#  �/'  ���,,�  �3'  12 
volt �!�  ��!1!*!�& !-   �& ,$�3  ,&�0 *&(��./0  �"#  mosfet ����  /  �(�/  ��'���&  1,325 
volt ,�  �"! 2���&0  �/0  �(./0  �!�  0,05%. 
 (�����������  : http://en.wikipedia.org/wiki/MOSFET ) 

 ��'�&  �"��/0  �'3��#  #�& �'(2!��  ,�  �/'  +��,! �����  $%!�,�  *&���!2�   �& 
����!2� ,  (�&  "!�  �"��/0  �"/��(6�&  �/'  2�&�!�����  �3'  !2! 2/�3,$'3'  
 � 23,(�3' .  

�  ,�2$�/  ,�0  +�  %3�&����  ��/'  +�3�/�& �  � !"&(   �& ��/'  ��%'& �  - 
"�� �& �  "�!�$��&�/ . ��/  ,�'  +�3�/�& �  +�  *!-,�  �&� �/'   �'/�/  -  �!�   �!�  �$�� , 
�&� �&0 +��,!%3�/�& #�/��0   �& +��,!�"��3�$0  �3'  �2& 4'   �& ��/'  *�  "�� �& �  
� !"&(  +�  *!-,�  ��/'  "�(./  �&0 *&(1!��0  ��%'!2!���0  "!�  $%!�'  %�/�&,!"!&/+�� . 
��!�!-  "�!%3���!�,�  �0  *!-,�  �!  ��3���& #  �'#0  ��"& !-  �"!2!�&���  ,�  ��  
5��& (  ������& (  �!�  ��/'  �& #'�  1.00. ��  ���#  �!  ��#"!  ,"!�!-,�  '�  $%!�,�  ,&�  
�1�&�& �  �& #'�  ��!  ,��2#  ,�0  �&� �/'  *&(��./  �3'  ������& 4'  �'#0  �"!2!�&���  
,$��  ��!   !��� . 	&  -�&�0  "/�$0  $ 2��/0  +��,#�/��0  2!&"#'  ��!'  �"!2!�&���  ,�0  
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��'�&  /  cpu, /  vga   �& ��  north-south bridge ( ��  �"&1�'�&� (  !2! 2/�3,$'�  
 � 24,���  �!"!+��/,$'�   "('3  ��/'  ,/��& �  "2� $��  �"�-+�'�  �&� �/'  �3���  
*&��-'*��/  ,���.-   �!�  cpu, �/0   (���0  ���1& 4' , �/0  ,'�,/0 , �!�  controller �3'  
� 2/�4'  *�� 3' ,  �+40   �& �3'  �2�� �4'  �3'  �"!2!�"3'  "��&1���&� 4'  ). 

 
 

.

 
������  1.00 
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1.1 �   ��  !�"  �� �  
 
 

��'�&  �'3��#  �"#  �/'  1��& �  #�& !  6���#0  �$��0  ��'�&  "&! �2�1�-0  �"#  �!'  
 �-! . :"!��  �('  ��  $'�    !���  �"!2!�&���  *�'  $%!�,�  �!�  �$��  �#��  �!  "('3  ,$�!0  
�!�  +�  $%�& "&! 6���#  �$��   �& ���#  �&���  #2�  ��  �2& (  ,$��  ��!   !���  "����(�!�'  
+��,#�/�� . �!  ��2& # �"!�$2��,�  +�  $�+�& ,��(  �"#   ("!&!  %�#'!  �'(2!��  ,�  �!'  
#� !  �!�   !��&!-  ,�0 , #"!�   �& !  �$��0  ,$��  �!�  +�  $%�& &�!��!"���&  ��  ,&�  ,��(2/  
+��,! ����� . �  +��,! �����  ����   �& �!  "#�!  �)/2�  +�  ��'�& , �.���(��&  "$��  �"#  
�!'  #� ! , �"#  �/'  �.3���& �  +��,! �����   �& �/'  �!�  �!�  �$��  ,$��  ��!   !��� . �!�  
*�'  �/,��'�&  ,!'#  �'�,&�����0 , �/,��'�&   �& ,&�  !"� , �%&�,� , ���"(  ��!   !��� . ��  
����  �/'  "���"�3�/  �"!�*��!   �!2#  +�  "��6�&   �& /  +$�/  �/0 � �('  ��'�&  %�,/2(  �#��  
*�'  ,�0  *�'�&   ("!&!   $�*!0  ��/'  "�4�/  �/0  +��,! �����0  ��!  ��3���& #  �!�  
 !��&!- . �'��+��� , �('  ��'�&  �!"!+��/,$'/   ("!�  )/2(  ���#  �/,��'�&  #�& !  6���#0  
�$��0  +�  $%�& $'�  *�#,!  *&�1���0  $.3  �"#  �!   !���  ,�0 . ���(  ���#'  �!  ��#"!  
*/,&!���!-,�  ,&�  $,,��/  �!�  ��!  �-��/,�  ,�0  �1!-  !  �$��0  ,��� &'����&  �"#  �!  
 �-!  "�!0  �!  6���# . �  �!�  ����  5�5���  ,"!���  '�  5�2�&3+�� ,�  �/'  %���/  
�'�,&����3'  $��& 4���  /  �'��22���  ��2& (  +��,! �����0  ,�  �!  "��&5(22!'  '�  
�"! ����&  "��&��#���/  ��%-�/�� . 8��& , 6/�!-,�'!  ��'�&  ,&�  �!�  �$��  �"#  �!  
,"�!��(  ,$�!0  "�!0  �!  "��3   �& ,(2&���  $%!'��0   �& ,&�  �'!*& �  "!���� . �  �'!*& �  
"!����  �.��1�2�6���&  �"#  �!  ���!'#0  #�& )-%!'��0  ��/'  ���!*!  �!�  !  �$��0  ��  �2& (  
�!�  �"!2!�&��� , ���#0  +�  6����+��   �& +�  ��%���&  �/'  �'!*& �  "!����  �!� . �0  �!  
*!-,�  2��!   �& �%/,��& ( . 
 

 
� )�"��#�  �� $�!��%  �&�' �(�"  #�"!��&  )�  )��  �$��*�  #��  )��  �+�*�  

  

 
������  1.1.1 
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	  �$��0  �&�(����&  �"#  ,"�!��(   �& %�,/2(  ,$�3   ("!&!�  �'�,&����� , )-%�& 
��/'  "!����  �!�  �!  ��3���& #  (��/'  "�! ��,�'/  "���"�3�/  #2/  �/'  ,/��& �  "2� $��  
,�6�  ,�  �!'  �"�.�������  �/'   (���  ���1& 4'   �& �&0 ,'�,�0 ), +��,��'���&    �& 
��%�6�& �/'  �'!*& �  �!�  "!����  #"!�   �& �.(����& , ����  �"#   ("!&!  �'�,&�����  ����  
��'/+$�����  �"#  �!'  �'�,&�����  �!�  ��!1!*!�& !-  (�& #'�  1.1.1).  
 
 
 

, 1) ��  )��  �$��*�  #��  *"�  �+-*�"�  
 

 
������  1.1.2 

 
 

�&�  "��#,!&�  "���"�3�/  ,�  �/'  "���"('3  ,!'#  "!�  �*4  $%!�,�  *�!  
�.#*!�0  (�& #'�  1.1.2). �!  #1�2!0  ��/'  "�! ��,�'/  "���"�3�/  ��'�&  #�& /  +��,#�/��  
"!�  6�����'�&  �!'  "��&5(22!'��  �$��  �'�5��'�&  "�!0  ��  "('3  #"!�   �& $%�& "&! 
����!�/  *&�1��� . ��'  �.���#,����  �"! 2�&��& (  �"#  �/'  �!�  �$��  ,$�3  �!�  
�'�,&�����  "!�  5��� ���&  ��!  ,"�!��(   �&  (�3  ,$�!0  �!�   !��&!- , 5��&6#,����  
 �& ��!  ���!'#0  #�& !  +��,#0  �$��0  "!�  +�  5��� ���&  ��!  "('3  ,$�!0  �!�   !��&!-  +�  
$%�& "&! ����!�/  $.!*!  �"#  �!   !��� . �!  #�& +�  �"(�%�&  +��,#0  �$��0  ��!  "('3  
,$�!0  �!�   !��&!-  ��'�&  ���!'#0 ,  �& ���#  �&���  $'�  ,��(2!  "#�!  +��,#�/��0  "!�  
*&�1�-��&  �"#  �/'  �!�  �!�  �'�,&�����  �'�� ���& (  +�  �'$5�&  ���  )/2#����  �/,���  
�!�   !��&!- . ��  �/'  -"��./  �!�  *�-���!�  �'�,&�����  5�2�&4'!�,�  �/'  �!�   �& �/'  
�"��3��  �!�  +��,!-  �$��  ,� �&(  �"#  �!�   !���  ,�0 . ��1$�����   �& �"!+$�!�,�  #�& 
/  +��,! �����  �!�  "��&5(22!'�!0  %4�!�  "!�  5��� ���&  !  �"!2!�&���0  ,�0  ��'�&  
%�,/2#���/  �"#  ����'  ,$��  ��!   !���  ,�0 . 
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, 2) ��  )��  �$��*�  #��  *"�  �+-*�"�  (�� ������ ) 
 
 

 
������  1.1.3 

 
 

��# �&��&  �&� ,&�  "���22���  �/0  51 "���"�3�/0  #"!�  1�!'��6!�,�  /  *�-���/  
$.!*!0  '�  ,/'  ��'�&  "('3  �"#  �!  ��!1!*!�& # , �22(   (�3   �& ��'/+$�����  ��!  -)!0  
�!�  �"�.�������  (�& #'�  1.1.3). 8��&  $%!�,�  #2�  ��  +��& (  �/0  "�!/�!-,�'/0  
"���"�3�/0   �& �"&"�#�+���  /  �"��3��  �/0  +��,#�/��0  �"#  �!  "&! 6���#  �/,��!  �!�  
�"!2!�&���  ,�0 , �!'  �"�.������� , ��'�&  (,��/ . ��5��� , "(2& �"!+$�!�,�  #�& !  
�"�.�������0  )-%���&  ,�  ,&�  ���#)� ��� . �/,��!  "!�  %��6�& "�!�!%�0  ��  ����'  �/'  
"���"�3�/  ��'�&  #�& �-�3  �"#  �!'  �"�.�������  5��� !'��&  #2�  ��  mosfet 
��!1!*!���0  �!�0 , ��  !"!��  � 2-!�'  �&0 "��&��#����0  1!�$0  ,��(2�  "!�(  
+��,#�/��0 . ��"& #  "��(*�&�,�  ��'�&  #�& ��  $'�'  Intel Core 2 Duo ��   mosfet ���(  
*&�%�&��6!'��&  !'�(  ���  130 watt �'$���&�0 , �"#  �/'  !"!��  ,��(2�  "!�(  � 2-!'��&  
 �& ��!  "��&5(22!'  ,�  �/'  ,!�1�  +��,#�/��0 . 8��& ,  ��*�6!�,�  ��  ����'  �/'  
"���"�3�/   �& �/'  �3��#���/  )-./  �3'  ��&�-�3  �"#  �!'  �"�.�������  
!2! 2/�3,$'3'   � 23,(�3'  ��!1!*!���0  �!� .  
�������/�/ : ��   � 24,���   ���(  "('�!��  5��� !'��&  �-�3  �"#  �!  socket �!�  
�"�.�������   �+��(  �&� +$,�  /2� ��!'& �0  �%�*���/0   �& ,���1!�(0  �'$���&�0 . 
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� ) ��  ! ���   ���-*�"�  #��  !���� ��   �+-*�"�  
 

 
������  1.1.4 

 
 

�*4  52$"!�,�  ,&�  5$2�&��/   �& "��&��#���/  +�3�/�& �  "�!�$��&�/ . ���#  
"!�  !��&���& (   ('!�,�  ��'�&  '�  */,&!���!-,�  $'�  �%�*#'  "��(22/2!  ��-,�  �$��  
��!   !���  ,�0  "!�  +�  )-%�& #2�  �!�  ��  �2& ( . ��!9"#+��/  5�5���  ��  ����'  �/'  
"���"�3�/  ��'�&  $'�  ,��(2!   !��� , ,�  2���0  ��� ��$0  ,$��  �!�   �& 1��& (  +$��&0 �&� 
�'�,&�����0 . �  +��,!�"��3��   �"!5!/+&$��&   �& �"#  $'�'  "2�<'#  �'�,&�����  !  
#"!&!0 �('   �& %�2(�& �/'  "��(22/2/  �!�  ,"!���   �& )-%�&  �2-����  ��  �/,���  #"!�  
!  "�!�"�2(6!'��0  �$��0  $%�& �*/  �"! ����&  $��3   �& ,& ��  +��,#�/��  (�& #'�  
1.1.4). ��5���  '�  �'�1$�!�,�  #�& #�!  ��.('�&  ��&+,#0 �3'  �'�,&����3'  ��!   !���  
�!�  �"!2!�&���  ,�0  �#�!  ��.('�&   �& !  ��'!2& #0  "����#,�'!0  +#��5!0 . �-�/  ��!  
"�#52/,�  �!�  +!�-5!�  ,"!���  '�  *4��&  ����  /  �"&2!��  #�!  �3'  *�'��#  �+#��53'  
�'�,&����3' , ����  /  ,��3�/  �/0  �(�/0  ��!1!*!���0  �3'  �*/  %�/�&,!"!&!-,�'3'  "!�  
+�   $%�& ��'  �"!�$2��,�   �& �/'  ,��3�/  �3'  ���!14'  �!�0  ����  /  �1��,!��   �& �3'  
*�!  "�!/�!-,�'3'  ��%'& 4'  .  
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1.2 ��#! ��  
.� )�'� %!�#-!%!�  #��  /� )������)-!%!�   "��#0(  

�� �� ���  "��#0(  1&+%� 
    
 

���'4'��0  ��!  *�-���!   !,,(�&  �/0  +�3�/�& �0  "��!�����/0  +�  
,�2����!�,�   ("!&�  "&! ��%'& (  +$,��� . 8%!'��0  *�& "40 /  �!�   �!�  �$��  ,"!���  '�  
�"/��(��&  �/'  +��,! �����  – )-./  �!�  �"!2!�&���  ,�0 , +�  ,&2��!�,�  �&�   �!  
5��& #  ��!&%�&# )-./0  �3'  !2! 2/�3,$'3'   � 23,(�3' , �&0 )� ���0 . 	& )� ���0  
��'�&  �&*& $0  ���� ��$0  "!�  �1("�!'��&  ��/'  �.3���& �  �"&1('�&�  �3'  
!2! 2/�3,$'3'   � 23,(�3'  ,�  � !"#  �/'  �"!,( ��'�/  �/0  � 2�#,�'/0  
+��,! �����0 . �!  �2& #  �& �!  �%�,�  �!�0  �22(6�& �'(2!��  ,�  �/'  %���/   �& �!  
 #��!0 . �'  ��'& �-�!�,�  2��! , +�  ,"!�!-��,�  '�  "!-,�  #�& #2�0 !& �/,��&'$0  
)� ���0  ��'�&   ���� ����,$'�0  ����  �"#  %�2 #, ����  �"#  �2!�,�'&!  �  �"#  ,��,�  �3'  
*�!  "�!/�!-,�'3'  �2& 4' . �"��/0 , (22/  ,&�  ��'� ���/  ��'�&  #�& #2�0 $%!�'  �$�!&!  
�%�,�  4���  '�  ,"!���  !  �$��0  '�  "��'(  �"#  ,$��  �!�0  . 

�0  *!-,�  2��!  ��  ,&�  13�!���1��  �/'  �1��,!��  ,&�  )� ���0   �& �!  "30 
�!"!+������  "('3  �"#  �!'  "���'�  �!�  !2! 2/�3,$'!�   � 24,��!0  4���  '�  �!  )-.�&  
(�& #'�  1.2.1� ). �*4  "����/�!-,�  #�& /  )� ���  $�%���&  �& �1("����&  ��/'  
�"&1('�&�  �!�  !2! 2/�3,$'!� . ����#%�!'�  ,$��  ��/'  )� ���  �"(�%�&   �& $'�0  
�'�,&�����0  �&� �/'   �2-���/  +��,!�"��3�� . �(�&  (22!  "!�  %��6�& "������/�/0 , 
��'�&  �!  2�� #   !224*�0  �2& # "!�  5��� ���&  �#�!  "('3  ��/'  �"&1('�&�  �!�  
!2! 2/�3,$'!� , #�!   �& ��/'  �"&1('�&�  �/0  )� ���0 , #"30 *��%'�& /  �& #'�  1.2.15. 
��  �!'  ��#"!  ���# , /  �"�1�  �/0  )� ���0  "('3  ��!  !2! 2/�3,$'!  ��'���&  
 �2-���/ , �"(�!'��0  $��& �/'  +��,! �����  ,� �&(  �"#  ���#   �&  ���4'��0  �!  ,$��  
��&0 �3��$0  "�!*&����1$0 . �'(2!��  ,�  �!  !2! 2/�3,$'!  (��!  "��(*�&�,�  ,�0  
�'�1��#,����  ��!  Northbridge ,&�0 ,/��& �0  "2� $��0 ) �!  ,$��+!0  �/0  )� ���0   �& 
�!�  �'�,&�����  "!& �22�& .  

 
 

 

 
������  1.2.1�   
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������  1.2.1�  

 
 

�'�2-!'��0  ��  "���"('3 , "�$"�&  '�  �'�1$�!�,�  #�& ��  �.�0 : �!   !224*�0  
�2& # "!�  ,"��'�&  �'*&(,���  ��  ,&�  )� ���   �& ��/'  �"&1('�&�  �'#0  !2! 2/�3,$'!�  
 � 24,��!0  !'!,(6���&  +��,!��4�&,/  "(��� . � !"#0  �/0  ��'�&  /   �2-���/  �"�1�  
,���.-  �3'  *�!  �2& 4' . �!  ,$�&��!  "#�!  +��,& �0  �'$���&�0  "!�  ,"!���  '�  
,���1��+��  �"#  �!'  �"�.�������  "�!0  �/'  )� ���  �"&���%('���&  #��'  �"(�%�&  ��2���  
�"�1�  ,���.-  �3'  *�!  �"&1�'�&4' . :"!��  /  +��,!��4�&,/  "(���  $%�& ��'  
2�&�!�����  �/0  '�  ��,���&  ��   �'(  "!�  �"(�%!�'  ��/'  �"&1('�&�   (+�  �2& !- . 	& 
�"&1('�&�0  ��'�&  ���%���0   �&  *�'  ��'�&  ��2��30  2���0  �"#  �/'  1-�/  �!�0 . �('   *!-,�  
�"#  "&!  !'�(  ��  �2& (  "!�  $�%!'��&  ��  �"�1�  �#��  +�  "(�!�,�  ,&�  �& #'�  ��'  �/'  
"��� (�3 . 

 
 

 
������  1.2.2a 
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������  1.2.2�  

 
 
�*4  52$"!�,�  %��� �/�&��& (  (�& #'�0  1.2.2�  1.2.25) #�& !& �"&1('�&�0  "!�  

��2& (  �1("�!'��&  ,���.-  �!�0 , (.� &'4'��0  �"#  �!  pcb �!�  !2! 2/�3,$'!�   �& 
 ���2��!'��0   ��!  �2& # �/0  )� ���0 ) *�'  ��'�&  �'��240  2���0 , (22�  �'��+���  !& 
�"&1('�&$0 �!�0  ��'�&  ���%&$0. �(2&���  1��'���&  ��'  '�  �&�%3���  �!  $'�  �2& # ��!  
(22! . ���#  � �&540  �!  �!2#  $%�&  �& /  +��,!��4�&,/  "���( . ��  "�!�"�+���&  '�  
��,���&  ��   �'(  �3'  *�!  �"&1�'�&4'  $��& 4���  /  �1��,!��  �!�0  '�  ��'�&  #�!  �!  
*�'��#'   �2-���/ . �$5�&� , /  &*�� /  "���(  $%�& ��'  &*&#�/�� �/0  '�  ��'�&   (2!0  
��3�#0  �/'  +��,#�/��0 . ��/'  13�!���1��  ,�0  "����/�!-,�  "���"('3  �"#  *�!  
�"&1('�&�0   �& ���#  �&���  !  �*&!0 �"�.�������0  $%�& �*/  "!22(  *&�1!���& (  
���4,��� . �$��  �"#  �!   - 23,�  �!�  "!�  ��'�&  "('3  ��!  pcb, �"(�%�&  /  �.3���& �  
 #22/�/  �!�  ,�  �!  �-'/+�0  ��(2&'!  "�!�������& #  �!�  "���'�  (�!  ���2�  $%�& ,&�  
�"#  �&0 "&! 2���0  �"&1('�&�0 , ,�  %�,/2#   #��!0    �& !��&���& (  ,"!���  '�   !22/+��  
"!2-  *�'��(  ,�  �!  "����&!  ��!'  "���'�  �!�  �"�.������� ). ��/'  ��'$%�&�  $%!�,�  $'�  
,���22& #   �"( &  "!�  ��/'  "�(./  "�!�����-�&  ��  �����+/��  ,$�/  �!�  �"�.������� , 
#"30 �"��/0   �& �!  ��(2&'!  "���'�  �!�  �"#  5�5&��,$'�0  �!"!+�����&0  �/0  )� ���0 . 
���#  �!  ,���22& #   �"( &  "!�  ��'�+30  ��'�&  �"#  %�2 # !'!,(6���&  heat spreader. 
(��/'  �& #'�  1.2.3 ,"!�!-,�  '�  *!-,�  �/'  "2��/  *!,�  �!�  heat spreader ��  
��'(��/�/  ,�  �!'  �"�.������� ). 	2! 2/�4'!'��0  ,�  �!  �%�,�  1.2.2� , 52$"!�,�  #�& 
�!"!+������&  � !2!-+30  /  +��,!��4�&,/  "(���   �& /  )� ��� . 

 
 

 

 
������  1.2.3 
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��/'  �& #'�  1.2.3 ,"!�!-,�  '�  *!-,�  ��"& (  �/'  �1��,!��  �/0  )� ���0  ,�  
$'�'  �-�%�!'!  �"�.������� . �!  heat spreader .�%3��6�& %��� �/�&��& (  �1!-  
"�!�.$%�&  "('3  �"#  �!'  �"�.�������   �& /  +��,!��4�&,/  "(���  $%�& �"& �2-)�&  
"2��30  ��  �/,���  �"�1�0  �!�  �"�.�������   �& �/0  )� ���0  . 

 
 
 

 
������  1.2.4 

 
 
 
�!  5��& #  ��,"$���,� , 2!&"#' , $30 �4��  ��'�&  #�& #�!   �2-���/  �!�  $%!�,�  

��!  ��3���& #  �!�   !��&!-  ,�0   �& #�!   �2-���/  �"�1�  ,���.-  �/0  )� ���0   �& �!�  
� (��!�  !2! 2/�3,$'!�  $%!�,� , �#�!   �2-����0  +��,! �����0  ,"!�!-,�  '�  
�"&�-%!�,� . �!'  "&! �/,�'�& # , 5�5��� , �!2#  �!'  "��6�& /   ���� ���  �/0  )� ���0 , 
�#�!   ��(  �!  �%�,�  �/0 , "!�  "!& �22�& �'(2!��  �!'   ���� ������ , #�!   �& �!  �2& # 
�/0 . �0  *!-,�  2��!  "&! �'�2��& (  �&� �!  �2& # �/0 . ��!  ��'�&  !& "��(�!'��0  "!�  ,�0  
 �+!*/�!-'  ��/'  �"&2!��  �2& !- : �  +��,& �  ��3�&,#�/��  (+��,!��3�&,#�/��  -  
Thermal Conductivity)  �& /  +��,& �  & �'#�/��  (+��,!%3�/�& #�/��  - Thermal 
Capacity). ��  �!'  #�!  +��,& �  ��3�&,#�/��  �'�1��#,����  ��!  ��+,#  �"!��#1/�/0  
 �& *&�5�5��/0 –�"!5!2�0  �/0  +��,#�/��0 . �'����!&%�  /  +��,& �  & �'#�/��  
�'�1$����&  ��!  ��'!2& #  "#�!  +��,& �0  �'$���&�0  "!�  ,"!���  '�  �"!��!1���&  $'�  
�2& # ��  ��'*���,#  "('�!��  ,�  �/'  +��,!��3�&,#�/�(  �!� . �&�  ,!'(*�  ,$��/�/0  
"!�  "�! -"��&  �"#  �!'  ��'*���,#  �3'  2 "���"('3  %��� �/�&��& 4'  ��'�&  /   
+��,& �  *&�1!���& #�/��  (Thermal Differential)  �& �"!2!��6���&  ��'  �!   2(�,�  �3'  
*�!  "���"('3  ,!'(*3'  ,$��/�/0 . 8��& , +�  2$��,�  #�& /  +��,& �  *&�1!���& #�/��  
� 1�(6�&  �/'  ��'!2& �  �"!��2��,��& #�/�� , 30 ,$�!  )-./0   ("!&!�  �2& !- . �0  
*!-,�  #,30  ��  ,��& (  *&���(,,���  �&0 � �&5��0  �&,$0 �&� ��  "���"('3  
%��� �/�&��& ( .(�& #'�0  1.2.5�   �& 1.2.55). 
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.� )�#�  �����)-!%!�  
 

 
������  1.2.5�  ( http://www.overclockers.com/articles609/ ) 

  
 
 

.� )�#�  �#�(-!%!�  
 

 
������  1.2.5�  (http://www.overclockers.com/articles609/ ) 

 
 

���#  "!�  ��'���&  (,���  �'�&2/"�#  ��'�&  #�& �!  ���,&  $%�& �/'   �2-���/  
��3�&,#�/�� , �22(  2#�3   #��!�0  *�'  ��'�&  �-%�/��!  (�('   �& +�3�����&  «,�2� # » 
,$��22! ). ��-���!0  $�%���& !  %�2 #0, $'�  �2& # �� ��(  1�/'#   �& �- !2!  ��/'  
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�"�.�������  �!� . ��'�%�6!'��0  52$"!�,�  #�& �/'  ,���2-���/  +��,& �  %3�/�& #�/��  
�/'  $%�& �!  '��# , �2& # #%&  �& �#�!  �- !2!  ��/'  %���/ ,  ,&�0  �& ��'�&  ���# . 8��&  
,�0  ,$'�&  /  2-�/  �!�  �2!�,�'&!� , "!�  $%�&  �& %�,/2#   #��!0   �& ,"!���  '�  
�"�.��������  �- !2� . ��'*�(6!'��0  �&0 *�!  "���"('3  "����/����&0  +�  
��,"��('�,�  #�& ,&�  )� ���  "!�  �!  ,$�!0  "!�  +�  �1("����&  ��!'  �"�.�������  ,�0  
��'�&  %(2 &'!  �& �!  �"#2!&"!  �4,�  �2!�,�'&!  +�  �"$*&*�  ��  ,$�&��� ,  �+40   �& +�  
,"!�!-��  '�  �"!��!1���&  ����!��  �/'  +��,#�/��  �!�  �"�.�������  �22(   �& '�  
%3�$��&  �& �� ��(  ,��(2!  "#�!  +��,#�/��0 . �!  2�"�#  �/,��!  #,30  ��  ����'  �/'  
"���"�3�/  ��'�&  /  ‘ �"& !&'3'�� ’ ,���.-  %�2 !-   �& �2!�,�'&!� , #"!�   �& $%!�,�  
,��(2�0  +��,& $0 �"42�&�0  �1!-  ��  ,$��22�  ,���.-  �!�0  *�'  +�  �"!��2!-��'  �!  �*&! 
�4,�   �& �'�� ���& (  +�  ��%�'  �"&1('�&�0  #"!�   �& *�'  +�  �1("�!'��'   .  
 �'����!&%�  /  +��,& �  *&�1!���& #�/��  +�  ,�0  *4��&  ��  "��� (�3  �%�,��� , 
(�& #'�  1.2.6) #"!�   �& "����/�!-,�  #�& !  %���#0  2#�3  �/0  ,��(2/0  �!�  "� '#�/��0  
$%�& �/'  ,���2-���/  �&,�  � #,�   �& �"#  �/'   ��/�!���  �3'  ���4'  . 

