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منزله عدم حضور شما در جلسه، بهداوطلب گرامي، عدم درج مشخصات و امضا در مندرجات جدول ذيل   
 

 جمهوري اسلامي ايران
                         ّ    وزارت علوم، تحقيقات و فن اوري
 سازمان سنجش آموزش كشور

 1402سال تير ماه  –ها و مؤسسات آموزش عالي نوبت  دوم آزمون اختصاصي(سراسري)ورودي دانشگاه 

3از  2شماره  دفترچه  
 صبح پنج شنبه

15/04/1402  

 ملاحظات گوييزمان پاسخ تا شماره از شماره  تعداد سؤال مواد امتحاني رديف
 سوال 65 دقيقه 40 75 46 30 فيزيك 1

 دقيقه 35 110 76 35 شيمي 2 دقيقه 75
 

 

 شود.اگر دانشگاه اصلاح شود مملكت اصلاح مي
 امام خميني (ره)     

 
 

 

 كد كنترل

 تجربيعلوم  گروه آزمايشي 

و با متخلفين برابر مقررات رفتار مي شود سئوالات به هر روش(الكترونيكي و.....) پس از برگزاري آزمون، براي تمامي اشخاص حقيقي و حقوقي تنها با مجوز اين سازمان مجاز مي باشدحق چاپ ،تكثير وانتشار   

 اين آزمون نمره منفي دارد استفاده از ماشين حساب ممنوع مي باشد

 دفترچه

شماره   
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* �� �	�� ���� ���!�"# !� �$#% � ��&'(# )!� ��� ��#%	+ ,�-�%�.% 3
#�6 78�� !� �9: !
$; ��� 7<�"# .� 
 
  
  
  
  
  

46-   @	&"� �#	� ��� 	+%2  
�	A �� B�8+ �% CA ��:�� 36 �9�% ��� 	�%	���  �%�D� �3�	E��
A �� � 3�	EF<% �� �
3�	�
�3
��	A �%�D� �% �� �"G ���� 7E8H @�HI�.% 	E(�� ���� 7E8H @�H  

1 (1  2 (2  3 (4  4 ( ���  
47-  K!L� @%� !�� �F�	EF<% q C� � �5  7MN� �% �O%
"F� �F�	EF<% 3%��# �� !�A  ��B �����# �� @�	�� !�P � �
:

���� Q�% !� 3%��# ����J�2 �  7MN� B�8��EA 	+% .�.%A  	�%	�6  7MN� B�8��EA ��:�� �<�B I�.% �<� �"G  

1 (2  2 (1�  3 (12  4 (���  
48 -  �# �P	; �� S�	: 3
F. ��; �% ���T U�E: �� ��.%! VO @�! �P	�E# ���#� W��� !� .�"Pt s�1 1 �� t s�2 3 

 ���8#m2� �# �- %!�P �E��8# .�"P  ���#� W��� !�t s�2 3  ��t s�3 7 �# �-I�.% 	E# �"G ��"P  
1 (4�  2 (8�  3 (1� �  4 (12�  

49-  �# �P	; ���T U�E: �� �P �P	�E# 3�#� � 3�F# !%�
9� 7Z�< !� 	+% .�.% 	�� BF: [��M# ��"Pt s� 5  �\�
 ���#� W��� !� ]	�E# V.
E# @�"� ��"P 	��^� �P	;t s�1 2  ��t s�2 1� I�.% ����T 	� 	E# �"G  

1 (17
4

  

2 (15
4

  
3 (2  
4 (8  
  
  

50 -   !
�# @�! �P �P	�E# 3�#� � U�E: !%�
9�x �# �P	; 	+% .�.% 	�� BF: [��M# ��"PmV ( )i
s

� �5�
��  ��:��

���#� W��� !� �!
# �%�P t s�1 �  ��t s�2 4� I�.% �.!�  
1 (15  ������� ���� � !�"#�$%.&�'  
2 (�)�% *+,-) �)'�) /�9": *;�%15 � .��' �":  
3( 15  ,<9: �$% ,= /�9": �����x .��' >=�? �?�@  
4( *A �B�C: /�9": D�<E >&#/262 5 .��' �":  
  
  

   

12

24

�

x(m)

t(s)

ma( )
s2

t (s)

2

�2

� 4 �3 �
2515

5

3�8F� �B#�P �H�+6 ��  .............................. �_�-�%� W!�9: �� .............................. ,��
"�% %! �
O �<�"� W!�9: 3�
�
`.�A @a�� ��8�� �� ��!� �!�P @a�� !� )!�"# �_�-�%� W!�9: �� )!� �	E"P �P � S
� ��a%b. 7G	E�� � �#��

. 7G	E�� @�! 	� K�:�# ���c� �a%b .d��9� 
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51 -   3�#� � ��	. !%�
9� !
�# @�! �P �P	�E#x �# �P	;�- ���8# BP 	+% .�.% 	�� BF: [��M# ��"P K�:
 ]	�E# V.
�m138 W��� !� V.
E# U�E: �+!�� ��:�� ���#� t s��1 2  ��t s�2 12 I�.% ����T f�	# 	� 	E# �"G  

1 (/2 16  
2 (/4 28  
3 (/2 4  
4 (/4 6  

  
  
  

52-  ���� �	� �� @%m �# ��.% 3%���6 gN. �% �P @	"� @�\E�% �� %! 	"� �
- � d��"�cm1� �# h�%��% �� 	+% .����
���� 	"� Q�9H �	� �� @%M  36 �(_"� ]�FM�% ,�	i �P �N�% jM. @�! %! 36 � d��"_� %!/2�  @�"� �� ��.%

