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�xQm x� CU� xOQw� CUOx� Vr�t j� Q R� �Q OwN Q�� �q�tDL� xm �Q Q�OQ�� ��xW�W �xr�t l�

��hr� 
�� pmW� s�vm�t l�ORv �OQ�O Q�Qk ���v�UQ�v �x��B �wQ xm ���v�UQ�v
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 + +
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 +
 +

(ب)

ردار
ى با

ى رسانا
ميله 

 كره ى رساناى
 فرضا فلزى بى

بار
پايه ى عايق

(الف)

 -
 -

 -
 -

 -
 -

(ت)

زمين

 -
 -
 -
 -

 -

 +
 +

 +  +
 +

 +

 +  +

(پ)

e-

�v�UQ �xQm l� uOQm Q�OQ�� pL�Qt ��� pmW

��kr� VwQ j� Q� R�

�PH �Q sUH l�ORv CtU O�R� ��yuwQDmr� C�Ft Q�� u�� �CU� C�Ft xW�W Q�� xm s�Dio
CtU QO uwQDmr� O��OR� ��� 
�� pmW� OQ�Po�t �k�� uwQDmr� Ow�tm u� QwOCtU QO w Ovm�t
u�� QO Qo � �OQm Oy�wN O�H�� C�Ft Q�� xr�t R� QwO CtU QO u� Ow�tm w �ivt Q�� xr�t l�ORv
���yuwQDmr� ��CtU u�C�Ft Q�� �s�vm pYw u�tR x� ��Dkwt �Q �v�UQ �xr�t R� QDQwOCtU �x�Lr
�OwW�t �FvN �Ovvm�t u�Q�H �Q CtU u� uwQDmr� Ow�tm w OvwW�t pkDvt sUH x� u�tR R� xm
�Q�Okt �� �Q Rri Q�m u�� ��A 
�� pmW j���t� Ovm�t CWv u�tR x� C�Ft Q�� QDy� CQ��a x�
��xW�W �xr�t R� u�tR R� uOW ��k R� Oa� �Q �v�UQ �xQm Qo � �OQ�Po�t �k�� �ivt Xr�N Q��

��C 
�� pmW� OW Oy�wN K��wD u� QU�DQU QO u� �wQ Q� xOv�t�k�� �ivt Q�� �s�vm QwO

درپوشكلاهك
ميله ى رسانا

ورقه ها

ظرف

�u� ��RH� w AwmUwQDmr� ��� pmW

h�QowOu�w � AwmUwQDmr� ��m� QDmr� �xr�Uw wO

AwmUwQDmr�

w s�UH� uOw�v �� uOw� Q�OQ�� �xar��t ��Q� xm �OQ� Q�mQB w xO�U �y�oW��tR� p��Uw R� �m�
�CU� AwmUwQDmr� �OwW�t xO�iDU� � Q�� uOw� �ivt w C�Ft � u�WQ�� �wv X�NWD u�vJty
l� �xQ�e w sw�v�twr� �TtTvH R� � �v�UQ lR�v �xkQw wO ���xW�W hQ�l� R� AwmUwQDmr�
pmW� CU� xOW p�mWD hQ� ��Q� VwB QO l� w �Ov�xOW qwr u� x� �yxkQw xm � �v�UQ �xr�t