 
 

.� )�#�  2���� �!�#-!%!�  
  

 
������  1.2.6 (http://www.overclockers.com/articles609/ ) 

 
 

�$2!0  +�  �.��(�!�,�  �"#   +�3�/�& �  ("!)/  "#�!  �!2#  "��6�& �!  �%�,�   ,&�0 
)� ���0 . 
'3��6!�,�  �"#  �/'  1��& �  #�& /  +��,#�/��  �"��(����&  �"#  �&0 � ,$0 . 
�"��/0 , 6/�(,�  �/'  ,$�&��/  �!�  �$�� , /  !"!��  *&�"��'4'��0  �/'  )� ���  +�  
�"��(��&  ,�  �!   �2-���!  ��#"!  �/'  +��,! ����� . 8��&  6/�(,�  �/'  ,�����/  *�'���  
�"&1('�&�  ,�6�  ,�  "!22$0 � ,$0 . ���(22/2�  6/�(,�  �"#  �/'  )� ���  '�  $%�& ,&�  
��,"���0  2���  �"&1('�&�  �&� �/'   �2-���/  �1��,!��  ,�  �/'  �"&1('�&�  �!�  
�"�.�������  ,�0 . 	& 5$2�&���0 2-��&0 ��'�&  �� ��$0 , �,��0  +�  ,�2����!�,�  �/'  
*�*!,$'/  ��&�,�  ,&�  "���"�3�/ , � �&540  �&� '�  *!-,�  "&! "�� �& (  �!'  ��#"!  
2�&�!�����0 . 
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���� (�3  52$"!�,�  ,&�  ��"& �  )� ���  (�& #'�  1.2.7). �   (�3  �"&1('�&�  �/0  
��'�&  2���  �&�  �2-���/  �1��,!��  ,�  �!'  �"�.������� , ��� � �&,$'�  ��/'  
"�! ��,�'/  "���"�3�/  $%�&  �& �"����3�/  %�2 !- . �!  "('3  ,$�!0  %��� �/��6���&  
�"#  �&0 ��+���0  "2( �0  �2!�,&'�!�  "!�  .� &'!-'  �"#  �/'  5(�/  �/0 , �'3��$0  ,�  �/'  
!�!2!���  fins. ��  ���#  �!  ��#"!  ��.('���&  /  �"&1('�&�  "!�  ,"!���   �& *&�"��'(  !  
�$��0   �& 1��& (   �& !  ��&+,#0 �3'  � ,4' . �('  �&� "��(*�&�,�  ���'  ,&�  ��,"���0  
�"&1('�&� , �#��  /  �"&1('�&�  "!�  +�  %��"!-��  !  �$��0  +�  ���'  ,!'#  ,&�  ����  �!�  
"('3  ,$�!�0  "!�  ��'�&   �& �!"!+��/,$'!0  !  �'�,&�����0 . �'��+���  �4��  �&�  (+�  
$'�  fin, !& � ,$0  ��'�&  ���&0  �& !  �$��0  "��'(  ,$��  �"#  �"&1('�&�  ��/  ,�  �!  
(+�!&�,�  �3'  �"&1�'�&4'  �3'  fin. 
                                                 
 
 

        
 

������  1.2.7 
 
 

 
��2& (  /  5(�/  �"!��!1(  �/'  +��,& �  �'$���&�  �!�  �"�.������� , #"!�   �& �/'  
"�!3+��  "�!0  ��  fin. � ��  /  �!�  �!�  �$��  �'�2�,5('�&  '�  �"3+���&  �/'  +��,#�/��  
"�!0  �!'  "��&5(22!' . �/'  "���"('3  2�&�!�����  ,"!�!-,�  '�  �/'  *!-,�   �& ��!  
"��� (�3  �%�*&(���,,�  (�& #'�  1.2.8). �(2&���  �"(�%�&   �& ��  �'��+��/  1!�( , 
#"!�  !  �'�,&�����0  �!�1(  �!'  �$��  ,$��  �"#  �/'  )� ���  ( �& #'�  1.2.9).  
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������  1.2.8 

 
 
 

 
������  1.2.9 

 
 

�!  �"!�$2��,�  #2/0 ����0  �/0  �'��22���0  +��,#�/��0  ��'�&  '�  */,&!�������&  $'�0  
+��,!*�'�,& #0   - 2!0 . 	& %�,/2#����0   �& !& �)/2#����0  +��,! �����0  "!�  +�  
$%�& ���#0  !   - 2!0  �.���4'��&  �#�!  �"#  �!  "!�#  �/0  +��,& �0  �'$���&�0  "!�  � 2-�&  
!  �"�.�������0 ,  #�!   �& �"#  �!  "!�#  +��,& �0  �'$���&�0  "!�  ,"!���  '�  *&�%�&�&���� 
,&�  )� ��� . 
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1.3 � �#!�#�  ��� )���  
 
 

8%!'��0  ��2�&4��&  �!  +�3�/�& #   !,,(�&  +�  "��(�!�,�  '�  *!-,�   �& '�  
�%!2&(�!�,�  �&0 *&(1!��0  �1��,!�$0  -  ���� ��$0  "!�  $%!�'  �2!"!&���&  *&(1!��0  
���&����0 . 8��&  +�  *!-,�  "30 /   �'��& �  &*$� �/0  ,���1!�(0  �/0  +��,#�/��0  ,$�3  
�!�  �$��  �1��,#��/ �   �& �.�2�%�/ �  ,�  �!  "$���,�  �!�  %�#'!� . ��/'  �& #'�  1.3.1 
52$"!�,�  ��  5��& (  %��� �/�&��& (  ,&�0 )� ���0   �+40   �& �/'  !�!2!���  "!�  
%�/�&,!"!&����&  �&�  (+�  $'�  ,$�!0  �/0  . 

 

 
������  1.3.1 

 
 
 

i) � 0!%  ��(��   
 

�  "�4�/  ,!�1�  )/ ��4'  ���'   �& /  "&! �"2�   �& 1��& (   �& /  "&! %�,/2�  
�"#  +$,�   #��!�0 . 	& "�4�!&  �"�.������$0  � 2-�'  ,& �(  "!�(  +��,#�/��0  !"#��  /  
�"!��2��,��& �  �%�*���/  �3'  )/ ��4'  *�'  ���'  "�3���%& �  �'(� / , �'��+���  �!  
 -�&!  ,$2/,�  ���'  /  1�/'�   �& �- !2/  �%�*���/ . 8��&  /  "&! �"2�   ���� ���  "!�  +�  
,"!�!-��  '�  ��'�&  ��'�&  $'�   !,,(�&  �2!�,�'&!  "!�  ,�   ��(22/2/  %(��./  +�  �!�  
*/,&!���!-��,�  �$�!&�  �"&1('�&�  , 4���  '�  ,"!���  !  �$��0  '�  *&$�%���& �"#  ,$��  
�!�  �"(�!'��0  �/'  ,���2-���/  *�'���  +��,#�/�� . �&�  ��"& �  �1��,!��  ���'   �& 
�"#  �/'  ���&����  Evercool ( http://www.evercool.com.tw ). �*4  '�  �"&�/,('!�,�  #�& 
"!22$0 ���&����0  � 2!-+/��'  �/'  �*&� "!����  ,�  �/'  Evercool, �22(  ��   (+�  �!,$�  
�1��,!��0  "��'!-,�  �"2(  ��%���  "���*���,��� . 

 

 
������  1.3.2 
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:"30  52$"!�,�  �"#  �/'  �& #'�  1.3.2 �!  �#�!  �!  �%�,�  #�!   �& /  �2!"!�/�/  �/0  
)� ���0  ��'�&  �"2� . 8'�  fan  �& ,&�  �2!�,&'$'&�   ���� ���  #�!  �!  *�'��#'  "&! 
�"2� . �*4  '�  �!'��!�,�  #�& ���  �#��  "�3���%& (  5�,��� , #��'  �"��%�  /  �'(� /  �&� 
 �2-���/  )-./ , �#��  ����  �"&���%('!'��'  ,�  �/'  %���/  "&! ����!�3'  �'�,&����3' . 
��$"�&  '�  �/,�&4�!�,�  #�& ��  "&! *&�*�*!,$'�  %��� �/�&��& (  �3'  �'�,&����3'  
��'�&  /  ��%-�/��  4+/�/0  �!�  �$��   �& !  +#��5!0  �!�0 . �  ,�'  "�4�/  ,���&$��&  ��  cfm 
( Cubic Feet per Minute ) �	!���  �����  �"��  ��  �����   �!  *�  *�-���!  ��  db ( decibel) . 
�  �,"�&���  $%�& *��.�&  #�& #�!  ��.('�&  /  �"#*!�/  �!�  �'�,&�����  �#�!  ��.('�&   �& !  
+#��5!0  �!� . 
 

 
������  1.3.3�  

 
 
 

 
������  1.3.3�  

 
 

��  ,&�   �2-���/  "�!�$��&�/  "(2& �/0  �*&�0 ���&����0  (Evercool) �& #'�  1.3.3�  
�!  �2& # (�2!�,�'&! ) $%�& �'�& ������+��  ,�  %�2 #  �& $%�& *!+��  ,���2-���/  
2�"�!,$��&�  ��/'   ���� ���  �/0  )� ���0 , */2�*� , �&� "��(*�&�,�  "�!�"(+/��'  '�  
 ('!�'  �&0 �"&1('�&�0  #�!  ��'���&  "&! 2���0  4���  '�  ,/'  �"(�%!�'  ��&5$0 ��/'  
 �'/�/  �!�  �$�� . �"��/0  52$"!�,�  #�& ��   �'(  ,���.-  �3'  fins ��'�&  �� ��(  ,��(2�  
�.�"/���4'��0  $��& �/'  !,�2#���/   �&  �2-���/  �!�  �!�  �$��  (1.3.35). 
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������  1.3.4�  
 
 

           
������  1.3.4�                                      ������  1.3.4�  
 
 

�$2!0  �!  �"#,�'!  5�,�  ��!'   2��& #  �%�*&��,#  )/ ��4'  ���'  '�  
��'*����!-'  ��  *�!  "���"('3  �2& ( , � ,���22��#,�'!&  �&0 &*&#�/��0 �!�   �+�'#0 . 
:"30  52$"!�,�   �& ��/'  �& #'�  1.3.45 !  "(�!0 -5(�/  �/0  )� ���0  ��'�&  %(2 &'!0, 
�'4  ��  fin, �& #'�  1.3.4� , ��'�&  �2!�,&'$'&� . ;22/  ,&�   �&'!�!,��  ��'�&  #"30 *��%'�& 
 �& /  �& #'�  1.3.4�  ��'�&  #�& �� ���2��1�/ �  �!  ,!'#   !-,"3,�  ��/'  ,/��& �  
"2� $��   �& %�/�&,!"!&�+/ �  ��&"2# (attach clip). 

 
 
 

ii) 2�&!� %   ��(��   
 
��/'  ��'�%���  "����/��+/ �  #�& "$��  �"#  �!  �2& #, ��  cfm �!�  �'�,&�����  

 �& �/'  2��!  5�2�&3,$'/  "!&#�/��   ���� ���0  �/0  )� ���0  ("&! 2���0  �"&1('�&�0   �&  
�3��$0  �"!��(��&0  �3'  fin), �!'  �/,�'�& #���!  �!2#  ��2& (  �!'  "��6�& /  �%�*���/  
 �+40   �& �!  ,$��+!0  �/0  �*&�0 �/0  )� ���0 . �!  "�4�!  5�,�  $�&'�  ,�  �/  5�2��3�/  
�!�  clip ����$3�/0  �/0  )� ���0  ��/'  ,/��& �  "2� $�� . ���#  ��%� ��'  �"!�$2��,�  
'�  %�/�&,!"!&/+!-'  ,���2-����0 , ��  #� !   �& 5(�!0 , )� ���0 . 	& ���&����0  
 ���� ���0  ,/��& 4'  "2� ��4'  5!�+/��'  ��  ���#  �!  ��%���/,� , �22(6!'��0  �!  
��#"!  ����$3�/0  �3'  )/ ��4' , �"#  �&0 �� !"$0  ��/'  ,$�/  (�& #'�  1.3.5� ), ��  4 
�� !"$0  ��&0 �3'��0  (�& #'�0  1.3.55, 1.3.5� ) �!�  socket (!�!2!���  "!�  
%�/�&,!"!&����&  �&� '�  "��&��()�&  �/'  �"!*!%�  �!�  �"�.�������  "('3  ��/'  ,/��& �  
"2� $�� ).  
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������  1.3.5�                                     ������  1.3.5�  

 
 

 
������  1.3.5�  

 
 

8��& , "��(��,�  ��/'  '$�  ��'&(  )/ ��4' , #"!�  $'�0  �"#  �!�0  %��� �/�& -
��& !-0  �'�&"�!�4"!�0  ��'�&   �& /  ���&����  Zalman (http://www.zalman.co.kr). 
��'!'��0  �/,����  ��/'  �%�*���/ ,  ��(1���  (#"30  �& (22�0 ���&����0 ) '�  �1��,#��&  
�� ��$0   �&'!�!,��0 . 

 
 

  
������  1.3.6 
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������  1.3.7 

 
 

������  1.3.8 
 
 

	& �22��$0  "!�  "����/�!-,�  �*4 , ��'�&  #�& !  �'�,&�����0  "&� $%�& 
�!"!+��/+��  ��!   $'��!   �& ,$��  ��/'  )� ���  (�& #'�0  1.3.6, 1.3.7). �"#  ����(�3'/  
/  )� ���  $�&'�  ���!���2� , $%!'��0  "��&��#����  fin  �& /  5(�/  �"�1�0  $�&'�  
,& �#���/ , #�!  */2�*�  %��&(6���& �&� '�   �2-)�&  �!  heat spreader �!�  �"�.������� . 
� #,/ , �!  ,$��+!0  �!�  �'�,&�����  (!��&���& (  /  *&(,���!0  �!� ) ,��(23�� , 
� 2!�+4'��0  �/'  +�3���  #�& /  "�!4+/�/  �!�  �$��  ��'�&  �'(2!�/  ,�  �!  ,$��+!0  �3'  
"������3'  �!�  �'�,&����� . ��  ���#'  �!'  ��#"!  !& �'�,&�����0  $%!�'  "��&��#����  
cfm �  ,"!�!-'  '�  "��&���$1!'��&  ��  %�,/2#����0  ���!1$0  $%!'��0  ��  &*�� cfm ,�  
$'�'  ,& �#���!  �22(   ��*�6!'��0  ��!'  "����#,�'!  +#��5! . 8��&   /  �!�  �!�  �$��  
��'���&   �& "�!0  ��   (�3   �& "�!0  ��  "2(�&�  *&��%�6!'��0  ��  fin  �& �"(�!'��0  $��& 
�/'  � 2�#,�'/  +��,#�/�� . �&�  ��2������  "�!�"(+�&�  ���'  ����'  �3'  passive 
("�+/�& 4' ) )/ ��4'  (�& #'�  1.3.8). 	'!,(��/ �'  $��& *&#�& +�3�/�& (  *�'  
%��&(6!'��'  �/'  %���/  �'�,&�����  �&� �/'  �"��3��  �/0  +��,#�/��0 , �22(  
%�/�&,!"!&!-��'  �/'  #"!&�  �"(�%!���  ,!�1�  �!�0  �$��  ��!   !���  �!�  �"!2!�&��� . 
�   �'/�/  ����  $�&'�  ��/'  "�!�"(+�&�  '�  ��'�&  !  �"!2!�&���0   ��(  �!  *�'��#  "&! 
�+#��5!0 . ��5���  �/  ��,��!'  /,$��  !& )� ���0  ���$0  %3��0 �/'  %���/   ("!&!�  fan 
*�'  ��'�&  *�'��#  '�  �"!*4�!�'   �& '�  �"��(�!�'  �3��(  �/'  +��,#�/�� .  
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iii) � $!%  ��(��   
 

�!  �"#,�'!  5�,�  ��+�  #��'  $�&'�  �'�&2/"�#  #�& !& )� ���0  "�$"�&  '�  $%!�'  
"��&!�&�,$'!  ,$��+!0  2#�3  �3'  *&�1#�3'  �2& 4'  �-�3  �"#  �!  socket �!�  
�"�.�������  (�& #'�  1.3.9). 
&�  '�  ,"!�$�!�'  '�  %�/�&,!"!&��!�'  ,&�  ,���2-���/  
)� ���  $"��"�  /  5(�/  �/0  '�  ��'�&   3'& � . ���#  ��%� ��'  �"!��2��,��& �  �/'  ,& ��  
+��,!�"��3��  �/0  5(�/0  "�!0  ��  fins �/0  )� ���0  . 

 
 

 
������  1.3.9 

 
 

�"��/0  $�&'�  �'�&2/"�#  #�& �!  �"#,�'!  �/,��!  "!�  $%�&6� 5�2��3�/0  ���'   /  
�"��3��  – ,���1!�(0  �/0  +��,#�/��0  �"#  �!  heat spreader �!�  �"�.�������  ��/'  
 (�3  �"&1('�&�  �/0  )� ���0  (5(�/ ). 8"��"� , */2�*� , '�  5�2�&3+�� /  
+��,!%3�/�& #�/��  �/0  5(�/0  �/0  )� ���0 . ��� �& (  2!&"#' , �!  "�#52/,�  
���&(6!'��'  ��/'  %���/  ,���2-���3'  )/ ��4' , #"!�  /  5(�/  �!�0  +�  ,"!�!-��  
�#�!  '�  �"!��!1���&  �/'  +��,#�/��  ,�  �!  ,$�&��!   �&  �2-���!  ��#"!  #�!   �& '�  
,"!���  '�  �/'  "�!3+���&  ���  fin #"!�   �& ��'���&  /  �"��3��  �/0  ��!  "��&5(22!' . 
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������  1.3.10 

 
 
 

�/'  2-�/  ��+�  '�  *4��&  /  ��%'!2!���  "!�  � !-�&  ��!  #'!,�  heat-pipes. ��  
heat-pipes ��'�&  $'�0  ,/%�'&�,#0  ,���5�5��/0  +��,#�/��0  "!�  ��'�&  ��  +$�/  '�  
,���1$��&  ����!��  ,��(2�  "!�(  +��,#�/��0  �'(,���  ���  *�!  ( ��  �!� , �!  )�%�#  
 �& �!  6���#  ,�  �2(%&���0 �"42�&�0 . ����6���&  ��/'  ��%�  �!�  ��&%!�&*� �32�'�  
(George Grover 1963 - United States Department of Energy).  ��� �& (  �"!��2����&  
�"#  $'�  �1���&�,$'!   �2&'*�& #  �32�'�  (casing), ��'�+30   ���� ����,$'!  ����  
�"#  %�2 # ����  �"#  �2!�,�'&! , �!�  !"!�!�  /  ��3���& �  �"&1('�&�  $%�& ��&%!�&*� 
������  "!�  � ,���22�-!'��&  �!  1�&'#,�'!  �!�  1&�&2&!- (wick) (�& #'�   1.3.10). �  
$''!&�  "!�  "��&��(1�&  �!  "���"('3  1�&'#,�'!  ��'�'�(��  ,�  �/'  ���2& �  !�!2!���  
capillary wicking. 8��&  "��&��(1!�,�  �/'   �'/�/  �!�  ���!-  �'('�&�  ��/'  5��-�/�� , 
#"30  �& �/'   �'/�/  �/0  12#��0  �'#0  1&�&2&!-. ��5���  /  ��3���& �  �"&1('�&�  *�'  
%��&(6���& '�  ��'�&  *&�,!�13,$'/  #"30 "��&��()�,�  "���"('3  �('  �!  heat-pipe ,�0  
��'�&  �!"!+��/,$'!   (+���  ,�  �!  "�*�!  5��-�/��0 � "��� (�3  +�   ���2(5!�,�  
� #,�   �2-����  �&���   �& "!�$  %��&�6#,����  �!  capillary wicking. ��'�%�6!'��0  
��3���& (  "��&$%�& ,&�  ,& ��  "!�#�/��  �"#   ("!&!  ���#  (��'�+30  '��# , �&+�'#2/ , 
�*�(����! ), �'4  �!  �"#2!&"!  �!�  �32�'�  ��,�6�&  ,�  �!  �*&! ���#  �22(  ��  1(�/  
��,!-   �& �"!,� �-'!'��&  #2�  ��  �22(  �$�&� . �  �"&2!��  �!�  ���!-  �.���(��&  �"#  
��  �/,���  5���,!-   �& �.(�,&�/0   �& ��,"- '3�/0  �!� .  
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������  1.3.11 
 
 

	  ��#"!0  2�&�!�����0  �!�  $%�& 30 �.�0 : �!  ���#  ,$��  ��!'  �32�'�  
6�����'���&  �"#  �/'  �"�1�  �!�  ,�  ,&�  "/��  +��,#�/��0 . �"!��!1(  �/'  +��,#�/��  
 �& ��%�6�&  �& �.��,�6���&  (evaporation). ��('!'��0  ��/'  (22/  ( �/  ��%�6�& '�  
�"!5(2�&  �/'  +��,#�/��  "!�  $%�& �"!��!1���&  ��!  "��&5(22!'  #"!�   �& .�'���'���&  
���#  (��,"- '3�/  – condensation). �!  ���#  "&�, $%!'��0   ��4��&  ��%�6�&  �& 
 ���5��'�& , ����  2#�3  5��-�/��0  ����  2#�3  �!�  capillary wicking, ��!  (22!  ( �!  �&� 
'�  .�'��%���&  �!'   - 2! . �*4  ��'�&  �!  2�"�#  �/,��!  �&� �/'  ,!�1�  �/0  ��3���& �0  
�"&1('�&�0  �!�  heat–pipe, �('  !  �32�'�0  ,�0  ��'�&  �!"!+��/,$'!0  ,�  �/'  1!�(  �/0  
*-'�,/0  �/0  5��-�/��0  �#��  *�'  %��&(6���& �/'  �&*& � *&�,#�13�/  ��3���& ( , �('  
#%& �#��  � ,���22��#,����  �!  1�&'#,�'!  �!�  capillary wicking �&� �/'  �"&���!1�  
�!�  ���!-  ��!  (22!  ( �!  (�& #'�  1.3.11). �!'   - 2!  ���#  "!�  �,1�'�6���&   �& ,�  
�/'  ���2& �  !�!2!���  evaporative cooling, ,"!�!-,�  '�  �!  *!-,�  ��'  2�&�!�����  ��  
"&! �"2�  ,!�1�   �& ��/'  �& #'�  1.3.12. 