 	"� �
- h�%��% �d�(F� ���Tcm2 �# .�
:M
m

 I�.% �%�P  

1 (5 2 (1
5

 3 (1 4 (1
2

  
53 -   !
�# @�! �P �98� 3�#� � ���F� !%�
9�x �# �P	; ���T U�E: �� @�	�� �+!�� .�.% 	�� BF: [��M# ��"P

 ���#� W��� !� d8� 	� �!%� V.
E# k<�Ot s�1 3  ��t s�2 5 I�.% 3
�
�� �"G  
1 (2  
2 (4  
3 (6  
4 (8  
  
  
  
  

54 -   �N�% @�	�� �N�% jM. @�! �"P�. d8� �� �BF: [��M#F N�1 65  @�
9� @�	�� �F N�2 2� �# �!%� �
:

�# �P	; �� S�	: d8� � ���8# �- �% CA 	+% .�"P12 	E#�  �� d8� @�"�m
s

12  d8� �� jM. �P ���	�� ��.	�

�# �!%� I�.% 3
�
�� �"G ��"Pm(g )
s

� 21�  

1 (6 �  
2 (7�  
3 (3 5�  
4 (35 5  

   

V

t(s)1�
6� 2 �

F2
�

F1
�

kg5

mP(kg )
s

16

� t (s)2 4
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55 -  K��. l��6 ��# !� @%36 �����T 2�� �# ��
�% 3�.
� l��6 �
- 	+% .�H�cm17  ��# !� ����� hH�P4�  ����T
�# ��
�% 3�.
� �"G I�H�(g )� �2  

1 (25  2 (28  3 (3 �  4 (32  

56-   	Mm �� �(D�	# !��mm2  �<�nG �/
g

cm37 8  @�	�� ��N234 �# K��(P �#�8� �� �i	� )
# 36 !� � �
:

Hz2 � � �# ��
�%�E��. �"G 36 �% �D� W!� �� � ��m �� ����� .�
: I�.% 	E#( )� � 3  
1 (/12 5   2 (/22 5   3 (25   4 (5 �   

57-   !� @	n��.
� �P	; �<��D#SI  �!
� ��/x cos t��
44 3� �  Bm%�; .�.%���#� W���  3�F# �% �<%
E# !
_� ��

x cm� 2 I�.% ����T �"G  
1 (/5�  2 (1  3 (/1 5  4 (2  

58 -  h�%� K	'� �� Q�� 7���� � �.% K��E8�% do�m W	'� �� Q�� @�
#6m1 2� � h�%� .�.%�# ���	� �
#6��� � Q�<�% 
 �% CA %! �
O @%�� ]%�pAs2  %! ��� ]%�pA @%�� �s2 �# ��% ]%�pA �% �D�h�%� 7���� .�
": W	'� �% �
#6

�����	� I�.% 	E# �"G  
1( 17 �   2( 34�   3( 51�   4( 68 �   

59-  BF: [��M# @!
� 
�	A�  7��%� ���� ) �'� �"�6 ��1�# ( �!
O	� Q�#�� �% CA 	+% .������ ) �"�61) �"�6 @�%
# (2 (
 ��
:� I�.% ��!� �"G  

1 (5�  
2 (4�  
3 (3 �  
4 (2�  
  

  
  

   

( )2

( )1��5 �
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60-  �� %! @!��< 7F�!�� ��
�% �"�%	� �	�� BF:s	- !
- !� !%�4 �# 3�(� ��;	# 7�;	# ��� .�H�2  �4 I�.% �%�P  
  
  
  
  
  
  
  
  
  
  
  
  
  

1 ( *;�FG' H�C+ &I;'�B � ��JK% *��,'�  2 ( *;�FG' H�C+ &I;'�B � *G<KJ: L"M�N�'�)  
3 (�)=<O H�C+ &I;'�B � ��JK% *��,'� =<O  4 (�)=<O H�C+ &I;'�B � *G<KJ: L"M�N�'�) =<O  

61-  �t�!��H d�% 3�	EF<%�  �%	� !�n �� 5 ��"P u	� .�!%� !%	m�  @�H!%v+ VN�n� � 1  wxEO% �!
� Q�% !� .�":�� ��
#�
-  )
#
dP@t	�%@t	�%	A � 3
�
� Q�	����8+ 3
�
� Q�	�� ) I�.% 	E#
��� �"G y�_�	N�R /E eV� 13 6  �hc eV.nm� 124�(   
1 (121�  2 (2957  3 (3931  4 (4 52�   

62 -  ����O ���	z��F�4 �  36 �F�	EF<% !�� 	+% .�.%3
2 K	�OL @t	�% ��
: 	�%	�36 !� K�:��J�25 �# h�%��% !�� .����

I�.% Q<
P�	F�# �"G 3��O 7�<�%  
1 (4� 2 (6� 3 (8� 4 (12�  

63-  BF: [��M# !%�!�� W!L !�\G� {|! !� f�i �� �D�	# @�Hcm1� !�� 	� �!%� k<�O �F�	EF<% @�	�� 	+% .��!%� !%	m

q2 �F ( N)i� �18 ��  !�� ��:��q4 I�.% Q<
P�	F�# �"G N.m(k )
C

� 	
29

29 1�   

1 (1�  
2 (�1�  
3 (1 2�  
4 (�1 2� 
  

   

@t	�%

3
�
�

d�% �
9D# ��Di� !� �H

@��!� 3
�
�

( )1 ( )2

( )3 ( )4

UE

LE

q C� �3 5

q C� � �1 5 q C� �2 2

q4

j
�

i
�

y

x
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64-   �#��N# �% �P ����	� ��
: u
� @	��� � ���#!6 }".	~#6 @�� 	+% �	�� !%�# !�8 �# �9H�% 	~#6 �"G ��!v+
�# 	��^�I�"P  

1 (/25�  
2 (/5�  
3 (1  
4 (/1 5  
  

65-   �#��N# ��R �� 
1 4  �R2 �� ��% !�� %!�� ��� !�� � �<%
E# !
- 7P	�# @�	�� �� @	��� �� �� @�%
# !
-V24  �
 ���!� �#��N#
2 �# ��% �<�; !� @	��� ���	O �F�	EF<% 3%
� 	+% .d��"�36  �F�	EF<% 3%
� �% 	E9P ��!�

 ��:�� ��� �<�; !� @	��� ���	OR2 I�.% dH% �"G  
1 (12 2( 36 3( 4 4 (8  

66 -  �<� � }".	~#6 @�� 	+% �	�� BF: !��<� � }".	~#6) I�.% �.!� �!%
# �%�P ��
: u
� }". ���#!6 }".