�����
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Q�� ��Q�O w� CU� xOW xO�O Vr�t �tWB �xJQ�B �� xm �Q �m�DUqB �xr�t l� O�vm ZQi
��yuwQDmr� u�� �xai�O �wQ�v p�rO x� �s�vm l�ORv AwmUwQDmr� lyqm CtUk x� ��CU� �ivt
CmQL ��yxkQw 	 u���B CtU x� w xO�Di� x�Q x� �v�UQ �xr�t ��q�� CtUk O�R
 ��yuwQDmr� �NQ�
Q�� ��Q�O �yxkQw ��DQD u�O� �OvQ�o� xrY�i umtt OL �D �m�DUqB �xr�t �ivt Q�� R� �D Ovvm�t
�yxkQw uOW R����U xm OwW�t xkQw wO u�� �xai�O �wQ�v�Hwt �Q�� u�� �OvwW�t �ivt s�vty
XNWt �Q lyqm l�ORv sUH uOw�v �� uOw� Q�OQ�� �Q�m u�� �OwW�t ��yv
 u�� �x� w�R V��Ri��
Q���� AwmUwQDmr� xm �Hv
 R� �Da��� �s�vm QwO lyqm R� �Q xr�t �Dkw V��tR
 u�� QO �Ovm�t
AwmUwQDmr� x� �Q xr�t xm �DQwY QO �t� �OvOQo�t R�� OwN �rO�aD �x�rw� Cr�L x� �yxkQw �CU�
OwW�t pkDvt AwmUwQDmr� x� xr�t Q�� R� �Q�Okt lyqm �� xr�t T�tD pLt QO �s�yO T�tD
�x�k� xm �Hv
 R� �s�vm QwO AwmUwQDmr� R� �Q xr�t Qo � Cr�L u�� QO �OvwW�t hQLvt �yxkQw w
R� �yxkQw h�QLv� �Hwt OwN �x� wv x� �Ow� xOv�t�k�� OwN ��H QO xr�t �wQ xm �xr�t �wQ Q��
R�� OwN �x�rw� Cr�L x� �yxkQw �rw OwW�t QDtm �yxkQw h�QLv� xr�t uOW QwO �� �OW�t sy
�m�DUqB �xr�t u�ty �� �Q Q�m u�� Qo�O Q�� Qo � p�L �OW Q�OQ�� AwmUwQDmr� �Q�m u�� �� �OvOQo�tv
h�QLv� xm OyO�t u�Wv u�� �OwW�t QDW�� �yxkQw h�QLv� xm s�vm�t xOy�Wt �s�yO s�Hv� Q�OQ��
QDW�� AwmUwQDmr� Q�� V��Ri� �� �xkQw wO u�� �m� QDmr� �wQ�v xH�Dv QO w AwmUwQDmr� ��yxkQw
p��k �� QHD Qw� x� ��m� QDmr� Q�� w �m� QDmr� �wQ�v u�� s�kDUt �x���Q xH�Dv QO �OwW�t

�CU� xOy�Wt

�m�DUqB �xr�tl� ��FvN AwmUwQDmr�l� R� xO�iDU� �� u
 �xr�Uw x� �D O�vm �O�B �y�Q �p��wU
wO R� l� I�y x� �m�DUqB �xr�t T�tD uwO� �j��a �xDUO �� �v�UQ �xr�t l� w �ivt Q�� ��
C�Ft xm O�vm u��aD �Q xr�t Q�� O�v�wD�t ��
 �Cr�L u�� QO �s�vm Q�OQ�� �Q �v�UQ �xr�t �Qo�O sUH

�Qw�J �Q Qo�O sUH wO Q�� ��ivt �� CU�

h�QowOu�w Orwt

xr�kv Orwt u�� �Ovm O�rwD um �U xD�U� QDmr� �O�� R Q�Okt Ov�wD�t xm CU� �y�oDUO h�QowOu�w
O�rwD ��yQ�� �Ovm O�H�� �m� QDmr� Q�� �D Ovm�t CmQL uwDU l� u��t xm OQ�O OwN uwQO �vyB
Q�Qi ��Q� �y�Q p��vO x� w Ovvm�t �tHD Orwt u�� �q�� QO �O�vo uwQO �xr�kv u�� �UwD xOW
�wy j� Q� R� �m� QDmr� lJwm �xka�Y l� �x�U�w x� �y�o �ivt ��yQ�� �tHD u�� �OvDUy
���	� pmW� OvwW�t pkDvt u�tR OwN x� �t�kDUt �� w u�tR x� pYDt ��v�UQ sUH l� x�

 -

 + +

 +

 +

 +

 +

 +
 +

 +

 +

 + +

E1
V

E2

10,000

h�QowOu�w Orwt ��� pmW

p�Ft OvJ

�YNW �� TBU w O� Q�O �B x� ��QwH xm �r�L QO �O� wQ� x�Q VwQit �wQy�Q QO CaQU x� Qo � �

u�DDUO u�� Twtrt ��xkQH ���r�e �O�vm R�� �Q u	 �D O� Q�o� �Q �QO �Rri xQ�oDUO �� w O�yO� CUO


CU�J Qt� u�� Cra �OQm O�y�wN T�UL� �Qo�O w

s�Dio �V��tR	 u�� QO �OQm wHwCUH �Pe�m �xrwro V��tR	 QO u�wD�t �Q Qt� u�� Cra �pL