 

 
 

������  1.3.12 
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8'�  �/,��!  "!�  %��6�& �'�1!�(0  ��'�&   �& !& *&(1!��0  *�� !2��0  "!�  
��'�'�4'��&  ��/'   ���� ���  �'#0  heat-pipe. ��3���%& #  �!2#  "��6!�'  !& 
*&���(��&0   �!�  �32�'�  ��'������&  �!�  ���!-   �& �3'  �"&+�,/�4'  +��,! ���&4'  
2�&�!�����0 . 8��&  $'�0  ,��(2!0  ��  ,� !0  �32�'�0  +�  ��,"� '4'�&  �!  �$�&!  "&! 
����!�� , �'��+���  $'�0   !'�#0  *�'  +�  �!  �1�'�&   �'  '�  �.��,&���� . �$2!0  �/,�'�& #  
�!2#  "��6�&  �& /  ��,"��&1!�(  �!�  ���!- . �'(2!��  ,�  �/'  �1��,!��  �!�  heat-pipe 
%�/�&,!"!&!-,�   �& �!   ��(22/2!  ���# . �'*�& �& (  ��/'  �& #'�  1.3.12 1��'!'��&  ��  
���(   �& ��  %��� �/�&��& (  �!�0 , �/,��!  5���,!- -�.(�,&�/0 , ��,"- '3�/0   �& 
�-�!0  +��,! ���&� �0  2�&�!�����0 . 
&�  "��&��#����0  "2/�!1!���0   "('3  ��!  
+�3�/�& #   !,,(�&  �3'  heat-pipe ,"!�!-,�  '�  �"&� �1�!-,�  �!�0  �.�0  
*&�*& ��� !-0  �#"!�0  :  

http://en.wikipedia.org/wiki/Heat_pipe 
http://www.cheresources.com/htpipes.shtml 

http://www.heatpipe.com/heatpipes.htm 
 

 
������  1.3.12 ( http://www.cheresources.com/htpipes.shtml ) 
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 	& ���&����0  2!&"#'  � ,���22��#,�'�0  ��  %��� �/�&��& (  �!�  heat-pipe  
,"#����'  ��2& (   �&  ���� �-���'  �"!*!�& #����0  )� ���0 . ��/'  �& #'�  1.3.13 
52$"!�,�  +�3�/�& (  �/'  �1��,!��  �!�  heat-pipe ��  ,&�  )� ��� . ��  !1$2/  ��'�&  
"!22( , "�3���%& (  ,"!�!-,�   �& ,���1$�!�,�  �/'  +��,#�/��  �� ��(  ,� �&(  �"#  
�/'  "��&!%�  �!�  �"�.������� . �!  heat-pipe �"#   ���� ���0  ,"!���   �& '�  �"!��!1(  
,���2-����  "!�(  +��,#�/��0   �& '�  ,���1$��&  �/'  �'$���&�  �"#  �/'  � 2�#,�'/  
+��,! �����  "!2-  "&! ����!�� . ���#  "!�  %��&(6!'��'  "&� ���'  ��  heat-pipe '�  
�'�3,��3+!-'  �"#  �!  $'�  ( �!  �!�0  ��/'  5(�/  ,&�0 )� ���0  4���  '�  �"!��!1!-'  
�/'  �'$���&� ,  �& �"#  �!  (22!  ( �!  '�  �'�3,��3+!-'  ��  ,&�  *&(��./  "!�  '�  
�"!5(2�&  �/'  +��,! ����� . �  *&(��./  ����  *�'  ���'  (22/  �"#  ��  fins ,&�0 )� ���0 , 
"('3  ���  !"!��  +�  ,"!�!-��  �- !2�  '�  �����3+��  $'�0  �'�,&�����0 . �&�  �"#  �&0 
���&����0  "!�  �1(�,!��  ��  heat-pipe ���'   �& /  Thermalright 
(http://www.thermalright.com/) 
 
 

 
������  1.3.13 

 
 

 �  "�4�/  2!&"#'  "�!�"(+�&�  �"#  �/'  Thermalright  $�&'�  ,�  ��#%!  �/'  
�-./�/  �!�  #� !�  ,&�  )� ���0   �& ����#%�!'�  �/'   �2-���/  ,���1!�(  �/0  
+��,#�/��0  ���  fins �/0  )� ���0 . 8��&  ��'*�(��/ �  ,&�   2��& �  )� ���  ,�6�  ,�  
heat-pipe "!�  ��!1!*!�!-��'  ,�  +��,#�/��  �!  "('3   �& ,���2-���!  ,$�!0  �/0  
)� ���0  (�& #'�  1.3.14).  
 

 
������  1.3.14 
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������  1.3.15 

 
 
 

�!  &*&�����!  �/,��!  ��'�&  /  �!"!+$�/�/  �3'  heat-pipe � �&540  "('3  �"#  �!  
�"&1('�&�0  �"�1�0  ,�  �!'  �"�.�������  #"30 *��%'�&  �& /  �& #'�  1.3.15. �"��/0  �!  
�*&! "����/�!-,�   �& ��!  (22!  ( �!  �3'  heat-pipe "!�   ���2��!�'  ��/'  $.���  
)� ���  �"!��2!-,�'/  ,#'!  �"#  ��  fin. ��!1�'40  ��  ����'  �/'  "���"�3�/  ��  heat-
pipe ��'�&  $��&  ���� ����,$'�  4���   ��(  ,� !0  �!�  �32�'�  "!�  �1("����&  ��/'  
5(�/  '�  �.��,�6���&  �!  ���#  "!�  $%!�'  ,$��   �& �'����!&%�   ��(  ,� !0  �!�  
�32�'�0  �!�0  "!�  *&�"��'(  ��  fin '�  ��,"� '4'!'��&   !& ��,!�  �!�  ���!- . 

 
 
 
 

 
������  1.3.16 
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������  1.3.17 

 
 
 

 ��  ,&�  "�!�"(+�&�  5�2��3�/0  �/0  )� ���0  �1�&�$+/ �  �!   (�3  ,$�!0  �/0  
"�!/�!�,$'/0  )� ���0  "!�  ���'   �& �!  ��,5��& # , %�/�&,!"!&�+/ �'  ,!'#  heat-
pipe  �& ,(2&���  "���"('3  ��  "2�+!0  �"#  #�& "�&'   �& ��.�+/ �  �!  ,$��+!0   �& �!  
�/,��!  �!"!+$�/�/0  �!�  �'�,&�����  (�& #'�  1.3.16). �(2&���  �&� '�  $%!�,�  $'�  
,$��!  �-� �&�/0  �&� �!  ,$��+!0  ��/'  �& #'�  1.3.17 �/'  52$"!�,�  �!"!+��/,$'/  ��  
,&�  ,/��& �  "2� $�� . �!  ��./,$'!  ���#  ,$��+!0  ($%!�'   ���� �������  ��/'  
��'�%���   �& �"#  (22�0 ���&����0  � #,�  ,���2-����0 ) $*3��  �/'  & �'#�/��  ��/'  
)� ���  '�  ,"!���  '�  �"!��!1(  ,��(2�  "!�(  +��,#�/��0  (�'3��#  ��/'  ���2& �  
!�!2!���   �& ��'  buffer) "!�  ��/'  ��'�%���  ,���1$�!'��&  "!2-  "&! ����!��  �"#  #�& 
,�  �&0 ��,5��& $0  )� ���0 , ���  fin. ��  fin "&� �"$%!�'  �� ��(  �"#  �!'  �"�.�������  
"!�  ,�6�  ,�  �/'  "2(�&�  �!"!+$�/�/  �!�  ,���2��$�!�  �'�,&�����  /  +��,#�/��  
,"!���   �& ,���1$����&  ��!  "��&5(22!'  ,� �&(  �"#  �/'  �"�,�%/  "��&!%�  �!�  
�"�.�������  "!2-  "&! ����!�� . ��  ,�&!'� ��,���  ,&�  �$�!&�0  ���� ���0  .� &'('�  
�"#  �!  ,��(2!  #� !  �/0  )� ���0   �&  ��(  ��'$"�&�  �!  ,��(2!  5(�!0  �/0 . �2$"!�,�  
2!&"#' , #�& %��&(6���& �� ��#0  %4�!0 ��3���& (  �!�   !��&!-  4���  '�  %3�$��& /  
)� ��� , ,�  �"!�$2��,�  '�  ,/'  ,"!���  �- !2�  '�  %�/�&,!"!&/+��  %�2 #0 �&� �/'  
 ���� ���  �/0  2#�3  �!�  #�& ��'�&  "!2-  5��-0   �& *�'  +�  ,"!�!-��  '�  �!"!+��/+��   /  
)� ���   ��  "�2&#����0  ,/��& $0  "2� $��0  "!�  *�'  $%!�'  ��-"�0  "��&,���& (  �!�  
socket �!�  �"�.������� . �!  ��2�����!  ,"!�!-,�  '�  �!  *!-,�   �2-����  ��/'  �& #'�  
1.3.18 #"!�   �& *��%'�& �!  �&*& # clip ����$3�/0  �/0  )� ���0  "('3  ��/'  ,/��& �  
#"!�   �& 5&*4'�& ��&0 �*/  �"(�%!���0  ��-"�0  �/0  ,/��& �0 . 
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������  1.3.18 

 
 �'*�& �& (  ��  $'�  �"#  ��  ��2������  review - roundup ,�  )� ���0  "!�  $2�5�  
,$�!0  ��  �'3��#  *&�*& ��� #  �#"!  (http://www.behardware.com/articles/568-1/test-
25-cpu-coolers.html) !& )� ���0  "!�  ��%�'  �&0  �2-����0  �"&*#��&0, */2�*�  
,"!�!-��'   �& $)�%�'  �!'  �"�.�������   �2-���� , ���'  ���$0  ,�  %���/  heat-pipe. 
:"30  52$"!�,�   �& ��/'  �& #'�  1.3.19 �&0 "�4��0  +$��&0  ��$%!�'  )� ���0  "!�  
%�/�&,!"!&!-'  �/'  ��%'!2!���  heat-pipe. �*4  '�  �'�1$�!�,�  #�& /  %���/  �3'  heat-
pipe *�'  "��&!��6���&  ,!'#  ��/'  )-./  �!�  �"�.�������  �22(  �"(�%!�'  2-��&0  �& 
�&� �&0  (���0  ���1& 4' , ��  chipset �3'  ,/��& 4'  � #,�   �& �&� �!�0  � 2/�!-0  
*�� !�0 . �  ���&����  Thermalright $%�& ,&�  � (,�  "�!<#'�3'  "!�   �2-"�!�'  �&0 
"���"('3   ��/�!���0 ,  �& %�/�&,!"!&��  "&� ,!'#  )� ���0  ,�  ��%'!2!���   heat-pipe. 
 

 
������  1.3.19 (http://www.behardware.com/articles/568-29/test-25-cpu-

coolers.html) 
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1.4 Peltier 
 


&�  �!  �$2!0 �1���,�  ,&�  ��%'!2!���  "!�  �'  $�/  1999-2000 (�%&�� '�  
%�/�&,!"!&����&   �& ��/'  )-./  �3'  �"!2!�&��4' . �  ��%'!2!���  ����  ��'�&  �'3���  ,�  
�!  #'!,�  Peltier. ��/�&,!"!&�+/ �  �&� "�4�/  1!�(  ��/'  &���& �   �& �.� !2!�+��  '�  
%�/�&,!"!&����&   ���30  �&� �/'  ,���1!�(  63�& 4'  !��('3' ,  ���4'��0  ��  ��  ,&�  
���+���  %�,/2�  +��,! ����� .  

����6���&  ��!  1�&'#,�'!  #"!�  #��'  �!  /2� ��& #  ��-,�  "��(��&  ,$��  �"#  
*�!  *&�1!���& (  ,$��22� , ��  !"!��  ,$��22�  ��'�&  ��'*�,$'�  ,���.-  �!�0 , �#��  
*/,&!�������&  ,&�  *&�1!�(  *�'�,& !-  ,���.-  �3'  *�!  ,$��223'  ,�  �"!�$2��,�  /  
,&�  "2���(  �!�  �'#0  ,$��22!�  '�  ��'�&   �-�   �& /  �'��+��/  � �&540  "2���(  �!�  
�22!-  ,$��22!�  '�  ��'�&  6����  (�& #'�  1.4.1�  ).  

 
( ���&��#����0  "2/�!1!���0  : http://en.wikipedia.org/wiki/Peltier-Seebeck_effect  

  http://www.peltier-info.com  ) 
 

 
 

������  1.4.1�  
 

��� �& (  �2!"!&����&  ,�  �/'  �'  ��&�(  �-'*��/  /,&��3�4'  "!�  "��& 2��!'��&  
�&� ��1(2�&�  �"#  2 +��,# -��4�&,�0  "2( �0  (�& #'�0  1.4.15, 1.4.1� ). 8��&  /  ,&�  
"2���(  ��'�&  /  )�%��   �& /  (22/  /  6���� . ��/'  )-./  �"!2!�&��4'  5�� �  �1��,!��  
�!"!+��/,$'!  �'(,���  ��/'   2��& �  )� ���   �& �!'  �"�.������� . �  )�%��  �!�  
"2���(  �1("����&  ��!'  �"�.�������  �'4  /  6����  �!�  ,�  �/'  )� ��� . 

 

 
������  1.4.1�   
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������  1.4.1�   

 
 
 �   ���'(23�/  ��-,��!0  �'  4��  2�&�!�����0  �'#0  Peltier ��'�&  !��&���& (  �!  
 -�&!  %��� �/�&��& #  �!� . �   ���'(23�/ -&�%-  (watt) �.���(��&  �#�!  �"#  �/'  
$'���/  (Amber), #�!   �& �"#  �/'  �(�/  (volt) �!�  ��-,��!0 . �/,�'�& #  �#2!  ��/'  
�"#*!�/  �!�  "��6�&, �#�!  �!  �2& # �3'  /,&��3�4' , #�!   �& �!  ,$��+!0  #2/0 �/0  
 ���� ���0 . ��  �/,���  "!�  %��6!�'  �%!2&��,!- , ��'�&  #�& �!  Peltier %��&(6���& 
$.���  ��!1!*!��� , "!�  "!2-  ��%'(  .�"��'(  ��   ���'(23�/  ����  !2# 2/�!�  �!�  
�"!2!�&��� . �#�3   ���� ���0  /  *&(� �&�  63�0 �!�  ��'�&  ,�&3,$'/ . �"&"2$!'  /  
+��,! �����  "!�  �'�"�-�����&  ��/'  )�%��  "2���(  ,"!���  ��%'(  '�  1�(��&   �& 
��'/�& $0  �&,$0 (�& #'�  1.4.2),  (�&  ,/  �"&+�,/�#  �1!-  !& ,��(2�0  *&�1!�$0  ��/'  
+��,! �����  */,&!���!-'  ���!"!�/�/ . �!  ��2& # "#�!  +��,#�/��0  "!�  
�'�2�,5('�&  '�  �"!5(2�&  ��!  "��&5(22!'  /  )� ��� , ��'�&  �!  (+�!&�,�  �/0  
� 2�#,�'/0  +��,#�/��0  �!�  �"�.�������   �& ����0  �/0  6����0  "2���(0  �!�  Peltier, 
 (�&  �� ��#  *-� !2!  �1!-  ��%'(  /  +��,#�/��  .�"��'(  �&0 *�'��#�/��0  �/0  )� ���0 . 
 
 
 

 
������  1.4.2 

 
 

 ��/'  "�(./  ��  Peltier ����!��  �� ���2��1�/ �' . �$��  �"#  �!�0  "���"('3  
2#�!�0 , ��/'  "!����  */,&!����+/ �'   �& (22!& "&! "�� �& !�  �"!���"�& !�  2#�!&. �  
�,"�&���  $*�&.� #�& �&� '�  ,"!�$��&  '�  2�&�!������&  �3��( , $"��"�  '�  $%�& ��  *&"2( 
watt ��   ���'(23�/  �"#  ���(  "!�  � 2-�&  $'�0  �"�.�������0  �'  4��  2�&�!�����0 . 
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8��& , �'4  ���'  �%��& (  �- !2!  '�  )-.!�'  $'�'  �"�.�������  ��'&(0  Intel PI�� , ��  
,�����'$�����0  ��'&$0 *�'  ,"#����'  '�   ���� �����!-'  Peltier �$�!&�0 
 ���'(23�/0  �22(   �&  ��(22/2!�  ,��$+!�0 . �22(  �!   ��&#���!  "�#52/,�  ���'  #�& 
*�*!,$'!  #�& �!  Peltier ,"!���  '�  1�(��&   �& ��'/�& $0  +��,! �����0 , $"��"�  '�  
�"(�%�&  /   ��(22/2/  ,#'3�/  �&� �/'  �"!��#1/�/  �3'  ���!"!&���3'  (��  �"#,�'/  
�'#�/��  +�  �'�1��+!-,�  � ��'$�����  ��!  1�&'#,�'!  �/0  ���!"!�/�/0 . 
&�  '�  
$%!�,�  ,&�  �& #'� , �!  1�&'#,�'!  ��'�&  �*&! ,�  �&0 ����#'�0  �"#  '��#  "!�  
*/,&!���!-'��&  ��  $'�  "!���&  ,�   �-!  '��#  �!   �2! ���& ),  (�&  #%& �#�!  �1& �#  
�!�2(%&��!'  ��  �"�"�*!  "��(�3�/0 . 8��&  �!  Peltier �� ���2��1�/ �  ����!��   �& 
��,���  ��'�'�(��&  ��  �2(%&���0 "��&"�4��&0 , �!�2(%&��!'  #�!  �'�1!�(  �/'  )-./  
�3'  �"!2!�&��4' . 
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��������  2�   

 ����  ��������  !�  (� -  
 
 
 

�!  �"#,�'!  5�,�  ��/'  )-./  �3'  !2! 2/�3,$'3'   � 23,(�3'  "!�  
�"(�%!�'  ��!'  �"!2!�&���  ,�0  $�&'�  %�/�&,!"!&4'��0  �!  '��# . �  &*$� �/0  
�1��,!��0  �!�  '��!-  "�!��+�  �"#  ��  &*&������  %��� �/�&��& (  �!� . ��'�&  �����# , 
!"#��  ��'�&  �- !2/  /   �'/�/  �!� , &*&������  %�,/2#  ��   #��!0   �& /  +��,# -
%3�/�& #�/��  �!�  ��'�&  ,&�  �"#  �&0  �2-����0  �('  #%& /   �2-���/  ��  �'3��(  �2& ( . 
(�& #'�  2.01). 

 
 

.� )�#�  �#�(-!%!�  (.� )- -'� %!�#-!%!�  )  
 

 
������  2.01 (http://www.overclockers.com/articles609/ ) 

 
 

 �  �1��,!��  �!�  '��!-  ��  �����,���  +$�,�'�/0   �& "��(�3�/0  ��,!-  ��'�&  
�'3��� . �"��/0  ��'�&  �'3���   �& /  �1��,!��  �!�  ��  �����,���  )-./0  ���! �'/�3' , 
��  ��,!,/%�'$0  �3'  "�2&4'  ��$'3'   �& ���   �2!�&1$�  �!�  �"&�&!-  ,�0 . �  &*$� �&� 
�/'  �1��,!��  �!�   �& ��/'  )-./  �3'  �"!2!�&��4'  5���6���&  ���  "�!/�!-,�'�  
"���*���,��� . �&!  ��� � �&,$'� , ���   �2!�&1$�  !   �������0  ,�0  6�����'�&  �!  '��# , 
/  �'�2��  �!   &'��  ,���1$�!'��0  �!  ���  «�4,��� » ,$��  ��!  �"��&  ("!�  $%!'��0  �/'  
 ��(22/2/   ���� ��� ) ,���1$�!�'  ��2& (  �/'  +��,#�/��  ��!'  %4�!  ,�0 . �('  ��'  
"/��  +��,#�/��0  �'�& �������!�,�  �!'   �������  ,�  $'�  !2! 2/�3,$'!   - 23,� , 
" .%. �"�.�������0 , �#��  �!  �-��/,�  "!�  +�   ���� ��(�!�,� , +�3�/�& (  ,&24'��0 , 
+�  ,���1$��&  �/'  +��,#�/��  �!�  �"�.�������  ,� �&(  ��  $'�'  (22!  %4�!   �& +�  
�"!5(2�&  �/'  � 2�#,�'/  +��,#�/��  �!�  �"�.�������  ��!  "��&5(22!' . �('  �!  *!-,�  
 �& �'�����!1� , ��/  "���"�3�/  �3'  ���! �'/�3'  !  �$��0  )-%�& �!  )����!  "!�  
5��� ���&  ��!  ,"�!��&'#  ,$�!0  �!�  ���! &'��!�   �& ���#  ,�  �/'  ��&�(  �!�  )-%�& �!  
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'��#  "!�  "��'(  �"#  ,$��  �!� . �  �'�2��  "�!3+��  �!  « �-! » '��#  �-�3  �"#  �/'  
,/%�'�  ,�  �"!�$2��,�  �/'  )-./0  �/0 . �('  �'�& �������!�,�   �& �*4  �/'  ,/%�'�  ,�  
$'�  !2! 2/�3,$'!   - 23,�  $%!�,�  �!  �*&! �"!�$2��,�  #"30  �& "�&' .  

���  "���*���,���  ���(  �!  ��2& # 6/�!-,�'!  ��'�&  /  �"!,( ��'�/  �/0  
+��,#�/��0  %�/�&,!"!&4'��0  �!  '��#  ��'  ��3�# . ���!�& (  ,&24'��0  !& "�4�!&  "!�  
�1(�,!��'   �& .� �'/��'  �/'  &*$� �/0  %���/0  '��!-  ��/'  )-./   �3'  �"!2!�&��4'  
���'  !& ������2!� , "!�  ��/'  ��'�%���  */,&!-��/��'   �& �!  1#�!�, : 
http://www.overclockers.com.au  
 �!  !��&���& #   �& ,���2-���!   $�*!0  �1��,#6!'��0  �/'  )-./  ,�  '��#  ��'�& , 
"$��  �"#  �/'  ,���2-���/  +��,# -%3�/�& #�/��  �!�  '��!-  ��  �-� �&�/  ,�  �!'  �$�� , /  
,���1!�(  �/0  +��,#�/��0  ,� �&(  �"#  �/'  "/��  �/0  ��  ,&�  (22/  ,!'(*�  )-./0 . 
��5���  �!  %�,/2#���!  �/,��!  ��!  !"!�!  ,"!�!-,�  '�  1�(�!�,� , ��'�&  /  
+��,! �����  �!�  %4�!�  ��!'  !"!�!  5��� ���&  !  �"!2!�&���0  ,�0 . �!  �*&!  (�3  #�&! 
$%�&  �& /  "���"�3�/  �/0  ���!)-./0 , �22(  /  ,!'(*�  )-./0  ��/'  �*�#)�./  (�!  
)����!  �/0  */2�*� ) 2#�3  �!�  #�&  ��'�&  ,� �&(  �"#  �/'   -�&�  ,!'(*�  $ 2��/0  �/0  
+��,#�/��0   �& 5��� ���&  ��'�+30  $.3  �"#  �!   !��� , ,�0  �"&��$"�& '�  
%�/�&,!"!&��!�,�  ,���2-����0  �"&1('�&�0  +��,# -�"��3��0 . �*&������  �&� ��  
"2�!'� ��,���  +�  ��  �"�./���!�,�   �2-����  ��  �"#,�'/  "��(���1!  
�'�2��& #���� , #��'  +�  "��&��()!�,�  ��  )�����  "!�  %�/�&,!"!&!-'��& . 
 ���� (�3  +�  .� &'��!�,�  ,�  �/'  �'�2��& �  "��!�����/  �!�   (+�  �2& !-  
"!�  %�/�&,!"!&����&  ��  ,&�  �*�#)�./  �"!2!�&��� . ��   !&'40  %�/�&,!"!&!-,�'�  
�2& (  1��'!'��&  ��/'  �& #'�  2.02. �"&���,,��& (  ��  �2& (  ��'�&  �!  )����! , �!  block, 
/  �'�2��  (hydor L20 ), !& �32�'�0  �  2(��&%�, !& �'�,&�����0  (cooler master)  �& �!  
��' . �!  "2�+!0  �3'  �2& 4'  1��& (  *�'  ��'�&  ���+��# , #"30 ���+��#  *�'  ��'�&   �& 
�!  �('  +�  %�/�&,!"!&/+!-'  #2�  ��  $'�  �-��/,�  �*�#)�./0  �"!2!�&��� .  
 