: u	��(.�  

   :g<%�# 3�(� }".	~#6 �P @�����H�A2 �# hH�P.����  
  �<� �P @��� :U�# 3�(� }".��H�V2 �# h�%��%.����  
   �#��N# 	. �� B�8��EA wxEO% :�5 �9H%�V2 �# hH�P.����  

1» (QG' « �»!«  
2 (»QG' « �»R«  
3 (»! « �»R«  
4 (»QG'« S»! « �»R«  

67 -  ���A @%!%� @%1� �  36 7N�; 	H �;�8# � �N�;cm25� �� � �.% �� �O%
"F� �8�-�"^# 3%��# �� !� �
9� !
-
 �+!��G2� �  ��# !� 	+% .�!%� !%	m/1�  �"G V.
E# ���N<% 7P	�# @�	�� �+!�� ��
: )!�O 3%��# �% ���A ����T

I�.% �<�  
1( 3  2 (/2 5  3 (/5�  4( /1�   

68-  �\� !� �N�; �� �	�� BF: [��M# �F�	EF<% 3��	� B#�; d�. �� �F���� !� K�: K�%� 3�(� @�HI  �P	;
�#I�.% �.!� �!
# �%�P .�""P  

1 () LFU@ ,=1*K� �FG' V�;�% () LFU@ ,= � =<#2.��' =�N"���=�W *;�FG' V�;�% (  
2 ( V�;�% �$%) LFU@ ,= *;�FG'1) LFU@ ,= � =�N"���=�W (2.��' =�N"��� (  
3 () LFU@ ,=1*K� �FG' V�;�% () LFU@ ,= � =<#2.��' =�N"��� *;�FG' V�;�% (  
4 (V�;�% �$% *;�FG' ) LFU@ ,=1) LFU@ ,= � =�N"��� (2.��' =�N"���=�W (  
  
  

   

A


4


6

8

r � �

V� � 26

V


5

r � 
1

V� � 12
A

 hH�P ��; !� I  
( )1 ( )2

V
�

V
�
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69 -  ��%
E.% 7<
< �� !� 36 W���m �;�8# �P @%cm22��  ��.%272  � K
�� �	+544 �# U6 �	+ �� !� !�(� .d���!

�# ��F.�A �"G �<
<) I�
:g
cm

� � 31  �/
g

cm
� � 313 6  �P cmHg� 75�  �mg

s
� 21�(  

  

1 (1 336� �  2 (1 472� �  3 (1 6 8� � �  4( 1 744� �   

70-   �	� �� �98�2��  S���!% �% �	+15  @�"� �� Q�#� jM. @	E#m
s

1� �# U��	A @�"� �� � �
:m
s

18  jM. ��

�# Q�#� I�.% ��t �"G %
H �#��N# @�	�� !�P .�.!m(g )
s

� 21�  

1( /�12 8   2 (/�6 4   3 (/�15 2   4( /�7 6   
71-   @��; [��� ��	z !�52�  U6 �	+C�15 �	� �� C# �DMm �� �g1��  @�#� ��C�5 �  �� 	n�� ��� �DMm �� �

 @�#�C�6� �# .d��%��% @!%	m	� �% CA���D� ���#	+�  �� ���D� @�#�C�2� �#d(G �� .�.! �#	+ ���_� �% �:
A
 ��� ���#	+ ���	z ���8�% 	��. � w	z Q�� !�SI !�NG I�.%  

1( 124   
2( 243   
3( 243 � � �  
4( 124� � �   

72-  K!%
H�# �	� �� @%kg2 � �  ���T @�"� ��/
km

s
2 5 �# Q�#� !�� ��I�.% ��t�n# �"G K!%
H�# Q�% �(_"� @t	�% .�O	G  

1 (/ 	 36 25 1� 2 (/ 	 26 25 1� 3 (/ 	 66 25 1� 4 (/
�	 66 25 1�  

73-   ����\�!�� 7�!� ,8;	� �98� @�#�5 I�.% Q�
�P �"G �#� Q�% .�.% {
�8�. 7�!� ,8;	� 36 @�#� 	�%	�  
1 (  263  2 (273  3 (283  4 (363  

74-   �98� �F�	EF<% !��C�	 �116 1 �� � I�.% �%�P ��9�� @!%v+��9� ,8;	� � Q<
P ,8;	� !�� !%�N# Q�% .�.%  
1 (/

�	 21 6 1 �� 2 (/
�	 81 6 1� 3 (/

�	 21 6 1� � 4 (/
�	 141 6 1� �  

75-   @�"� �� ���	EF<%m
s

	 55 1�  	� 3%��# w	- �% �P ���	�� W�%��% .�.% �P	; !� �EO%
"F� �8�-�"^# 3%��# 3�!�
�# �!%� 3�	EF<% �� �! �	�� Q�% �\� 	+% .�"P �P	; U
"� �9. �� 3�	EF<% �P �.% �"�(�� �#�n"H ��
:A � Q���

 36 W�%��%N�	 144 1� � � x8� �"G �8�-�"^# 3%��# W�%��% ��:�� I�.% 
. �%�P �/(e C)�� 	 191 6 1�  
1 (/5�  X�# �  
2 (/5� !�Y �  
3 (/ 5� � X�# �  
4 (/ 5� � !�Y �  

