
�t�W O��Btr� CNQO R� �oQ�

�pw� xrLQt� u�Q�� QO �t�W��yO��Btr�

uwvm�D syOQ�yJ �xQwO R�

hr�wt

s�vy� RwQy�





    

 

 

     

 

   

 

     











hrwt xtOkt

R� V�� �U�vt �WRwt� ���vt u�t��D �w�wt ��tra 	�yO��Btr� 	�yuwtR� xaUwD �� w Q�N� 	�yp�U QO

CU� xDiQo Q�Qk Q�vOt V�B

w O��Btr� �� ���vW� 	�Q� �yx�Q u� QD	OQ� Q�m R� �m� O��Btr� xDWPo 	�yxQwO 	�yp��wU pL w �UQQ�

OW���t u� QO C�kiwt 	�Q� 	R� Qxt�vQ�

syi w p��Ut OQwt QO q�� lQO x� uO�UQ ��tra 	�yO��Btr� QO C�kiwt 	�Q� �yxir�wt u� QDsyt R� �m�
	�Q� ��U�vt Q�mx�Q u�wD�tv C�
wiLt Q� x�mD �� w �L	U syi CQwY QO �Q� R CU� �r�	t j�ta


OQm �O�B O��Btr� OU R� uDWPo
x�Qty x� �t�W O��Btr� Q�N� 	�yxQwO 	�yp��wU xOvQ�oQ� QO ��pw� xrLQt� u�Q�� �t�W 	�yO��Btr�� ��Dm
CU� xOw� u� Q� O�t� w CU� xOw� �r�	t syi Q� �aU �yp��wU x� MU�B QO 
OW���t �yv� �L� QWD MU�B
OQwt �w�wt R� lQO w x��Wt p��Ut pL 	�Q� ���v�wD �p��wU u� �UQQ� Q� xwqa p��wU l� x� MU�B �� xm


OwW O�H�� p��Ut pL 	�Q� 	SD�QDU� l� w O��� V��Ri� p��wU
C�kiwt Oy�W xr�U Qy w OW�� xDW�O u�tRu�Q�� u�OvRQi ���iwmW w ���� wB QO �Wkv ��Dm u�� CU� O�t�
	�yO��Btr� QO C�kiwt �Q� R �s�W�� QwWm CavY w sra xaUwD QO u� R� TB w �tra 	�yO��Btr� QO �yv�
s�tYD w u�tR lQO �C�akwt syi x� uO�UQ xmr� CU�v O��Btr� hrDNt pL�Qt QO �rw�k ��iQY �tra


CU� �U�vt
���iwmW w OWQ 	�Q� 	O�� R C�tLR xm u�wNWwNC�Q�WDv� pw
Ut Q�Ot xO�R�H�L 	�k� ��vH R� u���B QO
O�aU �	O���R� Ra u�UL� u���k� QOkv�Qo O�D�U� R� w sQ�O �Q QmWD p�tm �OvWm�t �tra �r�	t Q�WDv� w
V��Q� w QO xm �D�Q� u�t�� w 	Q�wUyW srUt ��tU�k OtLt R� Ra u�Rwt�Vv�O w 	O�Qt O�WQi �	Q�W


svm�t �v�OQOk �OvO�Wm 	O�� R C�tLR ��Dm

QDy� ���OQi O�t� x�
s�vy� RwQy�



� syOQ�yJ �xQwO �

�� syORv�B �xQwO �

�� syORv�W �xQwO �

��� syOiy �xQwO �

��� syOHy �xQwO �

	�� syORwv �xQwO �

	�� sDU�
 �xQwO �

	�� sm� w CU�
 �xQwO �

��� swO w CU�
 �xQwO 	

��� swU w CU�
 �xQwO �


�
� sQ�yJ w CU�
 �xQwO ��

��� sHvB w CU�
 �xQwO ��



�

syOQ�yJ �xQwO

����� uty��

xv�oCiy EL��t QO syOQ�yJ �xQwO Cq	
wU �� RwD

OYQO �v�w�Qi u�wva OYQO �v�w�Qi u�wva

���� � pwrLt ���� �� �� w�vD pwOH w sD� Q�DN�U

��� � l�t�v	OwtQD 
� �
 �	��t�W Ovw�B


� �
 � �t�W ���� � �r�

�� �Cq�
wU pm O�OaD ���� � �QDtw�mwDU�

�



�t�W O��Btr� �

Cq��wU ���

�OwW�t xO�iDU� �� R� VD� uOQm Vwt�N ��Q� �y�RwUVD� �NQ� QO p�rO s�Om x� �

�� xS� w ��tQo C�iQ� uOw� q�� �� �� �r�oJ uOw� q�� �	

�� Q�N�D ��tQo uOw� q�� �
 �� �L�U VWm uOw� O�� R ��

�CU� CUQO�v CQ��a s�Om �

xOQm sqa� 
�� �D ��� �xQDUo QO �Q sr�U �vO�t�W� �� pH �CU� R ��Lt R� C��iL �v�yH u�tR�U
�CU�

��

�oOvR �xt�O� ��Q� �QwQ� �� QO pwrLt uS�Um � C�re QFm �OL �xOvyO u�Wv �xOW pL uS�Um �� DO
�CU� u�� R��

�	

�CU� 	 R� QDtm �u�Uv� �oOvR ��Q� u�ovU ��yuw� R�Ht Q�N 	� Q� �


R� �� Ckwt �DNU w s��O �DNU 	�DQD x� �� uOQm sQo �� R�v w �� x� C�v� Qms�OU �Q�Okt V��Ri� ��
�OwQ�t u��

��

�OwW�t xO�iDU� �� QO OwHwt �q w po uOQm u�WvxD ��Q� VwQ s�Om R� �

�F�� O� Qw�wri ��yuw� V��Ri� �� �vW �i�Y R� uOv�QPo �	

Vt�Q� ��yZwL QO uOQm u�WvxD �
 Fe�� w Al�� ��yuw�D�m V��Ri� ��

�CU� ��
mmHg Q��Q� ��xW�W ���L uwQO R�o Q�Wi pmW s�Om QO �

�P��wy� � ��
mmHg�

گاز

P

50 mm ��

گاز

25 mm

P

�	

گاز

P

�


گاز

50 mm

P

��

�CU� p� w� uwv�k �xOvyO u�Wv pwOH s�Om ��yxO�O �



� syOQ�yJ �xQwO

��CU� �C �tOw �L sHL �mmHg Q�Wi ��m��

T � �� ��

V ����� ��� ���
	
CU� C��F P
 ��

V ����� ����� �����

P ��� ��� ���

T �� �� ��

�	

P � �� ��

V ����� ����� ������
	
CU� C��F T
 �


P � ��� ���

T �� ���� ����
	
CU� C��F V
 ��

�v�OQoR�� p��k w Q�PBO�OHD �Q�PB�� QND CU� R ���vt 
RH Ot�H ��yxr�� R R� xDUO s�Om �

�OvDUy

sw�v�twr� w xW�W 	� �m�DUqB O�wt 	�

�wkt w Pe�m 	� �m�DUqB w ���Pe O�wt Ov�tUB 	�

�OyO�t u�Wv �Q nv�m �Qm Ov��Qi Vvm �w s�Om �

CH� � CH� �H�O� CH� � CH� �OH ��
C��H���g�� C�H���g� � C�H���g� �	

nCH� � CH� � �CH� � CH��n �

C�H� �C�H�� � C�H�� ��

�CU� QDtm xty R� Q� R ��yGwt pw� �� �yQwv R� l�s�Om �SQv� �

��� nm 	� ��� nm 	� ��� nm 	� ��� nm 	�

�CU� Q� R O�wt R� l�s�Om x� �w� Qt �R��VD� sU�Qt R�U nvQ �

s� R�vt OQo �� C�QD�v �II� Tt �� uy� ��yxO�Q� �	 sw�v�twr� OQo �


QO �s� Q�o� Q�v QO �Q ��
C w ��C ��yAwDwR�� u� Qm R� w ��O w ��O uS�Um � R� xJv�vJ ��

�CW�O Q��Dv� u�wD�t Cw�iDt ��ysQH �� pwmrwt 	wv OvJ O�Um ��O u� Qm �a��
 �xvwtv l�

� �� � �� � �	 � �


�CU� QDW�� xty R� �vwQDmr� p�kDv� s�Om x� �w� Qt �SQv� uSwQO�y sD� QO ��



�t�W O��Btr� �

n� � n� �� n� � n� �� n� � n� �� n� � n� ��

u� h�� QO �QWv �N OvJ n � � x� n � � R� uSwQO�y sD� QO uwQDmr� p�kDv� ��Q� ��

	OwQ�t Q��Dv�

� �� � �� � �� � ��

	CU� CUQO Q
 R �twDv�wm O�Oa� xawtHt R� l
s�Om ��

n � �� l � ��ml � �� �� n � �� l � ��ml � �� ��

n � �� l � ��ml � �� �� n � �� l � ��ml � � ��

C���mQD R�l
 Qy �wrH QO �w�D�ovwQDmr� hqDN�� 	OwW�t �krD �vw
 u�wva x���mQD s�Om ��

�
CU� xOW xO�O u�Wv

�	� 
BN �O� QD�v Qw�
 �� �	� 
AlP �O�iUi sw�v�twr�
 ��

�	� 
SiC �O�� Qm s�U�r�U
 �� �	� 
 Mg�N� �O� QD�v s� R�vt
 ��

	OQ�O �Q Vvw
 �SQv� u
 QDtm QYva s�Om sD� ��

Qw�wri �� s�r� Q� �� Qw� �� uSwQD�v ��

	CU�v CUQO ��mQD s�Om s�v ��

�Fe�O�� �O�Um � uy�
 �� �CaBr�� �O�tQ� s�Urm 
 ��

�Li�O� �O�Um � s�D�r
 �� �AlPO�� �C�iUi sw�v�twr�
 ��

	OwW�t XNWt �twDv�wm OOa s�Om �� �	i QO �yp�D�� Qw� �Q�oCyH ��

ms �� n �� l �� ml ��

	CU� QDW�� ��mQD s�Om �xm�W �SQv� ��

MgO �� CsF �� SO� �� NaCl ��

	OyO�t p�mWD �vSwQO�y Ovw�B ��mQD s�Om �	

H�S �� H�O �� HCl �� CH� ��



� syOQ�yJ �xQwO

�CU� CUQO sD� Q�DN� �� ���DQ� QO xv� Ro s�Om CQ��a ��

CU� �yuwDwQB w �yuwQDmr� O�OaD �tH �tD� OOa ��

CU� �yuwQDwv w �yuwQDwQB O�OaD �tH �tD� OOa ��

CU� �yuwQDwv w �yuwQDwQB O�OaD �tH �tQH OOa �	

CU� �yuwDwQB w �yuwQDmr� O�OaD �tH �tQH OOa �


�CU� CUQO xv� Ro s�Om CQ��a ��

�OvQ�O Cw�iDt �tQH OOa w �tD� OOa QYva l� ��yAwDwR�� ��

�OvQ�O u�Um� �tQH OOa w �tD� OOa QYva l� ��yAwDwR�� ��

�OvQ�O Cw�iDt �tD� OOa w u�Um� �tQH OOa QYva l� ��yAwDwR�� �	

�OvQ�O Cw�iDt �tQH OOa w u�Um� �tD� OOa QYva l� ��yAwDwR�� �


�OQ�O OwHw ���kQ�e �Uvq�wwm Ovw�B pwmrwt s�Om QO ��

HI �� H�O �� CHCl� �	 Cl� �


�CU� s�Om C�QD�v sw�vwt� ��mQD QO uSwQD�v V��Um � O�Oa� �Q�H �tH ��

QiY �� � �� 	 �	 	�� �


�CU� CUQO l ��vwt� w 
� �u�Dt ��ypwmrwt Ovw�B �x� w�R OQwt QO ��DQD s�Om ��

l ��vwt
 � �
 � u�Dt �	 l ��vwt
 � u�Dt � �
 �


�
 � u�Dt � l ��vwt
 �� �
 � l ��vwt
 � u�Dt ��

�CU� CUQO �rwmrwt pwtQi OQwt QO h�YwD s�Om ��

�Ovm�t XNWt �Q �ysD� O�OaD w �wv ��

�Ovm�t XNWt �Q �ysD� �wv �yvD ��

�OyO�t u�Wv Qo�Om� �� �Q �ysD� Ovw�B �yvD �	

�OyO�t u�Wv Qo�Om� �� �Q �ysD� Ovw�B u�vJty w O�OaD ��wv �


�CU�v �
 Q� R �tD� OvJ pwmrwt �� uw� s�Om QO �RmQt sD� V��Um � OOa ��

H�SO� �� N�O� �� CCl� �	 NO
�

�
�




�t�W O��Btr� �

�CU�v �Uvq�wwm Ovw�B s�Om ��

O� Qrm sw�vwt� QO sw�vwt� w O� Qrm u�� Ovw�B �� u�D� QO u� Qm �� uSwQO�y sD� Ovw�B ��

uD� QO sD� wO u�� �xv�owO Ovw�B �	 u�D� QO u� Qm sD� wO u�� �xO�U Ovw�B �


�CU� ���k ��yOvw�B ��Q�O xmv�� �� CU� ���kQ�e pwmrwt s�Om ��

H�O �	 CO� �
 SO� �� NH� ��

�CU� CUQO Q� R ��mQD ��Q� s�v s�Om ��

u�Roy p�Dt �O � 
 �	 � p�D� �� �� u�Roy p�D� � 
 � p�Dt �O � 
 �� ��

u�DBy p�D� � 
 � p�Dt �O � 
 �� �	 u�DBy p�Dt �QD � 
 �
 �� �


�CU� CUQO xv� Ro s�Om CQ��a ��

�OQ�O ��x�q Q�DN�U C�i�Qo QO w �yHwQ�yJ Q�DN�U T�tr� QO u� Qm sD� ��

�CU� �Uvq�wwm Ot�H C�i�Qo w �rwmrwt Ot�H T�tr� ��

�CU� �rwmrwt Ot�H C�i�Qo w �Uvq�wwm Ot�H T�tr� �	

�OQ�O �yHw Q�yJ Q�DN�U C�i�Qo QO w ��x�q Q�DN�U T�tr� QO u� Qm sD� �


�CU�v CUQO �yu�mr� OQwt QO xv� Ro s�Om CQ��a ��

�OvDUy nvQ�� ���yOt�H �� C�a��t ��yR�o ��yu�mr� ��

�OwW�t O�� R �rwt sQH V�Ri� �� �yu� VwH w �wP 	x�kv ��

�Ovvm�t O�Um �
O u� Qm w �� �
SQv� O�rwD uDNwU QF� QO �yu�mr� ��

�OwW�t QDtm �rwt sQH V��Ri� �� ���t 
�yu�mr� 
wQv�Qo ��

�CU� Civ ��H x	 nvU p�eR �v
 Ro
�H R� �v�t Q��L p�L QO �rt�a xJ ��

�OQw� CUO x� nvUp�eR R� u�wD�tv �Q Civ R� xOW xDN�U u� Qm 
�y��mQD ��

�CU� Civ R� xOvR�U 
�ypwmrwt CN�U R� QDxv� RyQB nvUp�eR R� xOvR�U 
�ypwmrwt CN�U ��

�CU� R�tD CNwU l� nvUp�eR hqN Q� Civ ��

�CU�Q�PB�v O�OHD nvU p�eR xm �r�L QO CU� Q�PBO�OHD ��vt l� Civ ��



� syOQ�yJ �xQwO

�CU�v QF�wt �wy �oOwr� Vy�m ��Q� x�Q s�Om ��

�r�Ui ��yCNwU uOv�RwU x�Q R� QDW�� �SQv� O�rwD ��

�r�Ui ��yCNwU uDNwU Ov��Qi QO �SQv� O�rwD xOR�� V��Ri� �	

�wy x� �yu� OwQw R� V�B uDNwU R� pY�L ��yxOv�q� uDN�Ov� s�O x� �


�r�Ui ��yCNwU ��H x� u� Ro��H ��y�SQv� R� xO�iDU� ��

�CU� uRoy � 
 Q
 R umr� s�Om s�v ��

CH�CH � CHCH�CH�CH� �� CH�CH�CH�CH � CHCH� �	

CH� � CHCH�CH�CH�CH� �
 CH�CH�CH � CHCH�CH� ��

�OQ�OOwHw �Q�DN�U QtwR
� OvJ �u�DvB Ovv�t �v� QmwQO�y ��Q� ��

l� �
 Q�yJ �� xU �� wO �	

�CU� O�yOr� �rt�a xwQo ��Q�O Q
 R ��mQD s�Om ��

C

H

H

H

C

O

C H

H

H

�� C

H

H

H

C

O

H �	

C

H

H

H

C

O

O H �
 C

H

H

H

O C H

H

H

��

�OQ�Ov OwHw s�N Civ Q��kD GQ� �R�o VQ� QO xO�t s�Om ��

�LPG� ���t R�o �
 R�o Civ �� �QyW R�o �� xOwO �	

�O
��t CUO x� s�N Civ Q��kD GQ� ��yVQ� R� l
s�Om R� Civ lm ��

�v��t VQ� �
 �yxOv�t xD �� u�ovU VQ� �� l�U VQ� �	

�CU� QDW�� u�mr� s�Om �rwt uDNwU ��tQo ��

u�Dw� �
 u�B wQB �� u�D� �� u�Dt �	

���t�tD x�oQy �CU� OwHwt �� C��tO QO�� QOC�QD�v s�U�DB �xOW Q�U pwrLt sQo 

�� ��

uOW pLC�r��k �Ov�t�t ��H Q� u� R� ���� wlWN C�QD�vs�U�DB sQo 
�� �OwW Q�N�D pwrLt u
�



�t�W O��Btr� �

�CU� s�Om pqL sQo ��� QO xOvwW pL �xO�t sQo �UL Q� xOW xO�O ��tO QO �	 QO C�QD�vs�U�DB

��� �� ���� �� ���� �� �� ��


CU� � � � � � � R� �W�v OyO�t u�Wv OwN R� hQ� l� QO R�o �xvwtv l� xm �Q�Wi ��

hQ	 
��i QO Qo�Om� �� R�o 
�ypwmrwt OQwNQ� 
�

hQ	 
xQ�OH �� R�o 
�ypwmrwt OQwNQ� 
�

hQ	 uwQO R�o 
�ypwmrwt uRw 
�

Qo�Om� �� R�o 
�ypwmrwt uOW l�ORv R� �W�v 
xai�O 
�

sw�v�twr	 sQo z u	 R� w OyO�t Vvm �w pt�m Qw� x� �Al �sw�v�twr	 sQo y �� �S �OQowo sQo x ��

�Al � ���S � ��� �CU� s�Om x
z
�
y

z
��yC�Uv �wtHt 
OwW�t O�rwD �Al�S� �O�irwU

� �� ����� �� ����� �� ���� ��

TBU w xOQm �wrNt xDU� QO �U�vt hQ� l� QO �Q O��g� pwt �� w H��g� pwt �� ��

O�wt Q�Okt �u���B QO 
OwW pt�m uS�Um � QO uSwQO�y uDNwU Vvm �w �D s���tv�t Q�QkQ� xkQH u	 QO
�CU� s�Om hQ� QO OwHwt

H�O pwt �� �� H�O pwt �� ��

H� pwt � w H�O pwt �� �� O� pwt � w H�O pwt �� ��

���� J g�� �C�� �� Q��Q� C�i�Qo pmW x� u� Qm �xS� w ���tQo C�iQ� �rwtat ��y�tO QO ��

�O����t V��Ri� Tw�Ur�U �xHQO OvJ u	 ��tO OwW xO�O C�i�Qo pwt � x� �tQo ��� J x�oQy 
CU�


CU� sQo �� C�i�Qo pwt l� sQH�

�� �� ��� �� �� �� � ��

�CU� s�Om �Ovm�tCiQW�B OwNx�OwN �OL �D�U�vt ��tOl� QO Q� RVvm �w xmv�� p�rO ��

N�O��g�� �NO��g� � �H � ����� kJ

Vvm �w CiQW�B �� �Br�Dv� K�U V��Ri� 
�

Vvm �w CiQW�B �� �t�v�� V��Ri� 
�

u� �S pt�a Q� Vvm �w �H pt�a uOw� �r�e 
�

N�O� �� xU��kt QO NO� pwmrwt Qy QDW�� VwH w �vH 
�



� syOQ�yJ �xQwO

�pwmrwt � QD�r�� ��m� �� �w� Qt �Q�pY�L Q	Okt 
��K ��tO QO Q� R 
x��	Q x� xHwD �� ��

�wQO�oww� OOa � ���� ����� �CU	 s	Om 
��K ��tO QO

�H���OH�� � ���� ������mol�L��

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

x� ��DQD x� �w� Qt ��ysD	 x� NH� w N� �H� ��yR�o R	 l� Qy R	 sQo � p�O�D �	Q� ��

pwSwr�m �ULQ� NH��g� p�mWD ��tQo �CU	 R��v ���tQo �SQv	 pwSwr�m ���� w ����� �
��
�N � ���H � �� �CU	 s	Om pwt Q�

��� �� �	� �� �

 �� �

 ��

����� kJ Q	Okt x� CaO�s� w CO��g� x� CaCO��s� sQo �� pt�m 
x� RHD �	Q� ��

w ���� �� Q�	Q� ��DQD x� CaO�s� w CO��g� p�mWD �Br�Dv� xJv�vJ �CU	 R��v ���tQo �SQv	
�CU	 s	Om kJmol�� �ULQ� CaCO��s� p�mWD �Br�Dv� �OW�� pwt Q� pwSwr�m ������

�CaCO� � ��� gmol���

����� �� ����� �� ������ �� ����� ��

Q�	Q� �vw� l�miD OYQO w ������M �w�Ut H� C�re HA O�U	 Qqwt C pwrLtQO ��

�OwW�t �FvN ����M OwU mL OvJ �� HA O�U	 R	 ��mL �CU	 �������

	 �� �� �� �� �� �� ��

Vvm �w ����M O�U�l� QrmwQO�y QD�r�r�tOvJ �� ����M C�QD�v xQkv pwrLt ���mL ��

	OyO�t

��� �� �� �� �� �� ��� ��


OwW�t pL pt�m Qw� x� �M O�U� l� QrmwQO�y ���mL QO Mg Rri sQo�r�t �
� ��

�Mg � ��� 	OwW�t �FvN �M OwU QD�r�r�tOvJ �� pY�L pwrLt

�� �� �� �� �� �� �� ��

u� Qm pwmrwt OvJ �iQ�aDt ���QW QO O�Um ��O u� Qm R�o �amt QDt�Dv�U ��
 QO ��

�wQO�oww� OOa � 
����� ����� 	CU� OwHwt O�Um ��O

��	���� ���� �� ��	���� ���� ��

��	�

� ���� �� �� ���� ��



�t�W O��Btr� ��

�CU� QDq�� ��mQD s�Om pqwt ��� pwrLt VwH �x�kv ��

NaCl �� CH�COOH �� CaCl� �� Na�PO� ��

pL �d�CCl�� � ���� g� cm�� O	 Qrm �QDD u� Qm 
��mL QO �Q O	 sQo ����� ��

�CU� s�Om O	 �tQH OYQO 
s�vm�t

���� �� ��	�
 �� ����� �� ���� ��

u� �vw	 l�miD OYQO w ������M �w�Ut H� C�re HA O�U� Qqwt C pwrLt QO ��

�vw	 l�miD OY QO w �������M �w�Ut H� C�re HA� O�U� Qqwt C� pwrLt QO w ������

�CU� s�Om C
C�

C�Uv 
CU� ������ u�

��� �� ��� �� ��� �� ���� ��

�FvN ����M O�UmwQO�y s	 Q�� pwrLt ���mL �� HA O�U� pwrLt R� 
�mL ��

�OwW�t �FvN ����M OwU pwrLt QD�r�r�t OvJ �� HA O�U� R� sHL u�ty 
OwW�t

�� �� �� �� �� �� �� ��

� r� oJ � � �� Q D � r� r � t ��� QO �Q �QO � v�� ��� � C� i rwU �wQ sQ o �
�
� ��

�CU� s�Om C�irwU �wQ �xD�rqwt 
s�vm�t pL d�H�O� � � g� cm�

�Zn � ���S � �
�O � ���H � ��

���� �� ���
 �� ��� �� ��
� ��

��tO �� �� QO ltv l	 ��� sQo ��� QO xOvwW pL �xO�t sQo � �S ��Q	PBpqLv� �oDU� ��

pqLv� OQwt QO xv	 Ro s�Om u� x� xHwD �� 
CU� S � ����t � �� CQwY x� �t� C �Tw�Ur�U
�rwt sQH� �CU� CUQO ���C ��tO QO xOW Q�U pwrLt QO u� �m �xD�rqwt w �� QO ltv u	�

�
CU� ����� g�mol xOvwW pL sUH

��
 �Q�o �tQo �� 
�� �xO�tQo �� 
�� �Q�o �tQo �� ��
 �Q�o �tQo ��

�CU� QDq�� Q	 R ��� ��ypwrLt R� l	s�Om VwH �x�kv u�at Q�Wi QO ��

QmW pqwt wO �� C�QD�v s�U�DB pqwt l� ��

O� Qrm s�OU pqwt l� �� O� Qrm s�Um pqwt l� ��

xv	 Ro s�Om QO YCO� w XO� ��y��mQD QO Y w X ���NDv� ��yQYva CmQW x� xHwD�� ��

�CU� CUQO xOW xO�O �	��t�W ��y��mQD pwtQi

XF� �Y�NO��� �� XF �YNO� �� XF� �YPO� �� XF� �YSO� ��



�� syOQ�yJ �xQwO

syOQ�yJ xQwO �O�rm �xt�vMU�B ���

1
2
3
4
5
6
7
8
9

10

51
52
53
54
55
56
57
58
59
60

11
12
13
14
15
16
17
18
19
20

21
22
23
24
25
26
27
28
29
30

31
32
33
34
35
36
37
38
39
40

41
42
43
44
45
46
47
48
49
50



�t�W O��Btr� ��

syOQ�yJ xQwO �L� QWD �xt�vMU�B ���

�CU� K�LY MU�B ��� �xv� Ro �

�s�vm sy�Qi �Q Q� R ���QW O��� VD	 uOQm Vwt�N ��Q�

VD	 uOQm OQU ��

VD	 x� uS�Um � uO�UQ R� �Q�owrH ��

�vDNwU 
xO�t uOQm QwO ��

u�wD�t q�� ��D�Uv xS� w ���tQo C�iQ� w q�� Q�N�D ��tQo w �vSwQO�y Ovw�B uDW�O x� xHwD �� 
	
u�RQ� w u���B �wQv�Qo ��v�w�Qi Q��v �Qo�O ��y�oS� w �OW�� VD	 uOQm OQU ��Q� QF
wt O�wt R� �m�
xm �OQ�wt QO xD�r� �OW�� VD	 uOQm Vwt�N ��Q� O�wt u� QDy� R� �m� 
	 xm OwW�t ��U uOw�

�CU�v VD	 uOQm Vwt�N ��Q� ��U�vt xv� Ro OyO�t Vvm �w �vDNwU xO�t �� 
	

�CU� K�LY MU�B ��� �xv� Ro �

�DO

�CU� u�� R�	 �oOvR 
xt�O� ��Q� 
	 QO pwrLt uS�Um � C�re pk�OL �xOvyO u�Wv DO

DO �
�g� uS�Um � sQH
�g� pwrLt sQH � ���

�Q�N �� Q�

�OwW�t h� QaD Q� R CQwY x� �yuw� ��Q� Q	N �� Q�

Q	N �� Q� �
OwHwt ��yuw� Q�Okt

CU� R ��Lt C��iL u�tR�U �UwD xOW sqa� R�Ht Q�Okt

�OvQ�O l� R� QDtm Q	N �� Q� CU� R�Ht OL R� QDu���B �yu	 C�re xm ���yuw� u��Q��v�

�	
 s��O w Ckwt �DNU

Ckwt �DNU u	 x� xm OyO�t 
	 x� �DNU �awv 
	 QO pwrLt C�v� Qm uSwQO�y s�Urm OwHw
�OwW�t O�H�� Q� R Vvm �w QF� Q� w Ov� wo�t

�pwrLt�v� C�v� Qm s�Urm
�ly� nvU�

� O�U� l�v� Qm
��� QO CO� pwrLt�

� �pwrLt� C�v� Qm uSwQO�y s�Urm
��� Ckwt �DNU pt�a�

�DNU �OQ�O Ckwt �DNU xm �rwrLt uOQm sQo �� u�wD�t Vvm �w u�� uOw� Q�PB CWoQ� p�rO�
�OQm p�O�D sQv 
	 x� �Qu	 w OQ� u�� R� �Q u	 Ckwt



�� syOQ�yJ �xQwO

uOQ� u�� R� ��Q� w OyO�t s��O �DNU �� x� �� QO Mg�� w Fe�� w Ca�� ��yuw� OwHw
�OwW�t xO�iDU� C�v� Qm s�OU R� s��O �DNU

Ca��
�s��O �DNU pt�a�

� C�v� Qm s�OU� C�v� Qm s�Urm
��wUQ�

� 	Na�

�CU� K�LY MU�B 
�� �xv� Ro �

w Ov���t QO s�v sy w Q�OQ�� C�QP CQwY x� �� u�� QH w CmQL p�rO� �� QO OwHwt �q w po
�q w po C�QP �xai�O p�rO� xm OwW�t ��U pta u�ty w Ovm�t O�H�� �Q �O�� wrm 
wrNt l�
u��t xai�O �OvDUy O�� R Q�� �� ���yuw� pt�W xm ���yltv V��Ri �� u�wD�t �rw �OvwWv u�WvxD
xm ���yltvV��Ri� u��Q��v� �OW �yu� �uOW xDNr� uOW u�WvxD��U w OQ� u�� R� �Q �O�� wrm C�QP
�OW�� �q w po uOQm u�WvxD ��Q� ��U�vt VwQ Ov�wD�t OvDUy Fe�� w Al�� ��yuw�D�m pt�W

�CU� K�LY MU�B 
�� �xv� Ro �

xmv�� ��Q� u��Q��v� �CU� �wy w R�o u��t Q�Wi hqDN� xOvyO u�Wv wR�� wO K�U hqDN� QDtwv�t QO
QDtm O��� R�o CtU �wR�� K�U w OW�� ��mm K�U hqDN� O��� OW�� ���mmHg R�o Q�Wi

�CU�wy Q�Wi R� QDW�� R�o Q�Wi uwJ OW��

PR�o � P�wy � wR�� wO K�U hqDN�

���� ��� � ��mm

wR�� wO K�U hqDN� w CU� 	�mm �� Q��Q� pO�aD Cr�L x� C�Uv K�U hqDN� pw� pmW QO
�CU� ��mm Q��Q�

�CU� K�LY MU�B 
�� �xv� Ro �

�yR�o u�v�wk درسنامه
QO Q�Wi �Q�pY�L w OQ�O Twmat x���Q R�o sHL �� R�o Q�Wi �C��F ��tO QO �p�w� uwv�k

�CU� C��F sHL

V �
k

p
�	 PV � k

�OQ�O �oDU� �tO w R�o Q�Okt x� k
�OQ�O s�kDUt x���Q jr�t ��tO �� R�o sHL �C��F Q�Wi QO �pQ�W uwv�k



�t�W O��Btr� ��

V � T �� V � k�T

�OQ�O �oDU� Q�Wi w R�o Q�Okt x� k�

�OQ�O s�kDUt x���Q jr�t ��tO �� R�o Q�Wi �C��F sHL QO �uwDvwt� uwv�k

P � T �� P � k��T

�OQ�O �oDU� sHL w R�o Q�Okt x� k��

�O����tVy�m sHL �Q�WiV��Ri� ��C��F ��tO QO u� QO �Q� R �CU� xOW u��� p� w� uwv�k � OQwt QO

�CU� K�LY MU�B 	�
 �xv� Ro �

�OvDUy Q�PB�� QND CU� R w Q�PBO�OHD ��vt l� �wkt w Pe�m

R� sw�v�twr� w xW�W �CU� xDUy� Q��U� �yu� uOW �� QND CU� R w OvQ�PB�v O�OHD �m�DUqB O�wt
�OvQ�PB�vO�OHD ���vt