 

 
������  2.02 
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������  2.03 

 
 

������  2.04 
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&�  '�  ,"!�$�!�,�  '�  $%!�,�  ,&�  "�4�/  �& #'�  +�  *!+��  ,&�  �-'�!,/  
�"�.��/�/  �&� �!'   - 2!  �!�  '��!-  ��  $'�  �-��/,�  �*�#)�./0  (�& #'�  2.03, 2.04). 
�"!+$�!�,�  #�& $%!�,�  ��,���&  �!   - 23,�  ,�0  ,�  '��#   �& +$�!�,�  �/'  �'�2��  ��  
2�&�!����� . 8'�0  �"#  �!�0  ��'/+$����!�0   - 2!�0  �!�0  �!�  '��!-  +$2�& �/'  �'�2��  
'�   &'��  �!  '��#  "�!0  �!  )����!  #"!�   �& )-%���& ,  ��#"&'  ��!  block (�/'  �&*& � 
)� ���  "!�  *&$�%���& �!  '��#  �&� '�   ��4��&  �!'  �"�.�������  ,�0 ) �!�  � (��!��  
!2! 2/�3,$'!�   � 24,��!0 , ��/'  ��'�%���  '�  "/���'�&  ��!  ��'  (!�!2!���  �&� $'�  
�"2#  *!%��!  '��!- )  �& �"#  � ��  ��2& (  '�   ���2���&  ��/'  ���!*!  �/0  �'�2��0  #"!�  
 �& *&$�%���& ,$%�& '�  1�(��&  ��/'  $.!*!  �/0   �& .�'(  ��!  )����! . �!  '��#  ��!  
 - 23,�  ,�0  ��  ����'  �/'  "���"�3�/  ���'�&  '�  $%�& �/'  &*�� +��,! �����  ��  #2/  �/'  
"!����  �!� , #"30  �& ��/'  "���"�3�/  �!�  ���! �'/�!�  ,�0  "!�  ,��(  �/'  �  �'/�/  
�!�   �& ,�  �/'  "(�!*!  �'#0  ,& �!-  %�!'& !-  *&����,��!0 , �!  '��#  �!�  �����,��!0  
)-./0  $%�& �/'  &*�� ���+���  +��,! ����� . �'��+���  ,�  �/'  +��,& �  &�!��!"��  �!�  
'��!- , /  ��%-�/��  �!�  �22(6�& ��'�%40   �+40  "��'(�&  �"#  ��  *&(1!��  �.����,���  
�!�   � 24,��!0 . :�!  "&! ���'�  /  !"�  – *&(*�!,!0 , �#�!  "&! "!2-  ��.('�&   �& /  
��%-�/�� . �(2&��� , #�!  "&! ����!��   &'����&  �!  '��#  ��!   - 23,� , �#�!  "&! 
����!��  �!  �-��/,�  ,�0  +�  1�(��&  ��/'  +��,& �  &�!��!"�� . ��"�#  �/,��!  ��/'  
+��,& �  &�!��!"��  ��'�&  �!  ���!'#0  #�& /  ��2& �  +��,! �����  ��   ��(����/  
&�!��!"��0  +�  ��'�&  *&�1!���& �  �'(2!��  ,�  �!  � (��!��  �-��/,�  �*�#)�./0   �& 
�/0  � 2�#,�'/0  +��,! �����0  �3'  !2! 2/�3,$'3'  ,�0 . 
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2.1 ���#�   
  
 

�&�  �/,�'�& �  "������/�/  #�!  �'�1!�(  ��  �2& (  ,&�0 �*�#)�./0   �& 
�&*& ( ���(  "!�  ��'�&   ���� ����,$'�  �"#  ,$��22! , ��'�&  �!  ��*!0  �!�  ,$��22!�  "!�  
%�/�&,!"!&����& . ��3�/�& ( , �('  ��  block ���'   ���� ����,$'�  �"#  %�2 #  �& �!  
)����!  �"#  �2!�,�'&!  +�  ��%�,�  �/'   �2-���/  ,���1!�(  �/0  +��,#�/��0  ��!  
"��&5(22!' . �  "�(./  #,30  ,�0  !*��/��  ��/'  %���/  ��!  99% �3'  "��&"�4��3'  ��!  
%�2 #. ���#  $�&'�  �&� 2 2#�!�0 , !  "�4�!0  ���'  #�& !  %�2 #0 ,"!���  '�  �"�.��������  
 �2-����  �&� �/'   ���� ���  �3'  block  �& 1��& (  $%�&  �2-���/  +��,& �  
��,"��&1!�(  �"#  �!  �2!�,�'&! . �!  ��2�����!  !1��2���&  ��/'  +��,# -��3�&,#�/��  �!�  
(�& #'�  1.09� ) #"30 ��*�,�   �& ��!  "�!/�!-,�'!   �1(2�&!  "!�  �1!�!-��  �!'  �$�� .  
 
 

 
������  2.1.�  

 

 
������  2.1.�   

 
 

	  *�-���!0  2#�!0  ���'  �!  1�&'#,�'!  �/0  /2� ��#2��/0 .  
(http://el.wikipedia.org/wiki/%CE%97%CE%BB%CE%B5%CE%BA%CF%84%CF
%81%CF%8C%CE%BB%CF%85%CF%83%CE%B7 ). 
�#�3  �!�   &'!-,�'!�  '��!-  "!�  *&$�%���& ,$��  �"#  ��  �2& ( , #��'  
%�/�&,!"!&!-'��&  *&�1!���& (  ,$��22� , "!�  ��/'  "�! �&,$'/  "���"�3�/  ��'�&  �!  
�2!�,�'&!   �& !  %�2 #0, */,&!�������&  /2� ��#2��/  ,�  *��(�����  �"!��2$�,��� , 
#"30 /  *&(5�3�/  �!�0  (�& #'�  2.1.� , 2.1.5). �  2-�/  ��  ����'  �/'  "���"�3�/  ��'�&  /  
"�!�+� /  �&*& 4' ���4'  ,$��  ��!  '��#   �& /  �'!*�3�/  ��!  �2!�,�'&! . �  
��� � �&,$'/  2-�/ , 5�5��� , .�1�-��&  ��!   #��!0  %3��0 '�  "�!�1$��&  ���(��&�0  
*&�1!�$0  ��/'  +��,& �  ��,"��&1!�( . �(2&��� , ��/'  "�(./ , ��/'  �*�#)�./  "!�  
%�/�&,!"!&!-,�  ��!'  �"!2!�&���  ,�0  !& *&�1!�$0  ��/'  +��,! �����  �'#0  %(2 &'!�  
block – �2!�,&'$'&!�  )����!�  ��  �-� �&�/  %(2 &'!�  block – %(2 &'!�  )����!� , ��'�&  
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�"#  �,�2/�$�0  ,$%�& �2(%&���0. ���#  !1��2���&  ��!  ���!'#0  #�& ��  )�����  ��%$�30 
�!�  �2& !-   ���� ���0  �!�0 , ��'�&  & �'(  '�  ,���1$�!�'  ��!  "��&5(22!'  "!2-  
,���2-����0  "!�#�/��0  +��,#�/��0  �"#  ���$0  "!�  � 2-!�'  ��  !2! 2/�3,$'�  
 � 24,���  ��  !"!��  )-%!�' .  
 (http://www.ocforums.com/showthread.php?t=187162) 
(http://www.rage3d.com/board/showthread.php?t=33606874 ) 
(http://www.xtremesystems.org/forums/showthread.php?t=136333 ). 

 
 
 

i) �"��$�  
 

 ��'�&  /  ��� ���  � ��'/  "!�  $%�& ��'  �#2!  �/0  '�  ,���1$��&  �/'  +��,#�/��  
�!�   &'!-,�'!�  '��!-  ��!  "��&5(22!' . :"30   �& ���  ���! �'/��  #"!�  �!  6���#  '��#  
�/0  ,/%�'�0  )-%���&  "��'4'��0  ,$��  �"#  �!  )����!  �/0 , �!  !"!�!  �!  �"!5!/+!-'   
�#�!  !  �'�,&�����0  �!�  #�!   �& !  �$��0  �!�  "��&5(22!'�!0  �"#  �/'   �'/�/  �!�  
���! �'/�!� ,  ���2���&  '�  )-%�& �/'  ,/%�'� , $��&  �& ��/'  "���"�3�/  �/0  �*�# -
)�./0  �!  6���#  '��#  "!�  1�-��&  �"#  ��  !2! 2/�3,$'�  ����6�&  "��3  ��!  )����!  #"!�  
 �& .�'�)-%���& . ��&  ��  ����  �/'  "���"�3�/  /  )-./  ,"!���  '�  �'&�%-���&  �"#  
�'�,&�����0  "!�  ,���1$�!�'  �!�  �$��  "('3  ��!  )����! . 
 

 
������  2.1.1 
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 ��  5��& (  *!,& (  ��!&%���  �'#0  )����!�  �*�#)�./0  (��  !"!��  *�'  *&�1$�!�'  
 �& �#�!  �"#  ���(  �'#0  ���! &'��!� ) ��'�&  ��  �.�0 :  

���!*!0 - 8.!*!0 : �"(�%!�'  *-!  !"$0 �"#  �&0 !"!��0  ,"��'�&   �& 5���'�&  �!  
'��#  ��!  )����! , /  2�&�!�����  �3'  !"!�3'  (�'  ��'�&  ���!*!0  �  $.!*!0 ) �'�22(�����&  
(�& #'�  2.1.1).  

 

 
 

������  2.1.2 
 ��&0 !"$0 ���$0  �1��,#6!�'  ��  �� #�  ���  !"!��  �!"!+��!-'��&  !& �32�'�0  
�&0 �*�#)�./0 .  

�� #� : 	��&���& (  ,&2(,�  �&� �&0 �"!*!%$0  "!�  ��'*$!�'  �!  )����!  ,�  �!  
�"#2!&"!   - 23,�  '��!- , ,$�3  �3'  �32�'3'  (�& #'�  2.1.2). 

 
 

 
 

 ������  2.1.3 
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��)$2�0  '��!- : ��'  �"(�%�&  "�!��"!"!&/,$'!0  #�!0  �&� ���$0 , �22!-  ,"!���  
'�  �'�1$�!'��&  30 *�.�,�'$0 , *&(*�!,!&  �  ��2( &� . ��/'  !����  �!  '��#  *&$�%���& 
,$��  �"#  ���$0 , *&�%$!'��0  �/  +��,#�/�(  �!�  ��!  "��&5(22!'  ,�  �/  5!�+�&�  �/0  
���"�'��'�0  (�& #'�  2.1.3). �!  �%�,�  �!�0  ��'�&  "!2-  2�"�#  ��  "(%!0  �& �%��& (  
,��(2�0  ��  -)!0 , ��'  $'�  !�+!�4'&!  "���22/2#���,,! , �&� '�  ,���24��&  /  
�"&1('�&�  �"�1�0  �!�0  ,�  �/  ���"�'��'� . 	&  �)$2�0  ��  "!2-  �"('&�0  "��&"�4��&0  
�'�& �+����'��&  ,�  �"2!-0  %(2 &'!�0 �32�'�0  (�& #'�  2.1.4). 

 
 

 
������  2.1.4 

 
 

 
������  2.1.5 

 
 ���"�'��'� : ��# �&��&  �&� 2�"�(  1-22�  %�2 !-  ��   �,��!�&*�  ,!�1� , "!�  
�1("�!'��&  ��&0  �)$2�0   �& �"��(�!�'  �"#  ���$0  �/  +��,#�/��  ��!  "��&5(22!' . 	  
2�&�!���& #0  �!�0  �#2!0  ��'�&  '�  ��.('!�'  �/'  �"&1('�&�  +��,!�"��3��0 . :�!  "&! 
"� '�  ��'�&  /   �,��!�&*�0   ���� ���  �!�0 , �#�!  "&!  �2-����  �"&���%('���&  ���# , 
 �+40  ,���24'�&  /  �"&1('�&� . �  ���"�'��'�  ��'�&  ��  �'����!&%�  fins �/0  ���#)� �!0  
(�& #'�  2.1.5). 
 ��'�&  1�'��#  #�& #�!  "&! ,��(2!  ��'�&  �!  )����! , ��  *&���(��&0 ,  �& #�!  "&! 
"� '�  ��'�&  /  ���"�'��'�  �!� , �#�!  ,���2-����  ��'!'��&   �& ��  "!�(  +��,#�/��0  
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"!�  ,"!���  '�  �"��(��&  ��!  "��&5(22!' . 	  ��+,#0  �"��3��0  +��,#�/��0  ��!  
"��&5(22!'  �'#0  )����!�  ��.('�&  ,�  �/  %���/  �'�,&����3' . 
&�  ���#  (223���  !& 
*&���(��&0  �'#0  )����!�  �&� �*�#)�./  �"!2!�&���  $%!�'  ��"!"!&/+��  '�  ��'�&  
"!22�"2(�&�  �3'  12cm, �1!-  !& ,���2-���!&  �'�,&�����0  �"!2!�&��4'  ��'�&  
12x12cm. 
  
 

ii) 3(�)��!� ��  1"��$�"  
 

 :"30  $%�& "�!�'�1��+��  �"('3  ��!  )����!  ,"!�!-'  '�  �!"!+��/+!-'  
"�!�&���& (  �'�,&�����0  "!�  5!/+!-'  ��/'   �2-���/  �"��3��  �/0  +��,#�/��0 . �&0 
"��&��#����0  1!�$0  !& �'�,&�����0  ���!�  ��'�&  %�,/24'  ���!14'  �&� '�   �������&  
��!  �2(%&��!  !  +#��5!0 ,  �+40  /  "�(./  $%�& �"!*��.�&  #�& �!  �"!�$2��,�  �&0 
+��,!�"��3��0  *�'  �"/��(6���&  &*&������  �"#  �/'  ��%-�/��   2�&�!�����0  �3'  
�'�,&����3' . 
 
 �"(�%!�'  ���&0 ��'*���,!�  �&� �/'  �!"!+$�/�/  �3'  �'�,&����3'  "('3  ��!  
)����! , !  "�4�!0  "!�  ��'�&  �'3��#0  ,�  �/'  !�!2!���  push +$2�& �!�0  �'�,&�����0  '�  
�!"!+��!-'��&  $��& 4���  '�  �"�4%'!�'  �!'  �$��  "('3  ��/'  �"&1('�&�  �!�  )����!� . 
	  *�-���!0  ��#"!0  ��'�&  �!  �'�����!1!  �!�  "�!/�!-,�'!�   �& !'!,(6���&  pull , ��/'  
!����  !  �'�,&�����0  �!�1(  �!'  �$��  ,$��  �"#  �!  )����!   �& �!'  "�!3+��  ��!  
"��&5(22!' (�& #'�  2.1.6). �$2!0  !   �2-���!0  ��'*���,#0  ��'�&  ���#0  ,�  �/'  
!'!,����  push-pull "!�  ��'*�(6�&  �&0 *�!  "���"('3  "��&"�4��&0 . ��  ����'  �/'  
��2������  "���"�3�/  !& �'�,&�����0  �!"!+��!-'��&   �& ��&0 *�!  �"&1('�&�0  �!�  
)����!�  #"!�  !   (�3  "�!3+��   �& !  �"('3  ���5(�&   �!'  �$�� . ��'�&  ��1$�����  /  "&! 
�"!��2��,��& �  ,$+!*!0  �&� �/'   �2-���/  +��,# -�"��3��  (�& #'�  2.1.7).  
 
 

 
������  2.1.6 
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������  2.1.7 

 
 

iii) ����(��  – ���!�'�  
 

 ��'�&  !& �32/'4��&0  !& !"!��0  ��'*$!�'  ��  �"�  ,$�!�0  ��!&%���  �/0  
�*�#)�./0 , ��/'  !����  */2�*� , ,$��  ��  ���$0  ��'���&  /  �!�  �!�  '��!-  �"#  �!  
)����!  ���  block  �& "��3  (�& #'�  2.1.8). ����� ����,$'�0  �"#  �&2& #'/ ,  ��(  
"�!��,/�/  *&(1�'�0 ,  �& �&� 2#�!�0  �&�+/�& �0 , �22(   ���30  �&� '�  ,"!�!-,�  '�  
�2$�%!�,�  "&! �- !2�  �/  �!�  �!�  '��!-   �& '�  ��'�&  �� ��(  ��2-�&���  ��  2(��&%� 
4���  '�  ,/'  ��� �6!�' . ��  *-!  ,�����&,�  %��� �/�&��& (  �!�0  ��'�&  /  ��3���& �  
 �& /  �.3���& �  *&(,���!0 . :�!  "&! 2�"��  ��'�&  /  ��3���& �  *&(,���!0 , �#�!  
��.('���&  /  "���/  �!�  '��!- , �22(  ,�&4'���&  /  �!�  �!� . �  "�(./  ,�0  $%�& *��.�&  #�& 
/  "&!  ��(22/2/  ��3���& �  *&(,���!0  �32�'�  "!�  ,�0  *�'�&  �!   �2-���!  
�"!�$2��,�  ��'�&  /  ,&��  �'��� , �'��  �3'  3/8 �  4/5 �&0 �'���0  "!�  $%!�'  
%�/�&,!"!&/+��  ��!  "���2+#' . 
 
&�  �/'   �2-���/  �!"!+$�/�/  �3'  �32�'3'  ���  *&(1!��  ,$�/  �!�  
 � 24,��!0 , %�/�&,!"!&!-,�  �� #�  ���  �/,���  "!�  �1("�!'��& , 4���  '�  
�.��1�2�6���&  /  ���!�����0  �!"!+$�/�/  �3'  �32�'3'   �& '�  �,"!*�6!'��&  !& 
*&���!$0  '��!-  �"#  �!   - 23,� . ��'�&  "�!1�'$0  #�& �&� �32�'�0  *&�,$��!�  ,&��0  
�'���0  "�$"�&  '�  %�/�&,!"!&!-'��&  �� #�  �'����!&%/0  *&�,$��!� .  
 

 
������  2.1.8 
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iv) 3(!�$�  
 

 �  �'�2��  ��'�&  !   � 2!1!�/��0  �!�  '��!-  ,$��  ��!   - 23,� , ��/'  !����  
*/2�*�  ��'�&  $'�0  �-"!0  ,!�$�  "!�  */,&!�����  �/'  �!�  �!�  '��!- . ��'*$���&  ��  
��&�(  ,�  �!   - 23,(  ,�0 , $%�& ,��  ���!*!   �& ,��  $.!*!  ��&0 !"!��0  �1��,#6!'��&  !& 
�32�'�0  �!�   � 24,��!0 . �"2$0  �'�2��0  ,"!�!-,�  5�!-,�  ���  pet-shop, /   2��& �  
�1��,!��  �3'  !"!�3'  ��'�&  ��  �'�*���� . �"(�%!�'  *�!   !&'40  %�/�&,!"!&/,$'�0  
��%'!2!���0 , !&  2��& $0  �'�2��0  ,�  1���3��  (�& #'�  2.1.9)  �& !& 1��! �'��& $0  
�'�2��0  (�& #'�  2.1.10). �  *&�1!�(  �!�0  ��'�&  #�& !& ,�'  "�4��0  5���6!'��&  ��!  
1�&'#,�'!  �!�  '��#,�2!�  �'4  !& *�-����0  ��!  1�&'#,�'!  �/0  1��# �'��!�  *-'�,/0 . 
 
 
 

 
������  2.1.9 
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������  2.1.10 

 
 

 ��  %��� �/�&��& (  "!�  *&� ��'!�'  �&0 �'�2��0  ��'�&  *-! : �!  "�4�!  ��'�&  /  
*-'�,�  �!�0 , "!�  ,���&$��&  ��  2����  '��!-  "!�   &'!-'  �'(  4�� , ,�  ��"& (  '!-,���  
�"#  600 $30 2000 lt/h. �!  *�-���!  %��� �/�&��& #  ��'�&  �!  �'�)3�& #  �!�0 , */2�*�  
���  "#��  ,$���  ,"!�!-'  '�  �)4�!�'  �!  '��# . ��"& (  '!-,���  ��  ����  �/'  
"���"�3�/ , �"#  1.8 ,$%�& 10 m. �*4  ,"!�!-,�  '�  �"!��1/'��!�,�  �&0 $''!&�0  
��%-�/��  '��!-   �& *-'�,/  �'�2��0 . �  ,�'  "�4�/ , �'�1$����&  ��/'  "!�#�/��  �!�  
'��!-  "!�  *&$�%���& �"#  ,&�  ��� � �&,$'/  *&��!,�  ��/  ,!'(*�  �!�  %�#'!� , �'4  /  
*�-���/  �'�1$����&  ��/'  & �'#�/��  �/0  �'�2��0  '�   &'��  �!  '��# , ��%$�30 
,!�1!2!���0  *&�*�!,�0 . 
&�  "��(*�&�,�  �('  $%!�,�  ,&�  �'�2��  ,�  �!�  600lt/h �&� '�  
��,���&  $'�  *!%��!  600 2���3' , +�  %��&�����  ,&�  4�� , *�*!,$'!�  #�& %�/�&,!"!&!-,�  
$'�  2(��&%! �&� "��(*�&�,�   *&�,$��!�  10mm. �('  �22(.!�,�  *&(,���!  ��!  2(��&%! 
,�0  ��  5mm, �#��  �!  *!%��!  ,�0  +�  ��,���&  "(2& ��  ,&�  4�� , �22(  /  ��%-�/��  �!�  
'��!-  +�  ��'�&  *&"2(�&�  �"#  �/'  "�!/�!-,�'/ . ���#  !1��2���&  ��/'  �(�/  �/0  
�'�2��0  '�   ���(  ���+���  �/  �!�  �!�  '��!- . �#'!  ��  *&�*�!,$0  #"!�  /   �'/�/  �!�  
'��!-  ��'���&  ,�  ,��(2/  *�� !2��  2#�3  �'�&��(��3' , "����/�����&  "�4�/  �/0  
*-'�,/0  �/0  �'�2��0 . 
 
 
 

v) ��(#  
 
 ��!�&���& #0  !  �#2!0  �!� , 5!/+(�&  ��/'  �&���3��  �!�  '��!-  ,$��  ��!  
 - 23,�   �& ��/'  �.�$�3�/  �!� . �"!,� �-'�& , */2�*� , �!'  �$��  ,$��  �"#  �!  
 - 23,�  '��!-  (��  �'�&��!&%��  ,�  ��   �2!�&1$� ), *&#�& ��'�&  5$5�&! #�& +�  �"(�%�&  
�$��0  ��!   - 23,�  ��!'  "�4�!   - 2!  2�&�!�����0  �!� , #��'  */2�*�  �!  ��,��!�,�  
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,�  '��# (�& #'�  2.1.11). �!"!+������&   �& ���#  ��  ��&�(  ��!   - 23,�  "�&'  �"#  �/'  
���!*!  �/0  �'�2��0 .  
 
 

 
������  2.1.11 

 
 
 

 
������  2.1.12 

 
 

�!  �%�,�   �& ,$��+!0  �!�  ��'  *&�,!�14'���&  �'(2!��  ,�  �&0 �'(� �0  ,�0  (�& #'�  
2.1.12). ��"!��  *�'  ,�0  �,"!*�6�&  '�  �!   ���� ��(�!�,�  ,#'!&  ,�0 , ,"!���  '�  ��'�&  
,&�  �"2�  %�&�!"!�/�/   ���� ���  ,�  ,��  ���!*! , ,��  $.!*!   �& $'�'  ��3���& #  %4�!  
�� ��(  ,��(2!  4���  '�  ��'���&  �"#  � ��  /  �&���3��  �!�  '��!-  ��!   - 23,� .  
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 �!  ��'  $%�&, 5$5�&�,  �& $'�'  �"&"2$!'  �#2!  ��!  #2! �-��/,� . �  -"��.�  �!�  
��.('�&  �/'  "!�#�/��  '��!-  ��!   - 23,� , ,�  �"!�$2��,�  '�  %��&(6���& 
"��&��#���/  4��  �&� '�  �"$2+�& /  +��,& �  &�!��!"��  ��!  '��# .  
 
 
 

vi) block 
 

 �"!��2��  �!  "&! �/,�'�& #   !,,(�&  ��/'  �*�#)�./ . ��'�&  �!  �.(��/,�  ���#  
"!�  $%�& ��'  �#2!  �!�  �/'  �"��3��  �/0  +��,#�/��0  �"#  �!  � (��!��  !2! 2/�3,$'!  
 - 23,�  ��!  !"!�!  �1��,#6�& , ,���1$�!'�(0  �/'  ��!  '��#  "!�  �!  *&�"��'( . 
�('!'��0  �!'  "���22/2&�,#  ,�  �&0 ���#)� ���0 , +�  *!-,�  "30 #"30 ���$0  
%��&(6!'��&  �!'  �$��  �&� �/'  ,���1!�(  �&0 +��,#�/��0  ��!  "��&5(22!' , $��&  �& ��  
block %��&(6!'��&  �!  '��#   �&� �/  ,���1!�(  �/0  +��,#�/��0  ��!  )����!   �& �"#  � ��  
��!  "��&5(22!' .  