 
 

U6 K
�� 

C# 
J J(c c )

kg. C kg. C
� �

� �
42 4� � � �   

U6 
� 

V
�

F
�

U	� �	:

(U
"� �� �!) 
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76 -  B#�: �-
�'# ��E8�!� w	z �� !�/1 8 �� 3p�8P% �� �
���% � �
��E# �
#�# K��%�
. B#�P !
- ��+ d
; 	+% .��
:
CO2 B�F(� ��
��E# QEO
. �% K�:/4��  ��+ d
;CO2 B�F(� !� �
��E# �#	� ��!� ��:�� �
���% QEO
. �% K�:

�� �h"P%� Q����6 �
�'# V�%	: !� � �.% K�
� �%�P ,�	N�STP�+ 	E�< �"G � �H%
O �
�� h"P%� w	z !� ��I�:%  
   )O : g.mol�� 116�C � 12�H � 1(  

1 (/35 7  �/62 72  2 (/64 3  �/62 72  3 (/35 7  �/165 76  4 (/64 3  �/165 76  
77-   ��!
# �%�P�.!��� I�.%  

1 ( Z<[G<: \;�<G ,�"O�� ,=COCl2V��"[G' ,�K# �]C� SV��"[G' ,�K# �) ^&�<�W�� ^�� ^&�<�W ^�� �)'�)2 .��'  
2V��"[G' _;',` ( a �bF�.��' �)�c: S*)��IE Z�&% >��+ d; ^���eI� LK� �E' ^'  
3Z<[G<: \;�<G ,�"O�� (^= =�+<+ ^��^= f)�? � &�C?'.��' g���": S&��G<�  
4( ��% ,�K# V��"[G'V<; ,= ^&�<�W ^�� ^��NO�

2 �CN�.��' �)'�) S  
78-  �x��% @�H�#� !� �9� �� @	�vA7 �  �1� �� {
�8�. 7�!� 	�%	� ,��	�25  �35  !� �	+1� �  	+% .�.% U6 �	+

25 �  �Z�� �� �9� Q�% �% K�:	�. �
��# �	+2  3%��# �� �
��# Q�% @�#� 	��^� �� ��:�� �
�
# !a
#51  7�!�
�� �{
�8�.�9� �<
# �	� � U6 �<�nG �� 	�%	� �
��# �<�nG) I�	P �H%
O U
.! �9� �% ��!� �"G �,�	N�	�%	� � 

11� �x��% 7<��D# � �	+36 @	�vA(.�
: �E�	+ 	Z�!� �MO �  
1 (15  2 (3 �  3 (/17 8  4 (/8 9  

79-  �x��% 	��^� �	�� BF: ��+ �. @	�vANO �N2  �O2 �# 3�(� ����T @�#� !� ���+ !�(� 	��^� �� %! !� 	+% .�H�

 !�(�a b

2  ��+ �<
# �Z�� @��� !%�N# �	�89�%NO�� ��x��% @��� !%�N# 	�%	� �,�	N� ��+ @	�vAN2  !�(� !�

/4 5 �x��% ��:�� 	�89�% ��+ @	�vAO2  !�(� !�a b
 ) I�.% �%�P 	�89�%O : g.mol�� 116�N � 14(  
1 (/ 4� � �  
2 (/ 35� �  
3 (/ 3� � �  
4 (/ 23� �  

  
  
  
  

   ) ��+ !�(�atm(  

� 1 2 3 4 5 6 7 8 9 1�

@	
�vA

 �x
��%

U6
 �	

+
(

)
1�
�

B;
 �	

+
 

K�
�
:

/ 6� �

/ 5� �

/ 4� �

/ 3� �

/ 2� �

/ 1� �
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80 -   ��!
# �%�P�.!��� I�.%  
1*: Sh<[J: -K�' i�, j' >=��"�' �) (.=�? k�UlE ', ��# V'<E 
2 (�)=<O S-K�' &I;'�B�)=<O��Y SV` h<[J: &I;'�B � ^=<O.��' ^=<O 
3H@ �mUY S�;�$� ,= S-K�' &I;'�B ,= (�K�� ^�cY �) >&#'&% D�9: �= ,= >&�<#�)'�) S'�'�E *:=<#. 
4(��*: !` ����?g&: �) &�'<E�K�� ^�cY j' ��n: o=��"�' V�:jf;��# ^'�) '�'�E�;,= !` ^j�� &I;'�B ,= <[J: -K�'  Sh  

    .=,'pN) ���qE  
81 -  �%�P I�.% �.!� 	�� �!%
#  

  h"P%� :g<%h"P%� �% 	E9P �d���E�� ��� @	�vA.�.% C# ��� @	�vA  
  �+p�� :U � 3%�nH �F���� @�H1K%! �% �F� �3�nH �.�.% 	n��F� �% Q�	P�!��H �� Q�% k�'(� @�H  
  h"P%� :�<
� @�H.�!%� �8�� V��# 	� U	'# �%	T% ��\�6 3�D# l". �% C# � QH6 ��� �� 	H �ED"� ��  
  h"P%� :��
�. W����. ���% 	&"� @	�vAh"P%� �% 	E9P �@��:!
O @�HdH (@�H)����� @	�vA.�.% ����"� ���� !� 36 K�	+  

1» (QG' « �»!«  2» (QG' « �»R«  3» (! « �»g«  4» (R « �»g«  
82-   �h"P%� Q�% !� 	+% � �.% �%�P ���%
# �% CA �	�� h"P%� 7<��D# !� �%
# @	E#
�P
E.% ,�%	i S
9
#86  �	+