�Ov��v�OQoR�� p��k sw�v�twr� w xW�W ��m�DUqB O�wt ��wkt w Pe�m

�Ov�Q�PB �� QND CU� R ���Pe O�wt Ov�tUB

�CU� K�LY MU�B 	�
 �xv� Ro �

�Ov� wo nv�m �Qm �Q QDlJwm ��ypwmrwt x� QDnQR� ��ypwmrwt uDUmW

C��H���g�
���

�
C

����� C�H���g� � C�H���g�

��ypwmrwtnv�m �Qm x�Q R� �OvQ�O u� Qm �QDW�� O�OaD �� �� �D � R� xm �Q ���ypwmrwt u�wD�t pta QO
�OvDUy OvtOwU u� Rv� QO xO�iDU� ��Q� OvQ�O u� Qm sD� �
 �D � xm ���ypwmrwt �OQw�CUO x� QDnQR�

��yQoR�r�D�m uOwRi� �� Ov��Qi u�� xOR�� �OwW�t nv�m �Qm s�N Civ swU l� R� V�� �pwtat Qw� x�
�OwQ�t q�� �Al�O�� O�Um � s�v�twr� Ovv�t �U�vt

�CU� K�LY MU�B 	�
 �xv� Ro �

lvqB xrO�at w T���vetwQDmr� G�wt� درسنامه
�Ovm�t XNWt �Q Gwt �SQv� w Gwt �Ot�U�� Tv�mQi �Gwt pw� u��t x���Q lvqB xrO�at
T���vetwQDmr� V��D R� �r�wDt Gwt wO �wQ Q� x��Wt x�kv wO u�� �xrY�i ���� Gwt pw�

�OvQPo�t x�kvl� R� x�v�Fl� QO xmT���vetwQDmr�V��D ��yGwt O�OaD ��f� �Ot�U�	 Tv�mQi



�� syOQ�yJ �xQwO

lvqB xrO�at � E � hf �
hc

�

Gwt pw� � � �Ot�U�� Tv�mQi � f uwDwi Qy �SQv� � E

�Ov��SQv� xDUw�B�v ���yxDU�� ��yxmD �yuwDwi

lvqB C��F h � 	
	�	� �
��� J � s

�qN QO Qwv CaQU C � �� �
�m� s

�Ovvm�t CmQL Qwv CaQU �� �qN QO T���vet wQDmr� G�wt� s�tD

pw� �� w s�kDUt x���Q Tv�mQi �� Gwt l� �SQv� xm Ci�� QO u�wD�t q�� ���wQ x� xHwD �� u��Q��v�
�OQ�O Twmat x���Q Gwt

E �� f �� � �

�CU� K�LY MU�B ��� �xv� Ro �

�R��VD � درسنامه
��Q� ��xO�t w xOv�UJ xO�t �CNwU �xOvvm O�Um � l� �w�L �qwtat �R��VD� �wrNt l�

�CU� nvQ O�H�� Ovv�t xS� w C�QF�
�OwW�t xO�iDU� xOvvmO�Um � xO�t u�wva x� �qwtatKClO� ��KClO� Ovv�t s�U�DB ��yltv R�
O�H�� O�iU Qwv uDNwU s�ovy x� xm OwW�t xO�iDU�CNwU u�wva x� �qwtat s� R�vt w sw�v�twr� R�
R� �OwW�t xO�iDU� xOv�UJ xO�t u�wva x� �RDvU ��yQt�rB w RtQk dtY �u� QDUmO R� w Ovvm�t
ltv xOvR�U QYva ltv Qy QO w OwW�t xO�iDU� �R��VD� QO nvQ O�H�� ��Q� �yltv �NQ�

�CU� Q� R CQwY x� QY�va R� �NQ� xraW nvQ �Ovm�t XNWt �Q xraW nvQ

xraW nvQ QYva

OQR x� ���t R�U Ba

�HvQ�v � RtQk Ca

nvQsm Viv� Cs



�t�W O��Btr� ��

R�U �O�r�y Q�e ��yltv

��� � Cu� ��yltv

R�U x� p��t ��� �O�r�y ��yltv

����
���

Cu

RtQk Li

nvQsm Viv� K

nvQB OQR Na

RtQk Sr

��q� Fe

��� x� p��t R�U Zn

OQR x� p��t R�U Mn

�OW���t C�QD�v �II� Tt x� �w� Qt R�U nvQ u��Q��v�

�CU� K�LY MU�B 	�
 �xv� Ro ��

�CU� Q� R CQwY x� OQm O�H�� �yAwDwR�� u�� �� u�wD�t xm �Dw�iDt ��ypwmrwt

pwmrwt �rwmrwt sQH
��O � ��C � ��O ��
��O � ��C � ��O �

��O � ��C � ��O ��

pwmrwt �rwmrwt sQH
��O � ��C � ��O �

��O � ��C � ��O ��
��O � ��C � ��O ��

�CU� Cr�L Q�yJ �ki Cw�iDt �rwmrwt sQH �� ��ypwmrwt �rw OwW�t O�H�� pwmrwt �wv VW

R� u�wD�t OW�� OL�w l� QYva l� ��yAwDwR�� sQH hqDN� xm �DQwY QO Cq��wU �wv u�� QO
�OQw� CUO� �Q Cw�iDt ��y�rwmrwt sQH O�OaD Q� R x���Q

� � �rwmrwt sQH u� QDtm � �rwmrwt sQH u� QDW�� � Cw�iDt �rwmrwt sQH O�OaD

�CU�Q� R CQwY x� x���Q CO� OQwt QO u��Q��v�

Cw�iDt �rwmrwt sQH O�OaD � ��� ��� � � �



�� syOQ�yJ �xQwO

�CU� K�LY MU�B ��� �xv� Ro ��

�SQv� �rY� Kw�U درسنامه
OvwW�t QDQwO xDUy R� �SQv� �rY� ��yQ�Ot xJQy ��vwQDmr� lD C�QP� uSwQO�y sD� QO
QDl�ORv sy x	 �SQv� Kw�U �va� �OwW�t QDtm �yQ�Ot �SQv� hqDN� w OwW�t QDW�	 �yu
 �SQv�

�OvwW�t

�OQm xO�iDU� Q� R x�	�Q R� u�wD�t Q�Ot wO �SQv� hqDN� uOQw
 CUO	 ��Q	

�E � RZ
�

� �
n�
�

�

�
n�
�

�
R � �
���� ����� J � ��
� eV

�tD� OOa � Z nQ	O� Q C	�F � R

�vwQ�	 Q�Ot � n� �vwQO Q�Ot � n�

�CU� QDW�	 R�v �yQ�Ot �SQv� hqDN� OW�	 QDoQR	
� �
n�
�

�

�
n�
�

�
xJQy jwi x�	�Q x	 xHwD �	

n� � n� �

� �
��
�

�
��
�
� �
��

n� � n� �

� �
��
�

�
��
�
� �
���

n� � n� �

� �
��
�

�
��
�
� �
����

n� � n� �

� �
��
�

�
��
�
� �
���

�OQ�O �Q �SQv� u� QDW�	 n� � n� p�kDv� u��Q	�v	

�i�� �w�N درسنامه
�OQ�O OwHw X�N ��ys�v �� �Y�N ��yp�kDv� uSwQO�y sD� QO

n� � �Ov� wo�t �Q pw� R�QD x� �vwQDmr� p�kDv� �u�t�r �QU

n� � �Ov� wo�t �Q swO R�QD x� �vwQDmr� p�kDv� �Qtr�� �QU

n� 	 �Ov� wo�t �Q swU R�QD x� �vwQDmr� p�kDv� �uW�B �QU

n� � �Ov� wo�t �Q sQ�yJ R�QD x� �vwQDmr� p�kDv� �Cm �Q� �QU



�t�W O��Btr� ��

n� � �Ov� wo�t �Q sHvB R�QD x� �vwQDmr� p�kDv� �Ovwi �QU

�OvQ�O Q�Qk ��Qt x�L�v QO Qtr�� �QU QO �vwQDmr� ��yp�kDv�
�SQv� ��DQD� u�t�r �QU � Qtr�� �QU � uW�B �QU � Cm �Q� �QU � Ovwi �QU

Gwt pw	 ��DQD� Ovwi �QU � Cm �Q� �QU � uW�B �QU � Qtr�� �QU � u�t�r �QU

�CU� K�LY MU�B 
�� �xv� Ro ��

�tD� ��yh�� درسنامه
O�H�� QDu���B �SQv� R�QD x� QDq�� �SQv� R�QD R� uwQDmr� p�kDv� QF� Q� xm �i�	 ��QWv ��N h��

�OwW�t

�OwW�t O�H�� QDq�� �SQv� R�QD x� QDu���B �SQv� R�QD R� uwQDmr� p�kDv� QF� Q� xm �i�	 ���PH h��

��yR�QD uOw� �twDv�wm p�rO x� OwW�t O�H�� �SQv� ��yR�QD QO �vwQDmr� ��yp�kDv� xm �t�ovy
xm �CU� X�N Gwt pw	 ��Q�O R�v �SQv� Qy w OW���t �Y�N �SQv� ��Q�O �r�kDv� Qy �SQv�

�OQm xOy�Wt h�	 l� CQwY x� �Q u� Ov�wD�t

�OQm xO�iDU� Q� R x���Q R� u�wD�t no � ni p�kDv� ��Q� �rm Qw	 x�

��N �QWv h�	 O�OaD �
�
no�ni��

�

�
�

�no � ni � 
��no � ni�

�
�vwQO Q�Ot � ni �vwQ�� Q�Ot � no

�CU� Q� R CQwY x� n � 
 x� n � � R�QD R� umtt ��yp�kDv�

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

�
�����

�

�
�

�
�

�

�
�

�� �
�

� � �OwW�t O�H�� �QWv �N � u��Q��v�

�CU� K�LY MU�B 
�� �xv� Ro ��

�twDv�wm O�Oa� درسنامه
�twDv�wm OOa R�Ht Q�O�kt xOvyO u�Wv

�n� �rY� �
����� � � � � �SQv� �rY� R�QD xQ�tW



�� syOQ�yJ �xQwO

�l� �aQi �o� � � � � �n� ��� �SQv� �aQi R�QD �wv

�ml� p�D�� Qw� �U���vet ��l� � � � �O� � � � ��l� ��i QO �yp�D�� Qw� �Q�oCyH

�ms� u�BU� �U���vet ��
�
�

��

�
�
� uwQDmr� u�BU� �wv

	OW�� xDW�O ml � �� Ov�wD�tv l � � hr� xv
 Ro QO

	OW�� xDW�O ml � �� Ov�wD�tv l � � � xv
 Ro QO

	OW�� xDW�O l � � Ov�wD�tv n � � G xv
 Ro QO

	CU� K�LY MU�B 
�� �xv
 Ro ��

�vw
 CrYN ��� OwOL �yu� u��t Ovw�B OW�� ��� OwOL QYva wO �w�D�ovwQDmr� hqDN� x�oQy

OW�� ��� R� QDtm Qo � w CU� �vw
 Ovw�B OW�� ��� R� QDW�� �w�D�ovwQDmr� hqDN� Qo � u
�Q��v� 	OQ�O