 
������  2.1.13 

 
 
 ��3�/�& ( , ��  ,$2/  "!�  �"����6!�'  $'�  block ��'�&  ��  �.�0 : /  ���!*!0   �& /  
$.!*#0  (!& �#2!& �3'  !"!�3'  ,"!���  '�  �'�22(��!'��&  ��  �� ��$0  "��&"�4��&0 ), "!�  
�2!"!&!-'��&  ,�  �� #� , ��  !"!��  �!"!+��!-'��&  "('3  ��!  upperplate. �!  upperplate 
��'�&  /  "2( �  #"!�  �!"!+��!-'��&  ��  �� #�   �& �"!��2��   �!  "('3  ,$�!0  �'#0  block. 
	  �#2!0  �/0  ��'�&  /  �-'*��/  �!�  block ,�  �!   - 23,�  '��!- . ��3���& (  �!  
upperplate �1("����&  ,�  �!  innerplate. �!  innerplate ��'�&  !   �'#0  %4�!0 ,$��  ��!'  
!"!�!  +�  �&�$�%���& �!  '��#   ��(  �/'  2�&�!�����  �!�   � 24,��!0 . �!  �2& # 
 ���� ���0  �!�0  ��'�&  ��'�+30  !  %�2 #0, �'   �& ��   ("!&�0  "��&"�4��&0  ��  
52$"!�,�   ���� ����,$'�  �"#  Plexiglas �   ("!&!  (22!  *&(1�'!  "2���& #  ,�  �'!%$0 
��&0 �)/2$0  +��,! �����0  �&� 2#�!�0   �2�&�+/���0 . �!  innerplate ,�  �/  ��&�(  �!� , 
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�1("����&  ��3���& (  ,�  �!  bottomplate. 	  �#2!0  �!�  bottomplate ��'�&  *&"2#0. �"#  
�/  ,��  �!�  "2���(  �1("����&  "('3  ��!  !2! 2/�3,$'!   �& �"!��!1(  �/  +��,#�/�� . 
�  (22/  �!�  "2���(  ��'�&  ����  "!�  5�$%���& �"#  �!  '��#  "!�  �"(�%�&  ,$��  ��!  
innerplate #"!�   �& ,���1$��&  �/'  +��,#�/��  "!�  �"!��!1(  �"#  �!  !2! 2/�3,$'! . 
�!  �2& #  ���� ���0  �!�  bottomplate ��'�&  ��   (+�  "���"�3�/  !  %�2 #0.  
 ��/'  "�(./ , 5$5�&�, !  *&�%3�&�,#0 ���#0  *�'  ��'�&  *�'  ��'�&  ����/�#0  ���  
����  ���(  �"�"�*� ,  �+40  �!  innerplate  ��'�&  ��'�+30  �'�3,��3,$'!  ����  ��!   
bottomplate, ����  ��!  upperplate. 
 ��   -�&�  %��� �/�&��& (  "!�  �"/��(6!�'  �/'  �"#*!�/  �'#0  block ��'�& : /  
��3���& �  �%�*���/  �!�  bottomplate, �!  "(%!0 �!�   �& /  ��%-�/��  *&$2���/0  �!�  
'��!-  ,$��  �"#  �!  block. ��'�&  ��1$0  #�& !& ���&0 ���!�  "��(,���!&  
�22/2!�.���4'��& . 
&�  "��(*�&�,� , $'�  block ,�  "!2-  "� '�  ��3���& �  �%�*���/  
,�&4'�&  �/'  ��%-�/��  �!�  '��!-   ��(  �/  *&$2����  �!� ,   �+40   �& $'�  block ,�  "!2-  
"�%-  "(�!  �����  '�  ,���1$��&  �/  +��,#�/��  �"#  �!'  �"�.�������  ��!  '��# .  ��"& (  
'!-,���  �&� �!  "(%!0 �!�  bottomplate �'#0  block ��'�&  �"#  3 $30 10 mm. �(�3  �"#  
3 �!  block ��'�&  �-+�����! , "('3  �"#  10 !  ��+,#0  ,���1!�(0  �"#  �!  $'�  ( �!  ��!  
(22!  ��'�&  "(��  "!2-  ,& �#0   �& *�'  & �'!"!&��  �&0 �'(� �0  ,�0 . 
 
 

 
 

 ������  2.1.14 
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 8%!�'  �"& ������&  ���&0 ��#"!&  �%�*&��,!-  �!�  ��3���& !-  �!�  block. 	  
"�4�!0  ��'�&  !  �"�&�!�&*�0  (�& #'�  2.1.14), #"!�  �!  '��#  � !2!�+��  ��� � �&,$'/  
"!����  ,$��  �"#  ��  ��2( &�   �& $%�& "�! �+!�&�,$'/  ���!*!   �& $.!*!  ��!  block. 
��  ����  �/'  "���"�3�/  �!  '��#  *&��%#,�'!  ,$��  �"#  ��  ��2( &�  ,��  !"!��  
!��&���& (  ,���24'!�'  �/'  *&�*�!,�  �!�  ,$��  �"#  ��  block, �"!��!1(  �/'  
� 2�#,�'/  +��,#�/��  �!�  �"�.������� . ��  ��2( &� - �'(2&�  $%!�'  ��� � �&,$'!  
"(%!0 �'(2!��  ,�  �/'  �%�*���/   �& �!'  ��#"!   ���� ���0 . :�!  "&! ,��(2/  ��'�&  /  
*&�*�!,�  �!�  '��!-  ,$��  ��!  block, �#�!  ,���2-����  "!�(  +��,#�/��0  ,"!���  '�  
�"!��!1���&  �!  '��# . �!  ,�&!'$ �/,�  �/0  ��� � �&,$'/0  �%�*���/0  "�!$�%���&  �"#  
�!  ���!'#0  #�& /  +��,#�/��  �"(����&  �"#  �&0 � ,$0 . �  ��� � �&,$'/  �%�*���/  �/0  
�"����0  "��#2!  "!�  ��'�&  �- !2/  ��/'   ���� ��� , *�'  $%�& "!22$0 � ,$0 . ���#  
�/,��'�&  #�& "��#2/  �/  *&�*�!,�  �!�  '��!-  ,$��  ��!  block, �!  bottomplate *�'  ��'�&  
��  +$�/  '�  ,���*4��&  �/  +��,#�/��  "!�  �"!��!1(  ��!  '��# . ��/'  "!����  �!�  
%�#'!�  ,&�  2-�/  "!�  *#+/ �  ��!  "�#52/,�  ���# , ���'  �!  '�  ��.��!�'  �!  "(%!0 �!�  
bottomplate, ,�  �"!�$2��,�  �!  bottomplate '�  ,"!���  '�  �"!��!1(  ,���2-����  
"!�(  +��,#�/��0  $��& 4���  '�  ��./+��  �2(%&���  /  "!�#�/��  +��,#�/��0  "!�  
�"!��!1(��&  �"#  �!  '��# . 
&�  "��(*�&�,� , $��3  #�& !  �"�.�������0  ,�0  � 2-�&  100 
watt +��,#�/��0 . �   (�3  �"&1('�&�  �!�  block �"!��!1(  88 watt  ��(  ,$�!  #�!   �& 
��  "�!3+��  ��!  '��# . �#�3  �/0  �*�'�,��0  �/0  �%�*���/0  �!  '��#  *�'  +�  ,"!�$��&  '�  
�"!��!1���&   �& ��  88 watt �'$���&�0 . ��  �"!��!1���&  ,#2&0 ��  60% = 52.8 watt 
("������/�/ : /  � ��5�&�  �3'  ��&+,4'   ��'�&  �%��& � , %�/�&,!"!&!-'��&  �&� 2#�!�0  
�"�.��/�/0 ). �'  *&"2��&(�!�,�  �!  "(%!0 �!�  %�2 !-  �!�  bottomplate, �#��  /  5(�/  
�!�  block +�  ,"!���  '�  �"!��!1(  "��&��#���/  +��,#�/��  �"#  ��  ��%& ( 88 watt, 
�,"�&�& (  ��'�&  "���"!�  5% "��&��#����  #��'  +�  *&"2��&�����  �!  "(%!0. ���#  $%�& 
��'  �"!�$2��,�  ��2& (  �!  '��#  '�  �"!��!1(  88 * 1.05 * 0.6 = 55.44 watt. 
 

 
������  2.1.15 
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 	  *�-���!0  ��#"!0  �%�*&��,!-  5���6���&  ��/  +�3���  �/0  ���#)� ���0 , 
*/2�*�  "�!�"�+!-,�  '�  �1��,#�!�,�  �/  +�3���  �3'  fins, #"30 $%!�,�  �./����&  
"�!/�!-,�'� , "�!�+$�!'��0  "��&��#����0  � ,$0  ��/'  ��3���& �  �%�*���/  �!�  
block(�& #'�  2.1.15). ��  ����  �/'  "���"�3�/  �%�*&��,!-  *�'  �"(�%�&  
"�! �+!�&�,$'/  ���!*!0   �& $.!*!0 . 	"!&�*�"!��  �"#  �&0 *-!  *&#*!�0 �!�  block 
,"!���  '�  "��.�&  �!  �#2!  �/0  �&�#*!�  �  �/0  �.#*!�  �'����!&%� . ��  ����  �/  �%�*���/  
��.('!�,�  �!  "2�+!0  �3'  � ,4' , 3+!-,�  �!  '��#  '�  "��(��&  ,�  ,���2-���/  
��%-�/��  ,$��  �"#  ���$0 , ,�  �"!�$2��,�  �!  "!�!��#  �"!��#1/�/0  �!�  '��!-  '�  
����6�&  �!  90%. :�!  "&! 2�"�!�  ��'�&  !& *&(*�!,!&  �!�  '��!- , �#�!  ��.('���&  /  
��%-�/��  �!�  '��!- . �!  "(%!0 �!�  bottomplate ��'�&  �!   ��(  �!  *�'��#  2�"�#���! , ,�  
(,��!  � !"#  �/'  "&! ����!�/  �"!��#1/�/  �/0  +��,#�/��0  �"#  �!  '��# .  
��&!'� ��,���  ����0  �/0  �%�*���/0  ��'�&  /  *�� !2��   ���� ���0  �!�  block  �& /  
�'(� /  %���/0  �'�2��0  ,�  ,��(2/  �!� . �!  %��� �/�&��& #  "!�  �22(6�& �&6& ( �/'  
�"#*!�/  �'#0  block "!�  � !2!�+��  �/  ��� � �&,$'/  �%�*���/ , ��'�&  /  *&�,#�13�/  
 �& *&(��./  �3'  fins ��!  ��3���& #  �!� . 	  #�!0  fins �'�1$����&  ���  �%�,���  "!�  
�"(�%!�'  ��!  ��3���& #  �!�  block. ��!  ,���2-���!  "!�!��#  �3'  "��&"�4��3'  ��  
�%�,���  ���(  ,!&(6!�'  ,�  ,& �(  !�+!�4'&�   �& �����!-0 . ��2& (  /  � (��!��  
��3���& �  �%�*���/  �!�  block, #�!  ,���2-���/  ��&5�  */,&!�����  ��/'   �'/�/  �!�  
'��!-   �+40  ���#  *&$�%���&  �& #�!  �!  '��#  �1("����&  ��  �"&1('�&�0  ,�  
"��&��#����0  � ,$0 , �#�/  "��&��#���/  +��,#�/��  �"!��!1( . 
 
 

 
������  2.1.16 

 
 

 �&�  �22/'& �  "�!�"(+�&�  �"#  �!'  %����/  �&%(2/  
/�!-�/  - Eleven �!�  
forum www.outofspecs.gr  "!�  ��'*�(6�&   �& �!�0  *-!  "���"('3  ��#"!�0  �%�*���/0  
 �& �"31�2����&  �"#  ��  "2�!'� ��,��(  �!�0  ��'�&  �!  block ,�  �/'  !'!,����  eleven 
crusader. �/2�*� , "��#2!  "!�  � !2!�+��  �/  *�-���/  "���"�3�/  �%�*���/0 , *�'  
%��&(6���& *�'���  �'�2��  �&� '�  2�&�!������&   �& ��  "!�!��(  �"!��#1/�/0  �/0  
+��,#�/��0  �!�  '��!-   �,��'!'��&  ��  �)/2(  �"�"�*� . ��/'  "���"�3�/  ���� , �!  '��#  
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�&�$�%���& �"#  �!   $'��!  �!�  block,  ('�&  $'�   - 2!  ,$��  �"#  ,&�  *&(��./  
�����!�&*4'  �%/,(�3'   �& �.$�%���&  �"#  �/'  �.3���& �  �"����  (�& #'�  2.1.16). 
�(2&��� , /  ��� � �&,$'/  �22/'& �  �2!"!�/�/ , ��/  ��� �&�& �  *! &,�  �!�  vr-zone, 
 ��$2�5�  �/'  *�-���/   +$�/  ( http://www.vr-zone.com/?i=37&s=5 )  (�& #'�  2.1.17). 
 

 
������  2.1.17 

 
 

 
 ������  2.1.18 

 
 

 ����!0   �& ��2�����!0  ��#"!0  �%�*���/0  ��'�&  /  "���"�3�/  � ��'/  #"!�  
%�/�&,!"!&!-,�  �!'  )� ��,#  �!�  '��!-  "('3  ��!  bottomplate. �  -"��./  �!�  
innerplate �*4  ��'�&  �"!%��3�& � . ��!  innerplate */,&!���!-'��&  "!22$0, "!2-  
,& �$0 ��-"�0  � �&540  ��/'  ���!*!  �!�  '��!- . �  !�!2!���  "!�  %�/�&,!"!&����&  �&� 
'�  "��&��()�&  �/  *&(��./  ����  ��'�&  micro-channels (�& #'�  2.1.18). �!  '��# , 
*&��%#,�'!  �"#  ��  ���'(  ���(   �'(2&� , ��.('�&  2!���&+,& (  �/'  ��%-�/�(  �!�  
"�!�!-  $�+�& ��  �"�1�  ,�  �!  bottomplate. �!  bottomplate $%�&  �'��& (  
�!"!+��/,$'�0  ,& �$0 ��!%$0 ��&0 !"!��0  �!   �'��& (  *&��%#,�'!  '��#   ���2���&  ,�  
,��(2/  ��%-�/�� . �  *&(��./  ����  �"(�%�&  ,#'!  ��!   $'��!  �!�  bottomplate, ��  ( ��  
�!�  ��'�&  �2�-+���  �&� '�  �.$�%���&  �!  '��# . ��  ����  �/  �%�*���/  �!  '��#  ��&0 
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��!%$0 �!�  bottomplate */,&!�����  ,& �$0 *�'�0 . �"#   �+��(  ,�+/,��& �  ("!)/ , /  
��,"��&1!�(  ����  �!�  '��!-  ,"!���  '�  %��� �/�&����  30 %�!�& � . �-�&!  
,�&!'$ �/,�  ����0  �/0  �%�*���/0 , ��'�&  /  �'(� /  %���/0  �"��5!2& (  *�'���0  
�'�2��0 , "!2-  ,���2-���/0  �"#  ����  "!�  +�  %��&�6#,����'  ��!  *�-���!  ��#"!  
�%�*&��,!- . ;22�  ,�&!'� ��,���  ��'�&  /  *�� !2��   ���� ���0  �3'  micro-channels, 
#"!�  %��&(6!'��&  �&*& ( ����2���  *���-����   ��/'  ��!�( , #"30  �& �!  ���!'#0  #�& 
2#�3  �/0  ���'#�/��0  �3'  micro-channels  �+������&  �- !2/  /  1����  �!�0  �"#  
(2���  '��!- ,  (�&  �!  !"!�!  ,"!���  '�  �"!5��  ,!&���!  �&� �!'  �"�.�������  ,�0 .  
���!�& (  �'�1$�!�,�  #�& !  "�4�!0  "!�  �"&'#/��   �& �1(�,!��  �/'  "���"('3  
�%�*���/  ���'  !  ������2#0  Cathar, &*����0  �!�  overclockers.com.au.  
 
 

 
������  2.1.19 

 
 �  �!"!+$�/�/  �3'  blocks "('3  ���  !2! 2/�3,$'�  ,"!���  '�  ��'�&  ,�  *-!  
��#"!�0 . 	  "�4�!0  ��'�&  ,�  5�*�0  �& �2����&�  �('  /  ,/��& �  ,�0  $%�&  ��(22/2�0  
��-"�0  �-�!  �"#  �!  socket �!�  � (��!��  �"�.������� . ��/'  �'��+��/  "���"�3�/  
%�/�&,!"!&!-'��&   ��(22/2�  clip, �'(2!��  ,�  ���(  "!�  ��'�'�(,�  ��&0 
���#)� ���0  (�& #'�  2.1.19).  
 
 	2! 2/�4'!'��0  �/'  "��&���1�  �/0  �*�#)�./0 , "�$"�&  '�  �'�1$�!�,�  #�& 
�!  '��#  "!�  %�/�&,!"!&����&  ��!   - 23,�  ,"!���  '�  ��'�&  �"2#  '��#  5�-�/0 , 
�1&!'&�,$'!  #"30 ���#  "!�  %�/�&,!"!&����&  ���  /2� ��& (  ��*��� ,  �'!'& #0  !�#0 , 
*/2�*�  '��#  ,�  Ph ,/*$' . �!22!�  %�����0  "�!�+$�!�'  ��!  '��#  �'�&5&!�& (  �&� �/'  
 ���"!2$,/�/  �/0  �'("��./0  ,& �!5�3'  �"#  �/  ,� �#%�!'/  %���/  �!�  �*&!�  '��!- ,  
"���12!- , !&'#"'��,� , %�3��& $0 !����0 , water wetter. �!  ��2�����!  �"!��2��  
"�!�+��& #  ��!  '��#  "!�  )-%�&  �/'  ,/%�'�  �!�  ���! �'/�!� , �"!�%#,�'!  #�& *&"2�- 
�&(6�& �/'  & �'#�/��  �"!��#1/�/0  �/0  +��,#�/��0  
(http://www.redlineoil.com/products_coolant.asp, 
http://e30m3performance.com/myths/more_myths1/Water_Wetter/water_wetter.htm).   



��1(2�&!  2!    �$�3  �"��3��0  �!  '��#  

7-./  �2� ��!'& 4'  �"!2!�&��4'    56 

2.2 ����(�#!�)�!�  – ����(�#!�)�!�  !%� ' ��%�  "* -1"+%�   
 
 
 �!  5��& #  "2�!'$ �/,�  %���/0  ,&�0 �*�#)�./0  ��'�&  /   �2-���/  )-./  �3'  
!2! 2/�3,$'3'   � 23,(�3'  ,�0 . ���#  !1��2���&  ��/'  & �'#�/��  �3'  block '�  
�"!��!1!-'  ��%-����  �/'  � 2�#,�'/  +��,#�/��   �& '�  �/'  ,���1$�!�'  ��!  '��# , 
"!�  ,�  �/  ��&�(  �!� , $%!'��0  �/  ,���2-���/  +��,!%3�/�& #�/��  �"#  ��  �'3��(  
�2& ( , �/  ,���1$��&   �& ���#  ��%-���� , ,�  �/  5!�+�&�  �/0  �'�2��0  ��!  )����! . �!  
)����!  2#�3  ��./,$'/0  �"&1('�&�0   �& ,���2-���/0  �"#����/0  �"#  �/'  "/��  �/0  
� 2�#,�'/0  +��,#�/��0 , ��  �%$�/  ,�  �&0 ���#)� ���0 ,  �& �"!5!/+!-,�'!  �"#  
�'�,&�����0 , ,���1$��&  �/  +��,#�/��  �!�  '��!-  ��!  "��&5(22!' . �'*�& �& (  
�'�1$�!�,�  #�& ��  "!�(  +��,#�/��0 , ,���/,$'�  ��  watt, "!�  ,"!���  '�  *&�%�&�&���� 
,&�  �*�#)�./  ��'�&   ��(  ,$�!  #�!  ��&"2(�&�  �"#  ,&�   2��& �  ���#)� ��� . 8'�  
� #,/  �/,�'�& #  "2�!'$ �/,�  "!�  !1��2���&  ��&0 %�,/2$0 ���!1$0  2�&�!�����0  �3'  
�'�,&����3' , ��'�&  ��  %�,/2(  �"�"�*�  +!�-5!� . ��  ,&�  �'*�& �& �  ��� �&�& �  *# &,/  
"!�  $2�5�  ,$�!0  ��!  coolercases.com.uk /  �'3���#�/��  �/0  �*�#)�./0  ���'  
"�!1�'�0  (�& #'�0  2.2.1, 2.2.2).  
 
 

 
������  2.2.1  
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������  2.2.2 

 
 

 ���#  "!�  "����/�!-,�  ��&0 "���"('3  �& #'�0  - *&���(,,���  ��'�&  /  
�-� �&�/  ,&�0 ��"& �0  �*�#)�./0 (,"2�  ���2/ ) ,�  �2!"!&���&0  ���#)�./0  *&�1#�3'  
 ���� �����4' ( ���&'�0 , ,!5   �& ��2(6&�0 ���2�0 ). �  �-� �&�/  ��'���&  "�4��  ��  
,&�   (���  ���1& 4'    �&  ��#"&'  ��  $'�'  �"�.������� . �  �*�#)�./  ��  #2�0 �&0 
"��&"�4��&0  �"&���%('�&  %�,/2#����0  +��,! �����0 . 
 �!'�*& (  ,�&!'� ��,���  �/0   ��/�!���0  ����0  ��'�&  /  �%��& �  *�� !2��  
��/'  �!"!+$�/�/  �/0  �*�#)�./0 , /  "&+�'�  *&���!�  '��!-  �"#  �!   - 23,�   �& �!  
�%��& (  ��./,$'!   #��!0  (~160€ ,&�0 ��"& �0  �2!"!�/�/0  �*�#)�./0 )  ��  �-� �&�/  
"('��  ,�  ,&�  ��"& �  �2!"!�/�/  ���#)� ���0 (~30€). �('  /   ���� ���  �/0  
�*�#)�./0  ,�0  ��'�&  ,�  �3��#   �& "�!�� �& #  ��#"! , !   �'*�'!0  �/0  *&���!�0   
�.�2��1���& .  
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2.3 �� �"�$��%  "����$%�%�  )���  "* -1"+%�  
 
 

 � !"#0  �/0  "��!�����/0  ��'�&  '�  "����/���!�,�  5�,�  5�,�  �/'   ���� ���  
,&�0 �*�#)�./0   �& '�  �'�2-�!�,�  ��  �/,���  "!�  %��6!�'  "�!�!%�0 . ��/'  
��� � �&,$'/  "���"�3�/  /   ���� ���  �'�1$����&  ��!  "�!�3"& #   ,!�  �-��/,�  
�*�#)�./0   �& �"!��2��  �/'  �$����/  ��  ��&�(  �2!"!�/�/  ,�  � !"#  �/'  ��'�%�  
5�2��3�/  �/0 . �!   #��!0  �/0  ��� � �&,$'/0  �2!"!�/�/0  �'$�%���&  ��!  "!�#  �3'  
450€. �'�2��& (  $%!�,� :  
  

�����  ����	�
���
�  
���������  ������  ���������  

CPU Block AlphaCool Nexxos 50€ Eleven 50€ 
VGA Block Eleven 50€ ~ 
������   Laing D5 90€ Hydor L20 20€ 
��	
��  Triple BlackIce GT360 90€ BlackIce S240 40€ 
�
�����
��  Tygon 3603 20€ ���������    1€ 
Fans 6x12cm CoolerMaster 70€ 2x12cm 14€ 
����  Black Cape 80€ ~ 

 
 
 ��'  "�4�!   5�,�  "�$"�&  '�  *!-,�  "30 +�  �!"!+��/+��  /  �*�#)�./  ��!   !���  
�!�  �"!2!�&���  ,�0 . ��/'  ��� � �&,$'/  �2!"!�/�/  "!�  +�  �.��(�!�,� , ,&�  
"�!�$��&�/  �&� �/'  �!"!+$�/�/  �3'  �2& 4'   ��'�&   /  "��� (�3 : 
 �!  )����!  �!"!+������&  ��!  "(�!  �!�   !��&!- , /  �'�2��  ,"�!��(   �& %�,/2(  
� �&540  "��3  �"#  �!  ��' , �!  #"!&!  �!"!+������  ��  ,"�!��&'$0  +$��&0 5.25 �!�  
 !��&!-  (�& #'�  2.3.1). 
 

 
������  2.3.1 
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 �"#,�'!  5�,�  /  �!"!+$�/�/  �!�  )����!� , �1!-   #)!�,�  �!'  "(�!  �!�  
 !��&!-  4���  '�  �1��,#6�&   ��(22/2� . �1!-  �!"!+��/+��  �!  )����! , 5&*4'!�,�  
"('3  �!�  �!�0  �'�,&�����0   �& ��  �� #� . ��!'��6!�,�  ��!  �"���3,�  �3'  �� #�  '�  
%�/�&,!"!&��!�,�  ��12#'  (2�"��  �*���2& �  ��&'��  �&� �����'!"!&���&0 ). �!  
�"!�$2��,�  1��'���&  ��&0 �& #'�0  2.3.2 $30 2.3.5. 
 

 
������  2.3.2 

 
 
 
 

 
������  2.3.3 
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������  2.3.4 

 
 

 
������  2.3.5 
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 ��/'  ��'$%�&�  �!"!+��!-,�  �/'  �'�2��   �& �!  ��' . ��  ��'*$!�,�  ,���.-  
�!�0   �& ,�  �/'  ���!*!  �!�  )����!�  %�/�&,!"!&4'��0  �!�0  �32�'�0 , 1�!'��6!'��0  '�  
%�/�&,!"!&!-,�  *�,��& (  - �1&� ����0  ��   (+�  �� #�  "!�  �1��,#6!�' . ��!�!%�  
��!   �2#  �1�.&,!  �3'  *�,��& 4'  �&� �/'  �"!1���  *&���!�0   �& ��/'  �3���  
�!"!+$�/�/  �/0  �'�2��0 , 4���  '�  ,/'  �1("����&  ��!   !���  ,�0   �& ,���1$��&  
*!'���&0 , 2#�3  �!�  ,!�$�  �/0 , ��  ���# . �('  �!  ��2�����!  *�'  ��'�&  �1& �#  �#��  
1�!'��6!�,�  '�  �!"!+����!�,�   ("!&!  "!�4*�0   �& �"!��!1/�& #  �2& # ���  �/,���  
�"�1�0  �/0  �'�2��0  ,�  �!   !��� , �&� �/'  �3���  �"#�5��/  �3'   ��*��,4'  (�& #'�0  
2.3.6 $30 2.3.7). 
 
 

 
������  2.3.6 

 
 

 
������  2.3.7 
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 8"�&��  �!"!+��!-,�  �!  block �/0   (���0  ���1& 4'   �& ��!&,(6!�,�  �/'  
,/��& �  �&� �/'  �!"!+$�/�/  �!�  block �!�  �"�.�������  5(6!'��0  �&0  ��(22/2�0  
5�*�0 ���  �/,���  #"!�  +�  �1��,#��&  ���#  (�& #'�  2.3.8). �!"!+��!-,�  �!  block 
,#'!  �1!-  5�!-,�  �/'   ��(22/2/  ��  ,� !0  �32�'�  "!�  +�  ��'*$�&  �/'  $.!*!  �!�  
cpu-block ,�  �/'  ���!*!  �!�  vga – block. 
 