CaHPO4  �	+ �"G ��:�� K�: B�F(�NaHCO3  �
�O ��96  !� �&<�O��) I�.% K�: w	&# ��!�
�9� �P	: h"P%� ��"PCa : g.mol��� 14��P � 31�Na � 23�O � 16�C � 12�H � 1(  

Ca(H PO ) (s) NaHCO (s) CaHPO (s) Na HPO (s) CO (g) H O(g)
 � 
 
 
2 4 2 3 4 2 4 2 2  
1 (9  �/8 64�  2 (11  �/8 64�  3 (9  �/87 5�  4 (11  �/87 5 �  

83 -  I�.% �.!� 	�� �!%
# �% �!
# �"G �����"� ���� @�H	&"� W!��!�  
�  �% ��	H !�4  W!����.� ����� ��%.�!%� �
�� ����� 	&"� �� dP 
� K!�� !��_: ��!%� @�� f��# ����� �\"� �P @%.����� �n9H �36 �% B_m 	��"� �P �!%� �
�� @���  
�  S
9
# !� ����� ��% W!�� �. !�8  �P �!%� �
�� @��+ 	&"�6  7E.� �� [�DE# �36 	&"�p .�.% 
�  �9�% ��� �� 	&"� 	+%x� �� ��+ �� �h"P% �9�% ��� �� 	&"� ��:�� a�� @	�vAx 
 9 �# ��� @%!%� ��%
�

.�:�� �+p�� Q�9H 
1 (4  2 (3  3 (2  4 (1  

84 -   �9� �
��# ��
9� �� �Z��MNO3  	�%	�ppm17 � �
# !�9: 	+% .�.% !� �9� @�H3 � �  �36 �
��# �	+
�� 	�%	� �,�	N��	 46 1�  ��� ��:��M ) I�.% �%�PO : g.mol�� 116�N � 14(  
1 (Li7 2 (Na23 3 (K39 4 (Ag1 8�  
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85 -  I�.% �.!� �!
# �%�P  
1(  '̂,'= V�[G` �= i<% LbF� g���E14  �17  '̂,'= V�[G` �= i<% LbF� g���E j' �"K? Sf)�? �E'2  �5 .��' f)�? �E'  
2( �O�# V�[G` d; ^','= S,'=6 *K� S*U�' o��r�j ,= f)�? �E'�) H�E' >��+ �= &�'<E�# V'<I��O^�� �"#'= *��B .&#�)  
3*: S��' s;�: X�E' ^�:= ,= �? *��[G` ,= tA -UB ^,'&$N� (� ^��+<U% V` *+=,<O j' &�'<E.&;�K  
4 ^','= V�[G` d; u�� (7 *: Sf)�? �E' &�'<E2.&#�) V�"IW H�E' a  

86-   �	�� h"P%� !� 	+%15 �� ���# �
��# 	E�<4 ��!
�<
. !a
#  � �
: w	&# ��.%/22 65 ) �"n"# �	+II ���<
. (  
 I�.% �%�P h"P%� @��!� K���� ���6 �.� �� .�
: ���%
# h"P%� 7<��D#)Mn : g.mol�� 155�S � 32�O � 16(  

  NaCl(s) MnO (s) H SO (aq) NaHSO (aq) MnSO (aq) H O(l) Cl (g)
 
 � 
 
 
2 2 4 4 4 2 2  
1(  /66 7  2 (/72 5  3 (75   4 (8 �   

87-  3�(� !�EO�. �� ��
� ��K�%� I�.% �.!� 	�� �!%
# �%�P �K�:  
  
  
  

K�	+ !�9: :g<% @�HCH K�	+ Q�% !�9: ��.�.% 	�%	� �3�"� �
F<
# !� �H 
d�% 3��# ���+�� @�H��
�A !�9: :UK�	+ !�9: �� �H.�.% 	�%	� �B�E# @�H 

 :��.%! !�EO�. %! 	n�� h'� � ����#�!6 !�EO�. %! 36 �% �('��# B�F(� 	�
��.�H� 
 :�d�% !�9: �3t�!��H @�H5 d�% !�9: 	�%	�.��!%� 	�� h��8P% ��� �P �.% �"�	P @�H 

1» (R « �»g «  2» (QG' « �»! «  3» (QG' « �»R «  4» (! « �»g«  
88 -  h"P%� �� ��
� �� :	�� @�H  

Fe O (s) CO (g) Fe O (s) CO(g) , kJ
Fe O (s) CO(g) FeO(s) CO (g) , kJ
FeO(s) CO(g) Fe(s) CO (g) , kJ


 � 
 �� � 



 � 
 �� � 



 � 
 �� � �

3 4 2 2 3
3 4 2

2

2 3 47
3 22

11
  

  ��  :h"P%�Fe O (s) CO(g) Fe(s) CO (g)
 � 
2 3 23 2 3I�.% ��t
��P �"G 	�%	� �  
1 (�32  2 (
32  3 (�23  4 (
23   

   

C

C
C

C
C C

C

C
C

C
C

C

C

C
C

C
C

C

C
C

O OH
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89-  K�%� !%�
9� W!��!���
�% @��+ ����9�:�#	+ h"P%� �� !� %! �%
# @t	�% jM. �P �K�: 3�(� ���#�. �� !� K�:
�# �	�� �!%
# �% �!
# �"G ��H��.!��� ) I�.%a,b,c,d �� �(  

  
  
  
  
  
  
  

1 (1  2 (2  3 (3  4 (4 
90-   7E8�!� w	z �� !�/1 25  �@	E�</2�  � 3�E# ��+ �
#/4� �# h"P%� ���<
. 3t�!��H ��+ �
# �% CA 	+% .�"H�3 � 

 �����T5 � I�.% K�
� �N�m� 	� 	E�< 	� �
# �"G �h"P%� ��	. ��:�� 3t�!��H w	z 3�!� ��+ �9
; ��!�  
  (.�
: ���%
# h"P%� 7<��D#)                                                          CH (g) H S(g) CS (g) H (g)
 � 
4 2 2 2  

1 (/ 8� �  2 (/16�  3 (/2�  4 (/1�  
91-  I�.% �.!� �!
# �%�P  

1*: ='j` �:�+ SV` s;�: H�[cE j' �"c�) S^j�+ o=�: d; H�[cE Sfv�J: _I?'� d; ,= (.&I?  
2�@ j' HF"C: S�)�� ,�cB � �:= ,= fv�J: _I?'� d; ^�:�+ V'-�: (_I?'� *[;-�B �G>&I�=' ��.��  
3_I?'� H�C��"W � *c]I% ^w��' V'-�: S&��K) �)�� �:= S_I?'� d; ,= �+' (>&I�=,�'�B �) ��>=� ��.��' d;=-  
4 ^�:= ,= !` _#<% &I;'�B ,= (C�1��Z<[G<: *c]I% ^w��' V'-�: SH�[cE !` ,�M) �) �]C� !` ^�� S>&#

 ���lE.�#'= &�'<M� *�'&Ix  
92-  3�(� �
F<
# !�EO�. W!��!�K�%�I�.% �.!� 	�� �!%
# �%�P �K�:  

  
  
  
  
  
  
  

  

1 (»QG' « �»!«  2» (QG' « �»g«  3» (! « �»R«  4» (R « �»g«  
   

�~
<�E�

6 c

X Y D
 
3 4 5

A D
 5
M Y D
 
3 4 2

M Q
3 4

a

b
d

� 	�%	� ���P h"P%� �~<�E�6c d a
 �.�.% 
�  �
# �� 7�\� @%	�Q  �
# �� �%Y  �
# �� �D ���� �/ d5�  @t	�%

.�	P w	&# 
�  7�\� h"P%� 7<��D# !�M  �%X  �D @	E#
�P
E.% ,�	i �_8� �D  ��

 @	E#
�P
E.% ,�	iM 	�%	� �2 .�.% 
� Y4�� �K�!�%	� �% �F� 3%
"� 7��
� h"P%� @�HA�� � QE:%� B�<�

 36 �% �	�a�� @t	�% jM..�.% 	�!%���A�� 

O

ONNO

F

CH CNH3
O

:g<%5 d�% �� Q�	P d�%B&E# 3t�!��H d�% �% 	�� @�H��%. 
d�% Q�� 7��n� @�H��
�A !�9: S
9
# :U ��H/8 2  	��. !�9: 	�%	�

.�.�\�6 3��# @�H��
�A  
 :��# ��%
���A B�F(� h"P%� !� B�F(� 3�F#% � �"P �P	: ��#6

.�!%� %! ��t�!��H ��
�A  
 :�d�% !�9:d�% !�9: �� 3p�8P% d�% �� B&E# Q�	P @�H B&E# Q�	P @�H

3t�	E�� d�% ��� .�.% 	�%	� 
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93-   �% �-
�'#Na O2  �K O2  �	� ��2  �� ��	+1 �� � ���# @
m ��.% �
��# 	E�<HA  ��/pH � 3� �# ��"O .�
:
�� �	+ �"G �,�	N�Na O2 I�.% �E:%� �
�� �
�'# !� )K : g.mol�� 139�Na � 23�O � 16(  

  Na O(s) HA(aq) NaA(aq) H O(l)
K O(s) HA(aq) KA(aq) H O(l)


 � 



 � 

2 2

2 2

2 2
2 2  

1 (/98�   2 (/68�  3 (/1 32  4 (/1 2�   
94-  I�.% �.!� �!
# �%�P  

1*UW ,= >&�<#,'�[E &@'� *G<[G<: Z<:�B (*UW � fE'H�[cE �:<�<: *G<[G<: Z<:�B �) S�"�'=$�` o&I�' V�C[; �.��  
2 f)�? �E' d; � Vy�C?' �E' �= �) f)�? �E' d; S�"�' �� ,�"O�� ,= (.��' He":  
3><�: i<O ^<) H:�� (.��' �)�c: ,�"O�� �) ^�"�' Sj<: � h����` ^��  
4.��' He": Vy�C?' �E' �= �) f)�? �E' �= S�"�' �� ,�"O�� ,= (  

95-  K�%� ,�P	� !�\G !�EO�. �� ��
� ���%�P �K�:  I�.% �.!� 	�� �!%
#  
  )S : g.mol�� 132�Na � 23�O� 16�C� 12�H � 1(  

  
  
  
  
  
  
  
  
 

  ]�A �!�m :g<%) ,�P	� �+�""P2]�A �!�m �% () ,�P	� �+�""P1.�.% 	E(�� �(  
  ) ,�P	� �<
# �	� ����� :U1) � (2.�.% Q�F<6 W�%
��O 
$� Q�#!�\G �<
# �	� 	�%	� �(  
   ��� !�9: �_8� :� ��� !�9: �� @��
�A 3�	EF<%) ,�P	� 3
��6 !� @��
�A�� 3�	EF<%1 	�%	� �(/9 8 .�.%  
           ) ,�P	� �% �
# �� 7��+%�� h"P%� �% :�3) ,�P	� �% �
# �� � (4�!�6�
. �
. ���P !%�N# �� ( 2 3
��� �
# 

�# B�F(�.�
:  
1» (QG' « �»g«  2» (QG' « �»R«  3» (! « �»g«  4» (! « �»R«  

   

)2(  

CH (CH )3 2 11

SO Na3

CH (CH ) COOH3 2 16
)4(  

CH (CH ) COONa3 2 14
)1(  

CH OC(CH ) CH2 2 16 3

CHOC(CH ) CH2 16 3

CH OC(CH ) CH2 2 16 3

O

O

O

)3(  ,�P	� 

,�P	� 

,�P	� 

,�P	� 
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96 -   �x��% �%/5 75  ��#	� �	+ �� �<
��# �k'(# @�#� �� !� U6 !� ��.%/pH �� 2 3 ���# �.� ���T 	+% .��6
 	�%	� ��.% h�
��	 52 1 � �� ��
��# d
; ��:���� � �.% 	E�< �"G 	�%	� �,�	N� �	+ �"G �,�	N���#	� 	n��  ��.%

 �� �
: ���i% �#� 3�9H !� ��
��# Q�% �� ����/pH � 2 1 ) I�
: ��#	� 3�	P ���i% 	T% 	� �
��# d
; 	��^� �% ��.%
w	��
: 	Z� �O : g.mol�� 116�C � 12�H � 1(  

1 (/1�  �/8 97  2 (/5�  �/8 97  3 (/1�  �/9 87  4 (/5�  �/9 87  
97-   �
�. h"P%� !� ����9�:�	EF<%»3t�!��H � @�! «�� :�!
�Zn(s) H (aq) Zn (aq) H (g)
 

 � 
2 22 �

 �� �/E V� 
 76� ��# �
�. t�E<� 	��^� ,_. �	�� �!
# �"G �I�
:  
�  �Z�� h�%��%H
   � �9� �% �F� 3����% @�! @�H  
�  �#� QE�! a��  � �� 	E(�� �	� �� @�! ��	EF<% 3�	� !�P  
1 (1  2 (2  3 (3  4 (4  

98-   	&"� �� W!��!� �!
# �%�PX16  �Y17I�.% �.!� �  
1 *z-% ,�) (Y SVw�,&�� �) V` *;�E�= {�?�E ,=�
 .��'    
2 (X j' �mI: _;',` ^','= SV<�E�?.��' &J|) �� ,= ��  
3 Z<[G<: (H X2.��' *bO S    
4 Z<[G<: (XY2.��' *]b} S  

99-   ��.% �� �
��# h�
� �"�%	� �P �	�� BF: �� ��
� ��HA  �HX �# 3�(� %! (3�8F� �Z�� � �#� �d
; ��) ��H�
�%�P I�.% �.!� 	�� �!%
#  

  
  
  
  
  
  
  

 :g<%pH  ��.% �
��#HA�G
P � �% 	�pH  ��.% �
��#HX .�.% 

 :U[H ]
  ��.% �
��# !�HX �4 	�%	�[H ]
  ��.% �
��# !�HA .�.%  
 Q����6 !a
# �Z�� 	+% :�HA  	�%	�/8�  	�%	� 36 h�
� ���T ��:��/ 4� � .�.% 

 	+% :�A  �X  K�	+ �% 	&"� ��17 �� ��":�� ����"� ���� �<
# �	� �Q�N�HX  �<
# �	� �%HA	E(�� � .�.% 
1» (QG' « �»R«  2» (R « �»g«  3» (QG' «� »!«  4» (! « �»g«  

  
   

� 

�_
8�

 �
Z��

�_
8�

 �
Z��

h�
� �% CAh�
� �% h�A h�
� �% CAh�
� �% h�A

H
 A�HA HX H
 X�
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100 -   :���D� �<�; �� �i	� h"P%� !�A(g) D(g) X(g)

 � w	z �� !� �4  !%�N# �@	E�</2�  �% ��	H �% �
#
 ��+ !%�N# ����� hH�P 	E�< �� �� w	z d
; 	+% .�!%� �
�� �H��+ Q�%X  �"G 	�%	� ����� ���D� !�# �H%
O �


 � �
: �E�	+ 	Z�!� ���T �h"P%� ���#� V�%	:) I�
�/33 5 74�(   
1 (/51�  2 (/43�  3 (/28�  4 (/12�  

101 -  h"P%� �� ��
� ��K�%� @�HI�.% �.!� 	�� �!%
# �% �!
# �"G ��\�6 7<��D# 7��%
# �% CA �K�:  
I) ClF (g) NH (g) HF(g) N (g) Cl (g)
II) PCl (g) H O(l) H PO (aq) HCl(aq) H (g)


 � 
 



 � 
 

3 3 2 2

3 2 3 4 2
  

� ) h"P%� !� K�"8P% 7�
+I .�.% ��<�H �� �( 

� �� B�F(� @%�%1�  �@
m ��.% �
#1
3
� ) h"P%� !� 3�	EF<% �
#II �<��_# (�#.�
: 

� ��
+ @	E#
�P
E.% ,�%	ihH�P @�Hh��8P% � �E���) h"P%� !� �E���I.�.% 	�%	� �( 

� ) h"P%� !� �E8H !
��� �
F<
# �� K�!�%	� @	E#
�P
E.% ,�	iI �(3
2 ) h"P%� !� U6 @	E#
�P
E.% ,�	iII.�.% ( 

� ) h"P%� !� K�"H�P 7�
+ h��8P% ��� 	��^�II �( h"P%� !� K�"H�P 7�
+ @	E#
�P
E.% ,�	i �� 	�%	�)I.�.% ( 
1 (4  2 (2  3 (3  4 (5  

102-  3
� S�D: 	+%@�HA� �D �2 3
� S�D: � 	�%	� %!@�HX
 �Y 
2  �!
# �%�P ���	+ 	Z�!� 	�%	� 3%
E� ��� %!
,�P	� !
�� 7F_: �:�A�	� �~<�E�6 78��N# W!��!�B�F(� ��
� @�H3
� Q�% �% K�:I�.% �.!� ��H   

1 (X D YD XA� �2  2 (X D XA YA� �2 2  
3 (XA YD YA� � 2  4 (XA X D YD� �2  

103 -  �%�P �QH6 3�� l�� �"�%	� W!��!� I�.% �.!� 	�� �!%
#  
 :g<%.�!%� %! K�"H�P hN� ������ � K�"8P% hN� ���� ��"�%	� Q�% !� 