Q�OQ�� �Q u	 u�wD�t ��tWB �� �tW� Q�� ��yxJQ�B �� �m�DUqB �� ��xW�W �xr�t Vr�t QF� Q� xm



� �m� QDmr� u�O�t �urwm uwv�k ��m� QDmr� Q��

x� �tW ��QwH QO OwHwt �m�DUqB h��r� �O� wQ�t x�Q ZQi �wQ Q� CaQU �� xm �v�tR �OQm
�xQ�oDUO �tW xm �v�tR u��Q��v� �OwW�t Q�OQ�� w xO�r�t ��tWB �� �tW� Q��	 VQi �Nv h��r�
u�� QH �tW QO xm OQ�O p��tD �m� QDmr� Q�� u�� �u�Uv� uOw� �v�UQ Cra x� �O�vm�t Ttr �Q QO
xOR QO xQ�oDUO w �tW CUO u�� ��xkQH �Q�� p�kDv� u�� QO �OwW pkDvt R�v QO xQ�oDUO x� w O���

 u� uOQm uWwQ ��Q� u�W�t ��ys�U p�YD� s�ovy �Q xkQH u�� Q��v CU� umtt �tW �OwW�t

�O�W�� xO�O 
 uOR CQ�DU� u�ty ��

�x��B �wQ xm �Q �Q�OQ�� ��v�UQ �CU� xO�DU�� ��xOW �Ov�j��a �x��B Q�yJ �wQ xm �YNW �

�OwW�t x�rND qt�m �v�UQ ��� �Ovm�t Ttr OQ�O Q�Qk �k��a
�XNW xm �t�ovy �O����tv p�kDv� u�tR x� �Q�� �OQ�O Q�Qk �v�UQ�v ��x��B �wQ Q� �v�UQ uwJ �pL

x� �Q Q�OQ�� ��v�UQ w u�Uv� �xawtHt u�wD�t �CU�v�UQ R�v u�Uv� uwJ �Ovm�t Ttr �Q �v�UQ
uwJ w	 OwW�t VNB u� s�tD �wQ Q�� xH�Dv QO xm CiQo Q�v QO QDnQR� ��v�UQ l� u�wva
OwW�tv x�rND �v�UQ u��Q��v� ��O����tv p�kDv� u�tR x� �Q�� �Ov�xOW �OH u�tR R� �v�UQ�v wO �UwD

�Ov�t�t �k�� V� wQ Q� x�rw� Q�� R� �Q�Okt w

xm O�vm �O�B �y�Q �Ov�CUO QO �OvQ�wU �rtL p��k ��v�UQ�v ��yx��B �wQ Q� xm �Rri �xQm wO �

�xr�t l� R� O�v�wD�t Q�m u�� ��Q� �OvwW� hr�Nt Ctqa �� w �w�Ut Q�� ��Q�O �yxQm u� QO
�O�yO T�tD �yxQm �� �Q u� O���v �rw O�vm xO�iDU� �CU� xOW xO�O Vr�t sW� Q�� �� xm ��xW�W

�OwW �k�w QF�wt �tW VwQ �D OW�� O��� u�Um� �yxQm u�� �xR�Ov� ���
w C�Ft Q�� �� ��xW�W �xr�t l� w Q�� uwO� �Rri �xQm wO �s� Q�O sUH xU ��Hv�� QO �pL

O��� �lJwm ��yQ�� p�kDv� ��Q� xm ���Hv� R� �s�yO T�tD �yxQm x� �Q �yxr�t s�v�wD�tv xm s�v�O�t
�O��� p�kDv� �yv� u�� �Q�� �yxQm T�tD j� Q� R� xm s�vm �Q�m O���TB �Ovvm �O�B T�tD sy �� s�UH�
w �w�Ut ��yQ�� ��Q�O TB �OvQ�Ov Q�� �xrO��t u�mt� �Qo�O sUH I�y �� �yxQm uwJ Q�m u�� ��
l� x� �Q�m� QDmr� Q�� �Q�Okt Qo � xm s�O�O �kr� VwQ x� uOQm Q�OQ��VN� QO �OvwW�t syhr�Nt
�OwW�t Q�OQ�� �a�wt Qw� x� �v�UQ sUH �s�vm l�ORv 
 �Rri �xQml� �Hv�� QO 
 �Rri sUH
� ��
� pmW	 �OwW�t �ivt Q�� ��Q�O u� Qo�O CtU w �C�Ft Q�� ��Q�O u� CtU l� �va�

 -
 -
 -
 -

 -

 +

 +  +

 +  +

 + +

 +
 +

��v�UQ sUHl��a�wt uOW Q�OQ�����pmW

xQm wO Qo � �OvyO�t u�Wv OwN R� �kr� u�L �y�v�UQ xm CU� ���oS� w u�ty QO p��wU u�� �xDmv
pmW j��	t CU� C�Ft �m� QDmr� Q�� ��Q�O xm �Q ��xW�W �xr�t TBU w s�v��UJ� sy x� �Q
�xQm w �ivt Q�� ��Q�O CU�Q CtU �xQm �uOW �kr� QF� Q� �s�vm l�ORv �yv� x� CtU l� R� �
�
l�ORv u�vJty xr�t xm �r�L QO 
C�a�w u�� QO Qo � p�L �OwW�tC�Ft Q�� ��Q�OAJ CtU
xm s�y�wN xQm wO �s�vm QwO �Q xr�t TBU w �s�vm QwO x�k� R� w �OH �Q AJ CtU �xQm �CU� xQm
�xwLv x� xHwD �� �OwW�t �ivt Ctqa �� Q�� Q�Okt u�ty ��Q�O �Qo�O w C�Ft Q�� ��Q�O �m�
CU� ��QW ��yv� uOw� �v�UQ �yvD w OQ�Ov �D�ty� I�y �yxQm �xR�Ov� xm CU� XNWt V��tR�

��i�m

 -
 -
 -
 -

 -

 +

 +

 +

 +

 +

 +

+

 +

xO�iDU� �� xQm wO u�tRsy uOQm Q�OQ�� ��� pmW

�Q�OQ�� �xr�t l� R�

�CU� hwQat �oO���kr� QF� x� xO�OB u�� �	
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��� �OvwW� u�Um� Ctqa �� �w�Ut ��yQ�� ��Q�O �yxQm u� QO xm O�vm �O�B �y�Q �p�k p��wU QO �

	CU�v �yxQm �xR�Ov� uOw� u�Um� x� �R��v R�v Cr�L u�� QO
�� p�L �s�vm�t Q�OQ�� �Q �v�UQ �xQm wO u�W�B p��wU MU�B QO xOW xDio VwQ R� xO�iDU� �� �pL

xOt� u���B j��a �x��B Q�yJ �wQ R� Qo � xD�r�
 s�vm�t �FvN �Q u� ��yxQm R� �m� x� CUO T�tD
Qo � �Ovvm�t Q�� �xrO��t sy �� xQm wO �s�yO T�tD sy �� �Q Q�OQ�� �xQm w �FvN �xQm Qo � ���s�W��
�rw �OwW�t s�UkD �yv� u�� �w�Ut CQwY x� Q�� xmCio u�wD�tv �OW�� Cw�iDt xQm wO �xR�Ov�
u�wD�t u��Q��v� �OW�� Cw�iDt Ov�wD�tv R�v u�WQ�� �OvQ�Ov sy �� �Dw�iD uwJ �OvW�� u�Um� Qo �
��Q�O �yxQm xH�Dv QO w OwW�t VNB xQm wO pm QO CN�wvm� CQwY x� Q�OQ�� �xQm Q�� xm Cio
�t�Rr� �yxQm �xR�Ov� uOw� u�Um� xm s�v���t �Hv�� QO �OvwW�t Ctqasy w �w�Ut ��yQ��

�CU�

urwm uwv�k

�t� �s�DW�O Q�mwQU �m� QDmr� ��yQ�� u�� �wQ�v w �m� QDmr� Q�� �� �t �EL� R� x�kv u�� x� �D
�B QO �DU��� w OW��l� R�i QO �t R��v �woMU�B Ov�wD�tv �m� QDmr� �wQ�v R� �i�m �i� QaD �iQY
sUH wO u�� xm �m� QDmr� �wQ�v xm s�v�O�t xOW xDio �Hv�� �D xJv� x� xHwD �� �s�W�� �tm ���wQ
�sUH l� Q�� uOW QDW�� �� �va� �OQ�O s�kDUt �x���Q sUH u� Q�� u�R�t �� OQ�O OwHw Q�OQ��
�xrY�i ��Q� x���Q u�� xm OwW�t xO�O u�vJty �OwW�t QDW�� sy OwW�t OQ�w u� x� xm �� wQ�v
x� wO u� xm �� wQ�v �Q�OQ�� sUH wO �xrY�i V��Ri� �� �va� �CU� Twmat �Q�OQ�� sUH wO u��
u�� �UQQ� ��Q� u�W�B VN� ��yV��tR� Ovv�t �W��tR�
 �O����t Vy�m �Ovvm�t OQ�w Qo�Om�
u�Wu�� �xrY�i �� w s�kDUt C�Uv �yv� Q�� Q�Okt �� �m� QDmr� �wQ�v TBU ��O�vm KQ� �w�wt
OQm xOy�Wt ��O�O s�Hv� xm �D�W��tR� �� �wUv�Qi u�Ol� R�i ��urwm pQ�W �OQ�O Tma C�Uv
�wQ�v �OwW Q��Q� wO q� w q� ��ys�v �� C��F �rw XNWt�v ��x�kv Q�� wO u�� �xrY�i Qo � xm
�m� QDmr� �wQ�v xm OQm pqODU� u�vJ xH�Dv u�� R� w� �OwW�t Q��Q� sQ�yJl� �yv� u�� �m� QDmr�

�F �
�
r�

� �CU� �U�vDt �r� �yv� u�� �xrY�i QwPHt Tma �� ��F � ��x�kv Q�� wO u��
�wQ Q�� �OD�� �O�O s�Hv� �y��Wt V��tR� sy �yQ�� Q�Okt �� wQ�v �x���Q uOQm �O�B ��Q� urwm
Q�� Qo�O Q�� w �CiQo xR�Ov� �Q Qo�O ��yxrwro Q� xOQ�w �wQ�v Q�Okt w OQm hYv �Q q� pw� �xrwro
hYv sy R�� wQ�v xm OQm xOy�Wt w OQm �UQQ� �Q u� QF� w OQm hYv �Q �q� qFt
 Qo�O ��yxrwro
��N �x���Q q� w q� ��yQ�� Q�Okt �� �F � wQ�v Q�Okt xm CiQo xH�Dv C�Oy�Wt u�� R� w� �OW
Q�� wO VvmQOv� �wQ�v x� �w� Qt uwv�k w� C�W��tR� u�� G��Dv R� xO�iDU� �� � �F � q�q�� OQ�O

�CW�O u��� u�vJ �Q OwN ��x�kv

F �
q�q�

r�
� F � k

q�q�

r�

�Q�oxR�Ov�hrDNt ��ysDU�U QO xmCU� �D��F k �CU� hwQat urwm uwv�k x� xm x���Q u�� QO
��������� ��

���	 p�U QO �




� �m� QDmr� u�O�t �urwm uwv�k ��m� QDmr� Q��

�va�� s�vsy Q�� wO ��Q� u� CyH w CU� Q�� wO pY�w �N ��DU�Q QO wQ�v u�� �CU� Cw�iDt
Q�� wO ��Q� w �xai�O �wQ�v O�tv� Q�� wO pY�w �N GQ�N CtU x� ��ivt Q�� wO �� C�Ft Q�� wO

�CU� �x�P�H �wQ�v O�tv� pN�O CtU x� ��ivt Q�� 	 C�Ft Q�� �va�� s�vsyQ�e
Q�� Q�Okt ��Q� �OL�w xm s� Q�O R��v 
k C��F Q�Okt u��aD w urwm �x���Q R� xO�iDU� ��Q�
��m� urwm �CU� �C� urwm �SI� �rrtr�u�� ��y�m� x�oDUO QO Q�� ��m� �s�vm u��aD �m� QDmr�
��m� uDiQo Q�v QO �� w �m� u�� �� p�L �OwW�tv �wULt SI �rY� ��y�m� R� w CU� �aQi
x� xm �vrwm l� Q�� wO xm �� wQ�v �� CU� Q��Q� k �O���t CUOx� SI QO k Q�Okt 
QDt x� xrY�i
u� OL�w w ���� �� Q��Q� ��OwOL k Q�Okt �Ovvm�t OQ�w sy x� 
OvQ�O Q�Qk sy R� QDt l� �xrY�i

�� Q� �� u� QO xm CU� 
����
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