 

 
������  2.3.8 

 
 

 8%!'��0  ,������&  �&0 �"!��(��&0 ,  #5!�,�  ��!   ��(22/2!  ,� !0  �!�0  
�32�'�0   �& ��'*$!�,�  ��2& 40  �& ��  �"#2!&"�  �2& ( . �  $.!*!0  �"#  �!  )����!  
"/���'�&  ��/'  ���!*!  �!�  cpu-block, /  $.!*!0  �!�  cpu-block ��/'  ���!*!  �!�  vga- 
block  �& /  $.!*!0  �!�  ��2�����!�  ��/'  ���!*!  �!�  ��'  (�& #'�  2.3.9). �  �*�#)�./  
,�0  ��'�&  $�!&,/ . �  *&�*�!,�  �!�  '��!-  *�'  �"&2$%�/ � ��%��� . �!  '��# , �.��%#,�'!  
�"#  �!  )����!  ��'�&  ��/'  %�,/2#���/  *�'���  +��,! �����  �!� , �!  !"!�!  ��/  
��'�%���  !*/�����&  "('3  �"#  �!'  �"�.�������  ,$�3  �!�  cpu-block, �"!*�*!'��0  �/'  
,�����/  )-./ . �!  ��'  $%�& �!"!+��/+��  ��/'  ���!*!  �/0  �'�2��0 , 4���  �!  �$,&�,�  
�!�   � 24,��!0  ,�0  ,�  '��#  '�  ��'���&   ��(  �!  *�'��#  �� !2#���� . ��3�/�& ( , /  
 �2-���/  +$�/  �&� �!  ��'  ��'�&  ��!  �)/2#���!  �/,��!  �!�   � 24,��!0 ,  �+40  !  
�$��0  ��'  "&! �2�1�-  �2& # �"#  �!  '��#  �'�5��'�&  "�!0  ��  "('3 . �!  ��2& # ��(*&!  
��'�&  �!  �$,&�,�  ,�  '��#  (�& #'�  2.3.10). ���#  ��'���&  ,�  �!'  �"!2!�&���  � �#0  
2�&�!�����0 , 4���  ��  "���"�3�/  *&���!�0  '�  �"!1-�!�,�  �/'   ������!1�  �!�  
hardware ,�0 . �'!��!�,�  �!   - 23,�  ,�0 , $%!'��0  ��  2�&�!�����  ,!'#  �/'  �'�2��  
 �& �2$�%!�,�  *&�� 40  �&� *&���!$0 . �1#�!'  $%�& �.��1�2&����  /  ��1(2�&�  �!� , 
+$�!�,�   �& �!'  �"!2!�&���  ��  2�&�!�����  "!�  "!&�  ��'�&  �*�#)� �!0  (�& #'�  
2.3.11).  
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������  2.3.9 

 
 
 

 
������  2.3.10 
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������ 2.3.11 
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��������  3�   

 ����  ��������  !�  �� ��  
 
 
 

��  �!�0  *-!  "�!/�!-,�'!�0  ��#"!�0  )-./0  "!�  �.��(��,� , /  %�,/2#���/  
+��,! �����  "!�  ,"!�!-,�  '�  �"&�-%!�,� , �#�!  ,�  �/'  ���#)�./ , #�!   �& ,�  �/'  
�*�#)�./ , ��'�&  /  +��,! �����  �!�  %4�!� . ��  ����  �/'   ��/�!���  +�  "��&��()!�,�  
�!'  ��#"!  ,�  �!'  !"!�!  ,"!�!-,�  '�  ,�&4�!�,�  "��&��#���!  �/  +��,! �����   (�3  
�"#  ����'  �!�  %4�!� . ��  �/'  $''!&�  +��,! �����  %4�!�  �'�1��#,����  ��/'  
+��,! �����  "!�  $%�& �!  "��&5(22!'  ��!  !"!�!  5��� ���&  !  �"!2!�&���0  ,�0 , �&� 
"��(*�&�,�  /  +��,! �����  �!�  *3,���!�  ,�0 . 

�  ��%'!�'3���  "!�  �"�&�����&  �&� �/'   ���� ���  ����0  �/0  �2!"!�/�/0  
"�!$�%���&  �"#  ��  !& &� (  )����� , ��  !"!��  %�/�&,!"!&!-'  �$�&�  �&� '�  �"&�-%!�'  
�/'  )-./ . �$�3  �/0  /2� ��& �0  �'$���&�0 ,  &'!-'  ��  �$�&�  ���(  ,$��  ��!  %4�!  
)-./0 , �"&���%('!'��0   �& *&��/�4'��0  �/'  "�!�*! 4,�'/  +��,! ����� . 	  %4�!0 
"!�  )-%���& ,  �,��'���&  ��  ,$��+!0  �"#  ,��& (  ������3'& (  *� ��#,���� , ,$%�& 
"!2-  ,���2-���!�0  %4�!�0 , #"30 ��'�&  ��  �"����2,��& (  )����� . �'  �!'  %4�!  ���#  
�!'  "��&!���!�,�  ���  ,��& (  � ��!��(  "!�  �"!��2!-'  �/'  �"&1('�&�  �!�  
!2! 2/�3,$'!�  "!�  +$2!�,�  '�  )-.!�,� , �#��  $%!�,�  �"&�-%�& �/'  6/�!-,�'/  )-./ . 

�  '$�  ����  ��%'!��!"�� , "!�  �/'  ��'�'�!-,�  ,�  �/'  !�!2!���  �22���  
�(�/0  (Phase-Change, Direct Die) .� �'/��  �!  2001 �"#  �/'  ���&���  Prometeia, "!�  
 ��#"&'  �.��!�(��/ �  �"#  �/'  NVentin  �& ��2& (  ,��!'!,(��/ �  ��  E.C.T. 
(Extreme Cooling Technologies), ���&���  5�2�&4��30  PC.  

http://www.extremecoolingtechnologies.com/ 
���#2!  �/'  "�3�!"!�&� �  &*$� �/0 , /  "!����  �/0  ���&���0  *�'  ���'  �#�!  

& �'!"!&/�& �  #�!   �'��0  +�  "�!�*! !-�� , �&� �!�0  �.�0  ���&0 2#�!�0 : 
�  �.3"���,��& �  �&,�  "42/�/0  �!�  "�!<#'�!0  (1500 $) 
�  �42/�/  ,#'!  ��&0 � .� .� . 2#�3  �3'  ���(��&3'  *��,4'  �&� �/'  �.��3��  

�"#  ����' . 
�  ���(2/   �+���$�/�/  ��/'  "��!%�  ��,5��#�/��0  �!�  �����,��!0  ,�  ��  

'$�  sockets �3'  �"�.������4' . 
:2!&  !& "���"('3  2#�!& 4+/��'  �!�0  %�����0  ��/'   ���� ���  ���!�%$*&3'  

"��#,!&3'  ����/,(�3' . �(2&��� , %�/�&,!"!&4'��0   �2-����  �2& ( ,  ��(1���'  #%& 
�"240  '�  .�"��(�!�'  ��  "���"('3  ,�&!'� ��,��� , �22(  '�  �"&�-%!�'   �& 
 �2-����0  �"&*#��&0 �3'  ����/,(�3'  �!�0  (%�,/2#����0  +��,! �����0 ). 	& *-!  
%�����0  "!�  $5�2�'  �&0 5(��&0 �&� �/  �3���   �& ��1�2�   ���� ���   �& ����#%�!'�  
�.$2&.�'  �!  �-��/,� , �#�!  ��  ��,5��#�/�� , #�!   �& ��  �"#*!�/  ��'�&  !  �,��& ('!0  
Chilly1, �"#  �!  forum xtremesystems.org  �& !  *& #0 ,�0  Unseen – �����!0  
�!���&(�/0 , �"#  �!  forum www.outofspecs.gr.  

 
��/  ��'$%�&�  +�  "��!��&(�!�,�  �/'  *& �  ,�0  �2!"!�/�/  �!�  �����,��!0  

)-./0  ,�  �22���  1(�/0 . �  1&2!�!1��  �%�*���/0  –  ���� ���0  �!�  phase-change *�'  
*&�1$��& �"#  ����  �/0   ���� ���0  �'#0   !&'!-  !& &� !-  )����!� , #"30 ��'!"�& (  
"��!��&(6���&  ��/'  �& #'�  3.01. �'�1!�& ( , ��  �2& (   ���� ���0  �'#0  phase-
change ��'�&  !  ��,"&����0  (compressor) , �!  1�2��!  2�*&!-  (oil filter), �32/'4��&0  
(�- �,"�!0  - flexible pipe, ��&%!�&*�0 - capillary line, �"2$0 %�2 !�32�'�0  �)/24'  
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"&$��3'  ), !  ��,"� '3��0  (condenser), !  �.��,&���0  (evaporator)  �& �!  �$�&!  
(�& #'�  3.02). 

 
 

������  3.01 
 
 
 
 

 
������  3.02 
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&�  '�  ,"!�$�!�,�  '�  $%!�,�  ,&�  "�4�/  �& #'�  +�   ('!�,�  ,&�  �-'�!,/  
"��&���1�  �!�   - 2!�  )-./0  �!�  �����,��!0 . ��3�4'��0  #�& �!  �-��/,(  ,�0  ��'�&  
��,(�!  ,�  �$�&! , !   - 2!0  2�&�!�����0  .� &'(  �"#  �!  ��,"&���� . 	  ��,"&����0  
,�����$"�&  �!  �$�&!  ,�0  ��  ���# , $%!'��0  ��'  �"!�$2��,�  �/'  �-./�/  +��,! �����0  
�!� . ��/  ��'$%�&�  !*/�����& , ��'  ���#  "2$!' , ��!  ��,"� '3�� , #"!�   �& )-%���& . 	  
�,$�30  �"#,�'!0  ���+,#0  ��'�&  �!  1�2��!  2�*&!- , ��!  !"!�!   ��� ���!-'��&  ��  
��%#'  �"!2��,,���  2�*&!-  "!�  $%!�'  ,��'�&  ��!  ���#  �"#  �!'  ��,"&���� . 
� !2!-+30  �!  ���#  "��'(  �"#  �!'  ��&%!�&*� �32�'�   �&  ���2���&  ��!'  �.��,&���  
#"!�   �& �22(6�& /  1(�/  �!�   �& .�'����'(�&  ��  �$�&�  ,!�1� . �  �22���  ����  $%�& 
��'  �"!�$2��,�  �/'  �"!��#1/�/  +��,#�/��0  �"#  �!  "��&5(22!' . ��/'  "�! �&,$'/  
"���"�3�/  �"!��!1(  �/'  +��,#�/��  �"#  �!  !2! 2/�3,$'!  "!�  +$2!�,�  '�  
)-.!�,� . ��2& (  �!  �$�&!  �"&���$1�&  ��!'  ��,"&����  �"#  �!'  �- �,"�!  �32�'� , 
��3���& (  �!�  !"!�!�  *&�"��'(   �& !  ��&%!�&*�0 (�& #'�  3.03)  �& .�'��%�6�&  �"#  �/'  
��%�  !  +��,!*�'�,& #0   - 2!0  2�&�!�����0 , ,�  �!'  ��,"&����  '�  .�'�,�����$"�&  �!  
�$�&!  ��  ���# .  
 
 

  
������  3.03 

 
 
 �  "!�#�/��  �/0  +��,#�/��0  "!�  *&�%$���& ��!  "��&5(22!'  #��'  �!  �$�&!  
���!"!&����& , 2#�3  ��,"���/0  �!� , ��'�&  (,���  �.���4,�'/  �"#  �/'  "!�#�/��  "!�  
�"!��!1(   ��(  �/'  �'�����!1/  *&�*& ���� , */2�*�  #��'  �!  ���#  ���'(�&  ��/'  �$�&�  
,!�1�  �!� . 	& "��(�!'��0  "!�  ,"!�!-'  '�  �"/��(�!�'  �/'  #2/  2�&�!�����  �!�  
�����,��!0  +�  �'�2�+!-'  "��&��#���!  ��/  ��'$%�&� .  
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3.1 ���#�  
 
 
 ��  "��&��#����  �2& (  "!�  %�/�&,!"!&!-'��&  �&� �/'   ���� ���  �'#0  phase-
change *�'  ��  5��� !�,�  ��   !&'(   ������,���  "2/�!1!�& �0 , "��(  ,#'!  ��  � ��'�  
"!�  ��'�&  �.�&*& ��,$'�  �&� �!  � !"#  ���# . ��&0 "��&��#����0  "��&"�4��&0  
�"��+�'#,����  ��   ������,���  ,�  )� �& (  ��*/ . ���(  �/'   ���� ���  �'#0  phase-
change "�$"�&  '�  ��,����  &*&������  "�!�� �& !� ,  �+40  "�# �&��&  �&� ,&�  "!2-  
�����+/�/  *&�*& ���� .  
 
 

i) �")����!��  (compressor) 
 

 ��'�&  �!  ,$�!  ,�  �!  !"!�!  �22(6!�,�  �/  1(�/  �!�  ����!�  ,�0 , */2�*�  �!  
,�����$"!�,�  �"#  �$�&!  ��  ���# . ���#  �"&���%('���&  ,�  �/'  �-./�/  �/0  "���/0  �!�  
����!� . 8%�& ,��  ���!*!   �& ,��  $.!*! ,  �+40   �& ,&�  5�25�*�  ��1�2���0  �&� �/'  
� �#'3�/  �/0  ��3���& �0  "���/0  ��  "���"�3�/  �'(� /0 . �  ,�����!"�  ����  ��'���&  
,/%�'& (  %�/�&,!"!&4'��0  $'�  $,5!2!  �!  !"!�!  "&$6�& �!  �$�&!  ��  $'�   2�&��#  
+(2�,! . �   �'/�/  �!�  �,5#2!� , #"30 1��'���&   �& ��/'  �& #'�  3.1.1,  ��'���&  ,�  �/  
5!�+�&�  �/0  /2� ��& �0  �'$���&�0 .  
 

 
������  3.1.1 
 
 

8'�  ,!�$�   &'��  �22�&"�& (  �!  $,5!2! , ,�  �!'  �*&! ��#"!  "!�  ��'���&   �& /   �'/�/  �/0  
,/%�'�0  �'#0  ���! &'��!� . :��'  �!  $,5!2!  5��� ���&  ��/'  %�,/2#���/  +$�/  �'!���&  
�/'  5�25�*�  �&�#*!�   �& �!  �$�&!  ��,�6�&  �!'  ��3���& #  +(2�,! . ��+40  �!  $,5!2!  
!*/�����&  "�!0  ,&�  �)/2#���/  +$�/  /  5�25�*�  �&�#*!�   2��'�&   �& �!  �$�&!  ��!  
+(2�,!  �'�� (6���&  '�  ��,"&����� . �!  �"!�$2��,�  ����0  �/0  *&�*& ����0  ��'�&  /  
�22���  �/0  1(�/0  �!�  ����!�  ��  ���# . � !2!-+30 , �!  $,5!2!  ��%�6�& �/'   �+!*& �  
�!�  "!����   �& ����#%�!'�  �'!���&  /  5�25�*�  �.#*!�  (��  "���"�3�/  "!�  *�'  �'!�.�&  
/  5�25�*�  ���� , �'!���&  /  5�25�*�  ��1�2���0 ). �  ��./,$'/  "���/  "!�  $%�& �!  ���#  
,��(  �/  ��,"���/ , $%�& ��'  �"!�$2��,�  �/'   �'/��  �!�  "�!0  �/'  $.!*!  �!�  
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��,"&���� . �  �'$���&�  "!�  �"�&�����&  ( ���'�24'���& ) �&� '�  ��'�&  /  #2/  *&�*& ����  
�/0  ��,"���/0 , �.��1�2�6���&  ��!  �-��/,�  ,$�3  �/0  /2� ��& �0  �'$���&�0 . �  
/2� ��& �  �'$���&�  ��'�&  ����  "!�  ��2& (  $,,���  %�/�&,!"!&����&  �&� �/'  
�"!��2��,��& #���/  )-./  �!�  !2! 2/�3,$'!� . 

�������/�/ : /  *&(��./  "!�  1��'���&  ��!  �%�,�  3.1.1, ��'�&  ����  "!�  "�$"�&  
'�  � !2!�+����&  ��   (+�  "���"�3�/ , */2�*�  �!  ,!�$�   (�3   �& /  ���!*!0   �& $.!*!0  
��!  "('3  ,$�!0 . 
 	& ��,"&���$0  %3��6!'��&  ��  *-!  ,��(2�0   ��/�!���0  �'(2!��  ,�  �!'  ��#"!  
"!�  ,���*�*���&  /   �'/�/  ��!  $,5!2! .  �('  /   �'/�/  ,���*�*���&  �"#  $'�  ,!�$�  ��!  
!"!�!  �!  $,5!2!  ��'�&  $  �'���  �!"!+��/,$'! , #"30 ��!  "��(*�&�,� . �/0  "���"('3  
�& #'�0 , �#��  �"! �2!-'��&  ��,5��& !�  ��,"&���$0  (�& #'�  3.1.2). ����0  �/0  
 ��/�!���0  ��'�&   �& !& ��,"&���$0  "!�  %�/�&,!"!&!-'��&  ���  !& &� (  )����� . �-�&!  
"2�!'$ �/,�  ���4'  ��'�&  #�& *&��/�!-'  �!  +#��5!  ��  �%��& (  %�,/2#  �"�"�*! . 
 
 
 

 
������  3.1.2 
 

 
 
 �  *�-���/   ��/�!���  ��'�&  !& rotary (�& #'�  3.1.3) #"!�  /   �'/�/  �!�  
�,5#2!�  ��'�&  #,!&�  ,�  ����  "!�  � !2!�+����&  ��!�0   &'/����0  wankel. 

http://en.wikipedia.org/wiki/Wankel_engine 
 
��  ����  �/'  "���"�3�/  �!   � 2& #  $,5!2!   &'����&  �22�&"�& (  ,$��  ��  $'�   � 2& #  
+(2�,!  ,���2-���/0  *&�,$��!�  �"#  ���# , */,&!���4'��0  $��& *-!  +�2(,!�0 , $'�'  
�&�#*!�   �& $'�'  �.#*!� . �   � 2& �    �'/�/  �!�  �,5#2!�  ��'���&  ,�  *�!  !*!'�3�4'  
��!%4'  (�& #'�0  3.1.5, 3.1.6) �'4  /  �22�&"�& �  �!�   �'/�/  *&��1�2�6���&  ,�  �/'  
"���,5!2�  �'#0   2�����!�  �"('3  ��/'  �*/  �"(�%!���   � 2& �   �'/�/  (�& #'�  
3.1.4). 
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������  3.1.3    ������  3.1.4   
     
 

      
 
   ������  3.1.5                    ������  3.1.6  
 
 
 :"30   �& ��/'  "���"�3�/  �'#0  ��,5��& !-  ��,"&���� , ��/'  ���!*!   �& ��/'  

�.#*!�  �!�  ��,"&����  "���,5(22!'��&  5�25�*�0 . ���& #  "2�!'$ �/,�  ��'�&  /  
��./,$'/  �"#*!�/  ��,"&���4'  ����0  �/'   ��/�!���0 , #"30 (223���  ��,5��'�&   �& 
,�  �!�0   &'/����0  "!�  � !2!�+!-'  �/  �%�*���/  wankel. �  "�4�/  �1��,!��  ����0  
�/0   ��/�!���0  ��,"&���4' , $�&'�  ���   !&'(   2&,��&��& (  2#�3  �!�  ,& �!-  �!�0  
#� !�   �& �/0  ��./,$'/0  �"#*!��0  �!�0 . ��&!'$ �/,�  ���4' , ��  ,��(2�  "!�!��(  
+!�-5!�  "!�  "��(�!�'   �& �!  ��./,$'!   #��!0  ��  �%$�/  ,�  �!�0  �"2!-0  
��,"&���$0 . 
 ��  %��� �/�&��& (  �3'  ��,"&���4'  ��'�&  /  &""!*-'�,/  �!�0  "!�  ,���&$��&  
��  �""!�0  (HP)  �& !& �'�!%$0  �!�0  ��  �)/2$0  "&$��&0. �  &""!*-'�,/  � 1�(6�&  �/'  
& �'#�/��  �!�  �,5#2!�  '�  *&��/���  �/'   �'/��  �!�  �"$'�'�&  ��!  � (��!��  �,"#*&! , 
��/'  "�! �&,$'/  "���"�3�/ , �/'  �'������/  �!�  ����!�   ��(  �/  ��,"����  �!�   �& 
�22���  1(�/0 . �   ���'(23�/  ��  Watt �!�  ��,"&���� , ��'�+30  ��'�&  �'(2!�/  �/0  
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&""!*-'�,�0  �!� . 	& ��,5��& !�  ��,"&���$0  $%!�' ,  ��(  ,$�!  #�! , &""!*-'�,/  ��/  
,�  ��  3/8 �'#0  �""!� , �'4  !& "��&���!1& !�  (rotary) 2 �""!�0 . �!  *�-���!  
%��� �/�&��& #  �'�1$����&  ��&0 �'!%$0 �!�   �(,��!0  �!�  ,��(22!�   ���� ���0  �!�  
�,5#2!�  �!�  +�2(,!�  ��,"���/0   �& �3'  5�25�*3'  �&�#*!�  - �.#*!� . :�!   �2-���!  
�!   �(,� , �#�!  ,���2-����0  "&$��&0 ,"!���  '�  �'�$.�&  !  ��,"&����0  ,�0 . �#�3  �!�  
#�& !& "&$��&0 �.���4'��&  �#�!  �"#  �/'  &""!*-'�,/  �!�  ��,"&���� , #�!   �& �"#  ��  
%��� �/�&��& (  �!�  "�!0  ��,"���/  ����!� , ��'/+�6���&  '�  %�/�&,!"!&!-'��&  
 �2-����  ,$��22�  �&� ��,"&���$0  ,�  ,���2-���/  &""!*-'�,/ . 
 

 
ii) 4$�! �  ��*��&  (oil filter) 

 
 ��'�&  !  ,/%�'&�,#0  !  !"!�!0  �"!,� �-'�&  �"#  �!  ���#  �&0 ��%#'  "�!�,�.�&0  
"!�  "�!�2+�'  �"#  �/'  ��,"����  �!� . 	& "�!�,�.�&0  ���$0  !1��2!'��&  ��/'  �"�1�  
�!�  ����!�  ,�  ��  ,/%�'& (  ,$�/  �!�  ��,"&����  (5�25�*�0 , +(2�,!0 , $,5!2! )  ��(  
�/'  �22���  1(�/0  �!� . ���(  ��  ,/%�'& (  ,$�/  %�/�&,!"!&!-'  !�� �$2�&!  - 2(*& �&� 
�/'  �"�#� !"�/  2�&�!�����  �!�0  %3��0 ��&5$0. �!22$0  1!�$0  �!  2&"�'�& #  ���#  
,���1$����&  ,�6�  ,�  �!  ���#  ��/'  $.!*!  �!�  ��,"&���� .  
 �!  1�2��!  2�*&!-  $%�& ,��  ���!*!   �& ,��  $.!*!   �& /  ��3���& �  *!,�  �!�  
��'�&   ��(22/2�  *&�,!�13,$'/  4���  '�  ��� �����  �!  2&"�'�& #  (�& #'�0  3.1.7� , 
3.1.75). 
 �  1&2!�!1��  �!�  *�'  *&�1$��& �"#  ��  1�2���  2�*&!-  "!�  *&�+$�!�'  ��  
���! �'/�� . ��'�+30  �!"!+������& , ����  ��/'  $.!*!  ��!�  ��,"&���� , ����  ��/'  $.!*!  
�!�  ��,"� '3�� . �!  �2& #  ���� ���0  �!�  "��&52�,��#0  �!�  ��'�&  ,���22& #  4���  
'�  �'�$%�& �/'  "���/  �!�  ���!- . 
 

  
   ������  3.1.7�            ������  3.1.7�  
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iii) �")�"#(�!��  (condenser) 
 

 ��'�&  ,��  *&(��./  �"#  �32/'4��&0  �*&�0 *&�,$��!� , ,�  ,��(2/  �'�!%�  ��&0 
�)/2$0  "&$��&0, !& !"!��0  *&�"��'!-'   (+���  �!"!+��/,$'�  fins (�& #'�0  3.1.8, 3.1.9). 
�  *&�*& ����  "!�  ��'���&  ,$��  ��!'  ��,"� '3��  ��'�&  ��/'  !����  $'�  "�4�!  ��(*&!  
"!�  "�!��!&,(6�&  �!  ���#  �&� �/'  �22���  �/0  1(�/0  �!�  .�'(  ��  �$�&! . �  1&2!�!1��  
�/0   ���� ���0  �!�  *�'  *&�1$��& ��  "!22(  �"#  ����  �3'  )����3'  �*�#)�./0  "!�  
%�/�&,!"!&!-'  �32/'3��  �%�*���/ , "��(  ,#'!  ��!  #�& �!  �2& #  ���� ���0  �3'  
�32/'4��3'  �!�  "�$"�&  '�  �'�$%�& ,���2-����0  "&$��&0 �"#  #�& ���$0  �3'  )����3'  
�*�#)�./0 . 
 
 

   
                 ������  3.1.8                                         ������  3.1.9 
 
 
 ���#   "!�  �"&���%('�&  !  ��,"� '3��0  ��'�&  '�  ,�&4��&  �/  +��,! �����  �!�  
���!-  ��  +��,! �����  "��&5(22!'�!0 , �!  !"!�!  $%�& ��'  �"!�$2��,�   �& �/  ,��3�/  
�/0  "���/0  �!� . �  �"!5!2�  �/0  +��,#�/��0  �"#  �!  ��,"� '3��  ��'���& , #"30  �& ��!  
)����!  ,&�0 �*�#)�./0  �"#  ��  fins �!� . ��&  �*4  ,"!���  '�  �"!5!/+/+��  �"#  
�'�,&�����0  "!�  �1("�!'��&  ��  ���#' . ���  !& &� (  )����� , �!  �'����!&%!   �!�  
��,"� '3��  ��'�&  �!  "2$�,�  "!�  �"(�%�&  "��3  �"#  ���( . 
 
 
 

iv) ���%(0����   
 
8%!�,�  ���&0  ��/�!���0  �32/'4��3'  ��!  �-��/,(  ,�0 : 
� ) !& �"2$0 �32/'4��&0  (�& #'�  3.1.10),  ���� ����,$'�0  �"#  %�2 #,  ���30  

2#�3   #��!�0   �& �'�!%�0  ��&0 �)/2$0  "&$��&0. �"&"�#�+��� ,  �+40  !  %�2 #0 
��'�&  ,�2� #  ,$��22! ,  �+������&  �- !2/  /  ,!�1!"!�/��  �!�  ���   ��(22/2�  
�%�,���  "!�  +$2!�,�  '�  �!�  *4�!�,�  (�3'��0 , �22��)�&0 ,  2" ). 	& 
�32/'4��&0  ���$0  %�/�&,!"!&!-'��&  �&� �/'  ��'$'3�/  #23'  �3'  �2& 4'  �!�  
�����,��#0  ,�0 , � �#0  �/0  *&��-'*��/0  �!�  ��,"� '3��  ,�  �!'  �.��,&��� , 
#"!�  ��  ����  �/'  "���"�3�/  %�/�&,!"!&����&  !  ��&%!�&*�0 �32�'�0   �& �/0  
*&��-'*��/0  �/0  �.#*!�  �!�  �.��,&���  ,�  �/'  ���!*!  �!�  ��,"&���� , #"!�  
%�/�&,!"!&����&  !  �- �,"�!0  �32�'�0 . �  �-'*��/  �3'  %�2 !�32�'3'  ,�  ��  
�"#2!&"�  �.����,���  ���  �/,���  �"�1�0  �!�0  ��'���&  ,�   !22���&0  #,!&�0 ,�  
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���$0  "!�  ��'�'�!-,�  ��&0 �32/'4��&0  �3'   �2!�&1$� , */2�*�  ,�  �/  %���/  
12#�&���!�   �&  �2(& . 

 
 

 
������  3.1.10 

 
 

5) !  ��&%!�&*�0 �32�'�0  (capillary line) �'�2�,5('�&  �/  ,���1!�(  �!�  ���!-  
�"#  �/'  $.!*!  �!�  ��,"� '3��  ��!'  �.��,&���  (�& #'�  3.1.11� ). �  %���/  
�!�  ��&%!�&*!-0 ��'�&  �"�����/�/  �&� �/'   �'/�/  �!� , %�,/2�0  "2$!'  "���/0 , 
���!-  "!�  �.(��&  !  ��,"� '3��0   �+#�!'  *�'  �"(�%�&  �*4  �'�2��  �&� �/'  
�.��1(2&�/  �/0   �'/�/0  �!�  ���!-  ,$��  ��!  �-��/,� . 	& ��&%!�&*�0 
�32�'�0  ��'�&  &*&������  2�"�!�  �32�'�0 , "!�  $%!�'  �/'  &*&#�/�� '�  
,���1$�!�'  ���(  �'('�&�  ��/  *-'�,/  �/0  5��-�/��0 , � ,���22��#,�'!&  �&0 
*�'(,�&0  ��'!%�0  "!�  �'�"�-��!'��&  ��!  ��3���& #  �!�0 , ,���.-  �!�  ���!-  
 �& �!�  ��3���& !-  �!�  �32�'� . �  2�&�!�����  �!�0  5���6���&  ��!  ��&%!�&*$0 
1�&'#,�'!  (52. http://en.wikipedia.org/wiki/Capillary_action), #"30 ��  heat 
pipes "!�  �'�2-��,�  ��!  "�4�!   �1(2�&! . �������/�/ : !  ��&%!�&*�0 
*&�"��'(�&  ,$��  �"#  �!  ��3���& #  �!�  �- �,"�!�  �32�'�  (�& #'�  1.1.115). 

 
 

 
������  3.1.11�  
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������  3.1.11�  

 
 

� ) !  �- �,"�!0  �32�'�0  (flexible pipe) (�& #'�  3.1.12) %�/�&,!"!&����&  �&� �/'  
*&��-'*��/  �!�  �.��,&���  ,�  �/'  ���!*!  �!�  ��,"&���� . �!  &*&�����!  
%��� �/�&��& #  �!�  �32�'�  ���!-  ��'�&  /  ��2��&���  �!� , ,"!���  */2�*�  '�  
*&�,!�14��&  �/  +$�/  �!�  �'(2!��  ,�  �&0 �'(� �0 . �  �-�����  �!�  "�$"�&  '�  
��'�&  �- �,"�/ , '�  ,/'   2�&*4'�&  ��/'  ��%& �  +$�/  �!"!+$�/��0  �!� , �22(  
'�  ,"!���  ����  '�  �"�'�"�!�*&!��6���& ,  �+40  /  +$�/  �!�  !2! 2/�3,$'!�  
"('3  ��!  !"!�!  +�  �1��,#6�&  !  �.��,&���0  ,"!���  �'(  "(��  ��&�,�  '�  
�22(.�& . ��  #2�  ��  �"#2!&"�  %��� �/�&��& (  �!�  *�'  *&�1$��& �"#  �!�0  
%�2 !�32�'�0 . �(2&��� , +�  ,"!�!-��'  '�  %�/�&,!"!&/+!-'  �- �,"�!&  
�32�'�0  ��  #2! �!  �-��/,(  ,�0 , !  2#�!0  "!�  ���#  *�'  ��'���& , ��'�&  �!  
�)/2#   #��!0   ���� ���0  �!� .  

 

 
 

������  3.1.12 
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v) �+�!)��!��  (evaporator) 
 

 ��'�&  �!  �.(��/,�  ��!  !"!�!  ��'���&  /  �22���  �/0  1(�/0  �!�  ���!-  ��  �$�&! . 
	  �.��,&���0  ��'�&  � ��'!0  "!�  �1("����&  ,�  �!  !2! 2/�3,$'!  "!�  +$2!�,�  '�  
)-.!�,� . ��  �'�&��!&%��  ,�  �/'  �*�#)�./ , +�  ,"!�!-��,�  '�  �!  "��!,!&(�!�,�  ,�  
�!  block. �!  (22!  ( �!  �!�  ��&%!�&*!-0 �32�'�   ���2���&  ��!  ��3���& #  ,$�!0  �!�  
�.��,&��� , � �&540  "('3  ��!   �'��& #  �/,��!  �/0  �"&1('�&�0  "!�  �1("����&  ,�  �!  
!2! 2/�3,$'! . � ��  !  ��&%!�&*�0 )� (6�&  ��/'  6����  ����  �"&1('�&�  �!�  �.��,&���   
�!  ���#  "!�  ,���1$��& . 	  )� ��,#0  ��'�&  �"!�$2��,�  �/0  "!2-  ,& ��0  *&�,$��!�  
�!�  ��&%!�&*!-0. ��+40  �!  ���#  "!�  )� (6���&  $�%���& ��  �"�1�  ,�  �/'  ��3���& �  
�"&1('�&�  �!�  �.��,&��� , /  6����  ����  �"&1('�&�  "�! �2��  �/'  �.(�,&�/  �!�  ���!- . 
���(  �/  *&�*& ����  ���� , �!  ���#  �&� '�  �.��,&����  �"!��!1(  ,��(2�0  "!�#�/��0  
+��,#�/��0 . ���(  ���#  �!'  ��#"!  ��2& (  �"&���%('���&  /  )-./  �!�  !2! 2/�3,$'!� . 
�   ��(����/  +��,! �����0  "!�  */,&!�������&  ��!  �/,��!  ���# , �.���(��&  (,���  
�"#  �!  �$�&!  "!�  %�/�&,!"!&!-,� , �'*�& �& (   �,��'���&  ,���.-  -10 ,�  -50 5�+,!-0  
��2��!� . �!  �$�&# ,�0 , "2$!' ,  ����+-'���&  �"#  �!   $'��!  "�!0  ��  ( ��  �/0  
�"&1('�&�0  �!�  �.��,&���   �& �"&���$1�&  ,$��  �"#  �!'  �- �,"�!  �32�'�  ��/'  
���!*!  �!�  ��,"&���� .  
 �  ��3���& �  �%�*���/  �!�  �.��,&��� , ��'�&  $'�  �%��& (  �"2!< #  �-��/,� , ,�  
 �'(2&�  "!�  .� &'!-'  �"#  �!   $'��! , #"!�  ��'���&  !  )� ��,#0   �& !*/�!-'  �!  �$�&! , 
��2& ( , ���  �.3���& (   �'(2&�  �!�  (�& #'�0  3.1.13, 3.1.14).  
 
 

 
������  3.1.13 
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������  3.1.14 

 
 

�!  ���# , �"#  �!   $'��!  "!�  )� (6���& ,  �+40  *&���$%�& ��  ��3���& (   �'(2&� , 
�22(6�& ���*&� (  �/  1(�/  �!�  ��  �$�&! , ,$%�& '�  1�(��&  ���  �.3���& (   �'(2&� . �'  
 �& $%!�'  �2!"!&/+��  �� ��$0   ���� ��$0  *&�1#�3'  �%�*&��,4'  �.��,&��4' , ��/'  
"�(./  $%�& �"!*�&%���  #�& ��  �$�!&�0 %�,/2$0 +��,! �����0  *�'  1$�'�&  !��&���& �  
*&�1!�(  ��&0 �"&*#��&0, /  ��3���& �  *!,�  �!�  �.��,&��� . ��&0 "��� (�3  �& #'�0  
"���+$�!'��&   ("!&�0  �"#  �&0  ���� ��$0  ���$0  (3.1.15 – 3.1.18). 	& 3.1.15  �& 
3.1.16 �"!��2!-'  �2!"!&���&0  �!�  *& !-  ,�0  822/'�  Eleven. 
 
 
 

 
������  3.1.15 
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        ������  3.1.16    ������  3.1.17 
 
 
 

 
         

������  3.1.18 
 

  
 	  ��#"!0  ,�  �!'  !"!�!  �!"!+������&  !  �.��,&���0  "('3  ��!  !2! 2/�3,$'!  
��'�&  �*&!0 ,�  �!'  ��#"!  "!�  ��'���&  /  �!"!+$�/�/  �3'  block ,&�  �*�#)�./0  (�& #'�  
3.1.19). 	  �.��,&���0  �1!-  ,!'3+��  "��& 2�����&  ��  ,&�  �&*& �  ���� ���  �"#  
"2���& #  "!�  �/'  !'!,(6!�,�  enclosure. �   ���� ���  ����   �+&��(  �- !2/  �/'  
�!"!+$�/�/   �& ����&./  �!�  �.��,&���  "('3  ��!  !2! 2/�3,$'!  (�& #'�0  3.1.20 – 
3.1.24).  
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       ������  3.1.19     ������  3.1.20 
 

 
 
 

       
������  3.1.21     ������  3.1.22 
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������  3.1.23          ������  3.1.24 

 
 
 

 
vi) 3� ��  

 
 ��'�&  �!  �2& # "!�  �&�(����&  ��!  �-��/,�   �&� '�  2�&�!������& . ��/'  !����  
,$�3  ���!-  �"&���%('���&  /  )-./ ,  �+40  ��  ���#  "�! �2����&  /  �22���  �/0  1(�/0 . 
��'�&  �'3��#   �& ,�  �/'  !�!2!���  1�$!' . ��+#�!'  ��'�&  2!�& #  '�  ,/'  ��'�&  *�'���  
/  %���/  #23'  �3'  �-"3'  ����3'  (*�'  �"(�%�&  "�#�5��/  ��  ���(  �"#  �/'  ��!�( ), ��  
�$�&�  "!�  ,"!�!-,�  '�  %�/�&,!"!&��!�,�  ��'�&  ��  �.�0 : 

�  R134a  
�  R413  
�  R404a  
�  R507   
�  R410  
�  R402  
�  R290  
�  R600  

��   -�&�  %��� �/�&��& (  �3'  ����3'  ���4' , "!�  �"/��(6!�'  �!  �-��/,(  
,�0 , 1��'!'��&  ��!'  "��� (�3  "�'� �  (�& #'�  3.1.25). 	& "2/�!1!���0  "!�  
"���'!�,�  �"#  �!'  "�'� �  ���# , � �#0  �"#  �/'   3*& �  �!�0  !'!,���� , ��'�&   !  �-"!0  
�!�  ����!� , �!  �/,��!  5���,!-  �!�  ("!�  ���#  ��/'  !����  �"!��2��  �/'  %�,/2#���/  
+�3�/�& �  +��,! �����  ,�  �/'  !"!��  ,"!���  �!  �-��/,(  ,�0  '�  )-.�&  �!  
!2! 2/�3,$'! ), �!  2&"�'�& #  ,�  �!  !"!�!  ��'���(6���&   �& ,"!�!-,�  '�  
%�/�&,!"!&��!�,�  �&� ��  ,/%�'& (  ,$�/  �!�  �����,��#0  ,�0 . ��0  "�!�&*!"!&��  �&� 
��%4'  "�!1�2(.�&0  "!�  "�$"�&  '�  2(5!�,�  ��  �%$�/  ,�  ��  �$�&� ,  ��(  "#�!  ��'�&  
1&2& ( "�!0  �!  "��&5(22!' , "!&�  �"#  ���(  ��'�&  '#,&,�  ��&0 � .� .� .  �& �'  ,"!�!-'  
'�  �'�& ������+!-'  ,�   ("!&!  (22!  �$�&! . ��/'  �22(*�  ��  �$�&�  "!�  ��'�&  
*&�+$�&,�  ('#,&,� )  �& 1��& (  ��'�&  !& !2!�& #0  �2��,$'� , ��'�&  ,#'!  �!  R134a, �!  
R404a  �& �!  R507. ���& (  ��'�&  *�'��#'  '�  %�/�&,!"!&��!�,�   �& ��'*���,#  �3'  
����3'  ���4' , */2�*�  ,&�  ,�./  *-!  �  "��&��#���3'  �3'  "���"('3  ����3' .  

 



��1(2�&!  3!    �$�!  �"��3��0  �!  �$�&!  

7-./  �2� ��!'& 4'  �"!2!�&��4'    80 

 

������  3.1.25 (http://www.fuzzymuzzle.com/Car/refridgerants.htm) 

 

�!  �$�&!  �&�(����&  ��!  �-��/,(  ,�0  ,$��  �"#  �/'  �&*& � 5�25�*�  ��1�2���0  
"!�  *&�+$��& !  ��,"&����0 . ����#%�!'�  ,�  �&*& # ����2��!  (,�'#,���! ) "!�  
�!"!+������&  ��  ��&�(  ,�  �/'  5�25�*�  ,���(,�  �/'  "���/ . �  �&,�  ����0  *�'  "�$"�&  '�  
.�"��(��&  �&0 �&,$0 ��1�2���0  �!�  �����,��#0 .  
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vii) �-(��%   
 

 ��+40  "�# �&��&  �&� $'�  "!2-  �����+/�!  �-��/,�  "!�  %�/�&,!"!&��  ����+�  
�2& ( , �"&���%('!'��0  +��,! �����0  "!2-  ,& �#����0  �!�  ,/*�'#0 , /  �'(� /  �&� 
�3���  ,#'3�/ , "�!0  �"!1���  �!�  1�&'!,$'!�  �/0  ���!"!�/�/0 , ��'�&  �"&�� �& � . 
��  �!'  #�!  ���!"!�/�/  �'�1��#,����  ��!  1�&'#,�'!  �/0  */,&!�����0  ����!'&*�3'  
'��!-  "('3  ��/'  �"&1('�&�  �'#0  �2& !-  #��'  �"(�%�&  ,��(2/  *&�1!�(  
+��,! �����0 , ,���2-���/  �3'  12 5�+,4'  ��2��!� , ,���.-  ���!-   �& �!�  
"��&5(22!'�!0 . ��'�&  �!  �*&! 1�&'#,�'!  "!�  "��!��&(6���&  �!   �2! ���&  ��/'  
�.3���& �  �"&1('�&�  �'#0  "��3,$'!�  "!�/�&!-  ,�  '��# . 
&�  �/'  �"!1���  �!�  
1�&'!,$'!�  ���!- , ��  ,$�/  �!�  �����,��!0  "!�  1�('!�'  ��  "!2-  %�,/2$0 �&,$0 
+��,! �����0 , "�$"�&  '�  ,!'3+!-'  ��  �%$�/  ,�  �!  "��&5(22!' . �  ,#'3�/  ����  
�"&���%('���&  ,�  �/  %���/  �&*& 4' +��,!,!'3�& 4'   �)�24' , ,�  �/'  !'!,����  
Armaflex. �!  Armaflex ��'�&  ,&�  "��$'��  �/0  ���&���0  Armacell 
(http://www.armacell.com)  �& ��/'  !����  "�# �&��&  �&� $'�  �- �,"�!  ,!'3�& #  
�2& #,  2�&���0   �����& �0  *!,�0 , �"#  ��'+��& #   �!���!-  �&� +��,!,#'3�/   �& 
"�!������  �32/'4��3' . �!  Armaflex $%�& ��"!"!&/+��  ��  *&(1!��  "�!<#'�� , #"30 
�32�'�0 , "2( �0 , "2( �0  ��  �!2( , ���! #22/��0  ��&'��0   �&  #22�0  �& ��  *&(1!��  
"(%/  6, 9, 13, 19, 25, 32 mm (�& #'�  3.1.26)  �& �!   #��!0  �!�  ��'�&  "(��  "!2-  
%�,/2# . 
 
 
 
 

 
������  3.1.25 
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3.2 ����(�#!�)�!�  – ����(�#!�)�!�  !%� ' ��%�  Phase-Change 
 
  

 �!  $'�   �&  -�&!  "2�!'$ �/,�  �/0  %���/0  Phase-Change ��'�&  !& %�,/2$0 
+��,! �����0  "!�  ,"!���  '�  �"&�-%�&. �$%�& ��,���   �,��  (22/  ��%'!2!���  
 �+/,��&'�0  )-./0  *�'  $%�&  ���1$��&  '�  "2/�&(��&   �'  �&0 +��,! �����0  �"#*!�/0  
�/0  ,�+#*!�  ����0 . ��  �"!��2$�,���  ��&0 �"&*#��&0 �!�  � /� , �!�  !"!�!�  ��  
!2! 2/�3,$'�  )-%!'��&  ,�  Phase-Change, ��'�&  +��,��& ( .  
 ���  ,�&!'� ��,���  +�  "�$"�&  '�  "����/���!�,�  #�&, "��#2!  "!�  �!  ��2& # 
�"!�$2��,�  ��'�&  ��-� �&�! , ��2& (  #,30 , "�# �&��&  �&� $'�  "!2-  *-�%�/��!  
�-��/,� . ��  �2& (  "!�  %�/�&,!"!&!-'��&  ��'�&  �� ��(  ����+�   �& �"(�%�&  ,��(2/  
"&+�'#�/��  *&���!�0 . 
&�  ���#  /  ,#'3�/  �3'  �2& 4'   �& /  ��� #22/��  �!�0  "�$"�&  
'�  ��'�&  "!2-  "�!�� �& ( ,  �+40  ��  "&+�'�  *&���!�  �!�  �����,��!0  ���#  "!�  
 &'*�'�-�&  *�'  ��'�&  ,#'!  !  �"!2!�&���0  ,�0 . � �#0  �!-�!� , ��  �2& (  *�'  ��'�&   �& 
�#�!  �- !2�  '�  5��+!-'  ��/'  ��!�(   �& �!   #��!0   ���� ���0   �& %���/0  �'#0  
�$�!&!�  �����,��!0  .�"��'(�&   ��(  "!2-  �!   #��!0  �3'  (223'  ,�+#*3'  )-./0 . 
�'*�& �& (  �!   #��!0  ��!�(0  �3'  �2& 4'  .�"��'(  ��  500 €  �& /  ,$�/   ���'(23�/  
��  Watt �'#0  ��,5��& !-  ��,"&����  &""!*-'�,/0  3/8 ��'�&  "���"!�  ���  800. 
 ���#2�  ��  ,�&!'� ��,���   �!� , �!  "2�!'$ �/,�  �!�  ��&0 �"&*#��&0 ��  �%$�/  
,�  ��  (22�  �����,���  )-./0 , $%�&  ��*���&  $'�  ,��(2!  ,$�!0  �3'  %�/��4' . 
�-,13'�  ,�  ����&��& �  $���'�  "!�  $�&'�  ��!  http://www.outofspecs.gr, �%�*#'  20% 
�3'  %�/��4' , %�/�&,!"!&!-'  Phase-Change �&� �/'   �+/,��&'�  )-./  �!�  
�"!2!�&���  �!�0  (�& #'�  3.2.1). 
 
 
 

 
������  3.2.1 (http://www.outofspecs.gr/forum/showthread.php?t=313) 
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3.3 �� �"�$��%  "����$%�%�  �(-�  Phase-Change 
 

 
 
&�  '�  .� &'��!�,�  �/'   ���� ���  �'#0  Phase-Change, /  "�4�/  ,�0  �������  
��'�&  '�  5�!-,�   �& '�  ��� �'��4�!�,�  #2�  ��  �"�����/��  �2& (  (�& #'�  3.3.1). 
 
 
 

 
������  3.3.1 

 
 
 ���#"&'  �!"!+��!-,�  �!  ��,"&����   �& �!  ��,"� '3��   "('3  ��  ,&�  2�"��  
,���22& �  "2( �   �& ��'*$!�,�  ,�  %�2 !�32�'�0 , �/'  $.!*!  �!�  "�4�!�  ,�  �/'  
���!*!  �!�  *�-���!�  (�& #'�  3.3.2). ��/�&,!"!&!-,�  �2���& (  "���,��� , "('3  ���  
!"!��  �!"!+��!-,�  �!'  ��,"&����  �&� '�  �"!��!1(  �!�0   ��*��,!-0  "!�  
*/,&!���!-'��&   ��(  �/  *&(� �&�  2�&�!�����0  �!� . ��'/+�6���&  '�  �1�'!�,�  $'�  
"��&+4�&!  ��!�0  %�2 !�32�'�0  "!�  %�/�&,!"!&!-,�  ("����/�����  �!'   - 2!  "!�  
 ('�&  !  �32�'�0  ��/'  �& #'�  3.3.2), 4���  ��  "���"�3�/  �2���4,��!0  �!�  �32�'�  '�  
�"(�%�&  /  *�'��#�/��  '�  *&!�+3+��  ('�   !"�� , */2�*� ,  �&� '�  .�'� !22���&  "&! 
,$�� ). 
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������  3.3.2 

 
 
 ��/  ��'$%�&�  ��'*$!�,�  %�2 !�32�'�0 , ,��  ��/'  ���!*!  �!�  ��,"&����   �& 
,��  ��/'  $.!*!  �!�  ��,"� '3��  (�& #'�  3.3.3). 
 
 
 

 
������  3.3.3 
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 �!  �"#,�'!  5�,�  ��'�&  '�   #)!�,�  �!  %�2 !�32�'� , "!�  $�%���& �"#  �/'  
$.!*!  �!�  ��,"� '3�� , ��!   ��(22/2!  ,� !0  ("���"!�  ��!  -)!0  �!�  ��,"� '3�� ) 
 �& '�  ��'*$�!�,�  � ��  �/'  ���!*!  �!�  1�2��!�  2�*&!- . ��/'  $.!*!  �!�   1�2��!�  
2�*&!-  ��'*$!�,�  �!'  ��&%!�&*� �32�'�  (�& #'�  3.3.4). �#5!�,�  �!  %�2 !�32�'�  
"!�  �!"!+�����,�  ��/'  ���!*!  �!�  ��,"&����   �& �!'  ��'*$!�,�  ,�  �!  $'�  ( �!  �!�  
�- �,"�!�  �32�'� . =*/ , #"30 1��'���&  ��/'  �& #'� , $%!�,�  "��(��&   �& $'�  "�4�!  
���4,�  ,#'3�/0  ��!�0  *-!  %�2 !�32�'�0  "!�  $%!�,�   !22���& .  
 
 

 
������  3.3.4 

 
 
 ���#  "!�   ,$'�&  "&� '�  ��'�&  ��'�&  '�  ��'*�+��  !  �.��,&���0  ,�  �!'  �- �,"�!  
 �& �!'  ��&%!�&*� �32�'� . �!  ,$�!0  ���#  �!�  �����,��!0 , ��'�&  � ��'!  "!�  
 ���2���&  "('3  ��!  !2! 2/�3,$'!  "!�  +�  )�%+��   �& +�  ��'*$��&  �!  �-��/,�  
)-./0  ,�  �!  ��3���& #  �/0  ,!'(*�0  �!�  �"!2!�&���  ,�0 . �"�&*� , #"30 
"�!�'�1$�+/ � , �!   !,,(�&  ���#  �!�  �����,��!0  "�$"�&  '�  ��'�&  �- �,"�!  �&� '�  
�"!��/��6�&  ,�22!'�& $0  �22��$0  ��!'  �"!2!�&���  ,�0 , %�/�&,!"!&����&  !  �- �,"�!0  
�32�'�0 .  


&�  '�  ,"!�$�!�,�  '�  $%!�,�  �/'  �"&+�,/��  ��2��&���  %3��0 ��� ��,���  
��!'  ��&%!�&*�, $%!�'  %�/�&,!"!&/+��  *-!  ��%&�� �!'& $0  �!"!+$�/�/0  �!�  
��&%!�&*!-0 ,$��  ��!'  �.��,&��� .  �  "�4�/  �+�2�  �!'  ��&%!�&*� '�  "��&��2�����&  
�.3���& (  �-�3  �"#  �!'  �- �,"�!   �& '�  ��'*$���&  "('3  ��!'  �.��,&���  (�& #'�  
3.3.5). �  ,$+!*!0  ����  $%�& �%�*#'  � 2��)�&   �+40  /  �,"�&���  $%�& *��.�&  #�& /   �& 
"�� �& �  ����  "�! �2!-��  �3�,$0  ��!'  ��&%!�&*� �32�'� . ��2& (  /  ,$+!*!0  "!�  
�"& �(�/��   �& %�/�&,!"!&����&  ��'�&  ����  ��/'  !"!��  !  ��&%!�&*�0 *&�"��'(  
��3���& (  �!'  �- �,"�! , ,$��  �"#  ,��  !"�  "!�  */,&!���!-,�  ��!   (�3  ( �!  �!�  
�- �,"�!� , ���#  */2�*�  "!�  *&���'*$���&  ,�  �/'  ���!*!  �!�  ��,"&����  (�& #'�  
3.3.6). 
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������  3.3.5 

 
 

 
������  3.3.6 

 
 

 �1!-  "��(�!�,�   �& �!'  ��&%!�&*� ,$��  �"#  �!'  �- �,"�!  �!"!+��!-,�  
�-�3  �"#  ���#  ,&�  ���4�/  ,#'3�/0  (�& #'�  3.3.7).   
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������  3.3.7 

 
 
 �!  ,#'!  ,$�!0  "!�  "���,$'�&  � �#0  �/0  ,#'3�/0  ����0  ��'�&  �!  �"���3,�  
�!�  �- �,"�!�  "('3  ��!  !"!�!  +�  5&*3+�� !  �.��,&���0   �& $'�  ,& �#  ��  ,� !0  
 !,,(�&  �!�  ��&%!�&*!-0 (�& #'�  3.3.8).  
 

 
������  3.3.8 

 
 

 ��� !22!-,�  ��!'  �.��,&���  �!  �'����!&%!  ����'& #  �"���3,�  �&� '�  
��'*�+��  ,�  �!'  �- �,"�!  (�& #'�  3.3.9). �&*4'!�,�  �!'  �.��,&���  "('3  ��!'  
�- �,"�! , �1!-  $%!�,�  "��(��&  ,$��  ��!'  "�4�!   �& �!'  ��&%!�&*�. 
�,�6!�,�  �!  
 - 23,(  ,�0  ,�  �$�&!   �& �!  +$�!�,�  *! &,���& (  ��  2�&�!�����  �&� '�  �2$�.!�,�  
�&� *&���!$0 . �$��  ��  2���  2�"�(  �!  �"!�$2��,�  ��'�&  /  */,&!�����  "(�!�  "('3  
��!'  �.��,&���  (�& #'�  3.3.10). 
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������  3.3.9 

 
 

 
������  3.3.10 

 
 

 ��2& #  5�,�  ��'�&  /  �!"!+$�/�/  �!�  �����,��!0  )-./0  "('3  ��!'  
�"!2!�&���  ,�0 , �1!-  $%!�,�  ,!'4��&  ,�  � #,�  $'�  ���4,�  armaflex #2!�0  �!�0  
�32�'�0  �!�  �����,��#0  ,�0   �& �!  $%!�,�  �� ��������&  ��   !���   ��(22/2!�  
,��$+!�0  (�& #'�  3.3.11). �'�&��!�%30 , ,!'4'!�,�   �& �!  socket �!�  !2! 2/�3,$'!�  
"('3  ��!  !"!�!  +�  �1��,#��&  !  �.��,&���0 . �  ,#'3�/  ����  �2!"!&����&  ��  *-!  
��(*&� , ��!  "�4�!   #5!�,�  �"�"�*�  1-22�  armaflex  ��(22/2�  (�& #'�  3.3.12), 
4���  '�  �!"!+��/+!-'  �-�3  �"#  �!  socket. ��!  *�-���!  ��(*&!  "��'(,�  ,&�  2�"��  
���4�/  5�6�2�'/0  "('3  ��  #2! �!  socket �!�  !2! 2/�3,$'!�  (�& #'�  3.3.13). ��!  
��2& # �"!�$2��,�  1�!'��6!�,�  �&� �/  �3���  �"�1�  �!�  �.��,&���  ,�  �/'  �"&1('�&�  
�!�  !2! 2/�3,$'!� , ,�  �/  %���/  +��,!��4�&,/0  "(���0  (�& #'�0  3.3.14, 3.3.15). 
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������  3.3.11 

 
 
 

     
������  3.3.12           ������  3.3.13 

 
 
   



��1(2�&!  3!    �$�!  �"��3��0  �!  �$�&!  

7-./  �2� ��!'& 4'  �"!2!�&��4'    90 

     
������  3.3.14          ������  3.3.15 

 
 
 

 �!  ��2& # �"!�$2��,�  �!�  �����,��!0  �1!-  $%�& �!"!+��/+��  �"('3  ��!'  
�"!2!�&���  1��'���&  ��&0 �& #'�0  3.3.16  �&  3.3.17.  
 
 
 

 
������  3.3.16 
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������  3.3.17 
 
 


&�  '�  $%!�,�   �2-���/  �"!"����  �/0  +��,! �����0 , "��(22/2�  ,�  �!'  �- �,"�!  
�32�'�  $%!�,�  �&�(��&  ��!  socket �!�  �"�.�������   �& ,$��  �"#  �/'  ,#'3�/  $'�'  
�&�+/����  �"#  +��,#,���!  (�& #'�  3.3.18). �!  �"!�$2��,�  *& �&4'�& �/'  
"�!�"(+�&�  ,�0 (�& #'�  3.3.19). 
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������  3.3.18 

 
 
 

 
������  3.3.19 

 
 
 
 
 



 

  93 

����
�
�  
 
 

���(  �/'  �'�2��& �  "��!�����/  �3'  *&�1#�3'  ��#"3'  )-./0  �3'  
!2! 2/�3,$'3'   � 23,(�3'  �'#0  "�!�3"& !-  �"!2!�&��� , �!   -�&!  ��4�/,�  "!�  
$�%���& ��!  ,��2#  ,�0  ��'�&  �!  �.�0 : 
&���  �#�!0   #"!0  �&� '�  )-.!�,�  $'�  
!2! 2/�3,$'!  "!�  �*/  2�&�!�����  �3��( ;  

�  ��4�!'  �&���  /  �3���   �& �"�� �0  )-./ , "!�  ��'�+30  *�'  
*&��1�2�6���&  ��&0 $�!&,�0 2-��&0 �!�  �,"!��!� , *�'�&  "��(���/  ��!'  
�'�,�'#,�'!  %�#'!  2�&�!�����0  �3'  !2! 2/�3,$'3'   � 23,(�3'  
�!�  �"!2!�&���  ,�0   �& �.��1�2�6�&  �/'  ���+���  2�&�!�����  �!� .  

�  ��-���!0  2#�!0  �&� '�   ,"!-,�  ��  ,&�  �$�!&�  *&�*& ���� , ��'�&  �&� '�  
,"!�$�!�,�  '�   ('!�,�  �!  /2� ��!'& #  �"!2!�&���  ,�0   ��(  �!  
*�'��#  "&! �+#��5! , %3��0 #,30  '�  �'�5(�!�,�  &*&������  �&�+/�(  
�/'  +��,! ����� , #"30 +�  ��'$5�&'�  �&� "��(*�&�,�  ��/'  "���"�3�/  
�/0  ���#)� ���0 , �'   ���5(6�,�  �!'  ��&+,#  �3'  ���!14'  �!�  
�'�,&�����  �&� '�  "��-%!�,�  �/  ,��3�/  �!�  +!�-5!� . 
&�  �/'  
�"����./  ���!-  �!�  ��#%!� , /   ���22/2#���/  ,$+!*!0  )-./0  "!�  
��'������& , ��'�&  /  �*�#)�./ . 	& +��,! �����0  +�  "$�!�'  ��  
%�,/2#����  �"�"�*�  �"#  ���(  �/0  ���#)�./0   �& ����#%�!'�  ,�  �/'  
%���/  �'�,&����3' , ��  ,�&3,$'�0  ���!1$0  "('3  ��!  )����! , �!  
�"�"�*!  �!�  +!�-5!�  +�  "$��& �&�+/�( . �$5�&�   �& ��/'  "���"�3�/  
�/0  �*�#)�./0   �& �/0  ���#)�./0 , /  %�,/2#���/  +��,! �����  "!�  
,"!�!-,�  '�  1�(�!�,�  ��'�&  ����  �!�  "��&5(22!'��  %4�!� .  

 
���#  "!�  "�$"�&  '�  ��'�&  (,���  �'�&2/"�# , ��'�&  #�& #�!  /  ��%'!2!���   

 ���� ���0  �"�.������4'  �.�2������& , �#�!  /  �'(� /  �&�  �2-���/  )-./  ��'���&  
"&!  �"&�� �& � . �0  *!-,�  2��!  "&! �'�2��& (  �/'  "���"('3  "�#���/ : �-,13'�  ,�  
�!'  '#,!  �!�  Moore,  (+�  18 ,�'�0  !  ��&+,#0 �3'  ���'6���!�  �'#0  !2! 2/�3,$'!�  
*&"2��&(6���& . ��  �!'  #�!  ���'6���!�  �''!!-,�  ,��  /,&��3��  *&(��./  �����(0  
 ��(����/0 . �!  ���'6���!�  ,"!��� , �'(2!��  ,�  �/'  �(�/  ,�  �/'  !"!��  "!24'���& , '�  
��+,�6�&  �/  �!�  �!�  ��-,��!0  "!�  �"!��!1(  �"#  ��'*�*�,$'/  "/��  �(�/0 . �/2�*� , 
�!  ���'6���!�  � 2-�&  "!�(  +��,#�/��0  �"#  �/'  ��&�,�  "!�  �!  *&�"��'(  /2� ��& #  
��-,� , "!�(  ��  !"!��  ��.('!'��&  #�!  ��.('���&   �& �!  "2�+!0  �3'  ���'6���!� . 
���&��#����0  "2/�!1!���0  �&� ��  ���'6���!�   �&  �!'  �#,!  �!�  Moore ,"!�!-,�  '�  
*!-,�  ��&0 "��� (�3  /2� ��!'& $0  *&��+-'��&0 : 

http://el.wikipedia.org/wiki/%CE%A4%CF%81%CE%B1%CE%BD%CE%B
6%CE%AF%CF%83%CF%84%CE%BF%CF%81  

http://en.wikipedia.org/wiki/Moore's_law  
 
�&�  ,& ��  "������/�/  "!�  "�$"�&  '�  ��'�&  �*4 , ��'�&  #�& *�'  "�$"�&  '�  

���%$!�,�  ,���.-  �!�0 , �/'  ��%-�/��  2�&�!�����0  �'#0  �"�.������� , �/'  �"#*!�/  
�'#0  �"�.�������   �& �3'  ��&+,#  �3'  ���'6���!�  �!� . 
&�  "��(*�&�,� , !& ��2�����!&  
�"�.������$0  �/0  Intel (Core 2 Duo) $%!�'   �& %�,/2#���/  ��%-�/��  2�&�!�����0  �"#  
�!�0  �"2!-0  Intel, �22(   �& !  ��&+,#0 �3'  ���'6���!�  �!�0  ��'�&  �2(%&���  "&!  (�3  
�"#  �/'  �"2�  ��&�( . ���#2�  ���(  /  �"#*!�/  �!�0  ��'�&  ,���2-���/ , ���!'#0  "!�  
!1��2���&  ��/'  ��3���& �  ��%&�� �!'& �  �!�  �"�.������� . �$5�&� , ���  ,�22!'�& (  
�%�*��  �/0  Intel ��'�&  '�  ��.���&  �/'  ��3���& �  ,'�,/  (cache >> 
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http://en.wikipedia.org/wiki/ CPU_cache) �3'  Core 2 Duo, �'�5(6!'��0  �3'  ��&+,4'  
�3'  ���'6���!�  �� ��(  )/2(   �& ����#%�!'�   �& ��  "!�(  � 2�#,�'/0  +��,#�/��0 .  

8��& , /  �'(� /  �&� �"!��2��,��& #���/  )-./  ��'���&  �"&�� �& � . ��/'  �& #'�  
4.01 1��'���&  /   ���'(23�/  (��  Watt) �3'  "&! �'3��4'  �/,��&'4'  �"�.������4' . 
���#  "!�  "����/�!-,� , ��'�&  #�& � #,�   �& �'(,���  ��  *�!  �"�.������$0  �*&�0 
��%'!2!���0 , Intel 6300  �& Intel 6700, "!�  /  ,!'�  �!�0  *&(1!��  ��'�&  �!  ,$��+!0  �/0  
cache  �& ,#2&0 667MHz ���  «�!2#�&� » 2�&�!�����0 , /   ���'�23,$'/  �'$���&�  
��.('�&   ��(  30 watt. 

 
 

 
������  4.01 

http://www.techteam.gr/reviews/thumbnails.php?album=lastup&cat=-100  
 
 
 ���#2�  ��  "���"('3 , !   ��&#���!0  2#�!0  �&� �/'  �"!��2��,��& #���/  )-./  
�!�  �"!2!�&���  ,�0  ��,���   �& ,(2&���  !  "&! *&�*�*!,$'!0 , ��'�&  �!  Overclocking 
(http://en.wikipedia.org/ wiki/Overclocking). ���  �22/'& ( , /  !�!2!���  ��'�&  
�"��%�!'&�,#0   �& �'�1$����&  ��/'  �-./�/  �/0  ��%-�/��0  2�&�!�����0  �3'  
�"�.������4' .  
 
&�  '�  ,"!�$�!�,�  '�   ���'!��!�,�   �2-����  �/'  �-'*��/  ,���.-  )-./0  
 �& �"��%�!'&�,!- , �0  *!-,�  ��'!"�& (  �& !��&���& (   ('�&  $'�0  �"�.�������0 . 
�"!���   �& "���,��!"!&��  "!2-  5��& $0 "�(.�&0  %�/�&,!"!&4'��0  2!�& $0 "-2�0 . 	& 
"�(.�&0  ���$0  ��'�&  ��'*���,#0  �"#  "�(.�&0  �/0  (2��5��0  Boole. �!   - 23,�  ,�  �&0 
2!�& $0 "-2�0 , �'�&2�,5('���&  �!  �2/+$0 �  )��*$0  ��'  *&(1!��  *�'�,& !-  "!�  
*/,&!�������&  �"#  �/'   �'/�/   �3'  /2� ��#'&3'  (/2� ��& #  ��-,� ). �!  )��*$0  ��'�&  
,&�  �(�/  ��-,��!0 , �&� "��(*�&�,�  ��/'  "��&!%�  0.0 ,�  0.3 volt   �& �!  �2/+$0 ��/'  
"��&!%�  0.7 ,�  1.0. �  �'*&(,��/  "��&!%�  ��'�&  !�*$���/   �& *�'  �'�&��!&%��  ��   �,��  
2!�& �   ��(����/  �&� �/'  �"!1���  2(+!�0  ��/'  �'��'4�&�/  �3'  *-!  (223'  
 �����(��3' . 8��& , ,&�  "/��  +��,#�/��0  ��'�&  /   �'/�/  �3'  /2� ��!'�3'  ��!  
��3���& #  �!�  �"!2!�&��� . :��'  ��.('!�,�  �/'  ��%-�/��  2�&�!�����0  �!�  � (��!�  
�"�.������� , �#��  �'�� (6!�,�  ��  /2� ��#'&�  '�   &'/+!-'  � #,�  "&! ����!�� , ,�  
�"!�$2��,�  �/'  ,���2-���/  $ 2��/  +��,#�/��0 . �  *�-���/  "/��  $ 2��/0  
"�!$�%���&  �"#  �/'  �-./�/  �/0  �(�/0   ��!1!*!���0  �!�  �*&!�  �!�  �"�.������� , �&� 
�&0 �'(� �0  �!�  �"��%�!'&�,!- . �  ��%'#�/��  2�&�!�����0  $%�&  ("!&�  ('3  #�&�, "!�  
�.���4'��&  �#�!  �"#  ��  �2& (   ���� ���0  �!�  �"�.������� , #�!   �& �"#  �/'  
��%&�� �!'& �  �!� . ��  "�4�/  1(�/ , #��'  .�1�-��&  ��  ,& �#  "!�!��#  �"#  ���(  ��  
#�&�, $�%!'��&  ��  2(+/  ��/'  �'��'4�&�/  �3'  2!�& 4'   �����(��3' . �  �-./�/  �/0  
�(�/0  2�&�!�����0 , ,�0  *�'�&  �/'  *�'��#�/��  '�  *&���-'!�,�  �&0 "��&!%$0 "!�  
�'�&��!&%!-'  ��&0 2!�& $0  �����(��&0 . 8��& , �('  /  �(�/  ��!1!*!���0 , "!�  ��!  
"�!/�!-,�'!  "��(*�&�,�  ���'  1.0 volt, ��'�&  1.4, �#��  !& "��&!%$0 +�  ��'�&  �&� �/'  
)��*�   ��(����/  0.0~0.5  �& �&� �/'  �2/+�  0.9~1.4, *�'!'��0  $��& ,���2-���!  
�-�!0 . ����  /  �-./�/  �!�0  �-�!�0 , ����&��& (   �& �,"�&�& ( ,  "��&!��6�&  ��  2(+/  
�!�  �"�.������� , *�'!'��0  ,�0  �/'  *�'��#�/��  '�  �'�5(�!�,�   �& (22!  �/'  
��%'#�/��  2�&�!�����0 . :��'  ��  #�&� ���(  .�"�����!-' , �#��  !  �"�.�������0  "�-�&  
'�  2�&�!�����   �& !  !"!&!�*�"!��  �"��%�!'&�,#0  ��'�&  �*-'��!0 . 
 :"30  ��'���&  �'�&2/"�# , /  �"!*!�& #���/  )-./  $%�& *&"2� 2�&�!�����  ��/'  
"���"�3�/  �!�  �"��%�!'&�,!- . �"#  �/'  ,&�  5!/+(  4���  '�  �"!��!1(��  /  �"&"2$!'  
+��,#�/��  2#�3  ��&5�0, /  !"!��  */,&!�������&  �"#  �/'  ��%-���/   �'/�/  �3'  
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/2� ��#'&3'   �& �"#  �/'  (22/  �"!��!1(  �/'  �"&"2$!'  +��,#�/��  "!�  "��(����&  
�"#  �/'  �-./�/  �/0  �(�/0  2�&�!�����0 , *&#�& /   ���'(23�/  ��  watt (��'�"40   �& /  
$ 2��/  +��,#�/��0   ��(  �/'  2�&�!�����  �!� ) �'#0  !2! 2/�3,$'!� , ��'�&  �'(2!�/  
�/0  �(�/0  2�&�!�����0   �& �/0  $'���/0  �!�  /2� ��& !-  ��-,��!0  "!�  �!  ��!1!*!��� . 

&�  �!'  �"!2!�&�,#  �/0   ���'(23�/0  ��  watt �!�  �"�.�������  ,�0  #��'  �!'  
�"��%�!'�6!�,� , �"(�%!�'   �& �&*& ( online ����2���  "!�  %�/�&,!"!&!-'��&  >> 
http://www.benchtest.com/calc.html  
http://www.koc2.com/tools-tools-other.html. 
 
 ��  ����'  �/'  "���"�3�/ , /  )-./  ,$�3  �22���0  1(�/0 , ��'�&  #�&  �2-���!  
,"!�!-,�  '�  %�/�&,!"!&��!�,� . � ,���22��#,�'!&  �&0 ��'/�& $0  +��,! �����0  "!�  
�"&���%('�&  $'�  �-��/,�  �22���0  1(�/0 , ,"!�!-,�  '�  ����.!�,�  �!  ('3  #�&! �/0  
��%-�/��0  2�&�!�����0  �!�  �"�.�������  ,�0   �& ,(2&���  '�  � ,���22��#,����  �/'  
��./,$'/  �"#*!�/  �!�  ��   �+/,��&'�  5(�/ . 
 ���#  "!�  �.�6�& '�  �'�1��+��  �*4  ��'�&  #�&, ��  "�� #�,&�   2�,� � , "!22!�  
%�����0  �'���3'�6!'��&  �&� �!  "!&!0 $%�& �!  ��/�!�#���!  �"�.������� . �  
�'�&"��(+��/  ����  �"!*�& '-���&  ,�  �/'  %���/  benchmarks (�&*& 4' "�!���,,(�3'  
"!�   ��(  �/'  � �$2��/  �!�0  ��'�&  ��  +$�/  '�  �.&!2!���!�'  �!  hardware >> 
(http://en.wikipedia.org/wiki/Benchmark_%28computing%29). ��  ����  �/'  ,(%/ , /  
« ��(22/2/ » )-./  ��'�&  �!   ��&#���!  #"2! , ,�6�  ,�  �!  #�!  �!  *�'��#  "&! �-�%�!'!  
hardware. 	& �22/'& $0 "�!�"(+�&�0  �&� ,&�  +$�/  ��!  5(+�!  ��'�&  ��'�%��0   �& �&0 
"��&��#����0  1!�$0  �"&��%/,$'�0 . �(2&��� , #��'  �!  6/�!-,�'!  ��'�&  /  "�� #�,&�  
"�3�&( , /  )-./  ,�  phase-change ��'�&  «2��/ »  �& �"&������-���&  /  %���/  ���!-  
�64�!�  "!�  /  +��,! �����  �!�  ����6�&  �!  �"#2��!  ,/*$' . �'*�& �& ( , +�  �'�1$�3  
,��& (  �"#   ��  "�� #�,&�  �� #�   �/0  !,(*�0  "!�  �'� 3 , �!  OutOfSpecs. 
http://steki.it.teithe.gr/index.php?topic=1077.0  
http://steki.it.teithe.gr/index.php?topic=1103.0  
http://www.e-pcmag.gr/modules/news/article.php?storyid=2978  
 

�����%40 , �&� '�  ��'�%���&  /  "�!�"(+�&�  �/0   ��( �/�/0  ,&�0 +$�/0  ��!  
"�� #�,&!  5(+�! , *�'  %��&(6!'��&  ,#'!  �'4��&0   �& "�!�"(+�&� . 	& ‘ ��'�+2/�$0 ’ 
,�0  ��!  �.3���& # , �"&%!�/�!-'��&  ,�  hardware ��2������0  ��'&(0  �"#  #2�0 �&0 
���&����0 , �'��+���  ,�  �/'  �22(*�  #"!�  ��!  99% �3'  "��&"�4��3'  �!  hardware ��'�&  
�"#  �!'  "�!�3"& #  �"!2!�&���  �3'  %�/��4' . ��*!,$'!�  #�& �!  ,���2-���!  "!�!��#  
�3'  "�&*&4' ��!  OutOfSpecs ��'�&  1!&�/�$0, �#��  ��'���&  �'�&2/"�# , #�& /   ��( �/�/  
,&�0 «"�3�&(0 » ��'�&  � #,�  "&! *-� !2/ .  

 
 ��2�&4'!'��0 , +�  �+�2�  '�  ��%��&����3  #2�  ��  "�&*&( �!�  OutOfSpecs, "!�  
,�6�  .� &'���,�  ���#  �!  ��.�*&  �&� �/'  �'�-���/  �/0  �"!*!�& #���/0  )-./0   �& �/0  
*&� *� /�/0  �/0  "�� #�,&�0   ���.�3�/0 . ��  ��2������  $.& %�#'&�, /  !,(*�  ���4'  
�3'  "�&*&4' $*�&.� #�& #��'  �"(�%�&  /  +$2/�/  �&� ,(+/�/   �& "�&��,��&�,# , ��  
�"!��2$�,���  ��'�&  �.&$"�&'� . �"��/0 , $'�  ,��(2!  ��%��&��4  ��/'  �"#1!&�!  �!�  
�,�,��!0  ,�0  ���2&�'�  ��"!�2�*!�  �&� �/'  "!2-�&,/  ��,5!2�  �/0   ��(  �/  
������1�  �!�  "��#'�!0  "!'�,��!0 .  
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�  www.outofspecs.gr 
�  www.thelab.gr 
�  www.overclockers.com 
�  www.xtremesystems.org 
�  http://en.wikipedia.org/wiki/Main_Page  
�  http://el.wikipedia.org/wiki/%CE%9A%CF%8D%CF%81%CE%B9%CE%B

1_%CE%A3%CE%B5%CE%BB%CE%AF%CE%B4%CE%B1 
 
 