 :UFe 
2� ��.�!%� hN� QH6 l�� B�F(� !� d�NE8#	�� �!
� 
�� ��
-! :�d�� !� ��"�%	� @%��% �% �F� 3%
"� h"P%�.�!%� hN� h��8P% 

h"P%� ��
�% !� :� �P	: �%
# ���P.��!%� hN� ����E# �F���� �<�; �. �� K�""P 
1» (QG' « �»R«  2» (! « �»g«  3» (QG' « �»g«  4» (! « �»R«  
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104 -  K�%� BF:�# 3�(� h"P%� @�#� 	��^� �� %! @��+ h"P%� �� ���D� ���T !%�N# 	��^� ���! �K�: �!
# �%�P .�H�
I�.% �.!�  

  
  
  
  
  

1*: ( :_I?'� �) &�'<EN H H NH
2 4 2 32� .&#�) �<)�: S  
2( *: :_I?'� �) &�'<ESO SO O
3 2 22 2�.&#�) �<)�: S  
3>=,�'�B �mUY S_I?'� ^�:= _;'-B' (*: _;'-B' *G=�JE �<UM: ,= ', ��.&�=  
4*: _;'-B' SZ=�JE �)�� ,'&F: L]��9: �C? ��M: ,= ', '-%' �mUY S_I?'� ^�:= _��? (.&�=  

105 -   ��+ @%!%� �F� �	E�< �� d
; �� ��	H �	�� BF: [��M# �	n��F� �� B&E# 7E8�!� w	z �� 	+%CO  @	n�� �
 !�'�H O2  :�<��D� h"P%� �,.�"# V�%	: !� � ��
: �
�'# dH �� �� �
: ��� �\�6 3��# 	�: C~. �K�: K��#6

K �� 9�CO(g) H O(g) CO (g) H (g)
 
2 2 2� ��+ !%�N# ��
: ��
�% �H2  �"G 	�%	� ��<��D� �
�'# !�
dH K!L 	H) I�.% �
# �!%/ 25� � (.�
: �E�	+ 	Z�!� �
#  

1 (/ 25� �  
2 (/ 5� � �  
3 (/ 75� �  
4 (/15� �  

106-  3�	EF<% !�9: 	+% @%!%� @�Hn � 3  @�H	&"� d�% !�A �E �X  �D ��	�%	� ,��	� 11 �3 �7  �9  �!
# �%�P ��:��
I�.% �.!�  

1 ( _I?'� j' H��@ {�?�E ,= (��)V<��` ,�K# �) (��)V<�E�? ,�K# �]C�D  �X <��` ,�K# �]C� �) ,�K# �) (��)V  
     _I?'� j' H��@ {�?�E ,= (��)V<�E�?X  �E.��' �)'�) S 
2V��"[G' ,�K# g���E (^','= ^�� n � 3 � l � �  ,'&;�W V<; ,=X V��"[G' ,�K# �^','= ^�� n � 3 � l � 1  ,=  

     ,'&;�W V<;DS  �)'�)4 .��' 
3(�� ���I� *KE' =&� g���EE  �D ���I� *KE' =&� g���E �)'�) �= SA  �X .��' 
4 _I?'� j' H��@ Z<[G<: (A  �X �$% *[;�"[G' V'&�: ,=*K� ^��+.&I? 

   

��
�D�

 �
��T
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107-  g�- �� ��
� �� @	(� @�H) @��� �
�'# �% ��
9� �� � ��� �"G �MOA @��� �
�'# ��
9� !� �H��� �%�P �(
I�!%� �
��  

1 (D SE  �F 
2 (B SC  �E 
3 (D  �F 
4 (B  �C 

  
  
  

 
  

108 -  �# �	+
+ ����9�: �
#	� �� �_�P	� !
o
�� �� Q��D# V�%	: !� ��%
�nSF  	+% .�H� B�F(�/2 92   �K�!�%	� �% �	+

/ 		 2112 4 1� �  ��:�� �E:%� 	�!� %! �
F<
#n ) I�.% ��� �%�PS : g.mol�� 132�F � 19(  
1 (6  2 (4  3 (3  4 (2  

109-  3�	�
� !�9: ����� 	+%3
��	A !�9: �� �H d�% @�HM79 ����"� ���� !� �����m ��� Q�#�� �9�% ��� 	�%	� �
�%�P ��:��  	&"� W!��!� 	�� �!%
#MI�.% �.!� �  

 ���(# ����9�: �%
O �� @	&"� :g<%.�.% �	+
+ 
 �� 3�	EF<% �. �36 ���	z 7�a !� :Ul � 1 .�!%� �
�� 

.�.% ,�
� ��+ ���	EF<% h�%!6 @%!%� �36 !%���A 3
� :� 
 	�%	� �36 �9�% ��� :�34  K�	+ !� � �.%6 .�!%� @�� ����"� ����  

1» (QG' « �»g «  2» (! « �»R«  3» (QG' « �»R«  4» (! « �»g«  
110 -  ,�P	� (���% !�(� � �#� !�) �F���� �<�; � ��� �����9�: �
#	�I�.% K�: 3��� �.!� ��!
# �%�P !� �H  

1 (CHCl3 a s;�: Su�B��U? :TiO2) ����"�E :II&:�% S&�C?' (   
2 (C H O3 6 a s;�: SV<"�' :OF2^= :s;�: S&�C?' �,<z<UB  
3 (OF2^= : a &:�% S&�C?' �,<z<UBCH COOC H3 2 5 &:�% Sg�"�' H�E' :  
4 (C H O2 6 2 a s;�: SZ<[�U+ fU�E' :CH COOC H3 2 5 s;�: Sg�"�' H�E' :  
  

   

E

A

B

C

F

D

3� � 4� � 5 � � 6 � �
) )
# �
-nm(  
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