��� R� QDW�� uwJ xm CU� ��� �� Q��Q� Mg�N� QO �w�D�owQDmr� hqDN� 	CU� �Uvq�wwm Ovw�B

	Ow� Oy�wN uw
 CQwY x� N �� Mg Ovw�B 	CU�

	CU� K�LY MU�B 
�� �xv
 Ro ��

Vvw� u�DUNv �SQv� درسنامه
x� AJ R� xQwO l
 QO xm CU� CQwY u
O� �� w�vD pwOH QO Vvw
 u�DUNv �SQv� Q��eD OvwQ

�O��
�t Vy�m u�
�B x� q�� R� xwQo l
 QO w O��
�t V
�Ri� CU�Q
E1افزايش

كاهش E1

	OQ�O �QDtm Vvw
 u�DUNv �SQv� OW�� QDu�
�B w QDAJ �� w�vD pwOH QO QYva xJQy u
�Q��v�

CU�Q x� AJ R� xQwO l
 QO 	OQ�O OwHw R�v �
�y�vFDU� Vvw
 u�DUNv �SQv� C�Q��eD OvwQ QO



�t�W O��Btr� ��

�OwW�t O�H�� Vvw� �SQv� Vy�m OQwt wO QO

IIA � IIIA VA � VIA

�OvQ�O �t�vt OvwQ �y�w�vD x�k� �CU� Q�QkQ� sQ�yJ w swU �swO ��y�w�vD QO�ki �y��vFDU� u��

	CU� Q� R CQwY x� OvDUy swO �w�vD x� jraDt xm xOW xO�O QY�va Vvw� �SQv� ��DQD

�F �VIIA� � �N�VA� � �Be� IIA� � �B� IIIA�

�CU� K�LY MU�B 
�� �xv� Ro ��

u� s�v R� Oa� Rri C�iQ
 O��� �OW�� C�iQ
 OvJ ��Q�O Rri xm�DQwY QO �vw� C���mQD �Q�Pos�v QO
�OwW QmP

Fe�O� � O�Um � �III� uy�

�CU� K�LY MU�B 
�� �xv� Ro ��

�CU� �SQv� �rY� R�QD xQ�tW �xOvyOu�Wv � n

�CU� �aQi R�QD �wv �xOvyOu�Wv � l

�CU� �	i QO �aQi R�QD l� �yp�D�� Qw� �Q�oCyH �xOvyOu�Wv � ml

�CU� uwQDmr� u�BU� �wv �xOvyOu�Wv � ms

�CU� K�LY MU�B 
�� �xv� Ro ��

�vw� xm�W �SQv� درسنامه
l� xm�W �SQv� �CU� Qwr� xm�W QO �yuw� u��t x�P�H CQOk xOvyOu�Wv �vw� xm�W �SQv�
�� xm�W �SQv� �� �yu� x
��Q xm OQ�O �oDU� �yuw� O�OaD w �yuw� ��aW ��yuw� Q�� x� �vw� ��mQD

�OwW�t XNWt Q� R x
��Q R� xO�iDU�

U �
�Z�Z�

r� � r�

uw�v� Q�� � Z� uw�D�m Q�� � Z� xm�W �SQv� � U

uw�v� ��aW � r� uw�D�m ��aW � r� ��mQD pwtQi QO uw�D�m w uw�v� O�OaD � �

w Q�� �� w OQ�O Twmat x
��Q ��aW �� xm�W �SQv� xm CiQo xH�Dv u�wD�t x
��Q u�� x� xHwD ��



�� syOQ�yJ �xQwO

�OQ�O s�kDUt x���Q �yuw� O�OaD
QO w CU� ��aW pt�a C�ty� R� QDW�� uw� O�OaD w Q�� pt�a C�ty� �qwtat C���mQD QDW�� QO
�CU� xOvvm u��aD ��aW pt�a OW�� l�ORv R��U� �� w u�Um� uw� O�OaD w Q�� pt�a xm �OQ�wt

� Z� Z� �Z�Z�

NaCl � 	 	 �� 	� 	 � �

CsF � 	 	 �� 	� 	 � �

MgO � � � �� �� � � 


CsF w NaCl xU��kt ��Q� �CU� xO�O C���mQD u��t QO xm�W �SQv� u� QDW�� ��Q�O MgO u��Q��v�
�OwW xU��kt Qo�Om� �� �yu� ��aW O���

r�� pm� r�� pm� r� � r�� pm�

NaCl �
 	
	 ���

CsF ��� ��� ���

�OQ�O CsF x	 C�Uv 
QDV�	 xm�W 
SQv� QDtm ��aW p�rO	 NaCl

xm�W 
SQv�� MgO � NaCl � CsF

�OwW�tv h
 QaD xm�W 
SQv� CQwY u
O	 �rwmrwt C�Ot�H 
�Q	 CU� �rwmrwt Ot�H l
 SO�

�CU� K�LY MU�B ��� 
xv
 Ro ��

�vSwQO�y Ovw�B درسنامه

w�D�ovwQDmr� �	lJwm sD�� F wO �N 
�ysD� R� �m
 xmCU� u
� �vSwQO�y Ovw�B p�mWD �QW
�m�D�DUwQDmr� x	P�H �vSwQO�y Ovw�B ��NH� w H�O �HF Ovv�t� OW�� pYDt uSwQO�y x� �q��

��RH Q�� �� Qw�wri �� w uS�Um � �uSwQD�v w pwmrwt l� R� C�Ft ��RH Q�� �� uSwQO�y u��t xm CU�

QD	wk �vSwQO�y Ovw�B OW�� QDW�� ��RH 	�yQ�� xJQy w 
OwW�t Q�QkQ� Qo�O pwmrwt R� �ivt


CU�

Ovw�B p�Ft u�wva x� OwW p�mWD Ov�wD�t 	QDh�a� �vSwQO�y Ovw�B X�N OQ�wt QO xD�r�


�
 �� Q�OuS�Um � 	�yuw�v
 u��t �vSwQO�y



�t�W O��Btr� ��

OO

O

H

H

H

. . . 

. . . 

H

R

R

R

R

O

O

O

O

H

H

S

H

. . . 

. . . 

H

R

R

R R

RR O

R
R

2 -

w O w N sD� w OW�� xDW�O ��RH C�Ft Q�� �i�m xR�Ov� x� uSwQO�y Qo � OQ�wt �NQ� QO u��Q��v�
�OwW�t p�mWD �vSwQO�y Ovw�B �OvW�� xDW�O ��U�vt ��RH �ivt Q�� R�v F

�CU� K�LY MU�B ��	 
xv� Ro ��

�CU� sD� l� 
�yuwDwQB O�OaD �� Q��Q� �tD� OOa

�CU� sD� l� 
�yuwQDwv w �yuwDwQB O�OaD �wtHt �tQH OOa

�CU� K�LY MU�B ��	 
xv� Ro ��

O�OaD QO Cw�iD p�rO� �rw OvDUy u�Um� ��tD� OOa
 
�yuwDwQB 
�Q�O QYva l� 
�yAwDwR��
�OvDUy �Dw�iDt �tQH OOa 
�Q�O �yuwQDwv

�OvQ�O u�Um� ����t�W X�wN w Cw�iDt �m� R�i X�wN QYva l� 
�yAwDwR��

QYva l� ��yAwDwR�� u��aD درسنامه
l� R� V�� 
�Q�O �NQ� w �F�Be�Na� OvDUy �a��� AwDwR�� l� 
�Q�O QY�va R� �NQ�

�OQ�O AwDwR�� �� �rk
 OvDUy AwDwR��
Q�ovh�� R� AwDwR�� Qy ��Uv Q�Okt w �yAwDwR�� j�kO sQH �QYva l� �yAwDwR�� �wv u��aD 
�Q�

�OwW�t xO�iDU� �tQH
CQwY u�O� �CU� �U���vet u�O�t QO Q�OQ�� C�QP h�QLv� u�R�t �tQH Q�ovh�� Q�m T�U�
�tQH Q�ovh�� x�oDUO QO q�m C�Uv T�U� Q� w Ov���t QO uw�D�m CQwY x� QY�va xm

�OQ� �B �yu� sQH x� u�wD�t h�QLv� u�R�t x� xHwD �� w �OvwW�t hQLvt

�CU� K�LY MU�B ��	 
xv� Ro ��

�� u�Um� 
w�D�ovwQDmr� �� u�Um� QYva wO xm OwW�t p�mWD �t�ovy ���kQ�e �Uvq�wwm Ovw�B
�CU� xO�Di� j�iD� u�� Cl� QO �ki xm �OvyO p�mWD Ovw�B sy



�� syOQ�yJ �xQwO

::
O

RR HH R I

:
: :H R Cl

:
: :Cl

:
::

Cl:

R

::

C
RR

H

R

Cl

:
: :Cl

:
::

�Uvq�wwm Ovw�B OW�� ��� �D � u�� �w�D�ovwQDmr� hqDN� xm�DQwY QO�UQO ��Dmh	 QaD j�
 xD�r�
�OvW�� u�Um	 QYva wO xm �Dr�L QO �rwCU� ��Uv ���kQ�e �Uvq�wwm Ovw�B u	� �CU� ���kQ�e

�CU� jr�t ���kQ�e �Uvq�wwm Ovw�B

�CU� K�LY MU�B 
�� �xv	 Ro ��

V��Um� OOa درسنامه
�vw	 �yOvw�B xm�DQwY QO OwW�t xO�O C�Uv QYva Qy x� xm CU� �O�OQ�Qk Q�� �V	�Um � OOa

�OvwW ZQi
�V��Um � OOa u�aD Oa�wk

�OvDUy QiY V	�Um � OOa ��Q�O O�R� Cr�L QO QY�va ��

N��O��Ar�Na

�CU� QiY �FvN ��mQD l	 QO �ysD� V	�Um � O�Oa� �wtHt ��
�CU� uw	 Q�� �� Q��Q� �tD� lD �yuw	 V	�Um � OOa ��

�CU� uw	 u� Q�� �� Q��Q� �tD� OvJ uw	 l	 QO �ysD� V	�Um � O�Oa� �wtHt ��
�OvQ�O �� V	�Um � OOa C���mQD QO IA xwQo QY�va ��

�OvQ�O �� V	�Um � OOa C���mQD QO IIA xwQo QY�va �	

�ki xm s�v�twr� w Qw� RH x� �OvQ�O �� �	 �� V	�Um � OOa C���mQD QO IIIA xwQo QY�va �


�OvQ�O �� V	�Um � OOa
�CU� �� C���mQD QO Qw�wri V	�Um � OOa ��

�Q	 R OQ�wt �RH x� �OQ�O �� V	�Um � OOa �re� C���mQD QO uS�Um � ��
�CU� �� uS�Um � V	�Um � OOa ��O��

�
� ��yO�Um �QB QO �hr��

�CU� ��
�

uS�Um � V	�Um � OOa �O�
�
� �yO�Um �QB wU QO ���

�CU� �� uS�Um � V	�Um � OOa OF� ��mQD QO �G�

�CU� �� uS�Um � V	�Um � OOa O�F� ��mQD QO �O�

�R r i ��yO 	 QO �y QO RH x � CU� �� C� � � mQ D �re� QO uSwQO �y V 	�U m � OOa ��




�t�W O��Btr� ��

�CU� �� V��Um � OOa ��Q�O xm �CaH��NaH�

lD uw� Q�� �� Q��Q� w �ivt �QDw�D�ovwQDmr� QYva V��Um � OOa Rri�v wO C���mQD �re� QO ���
�CU� QYva u� �rwtat �tD�

PCl� � V��Um � OOaCl � ��

CS� � V��Um � OOa S � �	
OQ�wt QO xD�r� OvDUy 
wvDt V��Um � O�Oa� ��Q�O �qwtat x�U�w QY�va w �Rri�v QY�va ���

�Ovv�t �OW�� V��Um � OOa l� ��Q�O x�U�w QYva l� Ov�wD�t
Zn � �	 Sc � �


�CU� QYva u� xwQo xQ�tW �qwtat QYva l� V��Um � OOa QFm �OL ���
�OW���t �xwQo xQ�tW ��� �� Q��Q� C�Rri�v V��Um � OOa pk�OL ���

OOa ��RmQt sD� x� C�Uv u� �w�D�ovwQDmr� x� xHwD �� OW�� ���yDv� sD� xm �DQwY QO uSwr�y ���
�OQ�O �� �� �� V��Um �

T��wr Q�DN�U R� xO�iDU� �� V��Um �OOa u��aD

�w�D�ovwQDmr� xm �QYva Ovw�B Qy ��R� x� w OvDUy �vw� sD� ��yOvw�B s�tD s�vm�t ZQi ��
�OQ�o�t C�Ft Q�� l� OQ�O QDtm �w�D�ovwQDmr� xm �QYva w �ivt Q�� l� OQ�O �QDW��

�s� Q�o�t Q�v QO Ovw�B xU w wO �Q xv�oxU w xv�owO Ovw�B
�s�vm�t xi��� pw� CtUk Q�� x� �Q �O�O Q�Qk Q�� �OW�� �O�OQ�Qk Q�� ��Q�O sD� xm �DQwY QO ��
w C�Ft Q�� wO w�D�O Ovw�B Qy �s��xOQmv XNWt �O�OQ�Qk Q�� �� �Q w�D�O Ovw�B xm �DQwY QO ��

�s� Q�o�t Q�v QO �w�D�ovwQDmr� x� xHwD �� �ivt Q�� wO ��

O

S

O

:
::

:
: :

: :
O

]

−2
+2 +2

−2

−2
+2

S V��Um � OOa � ��	� � ��	� � ��	� � ��

R R
O

S+2

O

:
::

:
: :

: :
O

]

−1
+1

+1
−1

−2
+2

−1−1

S V��Um � OOa � ���� � ���� � ��	� � ��	� � ��



�� syOQ�yJ �xQwO

R
]

H

H

H C

O

C

O

R

R
R

R
RH

+1 −1

+1
−1

+1
−1

+1

−1

−2

+2

p�Umw� Qm u� Qm V��Um � OOa � ���� � ���� � ��

CH� u� Qm V��Um � OOa � ���� � ���� � ���� � ��
�OQ�Ov 	Q�F
�D V��Um � OOa QO x��Wt QYva wO Ovw�B �

�O�vm�t x�U�Lt �RHt CQwY x� uw�D�m w uw�v� QO �Q uwQD�v V��Um � OOa

sw�vwt� NH�
�
�N � 
���� � �� � N � ��

C�QD�v NO�
�
�N � ����� � �� � N � ��

uSwQD�v V��Um � O�Oa� 	Q�H �tH ����� � ���� � ��

�CU� K�LY MU�B ��� 	xv� Ro ��

�Ovw�B x�w�R w �UOvy pmW �����iV��Q� درسنامه

p�Ft �Ovw�B x�w�R �UOvy pmW ����i V��Q�

C i H

�O vw � B� v

�RmQt sD�

wQ t r k

� vwQDm r�

�RmQt sD�

CO� ���� ��N ��N � �

CO ����� ��N� ��N � �

SO� ���
� �FrFt K�Ut �FrFt K�Ut � �

SO� � ���
� xO�tN �FrFt K�Ut � �

CH� ������� �yHw Q�yJ �yHw Q�yJ � �

NH� � ���� �tQy �yHw Q�yJ � �

H�O � ���� xO�tN �yHw Q�yJ � �

PCl� ��� w ����
sQ y wO

xO a� k r	E r F t


�yHw VW�

xO a� k r	E r F t sQ y wO


�yHw VW�
� �

SF� � ��� w � ����
� y HwQ� y J

s�Dvt�v
xO a� k r	E r F t sQ y wO


�yHw VW�
� �



�t�W O��Btr� ��

BrF� � ��� pmW �T
xO a� k r�E r F t sQ y wO

��yHw VW�
� �

XeF� �	�� ��N
xO a� k r�E r F t sQ y wO

��yHw VW�

 �

SF� ���

sQ y wO

xO a� k r�� � Q t

��yHw CWy�

xO a� k r�� � Q t sQ y wO

��yHw CWy�
� �

BrF� � ��� xOa�kr��� Qt sQy
xO a� k r�� � Q t sQ y wO

��yHw CWy�
� �

XeF� ��� �a� Qt K�Ut
xO a� k r�� � Q t sQ y wO

��yHw CWy�
� �


CU� xOW u��aD �O�OQ�Qk CQwY x� OQ�wt u�� �

�CU� Q� R CQwY x� �ypwmrwt T��wr Q�DN�U
u�Dt l ��vwt� �� ��mQD

C

H

H
H

H
H

R

N
RR H

:

H
O

RR HH

::
T��wr Q�DN�U

� � � �vwQDmr� wQtrk

	 
 � �Ovw�B�v CiH


	
���� 
	�� 
	���� �Ovw�B x� w�R

��Ovw�B x�w�R ��DQD

CH� � NH
 � H�O

QDmJwm l ��vwt� QO �Ovw�B�v CiH l� x� C�Uv �Q x� w�R �Ovw�B�v CiH wO xai�O �� pwmrwt QO

�Ovm�t

�CU� K�LY MU�B ��� �xv� Ro ��

�wv u�wD�t u� xr�Uw x� w CU� ��mQD l� QO �ysD� u��t �ak�w C�Uv xOvyO u�Wv �rwmrwt pwtQi

�OQm XNWt �Q �ysD� O�OaD w

�CU� K�LY MU�B ��� �xv� Ro ��

�CU� Q� R CQwY x� C���mQD QO �RmQt sD� V��Um � OOa

NO�


 �N � ����� � �
 � N � ��



�� syOQ�yJ �xQwO

CCl� �C � ����� � � � C � ��
N�O� ��N� ����� � � � N � ��
H�SO� ������ � S � ����� � � � S � ��

����� �CU�v �� �RmQt sD V	�Um 
 OOa NO�
�

QO

�CU
 K�LY MU�B ��� �xv	 Ro ��

�Uvq�wwm Ovw�B p�mWD ���QW درسنامه

w Rri u�
 Ovw�B X�N �OQ
wt QO xD�r
 ��OvW�
 q�
 �w�D�ovwQDmr
 �
Q
O� �OvW�
 Rri�v sD
 wO ��

AlCl��BeCl��BeF� �Ovv�t CU
 �Uvq
wwm Rri�v
Ovw�B p�mWD CQwY QO �	 w OvW�
 OwN C�iQ� x	q QO �vwQDmr
 lD p�D�
 Qw
 �
Q
O sD
 wO ��

x	q QO xOW CiH p�D�
 Qw
 sD
 l	 w �r�N p�D�
 Qw
 sD
 l	 �w�D
O� �U�v	OQw�wm �Uvq
wwm
�OW�
 xDW
O C�iQ�

�OvW�
 Qo	Om	 hr�Nt u�BU
 �
Q
O Ovvm�t �v�WwBty sy �
 xm �vwQDmr
 lD ��yp�D�
 Qw
 ��
�OW Oy
wN Q
QkQ
 swU �QW �OW�
 Q
QkQ
 jwi �QW wO xm �DQwY QO xD�r


�vwQDmr
 lD p�D�
 Qw
 �
Q
O OwN C�iQ� x	q QO w OvDUy Rri�v wO Qy u
 Qm w uSwQO�y �G� w �hr��

�CU
 �Uvq
wwm Ovw�B �
Q
O u�D�
 u	
Q
�v
 OvDUy

u�D
 C�H� CH

H

H

C

H

H

H

�	
QW w Ow
 Oy
wN �vw	 CQwY x
 �yu� u��t Ovw�B w CU
 NH�
�

sw�vwt� w Cl� O	 Qrm ���

�OW�
�tv Q
QkQ
 �Uvq
wwm Ovw�B p�mWD
u
 QmwO u�
 xv�owO CQwY x
 �Uvq
wwm Ovw�B p�mWD �	
QW uD
 QO u
 Qm C�iQ� x	q x
 xHwD�
 �O�

�CU
 Q
QkQ


uD
 C�H� C
H

H
C

H

H



�t�W O��Btr� ��

�CU� K�LY MU�B ��� �xv� Ro ��

���k�v w ���k pwmrwt درسنامه

Q�� RmQt u� QO w CU�v QiY �yOvw�B ���kwO ��yQ�OQ� Ov��Q� u� QO xm �rwmrwt ����k pwmrwt

�CU�v j��vt �ivt Q�� RmQt Q� C�Ft
Q�� RmQt u� QO w CU� QiY �yOvw�B ���kwO ��yQ�OQ� Ov��Q� u� QO xm �rwmrwt ����k�v pwmrwt

�CU� j��vt �ivt Q�� RmQt Q� C�Ft
C�Ft Q�� R� ���k ��yOvw�B QO xm �Q�OQ� �����kwO u�tt �� ���kwO Qw�DWo � ���kwO Q�OQ�

pw� w �ysD� ��RH �m� QDmr� Q�� x� u� xR�Ov� w OwW�t xO�Wm ��RH �ivt Q�� CtU x� ��RH
�OQ�O �oDU� �yu� u��t Ovw�B

���kwO Qw�DWo � 	Q��
 	xrY�i


R R
B

Cl

:
:

: Cl
:
: :

: :Cl

R

:

-δ

-δ

-δ

+δ
::

O
RR HH

-δ

+δ+δ

Ov��Q� ���
���� �� QO �Ovw�B x� w�R x� xHwD �� xm �OQ�O OwHw ���k Q�OQ� wO �� pwmrwt QO

xm CU� uS�Um � �wQ Q� �ivt Q�� RmQt w uSwQO�y sD� wO u�� C�Ft Q�� RmQt w CU�v QiY �yu�
�CU� ���k �� pwmrwt u�� u��Q��v� �OvDU�v j��vt sy Q�

OQ�O OwHw 	���kwO Q�OQ� l� �Uvq�wwm Ovw�B Qy ��R� x�
 ���k wO Q�OQ� xU BCl� pwmrwt QO

w B �wQ Q� C�Ft Q�� RmQt w CU� QiY �yu� Ov��Q� ������ BCl� QO �Ovw�B x� w�R x� xHwD �� xm
�CU� ���k�v BCl� pwmrwt u��Q��v� �OvDUy j��vt sy Q� xm CU� B �wQ Q� R�v �ivt Q�� RmQt
pwmrwt ��Q� VwQ u�� QO �CU� QDxO�U CQwY x� jwi ���wQ G��Dv xm OQ�O OwHw R�v Qo�O VwQ

�OwW�t xDiQo Q�v QO ����QW Q� R CQwY x� ���k
�pwmrwt C���k ���QW

w XeF� �OW���t ��vFDU� ��Q�O �QW u�� xD�r� �OW�� �Ovw�B�v CiH ��Q�O �RmQt sD� ��
�Ovvm�t �FvN �Q Qo�Om� QF� �Ovw�B�v CiH �rw OvDUy �Ovw�B�v CiH ��Q�O XeF�

	XeO�F� w PCl�F� Q��v C���mQD ��vFDU� x� �OvW�� �Dw�iDt ��ysD� �RmQt sD� h�Q
� ��
PBr�Cl�



�� syOQ�yJ �xQwO

�CU� Q� R CQwY x� C���mQD T��wr Q�DN�U
::

O
RR HH H

R

N
RR H

:

H] C]
:
:O

:
:O ]

:
:O:

:
:O
S

:

قطبىقطبىقطبى ناقطبى

CO� QO �rw �OvDUy ���k u��Q��v� CU� �Ovw�B�v CiH ��Q�O �RmQt sD� H�O w SO� �NH� QO
hqDN� p�rO� uS�Um � w u� Qm u��t Ovw�B �rw CU� ���k�v u��Q��v� CU�v Q�QkQ� C���k 	QW I�y

�CU� ���k �w�D�ovwQDmr�

�CU� K�LY MU�B 
�� �xv� Ro ��

u�mr� درسنامه
u� QmwQO�y �yu�mr� �OvDUy �yu� QmwQO�y R� xwQo u� QDxO�U �yu�mr� �Q�Pos�v w �QtwR�� �Q�DN�U

�CU� xO�U CQwY x� �yu� QO �yOvw�B s�tD �va� OvDUy xOW Q�U
�CU� u�Dt u�mr� w�a u� QDxO�U

u�Dt CH� C

H

H H

H

�OQ�O OwHw u� OvwUB �yu� s�v QO w �OvDUy CnH�n�� �twta pwtQi ��Q�O �yu�mr� s�tD

CH� u�Dt C�H�� u�Roy

C�H� u�D� C�H�� u�DBy

C�H� u�BwQB C�H�� u�Dm �

C�H�� u�Dw� C	H�� u�vwv

C
H�� u�DvB C��H�� u�mO
sHvB u�mr� R� �rw �Ovm�tv �wQ�B �Y�N OvwQ R� pw� u�mr� Q�yJ QO u�mr� sU� pw� CtUk

�CU� u�mr� Q�DN�U QO u� Qm O�OaD xOvyO u�Wv pw� CtUk 
u�DvB�

�CU� u�D� u�mr� w�a u�twO

u�D� C�H� CH

H

H

C

H

H

H



�t�W O��Btr� ��

�CU� u�B wQB u�mr� w�a u�twU

u�B wQB C�H� CH

H

H

C

H

H

C

H

H

H

xO�iDU� C���mQD u�� xar��t �DL�Q ��Q� �irDNt ��yVwQ R� �r� C���mQD Q�DN�U sUQ QO
�OvyO�t V��tv Q� R ��yCQwY x� �Q u�B QB p�Ft Qw� x� 	OwW�t

CH� � CH� �CH� �I

C� C� C �II

�III

u� Qm x� pYDt H ��ysD� O�OaD �ki w CU� xOWv xO�O u�Wv C� H ��yOvw�B I Q�DN�U QO
	Ov� wo �rwmrwt Q�DN�U 
Q�DN�U u�� x� 	CU� xOW XNWt

	OyO�t p�mWD Ovw�B Q�yJ u� Qm sD� Qy uwJ 	CU� xOWv xO�O u�Wv H ��ysD� II Q�DN�U QO
�v� Qm Q�DN�U 
Q�DN�U u�� x� 	CU� H ��ysD� x� �w� Qt CU� xOWv xO�O u�Wv xm ���yOvw�B w

	Ov� wo
QO �DUmW Qy w �yDv� w �OD�� Q�DN�U u�� QO w CU� xOWv XNWt u� Qm ��ysD� III Q�DN�UQO
	Ov� wo �DrmU� �� xOW xYqN Q�DN�U 
Q�DN�U u�� x� 	CU� u� Qm sD� l� �xOvyO u�Wv �w�N

�CU� u�Dw� u�mr� w�a u�tQ�yJ

	Ov� wo�t QtwR�� ��mQD wO u�� x� 	OQm sUQ u�wD�t CQwY wO x� �Q u�Dw�
QtwR�� OvQ�O �Dw�iDt xOQDUo Q�DN�U �rw 
OvDUy u�Um� xDU� pwtQi ��Q�O xm �D���mQD �xDmv

	OvDUy �Dw�iDt X�wN ��Q�O ��twta �yQtwR�� 	Ov� wo
��Q� 	s�vm �Q�Pos�v �RHt CQwY x� O��� CU� xOW xO�O u�Wv u�Dw� ��Q� xm �Q �Q�DN�U wO

	OwW�t xO�iDU� �rm VwQ wO R� �qwtat �r� C���mQD �Q�Pos�v
l �B w�� VwQ x� �Q�Pos�v �� �rwtat VwQ x� �Q�Pos�v ��



�� syOQ�yJ �xQwO

�rwtat VwQ x� �Q�Pos�v

O�H�� �Q �v� Qm xN�W l� OvwW�t pYDt sy x� u� Qm R� ��xQ�HvR CQwY x� xm ���yu� Qm
O�H�� �aQi xN�W l� OwW pYDt �v� Qm xN�W l� x� �Uw R� ���yu� Qm �� u� Qm Qo � w �Ovvm�t

�OwW�t

Cr�L u�� x� OvW�� �v� Qm xN�W l� QO �yu� Qm s�tD Qo � �rwtat �Q�Pos�v QO � xDmv

�Ov� wo p�tQv

�u�Dw� �n� u�Dw� p�tQvCH� � CH� � CH� � CH�

u� Qm l� �rw OvW�� �v� Qm xN�W l� QO �yu� Qm s�tD Qo � �rwtat �Q�Pos�v QO � xDmv

�Ov� wo wR�� Cr�L u�� x� OW�� pYDt swO u� Qm x� �aQi xN�W CQwY x�

CHCH�

CH�

�CH��n CH� n � 	�
� � � �

CHCH�

CH�

CH� u�Dw� wR��

�OvDUy u�Dw� �n w u�Dw� wR�� �rwtat VwQ x� u�Dw� QtwR�� wO u��Q��v�

�CU� u�DvB u�mr� w�a u�tHvB

C�H��

CH�CH� CH� CH� CH� u�DvB �n

CHCH�

CH�

CH� CH� u�DvB wR��

CCH�

CH�

CH�

CH�

�Q�Pos�v ��Q� w CU� XNWt �yu� s�v QtwR�� wO �QtwR�� xU u�� R� �CU� QtwR�� xU ��Q�O u�DvB



�t�W O��Btr� ��

�s�vm�t xO�iDU� Q� R xOa�k R� swU QtwR��

CQwY x� u� Qm wO �rw OvW�� �v� Qm xN�W x� �yu� Qm s�tD Qo � �rwtat �Q�Pos�v QO � xDmv

�Ov� wo w�v Cr�L u�� x� �OvW�� pYDt swO u� Qm x� �aQi xN�W wO

�����مثال

CCH�

CH�

CH�

�CH��n CH� w�v n � ���� � � �

CCH�

CH�

CH�

CH� u�DvB w�v

u�DvB w�v w u�DvB wR�� 	u�DvB �n 
OQ�O QtwR�� xU u�DvB u��Q��v�

l �Bw�� VwQ x� �Q�Pos�v

l �B w�� �Q�Pos�v ��Q� �Ovm�t u��aD �t�W QO �Q �rm u�v�wk xm CU� ��xUU�wt s�v l �B w��
�s�vm�t xO�iDU� Q� R u�v�wk R� �yu�mr�

�Ov� wo �rY� xN�W �Q OW�� u� Qm O�OaD u� QDV�� ��Q�O xm �v� Qm xN�W ��rY� xN�W u��aD ��

��yxN�W x� xm OwW�t �Q�PoxQ�tW �DtUR� xQ�wty �rY� xN�W ��rY� xN�W�Q�PoxQ�tW ��

x� �aQi xN�W xm �rY� xN�W R� �v� Qm �xQ�tW x� OwW xO�O C�Uv �QDmJwm xQ�tW �aQi
�Ov� wo �aQi xN�W xQ�tW CU� pYDt u�

s�v TBU w s�vm�t QmP �Q �aQi ��yxN�W sU� w C�akwt �OD�� ���mQD s�v uDWwv ��DQD ��

�s�U� wv�t �Q �rY� xN�W u�mr�

�CH�CH�

CH�

�CH�
�CH�

u�Dw� p�Dt 
�

OOa �aQi xN�W x� uwJ s�vm�t �Q�PoxQ�tW AJ CtU R� w CU� �v� Qm Q�yJ �rY� xN�W
�Ov� wo p�Dt u� x� xm CU� �CH� ��mQD u�� QO �aQi xN�W �OwW�t xO�O �Uv �QDmJwm

�s�yO Q�Qk xQ�D �N O��� hQL w OOa u�� w �t�m O��� OOa wO u�� ��mQD sU� uDWwv QO



�� syOQ�yJ �xQwO

s�vm QmP sy Q�vm �Q �yC�akwt s�tD O��� s�W�� xDW�O �D OvJ �aQi xN�W l� R� Qo � � xDmv

R� �D xU ��O R� OW�� �D wO Qo � �s�vm QmP OvwW�B CQwY x� �Q u� O�OaD �aQi xN�W sU� Q�vm w
�s�vm�t xO�iDU� � � � w �QDD R� �DQ�yJ w �QD

hwQL ��DQD x� w �RHt CQwY x� �yu� s�v O��� OvW�� Cw�iDt �aQi ��yxN�W Qo � � xDmv

�OwW QmP �U�rov�

CU� QDy� �Q�PoxQ�tW CyH CUQO u��aD ��Q� OvW�� O�� R �aQi ��yxN�W x�oQy � xDmv

x� OOa xm CyH Qy s�Uwv�t sy Q�vm �Q �aQi ��yxN�W 	xQ�tW �OwW xO�iDU� Q� R VwQ R�
�CU� �Q�PoQ�tW CUQO CyH �OW�� QDmJwm xOt� CUO

O�vm CkO Q� R ��mQD QO �rY� xN�W 
�NDv� QO

����X
�����

�

�
C

�

�
CH�

CH�

CH�

�

�
CH

CH�

�

�
CH

Br

�

�
CH�

�

�
CH�

�

x����

CQwY x���mQD sU� wCU�CUQOCyH u��Q��v� �Ov���tCUO x� QDlJwm OOaAJCtU R�
�CU� Q� R

u�Roy p�Dt �QD ���
�
 � wtQ� ��

�Q�PoxQ�tW CUQO CyH u��aD ��Q� �OW�� u�Um� hQ� wO R� �Q�PoxQ�tW Qo � � xDmv

s�vm�t �Q�PoxQ�tW �DtUR� �Q �rY� xN�W w s� Q�o�t Q�v QO sOkD jL �aQi ��yxN�W ��Q�
�OwW xO�O C�Uv QDsm 	xQ�tW QDV�� sOkD jL �� �aQi xN�W x� xm

�Q�PoxQ�tW ��Q� �aQi ��yxN�W sOkD jL � uSwr�y � wQD�v � p�mr�
�OW���t �U�rov� hwQL ��DQD T�U�Q� xwQo Qy QO sOkD jL

�p�Ft u�wva x�



�t�W O��Btr� ��

uSwr�y� �Br � �Cl � �F � �I

p�mr�� p�D� �p�Dt

�
CH

�
CH�

Br

�
CH�

�
CH

�
CHCH�

�
CH�

CH� CH�

�CU� �rY� xN�W �yu� R� �m� w �OQ�O OwHw � u� Qm O�OaD �� �v� Qm xN�W wO ��mQD u�� QO

xDW�O OwHw u� Qm O�OaD u� QDV�� �� �v� Qm 	xN�W OvJ �� wO ��mQD l� QO Qo � � xDmv

�OW�� 	QDV�� �aQi xN�W 	�Q�O xm CU� �rY� xN�W 
	�xN�W 
OW��

�CU� Q� R CQwY x� ��mQD u�� CUQO sU� u��Q��v�
u�Roy p�Dt �� � p�D� �
 � wtQ� ��

�� wN x� �Q �aQi 	�yxN�W sU� O��� s�vm XNWt �Q C���mQD s�v �� wN x� s�v�wD� xmv�� 	�Q�
�s�vm�t �UQQ� OvQ�O OwHw �r� C���mQD QO xm �Q �aQi 	�yxN�W ��wv� CtUk u�� QO s�v�O�

�aQi ��yxN�W ��wv�

wQD�v �� uSwr�y �� p�mr� ��

p�mr	 
�

u�mr� �H��� p�mr�
�s�� wo�t p�mr� xOW O�H�� xwQo x� s�vm hPL uSwQO�y l� u�mr� R� Qo �

�s�vm�t xi��� �Q p� OvwUB w hPL �Q u� OvwUB �yu� 	Q�Pos�v 	�Q�

CH�
u�Dt

�H
��� �CH�

p�Dt

xm s�yO�t Q�Qk �N l� CU� xOW �OH u� R� uSwQO�y xm �v� Qm Q�vm p�mr� uO�O u�Wv QO



�� syOQ�yJ �xQwO

�OwW�t pYDt �rY� xN�W x� Q�v OQwt u� Qm R� p�mr� xm CU� u�� xOvyO u�Wv

C�H�
u�D�

�H
��� �C�H�

p�D�

C�H�
u�B wQB

�H
��� �C�H�

p�B wQB

QO �rw OwW hPL uSwQO�y s�Om xm OQm�tv �kQi w OvOw� u�Um� �yuSwQO�y u�D� w u�Dt QO
�OvDU�v u�Um� �yuSwQO�y u�B wQB Q�DN�U

�
CH�

�
CH�

�
CH�

s�v�wD�t u��Q��v� �OvQ�O jQi sy �� swO u� Qm x� pYDt uSwQO�y �� pw� u� Qm x� pYDt uSwQO�y
�Ov�xHQO �Q �yuSwQO�y w �yu� Qm �w�wt QDy� h�YwD ��Q� �s�W�� xDW�O �Dw�iDt ��yp�mr�

�s�vm�t 	�Ov� �wv

u� Qm �wv

�Ov� wo u� Qm �wv CU� pYDt Q�vOQwt u� Qm x� xm u� Qm ��ysD� O�OaD x�
uSwQO�y �wv

�Ov� wo uSwQO�y �wv CU� pYDt u� x� Q�vOQwt uSwQO�y xm u� Qm �awv
� xQ�tW u� Qm x� pYDt ��yuSwQO�y w pw� �wv � w 
 u� Qm x� pYDt ��yuSwQO�y u�B wQB QO

�CU� swO �wv uSwQO�y � w pw� �wv uSwQO�y � u�B wQB QO u��Q��v� OvDUy swO �wv

CH�CH� CH�

�H����
����� CH� CH� CH� p�B wQB �n

�H����
����� CHCH� CH� p�B wQB wR��

�CU� uSwQO�y uOw� swO �� pw� �wv xOvyO u�Wv �� �� 
� O�tv
�rwtat CQwY x� �ys�v u�� xm �CU� p�B wR�� w p�B wQB �n CQwY wO x� xv� Qm xU p�mr� u��Q��v�

�OQm QmP �rwtat CQwY x� �Q p�mr� sU� u�wD�t l �B w�� �Q�Pos�v QO �CU� xOW XNWt

C	H�

�H
��� �C	H�



�t�W O��Btr� ��

CH�CH� CH� CH�

�H����
����� CH� CH� CH� CH� p�Dw� �n

�H����
����� CHCH� CH� CH� p�Dw� �s

CHCH� CH�

CH�

�H����
����� CH� CH

CH�

CH� p�Dw� wR��

�H����
����� CCH�

CH�

CH� p�Dw� �t

�CU� p�Dw� �t w p�Dw� wR�� �p�Dw� �s �p�Dw� �n CQwY Q�yJ x� xv� Qm Q�yJ p�mr� u��Q��v�

uSwr�y ��

�CU� Q� R CQwY x� u� sU� �OW�� �aQi xN�W u�wva x� uSwr�y l� Qo �

�F ��Cl ��Br ��I

wQw�wri wQrm wtQ� wO�

wQD�v ��

�Ov� wo �NO� xwQo x� wQD�v xwQo

�
CH

�
CH�

CH�

�
CH

CH�

�
CH�

�
CH CH�

�
CH�

�
CH�

u�DBy p�Dt 	QD 
����


�CU� K�LY MU�B ��� 	xv� Ro ��

Ovw�B OwN h�Q�� u� Qm sD� Q�yJ �� �Q OwN C�iQ� x�q uwQDmr� Q�yJ Qy u� Qm sD� Qy T�tr� QO

	�xQ�HvR CQwY x� OvwQ u�� w �OQ�O �yHw Q�yJ Q�DN�U u� Qm sD� Qy w Ovm�t Q�QkQ� xO�U Tvq�wwm



�� syOQ�yJ �xQwO

�OQw��t QO ���xm�W� �Uvq�wwm Ot�H l� CQwY x� �Q T�tr� w O����t xt�O�

C C

C

C
R

R

R

R C

R

R

R

R

R

R

R

RR

R

R

p�D�� Qw� uwQDmr� l� w OyO�t �Uvq�wwm Ovw�B OwN h�Q	� u� Qm sD� xU �� u� Qm sD� Qy C�i�Qo QO
u� Qm Qy u��Q��v� �Ovm�t CmQW �Uv�vwRQ CQwY x� ��B Ovw�B p�mWD QO xm Ov�t�t �k�� u� Qm p
��Q� �Q ��x�q Q�DN�U w O����t xt�O� ��xQ�HvR CQwY x� OvwQ u�� w CU� �FrFt K�Ut CQwY x�
�OvQ�o�t Q�Qk Qo�Om� Q�vm uOvq ��ywQ�v xr�Uw� xOW p�mWD C�i�Qo �x�q w �Ovm�t O�H�� C�i�Qo

C

C

R
R

R

C

C

C

C
C

C ]

R
R C

C

CC
]]

R

R

RR

]
R

]

]

]
R

RR

]]

R

R

�CU� K�LY MU�B 
�� �xv� Ro ��

V��Ri� �� w OwW�t QD� wk �yu� QO uOvq �wQ�v w OwW�t QDu�ovU �rwt sQH V��Ri� �� �yu�mr� QO
�O����t V��Ri� �yu�mr� �wQv�Qo w VwH w �wP ��tO uOvq �rwmrwt u�� ��ywQ�v

�CU� uOW �Q�H p��kt QO C�a��t Ctw�kt 
�xD� RwmU� w� �wQv�Qo

�CU� K�LY MU�B 
�� �xv� Ro ��

�OwW�tCU� R��Lt �oOwr���U �yu� hQYt w Ov�Q�PB�vO�OHD ��vtl� wO QynvU p�eR wCiv
�Ov���t CUO� nvU p�eR x� C�Uv �QDtm xv� Ry �� w QDCL�Q Civ R� �v� Qm C���mQD

�CU� K�LY MU�B 
�� �xv� Ro ��

uDNwU R� pY�L ��yxOv�q� V��Ri� ��U �r�Ui ��yCNwU uOv�RwU x�Q R� QDW�� �SQv� O�rwD
�OwW�t �r�Ui ��yCNwU



�t�W O��Btr� ��

�CU� K�LY MU�B ��� �xv� Ro ��

umr� درسنامه
�Q�Pos�v w �QtwR�� �Q�DN�U

Q�DN�U QO w CU� sm �yu� ��yuSwQO�y O�OaD uwJ OvDUy xOWv Q�U ��yu� QmwQO�y �yumr�

�OQ�O OwHw 	xv�owO Ovw�B
 ��B Ovw�B �yu�

�CU� CnH�n �yumr� �twta pwtQi �� xDmv

�CU� Q� R CQwY x� �yu� �rm Q�DN�U

C C

�CU� �R�UuewQ� u�irw� 	�yumr� Qo�O s�v �� xDmv

�CU� ur�D� umr� u� QDxO�U

ur�D� C�H� C

H

H

C

H

H

�OwW�t O�H�� p�v� w xwQo OwW hPL uSwQO�y l� ur�D� Q�DN�U R� Qo �
C�H�

�H
��� �C�H�

ur� OvwUB w s�vm�t hPL u� Qm sy u�mr� R� �Q u� OvwUB �rwtat VwQ x� �yumr� 
Q�Pos�v QO
�s�vm�t xi��� u� x� �Q

u�mr� � u�
����

� ur�
ur�mr�

u�D� � u�
����

� ur�
ur�D�

�Q u�
 OvwUB w s�vm�t hPL u� Qm sy u�mr� R� �Q u� OvwUB l �B w�� VwQ x� umr� 
Q�Pos�v QO
�s�vm�t xi��� u� x�

u�mr� � u�
����

� u��
umr�

u�D� � u�
����

� u��
uD�


